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WORDS 

1K 

2K 

4K 

SK 

16K 

64K 

1 

(4K) 

~ 
TMS 2147 
TMS 21L47 
TMS4044 
TMS40L44 

(SK) 

DRAMs ---
TMS 410S 

(16K) 

~ 
TMS4116 

(64K) 

~ 
TMS 4164 

BITS PER 

4 

~ 
TMS 2114 
TMS 2114L 

RAMs, ROMs, EPROMs 
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WORD 

8 

(4K) ~ (BK) 

TMS 2508 
TMS 2708 
TMS 270S-35 
TMS 27LOS 
TMS 275S 

~ 
TMS 4008 

(16K) 

~~ 
TMS 4016 TMS 2516 

TMS 2516-35 
TMS 2716 

(32K) 

..!!fil:2!. EPROMs 
TMS 4732 TMS 2532 

TMS25L32 

(64K) 

~ EPROMs 
TMS 4764 TMS2564 

(Numbers in parentheses indicate overall complexity) 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

9 

I 
I 





TI Sales Off ices 
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NEW JERSEY: Clark, 1245 Westfield Ave . Clark. NJ 07066. 
(20t) 574-9BOO 
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querque. NM 871 tO, (505) 265-B49t 

NEW YORK: Easl Syracuse, 6700 Old Collamer Rd . East 
Syracuse. NY 13057. (3 t 5) 463-9291. Endicott, 112 Nanti­
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Melville. NY 11746. (516) 293-2560; Poughkeepsie, 201 
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Rd . Charlotte. NC 2B210. (704) 527-0930; Raleigh, 4130 
C.2 Camelot Dr Raleigh. NC 27609. (919) 7B7-9376 

TI Distributors 
ALABAMA: Huntsville. Hall·Mark 1205)B37-B700 
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CALIFORNIA: Anaheim, RV Weatherford 17t4) 634·9600 
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1203) 795·0714. Wallinglord, Wilshire Electronics 12031 
265-3B22 

~~O~~DuA~e~1::f:~t~r; r~1~'iTea~;~~~t1~1~nld3 b8s\3 j ~~3/75~b 
Diplomat/Ft Lauderdale 1305) 971-7t60. Hall·Mark/M1am1 
(305) 971-92BO. Orlando. Hall·Mark/Orlando 1305) B55· 
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Electronics 1813) 576-1966. Winter Park, Mligr•y Elec 
Ironies 1305) 647-5747 

GEORGIA: Doraville, Arrow Electronics 1404) 455·4054 
Norcross, Wilshire Electronics 1404) 923·5750 

~LeL~:>~~i11:rl~~~~0~a~k~~~~~~g~ 1 13S1ufip~601-~k~b. 6E41~-~;:v~ 
Village, K1erulff Electronics 1312) 640-0200. Chicago, 
Newark Electronics (312) 63B-4411. Schaumburg, Arrow 
Electronics 1312) B93-9420 

INDIANA: fl. Wayne, Ft Wayne Electronics 1219) 423-3422 
Indianapolis. Graham Eleclron1cs 13t7) 634·B202 

IOWA: Cedar Rapids. Deeco 13t9) 365·755t 

KANSAS: Lenexa. Componenl Specialties 1913) 492-3555 
Shawnee Mission, Hall· Mark/Kansas City 1913) BB8-4747 

~~m~~D52~~·i~a~;eM::~?ifa1~i'~c~;~~3ci1 \2?~J.mat ~~~: 
umbia. Diplomat/Maryland 1301 J 99~-1226. Gaithersburg, 
Cramer/Wash1nglon 1301 I 94B-0110. Rockville, 
M1lgray/Washington 1301 I 468-6400 

MASSACHUSETTS: Billerica. K1erulff Electronics 1617) 
667-B33t Burlington. Wilshire Electronics 1617) 272·B200 
Newton, Cramer/Newton 1617) 969·7700. Waltham. Tl 
Supply 1617) B90·05t0 Woburn. Arrow Electronics 16171 
933 8130 

MICHIGAN: Ann Arbor. Arrow Electronics 13 t 3) 97 t ·B220 
Oak Park, Newark Electronics 1313) 967·0600 Grand 
Rapids, Newark Electronics 1616i 241 ·66Bt 

MISSOURI: Earth City, Hall Mark/St Louis 1314) 291·5350 
Kansas City, Componenl Specialties 1913) 492-3555 
LCOMP·Kansas C11y 1Bt6) 221 ·2400. St. Louis. LCOMP·St 
LOUIS 13t4 I 29t ·6200 

NEW HAMPSHIRE: Manchester. Arrow flectron1cs 16031 
66B·6968 

NEW JERSEY: Camden. General Radio Supply 1609) 964· 
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575-6750. Moorestown. Arrow Electronics 1609) 235-t900 
Saddlebrook. Arrow Electronics 120t) 797·5BOO 

NEW MEXICO: Albuquerque. Arrow Electronics 15051 243· 
4566 International Elec:ron1cs 15051 262 2011 United 
Components 15051345 9981 

NEW YORK: Endwell. Wilshire Electronics 1607) 754·t570 
Farmingdale. Arrow Electronics 15t6) 694-6BOO. Freeport, 
Mllgray Electronics 1516) 546·6000. NJ 1800) 645·398€ 
Hauppauge, Arrow Electronics 1516) 231-1000. JACO 1516) 
273·5500. Liverpool, Cramer/ Syracuse 1315) 652·t000. 
New York, Wilshire Electronics (212) 682·B707. Rochester, 
Cramer/Rochesler 1716) 275-0300. Rochester Radio Supply 
1716) 454-7BOO. Wilshire Electronics 1716) 235·7620 
Woodbury, Diplomat/Long Island 1516) 921-7920 

OHIO: Beachwood, 2340B Commerce Park Rd , Beachwood. 
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OKLAHOMA: lulu, 3t05 E. Skelly Dr .. Suite t10. Tulsa. OK 
7412B. (91B) 749-954B. 

OREGON: Beaverton, 10700 S.W Beaverton Hwy. Suite 565. 
Beaverton. OR 97005. (503) 643-6759 

PENNSYLVANIA: Fl. Washington, 575 Virginia Dr . Ft. Wash· 
ington. PA t9034. (2t5)643-6450 

TENNESSEE: Jollnson City, PO Drawer 1255, Erwin Hwy .. 
Johnson City, TN 37601. (615) 2B2·t100 

TEXAS: Dallas, 13531 N. Central Expressway, Suite 2700. 
Dallas. TX 75243. (2t 4) 23B-6531; Houston, 9000 Southwest 
Frwy. Suite 400. Houston. TX 77036. (713) 776-651 t 

UTAH: Sall Lake City, 3672 West 2100 South, Salt Lake City UT 
B4 t 20. (B01) 973-63 t 0 

~~Gl.N~~ 1 ~:li~~~n A~~~~:~~ scis; r~ izot! 4 ~7~e;;e ~~o3n_ ~J~~ ~ 
Ric~mond, 3930 Beulah Rd . Richmond. VA 23234. (B04) 
275-B14B 

WASHINGTON: Bellevue, 700t12th N.E. Suite 10, Bellevue. 
WA 98004. (206) 455-34BO 

CANADA: St. Laurent, 945 McCaffery St .. St Laurent 
H4TtN3. Quebec. Canada. (514) 341-3232; Richmond Hill, 
2BO Centre St. E . Richmond Hill L4C181. Ontario. Canada. 
(416)BB4-91B1 D 

NORTH CAROLINA: Kernersville, Arrow Electronics 19191 966· 
2039. Raleigh, Hall· Mark 1919) 832·4465 

~~1r~~g~~~e11~~~i ~~~um~.1 ~~~o~~4E-gt65E1~~:~~~~~·1~fj1 ; 
226-1133. Marshall Industries (5t3) 236-BOBB. Kettering, 
Arrow Electronics (5t3) 253-9t 76. Reading, Arrow Elec­
lron1cs (5t3) 76t-5432. Solon. Arrow Electronics (2t6) 
24B·3990 

OKLAHOMA: Tulsa, Component Spec1all1es 19t8) 664-2B20. 
Hall-Mark/Tulsa 191 B) B35 ·B45B. Tl Supply 191B)749·9543 

OREGON: Beaverton, Almac/Stroum Electronics 15031 641 · 
9070 Milwaukie, United Componenls i\031 653-5940 

PENNSYLVANIA: Huntington Valley, Hall· MarklPhlladelph1a 
1215) 355·7300 Pittsburgh, Arrow Eleclron1cs 14121 
351 4000 

TEXAS: Austin. Component Spec1alt1es 1512) B37-B922 
Hall·Mark/Auslin 1512) 837-2Bt4. Dallas, Component Spe· 
c1alt1es 12t4) 357-6511. Hall·Mark/Dallas 1214) 234-7400 
lnlernal1onal Electronics. 1214) 233·9323. Tl Supply 12t4) 
23B-6821. El Paso, International Electronics 1915) 778 
9761. Houston. Component Spec1alt1es 1713) 771·7237 
Hall-Mark/Houston 1713) 78 t ·6 tOO. Harrison Equipment 
1713)652-4700. Tl Supply17t3) 776-6\tl 

UTAH: Sall Lake City, Diplomat/ Allaland iBOt I 4B6·4 t 34 
K1erulff E1ectron1cs IBOl I 973-6913 

WASHINGTON: Redmond. United Components 1206) BB5 
t9B5. Seattle. Almac/Stroum Electronics 1206) 763-2300 
K1erulff Electronics 1206) 575-4420. Tukwila, Arrow Elec­
tronics 1206) 575-0907 

WISCONSIN: Oak Creek. Arrow Electronics 1414) 764-6600 
Hall-Mark/Milwaukee 14t4) 76t-3000 Waukesha. K1erultt 
Electronics 1414) 7B4·B160 

CANADA: Calgary, Cam Gard Supply 14031 287-0520 Downs­
view, CESCO Eleclronics 14161 661 0220 Edmonton, Cam 
Gard Supply 1403) 426·1B05 Halifax. Cam Ga;d Supply 
19021454-8581 Kamloops.Cam Gard Supply 1604) 372· 
3338. Moncion, Cam Gard Supply 15061855·2200 Montreal. 
CESCO Electronics 15t4) 735·551 t. Future Electronics 15t41 
731-744t Ottawa, CESCO Elec1ron1cs 16131 729·5118 
Future Eleclron1cs 16t3) 820-8313 Quebec City, CESCO 
Electronics 141Bi 6B7·423t. Regina. Cam Gard Supply 13061 
525·1317. Saskatoon, Cam Gard Supply 13061 652·6424 
Toronto. Future Electronics 1416) 663-5563 Vancouver, Cam 
Gard Supply 1604) 291-1441 Future Electronics 1604143B· 
5545. Winnipeg, Cam Gard Supply 120417B6·84Bt S 
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INTERCHANGEABILITY GUIDE 

PART I-ALTERNATE VENDOR PART NUMBERING (EXAMPLES) 

TEXAS INSTRUMENTS (Tl) 

EXAMPLE: .IM§. 40L44 ..:1.Q. 

~ 
Max Access 

-15 150 ns 

-20 200 ns 

-25 250 ns 

-30 300 ns 

-35 350 ns 
Unique Product Identification Number* -45 450 ns 

* L indicates low power 

ADVANCED MICRO DEVICES (AMO) 

AM 91 L 

Cerpak 

JD Side Braze 

N Plastic Dip 

Type Memory 
90DRAM 

Low Power Version 
MOS Prefix 

91 SRAM 
92ROM 
17/27 EPROM 
15/28 Shift Register 

AMERICAN MICROSYSTEMS, INC. (AMI) 

s 2114 A 

01 

Modification* 
Standard Device Prefix 

Device Number 

*Can also be "L", usually indicates lower power and/or improved speed 

TEXAS INSTRUMENTS 
I NCOR PORAT ED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

Temperature Range 

L 0°Cto 70°C 

A 

A 
B 400ns 
C 300ns 
D 250ns 
E 200ns 

-1 

Speed Range 
-1 owest 
-2 
-3 Fastest 

• 

15 
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ELECTRONIC ARRA VS, INC (EA) 

EA 

MOS Prefix 

EMM/SEMI 

4014 

8308 

Device Number 
27XX EPROM 

Other ROM 

A 

A 

Modification 

Device Number (s.z>. ... ) 

FAIRCHILD 

F 

A Slow 
B Fast 

Fairchild Prefix (May be Omitted) 

21L02 

" ( Device Number* ) 

*Inclusion of an "L" indicates lower power version 

FUJITSU 

MB 

MOS Prefix 

MB Fujitsu Prefix 
MBM Industry Standard Prefix 

8224 

Device Number 

h 

-A 

' ( Speed Range ) 
-1 (or A) Slowest 
-2 (orB) 
-3 
-4 
-5 Fastest 

c .. ~.) 
N Slowest 
E 
H 
Y Fastest 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



INTERCHANGEABILITY GUIDE 

HITACHI 

HM 4704 -1 

Device Number • HN ROM -2 
-3 
-4 Slowest 

INTEL 

2102 A L -2 

Device Number Low Power Version 

-5 Slowest 

INTERSIUAMS 

IM7 114 L -2 

MOS Memory Prefix Device Number Low Power Version Speed Range 

-1 (-11) Fastest 
-2 (-12) 
-3 
-4 Slowest 

MOSTEK 

MK 4096 -6 

(MOfuox) 
Device Number 

-55 
-70 70 ns 
-1 120ns 
-2 150 ns 
-3 200 ns (550ns for ROMs) 
-4 250ns 
-16 300 ns 
-11 350ns 
-6 2'400ns 

TEXAS INSTRUMENTS 17 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



INTERCHANGEABILITY GUIDE 

MOTOROLA 

MCM 6604 AC -15 

IC Memory Prefix Device Number* Speed Range 
Modification 

Max Access 
-2 (-15) 150 ns 
-3 (-20) 200 ns 
-4(-25) 250ns 
-5 (-30) 300 ns 
-11 350ns 
-6 (-45) 450 ns 

* Inclusion of an "L" indicates low power version 

NATIONAL SEMICONDUCTOR 

MM 5280 -5 

MOS Memory Prefix Device Number ~'= 
-1 500 ns 
-2 650 ns 
-4 450 ns 
-5 270 ns 

NIPPON ELECTRIC CORPORATION (NEC) 

µPD 411 

~' 
A 

MOS Prefix Device Number 

-1 250 ns 
Modification -2 200 ns 

-3 150 ns 
-4 135 ns (DRAMs) 

450 ns (SRAMs) 

SIGNETICS 

2660 -3 

~, 
( Device Number ) Speed Range 

-3 Fastest 
-1 
-2 Slowest 

18 TEXAS INSTRUMENTS 
INCORPORATED 
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SYNERTEK 

TOSHIBA 

INTERCHANGEABILITY GUIDE 

SY 2114 

MOS Memory Prefix Device Number 

TMM 2147 

MOS Memory Prefix Device Number 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

L 

Low Power Version 

-3 

Speed Range 

Mux Access 

-1 Fastest 

-2 

-3 

-4 
-5 Slowest 

I 

Ill 

19 
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PART II - SECOND SOURCES* 

•Based on available published data. (Official second sourcing agreements not necessarily implied.) 

All devices listed operate over the 0°C to 70°C temperature range. 

DYNAMIC RAMS 

VENDOR 

BK X 1 Left Array (0), Right Array ( 1) Tl 

Second Sources Mostek 

16K X 1 Tl 

Second Sources Fairchild 

Fujitsu 

Hitachi 

Intel 

lntersil 

ITT 

Mostek 

Motorola 

National 

NEC 

Toshiba 

64K X 1 5V Tl 

Second Sources Motorola 

STATIC RAMS 

VENDOR 

4K X 1 Max Access > 150 ns Tl 

Second Sources lntersil 

National SC 

1K X4 Max Access > 150 ns Tl 

Second Sources AMD 

AMI 

EMM/SEMI 

Fujitsu 

Hitachi 

Intel 

lntersil 

National SC 

NEC 

Synertek 

4K X 1 Max Access > 55 ns Tl 

Second Sources AMD 

AMI 

Fujitsu 

Hitachi 

Intel 

Mostek 

Motorola 

National SC 

NEC 

Toshiba 

TEXAS INSTRUMENTS 
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PART NUMBER 

TMS 4108-20 NLO or NL1 

MK 4108-40 or 41 

TMS 4116 

F16K 

MB 8116 

HM 4716 

2117 

IM 7116 

4116 

MK4116 

MCM 4116 

MM 5290 

µPD 416 

TMM416 

TMS 4164 

MCM 6664 

PART NUMBER 

TMS 4044/TMS 40L44 

IM 7141/IM 7141L 

MM 5257/MM 5257L 

TMS 2114/TMS 2114L 

AM 9114/AM 91 L14 

S2114/S2114L/S2114A 

2114 

MB 8114 

'HM 472114 

2114/2114L 

IM 7114/IM 7114L 

MM 2114/MM 2114L 

µPD 2114L 

SY 2114/SY 2114L 

TMS 2147/TMS 21 L47 

AM 9147 

S2147 

MBM 2147 

HM 6147/HM 6147L 

2147/2147L 

MK 2147 

MCM 2147 

MM 2147 

µPD 4104 

TMM 2147 



INTERCHANGEABILITY GUIDE 

STATIC RAMS (continued) 

VENDOR PART NUMBER 

1K XS Max Access 450 ns Tl TMS 400S 

Second Sources Anticipated in 19SO 

2K XS Max Access ;;;. 1 50 ns Tl TMS 4016 

Second Sources Toshiba TC 5516P 

EPROMS 

VENDOR PART NUMBER 

1K XS Max Access 350 ns/450 ns Tl TMS 270S/TMS 27 LOS 

3 Supply Second Sources AMO AM 270S 

EA EA 270S 

Fairchild 270S 

Fujitsu MB S51SH 

Hitachi HN 46270S 

Intel 270S/270SL 

Motorola MCM 270S 

National SC MM 270S 

Signetics 270S 

1K XS Max Access ;;;. 250 ns Tl TMS 250S 

5V Second Sources Anticipated in 19SO 

1K XS Max Access 450 ns Tl TMS 275S 

5V Second Sources Intel 275S 

2K XS Max Access 450 ns Tl TMS 2716 

3 Supply Second Sources Motorola 

2K X 8 Max Access 350 ns/450 ns Tl TMS 2516 

5V Second Sources AMO 2716 

AMI S4716 

Fujitsu MBM 2716 

Hitachi HN 462716 

Intel 2716 

Mostek MK 2716 

Motorola MCM 2716A 

National MM 2716 

NEC µPD 2716 

Signetics 2716 

Synertek SY 2716 

Toshiba TMM 323 

4K XS Max Access 450 ns Tl TMS 2532/TMS 25L32 

5V Second Sources Hitachi HN 462732 

Motorola MCM 2532 

SK XS Max Access 450 ns Tl TMS 2564 

5V Second Sources Anticipated in 19SO 
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MOS 
LSI 

TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

AUGUST 1979 

o 8, 192 X 1 Organization 
16-PIN PLASTIC 

• 10% Tolerance on All Supplies DUAL~N~INEPACKAGE 

• All Inputs Including Clocks TTL-Compatible (TOP VIEW) 

• Unlatched Three-State Fully TTL-Compatible 
Output 

Vee 16 Vss 

0 3 Performance Ranges: D 2 15 CAS 

ACCESS ACCESS READ READ, w 3 14 a 
TIME TIME OR MODIFY-
ROW COLUMN WRITE WRITEt RAS 4 13 A6 

ADDRESS ADDRESS CYCLE CYCLE 
(MAX) (MAX) (MIN) (MIN) AO 5 12 AJ 

TMS 4108-15 150 ns 100 ns 375 ns 375 ns A2 6 11 A4 
TMS 4108-20 200 ns 135 ns 375 ns 375 ns 
TMS 4108-25 250 ns 165 ns 410 ns 515 ns A1 7 10 A5 

• Page-Mode Operation for Faster Access Time 
vDD 8 9 Vee 

• Common 1/0 Capability with "Early Write" 
Feature 

• Low-Power Dissipation 
- Operating ... 462 mW (max) 
- Standby ... 20 mW (max) 

o 1-T Cell Design, N-Channel Silicon-Gate 
Technology 

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

description 

AO-A6 

CAS 

D 

Q 

RAS 

PIN NOMENCl:.ATURE 

Address Inputs Vii Write Enable 

Column address strobe Vgg -5-V power supply 

Data input Vee +5-V power supply 

Data output Voo +12-V power supply 

Row address strobe Vss 0 V ground 

The TMS 4108 series is composed of monolithic high-speed Dynamic 8, 192-bit MOS random-access memories organized 
as 8, 192 one-bit words and employing single-transistor storage cells and N-channel silicon-gate technology. 

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

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

There are two array-select versions of the TMS 4108, each offered in the three speed ranges indicated above and in plastic 
(NL suffix) packaging only. The left-array version is indicated by "O" following the type number (e.g., TMS 4108-15 N LO), 
and the right-array version is indicated by "1" (e.g., TMS 4108-25 NL 1 ). Each 8K X 1 version is in a 16-pin dual-in-line 
package rated for operation from 0°C to 70°C. 

operation 

address (AO through A6) 

Thirteen address bits are required to decode 1 of 8, 192 storage cell locations. Seven row-address bits are set up on pins 
AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are set 
up on pins AO through A6 and latched onto the chip by the column-address strobe (CAS). If the type number is 
followed by a "O", then column address input AO must always be at V1L; if it is followed by a "1", column address AO 
must always be at V1H- 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 d~coder. CAS is used as a chip select activating 
the column decoder and the input and output buffers. 

tThe term "read-write cycle" is sometimes used as an alternative title to "read-modify-write cycle". 

PRELIMINARY DATA SHEET: 
Supplementary data will be 
published at a later date. 

Copyright© 1979 by Texas Instruments Incorporated 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

write enable (W) 

The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode, and a logic low selects the write mode. The write enable terminal can be drive.n from standard TTL circuits 

without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common 1/0 operation. 

data-in (D) 

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

data-out (Q) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. In a read cycle the output goes active after the enable time interval ta(C). that begins with the 
negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycle, the output 
is always in the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow the 
sequence for the read cycle. 

refresh 

A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output during refresh. Strobing 
each of the 128 row addresses (AO through A6) with RAS causes all bits in each row to be refreshed. CAS remains high 
(inactive) for this refresh sequence, thus conserving power. 

page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to set up and strobe sequential row addresses on the same page 
is eliminated. To extend beyond the 64 column locations on a single RAM, the row address and RAS is applied to 

multiple 8K RAMs. CAS is decoded to select the proper RAM. 

power-up 

VBB must be applied to the device either before or at the same time as the other supplies and removed last. Failure to 
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bias 
conditions. This also applies to system use, where failure of the VBB supply must immediately shut down the other 
supplies. After power up, eight memory cycles must be performed to achieve proper device operation. 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

functional block diagram 

D 

AG ------------.-l ROW .........,..__ ROW 

A5---1------------' (%)MEMORY ARRAY 

A4 ---1---1--+--------i ADDA ESS f--+----.- DECODE ~ 

:! ==~:::::::::::::::::::::::::BUFFERS NG 
DUMMY CELLS 

~~ =:::::::::::::::::::::::::::::::::: 1------1-----(-%-)1_0_F_64_C_O_L-UM_N_D-EC_O_D_E-----~~---

l---1/0 

,___ SENSE 

AMP 128 SENSE - REFRESH 
AMPS 

1OF2 ATA i:::+=t:: 1/0 SELECTION ROEtti~ 
H=t:: BUFFER.. ~ 

CONTROLt-------------------~ ~'-------~ 
~ L- COLUMN 

L--­

'----ADDRESS 

'-----<BUFFERS 

1-----+-----'-i>_11_o_F_64_c_o_L_u_M_N_D_E_co_D_E _____ ~f-< 

'--, ROW 

'-­
f--­

I-
DECODE 

AO-AG 

DUMMY CELLS 

(%)MEMORY ARRAY 

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

Voltage on any pin (see Note 1) 
Voltage on Vee. Voo supplies with respect to Vss 
Short circuit output current 
Power dissipation 
Operating free-air temperature range 
Storage temperature range 

-0.5 to 20 V 
-1 to 15 V 

50mA 
lW 

0°C to 70°C 
-65°C to 150°C 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, v 88 (substrate), unless 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to V55. 

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

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, Vss -4.5 -5 -5.5 v 
Supply voltage, Vee 4.5 5 5.5 v 
Supply voltage, Voo 10.8 12 13.2 v 
Supply voltage, Vss 0 v 

T All inputs except RAS, eAS, WRITE 2.4 7 
High-level input voltage, V1H v l RAS, eAS, WRITE 2.7 7 
Low-level input voltage, V1 L -1t 0 0.8 v 
Refresh time, trefresh 2 ms 

Operating free-air temperature, TA 0 70 oc 

tThe algebraic convention where the more negative limit is designated as minimum is used in this data sheet for logic voltage levels and time 

intervals. 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

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

PARAMETERS TEST CONDITIONS MIN TY Pt MAX UNIT 

VoH High-level output voltage loH = -5 mA 2.4 v 
Vol Low-level output voltage loL = 4.2 mA 0.4 v 

11 Input current (leakage) 
V1=0Vto7 V, 

±10 µA 
All other pins= 0 V except V99 = -5 V 

lo Output current (leakage) 
Vo=Oto5.5V, 

±10 µA 
~high 

~ Average operating current 50 200 µA 

lcc1* during read or write Minimum cycle time 4 mA 

1001 cycle 27 35 mA 

~ After 1 memory cycle 10 100 µA 

1cc2 Standby current RAS and CAS ±10 µA 

~ high 0.5 1.5 mA 

1993 Minimum cycle time 50 200 µA 

~ Average refresh current RAS cycling, ±10 µA 

1003 CAS high 20 27 mA 

~ Minimum cycle time 50 200 µA 

~ 
Average page-mode 

RAS low, 4 µA 
current 

CAS cycling 1004 20 27 mA 

•vcc is applied only to the output buffer, so Ice depends on output loading. Output loading is two standard TTL loads. 

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

PARAMETER TY Pt MAX UNIT 

Ci(A) Input capacitance, address inputs 4 5 _£_F 

Ci(o) Input capacitance, data input 4 5 _Q_F 

Ci(RC) Input capacitance, strobe inputs 8 10 pF 

Ci(W) Input capacitance, write enable input 8 10 pF 

Co Output capacitance 5 7 pF 

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

ALTERNATE TMS 4116-15 TMS 4116-20 TMS 4116-25 
PARAMETER TEST CONDITIONS UNIT 

SYMBOL MIN MAX MIN MAX MIN MAX 

Access time from CL= 100 pF, 
ta(C) tcAc 100 135 165 ns 

column address strobe Load = 2 Series 74 TTL gates 

Access time from 
tRLCL =MAX, 

ta(R) 
row address strobe 

CL= 100 pF, tRAC 150 200 250 ns 

Load= 2 Series 74 TTL gates 

tpxz Output disable time 
CL=100pF, 

to FF 0 40 0 50 0 60 ns 
Load = 2 Series 74 TTL gates 

t All typical values are at TA= 25°C and nominal supply voltages. 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

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

ALTERNATE TMS 4108-15 TMS 4108-20 TMS4108-25 
PARAMETER UNIT 

SYMBOL MIN MAX MIN MAX MIN MAX 

tc(P) Page mode cycle time tpc 170 225 275 ns 

tc(rd) Read cycle time tRC 375 375 410 ns 

tc(W) Write cycle time twc 375 375 410 ns 

tc(RW) Read-modify-write cycle time tRwc 375 375 515 ns 

tw(CH) 
Pulse width, column address strobe high 

(precharge time) 
tcp 60 80 100 ns 

tw(CL) Pulse width, column address strobe low tcAS 100 10,000 135 10,000 165 10,000 ns 

tw(RH) 
Pulse width, row address strobe high 

100 120 150 
(precharge time) 

tRP ns 

tw(RL) Pulse width, row address strobe low tRAS 150 10,000 200 10,000 250 10,000 ns 

. tw(W) Write pulse width twp 45 55 75 ns 

tT Transition times (rise and fall) for RAS and CAS tT 3 35 3 50 3 50 ns 

tsu(AC) Column address setup time tASC -10t -10t -10t ns 

tsu(AR) Row address setup time tASR 0 0 0 ns 

tsu(D) Data setup time tDs 0 0 0 ns 

tsu(rd) Read command setup time tRCS 0 0 0 ns 

tsu(WCH) Write command setup time before CAS high tcwL 60 80 100 ns 

tsu(WRH) Write command setup time before RAS high tRWL 60 80 100 ns 

th(CLA) Column address hold time after CAS low tcAH 45 55 75 ns 

th(RA) Row address hold time tRAH 20 25 35 ns 

th(RLA) Column address hold time after RAS low tAR 95 120 160 ns 

th(RLC) CAS hold time after RAS low tcsH 150 200 250 ns 

th(CLD) Data hold time after GAS low tDH 45 55 75 ns 

th(RLD) Data hold time after RAS low tDHR 95 120 160 ns 

th(WLD) Data hold time after W low tDH 45 55 75 ns 

th(rd) Read command hold time tRCH 0 0 0 ns 

th(CLW) Write command hold time after CAS low twcH 45 55 75 ns 

th(RLW) Write command hold time after RAS low twCR 95 120 160 ns 

tcHRL 
Delay time, column address strobe high to 

tCRP -2ot -2ot -2ot ns 
row address strobe 

Delay time, column address strobe low to 
100 135 165 tcLRH tRSH ns 

row address strobe high 

tCLWL 
Delay time, column address strobe low to W low 

(read, modify-write cycle only) 
tcwD 70 95 125 ns 

trf, Refresh time interval tREF 2 2 2 ms 

Delay time, row address strobe low to column 

tRLCL address strobe low (maximum value specified tRCD 20 50 25 65 35 85 ns 

only to guarantee access time) 

tRLWL 
Delay time, row address strobe low to W low 

(read, modify-write cycle only) 
tRwD 120 160 200 ns 

Delay time, W low to column address strobe 
-2ot -2ot -2ot ns twLCL 

low (early write cycle) twcs 

tThe algebraic convention where the more negative limit is designated.as minimum is used on this data sheet for logic voltage levels and time 

invervals. 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

read cycle timing 

""I •-------tc(rd) _______ _ 

I I 
I ------tw(RL)----~ I 

::: t+- ]" i'---------
11 ---tcLRH---1 i..-tw(RH)~ 
I !"*-tRLCL----tw(CLl ~ j-tcHRL ---j 
11 I I I I 

I : =i ~ 1-:;f=J.=------J=t-
l 1 1+ ~i i\__ -i r,-tSll(AR) 

1 
I r---tw(CH)---i 

I ~th(RLA)~ I 
th(RAl-i 1-- I I I I 

I I r --1 ~ tsu(AC) I 

ADDRESSES 

I I 

VoH 

I i---+ th(CLA) 

I I I I tsu(rd) ~ I l.+.i- th(rd) 

v,H ~X)$"T"""X"D""'7t'o~--..T ........ f,........E'""""<r:::!c-t____;1 _____ :~=1\xxx)b...,.--.--.....-..-D ....... €N-fr ...... 0.--A&..-< ....... XX>--
v,L l I I 

I ~ ta(C} --i I 
I I l.-tpxz~ 

I I I 
Ill Hl-Z f: =t 
· ')._ VALID J>-------Q 

1• ta(R) -----

*For Column Address: 

AO must be at VIL for TMS 4108·0 

AO must be at V1H for TMS 4108-1 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

early write cycle timing 

..._--------tc(W)---------

I 

ADDRESSES 

I I I 
I -------tw(RL)-------

1
1 I 

=tL_' ----r t-
i I r-tw(RH) --

1 1 1 tcLRH-------
11 

I i-.-tRLCL-, rr-tcHRL ~ 
I 1.. I th(RLC) '1 

~:: : i ~'wlCLI,""'~,..---------~ 
tsu(AR)~ I ~ rrtsu(AC) I ~tw(CH) 

I l-+--th(RLA)~ I I 

V ~RAlt-iJ: f--t•h(cLAI : : 
v:: ~ RO~ ~C01LUMN~~~1fr:t :ZXX._ __ _ 

twLCL -"j I+- I I 
j I .. : : tsu(WCHI • I I 
I I I tsu(WRH)------
1.. I th(RLWI . 

v I I : I-- th(CLW) ----1 
v:: l()()M;<J Sf~ I i j<XX*fj MHXXXX 

I ~tw(W)---~ 
I ~th(WLDl---1 
: l f'*-th(CLD)~ 
, .. I th(RLD) 

ViHJ(X) --......-.--§-0!..-N'J..-T c-€A ....... :E ........ ri?Y\t...,..........._ i.--VA-L-ID-D-AT-A--;~eN:<~£R& O«XX 
V1L ~~ 

D 

--1 !--tsu(D) 

VQH 
a ------------Hl-Z-------------

•For Column Address: 

AO must be at VIL for TMS 4108-0 

AO must be at V1H for TMS 4108-1 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

write cycle timing 

ADDRESSES 

D 

Q 

*For Column Address: 

AO must be at VIL for TMS 4108·0 

AO must be at V1H for TMS 4108-1 

---------tc(W)-------__..., 
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·TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

read-write/read-modify-write cycle timing 

ADDRESSES 

D 

Q 

*For Column Address: 

..-------------tc(RW) 

---1'. F-t----------tw(RL)---------1+ 4 
!~F-------------""=f! I\_ 
I I I I 
I 

1 
------tcLRH-----

1 
t4-tw(RHl°1 

I ~tRLCL--...,.t-------tw(CL)------1- f!..-tcHRL---J 
1 

1: =-\I ~ ~ 
I I -?I =f 1i i\__ 
: th(RLA) I 

1 
• I I 1.1---tw(CH)---j 

I I• .1 th(RA) ~th(CLA) I 11 

---J ~tsu(ARll -..l I I 

.-------ta( RI·-----~~ 

AO must be at VIL for TMS 4108-0 

AO must be at v 1H for TMS 4108-1 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

page-mode read cycle timing 
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page-mode write cycle timing 

:c ...J 

> > 
:c ...J 

> > 

I~ 

TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

RAS -only refresh timing 

---------tc(rd)------1"-t 
I I 

RAS 

I I • tw(RL) __ .,.. I 
V1H -----------.. !"7f=i-I -------.1:\-
V1L ~,_I ------='I i\ ..... __ 

1, ~tw(RH)~ 
I I I 

I I I 

I I 1 

CAS 

ADDRESSES 

R/W 

a ------------- Hl-Z ---------------
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 

CYCLE RATE (&TIME) VS TEMPERATURE 

tc(rd) - Cycle Time - ns 

375 

70 

300 2 1 000 500 400 l 50 
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103 /tc(rd) - Cycle Rate - MHz 

CYCLE RATE (&TIME) vs MAX SUPPLY 

CURRENT, lo03 
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MOS TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

OCTOBER 1977 

• 16,384 X 1 Organization 
16-PIN CERAMIC AND PLASTIC 

• 10% Tolerance on All Supplies DUAL-IN-LINE PACKAGES 

• All Inputs Including Clocks TTL~Compatible ·(TOPVIEW) 

• Unlatched Three-State Fully TTL-Compatible 
Output 

Vas 16 Vss 

• 3 Performance Ranges: D 2 15 CAS 

ACCESS ACCESS READ READ, w 3 14 a 
TIME TIME OR MODIFY-
ROW COLUMN WRITE WRITEt RAS 4 13 A6 

ADDRESS ADDRESS CYCLE CYCLE 
(MAX) (MAXI (MIN) (MIN) AO 5 12 A3 

TMS 4116-15 150 ns 100 ns 375 ns 375 ns A2 6 11 A4 
TMS 4116-20 200 ns 135 ns 375 ns 375 ns 
TMS 4116-25 250 ns 165 ns 410 ns 515 ns A1 7 10 AS 

• Page-Mode Operation for Faster Access Time VDo 8 9 Vee 
• Common 1/0 Capability with "Early Write" 

Feature 

• Low-Power Dissipation 
- Operating 462 mW (max) 
- Standby 20 mW (max) 

• 1-T Cell Design, N-Channel Silicon-Gate 
Technology 

• 16-Pin 300-Mil (7.62 mm) Package Configuration 

description 

AO-A6 

CAS 

D 

Q 

RAS 

PIN NOMENCLATURE 

Address Inputs w Write Enable 

Column address strobe Vss -5-V power supply 

Data input Vee +5-V power supply 

Data output VDD +12-V power supply 

Row address strobe Vss 0 V ground 

The TMS 4116 J L series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories 
organized as 16,384 one-bit words, and employs single-transistor storage cells and N-channel silicon-gate technology. 

All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe RAS (or R) 
and Column Address Strobe CAS (or C). All address lines (AO through A6) and data-in (D) are latched on chip to 
simplify system design. Data out (0) is unlatched to allow greater system flexibility. 

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

The TMS 4116 series is offered in 16-pin dual-in-line side braze (JD L suffix), and plastic (NL suffix) packages and is 
guaranteed for operation from 0°C to 70°C. Packages are designed for insertion in mounting-hole rows on 300-mil 
(7.62 mm) centers. 

operation 

address (AO through AG) 

Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits are set up on 
pins AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are 
set up on pins AO through A6 and latched onto the chip by the column-address strobe (CAS). All addresses must be 
stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and 
output buffers. 

tThe term "read-write cycle" is sometimes used as an alternative title to "read-modify-write cycle". 
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write enable (W) 

TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

The read or write mode is selected through the write enable (W) input. A logic high on the W input SE:_lects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high· impedance state for the entire cycle permitting common 1/0 operation. 

data-in (D) 

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

data-out (Q) 

The three state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. In a read cycle the output goes active after the enable time interval ta(C) that begins with the 
negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycle, the output 
is always in the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow the 
sequence for the read cycle. 

refresh 

A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobing 
each of the 128 row addresses (AO through A6) with RAS causes all bits in each row to be refreshed. CAS remains high 
(inactive) for this refresh sequence, thus conserving power. 

page mode 

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

power-up 

Vss must be applied to the device either before or at the same time as the other supplies and removed last. Failure to 
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bias 
conditions. This also applies to system use, where failure of the Vss supply must immediately shut down the other 
supplies. After power up, eight memory cycles must be performed to achieve proper device operation. 
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TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

functional block diagram 
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As --1---------i 
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A4 _ _,__._ ____ __.ADDRESS~ DECODE 

AJ --1---+---+-..__----i 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Voltage on any pin (see Note 1) 
Voltage on Vee. Voo supplies with respect to Vss 
Short circuit output current 
Power dissipation 
Operating free-air temperature range 
Storage temperature range 

-0.5 to 20 V 
-1 to 15 V 

50mA 
1W 

0°C to 70°C 
-65°C to 150°C 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, V99 (substrate), unless 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with ·respect to V55. 

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

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, Vss -4.5 -5 -5.5 v 
Supply voltage, Vee 4.5 5 5.5 v 
Supply voltage, Voo 10.8 12 13.2 v 
Supply voltage, Vss 0 v 

] All inputs except RAS, eAS, WRITE 2.4 7 
High-level input voltage, V1H 

7 
v 

RAS, CAS, WRITE 2.7 

Low-level input voltage, Vi L -1 0 0.8 v 
Refresh time, trefresh 2 ms 

Operating free-air temperature, TA 0 70 oe 
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TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

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

PARAMETERS TEST CONDITIONS 

VoH High-level output voltage Inf-I= -5 mA 

Vol Low-level output voltage loL = 4.2 mA 

11 Input current (leakage) 
VJ= 0 V to 7 V, 

All other pins= 0 V except V99 = -5 V 

Jo Output current (leakage) 
Vo=Oto5.5V, 

CAS high 

~ Average operating current 

lcc1* during read or write Minimum cycle time 

~ cycle 

~ After 1 memory cycle 

Jcc2 Standby current RAS and GAS 

~ high 

~ Minimum cycle time 

~ Average refresh current RAS cycling, 

'003 GAS high 

~ Minimum cycle time 

'cc4* 
Average page-mode 

RAS low, 
current 

GAS cycling 1004 

•Vee is applied only to the output buffer, so I cc depends on output loading. 
••output loading two standard TTL loads. 

MIN TY Pt MAX UNIT 

2.4 v 
0.4 v 

-10 10 µA 

-10 10 µA 

50 200 µA 

4*~ mA 

27 35 mA 

10 100 µA 

-10 10 µA 

0.5 1.5 mA 

50 200 µA 

-10 10 µA 

20 27 mA 

50 200 µA 

4** 

20 27 mA 

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

PARAMETER TYPt MAX UNIT 

Ci(A) Input capacitance, address inputs 4 5 _Q_F 

Ci(O) Input capacitance, data input 4 5 pF 

Ci(RC) Input capacitance, strobe inputs 8 10 pF 

Ci(W) Input capacitance, write enable input 8 10 pF 

Co Output capacitance 5 7 pF 

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

ALT. TMS 4116-15 TMS 4116-20 TMS 4116-25 
PARAMETER TEST CONDITIONS UNIT 

SYMBOL MIN MAX MIN MAX MIN MAX 

Access time from CL= 100 pF, 
100 135 165 ta(C) tcAC ns 

column address strobe Load = 2 Series 74 TTL gates 

Access time from 
tRLCL =MAX, 

ta(R) 
row address strobe 

CL= 100 pF tRAC 150 200 250 ns 

Load= 2 Series 74 TTL gates 

tpxz Output disable time 
CL= 100 pF, 

tQFF 0 40 0 50 0 60 ns 
Load = 2 Series 74 TTL gates 

t All typical values are at TA= 25°C and nominal supply voltages. 
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TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

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

ALT. TMS 4116-15 TMS 4116-20 TMS 4116-25 
PARAMETER UNIT 

SYMBOL MIN MAX MIN MAX MIN MAX 

tc(P) Page mode cycle time tpc 170 225 275 ns 

tc(rd) Read cycle time tRC 375 375 410 ns 

tc(W) Write cycle time twc 375 375 410 ns 

tc(RW) Read, modify-write cycle time tRWC 375 375 515 ns 

tw(CH) 
Pulse width, column address strobe high 

(precharge time) 
tcp 60 80 100 ns 

tw(CL) Pulse width, column address strobe low tcAS 100 10,000 135 10,000 165 10,000 ns 

tw(RH) 
Pulse width, row address strobe high 

(precharge time) 
tRP 100 120 150 ns 

tw(RL) Pulse width, row address strobe low tRAS 150 10,000 200 10,000 250 10,000 ns 

tw(W) Write pulse width twp 45 55 75 ns 

tT Transition times (rise and fall) for RAS and CAS tT 3 35 3 50 3 50 ns 

tsu(AC) Column address setup time tASC -10 -10 -10 ns 

tsu(AR) Row address setup time tASR 0 0 0 ns 

tsu(D) Data setup time tDs 0 0 0 ns 

tsu(rd} Read command setup time tRCS 0 0 0 ns 

tsu(WCH) Write command setup time before CAS high tcwL 60 80 100 ns 

tsu(WRH) Write command setup time before RAS high tRWL 60 80 100 ns 

th(ACL) Column address hold time after CAS low tcAH 45 55 75 ns 

th(AR) Row address hold time tRAH 20 25 35 ns 

th(ARL) Column address hold time after RAS low tAR 95 120 160 ns 

th(CR L) CAS hold time after RAS low tcsH 150 200 250 ns 

th(DCL) Data hold time after CAS low tDH 45 55 75 ns 

th(DRL) Data hold time after RAS low tDHR 95 120 160 ns 

th(DWL) Data hold time after W low tDH 45 55 75 ns 

th(rd) Read command hold time tRCH 0 0 0 ns 

th(WCL) Write command hold time after CAS low twcH 45 55 75 ns 

th(WRL) Write command hold time after RAS low twCR 95 120 160 ns 

tcHRL 
Delay time, column address strobe high to 

-20 -20 -20 tCRP ns 
row address strobe 

Delay time, column address strobe low to 
100 135 165 tCLRH tRSH ns 

row address strobe high 

tcLWL 
Delay time, column address strobe low to W low 

70 95 125 
(read, modify-write cycle only) 

tcwD ns 

!REF Refresh period tREF 2 2 2 ms 

Delay time, row address strobe low to column 

tRLCL address strobe low (maximum value specified tRCD 20 50 25 65 35 85 ns 

only to guarantee access time) 

Delay time, row address strobe low to W low 
120 160 200 ns tRLWL 

(read, modify-write cycle only) 
tRWD 

twLCL 
Delay time, W low to column address strobe 

low (early write cycle) twcs -20 -20 -20 ns 
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read cycle timing 

ADDRESSES 

DO 

TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 
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TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

early write cycle timing 
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write cycle timing 

ADDRESSES 

DI 

DO 

TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

---------tc1w1--------

~ f--tsu(D) , , 

VoH -------------$ NOTVALID '"t _____ _ 
Vol ~ :of' 
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TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

read-write/read-modify-write cycle timing 
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TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

page-!lldde read cycle timing 
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TMS 4116. JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

page-mode write cycle timing 
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TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

RAS-only refresh timing 

RAS 

CAS 
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DO 

-------tc(rd1--------
I I 
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TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 
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MOS 
LSI 

TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

DECEMBER 1979 

• 65,536 X 1 Organization 
16-PIN CERAMIC 

• Single +5 V Supply (10% Tolerance) DUAL-IN-LINE PACKAGE 

• JEDEC Standardized Pin Out 

• Upward Pin Compatible with TMS 4116 
(16K Dynamic RAM) 

• Max Access Time from RAS less than 150 ns 

• Min Cycle time (Read or Write) less than 
260 ns 

• Long Refresh Period ... 4 milliseconds 

• Low Refresh Overhead Time ... As Low As 
1.6% of Total Refresh Period 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

NC 

D 2 

w 3 

RAS 4 

AO 5 

A2 6 

Al 7 

Voo 8 

(TOP VIEW) 

16 Vss 

15 CAS 

14 Q 

13 A6 

12 A3 

11 A4 

10 A5 

9 A7 

• 3-State Unlatched Outputs 
PIN NOMENCLATURE 

• Common 1/0 Capability with "Early Write" 
Feature 

• Page-mode Operation for Faster Access 

• Low Power Dissipation 
- Operating ... 125 mW (typ.) 
- Standby ... 17.5 mW (typ.) 

• New SMOS (Scaled-MOS) N-Channel 
Technology 

description 

AO-A7 

CAS 

D 

NC 
Q 

RAS 

w 
VDD 

Vss 

Address Inputs 

Column Address Strobe 

Data In 

No-Connect 

Data Out 

Row Address Strobe 

Write Enable 

+5 V Supply 

Ground 

The TMS 4164 JD L is a high speed 65,536 bit dynamic random access memory organized as 65,536 words of one bit 

each. It employs state-of-the-art SMOS (scaled MOS) N-channel double level polysilicon gate technology for very high 

performance combined with low cost and improved reliability. 

The TMS 4164 JDL features RAS access times to 150 ns maximum. Power dissipation is 125 mW typical operating, 

17.5 mW typical standby. 

New SMOS technology permits operation from single +5 V supply, reducing system power supply and decoupling re­

quirements, and easing board layout. loo peaks have been reduced to 60 mA typical, and a -1 V input voltage under­

shoot can be tolerated, minimizing system noise considerations. 

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS in 

order to retain data. CAS can remain high during the refresh sequence to conserve power. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data·in are latched on 

chip to simplify system design. Data-out is unlatched to allow greater system flexibility. Pin 1 is no connect to allow 

compatibility with other 64K RAMs using this pin for an additional function. 

The TMS 4164 JDL is offered in a 16 pin dual-in-line ceramic sidebraze package and is guaranteed for operation from 

0°C to 70°C. Packages are designed for insertion in mounting-hole rows on 300 mil (7.62 mm) centers. 
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TMS 4164 JDL 
65.536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

operation 

address (AO through A7) 

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

up on pins AO through A7 and latched onto the chip by the column-address strobe (CAS). All addresses must be stable 
on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers 
as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 

write enable (iii/) 

The read or write mode is selected through the write enable (W) input. A logic high on the Winput selects the read mode 
and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits without a 
pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, data-out will 
remain in the high-impedance state for the entire cycle permitting common 1/0 operation. 

data-in (D) 

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

hold times referenced to this signal. 

data-out ( Q) 

The three state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 

Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 

CAS is brought low. In a read cycle the output goes active after the access time interval ta(C) that begins with the 
negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycle, the output 
is always in the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow the sequence 

for the read cycle. 

refresh 

A refresh operation-must be performed at least every four milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobing 

each of the 256 row addresses (AO through A7) with RAS causes all bits in each row to be refreshed. CAS can remain 
high (inactive) for this refresh sequence to conserve power. 

page mode 

Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses for the same page 
is eliminated. To extend beyond the 256 column locations on a single RAM, the row address and RAS are applied to 
multiple 64K RAMs. CAS is then decoded to select the proper RAM. 
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TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

functional block diagram 

A7 -<....---------+! 
A6 ~1-t>--------~ 

A5 ~~1--<....--------i 

A4~~>--1-<....-------i 

AJ~~..._,__,__..._ ___ ~ 
A2~+-t--t--t--+-ip---+t 

Al ~+-t--t--+-+-+-ip--+t 

AO~~t--t--t--+-+-+-9-+t 

RCAAWSS -1_ L.------------~ ===l TIMING & CONTROL 

D~-----------------------, 

i-.-- ROW 
DECODE 

ROW i---+---.­
ADDRESS 
BUFFERS 

18) 

1•1,) MEMORY ARRAY 

DUMMY CELLS 

1---'-%_1_4_o_F_2_5s_c_o_L_u_M_N_o_E_c_o_D_E_~::=--
SENSE 
AMP 

CON TR 

256 SENSE - REFRESH 
AMPS 

i---+--11-+--0~ BUFFER & ~-
1 OF 41/0 

~ SELECTION 

1----------------11+--+--< "--------' 
._____.. 

.....___._ 1----+---'%_1_4_o_F_2_5s_co_L_u_M_N_o_Ec_o_D_E_~!+--< 

~COLUMN 

ADDRESS 
BUFFERS 

181 ROW 
L__. DECODE 

1---
1---i 

Ao·A7 

DUMMY CELLS 

('/,)MEMORY ARRAY 

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

Voltage on any pin except Voo and data out (see Note 1) ............ . 
Voltage on Voo supply and data out with respect to Vss ............ . 
Short circuit output current ................................ . 
Power dissipation 
Operating free-air temperature range 
Storage temperature range 

NOTE 1: All voltage values in this data sheet are with respect to Vss· 

-1.5 to 10 V 
. . . . . . . . . . . . . . -1to6 V 
. . . . . . . . . . . . . . 50 mA 

............ .. 1W 
0°C to 70°C 

-65°C to 150°C 

•Stresses beyond those listed under "'Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 

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

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, Voo 4.5 5 5.5 v 
Supply voltage, Vss 

.. 
0 v 

High-level input voltage, VI H 2.4 Voo+0.3 v 
Low-level input voltage, VIL -1 0.8 v 
Refresh time, trefresh 4 ms 

Operating free-air temperature, TA 0 70 oC 
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TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

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

PARAMETER TEST CONDITIONS 

VoH High-level output voltage IOH = -5 mA 

Vol Low-level output voltage IOL = 4.2 mA 

11 Input current (leakage) 
VJ= 0 V to 5.8 V 

All other pins= 0 V 

Jo Output current (leakage) 
Vo= 0.4 to 5.5 v. 
CAS high 

1001 
Average operating current 

Minimum cycle time 
during read or write cycle 

1002 Standby current 
After 1 memory cycle 

RAS and CAS high 

Minimum cycle time 

1003 Average refresh current RAS cycling, 

CAS high 

Average page-mode 
Minimum cycle time 

1004 RAS low, 
current 

CAS cycling 

MIN TY Pt 

2.4 

·-10 

-10 

25 

3.5 

20 

20 

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

PARAMETER 

Ci(A) Input capacitance, address inputs 

Ci(O) Input capacitance, data input 

Ci(RC) Input capacitance, strobe inputs 

Ci(W) Input capacitance, write enable input 

Co Output capacitance 

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

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

MAX 

0.4 

10 

10 

37 

5 

32 

32 

TYPt 

4 

4 

8 

8 

5 

ALT. TMS 4164-15 TMS 4164-20 
PARAMETER TEST CONDITIONS 

SYMBOL MIN MAX MIN MAX 

ta(C) Access time from column address strobe 
CL= 100 pF, 

tcAC 100 135 
Load= 2 Series 74 TTL gates 

tRLCL =MAX, 

ta(R) Access time from row address strobe CL= 100 pF tRAC 150 200 

Load = 2 Series 74 TTL gates 

tpxz Output disable time 
CL= 100 pF, 

tOFF 0 40 0 50 
Load= 2 Series 74 TTL gates 

TEXAS INSTRUMENTS 
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UNIT 

v 
v 

µA 

µA 

mA 

mA 

mA 

mA 

UNIT 

pF 

pF 

pF 

pF 

pF 

UNIT 

ns 

ns 

ns 



TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

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

PARAMETER 
ALT. TMS 4164-15 

SYMBOL MIN MAX 

tc(P) Page mode cycle time tpc 156 

tc(rd) Read cycle time tRC 256 

tc(W) Write cycle time twc 256 

tc(RW) Read-write/read-modify-write cycle time tRWC 256 

tw(CH) Pulse width, column address strobe high (precharge time)* tcp 50 

tw(CL) Pulse width, column address strobe low tcAS 100 10,000 

tw(RH) Pulse width, row address strobe high (precharge time) tRP 100 

tw(RL) Pulse width, row address strobe low tRAS 150 10,000 

tw(W) Write pulse width twp 45 

tT Transition times (rise and fall) for RAS and CAS tT 3 35 

tsu(AC) Column address setup time tASC -5 

tsu(AR) Row address setup time tASR 0 

tsu(D) Data setup time tDs 0 

tsu(rd) Read command setup time tRCS 0 

tsu(WCH) Write command setup time before CAS high tcwL 60 

tsu(WRH) Write command setup time before RAS high tRWL 60 

th(ACL) Column address hold time after CAS low tcAH 45 

th(AR) Row address hold time tRAH 20 

th(ARL) Column address hold time after RAS low tAR 95 

th(CRL) CAS hold time after RAS low tcsH 150 

th(DCL) Data hold time after CAS low tDH 45 

th(DRL) Data hold time after RAS low tDHR 95 

th(DWL) Data hold time after W low tDH 45 

th(rd) Read command hold time tRCH 0 

th(WCL) Write command hold time after CAS low twcH 45 

th(WRL) Write command hold time after RAS low twcR 95 

tCHRL Delay time, column address strobe high to row address strobe low tcRP 0 

tcLRH Delay time, column address strobe low to row address strobe high tRSH 100 

Delay time, column address strobe low to W low 
tCLWL 

(read, modify-write-cycle only) tcwD 40 

Delay time, row address strobe low to column address strobe low 
tRLCL 

(maximum value specified only to guarantee access time) tRCD 20 50 

Delay time, row address strobe low to W low 
tRLWL 

(read, modify-write-cycle only) tRWD 90 

twLCL Delay time, W low to column address strobe low (early write cycle) twcs -5 

* Page Mode Only 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

TMS 4164-20 

MIN MAX 
UNIT 

206 ns 

326 ns 

326 ns 

326 ns 

80 ns 

135 10,000 ns 

120 ns 

200 '10,000 ns 

55 ns 

3 35 ns 

-5 ns 

0 ns 

0 ns 

0 ns 

80 ns 

80 ns 

55 ns 

25 ns 

120 ns 

200 ns 

55 ns 

120 ns 

55 ns 

0 ns 

55 ns 

120 ns 

0 ns 

135 ns 

50 ns 

25 65 ns 

100 ns 

-5 ns 

55 
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TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

read cycle timing 
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TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

early write cycle timing 

RAS 

AO-A7 

D 

Q 
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TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

write cycle timing 

i--------tc1w1--------...; 

AO-A7 

D 

Q 
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TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

read-write/read-modify-write cycle timing 
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TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

page-mode read cycle timing 
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TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

RAS-only refresh timing 
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MOS 
LSI 

TMS 4044 NL; TMS 40L44 NL 
4096-WORD BY 1-BIT STATIC RAMS 

• Single +5 V Supply(± 10% Tolerance) 

• High Density 300-mil (7.62 mm) 18-Pin 
Package 

• Fully Static Operation (No Clocks, No Re­
fresh, No Timing Strobe) 

• 4 Performance Ranges: 
ACCESS READ OR WRITE 

TIME CYCLE 
(MAX) (MIN) 

TMS 4044-15, TMS 40 L44-15 150 ns 150 ns 

TMS 4044:20, TMS 40L44-20 200 ns 200 ns 
TMS 4044-25, TMS 40L44-25 250 ns 250 ns 

TMS 4044-45, TMS 40L44-45 450 ns 450 ns 

• 400-mV Guranteed DC Noise Immunity with 
Standard TTL Loads - No Pull-Up Resistors 
Required 

• Common 1/0 Capability 

• 3-State Outputs and Chip Select Control for 
OR-Tie Capability 

• Fan-Out to 2 Series 74, 1 Series 74S, or 8 
Series 74LS TTL Loads 

• Low Power Dissipation 

TMS 4044 

TMS 40L44 

description 

MAX 
(OPERATING) 

440 mW 

275 mW 

MAX 
(STANDBY) 

156mW 

96 mW 

AO-A11 

D 

Q 

s 
Vee 
Vss 
VJ 

DECEMBER 1979 

TMS 4044/TMS 40L44 

18-PIN PLASTIC 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

PIN NAMES 

Addresses 

Data In 

Data Out 

Chip Select 

+5 V Supply 

Ground 

Write Enable 

This series of static random-access memories is organized as 4096 words of 1 bit. Static design results in reduced over­

head costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Because this series 

is fully static, chip select may be tied low to further simplify system timing. Output data is always available during 

a read cycle. 

All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. This 4K 
Static RAM series is manufactured using Tl's reliable N-channel silicon-gate technology to optimize the cost/performance 

relationship. All versions are characterized to retain data at Vee= 2.4 V to reduce power dissipation. 

The TMS 4044/40L44 series is offered in the 18-pin dual-in-line plastic (NL suffix) packages designed for insertion in 

mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°e to 70°e. 

for operation from 0°e to 70°e. 
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TMS 4044 NL; TMS 40L44 NL 
4096-WORD BY 1-BIT STATIC RAMS 

operation 

addresses (AO-A 11) 

The twelve address inputs select one of the 4096 storage locations in the RAM. The address inputs must be stable for the 

duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external 
pull-up resistors. 

chip select (S) 

The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out ter­

minals. When chip select is at a logic low level, both terminals are enabled. When chip select is high, data-in is inhibited 
and data-out is in the floating or high-impedance state. 

write enable (iiiJ) 

The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 

data-in (D) 

Data can be written into a selected device when the write enable input is low. The data-in terminal can be driven 
directly from standard TTL circuits. 

data-out ( Q) 

The three-state output buffer provides direct TTL compatibility with a fan-out of two Series 74 TTL gates, one Series 
74S TTL gate, or eight Series 74LS TTL gates. The output is in the high-impedance state when chip select (S) is high or 

whenever a write operation is being performed, facilitating device operation in common 1/0 systems. Data-out is the 
same polarity as data-in. 

standby operation 

The standby mode, which will retain data while reducing power consumption, is attained by recuding the Vee supply 

from 5 volts to 2.4 volts. When reducing supply voltage during the standby mode, Sand W must be high to retain data. 
The Vee transition rate should not exceed 26 mV/ms. During standby operation, data can not be read or written into 

the memory. When resuming normal operation, five cycle times must be allowed after normal supplies are returned for 
the memory to resume steady state operating conditions. 
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TMS 4044 NL; TMS 40L44 NL 
4096-WORD BY 1-BIT STATIC RAMS 

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

Supply voltage, Vee (see Note 1) ........ . 

Input voltage (any input) (see Note 1) 

Continuous power dissipation 
Operating free-air temperature range 
Storage temperature range 

NOTE 1: Voltage values are with respect to the ground terminal. 

-0.5 to 7 V 
-1 to 7 V 

1W 
0°C to 70°C 

-55°C to 150°C 

•Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 

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

logic symbolt 

(1) 
RAM 4096x1 

AO 0 

Al 
(2) 

A2 
(3) 

A3 
(4) 

A4 
(5) 

AS 
(6) 

A6 
(17) 

A7 
(16) 

AB 
(15) 

A9 
(14) 

A10 
(13) 

A11 
(12) 

-----11 

s (10) 

w (8) 

D (11) 

0 
A4095 

recommended operating conditions 

Supply voltage, Vee 

Supply voltage, Vss 
High-level input voltage, V1H 

Low-level input voltage, V1L (see Note 2) 

Operating free-air temperature, TA 

Q 

PARAMETER 

FUNCTION TABLE 

INPUTS OUTPUT 
MODE 

s w Q 

H x Hl-Z NOT SELECTED 

L L Hl-Z WRITE 

L H DATA OUT READ 

tThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and 

current discussions in IEEE and IEC. See explanation on page 183. 

TMS 4044-45 

TMS 40L44-45 UNIT 

MIN NOM MAX 

1 Operating 4.5 5 5.5 
v J Standby 2.4 5.5 

0 v 
2 5.5 v 

-1 0.8 v 
0 70 oc 

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

voltage levels only. 
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TMS 4044 NL; TMS 40L44 NL 
4096-WORD BY 1-BIT STATIC RAMS 

electrical characteristics over recommended operating free-air temperature ranges 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VoH High level voltage loH=-1.0mA Vee= 4.5 v 
Vol Low level voltage loL = 3.2 mA Vee= 4.5 v 
11 Input current VI = 0 V to 5.5 V 

Sat 2 V or 
loz Off-state output current 

Wat 0.8 V 
Vo = o v to 5.5 v 

TMS 4044 
Vee= MAX 

lo= 0 mA, Vee= 2.4 v 
Jee Supply current from Vee 

TA= 0°C (worst case) Vee= MAX 
TMS 40L44 

Vcc=2.4v 

Ci Input capacitance 
V1=0 V, 

f = 1 MHz 

Ca Output capacitance 
Vo= 0 V, 

f = 1 MHz 

t AU typical values are at V cc= 5 V, TA= 25° C. 

MIN TYP* MAX UNIT 

2.4 v 
0.4 v 
10 µA 

±10 µA 

65 80 

45 65 
mA 

40 50 

30 40 

8 pF 

8 pF 

timing requirements over recommended supply voltage range, TA 
CL= 100 pF 

0°C to 70°C 1 Series 74 TTL load, 

TMS 4044-15 TMS 4044-20 TMS 4044-25 TMS 4044-45 

PARAMETER TMS 40L44-15 TMS 40L44-20 TMS 40L44-25 TMS 40L44-45 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

tc(rd) Read cycle time 150 200 250 450 ns 

tc(wr) Write cycle time 150 200 250 450 ns 

tc(RW) Read-modify-write cycle time 250 320 370 650 ns 

tw(W) Write pulse width 80 100 100 200 ns 

tsu(A) Address set up time 0 0 0 0 ns 

tsu(S) Chip select set up time 80 100 100 200 ns 

tsu(D) Data set up time 80 100 100 200 ns 

th(D) Data hold time 0 0 0 0 ns 

th(A) Address hold time 0 0 0 0 ns 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



TMS 4044 NL; TMS 40L44 NL 
4096-WORD BY 1-BIT STATIC RAMS 

switching characteristics over recommended voltage range, TA= 0°C to 70°C 1 Series 74 TTL load, 
CL= 100 pF 

TMS 4044-15 TMS 4044-20 TMS 4044-25 TMS 4044-45 

PARAMETER TMS 40L44-15 TMS 40L44-20 TMS 40L44-25 TMS 40L44-45 

MIN MAX MIN MAX MIN MAX MIN MAX 

ta(A) Access time from address 150 200 250 450 

ta(S) Access time from chip select low 70 70 70 100 

ta(W) Access time from write enable high 70 70 70 100 

tpvx Output data valid after address change 20 20 20 20 

tpvz.s Output disable time after chip select high 50 60 60 100 

tpvz.w Output disable time after write enable low 50 60 60 100 

read cycle timing** 

>f 
tc(rdl 

V1H 

ADDRESS, A ADDRESS VALID 

V1L 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

CHIP SELECT,S -----tpvz.s 
I 

OUTPUT DATA, Q 
VoH--t Hl-Z 

Vol 
ta(AI-

1pvx 

Hl-Z-

All timing reference points are 0.8 V and 2.0 V on inputs and 0.6 V and 2.2 Von outputs (90% points). Input rise and fall times= 10 ns. 

•*Write enable is high for a read cycle. 
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TMS 4044 NL; TMS 40L44 NL 
4096-WORD BY 1-BIT STATIC RAMS 

early write cycle timing 
14----------tc(wr) -----------

ADDRESS, A 

V1H --------J 
WRITE ENABLE, W 

ADDRESS VALID 

i..------- tw(W) 

V1H ----------
CHIP SELECT, S ~---- tsu(S) 

INPUT DATA, D 

VoH ----------------Hl-Z--------------
OUTPUT, Q Vol 

read-modify-write cycle timing 

tc(RW)---------t1~1 

ADDRESS, A 

WRITE ENABLE, W 

tw(W) 

CHIP SELECT, S 

INPUT DATA, D 

OUTPUT.a VoH -t' ''':,_~ 
Vol 

ta(A)-1 

Hl-Z-

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



MOS 
LSI 

• 4096 X 1 Organization 

• Single +5 V Supply (± 10% Tolerance) 

• High-Density 300-mil (7.62 mm) Packages 

• Fully Static Operation (No Clocks, No Re­
fresh, No Timing Strobe) 

• Fast ... 3 Performance Ranges: 

ACCESS READ OR WRITE 

TMS 2147-5 
TMS 2147-7/TMS 21 L47-7 

TIME 
(MAX) 

55 ns 
70 ns 

CYCLE 
(MIN) 
55 ns 
70 ns 

• Inputs and Outputs TTL Compatible 

• Common 1/0 Capability 

• 3-State Outputs and Chip Enable Control for 
OR-Tie Capability 

• Automatic Chip-Select-Power-Down 
Operation 

• Reliable SMOS (Scaled-MOS) N-Channel 
Technology 

description 

TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 

Vss 

Ao-A11 

D 

Q 

s 

Vee 
Vss 
w 

DECEMBER 1979 

TMS 2147/TMS 21L47 
18-PIN PLASTIC 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

PIN NAMES 

Addresses 

Data In 

Data Out 

Chip Select 

+5 V Supply 

Ground 

Write Enable 

These high-speed static random-access memories are organized as 4096 words of 1 bit. Static design results in reduced 
overhead costs by elimination of .refresh-clocking circuitry and by simplification of timing requirements. Automatic 
chip select/power-down allows devices to be placed in the reduced-power mode whenever deselected. 

All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. These 
4K static RAM series are manufactured using Tl's reliable state-of-the-art SMOS (scaled MOS) N-channel silicon-gate 
technology to optimize the cost/performance relationship. 

The TMS 214 7 series and the TMS 21L47 series are offere,_d in 18-pin dual-in-I ine plastic (NL suffix) packages designed 
for in.sertion in mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°C to 
70°C. 

MM2147 Copyright© 1979 by Texas Instruments Incorporated 
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 

operation 

addresses (AO-A 11) 

The twelve address inputs select one of the 4096 storage locations in the RAM. The address inputs must be stable for 
the duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no exter­
nal pull-up resistors. 

chip-select/standby (S) 

The chip-select terminal, which can be driven directly by standard TTL circuits, affects the data-in and data-out ter­
minals and the internal functioning of the chip itself. Whenever the chip-select terminal is low (enabled). the device 
is operational, input and output terminals are enabled, and data can be read or written. When the chip-select terminal 
is high (disabled), the device is deselected and put into a reduced-power standby mode. Data is retained during standby. 

write-enable (W) 

The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 

data-in (D) 

Data can be written into a selected device when the write-enable input is low. The data-in terminal can be driven 
directly from standard TTL circuits. 

data-out (Q) 

The three-state output buffer provides direct TTL compatibility. The output is in the high-impedance state when chip 
select (S) is high or whenever a write operation is being performed, facilitating device operation in common 1/0 systems. 
Data-out is the same polarity as data·in. 
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 

absolute maximum ratings over operating ambient temperaturet range (unless otherwise noted)* 

Supply voltage, Vee (see Note 1) 
Input voltage (any input) (see Note 1) 

Continuous power dissipation 
Operating ambient temperature range 
Storage temperature range ................. . 

logic symbol§ 

AO (1) 

A1 (2) 

A2 
(3) 

A3 (4) 

A4 
(5) 

A5 
(6) 

A6 
(17) 

A7 
(16) 

AB 
(15) 

A9 
(14) 

A10 
(13) 

A11 
(12) 

s (10) 

iii 
(8) 

D (11) 

RAM 4096x1 

0 

0 
A4095 

11 

Q 

s w 
H x 
L L 

L H 

FUNCTION TABLE 

Q 

Hl-Z 

Hl-Z 

DATA OUT 

-1.5 V to 7 V 
-1.5 V to 7 V 

1.2W 
0°C to 70°C 

-65°C to 150°C 

MODE 

NOT SELECTED 

WRITE 

READ 

§This symbol is in accordance with IEEE Std 91 I ANSI Y32.14 and current discussions in I EE E and I EC. See explanation on page 183. 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, Vee 4.5 5 5.5 v 
Supply voltage, Vss 0 v 
High-level input voltage, V1H 2 6 v 
Low-level input voltage, V1L -1* 0.8 v 
Operating ambient temperature t, TA 0 70 oc 

t The ambient temperature conditions assume air moving perpendicular to the longitudinal axis and parallel to the seating plane of the device at 

a velocity of 400 feet per minute with the device under test soldered to a 4 X 6 X 0.062-inch double-sided 2-ounce copper-clad circuit board. 

•Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is stress rating only and 

functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 

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

*The algebraic convention where the more negative limit is designated as minimum is used in this data sheet for logic voltage levels only. 

NOTE 1: Voltage values are with respect to the ground terminal. 
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 

electrical characteristics over recommended operating ambient temperaturet range (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VoH High-level output voltage loH = -4 mA, Vee= 4.5 v 
Vol Low-level output voltage IOL = 8 mA, Vcc=4.5V 

11 Input current V1=0Vto5.5V 

!oz Off-state output current Sat 2 V, Vo=OVto4.5V, 

lcc1 
Standby supply current 

S= V1H 
from Vee 

S= V1L TMS 2147-5 

1cc2 Operating supply current from Vee lo=OmA,TA=0°C TMS 2147-7 

(worst case) TMS 21 L47-7 

!po 
Peak power-on current Vee= GND to Vee min, 

(see Note 2) S =lower of Vee or V1H min 

ios Short-circuit output current§ Vee= 5.5 v, Vo= GND to Vee 

Ci Input capacitance V1=0 V, f = 1 MHz 

Co Output capacitance Vo= 0 V, f = 1 MHz 

ac test conditions 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output loading .............. . 

MIN 

2.4 

Vee= 5.5 v 
1TMS2147-5 

[ TMS 2147-7 

jTMS21L47-7 

l TMS 2147-5 

[ TMS 2147-7 

l TMS 21L47-7 

TYP* MAX UNIT 

v 
0.4 v 
10 µA 

±50 µA 

18 30 

12 20 mA 

7 10 

120 180 

100 160 mA 

100 140 

70 

50 mA 

30 

±120 mA 

5 pF 

6 pF 

GND to 3.5 volts 

10 ns 

1.5 volts 

See Figure 1 

timing requirements over recommended supply voltage range and operating ambient temperaturet range 

PARAMETER 

tc(rd) Read cycle time 

tc(wr) Write cycle time 

tw(W) Write pulse width 

tsu(A) Address setup time 

tsu(S) Chip select setup time 

tsu(D) Data setup time 

th(D) Data hold time 

th(A) Address hold time 

tAVWH Address valid to write enable high 

t The ambient temperature conditions assume air moving at a velocity of 400 feet per minute. 

I All typical values are at Vee= 5 V. TA= 25°C. 

!i Duration of the short-circuit should not exceed one minute. 

TMS 2147-7 
TMS 2147-5 

TMS 21L47-7 UNIT 

MIN MAX MIN MAX 

55 70 ns 

55 70 ns 

35 40 ns 

0 0 ns 

45 55 ns 

25 30 ns 

10 10 ns 

10 15 ns 

45 55 ns 

NOTE 2: lpo exceeds lcc1 maximum during power on, as shown in Figure 4. All pull-up resistor to V CC on the S input is required to keep 

the device deselected; otherwise, power-on current approaches lcc2-
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 

switching characteristics over recommended supply voltage range and operating ambient temperaturet range 

TEST 
PARAMETER 

CONDITIONS 

ta(A) Access time from address 

Access time from chip select 
ta(S)1 

(see Note 3) 

Access time from chip select 
ta(S)2 

(see Note 4) 

Output data valid after 
tpvx 

address change 

Output disable time from RL=510n, 
tpvz(w) 

write enable CL=30pF, 

Output enable time from See Figure 1 
tpzv(wl 

write enable 

Output disable time from 
tpvz(s) 

chip select 

tpzv(s) 
Output enable time from 

chip select 

Power down time from 
tpwrdn 

chip select 

t The ambient temperature conditions assume air moving at a velocity of 400 feet per minute. 

NOTES: 3. Chip deselected for more than 55 ns prior to selection. 

TMS 2147-7 
TMS 2147-5 

TMS21L47-7 UNIT 

MIN MAX MIN MAX 

55 70 ns 

55 70 ns 

65 80 ns 

5 5 ns 

30 35 ns 

0 0 ns 

40 40 ns 

10 10 ns 

30 30 ns 

4. Chip deselected for less than 55 ns prior to selection. (If the deselect time is O ns, the chip is by definition selected and access 

time occurs according to read cycle). 

PARAMETER MEASUREMENT INFORMATION 

Vee 

OUTPUT 
UNDER TEST---~---

300 n CL= 30 pF 

= 

FIGURE 1 - LOAD CIRCUIT 
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 

TYPICAL DC AND AC CHARACTERISTICS 

read cycle timing 

from address 

.. 14----------tc(rd)----------.... ~~1 

ADDRESS ~-----------------------.~'--------

:!: ====-tpv-x-ta-(A)~::~~1--•1 
~, ___ D_A_T_A_v_A_L-ID __________ _ DATA OUT PREVIOUS DATA VALID 

Wis high, Sis low. 

from chip select 

~ r-M---------tc(rd)---------.. ~1 

s ~ _____ / 

~--1) ·1 ~'PVZISl:i 
DATA OUT ------Hl-Z~ DATA VALID I )-..-------

lcc2J ~~ -~~~~~ ~tpw~n~ 
SUPPLY 50% ~50% 

CURRENT "\.:.:._ 1cc1 
Wis high, address is valid prior to or simultaneously with the high-to-low transition of S. 
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 

TYPICAL DC AND AC CHARACTERISTICS 

write cycle timng 

controlled by write enable 

ADDRESS 

~ ... 1 ... ~::::::::::_-_-_-_-_-_-_-_-_-_-_tc-(w_r_)-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-

~------~~~~~---~------~~---~~---)1(-----~ I , .. 4------tsu(S)------_..~ I 
~ Y#//dff// 

DATA IN 

1: tsu(A)---~ tAVWH r-tw(W)---=t='hlAl~ 

~ ~ 
f'4 •, I _ _.J I tsu(D)----~th(D):--1 

___________ )(' DATA INVALID I )1( ______ _ 

DATA OUT 

14-tpvz(w)-+f ~ tpzv(Wl----1 

______ i_N_v_A_Ll_D_D_A-TA ________ ) . Hl-Z-----<= 

controlled by chip select 

ADDRESS 

w 

i..141-----------tc(wr)------------

=*--------------------------------------x 
tsu(Alf='1.,.,....,__ _____ tsu(S)-------~-1 I ------

1
• ' /. _j ""' tAVWH 1.---t ::::.i _ th(A) 

1
_ w(W)------r= 

--~--~---~_..,...~--~-~-~..,...._~-~ z0_%_0_%_o/h ___ 0_0 __ 0/_~ __ 

DATA IN 

,... • tsu(D) ~1.-th(D)~ 

----------)!( DATA IN VALID x ________ _ 
DATA OUT 

j.4-tPVZ(W)1 

_____ i_N_v_A_Ll_D_D_A-TA ________ )-i....-------Hl-Z--------

NOTE: If S goes high simultaneously with W high, the output remains in the high-impedance state. 
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 

TYPICAL CHARACTERISTICS 

TMS 2147-7 
SUPPLY CURRENT 

SUPPLY VOLTAGE 

<t: 
100 ~r-::±==l:=:IC~C2=_-l-Qp-~~ra-tin+g~C9ur=re=ntj==1 fl--==] 

E 

I 801--+--+--+---+-l--+--+--+--+--I 

' 5 
u 601--+--+--+---+-l--+--+--+--+--I 

l I 401--+--+--+---+-l--+--+--+--+--I 

1l 
20t---+-t-icc1 - Standby Current t--+--

o~~-+-~~->--~-+-~~~ 
4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 

Vee - Supply Voltage - v 

FIGURE 2 

NORMALIZED POWER-ON CURRENT 
vs 

> SUPPLY VOLTAGE 
~ 2.0~~~~~-~~~~~~ 

8 1.8 l---1---1---1---+ .... /'"-l-'l--.."-+---1-+---4---< 

> I\ 
1.6 t--+-+------+-;v~-+---+-~-+--+-+--t 

~ ; :: :=:=:v:L::=:==:=:=:~::.-..;:=:=: 
i 1.0 .11 ]'...; 

0.8 t----+1-+-+--+---+--+-+--+--+---+--t 

~ :::l-+j_+--+--+--+--+-1 kl1 pull-up resistor 
§: j trom'S'toVcc I 
Jl1 o.2V T 25•c 

A_t l l l 1l ~'---'---'---'----'--.__-'---'---'----'---' 

Vee - Supply Voltage - v 

FIGURE 4 

NORMALIZED ACCESS TIMES 

SUPPLY VOLTAGE 

> 
1.3 

"' 
u 1.2 u 

Tl= 2s
0

c 

> 

1.1 

~ 
0 

1.0 
·;:; 

~ ta(SI 
ta(SI 

ta(AI 

~ Cl.9 

E 
i= 

0.8 

:£. 
0.7 

4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 

Vee - Supply Voltage - V 

FIGURE 6 

TMS 2147-7 
SUPPLY CURRENT 

vs 
AMBIENT TEMPERATUREt 

120 

100 
<t: 
E 
I 

BO 

u 60 

l 40 
I 
u 
~ 

20 lcc1 - Standby Current· 

0 
0 10 20 30 40 50 60 70 80 

TA °C 

FIGURE 3 

CHANGE IN ACCESS TIMES 
vs 

OUTPUT LOADING 
20 

E 
i= 

18 

16 

vcc=4.5V IL 
TA= 10°c +--+--+--+--11L-..... V--7!'<--t 

1l 
14 :£. 
12 

10 
ti 
I 

§ ~ 
g 71 

~ 2 f 
<J 0 0~1~1~0-0~-2~0.,...o -+--3~00--1_40~0~-5=--'oo 

CL - Load Capacitance - pF 

FIGURE 5 

NORMALIZED ACCESS TIMES 
vs 

AMBIENT TEMPERATUREt 

·~ 1.
3 

Vee= 5 v 

<t: 1 .2 l---+---11----+-->----+-->---+---I 
f-

1.1 l---+---ll---+--l---+---11----+---I 

~ 
0 1 .0 l---+-~l---+-->----+-~>--------1 

-a:~ kA7 
0.9 l---+--l---+--1--.,....r;...c.___1---+---l 

~G.8 ta~ 
vwta(SI 

:£. 0.7 ....-1 l 
0 10 20 30 40 50 60 70 80 

TA - Ambient Temperature - °C 

FIGURE 7 

t The ambient temperature conditions assume air moving at a velocity of 400 feet per minute. 
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MOS 
LSI 

TMS 2114 NL; TMS 2114L NL 
1024-WORD BY 4-BIT STATIC RAMS 

• Previously Called TMS 4045/TMS 40L45 

• 1024 X 4 Organization 

• Single +5 V Supply 

• High Density 300-mil (7.62 mm) 18-Pin 
Package 

• Fully Static Operation (No Clocks, No Re­
fresh, No Timing Strobe) 

• 4 Performance Ranges: 
ACCESS READ OR WRITE 

TIME CYCLE 
(MAX) (MIN) 

TMS 2114-15, TMS 2114L-15 150 ns 150 ns 
TMS 2114-20, TMS 2114L-20 200 ns 200 ns 
TMS 2114-25, TMS 2114L-25 250 ns 250 ns 
TMS 2114-45, TMS 2114L-45 450 ns 450 ns 

• 400-mV Guaranteed DC Noise Immunity 
with Standard TTL Loads - No Pull-Up 
Resistors Required 

• Common 1/0 Capability 

• 3-State Outputs and Chip Select Control for 
OR-Tie Capability 

• Fan-Out to 2 Series 74, 1 Series 74S, or 8 
Series 74LS TTL Loads 

• Low Power Dissipation 
MAX 

TMS 2114 

TMS 2114L 

description 

(OPERATING) 
550 mW 
330mW 

MAX 
(STANDBY) 

170mW 
110mW 

AO-A9 

DO 

s 
Vee 
Vss 
w 

DECEMBER 1979 

TMS 2114/TMS 2114L 

18-PIN PLASTIC 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

PIN NAMES 

Vee 
A7 

AS 

A9 

DQ1 

DQ2 

DQJ 

DQ4 

w 

Addresses 

Data In/Data Out 

Chip Select 

+5 V Supply 

Ground 

Write Enable 

This series of static random-access memories is organized as 1024 words of 4 bits each. Static design results in reducing 
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Because this 
series is fully static, chip select may be tied low to further simplify system timing. Output data is always available during 
a read cycle. 

All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL No pull-up resistors are required. This 4K 

Static RAM series is manufactured using Tl's reliable N-channel silicon-gate technology to optimize the cost/performance 
relationship. Sub 450 ns max access versions are characterized to retain data at Vee= 2.4 V to reduce power dissipation. 

The TMS 2114/2114L series is offered in the 18-pin dual-in-line plastic (NL suffix) package designed for insertion in 
mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°e to 70°e. 
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TMS 2114 NL; TMS 2114L NL 
1024-WORD BY 4-BIT STATIC RAMS 

operation 

addresses (AO-A 11 I 

The ten address inputs select one of the 1024 4-bit words in the RAM. The address inputs must be stable for the dura­
tion of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external pull­

up resistors. 

chip select (SI 

The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out 

terminals. When chip select is at a logic low level, both terminals are enabled. When chip select is high, data-in is inhi­

bited and data-out is in the floating or high-impedance state. 

write enable (WI 

The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W or S must be high when changing addresses to prevent erroneously writing data into a memory 

location. The W input can be driven directly from standard TTL circuits. 

data-in/data-out (001-0041 

Data can be written into a selected device when the write enable input is low. The DO terminal can be driven directly 
from standard TTL circuits. The three-state output buffer provides direct TTL compatibility with a fan-out of two 
Series 74 TTL gates, one Series 74S TTL gate, or eight Series 74LS TTL gates. The DO terminals are in the high­
impedance state when chip select (SI is high or whenever a write operation is being performed. Data-out is the same 
polarity as· data-in. 

standby operation (TMS 2114/TMS 2114L-15, -20, -25) 

The standby mode, which will retain data while reducing power consumption, is attained by reducing the Vee supply 
from 5 volts to 2.4 volts. When reducing supply voltage during the standby mode,S and W must be held high to retain 

data. The Vee transition rate must not exceed 26 mV/ms. During standby operation, data can not be read or written 
into the memory. When resuming normal operation, five cycle times must be allowed after normal supplies are returned 
for the memory to resume steady state operating conditions. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



TMS 2114 NL; TMS 2114L NL 
1024-WORD BY 4-BIT STATIC RAMS 

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

Supply voltage, V CC (see Note 1) -0.5 to 7 V 
Input voltage (any input) (see Note 1) 

Continuous power dissipation 

Operating free-air temperature range 

Storage temperature range 

NOTE 1: Voltage values are with respect to the ground material. 

-1 to 7 V 
1W 

0°C to 70° C 
-55°C to 150° C 

•Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device, This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 

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

logic symbolt 

AO 

A1 

A2 

A3 

A4 

AS 

AG 

A7 

AB 

A9 

s 
w 

D01 

RAM 1024x4 
(5) 

0 ..... 
(6) 

(7) 

(4) 

(3) 
0 

(2) >A1023 

(1) 

(17) 

(16) 

(15) 
9 

(8) ,..... 
G1 

(10) _...._ 
1EN [READ] 

I: 1C2 [WRITE] 

(14) 
~ 
A,2D 

FUNCTION TABLE 

w s OE D01-D04 MODE 

L L x VALID DATA WRITE 

H L L DATA OUTPUT READ 

x H x Hl-Z DEVICE DISABLED 

H L H Hl-Z OUTPUT DISABLED 

_C 

LI A,Z3 

D02 

D03 

D04 

V'3 
(13l..__. 

.....--.. 
(12.l...._.. 

..... -.. 
(111__.. -

recommended operating conditions 

PARAMETER 

1 Supply voltage, Vee l 
Supply voltage, Vss 
High-level input voltage, V1H 

Low-level input voltage, V1L (see Note 2) 

Operating free-air temperature, TA 

Operating 

Standby 

tThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and 

current discussions in IEEE and IEC. See explanation on page 183. 

TMS 2114-15, TMS 2114L-15 

TMS 2114-20, TMS 2114L-20 TMS 2114-45, TMS 2114L-45 

TMS 2114-25. TMS 2114L-25 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 

2.4 5.5 Not applicable 

0 0 

2 5.5 2 5.25 

-1 0.8 -0.3 0.8 

0 70 0 70 

UNIT 

v 

v 
v 
v 
cc 

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

voltage levels only. 
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TMS 2114 NL; TMS 2114L NL 
1024-WORD BY 4-BIT STATIC RAMS 

electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 

PARAMETER TEST CONDITIONst MIN TVP* MAX 

VoH H lgh level voltage loH=-1 mA** Vee= MIN (operating) 2.4 

Vol Low level voltage loL = 3.2 mA ** Vee= MIN (operating) 

11 Input current V1=0 V to MAX 

Sat 2 V or 
loz Off-state output current 

Wat0.8 v 
Vo= 0 v to MAX 

Vee= MAX 90 
TMS 2114 

lo= o mA, Vee= 2.4 V* 60 
ice Supply current from Vee 

TA= 0°C (worst case) Vee= MAX 50 
TMS 2114L 

Vee= 2.4 V* 35 

Ci Input capacitance 
V1=0 V, 

f = 1 MHz 

Co Output capacitance 
Vo= 0 V, 

f = 1 MHz 

t For conditions shown as Ml N or MAX, use the appropriate value specified under recommended operating conditions_ 

*All typical values are at V cc= 5 V, TA = 25° C. 

* TMS 2114/TMS 2114L-15, -20, -25 only . 

• • TMS 2114/TMS 2114L-45: loH = -200 µA, loL = 2 mA. 

timing requirements over recommended supply voltage range, TA= 0°C to 70° C 1 Series 74 TTL 
load CL= 100 pF 

PARAMETER 
TMS 2114-15 TMS 2114-20 TMS 2114-25 TMS 2114-45 

TMS 2114L-15 TMS 2114L-20 TMS 2114L-25 TMS 2114L-45 

MIN MAX MIN MAX MIN MAX MIN MAX 

tc(rd) Read cycle time 150 200 250 450 

tc(wr) Write cycle time 150 200 250 450 

tw(W) Write pulse width 80 100 100 200 

tsu(A) Address set up time 0 0 0 0 

tsu(S) Chip select set up time 80 100 100 200 

tsu(D) Data set up time 80 100 100 200 

th(D) Data hold time 0 0 0 0 

th(A) Address hold time 0 0 0 20 

TEXAS INSTRUMENTS 
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0.4 

10 

±10 

100 

70 

60 

45 

8 

8 

UNIT 

v 
v 

µA 

µA 

mA 

pF 

pF 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TMS 2114 NL; TMS 2114L NL 
1024-WORD BY 4-BIT STATIC RAMS 

switching characteristics over recommended voltage range, TA = 0° C to 70° C, 1 Series 74 TTL 
load, CL= 100 pF 

TMS 2114-15 TMS 2114-20 TMS 2114-25 TMS 2114-45 
PARAMETER 

TMS 2114L-15 TMS 2114L-20 TMS 2114L-25 TMS 2114L-45 

MIN MAX MIN MAX MIN MAX MIN MAX 

ta(A) Access time from address 150 200 250 450 

Access time from chip select 
70 85 100 120 ta(S) 

(or output enable) low 

ta(W) Access time from write enable high 70 85 100 120 

tpvx Output data valid after address change 20 20 20 20 

Output disable time after chip select 
50 60 60 100 tpvz.s 

(or output enable) high 

tpvz.w Output disable time after write enable low 50 60 60 100 

read cycle timing** 

V1H 

ADDRESS, A 

VIL -~J-_·======-tctrd-1~~~ n._ ADDRESS VALID 

V1H 

CHIP SELECT, S 
V1L 

tpvx 

V1H 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

OUTPUT DAT A, 0 

_l_ ta(SI 

[.______~~~: ~r<;:_~~~~~~~~~~~~-t-~--'~¥...1........., 
Hl-Z-

V1L 

All timing reference points are 0.8 V ani:J2.0V on inputs and 0.6 V and 2.2 Von outputs (90% points). Input rise and fall times equal 10 
nanoseconds. 
•'Write enable Is high for a read cycle. 
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TMS 2114 NL; TMS 2114L NL 
1024-WORD BY 4-BIT STATIC RAMS 

early write cycle timing 
----------- tc(wr) -----------_.. 

ADDRESS, A ADDRESS VALID 

v,L ........... ~ i------------------------------------------------r~~QQC 

tw(W) 
WRITE ENABLE, W 

V1H I I 
CHIP SELECT, S \~4 tsu(S) • / 

V1L \:~----------------------------------'· ~ 14--th(D) 
k-tsu(D)~ I I 

INPUTDATA,D :::- VALID -

VoH 

OUTPUT, a Vol ------------------------- Hl-Z 

read-write cycle timing 14 tc(wr) ________ .. .,, 

OUTPUT,Q 

::: --------1~~----------------------------------~~~-----------
'4- tsu(A) ~ th(A) 14 i.I 
I \ /i.___i -

l ~'wlWl---1 --1 '\ I ""'s'---i I ! 
i I I ~''"'°'-+h-'h~DI 

:::----~-__,,.__.._......., ( VALID ) I ~ 

! ,,,S)-J.-.i 1.-.i-.. vz,w '•IWl-h L;,PVZ,S 

:::------:- Hl-Z--¢VALID ~ Hl-Z ¢VALID >-Hl-Z-

'4--- ta(A)---1 

ADDRESS, A 

WRITE ENABLE, W 

CHIP SELECT, S 

INPUT DATA, D 

applications data 

Early write cycle avoids DO conflicts by controlling the write time with S. On the diagram above, the write operation 
will be controlled by the leading edge of S, not W. Data can only be written when both Sand Ware low. Either Sor W 
being high inhibits the write operation. To prevent erroneous data being written into the array, the addresses must be 

stable during the write cycle as defined by tsu(A). tw(W). and th(A)· 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 

• 2K X 8 Organization 

• Single +5 V Supply 

• Fully Static Operation (No Clocks, No Re­
fresh) 

• JEDEC Standard Pinout 

• 24-Pin 600 (15.2 mm) Mil Package Config­
uration 

• Plug-in Compatible with 16K 5 V EPROMs 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• Max Access/Min Cycle ... 450 ns 

• Tri-State Outputs with S for Or-ties 

• G Eliminates Need for External Bus Buffers 

• Common 1/0 Capability 

• All Inputs and Outputs Fully TTL Compatible 

• Fanout to Series 74, Series 74S, or Series 74LS 
TTL Loads 

• N-Channel Silicon-Gate Technology 

• Power Dissipation Under 475 mW Max 

• Guaranteed de Noise Immunity of 400 mV. 
with Standard TTL Loads 

description 

DECEMBER 1979 

TMS 4016 

24-PIN PLASTIC 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

A7 24 Vee 

A6 23 AB 

AS 22 A9 

A4 4 21 w 
A3 5 20 G 
A2 6 19 A10 

A1 1B s 
AO 17 DOB 

001 9 16 007 

002 10 15 006 

003 11 14 005 

Vss 12 13 004 

PIN NOMENCLATURE 

AO-A10 Addresses 

DQ1-DQ8 Data In/Data Out 

s Chip Select 

G Output Enable 

Vii Write Enable 

Vss Ground 

Vee +5 V Supply 

The TMS 4016 static random-access memory is organized as 2048 words of 8 bits each. Fabricated using proven 
N-channel, silicon-gate MOS technology, the TMS 4016 operates at high speeds and draws less power per bit than 4K 

static RAMs. It is fully compatible with Series 74, 74S, or 74LS TTL. Its static design means that no refresh clocking 

circuitry is needed and timing requirements are simplified. Access time is equal to cycle time. A chip select control is 

provided for controlling the flow of data-in and data-out and an output enable function is included in order to eliminate 

the need for external bus buffers. 

Of special importance is that the TMS 4016 static RAM has the same standardized pin out as Tl's compatible EPROM 

family. This, along with other compatible features, makes the TMS 4016 plug-in compatible with the TMS 2516 (or 

other 16K 5 V EPROMs). Minimal, if any modifications are needed. This allows the microprocessor system designer 

complete flexibility in partitioning his memory board between read/write and non-volatile storage. 

The TMS 4016 is offered in the plastic (NL suffix) 24-pin dual-in-line package designed for insertion in mounting hole 

rows on 600-mil (15.2 mm) centers. It is guaranteed for operation from 0°Cto 70°C. 

TURN TO PAGE 93 FOR EXPLANATION OF TMS 4016-16K 5V EPROM COMPATIBILITY. 

ADVANCE INFORMATION 
This document contains information on 
a new product. Specifications are subject 
to change without notice. 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 

operation 

addresses (AO-A 10) 

The eleven address inputs select one of the 2048 8-bit words in the RAM. The address-inputs must be stable for the 
duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external 
pull-up resistors. 

output enable {G) 

The output enable terminal, which can be driven directly from standard TTL circuits, affects only the data-out terminals.· 
When output enable is at a logic high level, the output terminals are disabled to the high-impedance state. Output enable 
provides greater output control flexibility, simplifying data bus design. 

chip select (S) 

The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in/data-out terminals. 
When chip select and output enable are at a logic low level, the D/O terminals are enabled. When chip select is high, 
the D/Q terminals are in the floating or high-impedance state and the input is inhibited. 

write enable (W) 

The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high wheri changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 

data-in/data-out (DQ1-DQ8) 

Data can be written into a selected device when the write enable input is low. The 0/Q terminal can be driven directly 
from standard TTL circuits. The three-state output buffer provides direct TTL compatibility with a fan-out of one 
Series 74 TTL gate, one Series 74S TTL gate, or five Series 74LS TTL gates. The 0/Q terminals are in the high impe­
dance state when chip select (S) is high or whenever a write operation is being performed. Data-out is the same polarity 
as data-in. 

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

Supply voltage, Vee (see Note 1) ................ . 
Input voltage (any input) (see Note 1) 

Continuous power dissipation 
Operating free-air temperature range 
Storage temperature range 

NOTE 1: Voltage values are with respect to the ground terminal. 

-0.5 to 7 V 
-0.5 to 7 V 

lW 
0°C to 70°C 

-55°C to 150°C 

•Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those indicated In the "Recommended Operating Conditions" 

section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 

logic symbolt 

AO (B) 

A1 l7 l 
(61 

RAM 204Bx8 
0..., 

A2-----t 

A3 (SI 

A4 (41 

AS (JI 

A6 
121 

(11 
A7-----4 

AB (231 

A9 (221 

(191 
A10 10 

S 1181 
G1 

G' 1201 
G2 

0 > A4Qi5 

W 1211 
_.._ 1,2 EN [READ] 

~ 1C3 [WRITE] 

001 
l9I _.... -?_,3._D ___ ..... _c,__ 

1..-~4 A,Z4 

(101....__.. -------
002--~.-.-..--4 

(111...._ .... ..... 003 
(131....__.. 

004--.... - .. --f 
(141 .. _.. 

005--.... r~-t 
(151....__. 

006--•-..+---t 
(16~ 

001--.... ·-~-
111L 

oos--...... -......... 

w s a DQ1-DQ8 MODE 

L L x VALID DATA WRITE 

H L L DATA OUTPUT READ 

x H x Hl-Z DEVICE DISABLED 

H L H Hl-Z OUTPUT DISABLED 

tThis symbol is in accordance with IEEE Std 91/ ANS I Y32. 14 and current discussions in IEEE and IEC. See explanation on page 183. 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 v 
Supply voltage, Vss 0 v 
High-level input voltage, V1H 2 5.25 v 
Low-level input voltage, V1L -1 0.8 v 
Operating free-air temperature, TA 0 70 oc 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TY Pt MAX 

VoH High level voltage loH = -200 µA i Vee= 4.75 v 2.4 

Vol Low level voltage loL = 2 mA Vee= 4.75 v 0.4 

11 Input current V1 = 0 V to 5.25 V 10 

CS or OE at 2 V or 1 Vo= o to 5.25 v 10 
loz Off-state output current 

'Wat o.8 v 

ice Supply current from Vee 
lo=OmA, 

Vee= 5.25 v 65 90 
TA= 0°C (worst case) 

Ci Input capacitance V1 = OV, f = 1 MHz 8 

Co Output capacitance Vo= 0 V, f = 1 MHz 12 

t All typical values are at V CC= 5 V, TA= 25° C. 

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

PARAMETER MIN MAX 

tc(rd) Read cycle time 450 

tc(wr) Write cycle time 450 

tw(W) Write pulse width 400 

tsu(A) Address set-up time 0 

tsu(S) Chip select set up time 400 

tsu(D) Data setup time 400 

th(A) Address hold time 0 

th(D) Data hold time 0 

tT(A) Address transition time 5 100 

tGHWL Time interval, output enable high before write low 0 

tWLSL Time interval, write low before chip select low 0 

twHGL Time interval, write high before output enable low 0 

tGLSH Time interval, output enable low before chip select high 0 

switching characteristics over recommended voltage range, TA= 0°C to 70°C, 1 series 74 TTL load, 
CL= 100 pF 

PARAMETER MIN TY Pt MAX 

ta(A) Access time from address 450 

Access time from chip 
150 ta(S) 

select low 

Access time from output 
150 ta(G) 

enable low 

Output data valid after 
10 80 tpvx 

address change 

Output disable time after 
120 tpvz,s chip select high 

Output disable time after 
120 tpvz,G output enable high 

t All typical values are at V CC= 5 V, TA = 25° C. 
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v 

v 

µA 

µA 

mA 

pF 

pF 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 
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read cycle timing** 

ADDRESS, A 

CHIP SELECT,S 

OUTPUT ENABLE, G 

OUTPUT DATA, Q 

TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 

----------tc(rd)---------~ 

V1H ____ )t! ----------------'IX' .... ------ADDRESS VALID 

VIL 

I 
V1H--------- I -J-
V1L \ ... ______________ ._: _/'4 tpvz.s 

I I 
... 1•---e9'11--ta(S) tpvx~ I 

I 1 I 

:::--------\ ! (LL.vz.G 
1---.y-ta(Gl I I 

v0 H I I 

VoL-----------------Hl-Z------<:::~----------------------------------~~.....,~ Hl-Z-

'4--ta(A)----l 

All timing reference points are 0.8 V and 2.0 V on inputs and 0.6 V and 2.2 V on outputs (90% points). Input rise and fall times equal 10 

nanoseconds. 

• • Write enable is high for a read cycle. 

early write cycle timing 

-------------tc(wr)-----------~ 

ADDRESS, A 

WRITE ENABLE, W 

CHIP SELECT, S 

VVllHL~------------------------------------------'I~ ~ ADDRESS VALID ~ 

... 1.---.......... l-tsu(Al th1A1--r•.._--.~1 

V1H--------- I , :t= I 

V1L i{"'j ====~~~~~~-------tw_(_W_)~=========~~~:f..,I 
V1H I tsu(S)------.. 

V1L------:-u / 

OUTPUT ENABLE, G 

INPUT DATA, D 

~ tWLSL H- tGLSH 

j : [\ 
v1L-----...,! I twHGL-j.--.1 ------

1-----4- tGHWL ~tsu(D)-.1 , 
I ~th(D) 

~::- VALID ~~ • .,.....,,......_. ...... .._ 

VoH 
OUTPUT, Q ---------------------------------------Hr-z----------------------------------

voL 

PRINTED IN U 5 A 

Tl rnnnol assume ony re1pon11bilily for any circuits shown 
or repre<ent that they ore free from parent infringement. 
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MOS 
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• 1 K X 8 Organization 

• Single +5 V Supply 

• Fully Static Operation (No Clocks, No Re­
fresh) 

• JEDEC Standard Pinout 

• 24-Pin 600 (15.2 mm) Mil Package Config­
uration 

• Plug-in Compatible with SK 5 V EPROMs 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• Max Access ... 450 ns 

• Tri-State Outputs with CS for OR-Ties 

• OE Eliminates Need for External Bus Buffers 

• Common 1/0 Capability 

• All Inputs and Outputs Fully TTL Compatible 

• Fanout to Series 74, Series 74S, or Series 74LS 
TTL Loads 

• N-Channel Silicon-Gate Technology 

• Power Dissipation Under 475 mW Max 

• Guaranteed de Noise Immunity of 400 mV 
with Standard TTL Loads 

description 

TMS 4008 NL 
1024-WORD BY 8-BIT STATIC RAM 

DECEMBER 1979 

TMS 4008 

24-PIN PLASTIC 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

A7 24 Vee 

AG 23 AS 

AS 22 A9 

A4 4 21 w 
A3 20 OE 

A2 6 19 AR* 

A1 1S Cs 
AO s 17 DOS 

DQ1 9 16 D07 

DQ2 10 15 DQ6 

DQ3 11 14 DOS 

Vss 12 13 DQ4 

• AR tied to VIL If TMS 4008-N L:O 
VIH if TMS 4008-NL 1 

PIN NOMENCLATURE 

AO·A9 Addresses 

AR Array Select 

D01-D08 Data In/Data Out 
-cs Chip Select 

OE Output Enable 

w Write Enable 

Vss Ground 

Vee +5 V Supply 

The TMS 4008 static random-access memory is organized as 1024 words of 8 bits each. Fabricated using proven 
N-channel, silicon-gate MOS technology, the TMS 4008 operates at high speeds and draws less power per bit than 4K 
static RAMs. It is fully compatible with Series 74, 74S, or 74LS TTL. Its static design means that no refresh clocking 
circuitry is needed and timing requirements are simplified. Access time is equal to cycle time. A chip select control is 
provided for controlling the flow of data-in and data-out and an output enable function is included in order to eliminate 
the need for external bus buffers. 

Of special importance is that the TMS 4008 static RAM has the same standardized pin out as Tl's compatible EPROM 
family. Minimal, if any modifications are needed. This allows the microprocessor system designer complete flexibility in 
partitioning his memory board between read/write and non-volatile storage. 

The TMS 4008 is offered in the plastic (NL suffix) 24-pin dual-in-line package designed for insertion in mounting hole 
rows on 600-mil ( 15.2 mm) centers. It is guaranteed for operation from 0° C to 70° C. 

COMPLETE INFORMATION MAY BE OBTAINED FROM YOUR LOCAL Tl SALES OFFICE OR AUTHORIZED DISTRIBUTOR LISTED 
NEAR THE FRONT OF THIS DATA BOOK. 

ADVANCE INFORMATION 
This document contains information on 

90 a new product. Specifications are subject 

to change without notice. 

Copyright© 1979 by Texas Instruments 
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EPROM COMPATIBILITY 

All Tl EPROMs are pin compatible with each other and with industry standard ROMs. Tl EPROMs fall into two general 

categories: single +5 V power supply and triple supply (+12, +5, -5 V). +5 V EPROMs range in density from SK to 64K; 

triple supply devices from SK to 16K. Pinouts for these devices are shown below. 

+5 V Supply 
TMS 2564 

64K 

Vpp 

Cs1 

A7 

TMS2532 A6 

32K A5 

A7 A4 

TMS 2516 A6 A3 

16K A5 A2 

TMS2508 
BK 

A7 

A6 

A7 

A6 

A5 

A4 

A3 

A2 

A4 A1 

A3 AO 

A2 01 

A1 Q2 

AO 03 

Q1 VSS 

A5 
A1 

02 

A4 
AO 

03 

A3 
01 Vss 

A2 

A1 
Q2 

AO 
03 

01 
Vss 

Q2 

03 

Vss 

•Connected internally, Vee need be supplied to only one of these two pins. 

Triple Supply 

TMS2716 
16K 

A7 

A8 

TMS2708 A5 
SK A4 

A7 
A3 

A8 
A2 

A5 
A1 

A4 
AO 

A3 
01 

A2 
Q2 

A1 
Q3 

AO 
Vss 

01 

Q2 

Q3 

Vss 
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Industry standard 5 V ROM pinouts are listed in the table below. 

24 PIN ROM 

A7 

AB 

AS 

A4 

A3 

A2 

Al 

AO 

01 

02 

03 

Vss 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

24 Vee 

23 AS 

~~)A9 
20 

19 

18 

17 OB 

16 07 

lS 06 

14 OS 

13 04 

BK 16K 32K 64K 
CS/CS CS/CS CS/CS A12 

CS/CS cs/cs CS/CS CS/CS 

CS/CS AlO AlO AlO 

CS/CS CS/CS All All 

Upgrading between any two consecutive EPROM densities requires at most one jumper (if programming is done outside the 

system). Switching from 5 V EPROM to 5 V ROM also requires at most one jumper. 

64K EPROM - 64K ROM 

Tl's 64K EPROM, the TMS 2564, bridges the gap between 24-pin and 28-pin devices. This is because the lower 24 pins of Tl's 
64K EPROM are identical to the industry standard 64K ROM. Once the 28-pin socket is designed in, switching from EPROM 
to ROM is straight forward. Upgrading from 32K EPROM to the TMS 2564 is just as simple once the 28-pin socket is reserved. 

RAM - EPROM COMPATIBILITY 
TMS 4016 - TMS 2516 

TMS 4016 TMS 2516 

2K X 8 STATIC RAM 2K X 8 5V EPROM 

A7 24 Vee A7 24 Vee 

A6 23 AB A6 2 23 AB 

AS 22 A9 A5 3 22 A9 

A4 4 21 w· A4 4 21 Vpp* 

A3 5 20 6E • A3 5 20 cs· 
A2 6 19 A10 A2 6 19 A10 

A1 18 cs. Al 18 PO/PGM* 

AO 8 17 OOB AO 17 08 

001 16 007 01 16 07 

002 10 15 006 02 10 15 06 

003 11 14 005 03 11 14 05 

Vss 12 13 004 Vss 12 13 04 

'These pins though apparently different are compatible when switching to the TMS 2516. 

!\.~emory boards may now be designed with essentially one pinout type, leaving read/write versus read-only partitioning deci­

sions until later. Tl's TMS 4016 static RAM is plug-compatible with 16K 5 V EPROMs. Extensive compatibility exists between 
the TMS 4016 and TMS 2516. Both the TMS 4016 and TMS 2516 have a 2K X 8 organization. Both come in 600 mil, 24-pin 

DIP packages. As can be seen above all addresses, data-in/data-out, and Vss and Vee are on the same pins on both devices. 
And the three other pins, 18, 20, and 21 are also compatible. Compatibility also applies to input and output currents and 
voltages and to timing requirements. To find out more please write: Texas Instruments, P.O. Box 1443, M/S 6965, Houston, 
Texas 77001, for the RAM-EPROM Compatibility Application Brief. Or call or write your nearest Tl sales office or authorized 

distributor. 
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MOS 
LSI 

TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 

ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

• Organization ... 1 K x 8 

• Single +5 V Power Supply 

• Pin Compatible with Existing ROMs and 
EPROMs (8K,16 K, and 64 K) 

• JEDEC Standard Pinouts 

• All Inputs/Outputs Fully lTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Fast ... Down to 250 ns 
• 2 Performance Ranges 

TMS2508-25 
TMS2508-30 

Max Access/Min Cycle 
250 ns 
300ns 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• N-Channel Silicon-Gate Technology 

• 3-State Output Buffers 

• LowPower 
-Active ... 250 mW Typical 
- Standby ... 50 mW Typical 

A7 1 

A6 2 

A5 3 

A4 4 

A3 5 

A2 6 

Al 7 

AO 8 

01 9 

02 10 

03 11 

Vss 12 

A(N) 

cs 

DECEMBER 1979 

TMS 2508 
24-PIN CERPAK 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

24 Vee 

23 A8 

22 A9 

21 Vpp 

20 cs 

19 NC 

18 PD/PGM 

17 08 

16 07 

15 06 

14 05 

13 04 

PIN NOMENCLATURE 

Address Inputs 

Chip Select • Guaranteed de Noise Immunity with 
Standard lTL Loads PD/PGM Power Down/Program 

• No Pull-Up Resistors Required NC No Internal Connection 
Q(N) Input/Output 

Vee +5 V Power Supply 

Vpp +25 V Power Supply 

Vss 0 V Ground 

description 

The TMS 2508 is a high-speed 8192-bit, ultraviolet light erasable, electrically programmable read-only memory. It is 

fabricated using N-channel silicon-gate 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, and each output can drive one Series 74 TTL circuit without external resistors. The data outputs are three­
state for OR tying multiple devices on a common bus. 

Both versions operate from a single +5-V supply (in the read mode). making them ideal for use in microprocessor 

systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring a 

single 50-ms. pulse. For programming outside the system, existing 5-V EPROM programmers can be used. Locations 

may be programmed singly, in blocks, or at random. Total programming time for all bits for the TMS 2508 is 50 
seconds. 

Devices are offered in a 600-mil (15.2-mm) cerpak (JL suffix) package rated for operation from 0°C to 70°C. 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

operation 

MODE 

FUNCTION PIN READ 
OUTPUT POWER START INHIBIT PROGRAM 

DISABLE DOWN PROGRAMMING PROGRAMMING VERIFICATION 

PD/PGM 18 V1L Don't Care V1H Pulsed V1L to V1H V1L V1L 
cs 20 Vu V1H Don't Care V1H V1H V1L 

Vpp 21 +5 v +5 v +5 v +25 v +25 v +25 V (or +5 V) 

Vee 24 +5 v +5V +5V +5 v +5 v +5 v 
Q 9-11, 13-17 Q Hl-Z Hl-Z D Hl-Z Q 

read/output disable 

When the outputs of two or more TMS 2508's are commoned on the same bus, the output of any one device in the cir­

cuit can be read with no interference from the competing outputs of the others. The TMS 2508 whose output is to be 

read should have a low-level TTL signal applied to the CS and PD/PGM pins. All other 2508's in the circuit should have 

their outputs disabled by applying a high-level signal to at least one of these same pins. (PD/PGM can be left low, but it 

may be advantageous to power down the device during output disable). Output data is accessed at pins 01 to 08. Data 

can be accessed in 250 or 300 ns = ta(A)· (Access time from CS is 125 or 150 ns = ta(CS), once the addresses are stable). 

power down 

Active power dissipation can be cut by 70% by applying a high TTL signal to the PD/PGM pin. In this mode all outputs 

are in a high-impedance state. 

erasure 

Before programming, the TMS 2508 is erased by exposing the chip through the transparent lid to high-intensity ultra­

violet light (wavelength 2537 angstroms). The recommended minimum exposure dose (= UV intensity X exposure 

time) is fifteen watt·seconds per square centimeter. A typical 12-milliwatt-per-square·centimeter, filterless UV lamp will 

erase the device in about 21 minutes. The lamp should be located about 2.5 centimeters above the chip during erasure. 

After erasure, all bits are in the high state. 

start programming 

After erasure, logic lows are programmed into the desired locations. A low can be erased only by ultraviolet light. The 

programming mode is achieved when Vpp is 25 V and CS is at VIH· Data is presented in parallel (8 bits) on pins 01 to 

08. Once addresses and data are stable, a 50 millisecond TTL high-level Pulse should be applied to the PD/PGM pin for 

each address location to be programmed. Maximum pulse width is 55 milliseconds. Locations can be programmed in 

any order. More then one TMS 2508 can be programmed when the devices are connected in parallel. 

inhibit programming 

When two or more TMS 2508's are connected in parallel, data can be programmed into all devices or only chosen devices. 

Devices not intended to be programmed (i.e., inhibited) should have a low level applied to the PD/PGM pin and a high­

level applied to the CS pin. 
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program verification 

TMS 2508 JL 
FAST 1024-WO RD BY 8-BIT 

ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

A verify is done to see if the device was programmed correctly. It can be done on each location 
immediately after that location is programmed and can be done at any time. To do a verify Vpp may be 
kept at +25 V. 

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

Supply voltage, Vee (see Note 1) ..................................................... -0.3 to 6 V 
Supply voltage, Vpp (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 28 V 
All input voltages (see Note 1) ....................................................... -0.3 to 6 V 
Output voltage (operating with respect to Vssl ........................................ -0.3 to 6 V 
Operating free-air temperature range ................................................. 0°e to 10°e 
Storage temperature range ...................................................... -55°e to 12s0 e 

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

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

logic symbolt 

AO (S) -----10 

A1 
(7) 

A2 
(6) 

A3 
(5) 

A4 
(4) 

A5 
(3) 

AG 
(2) 

A7 
(1) 

AS 
(23) 

A9 
(22) 

-----1 9 

PD/PGM 
(18) 

cs 
(20) 

EPROM 1024x8 

0 
Ai023 

tThis symbol is in accordance with IEEE Std 91 /ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 
Supply voltage, Vee (see Note 2) 4.75 5 5.25 v 
Supply voltage, Vpp (see Note 3) Vee v 
Supply voltage, Vss 0 v 
High-level input voltage, V1H 2 V...c.c._+1 v 
Low-level input voltage, V1L -0.1 0.8 v 
Read cycle time, tc(rd) For TMS 2508-25 250 ns 

Read cycle time, tc(rd) For TMS 2508-30 300 ns 

Operating free-air temperature, TA 0 70 oe 

NOTES: 2. V CC must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be in­

serted into or removed from the board when Vee or Vpp is applied so that the device is not damaged. 

3. Vpp can be connected to V CC directly (except in the program mode). V cc supply current in this case would be Ice + lpp. During 

programming, Vpp must be maintained at 25 V (± 1 V). 

electrical characteristics over full range of recommended operating conditions 

PARAMETER TEST CONDITIONS MIN TV Pt MAX UNIT 

VoH High-level output voltage* loH = -400µA 2.4 v 
VOL Low Level output voltage* loL = 2.1 mA 0.45 v 
11 Input current (leakage) V1 = 5.25V 10 µA 

lo Output current (leakage) Vo= 5.25V 10 µA 

lpp1 Vpp supply current Vpp = 5.25, PD/PGM = V1L 6 mA 

lpp2 
Vpp supply current 

(during program pulse) 
PD/PGM = V1H 30 mA 

1cc1 Vee supply current (standby) PD/PGM = V1H 10 25 mA 

1cc2 Vee supply current (active) CS = PD/PGM = V1L 50 85 mA 

tTypical values are at TA= 25°C and nominal voltages. 
*AC timing measurements made with 50% pattern and at 90% points. 

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

PARAMETER TEST CONDITIONS TV Pt MAX UNIT 

Ci Input capacitance V1=0V,f=1 MHz 4 6 pF 

Co Output capacitance Vo= 0 V, f = 1 MHz 8 12 pF 

t All typical values are TA= 25°C and nominal voltage. 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 

ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

switching characteristics over full ranges of recommended operating conditions (see note 4) 

PARAMETER 
TEST CONDITIONS TMS2508-25 TMS2508-30 

UNIT 

(SEENOTE4) MIN TYPt MAX MIN TY Pt MAX 

ta(A) Access time from address 180 250 215 300 ns 

ta(CS) Access time from chip select 125 150 ns 

tpvx Output not valid from address change 0 0 ns 

tpxz 
Output disable time from chip 

0 100 0 100 ns 
deselect during read only 

tpxz 
Output disable time from chip deselect CL= 100 pF, 
during program and program verify 1 Series 74 TIL load, 

tr::s 20 ns, 125 150 ns 
tf :5 20 ns 

tpxz 
Output disable time from PD/PGM 

0 100 0 100 ns 
during standby 

ta(PD) Access time from power down 250 300 ns 

i All typical values are at TA= 25° C and nominal voltages. 

NOTE 4. For all switching characteristics and timing measurements, input pulse levels are 0.8 V to 2.0 V and Vpp = 25 V ± 1 V during pro­

gramming. 

All AC and DC measurements are made at 10% and 90% points with a 50% pattern. 

recommended timing requirements for programming TA = 25°C (see Note 4) 

PARAMETER MIN TY Pt MAX UNIT 

tw(PR) Pulse width, program pulse 45 50 55 ms 

tr( PR) Rise time, program pulse 5 ns 

tf(PR) Fall time, program pulse 5 ns 

tsu(A) Address setup time 2 µS 

tsu(CS) Chip-select setup time 2 µs 

tsu(D) Data setup time 2 µs 

tsu(Vppl Setup time from Vpp 0 ns 

th(A) ACfcfress hold time 2 µs 

th(CS) Chip-select hold time 2 µs 

th(D) Data hold time 2 µs 

tTypical values are at nominal voltages. 

NOTE 4. For all switching characteristics and timing measurements, input pulse levels are 0.8 V to 2.0 V and Vpp = 25 V ± 1 V during 

programming, 

All AC and DC measurements are made at 10% and 90% points with a 50% pattern. 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

read cycle timing 

I I 

ADDRESSES ----..:mm 
cs 

PD/PGM 

I -.ita(CSI !+-- -.f ~tpxz 
VoH 

01-08 
---- .:-- ta{A) --t~~l,...------V-A-L-ID-------,i}>----

VQL I 
I 

standby mode 

I 
V1H 

>t ADDRESSES ADDRESS N ADDRESS N + m 

VIL 
I 
I 
I 

PD/PGM V1H Ii STANDBY \ ACTIVE I VIL I I .I I• •I 1. 

VoH tpxz }-HIZ-={ 
01·08 VALID 

VoL 

NOTE: CS must be in low state during Active Mode, "Don't Care" otherwise. 

tta(PD) referenced to PD/PGM or the address, whichever occurs last. 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 

ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

program cycle timing 

PROGRAM 
PROGRAM -l I VERIFY 

V1H x X! ADDRESS N 
ADDRESS 

ADDRESSES 
N+m 

V1L 
I I ~I ltsu(AI --J r--= lh(AI 

1PXZ -i i..-- I I ta(cs1-I f- --1 j.-tpxz 

I I I I 1 l 
I I 

\l 
I V1H 

Ji /: cs 
V1L I ~tw(PRl..j I I 

I I 
I 

I I I I 
I 

~ tsu(cs1-I --rh(D)r- I I -.! I l• I V1H 
I tsu(D) I 

PD/PGM I I I 
th(CS)~ 

I ·I 
VIL I.- I I I tr(PR) -I 

I ltsu(Vpp)..J --1 1.-ltf(PRI 
I I I 

Vpp +25V~ I 

I 
+s v I I 

I I 
I I I 

VQHIVIH ; ' }HIZ-©-c 01 -08 DATA OUT DATA IN 

Vo LIV IL 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

I 

101 





MOS 
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TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

• Organization ... 2K X 8 

• Single +5 V Power Supply 

• Pin Compatible with Existing ROMs and 
EPROMs (BK, 16K, 32K, and 64K) 

• JEDEC Standard Pinout 

• All Inputs/Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time 

- TMS 2516-35 ... 350 ns 
- TMS 2516 ... 450 ns 

• 8-Bit Output for Use in Microprocessor· 
Based Systems 

• N-Channel Silicon-Gate Technology 

• 3-State Output Buffers 

• Low Power 

- Active ... 285 mW Typical 
- Standby ... 50 mW Typical 

• Guaranteed DC Noise Immunity with 
Standard TTL Loads 

• No Pull-Up Resistors Required 

description 

DECEMBER 1979 

24-PIN CERPAK 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

A7 1 

A6 2 

A5 3 

A4 4 

A3 5 

A2 6 

Al 7 

AO 8 

01 9 

02 10 

03 11 

Vss 12 

A(N) 

Cs 
PD/PGM 

Q(N) 

Vee 
Vpp 

Vss 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 \II \ill\\ 1111\ I\\ \I 

PIN NOMENCLATURE 

Address inputs 

Chip Select 

Vee 

AB 

A9 

Vpp 

cs 
AlO 

PD/PGM 

08 

07 

06 

05 

04 

Power Down/Program 

Input/Output 

+5 V Power Supply 

+25 V Power Supply 

0 V Ground 

The TMS 2516 and TMS 2516-35 are 16,384-bit, ultraviolet-light erasable, electrically programmable read-only memories. 

These devices are fabricated using N-channel silicon-gate 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, and each output can drive one Series 74 TTL circuit without external resistors. The data out­

puts are three-state for connecting multiple devices to a common bus. The TMS 2516-35 is plug-in compatible with the 
TMS 4016 16K static RAM. It is offered in a dual-in-line cerpak package (JL suffix) rated for operation from 0°C to 

70°C. 

Since these EPROMs operate from a single +5 V supply (in the read mode). they are ideal for use in microprocessor 

systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring a 

single 50-ms pulse. For programming outside of the system, existing EPROM programmers can be used. Locations may 

be programmed singly, in blocks, or at random. Total programming time for all bits is 100 seconds. 
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TMS 2516 JL ANO. TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

operation 

MODE 
FUNCTION 

(PINS) Output Start Inhibit Program 
Read Power Down 

Disable Programming Programming Verification 

PD/PGM V1L Don't V1H Pulsed V1L V1L V1L 
(18) Care to V1H 

cs V1L V1H Don't V1H V1H V1L 
(20) Care 

Vpp +5 v +5 v +5 v +25V +25V +25V 

(211 (or +5 VI 

Vee +5V +5 v +5 v +5 v +5V +5 v 
(241 

a a Hl-Z Hl-Z D Hl-Z a 
(9 to 11, 

13 to 17) 

read/output disable 

When the outputs of two or more TMS 2516's and/or TMS 2516-35's are connected to the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of the other devices. The 
device whose output is to be read should have a low-level TTL signal applied to the CS and PD/PGM pins. All other de­
vices in the circuit should have their outputs disabled by applying high-level signal to these same pins. PD/PGM can be 
left low, but it may be advantageous to power down the device during output disable. Output data is accessed at pins 
01 through 08. On the TMS 2516 data can be accessed in 450 ns and access time from CS is 150 ns. On The TMS 2516-35 
data can be accessed in 350 ns and access time from CS is 120 ns. These access times assume that the addresses are stable. 

power down 

Active power dissipation can be cut by 80% by applying a high TTL signal to the PD/PGM pin. In this mode all outputs 
are in a high-impedance state. 

erasure 

Before programming, the TMS 2516 or TMS 2516-35 is erased by exposing the chip through the transparent lid to high· 
intensity ultraviolet light having a wavelength of 253.7 nm (2537 angstroms). The recommended minimum exposure 
dose (UV intensity times exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12-milliwatt per­
square-centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The lamp should be located 
about 2.5 centimeters above the chip during erasure. After erasure, all bits are in the "1" state (assuming a high-level 
output corresponds to logic "1 "). 

start programming 

After erasure (all bits in logic "1" state). logic "O's" are programmed into the desired locations. A "O" can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V and CS is at VIH· Data is presented in 
parallel (8 bits) on pins 01 through 08. Once addresses and data are stable, a 50-millisecond TTL high-level pulse 
should be applied to the PGM pin at each address location to be programmed. Maximum pulse width is 55 milliseconds. 
Locations can be programmed in any order. Several TMS 2516's and/or TMS 2516-35's can be programmed simulta· 
neously when the devices are connected in parallel. 
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TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

inhibit programming 

When two or more devices are connected in parallel, data can be programmed into all devices or only chosen devices. 
TMS 2516's or TMS 2516-35's not intended to be programmed (i.e., inhibited) should have a low level applied to the 
PD/PGM pin and a high-level applied to the CS pin. 

program verification 

A verification is done to see if the device was programmed correctly. A verification can be- done at any time. It can be 
done on each location immediately after that location is programmed. To do a verification, Vpp may be kept at +25 V. 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 6 V 
Supply voltage, Vpp (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 28 V 
All input voltages (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 6 V 
Output voltage (operating with respect to Vssl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 6 V 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55°C to 125°C 

NOTE 1: Under absolute maximum ratings. voltage value~ are with respect to the most negative supply voltage, Vss (substrate). 

•stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those Indicated in the "Recommended Operating Conditions" 

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

logic symbolt 

(8) EPROM 2048x8 
AO 

A1 
(7) 

0 

A2 
(6) 

A3 
(5) 

(4) 
A4 

AS 
(3) 

0 

AG 
(2) A2047 

A7 
(1) 

(23) 
AB 

(22) 
A9 

(19) 
10 A10 

(18) 
PD/PGM 

Cs (20) 

tThis symbol is in accordance with IEEE Std 91/ ANSI Y32.14 and current discussions in IE EE and IEC. See explanation on page 183. 
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TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

recommended operating conditions 

TMS 2516 TMS 2516-35 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee (see Note 2) 4.75 5 5.25 4.75 5 5.25 v 
Supply voltage, Vpp (see Note 3) Vee Vee v 
Supply voltage, Vss 0 0 v 
High-level input voltage, V1H 2 Vcc+1 2 Vcc+1 v 
Low-level input voltage, Vi L -0.1 0.8 -0.1 0.8 v 
Read cycle time, tc(rd) 450 350 ns 

Operating free-air temperature, TA 0 70 0 70 oC 

NOTES: 2. Vee must be applied 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 Vee is applied. 

3. Vpp can be connected to Vee directly (except in the program mode). Vee supply current in this case would be Ice+ lpp. 
During programming, Vpp must be maintained at 25 V (± 1 V). 

electrical characteristics over full ranges of recommended operating conditions 

PARAMETER TEST CONDITIONS MIN TY Pt MAX 

VoH High-level output voltage* loH = -400µ,A 2.4 

Vol Low-level output voltage* loL = 2.1 mA 0.45 

11 Input current (leakage) V1 = 5.25 V 10 

lo Output current (leakage) Vo= 5.25 V 10 

lpp1 Vpp supply current Vpp = 5.25 V, PD/PGM =Vu _6_ 

lpp2 
Vpp supply current 

PD/PGM = V1H 30 
(during program pulse) 

1cc1 
Vee supply current 

PD/PGM = V1H 10 25 
(standby) 

1cc2 
V CC supply current 

CS= PD/PGM = V1L 57 100 
(active) 

tTypical values are at TA= 25°C and nominal voltage. 
'All AC and PC measurements are made at 10% and 90% points with a 50% pattern. 

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

PARAMETER TEST CONDITIONS 

Ci Input capacitance V1=0V,f=1MHz 

Co Output capacitance Vo=OV,f=1MHz 

tAll typical values are TA= 25°C and nominal voltage 
'Capacitive measurements are made on sample basis only 
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INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

TY Pt MAX 

4 6 

8 12 

UNIT 

v 
v 

µ,A 

µ,A 

mA 

mA 

mA 

mA 

UNIT 

pF 
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TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

switching characteristics over full ranges of recommended operating conditions (see note 4) 

TEST CONDITIONS TMS 2516 TMS 2516-35 
PARAMETER UNIT 

(SEE NOTES 4 AND 51 
TYPt rvpt MIN MAX MIN MAX 

ta(A} Access time from address 280 450 250 350 ns 

ta(CSI Access time from chip select 120 120 ns 

ta(PRI Access time from PD/PGM 280 450 250 350 ns 

tpvx Output not valid from address change, 
CL= 100 pF, 

0 0 ns 

Output disable time from chip 
1 Series 74 TTL load, 

tpxz 
deselect during read only 

tr<;;20 ns, 0 100 0 100 ns 

Output disable time from chip deselect 
tr<;;20 ns 

tpxz 
during program and program verify 

120 120 ns 

tpxz Output disable time from PD/PGM 0 100 0 100 ns 

t All typical values are at TA= 25°C and nominal voltages. 

recommended timing requirements for programming TA= 25°C (see Note 4) 

PARAMETER MIN TYPt MAX UNIT 

tw(PR) Pulse width, program pulse 45 50 55 ms 

tr(PRI Rise time, program pulse 5 ns 

tf(PRI Fall time, program pulse 5 ns 

tsu(A) Address setup time 2 µs 

tsu(CS) Chip-select setup time 2 µs 

tsu(D} Data setup time 2 µs 

tsu(VPP} Setup time from Vpp 0 ns 

th(A) Address hold time 2 µs 

th(CS} Chip-select hold time 2 µs 

th(D) Data hold time 2 µs 

tTypical values are at nominal voltages. 

NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.65 V to 2.2 V and Vpp = 25 V ± 1 V during 

programming. All AC and DC measurements are made at 10% and 90% points with a 50% pattern. 

5. Common test conditions apply for tpxz except during programming. For ta(A)· ta(Cs)• and tpxz. PD/PGM =CS= VIL· 
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TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

read cycle timing 

ADDRESSES 

cs 

PD/PGM 

VoH 
Q1-08 

standby mode 

V1H 

ADDRESSES 

V1L 

V1H 

PD/PGM 

VIL 

VoH 
Q1-Q8 

VoL 

---------tc(rd) --------

I I 

-r----------"I~ I 
I 

I 

1 ~ ~vr r--'\ 11i-:--
-I ~~~~~~~~~~- I I 

I 

I 
j I 

I --.r•ICSI 14-- -+f 14--~xz 
---- .:-- t•(A) --t~~l,.------V-A-L-ID-----~}~----

1 

I 

ADDRESS N x ADDRESS N + m 

I 
I 

" 
I 

\ I STANDBY ACTIVE 

I I .I I• "I 1. 

•xz}-H•·Z~ VALID VALID 

NOTE: CS must be In low state during Active Mode, "Don't Care" otherwise, 

tta(PR) referenced to PD/PGM or the address, whichever occurs last, 

All timing reference points in this data sheet (inputs and outputs) are 90% points. 
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TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

program cycle timing 

ADDRESSES 

PD/PGM 

Vpp 

01 - QB 

::: ____ xii'-----A-DD_R_E_ss_N ____ : ______ )(_! _A_~_~_R!_ss_ 
j.--tsu(AI ---.i ~ th(AI --•-I I 

--- PROGRAM ---•+-I •t--- PROGRAM _J I I VERIFY ~I 

tpxz ~ 14--- I I ta(Csi --.1 ~ --1 j.-tpxz 

I I I I 1 I 
I I I ti 

'1:1. \11 /1 \..._ __ ~1 1 
V1L --- I I 1 

!--tw(PR).j I 
I I I I I 

~ tsu(CS) ~tf1 N .... ~rh-(D ..... ,i.---11_...__ ___ ' _r I tsu(D) --i : l 1 

! 11 I I t~(CS)., 

V1L -----1 --t-r(P_R_) 1-~- 1~ I I I 

I r-tsu(Vpp)+l __.J i.-ltf(PRl 
I I I 

+2Sv~ I I 

~v I I 

I \ I I 

VoHIV1H-) { -©-C 
DATA OUT DATA IN }Hl-Z D~~: 

Vo LIV IL------"· - -
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TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

typical device characteristics (read mode) 

~ 
E 
u· 
~ 

. c 

"3-

70 

60 

50 

40 

30 

20 

10 

0 

TMS 2516 

TMS 2516-35 

•cc CURRENT 

VS 

TEMPERATURE 

lcc2 ACTIVE CURRENT 

PD/PGM =VIL 

Vee - 5V 

___ _,lcc1 STANDBY CURRENT 

PD/PGM = V1H 

Vee= 5V 

0 10 20 30 40 50 60 70 

700 

600 

500 

400 

300 

200 

100 

0 

TEMPERATURE (°CI 

TMS 2516 

TMS 2516-35 

ACCESS TIME 

VS 

TEMPERATURE 

Vee= 5V 

I--I--1---1 
~ ....-~ I--

0 10 20 30 40 50 60 70 

TEMPERATURE (°CI 
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• Organization ... 4K X 8 

• Single +5 V Power Supply 

• Pin Compatible with Existing ROMs and 
EPROMs (BK, 16K, 32K, and 64K) 

• JEDEC Standard Pinout 

• All Inputs/Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time ... 450 ns 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• N-Channel Silicon-Gate Technology 

o 3-State Output Buffers 

• 40% Lower Power 
TMS 25L32 ... 500 mW Max Active 
TMS 2532 ... 840 mW Max Active 

• Guaranteed DC Noise Immunity with 
Standard TTL Loads 

• No Pull-Up Resistors Required 

description 

TMS 2532 JL AND TMS 25L32 JL 
32,768-BIT ERASABLE 

PROGRAMMABLE READ-ONLY MEMORY 
DECEMBER 1979 

24-PIN CERAMIC 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

A7 1 24 Vee 

A6 2 23 AS 

A5 3 22 A9 

A4 4 21 Vpp 

A3 5 20 PD/PGM 

A2 6 19 A10 

A1 7 18 A11 

AO 8 17 08 

01 9 16 07 

02 10 15 06 

03 11 14 05 

Vss 12 13 04 

PIN NOMENCLATURE 

A(N) Address inputs 

PD/PGM Power Down/Program 

Q(N) Input/Output 

Vee +5 V Power Supply 

Vpp +25 V Power Supply 

Vss 0 V Ground 

The TMS 2532 JL and TMS 25L32 JL are 32,768-bit, ultraviolet-light-erasable, electrically programmable read-only 
memories. These devices are fabricated using N-channel silicon-gate 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, and 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 TMS 2532 and TMS 25L32 are plug­
in compatible with the TMS 4732 32K ROM. The devices are offered in a dual-in-line ceramic package (JL suffix) rated 

for operation from 0°e to 70°e. 

Since these EPROMs operate from a single +5 V supply (in the read mode), they are ideal for use in microprocessor 
systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring .a 
single 50-ms pulse. For programming outside of the system, existing EPROM programmers can be used. Locations may 

be programmed singly, in blocks, or at random. Total programming time for all bits is 200 seconds. 
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TMS 2532 JL AND TMS 25L32 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

operation 

MODE 
FUNCTION 

Output Start Inhibit 
(PINS) Read Power Down 

Programming Disable Programming 

PD/~ V1L V1H V1H Pulsed V1H V1H 
(20) to v!..!... 

Vpp +5 v +5V +SV +25V +25V 
(21) 

Vee +5V +5 v +5V +SV +5V 
(24) 

Q Q Hl-Z Hl-Z D Hl-Z 
(9 to 11, 

13 to 17) 

read/output disable 

When the outputs of two or more TMS 2532's and/or TMS 25L32's are connected on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of the other devices. The 

device whose output is to be read should have a low-level TTL signal applied to the PD/PGM pin. All other devices in 
the circuit should have their outputs disabled by applying a high-level signal to this pin. Output data is accessed at pins 

01 through 08. Data can be accessed in 450 ns = ta(A)· 

power down 

Active power dissipation can be cut by over 70% by applying a high TTL signal to the PD/PGM pin. In this mode all 
outputs are in a high-impedance state. 

erasure 

Before programming, the TMS 2532 or TMS 25L32 is erased by exposing the chip through the transparent lid to high­

intensity ultraviolet light having a wavelength of 253.7 nm (2537 angstroms). The recommended minimum exposure 
dose (UV intensity times exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 milliwatt per 
square centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The lamp should be located 
about 2.5 centimeters above the chip during erasure. After erasure, all bits are in the "1" state (assuming high-level 
output corresponds to logic "1 "). 

start programming 

After erasure (all bits in logic "1" state), logic "O's" are programmed into the desired locations. A "O" can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V. Data is presented in parallel (8 bits) 
on pins 01 through 08. Once addresses and data are stable, a 50-millisecond TTL low-level pulse should be applied to 
the PGM pin at each address location to be programmed. Maximum pulse width is 55-milliseconds. Locations can be 
programmed in any order. Several TMS 2532's and/or TMS 25L32's can be programmed simultaneously when the 
devices are connected in parallel. 
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TMS 2532 JL AND TMS 25L32 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

inhibit programming 

When two or more devices are connected in parallel, data can be programmed into all devices or only chosen devices. 
TMS 2532's and/or TMS 25L32's not intended to be programmed should have a high level applied to PD/PGM. 

program verification 

The TMS 2532 and TMS 25L32 program verification is simply the read operation, which can be performed as soon as 
Vpp returns to +5 V ending the program cycle. 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 6 V 
Supply voltage, Vpp (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 28 V 
All input voltages (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 6 V 
Output voltage (operating with respect to V55) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 6 V 
Operating free-air temperature range .................................... _ . . . . . . . 0°e to 70°e 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55°e to 125°e 

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

•stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the del/lce. This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those ·indicated in the "Recommended Operating Conditions" 

section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended p,erlods may affect device rellablllty. 

logic symbolt 

AO 

A1 

A2 

(8) EPROM 4096x8 
-----40 

(7) 

(6) 

A3 
(5) 

A4 
(4) 

A5 
(3) 

A6 
(2) 

0 
A 4iJ'95 

A7 
(1) 

AS 
(23) 

A9 
(24) 

A10 
(19) 

A11 
(18) 

-----111 

PD/PGM 
(20) 

01 

02 

03 

04 

05 

06 

tThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 
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TMS 2532 JL AND TMS 25L32 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

recommended operating conditions 

TMS 2532 TMS 25L32 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, V CC (see Note 2) 4.75 5 5.25 4.75 5 5.25 v 
Supply voltage, Vpp (see Note 3) Vee Vee v 
Supply voltage, Vss 0 0 v 
High-level input voltage, VI H 2.2 Vcc+1 2 Vcc+1 v 
Low-level input voltage, Vil 0.1 0.65 -0.1 0.8 v 
Read cycle time, tc(rd) 450 450 ns 

Operating free-air temperature, TA 0 70 0 70 oC 

NOTES: 2. V CC must be applied 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 is applied. 

3. Vpp can be connected to Vee directly (except in the program mode). Vee supply current in this case would be Ice+ lpp. During 
programming, Vpp must be maintained at 25 V ( ± 1 V). 

electrical characteristics over full ranges of recommended operating conditions 

TMS 2532 TMS 25L32 
PARAMETER TEST CONDITIONS 

TY Pt TY Pt 
UNIT 

MIN MAX MIN MAX 

VoH High-level output voltage* loH = -400 µA 2.4 2.4 v 
Vol Low-level output voltage* loL = 2.1 mA 0.45 0.45 v 
11 Input current (leakage) V1=5.25V 10 10 µA 

lo Output current (leakage) Vo= 5.25 V 10 10 µA 

lpp1 Vpp supply current Vpp = 5.25 V, PD/PGM = V1L 12 12 mA 

lpp2 
Vpp supply current 

PD/PGM = V1L 
(during program pulse) 

30 30 mA 

lcc1 
V CC supply current 

PD/PGM = V1H 10 25 10 25 mA 
(standby) 

lcc2 
Vee supply current 

PD/PGM =VIL 80 160 65 95 mA 
(active) 

•AC and DC measurements are made at 10% and 90% points using a 50% pattern. 

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

PARAMETER TEST CONDITIONS TY Pt MAX UNIT 

Ci Input capacitance V1=0V,f=1MHz 4 6 pf 

Co Output capacitance Vo=OV,f=1MHz 8 12 pf 

t Typical values are TA= 25° C and nominal voltages. 
t Capacitance measurements are made on a sample basis only. 
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TMS 2532 JL AND TMS 25L32 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

switching characteristics over full ranges of recommended operating conditions (see note 4) 

TEST CONDITIONS TMS 2532 

PARAMETER (SEE NOTES 4 AND 5) TMS 25L32 UNIT 

MIN TY Pt MAX 

ta(A) Access time from address CL=100pF, 280 450 ns 

ta(PR) Access time from PD/PGM 1 Series 74 TTL load, 280 450 ns 

tpvx Output not valid from address change tr<;;20 ns, 0 ns 

tpxz Output disable time from PD/PGM tf<;;20 ns 0 100 ns 

t All typical values are at TA= 25°C and nominal voltages. 

recommended timing requirements for programming TA = 25° C (see note 4) 

PARAMETER MIN TY Pt MAX UNIT 

tw(PR) Pulse width, program pulse 45 50 55 ms 

tr( PR) Rise time, program pulse 5 ns 

tf(PR) Fall time, program pulse 5 ns 

tsu(A) Address setup time 2 µs 

tsu(D) Data setup time 2 µs 

tsu(VPP) Setup time from Vpp 0 ns 

th(A) Address hold time 2 µs 

th(D) Data hold time 2 µs 

th(PR) Program pulse hold time 0 ns 

th(VPP) Vpp hold time 0 ns 

t Typical values are at nominal voltages. 

NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.65 V to 2.2 V and Vpp = 25 V ± 1 V during 

programming. All AC and DC measurements are made at 10% and 90% points with a 50% pattern. 

5. Common test conditions apply for tpxz except during programming. For ta(A) and tpxz, PD/PGM = VIL· 
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TMS 2532 JL AND TMS 25L32 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

read cycle timing 

i.--------tc(rd)--------

I I 

ADDRESSES -l'---------1~ 

VoH 

I ~ tpvx t-"-
------1 \ A"~1 -i-----

1 ~-------------------- I I I J.-ta(PRl--1 I J--tpxz 

-----:--Hl~-<.Ji.------V-A-L-ID--------~>-----

J.----- ta(A) ______.. 

PD/P'GM 

01 -08 

NOTE: There is no chip select pin on the TMS 2532 and TMS 25L32. 

The chip-select function Is incorporated in the power-down mode. 

standby mode 

I 
V1H )( ADDRESSES ADDRESS N ADDRESSN + m 

V1L 
I 
I 

t 
I 

I PD/PGM V1H '\ STANDBY ACTIVE 

V1L I I .1 I• •I 1. 

VoH •xz I ~ 
01-08 VALID VALID 

VoL 

}-Hl-Z . 

t ta(P R) iafarancad to P D/'PG"'M er tha addn~ss, ;/.;hichavar occurs last. 

All timing reference points in this data sheet (inputs and outputs) are 90% points. 
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TMS 2532 JL AND TMS 25L32 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

program cycle timing 

ADDRESS 

re---- PROGRAM ______ .,.__PROGRAM*___.. 
VERIFY I 

V1H ---~ ~~----
ADDRESS N 1

1 
ADDRESS 

N+m 

VrL --- I l 
t---tsu(A) ~ r I th(A) ·I I 

tt•wtPRlit i~._.,.....__---i'-: __ 
-t tsu(Vpp) r-1 tf(PRl_J r--;: I I I i 

+25V ~ ~ ~th(PR) I 
~ tr(PRl--f J.- 1, i ~ :..j i'•{PR) I 

+5V I I r-
_J th(Vpp)--1 t-- I I 

tsu(D) j4- --t i.-th(D) 

VoHIVIH < } -ro---c --------c. DATA IN Hl-Z o::: 
VoLIVIL - -

PD/PGM 

Vpp 

01 -08 

•Program verify equivalent to read mode. 
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TMS 2532 JL AND TMS 25L32 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

typical device characteristics (read mode) 
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Vee= 5V 
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VS 
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vs. 
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70 
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TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

• Organization ... BK X 8 

• Single +5 V Power Supply 

• Pin Compatible with Existing ROMs and 
EPROMs (BK, 16K, 32K, and 64K) 

• All Inputs/Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time ... 450 ns 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• N-Channel Silicon-Gate Technology 

• 3-State Output Buffers 

• Guaranteed DC Noise Immunity with 
Standard TTL Loads 

• No Pull-Up Resistors Required 

• Low Power Dissipation: 

Active ... 400 mW Typical 

Vpp 

es1 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

01 

02 

03 

Vss 

DECEMBER 1979 

TMS 2564 
28-PIN CERAMIC 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

28 Vee* 

2 27 es2 

3 26 Vee* 

4 25 AS 

5 24 A9 

6 23 A12 

7 22 PD/PGM 

8 21 AlO 

9 20 All 

10 19 08 

11 18 07 

12 17 06 

13 16 05 

14 15 04 

Standby ... 50 mW Typical •Connected internally, Vee need be supplied 

to only one of these two pins. 

description 

A(N) 
CS(N) 

PD/PGM 

O(N) 

Vee 
Vpp 

Vss 

PIN NOMENCLATURE 

Address inputs 

Chip Selects 

Power Down/Program 

Input/Output 

+5 V Power Supply 

+25 V Power Supply 

0 V Ground 

The TMS 2564 JL is a 65,536-bit, ultraviolet-light-erasable, electrically programmable read-only memory. This device 

is fabricated using N-channel silicon-gate 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, and 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 TMS 2564 is offered in a dual-in-line ceramic package (JL suffix) 
rated for operation from 0°e to 70°e. 

Since this EPROM operates from a single +5 V supply (in the read mode), it is ideal for use in microprocessor systems. 
One other supply (+25 V) is needed for programming. Programming requires a single TTL level pulse per location. For 
programming outside of the system, existing EPROM programmers can be used. Locations may be programmed singly. 

in blocks, or at random. 

The TMS 2564 is compatible with other 5-volt ROMs and EPROMs, even those in a 24-pin package. 
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TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

operation 

MODE 

FUNCTION Start Inhibit 
Read Output Disable Power Down 

(PINS) Programming Programming 

PD/PGM VI H or Don't Care Pulsed V1H V1H or Don't Care 

(22) 
V1L 

or Don't Care 
V1H 

to V_11 or Don't Care 

CS1 Don't Care or V1H Don't Care or V1H 
V1L Don't Care V1L (21) or'Don't Care or Don't Care 

CS2 Don't Care or Don't Care or 

(27) 
V1L 

Don't Care or V1H 
Don't Care VIL Don't Care or V1H 

Vpp 

(1) 
+5 v +5 v +5 v +25 v +25V 

Vee* 
+5 v +5 v +5 v +5 v +5 v 

(26/28) 

Q 

(11to13, Q Hl-Z Hl-Z D Hl-Z 

15 to 19) 

• Do not use the internal jumper of 26-28 to conduct PC board currents. 

read/output disable 

When the outputs of two or more TMS 2564's are commoned on the same bus, the output of any particular device in 
the circuit can be read with no interference from the competing outputs of the other devices. To read the output of the 
TMS 2564, the low-level signal is applied to the PD/PGM and CS 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 01 to 08. Data can 

be access in 450 ns = ta(A)· 

power down 

Active power dissipation can be cut by one of over 80% by applying a high TTL signal to the PD/PGM pin. In this mode 
all outputs are in a high-impedance state. 

erasure 

Before programming, the TMS 2564 is erased by exposing the chip through the transparent lid to high intensity ultra­
violet (wavelength 2537 angstroms). The recommended minimum exposure dose (= UV intensity X exposure time) 
is fifteen watt-seconds per square centimeter. A typical 12 milliwatt per square centimeter, filterless UV lamp will erase 
the device in about 21 minutes. The lamp should be located about 2.5 centimeters above the chip during erasure. After 
erasure, all bits are in the high state. 

start programming 

After erasure (all bits in logic high state). logic "O's" are programmed into the desired locations. A low can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V. Data is presented in parallel (8 bits) on 
pins 01 to 08. Once addresses and data are stable, a 50 millisecond low TTL pulse should be applied to the PGM pin 
at each address location to be programmed. Maximum pulse width is 55 milliseconds. Locations can be programmed in 
any order. More than one TMS 2564 can be programmed when the devices are connected in parallel. During program­
ming both chip select signals should be held low unless program inhibit is desired. 
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TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

inhibit programming 

When two or more TMS 2564's are connected in parallel, data can be programmed into all devices or only chosen devices. 
TMS 2564's not intended to be programmed should have a high level applied to PD/PGM or es1 or CS2. 

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

Supply voltage, Vee (see Note 1) .............................. . 
Supply voltage, Vpp (see Note 1) .............................. . 
All input voltages (see Note 1) .............................. . 
Output voltage (operating with respect to Vssl ............................. . 
Operating free-air temperature range .................................... . 
Storage temperature range 

-0.3 to 6 V 
-0.3 to 28 V 
-0.3 to 6 V 
-0.3 to 6 V 
0°e to 70°e 

-55°e to 125°e 

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

•Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 

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

logic symbolt 

AO (10) 

A1 (g) 

A2 (S) 

(7) 
A3-----t 

A4 (S) 

AS (S) 

A6 l4l 
(3) 

A7-----t 

AS 
(2S) 

A9 
(24) 

(21) 
A10 

A11 
(20) 

A12 
(23) 

PD/PGM 
(22) 

CS1 
(2) 

CS2 
(27) 

EPROM S192xS 
0 

12 

0 A8191 

Q1 

a2 

a3 

a4 

as 

as 

a7 

as 

tThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 
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TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, Vee (see Note 2) 4.75 5 5.25 v 
Supply voltage, Vpp (see Note 3) Vee v 
Supply voltage, Vss 0 v 
High-level input voltage, VI H 2.2 Vcc+1 v 
Low-level input voltage, VJL -o.1tt 0.65 v 
Read cycle time, tc(rd) 450 ns 

Operating free-air temperature, TA 0 70 oc 

NOTES: 2. V CC must be applied 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 Vee is applied so that the device is not damaged. 

3. Vpp can be connected to V CC directly (except in the program mode). V cc supply current in this case would be Ice+ I pp. During 
programming, Vpp must be maintained at 25 V (± 1 V). 

tt The algebraic convention where the more negative limit is designated as minimum is used in this data sheet for logic voltage levels and time 

intervals. 

electrical characteristics over full ranges of recommended operating conditions 

PARAMETER TEST CONDITIONS 
MIN 

VoH High-level output voltage* loH = -400 µA 2.4 

Vol Low-level output voltage* loL = 2.1 mA 

11 Input current (leakage) VJ= 5.25 V 

lo Output current (leakage) Vo= 5.25 V 

lpp1 Vpp supply current Vpp = 5.25 V PD/PGM = VJL 

lpp2 
Vpp supply current 

PD/PGM =VIL 
(during program pulse) 

lcc1 
Vee supply current 

PD/PGM = VJH 
(standby) 

1cc2 
Vee supply current 

PD/PGM = VJL 
(active) 

t Typical values are at TA = 25° C and nominal voltages. 
•AC and DC tests are made at 10% and 90% points using a 50% pattern. 

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

PARAMETER TEST CONDITIONS 

Ci Input capacitance V1=0V,f=1MHz 

Co Output capacitance Vo=OV,f=1MHz 

t All typical values are TA= 25° C and nominal voltage. 
•This parameter is tested on sample basis only. 
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TMS 2564 

TY Pt 
UNIT 

MAX 

v 
0.45 v 

10 µA 

10 µA 

12 mA 

30 mA 

10 25 mA 

80 160 mA 

TY Pt MAX UNIT 

4 6 pF 

8 12 pF 



TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

switching characteristics over full ranges of recommended operating conditions (see note 4) 

PARAMETER 
TEST CONDITIONS 

TY Pt 
(SEE NOTES 4 AND 5) 

MIN MAX UNIT 

ta(A) Access time from address 280 450 ns 

Access time from CS1 and CS2 
ta(S) 

(whichever occurs last) CL= 100 pF, 
120 ns 

ta(PR) Access time from PD/PGM 1 Series 74 TTL load, 280 450 ns 

tpvx Output not valid from address change tr<:;;20 ns, 0 ns 

Output disable time from chip deselect tt<:;;20 ns 
0 100 tpxz 

during read only (whichever occurs last) 
ns 

tpxz Output disable time from PD/PGM during standby 0 100 ns 

t All typical values are at TA= 25° C and nominal voltages. 

recommended timing requirements for programming TA= 25°C (see note 4) 

PARAMETER MIN TY Pt MAX UNIT 

tw(PR) Pulse width, program pulse 45 50 55 ms 

tr( PR) Rise time, program pulse 5 ns 

tf(PR) Fall time, program pulse 5 ns 

tsu(A) Address setup time 2 µs 

tsu(D) Data setup time 2 µs 

tsu(VPP) Setup time from Vpp 0 ns 

th(A) Address hold time 2 µs 

th(D) Data hold time 2 µs 

th(PR) Program pulse hold time 0 ns 

th(VPP) Vpp hold time 0 ns 

t Typical values are at nominal voltages. 

NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.65 V to 2.2 V and Vpp = 25 V ± 1 V during 

programming, AC and DC timing measurements are made at 90% points using a 50% pattern. 

5. Common test conditions apply for tpxz except during programming. For ta( A}• ta(S}• and tpxz. PD/PGM =VIL· 
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TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

read cycle timing 

I I 

-1\---------"I~ ADDRESSES 

I 
~ tpvx J+--

Cs1 &Cs2 

PD/PGM 

01-08 

standby mode 

V1H 

ADDRESSES 

V1L 

PD/PGM V1H 

V1L 

VoH 
01-08 

.VOL 

\ _____ ,__,J_;f 
'4--ta(Sl--f ---.! 

I 

I 
I 
I 

I 

VALID 

ADDRESS N x ADDRESS N +m 

I 
I 

t 
I 

\ I STANDBY ACTIVE 

I I 
.. 1 I• .. , 1 • 

tpxz }-Hl·Z~ 
VALID VALID 

NOTE: t ta(P R) referenced to PD/PGM or the address, whichever occurs last. 

CS1 and Cs2 in Don't Care State in Standby Mode. 
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TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

program cycle timing 

cs1 & cs2 

ViH ---v.-
1

1 "kl 1: ADND+RmESS 
VIL ____ ,/\: ADDRESSN .f\ 

I ;- ~h(AI .. , I 
I I I I 

I ~--====DA=T=A=IN====I ~\II Hl-Z m--cATA ----1----c I fi OUT 

VoLIV1L I 
I tsu(DI -.! j4- I I I 
I l I I ' 
j.--tsu(A)__, I I I 

V1L-----------f-----+--+-~I--...--------

be PROGRAM ------•t•--- PROGRAM* --I I VERIFY I 

ADDRESSES 

01 -08 

PD/PGM 

I I I I 
tsu(Vppl ~ I I -.I j.- ta(PRI 

I th(D)~ ~I I 

:,:----1----..rr,··'V: ~'-11.:ll~----
I tr(PRl-.i I~ : I I I 
I ~ ittr1 

++525VV~ ----------: ~.j r-~IPRI 
~ th(Vppl-J ~ '{ _________ _ 

Vpp 

• Equivalent to read mode, 

TEXAS INSTRUMENTS 125 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

• 



126 

TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

typical device characteristics (read mode) 

140 

120 

100 

< 80 
E 
u 
2 60 

40 

20 

0 

700 

600 

500 

400 .. c 

"3- 300 

200 

100 

0 

TMS 2564 

Ice CURRENT 

VS 

TEMPERATURE 

'cc1.STANDBY CURREN 

PD/PGM ':' V1H 
1-----4---+--+- v cc = 5 v 

0 10 20 30 40 50 60 70 

TEMPERATURE (°CI 

TMS 2564 

ACCESS TIME 

vs 

TEMPERATURE 

v~c=5 1v 

i--i--
i---~ 

..J--1 

0 10 20 30 40 50 60 70 

TEMPERATURE (°CI 
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TMS 2758 JL 
8,192-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

• 1 K X 8 Organization 

• Single +5-V Power Supply 

• Pin Compatible with Existing ROMs and 
EPROMs (8K, 16K, 32K, and 64K) 

• Pin-Compatible With 12758 

• All Inputs/Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time ... 450 ns 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• N-Channel Silicon-Gate Technology 

• 3-State Output Buffers 

• Low Power Dissipation 
- Active ... 285 mW Typical 
- Standby ... 50 mW Typical 

• Guaranteed de Noise Immunity with 
Standard TTL Loads 

• No Pull-Up Resistors Required 

description 

DECEMBER 1979 

TMS 2758 
24-PIN CERAMIC 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

A7 1 24 Vee 

A6 2 23 A8 

A5 3 22 A9 

A4 4 21 Vpp 

A3 5 20 cs 
A2 6 19 AR* 

Al 7 18 PD/PGM 

AO 8 17 08 

01 9 16 07 

02 10 15 06 

03 11 14 05 

Vss 12 13 04 

•AR tied to VIL if TMS 2758-JLO 

VIH if TMS 2758-JL 1 

AO thru A7 

AR 

PD/PGM 

01 thru 08 

cs 
Vee 
Vpp 

V55 

PIN NOMENCLATURE 

Address inputs 

Array Select 

Power Down/Program 

Input/Output 

Chip Select 

Operating Power Supply 

Programming Power Supply 

0 V Ground 

The TMS 2758 is an 8,192-bit, ultraviolet-light-erasable, electrically programmable read-only memory. This device is 
fabricated using N-channel silicon-gate 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, and each output can drive one Series 74 TTL circuit without external resistors. The data outputs are three­
state for wired-0 R connection of multiple devices on a common bus. The TMS 2758 is pin-compatible with the 
TMS 2516 16K EPROM. 

Since this EPROM operates from a single +5-V supply in the read mode, it is ideal for use in microprocessor systems. 
One other supply (+25 V) is needed for programming, but all programming signals are TTL levels and require a single 
50-millisecond pulse. For programming outside of the system, existing EPROM programmers can be used. Locations 
may be programmed sequentially, in blocks, or at random. Total required programming time for all bits for the 
TMS 2758 is 50 seconds. 

The TMS 2758 is offered in dual-in-line cerpak (JL suffix) package rated for operation from 0°C to 70°C. 

Complete information may be obtained from your local Tl Sales Office or authorized distributor listed near the front of this data book. 
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MOS 
LSI 

TMS 2708 JL, TMS 2708-35 JL, TMS 27L08 JL 
1024-WORD BY 8-BIT ERASABLE 

PROGRAMMABLE READ-ONLY MEMORIES 
DECEMBER 1979 

• 1024 X 8 Organization 

• All Inputs and Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Performance Ranges 

TMS 2708-35 
TMS 2708 
TMS 27L08 

Max Access 

350 ns 
450 ns 
450 ns 

• 3-State Outputs for OR-Ties 

• N-Channel Silicon-Gate Technology 

Min Cycle 

350 ns 
450 ns 
450 ns 

• 8-Bit Output for Use in Microprocessor­
Based Systems 

o Low Power on TMS 27L08 ... 245 mW (Typ) 

• 10% Power Supply Tolerance (TMS 27L08 
Only) 

• Plug-Compatible Pin-Outs Allowing Inter­
changeability/Upgrade to 16K With Minimum 
Board Change 

description 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

01 

02 

03 

Vss 

24-PIN CERPAK 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

24 Vee 

2 23 A8 

3 22 A9 

4 21 Vss 

5 20 CS(PE) 

6 19 Voo 

7 18 Program 

8 17 08 

9 16 07 

10 15 06 

11 14 05 

12 13 04 

The TMS 2708, TMS 2708-35, and TMS 27L08 JL are ultra-violet light-erasable, electrically programmable read only 
memories. They have 8, 192 bits organized as 1024 words of 8-bit length. The devices are fabricated using N-channel 
silicon-gate 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 or 74LS TTL circuit without external resistors. The TMS 27L08 guarantees 200 mV de noise immunity in 
the high state and 250 mV in the low state. The data outputs for the TMS 2708, TMS 2708-35 and .TMS 27L08 are 
three-state for OR-tying multiple devices on a common bus. 

These EPROMs are designed for high-density fixed-memory applications where fast turn a rounds and/or program changes 
are required. They are supplied in a 24-pin dual-in-line ceramic cerdip (JL suffix) package designed for insertion in. 
mounting-hole rows on 600-mil (15.2 mm) centers. They are designed for operation from 0°C to 70°C. 

operation (read mode) 

address (AO-A9) 

The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to select 
one of the 1024 words of 8-bit length in the memory array. AO is the least-significant bit and A9 is the most-significant 
bit of the word address. 

chip select, program enable [CS (PE)] 

When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the chip 
select is high, all eight outputs are in a high-impedance state. 
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TMS 2708 JL, TMS 2708-35 JL, TMS 27L08 JL 
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

data out (01-08) 

The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The outputs 
will drive TTL circuits without external components. 

program 

The program pin must be held below Vee in the read mode. 

operation (program mode) 

erase 

Before programming, the TMS 2708, TMS 2708-35, or TMS 27 LOB is erased by exposing the chip through the transparent 
lid to high-intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose(= UV 

intensity X exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 milliwatt per square centi­
meter, filterless UV lamp will erase the device in a mimimum of 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the "1" state. 

programming 

Programming consists of successively depositing a small amount of charge to a selected memory cell that is to be changed 
from the erased high state to the low state. A low can be changed to a high only by erasure. Programming is normally 
accomplished on a PROM or EPROM Programmer, an example of which is Tl's Universal PROM Programming Module 

in conjunction with the 990 prototyping system. Programming must be done at room temperature (25°C) only. 

to start programming (see program cycle timing diagram) 

First bring the CS (PE) pin to +12 V to disable the outputs and convert them to inputs. This pin is held high for the 
duration of the programming sequence. The first word to be programmed is addressed (it is customary to begin with the 
"O" address) and the data to be stored is placed on the 01-08 program inputs. Then a +25 V program pulse is applied 

to the program pin. After 0.1 to 1.0 milliseconds the program pin is brought back to 0 V. After at least one microsecond 
the word address is sequentially changed to the next location, the new data is set.up and the program pulse is applied. 

Programming continues in this manner until all words have been programmed. This constitutes one of N program loops. 
The entire sequence is then repeated N times with N x tw(PR) > 100 ms. Thus, if tw(PR) = 1 ms; then N = 100, the 
minimum number of program loops required to program the EPROM. 

to stop programming 

After cycling through the N program loops, the last program pulse is brought to 0 V, then Program Enable [CS (PE)] 

is brought to V1 L which takes the device out of the program mode. The data supplied by the programmer must be 
removed before the address is changed since the program inputs are now data outputs and change of address could 
cause a voltage conflict on the output buffer. 01 -08 outputs are invalid up to 10 microseconds after the program en­

able pin is brought from V1H(PE) to VIL· 
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TMS 2708 JL, TMS 2708-35 JL, TMS 27L08 JL 
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 15 V 
Supply voltage, Voo (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 20 V 
Supply voltage, Vss (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 15 V 
All input voltage (except program) (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 20 V 
Program Input (see Note 1) ................................................. -0.3 to 35 V 
Output voltage (operating, with respect to Vss) ................................. -2 to 7 V 
Operating free-air temperature range ........................................ 0°e to 70°e 
Storage temperature range .............................................. -55°e to 125°e 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, V99 (substrate). unless otherwise noted. 
Throughout the remainder of this data sheet, voltage values are with respect to V55. 

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

logic symbolt 

AO (S) ----o 
A1 

(7) 

A2 
(6) 

A3 
(5) 

A4 
(4) 

AS 
(3) 

AG 
(2) 

A7 
(1) 

AS 
(23) 

A9 
(22) -----t 9 

cs 
(20) 

EPROM 1024x8 

0 
A1023 

tThis symbol is in accordance with I EE E Std 91 I ANSI Y32. 14 and current discussions in IEEE and I EC. See explanation on page 183. 
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TMS 2708 JL, TMS 2708-35 Jl, TMS 27L08 JL 
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

recommended operating conditions 

TMS 2708-35, TMS 2708 TMS27L08 
UNIT PARAMETER 

MIN NOM MAX MIN NOM MAX 
Supply voltage, Vss -4.75 -5 -5.25 -4.5 -5 -5.5 v 
Supply voltage, Vee 4.75 5 5.25 4.5 5 5.5 v 
Supply voltage, Voo 11.4 12 12.6 10.8 12 13.2 v 
Supply voltage, Vss 0 0 v 
High-level input voltage, V1H 

2.4 Vcc+1 2.2 Vcc+1 v 
(except program and program enable) 

High-level program enable input voltage, V1HJ.PEJ 11.4 12 12.6 10.8 12 13.2 v 
High-level program input voltage, V1H(PR) 25 26 27 25 26 27 v 
Low-level input voltage, V1L (except program) Vss 0.65 Vss 0.65 v 
Low-level program input voltage, V1L(PR) 

Vss 1 Vss 1 v 
Note: V1L(PR) max :s V1H(PR) -25 V 

"ffigh-level program pulse input currenfTsin~ l1H(PR) 40 40 mA 

Low-level program pusle input current (source), l1L(PR) 3 3 mA 

Operating free-air temperature, TA 0 70 0 70 oc 

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

TMS 2708-35, TMS 2708 TMS27L08 
PARAMETER TEST CONDmONS 

MIN TV Pt MAX MIN TV Pt MAX 
UNITS 

IQH = -100µA 3.7 3.7 
VoH High-level output voltage v 

loH= -1 mA 2.4 2.4 

VoL Low-level output voltage IQL = 1.6mA 0.45 0.40 v 
11 Input current (leakage) V1 = O V to 5.25 V 1 10 1 10 µA 

lo Output current (leakage) CS(PE) = 5V 1 10 1 10 µA 

lss Supply current from Vss All inputs high 30 45 9 18 mA 

ice Supply current from Vee Cs(PE) = SV 6 10 .9 6 mA 

loo Supply current from Voo For loo MAX, 
TA= 0°C 

50 65 20 34 mA 
(worst case) 

TA= 70°C 800 350 

Po(AV) Power Dissipation TA=0°C CS=OV 245 475 mW 

TA=0°C CS= +5V 290 580 

t All typical values are at TA = 25°C and nominal voltages. 

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

PARAMETER I TVPt MAX I UNIT I 
Ci Input capacitance 4 6 pF 

Output capacitance 8 12 pF 

t All typical values are at TA = 25°C and nominal voltages. 
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TMS 2708 JL, TMS 2708-35 JL, TMS 27L08 JL 
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

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

TMS 2708-35 
PARAMETER TEST CONDITIONS 

MIN MAX 

ta(ad) Access time from address 350 

ta(CS) Access time from CS CL= 100 pF 120 

tpvx Output invalid from address change 1 Series 74 TTL load 0 

tpxz Output disable time tf(CS), tf(ad) = 20 ns 0 120 

tc(rd) Read Cycle time 350 

TA = 25°C program characteristics over recommended supply voltage range 

PARAMETER 

tw(PR) Pulse width, program pulse 

tT Transition times (except program pulse) 

fT(PR) Transition times, program pulse 

tsu(ad) Address setup time 

tsu(da) Data setup time 

tsu(PE) Program enable setup time 

th(ad) Address hold time 

th(ad,da R) Address hold time after program input data stopped 

th(da) Data hold time 

th(PE) Program enable hold time 

tcL,adX Delay time,~PE) low to address change 
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TMS 2708 

TMS 27L08 UNIT 

MIN MAX 

450 ns 

120 ns 

0 ns 

0 120 ns 

450 ns 

MIN MAX UNIT 

0.1 1 ms 

20 ns 

50 2000 ns 

10 µ,s 

10 µ,s 

10 µ,s 

1000 ns 

0 ns 

1000 ns 

500 ns 

0 ns 
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TMS 2708 JL, TMS 2708-35 JL, TMS 27L08 JL 
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

read cycle timing 

tc(rd) tc(rd) ------.l 

V;H 

ADDRESSES ADDRESSES VALID ADDRESSES VALID 

VIL 

I I 

V1H 11 
I I I 

Cs(PE) I 
11 

I 
VIL I 

I 

VoH 
~ta(ad) 

01-08 Hl-Z 

Vol 

program cycle timing 

----------10FN*PROGRAMLOOPS---------~ 

CS (PEI* 

V1H(PE) -ri.-1------------------/ 1--------..j_ 

VIL __):..-., ""IPEI 'htPEI --I 

ADDRESSES 

V1L 

! I -ti r- tcL, ad x 

ADDRESS 0 ADDRESS 1 ... 1022 ( ADDRESS 1023 I ~ 
I.- th(ad) --, --,:r-- htsu(ad) th(ad)~ -.-r- r.--tsu(ad) I I 
1
1 
r- tw(PR) ---i I I 1-- tw(PR) ---J I I I I I-- tw(PR) --1 I I 

VIH(PR) t ~ i~ i 
~~~:eram V1L(PR) ----''""'I ' .~ ~ J -J__ 

tsu(dal -1 1-- th(dal -1 --Fl ~tsu(dal th(dal-i -t=1 1-tsu(dal th(dalm th(ad,daRl 

;:iu;~M :
1

~"3 ____ 1N_P_u_T ___ ... X INPUT )t INPUT EPUT 

*CS (PE) is at +12 V through N program loops where N > 100 ms/tw (PR). 

NOTE: 01-08 outputs are invalid up to 10 µsec after programming [CSIPE) goes low]. 

All timing reference points in this data sheet (inputs and outputs) are 90% points. 
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TMS 2708 JL, TMS 2708-35 JL, TMS 27L08 JL 
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

800 

700 

600 

500 

400 

300 

200 

100 

0 
0 

5 

4.5 

4 

3.5 

3 

.B 

.6 

.4 

.2 

0 
0 

TYPICAL TMS 27L08 CHARACTERISTICS 

DEVICE POWER DISSIPATION vs TEMPERATURE CURRENT vs TEMPERATURE 

10 20 30 40 50 60 70 

TA - Free-Air Temperature - ° C 
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STATIC OUTPUT VOLTAGE vs OUTPUT CURRENT ACCESS TIME vs TEMPERATURE 
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.. 
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TYPICAL CONDITIONS 
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~ 
::J. 
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TYPICAL talcs> 

0 
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loL - Output Current - mA 
TA - Free-Air Temperature - °C 
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MOS 
LSI 

TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 

PROGRAMMABLE READ-ONLY MEMORY 

• 2048 X 8 Organization 

• All Inputs and Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Maximum Access Time ... 450 ns 

• Minimum Cycle Time ... 450 ns 

• 3-State Outputs for OR-Ties 

• N-Channel Silicon-Gate Technology 

• 8-Bit Output for Use in Microprocessor­
Based Systems 

• Low Power ... 315 mW (Typical) 

description 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

01 

02 

03 

Vss 

DECEMBER 1979 

24-PIN CERPAK 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

24 

2 23 

3 22 

4 21 

5 20 

6 19 

7 18 

8 17 

16 

10 15 

11 14 

12 13 

VcclPE) 
AB 

A9 

Vas 
A10 

Voo 
CS(program) 

08 

07 

06 

05 

04 

The TMS 2716JL is an ultra-violet light-erasable, electrically programmable read only memory. It has 16,384 bits 

organized as 2048 words of 8-bit length. The device is fabricated using N-channel silicon-gate technology for high speed 

and simple interface with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 

circuits without the use of external pull-up resistors and each output can drive one Series 74 or 74LS TTL circuit with­

out external resistors. The TMS 2716 guarantees 250 mV de noise immunity in the low state. Data outputs are three­

state for OR-tying multiple devices on a common bus. The TMS 2716 is plug-in compatible with the TMS 2708 and the 

TMS 27L08. Pin compatible mask programmed ROMs are available for large volume requirements. 

This EPROM is designed for high-density fixed-memory applications where fast turn arounds and/or program changes 

are required. It is supplied in a 24-pin dual-in-line cerpak (JL suffix) package designed for insertion in mounting-hole 

rows on 600-mil (15.2 mm) centers. It is designed for operation from 0°C to 70°C. 

operation (read mode) 

address (AO-A 10) 

The address-valid interval determines the device cycle time. The 11-bit positive-logic address is decoded on-chip to 

select one of 2048 words of 8-bit length in the memory array. AO is the least-significant bit and A 10 most-significant 

bit of the word address. 

chip select, program [CS (Program)] 

When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the chip 
select is high, all eight outputs are in a high-impedance state. 

program 

In the program mode, the chip select feature does not function as pin 18 inputs only the program pulse. The program 

mode is selected by the Vcc(PE) pin. Either 0 V or +12 Von this pin will cause the TMS.2716 to assume program 

cycle. 

data out (01-08) 

The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 

changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The out­

puts will drive TTL circuits without external components. 
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TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 
-PROGRAMMABLE READ-ONLY MEMORY 

138 

operation (program mode) 

erase 
Before programming, the TMS 2716 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose 
(= UV intensity x exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 
milliwatt per square centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The 
lamp should be located about 2.5 centimeters above the chip during erasure. After erasure, all bits are in 
the "1" state. 

programming 
Programming consists of successively depositing a small amount of charge to a selected memory cell 
that is to be changed from the erased high state to the low state. A low can be changed to a high only by 
erasure. Programming is normally accomplished on a PROM or EPROM Programmer, an example of 
which is Tl's Universal PROM Programming Module in conjunction with the 990 prototyping system. 
Programming must be done at room temperature (25°C) only. 

to start programming (see program cycle timing diagram) 
First bring the Vee( PE) pin to+ 12 V or 0 V to disable the outputs and convert them to inputs. This pin is 
held high for the duration of the programming sequence. The first word to be programmed is addressed 
(it is customary to begin with the "O" address) and the data to be stored is placed on the 01-08 program 
inputs. Then a +26V program pulse is applied to the program pin. After 0.1 to 1.0 milliseconds the 
program pin is brought back to 0 V. After at least one microsecond the word address is sequentially 
changed to the next location, the new data is set up and the program pulse is applied. 

Programming continues in this manner until all words have been programmed. This constitutes one of N 
program loops. Theentiresequence is then repeated N times with N x tw(PR) ~ 100 ms. Thus, iftw(PR) = 
1 ms; then N = 100, the minimum number of program loops required to program the EPROM. 

to stop programming 
After cycling through the N program loops, the last program pulse is broughtto 0 V, then Program Enable 
Vee( PE) is brought back to ±5 volts which takes the device out of the program mode. The data supplied 
by the programmer must be removed before the address is changed since the program inputs are now 
data outputs and a change of address could cause a voltage conflict on the output buffer. 01-08 outputs 
are invalid up to 10 microseconds after the program enable pin is brought from V1H(PE) to VIL(PE)· 

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

Supply voltage, Vee (see Note 1) .................................................... -0.3 to 15 V 
Supply voltage, Voo (see Note 1) . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . -0.3 to 20 V 
Supply voltage, Vss (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 to 15 V 
All input voltage (except program) (see Note 1) ....................................... -0.3 to 20 V 
Program Input (see Note 1) ......................................................... -0.3 to 35 V 
Output voltage (operating, with respect to V55) ......................................... -2 to 7 V 
Operating free-air temperature range ................................................. 0°C to 70°C 
Storage temperature range ...................................................... -55°C to 125°C 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most"negative supply voltage, V99 (substrate). unless otherwise noted. 
Throughout the remainder of this data sheet, voltage values are with respect to Vss· 

*Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification is 
not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 

PROGRAMMABLE READ-ONLY MEMORY 

functional block diagram* 

*This symbol is in accordance with IEEE Std 91/ANSI 

Y32.14 and current discussions in IEEE and IEC. See 

explanation on page 183. 

recommended operating conditions 

PARAMETER 

Supply voltage, Vss 

Supply voltage, Vee 

Supply voltage, Voo 

Supply voltage, Vss 

High-level input voltage, V1H (except program and program enable) 

High-level program enable input voltage, V1H(PE) 

High-level program input voltage, V1H(PR) 

Low-level input voltage, V1L (except program) 

Low-level porgram input voltage, V1L(PR) 

Note: V1L(PR) max~ V1H(PR) -25 V 
High-level program pulse input current (sink), llH(PR) 

Low-level program pulse input current (source), l1L(PR) 

Operating free-air temperature, TA 

MIN 

-4.75 

4.75 

11.4 

2.4 

11.4 

25 

Vss 

Vss 

0 

NOM MAX UNIT 
-5 -5.25 v 

5 5.25 v 
12 12.6 v 
0 v 

Vcc+1 v 
12 12.6 v 
26 27 v 

0.65 v 

1 v 

40 mA 

3 mA 

70 oc 

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

PARAMETER TEST CONDmONS MIN TY Pt MAX UNITS 

VoH High-level output voltage 
IQH = -100µA 3.7 

loH= -1 mA 
v 

2.4 

VoL Low-level output voltage loL= 1.6mA 0.45 v 
11 Input current (leakage) V1=OVto5.25V 1 10 µ,A 

lo Output current (leakage) CS (Program)= 5 V 1 10 µA 

lss Supply current from Vss All inputs high 10 20 mA 

ice Supply current from Vee CS (Program)= 5 V 1 8 mA 

loo Supply current from Voo For loo MAX, 
TA= 0°e 

26 45 mA (worst case) 

lpE Supply current from PE on Vee Pin VpE = Voo 2 4 mA 

TA= 70°C 540 

Po(AV) Power Dissipation TA= 0°C CS=OV 315 595 mW 

TA= 0°C CS= +5V 375 720 

tAll typical values are at TA= 25°C and nominal voltages. 
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TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 

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

PARAMETER TY Pt MAX UNIT 

Ci Input capacitance [except CS (Program)) 4 6 pF 

Ci(CS) CS (Program) input capacitance 20 30 pF 

Co Output cpacitance 8 12 pF 

t All typical values are at TA = 25°C and nominal voltages. 

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

PARAMETER TEST CONDmONS MIN MAX UNIT 

ta( ad) Access time from address 450 ns 

ta(CS) Access time from CS CL=100pF 
120 ns 

1 Series 74 TTL Load 
tpvx Output invalid from address change 0 ns 

tpxz Output disable time 
tf(CS)· tf(ad) = 20 ns 

0 120 ns 

tc(rd) Read Cycle time 450 ns 

TA = 25°C program characteristics over recommended supply voltage range 

PARAMETER MIN MAX UNIT 

tw(PR) Pulse width, program pulse 0.1 1 ms 

tT Transition times (except program pulse) 20 ns 

fT(PR) Transition times, program pulse 50 2000 ns 

tsu(ad) Address setup time 10 µs 

tsu(da) -U-ata setup time 10 µs 

tsu(PE) Vrogram enaDTe setup time 10 µs 

th(ad) Aaaress hold time 1000 ns 

th(ad,da R) Aaaress hold time after program input data stopped 0 ns 

th(da) Data hold time 1000 ns 

th(PE) Program enable hold time 500 ns 

tcL,adX Delay time, CS (Program) low to address change 0 ns 
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read cycle timing 

V1H 

ADDRESSES 

VIL 

V1H 

CS (Program) 

VIL 

VoH 

01-08 

VOL 

ADDRESSES VALID 

---- Hl-Z ----'"" 

TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 

PROGRAMMABLE READ-ONLY MEMORY 

ADDRESSES VALID 

Hl-Z-

program cycle timing 

----------lOFN*PROGRAMLOOPS~----------

V1H(PE) -r ... -------------------1/ 1---------=i... 

VeelPE) * _J! . 
Vee ~ tsu(PE) th(PE) ~ 

ADDRESSES 

V1L 

! I 1i ~ teL,adX 

ADDRESS D ADDRESS 1 ... 2046 ( ADDRESS 2047 m 
,__ th(ad) --, ~ htsu(ad) th(ad)~ -rr- r;--tsu(ad) i I 

Ci (ho~:~~:::: ___ f 'w(PRI 1 r 'wlPRI t ! 'w(PRI ,_: __ 

tsu(da) -1 ~ th(da) --j ---Ft- l.-tsu(da) tth(da)-1 -t=t" 1-tsu(da) th(da)~ th(ad,daR) 

~=£~:M :::3 ____ ,N_P_u_T ____ X INPUT )t INPUT EPUT 

*Vee (PE) is at 0 V or +12 V through N program loops where N ~ 100 ms/tw (PR). 

NOTE. 01-08 outputs are invalid up to 10 µsec after programing (Vee (PE) goes low). 
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TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 

APPLICATIONS INFORMATION 

Ease of Conversion From TMS 2708 To TMS 2716 

A. The TMS 2716 and TMS 2708 have compatible timing, voltage and current parameters in both modes. 

8. The TMS 2716 requires less power than the TMS 2708. 

C. The pinouts are compatible. (See below.) 

TMS 2708 TMS 2716 

A7 24 Vee * A7 24 Vcc(PE)* 
A6 2 23 AS A6 2 23 AS 
A5 3 22 A9 A5 3 22 A9 
A4 4 21 Vss A4 4 21 Vss 
A3 5 20 CS(PE)* A3 5 20 AlO* 

A2 6 19 Voo A2 6 19 Voo 
Al 7 lS Program* Al 7 lS CS(program)* 

AO s 17 OS AO s 17 OS 
01 9 16 07 01 9 16 07 
02 10 15 06 02 10 15 06 
03 11 14 05 03 11 14 05 

Vss 12 13 04 Vss 12 13 04 

As can be seen from the abovediagrams,onlythree pins* are modified in going from TMS 2708to TMS2716: 

1. The additional address pin requrired for the 16K EPROM is located on pin 20 which displaces the 
CS/PE functions on the TMS 2708. 

2. Since the Vee is not required during programming, the PE function shares pin 24 with Vee on the 
TMS 2716. 

3. The CS function and program function are mutually exclusive during normal read mode (and are 
self-actuated complementary during the program/verify mode) and share pin 18 on the TMS 2716. 

The diagrams below show how these three pins are actually utilized in the read mode and in the program 
mode. Only pins 18, 20, and 24 need to be shown, as all other pin connections are identical. 
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Read Mode 
TMS 2708 

24 Vee* 

20 CS* 

TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 

PROGRAMMABLE READ-ONLY MEMORY 

TMS 2716 

24 Vee* 

20 AlO* 

18 NA* (GND) 18 cs* 

Program (Write) Mode 
TMS 2708 TMS 2716 

20 PE* 20 AlO* 

18 Program* 18 Program* 

TMS 2716- Easy Programmability On Existing 2708 Programmers 

Existing EPROM Programmers-Upgrading To The TMS 2716 

Most of the EPROM manufacturers have implemented field upgrade modifications to allow TMS 2716 
programming on current EPROM programmers. This is greatly simplified because the TMS 2716 and the 
TMS 2708 are programmed in an identical manner. A slight modification to the socket card, an additonal 
1 K x 8 of RAM, and an extra address signal (A 1 O) are all that is required. All timing and voltage parameters are 
identical, so the upgrade is easily accomplished. Programmer manufacturers contacted to date on the TMS 
2716 include: Data 1/0, PRO LOG, Texas Instruments, Technico, CramerKit, Shepardson Micro Systems, 
Cromenco, MicroPro, Ramtek, Oliver Audio, Inc., etc. Ultraviolet Erasure lights and fixtures are available from 
Ultraviolet Products, Turner Designs, and others. 

NOTE: Information on EPROM programmers and erasurers are provided only for user convenience and do not indicate any preference by Tl. 
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A7 

AG 

AS 

A4 

A3 

A2 

A1 

AO 

a1 

a2 

a3 

Vss 

description 

TMS 4732 NL, TMS 4764 NL 
32K AND 64K READ-ONLY MEMORIES 

DECEMBER 1979 

• TMS 4732 ... 4096 X 8 Organization 

• TMS 4764 ... 8192 X 8 Organization 

• All Inputs and Outputs TTL-Compatible 

• Fully Static (No Clocks, No Refresh) 

• Single 5-V Power Supply 

• Maximum Access Time ... 450 ns 

• Minimum Cycle Time ... 450 ns 

• 3-State Outputs for OR-Ties 

• Pin-Compatible with Tl's EPROM Family 

• N-Channel Silicon-Gate Technology 

• 8-Bit Output Ideal for Microprocessor Based Systems 

TMS 4732 TMS 47G4 

4K X 8 SV ROM 

24-PIN 

DUAL-IN-LINE PACKAGE 

8K X 8 S V ROM 

24-PIN** 

DUAL-IN-LINE PACKAGE 

24 Vee A7 24 Vee 
2 23 AS AG 2 23 AS 

3 22 A9 AS 3 22 A9 

4 21 CS2 or CS2 A4 4 21 A12 

s 20 CS1 or CS1 A3 s 20 S* 

G 19 A10 A2 G 19 A10 

7 1S A11 A1 7 18 A11 

8 17 as AO s 17 a8 

9 1G a1 a1 9 1G a1 
10 1S aG a2 10 1S aG 

11 14 as a3 11 14 as 

12 13 a4 Vss 12 13 a4 

* Option: Either Sor Non-Clocked 

Chip Enable/Power Down (El 

** Also available in 2S-pin Dual-in-

line package. Both 24-pin and 

2S-pin packages are compatible 

with Tl G4K EPROMs. 

Tl provides ROMs on a custom basis. Density options are 32K and 64K. Both devices are pin compatible with Tl 32K 

and 64K 5 V ROMs and EPROMs. Any additional specifications should be made at the time of the order. For further 

information, contact a nearby sales office or write Texas Instruments, P. 0. Box 1443, M/S 6965, Houston, Texas 77001. 
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MEMORY 
SYSTEMS 

TMM 10000 SERIES 
ADD-IN MEMORY FOR LSl-11 COMPUTERS 

JANUARY 1980 

• High Density: 64K Words X 18 Bits (for LSl-11/23), 32K Words X 18 Bits (for LSl-11/2) 

• Completely Compatible with 0 BUS and 0 BUS PLUS Systems 

• Extended Addressing to 1 Megabyte (Optional) 

• Single 5-Volt Supply, Low Power Consumption 

• Parity Logic on Board 

• High Performance (with Parity Generation and Checking 

• Internal, Transparent Refresh 

description 

The TMM 10000 Series add-in memory module is offered in two versions, each of which is compatible with the LSl-11 
0 BUS and 0 BUS PLUS system. The TMM 10103 module plugs directly into the DEC LSl-11/23 (PDP-11/23) com­
puter; the TMM 10101 module plugs directly into the DEC LSl-11/2 (PDP-11/03) computer. All interface specifications 
are totally compatible. The modules use the TMS 4532 five-volt 32K dynamic RAM for high performance and low 

power. Both feature on-board parity logic. 

NOTE: 0 BUS, 0 BUS PLUS, and DEC are trademarks of the Digital Equipment Corporation. 

ADVANCE INFORMATION 

This document contains information on 
a new product. Specifications are subject 
to change without notice. 

Copyright © 1980 by Texas Instruments Incorporated 
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TMM 10000 SERIES 
ADD-IN MEMORY FOR LSl-11 COMPUTERS 

specifications 

Memory Capacity: 

MODEL NO. 
TMM-10103-18P 
TMM-10101·18P 

Timing: 

Read Access 
Write Access 
Read/Write Cycle 

Power: 

+5 V, 10.5 W Active 
7 .9 W Standby 

5.25 W Battery back-up 

Physical: 

Single width, double height 
(5.2" x 8.9") 

Environmental, Operating: 

5°C to 60°C 

WORDS 
65,536 
32,368 

200 ns 
150 ns 
450 ns 

10% to 95% relative humidity, non-condensing 

features 

BITS/WORP 
16 + 2 parity bits 
16 + 2 parity bits 

1(0 Page Size 

Starting Address 

Total Address Space* 

Parity 

512, 2048, 3072, or 4096 words 

Any 4K word boundary 

128K words 

Generated on board 

Internal or external Memory Refresh 

Battery Back-Up Enable with +5 V to pin AVl 

•20 Address Lines are available for user expansion of system memory to 512K words. 
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MEMORY 
SYSTEMS 

TMM 20000 SERIES 
ADD-IN MEMORY FOR PDP COMPUTERS 

JANUARY 1980 

• High Density ... 256K, 128K, or 96K (16 Bit) Words, Plus 6 Bits for Error Detection and Correction 

• Completely Compatible with PDP-11 UNIBUS (Modified or Extended) Systems 

• Single-Bit Error Correction, Double-Bit Error Detection with Visual Display 

• Twenty-two Address Lines Allow for Future Expansion to 2M Words 

• Single +5-Volt Supply, Low Power Consumption 

• Error Logging Capability Via User Program 

description 

The TMM 20000 Series add-in modules are fully compatible with the DEC PDP-11 family of UNIBUS computers. Em­
ploying the TMS 4532 32K Dynamic RAM, these modules offer high density and operate from a single five-volt power 
supply with low power consumption. These modules offer high speed, increased reliability, and error detection and cor­
rection, and are designed to allow direct upgrade to the TMS 4164 64K Dynamic RAM. Battery back-up is jumper 
selectable. 

error detection and correction (EDAC) 

On-board circuitry performs single-bit error correction and double-bit error detection. Control (CSR) and error (ESR) 
status registers, with single- and double-bit error display are standard. All error detection and correction operations are 
transparent to the operating system. 

NOTE: ~and .£§.£.are trademarks of the Digital Equipment Corporation. 

Copyright© 1980 by Texas Instruments Incorporated 
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TMM 20000 SERIES 
ADD-IN MEMORY FOR PDP COMPUTERS 

specifications 

Memory Capacity: 

MODEL NO. 
TMM-2010G-22E 
TMM-20105-22E 
TMM-20104-22E 

Timing: 

Read access 
Write access 
Read/write cycle 

Power: 

+5 V, 20 W active; 12 W standby/backup 

Physical: 

Single width, hex height 

Environmental, Operating: 

WORDS 
262,144 
131,072 
98,304 

425 ns 
200 ns 
550 ns 

0°C - 50°C; 10% - 95% Relative Humidity (Noncondensing) 

programmable features 

• Modified or extended UNIBUS: switch select 

• 1/0 page size: 2K, 4K, or 8K words (switch select) 

• Starting address (switch select): any 16K word boundary 

BITS/WORD 

22 
22 
22 

• Total address space (switch select): modified UN I BUS - 128K words (256K bytes) 
extended UNIBUS- 2048K words (4M bytes) 

• Control status register (CSR) address location (switch select): 1 of 16 

• Error status register (ESR): on or off 

• Battery backup: enable or disable (jumper) 

PRINTED IN U.S A 

Tl ccnnol assume any responsibility for any circuits shown 
or represent lhcl !hey ere free from pclenl infringement. TEXAS INSTRUMENTS 

TEXAS INITRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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MECHANICAL DATA 

general 

Electrical characteristics presented in this catalog, unless otherwise noted, apply to device type(s) listed in the page 
heading, regardless of package. Factory orders for devices described should include the complete part-type numbers 
listed on each page. 

MOS NUMBERING SYSTEM 

EXAMPLE: .IM§. ~ ..=£Q. 

~ 
Max Access 

-15 150 ns 

-20 200 ns 

-25 250 ns 

-30 300 ns 

-35 350 ns 
Unique Product Identification Number* -45 450 ns 

manufacturing information 

Die-attach is by standard gold silicon eutectic or by conductive polymer. 

N L 

Cerpak 

JD Side Braze 

N Plastic Dip 

Temperature Range 

L 0°C to 70°C 

Thermal compression gold wire bonding is used on plastic packaged circuits. Typical bond strength is 5 grams. Bond 
strength is monitored on a lot-to-lot basis. Any preseal bond strength of less than 2 grams causes rejection of the entire 
lot of devices. On hermetic devices either thermal compression or ultrasonic wire bonding is used. All hermetic MOS LSI 
devices produced by Tl are capable of withstanding 5 X 10-7 atm cc/sec inspection and may be screened to 5 X 10-8 

atm cc/sec fine leak, if desired by the customer, for special applications. 

All packages are capable of withstanding a shock of 3000 g. All packages are capable of passing a 20,000 g acceleration 
(centrifuge) test in the Y-axis. Pin strength is measured by a pin-shearing test. All pins are able to withstand the applica­
tion of a force of 6 pounds at 45° in the peel-off direction. 

dual-in-line packages 

A pin-to-pin spacing of 100 mils (2.54 mm) has been selected for standard dual-in-line packages. 

Tl uses two basic types of hermetically sealed ceramic dual-in-line packages. The first type is the sidebrazed package 
cap and tin-plated leads. The second is the cerpak which is similar to the cerdip but has a clear or opaque lid above 
the bar. 

•Inclusion of an "L" in the product identification indicates the device operates at low power. 

TEXAS INSTRUMENTS 
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MECHANICAL DATA 

All measurements are given using both English and metric systems. Under the English system, the 
measurements are given in inches; under the metric system, the measurements are given in millimeters. 
The metric system measurements are indicated in parentheses next to the English. 

ceramic packages- side braze (JD suffix) 

---'\ 
1 

C NOM 

~~l 

r-A±0.01q~ 
I,... (±0.0251 

0.020 

~j~OB~ 
L m 0.200 (5.08) MAX 

--, 
i--. 85° 

105° 
0.011±0.003-11-
(0.279 ± 0.076) 

~ . 
A± 0.010 

.(± 0.025) 

B(MAX) 

C(NOM) 

SEATING 

-PLANE I 0.125 (3.175) MIN 

PIN SPACING_j L _J~ 
0.100 (2.54) NOM 0.018±0.003 

(0.457 ± 0.076) 

16 18 20 22 24 28 

0.300 0.300 0.300 0.400 0.600 0.600 
(7.62) (7.62) (7.62) (10.16) (15.24) (15.24) 

0.840 0.910 1.020 1.100 1.290 1.415 

(21.34) (23.11) (25.91) (27.94) (32.77) (35.94) 

0.295 0.295 0.295 0.395 0.595 0.595 
(7.493) (7.493) (7.493) (10.03) (15.11) (15.11) 
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MECHANICAL DATA 

plastic packages (N suffix) 

~ I 

~I 16 18 20 22 24 28 
. 

A (MAX) 0.325 0.325 0.325 0.425 0.625 0.625 
(8.255) (8.255) (8.255) (10.80) (15.88) (15.88) 

8 (MAX) 0.870 0.920 1.070 1.120 1.270 1.440 
(22.1) (23.37) (27.18) (28.45) (32.26) (36.58) 

C(MAX) 0.270 0.270 0.270 0.355 0.550 0.550 
(6.858) (6.858) (6.858) (9.017) (13.97) (13.97) 

160 TEXAS INSTRUMENTS 
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MANUFACTURING FLOW 

Standard Hermetic Processing Flow* 

Slice Sawing 

t 
Chip Inspection 

t 
Chip Alloyed into Header 

t 
Ultrasonic or Thermocompression Bond 

t 
Preseal Inspection 

t 
Seal 

t 
Temperature Cycle (10 cycles at -65°C to 150° C) 

t 
Centrifuge (20,000 Gin Y1 direction) 

t 
Tin Plate 

t 
Fine Leak (5 X 10-s atm cc/sec) 

t 

• For cerdip, cerpak, and sidebraze ceramic packages. 

Gross Leak (C2 modified) 

t 
Lead Tie-bar Sheared 

t 
Testing 

t 
0/A Inspection 

t 
Shipment 

TEXAS INSTRUMENTS 
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MANUFACTURING FLOW 

Standard Plastic Processing Flow 

Slice Sawing 

t 
Chip Inspection 

t 
Chip Alloyed or Epoxied onto Leadframe 

t 
Thermocompression Bond 

t 
Premold Inspection 

t 
Mold 

t 
Tie-bar Sheared 

t 
Testing 

t 
0/A Inspection 

t 
Shipment 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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TESTING/RELIABILITY 

In order to ensure the highest in quality and performance, each and every MOS memory device manufactured by the Tl 

MOS Memory Division is thoroughly tested before being shipped. Testing is done during assembly by process engineer­

ing (indicated on the manufacturing flow in the previous section); After assembly by product engineering (final test); 

and after final test by quality and reliability assurance engineering. Every device is tested during the first two stages 

after which they are received by ORA for random screening for reliability. Outlines of the final test procedure and ORA 

screening process by family type are included in this section. 

DYNAMIC RAMs - FINAL TEST 

l ASSEMBLY J 
l 

PRE-
VERIFIES ELECTRICAL AND TIMING 

BURN-IN 
PARAMETERS AT WORST CASE LIMITS 

SCREENING 
VBB = -5.5 V, = -4.5 V, VDD = 13.2 V, = 10.8 v 
TEMPERATURE= 25°0 

I 
CONTINUOUSLY VERIFIES EVERY MEMORY LOCATION 
WITH ALTERNATING ''1''s AND "O"s USING READ-
MODIFY-WRITE CONDITIONS 
PHASE 1 
NOMINAL VOLTAGES FOR 24 HOURS 

BURN-IN PHASE 2 
CHANGE SOCKETS 
CONTINUE AT STRESS VOLTAGES FOR 8 HOURS, VDD = 18 V, 
VsB=-7V 
TEMPERATURE= 125°C 
2.6 µSEC CYCLE TIME, 50% DUTY CYCLE 

l 
POST 

EXTENSIVE PARAMETRIC AND FUNCTIONALITY 
TESTING AT WORST CASE SUPPLY VOLTAGES 

BURN-IN 
TEMPERATURE= 25°C 

SCREENING 
GUARDBAND TESTING FOR 0°C OPERATION 

l 
HIGH FINAL AND MOST EXTENSIVE PARAMETRIC AND 

TEMPERATURE FUNCTIONALITY TESTING 

SCREENING TEMPERATURE SCREEN TO GUARANTEE 70°C AMBIENT OPERATION 

AND SORT AT WORST CASE SUPPLY VOLTAGES 
SPEED SORT 

I 
QUALITY QUALITY AND RELIABILITY 

ACCEPTANCE 
ASSURANCE 

GROUP 

TEXAS INSTRUMENTS 
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TESTING/RELIABILITY 

DYNAMIC RAMs -ORA FLOW 

QUALIFICATION FOR DYNAMIC RAMS 

NEW PROCESS/PACKAGE? 

YES NO 

MINIMUM OF 100 UNITS 
CHOSEN MONTHLY FROM 
AS MANY DATE CODES AS 
POSSIBLE 

ENVIRONMENT 
SAMPLE 

SIZE 
PACKAGE ENVIRONMENT 

SAMPLE 
SIZE 

LIFE TEST 85°C 
(1000 HRS) 125°C 

THERMAL SHOCK } 
TEMPERATURE CYCLE 
MOISTURE RESISTANCE 

TEMPERATURE CYCLE 

MECHANICAL SHOCK } 
VIBRATION (VAR. FREQ.) 
CONSTANT ACCELERATION 

es0 c1ss% R.H. 

PRESSURE COOKER 

150'C STORAGE 

H = HERMETIC PACKAGE 
P = PLASTIC PACKAGE 

ALL SELECTIONS ARE RANDOM 
LIFE TEST UNITS ELECTRICALLY 
TESTED; PACKAGE ENVIRONMENTS 
FOLLOWED BY ELECTRICAL AND 
HERMETICITY (H ONLY) TESTS 
(SEE MECHANICAL DATA SECTION) 

100 
100 

25 

25 

25 

60 

20 

50 

H, p 
H, p 

H 

H, P 

H 

H, p 

LIFE TEST, 125°C, 1000 HRS 
(H, P) 

TH•RMAC,HOOK ~ 
TEMPERATURE CYCLE 
MOISTURE RESISTANCE 
EXTENDED TEMP. CYCLE 

MECHANICAL SHOCK } 
VIBRATION IVAR. FREQ.) 
CONSTANT ACCELERATION 

TEMPERATURE CYCLE 

THERMAL SHOCK 

S5°C/85% R.H. 

PRESSURE COOKER 

MOISTURE RESISTANCE 

150°CSTORAGE 

TEXAS INSTRUMENTS 
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TESTING/RELIABILITY 

STATIC RAMs - FINAL TEST 

}. 
ASSEMBLY ACTIVE VERIFIES 

POWER Ice MAX 

j_ TEST -AT Vee MAX-

LEAKAGE VERIFIES I 
CURRENT 11 & loz STANDBY VERIFIES 

TEST -AT Vee MAX- POWER STANDBY BY Ice MAX 

~ TEST -AT Vee MAX-

VERIFIES j_ 
EVERY MEMORY 
LOCATION CAN VERIFIES PROPER 

GROSS 
BE ADDRESSED DEVICE OPERATION 

FUNCTIONAL 
BY ADDRESS DECODE (EXTENSIVE PATTERNS 

FUNCTIONAL TEST 
& X - Y SELECT (ADSL) & DATA SHEET TIMING 

TEST 
-AT Vee NOM WORST SERIES 

PARAMETERS 

CASE INPUT LEVELS- -AT Vee MAX & Vee MIN 

I WORST CASE AND BEST CASE 
INPUT LEVELS-

STATIC 
VERIFIES THAT _i 
DATA IS RETAINED 

HOLD 
DURING STANDBY QUALITY QUALITY AND RELIABILITY TEST 
-AT WORST CASE Vee- ACCEPTANCE ASSURANCE GROUP 

l ALL TESTS ARE DONE AT HIGH 
TEMPERATURE (TA= 70°C). 

STATIC RAMs-ORA FLOW 

J 
NEW PROCESS/PACKAGE? J 

YES 

I 
1 NO 

[ QUALIFICATION ] [ PROCESS/PACKAGE MONITOR 

I ~ I 
[ 50 UNITS CHOSEN WEEKLY ] r MINIMUM OF 3 LOTS I (SOME FROM MONTHLY GROUP) MINIMUM OF 100 UNITS • i CHOSEN MONTHLY FROM 

AS MANY CODES AS POSSIBLE 
[ LIFE TEST, 125°C,48 HRS ] 

ENVIRONMENT 
SAMPLE j_ SIZE 

I 

ENVIRONMENT 
SAMPLE 

LIFE TEST 85°C 100 SIZE 
(1000 HRS) 125°C 100 

TEMPERATURE CYCLE 25 
LIFE TEST, 125°C 50 

85°C/85% R.H. 30 
TEMPERATURE CYCLE 20 

PRESSURE COOKER 20 
THERMAL SHOCK 20 

150°C STORAGE 40 
85°C/85% R.H. 20 

PRESSURE COOKER 20 

MOISTURE RESISTANCE 20 

ALL PACKAGES ARE PLASTIC 
LIFE TEST UNITS ELECTRICALLY TESTED; PACKAGE ENVIRONMENTS FOLLOWED BY ELECTRICAL TESTS 
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EPROMs - FINAL TEST 

EPROMs - ORA FLOW 

PARAMETRIC 
TEST 

SERIES 

FUNCTIONAL 
TEST 

SERIES 

PROGRAMMING 
TEST 

DATA 
RETENTION 

TEST 

FUNCTIONAL 
SPEED 

TEST 

ERASEABI LITY 
TEST 

J 

QUALITY 
ACCEPTANCE 

[ QUALIFICATION ] (EPROMS) 

~ 
I MINIMUM OF 3 LOTS ] 

' ENVIRONMENT 
SAMPLE 

SIZE 

LIFE TEST B5°c 100 
(1000 HRS) 105°c 100 

125°c 100 

THERMAL SHOCK 
TEMPERATURE CYCLE 25 
MOISTURE RESISTANCE 

EXTENDED TEMPERATURE 25 
CYCLE 
MECHANICAL SHOCK 
VIBRATION VAR. FREQ. 25 
CONSTANT ACCELERATION 

ALL PACKAGES ARE HERMETIC 

TESTING/RELIABILITY 

FINAL TEST 

ASSEMBLY 

VERIFY LEAKAGE CURRENT - INPUT/OUTPUT, 
HIGH/LOW; POWER SUPPLY CURRENT -
ACTIVE MODE AND POWER DOWN MODE 

VERIFY ERASEABILITY (ALL ONES); 
PROGRAMMABILITY (WORST CASE); 
ADDRESS DECODERS 

VERIFIES ALL BITS ARE PROGRAMMABLE 

VERIFIES LONG LIFE CHARGE STORAGE -
DEVICES ARE BAKED OVER LONG PERIOD 
TO INSURE SUCH 

VERIFIES MAXIMUM SPEED AT WORST 
CASE SUPPLY LEVELS AND WORST CASE 
INPUT LEVELS 

VERIFIES ALL BITS ARE ERASEABLE 

QAULITY AND RELIABILITY ASSURANCE GROUP 

[ NEW PROCESS/PACKAGE? ] 
YES l NO 

[ PROCESS/PACKAGE MONITOR 

:I • [ 50UNITSCHOSENWEEKLY 
(SOME FROM MONTHLY GROUP) 

MINIMUM OF 100 UNITS 
CHOSEN MONTHLY FROM 

' AS MANY DATA CODES AS 

r LIFE TEST, 125°C, 48 HRS POSSIBLE 

I 
ENVIRONMENT SAMPLE 

SIZE 

LIFE TEST 125°c 
48 HRS, WEEKLY AND 50 
1000 HAS, ONCE A MONTH 100 

THERMAL SHOCK 
TEMPERATURE CYCLE 40 

... IN ADDITION MOISTURE RESISTANCE 

LIFE TEST UNITS EXTENDED TEMP. CYCLE 

ELECTRICALLY TESTED; MECHANICAL SHOCK 
PACKAGE ENVIRONMENTS VIBRATION VAR. FREQ. 40 
FOLLOWED BY ELECTRICAL CONSTANT ACCELERATION 
AND HERMETICITY TESTS. 
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 

PART I - GENERAL CONCEPTS AND TYPES OF MEMORIES 

Address - Any given memory location to which data can be stored or retrieved. 

Automatic Chip-Select/Power Down - (see Chip Enable Input) 

Bit - Contraction of BI nary digiT, e.e., a 1 or 0, in electrical terms a lack of or the presence of charge, voltage, or current. 

Byte - A word of 8 bits (see word) 

Chip Enable Input - A control input to an integrated circuit that when active permits operation of the integrated circuit for 

input, internal transfer, manipulation, refreshing, and/or output of data and when inactive causes the integrated circuit 

to be in a reduced-power standby mode. 

Chip Select Input - Chip select inputs are gating inputs that control the input to and output from the memory. They may 

be of two kinds: 
1. Synchronous - Clocked/latched with the memory clock. Affects the inputs and outputs for the duration 

of that memory cycle. 
2. Asynchronous - Has direct asynchronous control of inputs and outputs. In the read mode, an asynchronous 

chip select functions like an output enable. 

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

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

Dynamic (Read/Write) Memory (DRAM) - A read/write memory in which the cells require the repetitive application of con­

trol signals in order to retain the stored data. 
NOTES: 1. The words "read/write" may be omitted from the term when no misunderstanding will result. 

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

circuit. 

Electrically Alterable Read-Only Memory (EA ROM) - A nonvolatile memory that can be field-programmed like a PROM or 

EPROM, but that can be electrically erased by a combination of electrical signals at its inputs. 

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

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

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

each memory cell altered. 

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

precise term for EPROMs and EAROMs is nonvolatile since their data may be easily changed. 

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

K - When used in the context of specifying a given number of bits of information, 1 K = 21 0 = 1024 bits. Thus, 64K = 

64 X 1024 = 65,536 bits. 

Large-Scale-Integration (LSI) - The description of any IC technology which enables condensing more than 100 equivalent 
gates onto a single chip. 
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 

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

Memory - A medium capable of storage of information from which the information can be retrieved. 

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

can be stored, and from which it can be retrieved. 

Metal-Oxide Semiconductor (MOS} - The technology involving photolithographic layering of metal and oxide to produce a 

semiconductor device. 

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

MOS) 

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

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

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

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

retrieved simultaneously from several outputs. 

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

Program - Typically associated with EPROM memories, the procedure whereby logical O's (or 1 's) are stored into various 

desired locations in a previously erased device. 

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

Programmable Read-Only Memory (PROM} - A memory that permits access to any of its address locations in any desired 

sequence with similar access time to each location. 
NOTE: The term as commonly used denotes a read/write memory. 

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

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

structure and is unalterable. 

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

input signals. 

Row Address Strobe (RAS} - A clock used in dynamic RAMs to control the input of the row addressed. It can be active high 
(RAS) or active low (RAS). 

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

Semi-Static (Quasi-Static, Pseudo-Static} RAM - In a semi-static RAM, the periphery is clock-activated (i.e., dynamic). Thus 
the periphery is inactive until clocked, and only one memory cycle is permitted per clock. The peripheral circuitry must 

be allowed to reset after each active memory cycle for a minimum precharge time. No refresh is required. 

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

form a single output. 

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. 
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Very-Large-Scale-Integration (VLSI) - The description of any IC technology which enables condensing over 1,000 equivalent 
gates into a single chip. 

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

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

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

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. 

PART II - OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 

The symbols for quantities involving time use upper and lower case letters according to the following historically evolved 
principles: 

a. Time itself, is always represented by a lower case t. 
b. Subscripts are lower case when one or more letters represent single words, e.g., d for delay, su for setup, rd 

for read, wr for write. 
c. Multiple subscripts are upper case when each letter stands for a different word, e.g., CS for chip select, PLH 

for propagation delay low to high, RMW for read, modify, write. 

Access Time 

The time between the application of a specified input pulse during a read cycle and the availability of valid data signals 

at an output. 

Example symbology: 

ta(ad,LH) 
ta(ad,H L) 

ta (CE). ta(E) 
ta(CS). ta(S) 

Capacitance 

Access time from address, low-to-high-level output 
Access time from address, high-to-low-level output 
Access time from chip enable 
Access time from chip select 

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

Example symbology: 

Input capacitance 
Output capacitance 
Input capacitance, data input 

Current 

High-level input current, I 1H 
The current into an input when a high-level voltage is applied to that input. 

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

Low-level input current, I 1 L 
The current into an input when a low-level voltage is applied to that input. 

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

• Current out of a terminal is given as a negative value. 
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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 will establish 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 con­
ditions applied to establish the output logic level farthest from ground potential (or other specified potential). 

Supply current IBB, Ice, loo, lpp 
The current into, respectively, the Vss. Vee. Voo. Vpp supply terminals. 

• Current out of a terminal is given as a negative value, 

Cycle Time 

Read cycle time, tc(rd) (See Note) 
The time interval between the start and end of a read cycle. 

Read-write cycle time, tc(RW) (or read-modify-write cycle time, tc(RMW) (See Note) 
The time interval between the start of a cycle in which memory is read and new data is entered and the end of that cycle. 

Write cycle time, tc(wr) 
The time interval between the start and end of a write cycle. 
NOTE: A cycle time is the actual time between two intervals and may be insufficient for the completion of opera­

tions within the memory. A minimum value is specified that is the shortest time in which the memory will 
perform its read and/or write function correctly. 

Data Valid Time 

Data valid time with respect to chip select, tDV(CS) 
The interval following chip deselection during which output data continues to be valid. 

Data valid time with respect to address, tov(ad) 
The interval following an initial change of address during which data stored at the initial address continues to be valid 
at the output. 

Delay Time 

The time between the specified reference points on two waveforms. 

Example symbology: 

td(</>1 -</>2) 
td(PH-eEH) 
tRLeH 

Hold Time 

Hold time, th 

Delay time, clock 1 to clock 2 
Delay time, precharge high to chip enable high 
Delay time, RAS going low to eAS going high (new symbology) 

The 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 between two events and may be insufficient to accomplish the in­

tended result. A minimum value is specified that is the shortest interval for which correct operation 
of the logic element is guaranteer!. 

2. The hold time may have a negative value in which case the minimum limit defines the longest interval 
(between the release of data and the active transition) for which correct operation of the logic element 
is guaranteed. 
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Example symbology: 

th(ad) 

th(da) 

th(rd) 
th(wr) 

th(rs) 

Address hold time 
Data hold time 

Read hold time 

Write hold time 
Reset hold time 

Operating Free-Air Temperature 

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

Output Enable and Disable Time 

Output enable time (of a three-state output) to high level, tPZH (or lnw level, tpzL) 

The propagation delay time 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 the defined high (or low) level. 

Output enable time (of a three-state output) to high or low level, tpzx 

The propagation delay time 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). 

Output disable time (of a three-state output) from high level, tPHZ (or low level, tPLZl 

The propagation delay time between the specified reference points on the input and output voltage waveforms with the 

three-state output changing from the defined high (or low) level to a high-impedance (off) state. 

Output disable time (of a three-state output) from high or low level, tpxz 

The propagation delay time 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. 

Propagation Time 

Propagation delay time, tpo 

The time between the specified reference points on the input and output voltage waveforms with the output changing 
from one defined level (high or low) to the other defined level. 

Propagation delay time, low-to-high-level output, tPLH 

The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined low level to the defined high level. 

Propagation delay time, high-to-low-level output, tPHL 

The time between the specified reference points on the input and output voltage waveforms with the output changing 

from the defined high level to the defined low level. 

Pulse Width 

Pulse width, tw 

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

Example symbology: 

tw(CEH) 

tw(CEL) 

tw(clr) 
tw(CS) 

tw(cf>) 
tw(rs) 
tw(wr) 

Pulse width, chip enable high 

Pulse width, chip enable low 

Clear pulse width 
Chip-select pulse width 

Clock pulse width 

Reset pulse width 

Write pulse width 
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Refresh Time Interval 

Refresh time interval, trefresh (or tREF) 

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

eel I to its original level. 
NOTE: The refresh time interval is the actual time between two refresh operations and may be insufficient to pro­

tect the stored data. A maximum value is specified that is the longest interval for which correct operation is 

guaranteed. 

Setup Time 

Setup time, tsu 

The time interval between the application of a signal that is maintained at a specific input terminal and a specified sub­

sequent active transition at another specified input terminal. 

NOTES: 1. The setup time is the actual time between two events and may be insufficient to accomplish the set­
up. Minimum value is specified that is the shortest interval for which correct operation of the logic 

element is guaranteed. 
2. The setup time may have a negative value in which case the minimum limit defines the longest interval 

(between the active transition and the application of the other signal) for which correct operation of 

the logic element is guaranteed. 

Example symbology: 

tsu(ad) 

tsu(da) 
tsu(rd) 

tsu(wr) 

Transition Time 

Address setup time 

Data setup time 

· Read setup time 

Write setup time 

Transition time, low-to-high-level, tTLH 

The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing from 

the defined low level to the defined high level. Also known as rise time, tr. 

Transition time, high-to-low-level, trH L 

The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing from 

the defined high level to the defined low level. Also known as fall time, tf. 

Voltage 

High-level input voltage, V1H 

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

variables. 

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which operation of 

the logic element within specification limits is guaranteed. 

High-level output voltage, VoH 

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

Low-level input voltage, V1 L 

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

variables. 
NOTE: A maximum is specified that is the most positive value of low-level input voltage for which operation of 

the logic element within specification limits is guaranteed. 
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Low-level output voltage, Vol 

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

Supply Voltages, Vss. Vee. Voo. Vpp 

The voltages supplied to the corresponding voltage pins that are required for the device to function. From one to four 

of these supplies may be necessary, along with ground, Vss-

PART 111 - TIMING DIAGRAMS CONVENTIONS 

TIMING DIAGRAM 
SYMBOL 

~ 
///I!/ 

INPUT 
FORCING FUNCTIONS 

Must be steady high or low 

High-to-low changes 

permitted 

Low-to-high changes 

permitted 

Don't Care 

(Does not apply) 

PART IV - BASIC DATA SHEET STRUCTURE 

MEANING 
OUTPUT 

RESPONSE FUNCTIONS 

Will be steady high or low 

Will be changing from high 

to low sometime during 

designated interval 

Will be changing from low 

to high sometime during 

designated interval 

State unknown or changing 

Center line is high-impedance 

off-state 

The front page of the data sheet begins with a list of key features such as organization, interface, compatibility, opera­

tion (static or dynamic). access and cycle times, technology (N or P channel, silicon or metal oxide gate), and power. 

In addition, the top view of the device is shown with the pinout provided. Next a general description of the device, 

system interface considerations, and elaboration on other device characteristics are presented. The next section is an ex­

planation of the device's operation which includes the function of each pin (i.e., the relationship between each input 

(output) and a given type of memory). The functions basically involve starting, achieving, and ending a given type of 

memory cycle (e.g., programming or erasing EPROMs, or reading a memory location). 

Usually the next few pages contains the absolute maximum ratings (e.g., voltage supplies, voltage input, and tempera­

ture) over the operating free-air temperature range. If the device is used outside of these values, it may be permanently 

destroyed or at least it would not function as intended. Following this table is usally a functional block diagram, a flow 

chart of the basic internal structure of the device showing the signal paths for data, addresses, and control signals, as 

well as the internal architecture. Next, typically, are the recommended operating conditions (e.g., supply voltages, input 

voltages, and operating temperature). The memory device is guaranteed to work reliably and to meet all data sheet para­

meters when operated in accord with the recommended operating conditions and within the specified timing. If the 

device is operated outside of these limits (minimum/maximum). the device's operation is no longer guaranteed to meet 

the data sheet parameters. Operation beyond the absolute maximum ratings as just described can result in catastrophic 

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

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

At the end of a data sheet additional applications information may be provided such as how to use the device, graphs 
of electrical characteristics, or other data on electrical characteristics. 
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LOGIC SYMBOLS 

1.0 INTRODUCTION 

EXPLANATION OF NEW LOGIC SYMBOLS 
FOR MEMORIES 

The International Electrotechnical Commission (IEC) has been developing a very powerful symbolic language that can 

show 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 will be partially explained below. 

The system was introduced in the USA in a rudimentary form in IEEE/ ANSI 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. 

Internationally, Working Group 2 of IEC Technical Committee TC-3 is preparing a new document (Publication 617-12) 

that will consolidate the original work started in the mid 1960's and published in 1972 (Publication 117-15) and the 

amendments and supplements that have followed. Similarly for the USA, IEEE Committee SCC 11.9 is revising the 

publication IEEE Std 91/ANSI Y32.14. Texas Instruments is participating in the work of both organizations and this 

1980 Edition of the MOS Memory Data Book introduces new logic symbols in anticipation of the new standards. When 

changes are made as the standards develop, future editions of this book will take those changes into account. 
Unfortunately, time and publication schedules have prevented the preparation of symbols for all the devices. This work 

will continue. 

The following explanation of the new symbolic language is necessarily brief and greatly condensed from what the 

standards publications will finally contain. This is not intended to be sufficient for those 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. 

2.0 EXPLANATION OF A TYPICAL SYMBOL 

The TMS 2114 symbol will be explained in detail. This symbol includes almost all the features found in the others. 

Section 3.0, Diagramatic Summary, should be referred to while reading this explanation. 

AO (S) 

(6) 
Al----4 

A2 (J) 

A3 
(4) 

A4 (3) 

(2) 
AS----4 

(1) 

002-----.... 

TMS 2114 

RAM 1024x4 

003 1121 -------1 
(11) 

004-----4 

By convention all input lines are located on the left and output lines are 

located on the right. When an exception is made, an arrowhead shows reverse 
signal flow. The input/output lines (D01 through D04) illustrate this. 

The polarity indicator ~ indicates that the external low level causes the 

internal 1 state (the active state) at an input or that the internal 1 state causes 

the external low level at an output. The effect is similar to specifying positive 

logic and using the negation symbol o . 

The rest of this discussion concerns features inside the symbol outline. The 

address inputs are arranged in the order of their assigned binary weights and 

the range of the addresses are shown as Ar:; where m is the decimal equivalent 

of the lowest address and n is the highest. The inputs and outputs affected by 

these addresses are designated by the letter A. 

The letter Z followed by a number is used to transfer a signal from one point 

in a symbol to another. Here the signal at output A,Z3 transfers to the 3 at 

the left side of the symbol in order to form an input/output port. The A 

means the output comes from the storage location selected by the address 

inputs. 

The 'V symbol designates a three-state output. Three-state outputs will always 
be controlled by an EN function. When EN stands at its internal 1 state, the 

outputs are enabled. When EN stands at its internal 0 state, the three-state 

outputs stand at their high-impedance states. 
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Since the boxes associated with D02, D03, and D04 have no internal qualifying symbols, it is to be understood that 
these boxes are identical to the box associated with DOl. 

Any D input is associated with storage. Whatever internal state is taken on by the D input is stored. The letter A (in 
A,Z3) indicates that the state of the D input will be stored in a cell selected by the A inputs. If the D input is disabled, 
the storage element retains its content. 

Various types of relationships between ports can be indicated by what is called depenjency notation. A letter indicating 
the type of dependency (e.g., C, G, Z) is placed at the affecting input (or output) and this is followed by a number. 
Each affected input (or output) is labeled with that same number. The Z symbol explained above is one form of 
dependency notation. Several other types of dependency have been defined but their use has not been anticipated in 

this book. 

The numeral 2 at the D input indicates that the D input is affected by another input, in this case a C input (i.e., 1 C2). 
When a C input stands at its internal 1 state, it enables the affected D input(s). When the C input stands at its internal 

0 state, it disables the D input(s) so that it (they) can no longer alter the contents of the storage element(s). 

The C input is itself affected by another input. The numeral 1 in front of the C shows that a dependency relationship 
exists with a G input. The letter G indicates an AND relationship. When a G input stands at its internal 1 state (low in 
this case), the affected inputs (EN and C2 here) are enabled. When the G input stands at its internal 0 state, it imposes 
the 0 state on the affected inputs. 

Pin 10 has two functions. Its function as a C input has just been explained. Note that for the C input function to stand 
at its 1 state, pin 10 must be low and pin 8 must also be low. The other function of pin 10 is as an EN input. This 
controls the 3-state outputs. This EN input is also affected by the AND relationship with pin 8 so for the EN function 
to stand at its internal 1 state (enabling the outputs), pin 10 must be high and pin 8 must be low. 

Labels within square brackets are merely supplementary and should be self-explanatory. 

If you have questions on this Explanation of New Logic Symbols, please contact: 

F. A. Mann MS84 
Texas Instruments Incorporated 
P.O. Box 225012 
Dallas, Texas 75265 
Telephone (214) 238-3746 

IEEE Standards may be purchased from: 

Institute of Electrical and Electronics Engineers, Inc. 
345 East 4 7th Street 

New York, N.Y. 10017 

International Electrotechnical Commission (IEC) publications may be purchased from: 

American National Standards Institute, Inc. 
1430 Broadway 
New York, N.Y. 10018 
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d 

LOGIC SVMBO'lS 

DIAGRAMATIC SUMMARY 

INPUTS 

Active H (high) 

Active L (low) 

Active on L-to-H transition 

Active on H-to-L transition 

INPUT/OUTPUT 

a--t-f-- a___r--
4-L__ .. ~ L __ 

OUTPUTS 

Active high 

Active low* 

3-State 

Open-Circuit (L-type)t 

Open-Circuit (H-type):f 

COMMON CONTROL BLOCK 

G(AND)DEPENDENCY 

a=t5- _ •p- _ •Q---
b 5 b b 

- -- --

C(CONTROL)DEPENDENCY 

a--fc2-­
b~D 

[STORAGE] 

& 
S [Set] 

R [Reset] 

Z (INTERCONNECTION) DEPENDENCY ai ___ z;+ 
5 z1 

• The active-low indicator may be used in combination with the 3-

state and open-circuit indicators. 

t L-types include N-channel open-drain and P-channel open-source 

outputs. 

* H-types include P-channel open-drain and N-channel open-source 

outputs. 
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If you're not already on it and want t[J; ~u~ep up to datt=, ~ get on our mailing lost. Co1111plrete and return the card below. 
Please fill out completely the name and address portion 

1st/2nd Initial 1 T J Last name 

Company Name (Do not abbreviate if possible) 

Division T T T 

Company Street Address 

Company CityT T I 

1 0 Your principal job function (Insert code) 

1 General and Corporate Management 
2 Design and Development Engineering (circuits, 

components, equipment systems) 
3 Engineering Services (evaluation, quality con-

trol, reliability, standards, test) 
4 Basic Research 
5 Manufacturing and Production 
6 Engineering Assistants (draftsman, lab assistant, 

technician) 
7 Purchasing and Procurement 
8 Marketing including Sales 
9 Other Personnel (explain) 

5 AREA OF INTEREST (CHECK ONE) 

IF II. OR Ill. IS CHECKED, PLEASE ANSWER: 

TYPE OF SYSTEM YOU'RE NOW 
MANUFACTURING/USING? 

0 Chip Level Microprocessor 
0 Board Level Microprocessor 
D UNIBUS* System 
0 Other ________ _ 

* Trademark of Digital Equipment Corporation 

Title I 
T I 

Internal Mail Code 

T 1 
SJ State Zip Code ";:;!};!!!~ IJ&.: 

T 1- -
Area Code Office Telephone 

2 D Please estimate (Insert letter) 

The number of electronic engineers at this address 
(A) 1 - 19, (B) 20 - 49, (C) 50 - 99, (D) 100 - 249 
(E) 250 - 299, (F) OVER 500 

3 Do you specify or buy through distributors? 

o YES o NO 

4 Will you bu using microprocessors in your designs? 

O YES o NO 

I. O MOS Memory Components 
11. 0 Memory Systems 

111. o Both 

DO YOU CONSIDER YOURSELF ... 

0 Large Mfgr/User? 
( 500-1000 Systems/Year) 

0 Medium Mfgr/User? 
(50-500 Systems/Year) 

0 Small Mfgr/User? 
(Less than 50 Systems/Year) 

6 Plant Your own work 

D D The primary and end product (or service 
performed) at your plant, and the pro­
duce (or service) that is your own work. 
(I ns1?rt code in each box even if the 
same.) 

A A 
B B 
c c 
D D 
T T 
E E 
F F 
H H 
J J 
G G 
N N 
K K 
L L 
M M 
Q Q 

p p 

R R 
u u 

v v 

x x 
1 1 
2 2 

3 3 
4 4 
5 5 

Large computers 
Mini-Computers 
Computer Peripheral Equipment 
Data Processing Systems (Systems Integration) 
Office and Business Machines 
Test, Measurement and Instrumentation Equipment 
Communications :Systems and Equipment 
Navigation and Guidance Systems and Equipment 
Consumer Entertainment Electronic Equipment 
Consumer Electronic Appliances 
Other Consumer Electronics 
Industrial Controls, Systems and Equipment 
Components and Sub Assemblies 
Materials and Hardware 
Aircraft, Missiles, Space and Ground Support Equip-
ment 
Oceanography and Support Equipment 
Medical Electronics 
Industrial Companies within the OEM incorporating 
Electronic Equipment in their end product, not else· 
where classified. 
Independent Resi~arch, Test and Design Laboratory 
and Consultant (Only if you are not connected with 
a manufacturing company.} 
Government Agency and Military 
Commercial Users of Electronic Equipment 
Industrial Companies using and/or incorporating any 
Electronic products in their manufacturing, research 
or development activities. 
Distributor 
School, Universitv or Library 
Other (explain) 
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