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IMPORTANT NOTICE

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

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

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

Specifications contained in this data book supersede all data for these
products published by Tl in the US before January 1985.

Copyright © 1985, Texas Instruments Incorporated
Copyright © 1986, Texas Instruments Incorporated
Revised June 1986
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INTRODUCTION

In this volume, Texas Instruments presents technical information on field-programmable logic and memory
devices, including Programmable Array Logic (PAL® ) circuits, Field-Programmable Logic Array (FPLA) devices,
and Schottky'r TTL memories (PROMs, RAMs, and memory-based code converters).

TI's line of programmable array logic products includes high-speed leadership circuits as well as standard PALs
which are pin-compatible and functionally equivalent with other programmable logic array devices available.
This volume includes specifications on existing and future products including:

@ High-performance IMPACT PALs and low-power IMPACT PALs with leadership speed at 15 ns and 25 ns
(max), respectively

© 20-Pin and 24-pin standard and half-power PALs )

@ High-complexity Latched and Registered input PALs and Exclusive-OR arrays

® Simple PALs

Each of these offer the designer significant reductions in ""custom’’ design cycle time, as well as savings in
board space by reducing SSI/MSI package count by as much as 5 to 1.

Specifications for T!'s two high-performance field-programmable logic arrays, TIFPLA839 and ‘840, are also
detailed. Designed with both programmable AND and programmable OR arrays, these functions contain 32

product terms and six sum terms. Each of the sum-of-products output functions can be programmed either

active high (true) or active low {true). They provide high-speed, data-path logic replacement where several
conventional SSI functions can be implemented with a single FPLA package. Product preview information on
six field programmable logic sequencers (FPLS) has been included.

TI's family of high-performance Schottky TTL memories offers a wide variety of organizations providing efficient
solutions for virtually any size microcontrol or program memory application. This volume contains information
on Tl's standard PROMs and new high-speed Series 3 IMPACT PROMs, including:

® 256-Bit, 1K, and 2K PROMs suitable for logic replacement
® Standard and low-power 512 x 8, 4K PROM, and 1024 x 8, 8K PROM
® Series' 3 PROMs:
High-speed, 15ns, 32 x 8, 256-Bit PROM
1K, 2K, 8K IMPACT PROMs in 4- or 8-Bit word width configurations
2K x 8 and 4K x 4, 16K IMPACT PROMs, in both high-speed and low-power options *
Series 3 PROMs feature high-speed access times and dependable titanium-tungsten fuse link programming
elements in both low-density configurations for logic replacement, and high density configurations for high-
performance memory application. Package options for these PROMs will include plastic and ceramic chip carriers
as well as the standard DIPs. To achieve significant reductions in board space, Tl offers the 16K, 2K X 8 Series 3
PROMs in a 300-mil, 24-pin DIP, and 28-pin chip carrier packages.

TI’s leadership PAL ICs and Series 3 PROMs utilize our new advanced bipolar technology, IMPACT (IMPlanted
Advanced Composed Technology). This unique innovation offers performance advantages in speed, power, and
circuit density over preceding bipolar technologies and includes such features as:

® 2-um Feature size
® 7-u Metal pitch

® Walled emitter

® [on implant

® Oxide isolation

©® Composed masks

PAL is a registered trademark of Monolithic'Memories Inc.
Tintegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975.
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A new Field Programmable Logic Application Report has been incorporated in this data book as a reference
tool. It provides the first-time user of field-programmable logic with a basic understanding of this powerful
semicustom logic.

Also included in this volume is a Functional Index to all bipolar digital device types available or under development.
All logic technologies (TTL, S, LS, ALS, AS), field-programmable logic, programmable read-only memories, and
bipolar complex LSI are also included. Logic symbols and pin assignments for all bipolar devices are shown in
the Product Guide section of Volume 1 with typical performance data and chip carrier information.

While this volume offers design and specification data for bipolar programmable logic and memory components,
complete technical data for any Tl semiconductor product is available from your nearest Tl field sales office,
local authorized Tl distributor, or by calling Texas Instruments at 1-800-232-3200, ext. 951.



ALPHANUMERIC INDEX

Field-Programmable Logic

PAL16L8A
PAL16R4A
PAL16R6A
PAL16R8A
PAL20L8A
PAL20R4A
PAL20R6A
PALZ0RBA
TIBPAL16L8-12
TIBPAL16L8-15
TIBPAL16L8-20
TIBPAL16R4-12
TIBPAL16R4-15
TIBPAL16R4-20
TIBPAL16R6-12
TIBPAL16R6-15
TIBPAL16R6-20
TIBPAL16R8-12
TIBPAL16R8-15
TIBPAL16R8-20
THCTPAL16L8
THCTPAL16R4
THCTPAL16R6
THCTPAL16R8
TIBPAL20L10
TIBPAL20X4
TIBPAL20X8
TIBPAL20X10
TIBPALR19LSB
TIBPALR19R4
TIBPALR19R6
TIBPALR19R8
TIBPALT19L8
TIBPALT19R4
TIBPALT19R6
TIBPALT19R8
TIB8251058
TIB82S167B
TIFPGA529
TIFPLA839
TIFPLA8B40
82S105A
82S167A

PAL16L8A-2
PAL16R4A-2
PAL16R6A-2
PAL16R8A-2
PAL20L8A-2
PAL20R4A-2
PAL20R6A-2
PAL20R8A-2

TIBPAL16L8-25
TIBPAL16L8-30

TIBPAL16R4-25
TIBPAL16R4-30

TIBPAL16R6-25
TIBPAL16R6-30

TIBPAL16R8-25
TIBPAL16R8-30

Page
3-3
3-3
3-3
3-3
3-17
3-17
3-17
3-17
3-45
3-31
3-31
3-45
3-31
3-31
3-45
3-31
3-31
3-45
3-31
3-31
3-61
3-61

'3-61

3-61
3-73
3-73
3-73
3-73
3-89
3-89
3-89
3-89
3-105
3-105
3-105
3-105
3-121
3-135
3-151
3-157
3-157
3-165
3-177

PROMs
TBP18S030
TBP18SA030
TBP24S10
TBP24S41
TBP24581
TBP24SA10
TBP24SA41
TBP24SA81
TBP28L22
TBP28L42
TBP28L46
TBP28L86A
TBP28L166
TBP28LA22
TBP28S42
TBP28S46
TBP28S86A
TBP28S166
TBP28S2708A
TBP28SA42
TBP28SA46
TBP28SA86A
TBP34L1Q
TBP34L162
TBP34R162
TBP34S10
TBP34S5162
TBP34SA10
TBP34SA162
TBP34SR165
TBP38LO30
TBP38L22
TBP38L85
TBP38L165
TBP38L166
TBP38R165
TBP38S030
TBP38S22
TBP38S85
TBP38S165
TBP38S166
TBP38SA030
TBP38SA22
TBP38SA85
TBP38SA165
TBP38SA166

Page
4-5
4-5
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4-11
4:41
4-49
4-35
4-41
4-49
4-41
4-49
4-57
4-67
4-101
4-75
4-77
4-77
4-83
4-67
4-101
4-75
4-89
4-89
4-67
4-101
4-75
4-95
4-95

General Information

1-5




ALPHANUMERIC INDEX

RAMs and Memory-Based Code Converters Page
SN7489 5-3
SN54184 SN74184 : 59
' SN54185A SN74185A 5.9
SN54LS189A SN74LS189A 5-19
SN54S189B SN745189B 525
1 SN748201 5-29
SN54LS219A SN74LS219A 5-19
SN54284 SN74284 5-33
G) SN54285 SN74285 . 5-33
g SN54LS289A SN74LS289A 5-19
®  SN545289B SN745289B 5-25
o v SN745301 529
—  SN54LS319A SN74LS319A 5-19
3, sN54s484A SN74S484A 5-37
©  sN54s485A SN74S485A ‘ 5-37
3
2
=



GLOSSARY

INTRODUCTION

These symbols, terms and definitions are in accordance with those currently agreed upon
by the JEDEC Council of the Electronic Industries Association (EIA) for use in the USA and
by the International Electrotechnical Commission (IEC) for international use.

PART 1 — GENERAL CONCEPTS AND CLASSIFICATIONS OF CIRCUIT COMPLEXITY
Chip-Enable Input

c
A control input that when active permits operation of the integrated circuit for input, internat transfer, A=)
manipulation, refreshing, and/or output of data and when inactive causes the integrated circuit to be in ’5
reduced-power standby mode. £
NOTE: See ‘‘chip-select input.”’ 8
[~
A =
Chip-Select Input -
A gating input that when inactive prevents input or output of data to or from an integrated circuit. g'
NOTE: See ‘’chip-enable input.” c
(]
Field-Programmable Logic Array {FPLA) O
A user-programmable integrated circuit whose basic logic structure consists of a programmable AND array
and whose outputs feed a programmable OR array.
Gate Equivalent Circuit
A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that
number of individual logic gates that would have to be interconnected to perform the same function.
Large-Scale Integration (LSI)
A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit.
In this context a major subsystem or system, whether digital or linear, is considered to be one that contains
100 or more equivalent gates or circuitry of similar complexity.
Mask-Programmed Read-Only Memory
A read-only memory in which the data content of each cell is determined during manufacture by the use
of a mask, the data content thereafter being unalterable.
Medium-Scale Integration (MSI)
A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The
subsystem or system is smaller than for LSI, but whether digital or linear, is considered to be one that
contains 12 or more equivalent gates or circuitry of similar complexity.
Memory Cell
The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it
is or can be stored, and from which it can be retrieved.
Memory Integrated Circuit
An integrated circuit consisting of memory celis and usually including associated circuits such as those
for address selection, amplifiers, etc.
T {l’
EXAS 1-7

INSTRUMENTS

POST OFFICE BOX 2256012 ® DALLAS, TEXAS 75265




uoijewoju| [esoudr) e

0)

GLOSSARY

Output-Enable Input
A gating input that when active permits the integrated circuit to output data and when inactive causes
the integrated circuit output(s) to be at a high impedance (off).

Programmable Array Logic (PAL)
A user-programmable integrated circuit which utilizes proven fuse link technology to implement logic
functions. Implements sum of products logic by using a programmble AND array whose outputs feed a
fixed OR array.

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

Random-Access Memory (RAM)
A memory that permits access to any of its address locations in any desired sequence with similar access
time for each location.
NOTE: The term RAM, as commonly used, denotes a read/write memory.

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

4+
Small-Scale Integration (SSI)

Integrated circuits of less complexity than medium-scale integration (MSI).

Typical (TYP)
A calculated value representative of the specified parameter at nominal operating conditions (Vcc = 5V,
TA = 25°C), based on the measured value of devices processed, to emulate the process distribution.
Very-Large-Scale Integration (VLSI)

A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a
system, whether digital or linear, is considered to be one that contains 3000 or more gates or circuitry
of similar complexity.

Volatile Memory

A memory the data content of which is lost when power is removed.

TEV A {?
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PART 2 — OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS)

fmax

Icc

ICCH

IccL

hH

i

IoH

loL

Ios (lo)

lozH

lozL

Maximum clock frequency

The highest rate at which the clock input of a bistable circuit can be driven through its required
sequence while maintaining stable transitions of logic level at the output with input conditions
established that should cause changes of output logic level in accordance with the specification.

Supply current
The current into* the V¢ supply terminal of an integrated circuit.

Supply current, outputs high
The currentinto* the VCC supply terminal of an integrated circuit when all {(or a specified number)
of the outputs are at the high level.

Supply current, outputs low
The currentinto* the V¢ supply terminal of an integrated circuit when all (or a specified number)
of the outputs are at the low level.
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High-level input current
The current into* an input when a high-level voltage is applied to that input.

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

High-level output current )
The current into* an output with input conditions applied that, according to the product
specification, will establish a high leve! at the output.

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

Short-circuit output current

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

Off-state (high-impedance-state) output current {(of a three-state output) with high-level voltage

applied

The current flowing into* an output having three-state capability with input conditions established

that, according to the production specification, will establish the high-impedance state at the output

and with a high-level voltage applied to the output.

NOTE: This parameter is measured with other input conditions established that would cause the
output to be at a low level if it were enabled.

Off-state (high-impedance-state) output current {of a three-state output) with low-level voltage

applied

The current flowing into* an output having three-state capability with input conditions established

that, according to the product specification, will establish the high-impedance state at the output

and with a low-level voltage applied to the output.

NOTE: This parameter is measured with other input conditions established that would cause the
output to be at a high level if it were enabled.

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

Texas ‘b 1-9
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GLOSSARY

VIH High-level input voltage
An input voltage within the more positive (less negative} of the two ranges of values used to
represent the binary variables.
NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which
operation of the logic .element within specification limits is guaranteed.
VIK Input clamp voltage
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage
swing.
(0]
‘3" viL Low-level input voltage
2 An input voltage level within the less positive (more negative) of the two ranges of values used to
Q represent the binary variables.
g NOTE: A minimum is specified that is the most-positive value of low-level input voltage for which .
8-. operation of the logic element within specification limits is guaranteed.
=
3 VOH High-level output voltage
E’. The voltage at an output terminal with input conditions applied that, according to the product
g' specification, will establish a high level at the output.
VoL Low-level output voltage
The voltage at an output terminal with input conditions applied that, according to the product
specification, will establish a low level at the output.
ta Access time
The time interval between the application of a specific input pulse and the availability of valid signals
at an output.
tdis Disable time (of a three-state output)
The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from either of the defined active levels (high or low) to a high-
impedance {off) state. (tdis = tpHz or tpLZ).
ten Enable time {of a three-state output)
The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from a high-impedance (off) state to either of the defined active
levels {high or low). (ten = tpzH or tpzL).
th Hold time
The time interval during which a signal is retained at a specified input terminal after an active transition
occurs at another specified input terminal. i
NOTES: 1.The hold time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the
shortest interval for which correct operation of the digital circuit is guaranteed.

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

tpd Propagation delay time
The time between the specified reference points on the input and output voltage waveforms with
the output changing from one defined level (high or low) to the other defined level. {tpd = tpHL or
tPLH)- ‘
4 an TE‘VAC\ h
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GLOSSARY

tPHL

tPHZ

tPLH

tpLZ

tPZH

tpzZL

tsr

tsu

tw

Propagation delay time, high-to-low level output
The time between the specified reference points on the input and output voltage waveforms with
the output changing from the defined high level to the defined low level.

. Disable time (of a three-state output) from high level

The time interval between the specified reference points on the input and the output voltage waveforms
with the three-state output changing from the defined high level to a high-impedance (off) state.

Propagation delay time, low-to-high-level output
The time between the specified reference points on the input and output voltage waveforms with
the output changing from the defined low level to the defined high level.

Disable time (of a three-state output} from low level
The time interval between the specified reference points on the input and output voltage waveforms
with the three-state output changing from the defined low level to a high-impedance (off) state.

Enable time (of a three-state output) to high level
The time interval between the specified reference points on the input and output voltage waveforms
with the three-state output changing from a high-impedance (off) state to the defined high level.

General Information

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

Sense recovery time
The time interval needed to switch a memory from a write mode to a read mode and to obtain valid
data signals at the output.

Setup time

The time interval between the application of a signal at a specified input termlnal and a subsequent

active transition at another specified input terminal.

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

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

Pulse duration (width) )
The time interval between specified reference points on the leading and trailing edges of the pulse
waveform.

{i’ .
EXAS 1-11
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EXPLANATION OF FUNCTION TABLES

The following symbols are used in function tables on Tl data sheets.

= high level (steady state)

= low level (steady state)

= transition from low to high level

= transition from high to low level

= value/level or resulting value/level is routed to indicated destination
value/level is reentered

= irrelevant (any input, including transitions)

NX)JF—»r—-I
I

= off (high impedance) state of a 3-state output
‘a ... h = the level of steady-state inputs A through H respectively
Qo = the level of Q before the indicated steady-state input conditions were established

= complement of QQ or level of Q before the indicated steady-state input conditions were
established !

Qo
Qnp = level of Q before the most recent active transition indicated by | or T
I | = one high-level pulse
| | = one low-level pulse
TOGGLE

1

each output changes to the complement of its previous level on each transition indicated by
lort. . )

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is
valid whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The
output persists so long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with T and/or'{, this means the outbut is valid
whenever the input configuration is achieved but the transition{s} must occur following the achievement of
the steady-state levels. If the output is shown as alevel (H, L, Qg, or Q), it persists so long as the steady-state
input levels and the levels that terminate indicated transitions are maintained. Unless otherwise indicated, input
transitions in the opposite direction to those shown have no effect at the output. (If the output is shown as
apulse, [ L or LJ . the pulse follows the indicated input transition and persists for an interval
dependent on the circuit.) :

TPVA [ {!“
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SERIES 1 AND 2 PROMs, RAMs, MEMORY-BASED CODE CONVERTERS

PARAMETER MEASUREMENT INFORMATION

FOR THREE-STATE OUTPUTS AND BI-STATE TOTEM-POLE OUTPUTS

A%l v2
R1 R RL
FROM OUTPUT FROM OUTPUT
UNDER TEST UNDER TEST
CL R2 CL (See Note A)
{See Note A) |

- =

LOAD CIRCUIT THEVENIN EQUIVALENT

CIRCUIT
VOLTAGE VALUES
MEASUREMENTS Vee V1 v2
5.5 V 55V 3.7v

5.25 V 526V | 3.5V
4.75 v 475V | 3.2V

tpLH and tpHL

4.5V 4.5V 3V
tpHz and tpzH ALL oV ov
tp.z and tpz| ALL 5V | 33V

RESISTOR VALUES

1oLMAXT R1 R2 RL
24 mA 200 Q 400 @ 133 Q
20 mA 240 @ 480 Q 160
16 mA 300 Q 600 Q 200 Q
12 mA 400 @ 800 0 267 Q
8 mA 600 Q 1.2 kQ 400 Q
TSee Recommended Operating Conditions.

NOTE A: C_ includes probe and jig capacitance.

FOR OPEN-COLLECTOR OUTPUTS

Vee
RL1
FROM OUTPUT ’
UNDER TEST
CL RL2
(See Note A} l

TEST CIRCUIT FOR USE WHEN
RL1 AND R ARE SPECIFIED

Vce
RL
FROM OUTPUT
UNDER TEST

CL (See Note A)

TEST CIRCUIT FOR USE WHEN
SINGLE Ry IS SPECIFIED

TIMING 3v

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

HIGH-LEVEL
INPUT 15V PULSE

! —--——3v

] 1
DATA A 15V LOW-LEVEL
INPUT ov PULSE

————— 3v
I1.5V 15V
' tw 1 oV
E._' tw —¥ 3v
15V 15V

——— =0V

VOLTAGE WAVEFORMS
PULSE WIDTHS

{ip
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. INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

c
]
-
3]
£
P
(=]
Y-
=
©
pes
Q
c
Q
)



SERIES 1 AND 2 PROMs, RAMs, MEMORY-BASED CODE CONVERTERS

PARAMETER MEASUREMENT INFORMATION

%1.5v ‘ \\1.5v
INPUT | 1 oV

|<——tPLH—->I i4——tPHL —D!

: |/ : T~~~ = Vou
IN-PHASE 16V I 5v
OUTPUT | ) : 1-
" VoL

1

o
(1]
a |¢_ _ ! s
‘PHL——" ‘O—tpLH
- .
[ ! v
-_ ] OH
— OUT-OF PHASE 1
3 OUTPUT : 15V 15V
o
§ ———— VoL
o VOLTAGE WAVEFORMS
(=1 PROPAGATION DELAY TIMES
o
=3
. av
OUTPUT CONTROL 15V 15V
(Low-level enabling)
:’ -J ————————————— ov
]4—1PZL-——+{ rd—— tpL2 ——D,
| (See Note C)
] ] —_ V2 l ~ V2
WAVEFORM 1 . . . | |
(See Note B) ! \V' 15v ]
I, ———————— VoL

|
WAVEFORM 2 | VoH
(See Note B) Ve=15V |
. ld— tPHZ —¥] ~0V
: (Se :

e Note C)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREESTATE OUTPUTS

NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Tt normally measures tpy 7 and tpHz by reading at the 1.5-volt {V¢) point on the waveform and subtracting the RC time from
the reading.
For tpLz, RCin Y2 — VoL max

V2 - vy

is subtracted from the reading.

For tpHz, RCin VoHmin is subtracted from the reading.
Vi

D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
E. Allinput pulses are supplied by generators havmg the following characteristics: PRR < 1 MHz, Zot = 50 Q, t, < 2.5 ns,
tf < 2.5 ns.

. . l_
1-14 Texas {’
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SERIES 3 PROMs

PARAMETER MEASUREMENT INFORMATION

Vce
s1 ‘ Vee
R1 R1
FROM OUTPUT . TEST FROM SU‘:_PU:
UNDER TEST POINT UNDER TES'
4 c
R22
CL 3 CL R2 .0
(See Note A) ; b=t
,‘_J, (See Note A) | g
= = = -
LOAD CIRCUIT FOR LOAD CIRCUIT FOR \e
THREE-STATE OUTPUTS OPEN-COLLECTOR OUTPUTS _E
RESISTOR VALUES (E
loL MAXT R1* R2* 2—;’
24 mA 200 Q 400 2 @
20 mA 240 Q 480 @ o
16 mA 300 @ 600 Q
12 mA 400 Q 800 O
8 mA 600 @ 1.2 k@
tSee Recommended Operating Conditions.
*Unless otherwise specified.
NOTE A: CL includes probe and jig capacitance.
TIMING 3V HIGH-LEVEL "3V
INPUT i PULSE ¥15v 15V
SO ov . 1 tw | ov
e tg, -S4 th®
i QF-— =3V ¢ tw —¥ 3v
DATA LOW-LEVEL : ;
15V 15V 15V 1.5V
INPUT oV PULSE f —— —0oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES : PULSE WIDTHS
— 3v
INPUT 15V 15V OuTPUT
| ) ov CONTROL
| (low-level
H—t
tPLH M PHL enabling) —»l
IN-PHASE ! "~ VoH |
| I
uTP 15V 15V |
OUTPUT | ! WAVEFORM 1 1
o I VoL S1CLOSED : LTS B8 VoL
PHL—1¢—H M——btPLH {See Note B) . I 1 3
| ] Vou PZH -—l-.ll 8 [-tpPHZ ¢
OUT-OF PHASE 15V 15V 1 (== =03== Von
OUTPUT : g WAVEFORM 2 1 3
——=— VoL S10PEN
(See Note D) {See Note B) ~0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. All input pulses have the following characteristics: PRR < 1 MHz, t; = ty = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is open.
T *IP
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SERIES TIBPAL’, PAL’, TIFPLA DEVICES

PARAMETER MEASUREMENT INFORMATION

7v
. Vee L Ry = R1=R2
S1
FROM OUTPUT TEST : AL
UNDER TEST POINT FROM OUTPUT TEST
UNDER TEST POINT R1
CLx RL FROM OUTPUT TEST
(See Note A} CL UNDER TEST L‘—‘ POINT
(See Note A} CL R2
- L {See Note A)
LOAD CIRCUIT FOR =
BI-STATE LOAD CIRCUIT FOR LOAD CIRCUIT FOR
TOTEM-POLE OUTPUTS OPEN-COLLECTOR OUTPUTS THREE-STATE OUTPUTS
NOTE A: Cy includes probe and jig capacitance.
TIMING 35V HIGH-LEVEL N
INPUT 1.3V PULSE 13V 13V *
A T . 03V [ : ( o3V
! ) T t,, —™
- tg, S th B -— 1, —¥
DATA : —:—-_—3_5\/ ( w 1 35V
13v 13V LOW-LEVEL %13V 13V
INPUT . y PULSE .
03V A - —'— — 03V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS
INPUT Ne13v oy QuTPUT v
7 1.3V N CONTROL 13V 13V
! ! 03V {low-level _: ________ 03V
: 'p'PLHO; l“PHL’} enabling} tpzL —iet - e-tp 2z
IN-PHASE ! | 7 i~ — Vo 1 |l !
ouTPUT i 13V 13v WAVEFORM 1 I
T | VoL S1 CLOSED ] :
ﬂ‘PHL“} RtpLH™ (See Note B) tpzH ! ]
i VoH
F-PHA ! !
OUT-OF PHASE 1.3V 1.3V WAVEFORM 2
OUTPUT S1 OPEN
—— — VoL
(See Note D) (See Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE QUTPUTS
NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses have the following characteristics: PRR < 1 MHz, t; = t; = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is open.
i
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ORDERING INFORMATION

RAM AND MEMORY-BASED CODE CONVERTERS NUMBERING SYSTEM
AND ORDERING INSTRUCTIONS

Electrical characteristics presented in this data book, unless otherwise noted, apply for circuit type(s) listed
in the page heading regardless of package. the availability of a circuit function in a particular package is denoted
by an alphabetical reference above the pin-connection diagram(s). These alphabetical references refer tof
mechanical outline drawings shown in this section.

Factor orders for circuits described in this catalog should include a four-part type number as explained in the
following example.

EXAMPLE: SN 54LS189A J -00 -

Prefix /

Must contain two to four letters

SN = Standard Prefix

c
(]
k=]
1]
£
=
=}
-
£
©
pad
Q
c
[«
o

Unique Circuit Description

Must contain four to eight characters

Examples:
7489
654185A
74LS319A
5451898

Package

Must contain one or two letters

J, JD, JT, JW, N, NT, NW (Dual-in-line packages)T
(From pin-connection diagram on individual data sheet)

Instructi (Dash No.)

Must contain two numbers

— 00 No special instructions
— 10 Solder-dipped leads (N and NT packages only}

1These circuits in dual-in-line packages are shipped in one of the carriers shown below. Unless a specific method of shipment is specified
by the customer {with possible additional costs), circuits will be shipped in the most practical carrier. Please contact your Tl sales
representative for the method that will best suit your particular needs.

Dual-in-line (J, JD, JT, JW, N, NT, NW)

— Slide Magazines

— A-Channel Plastic Tubing
— Barnes Carrier (N only)
— Sectioned Cardboard Box
— Individual Plastic Box

{i;
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ORDERING INFORMATION

PROM NUMBERING SYSTEM AND ORDERING INSTRUCTIONS

To complement Texas Instruments continually expanding line of bipolar PROMs, a new numbering system is
being implemented. This system provides the user with information regarding the generic programming family,
bit density, organization, temperature range, and the size and type of package without the necessity of looking
up this information in tables. Below is a guide for use of this new numbering system.

Factory orders for PROMs described in this book should include a type number as e'xplained in the following
example.

These two digits
comprise the
series designation

EXAMPLE: TBP 2 8 SA 8 6 M J
T 77 TTT17T L

Prefix Package Type
TBP = standard prefix ) J,JT,JW = ceramic dual-in-line
MBP = MACH IV N,NT,NW = plastic dual-in-line

SNM processing FK = ceramic chip carrier
CPB = MIL-STD-8838 Military FN = plastic chip carrier

vendor-equivalent

X > Product
SNC processing X
Versions

JBP = JEDEC standard

MIL-STD-883B \———-Temperature Range

SNJ processing J No designator {commercial) 0°C to 70°C

E M -55°C to 125°C
TSee T publication CB233A for detailed
explanation and ‘pracessing flow diagrams.
Package Size?
Row Spacing in
Inches (Millimeters)
Generic Programming Family —— | ’ No. of 0.300 0.400 0.600
Pins (7,62) (10,16) (15,24)
Output Word Width 16 0 — -
' 18 1 - -

Output Type 20 2 — —
S = standard three-state 22 3 4 —
L = low-power three-state 24 5 - 6
R = registered three-state 28 - - 7
SA = standard open-collector ‘ 40 - - 8
LA = low-power open-collector ) * Package-size designation is not applicable with chip
RA = registered open-collector carrier (FE or FN), and shouid be replaced with the
SR = shadow register : letter X for this package type.

Bit Complexity

03 = 256 bits
1 = 1,024 bits
2 = 2,048 bits
4 = 4,096 bits
8 = 8,192 bits

16 = 16,384 bits
32 = 32,768 bits

118 TeEXAS %
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ORDERING INFORMATION

PAL® NUMBERING SYSTEM AND ORDERING INSTRUCTIONS

Factory orders for leadership PAL® circuits described in this catalog should include a nine-part type number
as explained in the example below. Exclude the prefix when ordering standard PALs.

EXAMPLE: TIB PAL 16 R 8 -15 Cc N

Prefix /

Tl Bipolar Leadership
PAL Circuit Designator

Product Family Designator

Input Regi Type

No Designator = No Input Register
R = D-Type Register
T = Transparent Latch Register

c
o
=]
@«
£
b
[}
Y=
£
T
P
Q
c
Q
Qo

Number of Array Inputs

Output Configuration Designator

R = Registered
L = Active Low
X = Exclusive-OR

Number of Outputs in the
Designated Configuration

Performance Designator

HIGH SPEED LOW-POWER
A A-2
-15 -25
Temp e Range

C = Commerical (0°C to 70°C)
M = Military (-55°C to 125°C)

Package Type

N = 20-Pin Plastic DIP

J = 20-Pin Ceramic DIP

NT = 24-Pin, 300-mil Plastic DIP
JT = 24-Pin, 300-mit Ceramic DIP
JW= 24-Pin, 600-mil Ceramic DIP
NW=24-Pin, 600-mil Plastic DIP
FN = Elastic Chip Carrier-

FK = Ceramic Chip Carrier

PAL is a registered trademark of Monolithic Memories Inc.

i, :
TExas b 1-19
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESS FOR PAL AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS *

HARDWARE MANUFACTURERS

Citel

3060 Raymond St.
Santa Clara, CA 95050
(408) 727-6562

DATA I/O

10525 Willows Rd.
Redmond, WA 98052
{206) 881-6444

DIGITAL MEDIA

3178 Gibralter Ave.
Costa Mesa, CA 92626
(714) 751-1373

Kontron Electronics

630 Price Avenue
Redwood City, CA 94063
(415) 361-1012

Stag Micro Systems
528-5 Weddell Drive
Sunnyvale, CA 94086
(408) 745-1991

Storey Systems

3201 N. Hwy 67, Suite H
Mesquite, TX 75150
(214) 270-4135

SOFTWARE MANUFACTURERS

Assisted Technologies (CUPL)
2381 Zanker Road, Suite 150
Santa Clara, CA 95050

(408) 942-8787

DATA /O (ABEL)
10525 Willows Rd.
Redmond, WA 98052
(206) 881-6444

Structured Design

1700 Wyatt Dr., Suite 7
Santa Clara, CA 95054
(408) 988-0725

Sunrise Electronics

524 S. Vermont Avenue
Glendora, CA 91740
(213) 914-1926

Valley Data Sciences
2426 Charleston Rd.
Mountain View, CA 94043
(415) 968-2900

Varix

1210 Campbell Rd.
Richardson, TX 75081
(214) 437-0777

Wavetec/Digelec

586 Weddel Dr. Suite 1
Sunnyvale, CA 94089
(408) 745-0722

Monolithic Memories Inc. (PALASM)

2175 Mission College Blvd.
Santa Clara, CA 95050
(408} 970-9700

General Information i

*Texas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA I/0, Sunrise,
Structured Design and Digital Media. Other programmers are now in the certification process. For a current list of certified programmers,
please contact your local Tl sales representative.

{ip
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESS FOR PROM PROGRAMMING AND SOFTWARE MANUFACTURERS*

HARDWARE MANUFACTURERS

Citel

3060 Raymond St.
Santa Clara, CA 95050
(408) 727-6562

Sunrise Electronics

524 S. Vermont Avenue
Glendora, CA 91740
(213) 914-1926

E‘? DATA I/O Valley Data Sciences

g 10525 Willows Rd. 2426 Charleston Rd.

3 Redmond, WA 98052 Mountain View, CA 94043

-_— (206) 881-6444 (415) 968-2900

5 .

"o" DIGITAL MEDIA Varix

§ 3178 Gibralter Ave. 1210 Campbell Rd.

> Costa Mesa, CA 92626 Richardson, TX 75081

=4 (714) 751-1373 (214) 437-0777

]

3 Kontron Electronics Wavetec/Digelec
630 Price Avenue 586 Weddel Dr., Suite 1
Redwood City, CA 94063 Sunnyvale, CA 94089
(415) 361-1012 (408) 745-0722
Stag Micro Systems
528-5 Weddell Drive
Sunnyvale, CA 94086°
(408) 745-1991

SOFTWARE MANUFACTURERS
Assisted Technologies (CUPL) Monolithic Memories Inc. (PLEASM)
2381 Zanker Road, Suite 150 2175 Mission College Blvd.
Santa Clara, CA 95050 Santa Clara, CA 95050
(408) 942-8787 (408) 970-9700
DATA 1/O (ABEL), (PROMLINK)
10525 Willows Rd.
Redmond, WA 98052
(206) 881-6444
*Texas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instrurents has ceftiﬁed DATA 1/0. Other
programmers are now in the certification process. For a current list of certified programmers, please contact your local T sales representative.
i
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FUNCTIONAL INDEX

GATES AND INVERTERS

POSITIVE-NAND GATES AND INVERTERS : POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS
TECHNOLOGY TECHNOLOGY
STO STD
DESCRIPTION TYPE | | Ats [AS|H | L|Ls|s |voLumE DESCRIPTION TYPE [ 1o | ALS| AS| H|LS|S | VOLUME
N . L]
Hex 2-Input Gates 804 A B 3 Quadruple 2-Input Gates ‘09 °l° 2
0s 12 DREKD 2 hd 3
L] L] L]
Hex Inverters A . 3 Triple 3-Input Gates "% 2
1004 . D A 3
00 L] Ld . . . 2
Quadruple 2-Input Gates A . 3 POSITIVE-OR GATES
1000 A A [ TECHNOLOGY
} . o|le|/ oo 2 STD
Triple 3-Input Gates 10 A . 3 DESCRIPTION TYPE | |Als| As|Ls | s | voLume
1010 A 3 Hex 2-Input Gates ‘832 A s 3
‘20 . L] Ld . Ld 2 32 L) e[ 0 2
Dual 4-Input Gates A . 3 Quadruple 2-Input Gates bl
1020 A > 1032 Ale 3
L] L] o L] L]
X . Triple 4-Input OR/NOR ‘802 A
8-Input Gates 30 A ry 3 x
. 2 %}
13-Input Gates 133 < POSITIVE-NOR GATES o
3
Duat 2-Input Gates '8003 . TECHNOLOGY £
STD
DESCRIPTION TYPE ALs| As{ L |ts| s [ voLumE b1
POSITIVE-NAND GATES AND INVERTERS WITH OPEN-COLLECTOR OUTPUTS T ©
Hex 2-Input Gates ‘805 als 3 c .
TECHNOLOGY o2 - <o 3 )
5 o—
DESCRIPTION TYPE SOl ais [as]w L|is| s |voLume Quadruple 2-Input Gates La8 . 4
T 1002 A 3 Q
’ . . oje 2 ) . 2 c
Hex Inverters 05 ry . Triple 3-Input Gates 27 + T 3 3
: (1
1005 . Dual 4-Input Gates with Strobe ‘25 .
, . * . 2 2
01 . 3 Dual 5-Input Gates ‘260 0
Quadruple 2-Input Gates ] 0 o[efe 2
03 B SCHMITT-TRIGGER POSITIVE-NAND GATES AND INVERTERS
3
1003 A TECHNOLOGY
i . D 2 STD
Triple 3-Input Gates 12 s 3 DESCRIPTION TYPE [0, |ALS[AS|LS| s | vOLUME
L] Ld L] LJ 2 .
Dual 4-Input Gates ‘22 Hex Inverters LA °
-3 3 19 .
Octal Inverters 619 .
POSITIVE-AND GATES 3] e 0
Dual 4-Input Positive-NAND m - 2
TECHNOLOGY
o) Triple 4-Input Positive-NAND '618 °
DESCRIPTION TYPE ALS |AS| H[Ls|s | voLume 24 )
T Quadruple 2-input P NAND - + -
Hex 2-Input Gates “808 A |B 3 132 d
08 Ld N L L4 2
Quadruple 2-Input Gates [ . 3 CURRENT-SENSING GATES
1008 A | e
. TECHNOLOGY
1 ojo|e 2 DESCRIPTION TYPE [T As Tes VOLUME
Triple 3-Input Gates A . 3 ‘
‘1011 A 3 Hex 63 [e 2
o[ e 2 .
Dual 4-Input Gates 21 ~ T DELAY ELEMENTS
3
Triple 4-Input AND/NAND ‘800
DESCRIPTION Typ [TECHNOLOGY 0y iyme
ALS[AS LS
Inverting and Noninverting Elements, ‘31 . 2
2-Input NAND Buffers

® Denotes available technology.

A Denotes planned new products.

A Denotes ““A’" suffix version available in the technology indicated.
B Denotes ‘8"’ suffix version available in the technology. indicated.

. ‘{ip
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FUNCTIONAL INDEX

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS

Xapu[ [euonoun4 NI

AND-OR-INVERT GATES BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS
— TECHNOLOGY TECHNOLOGY
DESCRIPTION TYPE Als |as|H [ L [is|s |volume DESCRIPTION STD
T TvPE | o |ALs (asfis | s fvolume
2-Wide 4-Input ‘55 o e e . -
4-Wide 4-2-3-2 Input - ‘64 L4 o7 hd 2
R 9.3, g N L4
4-Wide 2-2-3-2 Input 54 . 2 Hex 17
4-Wide 2-Input ‘54 | ® ‘35 [ 3
4-Wide 2-3-3-2 Input ‘54 ol ‘1035 hd 3
Dual 2-Wide 2-Input ‘51| @ o e e e ‘06| e 2
Hex [nverter ‘16 o
AND-OR-INVERT GATES WITH OPEN-COLLECTOR QUTPUTS 1005 L 3
‘26| ® .
TECHNOLOGY 2
' v 5 38 L] L] L]
(ST
DESCRIPTION TYPE ALS | AS | s | voLUME Quad 2-Input Positive-NAND A 3
TTL T
R 2.3 ‘65 P 2 39| & 2
4-Wide 4-2-3-2 Input 1003 ry 3
. D 2
EXPANDABLE GATES Quad 2-lnput Positive-NOR ‘33 T A 3
TECHNOLOGY
STD BUFFERS. DRIVERS, AND BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS
DESCRIPTION TYPE ALs |AS!H [ L |Ls | voLumE
UL TECHNOLOGY
Dual 4-nput Positive-NOR . 5 STD
with Strobe 23| @ DESCRIPTION Tvee| o | ALs | as]is| s | volume
4-Wide AND-OR ‘52 . 2 - ‘743 A
4-Wide AND-OR-INVERT ‘53| e . Noninverting 757 s | o
2-Wide AND-OR-INVERT 55 DD Octal Buffers/Drivers 760 .
Dual 2-Wide AND-OR-INVERT ‘50| e . T42 ry
Inverting Octal 756 .
Buffers/Dri 3
EXPANDERS uiiers/Drivers 763 e | o
TECHNOLOGY Inverting and Noninverting 762 - .
STD Octal Butfers/Drivers
DESCRIPTION TYPE | 1y | ALS [AS | H [VOLUME Noninverting Quad Transceivers ‘759 .
Doal 4mpot o e . Jnverting Quad Transceivers "768 .
Triple 3-Input ‘61 . 2
3.2.2-3 Input AND-OR ‘62 .

@ Denotes available technology.
ADenotes planned new products.
A Denotes “A’* suffix version available in the technology indicated.
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FUNCTIONAI. INDEX

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS

GATES, BUFFERS, DRIVERS, AND BUS TRANSCEIVERS 50-OHM/75-OHM LINE DRIVERS
WITH 3-STATE OUTPUTS
TECHNOLOGY
=) TECHNOLOGY DESCRIPTION TYPE i’: ALs [as | s |volume
DESCRIPTION TVPE | gy |ALS|AS|LS | S [VOLUME Hex 2-Input Positive NAND '804 A |8
Noninverting 10-Bit Buffers/Drivers '29827 Iy Hex _2-Input Positive-NOR ‘805 A |8 3
Inverting 10-Bit Buffers/Drivers '29828 A ) Hex_2-Input Positive-AND ‘808 A |8
Noninverting 10-Bit Transceivers '29861 A s Hex 2-Input Positive-OR ‘832 A [8
Inverting 10-Bit Transceivers "29862 i Quad 2-Input Positive-NOR 128 ® R
Noninverting 9-Bit Transceivers "29863 A Dual 4-Input Positive-NAND ‘140 D
Inverting 9-Bit Transceivers '29864 A
i ol 2
241 Y i) 3 .
‘244 e 2
Ale 3 . 2
o 485 LI B - !
Noninverting A 3
Octal Buffers/Drivers N . 2
467 x 3 x
: 0 : )
541 r -
‘12419 A E
‘12441 A 3 —
‘231 D 3]
1240 o 2 c
A e 3 =]
, 0 2 -
Inverting Octal 166 A 3 g
Buffers/Drivers . 2
‘468 3
A 3 e
. 2
‘540 r 3
12409 °
Inverting and Moninvertin, 3
Octal sSuevs/nnvers : 230 *
, . 2
Octal Transceivers 245 A le
1245 A 3
A A 2
Noninverting 368 . 3
Hex Buffers/Drivers R A A 2
367 - 3
A A 2
Inverting 268 A 3
Hex Buffers/Drivers A A 2
368 Y 3
Quad Buffers/Drivers- 125 1 @ A
with independent 126 1 @ A 2
Output Controls 425 | o '
‘426 | o
Noninverting ‘243 3 ® s
Quad Transceivers 743t =
. . 2
Inverting 242 2 e
Quad Transceivers pPyPL] " 3
Quad Transceivers with Storage 226 . 2
12-Input NAND Gate 134 .

@ Denotes available technology.
A Denotes planned new products.
€ Denotes very low power. v
A Denotes *A’" suffix version available in the technology indicated.
J 2-5

B Denotes “'B’’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

BUFFERS, DRIVERS, TRANSCEIVERS, AND CLOCK GENERATORS

BUFFERS. CLOCK/MEMORY DRIVERS . OCTAL BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS
TECHNOLOGY TYPE TECHNOLOGY
STO DESCRIPTION OF TYPE
DESCRIPTION Tvee | L |As|as[uH]is|s [volume ouTPUT ats [ as [ ts | volume
Hex 2-Input Positive-NAND ‘804 AlsB - s s A0 3
Hex 2-Input Positive-NOR "805 A B State . 2
Hex 2-input Positive-AND ‘808 A B oc 621 A . 3
Hex 2-Input Positive-OR ‘832 Ale 3 , . 2
Hex Inverter 1004 * [ A | e 3
e ~ T Low 3 State ‘623 < >
H t . 4
3 ex Buffer 1034 o A 12 mA:24 mA 48 mA 64 mA Power A . 3
ry Py r 2 Sink, True Outputs OC. 3 State ‘639 . Py
‘37
Quad 2-Input Positive-NAND A . | e 38 LS|
7000 T 3 3State ‘652 < 5
: ! ° L 2 A 3
‘28 OC, 3 State ‘654 - 7
Quad 2-Input Positive-NOR
1002 A Vet oc 1621 | A
1036 A :’V o 3swe | 1623 & 3
.
-n Quad 2-Input Positive-AND ‘1008 Ale owe OC.3State | 1639 | &
c Quad 2-Input Positive-OR ‘1032 Ale 3 62 A | e 3
3 Triple 3-nput Positive-NAND_| '3010 A 3 State 620 0 7
2 Triple 3-Input Positive-AND 3011 A - i 3
= Triple 4-fnput AND-NAND “800 A oc 622 . 2
o Triple 4-Input OR-NOR ‘802 A 12 mA 24 mA 48 mA 64 mA Low A . 3
= oc. 3.State | 638
o 40 . oo e 2 Sink. Inverting Outputs. Power . 2
— Dual 4-Input Positive-NAND A 3 as e | 38 LSl
tate
— '1020 A . 2
3 Line Driver/Memory Driver 436 . oc 35 a 3
Q. with Series Damping Resistor 2 C. 3State | 1653 . 2
@ Line Driver/Memory Driver 437 . IState | 1620 [ &
>< Very Low
. oc 1622 | A R
BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS AND DRIVERS ™ | Toc asie | 1638 | & '
A .
TYPE TECHNOLOGY oc 641
oF Low . 2
DESCRIPTION TYPE |ALS | AS] LS | S | VOLUME 12 mA 24 mA 48 mA 64 mA | Power A . 3
OUTPUT N 3 State 645 " 2
Quad with Bit Direction 3-State | ‘446 . Stk True Qutpurs -
Controls 3-State { ‘449 [ very tow ol 1681 =
oC "230 o Power 3 State ‘1645 | A 3
A .
oc ‘441 . Low 3 State 640 " 5
Quad Tridirecti FSate | 442 hd 2 12 mA 24 mA 48 mA 64 mA Power A Y 3
r w
uad Tridirection Toae | 443 . m, mA 48 mA 64 m, oc 602
Soate | 3ds o Sink, Inverting Outputs o 2
oc 348 o Very Low 3-State ‘1640 A
2-Bit with Storage 3State | 226 . Power oc 1622 : 3
.
L 3-State ‘643 . 2
OCTAL BUS TRANSCEIVERS/MOS DRIVERS 12 mA 24 mA 48 mA 64 mA ow
Power A . 3
TECHNOLOGY Sink, True and oc ‘644 . >
STD Inverung Outputs =
DESCRIPTION TYPE Ats| as|Ls | s | voLume very tow 3State 1633 ] 4 3
T Power oc 1644 | A
'2620 L4 . . 3&Lsl
Inverting Outputs, 3-State 12640 ry Registered with Muluplex 3 State ‘646 . 2
3 12 mA 24 mA 48 mA 64 mA
2623 . . 3
True Outputs, 3-State r bt ‘647
2645 . rue Outputs oc 6: o 3
. . 3 & LSl
OCTAL BUFFERS AND LINE DRIVERS WITH INPUT/OUTPUT RESISTORS Registered with Multiplexed 3 State 648 Py 7
12 mA 24 mA 48 mA 64 mA : " Ta e
TECHNOLOGY Inverting Outputs oc 649 o 2
STD
DESCRIPTION TYPE ALs [As{Ls | s | vOLUME 877 .
TTL Universal Transceiver 35tate 552 m saLs
Inverting Outputs ‘746 . Port Controllers
Input Resistors 9 856 4
Noninverting Outputs | ‘747 . 3
Inverting Outputs ‘2540 ]
Output Resistors .
Noninverting Outputs | ‘2541 .

@ Denotes available technology.

A Denotes planned new products.

A Denotes ““A’’ suffix version available in the technology indicated.
B Denotes ‘’B’’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

FLIP-FLOPS
DUAL AND SINGLE FLIP-FLOPS QUAD AND HEX FLIP-FLOPS
TECHNOLOGY TECHNOLOGY
DESCRIPTION TYPE ':’_:'z ats |as|H|L]s|s |vorume DESCRIPTION "2'&0': OUTPUTS | TYPE 51:[: ALs |as{Ls |s | volume
73 | e o |e| A s 2 ND 2
76 A 6 Q “ e 3
78 ole|a 378 .
103 D ) D Type REZ) . 2
'106 . : 4 a.d {175 [— ° e
‘107 . A 3 . 3
Dual J K Edge-Trigaered 108 . 379 .
. A ‘276 | 2
‘109 T 3 JK 4 a et s
2 2 |e 2
A | a 3 OCTAL, 9-BIT, AND 10-BIT D-TYPE FLIP-FLOPS
113 Ale 2 TECHNOLOGY
A1t : DE N NO-OF | outpur | vee (570 |as {as |us [s |voru
a D 2 SCRIPTIO ars | OUTPUT A ME
70 hd . - : 3-State ‘374 hd hd 3 ' :g
Single J-K Edge-Triggered 101 . True Data Octal e le 2 he)
3State | 574 B | e
‘102 . < 3 _C_
73] e e 25tte | 273 [ 5 3 -
Dual Pulse-Triggered ,;Z hd : 5 True Data with Clear| Octal | 3.State | 575 . | g
15 3-State | 874 e [ e 3 S
- 3-State ‘878 . ——
;; S : : 2 True with Enable | Octal | 2State | '377 0 2 5
Single Pulse-Triggered - 3-State ‘534 . . c
L inverting Octal [ 35tre | ‘564 A 5
Dual J-K with Data = 3State | 576 ALe 3 L.
Lockout e Inverting with Clear | Octal |25t | 577 a2 e
35t | 879 ND
Single K with Data 10| @ Inverting with Preset| Octal | 3:State | '876 A e
Lockout Troe Octal | 3-State | 825 O
Dual O-Type 78 |2 slejAle Trverting Octal | 3State | 826 .
A e 3 Troe 981 | 35t | 823 .
Inverting 961 | 3-State | 824 .
Trae 108t | 3-State | 821 .
Invertin 1081 | 35w | 822 .
Tros” : Octal | 3 State |'29825 a daLst
\nverting Octal | 3-State |'29826, a
Troe 9Bn_| 3Stre | 29823 a
inverting 9-81_| 3-State | 29824 a
True 106 | 3State |'29821 a
Inverting 1081 | 3-State |29822 a

@ Denotes available technology.

A Denotes planned new products.

A Denotes ‘A’ suffix version available in the technology indicated.
B Denotes ‘‘B’’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

LATCHES AND MULTIVIBRATORS

QUAD LATCHES OCTAL. 9-BIT. AND 10-BIT LATCHES
. TECHNOLOGY TECHNOLOGY
T NO. OF STD
DESCRIPTION OUTPUT | TYPE ?r‘: ALS [AS | L | Ls | vOLUME DESCRIPTION airs | OUTPUT | TYPE [ | ALs [As|Ls | s | voLuMmE
. L]
Dual 2.Bit 2-State 75 ele 268 -
Transparent 2 Store AR 1o 2 3State | 373 .| 2
2State_ | ‘375 . Transparent octal PR 3
SR 2.5t B . A
ate | 1279 3-State | 573 o e
-Si 100 [ @
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS Duat 4-Bit 2 State 2
Octal 2-State [ ‘116 °
Transparent
TECHNOLOGY 3 State_| 873 B | e
STD 3-State | '533 o | e
DESCRIPTION TYPI L
E oL [ALS|AS IS | L |VoLumE Inverting Transparent| Octal | 3-State | ‘563 A "
2 ‘122 L3 e | 3-State [ '580 A .
Single ‘1 D ’ Dual 4-Bit
" 30 . ! Octal 3-State | ‘880 Ale
‘422 3 2 Inverting Transparent
123 [ e D 3-State | ‘604 »
Dual 423 . oc__['605 .
2-Input Muttiplexed Octal
EI nput Multiplexe 2 T3 stare | ‘606 . 2
3 . D-TYPE oc__| '607 0
AL, 9-BIT, - - . 0
o OCTAL, 9-BIT, AND 10-BIT READ-BACK LATCHES Addressable octal | 2-tate | ‘250
- D 3
[=) TECHNOLOGY Mult-Mode Buffered | Octal | 3-State [ 412 0 2
= NO. OF STD VOLUME True Octal 3-State | ‘845 o |
DESCRIPTION TYP
[+V) BITS £ TTL ALS |As[Ls |'s Inverting Octal 3-State | ‘846 A e
: Edge-Triggered Inverting ocal | 996 R True i 9-8it | 3-State 2343 o |e JaLs
inverti - ¥
5 and Noninverting Inverting 9-Bit | 3-State | ‘844 o je
(o} Octal ‘990 . True 10-Bit | 3-State | 841 o |
) Transparent True 9Bt | '992 0 Inverting 10-8it | 3-State | ‘842 ¢ e
> 10-Bit | ‘994 0
Octal | 991 D sals MONOSTABLE MULTIVIBRATORS WITH SCHMITT-TRIGGER INPUTS
Transparent Noninverting 9-Bit ‘992 [ TECHNOLOGY
10-Bit ‘994 0 STD
Transparent with Clear DESCRIPTION TYPE ALS |As (LS s | L | voLume
Teue Out Octal | '666 . TTL
T"‘e Liputs v Single 1| e 0 )
ransparent with Clear Octal | ‘667 3 Dual 221 | e D
Inverting Outputs
@ Denotes available technology. . -
A Denotes planned new products.
A Denotes *A’* suffix version available in the technology indicated.
B Denotes ‘‘B’’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

SHIFT REGISTERS SIGN-PROTECTED REGISTERS
NO. MODES TECHNOLOGY NO. | MODES TECHNOLOGY
DESCRIPTION oF le|.|g]|a| Tvee | sTO DESCRIPTION OF || |38 |TYPE VOLUME
o Al VOLUME 5| @ ALS| A
mrs [»]|*[2]|2 I St e Bl Bl Bl Birs |4|9[2[ 2 S| s
Sign-Protectad X x {x { 322 A Sign-Protected Register 8 X X)X }r322 A 2
x[x[x|x ] 198 2
llgl-in, D REGISTER FILES
o °'°‘"; . - TECHNOLOGY
directional .
x[x]x|x | 323 STD VOLUME
o | & 3 DESCRIPTION outPuT | TYPE | [ 1ALS | AS | LS
- A e 2
4 x| x| x[|x 194 ry 0 8 Words x 2 Bits 3-State | *172 .
oc 170 [ e ° 2
Parallel-In, 4 Words x 4 Bits
x|xfx|x | ‘671 . 3-State | ‘670 ]
Parallel-Out.
Registered ¢ Dual 16 Words x4 Bi 3State |} 879 2 38Ls
o .
eaistere x|x|x|x | 672 . 2 3! x4 Bis 3-State | ‘871 0 Ls!
Quiputs 4 Words x 40 Bits 3State | 8834 a st
8 [ x| [x|x| 189 | @ 64 Wor
s [ x| {x ‘96 | e ol o
OTHER REGISTERS
A o| B 2 *
x| [x 95
. 3 TECHNOLOGY Q
Paraliel-In, X X ‘99 . STD VOLUME
srafietin DESCRIPTION TYPE as[as|t|is|s °
Parallel-Out x| [x[x] 78| e 2 TTL [=
o [x][ Ix[x[ | e ‘98 . R
. A L 2 L] J m
x| |x 195 = 5 Quadruple Multiplexers ‘298 . 3 c
ANE 295 B 2 with Storage "398 0 o
A 2 g . N —
x| |x '395 399 -
A -3 8-Bit Universal Shift -299 . LB Q
6 | x| |x|x]| 673 . Registers . . |4 3 c
Serial-in < 1 2 e =
Parallel-Out 8 |x ‘164 vadruple Bus-Bufler 173 . A L
4 3 Registers 2
16 X X |x | '674 . 2 Octal Storage Register ‘396 L
. A Dual-Rank 8-Bit '963 A
Parallel-in, x| px]x | es
A 3 Shift Registers '964, A
Serial-Out 8 < - 2 B D7 ot < 38 LSl
X x| ‘166 -Bit Diagnostics/ 18
a 3 Pipeline Registers ‘28819 A
Serial-In, 8 | x 91 | A o] N
Serial-Out 4 | x| Ix 94|
SHIFT REGISTERS WITH LATCHES
NO. TECHNOLOGY
F ME
DESCRIPTION ol outruts fTvee [ o] ] vou
BITS
Parallel-In, Parallel-Out A 3-State | "671 0
with Output Latches 3-State ‘672 [
16 2-State ‘673 .
Serial-in, Parallel-Out Buffered | ‘594 .
with Output Latches 8 3-State '595 .
oC ‘596 D )
oC '599 °
Parallel-In, Serial-Out, s 2-State | '597 .
with Input Latches 3-State ‘689 ®
Parallel 1/0 Ports with
Input Latches, Multiplexed 8 3-State ‘598 .
Serial Inputs

® Denotes available technology.

A Denotes planned new products.

A Denotes ‘’A’" suffix version available in the technology indicated.
B Denotes ‘’B’’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX ‘

SYNCHRONOUS COUNTERS — POSITIVE-EDGE TRIGGERED ASYNCHRONOUS COUNTERS (RIPPLE CLOCK) — NEGATIVE-EDGE TRIGGERED
TECHNOLOGY ¥ Y
DESCRIPTION PARALLEL | v oe 5T VOLUME DESCRIPTION PARALLEL | 1 e 570 EEpas VOLUME
LoAD As[as|L]{Ls (s LOAD ALs [As L [is [s
T TTL
D A 2 Setto9 [ 90 [ A o| e
“
Svne g0 B | e 3 68 0
D A e 2 Y . .
Sync ‘162 Decade es 176
Decade’ ERID 3 Yes ‘196 | e D
Sync__| '560 A Setto9 | 290 | e .
sync__ | ‘668 . None ‘93| A ol e
Sync__| '690 ° 2 ‘69 . 2
Sync__| 692 . 4-Bit Binary Yes 177 [ e
B |e : Yes 197 | e o [e
“
Syne 58 B | e 3 Nome | 293 | .
* L4 2 -by- ! (]
2 Asyre | 190 Divide-by-12 None 92| A
. 3 Dual Decad None | 390 | ® .
a
Decade Up/Down D o o 2 ual Decade Sertes 450 .
Async | 192
. 3 Dual 4-Bit Binary None | 393 | e D
M Sync '568 A
c Sync__| '696 . 8-BIT BINARY COUNTERS WITH REGISTERS
3 Swe__| 698 ° TYPE TECHNOLOGY
90 Decade Rate 1 Ase ey | e 2 DESCRIPTION oF | Tvee voLumE
- Multipler, N10 Set-to-9 ALS [ AS | LS
o] - ry OUTPUT
= Sync 1161 R 3 Parallel Register 3-State { ‘590 .
o < e T Outputs oc | 591 . )
- Sync | 163 R Parallel Register Inputs 2-State | '692 .
4-Bit B 3 - g .
3 it Binary Se 561 ~ Parallel 1/0 3-State | '593
=8 ;
Sync 669 °
o ; FREQUENCY DIVIDERS. RATE MULTIPLIERS
vt Sync 691 . R
Sync__ | ‘693 ° TECHNOLOGY
B |e DESCRIPTION TYPE [ STD VOLUME
S 169 A
yne 5T 3 L | ALs|As [ts
L] L] 2 -to- i N Ld
Asyne | 191 50-to-1 Frequency Divider 56
" L] 3 60-t0-1 Frequency Divider ‘57 .
4-Bit Binary . o o 2 60-Bit Binary Rate Multipl ‘97 D 2
Up/Down Asyne 93 -Bit Binary Rate Multiplier
D 3 Decade Rate Multiplier 167 0
Sync | ‘569 A
Sync ‘697 .
Sync__| '699 D 2
6-Bit Bi 1
it Binary N 07] o
Rate Multipler, N2
Async CLR| '867 L
8.8 3&Ls
it Up/Down Sync CLR | ‘869 0

® Denotes available technology.
A Denotes “‘A’’ suffix version available in the technology indicated.
B Denotes ‘B’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS AND SHIFTERS

DATA SELECTORS/MULTIPLEXERS DECODERS/DEMULTIPLEXERS
TYPE TECHNOLOGY TYPE TECHNOLOGY
DESCRIPTION oF | Type[ STD VOLUME DESCRIPTION OF  |TYPE{ STD VOLUME
ouTPUT T | Astas L fs s ouTRUT Tr |As{AsfL s (s
2-State ‘150 @ 2 3-State ‘154 o *
41016
16101 3-State | '250 . oc__ |1s9] e
3-State | '850 . 3&LS 4-t0-10 BCD-to-Decimat | 2-State | ‘42| A o[
3-State | '851 * 4-t0-10 Excess 3-to- 2
X K L]
Dual 8-10-1 3-State | ‘361 [ @ ; Decimal 2State | ‘43 A
A . |e 41010 E Gray-
2:State | 1151 010 Excess 3:Grav: |5 srate | 44| A .
L4 [ 3 to-Decimat
2-State | 152 | A D 131 o | a
~ e s 2 f«o-hs with Address 2 T PR 3
8t0-1 tate Py a 3 atches . -State r Z
3-State | '354 . o | A 3
X 13, 2
2State_| 355 . 3108 2state 8 e[| 2 .
3State | ‘356 . 2 3State |'538 A 3
‘357 L] .
oc = 2-State  ['139 A
2:5tate | 153 [~ oo e Dual 2-to-4 Ale x
e 3 2-State_|'155| o A 2 %
. L] : L] L ]
3Stane | 253 o[ g Dual 1-to-4 Decod, 3 glc( Qig A 3 c
Dual 4-to-1 < > ual 1-to- ecoders -State -—
2-State | '352 —_—
o | 3 CODE CONVERTERS 3]
D 2 c
3-State | ‘353 P 3 TECHNOLOGY o
1
oo 603 - DESCRIPTION TYPE i:.) s |volume 'S
Octat 2-t0-1 with St oc__1 608 2 6-Line-BCO ine Bi 4-Line to 4-Li 2
ctal 2-t0-1 with Storage 35tate | 606 Py 2 -Line- to 6-Line Binary, or 4-Line to 4-Line 184 . c
Sc— 657 o BCD 9°s/BCD 10’s Converters 2 =
Toe T o8 . 6-Bit-Binary to 6-Bit BCD Converters 185 A L.
3 - 2 BCD-to-Binary Converters "484 A R
Quad 2-to-1 with Storage 2-State | ‘298 - 3 Binary-to-BCD Converters "485 A
2State | 1398 = PRIORITY ENCODERS/REGISTERS
2-State | ‘399 () 2 .
L] L L) L TECHNOLOGY
2-State | ‘157
o e 3 DESCRIPTION TyeE | STD VOLUME
ALS [AS{LS
e |o 2 TTL
2-State | ‘158
e | 3 Full BCD 147 ] e D
Quad 2-to-1 g e 2 < Oota a8 o Py
ctal
3-Stat ‘257 2
ae Ale 3 C Octal with 3-State Outputs ‘348 ]
B (e 2 - le wi i 27! 0 .
3.5tate | ‘258 4-Bit Cascadable with Registers 278
Ale 3
6-to-1 Ui il SHIFTERS
oo, 3State | 857 o e 3
p TECHNOLOGY
T STD VOLUME
OESCRIPTION OUTPUT | TYPE as|as )]s s
I
4-Bit Shifter 3-State ‘350 * 2
Paraliel 16-Bit
Multi-Mode 3-State | ‘897 . s
Barrel Shifter
32-Bit Barrel Shifter 3-State |'8838 A

® Denotes available technology.
A Denotes planned new products.

_ A Denotes ‘A"’ suffix version available in the technology indicated.
B Denotes ‘‘B’’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

DISPLAY DECODERS/DRIVERS, MEMORY/MICROPROCESSOR CONTROLLERS,
AND VOLTAGE-CONTROLLED OSCILLATORS

OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS

MEMORY/MICROPROCESSOR CONTROLLERS

OFF-STATE TECHNOLOGY TECHNOLOGY
DESCRIPTI ™ VOLUME
DESCRIPTION ourpur |tvee [sTof T T T | votume S oN Y& [Ais[as[is[s
VOLTAGE TTL System Controllers (Universal or for ‘888) ‘890 [ ] LSI
30V a5 | ® Transparent, | 4K. 16K “600 A
Memory ;
8CD-t0-Decimal 60V [141 ] @ Refroan Burst Modes | 64K 601 A
15V |45 | @ . Comrotiers | Cvele Steal. | 4K, 16K ‘602 A 2
r
7V__|'aa5 . Burst Modes | 64K ‘603 A
30V 46 | A . Memory Cycle Controller "608 .
15 V ‘47 A ol ® Mem M 3-State ‘612 [
5.5V a8 | @ . emory Mappers oc 613 .
2 Lst
5.5V 49 | o . Memory Mappers 3-State 610 .
124 Yy with Output Latches N J
BCD-to-Seven-Segment N0y 246 2 oc ol
15V ‘247 L] L] Multi-Mode Latches (8080A Applications} ‘412 L] 2
7V |'3a7 . 16K, 64K, 2967 | A
1V 1447 ° Dynamic Memory Controllers |-oox 2968 | 4 Lst
o -
55V 248 | @ . v v 16K, 64K 6301 | &
m 55V (249 | e 0 256K, 1 MEG | '6302 | A
c
g OPEN COLLECTOR DISPLAY DECODERS/DRIVERS WITH COUNTERS/LATCH
—- CLOCK GENERATOR CIRCUITS
= TECHNOLOGY
O ., | oescripTioN Tvee [sTO [ T o |voLume TECHNOLOGY
: TTL DESCRIPTION TYPE | STD ats |as|is |'s VOLUME
-3 BCD Counter/4-Bit Latch/BCD-to-Decimal I T
— Decoder/Driver Quadruple Complementary-Output 265 | »
= BCD Counter/4-Bit Logic Elements
o Latch/BCD-to-Seven-Segment a3 . 2 Dual Pulse Synchronizers/Drivers ‘120 .
U] Decoder/LED Driver 320 D
] 550 Covmoia B Crystal-Controlted Oscillators 351 - 2
Latch/BCD-to-Seven-Segment O Digital Phase-Lock Loop 297 )
Decoder/Lamp Driver Programmable Frequency 1292 0
Dividers/Digital Timers ‘294 L]
VOLTAGE-CONTROLLED OSCILLATORS Triple 4 Input AND/NAND Drivers ‘800 A 3
Triple 4-Input OR/NOR Drivers ‘802 A
ESCRIPTION
o 0 JECHNOLOGY Dual VCO 124 . 2
No. |compi| = |Rance fmax | TTTE s | s VOLUME
vcos | Zour weut | Fext | mig
Single Yes Ves Yes | No | 20 |'624 | ®
Single Yes Yes Yes | Yes | 20 628 | ®
Dual No Yes Yes No 60 |'124 . 2
Duat Yes Yes No No 20 |'626 .
Dual No No No | No | 20 ['627[ e
Dual No Yes Yes No 20 '629 .
RESULTANT DISPLAYS USING ‘46A, ‘47A, ‘48, ‘49, ‘L46, ‘L47, ‘LS47, ‘LS48, 'LS49, 'LS347
g e ) — [ | -
() S| o oy o} [} Y o () — =
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESULTANT DISPLAYS USING ‘246, ‘247, ‘248, '249, ‘LS247, ‘LS248, ‘LS2489, 'LS447
1 ] p_i— WP — =
[ | | g | | o | ] [ gy o — =
[} 1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESULTANT DISPLAYS USING ‘143, ‘144
—] o] =T T—m—
| I}l ] | ] W\ _
0 1 2 3 4 5 6 7 8 9
® Denotes available technology.
ADenotes planned new products.
A Denotes ‘A"’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

COMPARATORS AND ERROR DETECTION CIRCUITS

4.BIT COMPARATORS PARITY GENERATORS/CHECKERS,
ERROR DETECTION AND CORRECTION CIRCUITS
DESCRIPTION TECHNOLOGY .
QUTPUT TYPE | STD VOLUME NO. .TECHNOLOGY
P-Q|P>Q | P<QIOUTPUT| e | RIS RS LSS DESCRIPTION oF | Tvee SOl T T ¢ | vorume
Yes | Yes | No | 2-State No 85 | o oo e 2 BITS LAl
8 | 180 ® 2
8-BIT COMPARATORS Odd/Even Parity o | 280 o e
G heckers . [ rece
. DESCRIPTION TECHNOLOGY o ) 286 Py
— — SuTPUT | TYPE VOLUME -
INPUTS P-a|F=a |p>a| P>G | p<afouteur] o Ats | AS{ts 3-State | 8 636 » 5
ocC s | ‘637 D
ves | No | No | No | No | oC ves | s8] Tsee 76 1616 A i
ose No | Yes | No | No | No | 25 ves |'520] e 3 oc 76 617 N
PullUp Nojves | Noi No | No| OC | ves 11522] ¢ Parallel Error 3State | 16 | 630 . ;
No Yes No Yes No 2s No 682 . 2 o. . oc 16 831 ry
No | Yes | No | Yes | Mo | OC No | 683 Circuits 3State | 16 | 8400 a ]
Yes No No No No ocC Yes ‘51 9 . 3 3 -State 32 632 A ry
No Yes No No No 2-S Yes ‘521 . oc 32 633 Py e JaLs
No Yes No Yes No 2-S No ‘584 . 3.State 32 634 2 2 x
No | ves | No | Yes } No oc‘ No 685 . ) oC 32 535 2 | a (4]
No Yes No Yes No 2-S Yes 686 L4 u
Standard No Yes No Yes No ocC Yes ‘687 . :
" < FUSE-PROGRAMMABLE COMPARATORS -
No Yes No No No 28 Yes 688 —
o] TECHNOLOGY ©
0 3 DESCRIPTIO TYPE [STD vol
No Yes No No No oc Yes 689 N ALS |AS (LS |S LUME :
. 2 TIL o]
Latched P 16 Bit Identit t ‘526 =]
atehe No | No {ves | No [ ves| 2.8 ves | 885 . 3aLsl it Identity Comparator hre
Logic & Arith 12-Bit identity Comparator ‘528 . R [&]
Lotched P&Q 8-Bit Identity Comparator P =
Yes No Yes No Yes | Latched Yes ‘866 . 3 ‘527 L] :
Logic & Arith and 4-Bit Comparator
[T
ADDRESS COMPARATORS
OUTPUT | LATCHED TECHNOLOGY
DESCRIPTION TYPE VOLUME
ENABLE | OUTPUT ALS | AS
‘677 .
16-Bit to 4-Bit Yes ©
Yes | 678 | e 5
12-8it to 4-Bit Yes 679 | o
it to 4-Bi
Yes 680 | o

® Denotes available technology.
ADenotes planned new products.
A Denotes ’A"’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

ARITHMETIC CIRCUITS AND PROCESSOR ELEMENTS

PARALLEL BINARY ADDERS OTHER ARITHMETIC OPERATORS
TECHNOLOGY TECHNOLOGY
DESCRIPTION TYPE [ STD VOLUME DESCRIPTION TYPE | STD VOLUME
as|asth s |s ats |as|H lels]s
T T
1-Bit Gated ‘80 L] Quad 2-Input Exclusive-OR 86 L] o A L] 2
2-Bit ‘82 4 Gates with Totem-Pole ] 3
8t 83| A A 2 Outputs 386 ) A
-Bi
‘283 L) D Quad 2-Input Exclusive-OR . . 2
Dual 1Bit Carry-Save 183 o e Gates with Open-Collector | "136
Cutputs L4 3
ACCUMULATORS, ARITHMETIC LOGIC UNITS, Quad 2-input Exclusive: 766 . 2
LOOK-AHEAD CARRY GENERATORS NOR Gates ‘810 Ld A 3
3 ;
TECRNOLOGY guad 2 n:uot Excl:s;lvc NOR o . .\ ,
ates with Open-Collector B
DESCRIPTION TYPe [STD VOLUME
2 sm. ALS[As{Ls |s Outputs
4-Bit Paraltel Binary Accumulators 281 ° 2““ v ORNOR 38 °
v 81 o 5 a(esT : 2
. Py o le 4-Bit True/Complement a7 .
- = Element
c - 3&Lsl
4.Bit Arithmetic Logic Units/ 1181 [
g Function Generators A BIPOLAR BIT-SLICE PROCESSOR ELEMENTS
‘381 2
[ e CASCADABLE TECHNOLOGY
o 881 A 3&Ls DESCRIPTION T0 TveE [ Tas s | s | VOLUME
= 4-Bit Arithmetic Logic Unit N-BITS
- Ao '382 . 2 -
a with Ripple Carry No 887 r
— g2 2 hd 2 8-Bit Slice Yes "888 . Lsi
=] Look-Ahead Carry | 16-Bit A 3 Yes 895 a
Q. Generators ‘282 A
m 32-Bit ‘882 A 3 &LSI
x Quad Serial Adder/Subtractor ‘385 L] 2
MULTIPLIERS
TECHNOLOGY
DESCRIPTION TypE [STD VOLUME
Alsfas|is |s
TTL
2-Bit-by-4-Bit Parallel Binary Multipliers ‘261 .
‘284 .
4-Bit-by-4-Bit Parallel Binary Multipliers 28
285 o 2
25-MHz 6-Bit Binary Rate Multipliers ‘97 L]
25-MH: Decade Rate Multipliers ‘167 L d
8.Bit x 1Bit 2's Complement Multiphers | '384 0

® Denotes available technology.
ADenotes planned new products. i
A Denotes ““A’" suffix version available in the technology indicated.
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FUNCTIONAL INDEX

MEMORIES
USER-PROGRAMMABLE READ-ONLY MEMORIES (PROMs) REGISTERED PROMs
STANDARD PROMs
DESCRIPTION | TYPE oraanization | TVPE s | voLume
TYPE OUTPUT
DESCRIPTION TYPE ORGANIZATION | o | 'S | VOLUME TBP34R162 4096W x 48 3State | @
Tor255766 2078w % 88 3sue [ 16K-Bit Arrays | TBP34SR165 | 4096W x 48 3-State | 4
TBP38S165 2048W x BB Jswme | o TBP38R165 2048W x 88 3State | ®
TBP38S166 2048W x 88 IState | ®
16K Bit Arrays | TBPIBSA165 | 2048W x 88 oc . RANDOM-ACCESS READ-WRITE MEMORIES (RAMs)
TBP38SA166 | 2048W x 8B oc .
TBP345162 4096W x 48 3State | TvPE TECHNOLOGY
TBP345A162 4096W x 4B oc A DESCRIPTION ORGANIZATION | OF | TYpe| sTO [ | | o ¢ VOLUME
T8P24581 2048W x 4B 3Sae | ® QUTPUT Tm
TBP245A81 2048W x 4B oc . 266.Bit Arrays 256 x 1 3State | 201 hd
TBP28S85A 1024W x 8B | 3Stere | A oc |01 =
TBP28SB6A 1024W x 8B 3State | ® oc |89 | e 2
8K-Bit Amays | TBP28SAB6A | 1024W x BB oc . 3State | 1189 Al® 4
TBP38585 1024W x 88 | 3State | A 6481t Arrays 1B xa | IS | 219 A
TBP38586 1024W x 88 | 3State | A oc | 289 Ale
TBP38SABS 1024W x 8B oc A oc |[319 A :)
TBP38SA86 1024W x 88 ‘oc A a 16-8it Multiple-Port 8 x2 aswe | 172 o -
TBP24Sa1 1024W x 48 3State | ® Register File | 2 P
TBP24SA41 1024W x 4B ocC L] 16.8it Register File 4 xa ocC 170 . . —
KBt Arays | 1EP28542 §12W x 88 3State | @ . Iure | 670 hd ]
TBP28SA42 512W x 88 oc L] ual 64-Bit 168 1state |20 . 3
TBP28546 512W x 88 I5tate | ® Register Files 871 hd g
TBP28SA46 512W x 88 oc . —
2ot Arays | 18738522 256W x 88 5w | e FIRST-IN FIRST-OUT MEMORIES (FIFOs) "5
TBP38SA22 256W x 8B oc . veE TECRROLOGY c
TBP24510 256W x 48 3-State b DESCRIPTION [ TYPE A VOLUME 3
1K-Bit Arrays TBP24SA10 256W x 4B oc L] ouTPUT ALS SlLs | s L
T8P34510 256W x 48 3State | ® T | 222 <
TBP34SA10 256W x 48 oc . . e | 222 -
TBP185030 32W x 88 3-State 0 16 x 4 St 227 . Lsi
256.Bt Arroys TBP18SA030 32W x 8B oc ] see | 228 .
TBP38S030 32W x 8B 3-State . 3.5tate 232 Y 38 LST\
TBP3BSAC30 32W x 8B ocC L4 3 State 225 r Py ey
LOW-POWER PROMs I e ISwe | 229 | A 3ais
3 State 233 A
DESCRIPTION TYPE ORGANIZATION TYPE S VOLUME
OUTPUT
TBP28L166 2048W x 8B 3-State ° ® Denotes available technology.
16K-Bit Arrays | TEP38L165 2048W x 88 | 3State | @ A Denotes planned new products.
TBP38L166 2048W x 88 3-State . A Denotes ‘A" suffix version available in the technology indicated.
TBP34L162 4096W x 4B 3State | A B Denotes ""B"" suffix version available in the technology indicated.
TBP2BLBSA 1024W x 88 3Ste | A
KB Arays | TEP28LE6A 1024w x 88 3State | @
TBP38L8S 1024W x 88 3-State A
TBP38LBE 1024W x 88 IState | A 4
KBt Amays | 1BP28LA2 512W x 8B 3State | ® .
TBP28L46 512W x 88 3State | @
TBP28L22 256W x 8B 3State | ®
2K-Bit Arrays | TBP28LA22 256W x 8B oc .
TBP38L22 256W x 8B 3State | @
1K-Bit Aays | TBP34L10 256W x 4B 3Stte | ©
256Bit Arrays | TBP38LO30 32W x 88 3State | ®
® Denotes available technology.
A Denotes planned new products.
A Denotes ‘A’ suffix version available in the technology indicated.
B Denotes ‘B’ suffix version available in the technology indicated.
2-15

TExAas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



FUNCTIONAL INDEX

PROGRAMMABLE LOGIC ARRAYS

PROGRAMMABLE LOGIC ARRAYS

outpuTs|  TYPE NO. OF
TYPE NO PINS
Active-Low | PALT6LEA
‘PALI6R4A
Registered ['PAL16RGA
‘PAL16RBA
Active-Low |'PAL16LBA-2
‘PAL16R4A-2
Registered |'PAL16R6A-2
‘PAL16RBA-2
Active-Low | PAL20L8A
"PAL20R4A
Registered |'PAL20R6A
“PAL20RBA
Active-Low | PAL20L8A-2
"PAL20R4A-2
Registered ['PAL20R6A-2
‘'PAL20RBA-2
Active-Low | TIBPAL16LB-12
‘TIBPAL16R4-12
Registered | TIBPAL16R6-12
‘TIBPAL16R8-12
Active-Low |'TIBPAL16LB-15
“TIBPAL1BR4-15
Registered |'TIBPAL16R6-15
‘TIBPAL16R8-15
Active-Low |'TIBPAL20LB-15
“TIBPAL20R4-15
Registered |'TIBPAL20R6-15
‘TIBPAL20RS-15
Active-Low | 'TIBPAL20L10-20
‘TIBPAL20X4-20
Registered | TIBPAL20X8-20
‘TIBPAL20X10-20
Active-Low |'TIBPAL20L10-35
“TIBPAL20X4-35
Registered |‘TIBPAL20X8-35
‘TIBPAL20X 10-35
Active-Low | 'TIBPALA19L8-25
“TIBPALR19R4-25
Registered |'TIBPALR19R6-25
‘TIBPALR19RB-25
Active-Low | TIBPALR19L8-40
‘TIBPALR19R4-40
Registered |‘TIBPALR19R6-40
'TIBPALR19R8-40
ActiveLow | TIBPALT1918-25
‘TIBPALT19R4-25
Registered |'TIBPALT19R6-25
['TiBPALT19RS-25
Active-Low |‘TIBFALTI9LE'40
‘TIBPALT19R4-40
Registered |'TIBPALT19R6-40
‘TIBPALT19R8-40
3-State | 'TIFPLAB39
14 x32x6 Logic Arrays ocC ‘TWPLAB4O

DESCRIPTION . INPUTS

>
-3
@

VOLUME

High-Performance PAL® 16

20

Half-Power PAL™ 16

20

High-Performance PAL™ 20 24

N

Hall-Power PAL® 20

Impact PAL® 16

Impact PAL® 16

20

Impact PAL® 20

xapu| jeuonouny

LT TR

Exclusive-OR PAL® 20

3

NEY

Exclusive-OR PAL® 20

NEIEHE

Registered-Input PAL® 19

24

Registered-Input PAL® 19

Latched-Input PAL® 19 24

Latched-Input PAL® 19

Field-Programmable

oloje]e|e|o|e|o|[ela|e|e]e|elo|aje|e|aje|/o[e|eje]|e|e|e|e|e]ejoje|e|e|eje|o[o|o|o|efe]e/o|eojo|e|o|o|o|o|e]e|e

wakkaak.mNthmk

® PAL is a regi: trademark of ithic I

® Denotes available technology.

2-16 | ' Texas JQ?

NSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




Field-Programmable Logic
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PAL16LBA, PAL16R4A, PAL16R6GA, PAL16GR8A
STANDARD HIGH-SPEED PAL® CIRCUITS

FEBRUARY 1984 —REVISED JANUARY 1985

. . PAL16L8’
® Standard High-Speed (25 ns) PAL Family M SUFFIX . . . J PACKAGE
® Choice of Operating Speeds C SUFFIX . . . J OR N PACKAGE
HIGH SPEED, A Devices . . . 35 MHz {TOP VIEW)
HALF POWER, A-2 Devices . . . 18 MHz 1[0y Uadf] vee
. " . 12 197 0
Choice of Input/Output Configuration | s 13% o
Package Options Include Both Plastic and 1[a 17[J o
Ceramic Chip Carriers in Addition to Plastic Ids 1e[Jno
and Ceramic DIPs 10e  1s[Jwo
igr wQwo
oevice | nputs | FSTATE | REGISTERED | | EB 13] Vo
0 OUTPUTS | a ouTPuTS 1 Qo 12[] 0
PAL16L8 10 2 0 6 GND (Jio ]!
PAL16R4 0 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2
PALIGRS | 8 0 8 (3-state) 0 PAL16LE’
M SUFFIX . . . FH OR FK PACKAGE
. C SUFFIX . . . FN PACKAGE
description (TOP VIEW)
These programmable array logic devices feature 8
high speed and a choice of either standard or —_——=->0
half-power devices. They combine Advanced 30 19
Low-Power Schottkyt technology with proven 1ha 18 1o
titanium-tungsten fuses. These devices will 10s 170 o
provide reliable, high-performance substitutes 10s w610
for conventional TTL logic. Their easy g7 1510

programmability allows for quick design of - 10s
“‘custom’’ functions and typically result in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

10111213
s T
o0
-

The Half-Power verS|ons. Of.fer a choice of Pin assignments in operating mode (pins 1 and 11 less positive than
operating frequency, switching speeds, and Viun)

power dissipation. In many cases, these Half-

Power devices can result in significant power

reduction from an overall system level.

2
o
(=]

—d

o

Q
(1]
£
£
©
B
=2
o
T

DI.

o

S

LL.

3-3

The PAL16’ M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The PAL16’ C series is '
characterized for operation from 0°C to 70°C.

tImegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,9765.

PAL is a registered trademark of Monolithic Memories Inc.

. Copyright © 1984, Texas Instruments Incorporated
{l’
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PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

PAL16R4’
M SUFFIX . . . J PACKAGE
C SUFFIX . .. J OR N PACKAGE

(TOP VIEW)
ck [ W20 vee
102 e[Jwo
1J2 18[Jwo
s 1170a
I0s 1ga
s sJa
107 11aJa
1fs 113qvo
1o 12[] 110
GND [Jio 11[]JOE
PAL16R6’

M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

w

PAL16R4’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

10111213

110 ]

=Y Yo
w

gls 2
Q

PAL16R6"
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW) (TOP VIEW)
cwk [y U20[] vee
T 12 19[] 10
o 10 +118Ja
o ifJs 1m0a
v 1{s s[]Q
o I{s 1sJaQ
«Q 10> w«fa
) e 13a
3 1Ifs 12 wo
g GND [Jio  19[] OE
o
o
-
S PAL16RS’ PAL16RS’
5 M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX FN PACKAGE
{TOP VIEW) (TOP VIEW)
CLK E1 vee
12 Q
1s Q 2 12019
1 (s Q 1
1s Q 10s
e Q 1ps
[y Q 1
| E 8 Q K]
1o Q 10 111213
GND [Jio OE
Pin assignments in operating mode (pins 1 and 11 less positive than V|yy)
3-4
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PAL16L8A, PAL16R4A
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8A
‘PAL16LBA-2
& = EN =1
v o
32X 64 4
7/ v————0
7
> 7 O—k—‘-’— 1/0
10 16
1 v A~
Z, O —<¢—»—1/0
6 16 ,7, O—e—€—b—1/0
—~ O—Ff—{~ .
7 %+ 1/0
7
7
A O~—Q—4->—1/0
7, P_k—‘—’— 1/0
,/
Y 2
7 - m
[=}
‘PAL16R4A -
‘PAL16R4A-2 )
Ke]
@©
OF —CO{ EN2 £
CLK ci
£
- g
& >1
32X 64 19 $1D v a g>
—\ 2
8 a o
7 [ S
8 a 2
> } i
8 16 —\
Vi v 8
! 7 71~ / (l) a
4 P\
e >1
4 16 7 EN
e b—f—— ~ £ v 1o
7 O ‘\ <> 1/0
7 Jo—a—e-> 1/0
Z ‘\ <> /0
4
Vi <
7 -
9 Ol
/ -

~ denotes fused inputs

{ip
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PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6A
‘PAL16R6A-2
OE —OfEN2
CLK >l
9 m
& 8, >1 ¢ 2V o]
~ 1D
32X 64 —
Ol °
N
8, § a
8 16 7
t—— P e A
8, ¢ a
64
7 8, % a
” — N
2, 16 )
~ 8 o]
2 3
; N
en >
. 7
> VP—«<—4»—— 10
m
o 7, D—e—4> 10
2 >
a 2, e
? A
Q
o ‘PAL16R8A
3 ‘PAL16R8A-2
g OF ENZ
Y CLK c1
® 4 r
o & 8, =1 ¥1D 2V Q
32x64 [7
Q, N\
0 . 8, + Q
) 5 —o
8 > 16 N
| —t gt ~ 8, Q
7
: % —
Q
8 16 -~ é
b-v‘—- ~ —\
8 (? Q
R
’ ? a
[N
8, : Q

A Y
a

~ denotes fused inputs

{i’
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PAL16L8A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram
&)

INPUT LINES
PRODUCT
LINES 0 4 8 12 16 20 24 28 31
: T
. I T o
: L 19)
[ ]
d |
120 [ ;
; !
L]
. (18}
r—— /0
.
L ]
15
| (3|[ T
16
(] .
.
: ————-“7) 170
L]
@) 23
I—l b Jq____
24 ) (_)
. o
. o
. — 1616 -
: P
]
31
(51t -
I—|) >1 ‘ E
32 ™) . E
: 1]
. 15,0 =y
; £
8 — -
Db K T
40 M) ]
N i
. N (a)
. /0
L]
5 i
47
i
1 Oy 1 1 — kK—
48 |
L]
L]
L ]
8) 55
=D S Y 4
56 [ )
: T {12)
: T - 0
.
63
(11
R - —H — '
i
TExas b 57
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PAL16R4A ‘
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram
cikfpy
INPUT LINES
PRODUCT
UNES © 4 8 12 16 20 24I 28 31

v 19),.4

N eeseets O

%ﬁ
A

J

|-

r———“ 8) 170

Messeee @

-

-

N
w

1D &ﬂ’u
>C1p
) EO——“G)Q
>C1 b

D Ee.‘ﬁ’o
>C1 p :

E ('|4)Q

4

—D
2

w
-

5)

w
N

W
w0

ay
LB
&
a°)
~
o
«Q
-
[
3
3
o
=
[]
-

;
P LI

;?

o160
»
(=]

»
~

(VTN | |

13) 170

NS

(4]
rul

;@

o
-3

L (12),9

-]
T W

9 .,
1 —{)L _
i R nik LU BE
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PAL16R6A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

T SLUN
INPUT LINES
PRODUCT
LNES O 3 8 12 6 20 24 28 31

—19) /0

-

%3

8
: 18
. Hio (o181 o
L ]
15 “l&.
LT
. KH
16
L]
. 4
: W WL
L ]
23 S N
@) —
11— N_-_DJ
24 o
: _ 2
. Lo -—:&cﬂﬁ’o =
. 2
31 TN S
(5) PC1 ] Q
By ) g
32 £
[ ]
. = (15) e
: o | a 5
. <}
y >c1 a
a9 H ]
| ls)Di — '6
40 J T
[ ]
ic
*
. 10 —M’Q
M i 4
47 c1
LN K ]
a8
L]
L]
13
. 7o —-Boi—‘o
L]
55 c1
LI |<}-—-———D]
56 1)
L]
: 12} o
L ]
: - _—
63
(9) s
=D ‘ K —
i 1 t— Lpt Ve
T *’P .
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PAL16RBA
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

1)
cue
INPUT.LINES

PRODUCT

LNEs O 3 8 12 16 20 24 28 a1
0
[ ]
e
. — TR WGLIPN
L] .
L]
5 c1

2

;

108 4

=L

2
;

-

ecesce 5

o el

N
Tw

E
2

_B 1e)

o

N
[E LR NN '

[+

w
-
pe

NEIN K

v

w
N

~E (15)

EERl

c
6
|——|( )>g K
a0
L]
. (14)
. 1D @o—— a
L2
L]
.47 >C1
RN, KH
a8
L]
L]
: o M’o
.
L]
g).55 b>C1
1Bl K
56
L]
. 12)
: ) Eo—o
L]
L ]
)82 Us ¢
1—=Df

] - Q:“”EE
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

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

Supply voltage, VCC (see Note 1) . .. oottt it e ittt e et e e e e eaie s 7V
Input voltage (see Note 1) ......... e 5.5V
Voltage applied to a disabled output (see Note 1) ... ...................... e 55V
Operating free-air temperature range: Msuffix............. ... ... ........ -55°C to 125°C

Csuffix ..., 0°C to 70°C
Storage teEMPerature TaNGE . . . v v vttt it e et et e e e e e —65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER M SUFFIX C SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 5.25 \"
VIH High-level input voltage OE input 24 5.5 2 55 Y
All others 2 5.5 2 5.5
ViL Low-level input voltage 0.8 0.8 v
IOH High-level output current -2 -3.2 | mA
loL Low-level output current 12 24 | mA
TA Operating free-air temperature —55 125 o] 70 °C
programming parameters, TA = 25°C %
- MmN _Nom max [unm ] S
Veoc  Verify-level supply voltage 4.5 5.0 5.5 \4 iy
Viy High-level input voltage C 2 5.5 \ 3
ViL Low-level input voltage 0.8 \Y 1]
VIHH Program-pulse input voltage 10.25 10.5 10.75% \ E
PO | 20 50 E
. PGM ENABLE, L/R 10 25 E
llHH  Program-pulse input current mA o))
Pl, PA 1.5 5 o
Vee 250 400 &
tw1 Program-pulse duration at PO pins 10 50 us 1':
tw2  Pulse duration at PGM VERIFY ' 100 ns o
Program-pulse duty cycle at PO pins 25 % I.I-.
tsy Setup time 100 ns
th Hold time 100 ns
td1 Delay time from Vg to 5 V to PGM VERIFYT 100 us
t42 Delay time from PGM VERIFY 1 to valid output 200 ns
Input voltage at pins 1 and 11 to open verify-protect {security} fuse 20 21 22 \
Input current to open verify-protect {security) fuse 400 | mA
tw3 Pulse duration to open verify-protect {security) fuse 20 50 us
V¢ value during security fuse programming [o] 0.4 \"

i .
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX
MIN _ TYP MAX | MIN TYP MAX UNIT
felock Clock frequency 0 25 0 . 35 | MHz
tw Pulse duration, see Note 2 Clock high 15 12 ns
Clock low 20 16
tsy Setup time, input or feedback before CLK 1 25 20 ns
th Hold time, input or feedback after CLK 1 0 0 ns

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fglock. The minimum pulse durations specified
are only for clock high or clock low, but not for both simultaneously.

electrical characteristics over recommended operating free-air temperature range

M SUFFIX C SUFFIX
ARAMETER TEST NDITIONS g UNIT
P co MIN TYP! MAX [ MIN TYP!  MmAX
ViK Vee = MIN, Iy = —18 mA -1.5 -1.5 \4
VoH Vce = MIN, ioH = MAX 2.4 3.2 2.4 3.3 \
VoL Vee = MIN, loL = MAX 0.25 0.4 0.35 0.5 \
. Qutputs 20 20
! = MAX Vo =27V A
OzH 1/0 ports Vee . o 100 100 | ¥
Outputs -20 -20
1 \7 = MAX, Vg =04V A
1 ozL 1/0 ports cc 0 ~250 250 | ¥
o N Ve = MAX, Vy = 5.5V 0.2 0.1 | ma
Q'- IIH Vee = MAX, V=27V 25 20 pA
3 . ’ OF INPUT -0.25 —0.4
- | V = MAX, = 0.4V A
8 I cc Vi=0 Al others ~0.2 oz | "
Py 10§ Vee = MAX, - Vg = 2.25V -30 -125 [ -30 -125 | mA
Vee = MAX, Outputs Open
! : 140 185 140 180 mA
g cc Vi =0V
g. TFor conditions shown as MIN or MA.X, use wne appropriate value specified under recommended operating conditions.
o Al typical values are at Vog = 5V, To = 25°C.
- 5The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, log.
=]
@, switching characteristics over recommended supply voltage and operating free-air temperature ranges
©  (unless otherwise noted)
M SUFFIX SUFFIX
PARAMETER FROM T0 TEST CONDITIONS u c UNIT
MIN TYP} MAX | MIN TYP! MAX
fmax 25 45 35 45 MHz
tpd 1. 1/0, 0, /0 15 30 15 25 ns
tpd o CLK+ Q Ry = 500 Q, . 10 20 10 15 ns
ten OE+ Q CL = 50 pF, 15 25 15 22 | ns
tdis OE+ Q See Note 3 ) 10 25 10 15| ns
ten 1, /0 0, 110 : 14 30 14 25 | ns
tdis 1, 110 0, /10 13 30 13 25 ns

Al typical values are at Voe = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

' {l’
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PAL16L8A-2, PAL16R4A-2, PAL16R6A-2, PAL16RBA-2
STANDARD HIGH-SPEED HALF-POWER PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
. MIN TYP MAX | MIN TYP MAX
felock Clock frequency 0 16 o] 18 | MHz
tw Pulse duration, see Note 2 f Clock high 28 25 ns
| Clock low 28 25
tsu Setup time, input or feedback before CLKt 35 28 ns
th Hold time, input or feedback after CLK 1 0 0 ns

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fciock- The minimum pulse durations specified
are only for clock high or clock low, but not for both simultaneously.

electrical characteristics over recommended operating free-air temperature range

M SUFFIX " C SUFFIX
PARAMETER TEST CONDITIONS ! UNIT
MIN TYPt MAX [ MIN TYP? MAX
VIK Vce = MIN, I = —18 mA -1.5 - 15|V
VoH Vce = MIN, IoH = MAX 2.4 3.2 2.4 33 v
VoL Vce = MIN, oL = MAX 0.256 0.4 035 0.5 v
Outputs 20 20
lozH Vee = MAX Vg = 2.7V A
© 1/0 ports cc ' 0 700 100 | #
Outputs -20 -20
I Vce = MAX, Vo = 0.4V A
ozL /0 ports cc 0 T -250 —250 | "
I Vce = MAX, V| =55V 0.2 |. 01 | mA
hH Vce = MAX, V=27V 25 20 pA
| Vee = MAX V) =04V OE INPUT —0.2 =02 1 A
IL cc = MA% p== All others —01 0.1
10§ Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 | mA
Vce = MAX,
icc cc=M Outputs Open 75 95 70 90 | maA
Vi=0V

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Vec = 5V, Tp = 25°C.
8The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, Igg.

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

)
=]
(=]

—

2

L0
©
£
£
©
E .
(2]
o
|

DI.

D

K}

w

M SUFFIX C SUFFIX

PARAMETER FROM TO TEST CONDITIONS MIN TPt MAX | MIN TYPF MAX UNIT
fmax 16 25 18 25 MHz
tpd 1, /0, 0, /0 25 40 : 25 35 ns
thd CLKt Q R_ = 500 Q, 11 35 1 25 ns
ten OE+ Q CL = 50 pF, 20 35 20 25| ns
tgis OE 1t Q See Note 3 1 30, 11 20 ns
ten 1, 110 0, /0 25 40 25 35 ns
tdis 1, /0 O, I/0 25 35 25 30 ns

Al typical values are at Voe = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

PRODUCT TERMS 0 THRU 31 PRODUCT TERMS 32 THRU 63
{TOP VIEW) (TOP VIEW)
PGM ENABLE [ vee PGM VERIFY []1 vee
PI0 (]2 PO3 Plo []2 L/R
P13 PO2 © P [gs PAO
P12 []a PO1 P12 []a PA1
P13 s POO PI3 [s PA2
Pi4 (e PAO P4 (e PO3
PIs 7 PA1 PIs []7 PO2
P16 (|8 PA2 Pi6 []s PO1
Pi7 (o L/R PI7 (o POO
GND [0 PGM VERIFY GND []10 PGM ENABLE
Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at Viqu}
TABLE 1 — INPUT LINE SELECT TABLE 2 — PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
NUMBER (PI7 PI6 PI5 P4 PI3 PI2 PI1 PIO L/R NUMBER |POO PO1 P02 PO3 PA2 PA1 PAO
0 HH HH HH HH HH HH HH L r4 0,32 2 Y4 2z HH Z z 4
1 HH HH HH HH HH HH HH H Z 1,33 4 Z ¥4 HH 2 Y4 HH
- 2 HH HH HH HH HH HH HH L HH 2,34 Zz z 4 HH 2z HH Z
6' 3 HH HH HH HH HH HH HH H HH 3,35 4 Z z HH 2 HH HH
E 4 HH HH HH HH HH HH L HR 2 4,36 ¥4 4 2 HH HH Z Z
-'D 5 HH HH HH HH HH HH H HH 2 5,37 Z 4 Z HH HH Z HH
3 6 HH HH HH HH HH HH L HH HH 6,38 Y4 Y4 Y4 HH HH HH 2Z
(._Q‘ 7 HH HH HH HH HH HH H HH HH - 7,39 Y4 4 z HH HH HH HH
o 8 HH HH HH HH HH L HH HH 2 8,40 ¥4 z HH 2 Y4 4 Y4
3 9 HH HH HH HH HH H HH HH Z 9,41 Y4 4 HH 2 z z HH
3 10 HH HH HH HH HH L HH HH HH 10,42 Z z HH 2 ¥4 HH Z
g 1 HH HH HH HH HH H HH HH HH 11,43 Y4 4 HH 2 z HH HH
6 12 HH HH HH HH L HH HH HH 2Z 12,44 ¥4 z HH 2 HH Z Y4
- 13 HH HH HH HH H HH HH HH 2Z 13,45 Z Z HH 2Z HH Z HH
(=] 14 HH HH HH HH L HH HH HH HH 14,46 Y4 Z HH 2 HH HH 2
“E. 15 HH HH HH HH H HH HH HH HH 15,47 z Z HH 2Z HH HH HH
0 16 HH HH HH L HH HH HH HH 2 16,48 Z HH 2 4 4 Z z
17 HH HH HH H HH HH HH HH 2Z 17,49 4 HH 2Z z Y4 r4 HH
18 HH HH HH L HH HH HH HH HH 18,50 Z HH 2 z Z HH Z
19 HH HH HH H HH HH HH HH HH 19,51 4 HH 2 z Y4 HH HH
20 HH HH L HH HH HH HH HH 2Z 20,52 4 HH 2 r4 HH 2Z 4
21 HH HH H HH HH HH HH HH 2Z 21,53 2z HH Z z HH 2 HH
22 HH HH L HH HH HH HH HH HH 22,56 [Z HH Z Z HH HH Z
23 HH HH H HH HH HH HH HH HH 23,55 z HH 2z z HH HH HH
24 HH HH HH HH HH HH HH 2Z 24,56 HH 2 4 4 Y4 z 4
25 HH H HH HH HH HH HH HH 2Z 25,67 HH 2 4 Y4 4 Y4 HH
26 HH L HH HH HH HH HH HH HH ' 26,58 HH 2 4 4 4 HH Z
27 HH H HH HH HH HH HH HH HH 27,59 HH Z z z Z HH HH
28 L HH HH HH HH HH HH HH Z 28,60 HH 2 Z Y4 HH 2 4
29 H HH HH HH HH HH HH HH Z 29, 61 HH Z z Z HH 2 HH
30 L HH HH HH HH HH HH HH HH 30,62 HH 2 4 Y4 HH HH 2
31 H HH HH HH HH HH HH HH HH 31,63 HH 2Z z z HH HH HH
L = Vi, H = V|4, HH = VjyH, Z = high impedance {e.g. 10 kQ to 5 V)
*ip
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PAL16LBA, PAL16R4A, PAL16R6A, PAL16R8BA
STANDARD HIGH-SPEED PAL CIRCUITS

) prog}amming procedure for array fuses

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the
appropriate (one of 32) input line and then pulsing the correct (one of 64) product line. The levels for selecting
input lines and product lines are shown in Tables 1 and 2.

Step 1 Raise PGM ENABLE to V|HH.

Step 2 Select an input line by applying appropriate levels to L/R and PI pins.

Step 3 Begin selection of the output line with appropriate conditions on PA pins.

Step 4 Raise VcC to VIHH.

Step 5 Blow the fuse by pulsing the appropriate PO pin to V|HH as shown in Table 2 for the product
line.

Step 6 Return V¢ to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than

VoL if the fuse is open.
Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully
programmed (blown), but no more than four times. Verification is possible only with the verify-protect
fuse intact.

programming waveforms

i
PGM ENABLE ”
|
|

]

—— tg, » o
SELECTED ! o= VIHH =2
PI, L/R,PA ! . ! v 3

PINS (see IH
Tables 1 and 2) ViL Q2
Ke]
VIHH ©
Vee £
5V E
ov o
=]
ViHH o
SELECTED A
PO PINS (see VoH a
Table 2) VoL =
2
[

\
PGM VERIFY H
Viw

® A high level during the verify interval indicates that programming has not been successful.*
@ A low level during the verify interval indicates that programming has been successful.

security fuse programming

| 1
| | I

PIN 1 I'_th_’!/ N\~ T T~ i——__mv
|

|
|
f—th—| —\ lethel—— 21V
PIN 11 | 1 |
. ov

{ip
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PAL20LBA, PAL20R4A, PAL20R6A, PAL20RBA
STANDARD HIGH SPEED PAL® CIRCUITS

D2706, DECEMBER 1982—REVISED JANUARY 1985

Standard High Speed (25 ns) PAL Family ) PAL20L8’
M SUFFIX . . . JW PACKAGE
Choice of Operating Speeds C SUFFIX . . . JW OR NT PACKAGE
HIGH SPEED, A devices . . . 30 MHz (TOP VIEW)

HALF POWER, A-2 devices . . . 18 MHz
Choice of Input/Output Configuration
Preload Capability on Output Registers

DIP Options Include Both 300-mil Plastic
and 600-mil Ceramic

3-STATE REGISTERED 110
DEVICE |1 INPUTS
0 OUTPUTS Q OUTPUTS PORTS
‘PAL20L8A 14 2 [0} 6
‘PAL20R4A 12 0 4 (3-state buffers) 4
‘PAL20R6A 12 0 6 (3-state buffers) 2
‘PAL20R8A 12 0 8 (3-state buffers) 0 PAL20L8’

M SUFFIX . . . FH OR FK PACKAGE
L C SUFFIX . . . FN PACKAGE
description (TOP VIEW)

These programmable array logic devices feature
high speed and a choice of either standard or
half-power speeds. They combine Advanced

110

Low-Power Schottky ! technology with proven

titanium-tungsten fuses. These devices will 110
provide reliable, high performance substitutes :\/lg
over conventional TTL logic. Their easy Vo
programmability allows for quick design of 170
"“custom’’ functions and typically result in a 10

more compact circuit board. In addition, chip 121314 1516 1718
carriers are also available for further reduction p—
in board space.

The Half-Power versions offer a choice of ) ) . . .

ting frequenc switching speeds, and DIP pin assignments in operating mode (voltages at pins 1 and 13
opera g N Cl. \ g sp ! less then ViHH). PLCC pin assignments in operating mode (voltages
power dissipation. In many cases, these Half- at pins 2 and 16 less then V|Hp).
Power devices can result in significant power
reduction from an overall system level.

2
o]
o

—

2

£
10}
£
£
«
bl
[+
(=]
b o)

Ol.

R

K]

(1%

In addition, extra circuitry has been provided to
allow loading of each register asynchronously to
either a high or low state. This feature simplifies
testing because the registers can be set to an
initial state prior to executing the test sequence.

The PAL20’ series is characterized for operation
over the full military temperature range of
—55°C to 125°C. The commercial range is

characterized from 0°C to 70°C.
/

PAL is a registered trademark of Monolithic Memories Inc.
TIntegrated Schottky-Barrier diode-clamped transistor is patented
by Texas instruments, U.S. Patent Number 3,463,975.

PRODUCT PREVIEW . Copyright © 1985, Texas Instruments Incorporated
This d ins inf d /}
on a product under development. EXAS U
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PAL20R4A, PAL20R6A, PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

PAL20R4’ PAL20R4’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
~
outcik [1 Uz2s[J vee
102 2301
1z 22Jwo
s 220 wo
1I0s 2000
e 1da
10 18fda
de Qe
I sJuo
1o 1sJuvo
1 e[
GND [1z  13[] OE

(JVE

2160

PAL20R6’ PAL20R6’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
outctk [J1 U2a[] vee
o 10z 2301
[} 10z 22jvo
Q. s =220
) 1I0s 2000
o 10 wfJo
«Q 107 8ja
o 10e Qo
3 e 8[dC
3 1o 1s[Juvo
o 10 1eQ1
o GND (12 13[] OF
o
-
PAL20R8’ PAL20RS’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . .. FN PACKAGE
© {TOP VIEW) (TOP VIEW)
¥4

outcwk [ Ua4J vee

DIP pin assignments in operating mode (voltages at pins 1 and 13 less than Vi)
PLCC pin assignments in operating mode (voltages at pins 2 and 16 fess than V|yy)

.
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PAL20L8A, PAL20R4A
STANDARD HIGH SPEED PAL CIRCUITS

functional block diagrams {positive logic)

PAL20L8A
PAL20L8A-2
& 5 EN 21 o
o———
40x64 —rp
Z, p————o0
> 7 o-e—<4-»—1/0
14 20 7
— 1~ 7 L «>—110
7 M 1
6 20 7 O—Q—d—b——— 1/0
7 O—f—]~ i
7 O—Q—i—’—— 1o
,1
7
7 O—Q—Q-b— 1/0
7, - ¢p—
v O—t /0
(j’ < 3}
k=)
o
PAL20R4A -l
PAL20R4A-2 Q
LQ
(1]
OF ~OlEN2 £
OUTCLK Dt £
s | S
a0 : 54 H - $ w 2V e g,
7 1D P,
\ o
8 Q ]
. ! B
3 2
> # $ a ic
12 20
8
y
7 $

! 7 #— ~ a
2 \
7 21
a 20 7 EN
+ 0-7/—— ~ ¥ v O—Q\—d-b— /o
b
'] O \ 4d— 110
7 @ —d-b> 1
£ O J /10
ol -<an
7 o, \ <> 1o
4 .
Vi D, N
7 «
4 gl
7 <

XAS {” 3-19
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PAL20R6A, PAL20RBA :
STANDARD HIGH SPEED PAL CIRCUITS

functional block diagrams (positive logic)

PAL20R6A
PAL20R6A-2
OE - OfEN2
OUTCLK P C1
m| r
& 8 >1 1=0 2V Q
a0xes| " ¢‘D —.
8 Q
9
N
8 § Q
12 20
e ] =i
g E:
6, — v
” 8 a
s DR S =
2 20
~ 8 <l’ Q
N
booed EN =1
U v t— 1/0
7 Pp—e—4> 1/0
m
B LV
- 6
o —~—
) PAL20R8A
o PAL20R8A-2
(o]
© OF EN2
OUTCLK c1
§ c
& 8, >1 =0,y Q
[ 20X 64 +1o
o N\
) 8, + Q
Iy N
8 8, + Q
o 12 > 20 N
| —t] ] 8, % Q
i —
8 20 8,: : + - e
Ot ~ —
+ a
. N
8, ? Q
N\
8, é Q
8

320 Texas {l’
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PAL20L8A
STANDARD HIGH SPEED PAL CIRCUITS

(1)

INPUT LINES
o a4 8 12 16 20 24 28 32 36
NEITN PR (23)
b 4, 1
PRODUCT
LINES ()
L ]
® (22) o
[ ]
T »
[ P 5 K<
[
° 21 0
[ ] \
N I5 19
. - (20)
° 1/0
23
(5) n} !
=D <
24 »
° g .8
o 170 )]
° (=]
1 . ';
1 b <— @
[ ]
° r———-(—1—a—2l/o E
39 g
(7) n : ey
L EDE —3<— =
40 o
° %; [J (17) a
° 170 .6
° =
[
@, 37 , 2
) :}q____ .
48
: r___ns) 170
[ ]
9,95 )
' =DE K
56 -
° (15)
®
®
63
{10) ; (14)
RN K—
REITE 1 (13)
i
TeExas U 3-21
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PAL20R4A
STANDARD HIGH SPEED PAL CIRCUITS

(n
outcik —> INPUT LINES
0 4 ] 12 16 20 24 28 32 36
2 ) — (23)
b g
PRODUCT -
LINES 0 -
(22)
—{L—,—vo
(3}~ i} 7 4
o P 3
S
21
. L(L-‘—L—l 170
[ )
15
() ni i
=Pk
16 -
L ]
. E 3‘@ a
e b
3 ]
4 N
[ ]
. Lo o
31 g
(6) s
1= 4]
32 -
L ]
® E r{lﬂ’ Q
[ ] >
22 .
*20 +<H _
. 4
L4 10 3&“—7) Q
[ ]

'S
b

21607 ajqewweiboid-plal4 !
¥
LSRN

(8) N i
I i
g »
° ”6)|/0
L ]
[©) .55
2k —
=
. 09,
|(10) 63 {
1) 14)
i ](13)0—5

{i’
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PAL20RGA
STANDARD HIGH SPEED PAL CIRCUITS

(1
OUTCLK —{>‘
INPUT&ES
[v] 4 8 12 16 20 24 28 32 36 (23)
|~(ﬂDl’;——*- ——t——10
PRODUCT
LINES O
. l_ﬁﬂ.m |
[ ]
s
(3)nl I 1
=Dp 3
8
o 10 3&1) Q
[} ',,
(4)n s |5 N
TS 4<H
[}
. b o
23 cip
(5)nt )
=D +<H
24
[ ]
. A o
)]
[ ] Pcip
N 31 LIy S
732 - 2
M (18) -t%
° Q
. ] £
(7 32 L £
70 H o
° [=]
. (Long &
K 4 <
@y . @
"hre <4 i
[ ]
- Lo,
55 ey
(9) ny
1 —DL J
756 ul
° 15)
b 18 0
(]
63
'(10)[:?‘ :
1)y a4
i K
(13) _
OE
i
XAS 'b 3-23
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PAL20R8A

STANDARD HIGH SPEED PAL CIRCUITS

ourcik > INPUT LINES
" 12 16 20 24 28 32 36 . (23)
| D ] :
PRODUCT
LINES
. 22 Q
[ ]
:
7 i
N —<H
. [l (21)
. Q
. l E
4,15 <H
TS X n
[ ]
. E (20) a
2. beip
51023 !
(=
g <H |
. E | (19) a
° i
31 : l
l(ts)[:- i
32 N i
° (18)
. 0 Q
39 -
(7} a2 —3<H
1'=DE
. E !(17) Q
° Do
47 - I
1‘9—'{>g48 —<H
b <
: E ll (16) a
o %r 5
55
9) nos )
]
—Db?)? ;'QT
: E | (15) a
63 g '
I(m)t —
BRI 552
\ 1
](13).0_E
{/
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20R8BA
STANDARD HIGH SPEED PAL CIRCUITS

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

Supply voltage, VCC (see Note 1) . ..ot e e e e e e 7V
Input voltage (see NOte 1) . .. .. ..ttt et e e et 55V
Voltage applied to a disabled output (see Note 1) ... ... ... ... ... . 5.5V
Operating free-air temperature range: Msuffix. .................. ... ..... -55°C to 125°C

Csuffix ........ ... . .. .. . ... . .. ... 0°C to 70°C

Storage temperature range -65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

PARAMETER M SUFFIX C SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 A%
VIH High-level input voltage 2 5.5 2 5.5 25
ViL Low-level input voltage 0.8 0.8 \
I0H High-level output current -2 -3.2 mA
loL Low-level output current 12 24 | mA
TA Operating free-air temperature -85 125 ¢] 70 °C
programming parameters, Ta = 25°C
N MIN NOM MAX | UNIT o
Vee Verify-level supply voltage 4.5 50 55 A" 'a
VIH High-level input voltage 2 5.5 \ 3
ViIL Low-level input voltage . 0.8 \ ®
VIHH Program-pulse input voltage 10.25 10.5 10.75 A 3
PO 20 50 ©
) PGM ENABLE, L/R 10 25 1=
IIHH Program-pulse input current Pl PA 5 5 mA E
Vee 250 400 ©
twi Program-pulse duration at PO pins 10 50| us =]
tw2 Pulse duration at PGM VERIFY 100 ns 2
Program-pulse duty cycle at PO pins 25 % n.'
tsu Setup time 100 ns E
th Hold time 100 ns 2
td1 Delay time from Ve to 6 V to PGM VERIFY? 100 us L
t42 Delay time from PGM VERIFYt to valid output 200 ns
Input voltage at pins 1 and 11 to open verify-protect (security) fuse 20 21 22 Vv
Input current to open verify-protect {security) fuse 400 | mA
tw3 Pulse duration to open verify-protect {security) fuse 20 50| us
Ve value during security fuse programming 0 0.4 \
Texas *2
EXAS 3-25



PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH SPEED PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN TYP MAX | MIN TYP MAX
fclock  Clock frequency 0 20 0 30 | MHz
High 20 15
tw Pulse duration, clock 9 IS
Low 20 156 ns
tsu Setup time, input or feedback before OUTCLKT 30 25 ns
th Hold time, input or feedback after OUTCLK? 0 0 ns
electrical characteristics over recommended free-air operating temperature range
M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONSt UNIT
: MIN TYP! MAX | MIN TYP? MAX
VIK Vee = MIN, |) = —18 mA -1.5 -15| Vv
VoH Vce = MIN, 1oy = MAX 2.4 32 24 3.3 v
VoL Vce = MIN, IgL = MAX : 0.25 0.4 035 05| V
0, Q outputs 20 20
| Vee = MAX, Vi =27V A
OZH 17770 ports cc H 100 100 | *
0, Q outputs -20 -20
1 Vee = MAX, Vi = 0.4V A
OZL 70 ports cc H ~250 —250 | *
OE Input 0.2 0.2
[ Vee = MAX, V) = 65V
! All others cc ! , 0.1 o1 | ™
- OF Input 40 40
- | Vee = MAX, V=27V A
@ H All others cc ! . 20 20 | ¥
o OE Input -0.4 -0.4
] | = MAX, V| = 0.4V A
o |t All others Vee ! —0.2 ~02 | "
o 108 Vee = MAX, Vg = 2.25V ~30 -125 | -30 -125 | mA
«Q Vee = MAX, V; =0V
cc -V ,
fad I — 150 21 150 210 A
5 cc Outputs open, OE at V|y 210 m
3 tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
o  *All typical values are Voo = 5V, Ta = 25°C.
E $The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, 19g.
1)
g switching characteristics over recommended operating free-air temperature range (unless otherwise
@ hoted)
° PARAMETER FROM TO TEST CONDITIONS M SUFFIX C SUFFIX UNIT
MIN TYP! MAX | MIN TYP} MAX
fmax : 20 30 MHz
tpd 1, /0 0, 1/0 15 30 15 25| ns
tod OUTCLK? Q RL = 500 Q, 10 20 10 15| ns
ten OF Q CL = 50 pF 10 25 10 20| ns
tdis OE? Q See Note 2 11 25 11 20| ns
ten 1L, 1/0 0, /0 14 30 14 25| ns
tdis 1, 170 0, 1/0 12 30 12 25| ns

Al typical values are at Voc = 5V, T = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

3-26 TEXAS {5’
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PAL20L8A-2, PAL20R4A-2, PAL20R6A-2, PAL20R8A-2
STANDARD HIGH SPEED HALF-POWER PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN TYP MAX { MIN TYP MAX
fclock  Clock frequency 0 18 0 18 | MHz
tw Pulse duration, clock High e
Low ns
tsy Setup time, input or feedback before OUTCLK? ns
th Hold time, input or feedback after QUTCLK? ns
electrical characteristics over recommended free-air operating temperature range
M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS MIN TYPE MAX | MIN TYPE MAX UNIT
ViK Vee = MIN, || = -18mA -1.5 -1.5 v
VoH Vce = MIN, igH = MAX 24 3.2 2.4 33 v
VoL Vce = MIN, gL = MAX 0.25 0.4 0.35 05| V
lozH 0O, Q outputs Vee = MAX, Vi = 2.7V 20 20 A
/0 ports 100 100
lozL 0, Q outputs Vee = MAX, Viy = 0.4 V -20 -20 A
1/0 ports -250 —250
I OF Input Voo = MAX, V| = 5.5V 02 921 ma
All others 0.1 0.1
I OF Input Ve = MAX, V| =27V 40 L N
All others 20 20
OE Input -0.4 -0.4
L Al others Vee = MAX, Vi =04V —0.2 02| ™
108 Vce = MAX, Vg = 2.25V -30 -1256 [ -30 -125 | mA
lec Vee = MAX, Vi =0V, 75 100 76 100 | mA
Outputs open, OE at V|

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are Voc = 5V, Ta = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, 1gs.

switching characteristics over recommended operating free-air temperature range {unless otherwise
noted) '
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M SUFFIX C SUFFIX
PARAMETER FROM T0 TEST CONDITIONS MIN TYP? MAX | MIN TYPE MAX UNIT
fmax 18 18 MHz
tpd , 110 0, 110 25 25 ns
tpd OUTCLK? Q RL = 500 @, 20 20 ns
ten OE Q C_ = 50 pF, 15 15 ns
tdis ‘OEt Q See Note 2 12 12 ns
ten 1, 10 0, 1710 25 25 ns
tdis 1,170 0,1/0 20 20 ns

Al typical values are at Vee = 5 V. Ta = 256°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

PRODUCT TERMS 0 THRU 31 PRODUCT TERMS 32 THRU 63
(TOP VIEW) i (TOP VIEW)
pGM ENABLE [J1 U24[] vee pom VERIFY [t U24[] vee

po2 23t poz 23] t

Pt s 22[] PO3 pils 220 wr
pi2[Js  21[JPo2 p2[]sa  21[J PA0
Pi3[]s  20[] POO1 P3[s  20[] PA1
Pla[Je  19[] POO pia(Js  19[] PA2
pis» 18] PAO ps(]?  1g[] PO3
P68 17[] PA1 pis 8 17[] PO2
PI7[Jo  18[] PA2 Pi7[Je  1e[] POT

PI8 [0 1s[J LR pig (Jrio 1s[] PoO
PI9 11 4]t P91 1a[] 1

GND 12 13[] PGM VERIFY GND [J12__ 13[] PGM ENABLE

TPins 14 and 23 have no programming function. Make no connection.
Pin assignments in programming mode (PGM ENABLE at V|pn)

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
w LINE LINE
3 NUMBER PI9 PI8 PI7 PI6 PI5 PI4 PI3 PI2 PI1 PIO L/R NUMBER POOPO1PO2PO3PA2PA1PAD
0 HH HH HH HH HH HH HH HH HH L Z 0,32 Z Z Z HHZ Z 2Z
1 HH HH HH HH HH HH HH HH HH H Z 1,33 2 2 Z HHZ Z HH
.'n 2 HH HH HH HH HH HH HH HH HH L HH 2,34 Z Z Z HHZ HH Z
- 3 HH HH HH HH HH HH HH HH HH H HH 3.35 Z Z Z HH Z HH HH
18 4 HH HH HH HH HH HH HH HH L HH Z 4,36 Z Z Z HHHHZ 2z
?— 5 HH HH HH HH HH HH HH HH H HH Z 5,37 Z Z Z HH HH Z HH
g 6 HH HH HH HH HH HH HH HH L HH HH 6,38 Z Z Z HH HH HH Z
a 7 HH HH HH HH HH HH HH HH H HH HH 7.39 Z Z Z HH HH HH HH
«Q 8 HH HH HH HH HH HH HH L HH HH Z 8,40 2 2 HHZ 2 2z 2
- 9 HH HH HH HH HH HH HH H HH HH Z 9,41 Z Z HHZ Z Z HH
o 10 HH HH HH HH HH HH HH L HH HH HH 10,42 Z Z HHZ Z HHZ
3 1" HH HH HH HH HH HH HH H HH HH HH 11,43 Z Z HH Z Z HH HH
3 12 HH HH HH HH HH HH L HH HH HH Z 12,44 Z Z HHZ HHZ 2
[V 13 HH HH HH HH HH HH H HH HH HH Z 13.45 Z Z HHZ HH Z HH
E 14 HH HH HH HH HH HH L HH HH HH HH . 14,46 Z Z HH Z HHHH Z
(4] 15 HH HH HH HH HH HH H HH HH HH HH 15,47 Z Z HH Z HH HH HH
- 16 HH HH HH HH HH L HH HH HH HH Z - 16,48 Z HHZ Z Z Z 12
e} 17 HH HH HH HH HH H HH HH HH HH Z 17,49 Z HHZ Z Z Z HH
«Q 18 HH HH HH HH HH L HH HH HH HH HH 18,60 Z HHZ Z Z HHZ
6. 19 HH HH HH HH HH H HH HH HH HH HH 19,61 Z HHZ 2 Z HH HH
20 HH HH HH HH L HH HH HH HH HH Z 20,52 Z HHZ Z HHZ 2Z
21 HH HH HH HH H HH HH HH HH HH Z 21,53 Z HHZ Z HH Z HH
22 HH HH HH HH L HH HH HH HH HH HH 22,54 Z HHZ Z HH HH Z
23 HH HH HH HH H HH HH HH HH HH HH 23,55 Z HH Z Z HH HH HH
24 HH HH HH L HH HH HH HH HH HH Z 24,56 HHzZ zZ2 2z Z zZ 2
25 HH HH HH H HH HH HH HH HH HH Z 25,57 HHZ 2 Z Z Z HH
26 HH HH HH L HH HH HH HH HH HH HH 26,58 HH 2 Z 2 Z HHZ
27 HH HH HH H HH HH HH HH HH HH HH 27,59 HH Z Z Z Z HH HH
28 HH HH L  HH HH HH HH HH HH HH Z 28,60 HHZ Z Z HHZ 2
29 HH HH H HH HH HH HH HH HH HH Z 29,61 HH Z Z Z HH Z HH
30 HH HH L HH HH HH HH HH HH HH HH 30,62 HH Z Z Z HH HH Z
31 HH HH H HH HH HH HH HH HH HH HH 31,63 HH Z Z Z HH HH HH
32 HH L HH HH HH HH HH HH HH HH Z
33 HH H HH HH HH HH HH HH HH HH Z
34 HH L HH HH HH HH HH HH HH HH HH
35 HH H HH HH HH HH HH HH HH HH HH
36 L HH HH HH HH HH HH HH HH HH Z
37 H HH HH HH HH HH HH HH HH HH Z
38 L HH HH HH HH HH HH HH HH HH HH
39 H HH HH HH HH HH HH HH HH HH HH
L = V|, H = V|4, HH = V|4H, Z = high impedance (e.g.,-10 k@ to 5 V)
%
3.28 TeExas
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

programming procedure for array fuses

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the
appropriate (one of 40) input line and then pulsing the correct (one of 64) product line. The levels for selecting
input lines and product lines are shown in Tables 1 and 2.

Step 1 Raise PGM ENABLE to V|HH.

Step 2 Select an input line by applying appropriate levels to L/R and Pl pins.

Step 3 Begin selection of the output line with appropriate conditions on PA pins.

Step 4 Raise Vcc to VIHH-

Step 5 Blow the fuse by pulsing the appropriate PO pin to V|HH as shown in Table 2 for the product line.

Step 6 Return V¢ to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than
VoL if the fuse is open.

Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully
programmed (blown), but no more than four times. Verification is possible only with the verify-protect
fuse intact.

programming waveforms

- — —— — VIHH
PGM ENABLE _/ N\
! | ViL

-4 <o - -  \ - VIHH

SELECTED V4 | o
PI, L/R, PA PINS Al | ViH - —
(See Tables 1 and 2) | v g’
= M 3
vee __:/l_——_j;l 5V —_g
__.__.l:_”._ k.-_:.su._ _th__l. _______________ ov g

| Wi .
SELECTED | ® ViHn £
PO PINS | AT VoH @
o T OO KKK, v g
| tdzqe—d o
| —»l l‘“wZ q—
-ta1-p]_| v -
PGM VERIFY ) . v:t E
[V

@ A high level during the verify interval indicates that programming has not been successful.
@ A low level during the verify interval indicates that programming has been successful.

security fuse programming

—_— — 8V

Veg e/ | : N ov
’ L e |

f_th_” e e —— e — —— —— - 21V

PIN1 I | | oV
| | etaa-p k—n»}

j— th—} ' I—| ————— —_— 21V
PIN 13 ' Y Y

Texas Q‘ 3-29

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



PAL20L8A, PAL20R4A, PAL20RGA, PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

iy
o
2
o
X
o
Q
2
0
3
3.
o
=2
®
-

o160

PRELOAD PROCEDURES

OUTPUTS DISABLED

. A N\

OE
tdis | | —-»| j&—ten
v ! ENABLE PRELOAD |
HHe - —— —— — — e — - |
| 100 ns!
PIN 14 | : I - mn|
1 ) H
| ! 1
ViL : | I' I
! ! r—'m |
1 APPLY Q' |
VIH- == ———— - : 5 :
VERIFY : ! | VERIFY NEW )
Q STATEQ, ' ‘staTeq, VERIFYQ.q

PIN 1

o [
(OUTCLK) v,

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7

o BRI — R
VoL

-’{‘pdi‘—

1

FIGURE 1. PRELOAD WAVEFORMS

preload procedure for registered outputs

Pin 13 to V|H, Pin 1 to V)L, and V¢C to 5 volts.

Pin 14 to V|HH for 10 to 50 microseconds.

Apply V| for a low and V|H for a high at the Q outputs.
Pin 14 to V(L.

Remove the voltages applied to the outputs.

Pin 13 to V|L.

Check the output states to verify preload.

3-30
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL® CIRCUITS

FEBRUARY 1984 —REVISED JANUARY 1985

® High-Performance Operation " suF:;I)?PAUfII;i'CKAGE
:’ropagatlonsge;:; - 15ns C SUFFIX . . . J OR N PACKAGE
IMAX - - z (TOP VIEW)
® Functionally Equivalent, but Faster than Ta
PAL16L8A, PAL16R4A, PAL16R6A, and 2
PAL16R8A '
1gs
® Power-Up Clear on Registered Devices 1[a
(All Registered Outputs are Set Low) 1 s
® Package Options Include Both Plastic and : Ef
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs 1Cle
1o
GND [J10
3.STATE | REGISTERED
DEVICE | INPUTS 1/0 PORTS
0 OUTPUTS | Q OUTPUTS TIBPAL16LS"
PaLieLe | 10 2 0 & M SUFFIX . . . FH OR FK PACKAGE
PAL16R4 8 o 4 (3-state) 4 C SUFFIX . . . FN PACKAGE
PAL16R6 8 0 6 (3-state) 2 (TOP VIEW)
PAL16R8 8 0 8 (3-state) 0
I8}
O
—__-_->0

description

These programmable array logic devices feature
high speed and functional equivalency when
compared with currently available devices. They
combine the latest Advanced Low-Power
Schottkyt technology ‘IMPACT'’ with proven
titanium-tungsten fuses. These devices will
provide reliable, high-performance substitutes
for conventional TTL logic. Their easy -
programmability allows for quick design of

“custom’’ functions and typically results in a

more compact circuit board. In.addition, chip Pin assignments in operating mode (pins 1 and 11 less positive than
carriers are available for further reduction in VIHH)

board space.

10 111213

—
[=]
z - =
(&)

i)
o
o

o |

2

L
(1]
£
£
@
t
(o]
o
e

&I

D

K]

L

The half-power devices offer a choice of
operating frequency, switching speeds, and
power dissipation. In many cases, these half-
power devices are fast enough to be used where
the high-speed, or *A’’, devices are used. From
an overall system level, this can amount to a
significant reduction in power consumption, with
no sacrifice in speed.

The PAL16’ M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The PAL16’ C series is
characterized for operation from 0°C to 70°C.

Tlntegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.

PAL is a registered trademark of Monolithic Memories Inc.

. Copyright © 1984, Texas Instruments Incorporated
TeExas ‘b 3-31
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



TIBPAL16R4, TIBPAHGRB, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

TIBPAL16R4’ TIBPAL16R4’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX. . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
ck [
102
1ds
10
10s
1{e
10
10s
1e
GND [Jio
TIBPAL16R6’ TIBPAL16R6’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . .. J OR N PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) (TOP VIEW)

3.

cuk [r U20] vee
10z wdwo
:—:! i0s 1da
oy 1I0s 170a
o 10s 1s0a
3 Qe 1sQa
Q 1J7 fda
o iI0e 10da
3 10 120wo 10 111213
3 GND 1o 1] OE
o
o
=)
- ‘TIBPAL16R8" ’ TIBPAL16RS’
=] M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
Q, C SUFFIX . . . J OR N PACKAGE C SUFFIX. . . FN PACKAGE
e (TOP VIEW) {TOP VIEW)
ck [ Uao[] vee
10z Q
1ds Q
1 Q e
1[s Q 1 0s
(e Q 1 Ds
g Q 17
1{s Q i Pe
1{e Q
GND (1o 1[J OF
Pin assignments in operating mode {pins 1 and 11 less positive than
VIHH!
*ip
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TIBPAL16L8, TIBPAL16R4
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& 21
=—]EN N
32X 64 |—~
; o————o
g A 1/0
o 2 FO *
7 I ,7 O-&—<»— /o
6 16 %7 O—Q—d—b— 1/0
‘77[ K )+— ~
7 o—*—q—b— /o
]I
,i e —4-p—1/0
’7L —g-p—-1/0
GL 4
7 ad (3]
=]
‘PAL16R4 [*]
-l
2
OF —O EN2 %
CLK c1 £
S E
& >1 1=0
g 29p——0 @
32X 64 4 1D (=2
a =
L
Sl O &
8 Q o
£ ©
8 16 ’ $ ™\ ir
1 Vi V2 8 J; a
7 L4
4 - ™\
a >1
a 16 7 EN
+ D—f—' ~ - v CF?“—'— t/0
7 - <> 1/0
+ N
7 C—‘\ -4 1/0
7 D—a——4>— 10
, # N
4
/ &
7 T -
9 > —
7 T .
~ denotes fused inputs
i
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TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OF O{EN2
CLK c1
& A 21 4 1=0 29| Q
32x64 | 10 .
8
, é a
N
2 + a
8 16 i L
| ——rr— D 7 ~ a
. ' =
8, é Q
7
2 16 N
jo—— ~ 8 6 Q
7
N
=1
. 3 EN
e £ 7
7 VpP—e«—4»—1— /0
- 7 D—Q—Q—)——— 1/0
7
o) 2, o
& S ¢
v
-
=]
Q ‘PAL16R8
=
o
3 OE ——OfEN2
3 CLK P c1
[ 5
= & 8, 21 =0 ,yp——aQ
® 2xX6s 1D
-  \
] 8, a
Q —.
o 8, é a
8 S 16 N
1 —— —A— ~ 8, é o]
4
8 16 ’i: a
O-~— ~ —
. g a
. I
1 j
N
2 i a
— N

A S
H

~ denotes fused inputs

‘Qip
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\ TIBPAL1618
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

L

. INPUT LINES
PRODUCT
LINES © 4 8 12 16 20 24 28 31
(o] )
L]
. 19)
: L 119) ¢
L]
L]
(2) k
'_DF K
L]
. 18)
. 118) 1,0
L]
L]
@8
1= K—
16
L]
. 17)
. 17 0
L ]
L ]
23
- K——
24 I )
. )
. . - —
. ] —L Y 8"
L]
. I T -
(5), 5 ! T 2
32 D) £
: £
. 05,6 =
. oy
. o
6.32 i [ . )
" K Q.
40 = 5
. ]
° 14 o—
: _u 170 L
. .
L ]
.87
A — K
a8 —
. L4
.
13
: i 13,0
.
.
(.55
=D kK—-
56 M)
.
L] l 1
. | n2) o
. I
‘ !
63
(9) Nt [ ] (11)
! I K
L : —— :
i
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TIBPAL16R4
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

ok
INPUT LINES
PRODUCT
LINES © 4 8 12 16 20 24 28 31
0 | —
L]
L]
:_._ a 1 —!.ml/o
L]
.
2 7
P —
8
*
L]
. 8) o
L ]
.
15
3)p
| By »
16 N
L]
L]
L]
@), 23 >c1p
| —{>L m_
24
-n .
Ly .
S'_D_ . 16
o : + RIGLI
R y D b
o (51,5
@ =L — KH
= 32
g .
L]
3 : 1D ~@oﬁ)o_
2 .
= 39 c1
o (6)
- ! *DL ﬁ']q_
o 40
‘n L]
Q, .
o . ) —[Bo—”“o
o |
L]
47 c1
48
L]
L]
. 03) 0
. L —
L]
55
\ (B)D r 111 s 1
56 ™)
N ]
L]
. — 12),0
L ]
L]
@)
1 =Dt k! _
1 LU e

{iP
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TIBPAL16R6
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

cu Ay )
INPUT LINES
PRODUCT
UNES O ) 8 12 16 20 24 28 31
0 )
0
L]
. 19,9
L]
.
(2) 7
=Dt XK
8
[ ]
L]
. 1D :BOQEIQ
.
3) 15 >C1p
e - KH
16
.
L L
. %}—m ——i&ﬂ’o
L)
.
23 >c1
4y, C
e — [
24
. (8]
[ ] -a
: B RLLI PR,
- -
L]
31 - >C1 2
(5) C—J el
= R :
32 £
L]
. £
. 1D M’o ©
. =]
6 39 >C1b 2
R - K a
40 k=]
. ]
L] T
| I 5 L% -
. ] ]
. i ] -
" 47 >C1p
(
i K
a8
L]
. 13)
: Irs L,
L]
. —4—1t
56 >ci1 b
(8)
= K+
56 — »)
L]
. T [L (12)
. - 170
[ ]
.
.53 i
|—l>‘b | 1 | | C,l<|'—— —_
1 ! 1 1 LpMV) 5
i
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TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

(1)
CLK——{>
INPUT LINES
PRODUCT

LINES 0 4 8 12 16 20 24 28 31
0 |- | | |
. I i
*
. o e a
:
.
77— >C1 b

;
;

|

B 18) o

N eecoee @

m
e

-

E
2

16
L ]
L ]
: o HZa
L]
23 (o3 ]
)53
m .
2 . 1D —M’o
2 . —T
o
- 31 (o] ]
{5) ,
(g ! % - [ J“J
- 32
5 : 1 T O A
3 : :En) T8
) .
=2 - ci
— 39
o | 16) K
g 40
Q, : s
° : WL
M
(7) 47 > b
P KH
48
[ ]
: 1D Bo“—s'(l
L]
8) s Petp
1= — K
56 —
[
: : EEERE E 02)
: [ % L {_— i >C1
63— — o
9) r 1] [ T'
I T _
—Pb 1 1 SRR RRRREARE = 1 L<}>7'"’oe
i
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TIBPAL1618, TIBPAL16R4, TIBPAL16R6, TIBPAL1GR8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

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

Supply voltage, Ve (see Note 1) . ..ottt i e e e e 7V
Input voltage (see Note 1) ... . ... e e 55V
Voltage applied to a disabled output (see Note 1) . . ..... ... ... .. i, 5.5V
Operating free-air temperature range: M suffix. . ........ ... ... ... ... ... -55°C to 125°C
Csuffix ....... ... .. i 0°C to 70°C
Storage temperature raNGE . . . .. v v vttt e it ittt e e -65°C to 150°C
NOTE 1. These ratings apply except for programming pins during a programming cycle.
recommended operating conditions (see Note 2}
M SUFFIX C SUFFIX
PARAMETER MIN NOM MAX | MIN NOM MAX UNIT
Vee Supply voltage 4.5 5 5.6 | 4.75 5 5.25 v
VIH High-level input voltage 2 5.5 2 5.5 \
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -2 -3.2 | mA
loL Low-level output current 12 24 | mA
Ta Operating free-air temperature -85 125 o] 70 °c

NOTE 2. These recommended operating conditions apply for all device dash numbers. Also refer to additional recommended operating

conditions information pertaining to appropriate device dash number, i.e., —20, —15, etc.

programming parameters, TA = 25°C %
MIN NOM MAX | UNIT 3
Vcc  Verify-level supply voltage 4.5 5.0 5.5 \ O
VIH High-level input voltage 2 5.5 \ 3
ViL Low-level input voltage 0.8 \ ©
ViHH Program-pulse input voltage 10.25 10.5 10.75 \ E
PO 20 50 (%
. PGM ENABLE, L/R 10 25 =
IHH Program-pulse input current Pi, PA 5 5 mA g’
Vee 250 400 a
twi Program-pulse duration at PO pins 10 50 AS 'Cli
tw2  Pulse duration at PGM VERIFY 100 ns )
Program-pulse duty cycle at PO pins 25 % ir

tsy Setup time 100 ns

th Hold time ] 100 ns

td1 Delay time from V¢ to 5 V to PGM VERIFY?T 100 kS

td42 Delay time from PGM VERIFY 1 to valid output 200 ns

Input voltage at pins 1 and 11 to open verify-protect {(security) fuse 20 21 22 v

Input current to open verify-protect (security) fuse 400 | mA

tw3 Pulse duration to open verify-protect (security) fuse 20 50 us

V¢ value during security fuse programming 6] 0.4 v

i
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

recommended operating conditions

M SUFFIX —20 C SUFFIX —15 UNIT
MIN TYP MAX MIN TYP MAX
fclock  Clock frequency 0 40 0 50 | MHz
tw Pulse duration, clock, (see Note 3) Ef: :? - g ns
tsy Setup time, input or feedback before CLK?® 20 15 ns
th Hold time, input or feedback after CLK? o] o] ns

NOTE 3: The total clock period of CLK high and CLK low must not exceed clock frequency, fglock. Minimum pulse durations specified
are only for CLK high or CLK low, but not for both simultaneously.

electrical characteristics, over recommended operating free-air temperature range

M SUFFIX —20 SUFFIX —15
PARAMETER TEST CONDITIONS T c UNIT
MIN TYP¥ MAX | MIN TYP! MAX
ViK Vce = MIN, | = -18mA -1.5 -1.5 v
VOoH Vee = MIN, loH = MAX 2.4 3.2 2.4 3.3 \
VoL Vce = MIN, loL = MAX 0.25 0.4 0.35 0.5 v
Outputs 20 20
lozH Vee = MAX, Vg = 2.7V A
3 170 ports cc 0=2 100 100 | ¥
Outputs -20 -20
1 Vee = MAX, Vg = 0.4V A
- OZL 1770 ports cc 0 —250 —250 | *
= Pin 1, 1 0.2 1
o |y Vee = MAX, V| =55V n 1, 11 g mA
a All others 0.1 0.1
: Pin 1, 11 50 20
v [ Vee = MAX, V=27V - A
3 IH cc ! All others 20 20 | *
«Q L Vce = MAX, Vi =04V ) -0.2 -0.2 mA
=~
g 108 Vee = MAX, Vo = 2.25 V -30 -1256 [ -30 -125 mA
\ = MAX, Outputs O
3 lcc ce utputs Dpen 140 190 140 180 mA
V=0V,
o
E TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
@ Al typical values are at Vee =5V, Ta = 26°C.
g $The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.
«Q . .
o switching characteristics over recommended supply voltage and operating free-air temperature
’ ranges (unless otherwise noted)
PARAMETER FROM TO TEST CONDITIONS M SUFFIX —20 C SUFFIX 15 UNIT
MIN TYP! MAX | MIN TYP! MAX
fmax 40 50 MHz
tpd 1, 110 0, I/0 10 20 10 15 ns
tod CLKT Q R_ = 500 @, 8 15 8 12 ns
ten OE! Q CL = 50 pF 8 15 8 12 ns
See Note 4
tdis OEt Q 7 15 7 10 ns
ten 1, /0 0, I/0 : 10 20 10 15 ns
tdis 1, 170 0, 1/0 10 20 10 15 ns
*All typical values are at Vo = 5V, Tp = 25°C.
NOTE 4: Load circuits and voltage waveforms are shown in Section 1.
i
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TIBPAL16L8, TIBPAL16R4, TIBPAL16RG, TIBPAL16R8
LOW-POWER HIGH-PERFORMANCE IMPACT PAL CIRCUITS

recommended operating conditions

M SUFFIX —30 C SUFFIX —25 UNIT
MIN  TYP MAX | MIN TYP MAX
fclock  Clock frequency 0 25 0 30 MHz
tw Pulse duration, clock, (see Note 3} High 15 19 ns
Low 20 15
tsy Setup time, input or feedback before CLK?T 25 20 ns
th Hold time, input or feedback after CLK1 0 0 ns

NOTE 3: The total clock period of CLK high and CLK low must not exceed clock frequency, felock- Minimum pulse durations specified

are only for CLK high or CLK low, but not for both simultaneously.

electrical characteristics over recommended operating free-air temperature range

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
+All typical values are at Vee = 5V, Ta = 25°C.

8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los-

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

M SUFFIX —30 C SUFFIX —25
PARAMETER TEST CONDITIONS UNIT
MIN TYP! MAX | MIN TYP! MAX
VIK Ve = MIN, I = —18 mA 1.5 -1.5 v
VoH Vce = MIN, I0H = MAX 2.4 3.2 2.4 33 v
VoL Voo = MIN, loL = MAX 0.25 0.4 0.35 0.5 \
Outputs 20 20
lozH \Y MAX, Vo = 2.7 A
0 ports cc 0=27V 100 100 | ¥
Qutputs -20 -20
1 \Y MAX, Vg = 0.4V A
O2L [0 ports ce 0 ~250 —280 | ¥ o
Pin 1, 11 0.2 0.1 ‘C
I Voo = MAX, V| = 55V a mA 4
All others 0.1 0.1 3
| v MAX Vi 27V Pin 1, 11 50 20 R °
H cc ' == Al others 20 20 | * =
i Vce = MAX, V| = 04V -0.2 -0.2 mA ©
108 Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 mA E
v MAX,  Output
lec cc utputs Open 75 105 75 100 | mA @
Vi=0V, -
o
[=]
i oY
e
R}
2
('

M SUFFIX —30 C SUFFIX —-25
PARAMETER FROM TO TEST CONDITIONS MIN TYPE  MAX MIN TYPE  MAX UNIT
frmax 25 30 MHz
tpd 1, /0 0, 1/0 15 30 15 25 ns
tpd CLK?T Q RL = 500 , 10 20 10 15 ns
ten OE! Q CL = 50 pF, 15 25 15 20 ns
t4is OEt Q See Note 4 10 25 10 20 ns
ten 1, /O 0, 170 14 30 14 25 ns
tgis 1, 10 0, 170 13 30 13 25 ns
*All typical values are at Vgc = 5V, Tp = 25°C.
NOTE 4: Load circuits and voltage waveforms are shown in Section 1.
PRODUCT PREVIEW .
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TIBPAL16L8, TIBPAL16R4, TIBPAL1GR6, le_PAHﬁRS

HIGH-PERFORMANCE IMPACT PAL CIRCUITS

PRODUCT TERMS 0 THRU 31
‘ (TOP VIEW)
PGM ENABLE [ vee

PIO [] PO3
PI1 [ PO2
P2 [ PO1
PI3 [ POO
P14 PAO
PIs [ PA1
Pi6 [ PA2
Pi7 [ L/R

GND [ PGM VERIFY

Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at V)

TABLE 1 — INPUT LINE SELECT

PRODUCT TERMS 32 THRU 63

(TOP VIEW)

PGM VERIFY [] vee
pio [ LR
P [ PAO
pr2 (] PA1
PI3 E PA2
Pl4 PO3
pPis PO2
P16 [ PO1
P17 [ POO

GND [

PGM ENABLE

TABLE 2 — PRODUCT LINE SELECT

INPUT PIN NAME PRODUCT - PIN NAME
NUMBER [PI7 PI6 P15 PI4 PI3 PI2 P11 PO L/R NUMBER [PO0 PO1 PO2 PO3 PA2 PA1 PAO
0 MH HH HH HH HH HH HH L Z 032 |z z 7 HH zZ z 2
1 HH HH HH HH HH HH HH H Z 1,33 |z Zz Z HH Z Z HH
-n 2 HH HH HH HH HH HH HH L HH 23 |z 2 Z HH Z HH 2
3 3 HH HH HH HH HH HH HH H  HH 335 |2 Z Z HH Z HH HH
oy 4 HH HH HH HH HH HH. L HH Z 43 |z 2z Z HH HH 2z Z
o 5 HH HH HH HH HH HH H HH 2 537 |2 Z Z HH HH Z HH
3 6 HH HH HH HH HH HH L HH HH 638 [Z 2z Z HH HH HH 2
@ 7 HH HH HH HH HH HH H HH HH 739 |2 Z Z HH HH HH HH
N 8 HH HH HH HH HH L HH HH Z 840 |2 Z HH Z 2z 2z Z
3. 9 HH HH HH HH HH HH HH 2 941 |z z HWH Z 'z z HH
3 10 HH HH HH HH HH L HH HH HH 1042 |2 Z HH Z Z HH 2
s n HH HH HH HH HH H HH HH HH 1,43 |z Z HH Z Z HH HH
= 12 HH HH HH HH L  HH HH HH Z 1244 |2 2 HH Z HH Z 2z
- 13 HH HH HH HH HH HH HH 2 1345 {2 2 HH Z HH Z HH
o 12 HH HH HH HH L HH HH HH HH 14,46 |2 Z HH Z HH HH Z
Q 15 HH HH HH HH H HH HH HH HH 15,47 |2 Z HH Z  HH HH HH
0 16 HH HH HH L HH HH HH HH Z 1648 (2 HWH 2 Zz 2z z z
17 HH HH HH HH HH HH HH Z 1749 |z HH Z 2z Z Z HH
18 HH HH HH L HH HH HH HH HH 18,50 |Z HH 2 2z Z HH 2
19 HH HH HH H HH HH HH HH HH 19561 |2 HH 2 Z Z HH HH
20 HH HH L HH HH HH HH HH 2 2052 |Z HH Z Z HH 2z 2
21 HH HH H HH HH HH HH HH Z 21,63 (2 HH Z 2 HH Z HH
22 HH HH L HH HH HH HH HH HH 2254 !Z HH Z Z HH HH 2
23 HH HH H HH HH HH HH HH HH 23,55 (2 HH 2 Z HH HH HH
24 HH L  HH HH HH HH HH HH Z 2456 |WHH z 2 z z 2z 2
25 HH H HH HH HH HH HH HH 2 26,57 \WH 2 2z z 'z z WM
26 HH L HH HH HH HH HH HH HH 26,58 |HH 2 z 2z 2 HH Z
27 HH H HH HH HH HH HH HH HH 27,569 |HH z 2z Z Z HH HH
28 L HH HH HH HH HH HH HH Z 26,60 |HH 2z 2z z HH Z 2
29 H HH HH HH HH HH HH HH Z 2961 |HH Z 2 Z HH Z . HH
30 L HH HH HH HH HH HH HH HH 3062 |HH z 2 Z HH HH z
31 H HH HH HH HH HH HH HH HH 31,63 |HH Z Z Z HH HH HH
L=V H = V|, HH = Vjyy. Z = high impedance (e.g., 10 kQ to 5 V)
i3
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

programming procedure for array fuses

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the
appropriate (one of 32) input line and then pulsing the correct (one of 64) product line. The levels for selecting
input lines and product lines are shown in Tables 1 and 2.

Step 1 Raise PGM ENABLE to V|HH-

Step 2 Select an input line by applying appropriate levels to L/R and PI pins.

Step 3 Begin selection of the output line with appropriate conditions on PA pins.

Step 4 Raise VcC to VIHH.

Step 5 Blow the fuse by pulsing the appropriate PO pin to V|H4H as shown in Table 2 for the product
line.

Step 6 Return VC to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than

VoL if the fuse is open.

Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully
programmed (blown), but no more than four times. Verification is possible only with the verify-protect
fuse intact.

programming waveforms

- {— —— Vinn
PGM ENABLE ’: ;\
! l viL

-ty th-M -
l
|

o
SELECTED d e VIHH o
P), L/R,PA ) ! °
PINS (See W/ . \.< ViH -
Tables 1 and 2) ViL 2
£
1]
Vee 0 £
©
E
]
SELECTED (=]
PO PINS \ XXX QL_.
{Sea Table 2) , : R S
©
¢ B )
IH_ w2 [TH

. Y

PGM VERIFY n H

@ A high level during verify interval indicates that programming has not been successful.

@ A low level during verify interval indicates that programming has been successful.
security fuse programming

X R RRXXTYX
Vee N.:NN"N

. 5V
OO m oV

0.0. XXX

|

-th-p | e o o e e e —_ — 21V
PIN 1 1—
ov

’ | | 21v
PIN 11 I’ \l
ov

{iP
Texas 3.43
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TIBPAL1618-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12 .
12-NS IMPACT™ PAL® CIRCUITS

JANUARY 1986

® High-Performance Operation TIBPAL16L8"
Propagation Delay . . . 12 ns C SUFFIX . . . J OR N PACKAGE
fMAX - . . 62 MHz (TOP VIEW)
® Functionally Equivalent, but Faster than quf
PAL16L8B, PAL16R4B, PAL16R6B, and 12
PAL16RSB ' E 3
1 s
® Power-Up Clear on Registered Devices 1ls
(All Registered Outputs are Set Low) 1Os
® Package Options Include Both Plastic and 1gv
Ceramic Chip Carriers in Addition to Plastic 1[]s
and Ceramic DIPs 1o
GND [0
® Dependable Texas Instruments Quality and !
Reliability TIBPAL16LE’
C SUFFIX . . . FN PACKAGE
oevice | wpurs | FSTATE [ REGISTERED | o ors (TOP VIEW)
0 OUTPUTS | @ OUTPUTS o
o
PAL16L8 10 2 0 6 ___%o
PAL16R4 8 0 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2 2 12019
PAL16R8 8 0 8 (3-state} 0 14 18[] 110
ifs 7 vo
description 10s 16[] /0
i . 17 15[} 11O
These programmable array logic devices feature 1 fe 1af 1o
high speed and functional equivalency when 10 111213 ﬁ
compared with currently available devices.

These IMPACT™ circuits combine the latest . - % —ooQ0
Advanced Low-Power Schottky! technology (G] -
with proven titanium-tungsten fuses to provide
reliable, high-performance substitutes for
conventional TTL logic. Their easy
programmability allows for quick design of
““custom’’ functions and typically results in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

The TIBPAL16' C series is characterized for
operation from 0°C to 75°C.

Pin assignments in operating mode

L
o
o

-

L

=
7]
£
£
®
)
o
<)
Lol

a

T

2

i

IMPACT is a trademark of Texas Instruments.

PAL is a registered trademark of Monolithic Memories Inc.

1'Integrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.

PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to b

specifications per the terms of Texas Instruments EXAS 3.
necessariryvairllr:l'tll‘rré l(esting of all panamet::sl?s ot [NSTRUMEN'[S 45
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TIBPAL16R4-12, TIBPAL16RG-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

TIBPAL16R4" TIBPAL16R4’
C SUFFIX. . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
CLK @ 1 % 8o
102 -=—0>=
10s 3 2 12019
I 94 1pa 18 (] 1o
10s 1Ps 17 a
1 Es 1Nse 16
gz 1D 150 o
I E 8 10s 14[la
19 9 10 111213
GND [fro T omoo
Z2Io= =
5]
TIBPAL16R6" TIBPAL16R6’
C SUFFIX . .. J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
3 ck
) 1
)
— I Q
= . a
? ! Q
Q ! Q
3 |
3 GND -gmoo
3 5° =
o
o
®© TIBPAL16R8’ TIBPAL16RS’
— C SUFFIX . . . J OR N PACKAGE C SUFFIX. . . FN PACKAGE
(8 (TOP VIEW) (TOP VIEW)
3] ck [ U201 vee
1dz 119]a
13 18] Q
Qs 1Qda Q
Qs 18Ja Q
Qs sa Q
Q- 14]Q Q
Qs 10a Ja
Qe 12fa 9 10111213
GND [Jo 1] OE

- W
TEE

Pin assignments in operating mode

{i,
TeEXas
INSTRUMENTS
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TIBPAL16L8-12, TIBPAU 6R4-12
12-NS IMPACT™ PAL® CIRCUITS

functional block diagram (positive logic)

TIBPAL16LS
>1
& 5—]EN o
32X 64 |t
71 o>———0
7
D 7 1/0
10 16 —7 1
L
] v v 7 | ¢ »—1/0
A
7, —4-p—1/0
6 16 ~ 7 0
7 b 7
7 O-a—¢-p— /0
+—
7
b O-&—¢-p—1/0
7, 49— 1/0
# i 3
6l .
7 <— o
, D
TIBPAL16R4 3
. 2L
OF ——QOJEN2 %
CLK cl £
i -] C £
& 9 21 1=0 29p——-—a , E
32X 64 =" 1D =]
; o £
7 a.
; ) o 3
7 -
8 16 . ic
' A L, 2 Q
4 —\
s >1
2 i 7 ™ 110
£ ~y i v w
7 o- ‘\ —— 1/0
K‘r:\ -4 110
7 < <> 110
4
L .
7 -
9 db
, -

~denotes fused inputs

Texas *y | 347
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TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

functional block diagram (positive logic)

TIBPAL16R6
OE —OfEN2
CLK P c1
| L
& 8, >1 ¢ 1=0 2 Q
2x6sf "’ L .
8, é Q
i —
8 i Q
8 16 7 S
. ' I =
7 8, é Q
16 N
2 b—,b ~ 8 Q
3 en
7, VP—a—»—1— 1/0
-n 7 P—e—4-- 1o
e 2, o
9. 6, &
v v -
-
=}
@ TIBPAL16R8
=
m .
g OE —OfEN2
1
3 CLK c
g & | s >1 0 v Q
@ a2x 64 =~ 0
g . N\
*] 8, é Q
P L
=. —\
0 8 é a
8 > 16 N
| —r —t 8, { Q
if N
8 1 8 # Q
O—+—{"v °
8 F Q
. —\
s, $ a
8 { Q
8, a
"\ denotes fused inputs '
i
3.48 Texas ‘V
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TIBPAL1618-12
12-NS IMPACT™ PAL® CIRCUITS

il

INPUT LINES
PRODUCT ~ ~
LINES O 4 8 12 16 20 24 28 31

(9) o

N esesee O

%
|

—118) o

-

[th eeveee

;Zg
T

-

eeseee g

r———“7) 170

N
w

RN K

7

(16) 170

.

cssceely

r._.

(5)rt

(15)

y———— 170

R,

w
©

6

|

»
(=]

2
o
o

|

2

N
©
£
£
©
T
=]
o
]

DI.

o

S

[V

(14)

170

f‘......

42 ! K

7

]
J

-—————‘13) 170

wn
o

IIB) t —k—

g

J

12) o

o
T

(11i
!

|
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TIBPAL16R4-12
12-NS IMPACT™ PAL® CIRCUITS

cuk g
INPUT LINES
PRODUCT
ROCT % 4 8 12 16 20 24 28 31
0 )
L]
*
. (19,0
L]
L]
@ —
=D K

(18)

170

-

s

3
1 By K
16
L ] N
. —]
17
. 1D j{;o——u
L] .
y >C1p

W
C
8

l—DL ;]j
24
o .
> : B (16)0
3 ; g
1 [ ]
a) Lol !
5 CING —
Q DL
a 32
3 ¢ = (15)
: : g Ebo
o . '
5 (61, et
"“DL N—
g 40
o L ]
«Q .
—5 (14)
o . 1D Eo— Q
[ ]
a7 et b
R - H K-
48 —
L]
L]
. - 03) 1,0
L]
L]
L]
55
(8) f
B —K——
56 »
L]
L]
L]
[ ]
L]
63
90 T K =
1= J :]‘”’os
{i’
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TIBPAL16R6-12
12-NS IMPACT™ PAL® CIRCUITS

ce i

INPUT LINES
PRODUCT \
LINES (o] 4 8 12 16 20 24 28 31

o]
.
_L_ﬁ 170

NEYXYY)

;

Clessese

rryg B WGLIPN
>C1 p

-

:
5

s

evscee 5
2 |
S
=]

@), 23
12D — KH
24
e 2
: E&Lﬁ’o S
: —
31 PC1p 2
(5)y <
I 32 E
: . £
o
: (15} o s
. =)
39 pelp °
LN K a
40 o
. [ ] (14) 2
: | E ) ]
.
- 47 peip
== : —KH
40
8 i
L] T N
L]
. ‘T{ 10 M)Q
=.= DC1 p
(8) - ]
1= <]
56 D,
L ]
. 12
: 21,0
L] [
63
[CIIN
1= K :]“1)6—5
{i’
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TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS -

)
CLK—{}
INPUT LINES
PRL?|\|DEUSCT o 4 8 12 16 20 24 28 31

(o]

L]

. T I GEIPN

: .

2) 7 D>C1p
i K
! 8

L]

L]

. WL

.

@) A c1
(R b m—’—j

16 4

*

L]

: 1D -—q;o—“ﬂﬂ

.

L]

c

23

4
R - K

24
I .

o M Eo—“s,o
o .

1 L]

2 31 S b

o (5) 51—

a =D —KH

Q 32

Q

m L]

. 15
EiS | o,
o . ]
=2 39 bet b
@ ) 18y ‘ |
. 40 ! ] o
Q . .

& B E‘”’o

.

> >C1b

47

(7) 1
ok | I K

a8 1 $— T

*

e .

. 10 ¥ a

.

L ]

] - C1

55

LN K-— j

56

L]

. T 1 {12)

: - T Hip —EO_Q

. 1 I .

), ! NN — | T ':} <
I—'|>L) 11)—
1 i L<p VI 5E
{l’
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

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

Supply voltage, VCC (see NOte 1) . . ...ttt it e 7V
Input voltage (see NOte 1) .. ..o it e e et e e e 5.5V
- Voltage applied to a disabled output (see Note 1) .. ... ... ..., 55V
Operating free-air temperature range: C suffix ......... ... ... .. ... ... .. ... .. 0°C to 75°C
Storage temperature range . ... ... oo ittt e e e e —-65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

C SUFFIX—12

PARAMETER MIN _NOM _MAX UNIT
Vee  Supply voltage 4.75 5 5.25 \
VIH High-level input voltage 2 5.5 \Y
VL Low-level input voltage 0.8 3
IoH High-level output current -3.2 mA
loL Low-level output current 24 mA
fclock Clock frequency o] 62 MHz
tw Pulse duration, clock (see Note 2) High 7 ns

Low 8

tsu Setup time, input or feedback before CLK?T 10 ns
th Hold time, input or feedback after CLK? [0] ns
TA Operating free-air temperature o] 75 °c

NOTE 2: The total clock period of CLK high and CLK low must not exceed clock frequency, fglock. Minimum pulse durations specmed
are only for CLK high or CLK low, but not for both simultaneously. .

electrical characteristics over recommended operating free-air temperature range

Q
(=2
(=]

-

2

e
©
£
£
(1]
S
(o]
o
t )
QI.

R
K]
[* 8

C SUFFIX—12
PARAMETER TEST CONDITIONSt UNIT
MIN TYP¥ MAX
ViK Vce = MIN, I = —18 mA -15 v
VOoH Vce = MIN, loH = MAX 2.4 3.3 \"
VoL Vce = MIN, loL = MAX 0.35 0.5 v
Outputs 20
lozH Vee = MAX, Vg =27V A
170 ports . vee 0 100 | *
I Outputs Ve = MAX, Vg = 0.4V “20 1 A
OZL /0 ports cc = VA% o=" C —250 | *
Pin 1, 11 0.1
I Vee = MAX, V| =565V mA
All others 0.1
Pin 1, 11 20
| Ve = MAX, Vi =27V A
IH cc X ! All others 20|
L | Vee = MAX, V| = 0.4V -02 | ma
1ot Ve = MAX, Vo = 2.25V -30 -125 | mA
Vce = MAX, Output
lec cc utputs Open 170 200 | ma
V=0V,

T For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
* Al typical values are at Vgg = 5V, Tp = 25°C.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, 10g.

XAS {? 3-53
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TIBPAL1618-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

switching characteristics over recommended supply voltage and operating free-air temperature ranges
{unless otherwise noted)

PARAMETER FROM TO TEST CONDITIONS C SUFFIX—12 UNIT
MIN  TYPT MAX
fmaxz 62 MHz
tpd* 1,10 0, 110 8 12| ns
thd CLKT Q 7 10 ns
RL = 500 0,

ten OE! z CL = 50 pF, 8 10 ns
tgi OE? 7 10 ns
x:: ) 0,110 See Note 3 8 12| ns
tdis 1,1/0 0, /0 8 12 ns

T All typical values are at Vog = 5V, Tp = 25°C.

¥ Maximum operating frequency and propagation delay are specified for the basic building block. When using feedback, limits must be
calculated accordingly.

NOTE 3: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985,

programming parameters, To = 25°C

: MIN NOM MAX | UNIT
3 Vee Verify-level supply voltage . 5.0 \"
VIH High-level input voltage 2 5.5 \4
- ViL Low-level input voltage 0.8 \
o VIHH Program-pulse input voltage 10.25 10.56 10.75 \
o PO . 20 50
-lU | Program-pulse input current PGM ENABLE, LR 10 25 mA
3 IHH PI, PA 1.5 5
(s Vee 250 400
[} twi1 Program-pulse duration at PO pins 10 50 s
3 tw2 Pulse duration at PGM VERIFY 100 ns
3 Program-pulse duty cycle at PO pins . 25 %
g tsu Setup time 100 ns
o th Hold time 100 ns
- td1 Delay time from Vg to 5 V to PGM VERIFY?T 100 us
[} td2 Delay time from PGM VERIFY 1 to valid output 200 ns
‘E. Input voltage at pins 1 and 14 to open verify-protect (security) fuse 20 21 22 \
Q “Input current to open verify-protect (security) fuse 400 mA
tw3 Pulse duration to open verify-protect {security) fuse 20 50 S
Ve value during security fuse programming 0 0.4 \2
m
354 TExas
INSTRUMENTS
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

pin assignments in programming mode (PGM ENABLE at V|HH)

PGM ENABLE []
Pio [

P [

P12 (]

P13 (]

Pia [}

PI5 []

P16 []

P17

GND [

1
2
3
4
]
6
7
8
9
10

J20]] vee
19[] PO3
181 ] PO2
17[] PO1
18 ] POO
15[ ] PAO
14[ ] PA1
13[] PA2
12[JL/R
1] PGM

PRODUCT TERMS 0 THRU 31
(TOP VIEW)

VERIFY

P12
PI3
Pl4
PI5
PI6

wi]pPn
N PIO

PGM ENABLE

18] PO2
‘PO1
POO
PAO
PA1

]
~NQ > o
TzLlS«
(Gl a
w
>
s
(&)
a
2
PRODUCT TERMS 32 THRU 63 o))
o
(TOP VIEW) =
>
PGM VERIFY [t vee i 2
pio [2 LR & g
Pt [3 PAO s o £
P2 [a PA1 T299% S
PI3 (s PA2 ©
pia (e PO3 32 o
pis [7 PO2 P12 PAO 2
Pis s PO1 PI3 PA1 o.
P17 (o POO P14 PA2’ )
GND [Jio PGM ENABLE PI5 P03 2
PI6 PO2 L.
o
N WO —
= |
c%ake
Z
w
s
Q
a
TEXAs 3-55
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

TABLE 1. INPUT LINE SELECT ) ' TABLE 2. PRODUCT LINE SELECT
N PIN NAME PRODUCT PIN NAME
NUMBER [PI7 PI6 PI5 P4 PI3 PI2 PN PI0O L/R NUMBER [POO PO1 PO2 PO3 PA2 PA1 PAO
0 HH HH HH HH HH HH HH L 2 032 |z 2z z HH Z 2z 2z
1 HH HH HH HH HH HH HH H Z 1,33 (2 zZ zZ HH Z Z HH
2 HH HH HH HH HH HH HH L HH 238 |2 Z .Z HH Z HH 2z
3 HH HH HH HH HH HH HH H  HH 33 (2 zZ 2 HH Z HH HH
4 HH HH HH HH HH HH L HH 2z 436 (Z Z Z HH HH Z 2
5 HH HH HH HH HH HH H HH Z 537 |Z Z Z HH HH Z HH
6 HH HH HH HH HH HH L HH HH 6,38 [Z Z Z HH HH HH 2
7 HH HH HH HH HH HH H HH HH 7,39 |Z Z Z HH HH HH HH
8 HH HH HH HH HH L HH HH 2Z 840 [z 2z HH 2z Z 2z Z.
9 HH HH HH HH HH H HH HH Z 9,41 |2 Z HH Z Z Z HH
10 HH HH HH HH HH L HH HH HH 1042 [2 z HH Z Z HH Z
1 HH HH HH HH HH H HH HH HH 11,43 [Z Z HH Z Z HH HH
12 HH HH HH HH L HH HH HH 2 1244 |2 Z HH Z HH Z 2
13 HH HH HH HH H HH HH HH Z 13,46 [z Z HH Z HH Z HH
14 '"HH HH HH HH L HH HH HH HH 1446 [z zZ HH Z HH HH 2z
3 15 HH HH HH HH H HH HH HH HH 15,47 |2 Z HH Z HH HH HH
16 HH HH HH L HH HH HH HH 2 1648 |2 HH z 2z z z 2z
17 HH HH HH H HH HH HH HH Z 1749 |2 HH Z Z Z Z HH
n 18 HH HH HH L HH HH HH HH HH 1850 |2 HH Z Z Z HH 2Z
o 19 HH HH HH H HH HH HH HH HH 19,59 (2 HH 2 Z Z HH HH
. 20 HH HH L  HH HH HH HH HH 2Z 20062 |z HH Z zZ HH Z 2z
Y 21 HH HH H HH HH HH HH HH Z 21,63 |Z HH Z Z HH Z HH
8 22 HH HH L HH HH HH HH HH HH 22,56 1Z HH Z Z HH HH Z
3 23 HH HH H HH HH HH HH HH HH 23,56 |Z HH Z Z HH HH HH
3 24 |HH L HH HH HH HH HH HH Z 2456 |HH z 2z 2z 2z 21 2
3 25 HH HH HH HH HH HH HH Z 26,67 |HH 2 Z Z 'Z Z HH
o 26 HH L HH HH HH HH HH HH HH 2658 |HH 2 Z 2 Z HH Z
=X 27 HH H HH HH HH HH HH HH HH 27,60 |HH z Z 2 Z HH HH
@ 28 L HH HH HH HH HH 'HH HH 2 28,60 |HH Zz 2 Z HH 2z Z
g 29 H HH HH HH HH HH HH HH Z 2061 |HH 2 Z 2 HH Z  HH
@ 30 L HH HH HH HH HH HH HH HH 30,62 |HH 2 2 Z HH HH Z
o 31 H HH HH HH HH HH HH HH HH 31,63 |HH Z° Z Z HH HH HH

L=V, H=V)y4, HH = V|, Z = high impedance (e g., 10 kR to 5 V)

{ip
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

programming procedure for array fuses

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the
appropriate (one of 32) input line and then pulsing the correct (one of 64) product line. The levels for selecting
input lines and product lines are shown in Tables 1 and 2.

Step 1 Raise PGM ENABLE to V|HH.

Step 2 Select an input line by applying appropriate levels to L/R and Pl pins.

Step 3 Begin selection of the output line with appropriate conditions on PA pins.

Step 4 Raise VCC t0 VIHH.

Step 5 Blow the fuse by pulsing the appropriate PO pin to V|HH as shown in Table 2 for the product
line.

Step 6 Return V¢ to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than

VoL if the fuse is open.

Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully
programmed (blown), but no more than four times. Verification is possible only with the verify-protect
fuse intact.

programming waveforms
- { = ViHH
PGM ENABLE /; i\
| ' v
AN bl e "
SELECTED :
PI, L/R,PA

———===— VIKH
|
PINS (See W/ \ C ViH
Tables 1 and 2) ViL

Vee

SELECTED
PO PINS
(See Table 2)

2
[=)]
o

- |

2

[
(1}
£
£
©
S
(o2}
(]
o
DI.

ke

@
L

PGM VERIFY

X @ A high tevel during verify interval indicates that programming has not been successful.

@ A low level during verify interval indicates that programming has been successful.

security fuse programming

—_——21V
PIN 1 ; ™~
: W :— ov
3
k‘—th'—” | v | "—N—th

| | 21V
PIN 11 |/ \
ov

j
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PRODUCT THCTPAL16L8, THCTPAL16R4, THCTPAL16R6, THCTPAL16R8
PREVIEW HIGH-SPEED CMOS PAL CIRCUITS

02927, OCTOBER 1985

Standard 20-Pin PAL Family

THCTPAL16L8-M . . . J PACKAGE

THCTPAL16L8-C . . . J OR N PACKAGE

Low Standby Power CMOS Logic (TOP VIEW)
® User-Programmable Custom Designs 1 vee
Combine Many SSI and MSI Functions on 12 o
One Chip 10 110
1a 110
TTL- and HC-Compatible Inputs and Outputs 1I0s 110
Security Cell for Proprietary Design 'Es‘ 1o
Protection ) , :E s :;g
Preload Feature to Aid Testing 1o 0
GND[J1o I
Choice of DIP or SO (Small Outline)
Package : THCTPAL16R4-M . . . J PACKAGE
THCTPAL16R4-C . . . J OR N PACKAGE
® Fully Tested for High Programming Yield {TOP VIEW)
Before Packaging .
cuk 1 U2 vee
~ @ Dependable Texas Instruments Quality and 10z  19uo
Reliability 103 8Pwo
Qs Qe
description 10s e
10 15Ja
The  THCTPAL16L8, THCTPAL16R4, iz 140a
THCTPAL16R6, and THCTPAL16R8 are e 13Jwo
compatible with TTL and HCT logic. They are 1Qe 1zduvo
also compatible with HC logic over the Vg Gnp[o  13f]OE

range of 4.5 to 5.5 volts and have electrical
characteristics that are similar to the SN74HC

THCTPAL16R6-M . . . J PACKAGE

THCTPAL16R6-C . . . J OR N PACKAGE

family. The devices have negligible static power

L (TOP VIEW)
dissipation.
These PAL devices implement the sum-of- CLK'E?ng%:/Ig'C
product (AND-OR,) structure. The user can select i0s  180a
the product terms and customize the device ifJs  170a
function to fit a wide variety of applications. The 1I0s  18[Ja
user can select any combination of the true or 1IJs 15da
complement terms from the eight inputs and a 107 wpa
variety of feedback terms of the device. Qe 13]a
1o  12Juo
The programming cell consists of a FAMOS . GND{ho  11[JOE

{floating-gate) device like those used in EPROMs.
All 32 terms of each AND gate are initially
connected. The unwanted terms are

THCTPAL16R8-M . . . J PACKAGE
THCTPAL16R8-C . . . J OR N PACKAGE

2
&
o

4

2

e
©
E
E
@
b
=3
o
b g

Q-

S

2

i

. . T IEW
programmed out by applying a high voltage to . (TOP VIEW)
the programming cell of the selected term. When ck 1 U200 vee
both the true and complement cells of a term are if]z  19Qa
left unprogrammed, the output of the AND gate : 1Ifs 18pa
is a low logic level. When only the true term is :E: :;%g
programmed, its complement becomes an input !

. 10s  15(]a

to the AND gate. When the complement term is it e

programmed, its true term becomes an input to ids  130e

the AND gate. When both the true and iIe 12Ja

complement of a term are programmed, the term GND[Jio  11[JOE

level is irrelevant. Up to eight products are.

summed by an OR gate.
PRODUCT PREVIEW documents contain information . Copyright © 1985, Texas Instruments Incorporated
on products in the formative or design phase of
development. Characteristic data and other

ifications are desi| als. Texas Inst nts TEXAS
Teserves the right (uns_lgl:‘ag;e or discontinue these lNS’rRUMEN"[‘S

products without notice. POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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THCTPAL16L8, THCTPAL16R4, THCTPAL16R6, THCTPAL16R8
HIGH-SPEED CMOS PAL CIRCUITS

The floating-gate programming cells allow the PALs to be fully programmed and tested before assembly
to ensure high field-programming yield. The test program is then erased by ultraviolet light before packaging.
When programmed with the required pattern, a security cell can be programmed to prevent the pattern
from being read. Because the device uses floating-gate technology, the design cannot be determined by
observing the blown fuses used in other PALs.

During testing, the registers can be preloaded by entering the preload mode.
The M suffix devices will be characterized for operation over the full military temperature range of —55°C
to 125°C. The C suffix devices will be characterized for operation from 0°C to 70°C. '

TABLE 1. INPUT/OUTPUT CONFIGURATION .

3-STATE REGISTERED
DEVICE INPUTS 0 OUTPUTS 0 OUTPUTS 1/0 PORTS
THCTPAL16L8 10 2 0 6
THCTPAL16R4 8 0o 4 4
THCTPAL16R6 8 0 6 2
THCTPAL16R8 8 0 8 0

E

m
o
o
T
[=]
Q
o}
3
3
[+V]
o
o
o
Q
(9]

j
3-60 TEXAS b
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TIBPAL20L8-15, TIBPAL20R4-15, TIBPAL20RG-15, TIBPAL20RS-15
TIBPAL20L8-20, TIBPAL20R4-20, TIBPAL20RG6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

D2920, JUNE 1986

@ High Performance: fyax (w/o feedback) TIBPAL20LS’
TIBPAL20R’ C series . . . 45 MHz ) M SUFFIX . . . JT PACKAGE cE
TIBPAL20R’ M series . . . 41.5 MHz C SUFFIX... . JT OR NT PACKA

(TOP VIEW)
High Performance . . . 45 MHz Min 10y Yaa] vee
Functionally Equivalent to, but Faster than, 'E2 23% !
PAL20L8, PAL20R4, PAL20R6, PAL20R8 s 2210
s =220 wo
® Preload Capability on Output Registers iQs . 20010
Simplifies Testing Qs 191 vo
10 18[] 110
® Package Options Include Plastic and ) s 17 wo
Ceramic Chip Carriers in Addition to Plastic 10 16[] 170
and Ceramic DIPs 1o 1sgo
1O a0
0 Reduced Igc of 180 mA Max eno[hz 130
3.STATE REGISTERED /0
DEVICE |1INPUTS | 5 oyreuts | aoutruts | posTs TIBPAL20L8"
‘PAL20L8 14 2 0 6 M SUFFIX . . . FK PACKAGE
‘PAL20R4 12 [¢] 4 (3-state buffers) 4 C SUFFIX . . . FN PACKAGE
‘PAL20R6 | 12 0 6 (3-state buffers) | 2 (TOP VIEW) 3
‘PAL20R8 12 0 8 (3-state buffers) 0 o
00
___z>_.o0
description MoooooTD
These programmable array logic devices feature ) 5 25 Vo
prog y 09 13 24} /0

|
high speed and functional equivalency when :]7 230 vo
compared with currently available devices. nche 220 NC
These IMPACT™ circuits combine the latest |
I
|

1E] 21[j vo
Advanced Low-Power SchottkyT technology D 10 20(] 110 -
with proven titanium-tungsten fuses to provide 11 19[] /0
reliable, high performance substitutes for 21314161617 18
conventional TTL logic. Their easy ——ao0-<0
programmability allows for quick design of <

custom functions and typically results in a more
compact circuit board. In addition, chip carriers
are also available for further reduction in board
space.

NC—No internal connection

Pin assignments in operating mode

2
=2}
(]

-]

2

Ke]
[1+]
£
£
©
t
(=]
o
kel

ﬂl.

o

K]

L.

Extra circuitry has been provided to allow loading of each register asynchronously to either a high or low
state. This feature simplifies testing because the registers can be set to an initial state prior to executing
the test sequence.

The TIBPAL20’M series is characterized for operation over the full military temperature range of —55°C
to 125°C. The TIBPAL20'C is characterized from 0°C to 75°C.

IMPACT is a trademark of Texas Instruments Incorporated

PAL is a registered trademark of Monolithic Memories Inc.

TIn'(egrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.

PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
:urre?t as of publiu'a‘tion date. ;’r_ll_)duclsl conform to %
specifications per the terms of Texas Instruments

t , Production pr ing does not TEXAS 3-61
necessarily include testing of all parameters. [NSTRUMENTS
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TIBPAL20R4-15, TIBPAL20R6-15, TIBPAL20R8-15
TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

TIBPAL20R4’
M SUFFIX . . . JT PACKAGE
C SUFFIX .. . JT OR NT PACKAGE

3

(TOP VIEW)
ck [ U2a v
gz 2307
1gs 220 wo
1ds 210 wvo
1I0s 2000
10s 19a
10 ef0a
10 70a
1 usguo
1fho 1sPJuo
1 &0
GND 12 13{] OE
TIBPAL20R6’

M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

TIBPAL20R4"
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
V) [§)
-_525_¢
/S ooy
4 3 2 1282726
s 25 170
e 24a
g7 23] a
NCPs8 22 NC
I 21 a
)10 20Qa
gn wfgro
121314 156 16 17 18
jmlealeimislnis]

- T agQlw -0
zzlo =
Q

TIBPAL20R6"
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW) {TOP VIEW)
ck v U vee ¥ 9
| g2 20 __gg25_8¢
(1]
© 10 22Jvo rddrdnd 4
o 1gs 200 hs 0 a
L o] Ids 20]0Q il 2 a
) 1I0s  19[da
'O Ha 1p? 23
Q I nc e 22[} NC
™) Qe wpa Do 21 a
3 It 10 1D 20 a
3 10w 1sJvo Nkt 1 a
o 1O 14:]'_ 121314151617 18
c_r GND [J12  13[] OE (mVonlanlowUon Bun Van|
® EECRE
-
[=]
Ql
0 TIBPAL20RS’ TIBPALZOR8’
- M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) {TOP VIEW)
ck [ U2a] vee 68
102 23001 - -—02>_0
L =
G =fo (TETTRER
Qs =21QJa 10s 25[]a
Ids =200a 1De 24]a ¢
1IJe 19]a 1p7 23(a
1gr slle NE 2[NC
s 0o fo 2ga
IO spoa P10 20(a
o spa 1pn ETa [o!
1 14]!_ 42 1314 15 1617 18
GND 12 13 OE oo oMmrm
CERE
G
Pin assignments in operating mode NC—No internal connection
i
262 Texas 'v
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TIBPAL20L8-15, TIBPAL20R4-15
TIBPAL20L8-20, TIBPAL20R4-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

functional block diagra'ms (positive logic)

TIBPAL20LS’
>1
& 7 EN vp———o0
40 X 64 1t
7 0—-——o0
—
20X > 7 i 1/0
14 20
L
: A 7 O_ﬁ_‘_’_ 10
7
6 20 ,7, O—%—‘-"— /0
-+ o——{
7 —g4-p»—1/0
7 BN
7 —d—— 1/0
7
7 o—%—d—b— 1/0
,I
6/ a
-+ 4
2
TIBPAL20R4’ g’
]
== Q
(o] EN -
¢ Q
CLK c ©
C E
& 8 >1 J———0a £
40 X 64 7 1D L_\ E
8 a o
- ) S
8 \ o
2 $ Q .6
20X O 7
12 20 [\ ]
| L A~ 8 Q —
7 + L.
i \
7 >1
4 20 7 EN
7 b+ ~u v v b_w 1/0
; <>
7 bN —4-> 1/0
+
7 o —— 110
L4
4
L <
7 g
4 <
7 <

"\ denotes fused inputs

i
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INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TIBPAL20R6-15, TIBPAL20R8-15
TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20R6"
OE —ofen
CLK c1
.
& 8, =1 VI Q
aoxes | 1o F—\
8 : a
N
; a1 i
12 20 7
| 2oxp | 20 1. . ——\ .
s R A =
sl
7 8 a
s DR S =
2 20
o—>— 8 1 a
7
N
>1
——en
e
7’ D -\ <> 1/0
o 2, <
® D
= ~
1
3
3 TIBPAL20RS
(=]
-
g oF JEn
3 CLK c1
g_ & 8, >1 o v Q
20X 64 [
) \
| 8, t Q
- -
(=] J
Q 8, %, a
o 121 20xp | 20
| ——t —rr— 8, % Q
7
N
8 20 8 i Q
52 1, >
8 + a
8 ? Q
8 % , Q
8‘

3

"\ denotes fused inputs
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TIBPAL20L8-15
TIBPAL20L8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

logic diagram (positive logic)

(1)
! INPUT LINES
A
o 4 8 12 16 20 24 28 32 36
(2) - 1 (23)
VDb —<-
PRODUCT
LNES Q —
®
. | ea
[ ]
B .
'*D,ﬁs <}
[ ]
° LN
[ ]
@12 .
=D <
®
o P
23
l5) .} i
[ e < Q
24 5
° =]
13
° ———(——ll/o -
° 2
61 ;9! , o)
32 £
. . (18) £
. ——1/0 @
° o
(7)nis 39 . . o
(P = ' = a
40 5
. a7 >
° vo .2
. ic
8 27 .
RN ——
48
N (16)
° 170
[ ]
(9)p 409 .
2 -
5§ v
. as)
[ ]
63
10y s (14)
) K
LI ' . (13)
1 '____'_QQ—-I
— 1

Pin numbers shown are for JT and NT packages.

i ' .
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TIBPAL20R4-15
TIBPAL20R4-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

logic diagram (positive logic)

i
ck =P INPUT LINES
0 4 ] 12 16 20 24 28 32 36 23)
Dk <
PRODUCT
LINES 0
2
7 ")
BIny
1=Dr —
8
: (1)
* —{L- 170
15 %
\ el N —4<
B
20
| . 7] e g
3 . Lcd
23 ]
5) )
g —3<H
n 2&
o (19)
o Q
o . E FL’—
T (6lny 4
S Db ﬁ,A<}W
§ L
(18)
3 . E Eo—- Q
3 ° 3
) 39 ,
o |(7)[:.F
@ 40 <
[
'O_ s s (17) a
‘g. ® l-‘
0 47
(8) ,
‘ =B <]
4§ b
16
[ { )I/o
[ ]
55
9y .,
|() L ﬂj
56
. {15)
° 70
3
6
(10) ny .
] _ ——
. (14)
|(1'” ; “' ,

Pin numbers shown are for JT and NT packages.

13) —
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TIBPAL20R6-15
: TIBPAL20R6-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

logic diagram (positive logic)

CLK (l!{> - INPUTLINES
o 4 8 12 16 20 24 28 32 36 23)
1 @Drb'—‘ 10
PRODUCT
LNES Q
° (22)
° l_ 1/0
[ ]
| (3¥nl 7 i
5 5 N
° (21)
° E :&o— Q
18 ;
R 4<H
® ] 20 _ p
° E af
° -
I(s) N 23 1
24 o ©
° [l (19)Q . g’
. A
3.I )
Db 2 < i
e B (18) E
[ ] E Q E
39 = S
. o
u‘ﬂwﬁ,o < o
W
° B an_ 5
° E : Q <
® > ij:
O K
° .
° E @oﬂa)o
. ° e
| 19)[: ;95 1]
" 56 —
o
b LLIPP
[ ]
19 63 +«
ay (14)
e ’ 'lq -
i . (13) _
OE
Pin numbers shown are for JT and NT packages.
i
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TIBPAL20R8-15
TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

-logic diagram (positive logic)
“

)
o —{> INPL.I}\”NESZ 28 32 36
0 4 8 12 16 20 4 , (23)
PRODUCT
LINES O
e (22)
. g @"- Q
s 8
Bl o
g N
8
. @y
[ ]
5 4
(4) g »
VDb <H
16
: ° X | (20)
° Q
23 g
{5) - ,
T *H
2 ® l (19)
o . a
o . e
3 6) 3| .
e '—Db +H
~ 32
o S (18)
3 . » ;L— a
g Y o)
o 7,39 4
= 2t +<H
(1] "49
- (17
(g ° E Q
2. 4; b
(B) i} -
I *H
48
. l ae
[ ]
.
. (9) 55 4
|
° (15)
[ ) 10 Q
6.3 DC1)
= K
1 {18)
" _)D; I qqﬂl_f
P13
Pin numbers shown are for JT and NT packages.
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TIBPAL20L8-15, TIBPAL20R4-15, TIBPAL20R6-15, TIBPAL20R8-15
TIBPAL20L8-20, TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

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

Supply voltage, Voo (see Note 1) . . ..o it e e e e 7V
Input voltage (see NOte 1) . .. ...ttt et et e 556V
Voltage applied to a disabled output (see Note 1) ......... .. ... . ... 5.5V
Operating free-air temperature range: M SUFFIX ......................... —-55°C to 125°C

CSUFFIX .o e 0°Cto 75°C
Storage temperature range . . ... ..o vi ittt e e —65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

M SUFFIX C SUFFIX
PARAMETER MIN NOM MAX [ MIN NOM MAX unIT
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
VIH High-level input voltage 2 5.5 2 6.5 \%
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -2 -3.2 mA
foL Low-level output current 12 24 mA
felock Clock frequency 0 41.5 [*] 45 MHz
tw Pulse duration, clock High 12 10 s
Low 12 12 ns
tsy Setup time, input or feedback before CLKT 20 10 15 10 ns
th Hold time, input or feedback after CLKt 0 0 ) ns
TA Operating free-air temperature -55 125 o] 75 °C

felock: tw: tsu. and th do not apply for TIBPAL20LS'.
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TIBPAL2018-15, TIBPAL20R4-15, TIBPAL20RG6-15, TIBPAL20R8-15

HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

C SUFFIX
PARAMETER TEST CONDITIONS W Tvet mAx 1 UMIT
VIK Vcc = 475V, || = —-18 mA ~0.8 -1.5 v
VOH Vee =475V, gy = -3.2mA 24 \
VoL Vee =475V, gL = 24 mA 0.3 0.5 \4
0O, Q outputs 20
1 Vee = 5.26V, Vg =27V A
OZH /6 ports cc 5 0=27 100 | *
0, Q outputs -20
I Vec = 5.25V, Vg = 0.4V
OZL /o ports cc 5 0 =04 o0 ] A
1 Vcec = 5.26V, V| =55V 1| mA
in* Vec =5.25V, V=24V . 25 uA
nt Vee = 5.25V, V=04V -0.25 | mA
los$ Vee = 5.25V, Vg =0 -30 -70 -130 | mA
Vce = 5.26V, V) =0,
I pi 12 180 A
cc Outputs open, OE at V| 0 m

T All typical values are Vo = 6 V, TA = 25°C.
*For I/0 ports, the parameters i and Ij_ include the off-state output current.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

W

switching characteristics over recommended operating free-air temperature range (unless otherwise

T noted)
13
oy C SUFFIX
PARAMETER FROM T EST CONDITI UNIT
o ° TEST CONDITIONS MIN TYPT MAX
~ ith feedback 37 40
o q with
@ fmax without feedback 25 50 MHz
-
) tod 1, 1/0 0, /0 12 15 | ns
3 tod CLKT a Ry = 20092, R2 = 3900, 8 12 | ns
g ten OF Q CL = 50 pF, See Figure 1 10 15 ns
= tdis OEt Q 8 12 ns
) ton 1,170 0, 110 12 18 | ns
s tdis 1,10 0, 10 12 15 | ns
%. TAll typical values are at Vo = 5V, Tp = 25°C.
1, ith feed [ S ithout feedback) = ~—— 1 ___
‘max (with feedback) Yeu + Tpd (CIK 10 g fmax {without feedback) TR T Ty Tow
fmax does not apply for TIBPAL20LS8’
i
3.70 TEXAS 'b
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TIBPAL20L8-20, TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

M SUFFIX
RAMETER TEST CONDITIONS UNIT
PARAM N MIN TYPT mMAX N
VIK Vcc =45V, || =-18mA -08 -1.5 v
VOH Vge = 45V, IoH = -2 mA 2.4 3.2 \
Vor Vee = 45V, loL = 12 mA 0.25 0.5 \%
0O, Q outputs 20
1 Veg =55V, Vg =27V
OZH /6 ports cc =85 o 00| *
0O, Q outputs -20
1 Vee =55V, Vo =04V A
ozL 1/O ports cc o -100 s
] Vee =565V, Vi =566V 1 mA
[T ) Ve =55V, V=24V 26 | pA
n* Vecg =55V, V=04V -0.25 | mA
los® Vcc =55V, Vg=0 -30 -70 -130 | mA
Vee = 6.5V, Vi =0,
Icc — 120 180 | mA
Outputs open, OE at Viy

T All typical vaiues are Vee =5V, Tp = 25°C.
*For 1/0 ports, the parameters l|H and YL include the off-state output current.
8 Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

switching characteristics over recommended operating free-air temperature range (unless otherwise

noted) 2
[=2]
PARAMETER FROM - TO TEST CONDITIONS M SUPFIX UNIT S
MIN TYPT MAX :
with feedback 28.5 40 —

frmax ] MH
max without feedback 415 50 8
tod 1,1/0 0, 1/0 12 20| ns £
tod CLKT Q Ry = 3900, R2 =7500, 8 15| ns £
ton OF a CL = 50 pF, See Figure 1 10 20| ns o
tdis OEt Q 8 20 ns g’
ten 1, 1/0 0, /0 12 25 | ns &
tais 1,170 0, 110 ] 12 20 | ns __c-,
TAll typical values are at Vcc = 5V, Tp = 25°C. i.d_:

1

1fmax (with feedback) = heh T Tow
w w

— e f ithout feedback) =
Tou T Tpg (CIK to @' max (without fe )

fmax does not apply for TIBPAL20L8’

{i,;
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TIBPAL20L8-15, TIBPAL20R4-15, TIBPAL20R6-15, TIBPAL20R8-15
TIBPAL20L8-20, TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

programming information

Texas Instruments Programmable Logic Devices can be programmed using widely available software and
inexpensive device programmers. ’

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 995-2980.

PARAMETER MEASUREMENT INFORMATION
5V

s1
R1
R2 ¢
cL ;
(See Note A) l b

FROM OUTPUT TEST
UNDER TEST POINT
3 :
3
-_|1. -
o LOAD CIRCUIT FOR
o THREE-STATE OUTPUTS
)
3
o TIMING 35V HIGH-LEVEL /- N\~ — 35V
Q INPUT 15V PULSE 15V 15V
- e e - - 0.3V | o3V
[V) ! th - t, —®
t. -"
3 < —---—35V o W ¥ asv
3 DATA 15V 15V LOW-LEVEL \I15V 15V
o INPUT 0.3V PULSE L~ — 03V
o VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
- SETUP AND HOLD TIMES PULSE DURATIONS
[=]
e L SN 35V ouTPUT
) NPUT 15V 15V
! f I 03V CONTROL
’ (low-level
1
tPLH"‘——‘N l ftPHL enabling) ol
IN-P ! \—— VoH |
HASE |
OUTPUT 15v | 15V |
! " VoL WAVEFORM 1 )
! sicosep 00 \8Y 1A% v
tPHL—1—¥ M——b-tpLH {See Note B) ¢ i | 3 - Yot
X i Vo PZH —ed] % p-tpHz
OUT-OF PHASE i e
OUTPUT 15V 15v WAVEFORM 2 y 3=~ Vou
e —— VoL S10PEN
{See Note D) {See Note B) LY

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE QUTPUTS

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. C includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. All input pulses have the following characteristics: PRR < 1 MHz, t; = ty = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.

FIGURE 1
'3
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TIBPAL20L10, TIBPAL20X4, TIBPAL20XS, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™PAL CIRCUITS

D2920, OCTOBER 1985

HIGH PERFORMANCE . . . 35 MHz Min TIBPAL20L10"
. . M SUFFIX . . . JT PACKAGE
Preload Capability on Output Registers C SUFFIX . . . JT OR NT PACKAGE
Simplifies Testing (TOP VIEW)
Power-Up Clear on Registered Devices ng vVee
. . 12 (o}
Package Options Include Both Plastic and i E3 170
Ceramic Chip Carriers in Addition to Plastic 1 e 10
and Ceramic DIPs 1[s - 110
. 1[s 176]
3.STATE REGISTERED 10 ny 110
DEVICE | I INPUTS 1 s 10
O OUTPUTS Q OUTPUTS PORTS
‘PAL20L10 12 2 0 8 ! Eg 110
‘PAL20X4 10 0 4 (3-state buffers) | & : E:? '(/)O
‘PAL20X8 10 o] 8 (3-state buffers) 2 GND 512 |
‘PAL20X10 10 o 10 (3-state buffers) 0

TIBPAL20L10’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

description

These programmable array logic devices feature

high speed and functional equivalency when (TOP VIEW)
compared with currently available devices. 0o o
These IMPACT™ circuits combine the latest ——-2>0=
Advanced Low-Power Schottkyt technology (732128272 0
with proven titanium-tungsten fuses to provide 1s 2s(] 110 =2
reliable, high-performance substitutes for 1 Qs 1(0 3
conventional TTL logic. Their easy g7 z3fvo o
programmability allows for quick design of Nc fls 22(INC re)
custom functions and typically results in a more : 5]?0 E;E :?g ©
compact circuit board. In addition, chip carriers itk 19(] 0 £
are available for further reduction in board space. 121314 1516 17 18 %
oo -
All of the registered outputs are set to a low level —TggTog [e)]
during power-up. In addition, extra circuitry has - 2
been provided to all_ow Ioac.ling of each registe.r NC—No internal connection n,-
asynchronously to either a high or low state. This k=]
feature simplifies testing because the registers - Pin assignments in operating mode :__’

can be set to an initial state prior to executing
the test seqguence.

The PAL20' M series is characterized for operation over the full military temperature range of —55°C to
125°C. The PAL20’ C series is characterized for operation from 0°C to 75°C.

IMPACT is a trademark of Texas Instruments Incorporated.
Tlntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975.

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

TEXAS
necessarily include testing of all parameters. lNSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265
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TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

TIBPAL20X4’ TIBPAL20X4"
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE . C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
OUTCLK X
! £y 8
! __52358¢
| Q= e g g e e o e
| 4 3 2 1282726
: 1[1s 25[J10
| 1116 24[jQ
| 107 23(fa
| Nc [le ~ 22[Ine
| 1o 21f] a
l 1o 20(] a
GND 1 130 o
1213141516 1718
foms B § e ¥ e Y ¥ s P |
TTeglBes
TIBPAL20X8’ TIBPAL20X8’
] M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
3 C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
4
outck [ Uad[d vee a
n 102 2300 E O
- 20 O
@ iz 220a __-025%¢0
= 1+ 2Qa (T 3z 12726
kY 1ids 2000 B 2s(]a
=] tOs  wha i fja
Q 107 sPda 1t »do
o 10s wQa NSE 22[|NC
3 1 ws[Ja . 1o 21[} a
3 10w sJa 1010 ) 20(] @
o 10 e vo ik 19l a
=2 GND [z 13]Gk 121314 1516 17 18
(4] o P e Fom Yo Vo Vo
— : “-oggeo
[} 5}
Q
o TIBPAL20X10’ : TIBPAL20X10’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
"C SUFFIX . . . JT OR NT PACKAGE . C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outcrk [ U2d] vee é
102 230a 508
10 ZYQO - _0z>00,
:E; zgo T TR
2001 Q 1ps : 2s{]a
10e 9] a
116 2a(ja
10 sfa -
107 23(]a
s wvda
NC {18 22[|NC
e 1spa
1]e 21{]a
1The 1spja .
1010 20(]a
10 apa (i _ 1ofa
GND 12 13 E 12 1314 1516 17 18
i o o e § ons F e Vit e |

T T oQwWwoo
z 20

Pin assignments in operating mode

374 ‘ Texas 3
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TIBPAL20L10, TIBPAL20X4
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL20L10
& >1
N
a0x 40 3, = vp—————0
3, p————o
7
20X D 3, D—TA-»— 1/0
12 20 . +—
! + —\v
3 —4»——1/0
+ N
3# D—Q—d—b— 110
D& —4->— /0
8 20 3 !
a po—+— "\
3, P-a—¢>— 10
3, b—<—<->— /o
3, p—e—a->— 1/0
3, 49— 1/0
, P"Q /
Q
: < >
ad
‘PAL20X4 o
Q
3 J EN g
OUTCLK c1 £
5 = 5
& " =1 1=0 a ©
40 X 40 10 v (=2
\ 2
41 $ Q nl_
A -
a =
7575 bl : 3
10 20 N [T
| S <N 4 * a
. N 2!
e 3 v D—?_*’_ 1/0
3 D~ <> 110
6 0 1\, N T
3, Pﬁ\ <> 110
3 o BV < 1/0
3 *\K <> /o
<+» 10
3, <>
6 L. -
— <
P

"\~ denotes fused inputs

,' .
TeEXAS b 3.75
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TIBPAL20X8, TIBPAL20X10

HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

functional block diagrams (positive logic)

21607 ajqewweiboud-pjaid H

3-76

‘PAL20X8
OE EN
ouTCLK >c1
a . 5 a
& =1 1=0 V ‘
40X 40 [ +1D —
4 a
S 9
N
4 a
10 20XD| 20 é = .
i A \u a-
9
N
4 Q
S 9
> a
4
s
4 + a
2 20 N
b~y a b a
S
- Ip—e———1— 10
3 -~ 1/0
21
g,
8,
‘PAL20X10
OE EN
OUTCLK c1
& 4 =1 i 1=0 ¢ Q
40 X 40 1D
4, + a
4, % Q
10, [2oxD] 20 4
| —~—] . A—IN 4, i’ Q
N
4, + Q
N
4, % [0
10 20 4 ? a
P\
‘fJ } [o}
B
4 % Q
~ ¢ °
10
"\ denotes fused inputs
i
Texas b
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TIBPAL20L10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

logic diagram (positive logic)

INPUT LINES
/.

J

\ It Qeee Joce Boeee 12000 1Gese 200 2400¢ 28sce 32 eos 364+ 39

0 ™)
PRODUCT |
LINES 23}
(2
1 —‘|>| _{ i
8 -
: (22)
. I
o /0
16 ~
. 21)
. !
“ /o
LN .
24 o
. (20)
27 10
, t5) .
32 .
(19)
35 /o
(6) p .
1 —k
o 9
40
: %d:— E (18)
43 /0
7} ny
RN K
48 T
. a: e (17}
3 ——1/0
8) ny '
! —
58
(16)’
59 5::%]_”0
©) ny .
oy
64 ~
. {15)
& 1o
, U0 ;
72 =
: 14
75
RUOT)Y, ; r_éq'.__“i’,

Oeee 4 eoe Booa12e0s 160 0200 o0 2400 ¢ 28¢ ¢+ ¢ 32« 36 -39

Pin numbers shown are for JT and NT packages.

2
=
o

-

2

)
@
£
£
<l
T
o
)
T

%

]

2

i
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TIBPAL20X4
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

logic diagram (positive logic)

0
ouTCLK—“—)—%

PRODUCT ?

7 eiqewweiboid-plal{ OV

o1bo

INPUT LINES
N

/ \
e Bevs Boos 12000 16ec s 200+ + 280 o+ 280 o« 320+ ¢+ 36+ +39

LINES .

d
5 (]

Al

O¢ve deve 8Booe 12000 160+ ¢ 20e0e 240 0+ 2800 s 3200+ 36° » 39

Pin numbers shown are for JT and NT packages.

(23) /0

22) 9

(21)

/0

(15) /o

|94 o

{13)

(14

3-78
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TIBPAL20X8
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

logic diagram (positive logic)

INPUT LINES
N\
/ Qeos Aeee Beoe 1200 162 09200 o 5240+ 28 + o 32000 36¢ .39\
OUTCLK%
0
PRODUCT - 23)
LINES 3 )
(2) .
 —DA1. 4
8

Q

(o]

o

(<]

THTHIYIEI YT
E) (6 (e [ 60 |6 [

FPEEEE 6

<]

Doee Aooce 8ooe 12000 160 200 ¢+ 242 00 28es o 32¢ 0+ 36 39
Pin numbers shown are for JT and NT packages.
:i

Texas
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TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

logic diagram (positive logic)

INPUT LINES
N
’ /o... 8o o a...12...15...2o...24...25...32...36..3;\
OUTCLK%
]
PRODUCT . (23)
LINES . .]L,__ a
3 Lo b
(2) [
=R —<+
8 $
1 Lo b
(3) NG y
oy <
16
: E (21) a
19 b e b
(4) Ny .
o ——
3
: o0
- 27 Lo b
Ly (5) NG .
) —=Dp K
9 % E (19]
:‘u X %D ¢
‘g 35 ber b
(6) NG y
3 ! —i— |
3 40 (18)
3 . a
g_ a3 L1 b .
= 7) N\ )
) ! K}
o b (17)
8 3 BBBJJD g 71
o )5" -
T K
56 .
: E (16) a
59 - , bt b
(9) .
! — e
64
: B {15} a
67 b et b
! (10) N ': 3
72 E
75
s ; 13) —
|"l'lDL <] 3) 5%
Qeeo Beos Booo 1200 160 oo 200 ve 240 o+ 2800+ 32000 36039
Pin numbers shown are for JT and NT packages.
i
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

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

Supply voltage, Ve (see Note 1) ... .ot e e 7V
Input voltage {see NOte T} . . .. it e e 55V
Voltage applied to a disabled output {see Note 1) .. ........ .. ... ... .. 5.5V
Operating free-air temperature range: M suffix........................... -55°C to 125°C’

Csuffix . ... .. i 0°C to 76°C

Storage temperature range

NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

M SUFFIX C SUFFIX .
PARAMETER UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 ]4.75 5 5.25 \")
VIH High-level! input voltage 2 5.5 2 5.5 \Y
ViL Low-level input voltage 0.8 0.8 \
I0H High-level output current -2 "-3.2 mA
loL Low-level output current 12 24 mA
felock Clock frequency 0 25 0 35 MHz
o [ High 15 10 ns
tw Pulse duration, clock, see Note 2 uow 20 14 ns
tsu Setup time, input or feedback before OUTCLK? 25 20 ns
th Hold time, input or feedback after OUTCLK?T 0 0 ns
TA Operating free-air temperature -55 125 0 75 °C

NOTE 2: The high and low clock pulse durations cannot both be at the minimum values specified. Their sum must be equal to or greater

than the minimum clock period, which is the reciprocal of the maximum recommended clock frequency.

electrical characteristics over recommended free-air operating temperature range
M SUFFIX X
PARAMETER TEST CONDITIONSt C SUFR! UNIT
MIN TYP¥ MAX | MIN TYP} MAX
ViK Vce = MIN, || = —18 mA -1.2 ~-1.2 \
VOH Vee = MIN,  lgy = MAX 2.4 3.2 2.4 3.3 \
VoL Vee = MIN, gL = MAX 0.25 0.4 035 05 v
Outputs 20 20
I Ve = MAX, Vg = 2.7V
OZH /5 ports cc 0=27 100 0] *
Outputs -20 -20
I = - o.
OZL 1775 ports Vee = MAX, Vo = 0.4V ~250 250 | A
Iy Vce = MAX, V| = 5.5V 0.1 01 [ mA
IH Vee = MAX, V| = 2.7V 20 20 | uA
[ Vce = MAX, V| = 0.4V ~0.25 —0.25 | mA
los$ Veg =5V, Vg =0 -30 -130 | -30 -130 | mA
"20X4, ‘20X8, '20X10 120 180 120 180
I Vee = MAX, V=0
cc "20L10 cc | 120 165 120 165 | ™

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

¥ Al typical values are Vo = 6V, Tp = 25°C.

8 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

{iﬁ
Texas
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH:PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

switching characteristics over recommended operating free-air temperature range (unless otherwise

noted)
M SUFFIX C SUFFIX

PARAMETER FROM TO TEST CONDITIONS i TVt wax TN TRt Akl UNIT
fmax 25 35 MHz
tod 1, 1/0 0, /0 12 25 12 20 ns
tpd OUTCLKT Q R1 = 200 Q, 10 20° 10 15 ns
ten OE Q R2 =390 @, 7 20 7 15 ns
tdis OFEt Q CL = 50 pF 7 20 7 15 ns
ten 1, 1/0 0, 1/0 15 25 15 20 ns
tdis ‘ 1, 70 0, 170 15 25 15 20 ns

Al typical values are at Vog = 5 V, Tp = 25°C.

3

7 ajqewweaboid-pial4

2160

: i
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

PARAMETER MEASUREMENT INFORMATION
5V

b

s1

R1
. FROM QUTPUT TEST

UNDER TEST POINT ‘

>

CL <
(See Note A) |
b

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

TIMING 35V HIGH-LEVEL C————35V
INPUT 15V PULSE 15V 15V sy
1 (w I -

e tw —® 3.5V

VOLTAGE WAVEFORMS

1 | .
LOW-LEVEL I5V 15V
PULSE f 03V

VOLTAGE WAVEFORMS

4}
SETUP AND HOLD TIMES PULSE DURATIONS ‘S
35V 3
N 35V
INPUT 15V 15v OuTPUT ©
I | 0.3V CONTROL 15V frsv 2
| ’ (low-level N 03V
Ht j -
tPLH‘T‘—"! + PE_LV enabling} ‘PZL"” . 8 e-tpLz g
IN-PHASE - —— VoH | |
outeur | 15V i i (! ~33v £
. I vou SYCLOSED | I Xasv 1 v e
tPHL———P1 ——ptpLH (See Note B) g I, | 3~- ‘o =)
outoFprase : VoH | T Rehz 2
OUTPUT 15V 15V WAVEFORM 2 < o
——— VoL S10PEN .6
(See Note D) (See Note B) <
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS i

PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

NOTES: A. Cy includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. All input pulses have the following characteristics: PRR < 1 MHz, t, = t§ = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1is closed.

{i,
TEXas 3.83
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

programming parameters, T = 25°C

PARAMETER MIN NOM MAX | UNIT
Vee Verify-level supply voltage 4,75 5.0 5.25 \2
ViH High-level input voltage 2 5.5 \
ViL Low-level input voltage 0.8 \2
VIHH Program-pulse input voltage 10.26 10.5 10.75 \
PGM ENABLE 10 25
IIHH Program-pulse input current PO . 20 50.[ mA
Vee 250 500
tw1 Pulse duration at Vg : 10 50 1S
tw2 Pulse duration at PGM VERIFY 100 ns
. OE? before POT (V{HH) 100
t, Setup ti
su etup time POT (Vi) before Vel (Vipn) 100 ns
PO (V| fter Vel 100
th Hold time PO VinH) after Ve ns
OE high after PO! 100
td1 Delay time from OE low to PGM VERIFY? 100 ns
t42 Delay time from PGM VERIFY? to valid output 200 ns
Input voltage at pins 10 to open verify-protect (security) fuse 12 125 13 v
3 Input current to open verify-protect {security) fuse 100 400 mA
tw3 Pulse duration to open verify-protect (security) fuse 20 50 s
I
®
&
avl
-
=]
«Q
-
3
Q
=
(1]
-
(=}
=3
(1]
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

PRODUCT TERMS

JT OR NT PACKAGE FK OR FN PACKAGE
(TOP VIEW) {TOP VIEW)
>
o
o
w
>
= Qo ~
paii =BG N B3]
Tanz2>28
I
( T 32 12821%
PI2 s 25(] PO2
P13 [16 24(] PO3
Pl4 7 23] PO4
Ne [8 22| nC
PI5 f]9 21[} PO5
PA8 [J10 20{] POB
PAQ [11 : 19(] PO7
1213141516 1718
o ¥ o W s ¥ s U e Voo ¥ o
ownoUlwo ©
=24 22000 3
[ss]
g20 o o
p=4
w
=3
(&)
o.

NC-No internal connection

TABLE 2. PRODUCT LINE SELECT

PRODUCT LINE ADDRESS

PAB  PAS PA10 PRODUCT LINE NUMBER

L L L (o] 8 16 24 32 40 48 56 64 72
L L H 1 9 17 25 33 41 49 57 65 <73
L H L 2 10 18 26 34 42 50 58 66 74
L H H 3 1 19 27 35 43 51 59 67 75
POO | PO1 PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9

.8
<)
o

—
2
)
©
£
£
<
o
=)
<)
D
a
=
2
i

OQUTPUT PIN NAME

L=VILH=VH

TExas Q’ | 3-85
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

INPUT LINE SELECT

TABLE 1.

3 IT A4 4IT 24 4TI I 4 I 4 JTI 42T 43T 2T
2 4 O IXIITXI 443 JIIII A4 AdIIIIddadJTIIT
w
Z
Nm IIIIII - od dedd d TTITITIITIT ol d d d od d od
F
a
s 44 d Jd 4 I I T ITITIIIIIIIIIII S o oo a2
m g d a0 4903443331003 TIITIITCI
w
£z
o O~ N M T W ONODODODOr~ AN MTWWONOGBONOr— NMITLWH OISO
mw - e e e e NN NNN NN NNNOOOOMOMOOMOO®ONOONONO®m
gz

™

Field-Programmable Logic

L=ViLH=Vy

TEXAS “9

STRUMENTS
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPAET™ PAL CIRCUITS

programming procedure for array fuses

Array fuses are programmed by executing the following programming sequence. Each fuse can be opened
by selecting the appropriate (one of 40) input line and (one of 80) product line. The levels for selecting
_ input lines and product lines are shown in Tables 1 and 2. -

Step 1 Raise PGM ENABLE to V|HH.

Step 2 - Select an input line by applying appropriate logic levels to Pl pins.

Step 3 Select a product line group by applying appropriate logic levels to PA pins. The actual product
line selected will be determined by the PO pin (described in Step 5).

Step 4 Raise OE to V|H.

Step 5 Raise the selected PO pin to V|HH.

Step 6 Program the fuse by pulsing V¢c to VIHH-

Step 7 Remove the voltage from the selected PO pin.

Step 8 Lower OE to V| to enable device

Step 9 Verify the blowing of the fuse by checking for a VoL, at the selected PO pin. Register devices
require a position pulse on the PGM verify pin.

Steps 1 through 9 may be repeated if the verification does not indicate that the fuse was successfully
programmed (blown), but no more than four times. Verification is possible only with the verify-protect
fuse intact.

programming waveforms

— — —=ViHH
PGM ENABLE / \_
Vi

ViH
PI0-PIS W SELECT INPUT LINE m

ViH
PAB-PA10 LIRS SELECT PRODUCT LINE GROUP QR viL

2
=)
<)

-

L

)
©
£
£
(]
o
o
o
S

a

T

2

[T

PGM VERIFY

i .
Texas b 3-87
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

preload procedures

i

preload procedure for registered outputs

Step 1 With Vcc at 5 volts, raise Pin 13 (6@)}0 V|HH to disable the outputs and clear the
registers {(output goes low). Since the outputs are low, only high levels need be preloaded.

Step 2 Raise the selected output to be preloaded high to VIHH. ’

Step 3 Lower Pin 13 to V|H. )

Step 4 Remove the voltages applied to the outputs. (At least a 100-ns wait is required between step 3
and step 4)

Step 5 Lower Pin 13 to V| to verify preload.

{PRELOAD PIN 13)
OF

SELECTED
OUTPUT
TO PRELOAD

Q

VERIFY

PRELOAD WAVEFORMS

security fuse programming

PIN 10

< tw3 > ov

SECURITY FUSE PROGRAMMING WAVEFORMS

NOTE: Pin numbers shown apply only for the DIP package. If a chip carrier socket adaptor is not used, pin numbers must be changed
accordingly.

*p
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

D2709, DECEMBER 1982—REVISED SEPTEMBER 1985

® High-Performance Operation . . . 30 MHz © DIP Options Include Both 300-mil Plastic

® Preload Capability on Outpuf Registers and 600-mil Ceramic

® Dependable Texas Instruments Quality and

Reliability
3-STATE REGISTERED
DEVICE UD INPUTS | 1INPUTS | "0/ 1o Q OUTPUTS 1/0 PORTS
‘PALR19L8 11 2 2 (o] 6
‘PALR19R4 1 0 [o] 4 (3-state buffers) 4
‘PALR19R6 11 0 o] 6 (3-state buffers) 2
‘PALR19R8 11 0 o] 8 (3-state buffers) ]
description TIBPALR19L8’
N ) M SUFFIX . . . JW PACKAGE
These programmable array Io.glc dz.aw.ces feature C SUFFIX . . . JW OR NT PACKAGE
high speed and functionality similar to the (TOP VIEW)
TIBPAL16L8, 16R4, 16R6, 16R8 series, but ),
with the added advantage of D-type input ”D' E; ;:] '\;SC
registers. If any input register is not desired, it ws 220Jo
can be converted to an input buffer by simply mwds 2010
programming the architectural fuse. o [Os mg 170
Combining Advanced Low-Power Schottky ' :;g Ej :93 :jg o
technology, with proven titanium-tungsten up [l 13:] 1o =
fuses, these devices will provide reliable high D Clo 16f] 10 )
performance substitutes over conventional TTL D Jio 1] O -~
logic. Their easy programmability allows for up [t 1a[] INCLK K]
quick design of custom functions and typically GND [z 13(] | -g
result in a more compact circuit board. In ) £
addition, chip carriers are available for further TIBPALR19L8’ £
reduction in board space. M SUFFIX . . . FK PACKAGE ]
S
. . . . C SUFFIX . . . FN PACKAGE
Extra circuitry has been provided to allow loading (TOP VIEW) g’
of each register asynchronously to either a high i
or low state. This feature simplifies testing oo ©o a '6
. o als == _2>=0
because the registers can be set to an initial state e Syt z
prior to executing the test sequence. 4321282726 iz
. . L. 1D 15 25(] 110
An M suffix designates full-temperature circuits b [J6 2{] /0
that are characterized for operation over the full 1o 17 23fj vo
military temperature range of —55°C to 125°C. NC [18 22[] NC
A C suffix designates commercial-temperature /D [J9 21fj o
circuits that are characterized for operation from 1D P1o 20} 0
0°C to 70°C. /D D” 19[] vo
12 1314151617 18
s U o W o Wt B e e W i
ooQuW~—xo
==zz g
© z
INPUT REGISTER FUNCTION TABLE
NC—No internal connection
INPUT OUTPUT OF
INCLK D INPUT REGISTER Pin assignments in operating mode
T H H
1 L L
L X Qp
Tlntegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.
PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
current as of publication date. Products conform to
specifications per the terms of Texas Instruments . 3.89

n warran roduction processing does no EXAS
:':negas;eily il;:clut o 'l’e:?ing‘ of :Ilus::amgt:;. t lNSTRUME,N'rS
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TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

TIBPALR19R4" . TIBPALR19R4’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
ouTtck 1 U2 vee
w2 23 o
mws 220 vo
mwds =310
w s 200 a 110
mws 19 Q
mwr o Q
w vpa NC
1o o ‘sa 1o 21 a
/D [Jro  15[] 110 a
D [ 1] INCLK 10
GND (12 13[] OF
TIBPALR19R6’ TIBPALR19R6’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
3 C SUFFIX . . . JW OR NT PACKAGE R C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
-n outck [T Tz vee 3
o i 2 2300 E O
14
= w s 220 wo 2238588
V mws 20Ja 3
Y ws 200 a a
] m Qe 19 a a
Q@ mwr 8Ja Q
o mws wda NC
3 wp edo Q
3 b (Jio 153 V0. Q
o /D 11 14[] INCLK a
o GND [J12  13[] OF
(4]
-
(=}
Q
o TIBPALR19R8’ TIBPALR19R8’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
4
outcek [ U24] vee I
w2 20w ca50 8a
mwds 20a SS0=z35=o0
ws 20a 3
mw[s 200 a wohs Q
mws 9] Q /b [I6 Q
w8 a 1D Q
110 (s 1700 Q nec s NC
/D ES 18] Q 31kl Q
o [Jro 15[] @ D a
o [Jir 4[] INCLK VD a
GND [h2 _ 13[] OF 1314 1516 17 18
Pin assignments in operating mode g g % Lz) 8 é e
=z
NC—No internal connection
T {l’
3.80 I EXAS
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TIBPALR19L8, TIBPALR19R4
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALR19L8
& EN >1
D———
ssxesl % v o
INCLK z1 7 o
'— Cd
11X Al %, -8 —4->— 1/0
+1.2c3 7 g
1 1
2c3 _ /7, D—k—‘—b— 1/0
1
110 —<—{ 3D ,7, D—k""—’— 1/0
M2
n 1/0
E A a1/
8
= 1 7 P-&1—>—1/0
\—e{ 8> P~ 7
8 7
5 I J D—t—d—b—l/o
6l <
7 <
‘PALR19R4 2
o
— [=]
OE o (1 i}
QUTCLK > c1 o
m L -g
38?(64 % - l 2v a g
7 ) —\ £
8, Q ©
INCLK 21 7 — 5
8, & - a e
11X 7 .
e [ n a3
+41,2c3 < A Q i}
42¢3 1 N\ [7]
11 - en >’ L
1/D ——%—d 3D Z Vp—a—¢p—— 10
M2
1" 7 O—& T4 1/0
e N
= 8 7 o>
= 5 o~ Z o—e] »- 110
L ,7, = ‘\ < /0
41 a-
7 <
Y

" . .
TeExas b 3.91
INSTRUMENTS ‘
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TIBPALR19R6, TIBPALR19R8

HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALR19R6
OE EN2
OUTCLK c1
R -l r
& >1 2 a
38 x 64| 4 1D
INCLK 21 | & | é Q
8
11X 1 % e
ra _~ N
+41.2c3 7 8 a
4 2c3 1 7]
~ 8 N\ o
11
-9
1/D —~— :::2 f —\
1" —— + @
N
1 . —Jen >1
8D 7~ | Ujo—&—¢+—1—1/0
3 [_. 8 7 o- ﬁ <> 110
. 21 4
! D
m 7 -
o
o ‘PALR19R8
-
[] —
@ GE EN2
o OUTCLK c1
3 & 8 >1 +1D 2Q a
sgxeaf 7 —
o INCLK z1 8 a
o g, #
@ 8
- 11X 1, L § a
8 +1.2c3 7 3 1 _q
o - 2C3 11 - é
1 - 8 Q
/D ——+— 3D 74 {)
M2 A
1 8 + Q
N\
.5 8 8, {, Q
30 O] ~ 7 —\
8, Q
e {~ 7 + —\
'sl
m
3-92 XAS
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TIBPALR19L8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

logic diagram (positive logic)

,
INPUT LINES
A}
0 4 8 12 16 20 24 28 32 36
(23)
1/D =4 ——==1/p
=  PRODUCT
LINES
0
: (224
. —
.
7 o
(3) 3 Jq«
/D 20 8
w | 3 (21)
2434 o 1/0
= .
L T |15 }
(4) H1c2 Q’q
1/D ) 16
g_m . (20)
245 o —<1/0
= .
123 . Q
(5} —<1’t‘:; J<_< l»— .a
1/D a2 S
M1 : (19) -
2a3% % ————1/0
+ : o
31 . o
0c2
w8 i g
| 118) £
PrETI ) £
< : [v]
39 , ‘5,
e (=)
1/0 40 e
: an, o a
M
. -
47 . 2
1/D— 48 < = [N
.
- . — 180
- .
55 )
<
56 .
.
(15
. lo
.
63 )
K
0%)neLk
(13),
Pin ﬁumbers shown are for JW and NT packages.
i
IJ 3-93
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TIBPALR19R4
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

logic diagram (positive logic)
{n

OUTCLK

INPUT LINES
—

[} 4 12 16 20 24 28 32 36

(23) |

o 2] /D

PRODUCT
LINES

(22)

/o

D 3)

e |veeseooO

[v4)] /0

Gese

)

3

Neosod

w
Beosel

1 sjqewweiBoid-pfaid

o
Beeeed

&
H
2

/D —1—20

o160
g

N

o~

w

o
Geeoed

/D =

Deeeed

up 12

o 1

<P ek

(13) OF

Pin numbers shown are for JW and NT packages.
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TIBPAL19R6
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

logic diagram {positive logic)
all

OUTCLK

INPUT LINES

2 (23)

1/D — /D

= PRODUCT
LINES

=}

Neseoe

(3) 1c2

=
o
|
]
I INERS)
Q [~
8
Hees e

)| Az

/D

-
o

% e
N
Bfes
&

LB

N
w

=
o
N
&

N
5
W
-
ER)

8|«

o 2

SS'
8
al e

@

=)

~n
-~
@
&
esee

4
~

cé
Field-Programmable Logic

1/D —

go-a-g

(15)

/o

-] @
Sees e

<}>‘—”’|NCLK
e

EXAS ¢ 3.95
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TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

logic diagram (positive logic})

outcLk
INPUT LINES
A AY
) 4 12 16 20 24 28 32 36
vo 2] B
PRODUCT =
LINES
0
.
{22)
. —i’— a
L] -
7 4
@ Jie K
/0 20 8
ool I "
2838 E @ng
B M I
15
K
I/D @ 16
.
. (20)0
w2 .
.-—r! (5) 1c2 H.'q_
1] /D =—1— 24
. M1 .
9' 2436 E a (19)0
-30 ] 3 =
0c2 —
"2 1/D 6] 367 32 ”-1',<}-
3 & . (18)
3 2437 3 E Q
3 P e
39
o) —
E 1/D —— 40 ‘-’<IL
r : Lo
(17)
r : E a
o) . oL
Q 1 47 ‘
o 1o € = <
.
: Loer,
o Larb
55 .
o 2 56 K
.
. E 18
L] b b
63
o 191
vo 1
04 ek
Q (mﬁ
Pin numbers shown are for JW and NT packages.
v{i’
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TIBPALR19L8, TIBPALR19R4, TIBPALR19RG, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

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

Supply voltage, Vo (see Note 1) ... oo e 7V
Input voltage (see NOte 1) ... oo i e et e e 5.5V
Voltage applied to a disabled output {see Note 1) ... ... .. ... ... . . .. .. . 5.5V
Operating free-air temperature range: Msuffix. .......................... —-55°C to 125°C

CsuffiX ... i e 0°C to 70°C
Storage temperature range . .. .. ..o v v v it i ettt ie e et e e —65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle or during preload cycle.

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX
Vce  Supply voltage 4.5 5 5.5 | 475 5 5.25 v
ViH High-level input voltage 2 5.5 2 5.5 \
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current -2 -3.2 mA
loL Low-level output current 12 24 mA
f Clock frequenc INCLK 0 20 0 30 MHz
clock quency OUTCLK 0 20 ) 30
INCLK high 20 15
tw Pulse duration, clock INCLK low 20 15 ns -9
QUTCLK high 20 15 o
OUTCLK low 20 15 S
Data before INCLKT 15 10 o
tsy Setup time Data before OUTCLK? 30 25 ns e}
INCLKt before OUTCLK? (See Note 2) 30 25 ©
th Hold time Data after INCLKT 5 5 . ns E
Data after OUTCLK? 0 0 E
TA Operating free-air temperature -55 125 0 70 °C g
NOTE 2: This setup time ensures the output registers will see stable data from the input registers. QE_ ’
o
o
i

{i’ . ,
TeExas 3.97
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PARAMETER TEST CONDITIONS T M SUFFIX C SUFFIX UNIT
MIN TYP¥ MAX [MIN TYP! MAX
ViK Vce = MIN, I = -18 mA -1.5 -1.5 v
VOH Vee = MIN, loH = MAX 2.4 3.2 2.4 3.3 \4
VoL Vce = MIN, oL = MAX 0.25 0.4 035 0.5 Vv
Voo < MAX, iy =27V o]
OE Input 0.2 0.2
Iy 1/D Inputs Vee = MAX, V) =565V 0.1 0.1 mA
All others 0.1 0.1
OE Input 40 40
m 1/D Inputs Vee = MAX, V=27V 20 20 | uA
All others 20 20
OE Input -0.4 ~0.4
I 1/D Inputs Vee = MAX, V| =04V -0.6 -0.6 mA
All others ~0.2 -0.2
3 108 Vcc = MAX, Vg = 2.25V -30 -126 [-30 -125 | mA
lce Vee = MAX, Vi =0V, 150 210 150 210 | mA
Outputs open
)
% switching characteristics over recommended operating free-air temperature range (unless otherwise
iu noted}
[} TEST M SUFFIX C SUFFIX
“-Q‘ PARAMETER FROM 0 CONDITIONS MIN TYP} MAX MIN TYP¥ MAX UNIT
= fmax INCLK?T 10, O 20 30 MHz
3 frax OUTCLKT Q 20 30 MHz
g tpd I, 110 /0, O 15 30 15 25 ns
= tpd 1109 110, O 20 40 20 35| ns
® tpd INCLKT 110, O 20 40 .20 35 ns
g tpd OUTCLK?T Q 10 25 10 20 ns
« ton OEL Q AL = 5008, 10 25 0 20 | ns
o ten 1. 10 110, 0 CL = 50pF, 14 30 14 - 25| ns
See Note 4
ten DY 0, 0 27 45 27 40| ns
ten INCLK? /0, O 27 45 27 40 ns
tdis OE? Q 11 25 1 20 ns
tdis 1, 1/0 1/0, O 12 30 12 © 25 ns
tdis 0¥ 1/0, 0 13 30 13 30 | ns
tais . INCLKT 170, 0 13 30 13 25 | ns
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are Vce = 5V, T = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half the (rue.short-circuit current, log.
Input configured as an input buffer. .
NOTE 4: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
3
3.98 TExas
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

electrical characteristics over recommended free-air operating temperature range
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

programming parameters, Tpo = 25°C

PARAMETER MIN NOM MAX | UNIT
Vee  Verify-level supply voltage . 4.5 5.0 5.5 \Y%
VIH High-level input voltage 2 5.6 \4
ViL Low-level input voltage 0.8 v
VoH  High-level output voltage 5.5 v
ViHH Program-pulse input voltage . 10.25 10.5 10.75 \2
PO 50
IlHH  Program-pulse input current PGM ENABLE, L/R 25 mA
Pl, PA . 5
. vee 400
twi Program-pulse duration at PO or I/D pins . 10 50 us
tw2  Pulse duration at PGM VERIFY and INCLK 100 ns
tsu Setup time 100 ns
th Hold time 100 ns
td1 Delay time from Ve to 5 V to PGM VERIFYT 100 us
t42 Delay time from PGM VERIFY? to verification of output 200 ns
143 Delay time 100 ns
Input voitage at pins 1 and 13 to open verify-protect {security) fuse 15.5 16 16.5 \%
tw3 Input current to open verify-protect (security) fuse 400 mA
Pulse duration to open verify-protect {security) fuse 20 50 us
Ve value during security fuse programming . o] 0.4 \Y

2
o
o

-

o

Q
(1]
£
£
1]
i
o]
[=]
i ol

QI.

o

@

LL

i .
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TIBPALR19L8, TIBPALR19R4, TIBPALR19RG, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

pin assignments in programming mode (PGM ENABLE at V|HH)

' PRODUCT TERMS O THRU 31

JW OR NT PACKAGE FN PACKAGE
(TOP VIEW) (TOP VIEW)
PGM ENABLE ] vee 3
PIO ] * <
PI1 ] PO3 &
PI2 []PO2 cofu8 9
PI3 [] PO1 Taaz>* &
P4 ) Poo (T T BR
PIS [] PAO Pi2[]s 25[] PO2
Pi6 [J PA1 pi3fls 24[] PO1
P17 8 PA2 , pia 7 23] POO
PI8 L/R ) nc 18 22[ NC
PI9 [] INCLK Pis []9 21| PAO
GND ] PGM VERIFY pis 110 20(] PA1
. P17 [In ‘ 19[] PA2
12 1314 15161718
o U o Vv ¥ e ¥ s ¥ oy s |
0O 0> ¥
aEzzkg3
m o E b4
=) >
o s
9. [G]
o] [N
-
=]
= PRODUCT TERMS 32 THRU 63
)
3 JW OR NT PACKAGE FN PACKAGE
3 (TOP VIEW) (TOP VIEW)
)
=2 PGM VERIFY [t U24[] vee z
o o[z 280~ &
Iy pn]s 22JuRr >
=) s
Q Pi2[Js  21]PAO QUL &
) PI3[ls  20[] PAT , R
Pia(le 19[ ] PA2 4 32 1282726
P15 [J7 18[] PO3 P2 []s 25} PAO
P16 (s 17[] PO2 pi3 )6 24} PA1
PI7 16[] PO1 P4 7 23(] PA2
PI8 [Jio 1s[]POO NC 18 22[} NC
PIg 1 14[] INCLK pis ]9 21{} PO3
GND [z 13[] PGM ENABLE plg (J10 20{] PO2
pi7 [11 19f] PO1
* Must be held low throughout Program/Verify cycle. 121314151617 18
Laoaaorare,
©2a0Qyxg
aa 5 z 2 % 2
=2
w
s
[&]
[\
NC—No internal connection
Texas W
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
LINE LINE
NUMBER | PI9 PI8 PI7 PI6 PI5S Pl4 PI3 PI2 P11 PIO L/R NUMBER POOPO1PO2PO3PA2PA1PAD
0 HH HH HH HH HH HH HH HH HH L Z 0,32 Z Z Z HHZ 2z 2
1 HH HH HH HH HH HH HH HH HH H Z 1,33 Z Z Z HHZ Z HH
2 HH HH HH HH HH HH HH HH HH L HH 2,34 Z Z Z HHZ HHZ
3 HH HH HH HH HH HH HH HH HH H HH 3,35 Z Z Z HH Z HH HH
4 HH HH HH HH HH HH HH HH L HH 2 4,36 Z Z Z HHHHZ 2z
5 HH HH HH HH HH HH HH HH H HH 2 5,37 Z Z Z HH HHZ HH
6 HH HH HH HH HH HH HH HH L HH HH 6,38 Z Z Z HH HH HH Z
7 HH HH HH HH HH HH HH HH H HH HH 7,39 Z Z Z HH HH HH HH
8 HH HH HH HH HH HH HH L HH HH Z 8,40 Z zZ HHZ z 2z 2
9 HH HH HH HH HH HH HH H HH HH Z 9,41 Z Z HHZ Z Z HH
10 HH HH HH HH HH HH HH L  HH HH HH 10,42 Z Z HHZ Z HHZ
11 HH HH HH HH HH HH HH H HH HH HH 11,43 Z Z HHZ Z HHHH
12 HH HH HH HH HH HH L HH HH HH Z 12,44 Z Z HHZ HHZ Z
13 HH HH HH HH HH HH H HH HH HH Z 13,45 Z Z HHZ HHZ HH
14 HH HH HH HH HH HH L HH HH HH HH 14,46 Z Z HH Z HHHHZ
15 HH HH HH HH HH HH H HH HH HH HH 15,47 Z Z HH Z HH HH HH
16 HH HH HH HH HH L HH HH HH HH Z 16,48 Z HHZ z 2Z z 2
17 HH HH HH HH HH H HH HH HH HH Z 17,49 Z HHZ 2 Z Z HH
18 HH HH HH HH HH L HH HH HH HH HH 18,50 Z HHZ Z Z HHZ
19 HH HH HH HH HH H HH HH HH HH HH 19,51 Z HHZ 2Z Z HH HH
20 HH HH HH HH L HH HH HH HH HH 2 20,52 Z HHZ 2z HHZ Z
21 HH HH HH HH H HH HH HH HH HH Z 21,53 Z HHZ Z. HHZ HH 1)
22 HH HH HH HH L HH HH HH HH HH HH 22,54 Z HH.Z Z HHHH Z =)
23 HH HH HH HH H HH HH HH HH HH HH 23,55 Z HH Z Z HH HH HH o
24 HH HH HH L HH HH HH HH HH HH Z 24,56 HHZ 2z 2z zZ 2z 2 -
25 HH HH HH H HH HH HH HH HH HH Z 25,57 HHZ Z Z 2 Z HH )
26 HH HH HH L HH HH HH HH HH HH HH 26, 58 HHZ Z Z Z HHZ a
27 HH HH HH H HH HH HH HH HH HH HH 27,59 HH 2 Z Z Z HH HH ©
28 HH HH L HH HH HH HH HH HH HH Z 28, 60 HHZ Z Z HHZ 2 £
29 HH HH H HH HH HH HH HH HH HH 2 29, 61 HHZ Z Z HHZ HH £
30 HH HH L HH HH HH HH HH HH HH HH 30, 62 HH 2 Z 2 HH HH Z ]
31 HH HH H HH HH HH HH HH HH HH HH 31,63 HH Z Z Z HH HH HH e
32 HH L HH HH HH HH HH HH HH HH Z g’
33 HH H HH HH HH HH HH HH .HH HH Z ot
34 HH L HH HH HH HH HH HH HH HH HH a
35 HH H HH HH HH HH HH HH HH HH HH k=]
36 L HH HH HH HH HH HH HH HH HH Z ]
37 H HH HH HH HH HH HH HH HH HH Z i
L = V|, H = V|4, HH = Viyy, Z = high impedance (e.g., 10 kQ to 5 V)
T QIP
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

programming procedure for array fuses

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the
appropriate {one of 38) input line and then pulsing the correct (one of 64) product line. The levels for selecting
input lines and product lines are shown in Tables 1 and 2.

Step 1 Raise PGM ENABLE to V|HH-

Step 2 Select an input line by applying appropriate levels to L/R and PI pins.

Step 3  Begin selection of the output line with appropriate conditions on PA pins.

Step 4  Pulse INCLK to V|H.

Step 5 Raise VcC to VIHH.

Step 6  Blow the fuse by pulsing the appropriate PO pin to VjHH as shown in Table 2 for the product line.

Step 7 Return V¢ to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 6 will be less than
VoL if the fuse is open.

Steps 1 thru 7 may be repeated if the verification does not indicate that the fuse was successfully
programmed (blown), but no more than 4 times. Verification is possible only with the verify-protect fuse
intact.

To prevent further verification, two last fuses may be blown by raising PGM ENABLE and PGM VERIFY
to 16+0.5 volt. V¢ is required to be at O during this operation.

programming waveforms for array fuses

----- — VIHH
PGM ENABLE _/: :\
1 ! ViIL
tsu o> +{}eth v
SELECTED i f 1 1HH
PI. L/R, PA PINS 1/ i VIH .
(SEE TABLES ! ! ‘
1 AND 2} = eteu viu
|

I
e
&
-
-
=}
Q
=
o
3
3
Q
g
o
-
[*}
Q.
7]

——-——I— ____________________ e —————— — VIH
INCLK I—I
! ViL
|
!
|
|

———————————————————————————— — VIHH
(]
| o v
st e — ov
1 ] ]
| fetwis e e ViHH
SELECTED I .
PO PINS ) VoH
(SEE TABLE 2) | VERIFY
VoL
T )
4 ‘wz
le—t41—>
w— | vin
PGM VERIFY
ViL

@ A high level during the verify interval indicates that programming has not been successful.
@ A low level during the verify interval indicates that programming has been successful.
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

programming procedure for architectural fuses» (see Notes 5 and 6)

Program: '

Step 1 Apply V|L to all I/D pins and pins 1, 13 and 14; and 5 volts. to the V¢ pin.
Step 2 Raise Vcg pin to VIHH.

Step 3 Raise INCLK pin to V|HH. )

Step 4 To program a D input pin into an | input pin, pulse the selected pin to V|HH.
Step 5 Lower INCLK to V|L and V¢ to 5 volts.

Verify:

Step 6 Raise pin 13 and I/D input pins 2 thru 11 to V|HH.

Step 7 Set pin 22 to Z to select pins 2 thru 11 or set pin 22 to V|HH to select pin 23.

Step 8 Raise INCLK to ViHH.

Step 9 To verify architectural fuses at pins 2 thru 11 lower one of these pins to V|H. When verifying
pin 23, lower pin 2 to V|H.

Step 10 Clock pin 1, then lower the pin at V|H in step 9 to VL. Clock pin 1. If pin 15 is high, fuse is
intact. If pin 15 is low, fuse is blown. Note, only the first clock is needed for pin 23.

Step 11 Repeat above steps 1 thru 10 for each D input to be programmed into an | input.

programming waveforms for architectural fuses (see Note 6)

VIHH — — — = — =,
Vee sy 1 | VERIFY 0
e L \ 2
ov ! ‘w1"= k- n.!dl3 ! -~
W3M W M Metas
Vi ———— —— = ! 2
] B /R °
1/D INPUTS I oy ! : | | e Ay )
viL . ol \ ) E
- PR s N S £
oV ——— ol e ;e R . @
1 b 11 ! | E;
PIN 14 (INCLK) | (. i1 | I- )
| | | | et
ViL 1 — T ! | 1 o,
' WaH ! ! L s
VIHH == — — — — — = — — — T T ! T T -—
o | | | | t ¢ 2
IN 13 (OE) I | | | t ] [V
o ! ! ! I
HIGH TO SELECT PIN 23h : { -:H l4-td3
VIHH ——— — — — —— — — — — — —— !
PIN 22 (L/R) / \1
2z T }
LOW TO SELECT PINS 2 THRU 11— tpd——] [—-tp
v tub &
H— = — — — — — ————— | |
PIN 1 (OUTCLK) | |
ViL T
|

[}
DON'T CARE FOR PINS 2 THRU 11-“—'1
| |

z
PIN 15 (OUTPUT) N 1 /

FUSE INTACT

VoH —
VoL —— S—X-—/—' FUSE BLOWN

| |
DON'T CARE FOR PIN 23 -k——————)‘

Z = high impedance (e.g., 10 k2 to 5 V).
NOTES: 5. Refer to pin assignments in operating mode when programming selected I/D pins from D inputs to { inputs.
6. Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers mustbe changed
accordingly.

i
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

preload procedure for registered outputs {see Note 6)

Step 1 Pin 13 to V|H, Pin 1 to V)L, and V¢ to 5 volts.

Step 2 Pin 14 to V|HH

Step 3 At Q outputs, apply V|L to preload a low and VjH to preload a high.
Step 4  Pin 14 to V|L.

Step 6 Remove the voltages applied to the outputs.

Step 6 Pin 13 to V||

Step 7  Check the output states to verify preload.

preload waveforms (see Note 6)

5V
Vee / \
ov
OUTPUTS DISABLED
_ VH
PIN 13 (OE) % X
ViL | |
tdis —'4-‘ je—o— ten
| ENABLE PRELOAD |
VIHH — — — — — — - |
PIN 14 (INCLK) : : |
- |
-3 viL $ | T
oy | I |
o | ooms | 1€ fw ViH :
- ns
S Vo | T .II | Lt VERIFY
: o, TR ¥ XXX
o VoL -
3 |
3 ViL
)
% secruity fuse programming (see Note 6)
-

o160
<
8
+-
¥
&
'3
<

I

1

|

. !"‘wi«!-’l |
ov

NOTE 6: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

D2709, DECEMBER 1982~REVISED SEPTEMBER 1985

© High-Performance Operation . . . 30 MHz @ DIP Options Include Both 300-mil Plastic

-mil C .
@ Preload Capability on Output Registers and 600-mil Ceramic

© Dependable Texas Instruments Quality and

Reliability
3-STATE REGISTERED
DEVICE I/D INPUTS [ 1INPUTS | "oV oo Q OUTPUTS 1/0 PORTS
"PALT19L8 11 2 2 0 6
'‘PALT19R4 11 o] o] 8 (3-state buffers) 4
'PALT19R6 1 ] o 6 (3-state buffers) 2
"PALT19R8 1 o] 0 4 (3-state buffers) 0
description
These programmable array logic devices feature TIBPALT19LE
- . M SUFFIX . . . JW PACKAGE
high speed and functionality similar to the C SUFFIX . . . JW OR NT PACKAGE
TIBPAL16L8, 16R4, 16R6, 16R8 series, but (TOP VIEW)
with the addedﬁadvantage of_D—type t(ansp.arent R O T2 vee
latches on the inputs. If any input register is not w2 20w
desired, it can be converted to an input buffer b [ 2[00
by simply programming the architectural fuse. 1o [a 21J o
Combining Advanced Low-Power Schottkyt :;g EZ f:% :jg
technology, with proven titanium-tungsten wr 180w g)
fuses, these devices will provide reliable high ~uyp[s 1713 vo =)
performance substitutes over conventional TTL 1D (o 16[] 170 ~
logic. Their easy programmability allows for oo 1sjo 2
-quick design of custom functions and typically uo [ir 14 iNCE g
result in a more compact circuit board. In GND [Ji2__13f]! £
addition, chip carriers are available for further . £
reduction in board space. TIBPALT19L8’ - ®
L i ) M SUFFIX . . . FK PACKAGE E-,
Extra circuitry has been provided to allow loading C SUFFIX . . . FN PACKAGE o
of each register asynchronously to either a high (TOP VIEW) A
or low state. This feature simplifies testing %) 5
because the registers can be set to an initial state 228_89%8,¢ )
prior to executing the test sequence. E T2 TR % ir
An M suffix designates full-temperature circuits D 15 25[} 10
that are characterized for operation over the full o [Je 2a[{10
military temperature range of —55°C to 125°C. /D ]; ;;[ o
A C suffix designates commercial-temperature :‘jg %9 21% :\/lg
circuits that are characterized for operation from 1o e 20(] 110
0°C to 70°C. o On 19[} 110
INPUT LATCH FUNCTION TABLE AER8800
— EEFENTE
INNE D LATCH QUTPUT 1G] 3
L L L NC—No internal connection
L H H
H X Q, Pin assignments in operating mode

Tintegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.

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

current as of publication date. Products conform to /)
specifications per the terms of Texas Instruments TEXAS
standard Production pr ing does not lNSTRUMENTS

war 1 g doe: 3-105
necessarily include testing of all parameters.
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TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

TIBPALT19R4"
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)
outctk [ U24] vee
w2 230w
ws 22pwvo
mws 2Dwo
mws 203a
w s 9]
w7 e
mwe da
10 o 16]] 1O
o o 1s{] 10
0 [ 14f] INLE
GND 12 13{] OF
TIBPALT19R6’

M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)
outck 1 U2 vee
w2 2301w
w3 220w
mw+s 210a
ws 200a
wlle 11sda
wllr 18da
wls 70a
mwle sfla
o Qo 1s] 1o
o [ 1a[]INLE
GND (2 13[] OF

TIBPALT19R8’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)
OUTCLK []

1
o[z
o 3
o [Ja
o s
110 (e
o 7
11D s
10 [

1D [ho

/D [
GND 12

|OOOOOODO

Z|
Z
mi

(o]
m

Pin assignments in operating mode

TIBPALT19R4’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
PS4
-
3]
508
8852528
L S S et  de § o
4 32 1282726
/0 Ns 25[} 10
/D 16 24} Q
11D N7 23[j @
NC 18 22[JNC
/D [ 21fja
/D [J10 20(] Q
1D fIn 19[] /0
- 1213141516 1718
oo Vo Do D e | s U o U |
29221
[T Z
TIBPALT19R6"

M SUFFIX . .. FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
pv4
-
(8]
503
8832582
/S LR ) S ) R | G § om ) Gun ) S 4
4 3 2 1282726
1D [1s 5[]
/D |16 24{] @
1o 7 px11 o}
NC {8 22[}NC
D {]9 21fJa
110 [J10 20(] a
1o 1 19[] o
12 131415161718
o B F o P § o Ve W |
000 Qjwjw
==z zIOIE‘ g
[T] z
TIBPALT19R8"

M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
4
-
(8]
50 8a
g g oOzZ2>=0
/ | S mw W ) m— —
4 3 2 1282726
mwfs 2] a
1o [16 24[]
o 37 23} a
Nc I8 22[ NC
T] i El 21} o
1/p f1o 20[} o
yp 1t . 19[ a
12 13141516 1718
fomTam T o Vam Vo Ve o |
228 2I85°

NC—No internal connection

Texas
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TIBPALT19L8, TIBPALT19R4
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALT19L8
& EN 21
38 xe64]_7 Vp———o0
INLE z1
7, pb————o0
nx 11 ~ 7, D—k——4+—l/0
41.2c3 7
+ 11 7
2c3 | A - —4-—1/0
1 ’
7, —4—>— /0
1/D——#— 3D i D—k /!
M2
E 1 7, o—x%—b—uo
7
8
X 7 1/0
N oy SO N = n B o Raa
8 7
_ Z P—a——>—1/0
GI i
> <
‘PALT19R4 %
_ o
OE o EN2 -
OUTCLK B> c1 2
a) Ke]
& >1 e
38 X 64— l v a E
’ © N £
S 8, a ©
INLE 21 7 - s
8 Q o
11X 7* y
) w i N a
+13c3 ~ Q i)
+42c3 11 N\ )
" D—rF_— ~ EN >1 [TH
1/D ——t—4 3D A \v) p—0<—4—>——— /o
- M2
1 7 o—a—4> 1/0
> N
= 8 7 <>
3D lo—r—f ~ ] 0‘%\ M g /0
8 | 7, P 1o
4’ a4
[ #—
41 4
# <

i
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TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALT19R6

OE —d[Enz
oUTCLK ct
m)
8 >1 2 a
38?(64 7 %10 v—ﬁ
— 8 Q
INLE z1 =a ¢
8
Q
11X —~—
1| é —
Py 7
+41,2c3 8 Q
4-2c3 1" 7 ¢ =
1 - 8 Q
1/D—~—3D S —
M2 8 Q
E 1 7 & —
1 . e >1
' 8D [p—r—~ |4 V& —¢»—1—1/0
: ;s, _ 7 oo —<4—> 1o
21 d-
I - <
M 6, <
- 7 <
18
g .
o ‘PALT19R8
3 o
OE
a EN2
= OUTCLK ct
o .
3 s 18 [ 410 29 a
3 sgxea| 7 —
g |N|.E——m 8, 4 Q
7
o N
i 11X 1, g, ¢ Q
o 4133 7 8 h
Q 4 2c3 1 7~ é
o o—— ~ N
11 8, Q
1/D e ;DZ - %
8 Q
1 - é
L 8 8, f Q
8D P74~ 4 —
8 + a
8, 7
e~ L
8[
7

Qip
Texas
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TIBPALT19L8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

logic diagram {positive logic)
m

1
INPUT LINES
0 4 8 12 16 20 24 28 32 36
/D @] ——(ZEJI/D
= PRODUCT
LINES
0
L]
. J}o
.
L]
7 %
3) a
1/D == 8
. 2
. —'ZIIO
L]
.
15 “
) il
/D 16
.
. lZU)I/O
L]
.
23 . )
) K— L2
1/D~— 24 =2
. (=]
: %_L—“g)l/o -l
L 0
31 i =
D 6) ) "wq [+
. ] ]
: — 80 £
. [1+]
= s . 5
o m K 3
° il
. a7, o
11
: S
47 X [T}
/D @] a8 q :] (S
.
: (16) 10
o
55
;,q___l
1o 56 al
.
: (15) )
L]
63 )
K-
<},ﬁ4’ INLE
(13)|

Pin numbers shown are for JW and NT packages.

—
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TIBPALT19R4
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

logic diagram (positive logic)

outcrk
INPUT LINES
A
7 -
0 4 92 16 20 24 28 32 36
oc2
wo @ i 23 5
xo
2433
PRODUCT
LINES
0
. 22
. 220
L]
L]
7 —
(3) J1c2 1‘6 .
1D I 8 :
1 lll @1
2434 o 1/0
= .
15
ocz «}
o W 5 P ie N .
i1 a(zo)
2435 : [0 Q
= . 1
—
—1C2
:—;!_ o & o 2
— M1 .
o ;2436 M
5" N .
- | 31
S o & §7§C’2
g MO 3.2
m M1
3 2437 °
+ .
.
= mt
o b m| 0
= o .
o 43 %
r = .
8 o |47
— (8}] iz
o o= [
M3 : 16)
g 2439 o 10
N Ll
55 )
56 "]
L]
" (15)
. /0
.
63 )
K
<P wie
Q'Blﬁ

Pin numbers shown are for JW and NT packages.
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TIBPALT19R6
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

logic diagram (positive logic)

)

OUTCLK
INPUT LINES
-\
r— \
0 4 8 12 16 20 24 28 32 36
ocz 2
up 2L 158 285
MO
M1
2433
= PRODUCT
LINES
0
L]
. 4 (ZZ)VO
L]
L]
7
=9
o 84158 B
R Rz
M (21)
243 g Q
1 : X
15 ,
@l & ¥H
1D 16
MO .
M1 20
2435 o E {Bq
* . L
23
—boce +H 2
108 %:gz 24 - o
M1 . (]
. 19) —
2% ¢ © aQ
T__ L] 1 q’
ocz |31 4 o
T R s |1 g N ©
Mo e £
437 o E.L‘E’o
S . £
£ o) :
o ‘ £
@ | e K
/0 40 o
M D >
2238 3 EJ‘_”Q a.'
S 3
47 ) )
1D = 48 -13 L
o
. Ens»o
L]
55
o 56
L]
: (15)”0
L]
63 )
1o K
1
L
(14)——’NLE
<}2“3’0_E
Pin numbets shown are for JW and NT packages. .
i
EXAS b ‘ 3-111

INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

logic diagram (positive logic)

outcLk
INPUT LINES
—\ \
‘o 4 12 16 20 24 28 32 36
oc2
(23)
wo &L 3¢ 1D
MO
MY
2433
PRODUCT
LINES
0
L
L]
: !
7 -
ica d
/D 8 20 8
Wy E(zn
2238 o ° a
= . C1p
15 .
S ' KH

I/D 20 16
.

w

B (200

1 sjqewwelbold-pisi4

o160

2435 E
2 . boib
] 23 .
s The =
/D ) 24
M1 o [] (19)
2436 o E Q
= : beih
31
6) [ qic2 —'K }"
1/D o 32
M1 .
f 2437 3 E Ev—m)o
e s betb
39 .
N +1c2 _‘_K }—
1/D n 40
M1 4 (17)
2438 | g Q
. s Lerb
47 {
) 1/0 — 48 -
. E (16)
. Q
o bevb
55

G

: B (15)
. Q

09 iRee

4 (13)GE

Pin numbers shown are for JW and NT packages.
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

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

Supply voltage, VCC (see Note 1) . ... i i e 7V
Input voltage (see NOte 1) . .. .. .. ..t i e e e 5.5V
Voltage applied to a disabled output (see Note 1) . ... . ... ... ... .. 5.5V
Operating free-air temperature range: M suffix. .. ....... ... ... ... ........ —55°C to 125°C

Csuffix . ... 0°C to 70°C
Storage temperature TANGE . . . ... v v e v ettt e et et e e —-65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle or during preload cycle.

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN NOM MAX [ MIN NOM MAX
Vce  Supply voltage 4.5 5 5.5 | 4.75 5 b5.25 Vv
ViH High-level input voltage 2 5.5 2 5.5 \4
ViL Low-leve!l input voltage 0.8 0.8 \
loH High-level output current -2 i -3.2 mA
loL Low-leve! output current 12 24 mA
fclock Clock frequency OUTCLK 0 20 0 30 MHz
TNLE low ’ 20 15 ns
tw Pulse duration QUTCLK high 20 15
OUTCLK low 20 ) 15 ne
Data before INLE 1 15 10
tsy Setup time Data before OUTCLK? 30 25 ns
INLE low before OUTCLK? (See Note 2} 35 30
% Hold time Data after INLE 1 5 5 ns
Data after OUTCLK? 0 0
TA Operating free-air temperature -55 125 0. 70 °C

NOTE 2: This setup time ensures the output registers will see stable data from the input latches.

2
=)
o

-

2

re}
©
E
E
©
L

[=2]
o
L]

a.

e}

2

(1
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

electrical characteristics over recommended free-air operating temperature range

M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS T UNIT
0 MIN TYP! mMAX MIN TYP} MAX
Vi Ve = MIN, | = —18 mA -1.5 ~-1.5 \
VOH Vce = MIN, IoH = MAX 24 3.2 24 33 v
VoL Vee = MIN, loL = MAX 0.25 0.4 0.35 0.5 \
Outputs 20 20
| \7 = MAX, VIH =27V A
OZH 75 ports cc IH 100 100 | *
Outputs -20 -20
! V, = MAX, VIH = 0.4V A
0ZL /G ports cc H ~250 —250 | "
OE Input 0.2 0.2
| V = MAX, V| =55V
| All others cc =55 0.1 o1 | ™
OE Input 40 40
i Vi = MAX, V=27V A
H All others cc X ! 20 20 | *
OE Input -0.4 -0.4
| Vi = MAX, Vi =04V
1L All others cc ' —0.2 oz | ™
0% Vee = MAX, Vg = 225V -30 -125 [-30 -125 | mA
Vi = MAX, V=0V,
Icc cc ! 150 210 150 210 | mA
Outputs open .
switching characteristics over recommended operating free-air temperature range (unless otherwise
noted)
iy
[} TEST M SUFFIX C SUFFIX
- PARAMETER FROM TO UNIT
?. CONDITIONS MIN TYP! MAX | MIN TYrt MAX
) Tmax OUTCLKT Q 20 30 MHz
3 tpd 1, 10 1/0, O 15 30 15 25 ns
@ tpd DY 1/0, 0 25 45 25 40 | ns
g tod TNLE! /0, 0 28 45 28 40 | ns
3 thd QUTCLK? Q 10 25 10 20 ns
o ten OEL Q RL = 500 @, 10 25 10 20 ns
= ten 1, /0 1/0, O CL = 50 pF, 14 30 14 25 ns
o ten 10y 1/0, O See Note 4 30 45 30 40 ns
o'_ ten TNLE! 110, O 30 45 30 40 | ns
Q, tais OFEt Q. 1 25 11 20 | ns
o tais 1, 1/0 1/0, O 12 30 12 25 | ns
tgis 1DY 1/0, O 14 30 14 26 | ns
tdis TNLEL 110, 0 14 30 14 26 | ns
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
tal typica! values are Voo = 6V, Ta = 25°C. '
$The output conditions have been chosen to produce a current that clo_sély approximates one half the true short-circuit current, Igs.
Input configured as an input buffer or INLE low.
NOTE 4: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
T {IP
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

programming parameters, Tao = 25°C

PARAMETER MIN NOM MAX | UNIT
Vce  Verify-tevel supply voltage 4.5 5.0 5.5 \
ViH High-level input voltage 2 5.5 \
ViL Low-level input voltage 0.8 \
VoH  High-level output voltage . 5.5 \%
VIHH Program-pulse input voltage 10.25 10.5 10.75 \4
PO 50
IIHH Program-pulse input current PGM ENABLE, L/R 25 mA
Pl, PA 5
vce 400
twi Program-pulse duration at PO or /D pins 10 50 us
tw2 Pulse duration at PGM VERIFY and INCLK 100 ns
tsu Setup time 100 ns
th Hold time 100 - ns
td1 Delay time from Vg to 5 V to PGM VERIFY? 100 - us
t42 Delay time from PGM VERIFY1 to verification of output 200 ns
143 Delay time 100 ns
Input voltage at pins 1 and 13 to open verify-protect (security) fuse 15.5 16 16.5 \
tw3 Input current to open verify-protect (security) fuse . 400 mA
Pulse duration to open verify-protect (security} fuse 20 50 us
V¢ value during security fuse programming o] 0.4 \%

L2
=)
o

—

o
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©
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TIBPALT19L8, TIBPALT19R4, TIBPALT18R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

pin assignments in programming mode {PGM ENABLE at V|HH)

w

21607 ajqewwesboid-piai4

* Must be held low throughout Program/Verify cycle.

PGM VERIFY

PRODUCT TERMS O THRU 31

JW OR NT PACKAGE FN PACKAGE
(TOP VIEW} (TOP VIEW)
PGM ENaBLE [T U 2a[J vee 2
) pioJ2  23[] * <
pi1 s 22[JPO3 i
Q
p2[js 21[JPO2 o508 8
pi3(ds  2of] PO1 0.0 Z>%*a
pialds  19[POO SR
pis [ J7  18L] PAO P12 Hs 25(]
Pi6 (8 171 :::; P13 0e 24(]
P17 [ 16[] pia 7 23]
pig [Jio 15[ JL/R NC :]g 22[
Pig 11 14[] INLE pis [1o 21(]
GND 12 13[] PGM VERIFY P16 10 200
pi7 It 19[]
1213141516 1718
B s I vun § oo § o 1 e ¥ e W e |
VOO0 >WE
caZ2Z2Ligy
o x|
w
>
=
o
a
PRODUCT TERMS 32 THRU 63
JW OR NT PACKAGE FN PACKAGE
(TOP VIEW) (TOP VIEW)
Hvee L
PIO * &
PI1 [1UR ; o
PI2 [J pa0 —2500, &
> a oo -
PI3 :] PA1 /S IO
Pl4 1 PA2 43 2 128272
PIS [} P03 P2 [Is 25[]
PI6 1 Po2 P13 {16 24(]
PI7 1] PO1 Pla 17 23(]
Pig 15[] POO NC I8 22(]
PI9 14[] INLE ‘ PIs []o 21[]
GND 13[] PGM ENABLE PI6 [J10 20(]
PI7 :]11 19(]
12 131415161718
[ T o W s ¥ e W o ¥ W |
Voo WwWwo
oo 5 2 E’ g‘ E
2
w
=
(U]
a

NC—No internal connection

P02
PO1
POO
NC

PAO
PA1
PA2

PAO
PA1
PA2
NC

PO3
PO2
PO1
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
LINE LINE |
NUMBER PIS PIB PI7 PI6 PIS Pi4 PI3 PI2 PI1 PIO L/R NUMBER POOPO1PO2PO3PA2 PA1 PAO
o] HH HH HH HH HH HH HH HH HH L Z 0,32 Z Z Z HHZ 2z 2Z
1 HH HH HH HH HH HH HH HH HH H Z 1,33 Z Z Z HHZ Z HH
2 HH HH HH HH HH HH HH HH HH L HH 2,34 Z 2 Z HH Z HH Z
3 HH HH HH HH HH HH HH HH HH H HH 3.35 Z Z Z HH Z HH HH
4 HH HH HH HH HH HH HH HH L HH Z 4,36 Z Z Z HHHHZ 2Z
5 HH HH HH HH HH HH HH HH H HH Z 5,37 Z Z Z HH HHZ HH
6 HH HH HH HH HH HH HH HH L HH HH 6,38 2 Z Z HH HH HH Z
7 HH HH HH HH HH HH HH HH H HH HH 7,39 Z Z Z HH HH HH HH
8 HH HH HH HH HH HH HH L HH HH Z 8,40 Z 2 HHZ Z Z 2Z
9 HH HH HH HH HH HH HH H HH HH Z 9,41 Z Z HHZ Z Z HH
10 HH HH HH HH HH HH HH L HH HH HH 10, 42 Z Z HHZ Z HHZ
1" HH HH HH HH HH HH HH H HH HH HH 11,43 Z Z HHZ Z HH HH
12 HH HH HH HH HH HH L HH HH HH Z 12,44 . Z Z HHZ HHZ 2Z
13 HH HH HH HH HH HH H HH HH HH Z 13,45 Z Z HHZ HHZ HH
14 HH HH HH HH HH HH L HH HH HH HH 14,46 Z Z HH Z HHHH Z
15 HH HH HH HH HH HH H HH HH HH HH 15,47 Z 2 HH Z HH HH HH
16 HH HH HH HH HH t  HH HH HH HH Z 16,48 Z HHZ Z Z Z 2z
17 HH HH HH HH HH H HH HH HH HH Z 17,49 Z HHZ Z Z Z HH
18 HH HH HH HH HH L HH HH HH HH HH 18,50 Z HHZ Z 2Z HH Z
19 HH HH HH HH HH H HH HH HH HH HH 19, 51 Z HHZ Z Z HH HH
20 HH HH HH HH L HH HH HH HH HH Z 20,52 Z HHZ Z HHZ 2Z
21 HH HH HH HH H HH HH HH HH HH Z 21,53 Z HHZ Z HHZ HH o
22 HH HH HH HH L HH HH HH HH HH HH 22,54 Z HHZ Z HH HH Z o=
23 HH HH HH HH H HH HH HH HH HH HH 23,55 2 HH Z Z HH HH HH 8’
24 HH HH HH L. HH HH HH HH HH HH Z 24,56 HWHZ Z2 z 2z zZ Z |
25 HH HH HH H HH HH HH HH HH HH Z 25,57 HHZ zZ zZ zZ Z HH o
26 HH HH HH L HH HH HH HH HH HH HH 26,58 HH Z Z Z Z HH Z -—
27 HH HH HH H HH HH HH HH HH HH HH 27,59 HH2Z 2Z 2Z Z HH HH 'g
28 HH HH L HH HH HH HH HH HH HH Z 28, 60 HHZ 2Z Z HHZ Z E
29 HH HH H HH HH HH HH HH HH HH Z 29, 61 HHZ 2 Z HH Z HH E
30 HH HH L HH HH HH HH HH HH HH HH 30,62 HH Z Z Z HH HH Z ]
31 HH HH H HH HH HH HH HH HH HH HH 31,63 HH Z Z Z HH HH HH P
32 HH L HH HH HH HH HH HH HH HH Z =4
33 HH H HH HH HH HH HH HH HH HH Z P_
34 HH L HH HH HH HH HH HH HH HH HH o
35 HH H HH HH HH HH HH HH HH HH HH '6
36 L HH HH HH HH HH HH HH HH HH Z "5
37 H HH HH HH HH HH HH HH HH HH Z ie
L =V, H =V HH = V|Hy, Z = high impedance (e.g., 10 kQ to 5 V)
: U
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

programming procedure for array fuses

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the
appropriate {(one of 38) input line and then pulsing the correct {one of 64) product line. The levels for selecting
input lines and product lines are shown in Tables 1 and 2.

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7

Raise PGM ENABLE to V|HH-

Select an input line by applying appropriate levels to L/R and Pl pins.

Begin selection of the output line with appropriate conditions on PA pins.

Pulse INLE to V|H.

Raise V¢ to VIHH-

Blow the fuse by pulsing the appropriate PO pin to V|HH as shown in Table 2 for the product line.
Return V¢ to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 6 will be less than
VoL if the fuse is open.

Steps 1 thru 7 may be repeated if the verification does not indicate that the fuse was successfully
programmed (blown), but no more than 4 times. Verification is possible only with the verify-protect fuse

intact.

To prevent further verification, two last fuses may be blown by raising PGM ENABLE and PGM VERIFY
to 16+0.5 volts. V¢ is required to be at O during this operation.

programming waveforms

.y ’ '
o F f-————= — ViHH
Q PGM ENABLE _/? \
o ' . ! ViL
S ot - = VIHH
[le] SELECTED
B Pl. L/R, PAPINS Vin
3 (SEE TABLES
E 1AND 2) ViL
§) J— ViH
o INLE v
) L
r ViHH
(g. Vce 5V
O ov
\"
SELECTED THH
PO PINS VoH
(SEE TABLE 2)
VoL
ViH
PGM VERIFY
ViL
@ A high level during the verify interval indicates that programming has not been successful.
@ A low level during the verify interval indicates that programming has been successful.
i
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

programming procedure for architectural fuses {see Notes 5 and 6)

Program: .

Step 1 Apply V)L to all /D pins and pins 1, 13 and 14; and 5 volts to the V¢ pin.
Step 2 Raise V¢ pin to VIHH. ‘

Step 3 Raise INLE pin to V|HH.

Step 4 To program a D input pin into an | input pin, pulse the selected pin to V|HH.
Step 5 Lower INLE to V| and Vg to 5 volts.

Verify:

Step 6 Raise pin 13 and I/D input pins 2 thru 11 to ViHH, with I/D pin 23 at V||..

Step 7 Set pin 22 to Z to select pins 2 thru 11 or set pin 22 to V|HH to select pin 23.

Step 8 Raise INLE to V|HH.

Step 9 To verify architectural fuses at pins 2 thru 11, lower one of these pins to V|H. When verifying
pin 23, lower pin 2 to V|H.

Step 10 Clock pin 1, then lower the pin at V|H in step 9 to VjL. Clock pin 1. If pin 15 is high, fuse is
intact. If pin 15 is low, fuse is blown.

Step 11 Repeat above steps 1 thru 10 for each D input to be programmed into an | input.

programming waveforms for architectural fuses {see Note 6)

VIHH — — = — — — -,
Vee 1 \ VERIFY
5V=—— : [ Q
[ \ =
ov | w1 _:— s | 3
3 Lo e ' o
VIHH ———— —— i mEREE 2
1/D INPUTS | : | l o e\ %
| 1 t .
| | |
viL i T ! I - E
ta3-pl & 3 M-y % K-ta3 I : s
VIHH —— ——— —— T | | [ T 0 -
_ t ] [ i | o
PIN 14 (INLE) | | 11 [=]
| | | | E
Vi ) | | ] '
t43 34 F‘ | L ! | \ _1_:
VIHH = —— — — — ———— —— =17 1 | T ] o
PIN 13 (GE) :/ E ! : } i\ L
td3 |
ViL ! | } : r-l
HIGH TO SELECT PIN 23 1 | - -!H - ta3
VIHH ——— — — — — — — — — — — —— T [
PIN 22 (L/R) | ‘\
r4 + |
LOW TO SELECT PINS 2 THRU 11 —/ tpd—jg—p —P—tpd
tud M| ||
V- —m,—— - — — — — —— — — — i
PIN 1 {OUTCLK) | |
ViL 1 f
IGNORE | READ
PIN 15 (OUTPUT)
VoH — — —— — — f-FUSE INTACT
VoL — — — — — — — FUSE BLOWN
Z = High-impedance {e.g., 10 kQ to 5 V).
NOTES: 5. Refer to pin assignments in operating mode for programming selected I/D pins from D input to be programmed into | inputs.
6. Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
T {l’
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TIBPALT1§LB, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

preload procedure for registered outputs (see Note 6)
Step 1 Pin 13 to V|4, Pin 1 to V)L, and VcC to 5 volts.
Step 2 Pin 14 to V|HH
Step 3 At Q outputs, apply V)L to preload a low and V|H to preload a high.
Step 4  Pin 14 to VL. 3
Step 5 Remove the voltages applied to the outputs.
Step 6 Pin 13 to V|
Step 7  Check the output states to verify preload.

preload waveforms (see Note 6)

5V

ov
. OUTPUTS DISABLED
_ VH
PIN 13 (OE) %
ViL

w
=<
E:
|
[
|
!
[
|

2
|
!

7 8|qewwelboid-pioid

|
| | !
PIN 14 (INCLK} | | |
— | |
| |
' 100ms | (WT ViH :
Vou | min ¢ .II | | ! | VERIFY
Q
[
viL
secruity fuse programming (see Note 6)
vee OO0 LXK .,

2160

¥

+
¥
H
%

]
i
] ]
| !‘"w3-" | -
PIN 13 . t"'T'! /—\ !«h»! ————— ;GVV

NOTE 6: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
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TIB82S105B
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

D2897, SEPTEMBER 1985-—-REVISED MAY 1986

50-MHz Clock Rate M SUFFIX . . . JD PACKAGE
i C SUFFIX . . . JD OR N PACKAGE
Power-On Preset of All Flip-Flops (TOP VIEW)
(G)l:?‘tltulrt;;n?sltz:ate Register with 8-Bit cLK [ »}Uza vce
put Reg 702 270s
Power Dissipation . . . 600 mW Typical 16 %3 26/ 19
i5ds 25110
Programmable Asynchronous Preset or
Output Control 14 s 241111
3s 2 % 112
® Functionally Equivalent to, but Faster than 207  220ns
82s105At ngs 21dna
woles 2000n1s
description a7 [Ji0  19[]PRE/OE
The TIB82S1058B is a TTL field-programmable as[f11 18[]ao
. . as (2 o
state machine of the Mealy type. This state sz 16 a2
machine (logic sequencer) contains 48 product onbFe 5P a3

terms (AND terms) and 14 pairs of sum terms
{OR ierms). The product and sum terms are used
to control the 6-bit internal state register and the
8-bit output register.

M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FK OR FN PACKAGE

(TOP VIEW)

The. outputs of the internal state register ¢ O
(PO—P5) are fed back and combined with the 16 word oo R
inputs (I0—I115) to form the AND array. In Va1 = = g’
addition a single sum term is complemented and 432128272 -l
fed back to the AND array, which allows any of 1411s 25[1 110 Q
the product terms to be summed, 13(1e 2“@ 111 a
complemented, and used as an input to the AND 12[17 23{j 112 g
array. : 1nps 225 113

10[]9 21 na £
The state and output registers are positive-edge- a7fj10 200 115 ©
triggered S/R flip-flops. These registers are a6 ] 19{] PRE/OE 8’
unconditionally preset high on power-up. Pin 19 121314 1516 1718 ‘ n':
can be used to preset both registers or, by Looono;m \
blowing the proper fuse, be converted to an 83 2885 8 %
output control function. o iC

THe TIB82S105BM is characterized for operation
over the full military temperature range of
—-55°C to 125°C. The TIB82S105BC is
characterized for operation from 0°C to 75°C.

TPcwer~u;:t preset and asynchronous preset functions are not
identical to 825105A. See Recommended Operating Conditions.

PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
currg;i_l as of puhlic:tion date. 'Pl_'lpducts| conform to T {l’ .
specifications per the terms of Texas Instruments

dard wa;rant[x. Production pr: ing does not EXAS 3-121
necessarily include testing of all paramsters. lNSTRUMEN’rS
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TIB82S1058
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3- STATE OUTPUTS OR PRESET

functional block diagram (positive logic)

PRE/OE :)

| ) LeN
|; \—4 : s
CLK 3 c1 d
8X
>1 8 =1
48X 29 7 18 8 Qo-a7
& 8, v —#—-a0-
S 45 48 i R
16X 16
6 Lan A Y]
10115 ——pt2 16 a8
o1\ LI P L b1
3
ex D 6 1 r

” o I6=X1

i LI 6. "

5, 1R

D
I:c [a V) ]
61
-7

~\_ denotes fused inputs.

timing diagram

Vee

n
o
&
v
-
o
[(e]
=
Q
3
3
Q
=5
o
-
[=]
Q,
(7]

PO—P5

pRE | I
f | K—fsu‘—’i
OPTIONAL I 1 i
OEF | | 1
| 1 I
. | 1 | | | )
10-11 _T_< 1 T 1 1
0115 | b
| ] . I"".su"! ll
] | I T
s _| Ramilun
i T 1 |
INTERNAL | ! J ! 1
STATE REG _-—l/ :
|

"[

if

Qo— O7-——l/ \ /

: {ip
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TIBB2S1

058

16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

logic diagram (positive logic)
1019 - 0 ) o
nle ! t
7 1 T I
1242 !
'3% ¥ I
128
1548 o
1643
412) .
1827 1019)
191261
1025 |
1424 P e
12 423) f
13422
nal2n —
1154200
~ PO ~—
P1 &)
P P2 —
P3 =
Pa
L e S
K JOOUC C H JOU000 O JHJHJH H JUl1 D00 00000000 QUO00T
=
M c1
1R S|
—P1
C1
1R S|
m—]
C1
1R S
m—
C1
1R S|
N W P4l | |
RS T
3l
c1
1R S|
FEE]
c i
1R S 1
T, 7
LJ 1
— ! e
1S D
. c1 |
’— 1R S} 1
= (15)
c |
1R S| i
- RGE]
] |
Qi 1R S| ‘
- pl12)
c1 ]
1R S| | .
1S TaiL)
c1 |
— 1R |
Lo
1S P
c1
— 1R S} m
47 e 00 s e e s s o avasa e eas et ees seessese taesssee sesswsep
INPUT LINES
NOTES: 1. All AND gate inputs with a blown link float to a logic 1.

2. All OR gate inputs with a blown link float to a logic 0.

PRE/OE

K
o
(]

o |

2

[
1]
£
£
©
T
=]
[}
tod

QI.

o

©

.
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TIB82S105B :
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

Supply voltage, Ve (see Note 3) . . ... i i e e 7V
Input voltage (see NOte B) . . ... ittt e e e e, 5.5V
Voltage applied to a disabled output {see Note 3) . .. ......... ..o, 55V
Operating free-air temperature range: TIB82S106BM ... ................... -55°C to 125°C

TIBB2S106BC . .. .. .. .. .. . 0°C to 75°C
Storage temperature range . .. ...... ... e —65°C to 150°C

NOTE 3: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER M SUFFIX C SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 6.5 14.75 5 b5.25 \%
ViH High-level input voltage 2 5.5 2 5.5 v
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current . -2 -3.2 mA
loL Low-level output current 12 24 mA
1 thru 48 product terms
' t 0 40 (o} 50
t without C-array
folock Clock frequency 1 thio 48 ey MHz
- ru product terms o 25 o 30
with C-array
I! . Ciock high or low 12 10
5] tw Pulse duration ns
E Preset 18 15
_'U % Setup time before CLKT, Without C-array 20 15 ns
3 su 1 thru 48 product terms With C-array 35 30
«©Q tsu Setup time, Preset low (inactive) before CLK18 10 8 ns
a th Hold time, input after CLKT 0 0 ns
3 TA Operating free-air temperature -55 125 0 75 °C
g 1 The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input,
o the maximum clock frequency must be calculated.
(-‘F $The C-array is the single sum term that is complemented and fed back to the AND array.
§ After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition.
-
Q
Q,
(2]
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TIB82S1056B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

electrical characteristics over recommended

operating free-air temperature range (unless otherwise

noted)
M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS UNIT
MIN TYP¥ MAX | MIN TYP} MAX
VIK Vce = MIN, ) = -18 mA -1.2 -1.2 \
VoH Vce = MIN, loH = MAX 2.4 3.2 2.4 3 \
VoL Vce = MIN, loL = MAX 0.25 0.4 0.37 05 v
] Vee = MAX, V| =55V 25 25 uA
IH Vce = MAX, V=27V 20 20 | uA
It Ve = MAX, V=04V -0.25 -0.25 mA
108 Vee = MAX, Vo = 225V -30 -112 | -30 -112 [ mA
lozH Vee = MAX, Vo = 2.7V 20 .20 A
lozL Vce = MAX, Vo = 04V -20 -20 A
Vce = MAX, Vi = 45V,
1 _ 120 180 120 180 A
cc PRE/OE input at GND, Outputs open m
switching characteristics over recommended supply voltage and operating free-air temperature ranges
{unless otherwise noted)
M SUFFIX C SUFFIX
PARAMETER FROM | TO TEST CONDITIONS UNIT
onpITIO MIN TYP! MAX | MIN TYPt MAX
Without C-array 40 70 50 70
fmax ! MH
max l With C-array 25 45 30 45 :
t CLK Q 8
pd T RL = 500 0, 20 8 15 ns
tod PRET Q ) 12 25 12 20 ns
CL = 50 pF
tod Veet Q 0 10 0 10 ns
ten OE! Q 10 25 10 20 ns
tdis OEt Q 5 15 5 10 ns

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

* All typical values are at Vee =5V, Ta = 25°C.
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, lgs.

fmax is independent of the internal programmed configuration and the number of product terms used.
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TIB82S105B
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

pin assignment in programming mode {pin 1 < V|HH)

JD OR N PACKAGE FK OR FN PACKAGE
(TOP VIEW) {TOP VIEW)
PGM ENABLE [1 [ vee w
17 02 J18 <
16 s 19 &
15 [{a (1110 S0
14 0s (111 woerPSao
13 (s (112 (T332 128272
12 7 1113 14 s 25[{ 110
nis ] PV 13 fle 24111
10 L []PGM__ i2 )7 sl n2
a7 ] PRE/OE i fls 2fns
a6 ] Q0 10 Qo 21 pv
as [] Q1 a7 fro 20[] PGM
Q4 ] a2 a6 [ 19[] PRE/OE
GND :103 12 1314 1516 17 18
oo
WL AQON—-O
0ogdz0000
Q
m .
o Programming parameters, TA = 25°C
?‘ PARAMETER ) MIN  NOM MAX UNIT
ny vVce Verify-level supply voltage 4.75 5 5.25 v
(] VIHH Program high-level input voltage | 14,6 15 15.5 \
e l|HH Program level input current 250 500 mA
o Vix Program level input voltage 10.25 10.5 10.75 \'
3 Veer Programming supply voltage 8.25 8.5 8.75 \%
g Icc Programming supply current 550 100Q mA
E VIH High-level input voltage 2 \
o ViL Low-level input voltage 0.8 N
- VOH High-level output voltage 2.4 3 \
8 VoL Low-level output voltage 0.35 0.45 A
o tw1 Program-pulse duration 10 25 us
tw2 Verify-pulse duration 5 10 1S
Program-pulse duty cycle 25%
4 Delay time 10 25 s
tr Rise time 17 20 25 us

3-126 Texas {’,
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

array fuse addresses
. TABLE 1. INPUT LINE AND SUM-OF-PRODUCTS LINE SELECT

HEX icl;‘gnsss SELECTED HEX ':\(II))VI;IRESS SELECTED
113,112, 111 110, 19, 18, 17 VARIABLE 113, 112, 111|110, 19, 18, 17 VARIABLE
0 i} no |-SET 4 0 10
s} 1 RESET 4 1 io
o 2 v SE 4 2 |
0 3 RESET 4 3 il
0 4 N2 LSET a4 4 12 |
3} 5 RESET 4 5 12|
0 6 N3 SET 4 6 !3
0 7 RESET 4 7 i3
) 8 or |, | SET 4 8 Nz |
0 9 Array RESET 4 9 ia
0 A N5 LSET 4 A 5 |
0 B RESET 4 B _|5_
0 c Qo SET 4 c 16
0 D RESET 4 D 6 3
0 E a1 LS 4 E 7|
0 F RESET 4 F 7
1 0 a2 |L5ET 5 0 8| K]
1 1 RESET 5 1 i8 g>
1 2 Q3 SET 5 2 N9 | -
1 3 RESET 5 3 [£:) o
1 4 s |57 5 4 110 | <)
1 5 RESET 5 5 AND  [T10 ©
1 6 P 5 6 Amray 11| E
1 7 RESET 5 7 711 | H
1 8 SET 5 8 112 b
1 9 as RESET 5 9 112 g’
1 A a7 |57 5 A 113 ] a
1 B RESET ) 5 B _|1_3_ .'c
1 c Complement c 5 C 114 q_,
Array 5 D 114 i
1 D 5 E 15 |
5 F 115
6 0 (Po |
6 1 PO
6 2 P71 |
6 3 P1
6 4 P2 |
Empty Address 6 5 P2
Space 6 6 P3|
6 7 P3
6 8 P |
6 9 | P4 |
6 A P5
6 B P5
Jy J, 6 c Complement
3 F Array
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TABLE 2. PRODUCT LINE SELECT

COLUMN
HEX ADDRESS
B 15,14 113,12, 11, 10
0

SELECTED
TRANSITION TERM

CoOoONIOHWN=O

3

01607 ajqewwesboid-p|ai4-

47
Test Col 48
Test Col 49

WWNRNRONONRNRNNRNONNNNNNNNNN= O Q@O0 adadanaaa-Sa0a0000000000000000
S OMMUOUNDPOONORAWNSOTMUNDPOONONHDRWNOMMUOTIPOOLIONHRWN-=O
N
o

{ip
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: : TIB82S105B
16 X 48 x 8FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming procedure for array fuses (see Note 4)

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the
appropriate input line or sum of products line (row address) and product line {(column address). The addresses
for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2.

SETUP

Step 1: Set PGM ENABLE to GND.
Step 2: Apply address to inputs.
Step 3: Set PGM to V|H.

Step 4: Set P/V to V).

Step 5: Wait tq, set VcC to Vee-

PROGRAM :

Step 1: Wait tg, raise P/V to VIH.

Step 2: Wait tgq, raise PGM ENABLE to V|HH.
Step 3: Wait tq, pulse PGM to V| for ty 1.
Step 4: Wait tq, return PGM ENABLE to GND.
Step 5: Wait tg, return P/V to V|L.

VERIFY

Step 1: Wait tg, lower PGM to Vji..

Step 2: After ty2, read sense: A V|H level indicates a blown fuse.
Step 3: Raise PGM to V|H.

NEXT ADDRESS SELECT

Step 1: After tq, lower VcC to GND.

Step 2: For the same product line wait td, then apply new input line or sum-of-products line address.

Step 3: Fordifferent product line wait tq, apply new input line or sum-of-products line address, then apply
new product line address. '

Step 4: Wait tg4, set Vcc at Ve

Step 5: Continue with program or verify sequence.

NOTE 4: Input lines and sum of product lines are also referred to as variables. Product lines are also referred to as transition terms.
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TIB82S105B
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming waveforms for array fuses

ViH
FUSE ADDRESS K x
| |
| |

PGM ENABLE

PGM
o e R viL
twi—pl  le— —» e—tw2
|
;_:! [¢—————PROG RAM ————pi¢—VERIFY —
% programming procedure for PRE/OE option
-
S PROGRAM .
S Step 1: With PRE/OE at GND, raise Vcc to Vcci.
3 Step 2: Wait tg, pulse PRE/OE to V|X for a duration of ty1.
3 Step 3: A tq delay after PRE/OE has returned to GND, lower VCC to 5 volts or GND.
o
=2 VERIFY
(1) Step 1: With PRE/OE at GND, set V¢ to 5 volts.
g Step 2: After a delay of tq, raise PRE/OE to V|x for a minimum duration of ty,2.
S Step 3: Return PRE/OE to GND.
o Step 4: Wait tq, pulse PRE/OE to V|H for a duration of ty2. _
Step 5: After a td delay, QO indicates VQH if the PRE option is selected and VQL if the OE option is
programmed.
programming waveforms for PRE/OE option
—————l ———————————————— Veer
Vce | Vee
—, e e
—JI td [ —»i tg |l ] :
I
| Vix
PRE/OE : ] Vin
! tw2 : ViL
| le- tw1-»! —» tw2 i~ le—p! |
Vo
Qo See Note A
NOTE A: After programming if the preset option is selected, QO will be high; if the output-enable option is selected, QO will be low.
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

diagnostics

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the
state register. When 10 (pin 9) is held at 10 V, the state register bits PO—P5 will appear at the Q0—Q5
outputs and Q6—Q7 will be high. The contents of the output register will remain unchanged.

diagnostics waveforms

ViH

11-115 x
ViL

|

|

I

—————— N~ ————————- +10V
* 4s8ov
| / II \ Vin
10 £ i
d | \ viL
|

|
|
: ———————— r——— - VIH
CLK | |

| , | II + ViL
H—— tsu—pte——tw——Lpy | o
INTERNAL | N S, v o
STATE REGISTER T ] OH <)
PS | | NS | -
PO-PE— — = = — =] — SN e - — - — - — =g, o
! L et ——tpa—»l 35
T | I I VoH 1=
Qo-as @n | >< Qn+1 3{ NS X0n+1 £
T I VoL %
le—tpd—» o
tod
: o
OPTIONAL L)
OFE — — ov @
i

PS = Present state, NS = Next state

i
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TIB82S105B
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

test array

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing
prior to programming. The test array is factory programmed as shown below. Testing is accomplished
by connecting Q0—Q7 to I8—115, PRE/OE to GND, and applying the proper input signals as shown in the
timing diagram. Product lines 48 and 49 MUST be deleted during user programming to avoid interference
with the programmed logic function.

TEST ARRAY PROGRAM

OPTION PRE/OE H
AND OR
PRODUCT INPUT PRESENT STATE | NEXT STATE ouT
LINE clefTTTATA {in) (PS) (NS) (an)
sla|3f2|1|of{o[8[7[e[5[4[3[2]1[o[s[a]3]2]1[o[5[a]3]2]1[o]|7[6]5[4[3]2]1T0
48 X[=[R[HIH[R[H|H|H[HTH]H H HIH|H[A[HH[HR R[] ef oo e o] efefo oo
49 —IxJojojofefofofu]ejufefefefofjefefefefeufe e jL]HIHH]H]H{R]H H{H{H|H]|H

test array waveforms

W

Vee
I _— ,r—————— e o — — ————— ov
@ | le—tw —p|
= : ———ViH
Y CLK |
(g | | _.l ViL
o t th .
[ I - tsu—bre |
3 [ T I Vi
3 10-17 | I |
g’_ 4 | — -— vy
o h—tpd»{ —>—tod rpd—k—b:
Iy Qo0-a7 | q VoH
] ! |
2. G N— v
o ] l l . oL
INTERNAL | [ |
STATE REGISTER I HIGH
PO—P5 |
—— — ——Low
TEST ARRAY DELETED
OPTION PRE/OE I
AND OR
PRODUCT INPUT PRESENT STATE| NEXT STATE out
— [ . P NS| Q
we |clefa] ™ PS) iNS) {@n)
s5la|3[2|1|o|9]8]7]6[5]a[3]2][1]0|5]4[3]2[1]of5[4]3]2]1]o[7]e]s]4[3]2]1]0
48 —|—|H|H|H|H]HH HIH|H|H|H|H H HIHHIH TR =T-T-1=-T=1-1 =11 =1 ~]-1=1-1~
43 —Ixcfoiofofojofofofoqojoioqooiefofelcfofcicici ==l =l==I=l<[{=l=1=1<I=|=1=
X = Fuse intact, — = Fuse blown
i
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMNMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TIB82S105B, 82S105A COMPARISON

The Texas Instruments 82S105A and TIB82S105B are functionally equivalent 16 x 48 x 8 Field-Programmable

Logic Sequencers. The TI 82S105A is designed to be a direct replacement to the Signetics 825105A. However,
the TIB82S105B is designed for a maximum speed of 50 MHz with the preset function being made conventional.
As a result the TIB82S1058B differs from the 825105A in speed and in the preset recovery function.

The TIB82S105B is a high-speed version of the original 82S105A. The TIB82S105B features increased switching
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz
and does not decrease as more product terms are connected to each sum (OR) line. For instance, if all 48 product
tems were connected to a sum line on the original 82S105A, the fmax would be about 15 MHz. The fmax
for the TIB82S105B remains at 50 MHz regardless of the programmed configuration. In addition, the preset
recovery sequence was changed to a conventional recovery sequence, providing quicker clock recovery times.
This is explained in the following paragraph.

The TIB82S105B and the 82S105A are equipped with power-up preset and asynchronous preset functions.
The power-up preset causes the registers to go high during power-up. The asynchronous preset inhibits clocking
and causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs,
the minimum setup time from power-up to the first clock pulse must be met in order to assure that clocking
is not inhibited. In a similar manner after an asynchronous preset, the preset input must return low (inactive)
for a given time, tgy, before clocking.

The Texas Instruments 82S105A and the Signetics 82S105A were designed in such a way that after both
power-up preset and asynchronous preset they require that a high-to-low clock transition occur before a clocking
transition (low-to-high) will be recognized. This is shown in Figure 1. The Texas Instruments TIB82S105B does
not require a high-to-low clock transition before clocking can be resumed, it only requires that the preset be
inactive 8 ns (preset inactive-state setup time) before the clock rising edge. See Figure 2.

The TIB82S105B, with an fmax of 50 MHz, is ideal for systems in which the state machine must run several
times faster than the system clock. It is recommended that the TIB82S105B be used in new designs and the
T1 82S105A be used as a second source to the Signetics 82S105A. However, if the TIB82S1058B is used to
replace the 82S105A, then the customer must understand that clocking will begin with the first clock rising
edge after preset.

TABLE 3. SPEED DIFFERENCES

2
=]
o]

-

o

0
(1]
£
£
[v]
o
[o2]
o
o

QI.

k-

K]

|V

PARAMETER 82S105A TIB82S105B
Tl AND SIGNETICS TI ONLY
fmax |, 20 MHz 50 MHz
tpd, CLK to Q 20 ns 15 ns
i
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TiB82S105B ‘
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

vee /)
I

| .
F—"su-—*!

PRE

w_ L LTS
REGISTERS_/ \ x /

FIGURE 1. 82S105A PRESET RECOVERY OPERATION
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FIGURE 2. TIB825105B PRESET RECOVERY OPERATION

I
o
&
n"
-

]
«Q

1

[

3

3

o

=2
®

-
(=]

Q
o

_ {i’
3134 Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TIB82S167B
14 x 48 x 6 FIELD-PROGRANMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

D2896, JANUARY 1985—REVISED JUNE 1986

[ ) Prdgrainmable Asynchronous Preset or M SUFFIX . . . JT PACKAGE
Output Control C SUFFIX . . . JT OR NT PACKAGE
{TOP VIEW)

Power-On Preset of All Flip-Flops

8-Bit Internal State Register with 4-Bit
Output Register

Power Dissipation . . . 600 mW Typical

Functionally Equivalent to,T but Faster than
82S167A

description

The TIB82S167B is a TTL field-programmable
state machine of the Mealy type. This state
machine (logic sequencer) contains 48 product
terms (AND terms) and 12 pairs of sum terms .
(OR terms). The product and sum terms are used M SUFFIX . . . FK PACKAGE

to control the 8-bit internal state register and the C SUFFIX .. . FK OR FN PACKAGE
4-bit output register. (TOP VIEW)

The outputs of the internal state register (PO-P7) w ©
are fed back and combined with the 14 inputs T
(10-113) to form the AND array. In addition the 43
first two bits of the internal state register (PO-P1) 14{]s 25]19
are brought off-chip to allow the output register 13[16 24{]110
to be extended to 6 bits if desired. A single sum 1217 23] 11
term is complemented and fed back to the AND Nc e 22[|ne
array, which allows any of the product terms to 11 ]9 21112
be summed, complemented, and used as inputs 10110 20(}113
to the AND array. ao I 19{] PRE/OE

The state and output registers are positive-edge- 2
triggered S/R flip-flops. These registers are o
unconditionally preset high on power-up. PRE/OE
can be used as PRE to preset both registers or,
by blowing the proper fuse, be converted to an
output control function, OE.

The TIB82S167BM is characterized for operation
over the full military temperature range of
-55°C to 125°C. The TIB82S167BC is
characterized for operation from 0°C to 75°C.

NC—No internal connection

2
o
]

|

2

Q
[1+]
£
£
[
T
o2}
(=]
S

OI.

o

K&}

(T8

tPower up preset and asynchronous preset functions
are not identical to 82S167A.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments
dard warranty. Producti ing does not

the TEXAS
necessarily im:lunre testing of all parameters. ]NS’TRUMENTS
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TIB82S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER

WITH 3-STATE OUTPUTS OR PRESET

functional block diagram (positive logic)k

PRE/OE :) :
I, e
s
CLK P>c1
r
& >1 4, ax
45X 48 48x 25 [~ 1S|=1v 4, ao-a3
~ 1R
18xD |14
14 — v 2x
10-113 ——rrr— 14 ~ 2, 18 121 )
o ) R v/ S PO, P1
2 1R
gl Y 438
4
b— v " Lc1
s .
x> e, 1A, 9 r
6 6, 6
o> v 7 18 129
' 8. 1R
61
2 £
7

M\ denotes fused inputs

21607 ajqewweiboid-p|al4 !

-
3-136 EXAS 'V
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TIB825167B
14 x 48 X 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

timing diagram

Vee

PRE

|

!

OPTIONAL |
OF |
|

i
CLK ! 4 I

INTERNAL

|
STATE REG —-/

P2—-P7 [

|
Q0-Q3, PO— P1—|/ \ / \_——L

2
(o2}
(=]

-l

2

Q
[1°]
£
£
©
b
(=]
o
E )

BI.

o

°

L.

‘Ji
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TiB82S1678B
14 x 48 X 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

LOGIC DIAGRAM

08y —
n b
2 6} 3
1348
“ :;: 5 (oPTION)
15 2o
1642t J\J.]__
1 230 h
18 422 - 19 presoe
19 1210 ¢
HOELDL
1y 9 b o
nz 48
"3 ﬂ’_u -
m PO ¢
P1 ¢
P2 4
. P3 4
P4 14
P5 :
Pe <
L] P7
c o
c J e JOX 00 DOD0D0DOC X 0 U000 J)
c ; il
M 1S
c1
'r! 1R S|
m 1S
- [3)
ey 17's)
J ]
v L%
3 (1R _S]
B
«Q c1
=3 1R S|
o N —
3 c1
1R S|
3 E©
o tH J
= i L % py
o e -
™ (] wm ’
o = c1 1
«Q — ! w3
- {— B 1% a3
0 e 8 !
- V,[ an g,
c1 |
a — ! o
i . D a1
1:5 :
1S’ > (] Qo
c1
tJ 1R S|
47 o 20 39 oo 32 31 o 24 23 .o 16 15 vor 8 7 oo ° e
NOTES: 1. All AND gate inputs with a blown link float to the high level.
2. All OR gate inputs with a blown link float to the low level.
'
3-138 : EXAS u
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TIB82S1678B
14 X 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

Supply voltage, VCC (see Note 3) . ... ... e 7V
Input voltage (see Note 3) ... ... i e 55V
Voitage applied to a disabled output {(see Note 3) . ... ... ... .. .. 5.5V
Operating free-air temperature range: TIB82S167BM. . .................... —-55°C to 125°C

) TIB82S167BC . . .. .. it 0°C to 75°C
Storage temperature range .. .............. e e e e -65°C to 150°C

NOTE 3: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

M SUFFIX C SUFFIX
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage . 4.5 5 5.5 | 4.75 5 5.25 \%
ViH High-level input voltage 2 5.5 2 5.5 A\
ViL Low-level input voltage 0.8 0.8 A
1oH High-level output current -2 -3.2 mA
loL Low-level output current . 12 24 mA
1 thru 4 duct t .
. ru 48 pro u;: erms o 40 o 50
t without C-array
felock Clock frequency 1 thru 48 product terms MHz
_ P 0 5| o .30
with C-array
. - Clock high or low 12 10
tw Pulse duration ns
Preset 18 15
¢ Setup time before CLKT, Without C-array 20 15 ns
su 1 thru 48 product terms With C-array . 35 30
tsu Setup time, Preset low (inactive) before CLK1$ 10 8 ns
th Hold time, input after CLK?® 0o 0 ns
Ta Operating free-air temperature -55 125 [o] 75 °C

1t The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input,
the maximum clock frequency must be calculated.

tThe C-array is the single sum term that is complemented and fed back to the AND array.

§ After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition.

2
>
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]
©
£
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TIB82S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

noted)
PARAMETER TEST CONDITIONS? M SUPFIX C SUFFIX uNIT
MIN TYP! MAX | MIN TYPt MAX
Vik Vce = MIN, | = —18 mA -1.2 -1.2 v
VoH Vce = MIN, ] 10K = MAX 24 3.2 2.4 3 v
VoL Vce = MIN, - IoL = MAX 0.25 0.4 037 05 v
I Vce = MAX, V| = 5.5V 25 25 | uA
IH Vee = MAX, V=27V 20 20 A
s Ve = MAX, V| = 0.4V -0.25 -0.25 | mA
Io# Ve = MAX, Vo = 2.25V -30 -112 | -30 -112 | mA
lozH Vee = MAX, Vp =27V 20 20 pA
lozL Vee = MAX, Vo =04V -20 -20 L
lee vVee = MAX, Vi =45V, 90 160 90 160 | ma
PRE/OE input at GND, Outputs open

switching characteristics over recommended supply voltage and operating free-air temperature ranges
{unless otherwise noted)

W

o160

M SUFFIX C SUFFIX
PARAMETER FROM TO TEST CONDITIONS UNIT
MIN _TYP} MAX | MIN TYP! mMAX
£ q Without C-array 40 70 50 70 MHz

uy max " I with C-array 25 45 30 45

1]

— t CLK? Q 10 20 10 15 &
o | RL = 500 €, T

0 tpd PRE? Q €, = 50 pF 8 25 8 20 ns
TP Vool | @ L 010 0 10| ns
,g ten OE! Q 10 25 10 20 ns
o | tdis OFE? Q 5 15 5 10| ns
g 1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

o + Al typical values are at Vcc = 5V, T = 25°C.

o §The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, Igs.
('_D- fmax is independent of the internal programmed configuration and the number of product terms used.

-
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. TIB82S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

pin assignment in programming mode (PGM ENABLE < V|HH) top view

PGM ENABLE vee o
16 (117 <
I5 118 ;
14 19 o
13 E'[no' , wePSSrw
12 111 (" 332 1282726
I 1112 14 s 25[]19
10 [PV 13 6 2o
Qo ] PGM : 12 07 211
Q1 ] VER ne D8 20 NG
Q2 {] PO 1n e 2tjn2
GND 103 10 [0 20 prv
QoI : 19{] PGM
12 1314 1516 17 18
o ¥ o o o e Vv W s
5852388
[G] >

w

NC~No internal connection

programming parameters, Tp = 25°C

. O
PARAMETER MIN _TYF MAX JUNIT] O
Vee Verify-level supply voitage . 4.75 5 5.25 v 3
VIHH Program high-level input voltage . 14.5 15 15.5 \4 ©
IHH Program level input current 250 500 mA o)
Vix Program level input voltage 10.25 10.5 10.75 ' 3]
Veet Programming supply voltage ) . 8.25 8.5 8.75 A\ E
Iceh Programming supply current 550 1000 mA ¢E°
ViH High-leve! input voltage 2 \' =
ViL Low-level input voltage 0.8 \4 g’
VOH High-level output voltage 2.4 3 \ i
VoL Low-level output voltage 035 045 \% _é
tw1 Program-pulse duration . 10 25 us °
tw2 Verify-pulse duration 5 10 us ic
Program-pulse duty cycle 25% |-
tq Delay time . 10 25 s
tr Rise time 17 -~ 20 25 us

i
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TIB8B2S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming procedure for array fuses

1 9jqewwelboig-piol{ JEON]

oibo

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the
appropriate input line or sum of products line (row address) and product line (column address). The ad-
dresses for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2. .

SETUP
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:

Set PGM ENABLE to GND.
Apply address to inputs.
Set PGM to V|H.

Set P/V to V|L.

Wait td, set Vcc to Vce1-

PROGRAM

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
VERIFY
Step 1:
Step 2:

Step 3:

Wait tq, raise P/V to ViH.

Wait tq4, raise PGM ENABLE to V|HH.
Wait tq4, pulse PGM to V|| for tw1.
Wait tg, return PGM ENABLE to GND.
Wait tg, return P/V to VjL.

Wait td, lower PGM to VjL.

After ty 2, wait tq4 and read sense at Q0. A V|H level indicates a blown fuse. A V|| level indicates
fuse is intact. ’

Raise PGM to V|H.

NEXT ADDRESS SELECT

Step 1:
Step 2:
Step 3:

Step 4:
Step 5:

After tg4, lower Vcc to GND.

For the same product line wait tg, then apply new input line or sum-of-products line address.
For different product line wait td, apply new input line or sum-of-products line address, then app-
ly new product line address.

Wait tq, set Ve at Vee1-

Continue with program or verify sequence.

NOTE 4: Input lines and sum of product lines are also referred to as variables. Product lines are also referred to as transition terms.

3-142
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TIB82S1678B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming waveforms

- ViH
FUSE ADDRESS X X
() 1
|

Vi

Vcer

GND

ViH

VL

ViHH
PGM ENABLE

GND

PGM

|
{¢————PROGRAM ———pi¢—VERIFY —p|

programming procedure for PRE/OE option

PROGRAM

Step 1: With PGM at GND, raise VcC to VcC1.

Step 2: Wait tq4, pulse PGM to V|x for a duration of tyq.
Step 3: A tq delay after PGM has returned to GND, lower V¢ to 5 volts or GND.

VERIFY
Step 1: With PGM at GND, set V¢ to 5 volts.

Step 2: After a delay of tg, raise PGM to Vix for a minimum duration of ty2.
Step 3: Return PGM to GND.

Step 4: Wait tq4, pulse PGM to V|4 for a duration of ty2.

Step 5: After a tq delay, QO indicates VQH if the PRE option is selected and VoL if the OE option is
ptogrammed.

|

[

|

]

I

I

|

1

<
Field-Programmable Logic H

progranmiming waveforms for PRE/OE option

—‘ —————— —_—mm - Veer
Vce i Vee
JR— e U
—Huie ke | :
! | |
| T - Vix
PGM II D - ViH
: w2 - Vi
“"w‘l-ﬂ —’l tw2 k— l‘——’L-'—td
. VoH
Qo // / See Note A
Vor

NOTE A: After programming if the PRE option is selected, QO will be high; if the output-enable option is selected, the output will be low.
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TiB82S167B : :
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE GUTPUTS OR PRESET

array fuse addresses

TABLE 1. INPUT LINE AND SUM OF PRODUCT LINE SELECT

W

7 ajqewweiboid-pioi4

o160

ROW SELECTED Row SELECTED
HEX ADDRESS VARIABLE HEX ADDRESS VARIABLE
112,111, 110 | 19, 18, 17, 16 112, 111, 110 19, 18, 17, 16
0 ) N7 SET 4 0 10
0 1 RESET 4 1 10
0 2 Ne -SEL 4 2 n
0 3 RESET 4 3 i
) 4 N5 |SET 4 4 12
0 5 RESET 4 5 i2
0 6 e SET 4 6 13
0 7 RESET 4 7 13|
0 8 OR | ., |LSET 4 8 14
0 9 Array RESET 4 9 4
0 A N2 |SET 4 A 15
0 B RESET 4 B i5
.0 c oy |SET 4 c f_o'
0 D RESET 4 D PO
0 E oo LSET 4 E __le—
0 F RESET 4 F 16|
1 0 SET 5 0 17
1 1 a3 RESET 5 1 .L
! 2 UNUSED 5 2 8
1 3 . 5 3 I
1 4 SET 5 4 19
1 5 Q2 Ieeser 5 5 AND 19
1 6 Qi SET 5 6 Array -E‘IT‘
1 7 RESET 5 7 10|
1 8 a0 |-SET 5 8 1
1 9 RESET 5 9 711 |
1 A 5 A 112
1 B UNUSED 5 B 112
. 1 ¢ Complement c 5 (o} T1—3—.
Array 5 D 113
1 D 5 E P1 |
I’ A 5 E Pi
6 0 P7 |
6 1 P7
6 2 P |
6 3 76|
6 4 P5
Empty Address 6 5 P5
Space 6 6 E—
6 7 Pa_
6 8 P3
6 9 P3
6 A P2 |
6 B P3
v v 6 c Complement | —
F Array
Texas W
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TIB82S1678
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TABLE 2. PRODUCT LINE SELECT

COLUMN

SELECTED
HEX ADDRESS

TRANSITION TERM

15,14 [13,12, 11, 10

CONOOUARWN=0

Field-Programmable Logic

Test Col 48
Test Col 49

WWNRNRNPNMRNRNRNNNNNRNONNRNONRNNNSD G GO0 aaa a2 0a0aae0000000000000000

= OTMTMOOTP>POONIABRWN=LOTMOOTWI>POCONORNHRWUN=O0O0TNMMUODP>POOIOTHWN=0
N
4]
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TIB82S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

diagnostics

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the
state register. When 10 (pin 9) is held at 10 V, the state register bits P2-P7 will appear at the Q0-Q3 and
PO-P1 outputs. The contents of the registers, Q0-Q3, and PO-P1 remain unchanged.

diagnostics waveforms

|
: —————— N~ +10V
| I*- -ke ov
I 7 I : \\ VIH
0 >< £ | | \
l Il I l \ ViL
» | r—-—‘h—bl | i
, ! I : ———————— e ViH
cLK ' | I
I | | ! v
| | Iy 18
- — tsu— Pl tw—Lp| :
= INTERNAL _ e e
©  STATE REGISTER - 'I_ - VoH
o PS | | NS |
o P2P7 = o . —— — —i— : + ——— e = — = — — — =V
8 | | k——tpd—>: le——tpd—»|
: |
2 [ J | ; VoH
3 Q0-Q3, PO-P1 an | Qn+1 NS an+1 .
3 T = VoL
g— le—tpd—pl
)
-
OPTIONAL
8 OF —— ov
0 PS = Present State
NS = Next State
T *l’
3-146 EXAS
INSTRUMENTS

_ POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TIB82S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

test array

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing
prior to programming. The test array is factory programmed as shown-below. Testing is accomplished
by connecting Q0-Q3 to 110-113, PRE/OE to GND, and applying the proper input signals as shown in the
timing diagram. Product lines 48 and 49 must be deleted during user programming to avoid interference
with the programmed logic function. ’

test array program

OPTION PRE/OE H
AND . OR
PRODUCT INPUT PRESENT STATE | NEXT STATE OUTPUT
— 1 PS Q
une  |cle[i[a[1]1]1]1] " s} (NS) {Qn)
5|a(3]|2|1|o[ol8[7l6|5]|4|3]|2[1]|0]5]|4|3[2[1[o]5]a|3]|2]1]0f[7|6]5[a[3][2]1]0
48 X|-|H|[H[H[H|H[H|H|A[H[H{HH|R[H|H|H[H|HH[H[H]H{ojo oo e fofoje oo ]|
49 —Ix ool o oo fofofefe (e fofefu (oo fefem{r[arTR [H]H[HIH]RTH[HTH]R
test array waveforms
5V
Vce
ov 2
e e Y e e e — 5
| 4—tw —pj o
| 1
—-———v
. | H o
CLK =
| v '8
L
! l¢—tsu th—bl | £
! ! £
| T | Vi &
10-19 | | | s
. | L ——v =]
t t L o
1, 1)
H—‘pdb} k—»t— tpd tpd —— a
Qo0-03 | | VoH h=}
i | 2
: | _|_'—'——V0L L
INTERNAL | 1 |
STATE REGISTER I ) HIGH
PO-P7 |
— — — —-LOoW
test array deleted
OPTION PRE/OE [H
AND OR
PRODUCT INPUT ) PRESENT STATE | NEXT STATE OUTPUT
— 1 : PS NS Qn
une  |clgffafia1]a] ™ PS) (NS) {Qn)
5{a|3|2]|1|o|9|8|7]6|5}a[3]|2|1]|0o|s|4[3]|2|1]|0o|5|4|3]2|1|0|7]|6[5[a|3|2]1]0
48 —[=THIH[H]R TH[H[H[R[HTH] TR [H]A R TH IR [H R R R =[] - [-|=[- [ |- |=]=]—
49 —Ixcfefogofe e oo oo oo fe e e ey e e e ey e fe f=1=1=-1-1=-1-1-1-1-1-1-{- -1~
X = Fuse intact, — = Fuse blown

{ip
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TIBB2S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TIB82S167B, 825167A COMPARISON

The Texas Instruments 82S167A and TIB82S167B are functionally equivalent 14 x 48 x 6 Field-Programmable
Logic Sequencers. The TI 82S167A is designed to be a direct replacement to the Signetics 82S167A. However,
the TIB82S167B is designed for a maximum speed of 50 MHz with the preset function being made conventional.
As a result the TIB82S167B differs from the 82S167A in speed and in the preset recovery function.

The TIB82S167B is a high-speed version of the original 82S167A. The TIB82S167B features increased switching
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz
and does not decrease as more product terms are connected to each sum (OR) line. For instance, if all 48 product
tems were connected to a sum line on the original 82S167A, the fmax would be about 15 MHz. The fmax

_for the TIB825167B remains at 50 MHz regardless of the programmed configuration. In addition, the preset

recovery sequence was changed to a conventional recovery sequence providing quicker clock recovery times.
This is explained in the following paragraphs.

The TIB82S167B and the 82S167A are equipped with power-up preset and asynchronous preset functions.
The power-up preset causes the registers to go high during power-up. The asynchronous preset inhibits clocking
and causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs,
the minimum setup time from power-up to the first clock pulse must be met in order to assure that clocking

g is not inhibited. In a similar manner after an asynchronous preset, the preset input must return low (inactive)

for a given time, tgy, before clocking.

Bl The Texas Instruments 82S167A and the Signetics 82S167A were designed in such a way that after both

power-up preset and asynchronous preset they require that a high-to-low clock transition occur before a clocking
transition (low-to-high) will be recognized. This is shown in Figure 1. The Texas Instruments TIB82S167B does
not require a high-to-low clock transition before clocking can be resumed, it only requires that the preset be
inactive 8 ns {preset inactive-state setup time) before the clock rising edge. See Figure 2.

The TIB82S167B, with an fyax of 50 MHz, is ideal for systems in which the state machine must run several
times faster than the system clock. It is recommended that the TIB82S167B be used in new designs and the
T1 82S167A be used as a second source to the Signetics 825167A. However, if the TIB82S167B is used to
replace the 82S167A, then the customer must understand that clocking will begin with the first clock rising
edge after preset.

TABLE 3. SPEED DIFFERENCES

PARAMETER 825167A TIB82S167B
TI AND SIGNETICS TI ONLY
fmax 20 MHz 50 MHz
tpd, CLK to Q 20 ns 16 ns

3-148 TeExas Q‘
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\ TIBB2S167B
14 X 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

Vee /i
: ) :‘—‘su—ﬂ
tsu
I —
L_¢

CLK

REGISTERS / \ x /

FIGURE 1. 825167A PRESET RECOVERY OPERATION
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FIGURE 2. TIB82S167B PRESET RECOVERY OPERATION
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PRODUCT ‘ TIFPGA529
PREVIEW FIELD-PROGRAMMABLE GATE ARRAY (8 x 8 x 8)
D2895, SEPTEMBER 1985
© High Speed . . . tpg 12 ns Typical, M SUFFIX . . . J PACKAGE
20 ns Maximum C SUFFIX . . . J OR N PACKAGE
. (TQP VIEW)
® Low Power . .. Icc 28 mA Typical, J—
45 mA Maximum ogi Vee
i ) 1 OE2
Ideal for High-Speed Decoding | 53 o
Package Options Include Both Plastic and 1 s o
Ceramic Chip Carriers in Addition to Plastic Qs )
and Ceramic DIPs 1{ds o
g o]
description ! E 8 0
1o (o]
This field-programmable gate array device GND [ho 0
features a high-speed AND array. It combines
Advanced Low-Power Schottky technology with M SUFFIX . . . FK PACKAGE
proven titannium-tungsten fuses. These devices C SUFFIX . . . FN PACKAGE

will provide reliable high-performance substitutes (TOP VIEW)
for conventional TTL logic. Applications include
address decoders, code detectors, peripheral
selectors, fault monitors, and machine-state
decoders. Their easy programmability allows for
quick design of custom functions and typically

3

result in a more compact circuit board. 0
The TIFPGA529 M suffix is characterized for o
operation over the full military temperature range -
of —559C to 125°C. The TIFPGA529 C suffix 2
is characterized for operation from 0°C to 70°C. ﬁ
s E
[
-
_ [=2]
OE1 EN o
oez d a
°©
& vp——o _'§
16X8 0 o 'S
op———— 0
o———— 0
. 8x > b ~
- EN
s A
o—+——~ r
v
D—— o
o——— 0
D——r 0
M\ denotes fused inputs.
PRODUCT PREVIEW documents contain information
on products in the formative or design phase of i
development. Characteristic data and other E {‘
specifications ars design goals. Texas Instruments X 3-151
reserves the right to change or discontinue these lNSTRUMEN"[‘S

products without notice.
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TIFPGA529
FIELD-PROGRAMMABLE GATE ARRAY (8 x 8 x 8)

logic diagram (positive logic)

1)
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TIFPGAS29
FIELD-PROGRAMMABLE GATE ARRAY (8 x 8 x 8)

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

Supply voltage, Vo (see Note 1) . . ... . e 7V
Input voltage, Vi (see Note 1) . ... . i i i e e 5.5V
Voltage applied to a disabled output (see Note 1) ... .. e e e e e 5.5V
Operating free-air temperature range: M suffix. . .......... ... ... ... ..... -55°C to 125°C

Csuffix ..... ... . i 0°C to 70°C
Storage temperature TaNGE . . . . v vt vt v it e e e —65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a p}ogramming cycle.

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX
Vce Supply voltage ) 4.5 5 5.5 14.75 5 5.25 \
V|4 High-level input voltage 2 5.5 2 5.5 \Y%
ViL Low-level input voltage 0.8 0.8 \Y
loy High-level output current . -2 -3.2 | mA
loL Low-level output current 12 24 1 mA
Ta  Operating free-air temperature -55 125 6] 70 °C
programming parameters, Tp = 25°C
MIN NOM MAX | UNIT =
Vcc  Verify supply voltage 4.75 5 B5.25 \ g’
Vcep Programming supply voltage 8.75 9 9.25 \Y |
VIH High-level input voitage . 4 4.5 5 V Q
ViL _ Low-evel input voltage : 0 0 05[]V -
VIHH Program pulse input voltage 11.75 12 12.25 \ g
llHH  Program pulse input current 10 through 17 2 5 mA E
00 through 07 2 5 =
Ilccp Programming supply current 200 | mA a
tw1 Pulse duration, Vc¢ 50 200 | ps 2
tw2 Pulse duration, OO through 07 10 50 [ us o
Ve pulse duty cycle 10% 20% -6
tsu Setup time 100 ns T;
th Hold time . 100 ns ic

Texas % 3-153
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TIFPGA529 :
FIELD-PROGRAMMABLE GATE ARRAY (8 x 8 x 8)

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDTIONS M SUFFIX C SUFFIX UNIT
MIN TYPT MAX | MIN TYPT MAX
VIK Vee = MIN, I = —18 mA - 1.5 15| Vv
VoH Vce = MIN, gy = MAX 24 33 2.4 3.3 v
VoL VCe = MIN, gL = MAX 035 0.4 035 05| V
l0ZH Vce = MAX, Vg = 2.7V 20 20 pA
lozL Vee = MAX, Vg = 0.4V -20 -20 A
N Vee = MAX, V[ = 5.5V 0.1 0.1 mA
H Vee = MAX, V| = 2.7V 20 20| uA
L Vce = MAX, V[ = 0.4V . -0.2 —0.2| mA
o Vee = MAX, Vg = 2.25 V ~30 —112 |-30 “112 | mA
e vee = MAX, Vi = 4.5V, 28 45 28 . 45| mA
Qutputs open

switching characteristics over recommended supply voltage and operating free-air temperature ranges,
RL = 500 Q, CL. = 50 pF (unless otherwise noted)

PARAMETER FROM TO M SUFFIX C SUFFIX UNIT
(INPUT) (OUTPUT) MIN TYPT MAX | MIN TYPT MAX
tpd | o] 12 12 ns
ten OE Q 12 12 ns
;—E tdis OE Q 8 8 ns
Q. TAll typical values are at Ve = 5V, T = 25°C.
-
-
Q
E PROGRAMMING PROCEDURE
3 pin assignments in programming mode
nc" DUAL-IN-LINE PACKAGE ' CHIP CARRIER
o oei =ofa 8|$
g Pio []2 alo >0
8 P11 3 3 120 19
o PI2 []a pi2 )4 18 [| POO
P13 0s PI3s 17[] PO1
Pi4 e PIaf]e 16 [] PO2
pPIs 7 pis7 15[] PO3
Pi6 []8 Pi6 (18 14| PO4
P17 (s 9
GND [J1o .
~NQ™~Sow
TZ000
gaoaa
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TIFPGA529
FIELD-PROGRAMMABLE GATE ARRAY (8 x 8 x 8)

PROGRAMMING' PROCEDURE (Continued)

A linear select method is used to program array fuses. Each fuse can be opened by selecting the appropriate
{one to 16) input line and then pulsing the correct {one of 8) product line. The levels for selecting input and
product lines are shown in Tables 1 and 2.

Step 1: Raise OE1 and OE2 to VIH-

Step 2: Raise not-selected inputs to V|H. .

Step 3: Raise the selected input to V| or V)L in accordance with Table 1.

Step 4: Raise V¢ from 5 V to VCCp.-

Step 5: Blow the fuse by pulsing the appropriate output to V|HH in accordance with Table 2.

Step 6: Return VcC to 5 V and pulse the selected input. The appropriate output will switch from VoL
to VOH-.

Step 7: Return OE1 and OE2 to VIL.

Steps 1 through 7 may be repeated if the verification does not indicate that the fuse was successfully programmed
(blown), but no more than four times.

TABLE 1. INPUT SELECT LINE

INPUT PIN NAME
LINE [PIO | PIM p2 | P3 P4 | PIS PI6 PI7 | OE1 | OE2
0 L HH HH HH HH HH HH HH H H
1 H HH HH HH HH HH HH HH H H o
) 2 | HH L HH HH HH HH HH HH H H =)
3 | HH H HH HH HH HH HH HH H H o
4 | HH HH L HH HH HH HH HH H H -4
5 | { HH | M [ HH | HA | He [ e e | oH H 2
6 | HH HH HH L HH HH HH HH H H ﬁ
7 | HH HH HH HH HH HH HH HH H H £
8 | HH HH HH HH L HH HH HH H H =
9 | HH HH HH HH H HH | HH HH H H ©
10 | HH HH HH HH HH L HH HH H H o
11 | HH HH HH HH HH H HH HH H H o
12 | HH HH HH HH HH HH L HH H H n,-
13 | HH HH HH HH HH HH H HH H H i=]
14 {HH [ HH [ HH J HH [ HH | HH | BH L H H 2
15 | HH HH HH HH HH HH HH H H w
TABLE 2. PRODUCT TERM SELECT
PRODUCT PIN NAME ]
TERM [POO | PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7
0 HH X X X X X X X
1 X HH X X X X X X
2 X X HH X X X X X
3 X X X HH X X X X
4 X X X X HH X X X
5 X X X X X HH X X
6 X X X X X X HH X
7 X X X X X X X HH
H = ViH
L=viL
HH = Program pulse input voltage
X = Don‘t care

Texas ‘k’ 3-155
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TIFPGA529

FIELD-PROGRAMMABLE GATE ARRAY (8 x 8 x 8)

OE1/0E2

NOT-SELECTED
INPUT

SELECTED
INPUT

Vee

SELECTED
OUTPUT

01607 8|qewwelboid-p|ai4 !

PROGRAMMING PROCEDURES (Continued)

/ l N .

‘ViHH

—htsu' - ;
7S [ N

i tsu & — X ViH
|
1

viL

—»{ tsu |4- ——————————————— Veer
| | .
—”
|

PROGRAM VERIFY

Selected output will be low .
Selected output will go high when selected input is switched

FIGURE 1. PROGRAMMING WAVEFORMS
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FIELD TIFPLA839, TIFPLA840

PROGRAMMABLE 14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS
LOGIC JUNE 1984 —REVISED NOVEMBER 1984
® Input-to-Output Propagation Delay . . . LOGIC FUNCTION

10 ns Typical

)
24-Pin, 300-mil Slim Line Packages U}

PO + P1...P31 for polarity link intact
PO* Bi* ... *P31 for polarity link open
where PO through P31 are product terms

[

Power Dissipation . . . 650 mW Typical

Programmable Output Polarity TIFPLAB39M, TIFPLAS4OM . . . JT PACKAGE
TIFPLAB39C, TIFPLAB4OC . . . JT OR NT PACKAGE
description (TOP VIEW)

The 'FPLA839 (3-state outputs) and the ‘FPLAB40
{open-collector outputs) are TTL field-programmable
logic arrays containing 32 product terms (AND terms)
and six sum terms (OR terms). Each of the sum-of-
products output functions can be programmed either
high true or low true. The true condition of each output
function is activated by the programmed logical
minterms of 14 input variables. The outputs are
controlled by two chip-enable pins to allow output
inhibit and expansion of terms.

These devices provide high-speed data-path logic
replacement where several conventional SSI functions
can be designed into a single package.

3

TIFPLAB39M, TIFPLA840M . . . FH OR FK PACKAGE

The 'FPLAB39M and 'FPLA840M are characterized for TIFPLA839C, TIFPLA840C . . . FN PACKAGE
operation over the full military temperature range of {TOP VIEW)
~55°C to 125°C. The 'FPLA839C and ‘FPLA840C - I3}
are characterized for operation from 0°C to 70°C. __BegS__
(T 321821

NC

o-~z~ ™~

O — —
Field-Programmable Logic

12 131415161718

conuNOO
zz|“-'
® o

Pin assignments in operating mode (pin 1 is less positive than ViqH)

‘, Copyright © 1984, Texas Instruments Incorporated
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TIFPLA839, TIFPLA840
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

functional block 'diagram (positive logic)

OE2 :
, g
: o> =1
32X6 . t—/o
D &
o]
1, 28 X 32 -
7 e Lad
14 32 J °
| =] Ay~ .
o
14 p— ~
(o]
|~
0
i~
~denotes fused inputs.
-n tFPLAB39 has 3-state (V) outputs; FPLA840 has op 1 Q) outp
&
& absolute maximum ratings
[
3 Supply voltage, VCC (see NOte 1) . .. ottt i e e e e 7V
(=3 Input voltage (see NOte 1) . ... ... it e ettt et it e 55V
"9‘ ) Off-state output voltage (see Note 1) . .. ... ... . i 55V
s Operating free-air temperature range: ‘FPLA839M, '‘FPLA840OM ... ........... -55°C to 125°C
3 'FPLA8B39C, 'FPLA840C .................. 0°C to 70°C
o Storage temMPEratUre . .. .. oo v v iv vttt ettt e ee et e -65°C to 150°C
% NOTE 1: These ratings apply except for programming pins during a programming cycle.
-
o
Q
(¢}
* i’
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TIFPLAB39, TIFPLA840

14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

LOGIC DIAGRAM

Field-Programmable Logic H

3-159

] w N < o~ N
PR R R I R R T N P L P
\ (8) } 0
1
\ (7) §
| {6) g
) (5) g
' (4) Di g
\ (3) 10
' 1
' (2)[:'[. :z;
\ (za)Dt :;
| (ZZ)DL[ :;;
1 (21) D ::
) (20) 20
21
' {19} 22
23
' (18)D-[ gg
. (17)D- gg
svsuvvssivssvesveivuuvsvveievesvesv
D.___"[Si (16) o
29 1088
D—:b[; {15) o
1089
30
D—J:[; e
1090
31
Dihg m
1091
32
D—_‘bg (10) o
1092
33
82285583 SERRBEGE 85 3SRAR RREBARES “’l”
o5 (1) =
oE2 (13) |
i
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TIFPLA839, TIFPLA840
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

recommended operating conditions

M SUFFIX C SUFFIX
MIN_NOM _MAX | MIN_Nom WMAx | N
Supply voltage, Ve 4.5 5 55 14.75 6 5.25 \
High-level input voltage, V|4 2 2 \
Low-level input voltage, V| 0.8 0.8 \
High-level output voltage, VoH ‘FPLA840 5.5 5.5 \
High-level output current, gy ‘FPLA839 -2 -3.2 mA
Low-level output current, lg 12 24 mA
Operating free-air temperature, TA -565 125 0 70 °Cc
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS M SUPFIX € SUFFIX UNIT
MIN _TYP! MAX | MIN _TYP} MAX
Vik Vee = MIN, = -18mA ' -1.5 -1.5 \%
loy ‘FPLAB40 Vee = MIN, VoH = 5.5V ] 0.1 0.1 mA
VoH ‘FPLAB39 Vce = MIN, IoH = MAX 24 3.2 2.4 3 v
VoL Vce = MIN, loL = MAX 0.25 0.5 037 05 Vv
3 I Vce = MAX, V) =55V 0.1 0.1 mA
[T} Vee = MAX, V=27V 20 - 20 rA
- Vce = MAX, V) =04V -0.5 -0.5 | mA
m | Ief Vee = MAX, Vo = 225V -30 -112 | -30 -112 | mA
® [lozn Vce = MAX, Vo =27V 20 20 | A
Q. ozl Vce = MAX, Vg = 0.4V -20 -20 | uA
Y [ vee = MAX, V=0V 130 190 130 180 A
[] cc OE inputs at V|y I ! m
«Q
-
%’ ‘FPLA839 switching characteristics
é PARAMETER | FROM TO TEST CONDITIONS N MTsYl:,iF'x i T m c:y:: X A uNIT
o 4 Input | Output AL = 500 to GND. ‘10 25 10 20 | ns
— pd o P CL = 50 pF to GND
o) ten Pin 1 RL1 =500t0 7V, 10 25 10 20
«Q or Output RL = 500 to GND, ns
o tdis Pin 13 CL = 50 pF to GND 8 20 8 15
‘FPLA840 switching characteristics
M SUFFIX C SUFFIX
PARAMETER | FROM TO TEST CONDITIONS i TYpt mAax i Tvet max | YN
R = 500 to Vcc.
tod Input Output CL = 50 pF to GND 10 30 10 25 ns
ten Pin 1 Ri1 = 500to 7 V, 10 25 10 20
or Qutput RL = 500 to GND, ns
tdis Pin 13 CL = 50 pF to GND 8 20 8 15

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Vo = 5V, Ta = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, log.
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TIFPLA839, TIFPLAB40
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

OUTPUT POLARITY
(PGM ENABLE = Vi)

AND MATRIX
(Veea)

OR MATRIX
(Vgct. PAB = V1)

PGM ENABLE []1 PGM ENABLE PGM ENABLE T vee
P12 P11 PA1 g PAO
P12 (s PI2 PA2 PI13
PI3[a PI3 PA3 [ PI12
P14 s Pl4 PA4 [] P11
P15 (e PIS PAS5 ] PI1O
Pi6 {7 PI6 PI6 [] P19
P17 s PI7 PI7 [] P8

POS5 PO PO5 []1POO
PO4 PA4 PO4 [ PO1
PO3 PA3 PO3 '] PO2

GND GND []1PGM

YVCC = V¢ 2 for program and Vccq for verify
Pin assignment in programming mode (pin 1 < V|yH) top views

programming parameters, TA = 25°C

PARAMETER MEASURED AT PROGRAMMING MODE MIN  TYP MAX
VIHH Program high-level input voltage E(G)N;i::‘ABLE ::aDr'it(y)R 16.5 17 176 Vv _:_;’
ViLL Program low-level input voltage PGM ENABLE Any 0 04| V [o]
lIHH Program-level input current PO pins Potarity 100 mA :
PGM ENABLE AND, OR 150 =
Vix  Program-level input voltage Zghonth"’ PoS ZT\;;"'%R 95 10 105 V g
Pl pins AND 0.6 2 E
ix Program-level input current OE2 Polarity 51 mA E
PQOO thru PO5 OR 5 10 D
Vee Programming supply voltage Vee OR 8.5 8.75 9 A e
Icc1 Programming supply current Vee OR 250 400 | mA ml
Vcc2  Programming supply voltage Vee Polarity 0 04} V ]
Vees Programming supply voltage Vee AND 4.75 5 5.25 \ d_)
VIH High-level input voltage Any Any 2 \ L
Vi Low-level input voltage Any Any 0 0.8 \Y
VOH High-level output voltage Any Any 2.4 3.2 v
VoL Low-level output voltage Any Any 0.25 0.5 \
tw Program pulse duration ig;thm POS Z‘:\:aDr,nZ)R 50 1000 | s
POO thru PO5 Polarity
Program pulse duty cycle PGM AND, OR 10 50 %
t4 Delay time Any Any 10 us
tr Rise time Any Any 25 us

{i,
TeExas
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TIFPLA839, TIFPLAB40
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

OUTPUT POLARITY

PROGRAMMING PROCEDURE

Program

Load all output pins with a 10-kQ resistor to 5 V and set pin 12 (GND) to O V. Program the output polarity before
programming either the AND matrix or the OR matrix. An unprogrammed device has all six outputs noninverting. When
the polarity link of an output is opened, the output function becomes inverting. Program one output at a time as follows:

Step 1:
Step 2:
Step 3:
Step 4:

Verify

Step 1:
Step 2:
Step 3:
Step 4:

Step 5:

Set PGM ENABLE (pin 1) to VjL.

Set Ve (pin 24) to Vec2; set OE2 (pin 13) to V| and PIO through P113 to V|H.
Ramp the appropriate output to V|HH and remove after ty,.

Repeat step 3 for each output to be programmed low.

Set PGM ENABLE (pin 1) to Vji; set Ve (pin 24) to Voc2: set PIO through PI13 to Viy.

Wait t4 and raise Ve (pin 24) to Vce1.

Enable the device by applying V)L to OE2 (pin 13).

Sense the logic state of all six outputs. An output at VgH has been programmed to be inverting, while an
output at VoL has remained noninverting.

Remove Vcci.

m ~=VIH

@ ALL PI/PINS ——I

Q.

) Veet

n")

3 Vee = =Veez

Q OE2 : e mmmmm— ==V

p H viL

3 k——tw—bﬂ—b'td th________

3 | | LI Ay ViHH

o ]

o ro ! -4~ —vg

Y 0 THRU PO5 : T -= VL

- :dfq—* PROGRAM ¥  |[e—VERIFY —3]

‘g @ A high teve! during the verify interval indi that prog ing has been ful.

a' @ A low level during the verify interval -indi: that prog has not been successful.

FIGURE 1. OUTPUT POLARITY PROGRAMMING WAVEFORMS
AND MATRIX
Program
Program the output polarity before programming either the AND matrix or the OR matrix. Load all output pins with
a 10-kQ resistor to 5 V and set pin 12 (GND) to V. Program each input separately for each product term, one fuse
at a time. Unused terms do not require fusing, however, all input variables of a selected product term must be
programmed either true, complement, or don’t care (both links are blown), as follows:
Step 1: Set PGM ENABLE (pin 1} to V|LL; set Vcc (pin 24) to VeCa-
Step 2: Disable all outputs by applying V|4 to PGM (pin 13).
Step 3: Disable all inputs by applying V|x to the | inputs.
Step 4: Address the product term to be programmed (O through 31) by applying its blnary code (V|H for a high and
V)L for a low) to outputs PAO through PA4 with PAO as the least significant bit.
INSTRUMENTS
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- TIFPLA839, TIFPLAB4D
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

PROGRAMMING PROCEDURE

Step 6: Lower the voltage on the first input to V|4 for a true, or to Vj for the complement.
Step 6: After tgq, raise PGM ENABLE to V|HH.

Step 7: After additional tg4, pulse the PGM input to V|H for ty,.

Step 8: After additional tq delay, lower PGM ENABLE to V[ |.

Step 9: Disable programmed input by raising it back to V|H4.

Step 10: Repeat steps 5 through 9 for each input.

Step 11: Repeat steps 4 through 10 for each product term.

Verify

Step 1: Set PGM ENABLE (pin 1) to Vj.|; set Vg (pin 24) to Vcc3.

Step 2: Enable PO output by setting PGM to V|x.

Step 3: Disable all inputs by applying Vjx to the | inputs.

Step 4:  Address the product term to be verified {O through 31) by applying its binary code on outputs’PAQ through
PA4.

Step 6: Lower the input voltage on the first input to V|4 and check the logic level of output PO, then lower the
same input to V|| and again check the level of PO. The input variable state contained in the product term

"is determined from the following table. Two tests are required to verify the programmed state of each variable.

== VoH
%
j¢———— PROGRAM ——pl¢———»| VERIFY

FIGURE 2. AND MATRIX PROGRAMMING WAVEFORMS

STATE | PO
L L
TRUE
K H | w 2
L H (2]
COMPLEMENT (=}
H L ]
L H
DON'T CARE 2
H | H o)
L m
INACTIVE L E
H L E
Step 6: Disable verified input by raising it back to V|x. E
Step 7: Repeat steps 5 and 6 for all other inputs. (o]
Step 8: Repeat steps 4 through 7 for all other product terms. a.o-
1
teje—l taje—s] %
{ 1 R R, ————V sem
H i : IRH T
PGM ENABLE : : 1
(AN :
A . —— e - ViLL
H td f!—i—— w —’*—'| 4 e Vix
PGM : | —Vi
td je—] .
———=———e VX
——=—====VH
1 ]
P10 THRU P113 —% HE : ________ viL
9 ! —=ViH
ALLPAPINS P ' ! v
I
] ]
1
1
|
L]

ALL POPINS

Qip
Texas
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TIFPLAB39, TIFPLA840
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

OR MATRIX
Program

w

1 sjqewwesboid-piai4

o1bo

PROGRAMMING PROCEDURE

Program the output polarity before programming either_ the AND matrix or the OR matrix. Load all output pins with
a 10-kQ resistor to 5 V and set pin 12 (GND) to O V. If the product term is contained in the output function, no fusing
is required. Unwanted terms are deleted by programming one at a time, as follows:

Step 1:

Step 2:
Step 3:

Step 4:
Step 5:
Step 6:
Step 7:
Step 8:
Step 9:

Step 10:
Step 11:

Verify
Step 1:

Step 2:
Step 3:
Step 4:
Step 5:

Set PGM ENABLE (pin 1) to V|_L. Disable the outputs by setting PGM (pin 13) to V|4. Set V¢ to Vce3-
Set PI6 through PI113 and PAO through PAS to V4.

Wait tq and raise VcC (pin 24) to the program level, Vcc1.-

Use the inputs PAO through PAS to address the product term (O through 31) that is to be removed by applylng
the corresponding binary code with input PAO as the least significant bit.

Raise the output pin to V)x.

Wait tg, then raise PGM ENABLE to V|HH.

Wait tq, then pulse PGM to V)x for a period of tp.

Wait tq, then lower PGM ENABLE to V.

Wait tq, then remove V|x from output pin.

Repeat steps 4 through 8 for all other output functions.

Repeat steps 3 through 9 for all other product terms.

Lower Vo to VcCa.

Set PGM ENABLE (pin 1) to V(L. Disable the outputs by setting PGM {pin 13) to V|H. Set V¢ to Vcea.
Set P16 through PI13 and PAO through PA5 to Viy.

Wait tg and set V¢ (pin 24) to the verify level, Vcci.

Address the product term to be verified (0 through 31) by applying its binary code to inputs PAO through PA5.
Wait tq, and set PGM (pin 13} to V|L.

Monitor the state of all six outputs {(POO through PO5) and determine the status of the OR matrix from the
following table:

QUTPUT OR
ACTIVE ACTIVE FUSE LINK
HIGH Low
L H FUSED
H L PRESENT
ALL PI PINS __I VM
== Vcer
Vces
o tje—s]
] S ettt VIHH
PGM ENABLE J—

1 tafe—dle— ty—sle—al1g TV

PGM H it miniadedind it vix

1 T ViH

: : ; == ViL

1 : ]
-=ViH
ALL PA PINS \ZZ| ! | _—
“ = P N,
7777777 T
POO THRU POS V.7 v v

. le—— prOGRAM ——] e—»| VERIFY o

FIGURE 3. OR MATRIX PROGRAMMING WAVEFORMS
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PRODUCT ’ 82S105A
PREVIEW 16 x 48 X 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
: WITH 3-STATE OUTPUTS OR PRESET

D2897,JANUARY 1985—REVISED JUNE 1986

® Programmable Asynchronous Preset or M SUFFIX . . . JD PACKAGE
Output Control : C SUFFIX . . . JD OR N PACKAGE
(TOP VIEW)
® Power-On Preset of All Flip-Flops :
® 6-Bit Internal State Register with 8-Bit Cl_g E; ;3] I\gcc
Output Register
P 9 6 (s 26{]19
Power Dissipation . . . 650 mW Typical 15 s 25% 1o
Programmable Asynchronous Preset or 14 E: 22 il 11
Output Control '3 112
207 22[0ns
® Designed to be Interchangeable with 11 [s 217 a4
Signetics 82S105A wo{de 200ns
a7 v  19{] PRE/OE
description a6 [J11 18] ao
The 825105A is a TTL field-programmable state 35 0 :j :; ] a1
machine of the Mealy type. This state machine 4 E ] Q2
GND (14 15[] Q3

(logic sequencer) contains 48 product terms
(AND terms) and 14 pairs of sum terms (OR
terms). The product and sum terms are used to M SUFFIX . . . FK PACKAGE

control the 6-bit internal state register and ile C SUFFIX . . . FK OR FN PACKAGE

8-bit output register. (TOP VIEW)

(]
The outputs of the internal state register 0o~ é éu)g @ =)
'(PO—PS) are fed back and combined with the 16 oo 3

inputs (I0—115) to form the AND array. In 4 3 2 1282726
addition a single sum term is complemented and 1415 25[]110 2
fed back to the AND array, which allows any of 13)s . 241111 ﬁ
the product terms to be summed, 127 23[J 112 £
complemented, and used as an input to the AND 11 s 22(] 113 £
array. 1009 21114 @
The state and output registers are positive-edge- Q7o 200} 115 — 8’
. ) ) . Q6 {Jn 19q PRE/OE et
triggered S/R flip-flops. These registers are o
unconditionally preset high on power-up. Pin 19 238 is16 718 -
R ~ o R
can pe used to preset both registers or, by 8 ar % 8 S s ]
blowing the proper fuse, be converted to an G} [T

output control function.

The 82S105AM is characterized for operation
over the full military temperature range of
-55°C to 125°C. The 82S105AC is
characterized for operation from 0°C to 70°C.

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

on products in the formative or design phase of y}

devsl'npment. Ch:ruc(eris(ilc _Iu_iau Iand other TEXAS 3165
specifications are design goals. Texas Instruments -
Toserves the right to ghaggs or discontinue these lNS’rRUMEN'TS

products withott notice. POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



82S105A
16 x 48 X 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

functional block diagram (positive logic)

01607 ajqewweiboig-pjoly !

PRE/OE }
j ) LEn
CLK ?C“
8X
>1 8 =1
o~ 1
48 x 29 g ol 8, Qo-a7
S a5 x 48 i 1R
16X ,16
10-115 16 “
) — +—_—
o—~<181 N\, LI P L_bc1
s
exD 6 1
. 6X
6 ~ 6 =1
b—r—{ 7~ 18
5, R
I—-c > ~
Gl
>
"\~ denotes fused inputs.
timing diagram
vee
|
| ;
PRE I
| | 'en-" [’
OPTIONAL : 1 !
OE N | |
! [] 1 -
| | | 1
0-ns —1( D G
I | ! H'su | '
| | 1 | |
CLK 1 b I | b 1
i‘—'su—ﬂ : I :
i 1
INTERNAL | =
STATE REG ——/ w I I
PO—P5 ! : | |
l 1 | } [ '
ooV N N
i
TExas ‘V
INSTRUMENTS

3-166

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



82S105A
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

logic diagram (positive logic)

10490 —
1 18
eI
13460
128 ‘l
|5-‘;Lu
1643 -
2]
'7':1—;7“ - P19
18——p{ t—— PRE/OE
g
10428 -
4
m-‘é—s:u P eQ
[TH] T
13l22)
hal2tl
1151201
— PO =
Xt
Pl
P P2 14.
P3 .
Pa 44
Ll s ‘4
o
H J JO OO0000 00 Jlrl JOOU J
1S Lk
] i 2
P1 o))
1S o
o |
P2
18
) <
e o
1R S E
P4
N TPe !
- %S £
1R S o
P5 )
s o
1R S (=]
(18) t .
00
c1 f [«
1R S \ é
L T =
1R S| : .q_,
’ 8 g L.
r i TS
- ) 115)
——-b—— a3
c1 |
ALES i
: (LTI
c1 )
1R S I
o - 12 o
c1 1
1R S| )
B - o
[3) |
— | 1o
1S porr————D—— Q7
c1
— 1R S| M
475 e e e s s s s oeanane sasessse sesecsce sacentss seeseneg cLK
INPUT LINES

NOTES: 1. All AND gate inputs with a blown link float to a logic “*1"’.
2. All OR gate inputs with a blown link float to a logic ‘/0"’.

ui
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82S105A
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

Supply voltage, VCC (see Note 3) . . ... . it i i e e e e e
Input voltage {see NOte 3) ... .. .. .. i e e e e e
Voltage applied to a disabled output (see Note 3) . . ............ ...,
Operating free-air temperature range: 82S105AM . ..................
82S105AC . ...... ... .

Storage temperature range

NOTE 3: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

55V
-55°C to 125°C
0°C to 70°C
~65°C to 160°C

M SUFFIX C SUFFIX
PARAMETER UNIT
MIN NOM MAX [ MIN NOM MAX
Vce Supply voltage . 4.5 5 5.5 (4.75 .5 5.25 \"
ViH High-level input voltage X 2 * 5.5 2 5.5 \4
\ Low-level input voltage 0.8 0.8 \
loH High-level output current -2 -3.2 mA
loL Low-level output current : 12 24 mA
48 product terms
3 without C-arrayt
f Clock frequenc MHz
clock q Y 48 product terms .
with C-array
n Clock high
o Pulse duration, clock Clock low
Q- tw . - ns
| high or low With C-array
-9 Preset
8 25 thru 48 Without C-array
-3 Setup time product terms With C-array
[V teu : ns
3 before CLKT 1 thru 24 Without C-array
3 product terms’ With C-array
o tsu Setup time, Preset low (inactive) before CLK1* ns
% th Hold time, input after CLK? ] ns
- TA Operating free-air temperature -55 125 o] 70 °C
(g T The C-array is the single sum term that is cémplemented and fed back to the AND array.
a' * After Preset goes inactive, normal clocking resumes following a high-to-low clock transition.
i
3-168 v
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82S105A
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

PARAMETER TEST CONDITIONS T M SUFFIX C SUFFIX UNIT
MIN TYP¥ MAX [ MIN TYP? MAX
ViK Vece = MIN, I = —18 mA -1.2 -1.2 \
VOH Vce = MIN, IoH = MAX 2.4 3.2 2.4 3 v
VoL Vce = MIN, ToL = MAX 0.25 0.4 0.37 05 Y
N Vee = MAX, Vi =565V 0.1 0.1 mA
IH Vee = MAX, V=27V 20 20 pA
I Vce = MAX, Vi = 0.4V -0.5 -05 | mA
o3 Vce = MAX, Vg = 2.25V -30 -112 | -30 -112 | mA
lozH Voo = MAX, Vo = 2.7V 20 20 #A
lozL Vee = MAX, Vo =04V -20 ~20 A
V = MAX, Vi =45V,

lcc P:ES'O—E input at GND, Olutputs open 120 120 mA

switching characteristics over recommended supply voltage and operating free-air temperature ranges
{unless otherwise noted)

PARAMETER FROM TO TEST CONDITIONS M SUFFIX C SUFFIX UNIT
MIN TYP} MAX MIN TYPF mMAX
Without C-array 20
fmax] MH
max " ["With C-array 12.5 :
t CLK? Q 15 - . 15
pd RL = 500 0, it
tpd PRET Q 18 18 ns
CL = 50 pF

tpd Vee! Q 0 o - ns
ten OE! Q 20 20 ns
tdis OEt Q 20 20 ns

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

* All typical values are at Vee = 5V, Ta = 25°C.

$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, Igs.
Y Measured with 48 product terms connected in the OR-array.

L
o
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£
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82S5105A - :
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

pin assignment in programming mode (pin 1 < V|HH)

JD OR N PACKAGE FK OR FN PACKAGE

(TOP VIEW) (TOP VIEW)
pGM enaAsLE (1 U2s[Jvee o
7z 2208 <
6003 2e[J19 &
i5Js  25[J110 23
1als 231111 LenNg SR
S S § S  w—p — = —
13[]s 23%”2 (332 1282126
2] 22[lns 14 s 2s[{ 110
nfs  210ewv 13 s 2411
iode  2000prcm 127 zaa 112
a7 19[JPRE/OE 11 Qe 2013
as[jn 18[]ao ik 21f] prv
as[]1i2 17]JQ1 a7 fo 200} PGM
Qa3 15[]a2 as6 {11 19(] PRE/OE
GND[]14 15103 12 1314 1516 18
i onme B o ¥ s W s s W s W |
wTOMN—-O
gozooQoO
(O]
g programming parameters, TA = 25°C
E PARAMETER MIN NOM MAX UNIT
'Iu Vee Verify-level supply voltage 4.75 5 5.25 \
3 VIHH Program high-level input voltage 14.5 16 155 \
(-E IHH Program level input current 250 500 | mA
Y] Vix Program level input voltage 10.256 10.6 10.75 \
3 Veel Programming supply voltage 8.25 8.5 8.75 A
3 Icc Programming supply current 550 1000 mA
g— VIH High-level input voltage 2 A\
o ViL Low-level input voltage 0.8 v
- VOH High-level output voltage 24 3 \Y
‘g VoL Low-level output voltage 0.35 0.45 \
o twi Program-pulse duration 10 25 ks
tw2 Verify-pulse duration 5 10 us
Program-pulse duty cycle 25%
tq Delay time 10 25 4
tr Rise time 17 20 25 us
1
T {l’
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© 82S105A
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

array fuse addresses

TABLE 1. INPUT LINE AND SUM-OF-PRODUCTS LINE SELECT

ROW SELECTED Row SELECTED
HEX ADDRESS VARIABLE HEX ADDRESS VARIABLE
113, 112, 111] 110, 19, 18, 17 113, 112, 111 110, 19, 18, 17
0 0 W 4 ) 0
0 1 RESET 4 1 [
0 2 i LSE 4 2 |
0 3 RESET 4 3 |
0 4 N2 |SET 4 4 12
0 5 RESET 4 5 li2_|
0 6 N3 |SET 4 6 13
0 7 RESET 4 7 i3
0 8. oR [\, [SET 4 8 4|
0 9 Array RESET 4 9 14
0 A N | SET 4 A 15|
o B RESET 4 B 5
0 c oo | SET 4 c 6 |
0 D RESET 4 D 6
0 E o1 15ET 4 E T
0 F RESET 4 F 17| o
1 0 a2 |SET 5 0 18 )
1 1 RESET 5 1 i8 o
1 2 — [ SET 5 2 EN -~
Q3 " [
1 3 RESET 5 3 i9 -
1 a 0a |SET 5 4 110 | 'g
1 5 RESET 5 5 AND 10 £
1 6 a5 |SET 5 6 Aray  [11] £
1 7 RESET 5 7 11| ©
1 8 SET 5 8 12 [=2]
Q6 - o)
1 9 RESET 5 9 12 =
1 A P 5 A 3| o
1 B RESET 5 B 113 '_g
Complement 5 C 114 1
! ¢ Array ¢ 5 D 4 .
1 D 5 E 115
5 'F 15
6 0 B
6 1 PO
6 2 P1
6 3 P1
6 4 P2 |
Empty Address 6 5 P2
Space 6 6 P3|
6 7 1P3 | )
6 8 P4
6 9 | P4 |
6 A P5
6 B 5
R ; v 6 c Complement|
3 F Array
Texas WP
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82S105A
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TABLE 2. PRODUCT LINE SELECT

COLUMN
HEX ADDRESS
15,14 | 13,12, 1, 10

SELECTED
TRANSITION TERM

WONOOOHWN=0O

T
o
e
v .
-
]
«
-
Q
3
3
Q
=2
@
-
[}
Q
o

Test Coi 48
Test Col 49

WWIN PN NRNNNNINNNNN A E a8 a8 0 a0 a0 e a2 00000000C00000000

—oMMUOWPOONONPWN - OTMOOTPOONOALRWNSOTMMUOTPOONDIOHWN =0
N
i
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‘ 825105A
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming procedure for array fuses

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the
appropriate input line or sum of products line (row address) and product line (column address). The addresses
for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2.

SETUP

Step 1: Set PGM ENABLE to GND.
Step 2: Apply address to inputs.
Step 3: Set PGM to V|H.

Step 4: Set P/V to V|L.

Step 5: Wait tq4, set VcC to VcC1.

PROGRAM

Step 1: Wait tq, raise P/V to V|H.

Step 2: Wait tg, raise PGM ENABLE to V|HH.
Step 3: Wait tq, pulse PGM to V| for tw1.
Step 4: Wait tq, return PGM ENABLE to GND.
Step 5: Wait tq, return P/V to V|L.

VERIFY

Step 1: Wait tq, lower PGM to V.

Step 2: After tw2, read sense: A V|H level indicates a blown fuse.
Step 3: Raise PGM to V|H.

NEXT ADDRESS SELECT

Step 1: After tg, lower VcC to GND.

Step 2: For the same product line wait tq, then apply new input line or sum-of-products line address.

Step 3: For different product line wait tq, apply new input line or sum-of-products line address, then apply
new product line address.

Step 4: Wait tq, set Vg at Vegi.

Step 5: Continue with program or verify sequence.

NOTE 4: Input lines and sum of product lines are also referred to as variables. Product lines are also referred to as transition terms.

)
o
o

-

2

2
1]
£
£
o
)
(=]
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1

ﬂl..

o
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82S105A
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming waveforms

- ViK
FUSE ADDRESS X X
) 4

I | viL
—>| td l4— —»i 14 —
b NI ——— Vee
Vee i/ I || .
I | GNOD
—p} :‘__td td—py :q._.
¥ N R kb
PIV i/ 1 | 1 |
A o b T Vie
| | | !
I ! P T (R DY PR,
o - ViIHH
. ‘dT-N 14 | 1 !
PGM ENABLE | ; l | : : i :
| I ! |
t V) gl e { : GND
| W = -b{ ¢t : |
—+ \ . 1 \ + ViH
3 —\ /[
N A o o S
- | twi—sl le— | H—tw2
- | |
o M——PROGRAM———)K—VERIFV—N
Q.
iu programming procedure for PRE/OE option
3 PROGRAM .
o Step 1: With PRE/OE at GND, raise Vcc to VcC1.
3 Step 2: Wait tq, pulse PRE/OE to V)X for a duration of tyw1.
3 Step 3: A tq delay after PRE/OE has returned to GND, lower VCC to 5 volts or GND.
& VERIFY .
@ Stép 1: With PRE/OE at GND, set Vc( to 5 volts.
- Step 2: After a delay of tq, raise PRE/OE to V|x for a minimum duration of tw2. -
8 Step 3: Return PRE/OE to GND.
o Step 4: Wait t4, pulse PRE/OE to V|H for a duration of ty2.

Step 5: After a tq delay, QO indicates VQH if the PRE option is selected and VoL if the OE option is
programmed.

programming waveforms for PRE/OE option

—" ———————————————— Veer

Vee Vce
— e oy -
—dl td [4— tdh— | .

: "“T ——————————— Vix
PGM [ S I A A s ViH

1

tw2 Vi
U letwi-sl =l twz e ledleptta

a0 ] seroen

Vou

NOTE A: After programming if the preset option is selected, Q0 will be high; if the output-enable option is selected, Q0 will be low.
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82S1056A
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

diagnostics

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the
state register. When 10 {pin 9) is held at 10 V, the state register bits PO—P5 will appear at the Q0—Q5
outputs and Q6—Q7 will be high. The contents of the output register will remain unchanged.

diagnostics waveforms

+3V
1M-115 x :
ov
|
I R +10 VvV
| Vo Y -—— =
| /* -keov
| 7 | :“ +3Vv
10 >< ¥ | | \
| /1| | - ov
| r—‘h—ﬂ - : |
: | N —— Fm————————— av
CLK | | |
I I [ : } ov
[—tsu——p—tw—Lpy . |
INTERNAL ' ) I S v
STATE REGISTER : T I OH
PS | | NS i
PO—Q5 = == == —— = ] — -+ —_— - H{— — —_———— - VoL

|
|
| | | : Vor
Q0-—-Q5 Qn | Qn+1 NS Qn+1
|
! |

2
o
o

-l

o

e}
«©
£
£
[v]
Dy
o))
(=}
D

DI.

k=

©

[T

VoL
le—tpd—»
OPTIONAL
OE —— ov
PS = Present state, NS = Next state
i
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82S105A
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

test array

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing
prior to programming. The test array is factory programmed as shown below. Testing is accomplished
by connecting Q0—Q7 to I8—115, PRE/OE to GND, and applying the proper input signals as shown in the
timing diagram. Product lines 48 and 49 MUST be deleted during user programming to avoid interference
with the programmed logic function.

TEST ARRAY PROGRAM

. OPTION PRE/OE H
AND OR
INPUT PRESENT STATE | NEXT STATE out
PRODUCT (in) (PS) NS Q
une | clcfi[1[1]i]1]1 " (Ns) {@n)
s(a(3|2f{1|ofo8[7]6][s[4[3]2[1]0o[6[4]3]2]1[o|5[a][3]2]1]o |7 [e][5]4[3]2]1 0
48 X[= [R[H|[H[H{H[R[H[H [H]|H H[H[H HIH[HTR TR e ef o o oo fefefefefoqo|o
49 X oo e oo e e T e e e P e T e e e Te e nr e e e e e e R e ]H
test array waveforms
5V
vVee
I I ov
o | —tw
2 | v
—— =V
LY CLK !
o I v
E | le1t —br—l‘ th—pl *
o I su h |
3 | T | ViH
3 10-17 | I |
g‘ i | ¢ - — =L
o H—‘pd’i le—>— tpd ‘pd—k—’:
g Qo-a7 | ( VoH
8 ! 1 l
Q, NS v
F | | | oL
INTERNAL | | I
STATE REGISTER | HIGH
PO—P5 |
— — — ——LoW
TEST ARRAY DELETED
OPTION PRE/OE H
AND OR
PRODUCT INPUT PRESENT STATE| NEXT STATE ouTt
_ (In} (PS) (NS} (Qn)
une [ c|T(1f1]1]1]1[n
5(a]3|2|1|o[a]s[7]e[s[4]3]2]1]o[6[4]3]2]1[o]5]a[3]2]1[o[7[6]5]a]3]2]1]0
48 —[=HIH{HIR[R[eTHH]R{H[ATH]H HIH[R[HTRTHTRT=T=[=T=1-[-[--]-1-1-|-|-]-
49 —Ix oo feyoiofofo o ooy ooy e e ===l =1=1=1=1={ =1=1=[=1=]-
X = Fuse intact, — = Fuse blown
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PRODUCT 82S167A
PREVIEW 14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
’ WITH 3-STATE OUTPUTS OR PRESET

D2896, JANUARY 1985—REVISED OCTOBER 1885

® Programmable Asynchronous Preset or M SUFFIX . . . JT PACKAGE
Output Control C SUFFIX . . . JT OR NT PACKAGE
(TOP VIEW)

Power-On Preset of All Flip-Flops

8-Bit Internal State Register with 4-Bit
Output Register

Power Dissipation . . . 600 mW Typical

110
111
112
11113
] PRE/OE

[P1

Designed to be Interchangeable with
Signetics 82S167A

description

The 82S167Ais a TTL field-programmable state
machine of the Mealy type. This state machine
{logic sequencer) contains 48 product terms
(AND terms) and 12 pairs of sum terms (OR
terms). The product and sum terms are used to
control the 8-bit internal state register and the
4-bit output register.

M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FK OR FN PACKAGE

(TOP VIEW)

The outputs of the internal state register (PO-P7)
are fed back and combined with the 14 inputs
(10-113) to form the AND array. In addition the
first two bits of the internal state register (PO-P1)
are brought off-chip to allow the output register
to be extended to 6 bits if desired. A single sum
term is complemented and fed back to the AND
array, which allows any of the product terms to
be summed, complemented, and used as inputs
to the AND array.

o[ cLx
~{inc
8 vee
%018

=
T
27

=[5
«f]16

14{]s 25]19
1316 24[]110
12{}7 23} 111
nclls 22[INC
11[e 2112
10[]10 20(}113
ao[Jn 19(] PRE/OE
12 13141516 1718

The state andy output registers are positive-edge- p—
triggered S/R flip-flops. These registers are g0z
unconditionally preset high on power-up. PRE/OE ©
can be used as PRE to preset both registers or, NC—No internal connection
by blowing the proper fuse, be converted to an

output control function, OE

The 82S167AM is characterized for operation
over the full military' temperature range of
—-55°C to 125°C. The 82S167AC is
characterized for operation from 0°C to 75°C.

2
o
o

-

2

L0
©
£
£
©
E s
(=]
(]
o)

Dl.

o

S

.
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82S167A
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

functional block diagram (positive logic)

PRE/OE :):

M\ denotes fused inputs

tfming diagram

L ten
,,l; ~ s
CLK [>c1
S
& >1 4 g 4%
¥~ 15 _
45X 48 48X 25 g 1R|_1v 4, Qo-a3
‘ 1axD |14 ©
14 onm HAY]
10113 ——yt—— L P 2, 18 2_X
i m"’vL. PO, P1
2XD 2
> "\~ 48
o > N L_
. 3 o—~— v c1
' s
oxb S 1y . st
6
y pEe > 18,2,
2 5. 1R
a d° ”
3 C = ]
-
o -
(o]
- 6,
[+V] >
3 2,
[
=2
o
-
(]
Q
3]

!
STATE REG —I/

[]
|
PRE : l I
: | tsu-d e
OPTIONAL | |
phd | ] |
! ] ! H
| 7 —t
|o-|1ai [ X ! (
| i L R
| |
S an I an Py
tsy ¥ | ’
INTERNAL F_ I [ : ; : |
|
|

h
I
+
Q0-Q3, PO-P1 —Y \ )

: {ip
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82S167A
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

logic diagram (positive logic)

1048 p —
]
12 8 pp
348y
1o 8t (OPTION)
1543 pr
16 2t =
17 23 \
—=p —_—
(22) Qs
18 —Df p1—— PRE/OE
19 1210 ¢
1200
1o —p{f; L
12 18
RERALIN L
m PO
P1 &
P2 XK
P3 44
2 ra e
PS5 <
6 4
P7
¢
Ol H O00 OO JH H JOOC UHJ J JOUOC QOO0000T HJ DO
c
— 1S
3]
1R S| o
B -
c1 o
'R S| (»)
7S -l
c1
LE Q
T =
c1
'S @
N S, -
3 €
bR s E
s =
c1 E
— (sl =%
U > 21 =)
c1 [ -
1R S| 1 m
1S NLLIP 1
c1
L) 1R S : ) E
M 1S {>ﬁﬂu: _q_,
c1
ir's : L.
1S bﬁ-nz
ct 1
1R s| )
a = LI
c1 |
1R S|
| @
7S D>——ao0
3] -
— 1R S|
&)
47 vos 40 39 o 32 31 .ee 24 23 soe 16 15 s 8 7 oo [ CLK

NOTES: 1. All AND gate inputs with a blown link float to the high level.
2. All OR gate inputs with a blown link float to the low level.
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82S167A
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

Supply voltage, VoC (see Note 3) . . oottt i e 7V
Input voltage (see Note 3) . ...... N 55V
Voltage applied to a disabled output (see Note 3) .. ........ ... ... ... .. . . i, 5.5V
‘Operating free-air temperature range: 82S167AM . ......... ... ... ....... —-55°C to 125°C

82S167AC ... .. e 0°C to 756°C
Storage temperature TaNGE . . . . v v vt v ittt it et e —65°C to 150°C

NOTE 3: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER M SUFFIX C SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 65256 \'
VIH High-level input voltage 2 5.5 2 5.5 \%
ViL Low-level input voltage 0.8 0.8 \
lOH High-level output current -2 -3.2 mA
loL Low-level output current . 12 24 mA
48 product terms
i . t
felock Clock frequency szltr:z;lita;r:rr\'\s MHz
with C-array
g Clock high
E N Pulse duration, clock Clock low ns
[ w . n
o high or low With C-array
a Preset
Q 25 thru 48 Without C-array
3 . Setup time produét terms With C-array
3 tsu before CLK? 1 thru 24 Without C-array ns
3 product terms With C-array
g. tsu Setup time, Preset low (inactive) before CLK.¥ ns
5‘ th Hold time, input after CLK? ns
r~- TA Operating free-air temperature -55 125 0 70 °C
(g T The C-array is the single sum term that is complemented and fed back to the AND array.
6. ¥ After Preset goes inactive, normal clocking resumes following a high-to-low clock transition.
+p
3-180 TeExas
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82

S167A

14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER

WITH 3-STATE OUTPUTS OR PRESET

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

noted)
PARAMETER TEST cOnDITIONS T M SUFFIX C SUFFIX UNIT
MIN TYPF MAX MIN TYP} MAX
ViK Vee = MIN, I} = =18 mA -1.5 -1.5 Vv
VQoH Vee = MIN, IoH = MAX 2.4 3.2 2.4 3 \
VoL Vce = MIN, loL = MAX 0.25 0.5 0.37 0.5 Vv
] Voo = MAX, Vy =55V 0.1 0.1 mA
H Vee = MAX, V=27V 20 20 A
TN Vee = MAX, Vi =04V -0.5 -0.5 mA
los 8 Vee = MAX, Vo =0 -20 -70 | -20 -70 | maA
lozZH Vce = MAX, Vo = 2.7V 20 20 A
lozL Vce = MAX, Vo = 0.4V -20 -20 A
= = 4.5V
lcc vee = MAX, Vi = 4.5 120 120 mA
PRE/OE input at GND, Outputs open
switching characteristics over recommended supply voltage and operating free-air temperature ranges
(unless otherwise noted)
PARAMETER FROM TO TEST CONDITIONS M SUFFIX C SuFFIX UNIT
MIN TYPF MAX | MIN TYP! MAX
— 12.
fmaqu W!th C-array 2.5 MHz I7)
Without C-array 20 a.,
tpd - CLK? Q R1 = 470 Q, 15 ns (=)
Tod PRET | Q R2 = Tk, 8 ns -~
tod Veol a CL = 30 pF 0 ns %
F_e_n OE! Q 20 ns ]
tdis OEt Q 20 ns £
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. g
Al typical values are at Ve = 5V, Ta = 25°C. a
8Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. o
frmax is measured with 48. product terms connected in the OR-array and is independent of internal registered feedback. ﬂ‘:
|
3
Aot
19
T {l’
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82S167A
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

pin assignment in programming mode (PGM ENABLE < V|HH) top view

PGM ENABLE [vee §
16 (717 <
13 18 g
14 ()19 = o
13 D110 wofSSrw
12 []111 o T3 278215
" []112 14 [15 25[] 19
10 [PV ‘ 13 fle (110
Qo []PGM 12 17 2011
Q1 ) VER Nec [I8 22 NC
Q2 ] PO 1 fle 21 112
GND []a3 10 fJ1o 20[] PV
Qo I+ 19| PGM
12 13 1516 1718

NC-—No internal connection

' progrémming parameters, Tp = 25°C

- PARAMETER MIN  TYP MAX

c_n' Vece Verify-level supply voltage 5

?. VIHH Program high-level input voltage 14.5 15 155

v IIHH Program level input current 250 500

3 Vix Program level input voltage i 10.25 10.5 10.75

Q Veel Programming supply voltage 8.25 8.5 8.75

— cC

[V lcch Programming supply current . 550 1000

3 ViH High-level input voltage 2

g ViL Low-level input voltage . 0.8

o . VoH High-level output voltage 2.4 3

a VoL Low-level output voltage . 0.35 0.45

- tw1 . Program-pulse duration 10 25

8 tw?2 Verify-pulse duration | 5 10

a' Program-pulse duty cycle 25%
tq Delay time 10 25
tr Rise time 17 20 25

3-182 Texas JV"
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82S167A
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming procedure for array fuses

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the
appropriate input line or sum of products line (row address) and product line (column address). The addresses
for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2.

SETUP

Step 1: Set PGM ENABLE to GND.
Step 2: Apply address to inputs.
Step 3: Set PGM to V|H.

Step 4: Set P/V to V|L.

Step 5: Wait tg, set VcC to Vce1-

PROGRAM

Step 1: Wait td, raise P/V to V|H.

Step 2: Wait tgq, raise PGM ENABLE to VIHH.
Step 3: Wait tgq, pulse PGM to V| for tyw1.
Step 4: Wait td, return PGM ENABLE to GND.
Step 5: Wait tg, return P/V to Vj_.

VERIFY

Step 1: Wait t4, lower PGM to V|L. )

Step 2: After tyw2, waittd and read sense at Q0. A V|H level indicates a blown fuse. A V| level indicates
fuse is intact.

Step 3: Raise PGM to V|H. -

NEXT ADDRESS SELECT

Step 1: After tq, lower Vg to GND.

Step 2: For the same product line wait tg, then apply new input line or sum-of-products line address.

Step 3: For different product line wait t4, apply new input line or sum-of-products line address, then apply
new product line address.

Step 4: Wait tgq, set VcC at Vg1

Step 5: Continue with program or verify sequence.

NOTE 4: Input lines and sum of product lines are also referred to as variables. Product lines are also referred to as transition terms.

)
[=2]
o

-

2

Q
©
£
£
o
T
o
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i
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825167A _
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming waveforms

FUSE ADDRESS

PGM ENABLE

PGM

| |
[¢—————PROGRAM ————pi¢—VERIFY —

programming procedure for PRE/OE option

PROGRAM

Step 1: With PGM at GND, raise VcC to VcC1-

Step 2: Wait tg4, pulse PGM to V|x for a duration of ty1.

Step 3: A td delay after PGM has returned to GND, lower V¢ to 5 volts or GND.

VERIFY

Step 1: With PGM at GND, set VcC to 5 volts.

Step 2: After a delay of tq, raise PGM to V|x for a minimum duration of ty2.

Step 3: Return PGM to GND.

Step 4: Wait tg, pulse PGM to V[H for a duration of ty2.

Step 5: After a tq delay, QO indicates VoH if the PRE option is selected and VL if the OE option is
programmed.

Ly
o
&
hY
=
(=]
o]
=
Q
3
3
Q
=
(17
-
=}
<,
(7]

programming waveforms for PRE/OE option

Vee Vee

—_—  Hue —qtdr—
|

[ Vix
PGM

ViH

W V|
bt tw2 b l:—z“ t "

Qo See Note A

VoH

VoL
NOTE A: After programming if the PRE option is selected, QO will be high; if the cutput-enable option is selected, the output will be low.

{i’
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82S167A

14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

array fuse addresses

TABLE 1. INPUT LINE AND SUM-OF-PRODUCTS LINE SELECT

2
>
o

a

Q2

]
Q
E
E
S
E s
>
o
A

a

3

2

ic

ROW ROW
HEX ADDRESS SELECTED HEX ADDRESS SELECTED
VARIABLE VARIABLE
112,111, 110 19, 18, 17, 16 112, 111, 110]19, 18, 17, 18
0 0 N7 |SET 4 0 10
0 1 RESET 4 1 io |
0 2 Ne SET 4 2 [
0 3 RESET 4 3 11|
0 4 ns SET 4 4 12
0 5 RESET 4 5 Lz__{
0 6 Na |-SET 4 6 13
0 7 RESET 4 7 i3
0 8 oR |5 [LsET 4 8 s |
0 9 Array RESET 4 9 14
0 A SET 4 A 5 |
0 B N2 RESET 4 B i5°
o c by |SET 4 c _EF—
0 D RESET 4 D PO
0 E bo |SET 4 E [_e—
0 F RESET 4 F lis_ |
1 0 SET 5 0 17
1 1 a3 RESET 5 1 7
! 2 UNUSED 5 2 8
1 3 5 3 i8
1 4 a2 |-SET 5 4 v fT—
1 5 RESET 5 5 AND i9
1 6 a1 SET 5 6 Array !1—0
1 7 RESET 5 7 110
1 8 SET 5 8 111
1 9 Q0 eser 5 9 1711 ]
! A UNUSED 5 A 12
1 B 5 B 112 |
1 c Complement ¢ 5 c !13
Array 5 D 113
1 D 5 E PT |
4 T 5 F B1
6 0 P7 |
6 1 B7
6 2 'P6 |
6 3 Po |
6 4 P5
Empty Address 6 5 P5
Space 6 6 PT
6 7 7|
6 8 P3
6 9 P3
6 A Pz |
6 B P3
v v 6 c Complement T
3 F Array
*
TEXAS
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82S167A |
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TABLE 2. PRODUCT LINE SELECT

COLUMN
HEX ADDRESS
15, 14 13,12, 11, 10

SELECTED
TRANSITION TERM

WONOODOPHWN-=0

n
o
e
-
X
o
<@
2
o
3
3
1Y
=2
®
-

2160

Test Col 48
Test Col 49

WWNRNNNRNONNRNONNMRNRNRONDRNNNN=S 9 9 23 3O 9 aaaa2 9000000000000 000000
—ﬂO'ﬂrnUOm)>wco\Jmmbwm—-o-nmDﬁm>w'co\1mmawmuommo(‘)m)mm\nmmbuw—-o
N
o
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82S167A
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE QUTPUTS OR PRESET

diagnostics

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the
state register. When 10 (pin 9) is held at 10 V, the state register bits P2-P5 and P6-P7 will appear at the
Q0-Q3 and PO-P1 outputs. The contents of the registers, Q0-Q3, and PO-P1 remain unchanged.

diagnostics waveforms

+ -ka.o \Y
| 4 e VIH
10 >< £ lI \
I /| | ) viL
|

|
1
]
INTERNAL |
1

|
— —— — — —_— —_— - ——— e —
STATE REGISTER T OH
: PS | i NS i
P2P] = — = e = ] e e —— e — e — —— ——— — VoL

I | i Vo
0003, POP1 . Qn | Qn+1 >< NS >< Qn+1
|
| |

2
o
o

-

2

Q
(5]
£
£
©
B
[=2]
o
P =3

&I

o

9 -

[* 9

VoL
le—tpd—

OPTIONAL

OF = == ov
PS = Present State

NS = Next State
i
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82S167A
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

test array

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing

prior to programming. The test array is factory programmed as shown below. Testing is accomplished

by connecting Q0-Q3 to 110-113, PRE/OE to GND, and applying the proper input signals as shown in the

timing diagram. Product lines 48 and 49 must be deleted during user programming to avoid interference
" with the programmed logic function.

test array program

OPTION PRE/OE A
AND OR
INPUT PRESENT STATE | NEXT STATE OUTPUT
PRODUCT (in) (PS) (NS) (Qn)
une  |c|efi[1]a]1]1]n "
s|a|3l2]|1]|o[e]8]7]6][s[a]3]2]1]0o]s]a]3]2]1]0[5]4][3]2]1]0o]7]6][5]4]3]2]1]0
48 X |- [nla|r|H|aH[H]a]H]H[H]H HIH[H[H[H]H|e(r oo e fefefofo oo e fo]e
49 “IxToqjofefoofefolefelefofofo(ofo oo (cfe[e[c[aalrla{a{r{n[R R HTH[HTH]H
| test array waveforms
5V
Vee
Ly
o —_—— e e o — —— — — — ——— - ov
o I f—tw —{
; |
- | T vm
o CLK
< ! viL
=
] ' ke tsu—pie—th—pl
su h
3 | - | y
3 | T | H
0 10-19 | ] |
% t | + —-— =V
K‘id"l tpd tod —a—-pl
r PR ¢ .Il P y
(=) 00-03 OH
Q, ! [
) ! T|IT T T Ve
| i
INTERNAL | [ o
STATE REGISTER I HIGH
PO-P7 I
- —— — ——Low
test array deleted
OPTION PRE/OE [w
AND OR
INPUT PRESENT STATE | NEXT STATE OUTPUT
PRODUCT {in) (PS) (NS) {an)
LINE clClitrfrlr |1 " "
s|lalaf2]1|o(9]8|7]|6|5]|a|3]2]|1]o|s|a|3|2]|1]|0|5[a|3{2]|1]|0|7|6|5]a|3]2]1]0
48 —|=TH[HHHH[H]a]H]HH]R]R]H]H HIra[RTE= === === =]==[=]=1=1]-
49 —[xTcfofoloroofofofofogofofofcfooofoc (ol cfe=f=1={=-1=-{=1~1=1={-1-1-{-1-
X = Fuse intact, — = Fuse blown
T {l’
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82S167A
14 x 48 X 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

PARAMETER MEASUREMENT INFORMATION

5V

b

s1

R1

FROM OUTPUT TEST
UNDER TEST POINT

CL
(See Note A)

3
N
AA-

W

|LJ A
[l o2

LOAD CIRCUIT FOR
THREE-STATE QUTPUTS

TIMING 3.0V _ HIGHLEVEL /N~~~ 30V
INPUT 15V PULSE “15v 15V
e —_—_———— ov ' tw I ovVv
e tg, -S4 th &
! —--——30V o W 30V
DATA 15V 15V LOW-LEVEL \J5V 15V
INPUT ov PULSE _ _ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS

T —3ov 30V
INPUT 15V 15V OUTPUT
h | ov CONTROL . .
| (low-level
>t
‘PLH'F’_" PHL enabling) {

IN-PHASE | j H T Vou
outPUT | 15V | 15V
Vo WAVEFORM 1

2
o
o

-l

2

Q
©
£
£
©
B
[=2]
(=]
o

QI.

o

@

.

! S1CLOSED
tPHL—1¢—¥ M——>tpLH (See Note B)
OUT-OF-PHAS! I ! Von
OUTPUT HASE 15V 15V WAVEFORM 2
——— VoL S10PEN
{See Note D) (See Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-:STATE QUTPUTS

NOTES: A. Cy includes probe and jig capacitance.
B. Waveform 1 is for an output with internal canditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. All input pulses have the following characteristics: PRR < 1 MHz, t, = tf = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.

i
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BIPOLAR PROM CROSS-REFERENCE GUIDE

DEVICE MANUFACTURER TI DEVICE MANUFACTURER Tl

27518 AMD TBP18SA030 7122 FUJITSU TBP24541

27S18A AMD - TBP38SA030 7123 FUJITSU TBP28SA42

27819 AMD TBP18S030 7124 FUJITSU TBP28542

27519A AMD TB8P385030 7127 FUJITSU TBP24SA8B1

27520 AMD TBP24SA10 7128 FUJITSU TBP24581

27521 AMD TBP24S10 7131 FUJITSU TBP28SAB6A

27s28 AMD TBP28SA42 7132 FUJITSU TBP28S86A

27829 AMD TBP28S42 7138 FUJITSU TBP285166

27830 AMD TBP28SA46 745188 NATIONAL TBP18SA030

27s31 AMD TBP28S46 745287 NATIONAL TBP24510

27832 AMD TBP24SA41 745288 NATIONAL TBP18S030

27833 AMD TBP24S41 : 745387 NATIONAL TBP24SA10

275180 AMD TBP28SA86A 745470 NATIONAL TBP28LA22

27181 AMD TBP28S86A 748471 NATIONAL TBP28L22

27s184 AMD TBP24SA81 745472 NATIONAL TBP28S42

275185 AMD TBP24S81 745473 NATIONAL TBP28SA42

278191 AMD TBP385166-45 745474 NATIONAL TBP28S46

27S191A AMD TBP38L166-35 745475 NATIONAL TBP28SA46

3601. INTEL TBP24SA10 748572 NATIONAL TBP24SA41

3604 INTEL TBP28SA46 748573 NATIONAL TBP24S41

3605 INTEL TBP24SA41 7602 HARRIS TBP18SA030

3608 INTEL TBP2BSAB6A 7603 HARRIS TBP18S030 .
3621 INTEL TBP24S10 7608 HARRIS TBP2852708A 4
3624 INTEL TBP28S46 ' 7610 HARRIS TBP24SA10 :
3625 INTEL TBP24541 7611 HARRIS TBP24510

3628 INTEL TBP28S86A 76161 HARRIS TBP28S166 2]
3636 INTEL TBP285166 76161 MOTOROLA TBP28S166 E
6300-1 MMI TBP245SA10 . 7640 HARRIS TBP285SA46 O
6301-1 MMI TBP24S10 7640 * MOTOROLA TBP28SA46 o
6308-1 MMI TBP2BLA22 7641 HARRIS TBP28S46 o
6309-1 MMI TBP28L22 7641 MOTOROLA TBP28S46

6330-1 MMI TBP18SA030 7642 HARRIS TBP24SA41

6331-1 MMI TB8P18S030 7642 MOTOROLA TBP24SA41

6340-1 MMI TBP285A46 7643 HARRIS TBP24S41

6341-1 MMI TBP28S46 7643 MOTOROLA TBP24S41

3348-1 MMI TBP28SA42 7648 HARRIS TBP285A42

6349-1 MMI TBP28S42 7649 HARRIS TBP28S42

6352-1 MMI TBP24SA41 . 7680 MOTOROLA TBP28SA86A

6353-1 MMI TBP24S41 7680 HARRIS TBP28SAB6A

6380-1 MMI TBP28BSA86A 7681 HARRIS TBP285S86A

6381-1 MMI TBP28S86A 7681 MOTOROLA TBP28S86A
1 6388-1 MMI TBP24SA81 7684 HARRIS TBP24SA81

6389-1 MMI TBP24S81 7684 MOTOROLA TBP24SA81

635081 MMI TBP38S030 7685 HARRIS TBP24S81

6351681 MMI TBP28S166 7685 MOTOROLA TBP24S81

63S1681A MM TBP38L166-35 82523 SIGNETICS . TBP18SA030

7117 FUJITSU TBP28LA22 82S23A SIGNETICS TBP38SA030

7118 FUJITSU TBP28L22 825123 SIGNETICS T8P18S030

7121 FUJITSU TBP24SA41 82S5123A SIGNETICS TBP38S030
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DEVICE
825126
‘825129
825136
825137
825140
825141

825146

828147
825180
825181
8215181
825184
1825185
825191
8251918
8252708
875180
875181

BIPOLAR PROM CROSS-REFERENCE GUIDE

MANUFACTURER
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
NATIONAL
NATIONAL

T
TBP24SA10
TBP24S10
TBP24SA41
TBP24541
TBP285A46
TBP28S46
TBP28SA42
TBP28S42
TBP28SA86A
TBP28S86A
TBP28L86A
TBP24SA81
TBP24S81
TBP28S166
TBP38L166-45
TBP28S2708A
TBP28SAB6A
TBP28S86A

DEVICE
875184
875185
875191
87S191A
87S191B
93417
93427
93438
93448
93450

. 93451

93452
93453
93511
93511C
93514
93515

MANUFACTURER
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD

‘T
TBP24SA81
TBP24581
TBP285166
TBP38S166-45
TBP385166-35
TBP24SA10
TBP24S10
TBP28SA46
TBP28S46
TBP28SAB6A
TBP28S86A
TBP24SA41
TBP24541
TBP28S166
TBP38L166-45
TBP24SA81
TBP24S81



TBP18S030, TBP18SA030
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

SEPTEMBER 1979—REVISED AUGUST 1984

® Titanium-Tungsten (Ti-W) Fuse Link for TBP18SA030, TBP18S030 . . . J OR N PACKAGE
Reliable Low-Voltage Full Family Compatible (TOP VIEW)
Programming ool Te vee
@ Full Decoding and Fast Chip Select Simplify a2 154G
System Design a2(]s  [dAs
@ P-N-P Inputs for Reduced Loading on SZ%; :; % :i
System Buffers/Drivers as(s 10 A1
® Applications Include: a6 o[J Ao
Microprogramming/Firmware Loaders GND L8 9]l Q7

Code Converters/Character Generators
Translators/Emulators :
Address Mapping/Look-Up Tables

® Choice of 3-State or Open-Collector Outputs

deséription

These monolithic TTL programmable read-only memories (PROMs) feature titanium-tungsten (Ti-W) fuse
links with each link designed to program in 20 microseconds. The Schottky-clamped versions of these
PROMSs 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.

Data can be electronically programmed, as desired, at any bit location in accordance with the programming
procedure specified. All PROMs 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 that have never been altered may later be programmed to supply the
opposite output level. Operation of the unit within the recommended operating conditions will not alter
thé memory content.

A low level at the chip-select input(s) enables each PROM. The opposite level at any chip-select input causes
the outputs to be off.

PROMs

The three-state output offers the convenience of an open-collector 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 dataline having
a passive pull up.

A MJ suffix designates full-temperature circuits (formerly 54 Family) and are characterized for operation
over the full military temperature range of —55°C to 125°C. A J or N suffix designates commercial-
temperature circuits (formerly 74 Family) and are characterized for operation f_rom 0°C to 70°C.

l_ Copyright © 1983, Texas Instruments Incorporated
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TBP18S030, TBP18SAD30
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbol

TBP185030 TBP18SA030
PROM32 X 8 PROM 32X 8
AV -——“5:-— Qo AL :l; Qo
A0 1100 0 AV“_%r—m R s AP TR
aq 11 AVj———uua2 . ar -1 ‘ AQ Q2
np12) A0 AV _qs NSTE] A0 AL a3
Az-13) 5 Avp—8l o PY L T— $oag —((:)'_04
aa 10 . AV :j: as g 1) . A
gl M U E—— AQH—1 _q6
(15) N AV Q6 {15) N N
¢ EN 1§ v . - ¢ aol—9@ o
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL TBP185030 OUTPUTS
Vee . TBP18SA030 OUTPUTS _ Vee
o b M
3 OUTPUT 358 ano

T ’ Er
INPUT ¢—o .
: OUTPUT
R0
»

PROGRAMMING CIRCUIT
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN

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

SINOHd

. SUPPIY VOIAge (SBE NOIE 1) ¢ e e ete ettt ettt et e et ettt e et teeeeeateaeiiaeaeass LIV
LTS TUL Yo - Yo T- e 5.5V
Off-state output voltage .........coiiiitiiiniiienriiiiniinenenians e i 5.5V
Operating free-air temperature range: Full-temperature-range CirCuits ........covvvveiniinnnn. —55°C to 125°C

Commercial-temperature-range CirCUits ..........cvvevveness . 0°Cto 70°C
Storage temperature range ............ e et et et e —65°C to 150°C

recommended conditions for programming TBP18S’, TBP18SA PROMs

MIN  NOM MAX UNIT
Steady state 4.75 5 5.25
Supply voltage, V¢ (see Note 1) Program pulse 5 925 95 \
High level, VjH 24 5
nput voltage Low level, Vi 0 0.5 v
L See load circuit
Termination of all outputs except the one to be programmed )
{Figure 1)
Voltage applied to output to be programmed, Vp(pr) (see Note 2} 0 0.25 0.3 \%
Duration of V¢ programming pulse X {see Figure 2 and Note 3) 15 25 100 us
- Programming duty cycle for Y pulse 25 35 %
Free-air temperature 20 25 30 °C

NOTES: 1. Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.
" 2. The TBP18S030, TBP18SA030 are supplied with all bit locations containing a low logic level, and programming a bit changes
the output of the bit to high logic leve!.
3. Programming is guaranteed if the pulse applied is 98 gs in duration.

{i’
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TBP18S030, TBP18SA030
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

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

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

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through
3.9 kQ and apply the voltage specified in the table to the output to be programmed. Maximum current into the
programmer output is 150 mA.

5. Step V¢ to 9.25 nominal. Maximum supply current required during programming is 760 mA.

6. Apply a low-logic-level voltage to the chip-select input(s}. This should occur between 1 us and 1 ms after V¢
has reached its 9.25 level. See programming sequence of Figure 2,

7. After the X pulse time is reached, a high logic level is applied to the chip-select inputs to disable the outputs.

8. Within the range of 1 us to 1 ms after the chip-select input(s) reach a high logic level, Vcc should be stepped
down to 5 V at which level verification can be accomplished.

9. The chip-select input(s) may be taken to a low logic level (to permit program verification) 1 us or more after Vgc
reaches its steady-state value of 5 V.

10. AtaY pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired toprogram a
bit.

11. Verify accurate programming of every word after all words have been programmed using V¢ values of 4.5 and
5.5 volts.

5V

OUTPUT ; 39ka

LOAD CIRCUIT FOR EACH OUTPUT
NOT BEING PROGRAMMED OR FOR
PROGRAM VERIFICATION

)
=
o
cc
o.

FIGURE 1 — LOAD CIRCUIT

VERIFY v —f 3Y TYPICAL ol
NEED TO ﬂ 4 + VERIFY PROGRAM

9.25 v
PROGRAM ] | REMOVE V¢ TO R
v REDUCE AVERAGE .
cc ' /POWER e ov

Tusto1ms b j”""“uuo‘lms

'+ be—x [ S H
3 i l'—| )
m m ViL
APPLY REMOVE
Volpr) Vo(pr)

FIGURE 2 —~ VOLTAGE WAVEFORMS FOR PROGRAMMING
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TBP18S030
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

recommended operating conditions (see Note 4)

SINOYd

TBP18S030
ETER UNIT
PARAM . MIN NOM MAX
Suop! | Vee | MJ 45 5 65 v
upply voltage, Vce IN 475 5 525
High-level ! - M) : 21 ma
igh-level output current, igH N 65
Low-level output current, lg . 20 mA
MJ —55 125 o
. . c
Operating free-air temperature, Tp TN ) 70
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
(see Note 4)
FULL TEMP COMM. TEMP
PARAMETER TEST CONDITIONST (MJ) {J.N) UNIT
MIN  TYPE MAX | MIN TYPf MAX
Vi4 High-level input voltage 2 2 \Y
ViL Low-level input voltage 08 0.8 \
Vik Input clamp voltage Vec=MIN, ||=—18 mA —1.2 —1.2 v
: Vee=MIN, V=2V,
VoH High-level output voltage VICLC= 08V, Iol: - MAX 24 34 24 3.2 \
Vee=MIN, Viy=2v,
Vi Low-level output volt. 05 05 \
oL w-level output voltage ViL=08V, oy = MAX
lozH fo-state output currenAt, Vec=MAX, ViH=2V, 50 50 uA
high-level voltage applied Vp=24V
lozL Off-state output curre.nt, Vee=MAX, V=2V, —50 50 uA
low-level voltage applied Vp=05V
7 ) ?nput current at maximum Veg=MAX, V=55V, 1 1 mA
input voltage
IH  High-level input current Veec=MAX, V=27V 25 25 HA
iL Low-level input current Veec=MAX, V=05V -0.25 -0.25 mA
los  Short-circuit output currentS | Ve = MAX, —30 —100 —30 —100 mA
Vee = MAX,
i lect toV, .
lcc  Supply current Chip select(s) a 80 110 80 110 mA
Outputs open,
See Note 6
switching characteristics over recommended ranges of Ta and Vg (unless otherwise noted)
ta(A) ta(s) tdis
TYPE TEST ACCESS TIME FROM ACCESS TIME FROM CHIP DISABLE TIME FROM UNIT
CONDITIONS ADDRESS SELECT (ENABLE TIME) HIGH OR LOW LEVEL
MIN TYpf max | mMiIN  TYP} MAX | MIN TYP MAX
TBP18SO30My | CL = 30 pF for 25 50 12 30 8 30| ns
ta(A) and ta(s),
TBP18S030  pFfor tais, 25 40 12 25 8 20 | ns
See Note 6 :
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Vg = 5V, Tp = 25°C. .
8Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
NOTES: 4. MJ designates full-temperature circuits (formerly 54 Family), J and N designate commercial-temperature circuits (formerly
74 Family).
6. The typical values of Icc are with all outputs low.
6. Load circuits and voltage waveforms are shown in Section 1.
i
4-8 J
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TBP18SAD30
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions (see Note 4)

TBP18SA030
PARAMETER MIN_ NOM MAX UNIT
MJ 45 5 5.5
Supply voltage, Ve N 275 5 525
High-level output voltage, VoH 55 \
Low-level output current, lgL 20 mA
. MJ —55 125
Operating free-air temperature, Tp N 0 70 °C

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

PARAMETER TEST CONDITIONST MIN TYPE MAX UNIT
VIH High-level input voltage 2 \
ViL Low-level input voltage 08 \
VIK Input clamp voltage Vee = MIN, I|=—18mA —1.2 \
Vee = MIN, _
I0H High-level output current VIH=2V, zOH - :: z 1(5)2 uA
vViL=08V OH= S
Ve = MIN, : VIH=2V,
VoL Low-level output voltage cc H 05 \'
viL=08v, oL = MAX .
Input current at maxim )
l i mum Vee = MAX, V|=55V 1] ma
input voltage :
hH High-level input current Vee = MAX, Vi=27V 25 LA
h Low-leve! input current Vee = MAX, Vi=05V -0.25 mA
Vee = MAX,
Icc Supply current Chip select(s) at O V, Outputs open, 80 110 mA
' See Note 5 (2]
switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted) Do:
. tPLH a
ta) ACCE a‘lﬂ . PROPAGATION DELAY
TEST ACCESS TIME FROM ccc:; ;ELEC:OM TIME, LOW-TO-HIGH-LEVEL|
TYPE CONDITIONS ADDRESS ENABLE TIM OUTPUT FROM CHIP UNIT
( B SELECT (DISABLE TIME)
mMIN  TypE max | Min Ty Max | MIN  TYPf  max
TBP18sA030My | CL 7 30PF 25" 50 12 30 12 30 | ns
Rp1=3000Q,
Ri2=600Q,
TBP18SA030 L2 25 40 12 25 12 25 | ns
See Note 6
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Veg =6V, Ta = 25°C.
NOTES: 4. MJ designates full-temperature circuits (formerly 54 Famlly) J and N designate commercial-temperature circuits (formerly
- 74 Family).
6. The typical values of Icc are with all outputs low.
6. Load circuits and voltage waveforms are shown in Section 1.
i
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SERIES 24 AND 28
STANDARD AND LOW POWER PROGRAMMABLE READ-ONLY MEMORIES

SEPTEMBER 1979—REVISED AUGUST 1984

Expanded Family of Standard and Low © P-N-P Inputs for Reduced Loading On
Power PROMs System Buffers/Drivers
Titanium-Tungsten (Ti-W) Fuse Links for © Each PROM Supplied With a High Logic
Reliable Low-Voltage Full-Family-Compatible Level Stored at Each Bit Location
Programming © Applications Include:

@ Full Decoding and Fast Chip Select Simplify Microprogramming/Firmware Loaders
System Design Code Converters/Character Generators

Translators/Emulators

description Address Mapping/Look-Up Tables
The 24 and 28 Series of monolithic TTL programmable read-only memories (PROMs) feature an expanded
selection of standard and low-power PROMs. This expanded PROM family provides the system designer
with considerable flexibility in upgrading existing designs or optimizing new designs. Featuring proven
titanium-tungsten (Ti-W) fuse links with low-current MOS-compatible p-n-p inputs, all family members utilize
a common programming technique designed to program each link with a 20-microsecond pulse.

The 4096-bit and 8192-bit PROMs are offered in a wide variety of packages ranging from 18-pin 300 mil-
wide thru 24 pin 600 mil-wide.The 16,384-bit PROMs provide twice the bit density of the 8192-bit PROMs
and are provided in a 24 pin 600 mil-wide package.

All PROMSs are supplied with a logic-high output level stored at each bit location. The programming procedure
will produce open-circuits in the Ti-W metal links, which reverses the stored logic level at the selected
location. The procedure is irreversible; once altered, the output for that bit location is permanently
programmed. Outputs that have never 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) (S or S} enables all of the outputs. An inactive level at any chip-
select input causes all outputs to be in the three-state, or off condition.

standard PROMs

The standard PROM members of Series 24 and 28 offer high performance for applications which require
the uncompromised speed of Schottky technology. The fast chip-select access times allow additional
decoding delays to occur without degrading speed performance.

PACKAGE! AND ouTPUT BT SizE TYPICAL PERFORMANCE
TYPE NUMBER | TEMPERATURE RANGE | oo oo | (oRGANIZATION) ACCESS TIMES POWER

DESIGNATORS ADDRESS| SELECT | DISSIPATION
TBP24510 MJ, J, N v 1024 Bits
TBP24SA10 MJ, J, N ) (256W x 48) 35ns | 20ms 375 mw
TBP28S42 MJ, J, N v
TBP28SA42 MJ, J, N ) 4096 Bits
TBP28546 MW, JW, NW v (512W x 88) 3ns | 200s 500 mW
TBP28SA46 MJIW, JW, NW [
TBP24541 MJ, J, N v 4096 Bits
TBP24SA41 MJ, J, N [} {1024 x 4B) 40ns | 20ns 475 mwW
TBP24581 MJ, J, N v 8192 Bits
TBP24SA81 MJ, J, N o) (2048 x 4B) 45ns | 20ns 625 mW
TBP28S86A MJIW, JW, NW v ’

8192 Bits

TBP28SASB6A MJIW, JW, NW ) 1024 x 881 46ns | 20ns 625 mW
TBP2852708A NW v
TBP285166 NW v (2:;'83:/4:';53) 3ns | 15ns 650 mW

TMJ and MUW designates full-temperature-range circuits (formerly 54 Family), J, JW, N, and NW designates commercial-temperature-
range circuits {formerly 74 Family). '
+ O = three state, O= open collector.

‘. Copyright © 1985, Texas Instruments Incorporated
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SERIES 24 AND 28
STANDARD AND LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES

low power PROMs

To upgrade systems utilizing MOS EPROMs or MOS PROMs, or when designing new systems which do
not require maximum speed, the low-power PROM family offers the output drive and speed performance

of bipolar technology, plus reduced power dissipation.

PACKAGE' AND TYPICAL PERFORMANCE
TYPE NUMBER TEM:::ATURE RANGE OUTPUT BIT SizE ACCESS TIMES POWER
CONFIGURATION? | (ORGANIZATION)
DESIGNATORS ADDRESS | SELECT | DISSIPATION
TBP28L22 MJ, JN v 2048 Bits
— 45 20 375 mW
TBP28LA22 MJ, J. N [} (256W x 8B) ns ne m
TBP28L42 MJ, J, N v 2096 Bits
o 30 250 mW
TBP28L46 MIW, JW, NW v (512W x 8B) 60 ns ns m
TBP28L86A MIW, JW, NW v 8192 Bits 80ns | 35 350 mW
v m
’ (1024W x 8B) ns
TBP28L166 NW v 16,384 Bits 65ns | 30ns 350 mW
(2084W. x 8B)

tMJ and MJW designates full-temperature-range circuits (formerly 54 Family), J, JW, N, and NW designates commercial-temperature-
range circuits (formerly 74 Family).
* O = three state, O = open collector.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT EQUIVALENT OF 3-STATE OUTPUTS EQUIVALENT OF OPEN-COLLECTOR
OUTPUTS
Vee *— —- - Vee
>
3
p - - OUTPUT
o
oo INPUT - =
o —te—
g OUTPUT
72
<
Programming circuit not shown Programming circuits not shown Programming circuit not shown
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage (see NOte. 1) ... ... ... e e e e 7V
INPUL VORAGE . . . . .o e 5.5V
Chip-select peak input voltage (S, S1, S2) (seeNote 2) . . ........... ... i innn... 11V
Off-state OULPUL VOItAgE . . . . .. .\ttt et e e e e 5.5V
Off-state peak output voltage (see Note 2) . . ... ... . .ttt ieieennn 16.25 V
Operating free-air temperature range: Full-temperature-range circuits (M sufflx) —-55°C to 125°C
Commercial-temperature-range circuits. . .. .. .. 0°C to 70°C
Storage temperature raNge . . . ... v vt iii it it et e e —-65°C to 150°C
NOTES: 1. Voltage values are with respect to network ground terminal.
2. These ratings apply only under the conditions described in the programming procedure.
{ip .
4-12
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TBP24S10
1024 BIT (256 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol

pin assignment

T8P24510 TBP24S10
J or N PACKAGE
PROM 256 X 4 or
(TOP VIEW)
A0 (5) °
a8 As 1 Uisdvee
a2 a2 As[]2  1s[]A7
@) 11) A4l]s  1a[]G2
A3 A {
0 v at 0 =
) A A3[]a 1361
A4 255 ayl—19 o
A5 {2) AV (9) a AOQ [: 5 12 :I Qo
W Ads nda
A6
a7 _18) ,; A2(]7 12
G2 (14) p~ = " GND (|8 9{]Q3
G {13)
recommended operating conditions
MJ JORN
PARAMETER MIN NOM MAX MIN NOM MAX UNIT
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
VIH High-level! input voltage 2 2 \
VL Low-level input voltage 0.8 0.8 \4
IoH High-level output current -2 -6.5| mA
loL Low-level output current 16 16 | mA
TA Operating free-air temperature range —55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJ JORN
PARAMETER TEST CONDITIONS T UNIT
o MIN TYP? MAX MIN TYP! MAX 7
ViK Vce = MIN, = -18mA ~1.2 -1.2| v b
VOH Vce = MIN, lIoH = MAX 2.4 3.1 2.4 3.1 v o
VoL Vee = MIN, loL = 16 mA 0.5 0.5 \4 o
lozH Vce = MAX, Vo = 2.4V 50 50 | pA o
TozL Vce = MAX, Vo = 05V ~50 —50 | A
N Vce = MAX, Vi =55V 1 1| mA
H Vee = MAX, Vi =27V 25 25 | 4A
m Voo = MAX, Vi =05V ~0.25 —0.25 | mA
los§ Vee = MAX i -30 —100 | -30 -100 | mA
lce Vee = MAX 75 100 75 100 mA
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)
TEST J OR
PARAMETER S MJ N UNIT
CONDITIONS MIN _TYP} MAX | MIN _TYP} MAX
ta(A) Access time from address Cp = 30 pF 35 75 35 55 ns
ta(s) Access time from chip select (enable time) See Note 3 20 40 20 35 ns
N . CL = 5pF
tdi Disable ti 15 40 15 35
dis isable time See Note 3 ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
#All typical values are at Vo = 6 V, Tp = 25°C.
8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
T {l’
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TBP24SA10
1024 BITS (256 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol pin assignment
TBP24SA10 TBP24SA10
J OR N PACKAGE
PROM 256 X 4 (TOP VIEW)
(5)
A0 © o As [ Uisd vee
Al
(7 2) As[J2  1s[] A7
P 22 o 2‘: Adlls  1adG2
@ A o (10) A3f]s 3Gt
A —c 255 AQ o Q2 aods 1200
As— AQ a3 A1se nJar
A A2[J7  1ofJa2
A7 e 7
G2 14) L = GND [ |8 9 Q3
PRSI W EN
recommended operating conditions
MJ JORN
PA
RAMETER MIN NOM MAX MIN NOM MAX UNIT
Y Supply voltage 4.5 5 55 | 4.75 5 5.25 \
cC
VIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \J
Y High-level output voltage 5.5 5.5 \%
OH
loL Low-level output current 16 16 | mA
Ta Operating free-air temperature range -55 125 o 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETE# TEST CONDITIONS T MJ J OR N UNIT
) MIN TYP¥ MAX | MIN TYP! MAX
8 ViIK Vee = MIN, Il = =18 mA -1.2 -1.2 \
VOH = 2.4 V 0.05 0.05
! V, = MIN, mA
= OH cc VoH = 55 V 0.1 0.1
n VoL Ve = MIN, oL = 16 mA 0.5 045 | V
I Vce = MAX, V| =55V 1 1] ma
I Vee = MAX, Vi =27V 25 25 | uA
L Vee = MAX, V=05V -0.25 -0.256 | mA
ice Vce = MAX 75 100 75 100 | mA
switching characteristics over recommended ranges of TA and V¢c (unless otherwise noted)
TEST MJ JORN
PARAMETER UNIT
CONDITIONS MIN TYP! MAX | MIN TYP! MAX
ta(A) Access time from address CL = 30 pF 35 75 35 65 ns
ta(S) Access time from chip select (enable time) RLt = 300 @ 20 40 20 35 ns
Propagation delay time low-to-high-level RL2 = 600 @
t 15 40 20 35
PLH output from chip select See Note 3 ne
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Ve =5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
T {l’
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TBP28S42
4096 BITS (512 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol pin assignment
TBP28S42 TBP28S42
PROM 512 X 8 J OR N PACKAGE
M o {TOP VIEW}
ﬁgﬂ_ AV _—‘((3: Qo o[ Uzo] vee
POSE] AVTO1 A1[]2z 19[] A8
Az _t4 AvToz A2[3 18] A7
. Al AV A3[fa  17[JAe
a5 _{16) 511 AVTQ4 A4(ls  16[] A5
ag 17 AVTQS Qo[le 1[JG
A7 118 AvToe Qi[]z 1[Jaz
ag 112 8 AVH———07 az2[fs 13(]as
g8 E EN Q3o 12[] a5
GND[Jio  1[Ja4
recommended operating conditions
MJ JORN
PARAMETER MIN NOM MAX MIN NOM MAX UNIT
Vee Supply voltage . 4.5 5 5.5 | 4.76 5 5.25 \
VIH High-level input voltage 2 2 v
ViL Low-level input voltage ) 0.8 0.8 \
loH High-level output current -2 -65 | mA
loL Low-level output current 16 16 | mA
Ta Operating free-air temperature range -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
MJ JORN
PARAMETER TEST CONDITIONS MIN_ TYPF MAX MIN_ TYPE  MAX UNIT (EI)
ViK Vce = MIN, I = —18 mA -1.2 -12] v
VoH Vce = MIN, IOH = MAX 24 3.1 24 3.1 v g
VoL - Vge = MIN, loL = 16 mA » 0.5 0.5 \ o
l0ZH Vee = MAX, Vo =24V . 50 50 A
10ZL Vce = MAX, Vo = 05V B ) - —50 | KA
] Vee = MAX, V| =55V 1 1 mA
H Vcc = MAX, V=27V 25 25 | pA
- Vce = MAX, V| = 0.5V ~0.25 ~0.25 [ mA
los¥ Vce = MAX ~30 -100 | -30 -100 | mA
Icc Vee = MAX 100 135 100 135 mA
switching characteristics over recommended ranges of Ta and Vg (unless otherwise noted)
TEST MJ JORN
PARAMETER CONDITIONS MIN TYP? MAX MIN TYP! MAX UNIT
ta(A) Access time from address CL = 30 pF 35 70 35 60 ns
ta(s) Access time from chip select (enable time) See Note 3 20 45 20 45 ns
tgis ~ Disable time SC; T\loiep; 15 45 15 40| ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Vo = 5V, Ta = 25°C.
$Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
*
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TBP28SA42
4096 BITS (512 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic: symbol ) pin assignment
o TBP28SA42 TBP28SA42
PROMB1Z X6 J OR N PACKAGE
- (TOP VIEW)

@ ° AQ+00 _ Ao W20 vee

JOSlE]] AQT-m A1[]2 19f] A8

Az @) AQ %2 A2[s 18] A7

st Al AQTQ:; A3[fs  17[] A6
s le 5T AQ_“roa A4[]s  16[] A5
BN AQTQS Qo(Js 151G

'y _18) AQTQG Q17 s[Ja7

wm ) e o

=_{15
G- en aNo[Jio nfJas
recommended operating conditions
PARAMETER MJ JORN UNIT
MIN NOM MAX MIN NOM MAX

Vee Supply voltage .| 4.5 5 5.5 | 4.75 5 5.25 A"
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \Z
VOH High-level output voltage 5.5 5.5 \
loL Low-level output current 16 16 | mA
TA Operating free-air temperature range -55 125 o] 70 °C

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

o) PARAMETER TEST CONDITIONS N Ty:* MAX | N JngtN MAX UNIT

g VIK Vee = MIN, | = —18 mA -1.2 -1.2 \

g loH Vee = MIN, VOH = 2.4V 0.05 0.05 mA

. VQH = 65V 0.1 0.1

o VoL Vee = MIN, © loL =16 mA . 05 0.5 \
] Vee = MAX, V=55V 1 1| mA
iH Vee = MAX, V=27V 25 25 [ pA
hL- Vee = MAX, " V=05V -0.26 -0.25 | mA
Icc Vce = MAX 105 135 105 135 | mA

switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)

TEST MJ JORN
PARAMETER UNIT
. - CONDITIONS MIN TYP} MAX | MIN TYP} MAX

ta(A) Access time from address CL = 30 pF 35 75 35 65 ns
ta(s) Access time from chip select {enable time) RL1 = 300Q 20 45 20 35 ns

P tion delay ti low-to-high-level RL2 = 600 Q '
pLH ropagation e'ay ime low-to-high-leve L2 15 45 15 - ns

output from chip select See Note 3

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
_*AI typical values are at Voo = 5V, T = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TBP28546
4096 BITS (512 WORDS BY 8 BITS)

STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol pin assignment
TBP28546 TBP28S46
PROM 512 X 8 JW OR NW PACKAGE
a0 18 0 _ (TOP VIEW)
R/ E— AV —2 o A7[dr Yas) vee
Az -t6) | AV (L[ B A6 ]2 23[] A8
PRI — avk—1 o, As[]s  z2[INC
a8 Bal agb—1) q Asl]s  21[1G4
As— | Avhk—84 o4 A3(]s 200G
Ae—2 v S A2(0s  1s[]G3
A7—(“ AV———-“G) Q6 A1L]7 18[] G2
RO Y Avl—0D o, aolJse 17{]a7
IFPCAV N papy ao 16]] Q6
a1l | a1[io 1sJas
G218 | EN a2 14[]Q4
1120 N GND 12 13[]aQ3
recommended operating conditions
MW JW OR NW
PARAMETER MIN NOM MAX MIN NOM MAX UNIT
Vee Supply voltage 4.5 5 5.5 | 4.75 5 525 \%
ViH High-level input voitage 2 2 \%
ViL Low-level input voltage 0.8 0.8 Vv
loH High-level output current -2 -6.5 mA
loL Low-level output current 16 16 { mA
TaA Operating free-air temperature range -55 125 0 70 °C

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

MIJW JW OR NW 2]

PARAMETER TEST CONDITIONS ¥ TN TPt A Tmn et max] UNT S

ViK " Vec = MIN, I = —18 mA 12 2| v (@]

Von ~ Vce = MIN, lon = MAX 24 3.1 24 3.1 Y o

VoL - Vce = MIN, loL = 16 mA 0.5 0.5 \ o
lozH Vee = MAX, Vo =24V 50 50 A
lozZL Vce = MAX, Vo = 05V —50 50 | A
Iy Vce = MAX, Vi =65V 1 1| mA
IH Vce = MAX, Vi=27V 25 25| uA
m Vee = MAX, V| =05V -0.25 ~0.25 | mA
los3 Vce = MAX -15 -100 | -20 -100 | mA
e Vce = MAX 100 135 100 135 [ mA

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

PARAMETER TEST M JW OR NW UNIT
CONDITIONS MIN_ TYP} MAX | MIN_TYP¥ MAX
ta(A) Access time from address CL = 30 pF 35 70 35 60 ns
ta(s) Access time from chip select (enable time) See Note 3 20 45 20 35 ns
. . CL = 5pF
tdi Disable time 15 40 15 35
dis : See Note 3 ne

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Vgc = 5V, Ta = 25°C.
8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
'Jl
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TBP28SA46
4096 BITS (512 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol
TBP28SA46
PROM 512 X 8
AUL 07
A1- (7) A
Az.16) | AG
el o AQ
Ag-t4l ] SA— A O
3) 51
A5 AQ
A6 (2 AQ
A7I_—J AQ
A8 (23) g AQ
Ga (21) N =z
G3 (19)
G2 118 : EN
G120 N

(9)
(10)

{14)

recommended operating conditions

(1)
(13)

(15)
(16)
a7

pin assignment

Qo

Q2
Qa3
Q4
Qs
Q6
Q7

TBP28SA46

JW OR NwW

PACKAGE

(TOP VIEW)

MJW JW OR NW
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.76 5 5.25 \
ViH High-level input voltage 2 2 \
VIL Low-level input voltage 0.8 0.8 \
VOH High-level output voltage 5.5 5.5 v
loL Low:-level output current 16 16 | mA
Ta Operating free-air temperature range -55 125 (o] 70 °C
=0 electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
- ?
MJW JW OR NW
(@] PARAMETER TEST CONDITIONS 3 3 UNIT
g MIN TYP* MAX [ MIN TYP MAX
) ViK Vce = MIN, | = —18 mA -1.2 -1.2 \
\ =24V 0.05 0.05
IoH Vee = MIN, OH mA
: VOH = 5.5V 0.1 0.1
VoL Vee = MIN, oL = 16 mA 0.5 0.5 Vv
] Vece = MAX, V) =585V 1 1 mA
IIH Vee = MAX, V=27V 25 25 wA
L Vee = MAX, V=05V -0.25 -0.25 | mA
Icc Vee = MAX 100 135 100 135 | mA
switching characteristics over recommended ranges of TA and Vc( (unless otherwise noted)
TEST MJW JW OR NW
PARAMETER UNIT
CONDITIONS MIN TYP! MAX | MIN TYP# MAX
ta(A) Access time from address CL = 30 pF 35 75 35 65 ns
ta(S) Access time from chip select (enable time) R 1 = 300 Q 20 45 20 35 ns
P ation delay time low-to-high-level RL2 = 600 @
tPLH ropagation eiay ime low-to-high-leve L2 15 10 15 35 ns
output from chip select See Note 3
tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Vee =5V, Ta = 256°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP24S41
4096 BITS (1024 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol

pin assignment

TBP24S41 . TBP24S41
PROM 1024 X 4 J OR N PACKAGE
) o {TOP VIEW)
N ] as [ Uss[d vee
A— o — As[J2  172[J A7
A2 ————
Aa__@) A4]s 18] A8
a @ AT -—%——oo A3[s 150 A9
M Sa L. AV Aao(]s 1[deo
AsS—7) 1023 AVp— a2 A1 Qs 13Jai
2: 7 AV|——a3 A2[d7 1202
T G1[js mnjas
s (15) GND [ |9 10] | G2
—19
G210 Y
a1 (8) EN
recommended operating conditions
MJ JORN
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 b5.25 \'4
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
IOH High-level output current -2 -3.2 | mA
loL Low-level output current 16 16 | mA
TaA Operating free-air temperature range —55 125 ] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
[72]
MJ JORN
PARAMETER TEST CONDITIONS UNIT S
MIN_ TYP? MAX | MIN TyP¥ MAX o
ViK Vee = MIN, = -18 mA -1.2 -1.2 \4 o
VoH Vee = MIN, loH = MAX 2.4 3.1 2.4 3.1 \4 o
VoL Vee = MIN, loL = 16 mA 0.5 0.5 \ :
lozH Vee = MAX, Vo = 2.4V 50 50 | pA
lozL Vcc = MAX, Vo = 05V —50 -50 | zA
1) Vcc = MAX, V| =55V 1 1] mA
IIH Vee = MAX, V| =27V 25 25 A
I Vee = MAX, Vi =05V -0.25 -0.25 | mA
10s® Ve = MAX -15 -100 | -20 -100 | mA
Icc Vce = MAX 95 140 95 140 | mA
switching characteristics over recommended ranges of Ta and V¢C (unless otherwise noted)
TEST MJ JORN
PA ET| UNIT
RAMETER CONDITIONS MIN TYP¥ MAX | MIN TYP? MAX
ta(A) Access time from address CL = 30 pF 40 75 40 60 ns
ta(S) Access time from chip select (enable time) See Note 3 20 40 20 30 ns
CL = 5pF
. i i 4 20 30 ns
tdis Disable time See Note 3 20 0
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operatlng conditions.
Al typical values are at Vog = 5V, Tp = 256°C.
$Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TBP24SA41
4096 BITS (1024 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol pin assignment
TBP24SA41 . TBP24SA41
PROM 1024 X & J OR N PACKAGE
(5) o (TOP VIEW)
A0 © | . as [ Uis[J vee
A;——m as[2 170 a7
As_“—‘(4, AaQs  s[] a8
:4——“3) AQ‘—‘%_QQ A3E4 15[] A9
@ ] Al AQL———ao1 Ao(Qs 14[Jao
AS— 1 f 08 Lol U2 ., ‘ ards 13 ai
As_“_n—— AQ‘———“” Q3 52u7 12] Q2
AT 1 G1[Js n[jas
A8 — J GND[]s _ 10[]G2
Ag———o)
G210 & .
) (8) EN
recommended operating conditions
MJ JORN
PARAMETER : UNIT
X MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.26 \"
VIH High-level input voltage . 2 2 v
ViL Low-level input voltage 0.8 0.8 \%
VOH High-level output voltage 5.5 55| V
loL Low-level output current 16 16 | mA
TA Operating free-air temperature range —55 1256 [¢] 70 °Cc
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
g MJ JORN
PARAMET t
o ER TEST CONDITIONS N vt WAx | N TYPE  MAX UNIT
g VIK Vee = MIN, I = —18 mA -1.2 -1.2 \
) VoH = 2.4V 0.05 0.05
! \ = MIN, A
OH cc VoH =58V . 0.1 oil ™
VoL Vce = MIN, oL = 16 mA 0.5 06| V
I Vce = MAX, V=55V 1 ‘ 1| mA
IH Vce = MAX, Vi=27V 25 25 | uA
i Vee = MAX, V=05V -0.25 -0.25 | mA
Icc Vce = MAX 95 140 95 140 | mA
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)
TEST M. JORN
PARAMETER E ‘L T UNIT
CONDITIONS MIN  TYP MAX MIN TYP MAX
ta(A) Access time from address C_ = 30 pF 40 75 40 60 ns
ta(s) Access time from chip select (enable time) Ry = 3000 20 40 20 30 ns
tPLH Propagation dellay time low-to-high-level Ri2 = 600 Q 20 40 20 30 ns
output from chip select See Note 3 .
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Voe = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP24S81
8192 BITS (2048 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol

pin assignment

TBP24581 TBP24S81
J OR N PACKAGE
PROM 2048 X 4
(5) 0 (TOP VIEW)
AQ—————— "
A8 A6 [ U1l vee
7) A5 ]2 17 :] A7
A2—
@) A4[]s 18] A8
A3 (14) A3[Js 18[JA9
Aa3 | AV|———a0
5 2 "0 AV (13) a1 AO E s 14 ] Qo
M (A B Aol 12 o, Atfe 13fJa1
A6
17) {(11) A2[7  12[JQ2
A7 AVp———a3
A8 (16} A10 s 11]03
GND[Js 101G
o (1:) O
A‘ID-L-— 10/
] (100 NJen
recommended operating conditions
PARAMETER MJ JORN UNIT
MIN NOM MAX MIN NOM MAX -
Vee Supply voltage 4.5 5 5.5 } 4.75 5 5.25 \
VIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 Vv
loH High-level output current -2 -3.2 mA
loL Low-level output current 16 16 [ mA
Ta Operating free-air temperature range. -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
[72)
MmJ JORN
PARAMETER TEST CONDITIONS t UNIT
MIN TYP* MAX MIN TYPF MAX E
ViK Vee = MIN, I = —18 mA 1.2 -12 Vv 8
VOH vce = MIN, IoH = MAX 24 3.1 2.4 3.1 v a
VoL Vce = MIN, oL = 16 mA 0.5 05| Vv
10zH Vce = MAX, Vo = 2.4V 50 50 | #A
lozL Vee = MAX, Vo =05V -50 -50 #A
1 Vce = MAX, V| =55V 1 1] mA
IIH Vee = MAX, V=27V 25 25 A
m Vce = MAX, Vi =05V ~0.25 —0.25 | mA
10s? Vce = MAX 15 ~100 | -20 —100 [ mA
lcc Vee = MAX 125 175 125 175 | mA
switching characteristics over recommended ranges of Ta and V¢(C (unless otherwise noted)
TEST MJ JORN
PARAMETER S 3 T UNIT
CONDITIONS MIN TYP MAX MIN TYP MAX
ta(A) Access time from address Cp = 30 pF 45 85 45 70 ns
ta(s) Access time from chip select (enable time) See Note 3 20 50 20 40 ns
. . CL = 5pF
i Disabl 20 50 20 40
tdis isable time See Note 3 ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Vog = 5V, Ta = 25°C.
8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
T QIP
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TBP24SA81
8192 BITS (2048 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol pin assignment '
TBP24SA81 TBP24SA81
PROM 2048 X 4 J OR N PACKAGE
209 0 (TOP VIEW)
POlT As [ U vee
) . A5[J2  17[JA7
22_——(4) A4a[]s  16[] A8
A3 14 1
as 3 aol—18__qo g sP A9
@ o Aol 03 o AO[]s 14[JQO
ST B Ay T A10e  13JQ1
A6 — | —————Q2
Ay 170 aol M o3 A2[]7 120Q2
;_—(15) ‘ Al0[]s mn[Jos
AS— i GND[Jo 10[]G
A9t15)
PRI B— 10
g (10) N EN
recommended operating conditions
M. JORN
PARAMETER ) 9 UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
VIH High-level input voltage 2 2 A\
ViL Low-level input voltage 0.8 0.8 A
VOH High-level output voltage 5.5 5.5 \
loL Low-level output current 16 .16 mA
Ta Operating free-air temperature range -55 125 [} 70 °C

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

MJ JORN

PARAMETER TEST CONDITIONS MIN TYPE WAX | MiN TYPE  MAX UNIT
ViK Vee = MIN, I = —18mA -1.2 -1.2 \
IoH Vee = MIN, VOH = 24V 0.05 0.05 VmA

VOoH = 5.5V 0.1 0.1

VoL Vece = MIN, loL = 16 mA 0.5 0.5 \
Iy Vee = MAX, V) =565V 1 1 mA
H Vee = MAX, Vi=27V 25 25 | pA
[T Vce = MAX, V=05V -0.256 -0.25 | mA
Icc Vee = MAX 125 175 125 176 | mA

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

TEST MJ JORN
PARAMETER 3 UNIT
CONDITIONS MIN TYP MAX MIN TYP¥} MAX

ta(A) Access time from address CL = 30 pF 45 95 45 70 ns
ta(S) Access time from chip select (enable time) RLy = 300 0 20 50 20 40 ns

Propagation delay time low-to-high-level RL2 = 600 Q2
LK ropagation e. y time low-to-high-leve L2 0 20 50 20 40 ns

output from chip select See Note 3

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Voc = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TBP28S86A
8192 BITS (1024 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

IOQIC SymbOI TBP28S86A pin assignment TBP28S86A
TROM 109X 3 JW OR NW PACKAGE
a0—18 0 (TOP VIEW)
a1 Agl—9 o A7 [ U2 vee
az_6) Avl—09 o A6 (2 23] A8
Az_5) AN o, As[3  22{] A9
) Lo AV RET ads 210 G4
B 1 oANm aul e  a3fs 200G
AG—(—Z-)-— Av‘ﬂ_gs A2 [:G 19[] G3
A7&—— A _“—6)_()5 A1l E7 18:] G2
as—23 | Avp—"7" o ads  1Ja7
ag—t22 |, Qo Bﬁ 16[] Q6
(FIRCAUN SN ey at O 1s[] as
ST — en ' o2[Qn 4] Qs
—] GND [J12  13[] a3
31 {20) |

recommended operating conditions

PARAMETER MW JW OR NW UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \%
VIH High-level input voltage 2 2 \Z
VL Low-level input voltage 0.8 0.8 \Y
IoH High-level output current ’ -2 -3.2 mA
loL Low-level output current 12 12 | mA
Ta Operating free-air temperature range -55 125 [o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
d [72]
PARAMETER TEST CONDITIONS T MW JW OR NW UNIT E
MIN_ TYP¥ MAX | MIN TYP? MAX o
ViK Vee = MIN, I = —18 mA -1.2 -1.2 \4 o
VOH Vce = MIN, IoH = MAX 2.4 3.1 2.4 3.1 v o
VoL Ve = MIN, loL = 12 mA 0.5 0.5 \
lozH Vcc = MAX, Vo = 2.4V 50 50 | wA
lozL Ve = MAX, Vo =05V -50 -50 »A
Iy Vee = MAX, V) =55V 1 1 mA
i1 Vee = MAX, V=27V 25 25 pA
I Vce = MAX, Vi = 05V ~0.25 ~0.25 | mA
los® Vee = MAX -15 -100 | -20 -100 | mA
Icc Ve = MAX 110 170 110 165 | mA
switching characteristics over recommended ranges of Tp and V¢C (unless otherwise noted)
TEST MJW JW OR NW
PARAMETER CONDITIONS MIN TYP? MAX | MIN TYPE MAX | ¥
taA) Access time from address CL = 30 pF 35 80 35 65 ns
ta(s) Access time from chip select {enable time) See Note 3 20 50 20 40 ns
tyis  Disable time ;Le :kiepg 15 40 15 35| ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*All typical values are at Voc = 5V, Tp = 25°C.
$Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
Texas WP
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TBP28SA86A

8192 BITS (1024 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol

TBP28SA86A
PROM 1024 X 8
_Ao_(s_)— 0}
a2 AQ—1___q
A28 | Aol 1% o
A3——S; AQ‘———:": Q2
13

Ad —— 0 AQ
A5:—32:-—- At Aol 14,
As—Z— aAol—U8 o
a7l AQ (13) a6
ag 123 Aol o,

(22)

s I
G (21) N =

119)
eI L

EN

G2 (18)
G1 (20) N

recommended operating conditions

pin assignment

TBP28SA86A
JW OR NW PACKAGE
{TOP VIEW) N
A7 1 vee
A6 [] A8
A5 ] A9
Ad 1G4
A3 ] G1
A2 ]G3
Al [] G2
AO 0 a7
Qo 1 a6
Qi1 []as

Q2
GND

1 aa
] Q3

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

MW JW OR NW
PARAMETER UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 Vv
VIH High-level input voltage 2 2 \'
ViL Low-level input voltage 0.8 0.8 v
VOH High-level output voltage 5.5 5.5 \4
loL Low-level output current 12 12 mA
TA ‘Operating free-air temperature range -55 125 0 70 °C
) . . . . .
o electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
(@]
g PARAMETER TEST CONDITIONS MIN .:,IYJVI JW ORtNW UNIT
P MAX MIN TYP MAX
» ViK Vee = MIN, Il = —18 mA -1.2 -1.2 \4
lon Ve = MIN, VoH = 24 V 0.05 005 [
VoH = 5.6V 0.1 0.1
VoL Vee = MIN, loL = 12mA 0.5 0.5 Vv
] Ve = MAX, V=55V 1 1 mA
H Vee = MAX, Vi=27V 25 25 A
M Vce = MAX,, V| = 0.5V -0.25 -0.25 [ mA
Icc Vce = MAX 125 175 125 175 | mA
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)
PARAMETER TEST MJW JW OR NW UNIT
CONDITIONS MIN TYP! mMAX | MIN TYP! MAX
ta(A) Access time from address CL = 30 pF 35 80 35 70 ns
ta(S) Access time from chip select (enable time) RL1 = 300 @ 20 50 20 40 ns
tPLH Propagation del.ay time low-to-high-level RL2 = 600 @ 15 40 15 a5 ns
output from chip select See Note 3
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*All typical values are at Vg = 5V, To = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
*
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TBP28S2708A
8192 BITS (1024 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol pin assignment
TBP28S2708A TBP28S2708A
PROM 1024 X 8 NW PACKAGE
{TOP VIEW)
’ A7 \
AOL 03 g Ccc
(7) (9) A6 A8
Al————— AVpP——0Q0
(6) (10) A5 A9
A28 | AV A4 NC
A3 AV Q2 —
A G
@) o Aav—m o 3 % .
-(3) A== A (14) A2 N
A5 1023 v Q4
(2) (15) A1l NC
AB —— ] AV Qs
A7 (1) AT (16) a6 AO Q7
(23) 17) Qo g Q6
A8 —————f AV Q7
(22) Q1 Q5
BTN g Q2 Q4
G EN GND E a3
recommended operating conditions
NW
PARAMETER UNIT
MIN NOM MAX
Vee Supply voltage 4.75 5 5.25 \'
ViH High-level input voltage 2 \
ViL Low-ievel input voltage 0.8 \
IoH High-level output current -3.2 mA
loL Low-level output current 12 | mA
TA Operating free-air temperature range 0 70 °C

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

NW

PA NIT
RAMETER TEST CONDITIONS N TYPT  MAX Ul
ViK Vce = 4.75, ) = -18 mA -1.2 v
VoH Vee = 4.75, IoH = —-3.2mA 2.4 3.1 \
VoL Vee = 4.75, loL = 12 mA 0.5 Vv
10ZH Vee = 5.25, Vo = 24V 50 A
lozL Vee = 5.25, Vo =05V -50 uA
1] Vge = 5.25, V| =55V 1 mA
hH Vec = 5.25, Vi =27V 25 rA
L Vee = 5.25, V) =05V -0.25 | mA
los? Vce = 5.25 -20 -100 | mA
lcc Vee = 5.26 110 165 mA

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

PARAMETER TEST Nw UNIT
. CONDITIONS MIN TYPT MAX
ta(A) Access time from address CL = 30 pF 45 70 ns
ta(S) Access time from chip select {enable time) See Note 3 20 40 ns
. . CL =5pF
tdi Disable time 20 40
dis See Note 3 ns

TAll typical values are at Vg = 5V, Tp = 25°C.
¥Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TBP28S166

16,384 BITS (2084 WORDS BY 8 BITS)

STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol
gic sy TBP28S166
PROM 2048 X 8
P o
a1 o
A2 (6) AV ——(1—00
a3 a9 __q,
PR A1 o,
31 [, 0 AV 1130 o3

A5 ———rq A Soa7 (14)
ag—2 2047 AGp———aq4
a7 {1 AV—-—::%—OS
Ag 1231 AV 08
A9 —22) AV 07 o
a2 o
G309 =
G218 EN
G (20)

recommended operating conditions

pin assignment

A7
A6
A5
A4
A3
A2
Al
AO
Qo
Q1
Q2
GND

TBP28S166
NW PACKAGE

(TOP VIEW)

1
2
3
4
5
6
-
8

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

PARAMETER NW UNIT
MIN NOM MAX
Vece Supply voltage 4.75 5 5.25 \%
VIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
IOH High-level output current -3.2 mA
loL Low-level output current 16 | mA
TA Operating free-air temperature range o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
g PARAMETER TEST CONDITIONS Nw UNIT
) MIN TYPT MAX
g VK Vee = 4.75, j = -—18 mA -1.2 \
n VoH Vce = 4.75, I0H = -3.2mA 2.4 3.1 v
VoL Ve = 4.75, loL = 16 mA 0.5 \
10ZH Vee = 5.25, Vo =24V 50 | pA
lozL Vee = 5.25, Vg =05V -50 rA
Iy Vee = 5.25, Vi =565V 1 mA
iy Vce = 5.25, V=27V 25 | A
i Vee = 5.25, V) =05V -0.25 | mA
los? Vce = 5.25 -20 -100 | mA
Ice Vee = 5.26 130 175 { mA
switching characteristics over recommended ranges of TA and Vg (unless otherwise noted)
PARAMETER TEST Nw UNIT
CONDITIONS MIN TYPT MAX
ta(A) Access time from address CL = 30 pF 35 75 ns
ta(s) Access time from chip select (enable time) See Note 3 15 40 ns
tdis Disable time ;::e ;\,iep; 15 40 | ns
TAll typical values are at Voc = 5V, Tp = 25°C.
#Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
4-26 TeExas [
INSTRUMENTS




TBP28L22
2048 BITS (256 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

)

logic symbol pin assignment
TBP28L22 TBP28L22
ROV 256 X8 J OR N PACKAGE
w {TOP VIEW)
A——— 0 i6)
a1 2 AVTQO Ao [ vee
a3 AV & a1 Al []2 A7
A4 o AV A2 []3 A6
a8 Agee AV A3 []a A5
a5 17 AV ) Q4 A4 Es G2
ag 18! AVjp—=—a5 ao s G1
T A o A
- A a7 8
gz :::; ~ ¢ |en v a3 s as
G1
GND %10 Q4
recommended operating conditions
PARAMETER MJ JORN UNIT
MIN NOM MAX | MIN NOM MAX
vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \4
VIH High-level input voltage 2 2 Vv
ViL Low-level input voltage 0.8 0.8 \
I0H High-level output current -2 -65 | mA
loL Low-level output current 16 . 16 | mA
Ta Operating free-air temperature range -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted
MJ JORN
PARAMETER TEST CONDITIONS N TYPt max | mTver x| UNT
ViK Vee = MIN, I = —18 mA —1.2 | . —12 | v
VOH Vee = MIN, IoH = MAX 2.4 3.1 2.4 3.1 v
VoL Vce = MIN, loL = 16 mA 0.5 0.5 v
lozH Vee = MAX, Vo = 24V 50 50 wA
lozL Vce = MAX, Vo = 0.5V —~ 50 —-50 | uA
1 Vce = MAX, Vi =55V 1 1| mA
IH Vee = MAX, V=27V 25 25 rA
m Vce = MAX, Vi =05V —-0.25 —0.25 | mA
1os ¥ Vee = MAX —25 -100 | -30 -100 [ mA
icc Vce = MAX 76 100 75 100 | mA

switching characteristics over recommended ranges of Ta and Vgc (unless ot\herwise noted)

PARAMETER TEST m.J JORN UNIT
CONDITIONS MIN TYP?} MAX | MIN TYP¥ MaAX
taA) Access time from address CL = 30 pF 45 75 45 70 ns
ta(s) Access time from chip select (enable time) See Note 3 20 40 20 35 ns
. CL = 5pF
tdi Disable til 15 35 15 3
dis isable time See Note 3 [o] ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*All typical values are at Voe = 6V, TA = 25°C.
8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP28LA22

2048 BITS (256 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol

pin assignment

TBP28LA22

PROM 256 X 8
) 0
a2 AQ :g: Qo

(3 AQf—=—a1
Az :4: Ag——m 2
AZ———— 0 o2
Ac |

A5 ) | AQ‘—T‘;’-——Q
Ag.118) AQ—=L a5
A7 (19) 7 AQ‘%::——QS
518 N A Q7
PN | EN

recommended operating conditions

TBP28LA22
J OR N PACKAGE
(TOP VIEW)
Ao [ Vce
Al 2  19[] A7
A2[]s 18] A6
A3[dsa 170 As
A4 Qs 16]]G2
ao[Je 15[] G1
Q1 [ 14[] a7
azs 113[Jas
Q3 e 12[] as
GND 1o wi[] Q4

PARAMETER MJ JORN UNIT
MIN NOM MAX | MIN NOM MAX
vece Supply voltage 4.5 5 5.5 | 4.75 5 5.25 v
ViH High-level input voltage 2 2 \4
ViL Low-level input voltage 0.8 0.8 \
VOH High-level output voltage 5.5 5.5 \
loL Low-level output current 16 16| mA
Ta Operating free-air temperature range -55 125 o] 70 °Cc
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJ JORN
PARAMETER TEST CONDITIONS UNIT
o MIN TYP? mAX | MmN TYP? MAX
o v VIK Vee = MIN, h = -18 mA -1.2 -1.2 \
O . VoH = 24V 0.05 0.05
I Vee = MIN, A
2 OH cc . Von =55V 0.1 o] "
[7) VoL Vce = MIN, loL = 16 mA 0.5 0.5 \
i} Vee = MAX, Vi =656V 1 1 mA
78] : Vee = MAX, V) =27V 25 26| pA
[iTH Vee = MAX, V=05V -0.26 -0.25 | mA
Icc Vee = MAX 75 100 75 100 | mA
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)
TEST MJ JORN
PARAMETER UNIT
CONDITIONS MIN TYP¥ MAX | MIN TYP? MAX
taA) Access time from address CL = 30 pF 40 80 45 75 ns
ta(S) Access time from chip select (enable time) Ry 1 = 300 Q 20 40 20 35 ns
tPLH Propagation deI.aV time low-to-high-level RL2 = 600 Q 15 a5 15 30 ns
output from chip select See Note 3
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*All typical values are at Vce = 5V, Tp = 256°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
Ti {lp
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TBP28142
. 4096 BITS (512 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol ’ pin assignment
TBP28L42 TBP28L42
PROM 512 X 8 J OR N PACKAGE
M 0 (TOP VIEW)
:‘1’ @ ‘ Av—%——oo Ao L] Vee
a3 AVF—o— A1 (]2 A8
(4) Ay Q2 A2(]s A7
A3—— (9)
) Al AvTos A3[]a A6
as \16) ‘ 511 AVTQ4 vA4[:5 55
e AV o B 1 S
(18) AV Q6
A; e . Avi—14 o 02[]s Q6
ETEI S : a3[]s as
GND (10 Q4
recommended operating conditions
MJ JORN
PARAMETER MIN NOM MAX MIN NOM . MAX unIT
vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 A"
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \4
'OH High-level output current -1 -1.6 | mA
loL Low-level output current 8 8 | mA
TA Operating free-air temperature range -565 125 0 70 °C

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

MJ JORN

PARAMETER TEST CONDITIONS t MIN_ TYPE  WMAX | MIN TYPE MAX UNIT
ViK Vee = MIN, I = -18 mA -1.2 -1.2 A\
VoH Vee = MIN, loH = MAX 2.4 3.1 2.4 3.1 v
VoL Ve = MIN, oL = 8 mA 0.5 0.5 \
l0zH Vee = MAX, Vo =24V 50 50 A
lozL Vee = MAX, Vo =05V ' -50 —50 |- pA
Iy Vee = MAX, V| =55V 1 1 mA
4 Vee = MAX, V=27V 25 25 A
L . Vee = MAX, Vi =05V ) -0.25 -0.25 | mA
los? Vee = MAX -10 -100 | -10 -100 | mA
Icc Vee = MAX 50 85 50 85 | mA

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

PARAMETER TEST M 4ORN UNIT
CONDITIONS MIN TYP¥ MAX | MIN TYP¥ MAX
ta(A) Access time from address CL = 30 pF 55 110 55 95 ns
ta(S) Access time from chip select (enable time) See Note 3 25 60 25 60 | ns
: . CL = 5pF .
tdis Disable time See Note 3 25 50 25 40 ns

TFor conditions shown as MIN or MAX, use appropriate value speclﬁed under recommended operating conditions.

Al typical values are at Voe = 5V, T = 256°C.

8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TBP28L46
4096 BITS (512 WORDS BY 8 BITS) :
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol pin assignment
TBP28L46 TBP28L46

PROM 512X 8 JW OR NW PACKAGE
v . I ' N (TOP VIEW)
mL AVF—2 o A7 D vee
a8 avk12 g A6 0 A8
e e i I Avf—t__ 4y A5 % NC
As 2| >A% A | (30 a3 A4 G4
As -%—— A v‘—%—_ Q4 A3 11G1
A6 ———— AV}———as5 A2 ]G3
ar P8 v ML P A1 D G2
T L Avl—7 o A0 [ 7
G2 I . Qo 0 as
] ex a1 flos
G2 ————— .
a2 N - GND N a3

recommended operating conditions

MJwW JW OR NW

PARAMETER MIN NOM MAX | MIN NOM MAX UNIT
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
VIH High-level input voltage . 2 2 \"
ViL Low-level input voltage 0.8 0.8 \
1OH High-level output current -1 -1.6 | mA
loL Low-leve! output current 8 8 | mA
TA Operating free-air temperature range -55 125 0 70 °C

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

PARAMETER ) TEST CONDITIONS W W OR MW uNIT
MIN TYP? MAX | MIN TYP? MAX

VIK Vee = MIN, h = -18 mA -1.2 -1.2 v
VoH Vce = MIN, IoH = MAX 24 31 24 31 v
VoL Vce = MIN, loL = 8 mA 0.5 0.6 \'
lozH Vee = MAX, Vo = 24V 50 50 | pA
lozL Vce = MAX, Vo =056V -50 -50 pA
1] Vee = MAX, Vi =566V 1 1 mA
[[%] Vee = MAX, V) =27V 25 25 rA
liL Vce = MAX, Vi =05V -0.25 -0.25 | mA
los? - Vce = MAX -10 -100 | -10 -100 | mA
Icc Vce = MAX 50 85 50 85| mA

switching characteristics over recommended ranges of Ta and V¢C (unless otherwise noted)

PARAMETER TEST MW JW OR NW UNIT
CONDITIONS MIN_TYP} MAX | MIN TYP¥ MAX
ta(A) Access time from address Cp = 30 pF 55 110 55 95 ns
ta(s) Access time from chip select (enable time) See Note 3 25 60 25 60 ns
| . CL = 5 pF
di Disable t 25 50 2 0
dis e tme See Note 3 ® 4 ns

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

#All typical values are at Vec = 5 V, TA = 25°C.

8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TBP28L86A
8192 BITS (1024 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol pin assignment
TBP28L86A TBP28L86A
PROM 1024 X & JW OR NW PACKAGE
A0 (8) 0 (TOP VIEW)
a1 AT © o A7 Vee
Az 16 AY (10) a1 AB A8
A3—15) AV (UL PP . A5 59
a4 (4) o AV {13) a3 A4 94
as—B | 2A%zm agl b4 o, A3 [] G1
a2 | AT —U5 o5 A2 ] a3
A7-—(l)——‘ A —(LQG A1l ] G2
ag—23 a7 o, AO ] a7
Ag—22 14 Qo ] a6
G20 INFR Q1 [] as
g3 | - Q2 ] aa
(18) EN GND ] Q3
G 200 1
recommended operating conditions
PARAMETER MW JW OR NW UNIT
MIN NOM MAX [ MIN NOM MAX
Vce Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
VIH High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 Vv
IoH High-level output current -1 -1.6 mA
foL Low-level output current 8 8 mA
TA Operating free-air temperature range -55 125 0] 70 °c

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

- 2]
PARAMETER TEST CONDITIONS t MJV: AW ORth uNIr E
MIN TYP MAX | MIN TYP MAX

VK Vce = MIN, I = —18mA 1.2 12 | v 8

VoH Vee = MIN, IoH = MAX 2.4 3.1 2.4 3.1 \ o
VoL Vce = MIN, loL = 8 mA - 0.5 0.5 \4
lozH Vee = MAX, Vg = 2.4V 50 50 | uA
lozL Vee = MAX, Vo =05V -50 . -50 A
] Vce = MAX, V=656V 1 1 mA
IIH Ve = MAX, V| =27V . 25 25 pA
M Vee = MAX, V=05V -0.25 . —-0.25 | mA
log3 Vee = MAX -10 -100 | -10 -100 [ mA
Icc . Vee = MAX 55 95 55 80 [ mA

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

TEST MJW JW OR NW
PARAMETER UNIT
CONDITIONS MIN TYP! MAX | MIN TyP¥ MAX
ta(A) Access time from address CL = 30 pF 65 200 65 110 ns
ta(s)  Access time from chip select (enable time) See Note 3 40 125 40 80 | ns
. . CL = 5pF
tdi Disable ti ' 25 100 25 60
dis sable time See Note 3 hs

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

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

8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TBP28L166
16,384 BITS (2084 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-GNLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol pin assignment
TBP28L166 TBP28L166
PROM 2048 X 8 NW PACKAGE
JFOSIL) R PN (TOP VIEW)
{7) '
i | IR A, n g T
A BBl AVp—l—ar A5 22[] A9
) Aavi—1l _q,
re— o avl_03 A4 2] At0
N > A 5047 Aagl—04 o, A3 20[] G
A avl—18 o5 A2 19[] G3
A7 ————
AT Rt T A1 18[] G2
e | Avb_0 o A0 1] a7
A= Qo 16[] Q6
ar0-20 10
(19) Q1 15]] Q5
G3 ——————] &
(18) Q2 14]]1 Q4
2 ————] EN
51120 N GND 13[] Q3
recommended operating conditions
NwW
PARAMETER UNIT
MIN NOM MAX
Vee Supply voltage 4.75 5 5.25 \"
VIH High-level input voltage 2 \%
ViL Low-level input voltage 0.8 Vv
IoH High-level output current ~1.6 | mA
oL Low-level output current 81 mA
Ta Operating free-air temperature range o] 70 °C

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

3 NW

g PARAMETER TEST CONDITIONS N TYPT MAX UNIT
ViK Vce = 4.75, I| = —18 mA ~12] v

% VOH Vee = 4.75, IoH = —1.6 mA 2.4 3.1 \
Vor Vee = 4.75, lop = 8 mA . 0.5 v
lozH Vee = 6.25, Vo = 2.4V 50 »A
lozL Vee = 5.25, Vo = 0.5V -50 A
1] Vee = 5.25, V| =55V 1 mA
I Vce = 5.25, Vi = 27V 25 | uA
L Vee = 5.25, Vi =05V -0.25| mA
los? Vge = 5.25 -10 -100 [ mA
Icc Vee = 5.26 75 110 ] mA

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

PARAMETER TEST Nw UNIT
CONDITIONS MIN TYPT  MAX
ta(A) Access time from address CL = 30 pF 80 125 ns
ta(S) Access time from chip select (enable time) See Note 3 40 65 ns
. . CL = 5pF
tdis Disable time See Note 3 30 65 ns

tan typical values are at Vcc = 5V, Tp = 25°C.
*Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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SERIES 24 AND 28
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX UNIT

Steady-state supply voltage Vee 4.75 5 5.25

VIH -3 4 5
Input voltage Vi 2 0 05 ) \Y
Voltage at all outputs except the one to be programmed 0 (o] 05 \
Supply voltage level to program a bit T Vecipr) 5.75 6 6.25 \"
Select or enable level to program a bit Vsi(pr) 9.75 10 11 \Y
Output level during interval tg Vo(p,) 15.75 16 16.25 v

. - Low 44 45 4.6
. Supply voltage during verification (see step 14) Figh 54 55 56 \Y
Time from Vg to settle and to verify need to program 1 o] 5 10 Hs
Time from Ve = 6 V until chip select (enable) is at 10 V t2 5 5 10 us
Time from chip select (enable) high to start of program ramp 13 0.1 5 10 us
Ramp time, output program pulse t4 10 15 20 us
Duration of output program pulse 5 15 20 20 us
Time from end of program pulse to chip select (enable) low te 5 5 10 us
Time from chip select (enable) Vcc =0V t7 0.1 5 5 us
Time for cooling between bits 18 30 50 100 us
Time for cooling between words g9 30 50 Hs
Free-air temperature TA 20 25 30 °C

step-by-step programming instruction (see Figure 1)
1. Address the word to be programmed, apply 5 volts to V¢ and active levels to all chip select (S and S) or chip
enable (E and E) inputs.

. Verify the status of a bit location by checking the output level.

. Decreass V¢ to O volts.

. For bit locations that dp not require programming, skip steps 5 through 11. tEh
. Increase V¢ to VcC(pr) with a minimum current capability of 250 milliamperes. (@]
. Apply Vg(pr) to all the S, EorG inputs. l| < 25 milliamperes. Active-high enables may be left high. E

. Connect all outputs, except the one to be programmed, to VjL_. Only one bit is to be programmed at a time.

0w N OO O A~ WN

. Apply the output programming pulse for 20 microseconds. Minimum current capability of the programming
supply should be 250 milliamperes.

9. After terminating the output pulse, disconnect all outputs from V|| conditions.
10. Reduce the voltage at S, EorG inputs to V)|.
11. Decrease V¢ to O volts. ]
12. Return to step 4 until all outputs in the word have been programmed.
13. Repeat steps 2 through 11 for each word in memory.

14. Verify programming of every word after all words have been programmed using V¢ values of 4.5 and 5.5 volts.

{iP
TEXAs
INSTRUMENTS
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SERIES 24 AND 28
PROGRAMMABLE READ-ONLY MEMORIES

L¢ L L
- :X:: v
ADDRESS i ? “NEWWORD ' IH
INPUTS WORD ADDRESS VALID . . . ADDRESS
P e ] 7 ViL
fe—et-t1
L} ’—l veelpr)
Vce l—'—5 v l ‘—_,—‘_‘ '_'—"_ pr
_.I__(] v
fo—et—t2 . v-—tB—-i I‘—‘Q—.l
o ~ —Vs(pr) L sTART NEXT BIT
SEG
p———tg——ef 4 4§ {— viL
| l-—-t4——1 H—tg
| N
L} Vo= !
OUTPUT |
BEING H
PROGRAMMED )
—_— ! —3 % —4{ 4§ Vo

—=ViL
NOTE 4: Rise and fall times should be < 1 us.

FIGURE 1. TIMING DIAGRAM AND VOLTAGE
WAVEFORMS FOR PROGRAMMING SEQUENCE
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TBP34R162, TBP34R16X

16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

D2863, NOVEMBER 1984 —REVISED DECEMBER 1985

Fastest Schottky PROM Family
High-Speed Access Times
Allows Storage of Output Data

Titanium-Tungsten (Ti-W) Fuse Links for
Reliable Low-Voltage Programming

description

The TBP34R16’ is a series-3 IMPACT™ TTL
programmable read-only memory (PROM)
featuring high-speed access times and
dependable titanium-tungsten fuse link program
elements. It is organized as 4096 words by 4
bits, providing 16,384 bits.

The output register receives data from the PROM
array on the rising edge of RCLK. Data is
programmed at any bit location with the
standard series 3 programming algorithm. The
program elements store a low logic level before
any programming, and are permanently set to a
high logic level after programming. After
execution of the programming procedure, the
output for that bit location cannot be reversed.
The series 3 programming procedure should be
referred to for further details. Additional circuits
have been designed into these devices to
improve testability and ensure high

TBP34R162 .. .J OR N PACKAGE

{TOP VIEW)
As 1 vce
A7 2 A9
A6 []3 A10
A5 [Ja A1
A4 (s G
A3 s RCLK
A2 Qo
Al Ea Q1
A0 o Q2
GND [] Q3

TBP34R16X . . . FN OR FK PACKAGE

A5 |
Ad
A3
A2
A1l

- RN I

(TOP VIEW)

Q
o~ O0Om
<CLCLC>L

3212189
18[JA10
17 A11
16[]G
15| RCLK
MQQO

10 111213

9
(=]
<

GND
Q3
Q2
Q1

programmability. (7]
These PROMs are offered with a choice of setup g
times (dash numbers). these dash numbers are c
found in the recommended operating conditions o
table, and are included in the part numbers.
An MFK or MJ suffix designates full-temperature circuits that are characterized for operation over the full
military temperature range of —55°C to 125°C. An FN or N suffix designates commercial-temperature
circuits that are characterized for operation from 0°C to 70°C.
IMPACT is a trademark of Texas Instruments.

This document contains information on products in . Copyright © 1985, Texas Instruments Incorporated

mnrha 5hn_n n[m_pllilaﬁsct udl duvt?llnpme:(t.) Ih:csf‘y.!:;ig TE %

each davica IS indicated on the pageis; specifyl XAS

electrical characteristics. 4-35
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TBP34R162, TBP34R16X
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

logic symbolt logfc diagram (positive logic}
’ 16) [REGISTERED PROM] g el 4\{>
G 151 EN roLk 15!
RCLK ———f>>C1
c1
1 C
PROM 4096 X 4 PROM 4096 X 4
(9)
a0 2o alio g ao A0 ————10] =
0 ] (@) p
a8} Al (14)
7) / 7 Al—1D —— ao
A2 [{:1] Az (6)
A3 ‘ alip {13) A3
(5) v al ) p
Ad A4 —— (13)
(4) A l— —— Q1
A7 A as 2L 0
AG | ("o (12) @) > A 2095
a7 -2 AllD  Yp——a02 AGT s
(1) a7 2] :
A8 | . A (12)
] —— Q
As :19: as | az
18
A10 “_” Al1D v__(l_‘ll Q3 A9 _“_9)__
AN 11 A10 18!
) ‘('17)" Al— {(11)
A1 —— 11
1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
TERMINAL FUNCTIONS
TERMINALS FUNCTION
A0 — A11 Address inputs for data from PROM array
- 1f G is high, QO thru Q3 are in high-impedance state.
o If G is low, QO thru Q3 are enabled.
Low-to-high transition loads output register from
X RCLK
o PROM array.
g Qo — a3 Register outputs under control of G
L] . . . . .
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VCC (see Note 1) . .. ...t 7V
INPUt VOItage, V| . .ot e e e e e 55V
Off-state output voltage, VO[off) « - -+« vt v v v vn ottt e i e 5.5V
Operating free-air temperature range: Military-temperature-range circuits ....... -55°C to 125°C
Commercial-temperature-range circuits. . . . .. .. 0°C to 70°C
Storage temperature FANGE . . .. v v vt vn s v et i e e s -65°C to 150°C

NOTE 1: All voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.
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PRODUCT
PREVIEW

TBP34R162, TBP34R16X
16, 384 BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions

PARAMETER MILITARY UNIT
MIN NOM MAX

Vee Supply voltage 4.5 5 5.5 \4
ViK High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
IoH High-level output current -2 mA
loL Low-level output current 16 mA
tw Pulse duration, RCLK high or low 12 ns
tsu Setup time, address before RCLK ns
th Hold time, address after RCLK ns
TA Operating free-air temperature range —-55 125 °C

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

noted)
MILITARY

PARAMETER TEST CONDITEONS N TYP!  MAX UNIT
VIK Vce = MIN, I} = —18 mA -1.2 v
VoH Vee = MIN, IoH = -2 mA 2.4 3.1 \
VoL Vee = MIN, loL = 16 mA 0.5 \
10ZH Vee = MAX, Vo = 24V 50 A
lozL Vee = MAX, =05V -50 rA
1) Vee = MAX, Vi =565V 0.1 mA
H Vce = MAX, V) =27V 20 rA
L Vee = MAX, V=05V -0.25 mA
1o* Vce = MAX, Vo = 2.25V -30 -112 | -mA
Icc Vece = MAX mA

. . . e : : . (2]
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted) E
v TEST (@]
FROM TO MILITARY
PARAMETER (INPUT) {OUTPUT) CONDITIONS UNIT oc
: {See Note 2) MIN TYP! MAX o.
tpd CLK Any Q R1-= 300 Q, 8 ns
ten G Any Q Rz = 600 @, 8 ns
tdis G . Any Q CL = 50 pF 6 ns
T All typical values are at Vo = 5V, To = 25°C.
*The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ips.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
PRODUCT PREVIEW documents contain information .
on products in the formative or design phase of i,
development. Characteristic data and other
specifications are design goals. Texas Instruments 4-37

reserves the right to change or discontinue these
products without notice.
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TBP34R162, TBP34R16X
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions

COMMERCIAL

PARAMETER MIN_ NOM  MAX UNIT
Vee Supply voltage 4.5 5 5.5 \
VIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \'
I0H High-level output current . ~3.2 mA
loL Low-leve! output current 24 mA
tw Pulse duration, RCLK high or low . 12 ns
tsu Setup time, address before RCLK?® —l ~30 Suffix 30 ns
th Hold time, address after RCLK ns
TA Operating free-air temperature range o] 70 °C

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

noted)
COMMERCIAL
PARAMETER TEST CONDITIONS wiN_ TveT max ] UNIT
ViK Vee = MIN, | = -18 mA ‘ ~1.2 R
VoH Vce = MIN, IoH = —3.2 mA 2.4 3.1 v
VoL Vce = MIN, loL = 24 mA 0.5 \%
10ZH Vee = MAX, Vo = 24V 50 pA
lozL Vce = MAX, Vo =05V -50 pA
I Vce = MAX, V| = 65V 01 | mA
IH vVee = MAX, Vi =27V 20 | pA
P I VCc = MAX, V| =05V ~0.25 | mA
‘ 4 Io* vee = MAX, Vo = 2.25 V -30 -112 | mA
R Icc Vce = MAX 120 160 | mA
'-B switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
o TEST COMMERCIAL
= PARAMETER FROM To CONDITIONS -30 SUFFIX UNIT
» - (INPUT) (ouTPUT (See Note 2) MIN TYPY MAX
tpd CLK Any Q Ry = 300 Q, 8 12 ns
ten G Any Q R = 600 Q, 8 12 ns
tdis G Any Q CL = 50 pF 6 10 ns

T All typical values are at Vg = 5V, Tp = 15°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments
4-38 standard warranty, Production processing does not
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TBP34R162, TBP34R16X
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT

Vee Supply voltage during verification 4.5 5 5.5 \
VIH High-level input voltage 3 3 4
Vi Low-level input voltage : "0 02 0.4 \Y

Enable G voltage during verification 0 0.2 0.4 \"

Enable G inactive voltage during programming 4.5 5 5.5 \
VCCipr) Supply voltage program pulse amplitude - 12 125 13 v
twi Ve program pulse duration, 1st attempt 10 11 12 us
tw2 Ve program pulse duration, 2nd attempt 20 22 25 us
tw3 Ve program pulse duration, 3rd attempt 20 22 25 us
tsu Setup time, enable G low before Vcc(p,)T . 0.1 0.5 1 us
th Hold time, enable G low before VCC{prht 0.1 0.5 1 us
tr(VCC) Rise time, Vcc(pr) (5V to 12 V) 0.3 0.4 0.5 uS
tH(VCC) Fall time, Vcgpr) (12 V to 5 V) 0.05 0.1 0.2 us
14 Delay time between successive Vcc(pr) Pulses 10 20 30 us
tcool Cooling time between words 100 150 200 us
Ta Free-air temperature 20 35 30 °C

T Measured from 1.5 V on enable pin to 5.5 V on VCC(pr)
* Measured from 5.5 V on Vec(pr) to 1.5 V on enable pin.

step-by-step programming instructions {see Figure 1)

1. Address the word to be programmed, apply 5 V to V¢ and a low logic level to the G input.

2. Verify the selected bit location that requires programming. Note: The only bit positions that requue
programming are outputs to be at a high logic-level.

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for the
next word.

4. Deselect PROM by applying 5 V-to G.

5. Connect a 4-mA current source {clamped to V) to the output to be programmed.

6. Increase VCC to VCC(pr) for a pulse duration equal to twx (where X is determined by the number of
programming attempts, i.e., 1, 2, 3). Minimum current capability for the Vcc power supply should be
400 mA.

7. Verify that the output has been programmed to a high logic level. If the output has been programmed
correctly, go to the next bit. If not, repeat steps 2 through 7 and increment X (where X equals 1 on
the first programming attempt). If the output has not been programmed by the third attempt, stop
programming and go to a new device.

8. Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts
and 5.5 volts.

PROMs

{i,;
TExas
INSTRUMENTS
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TBP34R162, TBP34R16X
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

series 3 programming sequence

L & v
77 IH
A0 TO A1l VALID ADDRESS
7

Q2

e

< <
o ©
r I

ZVERIFY

PROGRAM Q1

VERIFY
Nustrated above is the following sequence:

1. It is desired to program the selected address with 0111(Q0-Q3). Outputs Q1, Q2, and Q3 need programming.

2. Q1 is verified to'be at a low logic level and then the programming sequence is executed. The output is then verified to be at
a high logic level. .

. Q3 is an example of an output requiring three attempts to be programmed successfully.

4. Q3 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

SINOdd
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TBP34S510, TBP34L10, TBP34SA10
TBP34S1X, TBP34L1X, TBP34SA1X
1024-BIT (256 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMORIES

D2909, JANUARY 1986—REVISED APRIL 1986

Advanced Schottky IMPACT™ PROM Family TBP34S510, TBP34L10, TBP34SA10
N OR J PACKAGE
High-Speed Access Times (TOP VIEW)
Low-Power, 3-State, and Open-Collector as [ UisJvee
Options Available As5[]2  15[]A7
Titanium-Tungsten (Ti-W} Fuse Links for A4l 1al]G2
Reliable Low-Voltage Programming A3[]a 13[JGT
o A0[s 12[Jao
© Applications Include: A1 (s ngal
Microprogramming/Firmware Loaders A2[]> o[dQ2
Code Converters/Character Generators GND []s 9[J] a3

Translators/Emulators
Address Mapping/Look-Up Tables
TBP34S1X, TBP34L1X, TBP34SA1X
FN OR FK PACKAGE

description (TOP VIEW)
8}
These Series-3 IMPACT™ TTL programmable 2 Q <2) éh:(
read-only memories (PROMs) feature high-speed
access times and dependable titanium-tungsten 32 _

fuse link program elements. They are organized A4 G2

as 256 words by 4 bits each, providing a total A3 G1

of 1024 bits. The '34S1 has three-state outputs. AO Qo

The "34SA1 is the open-collector version and A1 NC

allows the device to be connected directly to A2 Q1

data buses utilizing passive pull-up resistors. The 9101112 13

Iow-power' 34L1 is available for a-ppllcatlo.ns D0 ® N

that require power conservation while zz200

maintaining bipolar speeds. It also has three- ) © .

state outputs. NC — No internal connection n
These PROMs are offered with a choice of address access times (dash numbers). These dash numbers E
are found in the switching characteristics table, and are included in the part numbers. 8
Data is programmed at any bit location with the standard Series 3 programming algorithm. The program .

elements store a low logic level before any programming, and are permariently set to a high logic level
after programming. After execution of the programming procedure, the output for that bit location cannot
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry
has been designed into these devices to improve testability and insure high programmability.

An MJ or MFK suffix designates full-temperature circuits that are characterized for operation over the full
military temperature range of —55°C to 125°C. An N or FN suffix designates commercial-temperature
circuits that are characterized for operation from 0°C to 70°C.

IMPACT is a trademark of Texas Instruments.

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

these specifications per the terms of Texas TEXAS

Instruments standard warranty. Production 4-41
processing does not necessarily include testing of all lNSTRUMEN'I‘S
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TBP34S10, TBP34L10, TBP34SA10
TBP34S1X, TBP34L1X, TBP34SA1X
1024-BIT (256 WORDS BY 4 BITS) PROGRAMNMABLE READ-ONLY MEMORIES

logic symbolst

TBP34S10, TBP34L10 TBP34SA10
TBP34S1X, TBP34L1X TBP34SA1X
PROM 256 X 4 PROM 256 X 4
A0 () 0 AOL 0
6
w—o— | : M .
A2——L— AVT-—(—‘I)——QO A2 ———— AQ—#——QO
(4) {11) (4) (11)
A3 LA 0 AVp——aQi A3(3)— A 0 AQl—m0m—m 1
A4 g; ' 255 Avf—1U _qp m—t— (% o0
AS avb—© a3 AB — aol—8 a3
A —i ] Ae—
AT a) L AT L
G2 & EN Ge— N & EN
a1 (13) NS &1 (13)
tThese symbols are in accordance with ANSI/IEEE Std 91-1984
and IEC Publication 617-12.
Pin numbers shown are for J and N packages.
schematics of inputs and outputs
' EQUIVALENT OF INPUTS : TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
_ OPEN-COLLECTOR OUTPUTS —_— v
vee -- — ¢ Ve
E >
EI OuTPUT 3
p
4 - -
" B ~=
X S
o) INPUT—w ‘ b3
S | 1 h
| b3 OUTPUT
»n
[
X - $ J“\l
PROGRAMMING CIRCUIT ,;,
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage (see NOte 1) ... ottt e e e A
INPUL VOItagE . . .« i e e e e e e e 55V
Off-state oUtPUt VOItAgE . . . . . . o oottt e 5.5V
Operating free-air temperature range: Military-temperature-range circuits . ... ... —-55°C to 125°C
Commercial-temperature-range circuits . . . ... .. 0°C to 70°C
Storage temMpPerature ranNge . . . . .o v vttt e e e e e e —-65°C to 150°C
NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.
i
4-42 XAS h

E ‘
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




TBP34S10, TBP34S1X
1024-BIT (256 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

MILITARY COMMERCIAL UNIT
MIN NOM MAX [MIN NOM MAX

Vece Supply voltage 4.5 5 5.5 4.5 5 5.5 \%
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
1oH High-level output current -2 -3.2 mA
loL Low-level output current 16 24 } mA
Ta Operating free-air temperature range -55 125 o] 70 °C

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

noted)
MILITARY COMMERCIAL

PARAMETER TEST CONDITIONST N TPt max TN TPt max | UNIT
ViK Vce = MIN, I = -18 mA -1.2 -1.2 [ v
VOH vVce = MIN, IoH = MAX 2.4 3.1 24 3.1 v
VoL Vce = MIN, IoL = MAX 0.5 05 | Vv
lozH Vee = MAX, Vo = 24V 50 50 | uA
lozL Vee = MAX, Vo =05V - 50 -50 rA
M Vce = MAX, Vi =55V 0.1 0.1 | mA
H Vee = MAX, V) =27V 20 20 | pA
L Vce = MAX, V=05V -0.25 —-0.25 | mA
108 vee = MAX, Vo = 2.25V -30 -112 [-30 -112 | mA
icc Ve = MAX 55 95 55 95 | mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*All typical values are at Vog = 5 V, Ta = 25°C.

8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgs.

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

falA) ten tdis
TEST ACCESS TIME
TYPE ES ES ENABLE TIME DISABLE TIME | UNIT
CONDITIONS FROM ADDRESS
MIN TYP¥ MAX [ MIN TYP! MAX | MIN TYPT MAX
TBP34510-30 ’ :
Milit 15 30 8 15 5 12
TBP34S1X 30 | oY CL = 50 pF, ns
TBP34510-25 R1 = 300 Q,
C jal 15 25 8 12 5 10| ns
TBP3451X-25 | oo oe R2 = 600 0,
TBP34510-18 See Note 2
C ial 15 18 8 12 5 10| ns
TBP34S1X-18 | ~oeoe
Al typical values are at Vg = 5V, Tp = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
Texas {IP
EXAS 4-43
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TBP34L10, TBP34L1X
1024-BIT (256 WORDS BY 4 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX

Vece Supply voltage 4.5 5 5545 5 55 \
VIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
IOH High-level output current -1.6 -3.2 | mA
loL Low-level output current 16 24 | mA
TA Operating free-air temperature range -55 125 [o] 70 °C

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

noted)
PARAMETER TEST CONDITIONS ! MILITARY COMMERCIAL 1,y
MIN TYP! MAX |MIN TYP! MAX

VIK Vce = MIN, I = -18 mA -1.2 -1.2 | Vv
VoH Vce = MIN, I0H = MAX 2.4 3.1 2.4 3.1 v
VoL Vce = MIN, loL = MAX 0.5 0.5 \
lozH Vce = MAX, Vo = 2.4V 50 50 | uA
lozL Vce = MAX, Vo = 0.5V —50 ~50 [ uA
1 Vce = MAX, Vi =55V 0.1 0.1 | mA
IiH Vee = MAX, V=27V 20 20 rA
I Vce = MAX, V| = 0.5V . ~0.25 ~0.25 | mA
08 Vee = MAX, Vg = 2.25V -30 -112 |-30 -112 | mA
Icc Vce = MAX 30 50 30 50 | mA

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
$All typical values are at Vg = 5 V, Ta = 25°C. .
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.

v . . .

= switching characteristics over recommended ranges of TA and VcC (unless otherwise noted)

Q tala) .

= TEST ACCESS TIME ten tdis :

7 TYPE ENABLE TIME DISABLE TIME | UNIT
CONDITIONS FROM ADDRESS :

MIN TYP! MAX | MIN TYP! MAX | MIN TYP¥ MAX

I:gg:t:ijg Military 20 . 40 8 18 5 12| ns
Iggzﬁiﬁ, Commercial :;-:;gop;” 20 25 8 15 5 10| ns
o e R N B I I B
e il N 20 3 e 15| 5 10| m

*All typical values are at Voe = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
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TBP34SA10, TBP34SA1X
1024-BIT (256 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

MILITARY COMMERCIAL

UNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 55| 45 5 65 %
VIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 v
VOH High-level output voltage 5.5 55 \
loL Low-level output current . 16 24 | mA
Ta Operating free-air temperature range -55 125 0 70 °C

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

MILITARY ~ COMMERCIAL
PARAMETER TEST CONDITIONS! = UNIT
MIN TYP¥ MAX | MIN TYPF MAX
Vik Vce = MIN, Il = —18 mA 12 12 | v
VoH = 24V 0.05 0.05
IoH Vee = MIN, OH mA
VOH = 55V 0.1 01
VoL Vee = MIN, loL = MAX 0.5 0.5 \
I Vo = MAX, Vi =55V 0.1 01 | mA
TR “Vee = MAX, Vi =27V 20 20 | #A
n Ve = MAX, V) =05V ~0.25 Z0.25 | mA
ice . Ve = MAX 55 95 55 95 | mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*All. typical values are at Vec = 5 V, TaA = 25°C.

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

ta(A
TEST ACCES‘S]TIME ten tdis o
TYPE ) CONDITIONS FROM ADDRESS ENABLE TIME DISABLE TIME | UNIT s
MIN_ TYP¥ MAX | MIN TYP¥ MAX]| MIN TYP¥ MAX

TBP34SA10-30 - CL = 50 pF, _ '®)
TBP34SA1X-30 | Military R1 = 300 0, 15 30 8 15 8 12| ns o
TBP34SA10-25 ) R2 = 600 @, 0.

TBP34SA1X-25 | Ccommercial See Note 2 15 25 8 12 8 10| ns

*All typical values are at Voc = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
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TBP34510, TBP34L10, TBP34A10
TBP34S1X, TBP34L1X, TBP34SA1X
1024-BIT (256 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT
Supply voltage during verification : Vee 4.5 5 5.5
VIH 3 4 5
Input voltage Vi 0 03 0% A
Enable voltage during verification G1, G2 0 02 04| v
Enable inactive voltage during programming ’ G1, G2 4.5 5 5.5 \2
Ve program pulse amplitude Vecipr) 12 125 13 \2
1st attempt - twi 10 1 12
V¢ program pulse duration 2nd attempt tw2 20 22 25 | us
3rd attempt tw3 20 22 25
Enable set-up time! before VcCipr) R tsufen) 0.1 0.5 1] us
Enable hold time?# after Vecipn th{en) 0.1 0.5 1| us
Rise time of Vcc(pn) 3 t(Vee) 03 04 05| ps
Fall time of Vccpr) 1 t{Vee) 005 0.1 0.2 s
Delay time between successive VCC(pr) pulses td1 10 20 30| s
Delay time between successive VCC(pr) pulses t42 10 20 30} ps
Cooling time between words tcool 100 150 200 | gs
Free-air temperature TA 20 25 30| °C

TMeasured from 1.5 V on enable pin to 5.5 V on Veeipn
#Measured from 5.5 V on Vec(pr) to 1.5 V on enable pin
SMeasured from 5 V 10 12 V
YMeasured from 12 Vto 5 V

step-by-step programming instructions (see Figure 1)
1. Address the word to be programmed, apply 5 volts to Vc and active levels to all enable inputs (G1, G2).

2. Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level. :

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.

Deselect PROM by applying 5 volts to G1 or G2.

U
X
o
S
»

Connect a 4-mA current source {clamped to Vcc) to the output that is to be programmed.

o o bk w

Increase VCC to VCC(pr) for a pulse duration equal to twx (where X is determined by the number
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vcc power supply should
be 400 mA.

7. Verify that the output has been programmed to a high logic level. If the output has been programmed
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal
to 1 on the first programming attempt). If the output has not been programmed by the third attempt,
stop programming and go to a new device.

’ 8. Verify programming of every word after all words have been programmed using VCC values of 4.5 volts
and 5.5 volts.

Texas J@ ;
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TBP34S10, TBP34L10, TBP34SA10
TBP34S1X, TBP34L1X, TBP34SA1X
1024-BIT (256 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMORIES

A0 TO A7 * . VALID ADDRESS

[&—tw1 1O—tw1 [—tw2 ——tw3
| |

A S W a

tsu(en) |
_,I k- ¥ {&th(en)

L L
><

Vee

-

-

:

]
|
! ) }
a1 b t + r— N — Vo
! : P L
| | | q | |
2 | | | JJ_Ll IJ '] IJ | S t — VoH
— | L | L4 | | I
j ] ] ] | : ! VoL
[ |
I | —_V
a I OH
S | | ] | A i v
1 [ 1 ] | L4 | | . oL
| | | | | t

VERIFY
PROGRAM Q1

VERIFY
lllustrated above is the following sequence:

1) It is desired to program -the selected address with 0111 (Q0-Q3). Only outputs Q1, Q2 and Q3 need programming.

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high
logic level.

3) Q2 is an example of an output requiring three attempts to be programmed successfully.

4) Q3 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

»
=
)
o
o

I_ .
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TBP34S162, TBP34L162, TBP34SA162
TBP34S16X, TBP34L16X, TBP34SA16X
16,384-BIT (4096 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMORIES

D2909, AUGUST 1984 —REVISED MAY 1986

Fastest Schottky PROM Family TBP345162, TBP34L162, TBP34SA162
N OR J PACKAGE

High-Speed Access Times (TOP VIEW)

Low-Power, 3-State, and Open-Collector A8 [ vee

Options Available A9

A10
Al1
G1
G2
Qo
Q1

® Titanium-Tungsten (Ti-W) Fuse Links for
Reliable Low-Voltage Programming

> > >
ano N
il

>
w b
s
O O N Os QN -

© Applications Include:
Microprogramming/Firmware Loaders
Code Converters/Character Generators

> P
- N
M

Translators/Emulators AO Q2
Address Mapping/Look-Up Tables GND E‘O Q3
description TBP34S16X, TBP34L16X, TBP34SA16X

FN OR FK PACKAGE
These Series-3 IMPACT™ TTL programmable (TOP VIEW)
read-only memories (PROMs) feature high-speed
access times and dependable titanium-tungsten 2 : 2 g 2
fuse link program elements. They are organized

as 4096 words by 4 bits each, providing a total 3212019
of 16,384 bits. The '34S16 has three-state
outputs. The ‘34SA16 is the open-collector
version and allows the device to be connected
directly to data buses utilizing passive pull-up

A10
Al
Gi
G2

resistors. The low-power ‘34L 16 is available for Qo
applications that require power conservation 9101112 13
while maintaining bipolar speeds. It also has Py
three-state outputs. < 5 gdo
. . n
These PROMs are offered with a choice of NC —No internal connection E
address times (dash numbers). These dash o
numbers are found on the switching o
characteristics table, and are included in the part o
numbers.
Data is programmed at any bit location with the standard Series 3 programming algorithm. The program
elements store a logic level low before any programming, and are permanently set to a logic level high
after programming. After execution of the programming procedure, the output for that bit location cannot
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry
has been designed into these devices to improve testability and insure high programmability.
An MJ or MFK suffix designates full-temperature circuits that are characterized for operation over the full
military temperature range of —55°C to 125°C. An N or FN suffix designates commercial-temperature
circuits that are characterized for operation from 0°C to 70°C.
IMPACT is a trademark of Texas Instruments

PRODUCTION DATA documents contain information . . Copyright © 1984, Texas Instruments Incorporated

El-l"e_;l.l als_ of puhliti:linln date. 'PrTndu:lsl cntninrm :n T XAS @

specifications per e terms o exas instruments E

standard warranty. Production processing d t 4-49

necessarily include testing of all pam:nagte?se.s " lNSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



SINOYd

TBP34S162, TBP34L162, TBP34SA162
- TBP34816X, TBP34L16X, TBP34SA16X .
16,384-BIT (4096 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMORIES

logic symbols?
TBP345162, TBP34S16X

TBP34L162, TBP34L16X ) TBP34SA162, TBP34SA16X
PROM 4096 X 4 PROM 4096 X 4
A0 :2: 03 PryLI—— 0
Al a8 |
14
a2 D) . AV%QO o ) AO ._%gloo
a3 0 AvQ —”;; a1 T A —(1—2; a1
A4 (5) AVTHQZ AA(5) Ag—moz
0 A9+—"a 0 AOl——a3
ho z:)) PA v * as 1,2 e
A6 4095 ag @ 4095
a7 @ a7 2
Al N
ne o
A10 1" Ao 18 11
ann 12 J a1 12 J
PRI N > o ‘ G2 8 N .
51 b8 G116~ ‘
tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
OPEN-COLLECTOR OUTPUTS . v
Vee : — — — E— g
S
< <
S OUTPUT ]
1 ]
) —_—— - _1 .
INPUT —4 3 L
<
S ouTPUT
- >
L 3 J*\l
PROGRAMMING CIRCUIT
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN

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

Supply voltage (see NOte 1) ... .. e e e e 7V
INpUt Voltage . . . .. e e 5.5V
Off-state oUtpuUt voltage . . . ... ... e e 5.5V
Operating free-air temperature range: Military-temperature-range circuits .. ... .. -55°C to 125°C

Commercial-temperature-range circuits. . .. .. .. 0°C to 70°C
Storage temperature range ... ... ..ottt i e e e e —65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.

4-50 Texas *?
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TBP34S162, TBP34S16X
16,384-BIT (4096 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX MIN NOM MAX

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 \4
ViL Low-level input voltage 0.8 0.8 \2
loH High-level output current -2 -3.2 mA
loL Low-level output current 16 24 mA
TA Operating free-air temperature range —55 125 0 70 °C

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

noted)

MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS MIN TvPT WAX | MIN_ TVPF MAX UNIT
ViK Vee = MIN, I = -18 mA -1.2 -1.2 Vv
VoH Vee = MIN, loH = MAX 2.4 3.1 2.4 3.1 \%
VoL Vece = MIN, loL = MAX ) 0.5 0.5 \
lozH Vee = MAX, Vo =24V 50 50 nA
lozL Vee = MAX, Vo =05V -50 -50 rA
Iy Vee = MAX, V=55V 0.1 0.1 mA
IIH Vee = MAX, V=27V 20 20 A
L Voo = MAX, Vi =05V —-0.25 -0.25 mA
10§ Vee = MAX, Vo = 226V -30 -112 [ -30 -112 mA
Icec Vee = MAX 95 155 95 155 mA

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

*All typical values are at Vg = 5V, To = 25°C.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.

switching characteristics over recommended ranges of TA and V¢C (unless otherwise noted)

TBP34516X-25

tala) ) ¢ o
TYPE TEST ACCESS TIME ENABLBEn TIME DISABi:Es TIME UNIT
CONDITIONS FROM ADDRESS
MIN TYP! MAX | MIN TYPf MAX | MIN TYPf mMAX

TBP345162-45 |
TBP32S16X.45 Military 16 45 6 15 5 12 ns
TBP34S162:45 | ommercial | CL = S0 PF. 16 45 6 12 5 10
TBP34S16X-45 R1 = 3000, ns
TBP34S162-35 ] R2 = 300 9,
TBP34516X.35 Commercial See Note 2 16 35 6 12 5 10 ns
TBP345162-25

Commercial 16 25 6 12 5 10 ns

*All typical values are at Vog = 5V, Tp = 25°C.

NOTE 2: Load circuits and voltage waveforms as shown in Section 1 of The TTL Data Book, Volume 4, 1985.

*i
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TBP34L162, TBP34L16X
16,384-BIT (4096 WORDS BY 4 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

MILITARY COMMERCIAL

. PARAMETER MIN NOM MAX | MIN NOM MAX unIT
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \4
ViH High-level input voltage 2 2 \"
Vi Low-leve! input voltage 0.8 0.8 \
IoH High-level output current -1.6 -3.2 mA
loL Low-level output current 16 24 mA
TaA Operating free-air temperature range -55 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise

noted)
t MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS UNIT
MIN _TYP? MAX | MIN _TYP? MAX
ViK Vee = MIN, I = -18 mA -1.2 -1.2 v
VOH Voe = MIN, lon = MAX 24 31 2.4 3.1 v
VoL Vce = MIN, loL = MAX 0.5 0.5 v
l0zH Vce = MAX, Vo = 2.4V 50 50 | uA
lozL Vee = MAX, Vo =05V -50 -50 rA
I Vee = MAX, V| = 65V 0.1 01 | mA
H Vee = MAX, V) =27V 20 20 | uA
L Vee = MAX, Vi =05V -0.25 -0.25 mA
08 Ve = MAX, Vg = 2.25V -30 -112 | -30 -112 | mA
Icc Vec = MAX 65 100 65 100 | mA
' 4 8 TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*AIl typical values are at Voo = 5V, Ta = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.
") - . .
X switching characteristics over recommended ranges of TA and V¢C (unless otherwise noted)
2 falAl ten tdis
EST ACCESS TIME
[/} TYPE T S ENABLE TIME DISABLE TIME UNIT

CONDITIONS FROM ADDRESS
MIN TYP! MAX | MIN TYP} MAX | MIN TYP? MAX

T 762-

BP34L162-40 |\ riicary 20 40 10 20 5 15 | ns
TBP34L16X-40
TBP34L162- = 50 pF,

34L 30 Commercial CL O pF 20 30 10 15 5 10 ns
TBP34L16X-30 R1 = 300 0, ,
TBP34L162-35 R2 = 600 Q,
i 1 15 5 10
TBP3aLiox3s | Commercial See Note 2 20 3% 0 ns
TBP34L162-50 | ¢ mmercial 20 50 10 15 5 10 ns
I

TBP34LIBXB0 | o oo

*All typical values are at Voc = 5V, Tp = 25°C.
NOTE 2: Load circuits and voltage waveforms as shown in Section 1 of The 77L Data Book, Volume 4, 1985.
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TBP34SA162, TBP34SA16X
16,384-BIT (4096 WORDS BY 4 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

MILITARY COMMERCIAL
PARAMETER UNIT
MIN NOM MAX MIN NOM MAX

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 A\
VIH High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 \2
VOH High-level output voltage 5.5 5.5 \%
loL Low-level output current 16 24 mA
Ta Operating free-air temperature range -55 125 o] 70 °C

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

noted)
PARAMETER TEST CONDITIONS T MILITARY COMMERCIAL UNIT
MIN _TYP! MAX | MIN _TYP} MAX
VIK Vee = MIN, | = -18 mA -1.2 -1.2 v
ok Vee = MIN, VOH = 2.4V 0.05 0.05 mA
VOH = 5.5 V 0.1 0.1
VoL Vce = MIN, loL = MAX 0.5 0.5 v
i Vce = MAX, V| =55V 0.1 0.1 | mA
I} Vee = MAX, V) =27V 20 20 #A
iL Vee = MAX, Vi =05V -0.25 -0.25 mA
Icc Vce = MAX 95 155 95 155 | mA

TFor conditions shown as MIN or MAX
+All typical values are at Vog- = 5V, T = 25°C.

. use appropriate value specified under recommended operating conditions.

switching characteristics over recommended ranges of Ta and VG (unless otherwise noted)

ta(A) ten tdis [7,)
TYPE co TEST ACCESS TIME ENABLE TIME DISABLE TIME UNIT E
NDITIONS FROM ADDRESS
MIN TYP! MAX [ MIN TYPt MAX | MIN TYP} MAX o
TBP34SA162-40 Military CL = 50 pF, 22 40 6 15 8 20| ns E
TBP34SA16X-40 Rt = 300 Q,
TBP34SA162:35 | commercial | 2 = 890 % 22 35 6 12 8 15| ns
TBP34SA16X-35 See Note 2 .
*All typical values are at Vgg = 5V, Tp = 25°C.
NOTE 2: Load circuits and voltage waveforms as shown in Section 1 of 7he TTL Data Book, Volume 4, 1985.
i3
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TBP34S162, TBP34L162, TBP34SA162
TBP34S16X, TBP34L16X, TBP34SA16X
16,384-BIT (4096 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMDRIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT

Supply voltage during verification . Vee 4.5 5 5.5 \%

Input voltage Vig 3 4 5 \
ViL 0 02 05

Enable voltage during verification G1, G2 0 02 04| V

Enable inactive voltage during programming G1, G2 4.5 5 5.5 \4

V¢ program pulse amplitude VCC(pr) 12 125 13 \
1st attempt twi 10 11 12

V¢ program pulse duration 2nd attempt tw?2 20 22 25 | us
3rd attempt tw3 20 22 25

Enable set-up time* before Vcc(pr) tsulen) 0.1 0.5 1] ps

Enable hold time?* after VCcipn) thien) 0.1 0.5 1| us

Rise time of Vcc(pr)® t{Vee) 03 04 05| pus

Fall time of Vegipn T telVee) 005 0.1 02| s

Delay time between successive VcC(pr) pulses . i td1 10 20 30 [ s

Delay time between successive VcC(pr) pulses td42 10 20 30 | ps

Cooling time between words teool 100 150 200 | gus

Free-air temperature TA 20 25 30| °C

TMeasured from 1.5 V on enable pin to 5.5 V on VCC(pr)
*Measured from 5.5 V on Vcc(pr) to 1.5 V on enable pin
SMeasured from 5 V to 12 V

Measured from 12 Vto 5 V

step-by-step programming instructions (see Figure 1)
1. Address the word to be programmed, apply 5 volts to VCC and active levels to all enable inputs (G1,G2).

2. V.erify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.

Deselect PROM by applying 5 volts to G1 or G2.

SINOHd

Connect a 4-mA current source (clamped to V) to the output that is to be programmed.

U

Increase VcC to VCC(pr) for a pulse duration equal to tywX (where X is determined by the number
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vcc power supply should
be 400 mA.

7. Verify that the output has been programmed to a high logic level. If the output has been programmed
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal
to 1 on the first programming attempt). If the output has not been programmed by the third attempt,
stop programming and go to a new device.

8. Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts
and 5.5 volts.

4 Texas
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TBP345162, TBP34L162, TBP34SA162
TBP34S16X, TBP34L16X, TBP34SA16X
16,384-BIT (4096 WORDS BY 4 BITS). PROGRAMMABLE READ-ONLY MEMORIES .

: 4 ViH
A0 TO A11 VALID ADDRESS x
—, ViL

Pt [ —twi [—-tw2 —d-twz Bty

|

| [ L i [ L 125V
Vce | € tdq —bﬂ— ta2—p ‘

L

tsulen) oy & |
|

¥ M=th(en)

ol

1
|
|
|
.
|
|
|
|
|

1 |
/ 1 V4 1 |
Q: | | e — VOH
2 1 ! | v L L— \

1 | ! | oL
| I |

Q7 | ! — VOH
) 1 ) ! A i
1 [ 1 | v I
! | | | 1

VERIFY
PROGRAM Q1

PROGRAM oz—H—‘Z——OI
PROGRAM Q3
VERIFY

lllustrated above is the following sequence:
1) It is desired to program the selected address with 0111 (Q0-Q3). Only outputs Q1, @2 and Q3 need programming.

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high
logic level.

3} Q2 is an example of an output requiring three attempts to be programmed successfully.

4) Q3 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

PROMs

i
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TBP34SR165, TBP34SR16X
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PRUGHAMMABLE READ-ONLY MEMORY

D2863, JANUARY 1985—REVISED JUNE 1986

® Fastest Schottky PROM Family TBP34SR165 . . . JT OR NT PACKAGE
® High-Speed Access Times (TOP VIEW)
@ Allows Storage of Output Data %ch
® Applications Include: 1 A9
Microprogram Control Store with [] A10
Built-In System Diagnostic Testing 7 A11
Serial Character Generator [1G
Parailel In/Serial Out Memory 1 pao
DQ1
description DQ2
The TBP34SR16’ is a series-3 IMPACT™ TTL [] Da3
programmable read-only memory (PROM} [1 spo
featuring high-speed access times and [J ORCLK

dependable titanium-tungsten fuse link program
elements. It is organized as 4096 words by

4 bits each, providing 16,384 bits. TBP34SR16X . . . FN OR FK PACKAGE

(TOP VIEW)
The TBP34SR16’ features a 4-bit shadow 8]
register that allows diagnostic observation and ‘2 <40 ':( % é" ? 2
control without introducing intermediate illegal T T T 5 0 58
. states. It is loaded on the rising edge of SRCLK A4f)s a0
from either the output register or the serial data 2
. e . A3(]6 241 A1
input (SDI). In addition, it can be loaded with =
A2{]7 23(] G
parallel data from the outputs. The output
h . . At[]s 22{] QO
register receives data from either the PROM Aohe 21 NC
array or the shadow register as determined by NC gw 200} DQ1
the mode control input. The output register is MODE []11 1] pa2
loaded on the rising edge of ORCLK. The mode- 6 7))
dependent function table should be referred to gﬁé}i;&& E
for further details. é é % e é § § g
. . . . T
During diagnostics, data loaded into the output x S o

register from the PROM array can be parallel-

loaded into the shadow register and serially NC—No internal connection
shifted out through the SDO output. This allows

observation of the system without introducing

intermediate illegal states. Similarly, diagnostic

data can be serially loaded into the shadow

register and parallel-loaded into the output

register. This allows control and test scanning

to be imposed on the system.

Data is programmed at any bit location with the standard series 3 programming algorithm. The program
elements store a high logic level before any programming, and are permanently set to a low logic level
after programming. After execution of the programming procedure, the output for that bit location cannot
be reversed. The series 3 programming procedure should be referred to for further details. Additional circuits
have been designed into these devices to improve testability and ensure high programmability.

An MFK or MJT suffix designates circuits that are characterized for operation over the full military
temperature range of —55°C to 125°C. An FN or NT suffix designates commercial-temperature circuits
that are characterized for operation from 0°C to 70°C.

IMPACT is a trademark of Texas Instruments

Copyright © 1985, Texas Instruments Incorporated

This document contains information on products in
more than one phase of development. The status of b
TEXAS

each device is indicated on the page(s) specifying its
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TBP34SR165, TBP34SR16X
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

logic symbolt

E_{

(17)

f_+

(16)

+_,+

(15)

+_.+

(14)

. & ((1193)) gny  [SHADOW-REGISTERED PROM]
oncm——bcs
MUX
mope -2 G5
SRG4
o) M1
SRCLK ———>T-/C3
M2
| r C L s
SDI LY 1,30/ 24 1045 FAVZ
+30,1,2,30 4210 6D
+31.1,2,30  +z11 -
+ 230
432,1,2,30 4212 0TS
-33,1,2,3D ‘
213 0 AV
<+ 6D
PROM 4096 X 4 2145 231
20 (8) 0
1245 7
yosrrn B I S v
(6) -rsn
Az ‘ 245 732
A3 (4)
A4 A
e ) . 221 1315 v
4 w2 | ¢ Tom _T°°
v (1) 2345 233
A7W— A1-222
A8 ———] MUX
v (22) 415
X A% a0
(o) A10 201 Atz |-
g A11—J11 T
(2]

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for JT and NT packages.

Dao

DQ1

DQ2

Da3

SDO

{if
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TBP34SR165, TBP34SR16X
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

Iog‘ic diagram (positive logic)

o 12
ORCLK
SHADOW REGISTER
o SRG4
MODE 1 OUTPUT
(10) ~ REGISTER
SRCLK ~T—~/C3
MUX EN
M2 J G5 [~ C6
1 ul
sor 1 +—J1.30 2 L |
1,2,3D - 6D \v/ < >(18)
5
1,2,30 o un
(18
— . t1s)
L_ (14)
@ [PROMa0ss x4
A0 09
A1 (Z) A
A2 (5)
wa
A A
AS ((2 # 0
a6 -2 AZ095
A7 (1) A
(23)
AB (22)
A9 (21)
A= A
Al 11)

Pin numbers shown are for JT and NT packages.

DaQo

DQ1

DQ2

DQ3

SDO

TEXAs {'f
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TBP34SR165, TBP34SR16X
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

MODE-DEPENDENT TERMINAL FUNCTIONS

TERMINAL FUNCTION WHEN MODE INPUT IS HIGH FUNCTION WHEN MODE INPUT IS LOW
Low-to-high transition loads data into Low-to-high transition shifts data present
SRCLK shadow register under SDI control. on the SDI input into the shadow register.
If SDI is high, shadow register does nothing. If SDI is Serial input to shadow register LSB
SDI low, data may be clocked into shadow register from
’ output bus.
SDo Output for data directly from SDI for cascading other Qutput for shadow reg'lst-er MSB
shadow-registered PROMs .
RCLK Low-to-high transition loads output register from Low-to-high transition loads output register
shadow register. from PROM array.

OTHER TERMINAL FUNCTIONS

TERMINALS FUNCTION

A0 — All Address inputs for data from PROM array
If G is high, DQO thru DQ3 are in high-impedance state and can accept
G external data for shadow register. If G is low, DQO thru DQ3 are
outputs for data from output register.
DQ0—DQ3 | Input/output ports under control of G

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

Supply voltage, VCC (see Note 1) .. .ottt s

0 INPUt voltage, V| .. oo e e e e 55V
4 Off-state output voltage, VO(OFff) « « - -« « v vt v v v vt ettt e 55V
; Operating free-air temperature range: Military-temperature-range circuits ....... —-55°C to 125°C
i Commercial-temperature-range circuits . . . .. ... 0°C to 70°C
] Storage temperature range . .. .. .o v v vttt it i e e —65°C to 150°C
8 NOTE 1: All voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.
(7]
T {I’
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PRODUCT TBP34SR165, TBP34SR16X
PREVIEW 16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions

MILITARY
PARAMETER ’ MIN _NOW MAX UNIT
Vee Supply voltage 4.5 5 5.5 v
VIH High-level input voltage 2 \%
ViL Low-level input voltage 0.8 \4
IoH High-level input current -2 mA
toL Low-level input current 16 mA
folock  Clock frequency, SRCLK (MODE = L)t MHz
felock  Clock frequency, ORCLK# MHz
SRCLK high
. SRCLK low
tw Pulse duration ORCLK high ns
ORCLK low
DQ3 thru DQO before SRCLK?T
(G and MODE = H, SDI = L)
SDI and MODE before SRCLK?
teu Setup time Address before ORCLK?T ns
{MODE = L)
MODE before ORCLKT
SRCLK? before ORCLK?
(G and MODE = H, SDI = L)
DQ3 — DQO after SRCLKT
(G and MODE = H, SDI = L)
SDI and MODE after SRCLK?
th Hold time or ORCLK?T ns
Address after ORCLKT
(MODE = L)
MODE after ORCLK? N
TA Operating free-air temperature range -55 125 °C g
T Maximum diagnostic clock frequency = ! o
twSRCLK(high) + twSRCLK(low) o.
¥ Maximum output register clock frequency = !
tsy Address before ORCLKT
PRODUCT PREVIEW documents contain information
on products in the formative or design phase of Q’
development. Characteristic data and other TEXAS R
specifications are design goals. Texas Instruments 4-61
reserves the right to change or discontinue these lNSTRUMENTS
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TBP34SR165, TBP34SR16X
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

PRODUCT

PREVIEW

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

noted)
MILITARY
PARAMETER TEST CONDITIONS t i TveT Al unir
ViK Vce = 4.5V, i = —18 mA -1.2 v
VoH Vec =45V, IoOH = =2 mA 2.4 3.1 \
VoL Vee =45V, loL = 16 mA 0.5 \
lozH Vece = 5.5V, Vo =24V 50 A
lozL Ve =65V, Vg =05V -100 HA
Iy Vee =55V, V] =556V 0.1 mA
I Vee =565V, Vi =27V 20 A
M Vee =56.5V, V) =05V -0.25 mA
10* Vee = 5.5V, Vo = 2.25V -30 -112 | mA
Icc Vee = 55V, See Note 2 120 mA
switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)
PARAMETER FROM TO TEST CONDITION MILITARY oNIT
(INPUT) {OUTPUT) (See Note 3) MIN TYPT MAX
fmax® SRCLK (MODE = L) MHz
fmax ¥ ORCLK - MHz
:pd SRCLKO(;%;E =0 DOOSDOD03 CL = 50pF.
pd s - R1 = 300 Q,
tpd | (MODE ) SDO R2 — 600 0 ns
tod MODE (SDF = 1)
ten G DQO — DQ3
tdis G DQO — DQ3

b o] T All typical values are at Vee =5V, Ta = 25°C.
s o) * The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.
s 1
g Maximum diagnostic clock frequency =
) twSRCLK(high) + twSRCLK(low)
1
Y Maximum output register clock frequency =
put regi requency teu, Address before ORCLKT
NOTES: 2. Icc is measured with all outputs open and with all inputs at TTL levels.
3. Load circuits and voltage waveforms are shown in Section 1.
PRODUCT PREVIEW documents contain information .
Sn p:nducts in él;,. formative nrd design 5hasehuf Q’
evelopment. Characteristic data and other
4-62 spacifications are design goals. Texas Instruments TEXAS
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TBP34SR165, TBP34SR16X
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions

PARAMETER COMMERCIAL UNIT
MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 \Y
VIH High-level input voltage 2 \
VL Low-level input voltage 0.8 \Y
loH High-leve! input current -3.2 mA
loL Low-leve! input current 24 mA
folock  Clock frequency, SRCLK (MODE = L)T o] 40 MHz
felock  Clock frequency, ORCLK* 0 30 MHz
SRCLK high 12
tw Pulse duration SRCLK low 12 ns
ORCLK high 12
ORCLK low’ 12
DQ3 thru DQO before SRCLKT 20
(G and MODE = H, SDI = L)
SDI and MODE before SRCLKT 20
teu Setup time Address before ORCLK? 30 ns
{MODE = L)
MODE before ORCLKT 20
SRCLK?® before ORCLK? 20
(G and MODE = H, SDI = L)
DQ3 — DQO after SRCLKT o
(G and MODE = H, SDI = L)
SDI and MODE after SRCLKT ) o
th " Hold time or ORCLKT ns
Address after ORCLKT o
(MODE = L)
MODE after ORCLKT 0 2]
TA Operating free-air temperature range 0 70 °c E
o
T Maximum diagnostic clock frequency = ! o
twSRCLK(high) + twSRCLK(low) o
¥ Maximum output register clock frequency = !
. tsy, Address before ORCLKT
PRODUCTION DATA documents contain information .
carmt s i 6, i e Texas W
standard warranty. Production processing does not EXAS 4-63

necessarily include testing of all parameters.

INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



TBP34SR165, TBP34SR16X
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

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

noted)
PARAMETER TEST CONDITIONS COMMERCIAL

MIN _TYP! MAX |[UNIT
VIK Vee =45V, I = -18 mA -1.2 Vv
VoH Vee = 4.5V, IoH = -3.2mA 2.4 3.1 \2
VoL Vee = 4.5V, loL = 24 mA 0.5 \4
lozH Vee = 56.5V, Vo = 24V 50 HA
lozL Ve =55V, Vo = 05V -100 #A
1 Vce = 5.5V, V=55V 0.1 | mA
4 Vee =656V, V=27V 20 A
TN Vee = 5.6V, V=05V -0.25 mA
1o+ Vee = 5.5V, Vo = 2.25V ~30 -112 | mA
lce Vee = 6.5V, See Note 2 130 195 mA

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

FROM TO TEST CONDITION COMMERCIAL
PARAMETER UNIT
(INPUT) (OUTPUT) {See Note 3) MIN TYPt MAX
fmax SRCLK (MODE = L) 40 MHz
fmax ¥ ORCLK : 30 MHz
t ORCLK DQO — DQ3 8 15
tpd SRCLK MODE = 1j ) CL = 50 pF. g 15
:pd SOTMODE = D0 R1 = 3004, 5 75 |
= ns
pd R2 = 600 0
tpd MODE (SDI = L) 8 15
ten G DQO — DQ3 7 12
tdis G DQO — DQ3 6 10
] T Al typical values are at Voe = 5V, Tp = 25°C.
X $The output conditions have been chosen to produce a current that closely approximates one haif of the true short-circuit output current, Igs.
g Maximum diagnostic clock frequency =
0 twSRCLK(high) + twSRCLK(low)
1
I Maximum output register clock frequency =
put register quency teu, Address before ORCLKT
NOTES: 2. Icc is measured with all outputs open and with all inputs at TTL levels.
3. Load circuits and voltage waveforms are shown in Section 1.
PRODUCTION DATA documents contain information .
current as of public;tinn date. 'F'[Igduntsl conform 2:: b
specifications per the terms of Texas Instruments
4-64 Sandard , Production pr ing does not TEXAS
necessarily include testing of all parameters. lNSTRUMEN]S
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TBP34SR165, TBP34SR16X
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT

Vce Supply voltage during verification 4.5 5 5.5 \
VIH High-level input voltage 3 4 5 \%
ViL Low-level input voltage 0 0.2 04 \
" Enable G voltage during verification 0 02 04| v

Enable G inactive voltage during programming 4.5 5 5.5 A\

VCC(pr) Supply voltage program pulse amplitude 12 125 13 A"
twi Ve program pulse duration, 1st attempt 10 1 12| s
tw2 Ve program pulse duration, 2nd attempt 20 22 25 us
tw3 Ve program pulse duration, 3rd attempt 20 22 25| us
tsu Setup time, enable G low before Vecipnt 0.1 0.5 1 us
th Hold time, enable G low after Ve (pr 0.1 05 1| ps
t(vce)  Rise time, Vec(pr) (5 V to 12 V) 03 04 05 us
tiiycc)  Fall time, Vec(pr) (12 V to 5 V) 0.06 0.1 0.2 | us
tq Delay time between successive VCCtpr) pulses . 10 20 30 us
tcool Cooling time between words 100 150 200| us
TA Free-air temperature 20 25 30| °C

TMeasured from 1.5 V on enable pin to 5.5 V on Vec(pr)-
*Measured from 5.5 V on Vec(pr) to 1.5 V on enable pin.

step-by-step programming instructions {(see Figure 1)

1. Address the word to be programmed, apply 5 V to Vc¢ and a low logic level to the G input.

2. Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs to be at a high logic level.

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for the

next word. "
4. Deselect PROM by applying 5 V to G. E
5. Connect a 4-mA current source {clamped to Vcc) to the output to be programmed. o
6. Increase VCC to VCC(pr) for a pulse duration equal to twX (where X is determined by the number o
of programming attempts, i.e., 1, 2, 3). Minimum current capability for the V¢ power supply should Q.

be 400 mA.

7. Verify that the output has been programmed to a high logic level. If the output has been programmed
correctly, go to the next bit. If not, repeat steps 2 through 7 and increment X (where X equals 1 on
the first programming attempt). If the output has not been programmed by the third attempt, stop
programming and go to a new device.

8. Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts
and 5.5 volts.

‘I’ .
4-65

Texas
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



TBP34SR165, TBP34SR16X
16,384-BIT {4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

series 3 programming sequence

A0 TO A1l * VALID ADDRESS

~N

T
M

. (Ien)"’l - _,; -t (e
ws 11 LA LT

l‘_ VoH

VoL

|_ Vo

|
| | | VoL
"
| S ey kv
¢ |
7 1 [ VoL
|

PROGRAM 02——————4—;’_‘2-4
Z—VERIFY PROGRAM Q3

PROGRAM Qt
VERIFY

lllustrated above is the following sequence:

SINOYd

1) It is desired to program the selected address with 0111 {(Q0-Q3). Only outputs DQ1, DQ2, and DQ3 need programming.

2) Q1 is verified to be at a high logic level and then the programming sequence is executed. The output is then verified to be at
a low logic level. .

3) DQ2 is an example of an output requiring three attempts to be programmed successfully.

4) DQ3 is programmed to a low logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

" 4-66 TEXAS ‘9
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L03X, TBP38SA03X
256-BIT {32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

D2852,AUGUST 1984 —REVISED JUNE 1986

Advanced Schottky IMPACT™ PROM Family TBP38L030, TBP38S030, TBP38SA030 . . . J OR N PACKAGE

{TOP VIEW)
High-Speed Access Times

Low-Power, Open-Collector, and 3-State 8? ;Uﬂijécc
Options Available a2 :i [ A4
© Titanium-Tungsten (Ti-W) Fuse Links for ’ Q3[]a 13[]A3
Reliable Low-Voltage Programming Q4]s 12[JA2
© P-N-P Inputs for Reduced Loading on g:EG " D::)
System Buffers/Drivers GND ; 1; Q7
® Applications Include:
Microprogramming/Firmware Loaders TBP38LO3X, TBP38SO3X, TBP38SAO03X . . . FK OR FN PACKAGE
Code Converters/Character Generators (TOP VIEW)
Translators/Emulators
Address Mapping/Look-Up Tables S g9 glw
© Package Options Include 16-Pin DIP, and 3 3
20-Pin Chip-Carrier azha 18] A4
. s Q3fls 17} A3
description nehe 15E NC
These Series-3 IMPACT™ TTL programmable Q4lj7? 15[ A2
read-only memories (PROMs) feature high-speed Qs5|]s 14(] A1
access times and dependable titanium-tungsten 9 10111213

fuse link program elements. They are organized

. L ©CnUNO
as 32 words by 8 bits each, providing a total of g 5 20«
256 bits. The TBP38S03’ has three-state
outputs. The TBP38SAO03’ is the open-collector NC—No internal connection

version and allows the device to be connected

directly to data buses utilizing passive pull-up 2]
resistors. The low-power TBP38L0O3’ is available E
for applications that require power conservation o
while maintaining bipolar speeds. [0 d
o,
These PROMs are offered with a choice of address access times (dash numbers). These dash numbers
_are found in the switching characteristics table, and are included in the part numbers.
Data is programmed at any bit location with the standard Series 3 programming algorithm. The program
elements store a low logic level before any programming, and are permanently set to a high logic level
after programming. After execution of the programming procedure, the output for that bit location cannot
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry
has been designed into these devices to improve testability and ensure high programmability.
An MJ or MFK suffix designates full-temperature circuits that are characterized for operation over the full
military temperature range of —55°C to 125°C. An N or FN suffix designates commercial temperature
circuits that are characterized for operation from 0°C to 70°C.
IMPACT is a trademark of Texas Instruments

This document contains information on products in . Copyright © 1984, Texas Instruments Incorporated

more than one phase of development. The status of Y/

each device is indicated on the page(s) specifying its TE

electrical characteristics. 4-67
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L03X, TBP38SA03X
256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

logic symbols?

SINOHd

TBP38S030, TBP38LO30 TBP38SA030
PROM 32X 8 PROM 32X 8
AV +QO ’ AQ ——%—oo
JOSLL "o A v———m a1 i) | o AQ " Qi
a1 A V|———aQ2 ar i AS—2= _q2
Az 12) A0 AV o a2 02) A0 AU q
) 3 AY ::)' aa Az 13 31 A0 ::: a4
(14) AVf————as5 (1) AQ———as5
a5 PN ¢ A VLOG - A (15) | 4 AQ {7) Q6
G G EN
G EN Avf—E o7 6 Aol o7
tThese symbols are in accordance with ANSI/IEEE Std 91-1984
and IEC Publication 617-12.
Pin numbers shown are for J and N packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
v OPEN-COLLECTOR OUTPUTS _ — vee
cc . S
OUTPUT <:
- —-——
s
INPUT — b3
s
b3 OUTPUT
b3 J K‘
—— 1,
PROGRAMMING CIRCUIT
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage (see NOte 1) ... .. et e e e 7V
INput voltage . . . . . e e e e e e e 55V
Off-state OULPUL VOIAGE . . . . v ot ittt i et et et et et e et e et et e e 55V
Operating free-air temperature range: Military-temperature-range circuits ....... -55°C to 125°C
Commercial-temperature-range circuits . . . ... .. 0°C to 70°C
Storage temperature range . . ... ..o v v vttt e e —65°C to 150°C
NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.
i
4-68 :
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TBP38S030, TBP38S03X
256-BIT (32 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX [ MIN NOM MAX

Vce Supply voltage 4.5 5 5.5 4.5 5 5.5 A\
VIH High-level input voltage 2 2 \
ViL Low-leve! input voltage 0.8 0.8 \
10H High-level output current -2 -3.2 | mA
loL Low-level output current 16 24 mA
TA Operating free-air temperature range -55 125 0 70 °C

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

PARAMETER TEST CONDITIONS ' MILITARY COMMERCIAL UNIT
MIN_TYP! MAX | MIN TYP? MAX

ViK Vee = MIN, I = -18 mA -1.2 -1.2 \
VoH Vce = MIN, loH = MAX 24 3.1 24 31 \
VoL Vee = MIN, loL = MAX 0.5 0.5 \
lozH Vee = MAX, Vo =24V 50 50 | pA
lozL Vee = MAX, Vg =05V -50 -50 pA
Ny Vee = MAX, V] =55V . 0.1 0.1 mA
iH Vee = MAX, V=27V 20 20 | pA
I Vee = MAX, V) =05V -0.25 -0.25 | mA
o8 Vee = MAX, Vg = 225V -30 -112 |-30 -112 | mA
Icc Vee = MAX 80 125 80 125 | mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
£ All typical values are at Vo = 5V, Ta = 25°C.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, 19s.

[72]
switching characteristics over recommended ranges of Ta and VG (unless otherwise noted) E
o
talA) .
TYPE TEST ACCESS TIME ENABtLeEn TIME DlSAt;i‘Es TIME | UNIT E
CONDITIONS FROM ADDRESS
MIN TYPF MAX | MIN TYP} MAX | MIN TYP! MAX
18P385030-20 Military 10 20 5 12 5 12{ ns
TBP38503X-20
18P385030-30 ) Mifary CL = 50 pF, 10 30 5 15 3 10 ns
TBP38S03X-30 R1 = 300 Q,
TBP38S030-15 ) R2 = 600 Q,
Commercial 10 15 5 10 5 10| ns
TBP38S03X-15 See Note 2
1BP385030-25 Commercial 10 25 5 12 3 8 ns
TBP38S03X-25
*All typical values are at Voc = 6V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
PRODUCTIGN DATA documents contain information .
curat o pbliction i, gt conlorm *
:pm’ "wa.rran(([. Production pr ing does not TEXAS 4-69
ecessarily include testing of all parameters. ]NSTRUMENTS
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TBP38L030, TBP38L0O3X PRODUCT
256-BIT (32 WORDS BY 8 BITS) PREVIEW
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS '
recommended operating conditions
PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX [ MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 v
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \%
I0H High-level output current -1.6 -1.6 mA
loL Low-level output current 16 16 | mA
TA Operating free-air temperature range -55 125 0 70 °C

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

noted)
MILITARY COMMERCIAL

PARAMETER TEST CONDITIONS T MIN TYPY MAX | MIN TYPF MAX UNIT
VIK Vce = MIN, I = -18 mA -1.2 -1.2 \
VoH Vee = MIN, loH = —1.6 mA 2.4 3.1 24 3.1 \
VoL Vee = MIN, lop = 16 mA 0.5 . 0.5 \%
lozH Vce = MAX, Vg = 2.4V 50 50 | xA
lozL Vee = MAX, Vo =05V -50 -50 »A
1] Vee = MAX, V] =65V 0.1 0.1 mA
IIH Voo = MAX, Vi =27V 20 20 A
I Vee = MAX, V) =05V -0.25 -0.25 | mA
Ig8 Vee = MAX, Vo = 2.25V -30 -112 | -30 -112 | mA
Ice Vce = MAX 45 45 mA

tFor conditions shown as MIN or MAX,

use appropriate value specified under recommended operating conditions.
T All typical values are at Ve = 5V, Ta = 25°C.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

talh) ten tdis
TYPE TEST ACCESS TIME ENABLE TIME DISABLE TIME | UNIT
CONDITIONS FROM ADDRESS
MIN TYP! MAX | MIN TYP¥ MAX | MIN TYP! MAX
TBPS8LOSO- —— | piitary CL = 50 pF, 20 15 12 ns
TBP38LO3X- _ _ R1 = 300 @,
TBP38LO30 —— | commercial Rz = 600 &, 20 15 12 ns
TBP38LO3X- _ _ See Note 2

*All typical values are at Veg = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of

development.

Characteristic data and other
4-70 specifications are design goals. Texas Instruments
reserves the right to_change or discontinue these
products without notice.
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TBP38SA030, TBP38SA03X
256-BIT (32 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

MILITARY COMMERCIAL
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 5.5 | 4.5 5 5.5 A\
VIH High-level input voltage 2 2 \"
ViL Low-leve! input voltage 0.8 0.8 \4
VOH High-level output voltage 5.5 5.5 \Y%
loL Low-level output current 16 24 mA
TA Operating free-air temperature range -55 125 o] 70 °C

electrical characteristics over recommended operating free-air temperature ra

nge (unless otherwise

noted)
PARAMETER TEST CONDITIONST MILITARY COMMERCIAL UNIT
MIN_TYP! MAX | MIN TYP?. MAX
ViK Vce = MIN, | = -18 mA -1.2 12| Vv
o Ve = MIN VoH = 2.4V 0.05 005 | .
VoH = 5.5V 0.1 0.1
VoL Ve = MIN, oL = MAX 0.5 05 | Vv
] Vee = MAX, Vi =55V 0.1 0.1 mA
IiH Vgoe = MAX, V) =27V 20 20 A
M Vee = MAX, Vi =05V -0.25 -0.25 | mA
Icc Vce = MAX 80 125 80 125 | mA

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
$All typical values are at Vo = 5V, Ta = 25°C.

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

ta(A) .
. TEST ACCESS TIME NAB‘eE " S ‘d'Es
Tve CONDITIONS FROM ADDRESS ENABLE TIME DISABLE TIME | UNIT
MIN TYP} MAX | MIN_TYP! MAX [ MIN TYP? MAX
TBP38SA030-30 N CL = 50 pF,
TBP38SA03X.30 | Military R1 = 300 Q, 15 30 10 20 9 181 ns
TBP38SA030-25 ] R2 = 600 Q,
TBP38SA03X.25 | Commercial See Note 2 15 25 10 15 9 14] ns

*All typical values are at Vog = 5V, T = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

»
=
o
o
Q.

PRODUCTION DATA documents contain
information current as_of publication date.
Products conform to specifications per the terms

of Texas Instruments standar

WBI’I’II’Hry.

Production processing does not necessari

include testing of all parameters.
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L03X, TBP38SA03X
256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX [ UNIT

Supply voltage during verification Vee 4.5 5 5.5 \Y%

Input voltage ViH 3 4 5 A
ViL 0 02 05

Enable voltage during verification G 0O 02 04| V

Enable inactive voltage during programming G 4.5 5 5.5 \%

Ve program pulse amplitude Vecipn 12 125 13| Vv
1st attempt twi 10 11 12

Ve program pulse duration 2nd attempt tw2 20 22 25 | ps
3rd attempt tw3 20 22 25

Enable set-up time T before Voc(pr) tsufen) 0.1 0.5 1| us

Enable hold time?* after Vocipr) thien) 01 05 1] us

Rise time of Vcc(pr) 8 t(Vee) 03 0.4 05| ps

Fall time of Voe(pn Y t$(Vee) 0.05 0.1 0.2 gus

Delay time between successive VcC(pr) Pulses td1 10 20 30 | ps

Hold time between successive VCC(pr) Pulses t42 10 20 30 | ps

Cooling time between words teool 100 160 200 { pus

Free-air temperature TaA 20 25 30| °C

TMeasured from 1.5 V on enable pin to 5.5 V on Vecipr)
*Measured from 5.5 V on VeCipr) to 1.5 V on enable pin
SMeasured from 5 V to 12 V
IMeasured from 12 V to 5 V

step-by-step programming instructions (see Figure 1)

SINOYd

1.

° o s w

Address the word to be programmed, apply 5 volts to V¢ and a low-logic-level voltage to the enable
G input.

Verify the selected bit location that requires programming. Note: The only bit positions that require
programming dre outputs needing a high logic level.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.
Deselect PROM by applying 5 volts to G.

Connect a 4-mA current source (clamped to VcC) to the output that is to be programmed.

Increase VCC to VCC(pr) for a pulse duration equal to tywX (where X is determined by the number
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vcc power supply should
be 400 mA. ’

Verify that the output has been programmed to a high logic level. If the output has been programmed
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal
to 1 on the first programming attempt). If the output has not been programmed by the third attempt,
stop programming and go to a new device.

Verify programming of every word after all words have been prog}ammed using Vcc values of 4.5 volts
and 5.5 volts.

4-72
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L03X, TBP38SAB3X
256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

A0 TO A4 * VALID ADDRESS

L RN

| [—tw [ twr j—dtw2 ——tw3 Mt
| | [ | | | [ — 125V
vee | 4—'d1—’/—\v— ta2—p, {——ttcool
L 5V
tsulen) -9y k— | —ov
! - [-th{en) ]
— ! ————— 15V
7| LI L ]
4 ov
t
[

VoL

i |
| | 1 | !
y) |
a1 1 h $ + 7 H 1 — VoH
—_‘_—,J—l: : ! | | l— VoL
| : | 1 | . | |
Q2 | | l I l | l 1 4 t + — VoH
N ] l
t : : i [ VoL
T l i’_'w'___l_ v
— VOH
@ Lo L L4
| 1 [ | 1 ryo
| 1 | | |

PROGRAM 02‘——4———%—?—4
VERIFY PROGRAM Q7

PROGRAM Q1
VERIFY

lllustrated above is the following sequence:

1)} - It is desired to program the selected address with 01100001 (Q0-Q7). Only outputs Q1, Q2, and Q7 need programming.

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a

high logic level.

3} Q2is an example of an output requiring three atttempts to be programmed successfully.
4) Q7 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

PROMs
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PRODUCT TBP38S8, TBP38L8, TBP38SA8
PREVIEW 8,192-BIT (1024 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

JANUARY 1985~REVISED APRIL 1985

Fastest Schottky PROM Family TBP38L85, TBP38S85, TBP38SA85 . . . NT OR JT PACKAGE
i . TBP38L86, TBP38586, TBP38SAB6 . . . NW OR JW PACKAGE
High-Speed Access Times (TOP VIEW)

Low-Power, 3-State, and Open-Collector

Options Available 24[] Vee

23[] A8
22[] A9
21[J Ga
7 &1
19[] G3
18] G2
17:] Q7

@ Titanium-Tungsten (Ti-W) Fuse Links for
Reliable Low-Voltage Programming

@ Applications Include:
Microprogramming/Firmware Loaders
Code Converters/Character Generators
Translators/Emulators

W N O U d WA =
[N]
[=]

. 16[] Q6
Address Mapping/Look-Up Tables 0 15 Qs
©® Package Options Include 300-Mil or 600-Mil 11 1a][] Q4
24-Pin DIP, and 28-Pin Chip-Carrier 12 13(] Q3
Packages
TBP38L8X, TBP38S8X, TBP38SABX . . . FN OR FK PACKAGE
description (TOP VIEW)

These Series-3 monolithic TTL programmable
read-only memories (PROMSs) feature high-speed
access times and dependable titanium-tungsten
fuse link program elements. They are organized
as 1024 words by 8 bits each, providing a total
of 8,192 bits. The ’‘38S8 has three-state
outputs. The ’‘38SA8 is the open-collector
version and allows the device to be connected
directly to data buses utilizing passive pull-up
resistors. The low-power '38L8 is available for
applications that require power conservation
while maintaining bipolar speeds. It also has
three-state outputs.

)
=
o
2
o

Data is programmed at any bit location with the

standard Series 3 programming algorithm. The NC—No internal connection

program elements store a logic level low before

any programming, and are permanently set to a

logic level high after programming. After

execution of the programming procedure, the )
output for that bit location cannot be reversed. The Series 3 programming procedure should be referred
to for further details. Additional circuitry has been designed into these devices to improve testability and
insure high programmability. )

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of

development. Characteristic data and other TEXAS ”

specifications are design goals. Texas Instruments
teservas the right to ghugns or discontinue these INSTRUMEN]S

with ice.
products without notice POST OF FICE BOX 225012 ® DALLAS, TEXAS 76266

Copyright ©® 1984, Texas Instruments Incorporated

4-75



TBP38S8, TBP38L8, TBP38SA8
8,192-BIT (1024 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

TBP38S8, TBP38L8 TBP38SA8
PROM 1024 X 8 PROM 1024 X 8
AO ——-——::; 0 ao—8_ {o,
e Y ((15:1]) b ' y—g aQE— i —ao
AZT AV ———(Tm Yo — gy L —
A3_(4T— AV f— a2 A3—{8 Aol UD o,
m—a—1 Lo av S UL - A0 AQ |03 45
A5 — 023 Agl—14 o4 As_(i:__— A3 Aol o
AST Ay 18 o5 a2 | Aol o
o avfE o e R
A8 ——= A f———a7 ag—{23) AQ———a07
Ga_t2) N3 G20 N
(19) {19)
G3—m— G3———]
(18). EN ct® | EN
1 {20) S G (20)
Pin numbers shown are for JT, JW, NT, or NW packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
v OPEN-COLLECTOR OUTPUTS vee
o — — ——y
cc ‘!'— 3
S S
S OUTPUT 9
1 3
e )3 -
X INPUT —¢ 2 .
(@) l )
g s ouTPUT
[/ 4 .
T S—1t-- $ J\‘\l
‘PROGRAMMING CIRCUIT ;7
’ NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage (see Note 1) ... .. . e e e e 7V
INPUL VOItAgE . . . o o e e e 55V
Off-state OULPUL VOIAGgE . . . . o . ittt ettt e et e e e e e e e 5.5V
Operating free-air temperature range: Military-temperature-range circuits .. ... ... -55°C to 125°C
Commercial-temperature-range circuits . . . ... .. 0°C to 70°C
Storage temperature raNgE . . ..o v v v v v ettt e e e e —-65°C to 150°C
NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.
T {IP
4-76 EXAS
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TBP38L165, TBP38L166, TBP38L16X
16,384-BIT (2048 WORDS BY 8 BITS) LOW-POWER
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

D2909, JANUARY 1985—REVISED JULY 1985

® Advanced Schottky IMPACT™ PROM Family TBP38L165 . . . JT OR NT PACKAGE
TBP38L166 . . . JW OR NW PACKAGE
© High-Speed Access Times (TOP VIEW)
® Low-Power, 3-State Outputs A7 24[] Ve
® Functional Equivalent to Signetics ABLJ2 23] A8
N82S191A or N82S191B As[la  22]] A9
A4la 21{J A10
® Titanium-Tungsten (Ti-W) Fuse Links for A3[]s 20[] G1
Reliable Low-Voltage Programming A2[ e 19[] G3
@ Applications Include: AL 18] gi
Microprogramming/Firmware Loaders Ao[ls- 17[] a6
Code Converters/Character Generators ao 161
Translators/Emulators at 150 gi
Address Mapping/Look-Up Tables Q2 14l
GND 13[] Q3
0 Package Options Include 300-Mil or 600-Mil
24-Pin DIP, and 28-Pin Chip-Carrier TBP38L16X . . . FK OR FN PACKAGE
Packages {TOP VIEW}
8}
description 2828522
These Series-3 IMPACT™ TTL programmable 73218212

read-only memories (PROMSs) feature high-speed Ad A10
access times and dependable titanium-tungsten A3 G1
fuse link program elements. They are organized A2 G3
as 2048 words by 8 bits each, providing a total Al G2
of 16,384 bits. AO NC
The TBP38L16’ is available for applications that NC a7
Qo Qa6

require power conservation while maintaining
bipolar speeds. It also has three-state outputs.

~NQOMT W
These PROMs are offered with a choice of gao % z0dd
address access times (dash numbers). These
dash numbers are found in the switching NC —No internal connection
characteristics table, and are included in the part
numbers.

121314151617 18

)
=
o
o
o.

Data is programmed at any bit location with the
standard Series 3 programming algorithm. The
program elements store a low logic level before
any programming, and are permanently set to a
high logic level after programming. After
execution of the programming procedure, the
output for that bit location cannot be reversed.
The Series 3 programming procedure should be
referred to for further details. Additional circuitry
has been designed into these devices to improve
testability and insure high programmability.

An MFK, MJT, or MJW suffix designates full temperature circuits that are characterized for operation over
the full military temperature range of —55°C to 125°C. An FN, NT, or NW suffix designates commercial-
temperature circuits that are characterized for operation from 0°C to 70°C.

IMPACT is a trademark of Texas Instruments Incorporated

This d ins infi ion on p in
more than one phase of development. The status of
each device is indicated on the pagels) specifying its
electrical characteristics.

‘_ Copyright © 1985, Texas Instruments Incorporated
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TBP38L165, TBP38L166, TBP38L16X
16,384-BIT (2048 WORDS BY 8 BITS) LOW-POWER
PROGRAMMABLE READ-GNLY MEMORY WITH 3-STATE QUTPUTS

logic symbolt

PROM 2048 X 8
AO—::; 0
Al ———] ' 19)
A28 A p————0
) A9 o
A3
@) AV (11) 2
A4 ——— a
@ o Ay a3
A5 —= Az
o2 CARE A v _.._(“Lm
e 15)
1 AV|———a05
art__ AV (16)
A8 (23) v —“TQS
Ag—122) AV p——Q7
A10——-——:2;; 1o
G %
G218 | EN
G120 I
Pin numbers shown are for JT, JW, NT, or NW packages.
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and
{EC Publication 617-12.
schematics of inputs and outputs
EQUIVALENT OF INPUTS : TYPICAL OF ALL THREE-STATE OUTPUTS
Vee *— - - —‘——j[— Vee
b3 s
1 3
' ——

INPUT —4

AAA
W

OUTPUT
[

& - @;,

PROGRAMMING CIRCUIT NOT SHOWN

AAA

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

Supply voltage (see Note 1) ... ... .. e

Input voltage . . .. ... e 5.5V
Off-state OULPUL VOILAGE . . . . o ottt ettt e e e e e e 55V
Operating free-air temperatyre range: Military-temperature-range circuits . ... ... ~55°C to 125°C

‘ Commercial-temperature-range circuits. . ... ... 0°C to 70°C
Storage temperature TaNgE . . . ... v v v it ittt e e —-65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.

4-78 Texas {"
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TBP38L165, TBP38L166, TBP38L16X
16,384-BIT (2048 WORDS BY 8 BITS) LOW-POWER
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE QUTPUTS

recommended operating conditions

PARAMETER COMMERCIAL UNIT
MIN NOM MAX

Vee Supply voltage 4.5 5 5.5 \
VIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
10H High-level output current -3.2 | mA
loL Low-level output current 24 | mA
Ta Operating free-air temperature range 0 70 °C

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

PARAMETER ‘ : TEST CONDITIONS COMMERCIAL UNIT
) : MIN_TYP} MAX
ViK Vee = MIN, I = =18 mA -1.2]1 Vv
VoH Vee = MIN, IoH = =3.2 mA 2.4 3.1 \
VoL Vee = MIN, oL = 24 mA 0.5 Vv
lozH Vce = MAX, Vg = 2.4V 50 | 4A
lozL Vce = MAX, Vg = 0.5V —50 | A
. I Vce = MAX, Vi =55V 0.1 mA
N Ve = MAX, V=27V 20| uA
L Vee = MAX, Vi =05V ~0.25 | mA
o3 Ve = MAX, Vg = 2.25V -30 -112 | mA
Icc . Vee = MAX 65 100 | mA

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.

[72]
switching characteristics over recommended ranges of TA and Vg (unless otherwise noted) b=
@)
‘a(AI t s . m
TEST ACCESS TIME en dis
TYPE CONDITIONS FROM ADDRESS ENABLE TIME . DISABLE TIME UNIT o
MIN TYPT MAX | MIN TYPT MmAX [ MIN TYPT mMAX
TBP38L165-35
TBP38L166-35 Commercial Cy = 50 pF, 25 35 10 20 5 15 ns
TBP38L16X-35 R1 = 300 Q,
TBP38L165-45 R2 = 600 Q,
TBP38L166-45 Commercial See Note 2 25 45 10 25 5 20 | ns
TBP38L16X-45
Al typical values are at Vog = 5V, TA = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1, of The TTL Data Book, Volume 4, 1985.
PRODUCTION DATA documents contain .
infrastu ot s of pablcatin de Texas W9
of Texas Instruments standard warranty. EXAS 4-79
Production pr does not ]NSTRUMEN]S '
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TBP38L165, TBP38L166, TBP38L16X PRODUCT
16,384-BIT (2048 WORDS BY 8-BITS) LOW-POWER PREVIEW
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

MILITARY
PARAMETER UNIT
MIN NOM MAX

Vee Supply voltage | 4.5 5 5.5 \
M High-level input voltage . 2 v
ViL Low-level input voltage 0.8 \
I0H High-level output current -1.6 | mA
loL Low-level output current 16 | mA
TA Operating free-air temperature range -55 1256 | °C

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

noted)
PARAMETER TEST CONDITIONS ¥ MILITARY UNIT
MIN TYP? MAX

ViK Vee = MIN, j = =18 mA -1.2 Vv
VOH Vce = MIN, IoH = -1.6 mA 24 3.1 \
VoL Vee = MIN, lor = 16 mA 0.5 A\
lozH Vee = MAX, Vo = 24V 50 | kA
lozL Vee = MAX, Vo =05V -50 | pA
] Vce = MAX, V) =55V 0.1 mA
IIH Vee = MAX, V=27V 20 | pA
L Vce = MAX, Vi =05V -0.25 | mA
0% Vee = MAX, Vo = 2.25V -30 -112 | mA
Icc Vee = MAX 65 100 | mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

SINOHd

fatA) ten tdis
TYPE TEST ACCESS TIME ENABLE TIME DISABLE TIME | UNIT
CONDITIONS FROM ADDRESS
MIN TYPt MAX | MIN TYPT MAX | MIN TYPT MAX
TBP38L165-_ _
TBP38L166-_ _ | Military 25 10 5 ns
TBP38L16X-_ _ CL = 50 pF,
TBP38L165- _ _ See Note 2
TBP38L166-_ _ | Military 25 10 5 ns
TBP38L16X-_ _ ]

tan typical values are at Voc = 5V, Tp = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1, of The TTL Data Book, Volume 4, 1985.

Additional information on these products can be obtained from the factory as it becomes available.

PRODUCT PREVIEW documents contain information .
on products in the formative or design phase of
development. Characteristic data and other

4-80 specifications are design goals. Texas Instruments
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TBP38L165, TBP38L166, TBP38L16X
16,384-BIT (2048 WORDS BY 8-BITS) LOW-POWER
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT
Supply voltage during verification vee 4.5 65 5.5 \
Vin 3 4 5 )
Input voltage Vil ~o o032 0% \%
. e G1 0 02 0.4
Enable voltage during verification G2, a3 3 ) 5 Vv
. . . . G1 4.5 5 5.5
Enable inactive voltage during programming G2, G3 0 02 04 \"
V¢ program pulse amplitude VeCipr) 12 125 13 \Y
1st attempt tw1 10 11 12
Ve program pulse duration 2nd attempt tw2 20 22 25 us
3rd attempt tw3 20 22 25
Enable set-up timeT before VCClpr) tsu(en) 0.1 0.5 1 S
Enable hold time* after Vec(pr) th(en) 0.1 0.5 1 us
Rise time of VCC(pn) ¢ tVee) 0.3 04 05| gs
Fall time of Vog(pn 't ’ Vo) 005 0.1 02| ps
Delay time between successive VcC(pr) Pulses td1 10 20 30| us
Delay time between successive VCC(pr) pulses t42 10 20 30| us
Cooling time between words teool 100 150 200 | s
Free-air temperature TA 20 25 30| °C

TMeasured from 1.5 V on enable pin to 5.5 V on Vccipr)
*Measured from 5.5 V on VCCipr) to 1.5 V on enable pin
SMeasured from 5 V to 12 V
IMeasured from 12 V t0 5 V

step-by-step programming instructions (see Figure 1)

1.

I

Address the word to be programmed, apply 5 volts to Vcc and active levels to all enable inputs (G1,
G2, G3).

Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.
Deselect PROM by applying 5 volts to G1, or O volts to G2 or G3.
Connect a 4-mA current source [clamped to VcC) to the output that is to be programmed.

Increase VCC to VCC(pr) for a pulse duration equal to tywX (where X is determined by the number
of programming attempts, i.e., 1,2,3). Minimum current capability for the V¢ power supply should
be 400 mA.

Verify that the output has been programmed to a high logic level. If the output has been programmed
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal
to 1 on the first programming attempt). |f the output has not been programmed by the third attempt,
stop programming and go to a new device.

Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts
and 5.5 volts.

PROMs

{ip
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TBP38L165, TBP38L166, TBP38L16X
16,384-BIT (2048 WORDS BY 8 BITS) LOW-POWER
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

A0 TO A10 * VALID ADDRESS

H—‘w1 M"‘w1 [ tw2 H'wa

|
O L S Ty S QUi 125V
vee | 4—':“—-’/_\4' t42—p, /—\ 1¢ P-tcoot
L 4 — 5V
tsu(en)—hl [4- I‘-th( ] +’: ov
en,

< -

=y

_ —————5vV
5_| I . L
} l ! | ov’
I | I
Il .
a1 | ' + ——t | — Vou
P l ! L
: : | i !, I
a2 | I I IJ '] r, — t — VoH
+— + : | i L VoL
| ll | | | 1 !
a7 | X : : | IH Vou
1
| | | 1 | 4 ! I Vou
[ | | | ! |

PROGRAM Q1
VERIFY

lllustrated above is the following sequence:

1) It is desired to program the selected address with 01100001 (Q0-Q7). Only outputs Q1, Q2 and Q7 need programming.

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high
logic level.

3} Q2 is an example of an output requiring three attempts to be programmed successfully.

4) Q7 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE
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TBP38R165, TBP38R16X
16,384-BIT (2048 WORDS BY 8 BITS) REGISTERED

PROGRAMMABLE READ-ONLY MEMORIES

D2902, OCTOBER 1985

Fastest Schottky PROM Family
High-Speed Access Times
Allows Storage of Output Data -

Titanium-Tungsten {Ti-W) Fuse Links for
Reliable Low-Voltage Programming

Choice of 16 Programmable Initialize Words

description

The TBP38R16 is a series-3 monolithic TTL
programmable read-only memory (PROM)
featuring high-speed access times and
dependable titanium-tungsten fuse link program
elements. It is organized as 2048 words by 8
bits, providing 16,384 bits.

The output register receives data from the PROM
array on the rising edge of CLK. The TBP38R16’
also contains 16 programmable initialization
words. Initialization words allow the outputs to
quickly be set to a predetermined value for start
up or time-out sequencing. These words are read
by taking the INIT pin low and pulsing the clock
(CLK) input line. When INIT is low, inputs AO-A3
select the desired initialization word
independently of A4-A10. By programming all
sixteen words the same, initialization can be
achieved by taking INIT low independently of
AO0-A3.

These PROMs are offered with a choice of setup
times (dash numbers). These dash numbers are
found in the recommended operating conditions
table, and are included in the part numbers.

Data is programmed at any bit location with the
standard series 3 programming algorithm. The
program elements store a high logic level before
any programming, and are permanently set to a
low logic level after programming. After
execution of the programming procedure, the
output for that bit location cannot be reversed.

TBP38R165 . . . NT OR JT PACKAGE
(TOP VIEW}

TBP38R16X . . . FN OR FK PACKAGE
(TOP VIEW)

A10
INIT

CLK
NC
Q7
Qa6

1213141516 1718

cNAQO®T W
0052000

NC—No internal connection

The series 3 programming procedure should be referred to for further details. Additional circuits have been
designed into these devices to improve testability and ensure high programmability.

An MFK or MJT suffix designates circuits that are characterized for operation over the full military
temperature range of —55°C to 125°C. An FN or NT suffix designates commercial-temperature circuits

that are characterized for operation from 0°C to 70°C.

PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated
Cll"l;'ll as of puhli:;!ion date. rglt_lductsl conform to b
specifications per the tarms of Texas Instruments
fand WII'I'lplIl L Pr ion p ing does not EXAS
necessarily im;lutrn testing of all parameters. lNS’]‘RUMEN'[‘S

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TBP38R165, TBP38R16X
16,384-BIT (2048 WORDS BY 8 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

logic symbol?t

PROM 2048 X 8

o (19)  en + 16 X8
ck 8 K vy
N
a0 a0
A1 Lri— z121
A28 21312
Azl 13443
asld 1,
A5 A3) 5 15A 0
T 2047
asf2__ |
a7l |
agl23) |
A9 122)
(21)
A10———— 10 P
11+ 0
124 2048
134 16A 2063
144+ 3
INIT —E‘zm G15
4 G16 .
A]l17D v  E—IX Qo
0 (10}
o) }————— Q1
(@) | 1) gy
= |- 113) o3
/2] (14) Q4
{15) a5
(16) Qs
17
07 oy
1t This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
TERMINAL FUNCTIONS
TERMINALS FUNCTION
AO-A10 Address inputs for data from PROM array
INIT If INIT is high, any one of 2048 8-bit words can be addressed. If INIT is low, any one of 16 8-bit initialization words
can be addressed using AO thru A3.
G 1 Gis high, QO thru Q7 are in the high-impedance state. If Gis low, QO thru Q7 are enabled.
CLK Low-to-high transition loads output register from PROM array.
Qo0-Q7 Register outputs under control of G
i
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TBP38R165, TBP3BR16X
16,384-BIT (2048 WORDS BY 8 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

logic diagram (positive logic)

—~ (19)
G
ok 118!
08
ar )
2218)
It I
8 a2 2 1
XIY (4 TO 16]
15 0
ERENRRERENEEN ‘!
PROM MATRIX o
128 + 1)X 16 X 8
XIY
(7 TO 128] 1D
ag 1
3
as 13! 2 1D
a6 2 R <1J
1D
a7 D) . . 128
(23) .
A8 | 16 126 1D
Ag 22} 32 127
. 1 D
A10 421 64
r EN 1D
T 20 -9 1D

QD_

PROMSs H

{iP
Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

4-85



TBP38R165, TBP38R16X
16,384-BIT (2048 WORDS BY 8 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

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

Supply voltage, V¢ (see Note 1)

Input voltage, V| ... oot e e e e e

Off-state output voltage, VQ(off)

Operating free-air temperature range: Military-temperature-range circuits . ...... —-55°C to 125°C
Commercial-temperature range circuits. .. ... .. 0°C to 70°C
Storage temperature range . ... ... .. i ittt e e —-65°C to 150°C

NOTE 1: All voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN  NOM MAX MIN NOM MAX
Vece  Supply voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 \Y
ViL Low-level input voltage 0.8 0.8 \%
loH High-level output current (standard output) -2 -3.2 mA
loL Low-level output current 16 24 mA
tw Pulse duration, CLK (high or low) 12 10 ns
-25 suffix 25
tsy Setup time, address before CLK? -20 suffix 20 ns
-18 suffix i 18
tsy  Setup time INIT before CLKt 40 35 ns
th Hold time INIT, address after CLK? 0 0 ns
Ta Operating free-air temperature range -55 125 0 70 °C

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

noted) .
R MILITARY [ 1AL
0 PARAMETER TEST CONDITIONS OMMERC UNIT
b MIN TYP! MAX | MIN TYP! MAX
(o) VK Vee =MIN, ) = -18 mA —1.2 1.2 v
2 VOH Vce = MIN, 10H = MAX 2.4 3.1 2.4 3.1 v
» VoL Vce = MIN, oL = MAX 0.5 0.5 v
lozH Vee = MAX, Vo = 24V 50 50 rA
lozL Vce = MAX, Vo =05V -50 -50 uA
I Vce = MAX, Vi = 55V 0.1 0.1 | mA
IIH Vee = MAX, V) =27V 20 20 A
I Vce = MAX, V) = 0.5V -0.25 -0.25 | mA
108 Vee = MAX, Vo = 2.25V -30 -112 | -30 -112 | mA
cc Vee = MAX 125 185 1256 185 | mA
switching characteristics over recommended ranges of Tp and V¢ (unless otherwise noted)
FROM T0 TEST MILITARY COMMERCIAL
PARAMETER CONDITIONS -25 SUFFIX -18 SUFFIX -20 SUFFIX UNIT
{INPUT) | (QUTPUT}
(See Note 2) | MIN  TYP} MAX | min TYyp! mAX | MIN TYP! MAX
tpd CLX Any Q R1 =3007¢, 8 18 8 12 8 15 ns
ten G AnyQ | Ry = 6009, 8 .15 -8 12 8 12 ns
tdis G AnyQ | C_ = 50pF 6 12 6 10 6 10 ns
tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
* Al typical values are at Vcc = 5.V, Tp = 15°C.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgs.
NOTE 2: Load circuits and voltage queforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
i
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TBP38R165, TBP38R16X
16,384-BIT (2048 WORDS BY 8 BITS} REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT

Supply voltage during verification Vee 4.25 5 575 \%
VIH 3 4 5

Input voltage it 9 03 05 A"

Enable voltage during verification Gl o 9.2 04 \
G2, G3 3 4 5

Enable inactive voltage during programming 61 4.2 8 575 \Y
G2, G3 0 0.2 0.4

V¢ program pulse amplitude Vec(pr) 1 115 12 \Y
Tst attempt twi 10 11 12

V¢ program pulse duration 2nd attempt tw2 20 22 25 Y
3rd attempt tw3 20 22 25

Enable setup time ! before VCC(pr) tsu(en) 0.1 0.5 1 us

Enable hold time? after Vcc(pr) . thien) 0.1 0.5 1 us

Rise time of VCC(pr)§ tr(VCC) 0.3 0.4 0.5 us

Fall time of VCC(prlq t(VCC) 0.05 0.1 0.2 us

Delay time between successive VCC(pr) pulses td1 10 20 30 us

Delay time between successive Vc(pr) pulses td2 10 20 30 us

Cooling time between words : teool 100 150 200 us

Free-air temperature TA 20 25 30 °C

tMeasured from 1.5 V on enable pin t0 5.5 V on VeC(pn)
# Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin
§ Measured from 5 V to 12 V
1 Measured from 12 V to 5 V

step-by-step programming instructions (see Figure 1)

1. Address the word to be programmed, apply 5 volts to Vcc, apply ViL(pr) to the enable input G and
VIH to the INIT input. During initialization word programming apply V|| to the INIT input.

2. Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs to be a low logic level.

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for the

next word. _

. Deselect PRCM by applying ViH(pr) to G.

. Connect a 4-mA current source (clamped to V) to the output that is to be programmed.

-Increase V¢ to VCC(pr) for a pulse duration equal to tywx (where X is determined by the number of

programming attempts, i.e., 1, 2, 3). Minimum current capability for the Vcc power supply should be
500 mA.

7. Verify that the output has been programmed to a low logic level. if the output has been programmed
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal
to 1 on the first programming attempt). If the output has not been programmed by the third attempt,
stop programming and go to a new device. Note: Data must be clocked into the output register to verify
programming.

8. Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts
and 5.5 volts.

)
=
o
o
a.

oo

i
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TBP38R165, TBP38R16X
16,384-BIT (2048 WORDS BY 8 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

77

A0 TO A10? * VALID ADDRESS B f R
p
e

|ty r- tw1-  — le—p-tw2 —-tw3
I

L [ I N N S 12.6 V
Vee | R td1—>j_\<— td2—p , \ ﬂ l——} tcoot
L 5V
77
tsulen) -p] je- |
| ~#| ¢ thien)

LA Rt e Y O e I

l
I | |
| o
| | "
| | | 1
a1 _I_,_/——'LLL l | I | y
| | | | — Vou
T » v
| | | 1 1 77 ' I voL
a2 J"’_—Ll 7 W ~ l l — VoH
l l I ' | ,1 VoL
1 I ! | ’
Q7
[ I
[ I

PROGRAM az————o}——/ﬁ—p?——q

VERIFY PROGRAM Q7

PROGRAM Q1

VERIFY

lllustrated above is the following sequence:

SINOYd B3

1. It is desired to program the selected address with 01100001 (Q0-Q7). Only outputs Q1, Q2, and Q7
need programming.
2. Q1 is verified to be at a high logic level and then the programming sequence is executed. The output
. is then verified to be at a low logic level.
3. Q2 is an example of an output requiring three attempts to be programmed successfully.
4.Q7 is programmed to a low logic level.

TDuring initialization word programming V{_is applied to the INIT input and address lines AO-A3 are used independently of A4-A10.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

{ip
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TBP38S165, TBP38S166, TBP38S16X
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

D2909, JANUARY 1985—REVISED JULY 1985

® Advanced Schottky IMPACT™ PROM Family TBP385165 .. . NT OR JT- PACKAGE
TBP38L166 . . . NW OR JW PACKAGE
@ High-Speed Access Times (TOP VIEW)
® 3-State Outputs . A7 T
@ Titanium-Tungsten (Ti-W) Fuse Links for AB ()2
Reliable Low-Voltage Programming ABLJ3
. A4la
@ Applications Include: A3[s
Microprogramming/Firmware Loaders A2 (s
Code Converters/Character Generators Ay
Translators/Emulators Ao(s
Address Mapping/Look-Up Tables Qo
© Package Options Include 300-Mil or 600-Mil a1
24-Pin DIP, and 28-Pin Chip-Carrier Qz
Packages GND
description TBP38S16X . . . FN OR FK PACKAGE
(TOP VIEW)
These Series-3 IMPACT™ TTL programmable o
read-only memories (PROMSs) feature high-speed e g é’ 2 2
access times and dependable titanium-tungsten oo =

fuse link program elements. They are organized
as 2048 words by 8 bits each, providing a total

- of 16,384 bits. The TBP38S16’ has three-state
outputs.

These PROMs are offered with a choice of
Address Access times (dash numbers). These
dash numbers are found in the switching

characteristics table and are included in the part 12 13 14 15 16 17 18 N
numbers. E
. —NQO®T W
Datais programmed at any bit location with the coz=z gaoo O
standard Series 3 programming algorithm. The E
program elements store a low logic level before . NC-—No internal connection
any programming, and are permanently set to a
high logic level after programming. After
execution of the programming procedure, the
output for that bit location cannot be reversed. The Series 3 programming procedure should be referred
to for further details. Additional circuitry has been designed into these devices to improve testability and
insure high programmability.
An MFK, MJT, or MJW suffix designates full-temperature circuits that are characterized for operation over
the full military temperature range of —55°C to 125°C. An FN, NT, or NW suffix designates commercial-
temperature circuits that are characterized for operation from 0°C to 70°C.
IMPACT is a trademark of Texas Instruments.

PRODUCTION DATA documents contain . Copyright © 1984, Texas Instruments Incorporated

information current as of publication date. b

Products conform to specifications per the terms TEXAS 4-89

INSTRUMENTS

of Texas Instruments standari warranlr
Production processing does not necessarily
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TBP38S165, TBP38S166, TBP38S16X
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

logic symbolt TBP38S165, TBP38S166
TBP38S16X
PROM 2048 X 8
AO—————::: 0
Al ————— (9)
(6) AVp————Q0
A2 —= (10)
3.8 AY ——1—01
@) Avi— g
M 0o AVl g3
A5 ————— S A—
A6 2) > 2047 AV _ELQ4
— 15
ay 0 AV ——%—05
As 2 AV %8
(22) AVp————Q7
A9 1
AT0— 19
G3— &
G218 EN
& (20) N
tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for JT, JW, NT, or NW packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL THREE-STATE OUTPUTS
Vee —————1 - - Ini—— A
‘D
< S
< <
1 b
INPUT —4
S
b3 OUTPUT

AA
\4

SEN
P

PROGRAMMING CIRCUIT NOT SHOWN

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

Supply voltage {see Note 1)

INpUL VOlagE . . . .o e e e e e e 55V
Off-state OUtPUL VOItAgE . . . . . . . ot e e 55V
Operating free-air temperature range: Military-temperature-range circuits . ... ... —55°C to 125°C

Commercial-temperature-range circuits. . . ... .. 0°C to 70°C

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.

4.90 ' Texas W
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TBP38S165, TBP38S166, TBP38S16X
16,384-BIT (2048 WORDS BY 8-BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT
Supply voltage during verification Vece 4.5 5 5.5 \
Vi1 3 4 5
Input voltage Vit o 02 05 \%
Enable voltage during verification <l 0 02 04 \%
G2, G3 3 4 5
. . N . - G1 4.5 5 5.5
Enable inactive voltage during programming G2, 63 0 02 04 \
Ve program pulse amplitude : Vecipr) 12 12,5 13| V
1st attempt tw1 10 11 12
V¢ program pulse duration 2nd attempt tw2 20 22 25 | s
3rd attempt tw3 20 22 25
Enable set-up timeT before Vcc(pr) - tsulen) 0.1 0.5 1] us
Enable hold time? after Voc(pr) ) thien) 0.1 0.5 1} us
Rise time of Vccipn ® t(Vee) 03 04 05| us
Fall time of Vocipn I $(Vee) 005 0.1 0.2 gs
Delay time between successive VCC(pr) pulses td1 10 20 30| us
Delay time between successive VCC(pr) pulses t42 i 10 20 30 [ us
Cooling time between words tcool 100 150 200 [ s
Free-air temperature TA 20 25 30} °C

TMeasured from 1.5 V on enable pin to 5.5 V on Veeipr)
*Measured from 6.5 V on VcCipr) to 1.5 V on enable pin
5Measured from 5 Vto 12 V
IMeasured from 12 V to 5 V

step-by-step programming instructions (see Figure 1)

1. Address the word to be programmed, apply 5 volts to Vc¢ and active levels to all enable inputs (G,
G2, G3).

2. Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level.

”
=
o
o
o.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.
Deselect PROM by applying 5 volts to G1, or O volts to G2 or G3.

Connect a 4-mA current source {clamped to VcC) to the output that is to be programmed.

oo »ow

increase V¢ to VCC(pr) for a pulse duration equal to twx (where X is determined by the number
of programming attempts, i.e., 1,2,3)}. Minimum current capability for the Vcc power supply should
be 400 mA.

7. Verify that the output has been programmed to a high logic level. If the output has been programmed
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal
to 1 on the first programming attempt). If the output has not been programmed by the third attempt,
stop programming and go to a new device.

8. Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts
and 5.5 volts.

{i’
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TBP38S165, TBP385166, TBP38S16X
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

] A
™ 14
A0 TO A10 VALID ADDRESS _K
> X : ,
] [—tw F‘H—‘w1 [ H-tw2 —twz 7 [e—tw1
i | [ — e 125V
Vee ! 4—‘u1—> t42—p, P~ teool
5V
tsulen) k‘ | 4, — 0oV
1 ™ Bt & th(en) 4
_ | —_—————5V
5 1 L .
1 \ ov
it | 1 | | | !
ar I v ' — 7 " Vor
T | ll i [ Vor
| I i I L 4 ! ! — Von
ez | H LA ! —
T 1 1 [} VoL
T L
— VOH -
Q7 |I | | ! | py r’_"li.___l_ VOH
| ] 1 1 1 | 4 ' | oL
! I I | | I ]

PROGRAM QZW
VERIFY PROGRAM Q7

PROGRAM Q1
VERIFY

lllustrated above is the following sequence:

1} It is desired to program the selected address with 01100001 {Q0-Q7). Only outputs Q1, Q2 and Q7 need programming.

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high
logic level.

3} Q2 is an example of an output requiring three attempts to be programmed successfully.

4) Q7 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

SINOHd
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TBP38S165, TBP38S166, TBP38S16X
16,384-BIT (2048 WORDS BY 8-BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE QUTPUTS

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \%
VIH High-level input voltage 2 2 A\
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current -2 -3.2 | mA
loL Low-level output current 16 24 | mA
TA Operating free-air temperature range -55 125 0 70 °C

electrical characteristics over recommended operating free-air temperature ral

nge (unless otherwise

noted)
MILITARY COMMERCIAL

PARAMETER TEST CONDITIONS? MIN TYP? MAX | WiIN TYPE MAX UNIT
ViK Vee = MIN, Ij = =18 mA -1.2 -1.2 A
VoH Vce = MIN, lo4 = MAX 24 34 24 341 \
Vor Vee = MIN, loL = MAX 0.5 0.5 \
lozH Vece = MAX, Vo =24V 50 50 73
lozL Vee = MAX, Vo =05V -50 -50 uA
Iy Vee = MAX, Vi =565V 0.1 0.1 mA
IH Vee = MAX, Vyp =27V 20 20 A
I Vee = MAX, V) =05V -0.25 -0.26 | mA
108 Vee = MAX, Vo = 225V -30 -112 [ -30 -112 | mA
Icc Vee = MAX 120 175 120 175 | mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.

(2}
switching characteristics over recommended ranges of Tap and VCC (unless otherwise noted) E
ta{A) 8
ten tdis
TYPE TEST ACCESS TIME ENABLE TIME DISABLE TIME | UNIT o
CONDITIONS FROM ADDRESS
MIN TYP¥ MAX [ MIN TYP! MAX | MIN TYP? MAX
TBP385165-30
TBP385166-30 [ Military 18 30 8 20 6 15| ns
TBP38S16X-30
CL = 50 pF,
TBP385165-35 R1 = 3000
TBP385166-35 | Commercial R2 : 600 9' 18 35 8 15 6 12 ns
TBP38S16X-35 - :
See Note 2
TBP385165-25
TBP38S166-25 | Commercial 18 25 8 15 6 12| ns
TBP38S16X-25 )
*All typical values are at Vcc = 5 V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
i
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TBP38SA165, TBP38SA166, TBP38SA16X
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

JANUARY 1985 —REVISED NOVEMBER 1985

Fastest Schottky PROM Family TBP38SA165 . . . JT OR NT PACKAGE
TBP38SA166 . . . JW OR NW PACKAGE
High-Speed Access Times {TOP VIEW)

Open-Collector OQutputs

Titanium-Tungsten (Ti-W) Fuse Links for
Reliable Low-Voltage Programming

® Applications Include:
Microprogramming/Firmware Loaders
Code Converters/Character Generators
Translators/Emulators
Address Mapping/Look-Up Tables

® Package Options Include 300-Mil or 600-Mil
24-Pin DIP, and 28-Pin Chip-Carrier
Packages

description TBP38SA16X . . . FK OR FN PACKAGE

These Series-3 monolithic TTL programmable + {TOP VIEW)

read-only memories (PROMs) feature high-speed
access times and dependable titanium-tungsten
fuse link program elements. They are organized
as 2048 words by 8 bits each, providing a total
of 16,384 bits. The TBP38SA16’ has open-
collector outputs and allows the device to be
connected directly to data buses utilizing passive
pull-up resistors. :

These PROMs are offered with a choice of

Address Access times (dash numbers). These [7:)
dash numbers are found on the switching 1213141516 1718 S
characteristics table, and are included in the part cNpQD OO W (@]
numbers. 0ogg=zoo0o0 o
Data is programmed at any bit location with the NC—No i . Q.
. . . o internal connection
standard Series 3 programming algorithm. The
program elements store a logic level low before
any programming, and are permanently set to a
logic level high after programming. After
execution of the programming procedure, the
output for that bit location cannot be reversed. The Series 3 programming procedure should be referred
to for further details. Additional circuitry has been designed into these devices to improve testability and
insure high programmability. ’
An MJT or MJW suffix designates full temperature circuits and are characterized for operation over the
full military temperature range of —55°C to 125°C. An NT or NW suffix designates commercial-temperature
circuits and are characterized for operation from 0°C to 70°C.
PRODUCTION DATA documents contain information . Copyright © 1984, Texas Instruments Incorporated
current as of publication date. Products conform to %
specifications per “éa. terms oinsxas _lnst&'::lse:;: TEXAS 4-95
necessarily include testing of all parameters. INS’TRUMENTS
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TBP38SA165, TBP38SA166, TBP38SA16X
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

logic symbolT

TBP38SA165, TBP38SA166
TBP38SA16X

PROM 2048 X 8
e
Al———
VST Aok o

(5) A O] (10) a1
A3

(4) Aol
A4 ——1 (13)
A5 (3) A 0 A Q‘——m—

(2) * 42087 apl—4 o4

A6 ——— (15)

1 AQ Qs
ar (16)
A8

(23) AO———a6
a0 (22) J aol7 o
Am%—"’ .

G3 &
SRS N

Gt (20)

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for JT, JW, NT, or NW packages.

schematics of inputs and outputs

EQUIVALENT OF INPUTS TYPICAL OF ALL
- . _ OPEN-COLLECTOR OUTPUTS
Vee —_
S
b3 OUTPUT
-1:
INPUT-—T 1'

» %

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

'PROGRAMMING CIRCUIT
NOT SHOWN

Supply voltage {see Note 1) ... ... i e e e e

INPUL VOIagE . . . o e e e e e e e e e e 55V
Off-state oULPUL VOITAGE . . . . . o ettt e et et e et e e e e 55V
Operating free-air temperature range: Military-temperature-range circuits .. ... .. —55°C to 125°C

Commercial-temperature-range circuits. . ... ... 0°C to 70°C
Storage temperature range ... ... ... vttt e e e —65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.
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TBP38SA165, TBP38SA166, TBP38SA16X
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX

vee Supply voltage 4.5 5 55 45 5 65 A
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \4
VoH High-level output voltage 5.5 5.5 \
loL Low-level output current 16 24 | mA
TA Operating free-air temperature range -55 125 (o] 70 °C

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

noted)
MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS UNIT
¢ MIN TYP! MAX | MIN TYP? MAX
ViK Vce = MIN, | = —18 mA -1.2 IEEI
VoH = 2.4V 0.05 0.05
l Vce = MIN, A
OH cc Vo = 65V o1 o1] ™
VoL Vee = MIN, loL = MAX 0.5 0.5 \%
T Vce = MAX, V| =55V 0.1 0.1] mA
IIH Vce = MAX, V=27V 20 20| wA
m Vce = MAX, Vi =05V -0.25 -0.25 | mA
Icc Vce = MAX 120 175 120 175 | mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

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

switching characteristics over recommended ranges of Tap and VcC (unless otherwise noted)

ta(A) ta(s) tais
TEST ACCESS TIME ACCESS TIME 2]
TYPE CONDITIONS FROM ADDRESS FROM ENABLE DISABLE TIME uNiT E
MIN_ TYp? MAX | MmN TYP? mAx | MIN TYPF MAX| @)
TBP38SA165-40 o
TBP38SA166-40 | Military CL = 50 pF 22 40 7 20 12 25| ns o
TBP38SA16X-40 R1 = 300 Q,
TBP38SA165-35 R2 = 600 Q,
TBP38SA166-35 | Commercial See Note 2 22 35 7 15 12 20| ns
TBP38SA16X-35
Al typical values are at Vcc = 5V, Tp = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
i
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TBP38SA165, TBP38SA166, TBP38SA16X
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT

Supply voltage during verification Vee 4.5 5 5.6 v

Input voltage ViH 3 4 S \%
ViL 0 0.2 05

Enable voltage during verification G 0 0.2 04 \%
G2, G3 3 4 5

Enable inactive voltage during programming G 45 5 5.5 \Y
G2, G3 » 0 02 04
Ve program pulse amplitude Vecipn 12 125 13
Tst attempt tw1 10 11 12

Ve program pulse duration 2nd attempt tw2 20 22 25| s
3rd attempt tw3 20 22 25

Enable set-up timeT before Vcc(pr) tsulen) 0.1 0.5 1| us

Enable hold time ¥ after Voc(pr) ‘ thien) 0.1 05 1] us

Rise time of Vcg(pr) ¥ (Vee) 0.3 04 05| us

Fall time of VCC{pr)'I t(Veg) 005 0.1 0.2]| s

Delay time between successive VCC(pr) pulses [ 10 20 30| us

Defay time between successive VCC(pr) pulses td2 10 20 30| us

Cooling time between words teool 100 150 200| gs

Free-air temperature TA 20 25 30| °C

TMeasured from 1.5 V on enable pin to 5.5 V on VCC(pr)
#Measured from 5.5 V on Vcc(pr) to 1.5 V on enable pin
SMeasured from 5 V to 12 V
TMeasured from 12 V to 5 V

step-by-step programming instructions (see Figure 1)

SINOYd

1.

IR

Address the word to be programmed, apply 5 volts to Vc ¢ and active levels to all enable inputs (G1,
G2, G3).

Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.
Deselect PROM by applying 5 volts to G1, or O volts to G2 or G3.
Connect a 4-mA current source (clamped to V() to the output that is to be programmed.

Increase VCC to VCC(pr) for a pulse duration equal to twx (where X is determined by the number
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vcc power supply should
be 400 mA.

Verify that the output has been programmed to a high logic level. If the output has been programmed
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal
to 1 on the first programming attempt). If the output has not been programmed by the third attempt,
stop programming and go to a new device. !

Verify programming of every word after all words have been programmed using Vcc values of 4.5 volts
and 5.5 volts.

4-98
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TBP38SA165, TBP38SA166, TBP3BSA16X
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

A
| 4
AD TO A10 * VALID ADDRESS X
4
| [t pit—'m = tw2 K—ﬂ—'ws 4 Mty
] ! I 125V
vee | 4—td1—>/_\<— ta2—p, / \ 4 /-_\__“"‘ ¥4 teool
L sV
tsufen) o & | —4—1: ov
¥ [&-th(en)

-

| |
| | i | I !
. 4 1
a1 | t —— — VoH
_‘__lr_-l? ! | ! : LVOL
b P I | [
— " L
| | I
{ | — ) I ! LVOL
|
a7
1
| 1
I |

-
[
< <
o o
r I

PROGRAM 02———5‘——?——?—"
VERIFY PROGRAM Q7

PROGRAM Q1
VERIFY

Illustrated above is the following sequence:

1) It is desired to program the selected address with 01100001 (Q0-Q7). Only outputs Q1, Q2 and Q7 need programming.

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high B
logic level.

3) Q2 is an example of an output requiring three attempts to be programmed successfully.

4) Q7 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

. ‘ i
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

D2909, DECEMBER 1984 -REVISED APRIL 1986

Advanced Schottky IMPACT™ PROM Family TBP385S22, TBP38L22, TBP38SA22 . . . J OR N PACKAGE
, . {TOP VIEW) '
High-Speed Access Times
1
Low-Power, Open-Collector, and 3-State ’ ﬁ? P
Options Available A2 s
©® Titanium-Tungsten (Ti-W) Fuse Links for A3 []a
Reliable Low-Voltage Programming A4 E5
: ! Qo [ s
©® P-N-P Inputs for Reduced Loading on a1 (7
System Buffers/Drivers az2[]s
® Applications Include: a3 []e
Microprogramming/Firmware Loaders GND []10
Code Converters/Character Generators
Translators/Emulators TBP38S2X, TBP38L2X, TBP38SA2X . . . FK OR FN PACKAGE
Address Mapping/Look-Up Tables (TOP VIEW)
©® Package Options Include 20-Pin DIP, and [8)
20-Pin Chip-Carrier 2225%

description 32 12019

A3[]a 18[] A6
These Series-3 IMPACT™ TTL programmable A4 s 17[] A5
read-only memories (PROMs) feature high-speed Qo f1s 155 G2
access times and dependable titanium-tungsten Q17 15(] G1
fuse link program elements. They are organized a2hs a7

14
as 256 words by 8 bits each, providing a total 9 101112 13 q

of 2,048 bits. The '38S22 has three-state

oAaswo

outputs. The ‘38SA22 is the open-collector dg=zd0Q09o
version and allows the device to be connected ©
directly to data buses utilizing passive pull-up NC—No internal connection [}
resistors. The low-power ‘38L22 is available for E
applications that require power conservation (@]
while maintaining bipolar speeds. o
o,
These PROMs are offered with a choice of address access times (dash numbers). These dash numbers
are found in the switching characteristics table, and are included in the part numbers.
Data is programmed at any bit location with the standard Series 3 programming algorithm. The program
elements store a fow logic level before any programming, and are permanently set to a high logic level
after programming. After execution of the programming procedure, the output for that bit location cannot
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry
has been designed into these devices to improve testability and ensure high programmability.
An MFK or MJ suffix designates full-temperature circuits that are characterized for operation over the full
military temperature range of —55°C to 125°C. An FN or N suffix designates commercial- temperature
circuits that are characterized for operation from 0°C to 70°C.
IMPACT is a trademark of Texas Instruments.

This d i Copyright © 1984, Texas Instruments Incorporated

more than one phase of rlevelnpment Th= status nf : b
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (266 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

logic symbolst '

TBP38522, TBP38L22 TBP38SA22
PROM 256 X 8 PROM 256 X 8
a- 1o . YL | o
a2 Avf—El a0 a2 & O —gi—a0
@) avk—o_ o @) Aok—2 o
A2 ——— (8) A2T— o (8)
A3_14) o AV Toz A3 | 0 A ‘Toz
() Ass AVl———aQ3 (5) Ass AQp———a3
AG =] 25 (11) AG == (11)
A5 {17) AV p————Q4 AS {17) A Q p————04
o 18] AV -(‘:_2)’-05 a6 181 AQ —(‘152)’—-:;;5
(19) 03 o (19) | (13
ST A BT ST P I
G2 ISR G2 & e
G108 I 5418
1 These symbols are in accordance with ANSI/IEEE Std 91-1984
and IEC Publication 617-12.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
OPEN-COLLECTOR OUTPUTS —_— v
Vee ? - ——¢Vcc
. S
< <
;: OUTPUT 4;
S
INPUT —4 b3
S
S OUTPUT
2 K
o *‘ S JH
g @ -—— S
o o ~
PROGRAMMING CIRCUIT
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage (see NOte 1) .. ..ot i e e e et e e e 7V
INpUt voltage . . . . ..o e e e e e e 5.5V
Off-state OUtPUL VOItage . . . . .. ittt it e e e e 5.5V
Operating free-air temperature range: Military-temperature-range circuits . ... .. .. —55°C to 125°C
Commercial-temperature-range circuits . . ... ... 0°C to 70°C
Storage temperature TANJGE . . . ..o v v v vu et it e e e e e —-65°C to 150°C
NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.
i
4-102 XAS b
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TBP38S22, TBP38S2X
2,048-BIT (256 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

COMMERCIAL

PARAMETER MIN _NOM _MAX UNIT
Vee Supply voltage 4.5 5 5.5 \Y
VIH High-level input voltage 2 \
Vit Low-level input voltage . 0.8 \Y
loH High-level output current -3.2 mA
loL Low-level output current 24 mA
TA Operating free-air temperature range [0] 70 °C

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

COMMERCIAL
PARAMETER TEST CONDITIONS T UNIT
‘ MIN_TYP? MAX
ViK Vee = MIN, | = —18 mA -12 | V
VoH Vce = MIN, IoH = =3.2 mA 24 31 \
Vou Vee = MIN, loL = 24 mA 0.5 \%
IozH Vce = MAX, Vo = 2.4V 50 | wA
lozL Vee = MAX, Vo =05V - 50 pA
I Vece = MAX, V) =55V 0.1 mA
H Vee = MAX, V=27V 20 A
L Vce = MAX, V) =05V -0.25 mA
108 Vee = MAX, Vo = 225V -30 -112 | mA
Icc Vee = MAX 80 125 mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Vog = 5 V, Tp = 25°C.
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lps.

. ()
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted) =
ta(A) Q
t tdi
TEST ACCESS TIME en dis E
TYPE ENABLE TIME DISABLE TIME UNIT
CONDITIONS * | FROM ADDRESS
MIN TYP¥ MAX [mIN TYP! mAX |MIN TYPF MAX
TBP38522-18 Cp = 50 pF, .
L P 14 18 9 13 5 10| ns
TBP38S2X-18 c al R1 = 300 Q,
ommercia
TBP38522-25 eret R2 = 600 9, 6 25 s 15 5 10| m
TBP38S2X-25 See Note 2 '
*All typical values are at Vee =5V, Ta = 26°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The T7L Data Book, Volume 4, 1985.
PRODUCTION DATA documents contain information .
currgfn} as of puhlic:tion date. fli‘[;uiuctsl conform to
specifications per the terms of Texas Instruments
Standard warranty. Production processing does not TEXAS 4-103
necessarily include testing of all parameters. lNSTRUMENTS
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TBP38S22, TBP38S2X
2,048-BIT (256 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

PARAMETER  * MILITARY UNIT
MIN NOM MAX

Vee Supply voltage 4.5 5 5.5 \
ViH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
IoH High-level output current -2 mA
loL Low-level output current 16 | mA
TA Operating free-air temperature range -55 125 °c

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

noted)

PARAMETER TEST CONDITIONS? MILITARY UNIT
: MIN TYP® MAX
ViK Vee = MIN, I = —18 mA -1.2 \%
VOH Vee = MIN, IoH = -2 mA 2.4 3.1 \%
VoL Vee = MIN, loL = 16 mA 0.5 \
TozH Vce = MAX, Vo = 2.4V 50 | #A
lozL Vee = MAX, Vo =05V -50 A
I Vce = MAX, Vi = 55V 0.1 | mA
IH Vee = MAX, V) =27V 20 uA
L Vee = MAX, V=05V -0.25 mA
108 © Ve = MAX, Vg = 2.25V -30 -112 | mA
Icc Vece = MAX 80 125 mA

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
+All typical values are at Vog = 5V, To = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.

0
X - switching characteristics over recommended ranges of TA and VG (unless otherwise noted)
g ta(A) ¢ tais
TEST ACCESS TIME en
7] TYPE DISABLE TIME UNIT
CONDITIONS FROM ADDRESS ENABLE TIME
MIN_ TYPY MAX | MIN TYP? MAX | MIN TYP? MAX
TBP38S22-_ _ CL = 50 pF,
L P 14 ’ 9 5 ns
TBP38S2X-_ Milit R1 = 300 Q,
1y
TBP38522-_ _ ary R2 = 600 0, " . .
TBP38S2X-_ _ ' See Note 2 ns
Al typical values are at Vog = 5V, T = 25°C. \
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The T7L Data Book, Volume 4, 1985.
PRODUCT PREVIEW documents contain information .
on products in the formative or design phase of y}
development. Characteristic data and other ! TEXAS
4-104 specifications are design goals. Texas Instruments
reserves the right to change or discontinue these lNSTRUMENTS
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TBP38L22, TBP38L2X
2,048-BIT {256 WORDS BY 8 BITS) LOW-POWER
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX [ MIN NOM MAX
Vee Supply voltage 4.5 5 55| 45 5 5.5 Vv
VIH High-level input voltage 2 2 \"
ViL Low-level input voltage 0.8 0.8 \"
loH High-level output current -1.6 -3.2 mA
loL Low-level output current 16 24 | mA
Ta Operating free-air temperature range -55 125 (0] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise
noted)
MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS T UNIT
MIN TYP¥ MAX | MIN TYP} MAX
Vi Vee = MIN, I = -18 mA -1.2 -1.2 \
VOH Vce = MIN, IOH = MAX 2.4 3.1 2.4 31 v
VoL Vce = MIN, oL = MAX 0.5 05 | V
lozH Vee = MAX, Vg = 24V 50 50 rA
lozL Vee = MAX, Vo =05V -50 -50 pA
I Vce = MAX, Vi =55V 0.1 0.1 | mA
[IT"] Vee = MAX, V| =27V 20 20 rA
e Vce = MAX, V=05V ~0.25 ~0.25 | mA
0% Ve = MAX, Vo = 225 V -30 -112 [-30 -112 | mA
Icc Vece = MAX 45 70 45 70 mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

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

8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios.

[22]
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted) b=
(@)
ta(A) .
TYPE TEST ACCESS TIME ENAB‘LEEr| TIME DISA;ﬁIEs TIME UNIT E
CONDITIONS FROM ADDRESS
MIN TYP MAX [ MIN TYP MAX | MIN TYP MAX
TBP38L22-40 . .
TBP38L2X.40 Military CL = 50 pF, 20 40 10 25 7 20| ns
TBP38L22-35 . R1 = 300 Q,
TBP38L2X 35 Commercial R2 = 6009, 20 35 10 20 7 15| ns
TBP38L22-45 i See Note 2
TEP38L2X45 Commercial 20 45 10 20 7 15 ns
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of They TTL Data Book, Volume 4, 1985.
PRODUCTION DATA documents contain information .
current as of publication date. Products conform to {?
oo e o Texas 4105
necessarily include testing of all parameters. INSTRUMENTS
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TBP38SA22, TBP38SA2X

2,048-BIT (256 WORDS BY 8 BITS) STANDARD
PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

MILITARY COMMERCIAL

PARAMETER MIN NOM MAX {MIN NOM MAX unIT
vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \"
VIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
VoH High-level output voltage 5.5 5.5 v
loL Low-level output current 16 24 | mA
TA Operating free-air temperature range -56 125 (o] 70 °Cc

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

noted)
PARAMETER TEST CONDITIONSt MILITARY COMMERCIAL UNIT
MIN TYP$ MAX | MIN TYP: MAX

Vik Vee = MIN, I = -18 mA 1.2 -12 | v
T o —
VoL Vee = MIN, loL = MAX 0.5 05 | V
N Vee = MAX, Vi =55V 0.1 0.1 mA
H Vce = MAX, Vi =27V 20 20 | #A
L Ve = MAX, Vi = 05V ~0.25 ~0.25 | mA
Icc Vce = MAX 80 125 80 125 | mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*All typical values are at Vog = 5V, TA = 25°C.

switching characteristics over recommended ranges of Tap and VG (unless otherwise noted)

tai) ten tdis
TEST ACCESS TIME
TYPE ENABLE TIME DISABLE TIME  [UNIT
CONDITIONS FROM ADDRESS
MIN TYP! MAX | MIN TYP! MAX | MIN TYP! MAX
C_ = 50 pF,
TBP38SA22-35 | Military L P 19 35 8 17 8 17| ns
R1 = 300 @,
: R2 = 600 0,
TBP38SA22-30 | Commercial 19 30 8 15 8 15| ns
See Note 2

*All typical values are at Voo = 5V, Tp = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.

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

standard warranty. Production precessing does not
necessarily include testing of all parameters.
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT

Supply voltage during verification Vee 4.5 5 5.5 \
VIH 3 4 5

Input voltage v
ViL 0 02 05

Enable voltage during verification G1, G2 0 0.2 04 A\

Enable inactive voltage during programming G1, G2 4.5 5 55| V

Ve program pulse amplitude Vecipn 12 125 13 \
1st attempt tw1 10 11 12

Ve program pulse duration 2nd attempt tw2 20 22 25 | us
3rd attempt tw3 20 22 25

Enable set-up time? before VCC(pr) N tsu(en) 0.1 0.5 1 us

Enable hold time? after Vec(pr) thien) 0.1 05 1] s

Rise time of VCC(pr)§ t{Vce) 03 04 05| ps

Fall time of Vegipn ! t(Vee) 005 0.1 0.2] ps

Delay time between successive Vcc(pr) Pulses td1 10 20 30| us

Hold time between successive VcC(pr) pulses td2 10 20 30 )] us

Cooling time between words tcool 100 150 200 | gs

Free-air temperature TA 20 25 30| °C

TMeasured from 1.5 V on enable pin to 5.5 V on Veeipn
Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin
SMeasured from 5 V to 12 V
{Measured from 12 V to 5 V

step-by-step programming instructions (see Figure 1)

Ny

1. Address the word to be programmed, apply 5 volts to VCc and a low-logic-level voltage to the enable
inputs G1 and G2.

2. Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level.

PROMs

For bit locations thyat do not require programming, go to step 2 for the next bit, or to step 1 for next word.
-Deselect PROM by applying 5 volts to G1 or G2.

Connect a 4-mA current source (clamped to Vcc) to the output that is to be programmed.

o o & w

Increase VcC to VC(pr) for a pulse duration equal to twx (where X is determined by the number
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vc¢ power supply should
be 400 mA.

7. Verify that the output has been programmed to a high logic level. If the output has been programmed
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal
to 1 on the first programming attempt). {f the output has not been programmed by the third attempt,
stop programming and go to a new device.

8. Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts
and 5.5 volts. .

i
v 4-107
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

A0 TO A11 * VALID ADDRESS

<« o

X

| —» et -] I‘-‘w1 -» -tw2 -+ tw3 —»| et
I [ [ [ ! L 128V
vee —ta1—»] \e~ta2—>, ’
| 1 I‘—.}-‘cuol
P~ | ¥ _5v
s] ° -’l k- - [¢-thien) X ov
[ 1] I
‘, ov
Y}
14

|
l = VOH
I L—VOL
I
1

A
r

|
|
|
|
4 - VOH
1

| [ L VoL

| VoL

T\
-
T\
N Y S
<

lllustrated above is the following sequence:

SINOYdd

PROGRAM oz—u‘—j,—kz—;‘
PROGRAM Q7

1) It is desired to program the selected address with 01100001 (Q0-Q7). Only outputs Q1, Q2 and Q7 need programming.
2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high

logic level.
3) Q2 is an example of an output requiring three attempts to be programmed successfully.
4} Q7 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

4-108
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SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

D1416, DECEMBER 1972—REVISED FEBRUARY 1984

® For Application as a’’Scratch Pad’’ Memory SN7489 ... J OR N PACKAGE
with Nondestructive Read-Out (TOP VIEW)
® Fully Decoded Memory Organized as 16 Ao [ Yseld vee
Words of Four Bits Each ME[2 sJAT
) ) WE [3 1a[] A2
® Fast Access Time . . . 33 ns Typical D1 s 1130A3
Diode-Clamped, Buffered Inputs a1 [ds 120JD4
; . p2[Js  wni[JQ4
Open-(..':.ollector Outputs Provide Wire-AND az [ 101 D3
Capability GND [s s[]Q3
Typical Power Dissipation . . . 375 mW
Compatible with Most TTL Circuits logic symbol
description RAM 16 x 4
(1)
This 64-bit active-element memory is a Ao 1°
monolithic, high-speed, transistor-transistor logic Al e Al
(TTL) array of 64 flip-flop memory cells organized A2 ——— 15
in a matrix to provide 16 words of four bits each. a3z 13 3
Each of the 16 words is addressed in straight we 2L _nicoes
~ binary with full on-chip decoding. we -B_ngy
The buffered memory inputs consist of four (a) .-I 7 -
address lines, four data inputs, a write enable, D1 —E 1 _ = o 8)_ 51
and a memory enable for controlling the entry A, 2D A1, 3|
and access of data. The memory has open- p2 8 | S @) 5,
collector outputs which may be wired-AND p3 9 | 9 &3
connected to permit expansion up to- 4704 pa 12 N Q1) 5,

words of N-bit length without additional output
buffering. Access time is typically 33
nanoseconds; power dissipation is typically 375
milliwatts.

FUNCTION TABLE

WE| OPERATION CONDITION OF OUTPUTS

L | Write Complement of Data Inputs

H | Read Complement of Selected Word
L | Inhibit Storage Complement of Data Inputs

H | Do Nothing High

I.xTrr ’%l

»
=
<
o

5-3

write operation

Information present at the data inputs is written into the memory by addressing the desired word and holding
both the memory enable and write enable low. Since the internal output of the data input gate is common
to the input of the sense amplifier, the sense output will assume the opposite state of the information
at the data inputs when the write enable is low.

read operation

The complement of the information which has been written into the memory is nondestructively read out
at the four sense outputs. This is accomplished by holding the memory enable low, the write enable high,
and selecting the desired address.

Copyright © 1985, Texas Instruments Incorporated
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SN7489 :
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

logic diagram

A0

Al

(2)

i

CELL CELL CeELL CELL
=
CELL CELL CELL CELL
519 ¢
CELL CELL CELL CELL
i i
] 3) +
[DmY CELL CELL CELL CELL
12> )¢ ¢S
14 )
5 T
5=1 5=2 5e4
15 )
CELL CELL CELL’ CELL
- 6-2 6-3 d
16)
C CELL CELL| CELL
— 7 )
3 CELL] CELL
»—;_HJ
G=1 G=2 9-3 9-4
19
1% )
’ 1
10=~1 10=2 10=3 10=4
{10)
CELL CELL CELL CELL
-1 1-2 -3 1
™\
— 11
—— CeLL CELL CE N
LL CELL
:
— 12
C C CELL
i
113
TELL TELL Cect MEMORY CELLS
= 1422 143 AL BIAS NETWORK
{14 ).
CELL CELL CELL _.l:
15=1 15-2 =
{15
./
CELL CELL CELL CELL
fes e
L———T% ).
- 4 J
SENSE LINE
BIAS NETWORK
5
7
L4>o— »—c{)oJ LCDo—I :
> z
WE (3) % r r [‘
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D2 60
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SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

TYPICAL OF ALL OUTPUTS

Vee

INPUT

Req

Data Inputs: ﬁeq =6k NOM
All others:  Rgq = 4 k$2 NOM

OUTPUT

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

Supply voltage, VCC (see Note 1) . . ..ottt e e e ettt e e 7V
Input voltage (see NOte 1) . ... ... .t e e e 5.5V
High-level output voltage, VoH {see Notes 1 and 2) ........ ... ... . ..., 5.5V
Operating free-air temperature range . . . . . . oottt it it i it e e 0°C to 70°C
Storage temperature TaNge . . . v v v v vt v v ot v in it e e e e e —65°C to 150°C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. This is the maximum voltage that should be applied to any output when it is in the off state.

recommended operating conditions

MIN  NOM  MAX UNIT
Supply voltage, Ve 4.75 5 5.26 .V
Width of write-enable pulse, t\y 40 ns
Setup time, data input with respect to write enable, tg (see Figure 1) 40 ns
Hold time, data input with respect to write enable, t (see Figure 1) 5 ns
Select input setup time with respect to write enable, tgy, 0 ns ]
Select input hold time after writing, ty, {see Figure 1) 5 ns E
Operating free-air temperature, Ta o] 70 °C <
o«
3
Texas 55
INSTRUMENTS v
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SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

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

PARAMETER TEST CONDITIONS MIN TYP¥ MAX UNIT
VIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
ViK Input clamp voltage Vce = MIN, I = -12mA -1.5 Vv
Vee = MIN, VIH=2V,
loH High-level output current cc H 20 A
ViL =08V, VoH = 6.5V
Vce = MIN, ViH=2V,| loL = 12mA 0.4
VoL Low-level output voltage cc H oL ik \
ViL =08V loL = 16 mA 0.45
| Input current at maximum v - MAX Vi = 5.5V 1 A
! input voltage cc = ’ I=> m
hH High-level input current Vee = MAX, Vi =24V 40 rA
TR Low-level input current Vee = MAX, Vi =04V -1.6 mA
Icc-  Supply current Vee = MAX, See Note 3 75 105 mA
’ Vec =5V, Vo =24V,
Co Off-state output capacitance cc 0 6.5 pF
f=1MHz
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Vog = 5V, Ta = 25°C.
NOTE 3: Icc is measured with the memory enable grounded, all other inputs at 4.5 V, and all outputs open.
switching characteristics, Vgc = 5V, Ta = 256°C
PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
Propagation delay time, low-to-high-level
tpLH pag y time, low-to-high-leve 26 50
output from memory enable
ns
Propagation delay time, high-to-low-level
tPHL 33 50
output from memory enable CL = 30 pF,
Propagation delay time, low-to-high-level RL1 = 3009,
tPLH pag y time, low-to-high-le L1 20 60
output from any address input RL2 = 600 Q,
ns
Propagation delay time, high-to-low-level See Figure 1
tPHL . 35 60
output from any address input
¢ Sense recovery time Output initially high 39 70 ns
SR after writing Output initially low a8 70

*p

TEXASs

INSTRUMENTS
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"SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

PARAMETER MEASUREMENT INFORMATION

Vv, . MEMORY
¢cc ENABLE
Rp1=300Q
From output
under test . NY
lCL=30 pF Ry 2 =600 :DDHESS
I (See Note B)

LOAD CIRCUIT

DATA
INPUT

MEMORY

ENABLE
WRITE

ENABLE

ANY

ADDRESS ANY HIGH
OUTPUT
ANY ANY LOW
OUTPUT OUTPUT
Write enable is high.
READ CYCLE . WRITE CYCLE FROM WRITE ENABLE

NOTES: A. The input pulse generators have the following characteristics: t; < 10 ns, t; < 10 ns, PRR = 1 MHz, Zgy; = 50 Q.
B. Ci includes probe and jig capacitance.

FIGURE 1-SWITCHING CHARACTERISTICS

7 ' .
Texas {' 5-7
INSTRUMENTS :
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SN7489 .
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

TYPICAL CHARACTERISTICS

INPUT CURRENT PROPAGATION DELAY TIME

vs Vs
INPUT VOLTAGE FREE-AIR TEMPERATURE
4 r 40 T T T
Vee=5V ,-l tpHL SELECT INPUTS L1
2|-Ta=25°C 35
|

o | DATA INPUTS 30—
< » \
E t tl:

U HER INPUTS PP e e
g E \tpHL MEMORY ENABLE INPUT
= ! i | |
3 —4 .g 20 etp| 4 SELECT INPUTS
= g | | | |
g2 _g g 15 \-tpL H MEMORY ENABLE INPUT _|
c a
T 3
= -8 * 10
Vee=5V
-10 5 —CL=30pF
I RL = 300 ©
-12 : 0 L1
-1 0 1 2 3 4 5 0 10 20 30 40 50 60 70
V}~Input Voltage—-V Ta—Free-Air Temperature—"C
FIGURE 2 FIGURE 3
\

{i’
EXAS
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SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

FEBRUARY. 1971 —REVISED DECEMBER 1972

SN54184, SN74184 BCD-TO-BINARY CONVERTERS
SN54185A, SN74185A BINARY-TO-BCD CONVERTERS

SN54184, SN54185A ... J ORW PACKAGE
SN74184, SN74185A ... JORN PACKAGE

{TOP VIEW|
vi v Us[d vee
v202 1sg G
v3 [s 14% E
v4 [Ja 3[J D
description vs [(Js 1201 ¢
ve (s n[J B
These monolithic converters are derived from the vz O 0[] A
custom MSI 256-bit read-only memories SN5488 and GND (18 9[] v8
SN7488. Emitter connections are made to provide
direct read-out of converted codes at ‘outputs Y8 TABLE |
through Y1 as shown in the function tables. These
: SN54184, SN74184

converters demonstrate the versatility of a read-only
memory in that an unlimited number of reference
tables or conversion tables may be built into a system

PACKAGE COUNT AND DELAY TIMES
. FOR BCD-TO-BINARY CONVERSION

. ical customized read-only memori INPUT PACKAGES | TOTAL DELAY TIMES (ns)
using economical, customized read-only memories. (DECADES) | REQUIRED P TAX
Both of these converters comprehend that the least > 5 P 20
significant bits (LSB) of the binary and BCD codes 3 s 140 200 -
are logically equal, and in each case the LSB bypasses 4 - 196 280
the converter as illustrated in the typical applications. 5 19 280 400
This means that a 6-bit converter is produced in each

. . 6 28 364 520
case. Both devices are cascadable to N bits.

An overriding enable input is provided on each converter which, when taken high, inhibits the function, causing all
outputs to go high. For this reason, and to minimize power consumption, unused outputs Y7 and Y8 of the ‘185A
and all “don’t care” conditions of the ‘184 are programmed high. The outputs are of the open-collector type.

The SN54184 and SN54185A are characterized for operation over the full military temperature range of —55°C to
125°C; the SN74184 and SN74185A are characterized for operation from 0°C to 70°C.

SN54184 and SN74184 BCD-to-binary converters

The 6-bit BCD-to-binary function of the SN54184 In addition to BCD-to-binary conversion, the
and SN74184 is analogous to the algorithm: SN54184 and SN74184 are programmed to generate
BCD 9's complement or BCD 10’s complement.

a. Shift BCD number right one bit and examine Again, in each case, one bit of the complement code

n
=
<
o0

each decade. Subtract three from each 4-bit is logically equal to one of the BCD bits; therefore,
decade containing a binary value greater than these complements can be produced on three lines.
seven. As outputs Y6, Y7, and Y8 are not required in the
b. Shift right, examine, and correct after each BCD-to-binary conversion, they are utilized to
shift until the least significant decade contains provide these complement codes as specified in the
a number smaller than eight and all other con- function table (following page, right) when the de-
verted decades contain zeros. vices are connected as shown above the function
: table.
PRODUCTION DATA .
This document contains information current as M
of publication date. Products conform to

u EXAS
specifications per the terms of Texas Instruments
s?andard wangnty. Production Frncessing does ]NSTRUMENTS
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SN54184, SN74184
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54184 and SN74184 BCD-to-binary converters (continﬁed)

BCD9'S
6-BIT CONVERTER COMPLEMENT CONVERTER
MSD LSD BCD

I

E D C B A = E D C B A
SN54184 OR SN74184 SN54184 OR SN74184
Y5 Y4 Y3 Y2 Vi Y8 Y7 ve
v
\25 24 23 22 21 20, Np Nc Ng Na
Ve \__.v___./

6-BIT BINARY OUTPUT BCD 9'S COMPLEMENT

FUNCTION TABLE
BCD-TO-BINARY

'BCD 10°S
COMPLEMENT CONVERTER

5v° D c B A

E D C B A
SN54184 OR SN74184
Y8 Y7 VY6

\™o Tc T8 Ta,

BCD 10‘S COMPLEMENT

FUNCTION TABLE
BCD 9'S OR BCD 10'S

CONVERTER COMPLEMENT CONVERTER
INPUTS ouTPUTS PUT

8co (Seé Note A) " (See Note B) BCD (s:: Notes c) (:: ;:tj:s»

WORDS - WORD -
E D C B A|G|Y5 Ya Y3 v2 Y1 Ef D C B AJG|Y8 Y7 ve
01 L L L L L]ufL v ¢ t ¢ 0 L L L L L|L|[H L H
23 (L L L L H|L|L L L L H 1L L L L H{L|H oL oL
45 (L L L M oLfLfe LoLowoL 2 e L e HoLjLie HoH
67 (L L L H H|LfL L L HH 3 e LW oH|L|L ML
89 JL L oW L L)t Lom oLt T e I T
011 L B L L LjLfe L H L oH 5 [L L H L H]L|L H L
123 |t H L L H|L|L L H W oL 6 |L L M H LlL]L L oH
1415 L H L H L|L|{L L H W H /2 NN T VIR T IR
16-17 [N H L H H L L H L L L 8 L H L L L L L L H
1819 L H B L L|L|L v L L H 9 L M L L H|L|L L L
20-21 H L L L L Lt|L H L H L ] H L t L L L L L L
2223 |H L L L H|L|L H L H H 1 lH L L L H|L|H oL oL
2425 |H L L H L|L|L H H L L 2 lH L LW LfL|H oL oL
2627 [H L L H H|L|L H H L H 3.|H L Lo oMLt How
28-29 H L H L L LjL H H H L 4 H L H L L L L H H
3031 [H H L L L|L|L H H H H 5 |H L H L H|L[L A L
3233 |H H L L H|{L[H L L L L 6 |[H L H H Llt]L n oL
34-35 H H L H L L H L L L H 7 H L H H H|L L L H
3637 [H H L H H|L|H L L H L 8 |H H L L LjL|lL L oH
3839 |H H H L L|L{H L L H H I
ANY X )i X X X|H|H H H H H ANY X X X X X|H|H H H

H = high level, L = low level, X = irrelevant
NOTES: A. Input conditions other than those shown produce
highs at outputs Y1 through Y5,
B. Outputs Y6, Y7, and Y8 are not used for BCD-to-
binary conversion.

H = high level, L = low level, X = irrelevant
NOTES: C. Input conditions other than those shown produce
highs at outputs Y6, Y7, and Y8,
D. Outputs Y1 through Y5 are not used for BCD 9’s or
BCD 10’s complement conversion.

TWhen these devices are used as complement converters, input E is
With this input low, the BCD 9’s
complement is generated; when it is high, the BCD 10’s comple-

used as a mode control.

ment is generated.

TeExas {'f
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SN54185A, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54185A and SN74185A binary-to-BCD converters 6-BIT CONVERTER
) 6-BIT BINARY INPUT
The function performed by these 6-bit binary-to-BCD / A \

converters is analogous to the algorithm:

a. Examine the three most significant bits, If J
the sum is greater than four, add three and E D C B A
shift left one bit. SN74185A

b. Examine each BCD decade. If the sum is
greater than four, add three and shift left
one bit.

c. Repeat step b until the least-significant
binary bit is in the least-significant BCD vy

A B A,,D C B A
location. N~ N— —

MSD LsSD
6-BIT BCD OUTPUT

Y5 Y4 Y3 Y2 Y1

TABLE N
SN54185A, SN74185A FUNCTION TABLE
PACKAGE COUNT AND DELAY TIMES BINARY [ S‘:‘:’:CTTS T OUTPUTS
FOR BINARY-TO-BCD CONVERSION WORDS EDCB A S V8 Y7 Y6 Y5 Ya ¥3 v2 ¥4
INPUT PACKAGES TOTAL DELAY TIME (ns) 0-1 |L L. L L L L H HLLLLL L
(BITS) REQUIRED TYP MAX 2-3 L L L L H L H H L L L L L H
4106 1 25 40 4.5 L L L HL L H H L L L L HL
6-7 L L L HH L H H L L L L H H
Tor 8 3 50 80 8.9 L L H L L L H H L L L HLL
9 4 75 120 L T I S T T I O W N TR R S
10 6 100 160 1213 L L H H L L HHLLUHLLH
1 7 125 200 14-15|L L H H H L H H L L H L HL
12 8 125 200 16-17 {L H L L L L H H L L H L HH )
1819 |L H L L H L HHLLHHLL
3. 10 150 240 20-21{L H L H L L H H L HL L L L
14 12 175 280 2223{L H L H H| L |HH LHL L LK
15 14 175 280 24.25 |L H H L L L H H L H L L HL
16 16 200 320 26-27 (L H H L H L H H L H L L HH
17 19 295 360 28-29 L H H H L L HHLHLHLL
30-31 L H H H H L H H L HH L L L
18 2 225 360 32-33|H L L L L L H H L H H L L H
19 24 250 400 34-36 |[H L L L HW| L [H HULHHALHL
20 27 275 440 36-37 |H L L H L L H H L HHLHH 2]
38-39 |H L L H H L H H L HHHL L E
40-41 |H L H L L L H H H L L L L L <
42-43 'H L H L H L H H H L L L L H m
44-45 |H L H H L L H H H L L L H L
46-47 |H L H H H L HHHL L L HH
48-49 |H H L L L L H H H L L H L L
50-51 H H L L H L H H H L H L b v
52-53 |H H L H L L H H H L H L L H
54-55 |[H H L H H L H HHLHLH.L
56-57|H H H L L] L |HHHLMHLHGH
58-69 [H H H L H L HHHLHHLL
60-61 |H H H H L L HHHHLLLL
62-63 |H H H H H L H H H H L L t H
ALL |X X X X X| H |H H H H H H HH
H = high level, L = low level, X = irrelevant
T ' I,
EXAS e 511
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SN54184,SN54185A, SN74184, SN74185A

BCD-TO-BINARY AND BINARY-TO BCD CONVERTERS

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

Supply voltage, V¢ (see Note 1)

fnputvoltage . . . . . . . . .. e e .

Operating free-air temperature range: SN54184, SN54185A
SN74184, SN74185A

Storage temperature range

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

7V
55V

—55°C to 125°C

0°C to 70°C

—65°C to 150°C

recommended operating conditions

SN54184, SN54185A |SN74184, SN74185A uNIT

MIN NOM MAX [ MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 | 4.75 5 5.25 \
Low-level output current, lg 12 12| mA
Operating free-air temperature, Tp —565 125 0 70 °C

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

PARAMETER TEST CONDITIONS? MIN TYPI MAX|unIT
ViH High-level input voltage 2 A\
VL. Low-level input voltage 08| V
Vik Input clamp voltage Vee = MIN, I} = =12 mA -15| Vv
lon High-level output current VeemMIN. - ViH=2V, 100] uA
ViL=08V, VoH =55V
Ve = MIN, VIH=2V,
VoL Low-level output voltage 04] Vv
ViL=08v, loL=12mA
Iy Input current at maximum input voltage Vee = MAX, V=55V 1| mA
Iy High-level input current Vee = MAX, V=24V 40| wA
he Low-level input current Vee = MAX, Vy=04V -1 mA
IccH Supply current, all outputs high Vee = MAX 50 A
lccL Supply current, all programmed outputs low 62 99

tFor conditions shown as MIN or MAX, use the appropriate value spécified under recommended operating conditions for the applicable type.

Al typical values are at Vo = 5 V, T4 = 25°C.

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

5 switching characteristics, Vcc =5V, Ta = 25°C
o) PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT

> tpLH Propagation delay time, low-to-high-level output from enable G Cp =300pF, 19 30 ns
g tpyL Propagation delay time, high-to-low-level output from enable G Rpq=300¢, 22 35 ns
n tpLH Propagation delay time, low-to-high-level output from binary select R =600 2, 27 40 ns
tpHL Propagation delay time, high-to-low-level output from binary select See Figure 1 and Note 2 23 40 ns

T *IP
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SNb54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

schematics of inputs and outputs

EQUIVALENT OF TYPICAL OF
ALL INPUTS ALL OUTPUTS
Vee -— OUTPUT
6 kS —
NOM

INPUT -

PARAMETER MEASUREMENT INFORMATION

Vee
R 123000
30 pF
FROM QUTPUT 17
UNDER TEST AN
. CL
R 226000

C|_ includes probe and jig capacitance.

LOAD CIRCUIT
FIGURE 1

NOTE 2: See General Information Section for load circuits and voltage waveforims.

=
<
c

Texas J@
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SN54184, SN74184
BCD-TO-BINARY CONVERTERS

TYPICAL APPLICATION DATA

BCD
A
o N\
MSD LSD

L
1111

E D C B A

Y5 Y4 Y3 Y2 Y1

| |

E D CB A

Y5 Y4 Y3 Y2 Y1

b VL Ly

b6 b5 b4 b3 b2 bl b0

BINARY

FIGURE 2—-BCD-TO-BINARY CONVERTER
FOR TWO BCD DECADES

MSD-—-most significant decade
LSD —least significant decade
Each rectangle represents an SN54184 or SN74184

SN54184, SN74184

BCD
/\

r \
MSD LsD
— — P — P

L]

E D CB A

Y5 Y4 Y3 Y2 V1

HENEEE
E D C B8 A E D CB A
Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1
OPEN E DC B A

Y5 Y4 Y3 Y2 Y1

| |

B A

D C
Y5 Y4 Y3 Y2 Y1

[ 1]
~[eEpcea
Y5 ¥4 ¥3 v2 Y1

V l {7 v e {7 v

OPEN
\b% b8 b7 b6 b5 b4 b3 b2 bl h40/

V
BINARY

FIGURE 3-BCD-TO-BINARY CONVERTER
FOR THREE BCD DECADES

{i’
. Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



SN54184, SN74184
BCD-TO-BINARY CONVERTERS

TYPICAL APPLICATION DATA
SN54184, SN74184
BCD

/ : \
MSD LsSD

D5 C5 B5 A5 D4 C4 B4 A4 D3 C3 B3 A3 D2 C2 B2 A2 D1 C1 B1 A1 DO CO B0 AO

E D CB A

Y5 Y4 Y3 Y2 Y1

[ 1111

E D C&B A E D CB A
YS Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

1111
OPEN E DCBA E DCBA
Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1
HENREEN
EDCGBA EDCGB A EDCB A

Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

jﬂlllllllll

E DCB A D B A E D CB A E DCB A

’
Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

TITLLT T

OPEN EDC EDCB A EDCBA

Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

Y5 Y4 Y3 Y2

|
E DCB A E
Y!

Y5 Y4 Y3 Y2 Y1

1111 ]

E DCB A E D

Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 V3 Y2 Y1

E D CB A

-]

0

w

>
o

OPEN vs v4 v3 vz v1| | [vs va

D €C B A E D C B8 A

Y5 Y4 ¥3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

’ [T

NC EDCB A

RAMs

Y5 Y4 Y3 Y2 Y1

11

E D C B A

Y5 Y4 Y3 Y2 Y1

I/ ITT

E DCB A

Y5 Y4 Y3 Y2 Y1

MSD—most significant decade I I l l l L J
LSD—least significant decade — v < v v v v v v
OPEN ¥ b18 ¥ b16 ¥V bia ¥ 612 ¥ b10¥ b8 ¥ b6 ¥ b4 ¥ b2 ¥ bO
Each rectangle represents and SN54184 or SN74184. \f’g b17 b5 b13 b11 b9 b7 b5 b3 b1 .
\
BINARY
FIGURE 4-BCD-TO-BINARY CONVERTER FOR SIX BCD DECADES
i
TEXAS ‘V 5-15
INSTRUMENTS
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SN54185, SN74185A
BCD-TO-BINARY CONVERTERS

TYPICAL APPLICATION DATA

BINARY

B6 B4 B3 B2 B1 BO

E D C B A

Y6 Y5 Y4 Y3 Y2 V1

bl

bl

MSD

\-—____V__/

Bco

FIGURE 5~6-BIT BINARY-TO-BCD
CONVERTER

BINARY

B7 B6 BS B4 B3 B2 B! BO

L]

E D C&B A

Y6 Y5 Y4 Y3 Y2 Y1

E D C B A

Y5 Y4 Y3 Y2 Y1

= |E D C B A

Y5 Y4 Y3 Y2 Y1

INRENRRERY
\A?S/D-/ LsD
/

\'
BCD

FIGURE 6-8-BIT BINARY-TO-BCD
CONVERTER

5
X
>
=
»

MSD-Most significant decade
LSD~—Least significant decade

NOTES: A. Each rectangle represents an SN54185A or an SN74185A.,

B. All unused E inputs are grounded.

FIGURE 8-12-BIT BINARY-TO-BCD
CONVERTER (SEE NOTE B)

SN54185A, SN74185A
BINARY
e\
/BB B7 B6 BS B4 B3 B2 B1 BO\
|
E D [+ B A
Y6 YS Y4 Y3 Y2 Y1
|
E D c B8 A
Y5 Y4 Y3 Y2 Y1
|
E [+] c B A D [+ B A
Y6 Y5 Y4 Y3 Y2 viflvd Y3 Y2 Y1
ERARRRRREE!
\_V__/ - / - /
V VvV
N MSD LSD /
A4
BCD
FIGURE 7-9-BIT BINARY-TO-BCD
CONVERTER
“  BINARY
.
/B1I‘l B‘IID BIB BIS B|7 B6 B5 B4 B3 B2 B1 BO
E D [+ B A
Y6 Y5 Y4 Y3 Y2 Y1
I 1
E D ' C B
Y5 Y4 Y3 Y2 Y1
L LT T 1
E D [+ B A E D [+ B A
Y6 Y5 Y4 Y3 Y2 YHlys Y4 Y3 Y2 Y1
[ [ 1 L1
E D [+ B E D 8 A
Y5 Y4 Y3 Y2 VYIil|y5 Y4 YS Y2 Y1
N R I T
E D [ ’B A D [ B A
Y6 Y5 Y4 Y3 Y2 vYi)lvyda Y3 Y2 Yi
REEERERE ARy
\'4 Vo Vo
N MSD LSD
BCD

TEXAS

s

INSTRUMENTS
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SN54185A, SN74185A
BCD-TO-BINARY CONVERTERS

TYPICAL APPLICATION DATA
SN54185A, SN74185A

BINARY
N

B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 BS B4 B3I B2 Bl BO

| | |

E D [ 8 A

Y6 Y5 VY4 Y3 Y2 Y1
111
Cc

E D

[
>

Y5 Y4 Y3 Y2 Vi

| I

E - D C€C B Af(JE D Cc B A
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FIGURE 9-16 BIT BINARY-TO-BCD
CONVERTER (SEE NOTE B)

)
=
<
o

MSD-—most significant decade

LSD —least significant decade

NOTES: A. Each rectangle represents an SN54185A or SN74185A.
B. All unused E inputs are grounded.

{i’
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SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A
64-BIT RANDOM-ACCESS MEMORIES

D2417, SEPTEMBER 1980 —REVISED FEBRUARY 1985

® Organized as 16 Words of Four Bits SN54LS189A, SN54LS289A . . . J PACKAGE
Each SN74LS189A, SN74LS289A . . . J OR N PACKAGE
(TOP VIEW)
® Choice of Buffered 3-State or Open-
Collector outputs Ao [Jv Uhs[d vee
. . SOz s A1
® Choice of Noninverted or Inverted RWz 1a[] A2
Outputs o1 s 130 A3
@ Typical Access Time . . . 50 ns a1(ds 2[JD4
p2(0s n1[JG4
description a2(7 1o[JD3
GND [_]8 9] ] Q3

These monolithic TTL memories feature
Schottky clamping for high performance and a
fast chip-select access time to enhance decoding
at the system level. A three-state output version

SN54LS219A, SN54LS319A . . . J PACKAGE
SN74LS219A, SN74LS319A . . . J OR N PACKAGE

. {TOP VIEW)

and an open-collector-output version are offered
for both of the logic choices. A three-state Ao [ Uield vee
output offers the convenience of an open- S O2 sQA1
collector output with the speed of a totem-pole R/W 3 1a[] A2
output; it can be bus-connected to other similar D1[Ja 13[] A3
outputs, yet it retains the fast rise time Q1 %5 12[] D4
characteristic of the TTL totem-pole output. An D2 [le 1] Q4
open-collector output offers the capability of - Q27 10[JD3
direct interface with a data line having a passive GND []8 g[] Q3
pull-up.

write cycle

Information to be stored in the memory is written into the selected address location when the chip-select
(S) and the write-enable (R/W) inputs are low. While the write-enable input is low, the memory outputs
are off (three-state = Hi-Z, open-collector = high). When a number of outputs are bus-connected, this
off state neither loads nor drives the data bus; however, it permits the bus line to be driven by other active
outputs or a passive pull-up. o

read cycle

Information stored in the memory (see function table for input/output phase relationship) is available at

the outputs when the write-enable input is high and the chip-select input is low. When the chip-select §
input is high, the outputs will be off. <
FUNCTION TABLE o«
INPUTS OUTPUTS
CHIP WRITE , . , ,
FUNCTION SELECT | ENABLE LS189A LS289A LS219A LS319A
Write L L z Off z Off
Complement Complement Dat Dat
Read L H of Data of Data @ ata
Entered Entered
Entered Entered
Inhibit H X z Off z Off
H = high level, L = low level, X = irrelevant, Z = high impedance
. Copyright © 1980, Texas Instruments Incorporated
Texas b 5-19
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SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A
64-BIT RANDOM-ACCESS MEMORIES

logic symbols

AQ
A1l
A2
A3

s
RW

D1
D2
D3
D4

‘LS189A
RAM 16 X 4
() 0
(15)
0
(14) A
-
na ],
(20
@ ]
—E 1EN [READ]
Ll1c2 [WRITE]
L
(4) A, 2D AN (5) o
(6) {7) az
{10) ko 5
(12) (1) —
Q4
'LS289A
RAM 16 X 4
(1 0
(15)
0
(14) Al
=]
—=Cd g1
@ 16
—E‘ 1EN [READ)
1C2 [WRITE]
L e o 5 5,
(6) (7} a2
(12) Ga

‘LS219A
RAM 16 X 4
Y AL )
PO o
Az_34 A%
FOSLL I
s o
R/IW 1EN.[READ]
L:cz [WRITE]
o144 A, 2D AV‘—-E)—
D28 (7)
p3-19 19
(12} (11)
D4 Emm—
‘LS319A
RAM 16 X 4
a0V 0
A5 0
A2 (14) AT
Az 13 1
s o
RW 1EN [READ)
_E 1C2 [WRITE]
@ (5)
D1 A, 2D A O
D28 (7)
p3-419) {9)
(12) (11)
D4

a1
Q2
Q3

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

5 schematics of inputs and outputs
EQUIVALENT OF § EQUIVALENT OF TYPICAL OF ‘LS189A TYPICAL OF ‘LS289A
: AND W INPUTS D AND A INPUTS AND ‘LS219A OUTPUTS AND ‘LS319A OUTPUTS
; h :
= | vee Vee T T sony  'cC
¢ s 22k0 NoM $
$ Nom - r OUTPUT
INPUT : o - - - )
INPUT
3 OUTPUT
2 JH '
b3
i
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SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A
64-BIT RANDOM-ACCESS MEMORIES

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

Supply voltage, Ve (see Note 1) .. ... ..o e 7V
INPUL VOlage . . . . e e e e e e e PR 7V
Off-state output voltage: ‘LST189A, ‘LS219A . . .. .. . . i i i i et e 55V
‘L.S289A, ‘LS319A .. ... ... ... e e e e 7V

Operating free-air temperature range: SN54LS’ Circuits . .. ................. —-55°C to 125°C
SN74LS  Circuits. . . oo oottt i iie e 0°C to 70°C

Storage temperature raNge . . . .. v v vt n et i ettt e e '—65°C to 150°C

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

recommended operating conditions

SN 54LS1‘89A, SN74LS189A,

SN54LS219A SN74LS219A UNIT
MIN NOM MAX | MIN NOM MAX )
Supply voltage, Vcc 4.5 5 5.5 | 4.756 5 5.25 \
High-level output current, IgH -1 -2.6 mA
Low-level output current, loL 12 24 | mA
Width of write pulse (write enable low), ty(wr) 100 70
Address before write pulse, tgy(ad) ol 01 ns
Setup time Data before end of write pulse, tw 100t 601
‘| Chip-select before end of write pulse, tgy(s) 100t 601
Address after write pulse, th(ad) ot ot
Hold time Data after write pulse, th(da) ot ot ns
Chip-select after write pulse, th(s) ot o1
Operating free-air temperature, T -55 125 o] 70 °Cc

14 The arrow indicates the transition of the write-enable input used for refefence: 1 for the low-to-high transition, | for the high-to-low transition.

(/2]
=
<
o

i
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SN54LS189A, SN54LS219A, SN74LS189A, SN74L8219A
64-BIT RANDOM-ACCESS MEMORIES
WITH 3-STATE OUTPUTS ‘

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

SN54LS189A SN74LS189A

PARAMETER TEST CONDITIONS t SN54LS219A SN74LS219A UNIT
MIN_TYP} MAX | MIN _TYP} MAX
V|4 High-level input voltage 2 2 \
V)L Low-level input voltage 0.7 08| V
ViKk Input clamp voltage Vec = MIN, j = -18mA -1.5 -15| V
VoM High-level output voltage | “CC = MIN- ViK =2 V. 24 31 24 3. v
OH High-leve pu 9 V|L = V|Lmax, Igy = MAX ) ) i )
Vee = MIN, Vi = 2V, [lgL = 12mA 0.25 0.4 0.25 0.4
V Low-level output volt; v
OL towrlevel output VOage | v/ "~ vj max oL = 24 mA 035 05
Off-staty tput t Vi = MAX, VIH=2V, . .
tozh ° state outpu currer'1 ce IH 20 20| A
high-level voltage applied | V| = Vjtmax, Vg = 2.7 V
lozL Off-state output curre-nt, Vee = MAX, Vi =2V, ~20 —20| A
low-level voltage applied | V)L = V|Lmax, Vg = 0.4 V
] t t at
y putcurrenta Vee = MAX, V) =7V 100 100 | A
maximum input voltage
|4 . High-level input current Vee = MAX, V| =27V 20 20 | wA
i Low-level input current Vee = MAX, V| =04V -0.4 . ~0.4| mA
Short-circuit output .
! \ = MAX -30 -130 | -30 -130 A
05  curent$ “« cc m
lcc Supply current Vece = MAX, See Note 2 35 60 35 60 mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

*All typical values are at Vg = 5V, Ta = 26°C.

$Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

NOTE 2: Icc is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.5 V, and all outputs open.

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

SINVYH

SN54LS189A SN74LS189A
PARAMETER TEST CONDITIONS SN54LS219A SN74LS219A° UNIT
MIN _TYP! MAX | MIN _TYP! MAX
ta(ad) Access time from address Ci = 45 oF 50 90 50 80 ns
ta(s) Access time from chip select (enable time) SL ﬂN " ‘; ’ 35 70 35 60 ns
ee Note
tgsR  Sense recovery time © 55 100 55 90 ns
) ] o from S CL = 5pF. 30 60 30 50
t Disable t high or low level —
Pxz Disable time from high or low level [ " "oy See Note 3 40 70 0 60| °
*All typical values are at Vee = 5V, Tp = 25°.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
5-22 | E
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SN54LS289A, SN54LS319A, SN74LS289A, SN74LS319A
64-BIT RANDOM-ACCESS MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

SN54LS289A, SN74LS289A,
SN54LS319A SN74LS319A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 5.25 Vv
High-level output voltage, VOH 5.5 5.5 v
Low-level output current, lQL 12 24 mA
Width of write pulse (write enable low), tw{wr) 100 70
Address before write pulse, tsy(ad) ol o1 ns
Setup time Data before end of write pulse, tgy(da) 100t 60t
Chip-select before end of write pulse, tgy(s) 1001 601
Address after write pulse, th(ad) of o1
Hold time Data after write pulse, th(da) ot ot ns
Chip-select after write pulse, th(g) ot ot
Operating free-air temperature, TaA -55 125 0 70 °c

11 The arrow indicates the transition of the write-enable input used for reference: t for the low-to-high transition, | for the high-to-low transition.

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

noted) '
SN54LS289A SN74LS289A
PARAMETER TEST CONDITIONS SN54LS319A SN74LS319A UNIT
MIN _TYP¥ MAX | MIN TYP* MAX
V|4 High-leve! input voltage 2 2 \2
ViL Low-level input voltage 0.7 0.8 v
ViK Input clamp voltage Vece = MIN, || = -18 mA -1.5 -1.5 Vv
- Vcc = MIN, Vg =2V, Vg = 2.4V 20 20
[le} High-level output current A
OH T P VIL = ViLmax, Vo =55V 100 00| *
V =MIN, ViH=2V,|I = A .25 . . .4
VoL Low-level output voltage cc H oL=12m 0 04 0.25 0 \
ViL = V| max loL = 24 mA 0.35 0.5
Input current at
M put curre Vee = MAX, V) =7V 100 100] 4A
maximum input voltage
Il High-level input current Vee = MAX, V| =27V 20 20| pA
L  Low-level input current Vee = MAX, Vy =04V -0.4 -0.4| mA
Icc Supply current Vee = MAX, See Note 2 35 60 35 60| mA

TFor conditions shown as MIN or MAX,

use the appropriate value specified under recommended operating conditions.

*All typical values are at Vog = 5V, Tp = 25°C. (2]
$Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. E
NOTE 2: Icc is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.5 V, and all outputs open. <
o
switching characteristics over recommended operating ranges of TA and V¢ (unless otherwise noted)
SN54LS289A SN74LS289A
PARAMETER TEST CONDITIONS SN54LS319A 'SN74LS319A uNIT
MIN TYP} MAX | MIN TYP} MAX
ta(ad) Access time from address - B0 20 50 80 ns
Access time from chip select
talS) (anable time) CL = 45 pF, R_ = 6672, 3 70 3 60 ns
tgr  Sense recovery time See Note 3 55 100 55 90 ns
Propagation delay time, | from § 30 60 30 50
tpLH low-to-high-level — ns
output (disable time) from R/W 40 0 40 80
$AMl typical values are at Veg = 5V, Ta = 25°.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
TEXAS {" '
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SN54S189B, SN545289B, SN74S189B, SN745289B
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

SEPTEMBER 1976 —REVISED FEBRUARY 1984

STATIC RANDOM-ACCESS MEMORIES

Fully Decoded RAMs Organized as SN545189B, SN545289B . . . J OR W PACKAGE
16 Words of Four Bits Each SN74S1898B, SN745289B . . . J OR N PACKAGE
: (TOP VIEW)
Schottky-Clamped for High Speed:
Read Cycle Time . . . 25 ns Typical A0 [ e[ vee
Write Cycle Time . . . 25 ns Typical 50z sgar
k Ws 11a[dAz
® Choice of Three-State or Open-Collector p1[Ja 13[]A3
Outputs a1[s 12p4
® Compatible with Most TTL and I2L Circuits p2[Js 11 g a4
N az(]» wfjD3
@ Chip-Select Input Simplifies External GND s sf] Qs
Decoding
description

These 64-bit active-element memories are monolithic Schottky-clamped transistor-transistor logic (TTL)
arrays organized as 16 words of four bits each. They are fully decoded and feature a chip-select input
to simplify decoding required to achieve expanded system organization. The memories feature p-n-p input
transistors that reduce the low-level input current requirement to a maximum of —0.25 milliamperes, only
one-eighth that of a Series 54S/74S standard load factor. The chip-select circuitry is implemented with
minimal delay times to compensate for added system decoding.

write cycle

N

The information applied at the data input is written into the selected location when the chip-select input
and the write-enable input are low. While the write-enable input is low, the ‘S189B output is in the high-
impedance state and the ‘S289B output is off. When a number of outputs are bus-connected, this high-
impedance or off state will neither load nor drive the bus line, but it will allow the bus line to be driven
by another active output or a passive pull-up.

read cycle

The stored information (complement of information applied at the data input during the write cycle) is
available at the output when the write-enable input is high and the chip-select input is low. When the chip-
select input is high, the ‘S189B output will be in the high-impedance state and the ‘S289B output will be off.

. [72]
_ FUNCTION TABLE E
FUNCTION INPUTS $1898 52898 o
CHIP SELECT WRITE ENABLE OUTPUT OUTPUT
Write L L High Impedance Off .
Read L H Complement of Data Entered Complement of Data Entered
Inhibit H X High Impedance Off
H = high level, L = low level, X = irrelevant
ﬁ Copyright ® 1979, Texas Instruments Incorporated
TExas 5.95
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SN54S189B, SN545289B, SN74S189B, SN7452898
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

SINVH &)

logic symbols functional block diagram
‘S1898
RAM 16 X 4 ol I —
A0 :1;] 0 — —]
1 (15) — —
Al— 0 —]
FYMLLE A Al ADDRESS |—{ 1.0F-16 —] 54-BT MEMORY
13) (1a) | BUFFERS | |DECODERSE O D
A3——— 3 A2 —] — 16-X-4
st — ]
— {3) —
R/W 1EN [READ] Az 13 ] ] —
1C2 [WRITE) -—
m | L
PG T AVl G l I | |
(6) n_ - @
D2 az
(10) [ - CHIP SELECT () WRITE AND SENSE
D3 as @) AMPLIFIER CONTROL
(12} (11) — READ/WRITE (R/W) —d
D4 Q4 -
4,
p1-2
'$2898 D249
RAM 16 X 4 . b3 10!
a1 o g 012
a1 _418) o s @ @ o
214 As ‘ a1 a2 a3 a4
A3 (13} 3
sa o
RW 1EN [READ]
1C2 [WRITE]
@ _ 5 _ =
p1——A, 20 A Q] a1
pad8l_| - 2 s,
o o] o
D4 a | P~ Q4
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT . ‘S189B OUTPUT . 'S289B OUTPUT
Vce - —e¢—Vcc
N >
58 Nom 3
3 ouTPUT
INPuﬁ
s
<

< ouUTPUT

{iP
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SN54S189B, SN545289B, SN74S189B, SN7452898
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

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

Supply voltage, Vo {see Note 1) . ..o oo i e e e 7V
INPUL VOIAGE . . . v ottt ettt e e e et e e e e e e e e 55V
Off-State output voltage ........ P 5.5V
Operating free-air temperature range: SN54S’ Circuits ... .................. -55°C to 125°C

SN74S' Circuits .. ...... .. .. 0°C to 70°C
Storage teMPpEerature FANGE . . . o v v v e v it e e et e e -65°C to 150°C

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

recommended operating conditions

SN548° SN748’ UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 | 475 5§ 525 | Vv
High-level output voltage, VoH 'S2898 5.6 5.5 v
High-level output current, Igy 'S1898B : -2 -6.5 mA
Low-level output current, I 16 16 | mA
Width of write pulse {write enable low), twiwr) 25 25 ns
Address before write pulse, tsy(da) o4 X%
Setup time Data before end of write pulse, tgy(da) 251 ) 251 ns
Chip-select before end of write pulse, tgy(S) 251 25%
Address after write pulse, th({ad) 3t ot
Hold time Data after write pulse, th(da) : ot ot ns
Chip-select after write pulse, th(S) ot ot
Operating free-air temperature, Ta -55 125 0 70 °C

1 4The arrow indicates the transition of the write-enable input used for reference: 1 for the low-to-high transition, { for the high-to-low transition.

Texas {?

INSTRUMENTS

POST OFFICE BOX 225012 & DALLAS, TEXAS 75265

5.27



SN545189B, SN54S289B, SN74S189B, SN7452898B
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

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

PARAMETER TEST CONDITIONS 51898 52898 UNIT
MIN TYP} MAX | MIN TYP? mAX
V|4 High-level input voltage 2 . 2 \Z
ViL Low-level input voltage 0.8 08| VvV
Vik  Input clamp voltage Vee = MIN, | = -18 mA -1.2 -1.2 \
Vee = MIN,  Vjy = 2V, | SN54§’ 2.4 3.4
igh- \
VoH High-level output voltage Vi = 0.8V, oy — MAX|SN74S" 52 32
. Vce = MIN, ViH=2V,|Vg =24V 40
- A
loH High-level output current Vi = 0.8V Vo =55V To01 *
Vee = MIN, Vg =2V,
-level It 0.35 0.5 0.35 05} V
VoL Low-level output voltage Vi = 0.8V, Ig = 16 mA
Off-state output current, | Voo = MAX," VI = 2V,
lozH . . 50 A
high-level voltage applied | V| = 0.8V, Vgou = 2.4V
Off-state output current, | Vcc = MAX, Vi =2V,
lozL ) -50 nA
low-level voltage applied | V)L = 0.8V, VgL =04V
| !nput current at maximum Ve = MAX, V) = 5.6V B 1| ma
input voltage
4 High-level input current Vee = MAX, V| =27V 25 25| wA
TR Low-level input current Vee = MAX, V| =05V —-250 -250 | A
Short-circuit output
! Vee = MAX -30 -100 mA
08 current$ ce
Icc  Supply current Vee = MAX, See Note 2 75 110 75 105 mA

NOTE 2: Igc is measured with the read/write and chip-select inputs grounded. All other inputs at 4.5 V, and the outputs open.

‘S189B switching characteristics over recommended operating ranges of Ta and VcC
{unless otherwise noted)

. SN5451898B SN74S5189B
P METER TEST CONDITI UNIT
ARAMET ST CONDITIONS MIN TYP? MAX | MIN TYP! MAX .
ta(ad) Access time from address 25 50 25 35 ns
] ta(s) Access time from chip select CL = 30 pF, . 18 25 18 22 ns
5 {enable time) See Note 3
. tSR Sense recovery time 22 40 22 35 ns
Disable time from high From S CL = 5 pF, 12 25 12 17
‘ tpxz — ns
g or fow level From W See Note 3 12 30 12 25
2 ‘S§289B switching characteristics over recommended operating ranges of TA and VcC
»n (unless otherwise noted)
SN545289B SN7452898
PARAMETER TEST CONDITION: NIT
ITIONS MIN TYPt MAX | MIN TvPt max |
ta(ad) Access time from address 25 50 25 35 ns
A ti f hip-sel
tas) ccess fme rom chip-select CL = 30 pF. 18 25 18 22 ns
{enable time) Ri1 = 3000
tgg  Sense recovery time Rt; - 800 a 22 40 22 35.] ns
.P ation delay time, s . .
ropag .lon elay time From § See Note 3 12 25 12 17
tptH low-to-high-level — ns
output (disable time) From W 12 30 12 25

TFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
*All typical values are at Vee =5V, Ta = 25°.

SDuration of the short circuit should not exceed one second.

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

‘{ip
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SN74S201, SN74S301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

D2007, SEPTEMBER 1977 —-FEBRUARY 1984

STATIC RANDOM-ACCESS MEMORIES

Static Fully Decoded RAM’s Organized as SN745201, SN74S301 . . . J OR N PACKAGE
256 Words of One Bit Each (TOP VIEW)
Schottky-Clamped for High Performance ao [ Uield vee
Choice of Three-State or Open-Collector A1z 1s[J A2
Outputs S10s 1] A7

520a w3(dD
Compatible with Most TTL and I2L Circuits S3[]s 12 RW
Chip-Select Input Simplify External Decoding Gfe 1[Jas

A3[]7 1w0[dAs
Typical Performance: - GND [1s a[] A4

Read Access Time . . . 42 ns

Power dissipation . . . 500 mW

. description

These 256-bit active-element memories are monolithic transistor-transistor logic (TTL) arrays organized
as 256 words of one bit. They are fully decoded and have three chip-select inputs to simplify decoding
required to achieve expanded system organizations.

write cycle

The information applied at the data input is written into the selected location when the chip-select inputs
and the write-enable input are low. While the write-enable input is low, the ‘S201 outputs are in the high-
impedance state and the ‘S301 outputs are off. When a number of outputs are bus-connected, this high-
impedance or off state will neither load nor drive the bus line, but it will allow the bus line to be driven
by another active output or a passive pull-up.

read cycle

The stored information {(complement of information applied at the data input during the write cycle) is
available at the output when the write-enable input is high and the three chip-select inputs is low. When
any one of the chip-select inputs are high, the ‘S201 outputs will be in the high-impedance state and the
‘S301 outputs will be off.

FUNCTION TABLE

INPUTS
FUNCTION CHIP SELECT WRITE ENABLE '$201 : 8301
= — OUTPUT (Q) QUTPUT (Q)
S RIW
Write L L High Impedance Off
Read L H Complement of Data Entered Complement of Data Entered
Inhibit H X High Impedance Off

H = high level, L = low level, X = irrelevant
* For chip-select: L = all Si inputs low, H = one or more Si inputs high

\

Copyright © 1979, Texas Instruments Incorporated

-&ip
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SN748201, SN74S301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

logic symbols

SN74S5201 SN74S301
RAM 256 X 1 RAM 256 X 1
POSILIN IR JOSIL N
a2 ap2)
2 18 gz 118)
7 )
A3 ) AL 2% Az
A4 255 A4 255
A5 (10} AS {10)
KD a6 A1)
JRaTTI I JRSRETIN
5 B 51 B~
S A ] G1 S 44 e G1
53 (5) r~ 53 (5) o
R/W 2 1EN [READ] RIW a3 1 EN [READ]
_E 1C2 [WRITE] _E 1.C2 [WRITE]
e LY sl

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT 'S201 OUTPUT ‘S301 OUTPUT
Vee ) © —- —_ —?_ch
3 582 NOM 3
OQUTPUT
R |
—
S
b3 OUTPUT
' —
) £
‘)
w o ——
;g, ” »
@ absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VoC (see Note 1) ..o oot e e 7V
INPUL VORAGE . . . . o e e e e e e e 5.5V
Off-State oUtPUL VOItage . . . . .. .ottt e et e e e e, 5.5V
Operating free-air temperature range . . . .. ..o vt i it ittt e it e 0°C to 70°C
Storage temperature raNge . . ... ..ot v ittt e e e —65°C to 150°C
i
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SN74S8201, SN74S301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

‘recommended operating conditions

SN745201 SN748301 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vcclsee Note 1) 4.75 5 5.25 | 4.75 5 525 \%
High-level output voltage, VoH 5.5 \
High-level output current, IoH -10.3 mA
Low-level output current, IgL 16 16 mA
Width of write pulse (write enable low), ty(wr) 65 65 ns
Address‘before write pulse, tgy(ad) 0 ol
Setup time Data before end of write pulse, tgy(da) 65t 65t ns
Chip-select before end of write pulse, tsy(5) 651 651
Address after write pulse, th{aq) ot ot
Hold time Data after write pulse, th(da) ot ot ns
Chip-select after write pulse, th(5) ot ot
Operating free-air temperature, Ta [o] 70 [o] 70 °C

t4The arrow indicates the transition of the write-enable input used for reference: 1 for the low-to-high transition, | for the high-tolow transition.
NOTE 1: Voltage values are with respect to network ground terminal.

electrical characteristics over recommended operating free-air temperature range {unless otherwise

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

noted)
PARAMETER TEST CONDITIONS ' 8201 2301 UNIT
L MIN TYP¥ MAX | MIN TYP¥ MAX
ViH High-level input voltage 2 2 \
VIL  Low-level input voltage 0.8 08 Vv
ViKk  Input clamp voltage Vee = MIN, | = —18 mA -1.2 -1.21 Vv
. Vee = MIN, vig=2V,
\ High-leve! output voitage 2.4 \
OH High-level output voltag Vil = 0.8V, gy = MAX
VoL Low-level output voltage | Vocc = MIN, Vi =2V, IgL = 16 mA| 0.45 0.45| V
i - Vec=MIN, VIH=2V,|Vg =24V - 40
|ton  High-level output current Vil - 0.8V Vo =55V o) pA
lozH fo-state output currer}t, Vee = MAX, Vi =2V, 40 A
high-level voltage applied | V)L = 0.8V, Voy = 2.4V
lozL Off-state output curre.nt, Vece = MAX, Vi =2V, _40 A
low-level voltage applied ViL=0.8V, VgL =05V
Tnput t at m (2}
A .npu current at maximu| Vee = MAX, V) = 5.5V 1 1] ma
input voltage . E
IIH  High-level input current Vee = MAX, V| =27V 25 25| pA <
[ Low-level input current Vece = MAX, V| =05V —-250 -250 { pA o
Short-circuit output
! Vee = MAX -30 -100 mA
08 Current§ cc
Icc  Supply current Vee = MAX, See Note 2 100 140 100 140 | mA
tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
*All typical values are at Vgg = 5V, TA = 25°C.
SDuration of the short circuit should not exceed one second.
NOTE 2: Icc is measured with all chip-select inputs grounded, all other inputs at 4.5 V, and the output open.
Texas WP
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SN74S201, SN748301

256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

‘8201 switching characteristics over recommended operating ranges of TA and V¢

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT
t A time from address 42 65 ns
alad) Access | rom a Ar . CL = 30 pF,
ta(s) Access time from chip select (select time) See Note 3 13 30| ns
tSR Sense recovery time 20 40 ns
From S CL = 5 pF,
tpxz Disable time from high or low level rom — L P 9 20 ns
. From R/W See Note 3
‘8301 switching characteristics over recommended operating ranges of TA and Vc¢
{unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP¥ MAX | uNIT
t, Access time from address 42 65
alad) r CL = 30 pF, =
ta(S)  Access time from chip enable (enable time) Ri1 = 3000 13 30 ns
tSR  Sense recovery time L= ’ 20 40| ns
— RL2 = 600 @,
Propagation delay time, low-to-high-level | From S 8 20
tPLH . ; — See Note 3 ns
output (disable time) From R/W 15 35

*All typical values are at Veg = 5V, Tp = 25°.

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

SINVY
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SN54284, SN54285, SN74284, SN74285
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

MAY 1972 — REVISED DECEMBER 1983

e Fast Multiplication of Two Binary Numbers SN54284 ... J OR W PACKAGE
8-Bit Product in 40 ns Typical SN74284 ... J OR N PACKAGE
. . . (TOP VIEW)
o Expandable for N-Bit-by-n-Bit Applications:
16-Bit Product in 70 ns Typical 2c [ U vee
32-Bit Product in 103 ns Typical 28 [J2  1sf] 20
‘ 2a 03 1] GA
e Fully Compatible with Most TTL Circuits o [Js 1130 GB
o Diode-Clamped Inputs Simplify System i EZ :f% e
Design . 1c 7 wofJ Ve
. Gho (s 9[] v7
description
These high-speed TTL circuits are designed to be used SN54285 ... JORW PACKAGE
in high-performance parallel multiplication applica- SN74285 ... J ORNPACKAGE
tions. When connected as shown in Figure A, these (TOP VIEW)
circuits perform the positive-logic multiplication of
two 4-bit binary words. The eight-bit binary product ;‘B: El Vie A ;/I():c
is generated with typically only 40 nanoseconds 2 15 =
delay 2A s e[l GA
) 10 [Qa 3] cB
This basic four-by-four multiplier can be utilized as a 1A l: 5 120 Yo
fundamental building block for implementing larger 18 EG ngn
multipliers. For example, the four-by-four building 1C [:7 w[] Y2
blocks can be connected as shown in Figure B to GND [|s gl] Y3
generate submultiple partial products. These results )
can then be summed in a Wallace tree, and, as logic symbols
‘illustrated, will produce a 16-bit product for the two 284
eight-bit words typically in 70 nanoseconds. (5) =
SN54H183/SN74H183  carry-save adders and :'; & 1°) 2
SN54S181/SN74S181 arithmetic logic units with the 1c 7 P
SN545182/SN745182 look-ahead generator are used ) ; 3 4 :f va
to achieve this high performance. The scheme is 2A-—10 704 3oy Y8
. . . - 2B ] 6 Y6
expandable for implementing N X M bit multipliers. 2c Q ) v7
(15)
The SN54284 and SN54285 are characterized for ég (130 3&
operation over the full military temperature range of GAMB-IEN
—565°C to 125°C; the SN74284 and SN74285 are
characterized for operation from 0°C to 70°C.
285
(5) i
:ﬁ 6 |°] 2
[t P
ol L ofuay,
PRIETI [ 10
A . 1f7Y1
2, L.£e3 10)
283 a {2 5 Y2
2c 3 Y3
208 1,
Za 13)
Gs &
GA 4}, —]EN

Pin numbers shown are
for J and N packages.

PRODUCTION DATA .
This document contains information current as /]
of fnhliculinn d;ts. Pmrl'u.lgts :Inninrm to TE
specifications per the terms of Texas Instruments -
sgandard warr':mty. Production rrnnnssinn does lNSTRUMENTS . 5 33‘
not necessarily include testing of all parameters.
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SN54284, SN54285, SN74274, SN74285
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

schematics
EQUIVALENT OF TYPICAL OF
 EACH INPUT ALL OUTPUTS
Vee - .
OUTPUT
6k NOM
INPUT —_
BINARY INPUTS
WORD 2 WORD 1
A A
/
723 22 21 08 733 22 1 0
2D 2C 2B 2A D I1IC 1B 1A 2D 2C 2B 2A D 1IC 1B 1A
GA GA
SN54284/SN74284 SN54285/SN74285
GB GB
Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y0
> b ]
' 5 4 3 2 1 0
2 N 26 2 2 2 2 2 20
"2} A4

BINARY QUTPUTS

FIGURE A—4 X 4 MULTIPLIER

. {i’
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§9ZSL SYX3L'SY1TVQA e Z1052Z X08 321440 1S0d

SINIWNHISN]

!_7} Svx3a[

SE-9

8BIT INPUT
WORD 1

2726 25 24,,2322 2120
Ft #”
-

B 200

.—/\—;—J\—\ A A AA
cC B A

24 [ 7
27 28 524 23 22 21 20 27 26 25 28 23 22 21 20
27 1} 23 __] 23_]
4X4MULTIPLIER » 4X 4 MULTIPLIER 2 4X 4 MULTIPLIER 2 4X 4 MULTIPLIER
_ (See Figure A) — {See Figure A} 22 {Sea Figurs A} 22— (See Figure Al
25— c 21 —] 8 21— A
88T 24— 20— 20—
INPUT
LT LT TITLIEE + LLITTIT] [ LIT]
5214213212 21121029 28 21121029 28 27 26 25 211210 27 2524 a 27 26 2524 23 22 21 0
MULTIPLE |4 MULTIPLE 4 4 el MULTIPLE 2 MULTIPLE
ouTPUT ] OUTPUT ouTPUT , OUTPUT
H
e )J 12
Cn+y  SNSAS182/SN74S182  C, 12 SN54H183/
Cnez s SN74H183 g =
Y3 X3 Y2 X2 Y1 _X1_Y0 X0 (FOUR
c B AgsiAﬂLS) c B A
NCNC NC
215 214 213
o [} [}
B3 A3 B2 A2 Bl Al B0 A0
L—Ixic)
MU SN54S181/SN7451811 Copy SNS4S181/SN7451817 SN54S181/SN745181"
Cnea
r 3 F2 F1 o F2 Fi Fa F3 F2 Fi Fo
NC
|
— J J
NOT 215 214 213 212 21 210 29 28 27 26 25 24

23 22 21 20

USED

tOther terminals of the three SN54S181/SN745181 ALU's are connected as follows: S3 = H,S2=1L,S1

used for this application.

RAMs

16.81T PRODUCT

FIGURE B-8 X 8 MULTIPLIER

=L,50=H, M=L. Output A = B is not

SUBMULTIPLE
PRODUCTS

WALLACE
TREE

SHIINAILININ AHVNIG 1371v4Yd Li18-v A8 118t
S8ZYLNS ‘PBZYLNS 'S8ZHSNS ‘VBZYSNS



SN54284, SN54285, SN74284, SN74285
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

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

Supply voltage, Ve (see Note 1)
Inputvoltage . . . . .
Operating free-air temperat

Storage tem-peratu re range

ure range: SN54’ Circuits
SN74’ Circuits

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

recommended operating conditions

rAY
.. . 55V
—65°C to 125°C
0°C to 70°C
—65°C to 150°C

SN54284 SN74284
SN54285 SN74285 UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, Voo

4.5 5 55 | 4.75 5 6.25 \

High-level output voltage, VoH 5.5 5.5 \4
Low-level output current, lg 16 16 | mA
Operating free-air temperature, T —55 125 0 70 | °C

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

PARAMETER TEST CONDITIONS MIN TYPI MAX |uNIT
ViH High-level input voltage 2 v
ViL Low-level input voltage 08| V
V)  Input clamp voltage Voo =MIN, 1)=—-12mA -15( Vv
lon High-level output current :,/?::UMSI’:'/ :’/IOHH‘=252 v 40 | pA
_ Vee=MIN, [0 =12ma 04
VoL Low-leve! output vottage VIH=2V, \"
viL-0gy |'oL=16mA 0.45
Iy Input current at maximum input voltage Vee =MAX, V=55V 1| mA
)4 High-level input current Vee =MAX, Vy=24V 40 | uA
Il Low-level input current Vec = MAX, V=04V -1 mA
Vee = MAX. | oNsazsa, snsa285
Ta=125°C, 99
N package only
icc Supply current See Note 2 mA
Vce = MAX, | SN54284, SN54285 92 110
See Note 2 SN74284, SN74285 92 130

SINVH

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device
_type.
TAll typical valuesare at Veg =5V, Ta = 25°C.

NOTE 2: With outputs open and both enable inputs grounded, lee is measured first by selecting an output product which contains three or
more high-level bits, then by selecting an output product which contains four low-level bits.

switching characteristics, Vecc =5V, Ta = 25°C

5-36

PARAMETER TEST CONDITIONS MIN _TYP MAX |UNIT
tpLH Propagation delay time, low-to-high-level output from enable CL =30 pF to GND, 20 30 ns
tpHL Propagation delay time, high-to-low-level output from enable R =300 to Vg, 20 30
tpLH Propagation delay time, low-to-high-leve! output from word inputs R 2 =600 £ to GND, 40 60 s

n
tpHL Propagation delay time, high-to-low-tevel output from word inputs See Note 3 40 60
NOTE 3: See General Informat'ion Section for load circuits and voltage waveforms.
’
TEXAS Jt}
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SNH4S484A, SN54S485A, SN74S484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

D2534, JUNE 1979—REVISED FEBRUARY 1984

SN54S484A, SN745484A, BCD-TO-BINARY CONVERTERS
SN54S485A, SN74S485A BINARY-TO-BCD CONVERTERS

® Significant Savings in Package Count SN54S484A, SN545485A . . . J PACKAGE
Compared with SN54184, SN54185A, SN54S484A, SN545485A . . . J OR N PACKAGE
SN74184, or SN74185A (Over Half in (TOP VIEW)
Many Applications) el vee
® Three-State Outputs D2 F
INPUTS cs G }INPUTS
description B[ H
. . Alls G2
These monolithic converters are derived from the v1[ls &1 } ENABLES
TBP28L22 factory-programmed read-only v2 s v8
memories. Both of these converters comprehend OUTPUTS va(ls v7
that the least-significant bits (LSB) of the binary “Uvado ve ¢ OVTPUTS
and BCD are logically equal, and in each case, GND uw Y5
the LSB bypasses the converter as shown in the
typical applications. This means that a nine-bit
converter is produced in each case. The devices
are cascadable to N bits.
The three-state outputs offer the convenience
of open-collector outputs with the speed of
totem-pole outputs: they can be bus-connected
to other similar outputs yet they retain the fast
rise-time characteristic of totem-pole outputs. A
high logic level at either enable (G) input causes
the outputs to be in high-impedance state.
In many applications these converters can, by
including 3 more bits than the SN54184/
SN74184 or SN54185A/SN74185A, reduce
power consumption significantly and package
count by more than half as shown in the tables
below.
logic symbols
SN54S484A SN54S485A §
SN745484A : SN74S485A <
s BCD/BIN BIN/BCD (s
& o] o[ G-ty &
G2 8) ]
(5)
ST P ”V‘_:sz— n i5) sasvar
c B s 4ﬁv-(8—lv2 A - 2 ZaV—LG')_ v
EaVB BBVE“ BT N dag 2 vo
b 2 0 168 V2 va c 8 . V_E)_YS
- (11) (2) a ¥/
g 20 328V o Y5 D o 16 ©
p 9 40 12:23—(—{3)—% E 1) z: ;oaV -(17):{{:
(18) fb— v7 F 0 < fm——
ﬁ (171 f:u 2565 V1L v G (::’ 128 404V —:% 6
H U 256 80a V TI? Y7
160 7 J—— Y8
% Copyright © 1979, Texas Instruments Incorporated
Texas 5-37
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SN54S484A, SN54S485A, SN74S484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN548484A/SN74S5484A vs SN54184/SN74184

MAXIMUM TYPICAL
DECADES PACKAGE SUPPLY ACCESS TIME
- COUNT CURRENT @ Tp = 26°C
{A) {ns)

‘S484A ‘184 ‘S484A | ‘184 ‘S484A ‘184
3 3 6 0.41 0.59 117 135
4 5 1 0.72 1.09 180 189
5 8 18 1.18 1.78 270 270
6 12 27 1.75 2.67 342 351
7 16 38 2.37 3.76 405 405
8 21 49 3.14 4.85 495 485
g 27 62 4.02 6.14 567 540

SN54S485A/SN74S485A vs SN54185A/SN74185A

MAXIMUM TYPICAL
BINARY PACKAGE SUPPLY ACCESS TIME
BITS COUNT CURRENT @Ta = 25°C
(A) {ns)
‘S485A | ‘185A ‘485A | ‘185A ‘S485A ‘185A
8 2 3 0.25 0.30 72 81
16 8 16 1.12 1.58 252 216
24 19 40 2.67 3.96 459 351
32 33 74 4.78 5.45 612 486

5-38
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SN54S484A, SN545485A, SN74S484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN64S484A, SN745484A
BCD-TO-BINARY CONVERTER

SN548485A, SN74S485A
BINARY-TO-BCDO CONVERTER

FUNCTION TABLE

FUNCTION TABLE

OUTPUTS
Y7 Y6 Y5 Y4 Y3 Y2 Y1

Y8

4 2

8

10

160 80 40 20

H H H

INPUTS

H
256 128 64 32 16 8

2

4

A
e

thru

QUTPUTS
Y7 Y6 Y5 Y4 Y3 Y2 Y1

Y8
256

4 2

8

16

128 64 32

fnvalid BCD code
(Al outputs are high)

/

INPUTS

4 2

8

10

160 80 40 20

H

H

H H

low level X = irrefevant

L=

high level

H =

BCD INPUT

LsSD

SINVH

1 1
~ < sz
¢—im N

mslc % mroa\
WG Ie) = < 04
> "] M SR
S 8w g sHgl
g & ge
w
8o 58
g sef
[ -
L o~N—q Th—=
< o < Wl|.4
[ o—© M WIS
(e— & ¢
&
R— § g
<t
§— £ g2
[ 8—fo S8
Beg—= g8

-

BCD OUTPUT

LSB
BINARY OUTPUT :

mMsB

5-39
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SIANVY

SN54S484A, SN54S485A, SN74S484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

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

Supply voltage, Vcc (see Note 1) . .......... e e e e e e e 7V
INpUt voltage . ... . o e e e e e e e 55V
Off-state oUIPUL VOItaGE . . . . o o it ettt et e e e e e e e 55V
Operating free-air temperature range: SN54S484A, SN54S485A .. ........... —-55°C to 125°C

SN74S484A, SN74S485A .. .............. 0°C to 70°C
Storage temperature range . . .. .. vi vttt e e —-65°C to 150°C

recommended operating conditions

SN54S’ SN748’ UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 5.25 \
High-leve! output current, 1o -2 -6.5 [ mA
Low-level output current, Ig 16 16 | mA
Operating free-air temperature ~55 125 o} 70 °C

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

PARAMETER TEST CONDITIONSt MIN _ TYP? MAX UNIT
VIH High-level input voltage . 2 \4
ViL Low-level input voltage 0.8 Vv
ViK {nput clamp voltage Vee = MIN, I = —18 mA -1.2 Vv
. Vyv = MIN, VIH =2V, ViL =08V,
V High-level output voltage 2.4 3.1
OH igh-level output voltag Ion = MAX \
vee = MIN, VIH=2V, Vi, =08V
3 Low-level output voltage 0. \
oL p g loL = MAX 5
Off-state output current,
i Vi = MAX, VIH=2V, Vg =24V 50 A
OzH high-level voltage applied cc H 0 #
Off-state output current,
| Vi = MAX, VIH=2V, Vg =05V - A
ozL low-level voltage applied cc H o 50 s
| t i
H .nput current at maximum Vee = MAX, Vi =65V 1 mA
input voltage
H High-leve! input current Vee = MAX, V=27V 25 pA
it =~ Lowe-level input current Vee = MAX, V] =05V . -0.25 mA
los  Short-circuit output current? Ve = MAX, -30 -100 mA
lcec Supply current Vee = MAX, See Note 2 75 100 mA
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)
TEST SN54S’ SN74S’
PARAMETER UNIT
CONDITIONS MIN TYP! MAX | MIN TYP¥ MAX
talA) A time from address 45 75 45 70
18) _Access time from addr CL = 30 pF See Note 3 w
ta(s) Access time from chip select 20 40 20 35 ns
tpxz Output disable time CL = 5 pF, See Note 3 15 35 15 30 ns

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating condtions.
*All typical values are at Vog = 5V, TA = 25°. .
8Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
NOTES: 1. Voltage values are with respect to network ground terminal.
2. With outputs open and enable (G) inputs grounded, Icc is measured first by selecting a word that contains the maximum
number of high-level outputs, then by selecting a word that contains the maximum number of low-level inputs.
3. Load circuits and voltage waveforms are shown in Section 1.

, {i’
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SN54S484A, SN545485A, SN74S484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee

INPUT ~——g

AA

320 k2
2 nom

AAA.
e AAL

> o ——-

TYPICAL OF ALL OUTPUTS

—— Vee
130 2 NOM

OUTPUT

PACKAGES

80

70

60

50

40}

30

20

TYPICAL APPLICATION DATA

PACKAGES REQUIRED

vs

DECADES OF CONVERSION

PACKAGES REQUIRED
vs
BINARY BITS OF CONVERSION

SN54185A/SN74185A

SN54S485A/SN74S485A

[ 80 {
L 70 b
r 60
- 50
w
w
g
£ 40 -
SN54184/SN74184 g
I 30 [
- 20 +
L 10}
SN54S484A/SN74S484A
. L L M 0
o 1 2 3 4 5 6 7 8 9 0
DECADES

BINARY BITS

0
=
<
oc

QiP
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SN545484A, SN74S484A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA

SN545484A, SN745484A

*SN54184A/SN74184A can be used.
K = 103, M = 106

842 '
8421 8421000
8000342 KKKKOQQ 1
00 L1t i
= 0
8421 = . %50 0 84 2
84 21 20 0 T .
= 20 1
L #:QFH‘T pif
6 | 24 | 22 L1 ° 640 T 2 ]
S Rl * 64 25 | 23 | 21 I T
2 2 20 64 25 | 213—[ 21
29 827 A 24 22 20
28 2 13 | 2111 29 | 57
2 212 710 282 26
2-DECADE- 3-DECADE- 4-DECADE-
BCD-TO-BINARY BCD-TO-BINARY BCD-TO-BINARY
CONVERTER CONVERTER CONVERTER
84 21
0000842
000nD0O0O0OO0
8421 KKKKKKK
00008472 =
KKKKKKK 20K IgﬁaK?(
842
= 1000 , 882
AR T K998
9842 £ . LU0 5 e,
200 ? (i T ? * 64 200 000
L1 [ . s amnad DAl NS
6.4K [ 0 ITTTT I 62k I 20 Josazn
L1
|~ 2048k BRI 64 ]25 | 23] 21
] 20 TTTTT 2¢ 22 20
2.048K 2 2.048K 210] 28 | 26
2 Iman 2 27
216 [ 214 212 " * 65.536K 215] 213 | 211
5' 215 213 211 214 212
219217
; 218 216
x 5-DECADE- 6-DECADE-BCD-TO-BINARY .
) > BCD-TO-BINARY CONVERTER
g CONVERTER
7]

*i’
- TEXAS
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SN54S484A, SN74S484A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S484A, SN74S484A

T 1
[ 2048k ) 640 1 2
HEEREREREREE
20.48K 64 25|23} 21
L 24 22 20
T J210| 28 | 26
29 27
222 220 218 216
7-DECADE-BCD-TO-BINARY
CONVERTER
8 421
0000842
MMMMMMM 842
%_I_L_l_l_J_l__l_l_H1 R
2M MK K K1
0842
200K %K Kk
L TI | 1
i *64m 20K KErz
, 842
640 2K KOoo
1
# 08 42
64K 200 T H (], ?
= ]
[ 2.048m 11 [ 6.4 ] 20 084 21
204.8K 640
L T11 [T

-E_ I I
| * 6.55M l 20.
655K
65.53
L]

2.10M 220
2
226 | 224 | 222
225 223 221

8-DECADE-BCD-TO-BINARY
CONVERTER

*SN54184A/SN74184A can be used.
K =103, M = 108

{i’
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SN54S484A, SN54S485A, SN745484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S484A, SN748484A
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TYPICAL APPLICATION DATA
SN54S5485A, SN74S485A
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K =103, M =106

8-BIT-BINARY-TO-BCD
CONVERTER
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SN54S485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A
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SN54S485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SINVYH

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A
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214 | 212

29 27

*2048 210 | 28
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14-BIT-BINARY-TO-BCD
CONVERTER

215 213 211
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* 204! 210 | 28 | 26

15-BIT-BINARY-TO-BCD
CONVERTER

216 214 212

16-BIT-BINARY-TO-BCD
CONVERTER

*SN54185A/SN74185A can be used.
K =103, M = 106

17-BIT-BINARY-TO-BCD
CONVERTER
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SN545485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN545485A, SN74S485A

218 216
17
17 13 21 2
217 215 213 2 L 24 212
*65.536K 215 | 213 | 211

2 1 4 2
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LTI TTIT K300
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219 217

218 | 216
= 214 212
* 65.536K 215213 | 211
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*SN54185A/SN74185A can be used.
K = 103, M = 106
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SN545485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN745485A

219 217

220 | 218 | 216
= 214 212
* 65.536K 215 [ 213 | 211

21-BIT-BINARY-TO-BCD CONVERTER
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2181216
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K = 103, M = 106
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SN545485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

222 220 218 216
221|219 {217

214 212
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24-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K =103, M = 106
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SN54S485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

224 222
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= 220 218 216
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SN548485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A
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SN54S485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN545485A, SN74S485A
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SN54S485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN548485A, SN74S485A
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SN54S485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A
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SN54S485A, SN74S5485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A
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IMPORTANT NOTICE

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

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

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

Copyright © 1984, Texas Instruments Incorporated
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INTRODUCTION

The purpose of this application report is to provide the
first time user of field-programmable logic with a basic
understanding of this new and powerful technology. The
term “Field-Programmable Logic” refers to any device
supplied with an uncommitted logic array, which the user
programs to his own specific function. The most common,
and widely known field-programmable logic family is the
PROM, or Programmable Read-Only Memory. Relatively
new entries into this expanding family of devices are the
PAL® and FPLA. This report will primarily concentrate
on the PAL family of programmable logic.

FIELD-PROGRAMMABLE LOGIC ADVANTAGES

Field-programmable logic offers many advantages to
the system designer who presently is using several
standard catalog SSI and MSI functions. Listed below are
just a few of the benefits which are achievable when using
programmable logic.

1. Package Count Reduction: typically, 3 to 6
MSI/SSI functions can be replaced with one
PAL or FPLA.

2. PC Board Area Reduced: Fewer devices
consume less PC board space. This results in
lower PC board cost.

3. Circuit Flexibility: Programmability allows for
minor circuit changes without changing PC

boards.

4. Improved Reliability: ~With fewer PC
interconnects, overall system reliability
increases.

5. Shorter Design Cycle: When compared with

standard-cell or gate-array  approaches,
custom functions can be implemented much
more quickly.
The PAL and FPLA, will fill the gap between
standard logic and large scale integration. The versatility

of these devices provide a very powerful tool for the .

system designer.
PAL AND FPLA SYMBOLOGY

In order to keep PAL and FPLA logic easy to
understand and use, a special convention has been
adopted. Figure 1 is the representation for a 3-input AND
gate. Note that only one line is shown as the input to the
AND gate. This line is commonly refered to as the
product line. The inputs are shown as vertical lines, and at
the intersection of these lines are the programmable fuses.

BPAL is a Registered Trademark of Monolithic Memorics Inc.

An X represents an intact fuse. This makes that input,
part of the product term. No X represents a blown fuse.
This means that input will not be part of the product term
(in Figure 1, input B is not part of the product term). A
dot at the intersection of any line represents a hard wire
connection.

INPUT TERMS
A B C

Ef:\l%DUCT ——)I(—I—H }— output
F=AC
Figure 1. Basic Symbology

In Figure 2, we will extend the symbology to develop
a simple 2-input programmable AND array feeding an OR
gate. Notice that buffers have been added to the inputs,
which provide both true and complement outputs to the
product lines. The intersection of the input terms form a
4x3 programmable AND array. From the above
symbology, we can see that the output of the OR gate is
programmed to the following equation, AB+AB. Note
that the bottom AND gate has an X marked inside the
gate symbol. This means that all fuses are left intact, which
results in that product line not having any effect on the
sum term. In other words, the output of the AND gate will
be a logic 0. When'all the fuses are blown on a product line,
the output of the AND gate will always be a logic 1. This has
the effect of locking up the output of the OR gate to a logic
level 1.

INPUT TERMS

r—"—

e

INPUTS

e

PRODUCT TERMS

PRODUCT

LINES SuM
OF PRODUCTS

OUTPUT

F=AB+AB

Figure 2. Basic Symbology Example
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FAMILY ARCHITECTURES

As stated before, the PROM was the first widely
used programmable logic family. Its basic architecture is
an input decoder configured from AND gates, combined
with a programmable OR matrix on the outputs. As
shown in Figure 3, this allows every output to be
programmed individually from every possible input
combination. In this example, a PROM with 4 inputs has
24, or 16 possible input combinations. With the output
word width being 4 bits, each of the 16 x 4 bit words can be

16 WORDS X 4 BITS

b c B A “OR” ARRAY
(PROGRAMMABLE)
\, /
—\/
“AND” ARRAY
{FIXED) 03 02 07 Og

Figure 3. PROM Architecture

6-8

programmed individually. Applications such as data
storage tables, character generators, and code converters,
are just a few design examples which are ideally suited for
the PROM. In general, any application which requires
every input combination to be programmable, is a good
candidate for a PROM. However, PROMs have difficulty
accommodating large numbers of input variables.
Eventually, the size of the fuse matrix will become
prohibitive because for each input variable added, the size
of the fuse matrix doubles. Currently, manufacturers are
not producing PROMs with over 13 inputs.

D c B A “OR"” ARRAY
FIXED
\ —’
S~
““AND” ARRAY
{PROGRAMMABLE) 03 02 01 Og

Figure 4. PAL Architecture



To overcome the limitation of a restricted number of
inputs, the PAL utilizes a slightly different architecture as
shown in Figure 4. The same AND-OR implementation is
used as with PROMs, but now the input AND array is
programmable instead of the output OR array. This has
the effect of restricting the output OR array to a fixed
number of input AND terms. The trade-off is that now,
every output is not programmable from every input
combination, but more inputs can be added without
doubling the size of the fuse matrix. For example, If we
were to expand the inputs on the PAL shown in Figure 4,
to 10, and on the PROM in Figure 3, to 10. We would see
that the fuse matrix required for the PAL would be 20 X 16
(320 fuses) vs 4Xx1024 (4096 fuses for the PROM). It is
important to realize that not every application requires
every output be programmable from every input
combination. This is what makes the PAL a viable product
family.

The FPLA goes one step further in offering both a
programmable AND array, and a programmable OR
array (Figure 5). This feature makes the FPLA the most

“OR” ARRAY
(PROGRAMMABLE)

“AND"" ARRAY
{(PROGRAMMABLE)

Figure 5. FPLA Architecture

03 02 071 Og

versatile device of the three, but usually impractical in
most low complexity applications.

All three field-programmable logic approaches
discussed have their own unique advantages and
limitations. The best choice depends on the complexity of
the function being implemented and the current cost of
the devices themselves. It is important to realize, that a
circuit solution may exist from more than one of these
logic families.

PAL OPTIONS

Figure 6 shows the logic diagram of the popular
TIBPALI16L8. Its basic architecture is the same as
discussed in the previous section, but with the addition of
some special circuit features. First notice that the PAL has
10 simple inputs. In addition, 6 of the outputs operate as
1/0 ports. This allows feedback into the AND array. One
AND gate in each product term controls each 3-state
output. The architecture used in this PAL makes it very
useful in generating all sorts of combinational logic.

Another important feature about the logic diagram,
and all other block diagrams supplied from individual
datasheets, are that there are no X's marked at every fuse
location. From the previous convention; we stated that
everywhere there was a intact fuse, there was an X.
However, in order to make the logic diagram useful when
generating specific functions, it is supplied with no Xs.
This allows the user to insert the X's wherever an intact
fuse is desired: )

The basic concept of the TIBPALI6LS can be
expanded further to include D-type flip-flops on the
outputs. An example of this is shown in Figure 7 with the
TIBPALI16RS. This added feature allows the device to be
configured as a counter, simple storage register, or similar
clocked function.

Circuit variations which are available on other
members of the TI PAL and FPLA family are explained
below.

Polarity Fuse
The polarity of the output can be selected via the
fuse shown in Figure 8.

Input Registers

On PALs equipped with this special feature, the
option of having D-type input registers is fuse
programmable. Figure 9 shows an example of this type of
input. If the fuse is left intact, data enters on a low-high
transition of the clock. If the fuse is blown, the register
becomes permanently transparent and is equivalent to a
normal input buffer.

Input Latches

On PALs equipped with this special feature, the
option of having input latches is fuse programmable.

6-9
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Figure 6. TIBPAL16L8 Logic Diagram
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ENABLE ——D

o
(-]
INPUTS 2 ForTy
° gU
4 :
o
PnL—J

POLARITYIFUSE

OUTPUTS
PO Pn
INTACT: OUTPUT = PO + P1 + ... + Pn
BLOWN: OUTPUT = PO <P1+..Pn

Figure 8. Polarity Selection

Figure 10 shows an example of this type of input. If the
fuse is left intact, data enters while the control input is
high. When the control input is low, the data that was
present when the control input went low will be saved. If
the fuse is blown, the 'latch becomes permanently
transparent, and is equivalent to a normal input buffer.

PROGRAMMING

Notice in Figure 7, that the product and input lines
are numbered. This allows any specific fuse to be located
anywhere in the fuse matrix. When the device is in the
programming mode (as defined in the device data sheet),
the individual product and input lines can be selected. The
fuse at the intersection of these lines, can then be blown
(programmed) with the defined programming pulse.
Fortunately, the user seldom has to get involved with these
actual details of programming, because there exist several
commercially available programmers which handle this

function. Listed below are some of the manufacturers of
this programming equipment.*

Citel Storey Systems
DATA 1/0 Structured Design
Digelec Sunrise Electronics
Kontron Valley Data Science
Wavetec Varix

Stag Micro Systems

At Texas Instruments, we have coordinated with
DATA 1/O using their Model 19 for device
characterization. Currently, DATA 1/O, Sunrise, and
Structured Design have been certified by Texas
Instruments. Other programmers are now in the
certification process. For a current list of certified
programmers, please contact your local TI sales
representative.

It should now be obvious to the reader, that the
actual blowing of the fuses is not a problem. Instead, the
real question is what fuses need to be blown to generate a
particular function. Fortunately, this problem has also
been greatly simplified by recent advances in computer
software.

DATA 1/0 has developed a software package called
ABEL™. Also available is CUPL™, from Assisted
Technology. Both have been designed to be compatible
with several different types of programmers. Both of these
software packages greatly extend the capabilities of the
original PALASM™ program, and both can be run on
most professional computers.

Before proceeding to a design example, it would be
instructive to look at the simplified process flow of a PAL
(Figure 11). This should help give the reader a better
understanding of the basic steps necessary to generate a
working device. ’

DESIGN EXAMPLE

The easiest way to demonstrate the unique
capabilities of the PAL is through a design example. It is

REGISTER FUSE INTACT

P 0C2

T1C2
2D
O
MO {INTACT)
M1 (BLOWN)

000

D-TYPE REGISTER
FUNCTION TABLE

cLock | p{a | @
t H|H L
+ LiL|H
L X Qg 60

Q@ = THE STATE OF Q BEFORE CLOCK t

Figure 9. Input Register Selection

ABEL™ is a trademark of DATA 1/O.
CUPL™ is a trademark of Assisted Technology, Inc.
PALASM™ is a trademark of Monolithic Memories Inc.
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LATCH FUSE INTACT

oc2

T1C2

2D

MO (INTACT)
M1 (BLOWN)

000

TRANSPARENT LATCH
FUNCTION TABLE

ENABLE| D | o | @
H L|vr|H
H H|H]|L
L X [Qg | Qo

Qg =THE LEVEL OF Q BEFORE ENABLE }

Figure 10. Input Latch Selection

DEFINE
APPLICATION

GENERATE
LOGIC EQUATIONS

v

SELECT APPROPRIATE
PAL

¥

CONSTRUCT
FUSE MAP

Y

I PROGRAM l

WORKING
DEVICE

Figure 11. PAL Process Flow Diagram

hoped that through this example the reader will gain the
basic understanding needed when applying the PAL in his
own application. In some cases, this goal may only be to
reduce existing logic, but the overall approach will be the
same.

EXAMPLE REQUIREMENTS

It is desired to generate a 4-bit binary counter which
is fed by one of four clocks. There are two lines available
for selecting the clocks, SEL1 and SELO. Table 1 shows the
required input for the selection of the clocks. In addition,
it is desired that the counter be able to switch from binary
to decade count. This feature is controlled by an input
called BD. When BD is high, the counter should count in
binary. When low, the counter should count in decade.

Figure 12 shows how this example could be

implemented if standard data book functions were used.

Table 1. Clock Selection

SEL1 SELO | OUTPUT
0 0 | CLKA
0 1 CLKB.
1 0 | cke
1 K CLKD

As can be seen, three MSI functions are required. The
’LS162 is used to generate the 4-bit counter while the clock
selection is handled by the "LS253. The *LS688 is an 8-bit
comparator which is used for selecting either the binary or
decade count. In this example, only five of the eight
comparator inputs are used. Four are used for comparing
the counter outputs, while the other is used for the BD
input. The comparator is hard-wired to go low whenever
the BD input is low and the counter output is “9”. The
P=0Q output is then fed back to the synchronous clear
input on the 'LS162. This will reset the counter to zero
whenever this condition occurs.

PAL IMPLEMENTATION

As stated before, the problem in programming a
PAL is not in blowing the fuses, but rather what fuses need
to be blown to generate a particular function. Fortunately,
this problem has been greatly simplified by computer
software, but before we examine these techniques, it is
beneficial to explore the methods used in generating the
logic equations. This will help develop an understanding,
and appreciation for these advanced software packages.

From digital logic theory, we know that most any
type of logic can be implemented in either AND-OR-
INVERT or AND-NOR form. This is the basic concept

~used in the PAL and FPLA. This allows classical

techniques, such as Karnaugh Maps! to be used in
generating specific logic functions. As with the separate
component example above, it is easier to break it into
separate functions. The first one that we will look at is the
clock selector, but remember that the overail goal will be
to reduce this design example into one PAL.

6-13
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"Ls253 ‘Ls162
SEL 0 —| Qo
SEL 1— . o
CLK A—| gb‘; cLK oz
CLK B—] —
CLR
CLK € — a3
CLK D—]
‘Ls688
Vee
Po qo |
—{P1 a1}
—{r2 a2
P3 Q3
v
BD Ps Qs cc
P5 Qs
P6 Q6
P7 Q7
= |5z =
- P=a =
R |

Figure 12. Counter Implementation With Standard Logic

PAL SELECTION

Before proceeding with the design for the clock
selector, the first question which needs to be addressed is
which PAL to use. As discussed earlier, there are several
different types of output architectures. Looking at our
example, we can see that four flip-flops with feedback will
be required in the 4-bit counter, plus input clock and clear
lines. In addition, seven inputs plus two simple outputs
will be required in the clock selector and comparator. With
this information in hand, we can see that the TIBPALI6R4
(Figure 13) will handle our application.

CLOCK SELECTOR DETAILS

The first step in determining the logic equation for
the clock selector is to generate a function table with all
the possible input combinations. This is shown in Table 2.
From this table, the Karnaugh map can be generated and
is shown in Figure 14. The minimized equation for
CLKOUT comes directly from this.

Table 2. Function Table

SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT

O 0O 000000000000 000000000000 OO OO OoOOoO
_;a_-_nu;-_-a_n—-—-—laA—\aooOOOOOOOOCOOOOO
-—-IA—I—A—A—I—-OOOOOOOOd—'—‘—'—‘—'—l—iOOOOOOOO
-8 = 0 0000 = a2 0000 = u s 200002 4= 20000
4 e O O M e OO0 = 200 2 200 = 200 = =00 =200 a3 =00
- 0 2 0 - 0 =0 =0 2020 20 =0 =0 =20 -0 =02 0=0=20
44 0 LC D000 28 e O 000 = a o a2 lL000000O0O0

SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT

b A 9 & a4 g a o e e o o o s a4 e m oo
B e e O m e e el e S = = = a2 000000000000 00000
b m s am a2 00000000 = = = a3 aa 200000000
4 5 2 0000 = m 8 e 000022 220000 =2 = 0000
a2 OO m e OO = =00 B 200 = =00 = -0 0 = —-00 = =00
- 0O 4 0O -0 20 =0 =0 —=0=0=20=2020=2020=0 =0 20
-0 2 0O w0 4020 =0 =0 =0 =200 =00 —200-=00
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Figure 13. TIBPAL16R4 Logic Diagram
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It is important to notice that the equation derived
from the Karnaugh map is stated in AND-OR notation.
The PAL that we have selected is implemented in AND-
NOR logic. This means we either have to do DeMorgan’s
theorem on the equation, or solve the inverse of the
Karnaugh map. Figure 15 shows the inverse of the
Karnaugh map and the resulting equation. This equation
can be easily implemented in the TIBPALI6R4.

S0
S0.AB —
A A
s1,cD — —
[ 1[1]|
1|4 1]1]] b
[ 1]1 1]
c
11 1 1"
. T |
C{ LR LN I R [ == ——
1111
' | —— | S—
B B

cLKOUT = §T50AKER + SisoX ¥k + s150kKcH + s1sofffo
CLKOUT = SiS0A + S1S0B + S150C + S1S0D
Figure 14. Karnaugh Map for CLKOUT

S0
S0,AB

1 1] [1]
EIE 1 1 b
KK 1 1
c

|KIE 1] 1]
F - - | {
I 1]1]1]1]

1 [IENERE || ]D

[| ] ]
: - T T
| S—) el
B B

CLKOUT = S1S0AKYY + S1soXBYY + s1S04KTY + s1s0kk¥D
CLKOUT = S1SDA + S1S0B + S1S0C + S1S0D
Figure 15. Karnaugh Map for CLKOUT
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4-BIT BINARY COUNTER DETAILS

The same basic procedure used in determining the
equations for the clock selector, is used in determining the
equations for the 4-bit counter. The only difference is that
now we are dealing with a present state, next state
situation. This means a D-type flip-flop will be required in
actual circuit implementation. As before, the truth table is
generated first, and is shown in Table 3.

-Table 3. Truth Table

PRESENT STATE NEXT STATE

CLR Q3 0z Q1 Qo Q3 a2 Q1 Qo
0 X X X X 0 0o 0 o0
<1 00 0 D c 0o 0 1
1 0 0 0 1 00 1 0
1 0 0o 1 0 0 0 1 1
1 00 1 1 0 1 0 0
1 01 0 0 0 1 0 1
1 0 1 0 1 o1 1 0
1 01 1 0 o 1 1 1
1 0 1 1 1 1 0 0 0
1 1.0 0 0 10 0 1
1 1.0 0 1 1.0 1 0
1 10 1 0 10 11
1 L A | 1 1 10 0
1 11 0 0 11 0 1
1 11 0 1 11 1 0
1 111 0 111
1 111 00 0 0

From the truth table, the equations for each output
can be derived from the Karnaugh map. This is shown in
Figure 16. Note that the inverse of the truth table is being
solved so that the equation will come out in AND-NOR
logic form. :

BINARY/DECADE COUNT DETAILS

Recalling from the example requirements that the
counter should count in decade whenever the BD input is
low, we can again generate a truth table for this function
(Table 4). Since the counter is already designed to count in
binary, we can use this feature to simplify our design.
What we desire is a circuit whose output goes low,
whenever the BD input is equal to a logic level “0”, and
the counter output is equal to “9”. This output can then be
fed back to the CLR input of the counter so that it will
reset whenever the BD input is low. Whenever the BD
input is high, the output of the circuit should be a high
since the counter will automatically count in binary. Notice
that Q shown in the truth table is the function we desire.
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N R L] 1]
y e
a2 Q2

@3 = CLResarad@e + CtRO30284@6 + CkRO3ead a8
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Q3 =CLR + Q302 + Q3a1 + 3300 + a302Q1Q0

- (d) KARNAUGH MAP FOR Q3

Figure 16. Karnaugh Maps

In this particular example, a Karnaugh map is not
required because the equation cannot be further
simplified. The resulting equation is given below.

BD OUT=BDQ3Q2QIQ0

Table 4. Truth Table

BDQ30Q2Q1Q0 Q Q BDQ3QG2Q1Q0 Q Q
00000 -0 1 10000 0 1
6000 1 01 1000 1 0 1
60010 01 1 0010 01
00011 01 10011 0 1
00100 o0 1 10100 0 1
00101 01 101 01 01
00110 01 10110 0 1
001 11 01 101 11 0 1
01000 01 11000 0 1
01001 10 11001 0 1
01010 01 11010 0 1
00101 1 o0 1 1101 1 0 1
01100 O 1 11100 0 1
01101 01 11101 01
01110 01 11110 o0 1
01111 01 111 11 0 1

FUSE MAP DETAILS

Now that the logic equations have been defined, the 2
next step will be to specify which fuses need to be blown.  ©
Before we do this however, we first need to label the input "a
and output pins on the TIBPAL16R4. By using Figure 12 ©
as a guide, we can make the following pin assignments in -g
Figure 17. <

PIN

1 CLK 20 VCC

2 SELO 19 CLKOUT
3 SEL1 18 NC

4 CLKA 17 Q0

5 CLKB 16 Q1

6 CLKC 15 Q2

7 CLKD - 14 Q3

8 CLR 13 NC

9 BD 12 BD OUT
10 GND 11 OE

With this information defined, we now need to insert
the logic equations into the logic diagram as shown in
Figure 17.
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Figure 17. Programmed TIBPAL16R4



It is now probably obvious to the reader, that their appropriate logic equations (Figure 18). The program

inserting the logic equations into the logic diagram is a will then generate a fuse map (Figure 19) for the device
tedious operation. Fortunately, a computer program selected. Notice that the fuse map looks very similar to the
called PALASM will perform this task automatically. All block diagram (Figure 17) which we have just completed
that is required is telling the program which device has by hand. In addition, this information can now be down’
been selected, and defining the input and output pins with loaded into the selected device programmer.

DEVICE TYPE 16R4

PIN LIST NAMES =

PIN NUMBER = 1 PIN NAME =
PIN NUMBER = 2 PIN NAME =
PIN NUMBER = 3 PIN NAME =
PIN NUMBER = 4 " PIN NAME =
PIN NUMEBER = & PIN NAME =
PIN NUMBER = & PIN NAME =
PIN NUMBER = 7 PIN NAME =
. PIN NUMBER = & PIN NAME =
FPIN NUMBER = 9 PIN NAME =
PIN NUMBER = 10 PIN NAME =
FPIN NUMEBER = i1 FIN NAME = /0E
PIN NUMEBER = 12 PIN NAME = EDOUT
FPIN NUMBER = 13 PIN NAME = NC
PIN NUMBER = 14 PIN NAME =
FIN NUMBER = 15 PIN NAME
PIN NUMBER = 16 PIN NAME
PIN NUMBER = 17 FIN NAME
PIN NUMBER = PIN NAME -
PIN NUMBER = 1% FIN NAME CLEQUT
PIN NUMBER = 20 FIN NAME Vo

EXFRESSIONS  AND DESCRIPTION =
EXPRESSIONE 11 =
/CLEQUT=/SEL1#/SELO#/CLKA +/SELI#SELO#*/CLER +SEL1#/8ELO#/CLES +ZEL1#SELO®*/CLKED

EXPRESSIONL 2] =
/Q0=/CLR +¢0

EXPRESSIONE 31 =
/B1=/CLR +/01#/00 +01#Q0

EXPRESSIONC 4] =
/RZ=/CLR +/Q2# /301 +Q2#QL#00 +/Q2%# /60

Applications

AR3=/CLR +/A3#/02 +/03%/01 +/032#/00 +Q3#Q2#01#00

EXPRESSIONL 4] =
/BOCLIT=/BO#E3#/02% /01 #00

Figure 18. Pin ID and Logic Equations
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0000 0000 0011 1111 1111 2222 2222 223&
0123 AT467 BF01 23435 L7839 0123 4547 3901
/CLKQUT =

_x..~ -
X ————
X___ e
x___ o
XXXX XXXX
XXXX XXXX
XXXX XXXX

XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX

e e X
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX

XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX

NGRS

15

14

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 3é&

XXXX XXXX XXXX XXXX XXXX XXXK XXXX XXXX 3

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

i e
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX S
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

/RDOUT © =

———— mmmm =X = —eemX —me X ==X —me— =X
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

Figure 19. Fuse Map

Sé

o8
o9
&0
&1
62
3]

/EELL#/ZELO®/CLEA+Y
- ELO%#/CLKR+
SEL1#/SELO®/7CLKCH
SELI#SELO#/CLET

/CLR+
10

/CLR+
/21 3%/00+
@1 #00

/CLR+
/2R /BL+
GZ#@] *Q0+
YAzrL yarld]

/CLR+
/O3#/02+
/O3%/Q1+
703/ QO+
RI*E2#01#00

/BOER /028 /(AL #Q0



ADVANCED SOFTWARE

PALASM, while extremely useful in generating the
fuse map, does little to help formulate the logic equations.
This is what the new software packages such as ABEL and
CUPL address. They not only generate the fuse map, but
they also help in developing the logic equations. In most
cases, they can generate the logic equations from simply
providing the program with either a truth table or state
diagram. In addition, they can test the logic equations
against a set of test vectors. This helps ensure the designer
gets the desired function.

These are only a few of the features available on
these new advanced software packages. We recommend
that the reader contact the specific manufacturers
themselves to obtain the latest information available. For
your convenience, at the end of this application note we
have included the addresses and phone numbers for many
of .these programming and software companies.

As an example, we will approach our previous
design utilizing DATA 1/0’s ABEL package. The purpose
here is not to teach the reader how to use ABEL, but
rather to give them a basic overview of this powerful
software package. Figure 20 shows the source file required
by ABEL. Note that the 4-bit counter has been described
with a state diagram table. When the ABEL program is
complied, the logic equations will be generated from this.
The equations for CLK OUT and BD OUT have been

given in their final form to demonstrate how ABEL would
handle these. Also notice that test vectors are included for
checking the logic equations. This is especially important
when only the logic equations has been given.

Figure 21 shows some of the output documentation
generated by the program. Notice that the equations
generated for the counter, match the the ones generated
by the Karnaugh maps. A pinout for the device has also
been generated and displayed. The fuse map for the
device has not been shown, but looks very similar to the
one in Figure 19. As with the PALASM program, this
information can be down loaded into the device
programmer.

PERFORMANCE

Up to this point, nothing has been said about the
performance of these devices. The Standard High Speed
PAL (indicated by an “A” after the device number) offered
by TI has a maximum propagation of 25 ns from input to
output, and 35 MHz fyax. Also available is a new, higher
speed family of devices called TIBPALSs. These devices are
functionally equivalent with the current family and offer a
maximum propagation delay of 15 ns from input to output.
They are also rated at 50 MHz fj,5. The higher speeds on
these devices make them compatible with most high-speed
logic families. This allows them to be designed into more
critical speed path’ applications.

6-21-
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moadele BDLCOUNT flan “—r27
title “4-hit binary/decade counter

IC1 device “P16R4”:

" pin assinaments and constant declarations
CLK._IN SELO,SEL? CLKA pin  1,2,3. 4.

CLKB,CLKE, CLKD pin S.4,7
CLR,BD_IN, OE rin ®,9,11;

BUL.OUT, CLK_OUT pin 12,19

0z, 02,01,00 pin 14,15,16,17-

CK, L, H, X, Z Co , 0 .1, X. , -Z.:
ouTPUT = [Q32,02,01,00];

" mounter states
50="60000; S4="b0100; S8="b61000: S12="b1100;
S1="t0001: S5="b0101; 89="b10013 S13="b1101;
S2="b0010; SL="b0110; 510103 S14=~b1110;
S3="b0011: S7="b0111: “b1011; S15="b1111;

equations
* cloeck selector
CLE_OUT = CLKA % !'SELO % 'SEL! # CLKR % !SEL1 & SELO
# CLKC % SEL1 % 'SELO # CLKD & SEL1 & SELO;

" count nine indicator for decade counting

BD.OUT = '('BD_IN & Q2 & 'Q2 & '01 &% QO):
state.dianram (02,02 01, 00]
State SOz IF CLR == 0 THEN SO ELSE S13;
State 3513 IF CLR 0O THEN SO ELSE S2:
State 352 IF CLR O THEN S0 ELSE S3;
State ©2@ IF CLR O THEN S0 ELSE €£4:
State S4: IF CLR 0 THEN SO ELSE S53
State 55: IF CLR O THEN S0 ELSE £6;
State S&:@ IF CLR O THEN SO ELSE S7;
State S7: IF CLR O THEN SO ELSE 88
State €8: IF CLR O THEN 50 ELSE S9;
State S9: IF CLR 0O THEN SO ELSE S10:
State S10: IF CLR 0 THEN SO ELSE Si113
State S11: IF CLR == 0 THEN SO ELSE S12;
State S12% IF CLR 0 THEN SO ELSE S13;
State S13: JF CLR == 0 THEN SO ELSE S14;
State S14: IF CLR == 0 THEN S0 ELSE S15;
State 5153 JF CLR == 0 THEN SO ELSE 'SO;s
test_vectors “clock selector”
{CCLKA, CLKB, CLKC, CLKD, SEL1, SELO]1 -> CLK_OQUT)
tL o, X X, X , L, L= Ls
CH x X X, L, L3> Hs
tx , L , X , X . L, H I > L
tXx , H X, X, L, H 1> H;
Ex , X L. X, H, L1 L
cx , x H , X, H, L1 -> H:
rx S X . Lo, H, HJ1 > L;
£x , X X, H, H, H1 - H;
test_vectors “counter”
(CCLK_IN, NE, CLR, BD_INJ (QUTPUT, BD.OUTI)
L, L, x 2 L SO, H1
L, H, X 3 C S1, H
L, H, X 1 [ S2, H
‘ L, H, X 3 C S2, H
L, H, X 1 L s4, H
L, H, X 3 C sS, H
L. H, X 3 L s& H
L, H, X 3 t S7, H
L, H, X 3 L s$8, H
L, H, Lo r se. L
| S, H. X 3 L s10, H
L, H, X 1 € s11., H
L, H, X 3 [ S12, H
L, H, X 1 [ S13, H
L . H, X 1 L s14, H
L, H, H 1 U S1S. H
L. H, X 1 C SO0, H
C X H X X 1 C z H

end BD_COLINT

Figure 20. Source File for ABEL
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Page 1
ABEL (tm) Versian 1.00 - Document Generator
4-bit binary/decade counter
Equations for Module BD_COUNT

Device IC1

Reduced Equations?
CLK_OUT = '{(SEL1 & SELO % 'CLKD
# (SELL1 % !'SELO % 'CLKC
# (!SEL1 & SELO & !CLKB
# !'SELT % 'SELOQ % 'CLKAY))):
BDLOUT = (A2 & '0Q2 & 'Q1 & Q0 & 'BD_IN):
02 1= 1((Q2 & N2 % N1 & RO
# ('Q3 & Q2
# (02 % 'Q1
# ('3 % 'R0
# 'CLRY))Y));
02 = 1((02 %2 01 & Q0 & ('02 & 'Q1 # ('Q2 & '@0 # !CLR))));
01 = '((Q1 % Q0 # ('Q1 & 'Q0 # 'CLR)));

O 2= (R0 # !'CLR));

Page 2
ABEL (tm) Version 1.00 - Document Generator
4-bit binary/decade counter
Chip diagram for Module BD_COUNT

Device IC1

.

vee 5

CLK_ouT =
©
1)

Qo s

Qi o

Q2 <

Q3

BD_OUT

OE

end of module BD_COUNT

Figure 21. ABEL Output Documentation
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ADDRESS FOR PROGRAMMING AND SOFTWARE MANUFACTURERS*

HARDWARE MANUFACTURERS

Citel

3060 Raymond St.
Santa Clara, CA 95050
(408) 727-6562

DATA 1/0

10525 Willows Rd.
Redmond, WA 98052
(206) 881-6444

DIGITAL MEDIA
3178 Gibralter Ave.
Costa Mesa, CA 92626
(714) 751-1373

Kontron Electronics

630 Price Avenue
Redwood City, CA 94063
(415) 361-1012

Stag Micro Systems
528-5 Weddell Drive
Sunnyvale, CA 94086
(408) 745-1991

Storey Systems

3201 N. Hwy 67, Suite H
Mesquite, Tx 75150
(214) 270-4135

Structured Design

1700 Wyatt Dr., Suite 7
Santa Clara, CA 95054
(408) 988-0725

Sunrise Electronics

524 S. Vermont Avenue
Glendora, CA 91740
(213) 914-1926

Valley Data Sciences

2426 Charleston Rd.
Mountain View, CA 94043
(415) 968-2900

Varix

1210 Campbell Rd.
Richardson, TX 75081
(214) 437-0777

Wavetec/Digelec

586 Weddel Dr., Suite 1
Sunnyvale, CA 94089
(408) 745-0722

SOFTWARE MANUFACTURERS

Assisted Technologies (CUPL)
2381 Zanker Road, Suite 150
Santa Clara, CA 95050

(408) 942-8787

DATA /O (ABEL)
10525 Willows Rd.

Redmond, WA 98052
(206) 881-6444

*Texas Instruments does not endorse or warrant the suppliers
referenced.

Reference

1. H. Troy Nagle, Jr., B.D. Carroll, and David Irwin, An Introduction
to Computer Logic. New Jersey: Prentice-Hall, Inc., 1975.
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MECHANICAL DATA

DW plastic ‘‘small outline’’ packages

Each of.these ‘“small outline’’ packages consists of a circuit mounted on a lead frame and encapsulated
within a plastic compound. The compound will withstand soldering temperature with no deformation, and
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads
require no additional cleaning or processing when used in soldered assembly.

20-PIN DW
12,9 (0.508)
12.7 {0.500)
20 1
10,65 {0.419)
10,15 {0.400)
7,55 (0.297)
7.45 (0.293)

O] 1
HHUUH HUEHE

> 7° NOM ) 9,0 (0.358)
4 PLACES ——
2,65 (0.108) 05 10.02) X 45° 86 (0.338) >
2,35 (0.093)
L \ i \

SNOAAAAAD

T T

0.30 (0.012) _T [ _.l 0,490 (0.019) 'f—’—’ 4° 12 (
| | 4 PLACES 52510016}
.

0,10'{0.004) 0,350 (0.014} 0,320 {0.013)

. 0.230 (0.009)
0,785 (0.031) )
0,585 {0.023)
1,27 {0.050} TP

NOTES: A. Body dimensions do not include mold flash or protrusion.
B. Mold flash or protrusion shall not exceed 0,15 {0.006).
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension.
D. Lead tips to be planar within +0,051 (0.002) exclusive of solder.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

ANl Mechanical Data
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MECHANICAL DATA

DW plastic ‘‘small outline’” packages

24-PIN DW

15,5 (0.610)
15,3 (0.602)

10,65 (0.419} -
10,15 (0.400)

7.55 (0.297)
7,45 {0.293)

AAAAAAAAAARR

o

12

—»

JHHEHEHEHEE

7°NOM
4 PLACES

’
2,65 (0.104)
2,35(0.003) §

0,30 {0.012)

0,10 (0.0041
0,785 (0.031)
0,585 (0.023)

0,490 {0.019)
0,350 (0.014)

-

t:—J— 1,27{0.050) TP

NOTES: A. Body dimensions do not include mold flash or protrusion.
B. Mold flash or protrusion shall not exceed 0,15 (0.006).
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension.
D. Lead tips to be planar within £0,051 (0.002) exclusive of solder.

0,5 (0.02) X 45‘1

9,0 (0.354)

8,6 (0.338)

Pl
4°14° \J
0,320 (0.013}
0.230 (0.009)

!

\_7“ NOM

4 PLACES
1,27 (0.050)
0,40 {0.016)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

hid
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MECHANICAL DATA

FK ceramic chip carrier packages

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050-inch)
centers. terminals require no additional cleaning or processing when used in soldered assembly.

FK package terminal assignments conform to JEDEC Standards 1 and 2.

FK CERAMIC CHIP CARRIER
{28-terminal package shown)

CERAMIC CHIP CARRIERS

oUTUe TEAMINALS wn Y max | own D wmax
DESIGNATION®

.69 5.09 780 909

Msoo4ce © (0.342) _ (0.358) | (0.307) _ (0.358)

123 11,63 10,31 11,63

Msoo4ce 2 (0.442) {0.458) (0.406) (0.458)

a *All dimensions and notes for the specified JEDEC outline apply.

%
051 (0.020)
n,zs(o.ow)_’] '
051 (0.020) 1
, 0,25 (0.010) . g
©
o
©
—
]
Q
—
c
©
1,40 (0.055) L
1,14 (0.045) 1,14 (0.045) O
— E g - i __Lo,as {0.035) Q
) s
0,71 (0.028) ’ )
oss(o.ozzl"| I‘_ 12700500 TP, | 1.14 (0.045) “——’—%

0,89 (0.035) 83 (0 7

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

{i’
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MECHANICAL DATA

FN plastic chip carrier package

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within
an electrically nonconductive plastic compound. the compound withstands soldering temperatures with
no deformation, and circuit performance characteristics remain stable when the devices are operated in
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27-mm
(0.050-inch) centers. Leads require no additional cleaning or processing when used in soldered assembly.

FN PLASTIC CHIP CARRIER
{28-terminal package used for illustration}

450 (0.177)
224 (0.167)
| 279(0.110)
1.22(0048) \ 0 2,41 (0.095)
* 11,07 (0.082) 1,35(0.053) o oo | 094(0.037)
1,19 (0.047} |~ 0.691(0.027)
@ ’ —
5 4 3 2 1 28 27 26 2
6 24
7 2 (AT SEATING PLANE)
A 8 2
t 9 2 ]
: 1-1,27 (0.050) T.P.
Qe 20 :f {See Note B}
dn 19 :
JL. \ 12 13 14 15 16 17 18 | |——¥
}" =,I\ 0,25 (0.010)

R MAX SEATING PLANE

B
(See Note A)
A

. 3PLACES
| {See Note C)
JEDEC NO. OF ry B c
OUTLINE | TERMINALS MIN  MAX | MIN  MAX | MIN MAX dsito03d)_,
70.087AA ” 378 1003 | 8.89 5,04 787 .38 0.66 (0.026}
(0.385)  (0.395) | (0.350) (0.356) | (0.310)  (0.330) 152 (0.060) MIN
V008 7A8 " 1232 12567 | 1143 1188 | 1047 1092
(0.485)  (0.495) | (0.4501 (0.456) | (0.410)  (0.430) o=
MO-047AC aa 17,40 17,65 16,51 16,66 15,49 16.00 0,64 (0.025) MIN
(0.685) (0.695) | (0.6501 (0.656) | (0.610) (0.630) 051 (0.020) LU+
MO.O47AE o8 26.02 2527 | 24.13 24,33 | 23.11  23.62 m"l IP—
©.985)  (0.995) | (0.950) (0.956] | (0.910) 10.930) LEAD DETAIL

All dimensions and notes for the specified JEDEC outline apply.

NOTES: A. Centerline of center pin each side is within 0,10 {0.004) of package centerline as determined by dimension B.

B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.
C. The lead contact points are planar within 0,10 (0.004).

/ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

{i’
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MECHANICAL DATA

J ceramic dual-in-line packages (including JD, JT, and JW)

Each of these hermetically sealed dual-in-line packages consists of a ceramic base, ceramic cap, and a
lead frame. Hermetic sealing is accomplished with glass. The packages are intended for insertion in
mounting-hole rows on 7,62 (0.300) or 15,24 (0.600) centers. Once the leads are compressed and inserted
sufficient tension is provided to secure the package in the board during soldering. Tin-plated (‘‘bright-
dipped’’) leads require no additional cleaning or processing when used in soldered assembly.

NOTE: For the 14-, 16-, and 20-pin packages, the letter J is used by itself since these packages are available only in the 7,62 (0.300)
row spacing. For the 24-pin packages, if no second letter or row spacing is specified, the package is assumed to have 15,24 {0.600)
row spacing.

14-PIN J CERAMIC
19,94 (0.785)
19,18 (0.756}
CEIAMO 0014 Dimemsom clolelolelol
[AWANAWANLWA

0,63 {0.025) R NOM \

¢ ¢
7,87 (0.310) [PAYAYAYAYAY]
7,37 (0.290)
7,11 (0.260) 1016J0J0J0X0J0)
6,22 (0.245)
_’l 0,51 (0.020) MIN. ~= L 1,78 {0.070) MAX 14 PLACES
it 1,27 ‘l
(0.050) NOM 7y — ) P
5,08 {0.200) SEALANT
J MI'\X q
-~ SEATING PLANE
205° - ¥ 0,69 (0.027] MIN
907 14 PLACES
4 PLACES
snl g0z :g'gf:: 14 PLACES
0,36 (0.014) 3,30 (0.130)~ 254 (0.100) g -
0,20 (0.008) ° MIN 54 (0.
T2 hLAcaS . 77810.070] PIN SPACING 254 (0.100) TP,
4PLACES See Note A}

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

16-PIN J CERAMIC 19,98 (0785) | Q
; 19,18 (0.755) -
cJolelefoXelo a
LAML AR —
¢ ¢ 063 (0.025) R NOM ~_| 8
| 7.8 0310) —
7,37 (0.290) :
21 10.280)' m
oJeYelofeYoYeXo) <
4_1 L 1,27 10.050) NOM —’I E 1,78 {0.070) MAX 16 PLACES 0
| LI GLASS E
5,08 (0.200) SEALANT
MAX j_
> - SEATING PLANE
2058 X o051 0020F ,{ | 0,69 (0.027) MIN
90 MIN 12 PLACES
16 PLACES
)\4‘ 0,36 (0.014) 3,30 (0.130) 0,58 (0.023)
0,20 {0.008) MIN 1‘ 5,35 (0.015) 16 PLACES
18 PLACES ” ;
0,305 {0.012) MIN —a~{
4PLACES
v 1,27 (0.050)
PIN SPACING 2,54 {0.100} TP. 038 (0.015) 4 PLACES
Note A " .

¢ For memories of 64 bits and up and a few MSI/LSI products in Series 54/74 and Series 545/74S
that are derived from memory circuit bars, this maximum is 7,62 (0.300). All other dimensions apply
without modification.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

{i’
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MECHANICAL DATA

J ceramic dual-in-line packages (continued)

|¢___23,1 (0.910) MAX-——»{
QOOOOOOO

18-PIN J CERAMIC

¢ t
;g; :g_':;g: 0,63 (0.025) R NOM— &
762 (0300 RATATAVATATAvITAS|

6.22 (0.235) 0]0]0]0161010I0]O;

—v| 1,27 (0.050) NOM 0,51 {0.020) »—b] ,4—1 ,78 (0.070) MAX 18 PLACES
MIN
GLASS

5,08 (0.200) SEALANT
MAX ,
SEATING —
105° PLANE 339 {0.130) | 0,69 (0.027) miN
s M'N 14 PLACES

PIN sw(\sceleNSofusz,(ﬂ .100) 0,38 (0.015)
4PLACES

18 PLACES
\‘,0355 oo 0,58 {0.023)

—’\ 0,203 (0.008) = 6.38 (0.015)

18 PLACES 1.27 (0.050) L 18 PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

20-PIN J CERAMIC

|~———~§§ ) —
®OOOO®O @@l

0,63 (0.025) R NOM

7,87 {0.310)
7.37 (0.290)

7.62 (0.300)

622 02851 OROOEOOOEO®
_..' ‘I‘ 127 10,0501 Now i 081 (0020 —>1 Iq—1,7a (0.070) MAX 20 PLACES
I GLASS

LRI
5,08 (0.200) 18 SEALANT
MAX
_SEATING
.
b PLANE 330 (0.130) || _ 0.69 (0.027) MIN
MIN 16 PLACES
20 PLACES

0,36 (0.014)

0,20 (0.008) 0,305 (0.012) MIN ,{ }__ g,’gg :ggfg:

20 PLACES 4 PLACES 9
1,27 {0.050) L_ 20 PLACES
0,38 (0.015)
4PLACES

PIN SPACING 2,54 {0.100) T. P.
(See Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

{i,
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MECHANICAL DATA

J ceramic dual-in-line packages (continued)

24-PIN JT CERAMIC, 0.300-INCH ROW SPACING

31,8 (1.250) MAX

®EOBOOEOEO®E

0,63 (0.025) R NOM

. 8,26 (0.325)
7.37(0.290)
7,62 (0.300)
6,22 (0245} 0]6]610/60/0]0.0]0]CI0IE)
) 1,27 (0.050) NOM athvic 1,78 (0.07
‘l 27 10.0501 N . MIN —-I u————'_,f: 12‘233: 24 PLACES aLASS
¥ 1 SEALANT
5,08 (0.200)
MAX
SEATING
1 PLANE t +]] fo-0.69 (0.027) min
ST PLACES 24 PLACES
| 058 (0.023)
3,30 {0.130 ,,‘ 058 (0,023)
0,36 (o.ou)——'\\‘ me ) 0,38 (0.015)
0,20 (0.008) 24 PLACES
24 PLACES PIN SPACING 2,54 {0.100) T.P.
2,54 (0.100) MAX (See Note A)
4 PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY. IN INCHES

24-PIN JW CERAMIC

32,8 {1.290)
31,3(1.235)

DIOICACIDICIBITI®)
ATATATATATATATS

IOk
AN

0,63 (0.025) n—\;
NOM

¢ WWVILVTIN]

15,24 0,26
s ez s 0]6]6]016]0]0) . @ . @ ®
13,1 (0.515) 1,91 (0.075)
—4 127 (0.050)NOM  [7.2770.050) 1,78 (0.070) MAX 24 PLACES e+
| — GLASS SEALANT ~_[ 5‘7 (0.225)
4+ 3810.150)
— SEATING———— -
1330 28 PLACES PLANE 478 (0.070)
YTy s U4 4,06 (0.160
0.30 (0.012) ol 051 (0.020) S
0,20 (0.008) 051 (0.020) 0,71 (0.028) MIN 24 PLACES
24 PLACES 041 {0.016} 24 PLACES M
24 PLACES 2,54 (0.100)
PIN SPACING 2,54 (0.100) T.P. 75210.060)
{See Note A) 4 PLACES

Falls within JEDEC MO-015AA dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

Texas {"
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MECHANICAL DATA

J ceramic dual-in-line packages (continued)

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads.

eleqg |esiueyd3l

~

JD CERAMIC —SIDE BRAZE

INDEX MARK
(DOT, TRIANGLE,

OR NUMBER)

& &
—

¥
105°
14~ 90°

JL 0,38 (0.015)
0.20 (0.008)

SEATING
PLANE

N

B MAX

0.51 (0.020) MIN

1,78 (0.070)

0,76 {0.030) l'—

C NOM

AT

1,91 (0.075) MAX
2,54 (0.100) NOM

t

PIN SPACING g'gg :g'gf;;
(See Note A) . B
PINS (N)
DIM 16 18 20 22 34
A +0,51 (+0.020) 7.62 7.62 7.62 7.62 7.62
-0,25 (-0.010) (0.300) | (0.300) | {0.300) (0.300) | (0.300)
B (MAX) 20,57 23,11 25,65 27,94 30,86
{0.810} | (0.910) | {1.010} | (1.100} | (1.215)
C (NOM) 7.37 7.37 7.37 9,91 7.37
{0.290) | (0.290) | (0.290) | (0.390) | (0.290)
om PINS (N) 24 28 40 48 52 64
A +0,51 (+0.020) 15,24 15,24 15,24 15,24 15,24 22,86
-0.25 (-0.010} {0,600) | (0.600) | (0.600) | (0.600} | (0.600) [ (0.900)
B (MAX) 31,8 36,8 52,1 62,2 67.3 82,6
{1.250) | (1,450) | (2.050) | (2.450) | (2.650) | (3.250)
.C (NOM) 15,0 15,0 15,0 15,0 15,0 22,6
(0.590) | (0.590) | (0.590) | (0.590) | (0.590) | (0.890)

¥F
5,08 (0.200) MAX

3,18 (0.125) MIN
—_—

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

7-10
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MECHANICAL DATA

N plastic dual-in-line packages (including NT and NW)
Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity
conditions. The packages are intended for insertion in mounting-hole rows on 7,62 (0.300), 15,24 (0.600),
or 22,86 (0.900) centers. Once the leads are compressed and inserted, sufficient tension is provided to
secure the package in the board during soldering. Leads require no additional cleaning or processing when

used in soldered assembly.

NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing.
For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second

letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing.

14-PIN N 19.8 (0.780)
18,0 (0.710)
OE@OO
NANAVAVATANATA
24 (0.093) RNOM-—E
& '07:,’%: * g’ﬁm 2.8 (0.110) NOM — :
300 £ 0
IVAVEVAVAVAY]
6,35+ 0,25
f 0250+ 0010) 016]6]0]6]0]0)
L 2,0 (0.080) NOM .
‘-l "# P ——| }~—1.78 {0.070) MAX 14 PLACES
3 0,510,020 |
0,25 {0.010) MIN
025 5,08 (0.200) MAX
(——SEATING PLANE | 0,84 {0.033) MIN
1082 y
15 —’“" 0550000 14 PLACES
14 PLACES E . — 0533 {0.021)
025 000 3,17 (01251 MIN L 55 oots)
14 PLACES
) 2,031 051
(See Note 8 10.080 % 0.020) ] (See Note B)
4 PLACES PIN SPACING 2,54 (0.100) T. P,
(See Note A}
Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

RSB Mechanical Data
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

16-PIN N
4
| 7622025
{0.300  0.010)
6351025
(0.250 £ 0.010)

|

=

9
16 PLACES

038 [0 014)
—»

lS PLACES
(See Note B)

Parts may be supplied in accordance
with the alternate side view at the

 option of T1 plants located in Europe.
In this case, the overall length of the
package is 22,1 (0.870) max.

£0.25 10.010) Nom

SEATING PL,

2,4(0.093) R NOM——
2,8 (0.110) NOM—

— 2,0(0.080) NOM

9
5,08 (0.2

r_uml_

19,8 (0.780) MAX

DEGOAOO®

ANNAANA
)
@@@@@@@.

00) MAX _LW

A

]

bl

"—-| 78 (0.070) MAX 16 PLACES

0,84 (0.033) MIN

12 PLACES

3,17 (0.126) MIN o 23300021
1,65 (0.065) 16 PLACES
0,38 (0.015) (Sea Note B)
4PLACES PIN SPACING 2,54 (0.100) T. P.
{Ses Note A)
ALTERNATE SIDE VIEW
—»| [e-178(0.070) MAX 16 PLACES
0,51 (0.020]
MIN ! 1
508 (02000 MAX "y
f 0,84 (0.033) MIN
16 PLACES
,125) MIN o j&- 0,533 (0.021)
3,17 0.125) gesieen
241 (0.005) 16 PLACES
1.020.040) PIN SPACING 254 {0.100) T.p, {Se® Note B
4PLACES (Ses Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

18-PIN N

13
| 762:025
(0.300 + 0.010)

6,99 (0.275) MAX

2,03 (0.080) NOM

eleq |esiueyosdnl

— E 0,25 {0.010) NOM
——SEATING PLANE
105* -
kg
18 PLACES

0,279 + 0,076
DO'II *0003)

o

(See No!u B -nd c)

o

2,36 (0.093} R NOM——

23,4 (0.920) MAX

ANNAAN

0@.@@@@@0

E}

4,06 (0.160) NOM ——

e

P— 1,78 {0.070) MAX 18 PLACES

\VAVAVAVAVAVAVAVEYS

0]0]6]0]0]0/00]0,

0,51 {0.020)

508 (0.200) max  MIN

_¥_

25) MIN

3,17 (0.

1,91 (0.075)
0,23 (0.009)
4PLACES

1

PIN SPACING 254 (0 100) TP.

»]| [l 08910.035) min

18 PLACES

—o je——o0457: 0076

(0.018 + 0.003)
18 PLACES
(See Notes B and C)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located with 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
N C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 {0.020) above seating
plane.
i
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

20-PINN
2,4{0.093) R NOM——E’
. . 2,8(0.110) NOM —f¢e—»
c < |FAVAVAVAVAVAVAVAVAN
L 7e2s02s 0]6]6]0]0]0]6]0[0IC)
(0.300  0.010)
L 7,11 (0.280)
6,61 (0.260)
L 24,77 (0.975)
23,22(0914)
.080 ,
_’l T ‘2'0 {0.080) Nom Lq }¢ 1,78 (0.070) MAX 20 PLACES
——
N\ fo,zs (0.010) NOM T 1
5.08(0.200) MAX |
— SEATING PLANE [ "'l Lo,u (0.033) MIN
105° 0,51 (0.020} 16 PLACES
i ]
0,36 (0.014) 0,533 (0.021)
20 PLACES : 2233808271
: ———P“'-"‘o,zs'(o.om I o e e — 0,381 (0.015)
20 PLACES T 68 10.066) PIN SPACING 2,54 (0.100) T.P. 20 PLACES
(See Note B} 0,22 (0.000) (See Note A) ‘ (See Note B)
4PLACES
L 25,40 (1.000)
23,62 (0.930)
ALTERNATE SIDE VIEW
Je=1.78 (0.070) MAX 20 PLACES
' 598 (0200 MAX | ! (See Note C)
191 (0.075)
1,02 (0.040) —p ‘._ * 0,84 (0.033) MiN
4PLACES 0'5;'1"%020’ _'{ 20 PLACES ©
VIEW A 0,533 (0.021) -
P e o o pabon = 350w ©
option of TI, European-manufactured 27 0.050) PIN SPACING 2,54 (0.100) T.P. 20 PLACES (a)
parts may have pin 1 as shown in Rl il {See Note A} (See Note B)
view A. Alternate-side-view parts 0,38 (0.015) -—
manufactured outside of the USA 4PLACES @©
may have 3 maximum package length u
of 26,7 (1.050). -
c
) (1]
NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. Q
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. [+}]
C. Parts may be supplied with a draft angle of 7° typical at the option of TI. E
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 7
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

24-PIN NT PLASTIC

13 ¢
7,62 £ 0,25
(0.300 £ 0.010)

—-I ‘|= ] 2,0 (0.080) NOM

——
T—0,25 {0.010) NOM
—SEATING PLANE:
105°
90°
24 PLACES

0,36 (0.014)
“’\ 0,25 (0.010)
24 PLACES
(See Note B)

7.1 (0.280) MAX

31,8 (1.250)
28,6 (1.125)

AN
210099 vow —{ )

2,8 (0.110) Nom —1

0,38 {0.015)

MIN
1,78 (0.070)
_'1 T4 (0045 23PLACES

5,08 (0.200)
MAX

4,06 (0.160)

3,17 (0.125)
2,16 (0.085)
0.71 (0,028}
4PLACES

PIN SPACING 2,54 (0.100) T.P.
{See Note A)

NOTES: A. Each pin centerline is located within 0,25 {0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

1,14 (0.045) MIN
24 PLACES

_’I 0,533 (0.021)
0,381 (0.015}

24 PLACES

(Sea Note B)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

eleQ [EJIURYI3N

~
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MECHANICAL DATA

N plastic dual-in-line packages {(continued)

24-PIN NW PLASTIC,

32,8 (1,290) MAX

0@@@...@
AVAVAWAWAY

®O®E
FAVAVAWAY

N
2,4 (0.093) R NOM{
2,8(0.110) Nom
YAV

15241 0,25

u:fzo‘:z;.:;)m \VAVAVAVAVAVAVAVAVAW)

S0 — lololofolofelololclele
2,0 (0.080) NOM

t=-1,78 (0.070) MAX 24 PLACES

0,25 (0.010) NOM
(LSS

1
f 5,08 {0.200} MAX
- SEATING PLANE
% 24 PLACES 0,51 (0.020) MIN ‘
) o,zaI + o,osz)——\r‘ ‘H, 0,83 (0.033) MIN 3,17 (0.125) MIN
0.011 £ 0.00; 24 PLACES PLACES
24 PLACES 0,457 £ 0,076 2,42 (0.095) MAX 24P
{See Note B) (0.018 2 0.003) 4 PLACES
24 PLACES PIN SPACING 2,54 (0.100) T. P.
{See Note B) (Sea Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

28-PIN N PLASTIC

36,6 (1.440) MAX
BOEEEOEAO®E®DO®
A1 rac 1 c10]

EITHER OR BOTH
INDEX MARKS :
{0 g i
0[016/0/0]0/0/0100[DCE)
€ saiom B
(0.600 + 0.010)
0,51(0.020)
MIN I ?
5,08 (0.200) MAX
SEATING PLANE mra
Jost 3,17 (0.125) MIN
90° 0.28 + 0,08 % -+t
M oor1zo003 08098 ke [ 0,84 (0.033) MIN
(0.018 + 0.003) 127081
PIN SPACING 254 (0.100) TP, Sy

(See Note A}

(0.050 : 0.020)

1,52 (0.060) NOM

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

XK \echanical Data
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

40-PIN N PLASTIC

53,1 (2.090) MAX

@

!l—lﬁﬁr—‘lﬁr‘lr—u—!r‘ﬁ{—‘n—'\rﬁﬁr‘lhmﬁﬁh

)

EITHER OR BOTH

INDEX MARKS<

| 8 | G G G D U N D D O o o o |

B

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

PIN SPACING 2,54 (0.100) T.P.

(See Note A) 152 (0.060) NOM

® @
¢ 524:0 ¢
10.600 £ 0.010)
0,51 {0.020)
MIN

3
5,08 (0.200) MAX

o — SEATING PLANE —— 4
108 3.17 (0.125) MIN

% 028:008 0467+ 0076 _yyt, -
.01 £ 0003 1" {0.018 £ 0.003) 10,84 (0.033) MIN

2,41 (0.095)
1,40 (0.055)

48-PIN, 52-PIN, AND 64-PIN N PLASTIC

B MAX
& 13 =
A
INDEX \:
l0s°
90° =T
PIN SPACING IS 2.54 {0.100) T.P.
(See Note A)
o PINS (N)
o DIM 48 52 64
g A + 0,25 {0.010) 15,24 {0.600) | 15,24 (0.600) | 22,86 (0.900)
5 B MAX 62,2 (2.45) 67,3 (2.65) 81,3 {3.20)
8 ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
O NOTE: A.Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
& .
Ll
Q
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TI Sales Offices

ALABAMA: Huntsville (205) 837-7530.

ARIZONA: Phoenix (602) 995-1007;
Tucson (602) 624-3276.

CALIFORNIA: Irvine (714) 660-8187,
Sacramento (916) 92 5 1

San DIBPO (619) 278-

Santa Clara (408) 980 9000

Torrance (213) 217

Woodland Hills (818) 704«7759
COLORADO: Aurora (303) 368-8000.
CONNECTICUT: Wallingford (203) 269-0074.

FLORIDA: F1. Lauderdale (305) 973-8502;
Maitland (305) 660-4600; Tampa (813) 870-6420.

GEORG!A: Norcross (404) 662-7900.
ILLINOIS: Arlington Heights (312) 640-2925.

INDIANA: Ft. Wayne (219) 424.5174;
Indianapolis (317) 248-8555.

IOWA: Cedar Rapids (319) 395-9550.
MARYLAND: Baltimore (301) 944-8600.
MASSACHUSETTS: Waltham (617) 8395-9100.

MICHIGAN: Farmlnglon Hllls (313) 553-1500;
Grand Rapids (616) 957-4.

MINNESOTA: Eden Prairie (612) 828-9300.

MISSOURI; Kansas Cllg (816) 523-2500;
St. Louis (314) 569-7601

NEW JERSEY: Iselin (201) 750-1050.
NEW MEXICO: Albuquerque (505) 345-2555.

NEW YORK: East Syracuse (315) 463-9291;
Endicott (607) 754- 8900 Melville (516) 454. 6500
Pittsford (716) 385-677¢

Poughkeapsie (314) 473 2900,

NORTH CAROLINA: Charlotte (704) 527-0930;
Raleigh (919) 876-2725.

OHI0: Beachwood (216) 464-6100;
Daytan (513) 258-3877.

OREGON: Beaverton (503) 643-6758.

PENNSYLVANIA: Fi. Washlnglon (215) 643-6450;
Coraopolis (412) 771-8550.

PUERTO RICO: Hato Rey (809) 753-8700

TEXAS: Austin 1512) 250-7655;
Houston (713) 778-6592; Rl:hardson (214) 680-5082;
San Antonio (512) 496-1

UTAH: Murray (801) 266-8972.

VIRGINIA: Fairfax (703) 849-1400.
WASHINGTON: Redmond (206) 881-3080.
WISCONSIN: Brookfield (414) 785-7140.
CANADA: Narean. Ontario (613) 726-1970;

Richmond Hill, Ontarlo (416) 884-9181;
St. Laurent, Quebec (514) 335-8392.

TI Regional

Technology Centers:

CALIFORNIA: Irvine (714) 660-8140,
Santa Clara (408) 748-2220.

GEORGIA: Norcross (404) 662-7945.
ILLINOIS: Arlington Heights {312) 640-2909.
MASSACHUSETTS: Waitham (617) 895-9197.
TEXAS: Richardson (214) 680-5066.
CANADA: Nepean, Ontario (613) 726-1970

Customer
Response Center

TOLL FREE: (800) 232-3200

OUTSIDE USA: (214) 995-6611
(8:00 a.m. — 5:00 p.m. CST)

TI Distributors

TISQUTHORIZED DISTRIBUTORS IN
u

Arrow Electronics

Diplomat Electronics

General. Radio Supply Company
Graham Electronics

Hall-Mark Electronics

Kierulff Electronics

Marshall Industries

Milgray Electronics

Newark Electronics

Time Electronics

R.V. Weatherford Co.

Wyle Laboratories

Zeus Component, Inc. (Military)

TI AUTHORIZED DISTRIBUTORS IN
CANADA
Arrow Electronics Canada
Future Electronics

TI AUTHORIZED DISTRIBUTORS IN
USA

—OBSOLETE PRODUCT ONLY—
Rochester Electronics, Inc.
Newburyport, Massachusetts
(617) 462-9332

ALABAMA: Arrow (205) 837-6955;
Hall-Mark (205) 837-8700; Kierulif (205) 883-6070;
Marshall (205) 881-9235.

ARIZONA: Arrow (602) 968-4800;
Hall-Mark (602) 437-1200; Kierulff (602) 437-0750;
Marshall (602) 968-6181; Wyle (602) 866-2888.

CALIFORNIA: Los Angeles/Orange County:
Arrow (818) 701-7500, (714) 838-5422;
Hall-Mark (818) 718-] 7300 (714) 669-4700,
(213) 217-8400; Kierulff (213) 725 0325 (714) 731-5711,
(714) 220-6300; Marshall (818} 4 0‘
(818) 442-7204, (714) 660-0951;
R V Weather'ovd (714) 966- 1447 (213) 849-3451,
e (213) 322 8100, (818) 830+ 9001, (714) 863- 9953
Zeus (714) 632-6880;
Sacrnmenlo Arrow (916) 925-7456;
Hall-Mark (316) 722-8600; Marshall (916) 635-9700;

521 2
San Arr 19) 565-4800;
Hall-Mark (619) 263-1201; Kierulﬂ (619) 278-2112;
Marshall (619) 578-9600; Wyle (619) 565-9171;
San Francisco Bay Area: Arrow (408) 745 6600;
(415) 487-4600; Hall Mark (408) 946
Kierulff (408) 971-2600; Marshall (408) 943 -4600;
Wyle (408) 727-2500; Zeus (408) 998-5121.

COLORADO: Arrow (303) 696-1111;
Hall-Mark (303) 790-1662; Kierulff (303) 790-4444;
Wyle (303) 457-9953.

CONNECTICUT: Arrow (203) 265-7741;

Diplomat (203) 797-9674; Hall-Mark (203) 269-0100;
Kierulff (203) 265-1115; Marshall (203) 265-3822;
Mitgray (203) 795-0714.

FLORIDA: F1. Lauderdale: Arrow (305) 429-8200;

Diplomat (305) 974-8700; Hall-Mark (305) 971-9280;

KleruI!f (305) 486- 4004 Marshall (305) 928-0661;
Orlando: Arrow (30! 725 -1480;

Hall-Mark (305) 855- 4020 Marshall (305) 841-1878;

Mllgray (305) 647-5747; Zeus (305) 365-3000;
Tampa: Arrow (813) 5 76-8 995;

Dipiomat (813) 443-4514; Hall-Mark (813) 530-4543;

Kierulft (813) 576-1966.

GEORGIA: Avrow (404) 449-8252;
Hall-Mark (404) 447-8000; Ktelul" (404) 447-5252;
Marshall (404) 9235 50.

TEXas
INSTRUMENTS

ILLINOIS: Arrow (3!2) 397 3440;

Diplomat (312) 595-1000; Hall-| Mark (312) 860-3800;
Kierulff (312) 250-0500; Marshall (312) 490-0155;
Newark (312) 784-5100.

INDIANA: Indianap Arrow (317) 243-9353;
Graham (317) 634-8202; Hall-Mark (317) 872-8875;
Marshali (317) 297-0483;

F1. Wayne: Graham (219) 423-3422.

IOWA: Arrow (319) 395-7230.

KANSAS: Kansas City: Arrow (913) 541-9542;
Hall-Mark (913) 888-4747; Marshall (913) 492-3121.

MARYLAND: Arrow (301) 995-0

Diplomat (301) 995-1226; Hali-| Mark (301) 988-9800;
Kierulff (301) 636-5800; M|lgray (301) 9956169;
Marshall (301) 840-8450; Zeus (301) 997-1118.

MASSACHUSETTS: Arrow (617) 933-8130;
Diplomat (617) 667-4670; Hall-Mark (617) 667-0902;
Kierulff (617) 667-8331; Marshall (617) 272-8200;
Time (617) 532-6200; Zeus (617) 863-8800.

MICHIGAN: Detroit: Arrow (313) 971-8220;
Marshall (313) 525.5850; Newark (313) 967-0600;
Grand Rapids: Arrow (616) 243-0912,

MINNESOTA: Arrow (612) 830-1
Hall-Mark (612) 941-2600; Klerulﬂ (612) 941-7500;
Marshall (612) 559-2211.

MISSOURI: St. Louis: Arrow (314) 567-6888;
Hall-Mark (314) 291-5350; Kierulff (314) 739-0855.

NEW HAMPSHIRE: Arrow (603) 668-6968.

NEW JERSEY: Arrow 1201) 575 5300 (609)
96-8000; Diplomat (201)

General Haduo( 09) 964-8!

Hall-Mark {201) 575-4415, (609) 235-1900;

Kierulff (201) 575-6750, (609) 235-1444;

Marshall (201) 882- 0320 (609) 234-9100;

Milgray (609) 983-501

NEW MEXICO: Arrow (505) 243-4566.

NEW YORK: Long Island: Arrow (516) 231-1000;
Diplomat (516) 454-6400;
Hall-Mark (516) 737-0600 Marshall (516) 273-2053;
Miigray (516) 420-9800; Zeus (914) -837-7400;
Rochester: Arrow (716) 427-0300;
Marshall (716) 235-7620; anlcmal (716) 359-4400;
My acuse: Arrow (315) 652-1

arshall (607) 798-1611.

NORTH CAROLINA: Arrow (919) 576 3132,
(919) 725-8711; Hall-Mark (919) 872-0712;
Kierulff (919) 872-8410; Marshall (919) 878.9882.

OHIO: Cleveland: Arrow (216) 248-
Hall-Mark (216) 3. 9—4632 Kierultf (216) 831 -5222;
Marshall (216) 2481
lumbus: Arrow (614) 885-8362;
HaII Mark (614) 888-3313;
Dayton: Arrow (513) 435-556:
Graham (513) 435-8660; Kcerulﬂ (513) 439-0045;
Marshall (513) 236-8088.

OKLAHOMA: Arrow (918) 665-7700;
Kierulff (918) 252-7537.

OREGON: Arrow (503) 684-1690
Kierulff (503) 641-9153; Wyle (503) 640-6000;
Marshall (503) 644-5050.

PENNSYLVANIA: Arrow (412) 856-7000,
(215) 928-1800; General Radio (215) 922-7037.

RHODE ISLAND: Arrow (401) 431-0980

TEXAS: Austin: Arvow (512) 835-4180;
Hall-Mark (512) 258-8848; Kierulff (512) 835-2090;
Marshall (512) 837- 1991 Wyle (512) 834-9957;
Dallas: Arrow (214) 380

Hall-Mark (214) 553-4300; Kierulff (214) 343-2400;
Marshall (214) 233 5200 Wyle (214) 235.9953;
Zeus (214) 78371

Houston: Arrow (71 ) 530-4°

Hall-Mark (713) 781-6100; K|erulﬂ (713) 530-7030;
Marshall (713) 895-9200; Wyle (713) 879-9953.

UTAH: Arrow (801) 972-0404;
Diplomat (801) 486-4134;

Hall-Mark (801) 268-3779; Kierulti (801) 973-6913;
Wyle (801) 974-9953.

WASHINGTON: Arrow (206) 643-4800;
Kierulff (206) 575- 4420 Wyla {206) 453.8300;
Marshall (206) 747-

WISCONSIN: Arrow (414) 792-0150
Hall-Mark (414) 797-7844; Kieruttf (414) 784-8160;
Marshall (414) 797-8400.

CANADA: Calgary: Future (403) 235 5325;
Edmonton: Future (403) 438-

Montreal: Arrow Canada (514) 735 5511;
Future (514) 694-7710;

Ottawa: Arrow Canada (613) 226-6903;
Future {(613) 820-8313;

Quebec City: Arrow Canada (418) 687-4231;
Toronto: Arrow Canada (416) 661-0220;
Future (416) 638-4771;

Vancouver: Future (604) 294-1166
Winnipeg: Future (204) 339-0554

BQ




T1 Worldwide
Sales Offices

ALABAMA: Huntsville: 500 Wynn Drive, Suite 514,
Huntsville, AL 35805, (205) 837-7530.

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix,
AZ 85021, (602) 995-1007.

CALIFORNIA: Irvine: 17891 Cartwright Rd., Irvine,
CA 92714, (714) 660-8187. Sacramento: 1900 Point
West Way Suite 171, Sacramenlo CA 95815,
(916) 929-1521; San Dlago 4333 View Ridge Ave.,
Suite B., San D‘ego CA 92123, (619) 278-9601;
Santa Ciara: 5353 Betsy Ross Dr., Santa Clara CA
95054, (408) 980-9000; Torrance: 690 Knox St.,
Torrance, CA 90502, (213) 217-7010;

Woodland Hills: 21220 Erwin St., Woodland Hills,
CA 91367, (818) 704-7759.

COLORADO: Aurora: 1400 S. Potomac Ave.,
Suite 101, Aurora, CO 80012, (303) 368- 8000.

CONNECTICUT: Wallingford: 9 Barnes Industrial
Park Rd., Barnes Industrial Park, Wallingford,
CT 06492, (203) 269-0074.

FLORIDA: Ft. Lauderdale: 2765 N.W. 62nd St.,
F1. Lauderdale, FL 33309, (305) 973-8502;
Maitland: 2601 Maitland Center Parkway
Maitland, FL 32751, (305) 660-4600;

Tampa: 5010 W. Kenned ly Blvd., Suite 101,
Tampa. FL 33609‘ (813) 870-6420.

GEORGIA: Norcross: 5515 Spalding Drive, Norcross,
GA 30092, (404) 662-7900

ILLINOIS: Arlington Heights: 515 W. Algonquin,
Artington Heights, IL 60005, (312) 640-. Zg

INDIANA: Ft. Wayne: 2020 Inwood Dr., Ft. Wayne,
IN 46815, (219) 424-5174;

Indianapolis: 2346 S. Lynhurst Suite J-400,
Indianapolis, IN 46241, (317) 248-8555.

TOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200,
Cedar Rapids, 1A 52402, (319) 395-9550.

MARYLAND: Baltimore: 1 Rutherford PI,
7133 Rutherford Rd., Baltimore, MD 21207,
(301) 944-8600.

MASSACHUSETTS: Waliham: 504 Totten Pond Rd.,
Waltham, MA 02154, (617) 895-9100.

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd.,
Farmington Hills, M1 48018, (313) 553-1500.

MINNESOTA: Eden Prairie: 11000 W. 78th St.,
Eden Prairie, MN 55344 (612) 828-9300.

MISSOUR!: Kansas City: 8080 Ward Pkwy., Kansas
City, MO 64114, (816) 523-2500;

St. Louts: 11816 Borman Drive, St. Louis,

MO 63146, (314) 569-7600.

NEW JERSEY: Iselin: 485E U.S. Route 1 South
Parkway Towers, Iselin, NJ 08830 (201) 750- 1050

NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy
NE, Albuquerque, NM 87107, (505) 345-2555.

NEW YORK: East Syracuse: 6365 Collamer Dr., East
Syracuse, NY 13057, (315) 463- 91,

Endicott: 112 Nanticoke Ave., P.O. Box 618, Endicott,
NY 13760, (607) 754- 3900 Meéiviite: 1 Huntingten
Quadrangle Suite 3 Box 2936, Melville,
NY 11747, (516) 454 6600 Pitistord: 2851 Clover St.,
Pittsford, 'NY 14534, (7|6) 385-6770;

Poughkeepsie: 385 South Rd., Poughkeepsie,

NY 12601, (914) 473-2900

NORTH CAROLINA: Charlotte: 8 Woodlawn Green,
Woodlawn Rd., Charlotte, NC 28210, (704) 527-0930;
Raleigh: 2809 nghwoods Bivd., Suite 100, Raleigh,

NC 27625, (919) 876-2725.

OHI0: Beachwood: 23408 Commerce Park Rd.,
Beachwood OH 44122, (216) 464-6100;

Dayton: ngsley Bldg., 4124 Linden Ave., Dayton,
OH 45432, (513) 258- 3877.

OREGON: Beaverton: 6700 SW 105th St., Suite 110,
Beaverton, OR 97005, (503) 643-6758.

PENNSYLVANIA: Fi. Washington: 260 New York Dr.,
Ft. Washington, PA 19034, (215) 643-6-

Coraopolis: 420 Rouser Rd 3 Airport Olhce Park,
Coraopolis, PA 15108, (4‘2) 771-8550

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg.,
Suite 505, Hato Rey, PR 00919, (809) 753-8700.

TEXAS: Austin: P.O. Box 2909, Austin, TX 78769,
(512) 250-7655; Richardson: 1001 E. Campbell Rd.,
Richardson, TX 75080,

(214) £80-5082; Houston: 9100 Southwest Frwy.,
Suite 237, Houston, TX 77036, (713) 778-6592;
San Antonio: 1000 Centra! Parkway South,

San Antonio, TX 78232, (512) 496-1779.

UTAH: Murray: 5201 South Green SE, Suite 200,
Murray, UT 84107, (801) 266-8972.

VIRGINIA: Fairfax: 2750 Prosperity, Fairfax, VA
22031, (703) 849-1400.

WASHINGTON: Redmond: 5010 148th NE, Bldg B,
Suite 107, Redmond, WA 98052, (206) 881-3080.

WISCONSIN: Brookfield: 450 N. Sunny Slope,
Suite 150, Brockfield, Wi 53005, (414) 785-7140.

CANADA: Nepean: 301 Mocdie Drive, Mallorn
Center, Nepean, Ontario, Canada, K2H9C4,

(613) 726-1970. Richmond Hill: 280 Centre St. E.,

Richmond Hill L4C1B1, Ontario, Canada

(416) 884-9181; St. Lnuranl Vilte St. Laurent Quebec,

9460 Trans Canada Hwy., St. Laurent, Quebec,

Canada H4S1R7, (514) 35-8392.

ARGENTINA Texas Instruments Argentina
A.l.C.F.. Esmeralda 130, 15th Floor, 1035 Buenos
Aues Argentina, 1+ 394-3008.

AUSTRALIA (& NEW ZEALAND): Texas Instruments
Australia Ltd.: 6-10 Talavera Rd., North Ryde
(Sydney), New South Wales, Australia 2|13

2 + 887-1122; 5th Floor, 418 St. Kilda Road,
Melbourne, Victoria, Australia 3004, 3 + 267-4677;
|7| l;hlhp nghway, Elizabeth, South Australia 51|2

AUSTRIA: Texas Instruments Ges.m.b.H.:
|ndlésat3(eslrabe B/16, A-2345 Brunn!Gebuge,

BELGIUM: Texas Instruments N.V. Belgium S.A.:
Mercure Centre, Raketstraat 100, Rue de la Fusee,
1130 Brussels, Belglum 21720.80.00.

BRAZIL: Texas Instrumenfs Electronicos do Brasil
Ltda.: Rua Paes Leme, 524 7 Andar Pinheiros, 05424
Sao Pauto, Brazil, 08156166

DENMARK: Texas Instruments A/S, Malrelundve]
46E, DK-2730 Herlev, Denmark, 2 - 91 74 00.

FINLAND: Texas Instruments Finland OY:
;golhsuuskalu 19D 00511 Helsinki 51, Finland, (90}
1-313!

FRANCE: Texas Instruments France: Headquarters
and Prod. Plant, BP 05, 06270 Villeneuve-Loubet,

(93) 20-01-01; Paris Omce. BP 67 8-10 Avenue
Morane-! Saulmer 78141 Velizy-Villacoublay,

(3) 946-97-12; Lyon Sales Office, L'Oree D'Ecully,
Batiment B, ‘Chemin de la Foresnere 69130 Ecully,
(7) 833-04- 40 Strasbourg Sales Oihce Le Sebastopo!
3, Quai Kleber 67055 Strasbourg Cedex

(88) 22-12-66; Rennes, 23-25 Rue du Puits Mau er,
35100 Hennes (99) 31 -54-86; Toulouse Sales Office,
Le F'eripole—?, Chemin du Pigeonnier de la Cepvere.
31100 Toulouse, (61) 44-18-19; Marseitle Sales Office,
Noilly Paradis— 146 Rue Paradis, 13006 Marseille,
(91) 37-25-30.

TeExas
INSTRUMENTS

GERMANY (Fed. Republic of Germany): Texas
Instruments Deutschland GmbH: Haggertystrasse 1,
D-B0S0 Freising, B161 + 80-4591; Kurfuerstendamm
195/196, D-1000 Berlin 15, 30 + 882-7365; IIl, Hagen
43/Kibbelstrasse, .13, D-4300 Essen, 201-24250;
Frankfurter Allee 6.8, D-6236 Eschborm 1,

196 + 8070; Hamburgerstrasse 11, 02000 Hamburg
76, 040 + 2201154, Kirchhorsterstrasse 2, D-3000
Hannover 51, 511+548021 Maybacnslrabe 1,
D-7302 Ostfildern 2- Nellngen 711+ 547001;
Mixikoring 19, D-2000 Hamburg 60, 40*637+006\
Postfach 1309, Roonstrasse 16, D-5400 Koblenz,
261+ 35044.

HONG KONG (+ PEOPLES REPUBLIC OF CHINA):
Texas Instruments Asia Ltd., 8th Floor, World
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon,
Hong Kong, 3 + 722-1223.

IRELAND: Texas Instruments (Ireland) Limited:
?v::’w%ry Rd,, Stillorgan, County Dublin, Eire,
1311,

ITALY: Texas Instruments Semiconduttori italia Spa:
Viale Delle Scienze, 1, 02015 Cittaducale (Rieti),
1taly, 746 694.1; Via Salaria KM 24 (Palazzo Cosma),
Monterotondo Scalo (Rome), laly, 6 +9003241; Viale
Europa, 38-44, 20093 Cologno Monzese (Milano),

2 2532541; Corso Svizzera, 185, 10100 Torino, ltaly,
11 774545; Via J. Barozzi 6, 40100 Bologna, Italy, 51
355851

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama
Fuji Bidg., 6-12, Kita Aoyama 3-Chome, Minato-ku,
Tokyo, Japan 107, 3-498-2111; Osaka Branch, 5F,
Nissho Iwai Bldg., 30 Imabashi 3- Chome,
Higashi-ku, Osaka Japan 541, 06-204-1881; Nagoya
Branch, 7F Daini Toyola West Bldg., 10- 27 Meieki
4-Chome, Nakamura-ku Nagoya, Japan

450, 52.583-8691.

KOREA: Texas Instruments Supply Co.: 3rd Floor,
Samon Bldg., Yuksam-Dong, Gangnam-ku,
135 Seoul, Korea, 2 +462-8001.

MEXICO Texas Instruments de Mexico S.A.: Mexico
City, AV Reforma No. 450 — 10th Floor, Mexlco
' 06600 § +514-3003.

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor
Mannai Bidg., Diplomatic Area, P.O. Box 26335,
Manama Bahraln Arabian Gulf, 9730274851

NETHERLANDS: Texas Instruments Holland B.V.,
P.O. Box 12995, (Bullewijk) 1100 CB Amsterdam,
Zuid-Oost, Holland 20 +5602911.

NORWAY: Texas Instruments Norway A/S: PB106,
Refstad 131, Oslo 1, Norway, (2) 155090.

PHILIPPINES: Texas Instruments Asia Ltd.: 14th
Floor, Ba- Lepanto Bldg.. 8747 Paseo de Roxas,
Makati, Metro Manila, Philippines, 2 +8188987.

PORTUGAL: Texas Instruments Equipamento
Electronico (Portugal), Lda.: Rua Eng. Frederico

Ulrich, 2650 Moreira Da Maia, 4470 Maia, Portugal,
-948-1003. .

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA,
THAILAND): Texas Instruments Asia Ltd.: 12 Lorong
Bakar Batu, Unit 01-02, Kolam Ayer Industrial Estale,
Repubtic of Singapore, 747-2255.

SPAIN: Texas Instruments Espana, S.A.: C/Jose
Lazaro Galdiano No. 6, Madrid 16, 1/458.14.58.

SWEDEN: Texas instruments International Trade
Corporation (Sverigefilialen): Box 39103, 10054
Stockho!m, Sweden, 8 - 235480.

SWITZERLAND: Texas Instruments, Inc., Reidstrasse
6, CH-8953 Dietikon (Zuerich) Switzerland,
1740 2220.

TAIWAN: Texas Instruments Supply Co.: Room 903,
205 Tun Hwan Rd., 71 Sung-Kiang Road, Taipei,
Taiwan, Republic of China, 2 + 5 1.9321.

UNITED KINGDOM: Texas Instruments Limited:
Manton Lane, Bedford, MK41 7PA, England, 0234
67466, St. James House, Wellington Road North,
Stockport, SK4 2RT, England, 61 + 442-7162. "
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