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SUMMARY SCHOTTKY TTL MEMORIES

FIELD PROGRAMMABLE READ-ONLY MEMORY (PROM) LINE SUMMARY (SEE PAGE

MASK-PROGRAMMED READ-ONLY MEMORY (ROM) LINE SUMMARY

»

TYPE NUMBER (PACKAGES) TYPE OF BIT SIZE TYPICAL PERFORMANCE SEE
—55°C to 125°C 0° to 70°C OUTPUTI(S) (ORGANIZATION) ADDRESS POWER PAGE
ACCESS TIME DISSIPATION
SN5488A(J, W) SN7488A(J, N) Open-Collector 256 Bits 26 ns 320 mwW 7
(32W x8B)
SN54187(J, W) SN74187(J, N) Open-Collector 1024 Bits 40 ns 460 mW
(256 W x 4 B)
SN545270(J) SN745270(J, N) Open-Collector 2048 Bits ,
45 ns 525 mW
SN545370(J) SN745370(J, N) 3-State (512W x 4 B)
SN545271(4) SN745271(J, N) Open-Collector 2048 Bits
- 45 ns 526 mW 7
SN545371(J) SN745371(J, N) 3State (256 W x 8 B)
READ/WRITE MEMORY (RAM) LINE SUMMARY
TYPE NUMBER (PACKAGES) BIT SIZE OUTPUT TYPICAL PERFORMANCE SEE
—55°C t0 125°C 0°C to 70°C (ORGANIZATION) | CONFIGURATION ADDRESS POWER PAGE
ACCESS TIME | DISSIPATION
SN545189(J, W) SN 74S5189(J, N) . 64 bits Three-state
SN545289(J, W) SN745289(J, N) (16 W x 4B) Open-Collector 25ns 375 mW 15
SN545200A(J, W) | SN745200A(J, N) 25 ns 500 mW
SN54LS200A(J, W) | SN74LS200A(J, N) Three-State 35 ns 275 mW
SN54LS202(J, W) | SN74LS202(J, N) 256 bits 275/100* mW 19
SN54S300A(J, W) | SN74S300A(J, N) (256 W x 1B) 25 ns 500 mW
SN54LS300A(J, W) | SN74LS300A({J, N) Open-Collector 35 ns 275 mW
SN54L5302(J, W) SN74L5302(J, N) 275/100* mW
SN745214A(J, N) 30ns 550 mW
SN545214(J) SN745214(J, N) 40 ns 560 mW
SN54LS5214(J) SN74LS214(J, N) Three-State 65 ns 200 mW
SN54LS215(J) SN74LS215(J,N) 1024 bits 75 ns 200/100°mW -
SN745314A(J, N) (1024 W x 1B) 30 ns 550 mW
SN545314(J) SN745314(J, N) 40 ns 560 mW
SN541L.S314(J) SN74LS314(J, N) Open-Collector 75 ns 200 mW
SN541.5315(J) SN74S8314(J, N) 75 ns 200/100*mW
SN645207(J) SN745207(J, N) 40ns 600 mW
SN54L5207(J} SN74LS207(J, N) 1024 bits Three.State 75 ns 200 mW ‘
SN545208(J) SN 745208(J,N) (256 W x 4B) 40 ns 600 mW
SN54L.5208(J) SN74L5208(J,N) 75 ns 200 mW
SN545400(J) SN745400(J, N) 4096 bits Three-State 75 ns 500 mW 37
SN545401(J) SN745401(J, N) (4096 W x 1B) Open-Collector
FIRST-IN/FIRST-OUT (FiFO) MEMORY
TYPICAL PERFORMANCE
TYPE NUMBER BIT SIZE OATA RATES FALL. FOWER SEE
(PACKAGES) (ORGAN!ZATION) INPUT OUTPUT THROUGH DISSIPATION PAGE
SN745225(4, N) 80 bits d< 10 10 MHz d< to 10 MHz 215 ns 400 mwW 39
(16 W x 58)

*Powered down
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SCHOTTKYT SERIES 54S/74S
PROM’S PROGRAMMABLE READ-ONLY MEMORIES

e Titanium-Tungsten {Ti-W) Fuse Links for e Full Decoding and Chip Select Simplify
Fast, Low-Voltage, Reliable Programming System Design
® All Schottky-Clamped PROM’s Offer: e Applications Include:
Fast Chip Select to Simplify System Decode Microprogramming/Firmware Loaders
Choice of Three-State or Open-Collector Outputs Code Converters/Character Generators
P-N-P Inputs for Reduced Loading on Translators/Emulators
System Buffers/Drivers Address Mapping/Look-Up Tables
TYPE NUMBER (PACKAGES) BIT SIZE ouTPUT A;::::s" PERFOR":?):’;Z
55°C to 125°C 0°C to 70°C (ORGANIZATION) CONFIGURATION
ACCESS TIME DISSIPATION
54S5188(J, W) SN74S188(J, N} 256 bits open-collector 25 400 mW
SN545288(J, W) SN745288(J, N) (32Wx88) three-state e m
SN545287(J, W) SN74S287(J, N) 1024 bits three-state a2 500 W
SN54S387(3, W) SN745387(J, N) (256 W x 4 B) open-collector " ™
SN54S470(J) SN745470(J, N) 2048 bits open-collector 50 550 mW
SN545471(J) SN745471(J, N) (256 W x 8 B) three-state e ™
SN545472(J) SN7484720J, N) 4096 bits three-state - 00
SN545473(3) SN745473(J, N) (512W x 8 B) open-collector " 600m
SN545474(J, W) SN74S474(J, N) 4096 bits three-state - 600 MW
SN545475(J, W) SN748475(J, N) (512Wx 8 B) open-collector ns m
266 BITS 1024 BITS 2048 BITS 4096 BITS 4096 BITS
(32 WORDS BY 8 BITS) (266 WORDS BY 4 BITS) (266 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS)
'S188, ‘S288 'S287, ‘S387 ‘5470, ‘S471 'S472, 's473 'S474, 'S475
001 1 16 Vee ADG W 16 Ve ADA 1 20 vee ADA 20 vee 2o &w ”L, V} i vee
00 2 2¢ 6 s ADF 2 15 ADH AD8 2 19 ADH A8 2 19 A0 oyl r
00 3 3 14 ADE ADE 3C 1w §2 ADC 3 18 ADG ADC 3 l 18 ADH e ”it
DO 4 4 Y13 ADD ADD 4( 13 851 ADD 4 17 ADF ADD a [ 17 ADG aot o1
00 5 5¢ N2 ADC ADA s 312 0O 1 apE 5 % 52 ACE 5 16 ADF wo sa'
00 6 6 1 ADS ADB 6L D11 00 2 DO 1 6 %5, DO 1 8, 155 woc 6
00 7 7 710 ADA ADC % 310 00 3 002 7 4 008 002 7 1 008 . %
GND  8C N9 008 GND Bt D8 004 003 s 13 007 2013 8 13 007 N ;[
00 4 9 122 006 D04 9 12 DO6 o
wr s
GND 104 1 005 GNO 10 1 D05 y‘

w1 ]| w oo
‘ Pin assignments for all of these memories are the same for all packages —_

description

These monolithic TTL programmable read-only memories (PROM’s) feature titanium-tungsten (Ti-W) fuse links with
each link designed to program in one millisecond or less. These PROM’s offer considerable flexibility for upgrading
existing designs or improving new. designs as they feature full Schottky clamping for improved performance,
low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or open-collector outputs, and improved
chip-select access times.

The high-complexity 2048- and 4096-bit 20-pin PROM’s can be used to significantly improve system density for fixed
memories as all are offered in a dual-in-line package having pin-row spacings of 0.300 inch.
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SERIES 54S8/74S

PROGRAMMABLE READ-ONLY MEMORIES

description (continued)

Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure
specified. All PROM’s, except the ‘S287 and 'S387, are supplied with a low-logic-level output condition stored at each
bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at selected
locations. The procedure is irreversible; once altered, the output for that bit location is permanently programmed.
Outputs never having been altered may later be programmed to supply the opposite output level. Operation of the unit
within the recommended operating conditions will not alter the memory content.

Active level(s) at the chip-select input(s) enables all of the outputs. An inactive level at any chip-select input causes all

outputs to be off.

The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output.
The open-collector output offers the capability of direct interface with a data line having a passive pull-up.

schematics of inputs and outputs

‘5287, ‘5288, .

Vee -

INPUT

OUTPUT

1

Programming circuit not shown

‘S188, 'S287, ‘S288, ‘S387, ‘S470, . ’'s188,°s387,
‘SA71, 'SA72, ‘SA73, 'S474, ‘S475 ‘S470, ‘'S473, ‘S475 'S471, 'S472, ‘'s474
EQUIVALENT OF TYPICAL OF TYPICAL OF
EACH INPUT ALL OUTPUTS ALL OUTPUTS

58 2 NOM

QUTPUT

Programming circuit not shown

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

Supply voltage (see Note 1)
Input voltage . . .-
Off-state output voltage

Operating free-air temperature range

Storage temperature range

recommended conditions for programming

SN54S’ Circuits
SN74S’ Circuits

7V

55V
. .. 55V
Z55°C 10 125°C
.. 0°Cto70°C
—-65°C to 150°C

SN54S’, SN748°
UNIT
MIN NOM MAX
Supply voltage, Ve (see Note 1) Steady state 4.75 5 5.75
Program pulse 10 105 11t
Input voltage High level, Vi 24 5 v
Low level, V| 0 0.5
Termination of all outputs except the one to be programmed See load circuit
(Figure 1)
Voltage applied to output to be programmed, VO(pr) (see Note 2 0 025 03 \
Duration of V¢ programming pulse Y (see Figure 2 and Note 3) 09 1 10 ms
Programming duty cycle 25 35 %
Free-air temperature 0 55 | °C

T Absolute maximum ratings.

NOTES: 1. Voltage values are with respect to network ground terminai. The supply-voitage rating does not apply during programming.

2. The 'S188, 'S288, ‘S470, 'S471, 'S472, 'S473, 'S474, and ‘S475 are supplied with all bit locations containing a low logic level, and
programming a bit changes the output of the bit to high logic level. The ‘S287 and ‘S387 are supplied with all bit outputs at a high
logic level, and programming a bit changes it to a low logic level.

3. Programming is guaranteed if the pulse applied is 0.9 ms long.

TEXAS INSTRUMENTS




SERIES 54S/74S
PROGRAMMABLE READ-ONLY MEMORIES

step-by-step programming procedure

1.
2.
3.

Apply steady-state supply voltage (Vcc = 5 V) and address the word to be programmed.
Verify that the bit location needs to be programmed. If not, proceed to the next bit.

If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select
input(s).

. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 3.9 k{2

and apply the voltage specified in the table to the output to be programmed. Maximum current out of the
programming output supply during programming is 150 mA.

5. Step V¢ to 10.5 V nominal. Maximum supply current required during programming is 750 mA.

6. Apply a low-logic-level voltage to the chip-select input(s). This should occur between 10 us and 1 ms after VcC has

reached its 10.5-V level. See programming sequence of Figure 2.

. After the X pulse time (1 ms) is reached, a-high logic level is applied to the chip-select inputs to disable the

outputs.

. Within 10 us to 1 ms after the chip-select input(s) reach a high logic level, V¢ should be stepped down to 5 V at

which level verification can be accomplished.

. The chip-select input(s) may be taken to a low logic level (to permit program verification) 10 us or more after VcC

reaches its steady-state value of 5 V.

. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a

bit.

NOTE: Only one programming attempt per bit is recommended.

-— v,
LOAD CIRCUIT FOR EACH OUTPUT s I + l l ’l r—l_ X

NOT BEING PROGRAMMED OR FOR

L

. 1
oV NEED TO —H VEHIFY g 05V

PROGRAM REMOVE V(¢ 10
Jou v REDUCE AVEHAGE -5V
ouTeuT < POWEH
o

b—r 10t ms

10510 1 ms

APPL Y HEMOVE
PROGRAM VERIFICATION Vot Vouer
FIGURE 1 FIGURE 2-VOLTAGE WAVEFORMS FOR PROGRAMMING
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SERIES 54S/74S
PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

recommended operating conditions

‘'S287, ‘'s471 ‘$288 ‘$472, 's474 uNIT
MIN NOM MAX [ MIN NOM MAX |{ MIN NOM MAX
Supply voltage, Ve Series 548 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 v
Series 74S 4.75 5 5.25 { 4.75 5 5.25 | 4.75 5 5.26
High-level output current, IgH Series 545 =2 -2 =2 mA
Series 74S —6.5 —6.5 —6.5
Lowe-level output current, g 16 20 12| mA
. Series 54S —56 1256 | —-55 126 | —55 125 |
Operating free-air temperature, Ta ~ C
| series 745 0 0] o0 70 0 70
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted
SN548° SN748’
PARAMETER TEST CONDITIONS? UNIY
MIN TYPI MAX | MIN TYPI MAX
ViH High-level input voitage 2 2 \2
ViL Lowe-level input voltage 0.8 08| Vv
ViK Input clamp voltage Vce = MIN, I = —18 mA -1.2 -1.2] Vv
. Ve = MIN, VIH=2V,
VOH High-level output voltage 24 3.4 24 3.2 \
ViL=08V, 1oH = MAX
VoL Lowe-level output voltage Vee = MIN, ViH=2V, 0.5 05| Vv
Vi =08V, loL = MAX
lozH Qif—state output currer\tl Ve = MAX, Vig=2V, 50 so| ua
high-level voltage applied Vo =24V
lozL Off-state output currefn(, Ve = MAX, ViH=2V, —50 50| ua
low-level voltage applied Vo =05V
" .lnpu( current at maximum Vee = MAX, V| =55V T 1| ma
input voltage
IH High-level input current Vee = MAX, V=27V 25 25| WA
TR Low-level input current Vee = MAX, V=05V —250 -250| wA
l0s Short-circuit output current§ Voo = MAX ~30 —100 | —30 —100| mA
Vee = MAX, ‘287 100 135 100 135
lec Supply current Chip select(s) at 0 V,{ ‘S288 80 110 80 110 mA
Outputs open, 'S471 110 155 110 155
See Note 4 'S472, 's474 120 155 120 155
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)
ta(ad) (ns) ta(§) (ns) tpxz (ns)
Access time from Accass time from Disable time from
TYPE TEST CONDITIONS address chip select (enable time) high or low lev
TYPE  MmAX TYPY MAX TYPH MA.
SN545287 42 75 15 40 12 40
SN745287 Cy = 30 pF for 42 65 15 35 12 35
SN545288 talad) and ta(8) 25 50 12 30 8 30
SN745288 53:; for thxz: 25 40 12 25 8 20
SN545471 50 80 20 40 15 35
SN745471 AL =300 4; 50 70 2 3% B 30
SN548472, SN545474 See Figure 4 55 85 20 45 15 40
SN745472, SN745474 55 75 20 40 15 35

T For conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions.
$AIl typical values are at Vo = 5V, T = 26°C.
§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

®An SN54S287 in the W package operating at free-air temperatures above 108°C requires a heat sink that provides a thermal resistance from
case-to-free-air, Rgca, of not more than 42" C/W,

NOTE 4: The typical values of Icc shown are with all outputs low.

TEXAS INSTRUMENTS



SERIES 54S/74S
PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

'S188 '$387, 'S470 '$473, 'S475 UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Vee [ series 545 45 5 55| 45 5 56| 45 & 551
’ I Series 74S 4.75 5 5.25 | 4.75 5 5.25 | 4.75 5 525
High-level output voltage, VoH 55 5.5 5.5 \
Low-level output current, Igy 20 16 12| mA
) ] Series 548 —55 126 | —55 1256 | —55 125
Operating free-air temperature, T a Series 748 o 7 P 2 o 70 [o]

..\ctrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER

TEST CONDITIONS? MIN TYPi MAX [UNIT
ViH High-level input voltage 2 \
ViL Low-level input voltage 08} Vv
Vik Input clamp voltage Vee = MIN, I = =18 mA -1.2] VvV
) Vee = MIN, VoH =24V 50
1oH High-level output current ViH=2V, Von -85V 00 HA
ViL=08V
VoL Low-level output voltage Vee = MIN, ViH=2V, 05| Vv
ViL=08V, loL = MAX
Iy input current at maximum input voltage Vee = MAX, V| =55V 1] mA
hH High-level input current Vee = MAX, V=27V 25| uA
L Low-level input current Vee = MAX, V=05V —250 | uA
Ve = MAX, ‘S188 80 110
lec Supply current Chip select(s) at OV, | 'S387 100 135 mA
Outputs open, ‘S470 110 155
See Note 4 ‘S473;'S475 120 155
switching characteristics over recommended ranges of TA and Vg (unless otherwise noted)
tpLH (ns)
ta(ad) {ns) ta(g) (ns) . .
Access time from Access time from Propagat}wn delay time,
TYPE TEST CONDITIONS . X low-to-high-level output
address chip select (enable time) . . R
from chip select (disable time)
: ) TYPY MAX TYPE MAX TYP} MAX
Q\I&NBS 25 50 12 30 12 30
745188 25 40 12 25 12 25
SN545387 Cy =30pF, 42 75 15 40 15 40
SN74S387 RLq=300%, 42 65 15 35 15 35
SN545470 RL2 =600, 50 80 20 40 15 35
SN748470 See Figure 3 50 70 20 35 15 30
SN54S473, SN654S475 55 85 20 45 15 40
SN748473, SN74S475 55 75 20 40 15 35

tFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions.
$AN typical values sre at Ve = 6 V, Tp = 26°C.
®An SNB4S387 in the W package operating at free-air temperatures above 108°C requires a heat sink that provides a thermal resistance from

case-to-free-air, Rgca, of not more than 42°C/W.
NOTE 4: The typical values of Icc shown are with all outputs low.
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SERIES 54S/74S

PROGRAMMABLE READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION

Vee
R 1 =300
FROM QUTPUT
UNDER TEST
Cy - 30pF R2=600Q

(See Note B} T

LOAD CIRCUIT

NOTES:

CHIP
SELECT
INPUTI(S)

ADDRESS
INPUTS

QuUTPUT

5

i — v
NSV *15\/
..5_/|

|~ —=—-ov

S T p——— e ey
| %wv *xn\, |
|41 R

!
falS) O 14(S) -L——-‘ 'aumr——a‘ l.—cngwm HlPLH
! i |
15 [

VOrg
—_—— V(]

VOLTAGE WAVEFORMS

A. The input pulse generator has the following characteristics: Z ut = 50 2, PRR < 1 MHz, t, € 2.5 ns, and t§ < 2.5 ns.

. C includes probe and jig capacitance.

0O®

input will switch the output under test .

o

. The puise generator is connected to the input under test. The other inputs, memory content permitting, are connected so that the

FIGURE 3 — SWITCHING TIMES OF ‘S188, 'S470, 'S387, ‘S473, AND ‘S475

Vcce
. é
TEST S
POINT
3R =3000
FROM OUTPUT -
UNDER TEST iad
4
1k$2 v
4
CL
3
s2
Cy ncludes prohe and jig capacitance

All chiodes are 1N3UG4

LOAD CIRCUIT

ADDRESS __ o __._ 3v
INPUTS
7 \
(See Note A) - A 'Y
3 (ac)— "'alad)"l
| v
ouTPUT 185 v Loy OH
(S1and S2 closed) o\ v
oL
ACCESS TIME FROM ADDRESS INPUTS
VOLTAGE WAVEFORMS
CHIP
SELECT 15y 3v
INPUTS . A 15V o
(See Note B) - v

Fe——et125) oot 2

See Note C) L3

1y )
WAVEFORM 2 | —i-‘VOH
(S1 open, S2 closed, 15V [N 10_5 v
See Note C) tPHZ dee ~0 V

tpXZ = tPHZ OF tPLZ
ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP SELECT
VOLTAGE WAVEFORMS

NOTES: A. When measuring access times from address inputs, the chip select input(s) is(are) low.

®

When measuring access and disable times from chip-select input(s), the addrass inputs are steady state.

C. Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the
output with internal conditions such that the output is high except when disabled.
D. input waveforms are supplied by pulse generators having the following characteristics: t, < 2.5 ns, ty < 2.5 ns, PRR < 1 MHz,

and Zg,¢ = 50 S2.

FIGURE 4 — SWITCHING TIMES OF ‘S287, ‘S288, ‘S471, ‘S472, AND ‘S474
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TYPES SN548330, SN54S331, SN748330, SN748331
SCHOTTKY?t EXPANDABLE 12-INPUT, 50-TERM
L FIELD-PROGRAMMABLE LOGIC ARRAYS

DECEMBER 1976

e Field-Programmable Logic Array SN54S330, SN54S331 . . . JPACKAGE
Organized 12-Inputs/50-Product SN745330, SN74S331 . . . JOR N PACKAGE
Terms/6-Outputs

® Programmable Options Include: ﬁ INPUTS ouTpUTS

LENTFs  Fe F3 F2 !

=
T

— Active High or Low Inputs/Outputs Yee S 1Nel Tl el (s el M3l Mozl o
— Choice of Dedicated Enable Input or i

T ] T
Automatic Enable by True Product | ‘ | i i | l ‘
[3 J 1 H L/OE Fs F4 F3
Terms
Number of Inputs, Outputs, and » F
‘ Product Terms are Expandable B ¢ o & _F_ & _F A0
» High Density 20.pin Package T
. . 1 2 3 4 5 6 7 8 LRRR
e Full Schottky Clamping for High- S B e S i S N R
Performance: INPUTS ouTPUTS
—35ns Typical Data Delay Time positive logic: See description and function tables.

~— 20 ns Typical Enable Time

e Reliable TI-W Fuse Links for Fast,
Low-Voltage Programming

o Choice of 3-State (‘S330) or 2.5 k2 Passive-Pullup (‘S331) Outputs

description

These high-performance, Schottky-clamped 12-input, 6-output logic arrays can be field programmed to provide 50
product terms derived from the 12 inputs and sum the 50 products onto 8-output lines. They feature a programmable
option which permits the FPLA outputs to be automatically enabled by a true product term or,to dedicate during
programming.input (L/OE) to serve as an output enable (OE). Either option makes the FPLA expandable with respect
to product terms.

For every product term, 12 input variables can be programmed as high or low. Logic flexibility is further enhanced by
the feature that the six outputs can be programmed individually to be active high or low.

The SN54S/74S330 is implemented with bus-driving 3-state outputs and can be connected directly to similar outputs in
a bus-organized system. The SN54S5/74S331 is implemented with a 2.5 k2 passive pull-up resistor on each output
meaning that:
a. The output can be combined with other similar or open-collector outputs to perform the logical wire-AND
or a simple enable/disable function.

b. The series SN74S’ outputs are also rated to source 250 uA of current at VQH = 3.7 minimum for direct
interface with MOS input thresholds.

The TI-W fuse links, used in the ‘S330/‘S331, feature the same low-voltage programming characteristics and proven
reliability which Texas Instruments PROM’s have demonstrated over a number of years.

TEXAS INSTRUMENTS



TYPES SN545330, SN548331, SN748330, SN748331
EXPANDABLE 12-INPUT, 50-TERM
FIELD-PROGRAMMABLE LOGIC ARRAYS

RS TTroTmmooom>»

/

-

| ¢
' so %DﬂD"—F'I

T s

"~ =) ] S raSlvles
SN

g
3

. Fi=Fg, F1,F2, F3, Fe, or Fg

(ABC

.....

L)j= 12 PROGRAMMABLE INPUTS (H = TRUE OR L = TRUE) FbR EACH OF 50 PRODUCT TERMS

10
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TYPES SN548330, SN545331, SN748330, SN748331
EXPANDABLE 12-INPUT, 50-TERM

.FIELD-PROGRAMMABLE LOGIC ARRAYS

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

Supply voltage, V¢ (see Note 1)
Input voltage coe .
Off-state output voltage . PR
Operating free-air temperature range: SN54S330, SN54S331 .
SN74S330, SN74S331 .
Storage temperature range .

NOTE 1: Voltage values are with respect to network ground terminal,

recommended operating conditions

A"
65V
55V

—55 Cto 125°C
. 0°Cto 70°C
.—65°C to 150°C

SN548330, SN54S331 | SN74S330, SN748331 uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 55 ; 4.75 5 5.25 \4
. ~ [_’s330(T-S} -2
High-level A
igh-level output current, loH | 5331 (2.5 ka2 Pullup) — —0.2 —0.26 | ™
Operating free-air temperature, T o —55 125 [ 70 °C
electrical characteristics over recommended operating free-air temperature range (uniess otherwise noted)
SN548330, SN54S331 |SN74S330, SN74S331
1 p—— 20, O TS e
PARAMETER TEST CONDITIONS MIN _ TYPT MAX | MIN TYPF MAX UNIT
ViH High-level input voitage 2 2 v
ViL Low-level input voltage 08 08 A
VK Input clamp voltage Vcg = MIN, Ij=—18 mA —-1.2 -1.2 \
B Vee = MIN,
. $330 IgH = MAX 24 34 24 3.1
VoH  High-level output voltage , VIH=2V = \&
S331 Vi =08V 10H = MAX 3.7 45 37 44
. Vcc=MTN, ViH=2V,
VoL  Low-level output voltage VIL=08V. gy =20mA 0.5 0.5 \
lozH | Off-state output current, ’S330 _ Vg =24V 50 50
Toff , high-level voltage applied '$331 Vec=MAX g —Fav T 50 50 ] “*
Off-state output current, B _ N _
lozL low-level voltage applied 330 Vee = MAX, Vo=05V 50 —s0 BA
" Pnput current at maximum Ve =MAX, V=55V 1 1 mA
input voltage
HiH High-level input current Veec =MAX, Vv =27V 50 50 BA
TR Low-level input current Ve = MAX, =05V -0.25 —0.25 mA
Short-circuit output 'S330 - —-30 -100 | -30 —-100
los current§ ‘S331 Vee = MAX -1.4 -44 | -14 —44 mA
s 11 110
Icc Supply current ,2:;3? Ve = MAX,  See Note 2 12‘2) 122 mA
TFor conditions shown as MIN or MA X, use the appropriate value specified under operating
All typical values are at Veg =5V, Tp = 25°C.
ot more than one output of the ‘S330 should be shorted at a time.
TE 2: Icc is measured with all outputs open and all inputs grounded.
switching characteristics, Voc =5V, Tp = 25°C
PARAMETER FROM TO TEST CONDITIONS MIN TYP MAX UNIT
PLH Any input | Any output 35 ns
tPHL - 35
2L CL =30pF 75
2 Enable Any output 15 ns
tHZ P 156
e Enable Any output CL=5pF 15 n

TeEXAS INSTRUMENTS
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TYPES SN548330, SN548331, SN748330, SN748331
EXPANDABLE 12-INPUT. 50-TERM
FIELD-PROGRAMMABLE LOGIC ARRAYS

programming the FPLA

The ‘S330 and ‘S331 are fabricated to include reliable low-voltage programmable Ti-W fuse links which have identical
fusing characteristics with those used in T1's PROM’s. The conditions recommended for programming the FPLA are
virtually identical to those used for T1’s PROM’s; however, the AND-OR combinational logic performed by an FPLA
requires that sequential programming be employed which establishes the AND term including the data/enable L/OE
input before the OR term. Programming the automatic enable feature active, the true/false logic level of the outputs,
and the data/enable input (L/OE) can be accomplished before or after the AND and OR matrices are established.

_recommended conditions for programming

MIN NOM  MAX [ UNIT]
Supply voltage, Ve (see Note 1) 4.75 5 575 !
Program pulse voltage, V(py) (see Note 1) 10 105 " nt ’
Program pulse rise time 100 ns
Input voltage (see Note 1) bH'gh level, Vi 24 5 v

| Low level, V) 0 0.5

Voltage applied to output for OR programming, VO(pr) (see Figure D) o 0.25 0.3 \
Duration of programming pulse Y (see Figures A, C, D, and Note 2) 0.9 1 20 ms
Programming duty cycle 25 35 %
Free-air temperature 0 55 °C

T Absolute maximum ratings.
NOTES: 1. Voltage values are with respect to the GND terminal.
2. Programming is guaranteed if the puise applied is 0.9ms long. Typically, programming occurs in 1 ms,

programming the true/false logic level of the outputs

The FPLA is supplied with internal conditions est;blished such that when a programmed AND or AND input term is
true the associated function output (Fp) will be at a high logic leve! voltage, VOH-

Programming the output to provide a low logic level voltage (VL) when the programmed input term is true can be
accomplished by using AND/AND terms 50 through 55 shown in Table | and fusing the desired outputs using the step-
by-step procedure.

TABLE | — ADDRESSES FOR PROGRAMMING OUTPUT LEVELS AND ENABLES

ADDRESS APPLIED TO OUTPUTS | PRODUCT TERM PROGRAMS
Fg Fq F3 F2 Fq Fo ADDRESSED
H H L L H L 50 Output Fg true low
H H L L H H 51 Output Fq true low
H H L H L L 52 Output F3 true low
H H L H L H 63 Output F3 true low .
H H L H H L 54 Output Fq true low
H H L H H H 55 Output Fg true low
H H H L L L 56 L/OE input into logical product term
H H H L L H 57 Automatic output enable active

Programming can be verified before AND-OR programming by applying Vcc = 5 V and measuring Vo < 0.5 V at the
programmed output(s). After programming this test can be made by applying the input conditions which correspond
to each term programmed to result in an active low-level output.

TEXAS INSTRUMENTS



TYPES SN545330, SN548331, SN74S330, SN748331
EXPANDABLE 12-INPUT, 50-TERM
FIELD-PROGRAMMABLE LOGIC ARRAYS

step-by-step programming procedure for outputs and enables

7.

Apply steady-state supply voltage (Vcc =5 V) and disable the outputs by applying 10.5 volts to the 12 data
inputs. See Figure 1.

Verify that the fuse link needs to be programmed. If not, proceed to the next term.

Only one fuse link is programmed at a time. Address the term to be programmed by applying V| and V| to the
outputs in accordance with Table |.

Step Vg to 10.5 V nominal. Maximum supply current required during programming is 750 mA.

After the Y pulse time (1 ms) is reached, V¢ should be stepped down to 5V at which level verification can be ac-
complished.

The data inputs may be taken to logic levels (to permitprogram verification) 10 us or more after V¢ reaches its
steady-state value of 5 V.

At a Y pulse duty cycle of 35% or less, repeat steps 1 through 6 for each function to be programmed.

NOTES 3: Vcc should be removed between program-pulses to reduce dissipation and chip temperatures. See Figure 1.

Vee

12 DATA
INPUTS

—_— L1 —_

VERIFY NEEDH HZ +| | TEST OUTPUT J~ Vo

QUTPUTS

e 3 ~

REMOVE Ve TO sV
I i REDUCE
—— 5V

AVERAGE
POWER
[}

] ]
1 i
jg——> 10 s "{ }‘}10;15 4‘]‘)* - .=
' 1
' 1

———— VL

TO PROGRAM (--—- N\ r --n I Vi
1 1
J__-l—-(s-uus ADDRESS INPUT -y | I——’
L 4 | —— e — b VL

VoH
FIGURE 1 — OUTPUTS AND ENABLES PROGRAMMING SEQUENCE

programming the L (en) input

The L/OE input must be programmed either to function as a dedicated enable or to function as the 12th data input.

If it is to become the 12th data input a single fuse, at term 562 (see Table I), should be programmed in accordance with
steps 1 through 4 above; then, input L is programmed logically into each AND/AND product term.

If input L/OE is to function as a dedicated output enable, term 562 is not fused: however, both AND/AND fuse links
at each of the 50 product term addresses must be fused as outlined below creating a ‘‘don’t care”” for input L. This
causes the input to become an overriding output enable/disable for the package.

TEXAS INSTRUMENTS
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TYPES SN54S330, SN54S331. SN745330, SN748331

EXPANDABLE 12-INPUT, 50-TERM

FIELD-PROGRAMMABLE LOGIC ARRAYS

programming the automatic disable to be inactive

The ‘S330 and ‘S331 are supplied with fuse links completing a circuit which automatically disables the six outputs (high-
impedance (Z) for ‘S330, high (H) for ‘S331) for any product term which is purely *“don’t care’’; i.e., not decoded by
the AND matrix. Fusing one link inactivates the automatic output enabling circuit resuiting in the six outputs being

enabled for any input term, even “don’t care’

The automatic disable fuse is programmed inactive by addressing term 57, (see Table 1) and fusing in accordance with

the step-by-step procedure above.

programming the AND/AND product terms

Each of the 50 product terms are capable of being programmed to decode a 12-wide term consisting of any combin
of active (true) high, active (true) low, or don’t care (H or L) input conditions at each of the 12 lines. This capabili:’
implemented by providing AND/NAND decode input gates each having a pair of associated fusible links which can be
programmed to inactivate the unused decode level. Both decode levels can be removed resulting in a “don’t care””

input. The equivalent logic diagram showing the fusible links is shown in Figure 2.

<C

122

3

(A—lsfh-x—
L —

L 4

x X
4

& L

L §

¢

12 .
DATA( B —& i x e e AVa e
INPUTS [ Liero Lie x4
' : > -~ Jh
I i T
uqs—t} Dex_ z
L T—h—’\/ L\Q— X
0 1 _
A-B-L=0 A-B-L=1

50
49 PRODU(
TERMS

B-1L=49

{A IS “DON'T CARE")

FIGURE 2 - EQUIVALENT LOGIC DIAGRAM OF FPLA PRODUCT TERMS
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TYPES SN54S8330, SN548331, SN748330, SN748331

EXPANDABLE 12-INPUT, 50-TERM

FIELD-PROGRAMMABLE LOGIC ARRAYS

A particular pattern is assumed to have been programmed into the AND/AND fuse matrix with fused links opened at
the locations marked with an ““X"". The resultant product terms are enumerated for the outputs of each product-term

AND gate.

Product terms programmed into the AND/AND matrix will be used to select the term for programming the OR
(summing) matrix. Redundant product terms will select two sum terms in the OR matrix, and overlapping product

terms may select two or more sum terms. Reliable programming can

be accomplished if redundant product terms

are avoided and overlapping product terms are made unique for programming.

Redundant product terms are defined as being absolutely equal;i.e.,

A§CDEFGEA§CDEFG. Use of apparently redun-

dant terms is possible if the term does not use all inputs as the remaining inputs can be utilized to create unique terms

for programming purposes by expansion:

Example:

ABCDEFGH=ABCEDFGH

After programming the OR matrix, the product terms can be readdressed and the H input can be programmed “‘don’t

care”’.

Overlapping terms are defined as two or more product terms in which the lesser product term can be addressed as a

result of the application of a larger product term.

Examples:

ABCDEFG == This large product term

AB DE G-=

ACD F _‘,:> also addresses these small terms

The small terms can be made unique for programming by simply expanding to non-redundant inputs.

ABCDEFG = Large term

:BCgE;g:> Small terms made unique by expanding (one fuse link each)

After programming the OR matrix, the product terms can be shortened by readdressing each and programming the
added inputs to a “don’t care”. The AND/AND matrix is programmed one fuse at a time by addressing the term in
.accordance with Table Il and fusing the input while applying the logic level desired to be active. See Figure 3.

TABLE Il — ADD FOR PROGRA PRODUCT TERMS
ADDRESS APPLIED TO OUTPUTS PRODUCT
TERM

Fg5 Fa F3 F2 Fo Fq ADDRESSED

L L L L L L )

L L L L L H 1

L L L L H L 2

L L L L H H 3

H L L L L 48

H H L L L 49

TEXAS INSTRUMENTS
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TYPES SN545330, SN545331, SN748330, SN745331
EXPANDABLE 12-INPUT, 50-TERM

FIELD-PROGRAMMABLE LOGIC ARRAYS

step-by-step programming procedure for AND matrix

NOTES:

Apply steady-state supply (Vcc =5 V) and disable the outputs by applying 10.5 volts to the 12 data inputs.

See Figure 3.

Verify that the fuse link needs to be programmed. If not, proceed to the next term.

Only one fuse link is programmed at a time. Address the term to be programmed by applying V| and V|| to the
outputs in accordance with Table I1.

Apply the level to be true at the input to be programmed.

Step Ve to 10.5 V nominal. Maximum supply current required during programming is 750 mA. .

After the Y pulse time (1 ms) is reached, V¢ should be stepped down to 5 V at which level verification can be
accomplished.

The data inputs may be taken to logic levels (to permit program verification) 10 us or more after V¢ reaches its
steady-state value of 5 V.

At aY pulse duty cycle of 35% or less, repeat steps 1 through 7 for each input to be programmed.

4. Vc should be removed between program-pulses to reduce dissipation and chip temperatures. See Figure 3.

5. If the input just programmed is to be a **

don‘t care’’ and is not being used to expand the product term repeat steps 4 and 5 with

the opposite logic level applied to the input. Before changing the product term address, program all inputs (A through L/OE for

this product ter

m including all ““don’t cares’’.

6. If input L/OE is to be used as a dedicated package enable it must be programmed as a ‘'don’t care’’ by fusing both links at each of

the 50 product

term locations.

The OR (summing) matrix for each product term can be programmed immediately upon completion of the 12-wide
AND/AND term associated with it; or, the entire AND/AND term matrix can be programmed for all 50 product terms
before programming the summing matrix.

Vee

|‘v

_

le—>10(s —p]

3y >
!
— 1
REMOVE Vcc
TO REDUCE 5
' l /— AVERAGE [
H POWER
] @ —_———
’! re >10 s )Yy 0
1

11 DATA INPUTS

 ——— ettt ||

—®
| |

O SN MR Y

VERIFY HIZ ¢| je TEST OUTPUT e Vou
NEEDTO e R e

PROGRA r " H 3 f

Z 16-LINE ADDRESS INPUT —d--mmm e

1]
OuTPUTS VoM bemmmmmmmmemeed bV Lo v
e e e e e - —_———V

INPUT BEING r 1 r
PROGRAMMED ! | __ ) v
FIGURE 3 — AND MATRIX PRODUCT TERM PROGRAMMING SEQUENCE
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TYPES SN548330, SN548331, SN748330, SN748331
EXPANDABLE 12-INPUT, 50-TERM
FIELD-PROGRAMMABLE LOGIC ARRAYS

programming the OR (summing) matrix

Product term(s) programmed into the AND/AND matrix can now be selected to provide a true logic level output. The
true logic level output at Fg through Fg will be high if the output polarity fuses are intact, or Fg through Fg will be
low if the output polarity fuses have been programmed, or a combination of highs and lows if some of the output
polarity fuses have been programmed.

step-by-step programming procedure forAOR matrix

Programming the OR matrix consists of fusing (one at a time) those outputs (Fg through Fg) which are desired to be
false in the addressed product term. The procedure is:

. 1. Apply steady-state supply voltage (V¢ = 5 V) and apply the unique product term. See Figure 4.
2. Verify that the fuse link needs to be programmed. If not, proceed to the next fuse link.

3. Only one fuse link is programmed at a time. Enable the term to be programmed by applying VQ(pr) to the
first output to be false in the product term.

4. Step V¢ to 10.5 V nominal. Maximum supply current required during programming is 750 mA.

5.  After the Y pulse time (1 ms) is reached, VcC should be stepped down to 5 V at which level verification can be
accomplished.

6.  Program verification can occur 10 us or more after Vcc reaches its steady-state value of 5 V.

7. At a Y pulse duty cycle of 35% or less repeat steps 1 through 6 for each output to be programmed false for the
active product term.

NOTES: 7. V¢ should be removed between program pulses to reduce dissipation and chip temperatures. See Figure 1.
. If product terms were expanded to make then unique for programming purposes the product terms can be addressed snd the
added inputs can be removed by programming them to a "’don’t care’’ (fuse the remaining links).

'c— Y —ol
REMOVE Vce
Io-—— >10.1s —.{_.L |t— >10 us TO REDUCE I
AVERAGE e== Vce
. L POWER
_ L
Y

| —_— ov
VERIFY NEED TO TEST g
| PROGRAM | PROGRAM ’|
——————— — -== Vin —————————— V|
1zoatampurs [ UNIQUE PRODUCT TERM ! r
|
— L vie
OUTPUT TO BE
PROGRAMMED (C
v
- 3 Olpr}

FIGURE 4 — OR TERM PROGRAMMING SEQUENCE
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TYPES SN54S330, SN545331, SN74S330, SN74S331
12-INPUT/6-OUTPUT EXPANDABLE FIELD-PROGRAMMABLE LOGIC ARRAYS

N-OUTPUTS

EXPAND EXPAND EXPAND
PRODUCT TERMS NUMBER OF INPUTS NUMBER OF OUTPUTS
'$330/'5331
>—-<>—-1A Fo > —]a Fo > A Fo
. | B £1 - — iy - | [ ' Fif——
1
2 I | FPLA. F2 >\ 5 2 2 reLa F2 -+ | 5 E | ! oFeLa P2
]| a e S I mEney | e B
. i K Fa > |2 ! E Fa > | 2 z : : Fal—»
LOE  Fg ' Loe _ Fs - > LoE  Fs|l 4
g
o
'$330/°5331 H
___’A Fol— 2 L{a Fol— —a Fo[—®
I B ! ——i8 vt (N HfF—
! o | | ! ] ' :
| i FPLA || | | | FpLA | | ! \ FPLA P2
Fgp—— H F H
I B S B 5 ! B F3l—»
l : > .'l ! s Fg
L 4 N .
>———i/oe S———{ur0e L/OE Fs| )
OVERLAP INPUTS OVERLAP INPUTS N:N
AND OUTPUTS 1:1 AND OUTPUTS 1:1 OVERLAP INPUTS N:N
® CODE OUTPUT ENABLES TO ® OVERLAP INPUTS BY N-BITS ® USE OUTPUTS INDEPENDANTLY,
ENABLE FPLA “A” FOR SOME
INPUT PATTERNS AND FPLA ® CODE QUTPUT ENABLES TO ENABLE ® CODE OUTPUTS ENABLED FOR
“B" FOR THE REST. FPLA “A” OR “B" AS APPROPRIATE. BOTH FPLA “A” AND “B".

I FIGURE 5 — EXPANDING THE ‘S330, ‘S331 FPLA .
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TYPES SN548330, SN54S331, SN74S330, SN745331
EXPANDABLE 12-INPUT, 50-TERM
FIELD-PROGRAMMABLE LOGIC ARRAYS

APPLICATIONS
The FPLA is efficiently suited for generating the sum of product terms which are normally required to implement:

- Memory mapping/supplemental functions
— Random logic or function generators

- Sequential controllers

- Status decoders or result interpreters

— Priority encoders

. In addition, the FPLA introduces an alternative approach to the implementation of some code converters, pattern
generators, and look-up tables which have commonly utilized PROMs and/or ROMs.

MEMORY CONTROL/SUPPLEMENTAL FUNCTIONS

The FPLA is ideally suited for implementing a wide variety of functions with respect to the control and/or
supplementing of system memory capabilities. Some are:

- Memory mapping

- Microprogram control
- Memory patch

- PROM extension

The wide input capability of the ‘S330/°S331 FPLA makes it ideal for decoding either a current memory address or a
variety of status lines and generate a unique system control function.

MEMORY MAPPING/MICROPROGRAM CONTROL (See Figure 6)

These similar contro!l functions utilize FPLAs which decode the assigned (mapped) addresses to accomplish system
memory management; and/or, the FPLAs decode the current system address/status and implement the hardwired jump,
branch-to-subroutine, or starting address in the microprogram control memory.

FPLA ASSIGNED OR
STARTING

., :> ADDRESSES
'$330

'$331

MEMORY MEMORY
ADDRESS

S D el E—
v ‘'S373

OR

‘'S374

FIGURE 6 — MEMORY MAPPING/MICROPROGRAM CONTROL
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TYPES SN548330, SN548331, SN745330, SN748331
EXPANDABLE 12-INPUT, 50-TERM
FIELD-PROGRAMMABLE LOGIC ARRAYS

MEMORY PATCH/PROM EXTENSION (See Figures 7 and 8)

These supplemental functions are cost-effective solutions for enhancing or upgrading existing memory systems or
designs. Either the patch or extension can be used to correct existing deficiencies, to prioritize improved control over
existing functions, or to extend the existing capabilities. Priority and source select can be programmed into the FPLA,

ADDRESS ADDRESS PROM -

MEMORY sa72

‘'s473

FPLA
PATCH

8330 |mMEmoRY

N OR
'$331

FIGURE 7 — MEMORY PATCH FIGURE 8 — PROM EXTENSION

DIGITAL SEQUENTIAL CONTROLLERS (See Figure 9)

This broad category of functions range from simple stand-alone machine controllers to the microprogram sequencing of
any size computer or machine. The identifiable common denominator being that a sequential controller decodes a
present state and generates the next state. Contrasted to a data processor or computer which generates information
from operating on a word of data, the sequential controller generates information on a bit-by-bit basis.

Sequences generated can range from simple counting schemes to arbitrary bit-by-bit generation of any unique output
states.

This application shows how the FPLA can simplify the implementation of a sequential controller. When the
combinatorial logic of the FPLA is combined with the flexibility and synchronization of standard flip-flops i
feed-back loop, the full capability to generate a next state functional directive can be decoded from the present sta'.
the outputs of the flip flops (present state) in conjunction with the status inputs.

STATUS DECODERS/RESULT INTERPRETERS

This broad category of functions, generally described as the elements which monitor the execution results of present
instructions in sequential machines, can provide the decision-making hardware needed to both determine that the
present operation is complete and simultaneously generate the next starting address or state. The actual configuration
varies widely, but one popular method is to configure the FPLA similar to that shown for memory mapping.

TEXAS INSTRUMENTS



TYPES SN548330, SN545331, SN745330, SN745331
EXPANDABLE 12-INPUT, 50-TERM
FIELD-PROGRAMMABLE LOGIC ARRAYS

STROBE/
CLOCK

I
FPLA V

STATE
GENERATOR
OR

PIPELINE

NEXT STATE REGISTER
'$330

OR ‘276
'$331

OR
'$374

PRESENT STATE

FIGURE9 — SEQUENTIAL CONTROLLER

PRIORITY ENCODERS

The unique properties of the FPLA’s capability to be programmed for decoding a number of product terms in virtaully
any combination provides the user with the flexibility of identifying and implementing virtually any prioritized scheme.
This option is normally available in any use shown for the ‘S330/'S331.

RANDOM LOGIC OR FUNCTION GENERATORS

The ‘S330/'S331 FPLAs provide the system designer with the options of reducing package count and/or system design
time. Random gate logic can potentially be replaced at a package ratio of 12.5-to-1 up to 50-to-1 depending on the
particular system needs. Function generators can be programmed directly into the FPLA from simple truth tables. in
addition to reducing design and production start-up time, this technique can reduce the direct and indirect costs
associated with logic and package minimization processes.
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SCHOTTKYt TYPE SN748225
TTL MEMORY 16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY

SEPTEMBER 1976

SN74S225 . ..J ORNPACKAGE

(TOP VIEW)
e Independent Synchronous Inputs and Outputs 7
e Organized as 16-Words of 5 Bits cka ] LJ D 2 Vec
e DC to 10 MHz Data Rate IR 2] [J1o  cxe
o 3-State Data Outputs ckout 3[] ] R
e 20-Pin, 300-mil, High Density Package ol af] [J17  OR

DI 2 5 E ] 16 CKIN
DI 3 6 E ] 15 DO 1 ’
DI 4 7‘E j 14 DO2
description DI 5 8 % []13  Dpo3
. . . OF 9 1 po4
This 80-bit active-element memory is a monolithic, —j 2
Schottky-clamped transistor-transistor logic (STTL) array GND 10[ :l 11 Dos
organized as 16 words of five-bits each. The ‘S225 can
easily be expanded to 16N-words of 5N-bits in length and
features a single enable control for all 3-state data outputs.

Pin assignments are same for all packages

operation

A FIFO is a memory storage device which allows data to be written into and/or read from its array at independent data
rates. The ‘S225 is a FIFO which will process data at any desired clock rate from DC to 10 MHz. The data is processed
in a parallel format, word by word.

Reading or writing is done independently utilizing separate synchronous data clocks. Data may be written into the
array on the low-to-high transition of either load clock input. Data may be read out of the array on the low-to-high
transition of the unload clock input (normally high). When writing data into the FIFO one of the load clock inputs
must be held high while the other strobes in the data. This arrangement allows either load clock to function as an
inhibit for the other.

Status of the ‘S225 is provided by three outputs. Input ready monitors the status of the last word location and signifies
when the memory is full. This output is high whenever the memory is available to accept any data. The unload clock
output also monitors the last word location. This output generates a low-logic-level pulse (synchronized to the inte:.
clock pulse) when the location is vacant. The third status output, output ready, is high when the first word loca
contains valid data and unload clock input is high. When unload clock input is low, output ready will be low. The first
word location is defined as the location from which data is provided to the outputs.

The data outputs are noninverted with respect to the data inputs and are three-state with a common control input,
output enable. When output enable is low, the data outputs are enabled to function as totem-pole outputs. A
high-logic-level forces each data output to a high-impedance state while all other inputs and outputs remain active.

The clear input invalidates all data stored in the memory array by clearing the control logic and setting output ready to
a low-logic-level on the high-to-low transition of a low-active pulse. The data outputs do not change as a result of the
clear input; however, the output ready at a low-logic-level signifies invalid data.
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TYPE SN74S§225

16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-0UT MEMORY

FUNCTION TABLES

Table 1 — Input Functions

Table 2 — Output Functions

Input Pin Description Output Pin Description
CK A 1 Load Clock A IR 2 Input Ready
DI1-DI§ 4-8 Data Inputs CK OUT 3 Unload Clock Output
OE 9 Output Enable DO 5-DO 1 11-15 Data Outputs
CK IN 16 Unload Clock Input OR 17 Qutput Ready
CIR 18 Clear
CKB 19 Load Clock B
GND 10 Ground pin
Vee 20 Supply Voltage
sohematics of inputs and outputs
EQUIVALENT OF ALL INPUTS
EXCEPT DATA INPUTS EQUIVALENT OF DATA INPUTS TYPICAL OF ALL OUTPUTS
v, I
cc Vee . - Vee
58 2 NOM
INPUT  — INPUT - OUTPUT
functional block diagram
cka il @
> IR
cx 8 (19)
a7
QUEUE CONTROL LOGIC OR
‘ cxour —3 |
: & __u8 g8 exin
R
(5) a -]
D12 — > |
£ 16-WORD—BY—5-BIT H
os _® |2 2
QUEUE MEMORY -
@ g EMORY ARRAY o
o4 — ¢ o
(8) w
DIy —I
vce = PIN (20) GND = PIN (10)
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TYPE SN748225
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY

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

Supply Voltage, Vc(C (see Note 1)
Input Voltage
Off-State Output VOltage

Operating Free-Air Temperature Range

Storage Temperature Range
NOTE 1:

recommended operating conditions

All voltage values are with respect to network ground terminal.

v
5.5V
. 5.5V

. 0°Cto70°C
—65°C to 150°C

MIN NOM MAX j UNIT,
Supply Voltage, Voo 4.75 5 5.26 V!
Wi , , All Outputs Except Data -3.2 mA
igh-level output current, igH Data Outputs Yy

All Cutputs Except Data 8 mA
Low-level output current, Ig_ Data Outputs 6

Load Clock A or B, ty (high) 25
Pulse Width Unload Clock Input, ty, (low) 7 ns

Clear, ty,, {low} 40
Setup Time Data to Load Clock, tg, (Dli) See Note 2 | —15¢ ns

Clear Release to Load Clock, ts, 25¢
Hold Time, Data from Load Clock, th(Dli} 70t ns
Operating free-air temperature, T 1] 70 °C

NOTE 2: Data must be setup within 15 ns after the load clock positive transition.

t = The arrow Indicates that the low-to-high transition of the load clock is used for reference.

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

PARAMETER TEST CONDITIONS? MIN TYP; MAX JUNIT
ViH High-level input voltage 2 v
ViL  Low-level input voltage 0.8 \'
Vik  Inputclamp voltage Ve = MIN, I} = —-18 mA -1.2 \"
VQH High-level output voltage X::f:o';l\':: 'VOI: ; AZAZX 2.4 29 v
VoL Low-level output voltage z?f;::?/ :g': : ;\;X 035 050 V
Off-state output current, high-level Vee = MAX, ViH=2V,
lozH ' 50| wA
veltage applied V=08V, Vg=24V
Off-state output current, low-level Vee = MAX, ViH=2V,
lozL . 50| wA
voltage applied Vip =08V, Vp=05V
i Input current at maximum input voltage Ve = MAX, Vi=55V 1| mA
WH High-level input current Data In Ve = MAX, V=27V 40 BA
All Inputs Except Data In 25
WL Low-level input current Data In Vee = MAX, =05V =1} mh
All inputs Except Data In -250| uwA
| 105 Short-circuit output current§ Vgeg = MAX -30 -100] mA
icc  Supply Current Ve = MAX, See Note 3 80 120} mA
*For conditions shown as MiN or MAX use the appropriate value specified under r d

fAIl typical values are at Voc =5 V, T = 25°C.

§ Duration of the short circuit should not exceed one second.

NOTE 3:

Icc is measured with all inputs grounded and the output open,
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TYPE SN748225
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-0UT MEMORY

switching characteristics over recommended operating ranges of TA and Ve (unless otherwise noted)

EST
PARAMETERS( FROM T0 TEST MIN TYP; MAX |UNIT
CONDITIONS
fmax CK A Cp = 30pF 10 20 MHz
r .
'max CCK:, RL =300 Q, 10 20 MHz
max K See Note 4 10 20 Mtz
tyy CK OUT 7 14 ns
_ CL=5pF
tpLZ oF DOI L pPF. 40 s
tPHZ R 1 =300 2, See Note 4 40
1
PLH CK IN DOi LN
tPHL A 50 75
CK A
tPLH or OR 215 325 ns
CK B
t
PLH CKIN OR 4 601
tPHL 30 45
tPHL CLR OR 40 60 | ns
CKA
tPHL or cK ouUT CL=30pF, 35 50 | ns
cKk 8 R =300 0,
See Note 4
tPHL CKIN CK OUT 300 450 ns
CK A
tPHL or IR 42 65 | ns
CK B
tPLH CK IN IR 290 450 ns
t JE
PLH CLR IR 20 35| ns
tPHL
tPLH t 5 15
L OR DOi ns
tPHL OR4 § 15

4 fmax = maximum clock frequency.

t,y = pulse width (output)

%! = The arrow Indicates that the low-to-high (1) or high-to-low ({) transition of the output ready (OR) output is used for reference.
tpH = propagation delay time, low-to-high level output.

tPHL = Pr delay time, high-to-! level output.

£ Al typical values are at Ve = 5 V, Ta = 25°C.

.TE 4: Load circuit and voltage waveforms are shown in Appendix A.
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TYPE SN748225
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY

TYPICAL WAVEFORMS

CLEAR i — f

cock o SR l .
weuTs O crock B SRR

oaTa in B
UNLOAD
cloce CEEE

INPUT F—‘ f

READY _1
UNLOAD b—~u— Lr—-4 F————U—

cLock U L U
ouTPUT

READY -‘I___] L—-‘ L—J L————
—_—
Tworo _WORD WORD 2 |woro 3 WORD 16

| | !

OuTPUTS

DATA OUT

CLEAR  L0AD LOAD  L0AD Loap UNLOAD UNLOAD UNLOAD UNLOAD
WORD 1 WORD 2 WORDS 315 WORD 16 WORD 1 WORD 2 WORDS WORD 16
315
BB cross HATCHING INDICATES IRRELEVANT INPUT CONDITIONS

EXPANDING THE S225 FIFO
(48 WORDS OF 10 BITS SHOWN )

OR
Lo on Lo OR L0 ouT ouTPUT
CLOCK IN cK out cK out cK READY
NC UNLD  UNLD UNLD  UNLD, UNLD  UNLD 1 UNLOAD
ckouT  CKIN ckoutr  CKIN CKOUT  CKIN' g CLOCK
IR OUT NC —IR OUT NC—{ IR OUT
r oI 001 DI Dot DI DO|—~~—-’> 1
012 002 DI 2 002 o2 002
5817
DATA 013 003 o3 D03 D13 003
N Oi 4 DO 4 Dt a DO 4 DI a DO A4+ —_—
ois D05 oI5 oI5 D0s
CIR &t TR _OF CIR O
—] il 11
ouTPUZ
CLEAR ! ‘I EN Aa.
INPUT ~—— :
READY OUTPUT ! L 9
= = 10817
é Q = o 0 = QO DATA
CLR OF CLR OE CLR OE ouT
Y Lo OR LD OR LD OR
] ;>cx OouT| _d: cK ouTt >CK ouTt
UNLD
UNLD, UNLD  UNLD UNLD_ UNLD,
Ne KOUT  cxiN cKOUT  CKINY cKoUT  ckING
IR OUT NC —{IR OUT NC —{ IR OUT
o 001 o 001 oI 0O 1 f————————
o1z 002 o2 002 o2 002}
SBIT
DATA —0I3 003 oI 3 DO 3 DI3 Do3
!
N oie 004 Dis 004 o4 coef
—_—— Jbis 005 o's 005 oI5 005 ,
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TMS 2708 JL and TMS 27108 JL

MQS 1024-WORD BY 8-BIT ERASABLE
LSI PROGRAMMABLE READ-ONLY MEMORIES
JULY 1977
e 1024 x 8 Organization 24-PIN CERAMIC
e All Inputs and Outputs Fully P o viem o

TTL-Compatible

A7 24V,
Static Operation (No Clocks, No Refresh) ’ ce
] A6 123 A8
Maximum Access Time . . . 450 ns
o AS 22 A9
Minimum Cycle Time . . . 450 ns
A4 12!  Ves
3-State Outputs for OR-Ties —
) A3 120 cs(PE)
N-Channel Silicon-Gate Technology
] A2 19 Vob
8-Bit Output for Use in Microprocessor
Based Systems Al j18  Prosram
TMS 27L08 Features Ao pr7 o8
— Low Power . .. 245 mW (Typical) (e} 16 Q7
— 10% Power Supply Tolerance Q2 115 Q6
— Guaranteed d.c. Noise Immunity with a3 h1a o5
Standard TTL Loads
— Increased Output Drive Capability vss 12 I

description

The TMS 2708 JL and TMS 27L08 JL are 8,192-bit ultra-violet light erasable, electrically programmable read-only
memories 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 and each output can drive one Series 74
TTL circuit without external resistors. The TMS 27L08 also guarantees 250 mV d.c. noise immunity in the high state
and 200 mV in the low state. It will also directly drive 1 Series 74, 74S, or 74LS TTL circuit. The data outputs for
both circuits are three-state for OR-tieing multiple devices on a common bus. A pin-compatible mask programmed
ROM, the TMS4700 is available for large volume requirements.

The TMS 2708 and TMS 27L08 are designed for high-density fixed-memory applications where fast turn arounds
and/or program changes are required. These EPROMs are supplied in a 24-pin dual-in-line ceramic (JL suffix) package
designed for insertion in mounting-hole rows on 600-mil centers. The devices are characterized for operation from 0°c
to 70°C.

operation (read mode)

address (A0-A9)

The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to
select one of 1024 words of 8-bit length in the memory array. AQ is the least-significant bit and A9 the most-significant
bit of the word address.

chip select, program enable [CS(PE)]

When the chip select is low (iogic 0), all eight outputs are enabled and the eight-bit addressed word can be read. When
the chip select is high (logic 1), all eight outputs are in a high-impedance state. When the chip select, program enable is
brought to Vpp, the outputs become inputs and the EPROM is ready for programming.

data out (Q1-Q8)

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. The program pin must be held below Vg in the read mode
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TMS 2708 JL and TMS 27108 JL
1024-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

operation (program mode)

erase

Before programming, the TMS 2708 or TMS 27L08 is erased by exposing the chip through the transparent lid to
high-intensity ultraviolet light (wavelength 2537 angstroms). The recommended exposure is ten watt-seconds per square
centimeter. This can be obtained by, for instance, 20 to 30 minutes exposure of a filterless Model S52 short wave UV
lamp about 2.5 centimeters above the EPROM. After erasure all bits are in the /1" state.

programming

changed from the erased /1" state to the 0" state. A “'0" can be changed to a “’1"" only by erasure. Programming|
normally accomplished on a PROM or EPROM Programmer, an example of which is T1’s Universal PROM Programming
Module in conjunction with the 990 prototyping system.

Programming consists of successively depositing a small amount of charge to a selected memory cell that is to b

to start programming

First bring the CS(PE) pin to +12 V to disable the outputs and convert them to inputs. This Program Enable 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 “0” address) and the data to be stored is placed on the Q1-Q8 program inputs. Then a +26 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 1024 words have been programmed. This constitutes one of N program
loops. The entire sequence is then repeated N times with N x tw(pPR) = 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 V) 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. Q1-Q8 outputs are invalid up to 10 microseconds after the program
enable pin is brought from ViH(PE) to V|L.

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

Supply voltage, V¢ (see Note 1) . . . . . . . .. . . . . .. ... .. —03t15V
Supply voltage, Vpp (see Note 1) L. . . . . . . . . . . . . . ... . .. —03t02
Supply voltage, Vgs ' (see Note 1) N e . . .. .. . . . . . . .. . —03t 15’
All input voltages (except program) (see Note 1) .. . . . . . . . . . . .. .. . —03t02
Program Input R . . . . . . . . . .. .. .. . —03t35V
Output voltage (operatmg, W|th respect to Vss) e A Y A%
Operating free-air temperature range .. . . .. . . . .. ... ... .... 0ctr0C
Storage temperature range .. ... . . .. ... . . . ... ... -BBCt0125°C

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

*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 2708 JL and TMS 27L08 JL
1024-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

functional block diagram

-~ Vgg
- Vee
<«—— Vpp
~———— Vss

DATA OUTPUTS (PROGRAM INPUTS)

Q1-08

BRI

TS (PE)} CHIP SELECT AND (PROGRAM ENABLE) LOGIC
- ke OUTPUT BUFFERS
: (INPUT BUFFERS) =7
Y I
!
A 16 T
A0-A3 ADDRESS a Y DECODE Y GATING |
BUFFER I
|
ADDRESS INPUTS |
I
2| e |
X 64 x x 024 X 8 MEMORY MATRIX
Ad-A9 ADDRESS 6 X DECODE 3 3 |
BUFFER |
|
|
) T !
| | |
S |
1
- READ MODE |
— — — — PROGRAM MODE (PROGRAM PULSE)
recommended operating conditions
TMS 2708 TMS 27008
PARAMETER UNIT
MIN NOM MAX |[MIN NOM MAX
Supply voltage, Vgg -475 -5 -525|-45 -5 —5.5 \
Supply voltage, Vg 4.75 5 5.25 4.5 5 5.5 i
Supply voltage, Vpp 1.4 12 126 108 12 13.2 \
Supply voltage, Vsg 0 o \%
High-level input voltage, V| (except program and program enable) 2.4 Vee+t 2.2 Vet A\
High-level program enable input voltage, V|H(pE) 1.4 12 126 | 108 12 13.2 \
igh-level program input voltage, V|H(PR) 25 26 27 25 26 27| Vv
Low-level input voltage, V)| (except program) Vss 0.65 | Vgg 0.65 \4
Low-level program input voltage, V
prog P 9e, VIL(PR) Vss 1] vss 1] v
Note: V)| (pR) max + VIH(PR) — 25V
Operating free-air temperature, Ta 0 70 0 70| °c
High-level program pulse input current, Ij1(pR) 40 40 | mA
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TMS 2708 JL and TMS 27008 JL
1024WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

electrical characteristics over full ranges of recommended operating conditions

®

(unless otherwise noted)
PARAMETER TEST CONDITIONS TMS 2708 TMS Z7L.06 UNIT
MIN TYPt MAX | MIN TYPt MAX
1 =—100 A . 3
VOoH High-level output voltage OH K 37 37 \Y
IoH=—-1mA 24 2.4
loL=16mA TMS 2708
\ Low-level output voltage 0.45 .40
oL Ut voltege T L =2 mA T™S 27L08 0 v
[N Input current (leakage) V|=0Vt05.25V 1 10 1 10| wA
o Output current (leakage) Vo=525V, CS(PE) =5V 1 10 1 10| wA
IgB Supply current from Vgg | All inputs high 30 45 8 14| mA
Icc Supply current from Vcc | CSIPE) =5 V 6 10 2 4| mA
Ipp Supply current from Vpp | For Ipp MAX, Ta = 0°C (worst case) 50 65 16 32| mA
Pp Power dissipation TA=70°C 800 1350 | mwW
PD(av) Power dissipation Ta=25°C 65% Duty Cycle 245 “mW
) Power dissipation TA = 0°C (worst case) 475 [ mw
capacitance over recommended supply voltage range and operating free-air temperature range f = 1 MHz
PARAMETER TYPT MAX |UNIT
Cj Input capacitance 4 6 pF
Co Output capacitance 8 12 pF

T Al typical values are at T4 = 25°C and nominal voltages.

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

PARAMETER TEST CONDITIONS MIN MAX [UNIT
:a(ad) :ccess t?me from ;d_dress €L = 100 pf 453 ns
a(CS) ccess tfme from S 1 Series 74 TTL Load 12 ns
tpy X Output invalid from address change (1] ns
tPXZ Output disable time H(CS)- tlad) = 2008 ) 120 ns
timing requirements over recommended supply voltage and operating free-air temperature range
PARAMETER MIN  MAX UNF.
te(rd) Read cycle time 450 ns
tw(PR) Pulse width, program pulse 0.1 1| ms
tT Transition times (except program pulse) 20| ns
tT(PR) Transition times, program pulse 500 2000| ns
tsu(ad) Address setup time 10 us
tsu(da) Data setup time 10 us
tsu(PE) Program enable setup time 10 us
th(ad) Address hold time 1000 ns
th(ad,da R) Address hold time after program input data stopped 1] ns
th(da) Data hold time 1000 ns
th(PE) Program enable hold time . 500 ns
tcL,adX Delay time, CS(PE) low to address change ) ns
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TMS 2708 JL and TMS 27008 JL
1024-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

read cycle timing

te(rd) f teird) —]

| |

e
I
|

ViH
ADDRESSES ADDRESSES VALID ADDRESSES VALID m
Vie F
| |
|

P
1l
X
CS(PE) | ||
e . : /

|
| [‘a(cs) | taraa

—— e 1pxZ
Vou “_‘a(ad)_’] toyx
a1-a8 HI-Z VALID %T vauio | ALID 7*”' Z—
VoL
program cycle timing
10F N* PROGRAM LOOPS

VIH(PE) Iz
Cs (PE) j
Vi |-——1 tsu(PE) oz ,
}«— tCL, ad X

ViH
ADDREssEs ADDRESS O ! ADDRESS 1...1022 %E ADDRESS 1023 I x I

tsu(ad) thiad) — —FI_ I«tsmad) tmam s

tw(PR) ‘wlPRl f—
VIH(PR) [
PROGRAM H
PULSE |
VIL(PR)
hiad,daR)

o) |- thida) =] _H— l__(su(da)‘h(da)-i _;:r e e
.

VIH k I\
.cn —a8 ! —= 4
PROGRAM  OUTPUT INPUT INPUT 7 INPUT OuTPUT

INPUTS ViL

*CS(PE) is at V|(pg) through N program 10ops where N =100 ms/ty,(pR)

NOTE: Q1-Q8 outputs are invalid up to 10 usec after programming (CS(PE) goes low).
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© TMS 2708 JL and TMS 27L08 JL
1024 WORD BY 8-BIT ERASABLE

PROGRAMMABLE READ—ONLY MEMORIES

800

700

300

Pp — Power Dissipation — mW
Iy
=]
]

200

100

loL — Output Sink Current — mA

TYPICAL TMS 27L08 JL CHARACTERISTICS

DEVICE POWER DISSIPATION vs TEMPERATURE

MAXIMUM —
Worst Case Sonditions

Ta — Free-Air Temperature — °c

OUTPUT SINK CURRENT vs OUTPUT VOLTAGE

\
— TYp
\&. = 65% gy !
P — .Y CYCle
‘\
[ 10 20 30 40 50 60 70

of

A

o 0.2

0.4 0.6 0.8

VoL - Output Voltage V.

1.0

Supply Current — mA

Access Time — ns

CURRENT vs TEMPERATURE

a0
opimg,
30 | X —
’DD(M ~— Ss5 v
Pr— (VA X )
CS= —
— ov R
20 b
/BB (MAX)
CS=
0 b » 5v
Ig (MAX) CS=0v
Icc (MAX) CS-0vV
o Icc (MAX) CS=5V
1] 10 20 30 40 50 60 70
Ta Free Air Temperature C
ACCESS TIME vs TEMPERATURE
400
300
Lt \ad‘ 4/
yPICA Ry
//
"
200 "1
100
TYPICAL talcs)
o
o 10 20 30 40 50 60 70
TA  free Awr Terperature c
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MoS TMS 2716 JL

LSI 2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES
MARCH 1977
S
e 2048 x 8 Organization 24-PIN CERAMIC
e Plug in Compatible with the 2708 — Doubling AL or viewy <ACE
Memory Size with Minimal Board Change
e All Inputs and Outputs Fully TTL- a7 1@ 24 Ve pe)
Compatible A6 2 23 A8
e Static Operation (No Clocks, No Refresh) AS 3 22 A9
® Maximum Access Time . .. 450 ns A4 4 21 vgg
e Minimum Cycle Time . . . 450 ns A3 5 20 Ay
' e 3-State Outputs for OR-Ties A2 6 19 Vpp
"~ e 8Bit Output for Use in Microprocessor a1l 7 18 GS (Program)
Based Systems
A0 8 17 o8
o N-Channel Silicon-Gate Technology i or
1
e Low Power: 700 mW Maximum at 0°C, o 9 6
550 mW Maximum at 70°C, 375 mW Typical 0z 10} j1s 06
e Guaranteed d.c. Noise Immunity with 03 1 N1 o5
Standard TTL Loads — No Pull-Up Vss  12] 13 o4
Resistors Required
description

The TMS 2716 JL is a 16,384-bit ultra-violet light erasable, electrically programmable read-only memory organized as
2048 words of &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 TTL
circuits without the use of external pull-up resistors and each output can drive one Series 74 TTL circuit without
external resistors. In this configuration, the TMS 2716 also guarantees 250 mV noise immunity in the low state. The
data outputs are three-state for OR-tieing multiple devices on a common bus. The TMS 2716 is plug-in compatible with
the TMS 2708 and the TMS 27L08 8K EPROM:s.

The TMS 2716 is designed for high-density fixed-memory applications where fast turn arounds and/or program changes
are required. This EPROM is supplied in a 24-pin dual-in-line ceramic (JL suffix) package designed for insertion in
mounting-hole rows on 600-mil centers. The device is designed for operation from 0°C to 70°C.

operation (read mode)

address (A0-A10) N

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 8bit length in the memory array. AQ is the least-significant bit and A10 the
most-significant bit of the word address.

chip select, Program [CS(Program)]

When the chip select is low (logic 0), all eight outputs are enabled and the eight-bit addressed word can be read. When
the chip select is high (logic 1), all eight outputs are in a high-impedance state. (In the program mode, the chip select
feature does not function, as pin 18 inputs only the program pulse.)

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.
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TMS 2716 JL
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

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 exposure is ten watt-seconds per square centimeter.
This can be obtained by, for instance, 20 to 30 minutes exposure of a filterless Model S52 short wave UV lamp about
2.5 centimeters above the EPROM. After erasure all bits are in the *1” state.

pvowamming‘

Programming consists of successively depositing a small amount of charge to a selected memory cell that is to be
changed from the erased 1" state to the 0" state. A 0"’ can be changed to a “’1" only by erasure. Programmmg is
normally accomplished on a PROM or EPROM Programmer.

to start programming

First bring the VCC(PE) pin to +12 V to disable the outputs and convert them to inputs. This Program Enable 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 “0" address) and the data to be stored is placed on the 01-O8 program inputs. Then a +26 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 2048 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 [Vcc(PE)!
is brought to V| (PE) 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-O8 outputs are invalid up to 10 microseconds after the program
enable pin is brought from ViH(PE) to V|L(PE)-

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

Supply voltage, Vc(C (see Note 1) .. . . . . . . . . . . . . ... . ... —03t015V
Supply voltage, Vpp (see Note 1) . . e . ... ... .. . . .. ... =03t020V
Supply voltage, Vss (see Note 1) . . . . . . . . . . . . . . . .. —-03t1015V
All input voltages (except program) (see Note v ... ... . . . . . . . ... . —03t102V '
Program Input Lo .. . . . . . . . . . . . .. .. —03t03V
Output voltage (operatmg, W|th respect to Vss) A (A
Operating free-air temperature range e e . . ... ... ... .. ...... 0cw70C
Storage temperature range . . . . . ... ... ... ... ... .. -s5Cto125°C

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

*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 condmons beyond those i in the O C iti
section of this specification is not impliegd. E to d i ti for extended periods may affect device reliability.
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TMS 2716 JL
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

functional block diagram

DATA OUTPUTS (PROGRAM INPUTS)
01-08

BRI

= ]
cs CHIP SELECT AND (PROGRAM ENABLE) LOGIC| _ ]
(PE)— — - OUTPUT BUFFERS l._
T (INPUT BUFFERS) a
|
] |
® |
! A 6 Y GATING |
A0-A3 ADDRESS 4 Y DECODE !
BUFFER '
!
ADDRESS INPUTS | !
|
el e ) !
X — 128 x| = 2048 X 8 MEMORY MATRIX
A4-A10 )| ADDRESS 7 X DECODE o | ® |
BUFFER I |
i
I T |
! | |
P G OO |
1
READ MODE

1
 — — — PROGRAM MODE (PROGRAM PULSE)

recommended operating conditions

PARAMETER MIN NOM MAX [UNIT
Supply voltage, VBB —4.75 -5 =525 V
Supply voltage, V¢ 4.75 5 525 V
Supply voltage, Vpp 1.4 12 126| V
Supply voltage, Vgs 0 \
High-level input voltage, V| (except program and program enable) 2.4 Vee+l| Vv
High-level program enable input voltage, ViH(PE) 1.4 12 126 V
High-level program input voltage, V| (PR) 25 26 27| Vv
qTDW-IeVeI input voltage, V| (except program and program enable) Vss 065 V
Low-level program input voltage {in the program mode) VIL(PR) Vss W v
Note: V|| (pPR) max < VIH(PR) — 25 V
High-level program pulse input current, ||4(PR) 40| mA
Operating free-air temperature, T 0 70| °c
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TMS 2716 JL
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

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

PARAMETER TEST CONDITIONS MIN TYPt MAX|uNIT
VoH High-level output voltage :8: ; ::O::A 2171 \%
VoL  Low-level output voltage loL=16mA 045| V
I Input current (leakage) V| =0Vt0525V 1 10| uA
o Output current (leakage) Vp=5.25V, CS (Program) =5 V 1 10| pA
Igg Supply current from Vgg All inputs high 10 17| mA
Icc Supply current from Ve CS (Program) =5 V 1 6} mA
IDp  Supply current from Vpp For ipp MAX, Ta = 0°C (worst case) 26 45 mA ‘
IpE Supplv‘ current from PE on VpE = VDD 4 2] ma

Ve pin

T 375700

Pp Power Dissipation 70°C 550 mw

TAIl typical values are at T 5 = 25°C and nominal voltage.

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

PARAMETER TYPt MAX |UNIT
Ci Input capacitance [except CS (Program)] 4 6 |/pF
Ci(cs) CS (Program) input capacitance 20 30 pF
[730 Output capacitance 8 12 pF

T All typical values are at Ta = 25°C and nominal voltages.
A

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

PARAMETER TEST CONDITIONS MIN MAX |UNIT
:a(ad) Access tfme from aidress CL - 100pF 450 ns
a(CS)  Access (fme frcm cs 1 Series 74 TTL Load 120 ns
tpy X Output invalid from address change 0 ns
tPxZ Output disable time H(CS). tlag) = 20 ns o 120 ns

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

PARAMETER MIN MAX| UNIT
te(rd) Read cycle time 450 ns
twiPR) Pulse width, program pulse 0.1 1 ms
tT Transition times (except program pulse) 20{ ns
tT(PR) Transition times, program pulse 500 2000| ns
| tsufad) Address setup time 10 us
[‘su(da) Data setup time 10 us
tsu(PE) Program enable setup time 10 us
th(ad) Address hold time 1000 ns
th{ad,da R) Address 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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TMS 2716 JL
2043-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

read cycle timing

telrd)

»!
-{
|
ViH
ADDRESSES ADDRESSES VALID ADDRESSES VALID
ViL 1

=
|
|
I
|
1

te(rd)

)

[
| I
|
|
!

ViH
CS (Program) I
v : 1
18 {
| = et —] |
P
y bttt ——  tux —~ xz
OH
Q1-a8 HI-Z —{r VALID ﬁXfT VALID VALID HI=Z —
VoL
program cycle timing
} 10F N* PROGRAM LOOPS >
) {4 4
7 r

VIH(PE
Ve PE)

tsu(PE) th(PE) -—_-—i

l._ t
| | _-‘l CL, ad X
. [
ADDRESSES M ADDRESS O i ADDRESS 1...2046 }{ ADDRESS 2047
‘su(ad)” Ik_ thiad) _'.' —H_ }Q'su(ad) ‘h(ad)’] —ﬂ— su(ad) l |
tw(PR) b twipR) —>d b twiPR) —d ||
VIH(PR) ! |
CS (Program) | H
Program l |

Puise VIL(PR)

tsu(da) > l"" wda)_.i = l"'su‘da) thida)=] I~ SR thida) = H: thiad,daR)

ViH L J } 4} -
01 - 08 X
PROGRAM  OUTPUT INPUT INPUT é INPUT ouTPUT
INPUTS ViL

® Vce(pe) is at Viy(pg) through N Program loops where N 2 100 ms/ty (P R)
NOTE 01-08 outputs are invalid up to 10 usec after programming (Vcc(PE) goes low).
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TMS 2716 JL
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

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.

B. The 2716 requires less power than the 2708.

C. The pinouts are compatible. (See below.) .
TMS 2708 TMS 2716

a1 (e NS 24 vee ¥ a7 l2a  vecwey x
A6 2 ] N23 A8 A6 23 A8

A5 3 i D22 A9 A5 22 A9

A4 4 N21 Ves A4 —121  vgg

A3 s p20  csipe) * A3 N20  Aqq *
A2 6 ip'® Voo A2 119  Vpp

Al 7 ‘ N8 Program ¥ Al )18 Program/CS %
A0 g ] pr7 a8 A0 ‘ 017 a8

a1 9 ihe a7 a1 16 a7

Q2 19 ] Nis ae Q2 115 as

Q3 41 N1 05 a3 N1 os

Vss 12 p13 o4 Vss J13 a4

As can be seen from the above diagrams, only three pins* are modified in going from TMS 2708 to
TMS 2716:

The additional address pin required for the 16K EPROM is located on pin 20 which displaces the ‘
CS/PE functions on the 2708. .

Since VC( is not required during programming, the PE function shares pin 24 with VC(C.

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.

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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TMS 2716 JL
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

Read Mode
o —
1fe 1}\./ 2 vee . 20 vee
R | _ i—
/‘\ he =* — 0 a0
\ \
{ ) ot i e o®
\\—/ g
Program (Write) Mode
™S 7708 ™S 7716
1o uowe o 7 2 re
I — fe e
{ J hw rowem I S
- -7

TMS 2716 — Easy Programmability On Existing 2708 Programmers

All timing, voltage and current parameters are compatible so that existing 2708 programmers can easily and
simply be converted to program the TMS 2716.

A simple cost-effective method to program the TMS 2716 on existing TMS 2708 programmers with no
modification to the existing programmer is discussed in a separate application brief. All that is required is
two switches and two sockets to allow each 8K half of the TMS 2716 to be programmed/verified
separately.

Existing EPROM Programmers — Upgrading To the TMS 2716

Most of the EPROM manufacturers are in the process of implementing 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
additional 1K x 8 of RAM, and an extra address signal (A10) 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 I/0, PRO LOG, Texas Instruments, Technico, CramerKit, Shepardson
Micro Systems, Cromenco, MicroPro, and Ramtek.
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MOS TMS 4700 JL, NL
LSl 1024-WORD BY 8-BIT READ-ONLY MEMORY

BULLETIN NO. DL-S 7512273, MAY 1975

* 1024 x 8 Organization 24-PIN CERAMIC AND PLASTIC
e All Inputs and Outputs TTL-Compatible DUAL-IN-LINE PACKAGES
e Maximum Access Time . . . 450 ns (TOP VIEW)
e - Minimum Cycle Time . . . 450 ns A7 1 U ]2‘ vee
e Typical Power Dissipation . .. 310 mW A6 2 (23 as
e 3-State Outputs for OR-Ties as 3 [] (22 a9
o Output Enable Control At 4 [ :] 21 Ves
® Silicon-Gate Technology A3 5[] (20 oE1
e 8-Bit Output for use in Microprocessor A2 6 I: :] 19 Vpp .
Based Systems At 7 (] 1118 oE20r OE2
o A0 8 17 08
description Q ]
o1 s [] 16 o7
The TMS4700 JL, NL is an 8,192-bit read-only 02 10 ] []15 o6
mer'norvAorgamz.ed as 102ft words of 8-bit InggthA The 03 1 E ] 14 05
device is fabricated using N-channel silicon-gate
technology for high speed and simple interface with Vss 12 I: ] 13 04

bipolar circuits. All inputs can be driven by Series 74
TTL circuits with 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-tieing multiple devices on a common bus. Two
output-enable controls, one customer programmable, allow data to be read. The option on output enable 2 is explained
in the section ‘‘Software Package’’.

The TMS 4700 is designed for high-density fixed-memory applications such as logic-function generation and
microprogramming. This ROM is supplied in 24-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages
designed for insertion in mounting-hole rows.on 600-mil centers. The device is characterized for operation from 0°C to
70°C.

operation

address (A0-A9)

“The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to
select one of 1024 words of 8:bit length in the memory array. AQ is the least-significant bit and A9 the most-significant
bit of the word address.

output enable (OE1 and OE21)

OE1 is active when it is low. OE2 can be programmed, during mask fabrication, to be active with a high or a low level
input. When both output enables are active, all eight outputs are enabled and the eight-bit addressed word can be read.
When either output enable is not active, all eight outputs are in a high-impedance state.

data out (01-08) ‘

The eight outputs must be enabied by both output enable controls before the output word can be read. Data will
remain valid until the address-is changed or the outputs are disabled. When disabled, the three-state outputs are in a
high-impedance state. The outputs will drive TTL circuits without external components.

tSymbol OE2 assumes output enable 2 is programmed active high. |f active low, the symbol would be OE2.
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TMS 4700 JL, NL
1024-WORD BY 8-BIT READ-ONLY MEMORY

functional block diagram

DATA OUTPUTS
01-08
r A

ANEEEN

OUTPUT BUFFERS

OE1 — 9
CHIP-SELECT LOGIC
OE2 _

Y DECODER Y GATING
A0-A9
ADDRESS ]
INPUTS Em— 1024 x 8
— X DECODER MEMORY MATRIX
QU

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

Supply voltage, V¢ (see Note 1) .. . . . . . . . . . . . . . . . ... —03Vvo2ov
Supply voltage, Vpp (see Note 1) .. . . . . . . . . . . . . . . . ... —03Vo2v
Supply voltage, Vgg (seeNote 1) . . . . . . . . . . . . . . . . . . . . . =03Vt20V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . . 0Ct70C
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . —55°Cto125°C

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the normally most positive supply, Vgg (substrate). Throughout
the remainder of this data sheet voltage values are with respect to Vgs.

*Stresses beyond those listed un ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and

functiona! operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions’’

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

.::mmended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vgg —4.75 -5 -5.25 Vv
Supply voltege, Voo 4.75 5 525 v
Supply voltage, Vpp 1.4 12 12.6 v
Supply voltage, Vss 0 v
High4evel input voltage, V| 3.3 Vee v
Low-level input voltage, V|_ Vss 0.8 v
Read cycle time, to(rd) 430 ns
Output-enable rise time, t (OE1) and tr(OE2) 10 20 ns
Output-enable fall time, t{(OE 1) and tf(OE2) 10 20 ns
Operating free-air temp: L TA 0 70 °c
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TMS 4700 JL, NL

1024-WORD BY 8-BIT READ-ONLY MEMORY

electrical characteristics over recommended supply voltage ranges, T A= 0°Cto 70°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT
VOH High-level output voltage IoH=-1mA 3.7 v
VoL  Low-level output voltage loL=2mA 0.45 v
1 Input current Vi=0to6.5V 10 uA
igg Supply current from Vgg -0.1 mA
Icc Supply current from Ve Both output enables active 2 mA
pp Supply current from Vpp 25 mA
Pp Power dissipation 310 mW
TAll typical values are at T = 25°C and nominal voltages.
switching characteristics over recommended supply voltage ranges, T = 0°C to 70°C
PARAMETER TEST CONDITIONS MIN MAX UNIT
talad) Access time from address 430 ns
ta(OE1) Access time from output enable 1 CL =50pF, 90 ns
ta(OE?2) Access time from output enable 2 1 Series 74 TTL load 130 ng
tpxz  Output disable time from either chip enable 90 ns
voltage waveforms
»l
Il= telrd) »
ViH ] "
ADDRESS, A0-A9 ADDRESS VALID
ViL

OUTPUT ENABLE, VIH

OE1

OUTPUT ENABLE,

OE2/0E2

OUTPUTS, 01-08

|
ViL | |
: | le— woxz—e|
| |
oe2 | [ I
e —— = - >f | -~ ¢
|
vy _OE2 [ * :__ 7 |
| |
|4— ta(oE2) ——] |
I | Iﬂ— Xz —DI
e talad) > |
Von /r I
I DATA VALID }—
Vo HI-Z STATE \_‘

l‘— ta(0E1) —"
|

N\ |

NOTE: Timing points are 90% (high) and 10% (low).
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TMS 4700 JL, NL
1024-WORD BY 8-BIT READ-ONLY MEMORY

SOFTWARE PACKAGE

The TMS 4700 JL, NL is a fixed-program memory in which the programming is performed by TI at the factory during the
manufacturing cycle to the specific customer inputs supplied in the format shown. The device is organized as 1024 8-bit
words with address locations numbered 0 to 1023. Any 8-bit word can be coded as a 2-digit hexadecimal number between 00
and FF. All stored words and addresses in the following format are coded in hexadecimal numbers. In coding, all binary
words must be in positive logic before conversion to hexadecimal. O1 is considered the least-significant bit and O8 the
most-significant bit. For addresses AOQ is least significant and A9 is most significant.

Every card should include the T! Custom Device Number in the form ZAXXXX (4-digit number to be assigned by TI) in
columns 75 through 80.

Qutput enable 2 is customer programmable. Every card should include in column 74 a 1 if the output is to be enabled with a
high-level input at OE2 or a 0 for enabling with a low-level input.

The 1024 coded words must be supplied on 64 cards with 16 2-digit hex numbers per card.

CARD COLUMN HEXADECIMAL INFORMATION
1 1-9 BLANK
10 : (ASCII character colon)
11-12 10 (specifies 16 words per card)
13 BLANK
14-16 Hex address of 1st word on 1st card (Oth word, address normally 000)
17-18 BLANK
19-20 Oth word in Hex
49-50 15th word in Hex
51-73 BLANK
64 1-9 BLANK
10 : (ASCII character colon)
11-12 10
13 BLANK
‘ 14-16 Hex address of 1st word on 64th card (1008th word, address normally 3F0)
17-18 BLANK
19-20 1008th word in Hex
49-50 1023rd word in Hex
51-73 BLANK
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TMS 4710 JLNL

MOS COMPLETE ASCII CHARACTER SET GENERATOR
LSI 5x7 CHARACTER, 8x8 BLOCK
e TMS 4710 (Standard TMS 4700 8K ROM) 24-PIN CERAMIC AND PLASTIC
e Full Upper and Lower Case ASCI| A e, CES
Character Generator —
o |deal for Video Terminal Applications A7 1 U :]24 Vee
Fully Static Operation as 2 [] IR
e Block Size 8 x 8 as 3] IER
e Character Size 5x 7 As 4 [: :] 21 Vgg
¢ 1024 x 8 Organization A3 5[] []20 oE1
e All Inputs and Outputs TTL-Compatible A2 6 []19 voo .
e Maximum Access Time . . . 450 ns A7 g :] 18 OE2 or OE2
® Minimum Cycle Time . . . 450 ns a0 8 [] ] 17 08
e Typical Power Dissipation . .. 310 mW o1 9] j 16 07
e 3-State Outputs for OR-Ties 02 10 [] []15 o6
e Qutput Enable Control 03 1 E ] 14 05
e Silicon-Gate Technology vss 12 E 13 04

e 8-Bit Output for use in Microprocessor
Based Systems

description

The TMS 4710 JL, NL is an 8,192-bit read-only memory organized as 1024 words of 8-bit length. The device is
fabricated using N-channel silicon-gate technology for high speed and simple interface with bipolar circuits. All inputs
can be driven by Series 74 TTL circuits with 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-tieing multiple devices on a common
bus. Two output-enable controls, when active low, allow data to be read, which simplifies overall system design.

The TMS 4710 is designed for ASCII graphics applications such as CRT and printers. This ROM is supplied in 24-pin
dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages designed for insertion in mounting-hold rows on
600-mil centers. The device is characterized for operation from 0°C to 70°C.

operation
address (A0-A9)
The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to
select one of 1024 words of 8-bit length in the memory array. AO is the least-significant bit and A9 the most-significant
bit of the word address.
Address lines AQ-A2 choose the row to be output. For row zero, all outputs are low (blank).
Address lines A3-A9 select the character to be displayed.
output enable (OE 1 and OE21)
OE1 is active when it is low. OE2 is active when low, and when both output enables are active, all eight outputs are

enabled and the eight-bit addressed word can be read. When either output enable is not active, all eight outputs are in a
high-impedance state.

' Symbol OE2 assumes output enable 2 is programmed active high. If active low, the symbol would be OE 2.
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TMS 4710 JLNL
COMPLETE ASCII CHARACTER SET GENERATOR
5x7 CHARACTER, 8x8 BLOCK

data out (01-08)

The eight outputs must be enabled by both output enable controls before the output word can be read. Data will
remain valid until the address is changed or the outputs are disabled. When disabled, the three-state outputs are in a
high-impedance state. The outputs will drive TTL circuits without external components.

Data out bits 01, 07, and O8 are always output as low (blank) display for alphanumeric characters. Data out bit 08 is
always output as low (blank) display.

A simulated Video Display of the TMS 4710 Character Generator Output is shown in attached figure.

08 07 06 05 04 03 02 01 A2 A1 A0

-~ = ©0 © ©
© O = =
o =]

1 1 0
1 1 1

|———— 8 ROWS ———

Lower 3 Address
[€—— 8DOTS — bits A0-A2
Select 1 of 8 rows
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TMS 4710 JLNL
COMPLETE ASCII CHARACTER SET GENERATOR
5x7 CHARACTER, 8x8 BLOCK

functional block diagram

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

NOTE

*Stresses beyond those listed under

DATA OUTPUTS
01-08

LI

N\

OE1
CHIP-SELECT LOGIC
OE2
OUTPUT BUFFERS
P
Y DECODER Y GATING
A0-A3
ADDRESS
INPUTS 1024 x 8
X DECODER MEMORY MATRIX

Supply voltage, Vo (see Note 1)
Supply voltage, Vpp (see Note 1)
Supply voltage, Vgg (see Note 1)
Operating free-air temperature range
Storage temperature range

-0.3V 020V
-03V 1020V
-0.3V 1020V

0°C to 70°C

~-55°C to 125°C

1- Under absolute maximum ratings, voltage values are with respect to the normally most positive supply, Vgp (substrate). Throughout
the remainder of this data sheet voltage values are with respect to Vgsg.

“Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and

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

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

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vgg -4.75 -5 -5.25 \%
Supply voltage, Ve 4.75 5 5.25 \
Supply voltage, Vpp 1.4 12 12.6 v
Supply voltage, Vgg 0 \2
High-level input voltage, ViH 3.3 Vee \
Low-level input voltage, V| Vss 0.8 \
Read cycle time, t¢(d) 450 ns
Output-enable rise time, t,(Og1) and t(OE2) 10 20 ns
Output-enable fall time, t¢(QE 1) and t{(OE2) 10 200 ns
Operating free-air temperature, T o] 70 “c
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TMS 4710 JL,NL

COMPLETE ASCII CHARACTER SET GENERATOR
5x7 CHARACTER, 8x8 BLOCK

electrical characteristics over recommended supply voltage ranges, Ta= 0°Cto 70°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
VOoH High-level output voltage lon = =1 mA 3.7 \
VoL Low-level output voltage loL =2mA 0.45 \
Iy Input current Vy=0t06.5V 10 uA
'gB Supply current from Vgg -0.1 mA
Icc Supply current from Ve Both output enables active 2 mA
IpD Supply current from Vpp 25 mA
Pp Power dissipation 310 mW
YAl typical values are at T = 25 C and nominal voltages
switching characteristics over recommended supply voltage ranges, T 5 = 0°Cto70'C
PARAMETER TEST CONDITIONS MIN MAX UNIT
talad) Access time from address 450 ns
ta(OE 1) Access time from output enable 1 CL = 50pF, 90 ns
Ia(OEz Access time from output enable 2 1 Series 74 TTL load 130 ns
tpxz  Output disable time from either chip enable o 90 ns

voltage waveforms

-

ViH

te(rd) =TT

ADDRESS, A0-A9

OUTPUT ENABLE, VIH

OE1

OE2/0E2

QUTPUTS, 01-08

Vie

ADDRESS VALID

fe— ta@EN —l

~N

e tpxz —*

l

{

|
Vi |
|
‘
o2 |
VIH — — — — — — — — !
OUTPUT ENABLE, | j |
viL OE2 | 'k——— ______ 1_
|
| e taoe2) ——
e - e talad) e ]
VoH }
HI-Z STATE \
Vo

DATA VALID

NOTE: Timing points are 90% (high) and 10% (low).
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TMS 4710 JLNL
COMPLETE ASCII CHARACTER SET GENERATOR
5x7 CHARACTER, 8x8 BLOCK
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TMS 4710 JLNL
COMPLETE ASCII CHARACTER SET GENERATOR
5x7 CHARACTER, 8x8 BLOCK
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TMS 4710 JLNL
COMPLETE ASCII CHARACTER SET GENERATOR
5x7 CHARACTER, 8x8 BLOCK
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TMS 4710 JLNL
COMPLETE ASCIl CHARACTER SET GENERATOR
5x7 CHARACTER, 8x8 BLOCK
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MOS TMS 4732 JL, NL
LSI 4096-WORD BY 8-BIT READ-ONLY MEMORY

MAY 1977

24-PIN CERAMIC AND PLASTIC

® 4096 x 8 Organization DUAL-IN-LINE PACKAGES

e All Inputs and Outputs TTL-Compatible (TOP VIEW)
e Fully Static (No Clocks, No Refresh) a7 . U :I 2 vee
e Single 5 V Power Supply A6 2 [ ] 23 As
e  Maximum Access Time . .. 450 ns AS 3] ] 2 A9
e Minimum Cycle Time . . . 450 ns Aasa] D 21 CS2orCS2
e Typical Power Dissipation . . . 580 mW A3 5] ] 20  CS1orCs1
e 3-State Outputs for OR-Ties Az 6] [J19 a0 .
. . . Al 7 |: 18 AN
e Pin Compatible with TMS 4700, TMS 2708
and Intel 83168 A0 8 [] [J17 s
e Two Output Enable Controls for Chip Select a9 ] Jwe o
Flexibility az 10 [] IR
o N-Channel Silicon-Gate Technology e m E ] 1“4 0s
Vsg 12 [: ] 13 a4

description

The TMS 4732 is a 32,768-bit read-only memory organized as 4096 words of 8-bit length. This makes the TMS 4732
ideal for microprocessor based systems. The device is fabricated using N-channel silicon-gate technology for high speed
and simple interface with bipolar circuits.

All inputs can be driven directly by Series 74 TTL circuits without the use of any external pull-up resistor. Each output
can drive one Series 74 or 74S load without external resistors. The data outputs are three-state for OR-tieing multiple
devices on a common bus. Two chip select controls allow data to be read. These controls are programmable, providing
additional system decode flexibility. The data is always available, it is not dependent on external CE clocking.

The TMS 4732 is designed for high-density fixed-memory applications such as logic function generation and
microprogramming. Systems utilizing the TMS 4700 1024 x 8-bit ROM or the TMS 2708 1024 x 8-bit EPROM can
expand to the 4096 x 8-bit TMS 4732 with changes only to pins 18, 19, and 21. To upgrade from the 83168, simply
replace CS2 with A11 on pin 18.

This ROM is supplied in 24-pin dual-in-line plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion in -
mounting-hold rows on 600-mil centers. The device is designed for operation from 0°C to 70°C. ‘

operation
address (A0—A11)
The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded on-chip to
select one of 4096 words of 8-bit length in the memory array. AO is the least-signifcant bit and A11 the most-significant
bit of the word address.
chip select (CS1 and CS2)
Each chip select control can be programmed during mask fabrication to be active with either a high or a low level input.

When both chip select signals are active, all eight outputs are enabled and the eight-bit addressed word can be read.
When either chip select is not active, all eight outputs are in a high-impedance state.

TEXAS INSTRUMENTS



TMS 4732 JL, NL
4096-WORD BY 8-BIT READ-ONLY MEMORY

data out (Q1-Q8)

The eight outputs must be enabled by both chip select controls before the output word can be read. Data will remain
valid until the address is changed or the outputs are disabled (chip deselected). When disabled, the three-state outputs
are in a high-impedance state. Q1 is considered the least-significant bit, Q8 the most-significant bit.

The outputs will drive TTL circuits without external components.

functional block diagram

Ve

———Vss
DATA OUTPUTS
a1-as 1
cs1 CHIP SELECT LOGIC
cs2 OUTPUT BUFFERS

M 32
AO-AS Y ADDREsS [ 5 Y DECODE :D Y GATING
BUFFER

X
AS_A1TM ADDRESS | 7 X DECODE
BUFFER

ADDRESS INPUTS

128

4096 X 8 MEMORY MATRIX

absolute maximum ratings

Supply voltage to ground potential (see Note 1)

............................................. —05t07V
Applied output voltage (see Note 1) .. ... .. .. —-05t07V
Applied input voltage (see NOte T) .. ... .. —05t07V

Power dissipation . ... .. ..,
Ambient operating temperature
Storage temperature

Note 1: Voltage values are with respect to Vgg.

recommended operating conditions

PARAMETER MIN NOM MAX |UNIT
Supply voltage, Vo 475 5 5.25 v
High-level input voltage, VH 2 24 Vee] V
Low-level input voltage, V| Vss 05 0.65 v
Read cycle time, te(;d) 450 ns
Operating free-air temperature, T A 0 ‘70 °c

TEXAS INSTRUMENTS
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TMS 4732 JL, NL
4096-WORD BY 8-BIT READ-ONLY MEMORY

electrical characteristics, TA = 0°C to 70°C, VDD =5 V +5% (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX [UNIT
VoH High-level output voltage Ve =475V, 10H —200 uA 24 Vec| Vv
VoL Low-level output voltage Vec =475V, oL =2mA 041 VvV
I Input current Vee=5.25V, OV <V|y <525V 10 | WA
Toz Output leakage current Vp =04V ito Vce Chip deselected =10 | UA
tcc  Supply current from Voo Vee =525V, V| =V output not loaded 150 | mA
Vo=0V Ta = 25°C,
C,  Input t o . 7| oF
i nput capacitance £21 MHy o
Vo =0V, Ta = 25°C,
Co Output capacitance o . il 10 pF
f=1MHz
switching characteristics, TA = 0°C to 70°C, V¢ =5 V +5%, 1 series 74 TTL load, CL = 100 pF
PARAMETER MIN  MAX |UNITS
talad) Access time from address 450 s
ta(Ccs) Access time from chip select 200 ns
tpyx Previous output data valid after address change 450 ns
tpxz Output disable time fromchip select 200 ns

read cycle timing

re te(rd) { e telrd) !
| 11 |
ViH
ADDRESSES ADDRESSES VALID ADDRESSES VALID
ViL " —1T —
! 1
1 i
Viu I
Ts1,CS2 : H 1
1l l
|

b ta(ad) —4 !
1 -4 tpxz

tpy x4

Qi-a8 HI-2 HI=Z —
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TMS 4732 JL, NL
4096-WORD BY 8-BIT READ-ONLY MEMORY

PROGRAMMING DATA

PROGRAMMING REQUIREMENTS: The TMS 4732JL, NL is a fixed program memory in which the programming is
performed by T! at the factory during manufacturing cycle to the specific customer inputs supplied in the format below. The
device is organized as 4096 8 bit words with address locations numbered 0 to 4095. The 8-bit words can be coded as a 2-digit
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadecimal
numbers. In coding, all binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least
significant bit and Q8 the most significant bit. For addresses, AQ is least significant bit and A11 is the most significant bit.

Every card should include the T1 Custom Device Number in the form ZAXXXX (4 digit number to be assigned by Tl) in
columns 75 through 80.

PROGRAMMABLE CHIP SELECTS: The chip select inputs shall be programmed according to the data punched in columns
73 and 74. Every card should include in column 73 a 1 if the output is to be enabled with a high level at CS2 or a 0 (zero) to
enable the output with a low level at CS2. The column 74 entry is the same for programming CS1.

PROGRAMMED DATA FORMAT: The format for the cards to be supplied to Tl to specify the data to be programmed is
provided below. The card deck for each device consists of 128 cards with each card containing data for 32 memory locations.

CARD COLUMN HEXADECIMAL FORMAT
1t03 Hexadecimal address of first word on the card
4 Blank
5t0 68 Data. Each 8-bit memory byte is represented by two ASCII characters to represent a hexadecimal

value of ‘00" to ‘FF’".

69, 70 Checksum. The checksum is the negative of the sum of all 8-bit bytes in the record from columns 1 to
68, evaluate modulo 256 (carry from high order bit ignored). (For purposes of calculating the
checksum, the value of Column 4 is defined to be zero). Adding together, modulo 256, all 8-bit bytes
from Column 1 to 68 (Column 4 = 0), then adding the checksum, results in zero.

7,72 Blank
73 One (1) to zero (0) for CS2
74 One (1) or zero (0) for CS1
75,76 ZA
77 10 80 XXXX (4 digit number assigned by TI)
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MOS TMS 4033 JL, NL: TMS 4034 JL, NL; TMS 4035 JL, NL
LSl 1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-S 7512189, OCTOBER 1974—REVISED MAY 1975

e 1024 x 1-Bit Organization
e Static Operation (No Clocks,
No Refresh)
e Input Interface
Fully Decoded
TTL Compatible
Static Charge Protection
e Output Interface
3-State
Fan-out 1 Series 74 TTL Load
OR-Tie Capability
e Access Time
TMS 4033 JL, NL . . . 450 ns Max
TMS 4034 JL, NL .. . 650 ns Max
TMS 4035 JL, NL ... 1000 ns Max
® Interchangeable with Intel 2102-1,
2102-2, and 2102 Respectively
e N-Channel Silicon-Gate Technology

description

This series is a family of static random-access memories, each organized as 1024 one-bit words. Due to their static
design, system overhead costs are minimized by elimination of refresh-clocking circuitry and by simplification of the
timing requirements. In addition alt inputs and outputs are fully compatible with Series 74 TTL, including the single
5-volt power supply. These memories are fabricated by means of the same technology employed with the TMS 4030
JL, NL 4K RAM — N-channel silicon-gate. This technology provides optimum chip density and performance when cost
is considered. Three performance ranges allow the designer to better match the memory to the specific system

requirements, thereby maximizing the cost/performance trade-off.

The TMS 4033, TMS 4034, and TMS 4035 are offered in 16-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix)
packages designed for insertion in mounting-hole rows on 300-mil centers. These devices are characterized for operation

from 0°C to 70°C.

operation

Addresses (A0-A9)

Address inputs are used to select individual storage locations within the RAM. Since the addresses are not latched, the
address-valid time determines the cycle time during both the read and write cycle. Therefore, the address-valid time
must be a minimum of 450 nanoseconds for the TMS. 4033, 650 nanoseconds for the TMS 4034, and 1000
nanoseconds for the TMS 4035. The address inputs can be driven from standard Series 54/74 TTL with no external

pull-up resistors.

16-PIN CERAMIC AND PLASTIC
DUAL-IN-LINE PACKAGES
(TOP VIEW)

>
o

A5
R/W
A1
A2
A3
A4

A0

-

N

w

FS

o

~

= ammmmna

o] 16
E|15
Eu
Elw
E]uv
E]n
E]w
E]s

A7

A8

A9

CE

DATA OUT
DATA IN

Vee
GND
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TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JL, NL
1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES

operation (continued)

Chip Enable (CE)

The CE input is used to enable the memory chip for a reading or writing operation. In a single-chip system, this pin can
be hardwired to ground so that the chip is continuously enabled. For the read cycle, chip-enable low must extend past
the address to ensure valid data for that address. Once the chip-enable goes high, the output buffer will immediately
return to the high-impedance state. For the write cycle, chip-enable low must occur before the read/write input goes to
the write state ensuring no ambiguity in the chip enabled for a particular write cycle. This input can be driven from
Series 54/74 TTL with no external pull-up resistors.

. Read/Write (R/W)

In the write mode prior to an address change, R/W must be in the read state (high level) and must remain in that state for
a minimum period to eliminate the possibility of data being written into an unwanted location. The read/write input is
TTL compatible without external pull-up resistors.

Data In (DI)

The DI input accepts the input data during the write mode. During a write cycle, data must be valid for a minimum
time period before the read/write input is brought to the read state ensuring that proper data will enter the location
selected. To eliminate any data ambiguity, data must be held valid past the end of the write pulse.

Data Out (DO)

Data out is a three-state terminal controlled by the chip-enable input, which supplies output data during a read cycle. A
high level on chip enable places the data-out terminal in the high-impedance state.

functional block diagram

Ao
A0 A0
1 FUNCTION TABLE
A1 —AI E Al ——
= CE[{R/W| 1/0
A2 10F32 \ 32 ROWS BY
A2 |§ a2 ROW 32 COLUMNS L L {WRITE
= DECODE STATIC MEMORY
A3 STORAGE ELEMENTS L | H |READ

A y H=HIGH LEVEL
A4 ——E: L=LOW LEVEL
vee —————*
GROUND ———— _
RW
RW RW 1/0 CONTROL 1
ol
READ/
DATAIN ol WRITE
P CONTROL
cE cE 10F 32 COLUMN DECODE

oUTPUT
DATAOUT *————————————  gireeR

A5 A6 A7 A8 A9
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TMS 4033 JL, NL; TMS 4034 JL, NL: TMS 4035 JL, NL
1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES

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

Supply voltage, V¢ (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.
*COMMENT: Stresses beyond those listed under '‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress
d in the “F i
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect

rating only and functional operation of the device at these or any other conditions beyond those i

device reliability.

recommended operating conditions

—05t07V
—05t07V

1w

0°C to 70°C
—65°C to 150°C

Of

MIN NOM MAX UNIT
Supply voliage, Vce 4.75 5 5.25 \
High-level input voltage, V|H 2.2 Vee v
Low-level input voltage, V|| (see Note 2) -0.3 0.65 \
Operating free-air temperature, Ta 0 70 °C

NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only.

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

PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
VoH  High-level output voltage loH = —100 kA, Vec =475V 2.2 v
VoL  Low-level output voltage ioL=19mA, Vee =56.26 V 0.45 \4
Ty Input current V| =0t05.25V +10 BA
Off-state output current, ==
'ozH high-level voltage applied CEat22V, Vo=4V 10 BA
Off-state output current ==
[} ’ = - —
OZL  jow-level voltage applied CEat22V, Vo=045V 10 100 BA
Vecc=5.25V, Data out open,
Icc Supply current from Vo All inputs at 5.25 V 45 70 mA
[ input capacitance Ta=25C, f=1MHz 3 5 pF
Co Output capacitance Ta=25°C, f=1MHz 7 10 pF
TAll typical values are at Voc =5 V, Tp = 25°C.
conditions for testing timing requirements
Input high levels . . 22V
Input low levels . 065V
Input rise and fall times . 20 ns

Output load

All timin

g requirements

1 Series 74 TTL load, C_= 100 pF
50% point of waveform
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TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JL, NL
1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES

read cycle timing requirements over recommended supply voltage range, TA = 0°C to 70°C
(unless otherwise noted)

TMS 4033 TMS 4034 TMS 4035
PARAMETER UNIT
MIN TYPT MAX |MIN TYPT max | MIN TYPT max
te(rd) Read cycle time 450 650 1000 ns
ta(ad) Access time from address 300 450 450 650 500 1000 | ns
‘a(éE) Access time from chip enable 200 300 500 ns
tDV(ad) Previous output data valid from address 50 50 50 ns
tpHz or tpLz  Output disable time from chip enable 0 200 0 200 0 200 | ns
T All typical values are at Voc =5 V, T = 25°C. .
. lﬁ te(rd) =‘l
ADDRESS D( ADDRESS VALID ) 4
[
! I
! !
d |
| _ |
: }‘——_ ta(CE) —.| b tPHZ
| 1 r
T
DATA OUT ! DATA vm.m>07
|
g
L ! —» le—tLZ
le ta(ad) > l'-—"- DV (ad)
write cycle timing requirements over recommended supply voltage range, TA = 0°C to 70°C
M M
PARAMETER TMS 4033 TMS 4034 TMS 4035 uNIT
MIN MAX | MIN MAX | MIN MAX
tewr) Write cycle time 450 650 1000 ns
tw(wr) Write pulse width 250 400 750 ns
tsu(ad) Address setup time 150 200 200 ns
tsu(CE) Chip enable to write setup time 350 550 850 ns
tsu(da) Data-in to write setup time 300 450 800 ns
th(ad) Address hold time 50 50 50 ns
th(da) Data hold time 50 50 50 ns

|I= te(wr) ——’——"
ADDRESS X X
e touaa) | !
READ/WRITE m ,+( |
e twiw) ——— el thia)
1
CHIP ENABLE N ! !
"—O‘*—— tsu(CE) —“—‘.1
je——— tuda) ———
o th(da)
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mos TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL
LSI 64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-S 7512277, MAY 1975

o N-Channel Silicon-Gate Technology

e 64 x 8 Organization 20-PIN CERAMIC AND PLASTIC
e Static Operation (No Clocks, No Refresh) DUAL"?#‘L)LN\EIZC:;‘KAGES
e Compact 20-Pin 300-Mil Dual-in-Line Package |
e 3 Performance Ranges: o1 1 E E] 20 106
ACCESS  READ OR WRITE
TIME CYCLE AS ZE a 19 1/05
(MAX) (MIN)
TMS 4036 1000 ns 1000 ns A0 3@ E 18 NC
TMS 4036-1 650 ns 650 ns
TMS 4036-2 450 ns 450 ns A1 4E @ 7 vos
e  Multiplexed Common Bus I/0
e Input Interface A2 5E Ej 6 oE
Fully Decoded aND GE ﬂ 5 Ve
TTL Compatible
Static Charge Protection A4 7|E B 4 CE
e Output Interface —_
A3 SE El 13 RW
3-State
Fan-Out 1 Series 74 TTL Load 1/00 9[0: E‘ 12 o3
OR-Tie Capability
. . 10
Power Dissipation . . . 450 mW Maximum o1 E _E-I "o o2

8-Bit Word Length ldeal for Microprocessor-Based Systems

description

This series of static randcm-access memories is organized as 64 words of 8 bits. Data inputs and outputs are muitiplexed
on an 8-bit, bidirectional bus controlled by the combination of chip enable and output enable. Static design resuits in
reduced overhead costs by elimination of refresh-clocking circuitry and by simpl ification of the timing requirements. In
addition, all inputs and outputs are fully compatible with Series 74 TTL, including the single 5-volt power supply. The
TMS 4036 series is manufactured using Tl's reliable N-channel silicon-gate technology to optimize the cost/performance
relationship. Readout is nondestructive and the output data polarity is not inverted from data-in.

The TMS 4036 is offered in compact 20-pin ceramic (JL suffix) and plastic (NL suffix) dual-in-line packages designed
for insertion in mounting-hole rows on 300-mil centers. The series is guaranteed for operation from 0°C to 70°C.

operation

addresses (AQ-A5)

The 6-bit address selects one of 64 8-bit words. The address-valid time determines cycle time during both the read and
write cycles. The address inputs can be driven directly from standard Series 54/74 TTL with no external pull-up
resistors required.
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TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL
64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES

operation (continued)

chip enable (CE)

The CE terminal is used to enable a specific memory device. If CEis low, the device is enabled for either a read or write
cycle, depending on the state of the read/write and output-enable terminals. When CE is high, the I/0 buffers are in the
high-impedance state. CE may be driven from Series 74 TTL. For a more complete understanding of CE, see the section
on output enable.

read/write (R/W)

The R/W input must be high during read and low during write operations. Prior to an address change, R/W must be in
the read state and must remain in that state for a minimum period to eliminate the possibility of data being written into
an unwanted position. The R/W input is TTL-compatible and does not require external resistors.

output enable (OE)

The output enable terminal controls the 1/O buffer and determines whether the bus is in an input or output mode.
When OE is low, the 1/0 terminals are in the input configuration; when OE is high, the |/O terminals are in the output
configuration. The read cycle and write cycle timing diagrams show in detail the relation between CE, OE, and the
other signals (refer to the function table). This input is also compatible with Series 74 TTL circuits.

input/output buffer (1/00-1/07)

Each of these terminals interface directly with the external data bus and have the capability of being both an input and
an output buffer. These buffers are controlled by a combination of CE and OE as described in the output enable
section. Each buffer is three-state and fully TTL compatible, both as an input and an output.

functional block diagram

FUNCTION TABLE
A0 w —
A 8 64 ROWS BY R/W | CE | OE OPERATION
8 8 COLUMNS L L H Not recommended
A2 o L L L Write (1/0 = 2)
% H L | H | Read
A3 g
< X H X Device disabled (1/0 = Z)
A4 e STATIC MEMORY H X | L | Device disabled (1/0 = Z)
A5 ° STORAGE ELEMENTY H = High
L =Low
X = Irrelevant
Z = High impedance (Off)
1/0 CONTROL
CE w? 1/00
st e w o1
_ wg 5 L o2
R/W =35 w 1/03
3] w 70 I/0 BUS
a2 ——voa
o 1/05
- ——1/06
OF —— OE BUFFER ——1/07
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TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL
64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES

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

Supply voltage, Vg (see Notes 1 and 2)
Input voltage (any input) (see Notes 1 and 2)
Operating free-air temperature range

Storage temperature range

NOTES:

1. Voltage values are with respect to the ground terminal.
2. For all combinations of inputs, the 1/0 lines may be shorted to Vgg or Vg for a period not to exceed five milliseconds.

-05t07V
-05t07V
. 0°Ctw70°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

TMS 4036 TMS 4036-1 TMS 4036-2
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Vo 4.75 5 525 [4.75 5 525 |4.75 5 5.25 \4
Supply voltage, Vgg 0 0 0 v
High-level input voltage, V|4 2.2 Vee 22 Vee 2.2 Vce v
Low-level input voltage, V|| (see Note 3) -0.3 08 |-0.3 08 |-03 0.8 v
Read cycle time, tc(rd) 1000 650 450 ns
Write cycle time, tc(wr) 1000 650 450 ns
Write pulse width, ty (wr) 500 300 200 ns
Address setup time, tgy (ad) 450 300 200 ns
Chip-enable setup time, tgy(CE) 700 500 400 ns
Data setup time, tg(da) 600 400 300 ns
Address hold time, th(ad) 50 50 50 ns
Data hold time, th(da) 50 50 50 ns
Operating free-air temperature, T A 0 70 0 70 0 70 °c

NOTE 3: The albegraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only.

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

PARAMETER TEST CONDITIONS MIN MAX UNIT
VoH High-level output voltage loH = =100 A,  Vec =475V 2.4 v
VoL Low-level output voltage oL =1.9mA, Vecc =4.75V 0.4 \4
" Hi@-lif_el input current into address, Vi=5.25V 10 WA
R/W, CE, or OE
Vp=5.25V, OEat0V,
CEat5.25 Vv 10
Off-state output current, high-level voltage Vb =525V, OEat5.25V,
lozH ) . = 10 uA
applied at 1/O terminal CEat2.2V
Vp=5.25V, OEat 08V,
CEatoV 0
Vo=0V, OEat5.25V,
oz Off-state output current, low-level voltage CEat22V —100 WA
applied at 1/O terminal Vo=0V, OEat08V,
CEat0V —100
Icc Supply current from Voo 85 mA
C; Input capacitance =1 MHz, Ta=25C 10 pF
Ci/o 1/0 terminal capacitance f=1MHz, Ta= 25°C 20 pF

62
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TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL
64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES

switching characteristics over recommended supply voltage ranges, Tp = 0°Cto70°C

TMS 4036-1

TMS 4036 TMS 4036-2
PARAMETER UNIT
MIN TYPT MAX | MIN TYPt mAax | mIN TYPT MaX

ta(ad) Access time from address 1000 650 450 ns
t3(CE) Access time from chip enable 200 190 180 ns
ta3(OE) Access time from output enable 200 190 180 ns
tpxz  Output disable time from chip enable o] 60 200 0 60 200 4] 60 200 ns
tpxz  Output disable time from output enable (see Note 4) 0 60 200 0 60 200 0 60 200 ns

NOTE 4: This parameter defines the delay for the I/0 bus to enter the input mode.

TAll typical values are at Tp = 25 C. .

‘ read cycle timing
i< te(rd) 45’

ADDRESS, A0:A5 ADDRESS VALID

READ/WRITE, R/W I
l“—* ta(CE) ——"
| [

I
>_< DQN'TCAREE X |

CHIP ENABLE, CE

y |

| — 'maa)l———bi
N

|

|

OUTPUT ENABLE, OF |
: fe— ta0E)—]

|

INPUT/OUTPUT 1/00-1/07

'ﬂ—lsz —>]

DATA VALID
"__—___ talad) ———D’
write cycle timing
e telwr) >
ADDRESS, A0-AS ) 4 ADDRESS VALID \/f<
! |
— j*— th(ad)

' :‘— tsu(ad) —_—"1

READ/WRITE, RW W\

fe tsu(CE)

DONT CARE Yk

CHIP ENABLE, CE

I

OUTPUT ENABLE, OE

B

l"—__— twiwr) ————————®

—’i l"- th(da)

L—tpxz—bu

su(da)

DATA VALID

[d
N\
INPUT/OUTPUT, 1/00-1/07 DON'T CARE

N
X

NOTE: For measuring timing requirements and characteristics, V4 = 2.2V, V= 0.65 V, t, = tf = 20 ns and all timing points are 50% points.
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MOS TMS 4039 JL, NL; TMS 4038-1 JL, NL; TMS 4039-2 JL, NL
LSI 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-S 7512271, MAY 1975

256 x 4 Organization 22-PIN CERAMIC AND PLASTIC
. . DUAL-IN-LINE PACKAGES
Static Operation (No Clocks, No Refresh) (TOP VIEW)
e 3 Performance Ranges:
ACCESS  READ OR WRITE a3 1[0 22 vee
TIME CYCLE
(MAX) (MIN) Az 2 E CEANEY
TMS 4039 1000 ns 1000 ns a1l 3o 20 AW
TMS 4039-1 650 ns 650 ns _
TMS 4039-2 450 ns 450 ns A0 40 EIW CE1
e Input Interface A5 5 E E}w OE
Fully Decoded . A6 6 E E|17 CE2
TTL-Compatible A7 7E —P—Jm o
Static Charge Protection
GND 8 E E}ts Dla
e QOutput Interface
Two Chip-Enable Inputs for OR-Tie Capability on sy )14 D03
Fan-out to 1 Series 74 TTL Load o1 10 o 13 o1
3-State Outputs and Output Enable Control piz2 11 [q Ejn DO2

for Common 1/0 Data Bus Systems
e Power Dissipation . . .175 mW Typical
e Organized for Microprocessor-Based Systems
e Interchangeable with Intel 2101, 2101-2, and 2101-1, Respectively

description

This series of static random-access memories is organized as 256 words of 4 bits. Static design results in reduced
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. All inputs and
outputs are fully compatible with Series 74 TTL, including the single 5-voit power supply. The TMS 4039 series is
manufactured using T!'s reliable N-channel enhancement-type silicon-gate technology to optimize the cost/performance
relationship. Readout is nondestructive and output data is not inverted from data in.

The TMS 4039 series is offered in 22-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages designed for
insertion in mounting-hole rows on 400-mil centers. The series is characterized for operation from 0°C to 70°C.

operation
addresses (A0-A7)

The eight address inputs select one of 256 4-bit words. The address inputs can be driven directly from standard Series
54/74 TTL with no external pull-up resistors.

chip enable (CE1 and CE2)

To enable the device, CE1 must be low and CE2 must be high. The two chip-enable terminals can be driven from a
common source with an inverter or either terminal can be hard wired to its enabled level. When the memory is disabled,
data cannot be entered and the outputs are in the high-impedance state.

TExAS INSTRUMENTS



TMS 4039 JL, NL; TMS 403S-1 JL, NL; TMS 4039-2 JL, NL .
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

operation (continued)

read/write (R/W)

The R/W input must be high during read and low during write operations. Prior to an address change, R/MW must be in
the read state and must remain in that state for a minimum period to eliminate the possibility of data being written into
an unwanted position. The R/W input is TTL-compatible and does not require external resistors.

output enable (OE)

The output enable must be low to read for when it is high the outputs are in the high-impedance state useful for
OR-ties or common input/output operation. When the device is not used in the common-input/output configuration,
the output enable terminal can be hard wired low.

data in (D11-D14)

The DI inputs accept input data during a write operation. During a write cycle, data must be set up a minimum time
before R/W goes to the read state (high) to ensure that correct data will enter the addressed memory cell. Also, input
data must be held valid a minimum time after the rise of R/W.

data out (DO1-DO4)

Data out is a three-state terminal controlled by OE, CE1, and CE2. To read data, CE1 and OE must be low with CE2
high. When OE or CE1 goes high or CE2 goes low, the output terminals are forced to the high-impedance state.

functional block diagram

FUNCTION TABLE

A0 —E . R/W|CE1|ce2| GE| OPERATION
L L H | L | Write (DO =7?)
Al —m L{ L | H[H[writ(©0=2)
CELL ARRAY vl L | H|tL|Read
A2 —'{: ROW SELECT 32 ROWS x | H | x | x | Device Disabled (DO = 2)
32 COLUMNS X | x L] X Dev!ce Disabled (DO = 2)
A3 —E H | X | X | H | Device Disabled (DO = Z)
H = High

X = Irrelevent

T | Z = High Impedance
o i
RN —K COLUMN 1/0 CIRCUITS ? 7 Indeterminate
oIt __E COLUMN SELECTOR o1
INPUT
pi2 —§: DATA
CONTROL Doz
A5 A6 A7
Dia ﬁf po3
1y B—— D04
[ — )
CE2
OF
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TMS 4039 JL, NL; TMS 4039-1 JL, NL; TMS 4039-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

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

Supply voltage, V¢ (see Note 1)
Input voltage (any input) (see Note 1)
Continuous power dissipation
Operating free-air temperature range
Storage temperature range o
NOTE 1: Voltage values are with respect to the ground terminal
*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

—05t07V
—05t07V

1w

0°C to 70°C
—65°C to 150°C

TMS 4039 TMS 4038-1 TMS 4039-2
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Veg 4.75 5 5.25 | 4.75 5 525 |4.75 5 525 v
High-level input voltage, V| 22 Vee | 22 Vee | 22 Vee v
Low-level input voltage, V||_ (see Note 2) —-0.5 0.65 | 0.5 065 | 0.5 0.65 \
Read cycle time, te(rd) 1000 650 450 ns
Write cycle time, t¢(wr) 1000 650 450 ns
Write pulse width, ty(wr) 800 450 300 ns
Address setup time, tgy(ad) 150 150 100 ns
Chip-enable setup time, tg, (CE) 900 550 400 ns
Data setup time, tg (da) 700 400 280 ns
Address hold time, th(ad) 50 50 50 ns
Data hold time, th(da) 100 100 100 ns
Operating free-air temperature, TA 0 70 0 70 4] 70 °c
NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage leveis only.

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT
VoH High-level output voltage IgH = —150 A, Vgc=4.75V 2.2 \
VoL Low-level output voltage loL=2mA, Vec =525V 0.45 Vv
I Input current V)=0t05.25V 10 BA
Off-state output current, high-level —
| CEat22V, Vp=4V 15 A
ozH voltage applied ° .
Off-state output current, low-level -
1 CEat22V, Vo =045V -50 A
ozL voltage applied ° ° *
lcc Supply current from Voo vee=525V. | Ta- 25’ c 60 mA
Ig=0mA [ Ta=0°C 70
Ci Input capacitance :/l =1 ?w\ilz Ta=25°C 4 8 pF
Co Output capacitance Vo=0V, Ta=25C. 8 12 pF
f=1MHz

TAll typical values are at Voo =5 V, Ta = 25 C.
cc A

switching characteristics over recommended supply voltage range, Tp =0°C to 70°C, 1 Series 74 TTL load,

Cy = 100 pF .
PARAMETER TMS 4039 TMS 4039-1 TMS 4039-2 UNIT
MIN MAX | MIN MAX | MIN MAX
tafad) Access time from address 1000 650 450 ns
ta(CE) Access time from chip enable CE1 or CE2 800 400 350 ns
ta(OE) Access time from output enable 700 350 300 ns
tDV (ad) Previous output data valid after address change 40 40 40 ns
tpxz  Output disable time from output enable (see Note 3) 0 200 0 150 0 150 ns

NOTE 3: With the outputs OR-tied to the inputs, this parameter defines the delay for the I/0 bus to enter the input mode.
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TMS 4039 JL, NL; TMS 4039-1 JL, NL; TMS 4039-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

read cycle timing

te(rd)

[ !
L -
[ |
ADDRESS, A0-A7 X ADDRESS VALID }(7
i
| I
1
o [
l
1

|

| tacE)—]
]

4
k 1 7| tDV(ad) —L——’l
|

|

|

!

X i fe———— tPXZ——— ]
: ta(OE) 'J‘—*’!

|

|

OUTPUT ENABLE, OE

! |

L DATA VALID >‘-—

[ ta(ad) —_—

DATA OUT, DO1-DO4

write cycle timing

telwr) ——————————

1
|
ADDRESS, A0-A7 X ADDRESS VALID X
n

< ®t-tsu(ad) P‘_th(ad) —’l
|

READ/WRITE, RW \\—_j/
l‘——— twiwr) ——bl
= | |
CHIP ENABLE 1, CE1 | /<><><><><><><><><>
| [
t,
[-I—— su(CE) —
H'sz :

OUTPUT ENABLE, OF [ tsu(dar—

| :<-— th(dal——]
| |

NOTE: For measuring timing requirements and characteristics, V|4 = 2.2V, V| = 0.65 V, t, = ty = 20 ns and all timing points are 50% points.
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MO0sS TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 JL, NL
LSI 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-S 7512269, MAY 1975

® 256 x 4 Organization 18PIN CERAMIC AND PLASTIC
e Common 1/0 DUAL-I:\I.I:IC.)IPN\EI::’?KAGES
e 18-Pin Package
e Static Operation (No Clocks, No Refresh) A3 1 E U EI 18 Vee
e 3 Performance Ranges:
ACCESS  READ OR WRITE A2 2 E E} 17 A4
TIME CYCLE _
(MAX) (MIN) A1 3 E E’G RW
TMS 4042 1000 ns 1000 ns A0 4 E E] 15 CE1
TMS 4042-1 650 ns 650 ns
TMS 40422 450 ns 450 ns A5 5 [u: E] 14 1/0a
e Input Interface 2 6 E E]‘a /03
Fully Decoded
TTL-Compatible A7 7 E ﬂu /o2
Static Charge Protection GND 8 E Eln 1/01
o Output Interface _ _
Two Chip-Enable Inputs for OR-Tie Capability & oy ”] 10 ce2

Fan-out to 1 Series 74 TTL Load
3-State Outputs and Output Enable Control
for Common 1/0O Data Bus Systems
e Power Dissipation . . . 1775 mW Typical
e Organized for Microprocessor-Based Systems

e Interchangeable with intel 2111, 2111-2, and 2111-1, Respectively
description

This series of static random-access memories is organized as 256 words of 4 bits. Static design results in reduced
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. The use of
common input/output terminals, controlled by the chip enable and output enable terminals, allows the use of an 18-pin
package and saves board space in comparison to the TMS 4039. The common input/outputs are fully compatible with
Series 74 TTL. The device requires a single 5-volt power supply. The TMS 4042 series is manufactured using Tl's
reliable N-channel enhancement-type silicon-gate technology to optimize the cost/performance relationship. Readout is
nondestructive and output data is not inverted from data in.

The TMS 4042 series is offered in 18-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages designed for
insertion in mounting-hole rows on 300-mil centers. The series is characterized for operation from 0°C to 70°C.

operation

addresses (A0-A7)

The eight address inputs select one of 256 4-bit words. The address inputs can be driven directly from standard Series
54/74 TTL with no external pull-up resistors.

chip enable 1 and chip enable 2 (CE1 and CE2)

To enable the device, CE1 and CE2 must be low. The two chip-enable terminals can be driven from a common source
or either terminal can be hard wired low. When the memory is disabled, data cannot be entered and the outputs are in
the high-impedance state.
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TMS 4042 JL, NI. TMS 4042-1 JL, NL; TMS 4042-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

operation (continued)

read/write (R/W)

The R/W input must be high during read and low during write operations. Prior to an address change, R/W must be in
the read state and must remain in that state for a minimum period to eliminate the possibility of data being written into
an unwanted position. The R/W input is TTL-compatible and does not require external resistors.

output enable (OE)

The output enable must be low to read for when it is high the outputs are in the high-impedance state.

input/output (1/01-1/04)

The common input/output terminals are used for both read and write operations. During a write cycle, data must be set
up a minimum time before R/W goes to the read state (high) to ensure that correct data will enter the addressed
memory cell. Also, input data must be held valid a minimum time after the rise of R/W.

The output b buffers are three-state and are controlled by OE CE‘I and CE2. The input buffers are controlled by R/W
CEI and CE2. To read data, CEI CE2 and OE must be fow. If any one of these three inputs goes to the high level,
the output terminals are forced to the high-impedance state. The common 1/0 terminals can be driven directly by
Series 74 TTL and the buffers can drive Series 74 TTL circuits without external resistors.

functional block diagram

A0
A1l
A2
A3

A4

R/W
1/01
/02
/03

1/04

ol al
LU

al

—[z:: FUNCTION TABLE
R/W | CE1| CEz | OE OPERATION
_‘X L L L L Not recommended
ROW MEMORY ARRAY L L L | H | wite(/0=2)
[; SELECT 32 ROWs X y % | x gead Disabled (1/0 = Z)
X H X X evice Disable =
__X 32 COLUMNS X | x | H | X | Device Disabled (1/0 = Z)
H X X H Device Disabled (1/0 = Z)
_—..X H = High
L =Low
« X = Irrelevant
[ Z = High iImpedance
—X OLUMN 1/0 CIRCUITS
__,_E COLUMN SELECT

INPUT
DATA
CONTROL
A5 A6 A7

o wU
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TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

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

Supply voltage, V¢ (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.
*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

—-05t0 7V
-0.5t0 7V

Tw

0°C to 70°C
-65°C to 150°C

PARAMETER TMS 4042 TMS 4042-1 TMS 4042-2 UNIT
MIN NOM MAX [MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.75 5 5.25 {4.75 5 5.25 [4.75 5 5.25 \
High-level input voltage, V| 2.2 Vece 2.2 Vee 2.2 Vee \
Low-level input voltage, V||_ (see Note 2) —-0.5 0.65 |-05 0.65 |-0.5 065 | V !
Read cycle time, te(rg) 1000 650 450 ns
Write cycle time, te(wr) 1000 650 450 ns
Write pulse width, ty(wr) 800 450 300 ns
Address setup time, ts (ad) 150 150 100 ns
Chip enable setup time, tsy(CE) 900 550 400 ns
Data setup time, tgy(da) 700 400 280 ns
Address hold time, th(ad) 50 50 50 ns
Data hold time, th(da) 100 100 100 ns
Operating free-air temperature, T o 0 70 0 70 0 70 e

NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only.

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

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
VoH High-level output voltage loH = —150 uA, Vec =4.75V 2.2 \
VoL Low-level output voltage loL =2mA, Vee =525V 0.45 \
Iy Input current Vi=0t05.25V =10 HA
Off-state output current, high-level —
lozH . CEat2.2V, Vg =4V 15 HA
voltage applied
Off-state output current, low-level —
lozL 1P CEat22v, Vo =045V —50 LA
voltage applied
Vec =525V, TA=25C 60
Icc Supply current from Vg ce LA 3 mA
10=0mA [ Ta-oc 70
V=0V, Ta=25C
Ci Input capacitance ! : a4 8 F
! P P f=1MHz i P
Vo=0V, Ta=25C,
Co Output capacitance o A 10 15 pF
f=1MHz

TAll typical values areat Vec =5V, Ta = 25°C.
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TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

switching characteristics over recommended supply voltage range, T 5 = 0°C to 70°C, 1 Series 74 TTL load,

Cy_ =100 pF
T ~ [ Tmsa0az  [TMsa0a2-1 | TMs 40422
PARAMETER UNIT

MIN MAX MIN MAX MIN MAX
ta(ad) Access time from address 1000 650 450 ns
t3(CE) Access time from chip enable CE1 or CE2 800 400 350 ns
t3(0F) Access time from output enable 700 350 300 ns
tDV(ad) Previous output data valid after address change 40 40 40 ns
1pXZ Output disable time from output enable (see Note 3) 0 200 0 150 o] 150 ns

. NOTE 3: This parameter defines the delay for the /0 bus to enter the input mode.

read cycle timing

e~
[t

e(rd)

»l
g
ADDRESS, AO-A7 X ADDRESS VALID X
|
1
| |
CHIP ENABLE 1 AND OOk L0000
CHIP ENABLE 2, CE1, CE2
[

f—— ta(CE) —]

1
I
k | Zk 'DV(adl—k—’|

|
|
|
{ l ! ld— tPxz
|
1

OUTPUT ENABLE, OE

'a(b—E)—‘k—bil/ |
DATA VALID ,_
j#————— ta(ad) “’I\

INPUT/QUTPUT, 1/01-1/04

write cycle timing

te(wr)

le o
~ ?l

ADDRESS, A0-A7 X ADDRESS VALID X
| .

k———br *suad) je———— th(aa) ——

_ tw(wr)
READ/WRITE, R/W
. |
ld— tsu (CE) ——»l
CHIP ENABLE 1 AND
CHIP ENABLE 2, CE1, CE2

I
I
|

OUTPUT ENABLE, OE 7‘ _.l
| tsu(da);

I<-—‘sz—>1| |<— th(da) ——PI

INPUT/OUTPUT, 1/01-1/04 W DATA VALID ><><><>Q<

NOTE: For measuring timing requirements and characteristics, Vi - 2.2V, V|~ 0.65 V, 1, t; - 20 ns and all timing points are 50% points.
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MOS TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL
LSI 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-S 7512270, MAY 1975

e 256 x 4 Organization 16-PIN CERAMIC AND PLASTIC
DUAL-IN-LINE PACKAGES
e Common I/O (TOP VIEW)
e 16-Pin Package
e Static Operation (No Clocks, No Refresh) A3 1 E“—D— E] 16 Vee
e 3 Performance Ranges: Az 2 [g '_EJ 15 A4
ACCESS READ OR WRITE _
TIME CYCLE a1 3 E E] 14 RW
(MAX) (MIN) —
A0 4 E E] 13 CE
TMS 4043 1000 ns 1000 ns
TMS 40431 650 ns 650 ns A5 5 E _E_I 12 1/04
TMS 4043-2 450 ns 450 ns
A6 6 E ﬂ 1 yo3
e Input Interface
Fully Decoded A7 7 E El 10 Vo2
TTL-Compatible GND 8 E E 9 101
Static Charge Protection

e Output Interface
Chip-Enable Input and 3-State Outputs for OR-Tie
Capability in Common 1/O Data Bus Systems
Fan-out to 1 Series 74 TTL Load
o Power Dissipation . .. 175 mW Typical
e Organized for Microprocessor-Based Systems
e TMS 4043 and TMS 4043-1 Are Interchangeable with Intel 2112 and 2112-2, Respectively

description

This series of static random-access memories is organized as 256 words of 4 bits. Static design results in reduced
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. The use of
common input/output terminals, controlled by the chip enable and read/write terminals, allows the use of a 16-pin
package and saves board space in comparison to the TMS 4039 or TMS 4042. The common input/outputs are fully
compatible with Series 74 TTL. The device requires a single 5-volt power supply. The TMS 4043 series is manufactured
using T!’s reliable N-channel enhancement-type silicon-gate technology to optimize the costfperformance relationship.
Readout is nondestructive and output data is not inverted from data in.

The TMS 4043 series is offered in 16-pin dual-in-line ceramic (JL suffix) and piastic (NL suffix) packages designed for
insertion in mounting-hole rows on 300-mil centers. The series is characterized for operation from 0°C to 70°C.

operation

addresses (A0-A7)

The eight address inputs select one of 256 4-bit words. The address inputs can be driven directly from standard Series
54/74 TTL with no external pull-up resistors.

chip enable (CE)

To enable the device, CE must be low. When the memory is disabled, data cannot be entered and the outputs are in the
high-impedance state.
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TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

operation (continued)

read/write (R/W)

The R/W input must be high during read and low during write operations. Prior to an address change, R/W must be in
the read state and must remain in that state for a minimum period to eliminate the possibility of data being written into
an unwanted position. The R/W input is TTL-compatible and does not require external resistors.

input/output (1/01-1/04)

The common input/output terminals are used for both read and write operations. During a write cycle, data must be set
up a minimum time before R/W goes to the read state (high) to ensure that correct data will enter the addressed
memory cell. Also, input data must be held valid a minimum time after the rise of R/W.

The output buffers are three-state and they are controlled by CE and R/W. If CE goes high or RW goes low, the output-

terminals are forced to the high-impedance state. The input buffers are also controlled by CE and R/W. To read data,
CE must be low and R/W high. The common I/O terminals can be driven directly by Series 74 TTL and the buffers can
drive Series 74 TTL circuits without external resistors.

functional block diagram

FUNCTION TABLE

A4 X = Irrelevant

Z = High Impedance

o3
R/W | CE OPERATION
At —{2: L | L |Write{l/0=2)
A2 ROW MEMORY ARRAY N I
[: SELECT 32 ROWS X H Device disabled (1/0 = Z)
32 COLUMNS
L = Low

—— COLUMN 1/0 CIRCUITS
1/01 ,,_._{Z COLUMN SELECT
A @
1/02 w’i—_ INPUT DATA L
03 { CONTROL /\[}_‘
1/04 o {X A5 A6 A7
[ (ﬂ
—

P T
RIW
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TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

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

Supply voltage, Vg tsee Note 1) oo s -05t07V
Input voltage (any input) (see Note 1) e e —05t07V
Continuous power dissipation . . . . . . . . . . . . . . . . . ... ... oo w
Operating free-air temperature range . . . . . . . . . . ... 0°C to 70°C
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . —85°Cto150°C

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

*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

TMS 4043 TMS 40431 TMS 4043-2
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 4.75 65 5.25|4.75 5 5.25 [4.75 5 5.25 \
High-level input voltage, V|H 2.2 Vee | 22 Vee | 22 Vee \
Low-level input voltage, V|| (see Note 2) -0.5 0.65 |—0.5 0.65 [—0.5 0.65 \
Read cycle time, tc(rd) 1000 650 450 ns
Write cycle time, t¢(wr) 1000 650 450 ns
Address setup time, ts;(ad) 150 100 50 ns
Chip-enable setup time, tg,(CE) 0 0 0 ns
Data setup time, tg,(da) 600 300 150 ns
Address hold time, th(ad) 50 50 50 ns
Chip-enable hold time, th(CE) 0 0 0 ns
Data hold time, th(da) 100 50 50 ns
Operating free-air temperature, Ta o] 70 0 70 0 70 C

NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage leveis only.

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

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
VOoH High-level output voltage loH = =150 kA, Ve =475V 2.2 \2
VoL Low-level output voltage loL =2mA, Vee =525V 0.45 \
h Input current Vi=0t05.256 V +10 HA

Off-state output current, high-level —
lozZH X CEat2.2V, Vp=4V 15 uA
voltage applied

Off-state output current, low-level

1 CEat22V, Vo =045V —-50 A

ozL voltage applied 0 .
Vee=5.25V, Ta=25C 60

Icc Supply current from Voo cc B A ~ mA
I0=0mA TA=0C 70
Vi=0Vv, Ta=25°C,

Ci Input capacitance fl 1 MHz A 4 8 pF

] Vo=0V, Ta=25°C,
Co Output capacitance f= 1 MHz 10 15 pF

T All typical values are at Ve = 5 V, Ta = 25°C.
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TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

switching characteristics over recommended supply voltage range, T A= 0°C to 70°C, 1 Series 74 TTL load,

Cy = 100 pF
TMS 4043 TMS 4043-1 TMS 4043-2
PARAMETER UNIT
MIN MAX | MIN MAX |MIN MAX
talad) Access time from address 1000 650 450 ns
ta(GE) Access time from chip enable 800 500 350 ns
tpV(ad) Previous output data valid after address change 40 40 40 ns
tpxz  Output disable time from chip enable (see Note 3) [ 200 0 150 0 150 ns
tpxz _ Output disable time from read/write {see Note 3) 200 200 200 ns

. NOTE 3: This parameter defines the delay for the |/O bus to enter the input mode.

read cycle timing

ADDRESS, A0-A7

CHIP ENABLE, CE

INPUT/OUTPUT, 1/01-1/04

write cycle timing

ADDRESS, AO-A7
READ/WRITE, R/W

CHIP ENABLE, CE

INPUT/OUTPUT, 1/01-1/04

te(rd)

ADDRESS VALID

T
QOOOCK

I‘“—‘a(ﬁb—"ll

k— ta(ad) —’I

]
1DV (ad) T

1
tpxz —|
r_ |

4

A\

DATA VALID >——-

te(wr)

»l
al

ADDRESS VALID

H—.:' tsu(ad)

|
fe——— thjaq) —

N A
—" l"_‘su(CE) I'—ﬁ‘—thﬁ)

m KKK

'su(da)—’l
k——Et:xz f—— th(da) —|

XK

DATA VALID ><><>O<><

NOTE: For measuring timing requirements and characteristics, Vi = 2.2 V, Vy_ = 0.65 V, t, = ty = 20 ns and ali timing points are 50% points.
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TMS 4044, -45, -30, -25, -20, -15 JL, NL

MOS TMS 4046, -45, -30, -25, -20, -15 JL, NL
LSl 4096 WORD BY 1-BIT STATIC RAMs
MAY 1977
® 4096 x 1 Organization TMS 4044
. 18-PIN CERAMIC AND PLASTIC
0,
e Single +5 V Supply (+ 10% Tolerance) DUAL-IN-LINE PACKAGES
e High Density 300-mil 18- and 20-Pin Packages (TOP VIEW)
e Fully Static Operation (No Clocks, No Refresh, Ag v [ T E] 18 Ve
No Timi r g
o Timing Strobe) a2 [ [ v s
e 5 Performance Ranges: !
A2 3[4 [ 16 Az
ACCESS READ OR WRITE
TIME CYCLE A3 4 [ ] 15 Ag
(MAX) (MIN) PV E B 14 e
TMS 4044-45/4046-45 450 ns 450 ns
TMS 4044-30/4046-30 300 ns 300 ns As 6 [g ] 13 A
TMS 4044-25/4046-25 250 ns 250 ns a 7 [g o] 12 Ay
M. - 4 200 —_
TMS 4044-20/4046-20 ns 200 ns W s E E] " o
TMS 4044-15/4046-15 150 ns 150 ns
e All Inputs and Outputs Fully TTL-Compatible vss o [f ol 0 s
e Common |/0O Capability
e Qutput Interface TMS 4046
3-State Outputs and Chip Select Control for 20-PIN CERAMIC AND PLASTIC
OR-Tie Capability DUAL-I:\#;LNS':;:\SKAGES
Fan-Out to 1 Series 74 or 74S TTL Load
T il B 20 V
o Power Dissipation NnE 1 g | ‘3 cc
TYPICAL MAX Ao 2 [f] [ 19 Veez
TMS 4044/46-25, -30, -45 250 mW 495 mwW A 3 E i:u] 18 Ag
TMS 4044/46-20, -15 400 mwW 649 mW |
. . . Az 4 5 i 17 Ay
e 400 mV Guaranteed d.c. Noise Immunity with 2 & :]
Standard TTL Loads — No Pull-Up Resistors Az 5[] 9 16 A
Required Ay 6 [ ‘E 15 Ag
description as 7 [ d1e A
a 8 [ [ 13 A
This series of static random-access memories is — " !
0 o 2 D
organized as 4096 words of 1 bit. Static design results woe E 1] ! _
in reduced overhead costs by elimination of refresh- Vss 10 Y 19 1S
clocking circuitry and by simplification of timing
requirements. Because this series is fully static, chip
select may be tied low to further simplify system PIN NAMES
timing. Output data is always available during a read AoA11 Addresses
cycle. D Dats In
Q Data Out
All inputs and outputs are fully compatible with S Chip Select
Series 74 or 74S TTL. No pull-up resistors are Vee +5 V Supply
required. The TMS 4044/4046 series is manufactured Veet +5 V Supply
using Tl's reliable N-channel silicon-gate technology (array only)
to optimize the cost/performance relationship. The Vece +5YS“W'V
single 5-volt power supply is also used to retain data (periphery only)
in a reduced power standby mode. For the XSS G"_’“"d
TMS 4046, Vcc2 powers only the periphery circui- w Write Enable

try. Consequently it is not required to maintain data
during standby operation.
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TMS 4044, -45, '30! '25, '20’ -15 JL’ NL
TMS 4046, -45, -30, -25, -20, -15 JL, NL
4096 WORD BY 1-BIT STATIC RAMs

STANDBY OPERATION
(TYPICAL SUPPLY VALUES)

DEVICE SUPPLY OPERATING STANDBY

TMS 4044 vee Y 24V
Veer 15V 24V

TMS 4046 Vecn e v ov

The TMS 4044 series and the TMS 4046 series are offered in 18-pin and 20-pin respectively dual-in-line ceramic (JL
suffix) and plastic (NL suffix) packages designed for insertion in mounting-hole rows on 300-mil centers. The series is
guaranteed for operation from 0°C to 70°C.

operation

addresses (A0-A11)

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

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 a logic 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 a logic 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 one Series 74 TTL gate or one Series
74S TTL gate. 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/O systems. Data-out is the same polarity as data-in.

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

Supply voltage, Vc( (see Note 1) L. . ... ... ... ... .. ... .-05t7V
Input voltage (any input) (see Note 1) .. . . ... ... . . . . . ... .-05t07V
Continuous power dissipation O I
Operating free-air temperature range e e 0°C t0 70°C
Storage temperature range L. ... .. .. . . . . . . . . .. . -85°Cto150°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 indi d in the "R Operating Conditions’’
section of this specification is notimplied. Exposure to absolute maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Voltage values are with respect to the ground terminal.
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TMS 4044, -45, -30, -25, -20, -15 JL, NL
TMS 4046, -45, -30, -25, -20, -15 JL, NL
4096 WORD BY 1-BIT STATIC RAMs

functional block diagram

1ot 64
ROW
SELECT

STATIC MEMORY
— CELL ARRAY
b/ 64 ROWS BY

64 COLUMNS

I —

-~———————— VeelVeez

[-———————————Vcc1 (array oniy) ‘

H

DATA INPUT
o

DATA OUTPUT

110 LoGIC

ouTPUT
CONTROL o
BUFFER

1ot 68
COLUMN SELECT

PEEY

A0 An

3 w D Q MODE

H X X HI-Z Not Selected
L L L HI1-Z Write 0"

L L H HI-Z Write "1

L H X DATA OUT Read

recommended operating conditions

PARAMETER MIN NOM MAX [UNIT
O t 45 .
Supply voltage, Vco sgpej[ {9 52 z : Z \ '
andby K .
Operating 4.5 5 55
Supply voltage (array only), Ve Srandt 22 = =% v
andby K .
O t 4. .5
Supply voltage (periphery only), Vcoo Stpe:t ‘9 2 : Z c \
andby X
Supply voltage, Vgg 0 A
High-level input voltage, Vi 2.0 55 \%
Low-level input voitage, V| -0.5 08| V
Operating free-air temperature, T a 0 70| °C
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TMS 4044, -45, -30, -25, -20, -15 JL, NL
TMS 4046, -45, -30, -25, -20, -15 JL, NL
4096 WORD BY 1-BIT STATIC RAMs

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

PARAMETER TEST CONDITIONS MIN TYPT MAX |UNIT
Von _ High level voltage 1oH = —200 uA Vec =45V T 24 v
VoL Low level voltage loL=2mA Vec =45V 0.4 \%
[ Input current Vi0tob5V 10 | WA
lozh Off-state output current, S @_2.0 Vv Vo - 55V 10| 4
high level voltage applied orWat08V
Off-state output current, Sat20V
lozL - _ Vo =04V 10 | uA
low level voltage applied orWat0.8V
Vec =55V
o 4044/46-45, -30, -25 50 90 | mA
Icc Supply current from Voo lo=0mA ‘ Ta=0°C 2044/46.20, 15 %0 T8 [mA
(worst case dynamic conditions)
e Supply current from Vcc IV(::(=:10 mis v 5 A
(array only) N
Ta=70°C
loap  SUPPlY current from Vecz :;Cf%;is v 4044/46-45, 30, -25 45 mA
(periphery only) " 4044/46-20, -15 75 mA
Ta=0°C
i V=0V
Ci Input capacitance . 8 pF
Co Output capacitance Vo=ov 12 | pF
f=1MHz
TAll typical values are at Vgg = 5 V, T = 25°C.
timing requirements over recommended supply voltage range and operating free-air temperature range
TMS 4044-15 | TMS 4044-20 | TMS 4044-25 | TMS 4044-30 | TMS 4044-45
PARAMETER TMS 4046-15 | TMS 4046-20 | TMS 4046-25 | TMS 4046-30 | TMS 4046-45 [UNIT
MIN MAX | MIN MAX | MIN MAX [ MIN MAX [ MIN MAX
te(rd) Read cycle time 150 200 250 300 450 ns
m— “Write cycle time - 150 200 250 300 450 ns
tc(Rw) Read, modify-write cycle time 0 320 370 450 650 ns
. tw(W)  Write pulse width B0 700 100 150 200 ns
tsu(A)  Address set up time 0 0 0 9] ] ns
tsu(S)  Chip select set up time 60 100 100 150 200 ns
tsy(D)  Data set up time 60 100 100 150 200 ns
th(D) Data hold time 0 9] 0 0 0 ns
th(A) Address hold time 20 20 20 0 0 ns
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TMS 4044, -45, -30, -25, -20, -15 JL, NL
TMS 4046, -45, -30, -25, -20, -15 JL, 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 4044-30 | TMS 4044-45
PARAMETER TMS 4046-15 TMS 4046-20 | TMS 4046-25 |TMS 4046-30 | TMS 4046-45 |UNIT
MIN NOM MAX | MIN MAX |MIN MAX [MIN MAX | MIN MAX
ta(A) Access time from address 150 200 250 300 450 | ns
Access time from chip
ta(s) 70 70 70 100 100 | ns
select low
Access time from
ta(W) R 70 70 70 100 100 | ns
write enable high
Output data valid after
tPy X 10 10 10 10 10 ns
address change
Output disable time after
t 50 60 60 80 100
Pvzs chip select high ns
Output disable time after
PPVZW R 50 60 60 80 100 | ns
‘ write enable low
read cycle timing**
telrd)
ViH Fa
ADDRESS, A ADDRESS VALID ><
Vi K T
VI —————————— .
CHIP SELECT, S —tPVZ,S
Vie y
+— ta(S) VX
ViH 75
OUTPUT DATA, Q HI-Z 4 }- HI-Z—
Vie
fala)

** Write enable is high for a read cycle.
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TMS 4044, -45, -30, -25, -20, -15 JL, NL
TMS 4046, -45, -30, -25, -20, -15 JL, NL
4096 WORD BY 1-BIT STATIC RAMs

early write cycle timing

:!4 t?(wr)
Vin
ADDRESS, A W ADDRESS  VALID M
" ;“xu (A) > --t'.(A)»4
e ’-——~ t (W)
WRITE ENABLE, W
Vi
Vin J
CHIP SELECT, § \E fsu(S) /
t5u(D) th(D)
e B A dASATATAY,
OUTPUT, Q ‘:Z: HI-Z

read, modify-write cycle timing

'——» ——— st RW) T — |

ViH

ADDRESS, A X X
Viu I

‘n(A)—-—»‘
_ v o
WRITE ENABLE, W
Vie
ety (W) e
Vi —————————+—
CHIP SELECT, § |
ViL -+ !
: i |
. | ja—— t5,(D) th(D)
ViH
K
womne e IR
Vi VYNVVY

. t,(S)—r——— F—toyz w ta(W) n———*——tpvz, w
Vo — '
OUTPUT, Q HI—Z—< VALID Hi-2 4 VALID HI-Z —
Vou —

e— ta(A) -.—>[
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TMS 4045, -45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL
' Mos 1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

LSI
TMS 4045
e 1024 x 4 Organization 18-PIN CERAMIC AND PLASTIC
. DUAL-IN-LINE PACKAGES
e Single 10% Tolerance +5 V Supply (TOP VIEW)
o High Density 300-mil 18- and 20-Pin Packages
) A A 1 [ U E 18 Vee
o Fully Static Operation (No Clocks, No Refresh,
No Timing Strobe) As 2 g [ 17 4y
e 4 Performance Ranges: A, 3 [T 5] 16 Ag
ACCESS ~ READ OR WRITE Ay 4 (g 0] 15 Agq
TIME CYCLE
(MAX) (MIN) Ao 5 (g [} 14 110y
TMS 4045-45/4047-45 450 ns 450 ns A 6 [ 5] 13 10,
TMS 4045-30/4047-30 300 ns 300 ns
TMS 4046-25/4047-25 250 ns 250 ns A, 7 g [0 12 1/04
TMS 4046-20/4047-20 200 ns 200 ns =
5 1 1/0
TMS 4046-15/4047-15 150 ns 150 ns 8 g o] 1 - 4
Vss 9 [t [0] 10 W
® 400 mV Guaranteed d.c. Noise Immunity With
Standard TTL Loads — No Pull-Up Resistors
Required
o Common 1/0 With Three-State Outputs and TMS 4047
Chip Select Control for OR-Tie Capability 20-PIN CERAMIC AND PLASTIC

-IN- C
e Fan-Out to 1 Series 74 or 74S TTL Load — No DUALN-LINE PACKAGES

. ¢ (TOP VIEW)
Pull-Up Resistors Required _
e Power Dissipation for TMS 4045-20/4047-20 0E 1 [ U [0 20 veea
Less Than 400 mW (Typical) Ag 2 [0 919 vees
e Standby Power Dissipation Less Than: As 3 [0 [0] 18 A7
12 mW (Typical) for TMS 4047-20 A, 4 1 1] 17 Ag
192 mW (Typical) for TMS 4045-20 A3 5 [ 5] 16 Ag
description Ag 6 [ [] 15 170y
. . . Lo . A 7 [c 14 1/0
This series of static random-access memories is organized ! @ [ 2
as 1024 words of 4 bits. Static design results in reduced A, 8 E EI 13 1/03
overhead costs by elimination of refresh-clocking circuitry s 9 [ [6] 12 10,
and by simplification of timing requirements. Because Vss 10 E 3 "n w
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.
PIN NAMES
All;zglf;;in(;i\loutp;:ts are fully compatlb!e ;vuth Serie 74 AQ- A9 Addresses
OL N 74'30:7-"“) res@tors an: requll’ct: . T 1/01 - 1/04 Data input/output
T .eTMS 4045 : Aserles is manufacture usmg .I s i Output Enable
reliable N-channel silicon-gate technology to optimize 3 Chip Select
the cost/performance relatlonsthJ. The slngle 5-volt vee 15 V Supply
power supply is also used to retain data in a reduced 15V Supply
power standby mode. For the TMS 4047, Vg2 powers vee {array only
only the periphery circuitry: Consequently it is not re- vee +5 V Supply
quired to maintain data during standby operation. (periphery only)
Vss Ground
w Write Enable

PRELIMINARY DATA SHEET:
Supplementary data may be
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TMS 4045, -45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL
1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

STANDBY OPERATION
(TYPICAL SUPPLY VALUES)

DEVICE SUPPLY OPERATING STANDBY
TMS 4045 Vee +5V +2.4V
Vees +5V +2.4V
TMS 4047 Ve iy oV

The TMS 4045 series and the TMS 4047 series are offered in 18-pin and 20-pin respectively dual-in-line ceramic (JL
suffix) and plastic (NL suffix) packages designed for insertion in mounting-hole rows on 300-mil centers. The series is
. designed for operation from 0 ©C to 70 ©C.

operation

addresses (A0 - A9)

The ten address inputs select one of the 1024 4-bit words stored 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 (OE)

The output enable terminal, which can be driven directly from standard TTL circuits, affects only the data-in/Data-out
terminals. When output enable is a logic high, the I/O 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 a logic low, the 1/0 terminals are enabled. When chip select is a logic high, the
1/0 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. The W input can be driven directly from standard TTL circuits.

data-in/data-out (1/01 - 1/04)

Data can be written into a selected device when the write enable input is a logic low. The 1/0 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 or one Series 74S TTL gate. The 1/0 terminals are in the high-impedance 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, Vcc (see Note 1) -05t07V
Input voltage (any input) (see Note 1) . —05t07V
Continuous power dissipation . . . . . . . . . . ... ..o 1w
Operating free-air temperature range 00Cto700C
Storage temperature range . —55 0C to 150 °C

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

* 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 4045,-45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL
1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

functional block diagram

AS’__D___‘__ = Vss
As—k = Vee/Vee 2
[=—— Vcc1 (ARRAY ONLY)
A,.—k 10f64 MEMORY ARRAY
ROW 64 ROWS BY —T=T—
A3—k SELECT 64 COLUMNS W|S|OE 1/01 — 1/04
D L|L| X VALID DATA WRITE
AO HiL|L DATA OUTPUT READ
At—k X [H| x HI-Z DEVICE DISABLED
@ H|LIH HI-Z OUTPUT DISABLED
0 —{>°-’- COLUMN 1/0 CKT
102 Do__ INPUT 4bits, 10f 16
DATA COLUMN SELECT
/03 {>.>._ CONTROL
104 Do—»
Ay A7 Ag Ag ‘__ﬂ:_
: |
S
OE
recommended operating conditions
PARAMETER MIN NOM MAX UNIT
Operating 45 5 5.5
Supply voitage, Vo \Y
Standby 24 5.5
Operating 4.5 5 5.5
Supply voltage (array only), Vo1 v
Standby 24 5 5.5
Operating 4.5 5 5.5
Supply voltage, Vgg v
Standby [0 0 5.5
Supply voltage, Vgg 0 \"
High-level input voltage, V|4 2.0 Vee
Low-level input voltage, V| 0.4 0.8 v
Operating free-air temperature, T 0 70 oc
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TMS 4045, -45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL
1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

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

PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT
IoH =—200UA | Vce=4.75V 24
V High level volt: \
OH 'ohlevelvoltage . Voo =45V 22
VoL Low level voltage loL=2mA Vec=45V 0.4 \2
Iy Input current V)0to55V 10 MA
Off-state output current, SorOE@20V
1 ; — Vo=4V 10
OzH high level voltage applied orWat0.8V o A
. Off-state output current, SorOEat2.0V Ve =04V 10 A
OZL 5w fevel voltage applied orWat0.8V 0=5
vee =55V 4045/47 -45, -30 75 100
lcc Supply current from Vee io=0mA Ta=00C mA
(worst case) 4045/47 -20, -15 TBD mA
Vee1 =55V
b t f Vv
. Supply current from Vceq 10=0mA 5 mA
(array only) T 70 oC
A=
Veez2 =55V
Supp! t fi V,
e UD? y current from Vogo 1= 0 mA 70 mA
{periphery only) TaA=00C
A=
N ) Vi=0V
i Input capacitance f=1 MHz 8 pF
c . Vo=0V
0 Output capacitance f=1MHz 12 pF

All typical vaiues are at Vo = 5V, T =25 0C

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

TMS 4045-15 | TMS 4045-20 | TMS 4045-25 | TMS 4045-30 | TMS 4045-45
PARAMETER TMS 4047-15 | TMS 4047-20 | TMS 4047-25 | TMS 4047-30 | TMS 4047-45 | UNIT

MIN  MAX | MIN MAX | MIN MAX | MIN MAX | MIN MAX
te(rd) Read cycle time 150 200 250 300 450 ns
telwr) Write cycle time 150 200 250 300 450 ns
twiw)  Write pulse width TBD 100 100 150 200 ns
tsu(A) Address set up time 0 0 0 o] 0 ns
tsu(S) Chip select set up time TBD 100 100 150 200 ns
tsu (D) Data set up time T8D 100 100 150 200 ns
th(D) Data hold time 0 0 0 0 0 ns
th(A) Address hold time T8D 20 20 0 0 ns
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TMS 4045,-45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL
1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

switching characteristics over recommended voltage range, TA =0 0C to 70 ©oC,

1 serie 74 TTL load, C = 50 pF

TMS 4045-15 | TMS 4045-20 | TMS 4045-25 | TMS 4045-30 | TMS 4045-45
PARAMETER TMS 4047-15 | TMS 4047-20 | TMS 4047-25 | TMS 4047-30 | TMS 4047-45 UNIT
NOM MAX MIN MAX MIN MAX MIN  MAX MIN  MAX
ta(A) Access time from address 150 200 250 300 450 ns
ta(s) Access time from chip select TBD T8D 100 100 120 s
{or output enable low)
Access time from
T
faW) yrite enable high T8D BD 100 100 120 ns
Output data valid after
1 1
PVX_ address change 0 10 o 10 10 ns
Output disable time after chip
4 4 4 1
Pvzs select (or output enable) high 0 0 0 80 oo ns
Output disable time after
40 40 40 100
PVZW  rite enable high 80 ns

read cycle timing**

f———————— tc (rd) h—j
ViH

/s
ADDRESS, A
N

ADDRESSES VALID

X

ViL

CHIP SELECT, S ViH
OUTPUT ENABLE,OE
(4047 ONLY) ViL

OUTPUT DATA, VOH i

/ t:—tpvzls

tpvx

1/0, 110,

** Write enable is high for a read cycle

All timing reference points are 10% and 90%.
Input rise and fall times 10 ns

HI-Z {
ViH
ta(a) —=

] D—Hi-Z-
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TMS 4045, -45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL
1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

early write cycle timing te(wr)
VIH TR
ADDRESSES, A SN0
" RRREIN ADDRESSES VALID
- tsu(a) = th(A)
ViH t
WRITE ENABLE, W \‘ w(w) ]
ViL
[ B A t
CHIP SELECT,S \F su(S) /
ViL
v [“su(D) th(D)
H X TS
INPUT DATA m GETRLER
' X
, DON'T CARE vawo R
1/0,- 170y I
ourpur VO HI-Z
Voo
te( )
ViH \
ADDRESSES, A X
ViL d
. tsu(A) th(a) F
—ViH s
WRITE ENABLE, W l; /
X
ViL
tw(w)
' tsu(S) ‘
_ VIH - }
CHIP SELECT, § 7'
ViL
I—tsum)—J th(D)
INPUT DATA VIH F (TTTTR
_ LK)
W HI-Z — VALID ssm,.
1/0,-1/0, tpyvz, w ta(w) tpvz,s
VoH —\
ouTPUT i}_‘*”'z m HIl-z—

applications data
Early write cycle avoids I/O conflicts by controlling the write time with S. In the diagram above, the write operation
will be controlled by the leading edge of S not W. Data can only be written into the array when both S and W are logic
low. Either S or W being logic high inhibits the write operation and data stored will not be affected by the address. To
prevent erroneous data being written into the array care must be taken to ensure that the addresses are stable during

the entire write cycle defined as tsy(A), tw(W) and th(A)-
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mMos TMS 4027-15, TMS 4027-20, TMS 4027-25 JL, NL
Ll 4096 BIT DYNAMIC RANDOM-ACCESS MEMORY

e 4096 X 1 Organization 16-PIN CERAMIC
. . JIN- P,
Industry Standard 16-Pin 300-Mil Package A ey CE
Configuration
e 10% Tolerance on All Supplies ves 1 | 16 Vss
o All Inputs Including Clocks TTL Compatible b 2l—J cas
e Three-State Fully TTL-Compatible Output w 3 14 DATAOUT
Latched and Valid Into Next Cycle _ _
Ras 4 | 13 S
e 3 Performance Ranges: .
ACCESS  ACCESS READ READ, a0 s 12 A3 .
TIME TIME OR MODIFY- A2 6 E 1 A4
ROW COLUMN  WRITE  WRITET
ADDRESS ADDRESS CYCLE CYCLE A1 7 | 10 As
(MAX) (MAX) (MIN) (MIN) voo 8 | ° vee
TMS 4027-15 150 ns 100 ns 320 ns 330 ns
TMS 4027-20 200 ns 135ns 375 ns 420 ns
TMS 4027-256 250 ns 165 ns 376 ns 480 ns PIN NAMES
e Page-Mode Operation for Faster Access Time AO—AS Address Inputs
S CAS Column address strobe
Low-Power Dissipation 5 Data
— Operatin 460 mW (max) e ment
sp d 9 27 mW ( ) DATA OUT Data output
— Stan bY m max RAS Row address strobe
e 1-T Cell Design, N-Channel Silicon-Gate 5 Chip select
Technology w Write enable
Vgg —5 V power supply
description Vee +5 V power supply
Vpp +12 V power supply
The TMS 4027 JL series is composed of monolithic Vss 0V ground

high-speed dynamic 4096-bit MOS random-access
memories, organized as 4096 one-bit words, empioy-
ing 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 (AQ through A5) and data-in (D) are latched on chip to
simplify system design. Data out is latched and available until the negative edge of CAS in the next memory cycle
returns the output to the high-impedance state. ‘

Typical power dissipation is less than 300 milliwatts active and 14 milliwatts during standby (Vc( is not required
during standby operation). To retain data, only 20 milliwatts average power is required which includes the power
consumed to refresh the contents of the memory.

The TMS 4027 JL, NL series is offered in a 16-pin dual-in-line package and is guaranteed for operation from 0°C to
70°C. Packages are designed for insertion in mounting-hole rows on 300-mil centers.

operation

address (A0 through A5)

Twelve address bits are required to decode 1 of 4096 storage cell locations. Six row-address bits are set up on pins AQ
through A5 and latched onto the chip by the row-address strobe (RAS). Then the six column-address bits are set up on

T The term “read-write cycle” is sometimes used as an alternative title to “read-modify-write cycle”’.

TEXAS INSTRUMENTS



TMS 4027-15, TMS 4027-20, TMS 4027-25 JL, NL
4096 BIT DYNAMIC RANDOM-ACCESS MEMORY

pins AO through A5 and latched onto the chip by the column-address strobe (CAS). RAS activates the sense amplifiers
as well as the row decoder, and CAS activates the column decoder and the input and output buffers.

chip select (S)

When the chip select (S) input is high, the column decode and the input and output buffers are disabled. However, the
row decode is unaffected by chip select so that row addresses are latched and refresh can continue to take place.

write enable (W)

The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS
(early write), data-out will contain the data written into the selected cell.

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

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 goes into the high-impedance state after the
negative transition of CAS. The butput becomes valid after the access time has elapsed, and it remains valid into the
next memory cycle before CAS going low returns it to a high-impedance state.

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 64 row addresses (AO through A5) with RAS causes all bits in each row to be refreshed. CAS remains high
(inactive) for this refresh sequence, thus conserving power.

page mode

Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive
column addresses onto the chip. Thus, the time required to setup and strobe the row addresses is eliminated. To extend
beyond the 64 column locations on a single RAM, apply the row address and RAS to multiple 4K RAMs, then decode
chip select to select the proper RAM. (A RAM need not be selected during the first page mode cycles to have the row
address latched on chip.}

power-up

No particular power-up sequence is required; however, to assure compliance with the “‘absolute maximum ratings”, it is
good engineering practice to apply Vg first (and remove Vgg last in power-down). This prevents any forward junction
bias conditions that could arise if other supplies are applied first. After power-up, one memory cycle must be
performed to achieve proper device operation.

TEXAS INSTRUMENTS

89



TMS 4027-15, TMS 4027-20, TMS 4027-25 JL, NL
4096 BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram

Ag THRU Ag

!
|

w S [RAS|CAS| outpPuT MODE
H Hf L L Hi-Z Not selected
L H| L L Hi-Z No write will occur
5 seeer x x| L |H | Hz RAS only cycle
BUFFER X|H | L Hi-Z CAS only cycle
LBefore | | | | | L |inputdata |Early write
CASL
L After . Write or read/
LiL L Valid data
& ROW MULTIPLEX ADDRESS i
cLoCKS > cLocks BUFFERS CASL write cycle
H LiL L Data out Read
I ¥ l H=High; L=Low; X-Don‘t Care; Hi-Z=High impedance.
pa— COLUMN DECODER
¢ cLocks l CLOCKS DECODER
= | SENSE SENSE AMPS
w Cv:fl‘)‘c':s b AMP AND
CcLOCKS MEMORY
DATA
o IN
BUFFER
ouTPUT DATA
LATCH B | ouTt > SG:A
CLOCKS BUFFER

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

Supply voltage, Vcc (see Note 1) . . ... .. ... . .. ... . ... —=03t022V
Supply voltage, VDD (see Note 1) .. . . . . . . . . . ... . ... ... 030220V
Supply voltage, Vss (see Note 1) . . .. ... ... . . . ... .. 03020V
All input voltages (see Note 1) . .. . . . . . . . . . . . . . . . —-03t020V
Output voltage (operating, with respec( to Vss) .. . . . .. ... .. . . . . . .72W10V
Operating free-air temperature range . . . . .. . ... .. . ...... 0ctwi0cC
Storage temperature range ... ... ... . . . ...... —B5Cto180°C

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

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgg (substrate), unless ‘
*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 indi in the * ded Operating Conditions’’

section of this specification is not implied. E to { d conditions for extended periods may affect device reliability.

recommended operating conditions

PARAMETER MIN NOM MAX |UNIT

Supply voltage, Vgg —45 -5 55 v
Supply voltage, Vcc 4.5 5 5.5 \"
Supply voltage, Vpp 10.8 12 13.2 \Y
Supply voltage, Vgg 0 A"
Highdevel input voltage, except RAS, CAS, and WRITE, V iy 22 35 7.0[ v
High-level input voltage, RAS, CAS, and WRITE, V|H(R) 24 35 70| Vv
Low-level input voltage, Vi -1.0 0 08| VvV
Refresh time, trefresh 2| ms
Operating free-air temperature, T o 0 70| °C
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)

PARAMETERS TEST CONDITIONS MIN TYPT mAX |UNIT
VOH High-level output voltage IoH = —5 mA 24 \
VoL Low-level output voltage oL = 3.2mA, C =50pF 04 \
Iy Input current (leakage) Vi-ov lo_ 1oV, 10 HA
All other pins = 0 V except Vgg = ~5 V
o Output current (leakage) Vo-0 to. 10 V, RAS and CAS high, 10 nA
Output Disabled, after 1 memory cycle
iBB(av) Average operating current Minimum cycle time 90 150 HA
1CClav)* | during read or write
IDD(av) | cyele Minimum cycle time 25 35 mA
Standby current,
oo RAS and CAS After 1 memory cycle 0.85 2 mA
high
Average refresh current,
1pDlav) | RAS cycling, Minimum cycle time 15 25 | mA
CAS high

*Vcc is applied only to the output buffer, so Icc depends on output loading.

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 pF
Ci(D) Input capacitance, data input 4 5 pF
Ci(rC) Input capacitance, strobe inputs 8 10 pF
Ciw) Input capacitance, write enable input 8 10 pF
Co Qutput capacitance 5 7 pF

T Al typical values are at T = 25 C and nominal supply voltages.

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

PARAMETE TEST CONDITIONS TMS 402715 | TMS 02720 | TMS 402728, ¢
R MIN MAX | MIN MAX | MIN MAX
A time f Cy =50pF,
() ccess time from L [ 100 135 165 | ns
column address strobe te(c) and tr(R) = 5 ns,
il =MAX
t(R) Access time from tRL,CL X 150 200 250 ns
row address strobe Load = 2 Series 74 TTL gates
tpyz Output valid time CL =50pF, 10 10 10 Hs
tpPxZ Output disable time Load = 2 Series 74 TTL gates 4] 40 0 50 0 60 ns
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timing requirements over recommended supply voltage ra'nge and operating free-air temperature range

i ‘

TMS 4027-15 | TMS 4027-20| TMS 4027-25
PARAMETER UNIT
MIN MAX |MIN MAX | MIN MAX
te(rd) Read cycle time 320 375 375 ns
te(w) Write cycle time 320 375 375 ns
te(RW) Read, modify-write cycle time 330 420 480 ns
Pulse width, column address strobe high
tw(CH) (precharge time) 60 80 1o
tw(CL) Pulse width, column address strobe low 100 135 165
fwlRH) Pulse wndth,. row address strobe high 100 120 120 s
(precharge time)
tw(RL) Pulse width, row address strobe low 150 10,000 [ 200 10,000{ 250 10,000{ ns
tw(W) Write pulse width 45 55 75 ns
tT Transition times (rise and fall) for RAS and CAS 3 35 3 50 3 50| ns
tsu(aC)  Column address setup time —-10 -10 -10 ns
tsu(AR) Row address setup time o ] 0 ns
tsu(D) Data setup time 4] 0 0 ns
tsu(S) Chip select setup time —10 -10 -10 ns
tsulrd) Read command setup time 0 0 [ ns
tsu(WCH) Write command setup time before CAS high 50 70 85 ns
tsu(WRH) Write command setup time before RAS high 50 70 85 ns
th(ACL) Column address hold time after CAS low 45 55 75 ns
th(AR) Row address hold time 20 25 35 ns
th(ARL) Column address hold time after RAS low 95 120 160 ns
th(pcL) Data hold time after CAS low 45 55 75 ns
th(DRL) Data hold time after RAS low 95 120 160 ns
th(pwL) Data hold time after W low 45 55 75 ns
third) Read command hoid time 0 0 0 ns
th(scL) Chip select hold time after CAS low 45 55 75 ns
th(SRL) Chip select hold time after RAS low 95 120 160 ns
th(wCL) Write command hold time after CAS low 45 55 75 ns
_— Delay time, column address strobe high to ° o o s
. row address strobe low
CLRH Delay time, column address strobe low to 100 135 165 ns
row address strobe high
Delay time, column address strobe low to W low
tcLwL " . 60 80 90
{read, modify-write cycle only)
tREF Refresh period 2 2 2| ms
Delay time, row address strobe low to column
tRLCL address strobe low (maximum value specified 20 50 25 65 35 85( ns
only to guarantee access time)
tRLWL Delay time, row address strobe low to W low 10 145 175 ns
{read, modify-write cycle only)
Delay time, W low to column address strobe
twLer . o o] 4] ns
low (early write cycle)
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read cycle timing

e telrd) 1
| |
I fe——— twRL) —— ] i
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e 1l | |

| r—‘h(ARL)]—ﬁ |
thiaR) = ke I | I
MARl) P - H‘su(AC) |

I
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XEXCENT ARAXY
| ’ ' |
: | )————}— th(ACL) |
| tsulrd) ft»l

WRITE ENABLE, W

VaVAVAYAY AV Va VoW WV VAV Va VoWV,
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|
I
i
ViL |

| 1
. i
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DO AR . ‘
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| [Nl

| - [=*—tsu(s) |
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|
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early write cycle timing
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read-write/read-modify-write cycle timing
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page mode write cycle timing
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page mode read cycle timing
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RAS only refresh timing

||= te(rd) Jl
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timing diagram conventions

TIMING DIAGRAM
SYMBOL

AN
/e
X006

MEANING

INPUT
FORCING FUNCTIONS

Must be steady high or low

High-to-low changes
permitted

Low-te-high changes
permitted

Don't Care

(Does not apply)

OUTPUT
RESPONSE FUNCTIONS

Will be steady high or low

Will be changing from high
1o 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
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BULLETIN NO. DL-S 7512256, MAY 1975

4096 x 1 Organization

18-Pin 300-Mil Package Configuration 18-PIN CERAMIC AND PLASTIC

Single Low-Capacitance TTL-Compatible Clock DUAL-IN-LINE PACKAGES
Multiplexed Data Input/Output (TOP VIEW)
2 Performance Ranges:
READ, Vge 1 @ E 18 Vss
READ OR MODIFY E ]
ACCESS WRITE WRITE 170 2|0 Jri7 an
TIME CYCLE CYCLE
(MAX) _(MIN) _(MIN) 03[l 6 v
TMS 4051 "300ns 470ns 730 ns
TMS 40511 250ns 430ns 660 ns A e 015 no
Full TTL Compatibility on All inputs a2 o 12 a8
(No Pull-up Resistors Needed Except with CE) R 6 ] 13 a7
Registers for Addresses Provided on Chip
Open-Drain Output Buffer Ce 7 E DRENS
Low-Power Dissipation a3 s E I’] 1 oas
— 460 mW Operating (Typical)
— 60 mW Standby (Typical) A4 9 El 10 Voo

N-Channel Silicon-Gate Technology

description

The TMS 4051 series is composed of high-speed dynamic 4096-bit MOS random-access memories, organized as 4096
one-bit words. N-channel silicon-gate technology is employed to optimize the speed/power/density trade-off. Two
performance options are offered: 300 ns access for the TMS 4051 and 250 ns access for the TMS 4051-1. These options
allow the system designer to more closely match the memory performance to the capability of the arithmetic
processor.

The address, data input/output, and read/write inputs can be driven directly from Series 74 TTL circuits. A 200-mV
noise margin is guaranteed in this configuration, which eliminates the need for specialized drivers. The chip-enable input
is TTL-compatible and can interface with a Series 74 TTL circuit as long as a pull-up resistor to Vg is employed in
order to provide a high-level input voltage of 3 V minimum. The data input and output are multiplexed to facilitate
compatibility with a common bus system. A 12-line address is available, which minimizes external control logic and
optimizes system performance.

The typical power dissipation of these RAM's is 460 mW active and 60 mW standby. To retain data only 70 mW average
power is required, which includes the power consumed to refresh the contents of the memory.

The TMS 4051 series is offered in both 18-pin ceramic (JL suffix) and plastic (NL suffix) dual-in-line packages. The
series is guaranteed for operation from 0°C to 70°C. Packages are designed for insertion in mounting-hole rows on
300-mil centers.

operation

chip enable (CE)

A single external clock input is required. All read, write, and read, modify write operations take place when the chip
enable input is low. When the chip enabie is high, the memory is in the low-power standby mode and is not selected. No
read/write operations can take place during the standby mode because the chip is deselected and is automatically
precharging. The CE input can be driven by a standard TTL circuit with a pull-up resistor.
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operation (continued)

mode select (R/W)

The read or write mode is selected through the read/write (R/W) input. A logic high on the R/W input selects the read
mode and a logic low selects the write mode. The read/write terminal can be driven from standard TTL circuits without
a pull-up resistor. The data input is disabled when the read mode is selected and the data output is disabled when the
write mode is selected.

address (A0—A11)

All addresses must be stable on or before the falling edge of the chip-enable pulse. All address inputs can be driven from
standard TTL circuits without pull-up resistors. Address registers are provided on chip to reduce overhead and simplify
system design.

data input/output (1/0) “
Data input and output are multiplexed on a common input/output terminal, which is controlled by the R/W inpu

Data is written during a write or read, modify write cycle while the chip enable is low. The I/O terminal requires.
connection to an external pull-up resistor since the output buffer has an open-drain configuration. The open-drain
output buffer provides direct TTL sink compatibility with a fan-out of one Series 74 TTL gate. A low logic level results
from conduction in the open-drain output buffer while a high level occurs with the buffer in its high-impedance state.
Data written into the memory is read out in its true form,

refresh

Refresh of the cell matrix is accomplished by performing a memory cycle at each of the 64 row addresses (AQ through
AbB) every 2 milliseconds or less. Addressing any row refreshes all 64 bits in that row. The column addresses (A6
through A11) can be indeterminate during refresh.

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

Supply voltage, Vpp (seeNote 1) ". . . . . . . . . . . . . . ... ... .......—-03t020V
Supply voltage, Vgg (see Note 1) e e e e e e e ... ... ... ... ..., 031020V
All input voltages (see Note 1) e e e e e e e oo .. D31020V
Chip-enable voltage {see Note 1) . . . . . . . . . . .. . . ... ... ........ —03tmww20V
Output voltage (operating, with respecttoVss) . . . . . . . . . . . . . . . . .. .. ... —2t17V
Operating free-air temperature range . . . . . . . . . . . .4 e e e e e e e 0°C to 70°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . .. ..... -55Cto150°C

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

functional block diagram

<— Voo
-~ Vgsg
<+ Vs

A6 R/W
1 ADDBUFFER}::{COLUMN DECODEI
A1l
e e @
A0 r <
A‘S ::lADDBUFFER] I COLUMN AMP L‘: oatao | 2 INTERNAL 2
‘ ; : Ry |28 DATAIN g
(EXTERNAL) |§; R/W
CELL MATRIX v o cE
ROW DECODE - N & ce
L o DUMMY CELL |r2-§
L [ ¥ L 1= 0 INVERTED
PRECHARGE | (&)
cE INTERNAL COLUMN SENSE l VOLTAGE | paTAaouT
CLOCK GEN L
T : GENERATOR}] b T
DUMMY CELL 1/0 LOGIC
ROWDECODE| ]
of CELL MATRIX
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TMS 4051 JL, NL; TMS 4051-1 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

recommended operating conditions

PARAMETER MIN NOM MAX |UNIT
Supply voltage, Vpp 11.4 12 12.6 \Y
Supply voltage, Vgs 0 \
Supply voltage, Vgg —-4.5 -5 =55 \%
High-level input voltage, Vi (all inputs except chip enable) 2.2 5.5 \
High-level chip enable input voltage, V|H(CE) 3 5.5 Vv
Low-level input voltage, V|_ (all inputs except chip enable) (see Note 2) —-0.6 0.6 \
Low-level chip enable input voltage, V|| (CE) (see Note 2) ~0.6 0.6 \%
Refresh time, trefresh 2| ms
0 70| 'C

‘ Operating free-air temperature, T 5
TE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels

only.

electrical characteristics over full ranges of recommended operating conditions, Ta = 0°C to 70°C

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX [UNIT
VoH High-level output voltage ta = guaranteed maximum access time, 2.4 v
RL=22kQ 1055V, C| =50pF,
VoL Low-level output voltage Load = 1 Series 74 TTL gate Vss 04| V
ta = guaranteed maximum access time,
loL Low-level output current 5 mA
C =50 pF, VoL=04V
Input current (all inputs including
h . V| =-06t055V 10 | kA
1/0 except chip enable)
11(CE) Chip enable input current V|=-061t055V 10 | wA
Ipp Supply current from Vpp VIL(CE) =06V 37 70 | mA
lpp Supply current from Vpp, standby VIH(CE) =35V 5 8 [ mA
Average supply current from Vpp TMS 4051 45
IDD(av) . . mA
during read or write cycle Minimum cycle TMS 4051-1 a7
Average supply current from Vpp timing TMS 4051 50
'DD(av) ; ) mA
during read, modify write cycle TMS 40511 54
\% =-55V, \% =126V,
Igg Supply current from Vgg BB oo 5 100 | wA
Vgs =0V
TAll typical values are at T5 = 25°C.
acitance at Vpp =12V, Vgs=0V,Vge=-5V, VI(CE) =0V, V| =0V, f=1MHz,
= 0°C to 70°C (unless otherwise noted)
PARAMETER MIN TYPT MAX |UNIT
Ci(ad) Input capacitance address inputs 5 7 pF
Ci(CE) Input capacitance clock input 5 7| pF
Ci(R/W) !nput capacitance read/write input 5 7| pF
C(1/0) 1/0 terminal capacitance 7 9 | pF

T All typical values are at Tp = 25°C.
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing requirements over recommended supply voltage range, TA = 0°C to 70°C

TMS 4051 | TMS 4051-1
PARAMETER UNIT

MIN  MAX | MIN MAX
te(rd) Read cycle time 470 430 ns
tw(CEH) Pulse width, chip enable high 130 130 ns
tw(CEL) Pulse width,chip enable low 300 4000 | 260 4000 | ns
tr(CE) Chip-enable rise time 40 40 | ns
t(CE) Chip-enable fall time 40 40 | ns
tsu(ad) Address setup time 0 04 ns
tsu(rd) Read setup time 04 04 ns
th(ad) Address hold time 1804 1654 ns
third) Read hold time 801t 801

t1The arrow indicates the edge of the chip-enable pulse used for reference: tfor the rising edge, ifor the falling edge.

read cycle switching characteristics over recommended supply voltage range, TA = 0°C to 70°C

TMS 4051 | TMS 4051-1
PARAMETER UNIT
TYPt MAX | TYPT mMAX
t3(CE) Access time from chip enable 280 230 | ns
ta(ad) Access time from addresses* 300 250 | ns
tPLH Propagation delay time, low-to-high level output from chip enable® 60 60 ns

TAll typical values are at Tp = 25 C.
ITest conditions: C|_ =50 pF, R = 2.2 k€210 5.5 V, Load = 1 Series 74 TTL gate.
*Test conditions: C|_ =50 pF, R_=2.2 k210 5.5 V, Load = 1 Series 74 TTL gate, t{(Cg) = 20 ns.

write cycle timing requirements over recommended supply voltage range, TA = 0°C to 70°C

PARAMETER TMS 4051 | TMS 40511\ it
MIN  MAX | MIN MAX
te(wr) Write cycle time 470 430 ns
tw(CEH) Pulse width, chip enable high 130 130 ns
tw(EEL) Pulse width, chip enable low 300 4000 | 260 4000 ns
tw(wr) Write pulse width 200 190 ns
tr(CE) Chip-enable rise time 40 40 | ns
1(CE) Chip-enable fall time 40 40 | ns
tsu(ad) Address setup time 0l 04 ns
tsu(da-wr)  Data-to-write setup time* 0 0 ns
tsu(wr) Write-pulse setup time . 240t 220t ns
t4(CEL-wr) Chip-enable-low-to-write delay timet 601! 604 ns
th(ad) Address hold time 18014 1654 ns
th(da) Data hold time 801 80t ns

1 The arrow indicates the edge of the chip-enable pulse used for reference: ffor the rising edge, |for the falling edge.

*1f R/W is low before CE goes low, then 1/0 (data in) must be valid when CE goes low.

TThe write pulse must go low at least tgy(wr) Minimum before CE goes high. If R/W remains high more than tg(SEL.wr) Maximum (60 ns)
after CE goes low, the data-in driver must be disabled until R/W goes low since additional power to overcome the output buffer may be
required when writing in a high with some of the faster devices (see comments on Region 1 under read, modify write timing diagram).
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read or refresh cycle timing

te(rd)

tw(CEH) ————

tw(CEL)

)

|

(¢ t(CE) = tr(CE)

[——— th(ad) ——
—» [ ty(ad)

K K KK
wonsss o XA XXX 35 XXX
[VARVARVERVAL")

tsu(rd) ‘ -— 'h(vd)‘.’
READ/WRITE, R/W w — W
|[&———— ta(CE)

CHIP ENABLE, CE

'

DATA INPUT/OUTPUT, I/O l‘—— ta(ad) ——X DATA OUT VALID /
A

NOTE: For the chip-enable input, high and low timing points are 3.0 V (high) and 1.0 V (low). Other input timing points are 0.6 V (low) and
2.2 V (high). Output timing points are 0.4 V (low) and 2.4 V (high).
For minimum cycle, t(Cg) and t¢(CE) are equal to 20 ns.

write cycle timing

— te(wr) —
| tW(CELI——————®| [@———tw(CEH) ——
P . —
—o\le— t(TE) —>/|e—t(CE) \
CHIP ENABLE, CE
th(ad)——®
— [ tg(ad) |
K
ADDRESS, AO-A11 ZXX DON'T CAREW
SMoX M M
< o td(CEL-wn)*
[ ‘su(wr) !
[— tw(wr) —®
. READ/WRITE, R/W m : ; : ;E DON'T CARE
PR
— le— tsu(da-wr) }‘—.‘"’ th(da)

L, S S TR INK
DATA INPUT/OUTPUT, I/O DON'T CARE WDON’T CAREXX
Y¥ v ¥ oy Mol N MX

NOTE: For the chip-enable input, high and low timing points are 3.0 V (high) and 1.0 V (low). Other timing points are 0.6 V (low) and 2.2 V

(high). Output timing points are 0.4 V (low) and 2.4 V (high).
*The write pulse must go low at least tg,(wr) Minimum before CE goes high. If R/W remains high more than tg(CE L.wr) Maximum (60 ns)
after CE goes low, the data-in driver must be disabled until R/W goes low since additional power to overcome the output buffer may be
required when writing in a high with some of the faster devices. During tq(CEL .wr). R/W is permitted to change from high to low only
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read, modify write cycle timing requirements over recommended supply voltage range, Ta = 0°C to 70°C

TMS 4051 TMS 4051-1
PARAMETER UNIT

MIN MAX [ MIN MAX
te(RMW) Read, modify write cycle time' 730 660 ns
tw(CEH) Pulse width, chip enable highT 130 130 ns
tw(CEL) Pulse width, chip enable low 560 4000 | 490 4000 | ns
tw(wr) Write pulse width 200 190 ns
tr(CE) Chip-enable rise time 40 40 | ns
t(CE) Chip-enable fall time 40 401 ns
td(wr-dal) Write to data-in-low delay time 20 20| ns
tsulad) Address setup time 0 ol ns
tsu(daH) Data-in-high setup time 240t 220t ns ‘
tsu(rd) Read-pulse setup time - 04 0! ns
tsulwr) Write-pulse setup time 2401 220t ns
th(ad) Address hold time 1804 165! ns
third) Read hold time 3201 2704 ns
th(da) Data hold time 80t 801 ns

11 The arrow indicates the edge of the chip-enable pulse for reference: !for the rising edge; ! for the falling edge.
TTest conditions: tf(rg) = 20 ns.

read, modify write cycle swithcing characteristics over recommended supply voltage range, Ta = 0°Ct070°C

TMS 4051 TMS 4051-1
PARAMETER UNIT
MIN  MAX | MIN MAX
t3(CE) Access time from chip enable * 280 230} ns
ta(ad) Access time from addressest 300 250 | ns

*Test conditions: Cy_ = 50 pF, R|_ = 2.2 k§2, Load = 1 Series 74 TTL gate
TTest conditions: C|_= 50 pF, R|_ = 2 2 k§2, Load = 1 Series 74 TTL gate. ty(Cg) = 20 ns.

read, modify write cycle timing

W

.

i o]
cp enasLe \ e _.}EEr X

thisd)

|

S\ X ookt care X ¥ XY X { /

hed) tsuiwes

fe—— it K -
{ X DON'T CARE
/N VANV \/

Fot— tsuird)
o 1a1CE ) ——f teutdaH)
tdtwe dal
+ thedar

f——— tatad)

=

ADDRESS. A0 A11

READ/WRITE, R'W

15

DATA INPUT / S /7 A 7
‘S /) /) i |
oo LSS DO, e /
REGION 1 REGION 2
REGION 1 In region 1 data out 15 vahd until the | O REGION 2 - In regron 2 a single transition 1s permitted

termunal 1 forced high of fow by the dats 1n 1115 NOT & true “Don't Care” region
Griver A wanston from fow to figh 15 113 1ow 13 10 be written 1t must be valid by
oersmissible but sdditional power o overcome the end of regron 2

the output butter will be required A transition
from high 10 low 15 permitted without power
penalty.
NOTE: For the chip enable input high and low timing points are 3.0 V (high) and 1.0 V (low). Other input timing points are 0.6 V (low) and
2.2 V (high). Output timing points are 0.4 V (low) and 2.4 V (high).
For minimum cycle, t(Cg) and t¢(Cg) are equal to 20 ns.
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing diagram conventions

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

. Will be changing from hi
High-to-low changes be cha g. 9 0. high
. to low sometime during
permitted . .
designated interval
. Will be changing from low
W Low-to-high changes ,b cha g, giro . °
to high sometime during

ermitted . .
P designated interval

M Don’t Care State unknown or changing
M (Does not apply) Center line is high-impedance

off-state

* TYPICAL WAVEFORMS

VIHF.

CHIP ENABLE

—

Vi W

100 —

Ipp (mA) 50 |~

'op
Ipp (Standby)
| -
® : ¥ 7

W(ECE) WA) 0 \/V
-1
1} (mA) 03
(All inputs k
except CE) 0 —
0

47

=

940

o

TIME (ns)

TEXAS INSTRUMENTS

105



TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

REFRESH TIME vs TEMPERATURE ACCESS TIMES vs TEMPERATURE
350
1000 300 TMS 4051 MAX
g " :
! c TMS 4051-1 MAX 51
g ™ | 280 S X
£ \ Typ @ |_—
£ & £ — |
$ 100 A, 200 S 40
5 g"% g P ey TYP\CA\—T .
(f &p § L
15
g \\ L 0 | J
5 ©
2 10 = 100 Vpp =12 N
vgg=-5V
MAXIMUM RECOMMENDED 50 VIL(CE) =06V |
2 | l 1 A Cp =50 pF
1 T I [ l 0 | L
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Tpa — Free-Air Temperature — °c Ta — Free-Air Temperature — °c

106 TEXAS INSTRUMENTS



MOS TMS 4116-25 JL, TMS 4116-20 JL, TMS 4116-15 JL

LSI 16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY
1977
e 16,384 X 1 Organization 16PN CERAMIC
® 16-Pin 300-Mil Package Cor!figuration DUAL-IN-LINE PAC'KAGE
® 10% Tolerance on all Supplies (TOP VIEW)
e All Inputs Including Clocks TTL Compatible
e Three-State Fully TTL-Compatible Output Vgs 1 % Vs
® One-Chip Latches for Addresses and Data Input i o
e 3 Performance Ranges: oro2 Y 15 cas
ACCESS  ACCESS  READ RAW 3 14 DO
TIME TIME WgFTE
ROW COLUMN —
! ADDRESS ADDRESS CYCLE Aas 4 | 13 A6
. (MAX) (MAX)  (MIN) o s 2 A3
TMS4116-25 250 ns 165ns 410 ns : i
TMS4116:20 200 ns 135ns  375ns A2 & 1n A4
TMS 4116-15 150 ns 100 ns 375 ns A1 7 [;—. 10 As
® Page-Mode Operation for Faster Access Time v 0 v
e Common 1/0 Capability oo 8 e Vec
o Low Power Dissipation
® 1.T Cell Design, N-Channel Silicon-Gate Technologie
description

The TMS 4116 JL series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories,
organized as 16,384 one-bit words, employing 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) and
Column Address Strobe (CAS). All address lines (AQ through A6) and data-in (DI) are latched on chip to simplify
system design. Data out {DO) is unlatched to allow greater system flexibility.

Typical power dissipation is less than 600 milliwatts active and 10 milliwatts during standby (V¢ is not required
during standby operation). To retain data, only 18 milliwatts average power is required which includes the power
consumed to refresh the contents of the memory.

The TMS 4116 JL series is offered in a 16-pin dual-in-line package and is guaranteed for operation from 0°C to 70°C.
Packages are designed for insertion in mounting-hole rows on 300-mil centers.

‘ration

address (AQ through A6)

Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits are set up on
pins AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are
set up on pins AQ 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 somgtimes used as an alternative title to “read-modify-write cycle”.
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TMS 4116-25 JL, TMS 4116-20 JL, TMS 4116-15 JL
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

mode select (R/W)

The read or write mode is selected through the read/write (R/W) input. A logic high on the R/W input selects the read
mode and a logic low selects the write mode. The read/write 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 R/W goes low prior to CAS, data-out
will remain in the high-impedance state for the entire cycle permitting common 1/O operation.

data-in (D1)

Data is written during a write or read-modify write cycle. The latter falling edge of CAS or R/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 w
cycle R/W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by R/W
with setup and hold times referenced to this signal. -

data-out (DO)

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 that begins with the negative
transition of CAS. The output becomes valid after the access time has elapsed and remains valid while CAS is low
before 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 ieast 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 AB) with RAS causes all bits in each row to be refreshed. CAS remains high
(inactive) for this refresh sequence, thus conserving power.

page mode

Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive
column addresses onto the chip. Thus, the time required to setup and strobe the row addresses is eliminated. To extend
beyond the 128 column locations on a single RAM, apply the row address and RAS to multiple 16K RAMs, then
decode CAS to select the proper RAM. '
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MOS TMS 40670 JL, TMS 4070-1 JL, TMS 4070-2 JL
LSI 16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

OCTOBER 1976

L] 16,3?4 X1 O.rgamzatnon ] ) 16.PIN CERAMIC
® 16-Pin 300-Mil Package Configuration DUAL-IN-LINE PACKAGE
e Al Inputs Including Clocks TTL Compatible (TOP VIEW)
e Three-State Fully TTL-Compatible Output
e On-Chip Latches for Addresses and Data Input ves 1 16 Vss
® 3 Performance Ranges: D1 2 ——J 15 Cas
ACCESS ACCESS READ READ- —
TIME TIME OR  MODIFY RW 3 [ 14 DO
ROW  COLUMN WRITE WRITE! — I
ADDRESS ADDRESS CYCLE CYCLE Ras 4 13 As
. (MAX) _(MAX) ~ (MIN)  (MIN) a0 5 | 12 A3
TMS 4070 350 ns 265ns  500ns 730 ns a2z 6 | 11 A4
TMS 4070-1 300 ns 210ns  450ns 660 ns S
TMS 4070-2 250 ns 165ns  400ns 590 ns a7 10 A5
o Page-Mode Operation for Faster Access Time Vop 8 9 Ve

e Common |/O Capability
o Low-Power Dissipation
— Less than 600 mW Operating (Typical)
— 10 mW Standby (Typical)
e 1-T Cell Design, N-Channel Silicon-Gate Technology

description

The TMS 4070 JL series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories,
organized as 16,384 one-bit words, employing 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) and
Column Address Strobe (CAS). All address lines (AQ through A6) and data-in (D!) are latched on chip to simplify
system design. Data out (DO) is unlatched to allow greater system flexibility.

Typical power dissipation is less than 600 milliwatts active and 10 milliwatts during standby (VC(C is not required
during standby operation). To retain data, only 18 milliwatts average power is required which includes the power
consumed to refresh the contents of the memory.

The TMS 4070 JL series is offered in a 16-pin dual-in-line package and is guaranteed for operation from 0°C to 70°C.
Packages are designed for insertion in mounting-hole rows on 300-mil centers.

.peration

address (AO through A6)

Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits are set up on
pins AQ through A6 and latched onto the chip by the row-address strobe (m). 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 tarm “read-write cycle’’ is somgtimaes used as an alternative title to “read-modify-write cycle”.
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TMS 4070 JL, TMS 4070-1 JL, TMS 4070-2 JL
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

mode select (R/W)

The read or write mode is selected through the read/write (R/W) input. A logic high on the R/W input selects the read
mode and a logic low selects the write mode. The read/write 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 R/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 {D1)

on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early wri
cycle R/W is brought fow prior to CAS and the data is strobed in by CAS with setup and hold times referenced 1o this
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by R/W
with setup and hold times referenced to this signal.

Data is written during a write or read-modify write cycle. The latter falling edge of CAS or R/W strobes data into ﬂv‘

data-out (DO)

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 cycie the output goes active after the enable time interval that begins with the negative
transition of CAS. The output becomes valid after the access time has elapsed and remains valid while CAS is low
before 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 A8) with RAS causes all bits in each row to be refreshed. CAS remains high
(inactive) for thig 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 tive chip. Thus, the time required to setup and strobe the row addresses is eliminated. To extend
beyond the 128 column locations on a single RAM, apply the row address and RAS to multiple 16K RAMs, then

decode CAS to select the proper RAM. I
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TTL INTEGRATED CIRCUITS MECHANICAL DATA

N plastic dual-in-line packages

These dual-in-line packages consist of a circuit mounted on a 14-, 16-, 20-, or 28-lead frame and encapsulated within an
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deforma-
tion and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are
intended for insertion in mounting hole rows on 0.300 (7,62) or 0.600 (15,24) centers. Once the leads are compressed
and inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no addi-
tional cleaning or processing when used in soldered assembly.

16-PIN N PLASTIC

f® - —0.8701(22,1) MAX ~———

20000000

13
. g} 0300 0010 0.093 (2,36) R NOM »+3
(7,621 0.26)
0.160 (4,06) NOM - —fm— ’I
t-0.250 - 0.010 VAVAW VANV AVAY
(6,35 + 0,26)
.‘ r——-ooantz‘o:wom @@@@@@@@
0.070 (1,77) MAX 16 PI
v _f‘r-om ) MAX 16 PLACES
’-—r ¥ 0020051
0.010 (0.25) NOM 500 (e 6y max  MIN
~——SEATING PLANE =
!9.5. 0.033 (0,83) MIN
16 PLACES
uvuczs‘.“‘_ 0011+ 0,003 — fle 2078 - 0003
(0.279 + 0.076) 0.125 (3,17) MIN (0,457  0.076)
16 PLACES - X
(See Notes ¢ and d) 0095 (241 | ‘s'::L:\css e
0.015 (0.38} PIN SPACING 0.100 (2,54) T p, (5¢¢ Notes c an
4 PLACES (See Note b)

ALTERNATE SIDE VIEW
Package contiguration of
16-pin N package (see
altornative sideviews) is
at the option of Ti

—o{ |#-0.070(1,77) MAX 16 PLACES
0070(051) 1] J

0.200 (5, oe) MAX

t—0.033 (0,83 MIN

12 PLACES
0.125 (3.17) MIN —4# 0.018 +0.003
(0.457 - 0,076)

0.095 (2.41)
0015 (0.38)
4PLACES

16 PLACES
PIN sucmc 0.100 (2,54) TP, (See Notes c and d)
(See Note b)

20-PIN N PLASTIC

®®O@®@@@
JAVAVAY

1.070 (27,18) MAX —————————{

0.075 (1,91}
MAX

4 PLACES

AVAVAVAYAY
' ¢ 0.093 (2,36 R Nw—z
- r:::g g‘g;? 0.160 (4,06) NOM ——a—]
\PAVAVAVAVAVAVAVAVAV
' o o281 OOOOOOOOO®
(6,35 + 0,26) ® (9
"’ [‘: v 080 (0,203) NOM ~#{ [@—0.070(1.77) MAX 20 PLACES
N 0.020 (0,51} 1
0010 (0,25) NOM
had 0200 (5,08 Max  MIN
——SEATING PLANE = -
180 T | - 0.033 (0,821 min
20 PLACES
20 PLACES [ A—
0011+ 0.003 0.155 (3.94) ~»{ ja— 0.018  0.003
(0.279 + 0,076) 0125 (317) (0,457 * 0.076)
(Ses Notes l“ (See Notrs
and d)
candd) PIN SPACING 0.100 (2,54) T.P ¢

(See Nots b)
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TTL INTEGRATED CIRCUITS MECHANICAL DATA

N plastic dual-in-line packages (continued)

24-PIN N PLASTIC

@@@@@.QOO@@@

|
0093 (2.36) R NOM 3

I
01101279 NOM = =
€ 0.600 - 0.010 r

o %ﬁﬁfivvvxmmﬂﬁ%
r 20— Glolelololototololc ok
|

0,080 (2.03) NOM
| = 1 0070(1,77) MAX 24 PLACES

0010 (0.25) NOM
1

T
a 02!)0*508)MA)(
SEATING PLANE e
oozomsnmw

105°
10 2apuaces

00110003 -~ UUJJKUUV MIN ows«;mmm
0.279 - 0.076) 24 PLACES 24 PLACES
24 PLACES 0018 0003 == 0095 (242) MAX = =
(See Notes c and d) (0457 - 0.076) | 4PLACES
24 PLACES PIN SPACING 0 100 (2,54) T ¢
(See Notes c and d) (See Note b

28PIN N PLASTIC

. 148012661 1AX - S

e )

‘r‘l[ ACA M rarac e

EITHER — )
woex

%)I[_JLJT_ITJLJUEJUUI_H_H__H_{
(i

0020 60 Sm

MIN ¥

v SEFRREREE =

00110003
(©.28 + 0,08 ““1: g:”*‘b »oa:smumm
PIN SPACING 0100 (2.54) T P fo—0050 - 0 020

022081

(See Note b)
0060 11521 NOM

€
_ 06000010
T Tosae-02
|
|

a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position

c. This dimension does not apply for solder dipped leads.

d. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0.020 (0,50) above the

seating plane.
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MOS LSI MECHANICAL DATA

general

Electrical characteristics presented in this catalog, unless otherwise noted, apply for circuit type(s) listed in the page
heading, regardless of package. Factory orders for circuits described should include the complete part-type numbers
listed on each page.

MOS NUMBERING SYSTEM
EXAMPLE: TM S 4030

N L
1. TI MOS Prefix 7. Package \_(SA Temperature Range)
F

Flat C -25"Cto 85°C

. Product Status

J L

S Standard devices N Plastic dual-in-line ‘M ~557C to 125°C
‘ L R
U S

Ceramic dual-in-line 0°Cto70'C

~55°C to 85°C
Special range

X Prototype or experimental Metal can
C Custom design Unencapsulated
T High reliability (beam lead, etc.)

@. Unique Product Identification Number

manufacturing information
Alloying is performed in an inert atmosphere. A silicon gold eutectic is formed during the alloying operation.

Thermal compression bonding is used. Typical bond strength is 5 grams. Bond strength is monitored on a lot-to-lot
basis. Any bond strength of less than 2 grams causes rejection of the entire lot of devices.

Tl uses a low-temperature alloy brazing to seal ceramic packages. Metal-can packages are welded. Glass leaks are
eliminated by testing in a fluorocarbon solution heated to 150°C. Fine-leak elimination is performed through mass
spectrometer techniques. All MOS LSI devices produced by Tl are capable of withstanding 5 x 10—7 ppm fine-leak
inspection, and may be screened to 5 x 10—8 ppm fine leak, if desired by the customer, for special applications.

All packages are capable of withstanding a shock of 3,000 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 application 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 has been selected for all dual-in-line packages.

T uses several hermetically sealed ceramic dual-in-line packages, each of which consist of a ceramic base, plated metal
cap, and tin-plated leads.

.The following dual-in-line packages are available in plastic or ceramic:

8 10 16 18 22 24 28 40
PIN PIN PIN PIN PIN PIN PIN PIN

300 mils between rows xt xt X X
400 mils between rows X x T
600 mils between rows X X X

! There are no products shown in this data book in the 8 pin ceramic package or the ceramic or plastic 10-pin or 24 pin, 400 mil package.

TEXAS INSTRUMENTS
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MOS LSI MECHANICAL

DATA

16-PIN CERAMIC DUAL-IN-LINE PACKAGE

INDEX
poT _\L.
¢ O)
- 0300
+0.010 r* ————0.840 MAX
0.020
MIN
0.185 MAX
| SEATING
PLANE T
0.150 + 0.030
0.032 NOM
0.010 NOM__“__ Pn;nsspANcut?i)o.wo T Jkd o018+ 0.003
ee NO'
0.050 + 0.010 0.050 £ 0.020
18-PIN CERAMIC DUAL-IN-LINE PACKAGE
0.910 MAX
fee W e W e W W oo W e W B o © e |
INDEX-——\
DOT e
| S gy S gy Sy ey v g i S g w—
¢ ¢
0.300
*+0.010"]
0.020
MIN .
0.185 MAX
__SEATING
pane 0.150 * 0,030
|—0.032 NOM
0.010 Nom.".— 0.018 + 0.003
i e—0.050 £ 0.020
PIN SPACING 0.100 TP
e Note A
(See Note A) 0.050 * 0.010

NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal

position.

B. All linear dimensions are in inches.
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MOS LS| MECHANICAL DATA

22-PIN CERAMIC DUAL-IN-LINE PACKAGE

1.100 MAX

@ @)

F=_=_='=_="=_=_-_=_=_-'

LN

[ 4

© )

& ¢
0.400
+0.010
0.020
MIN
0.185 MAX
_SEATING
PLANE
0.150 £ 0.030
L L__ __| L__0.0'IB ——0.032 NOM
— 0.010 NOM +0.003 N
PIN SPACING 0.100 TP 0.050 + 0.010 te—0.050 + 0.020

(See Note A)

24-PIN CERAMIC DUAL-IN-LINE PACKAGE

1.290 MAX

@ ®

INDE)(—\

DOT

S ER— B — aa— Ea e aat—aate s B —2

¥
0.185 MAX
_SEATING
PLANE 0150 270030
L_ 0.032 NOM
—{}=—0.010 NOM + le—0.050 + 0.020

PIN SPACING 0.100 TP

(See Note A) 0.050 + 0.010

NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal
position. N
B. All linear dimensions are in inches.
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MOS LSI MECHANICAL DATA

8-PIN PLASTIC DUAL-IN-LINE PACKAGE

EITHER OR BOTH

INDEXES

3 ¢
0.300
0.010

—-\t 0.011 +0.003

! ~— SEATING PLANE
105 T
90°

oo e o

L—— 0.390 MAX————

O+—E
[51[s](=][5]

<:)

—o

Tol =] (5] =]

—_—

0.060 NOM

0.020

PIN SPACING 0.100 TP

(See Note A)

0.200 MAX

0.125 MIN
+~ 0.033 MIN

[¢—0.045 + 0.015

16-PIN PLASTIC DUAL-IN-LINE PACKAGE

>

0.870 MAX

O]
IESIENENEIEE I ER R

INDEXES

EITHER OR
BOTH <

0300
+0.010

LéJEJEI@EJIﬂL&JLD_J

0

0.020
MIN
108 —— SEATING PLANE
%07 T

0.018 + 0.003 ‘ﬁ }O—

4\roon + 0.003

PIN SPACING 0.100 7P
(See Note A)

0.125 MIN

J O
L_o.oaz min

+-0.075 + 0.020

0.060 NOM

NOTES:

A. Each pin centerline is located within 0.010 of its true longitudinal

position.
All linear dimensions are in inches.

@
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MOS LS| MECHANICAL DATA

18-PIN PLASTIC DUAL-IN-LINE PACKAGE

F*OBZOMAX—-

©)
I O Y O N A

EITHER OR BOTH
INDEXES <

LI I JUL I JL I JC I T

© ®

o

0.300
+0.010

0.020 MIN

0.200 MAX

|
105 — — SEATING PLANE ——————T—— ) __*_*
* 0.125 MIN

A'W" 0011 0.003 0,018 - 0.003 .H._ - 0.033 MIN
0.050 * 0.020

PIN SPACING 0.100 TP
(See Note A) 0.060 NOM

22-PIN PLASTIC DUAL-IN-LINE PACKAGE

1.100 MAX

® ®

1 o O O s Y s s i Y o v B

EITHER

INDEX

LJI_ILJL_H._TLJT_H_JL}UKL\J
w

0.020 MIN

]
—_—L— 0.200 MAX
SEATING PLANE —“T- ﬁmw 0.125 MIN
44
- -

——-uc— 0011 + 0.003 00‘3.0003—.H.— | —0033MIN

PIN SPACING 0.100 TP
(See Note A)

}€— 0.050 * 0.020

0.060 NOM

IOTES: A. Each pin centerline is located within 0.010 of its true longitudinal
position
B. All linear dimensions are in inches.
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MOS LSI MECHANICAL DATA

24-PIN PLASTIC DUAL-IN-LINE PACKAGE

1.280 MAX

24

A arar o iricr]

®

)

EITHER
INDEX

S [ G N I N [ N G N [ N N N o |

o

0.600 + 0.010

®)

(See Note A)

0020
min |
0.200 MAX
! SEATING PLANE —
105
90° 0.125 MIN
0011:0003  0018+0.003 —#| e 1 —0.033MIN
) le—0.075 + 0.020
PIN SPACING 0.100 TP
0.060 NOM

28-PIN PLASTIC DUAL-IN-LINE PACKAGE

1.440 MAX

A ararariard

®

11

PIN SPACING 0.100 TP
(See Note A)

EITHER
INDEX
J SN ) AN [ N O (N N A N S NN N [ G )
€ 3 * .
0,600 £0.010 ———|
oozomn|
4 F 0.200 MAX
| —— SEATING PLANE
108
105 & ” 0.125 MIN
—o\r- 0,011 0.003 0.018—p] o I |—0.033 MIN
+0.003
e-0.050 + 0.020

0.060 NOM

NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal
position.
B. All linear dimensions are in inches.
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MOS LS| MECHANICAL DATA

40-PIN PLASTIC DUAL-IN-LINE PACKAGE

2,080 MAX

21
Yo ¥ Vo ¥ oo Ve Vo o W ¥ o W o ¥ s Vo Vo W W Vo Ve Ve Y o |

EITHER——of )
INDEX
5 ) S ) W ) O ) ) )
; ®
3 0600 )
+0010
0020
MIN ¥
0.200 MAX
J —— SEATING PLANE
105" ¥ 0.125MIN
%0 .
0.0111 0003 0.0187* 0033 MIN
40.003 )
le-0.075 + 0.020
PIN SPACING 0.100 TP

(See Note A) 0.060 NOM

NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal
position.
B. All linear dimensions are in inches.
metal-can

For devices such as shift registers requiring few inputs and outputs, T| uses two metal-can packages.

8-PIN METAL CAN

-0002
v N
20 001 ©

|
-

oam
30 ©

Ton gy
b

o 0500 win-

ALL DIMENSIONS ARE IN INCHES
UNLESS OTHERWISE SPECIFIED

Same as JEDEC TO-99 and
MO-002AK except for
diameter of standoff

10-PIN METAL CAN

ases -
He— 00110%% o1
oo oo
I max
‘[— ; ‘ 00T 0160 MAX DIA
[=——]
om,,, LT
o =
= 4 o
arste b
™
. b
so10
o osaomm

ALL DIMENSIONS ARE IN INCHES
UNLESS OTHERWISE SPECIFIED

Same as JEDEC TO-100 and
MO-006AD except for
diameter of standoff
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“i'l cannot assume any responsibility for any circuits shown or represent that they are
free from patent infringement. Texas Instruments 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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