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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 Schottkyt 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 TI'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 TI'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.

TV's leadership PAL ICs and Series 3 PROMs utilize our new advanced bipolar technology, IMPACT (IMPlanted

Adua
Advanced Composed Technology). This unique innovation offers performance advantage

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.
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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 | — GENERAL CONCEPTS AND CLASSIFICATIONS OF CIRCUIT COMPLEXITY
Chip-Enable Input

A control input that when active permits operation of the integrated circuit for input, internal transfer, manipulation,
refreshing, and/or output of data and when inactive causes the integrated circuit to be in reduced-power standby
mode.
NOTE: See “chip-select input”.

Chip-Select Input

A gating input that when inactive prevents input or output of data to or from an integrated circuit.
NOTE: See “chip-enable input”.

Field-Programmable Logic Array (FPLA)

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 cells and usually including associated circuits such as those for address
selection, amplifiers, etc.

*p
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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 programmable 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

UONEWIOJU| |BIBUIL) H

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.

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.

*
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GLOSSARY

PART 2 — OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS)

fmax 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.

L

Icc Supply current
The current into* the Vg supply terminal of an integrated circuit.
c
IccH Supply current, outputs high 2
The current into* the Vcc supply terminal of an integrated circuit when all (or a specified number) of the ‘&
outputs are at the high level. £
S
lccL Supply current, outputs low 'E
The current into* the Vcc supply terminal of an integrated circuit when all (or a specified number) of the -
outputs are at the low level. TE
-]
hH High-level input current GC,
The current into* an input when a high-level voltage is applied to that input. (U]
I Low-level input current
The current into* an input when a low-level voltage is applied to that input.
loH High-level output current
The current into* an output with input conditions applied that, according to the product specification, will
establish a high level at the output.
loL 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.
los (lo)  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).
lozH 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 product 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.
lozL 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.
\g
TEXAs 1-9

INSTRUMENTS
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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.
1 ViK Input clamp voltage
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage
swing.
o g
‘:" viL Low-level input voltage
Q An input voltage level within the less positive (more negative) of the two ranges of values used to represent
-2 the binary variables.
— NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which
?o. operation of the logic element within specification limits is guaranteed.
e
3 VOH High-level output voltage
E’, The voltage atan output terminal with input conditions applied that, according to the product specification,
"g" will establish a high level at the output.
VoL Low-level output voltage

The voltage atan 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. (tgijs = tpHz or tpL2).

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 oOr 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.

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 vaiue in which case the minimum iimit defines the iongest
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. (tpg = tPHL Or tPLH).
3
1-10 XAS
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tPHL

tPHZ

tPLH

tpLz

tpzH

tpzL

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 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 voitage 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.

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 terminal and a subsequent active

transition at another specified input terminal.

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

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

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

L
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EXPLANATION OF FUNCTION TABLES

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

H = high level (steady state)
L = low level (steady state)
T = transition from low to high level
1 = transition from high to low level
- = value/level or resulting value/level is routed to indicated destination
N = value/level is re-entered
X = irrelevant (any input, including transitions)
z = off (high-impedance) state of a 3-state-output
a..h = the level of steady-state inputs at inputs A through H respectively
Qo = level of Q before the indicated steady-state input conditions were established
Qo = complement of Qg or level of Q before the indicated steady-state input conditions were
established
Qn = level of Q before the most recent active transition indicated by { or T

one high-level pulse

!

= one low-level pulse
TOGGLE

each output changes to the complement of its previous level on each transition indicated
by lor 1.

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 output
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 a level (H, L, Qg, or Qg), 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 a pulse, [ Lor L_J. the pulse follows the indicated input transition
and persists for an interval dependent on the circuit.)

{i’
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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

v2
R1 RL
FROM OUTPUT
UNDER TEST
I Cy (

\A

FROM OUTPUT
UNDER TEST

CL R2 See Note A)
(See Note A) I
- -

LOAD CIRCUIT THEVENIN EQUIVALENT

CIRCUIT
VOLTAGE VALUES
MEASUREMENTS | Vcc Vi v2
55V 55V | 3.7V

5.25 V 5.25 V 3.5V
4.75 V 4.75 V 3.2V

tPLH and tpH

4.5 V 4.5V 3V
tpHz and tpzH ALL oV oV
tpLz and tpz| ALL 5V | 33V

RESISTOR VALUES

IoLMAX R1 R2 RL
24 mA 2000 | 4000 | 133Q
20 mA 2400 | 4800 | 1600

16 mA 300 Q 600 @ 200 @

12 mA 400 Q 800 @ 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
Rr1
FROM OUTPUT
UNDER TEST
CL RL2
(See Note A) |

TEST CIRCUIT FOR USE WHEN
R1 AND R| 2 ARE SPECIFIED

Vce
RL
FROM OUTPUT
UNDER TEST

C (See Note A)

TEST CIRCUIT FOR USE WHEN
SINGLE R IS SPECIFIED

TIMING 3v
INPUT K15V PULSE
4 R ov
o tg, 9 th ":
i <r-——3V
DATA H15V %15V Low-L
INPUT / \ ov PULSE

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

HIGH-LEVEL

I-Q———tw—v,

3v
LOW-LEVEL N5V 15V H
N7

Z—— —ovV

VOLTAGE WAVEFORMS
PULSE WIDTHS
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SERIES 1 AND 2 PROMs, RAMs, MEMORY-BASED CODE CONVERTERS

PARAMETER MEASUREMENT INFORMATION

—_———— e — — — — — 3V

15V \15 v
INPUT |

! 1
!"—‘PLH—’I |4—1PHL—b|

i
| T T Vow
IN-PHASE | 15V 15V
ouTPUT |

IQ_tPHL—Di |¢—tp|_|.| —>! Yot

Vi
OUT-OF PHASE | ] OH
OUTPUT 15V 15V

ov

————— VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES
3v
OUTPUT CONTROL 15V 15V
(Low-level enabling)
| e e oV

(See Note C) |

|
] |
WAVEFORM 1 _ |
(See Note B) : Ve 18V |
| |
|
| . v
WAVEFORM 2 ! I OH
(See Note B) V¢=15V |
|<— tpHz —b] ~0V

(See Note C)

VOLTAGE WAVEFORMS
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. Tl normally measures tp z and tppz by reading at the 1.5-volt (Vy) point on the waveform and subtracting the RC time from
the reading.
For tpLz, RCin Y2 ~ VoL max

V2 -V

is subtracted from the reading.

VoHmin
Vi

For tpHz, RCin is subtracted from the reading.

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

mo
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SERIES 3 PROMs

PARAMETER MEASUREMENT INFORMATION

V‘LC
s1 Vece
R1 R1 1
FROM OUTPUT TEST iebagindd
UNDER TEST POINT UND S
>
R2S c
CL 3 CL R2 ..o-
-
(See Note A) | t (See Note A) | g
= = = =
LOAD CIRCUIT FOR LOAD CIRCUIT FOR -.o..
THREE-STATE OUTPUTS OPEN-COLLECTOR OUTPUTS _E
RESISTOR VALUES S
oL MAaxt R1* R2* 2
24 mA 2002 | 400¢Q [
20 mA 240 Q 480 Q o
16 mA 300 600 Q
12 mA 400 Q 800 Q
8 mA 600 1.2 kQ
tSee Recommended Operating Conditions.
*Unless otherwise specified.
NOTE A: C_ includes probe and jig capacitance.
3y Ay
TIMING i HIGH-LEVEL b
INPUT 15v PULSE F15V 15V
e T T ov e tw > ov
e tg, 9 th &
! <--——3v o tw —¥ 3v
DATA j . : |
15V 15V LOW-LEVEL 15V 15V
INPUT oV PULSE oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS
—————3V
INPUT 15v 15V OUT:I;I)L
; ! ov ((:lgv':‘ level
. X
tPLHJ—— [tenL enabling)
IN-PHASE H "~ VoH
OUTPUT | 15v | 15V
! ! vo WAVEFORM 1
. 1 ! L S1CLOSED
PHL—1¢— —>-tPLH (See Note B)
outoFprase  \ l VoH
OUTPUT 18V 15v WAVEFORM 2
——— VoL S$10PEN
(See Note D) (See Note B)
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, = t; = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
T *I’
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6' NOTE A: C| includes probe and jig capacitance.
=3
TIMING 35V @ HIGHLEVEL /N~~~ 35V
INPUT 1.3V PULSE ¥1.3v 13V
e e e 03V ' tw | 03v
.- tg, 9 th & < >
[ _.:—___35\/ \ tw | 35Vv
DATA ; 13V LOW-LEVEL %13V 13V
INPUT 13v :
03V PULSE - — — — 03V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS
—————— 35V 35V
OUTPUT
T B
INPU 13V K32V CONTROL 13v 13V
| | 03V (low-level AN 03V
eeLHY fetprLe enabling)  tp7, —tew -
IN-PHASE ! ! T T T VoH Pl I
! 13V | 1.3V 1 ~35V
OUTPUT | b ! WAVEFORM 1 \ [ §93V
T ! VoL ?1 cn.oseo) = AT 3== VoL
@ tpHLY 1GtpLH® See Note B o |
OUT-OF PHASE ! | VoH Fan—a iy T S
A 13V 13v WAVEFORM 2 ; ==—=3== Vou
OuTPUT S10PEN
—— — VoL
(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; = 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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SERIES TIBPAL', PAL', TIFPLA DEVICES

PARAMETER MEASUREMENT INFORMATION

7v
Vec b RL=RI=R2
s1
RL
FROM OUTPUT TEST FROM OUTPUT TEST
UNDER TEST POINT UNDER TEST POINT R1
T FROM OUTPUT TEST
(Soe Note | cL UNDER TEST POINT
(See Note A)I CLAR R2
L 1 (See Note A)

LOAD CIRCUIT FOR
BISTATE

TOTEM-POLE OUTPUTS OPEN-COLLEC

LOAD CIRCUIT FOR

LOAD CIRCUIT FOR

TOR OUTPUTS THREE-STATE OUTPUTS
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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 to
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

General Information

Unique Circuit D

Must contain four to eight characters

Examples:
7489
54185A
74LS319A
5451898

Must contain one or two letters

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

Instructions (Dash No.)

Must contain two numbers
— 00 No special instructions

— 10 Solder-dipped leads (N and NT packages only)

T These 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
by the

omer {with possible additional costs), circuits will be shipped in the most practical carrier. Please contact your T! 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

Texas {9

INSTRUMENTS



—

uoIeWIOU| |RIBUSE)

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 explained in the following
example.

These two digits
comprise the
series designation

EXAMPLE: TBP 2 8 SA 8 6 M J
Prefix T _[— Package Type
TBP = standard prefix ) J,JT,JW = ceramic dual-in-line
MBP = MACH IV N,NT,NW = plastic dual-in-line

SNM processing FH, FK = ceramic chip carrier
CPB = MIL-STD-883B - FN = plastic chip carrier

vendor-equivalent Military

) > Product
SNC processing X
Versions

JBP = JEDEC standard

MIL-STD-883B t————— Temperature Range

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

M -565°C to 126°C
TSee Tl publication CB233A for detailed
explanation and processing flow diagrams.
Package Size?
Row Spacing in
Inches (Millimeters)
Generic Programming Family ——m7M——— 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 tPackage-suze designation is not applicable with chip
RA = registered open-collector carrier (FC, FE, or FN), and should be replaced with
SR = shadow register the letter X for this package type.
Bit C |

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 TexAas "9

INSTRUMENTS



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

C 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
Number of Array Inputs
Output Configuration Desi

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 ure Range

-—

General Information

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

F Type

N = 20-Pin Plastic DIP

J = 20-Pin Ceramic DIP

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

FH, FK = Ceramic Chip Carrier

PAL is a registered trademark of Monolithic Memories Inc.

{/
Texas b 1-19
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESS FOR PAL AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS*

HARDWARE MANUFACTURERS

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

® DATAI/O
USA
10525 Willows Rd.

Redmond, WA 98052
(206) 881-6444

GERMANY

® Datal/O
Deutschland GmbH
Bahnhofstr. 3
D-6453 Seligenstadt
Tel. 06182-3088

ITALY

@ Sistrel SPA
1-00143 Roma
(6) 5915
Telex 680356 SISTREL |

@ Sistrel SPA
1-20092 Cinisello
Balsamo (Mi)
(2) 6120129/6181893
Telex 334643 SISTREL |

NETHERLANDS

@ Simac Electronics
5503HR Veldhoven
(40) 53372
Telex 51037 SIMAC NL

@ Data I/0 Europe
Vondelstraat 50-52
NL-1054 GE Amsterdam
Tel. 020-186855
Tix. 16616 Datio NL

@ Data I/0 Europe
World Trade Center
Strawinskylaan 633
NL-1077 XX Amsterdam
Tei. 020-622866
TIx. same as above

NORWAY

@ Teleinstrument A/S
N-1371 Asker

(2) 789460
Telex 72919 TEL INN

PORTUGAL

® Decada Espectral
P- 1495 Llsboa
(1) 210
Telex 1551 5 ESPECP

SPAIN

@ Unitronics
Madrid
2425204/4480162
Telex 28008 MADRID

® Unitronics
Barcelona
2392768/2392655
Telex 08029 BARCELONA

SWEDEN

® Macrotek AB
S-16211 Valingby
(8) 870190
telex 12543 MATEK S

SWITZERLAND

@ Instrumatic SA
CH-1207 Geneve
(22) 360830
Telex 28667 INSR CH

@ Instrumatic AG
CH-8800 Thalwil/ZH
(1) 7231410
Telex 826801
INBC CH

UNITED KINGDOM

@ Microsystem Services
High Wycombe
(494) 41661
Telex 837187
MICSYS G

@ DIGITAL MEDIA
3178 Gibraltar Ave.
Costa Mesa,

CA 92626
(714) 751-1373

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

GERMANY

@ Breslauer Str. 2
8057 Eching b. Mchn.
Tel. (089) 31901-0
Telex 0522122

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

GERMANY

@ Scantec System-
elektronik GmbH
Landshuter Allee 49
D-8000 Miinchen 19

UNITED KINGDOM

@ Stag Electronic
Design
Stag House
Tewin Court
'\{IVeIwyn Garden City

erts.
England AL7 1AU

® 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

Sagi

C/Castello 25,2
Madrid 1

Spain

NAXAB

Box 4115, S-171-04
Solna

Sweden

Industrade AG
Gemenstr. 2,
Postfach CH-8021
Zurich
Switzerland

G. Ellinger
Maria-Theresia-Str. 9
8000 Munich 80
West Germany
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESS FOR PAL AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS*

HARDWARE MANUFACTURERS

Positron GmbH
Benzstr. 1 — Postf. 1140
D-7016 Gerlingen
West Germany

Alcom Electronics B. V.
Hollandsch Diep 57
Capelle a/ljsel 2904 EP
Netherlands

Manudax Nederland
Meerstraat 7, P.B. 25
Heseswijk 5473Z2G
Netherlands

MMI France

8 Rue del Esterel, Silic 463
Rungis Cedex F9563
France

Comprel S.R.L.
Viale Romagna 1
Cinisello Balsamo
Milano 20092
Italy

Elind

30 Torio St.

20063 Cernusco S. N. Milano
Italy

SOFTWARE MANUFACTURERS

@® Assisted Technologies

(CUPL)

2381 Zanker Road,
Suite 150

Santa Clara, CA 95050
(408) 942-8787

C-88

Kokkedal industriepark 42A
Kokkedal DK-2980
Denmark

Analog Devices, Ltd.
Central Ave., East Molesey
Surrey KT8-OSN

England

Elan Digital
Systems Ltd.
16-20 Kelvin Way/
Crawley

West Sussex
RH112Ts

England

Data Dis

10-12 Rue Emile
Landrin
Boulogne 92100
France

Generim Z. A.

de Courtaboeuf 91943
Les Ulis Cedex Orsay
France

Jermyn S.A,,
Immeuble Orix

16 Aven. Jean Jaures
Choisy Le Roi 94600
France

Monolithic Memories Inc.
(PALASM)

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

C/0 J.P. Lemaire
Rampe Gauloise, 1A
Bruxelles 1020
Belgique

D & D Electronics
P.V.B.A.

#7 Olympiadelaan 93
Antwerp 2020
Belgium

@ 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

@ DATA I/0 (ABEL)
10525 Willows Rd.
Redmond, WA 98052
(206) 881-6444

* Texas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA 1/0, 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.
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FUNCTIONAL INDEX

GATES AND INVERTERS

POSITIVE-NAND GATES AND INVERTERS POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS
TECHNOLOGY TECHNOLOGY
STD ST
DESCRIPTION TYPe || Ats jasiH | L}is | s | voLumE DESCRIPTION TYPE | L | ALS| As| M LS | S| voLume
H I g . 8 2 ° o |
ex 2 Input Gates 804 = Quadruple 2 Input Gates ‘09 1
0a . ool e e 0 2
Hex Inverters A . 2 X K oo (e 1
5% . . Triple 3.Input Gates 15 + >
00 -2 e e e e ¥
Quadruple 2 Input Gates A D 2 POSITIVE-OR GATES
1000 A D
; TECHNOLOGY
L4 L L L L IST)
Triple 3 input Gates 10 A i < DESCRIPTION TYP m ALS | AS| LS | S | VOLUME
‘1010 A b H 2-h G: ‘83 Ld B8
o sTel e e t lex 2-input Gates 832 2
20 . o |e 1
Dual 4 Input Gates A . 2 a o 2 S 32 P
030 Y . luadruple input Gates o33 ~ r
. o e oo . 2
8.Input Gates ‘30 2 Triple 4 Input ORINOR ‘802 A
A . x
- t
13-Input Gates 133 POSITIVE-NOR GATES (4}
D 2 °
Dual 2 Input Gates *8003 . TECHNOLOGY c
STD -
DESCRIPTION TYPE ALs| A —
POSITIVE-NAND GATES AND INVERTERS WITH OPEN-COLLECTOR OUTPUTS TTL S|t ['s| S |Vorume ©
TECHNOLOGY Hex 2 Input Gates ‘805 Ld B 2 :
. oo e 1 o
STD ‘02
DESCRIPTION TYPE || Ats |As|H | L|is|s | voLumE Quadruple 2 Input Gates o] e 2 -
= 1002 A Q
D . [ BK) 1
‘05 0 . 1 c
Hex Inverters A Triple 3-Input Gates 27
2 DRI 2 3
(1008 e Dual 4-Input Gates 25 . ('8
- - . . 3 ual 4-Input Gates with Strobe 1
o1 . 2 Dual 5-Input Gates ‘260 .
Quadruple 2-Input Gates ; L e| e o 1
03 A 2 SCHMITT-TRIGGER POSITIVE-NAND GATES AND INVERTERS
11003 A TECHNOLOGY
‘ D . 1 sTD
Triple 3-Input Gates 12 ry 2 DESCRIPTION TYPE ity ALS | AS| LS | S | VOLUME
. . e e 1
. ‘14 . L]
Dual 4-Input Gates 22 5 5 Hex Inverters
‘19 L4
Octal Inverters 619 .
POSITIVE-AND GATES 731 e - 1
Dual 4-Input Positive NAND -
TECHNOLOGY — | 18 .
STD Triple 4-Input Positive-NAND ‘618 .
DESCRIPTION TYPE ALs |As| H | ts| s | volUme 28 -
m Quadruple 2-Input Positive-NAND -
Hex 2-Input Gates ‘808 L4 B 2 132 L L4 L]
‘08 . Ld L4 1
Quadruple 2 Input Gates o e CURRENT-SENSING GATES
1008 A |e 2
ol e e 1 TECHNOLOGY
n DESCRIPTION TYPE VOLUME
Triple 3-Input Gates A _|e 2 as| as[is
ETIE] A 2 Hex ‘63 e ]
. . 1
Dual 4-Input Gates 21 < T . DELAY ELEMENTS
Triple 4-Input AND/NAND ‘800 A
TECHNOLOGY!
DESCRIPTION TP
ALs [As [is | VOHUME
I t d N ting El 3
nverting and Noninverting Elements = o T
2 Input NAND Buffers
CF Denotes contact factory
® 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.
S Denotes supplement to data book.
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FUNCTIONAL INDEX

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS

AND-OR-INVERT GATES GATES, BUFFERS, DRIVERS. AND BUS TRANSCEIVERS
TECHNOLOGY WITH 3-STATE OUTPUTS
STD
DESCRIPTION TYPE || ALS |AS|H | L |LS S |VOLUME TECHNOLOGY
STD
2 Wide 4 Input ‘55 ool DESCRIPTION TYPe | [ALS |As|Ls | s |voLumE
4 Wide 4 2-3 2 Input ‘64 . T
2 Wide 2.2-3.2 input 54 . 241 1
1 A L 2
4-Wide 2 Input ‘54| ® s :
4-Wide 2-3-3-2 input ‘54 L ARd 244 A P 2
Dual 2 Wide 2 Input ‘51 . e e 0 |0 P 3
‘465
Nonminverting A 2
AND-OR-INVERT GATES WITH OPEN-COLLECTOR OUTPUTS
Octal Butfers/Drivers w67 . 1
TECHNOLOGY A 2
STD . 1
DESCRIPTION TYPE ALS | AS | 5 | VOLUME ‘541
TTL . 2
4-Wide 4-2-3-2-Input ‘65 D) 1 1241 A
1244¢ A 2
EXPANDABLE GATES 231 .
o e T
TECHNOLOGY ‘240 .
STD A e
DESCRIPTION TYPE ALs |AS|H | L [LS|vOLUME . T
TTL 466 >
Dual 4 Input Positive-NOR nvertng Octal A
ua pu 23] e Buffers/Drivers L T
With Strobe 468 A 3
4 Wide AND OR 52 . r T
4 Wide AND OR-INVERT ‘53 . . 1 540 Py 7
: L] L] L]
2 Wide AND-OR INVERT 55 330 -
Dual 2 Wide AND-OR-INVERT 50| e D 2
Inverting and Noninverting
230 .
Octal Buffers Drivers
EXPANDERS
‘245 * 1
TECHNOLOGY Octal Transceivers A |a 2
STD 1245 A 2
DESCRIPTION TYPE | [ | ALS [AS | H |vOLUME = = 7
365
Dual 4 Input ‘60 | D Noninverting 2 3
Trple 3 Input ‘61 L] 1 Hex Buffers Drivers 367 A A 1
3:2-2-3-Input AND-OR ‘62 . Y 2
366 A A 1
BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS inverting A 2
Hex Buffers Di s A A 1
TECHNOLOGY ex Bufters Drivers ‘368 : 5
DESCRIPTION )
o TYPE M ALS |AS LS | S | VOLUME 125 | e A
TTL Quad Buffers/Drivers
th Ind dent 126 hd A 1
- with Independen:
orye 1 P 425 | ®
. Output Controls
17 L4 426 .
Hex
'35 . 2 N N .
t
7035 . 2 oninverting 243 — 2
Quad Transceivers
6| e 1 1243¢ A o
Hex Inverter ‘16 . .
1005 . 2 Inverting 242 T 5
26T e Quad Transceivers
1 1242¢ A
28 2 °l® Quad Transceivers with Storage 226 D
Quad 2 nput Positive NAND A 2 12-Input NAND Gate 134 . 1
3919 1 Controller and Bus Driver 28 .
1003 A 2 for B0BOA System
. . 1
Quad 2 Input Positive NOR 33 x 3
50-OHM/75-OHM LINE DRIVERS
BUFFERS, DRIVERS, AND BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS TECHNOLOGY
STD
TECHNOLOGY DESCRIPTION Tvee | T latslas |s |volume
STD ;
DESCRIPTION TYPE| L | ALS |AS | LS| S | VOLUME Hex 2-Input Positive-NAND 804 e | B
L Hex 2-Input Positive-NOR 805 e |8 2
Noninverting 743 4 2 Hex 2.Input Positive AND 808 e | 8
Octal Buffers Drvers 757 hd 2 Hex 2.Input Positive.-OR 832 e | B
760 hd Quad 2-Input Positive NOR 28] e 1
Inverting Octal 742 A 2 Dual 4 Input Positive- NAND 120 .
756 .
Buffers Drvers
N ers 763 . CF Denotes Contact Factory
Inverting and Noninverting 262 . 2 Denotes available technology.
Octal Buffers Drivers A Denotes planned new products.
Noninverting Quad Transceivers. 759 . € Denotes very low power.
Inverting Quad Transceivers 758 . A Denotes ""A’" suffix version available in the technology indicated.
S

Denotes supplement to data book.

TExas {’
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FUNCTIONAL INDEX

BUFFERS, DRIVERS, TRANSCEIVERS, AND CLOCK GENERATORS

BUFFERS, CLOCK/MEMORY DRIVERS OCTAL B1-/TRI-DIRECTIONAL BUS TRANSCEIVERS
TECHNOLOGY TYPE TECHNOLOGY
OF
DESCRIPTION tvee | ST |ais|as|H|is|s |volume DESCRIPTION TYPE | ALS | AS | LS | VOLUME
TTL OUTPUT
o . -
lex 2 Input Positive-NAND 804 . 8 3 State 245 A 4 2
Hex 2-Input Positive-NOR '805 e |8 2 hd 1
[ ¥ 3 g A
ex 2.Input Positive AND 808 e [ B oc 621 |21 2
Hex 2-Input Positive-OR ‘832 e |8 hd 1
Hex Inverter 1004 ° e A le 2
34 ry Py 2 Low 3 State 623 Py
Hex Buffer 12 mA 24 mA 48 mA 64 mA | Power 1
1034 o o K 2
Sink. True Outputs OC. 3 State 639
.37 . o |e 1 L 1
Quad 2-Input Positive-NAND A A le 2
2 3 State 652
'1000 Ale . 1
. . 1 L 2
‘28 = OC. 3 State 654 <
1
Q Input P NOR
uad 2-Input Positive-NO! 003 = — 5 IPoTE
Very Low
1036 . pv 3 State 1623 | & 2
ower
Quad 2-Input Positive AND 1008 A le e OC 3stae | 1638 | & )
Quad 2-Input Positive-OR 1032 A e 2 Al e 2
3 State 620 )]
Triple 3-Input Positive NAND | 1010 A . 1 ko]
Triple 3-Input Positive-AND 1011 A oc 622 |2 ° 2 c
Triple 4-Input AND-NAND ‘800 A . 1 -_—
Tripie 4-Input OR-NOR ‘802 A 12 mA 24 mA 48 mA 64 mA Low A ° 2 r—1
OC. 3 State 638 m
.40 ) o[ eofe Al Sink. Inverting Outputs Power . 1 c
Dual 4-Input Positive-NAND A 2 A . 2
3 State 651 °
1020 A . 7 =
Line Driver/Memory Driver D 2 Q
‘436 L] 1 OC. 3 State 653
with Series Damping Resistor . 1 c
Line Driver/Memory Driver ‘437 . 3 State 1620 | A -
Very Low
N oc 1622 | & 2 (T
ower
BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS AND DRIVERS OC 3Stae | 1638 | A
A e
TYPE TECHNOLOGY oc 641
oF Low . 1
DESCRIPTION TYPE |ALS | AS|LS | S | VOLUME 12 mA 24 mA 48 mA 64 mA|  Power Al e 2
OUTPUT 3 State ‘645
Swnk. True Outputs . 1
Quad with Bit Direction 3-State | ‘446 3
Very Low 0oC 1641 A
Controls 3-State | ‘449 D
Power 3 State 1645 A 2
oc '440 . A | »
oC ‘441 . 3 State 640 . 1
Quad T 3State | 442 d ! 12 mA 24 mA 48 mA 64 mA o A | e 2
mA 24 mA 48 mA 64 m,
uad Tridirection XTI T - Power oc 642
Sink. Inverting Outputs. . 1
3-State | 444 . o 75 o=
ery Low tat
oC | 448 D v L
- Power oc 1642 A 2
4-Bit with Storage 3-State | '226 . —1
3 State 643
Low . 1
OCTAL BUS TRANSCEIVERS/MOS DRIVERS 12mA 28 MA B MABIMAL e Al e 2
Swink, True and oc 644 . ]
TECHNOLOGY Inverting Outputs
STD Very Low 3 State 1643 Ao 2
DESCRIPTION TYPE | L |Ats| as s | s | voLume Power oc Teas | &
p Al e Z
Inverting Outputs, 3-State 2620 d Registered with Multiplex 3 State 646 - T
2640 L 2 12 mA 24 mA 48 mA 64 mA
‘2623 . . a7 A
True Outputs, 3-State tue Outputs oc 6 Py 7
‘2645 .
A 3 2
Registered with Multiptexed 3 State 648 - ]
OCTAL BUFFERS AND LINE DRIVERS WITH INPUT/OUTPUT RESISTORS 12 mA 24 mA 48 mA 64 mA 5
-
inverting Outputs oc 649
TECHNOLOGY hd T
STD N ) 877 o 2
DESCRIPTION TYPE ALS | AS | LS | S | VOLUME Unwversal Transceiver
TTL 3-State 852 L4 2
Port Controllers
Inverting Outputs 746 A 856 Ld
Input Resistors
Noninverting Outpuis | 747 A 2
I ‘254 L
Outpur Resistors |0YeTing Outputs 2540
Noninverting Outputs | 2541 .
CF Denotes contact factory
® Denotes available technology.
A Denotes planned new products.
A Denotes ‘*A’’ suffix version available in the technology indicated.
S Denotes supplement to data book.
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FUNCTIONAL INDEX

DUAL AND SINGLE FLIP-FLOPS QUAD AND HEX FLIP-FLOPS
TECHNOLOGY TECHNOLOGY
STD F STD
DESCRIPTION TYPE | 1| ALS | AS| H | LILS|S| VOLUME DESCRIPTION szo OUTPUTS| TYPE | | ALS | AS | LS VOLUME
s
‘73 A 74 . . 1
‘76 A 6 Q o | e 2
78 A 378 .
103 . 1 D Type 171 0 1
108 : a Q.d |75 2 °
107 A . ° | o 2
Dual J K Edge Triggered ‘108 L] 379 D
. A 276 |
‘109
A L. 2 X N ° 376 | e 1
1nz ALl )
A A 2 OCTAL, 9-BIT. AND 10-BIT D-TYPE FLIP-FLOPS
13 ALe 1 N
Y 2 2 o or — TECHNOLOGY
Ale 1 DESCRIPTION . OUTPUT | TYPE ALs|as|Ls VOLUME
114 BITS T
A A 2 Py
L
70 | ® e b et | 3t | 1374 r 2
Single J K Edge Triggered 101 . Tue Data ctal 1
g 3 State | ‘574 o | e
102 L4 ry 2
73 [ e o 2state | 273 f— r
76 | o . 1
Dual Pulse Triggered S8 T True Data with Clear| Octal [ 3 State | 575 ° | e
107 | ® 3 State '574 o | e 2
71 DK 1 3 State | '878 DRI
72 | e r I True with Enable Octal 2 State | '377 3 1
Single Pulse Triggered o5 o 3 State | ‘534 o | o
105 | ® Inverting Octal | 3 State | ‘564 D
3 L4 A
Dual J K with Data 3 State | 576 2
1M e 3 State | 577 o | o
Lockout Inverting with Clear | Octal
3 State | 879 K
Single J K with Data
10 | @ Inverting with Preset| Octal | 3 State | ‘876 K
Lockout . <
N s Tl 2aTs True Octal | 3State | ‘825
Dual D Type ‘74 = < 5 Inverting Octal | 3 State | '826 .
True 9Bt | 3State | '823 . 2
Inverting 9Bt | 3State | ‘824 .
True 1081t | 3State | ‘821 ®
Inverting 1081t | 3-State | ‘822 .

CF Denotes contact factory.
® 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.

S Denotes supplement to data book.
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FUNCTIONAL INDEX

LATCHES AND MULTIVIBRATORS

QUAD LATCHES OCTAL. 8-BIT. AND 10-8IT LATCHES
TECHNOLOGY TECHNOLOGY
STD NO. OF STD
DESCRIPTION OUTPUT | TYPE | | ALS |AS| L |LS| VOLUME DESCRIPTION ars | OUTPUT | TYPE | Tl ALS | AS| LS | s | voLumE
25t 75| e o (e
Dual 2 Bit e 5 ‘268 °
2 State 77| e ° e 1
T SP. 1 3 State L] L]
2State | 375 D Transparent Octal 373 .
SR 2 State 279 | o A 2
3State | 573 D
25tate | 100 | @
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS Oual 4 Bit 1
T Octal 2 State ‘116 L
TECHNOLOGY e 3 State | '873 o | o
D o | e
DESCRIPTION rvee |70 [ aus [as|1s | L | vorume 3 State | 533
T Inverting Transparent| Octal | 3 State | 563 .
122 | e o e 3 State | 580 o | e 2
Single 130 . Dual 4 Bt
e = val 4 B Octal | 3 State | ‘880 ol e
422 . 1 invertng Transparent
23 | e o[ 3 State | 604 .
Oual
423 . 21 o ' ocC "605 L]
put ct
ey % [ st | 606 . 1
D-TYPE oc__| ‘607 o x
. .
OCTAL, 9-BIT, AND 10-BIT RAD-BACK LATCHES Addressable octal | 2 State | 259 < = %
TECHNOLOGY Muit: Mode Butfered | Octal | 3 State | 412 0 T [ =
NO. OF S0 VOLUME True Octal | 3 State | ‘845 Ale -
DESCRIPTION airs | TYPE | pr | ALS|AS|LS | S Inverting Octal | 3 State | ‘846 A e ©
Edge Triggered Inverting - Troe 981 | 3 State | 843 4| e 2 c
and Noninverting Octal 996 4 Inverting 9Bt | 3 State | 844 re (=)
Octal 990 a True 10 Bt 3 State | ‘841 Al ‘-
Transparent True 9Bt | 992 A Inverting 10 Bit 3 State | ‘842 aAle (&)
1081 | ‘994 A 4 <
Octal | ‘991 a MONOSTABLE MULTIVIBRATORS WITH SCHMITT TRIGGER INPUTS LE
Transparent Noninverting 9Bt | ‘992 A TECANOLOGY
108t | ‘994 Iy 575
T t with Cl DESCRIPTION TYPE ALs| As|Ls |s | voLume
Tvansparen with Clear octal | 666 . L
rma Outputs - Single 121 e
ransparent with Clear Octal | '667 a Dual 21| e . 1
Inverting Outputs

CF Denotes contact factory.

® Denotes available technology.

A Denotes planned new products.

S Denotes supplement to data book.
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FUNCTIONAL INDEX

REGISTERS
SHIFT REGISTERS SIGN-PROTECTED REGISTERS
no. | mooes | TECHNOLOGY NO. _ED%ST [ TECHNOLOGY
DESCRIPTION ::s : P g g TYPE :ll: aslas|tlis|s|vorume DESCRIPTION B?:s : 2 § § TYPE aslas | s VOLUME
Sign Protected x| [ x |x | 222 A Sign-Protected Register 8 |x| [x]x]322 A 1
xfpx|x x| ‘198 . 1
Parallel In, ol x Ix | 200 o e REGISTER FILES
Parallel-Out, 8 °la 2 TECHNOLOGY
Bidirectional ol
e T ; DESCRIPTION ouTPUT | TYPE :fz ALs| as | Ls | VOLUME
4 | x]x]x [x | s |2 Alel 1 8 Words x 2 Bits 3State | 172 | e
Parallel | = 2 4 Words x 4 Bits oc 1704 e 2 !
arallel-In. g
ol I AR : g e -+
::::::ea dxlxlx | 62 . 1 Dual 16 Words x 4 Bits Ssee 871 ry 2
ey e o LW AL L) OTHER REGISTERS
s |x x 96 | ol o
M X 0 A oi B 1 TECHNOLOGY
. 2 STD VOLUME
TYPE as [as | L s
Parallel in, X X 99 . TTL
Parallel Out X X |x 178 . 1 98 . 1
N XpoQxXgx g e Quadruple Multiplexers 298 ° °
x x 195 2 Ale 1 with Storage 2 2
A 2 398 .
X X 295 8 1 399 . f
M x 395 A 1 8 Bit Universal Shift 299 o |e
A 2 Registers o | a 2
16 X X Ix 673 . Quadruple Bus Buffer
Serial-In - <1< 1 Registers 173 . A 3
Parallel Out 8 x ee s Z Octal Storage Regrster 396 .
16 X X | X 674 . 1
. A
Parallel-In, X X |x 165 ry Z
Serial-Out 8 " = T
x x |x | 166 " >
Senal In, 8 X 91 | A o o 1
Sernial Out 4 X X ‘94 L
SHIFT REGISTERS WITH LATCHES
NO. TECHNOLOGY
DESCRIPTION OF | OUTPUTS | TYPE VOLUME
aiTs ALS| AS | LS
Parallel-In, Paraliel-Out A 3-State | ‘671 .
with Output Latches 3-State | ‘672 °
16 2:State | ‘673 °
Serial-In, Parallel-Out Buffered | '594 .
with Output Latches 3-State 595 . 1
- 8 ocC ‘596 .
ocC ‘599 .
Paraliel-in, Seriai-Out, 2-Sate | ‘597 .
with Input Latches 8 3-State 589 .
Parallel 1/0 Ports with
Input Latches, Multiplexed 8 3State | ‘598 .
Serial Inputs

® Denotes
A Denotes
A Denotes
B Denotes
S Denotes

available technology.
planned new products.

supplement to data book.

A’ suffix version available in the technology indicated.
“’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 TECHNOLOGY
PARALLEL PARALLEL
DESCRIPTION DESCRIPTION TyPe [ STD
toap | T7PE] S0 | aslas| ] sl s | voLume L0AD as| as| L] is | s | VOLUME
L T
s 180 L A 1 Set to 9 ‘90 A o| @
vne B e 2 68 .
Decade Yi 176 L]
Syne 62 [ ALt : ves 196 e o e
Decade 8 hd 2 L
Sync__| 660 A 2 Setto9 | 290| @ 0
Sync_ | ‘668 . None 93| A D )
Sync ‘690 . ‘69 . N
Syne | 692 0 1 4.8t Binary Ves | 177
S o8 B |e Yes 97| e o e
n
e 5 e B None | 293| ® D
° 0 1 Dwide by 12 None ‘92 A d
Async | ‘190 -
. B None 390 e .
Dual Decade
Decade Up/Down N P ol e 1 Setto9 | 490| e .
syne . 2 Dual 4 Bit Binary None | 393| ® .
Sync__| ‘568 A
Sync_ | 696 . 8-BIT BINARY COUNTERS WITH REGISTERS
B - 0
ST A""C L] ’ TYPE TECHNOLOGY
eca Sync
— 67| DESCRIPTION OF | TYPE VOLUME
M ler, N10
ultipler Set-t0-9 . ouTPUT ALs| as |is
Sync | 161 A - Paraliel Register 3 State | 590 .
= B e Outputs oc 591 D s
Sync 163 Ale 1 Parallel Register Inputs 2-State | 592 .
4.Bit Binary Ble 2 Paraiiel 110 3 5tate | 593 .
Sync 561 A 2
Sync £69 hd FREQUENCY DIVIDERS, RATE MULTIPLIERS
Sync__| 691 .
Svnc_ | 693 . 1 TECHNOLOGY
DESCRIPTION TYPE | STD
Sync 169 8 1e as| as |is | VOLUME
B . 2 TTL
0 0 7 50-t0 1 Frequency Divider 56 .
Asyne | 1191 -
o6t Binary 0} 2 60-t0-1 Frequency Divider 57 . 1
o N 0 o e 3 60 Bit Binary Rate Multiplier 97 0
p/Down syne | 1193 0 " Decade Rate Multipler, 167 .
Sync_ | ‘569 A
Sync__ | 697 .
Sync | 699 . .
€ Bt Binary T P I
Rate Multpler, N2
A R
& B Up/Down Sync CLR | 867 . 2
Sync CLA | 868 0
CF Denotes contact factory.
® 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.
S Denotes supplement to data book.
TEXAS 3
INSTRUMENTS 29
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FUNCTIONAL INDEX

DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS AND SHIFTERS

DATA SELECTORS/MULTIPLEXERS

DECODERS/DEMULTIPLEXERS

TYPE TECHNOLOGY TYPE TECHNOLOGY
DESCRIPTION OF. [rype|STD VOLUME DESCRIPTION OF  [rvPe[ STD
OUTPUT ™ ALS |AS |L [LS OUTPUT b ALS |AS| L (LS |S VvoLume
2-:tale ;:g . = 1 47016 J—Zt:le :Z; : o
16 To1 3 State
3-State |'850 . 2 4.To-10 BCD-To-Decimal | 2-State ‘42 A o | e
3 State | 851 . 4.To-10 Excess 3-To s a3 ] A 1
Dual 8.To 1 3State | 351 ] @ 7 Decimal tate °
A 3 4-To-10 Excess 3-Gray
181 .
2 State 5 Py - 2 To-Decimal 2-State 44| A [ ]
2-S ‘152 1 A . ‘131 .
== - < 1 3-To-8 with Address 3 - 4 2
3-State |'251 Latches 2-State  |'137 4
8To1 o |a 2 Py i
3 State |'354 . 2.5 B o | A 2
2 State_| 355 . 3708 State 1138 . e 1
3-State_|'356 D 1 3.State |'538 a 2
ocC ‘357 o °
2 State ‘139 L
. | e A L
2-State |'153 7 Dual 2-To-4 1
- L Ld 2-State ‘155 | @ A
[ 1 .
= 3 State |'253 oc 156 @ hd
3 Dual 4 To-1 o | 2 Dual 1-To-4 Decoders 3State | 539 a 2
. . 1
(2] 2-State |'352
- o e 2 CODE CONVERTERS
. 1
g 3sute |'353 —ts 5 TECHNOLOGY
o 3 State | 604 ry DESCRIPTION TYPE STD s VOLUME
- oc__|'605 . . m
— - ine 0 6-Line Binary, Or 4-Line to 4-Line
Octal 2 To 1 with Storage 3 State 606 o 1 6-Ls BCD to 6L B Or 4L 4Ly 184 .
3 ss—T'807 < BCD 9°s/BCD 10's Converters 1
Q- » 6-Bit-Binary to 6-Bit BCD Converters 185 A
2 State 98 .
;5 < - 3 BCD to Binary Converters ‘484 A 3
Quad 2 To 1 with Storage 2 State 298 . ] Binary t0-BCD Converters ‘485 A
2 State 398 bd PRIORITY ENCODE!
2 State ]399 o 1 ORI ODERS/REGISTERS
- . L] L]
2.5tate |'157 TECHNOLOGY
. 3 2 DESCRIPTION TYPE | STD ats | as|is VOLUME
2State | 158 hd 1 ™
Quad 2.To 1 o e 2 Full BCD ‘147 | @ .
1 C -
3State | 257 8 Octal 148 4 3 1
Ale 2 C. Octal with 3-State Outputs ‘348 .
3swe | 258 B 1 4-Bit Cascadable with Registers 278 | ®
A e 2
6101 Ui |
niversa 3State |'857 oo 2 SHIFTERS
Multiplexer
TECHNOLOGY
DESCRIPTION ITPUT | TYPI
S OUTPY (S0 [ Tas |0 |us | s |VOLUME
TTL
4-Bit Shifter 3-State | ‘350 . 1
Parallel 16 Bit
Multi Mode 3 State ‘897 A 4
Barrel Shifter
CF Denotes contact factory.
® 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.
S Denotes supplement to data book.
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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 DESCRIPTION TveE TecHNOLOGY T, o
DESCRIPTION outeut |tvpe [sto [ T T T ~lvorume asfasfis s
VOLTAGE hast System Controliers_ Unworsal or For 8881 890 N
30V ‘a5 Transparent. | 4K_ 16K 600 A
Memory
8CO To. Decimal 60V |41 ]| @ et Burst Modes | 64K 601 A
15V ‘145 . L Cycle Steal 4K, 16K 602 A
Controllers
7v__ |-aas . Burst Modes | 64K 603 A
30V ‘46 | A . Memory Cycie Controlier 608 . 1
15V 47 | A o[ e Memory Mappars 3 State 612 .
55V 48 | @ . 1 oc 613 D
5.5V 49 | e . Memory Mappers 3 State 610 D
6CD-To-Sevén-Sag 30V |246 | e With Output Latches oc 611 .
15V ‘247 L] . Multi Mode Latches (8080A Apphications! 412 L4
7V |3a7 o
7V |aa7 ° CLOCK GENERATOR CIRCUITS
f; : : ;:i : : TECHNOLOGY
DESCRIPTION TYPE | STD VOLUME
ALs|Aas |ts | s
OPEN COLLECTOR DISPLAY DECODERS/DRIVERS WITH COUNTERS/LATCH I
Quadruple Complementary-Output 265 | @
TECHNOLOGY Logic Elements
DESCRIPTION Tvee [sto [T | volume Dual Pulse Synchronizers Drivers 120 | e
Im Crystal Controlled Oscillators 320 =
BCD Counter/4-Bit Latch/BCD-To-Decimal 12| o 321 . 1
Decoder/Driver Digital PhaseLock Loop 297 .
BCD Counter/4-Bit Programmable Frequency 292 0
Latch/BCD-To-Seven-Segment 143 . 1 Dividers Digital Timers 294 L
Decoder/Lad Driver Triple 4 Input AND NAND Drivers 800 A 2
BCD Counter/4-Bit Triple 4 Input OR NOR Drivers 802 A
Latch/BCD-To-Seven-Segment Y Dual VCO 124 D 1
Decoder/Lamp Driver
VOLTAGE-CONTROLLED OSCILLATORS
DESCRIPTION TECHNOLOGY
No. | COMPL| | oo | RANGE | | fma TVPE s s VOLUME
VCOs Zout INPUT *t | MHz
Single Yes Ves Yes | No | 20 |62a| e
Single Yes Yes Yes |Yes | 20 |'628| o
Dual No Yes Yes | No | 60 |'124 .
Dual Yes Yes No | No | 20 [626] e !
Dual No No No No 20 ‘627 N
Dual No Yes Yes | No | 20 |629]| e

RESULTANT DISPLAYS USING ‘46A, ‘47A, ‘48, ‘49, ‘L46, 'L47, 'LS47, 'LS48, 'LS49, 'LS347
[l ] ) ] ) (ol N B ) ) O (O (] (el O
l'_] lll_ b=y sy e — =
V] 1 2 3 4 5 6 7 8 9 10 1 12 13 14

RESULTANT DISPLAYS USING ‘246, ‘247, ‘248, ‘249, 'LS247, 'LS248, ‘LS249, ‘'LS447
i ] [
[

0o 1 2 3 4 5 6 7 12
RESULTANT DISPLAYS USING ‘143, '144

IQJgﬁﬂggﬂgﬂ

9

® Denotes available technology.
A Denotes 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
OUTPUT | TYPE | STD VOLUME
P ale-alpcajouteur| T |Mslas|L]s s NO. TECHNOLOGY
7 " ~ 25 " o5 . <o e DESCRIPTION OF | TYPE | STD as| as|is|s VOLUME
es | ves | No tate es 1 BiTs g
8 ‘180 .
8-BIT COMPARATORS 1
Odd/Even Parity s | 280 ol e
DESCRIPTION TECHNOLOGY Generators/Checkers a 2
— OUTPUT | TYPE VOLUME 9 | 286 A 2
INPUTS [P QP G|P>a|P>a |OUTPUT as |as | s -
ENABLE 3State | 8 |°636 . T
Yes | No | No | No oc Yes 518 | o ocC 8 | ‘637 .
No | Yes | No | No | 2.State Yes 520 | o 2 3-State | 16 | ‘616 A
20 ket 2
No | Yes | No | No oc Yes 522 . oc 16 ‘617 A
PullUp Parallel Error -
Yes | No | Yes | No 2-State No 682 . 1 b y rection 3-State | 16 630 [ 1
2 Yes | No | Yes | No oC No 683 0 Circun oc 16 | 631 °
ircuits
Yes | No No | No oC Yes 519 . 3-State | 32 ‘632 A
No | ves | No | No | zswte | ves |®21 | 2 oc | 32 | 633 a 2
Yes | No | Yes | No [ 2State No 684 . 3State | 32 | '634 A
n Yes | No | ves | No oc No ‘685 . ' oc 32 | 635 A
c s Yes | No | ves | No | 2state Yes 686 .
g tandard [t oc Vor e r FUSE-PROGRAMMABLE COMPARATORS
.
o No | Yes | No | Yes | 2State Yes 688 - f TECHNOLOGY
DESCRIPTION TYPE | STD
= . 2 aLs |as |is | s |VOHUME
=3 No | Yes | No | No oc Yes ‘689 3 TIL
Q hd 16-Bit Identity Comparator ‘526 A
- La‘:"“ No | No | Yes | Yes | 2State Yes ‘885 . 12-Bit identity Comparator ‘528 A 2
— 2 -Bit | t
S e 8-Bit Identity Comparator 527 N
o Yes | No | Yes | Yes | Latched Yes 866 . and 4-Bit Comparator
Pand Q
(L]
x ADDRESS COMPARATORS
OUTPUT | LATCHED TECHNOLOGY
DESCRIPTION TVl VOLUME
ENABLE | OUTPUT PE ALS AS
Y g .
16-Bit to 4-Bit = 677
Yes ‘678 . 2
Y k .
12:Bit to 4-Bit i 79
Yes '680 0

CF Denotes contact factory.

® Denotes available technology.

A Denotes planned new products.
S Denotes supplement to data book.

Texas
INSTRUMENTS




FUNCTIONAL INDEX

ARITHMETIC CIRCUITS AND PROCESSOR ELEMENTS

PARALLEL BINARY ADDERS OTHER ARITHMETIC OPERATORS
TECHNOLOGY TECHNOLOGY
UPTI VOLUME STD
DescRIPTION TYPE] STO | s fas|n|is|s |VOY DESCRIPTION TYPE as | as|wu | [is] s | VOLrUME
T T
1-Bit Gated ‘80 L Quad 2-Input Exclusive-OR ‘86 ) Y A Y 1
2.Bit 82| e Gates with Totem-Pole ° 2
: A Output: ‘386 A
w o 83| A 1 utputs P
283 | e o e Guad 2-input Exclusive OR . .
Dual 1 Bit Carry-Save 183 o o Gates with Open-Collector | "136
Outputs i 2
ACCUMULATORS, ARITHMETIC LOGIC UNITS, Quad 2-Input Exclusive 266 . 1
LOOK-AHEAD CARRY GENERATORS NOR Gates ‘810 o | a 2
TECHNOLOGY (O;u‘ad 2 In:ucll E)(cl(\:As;;le—NOF o ‘
DESCRIPTION TYPE [STD VOLUME ates with Open-Collector - 2
T |As|as|is | s Outputs
GQuad Exclusive OR/NOR 2
4 Bit parallel Binar 281 e Gats 135 .
! i
P v 681 ° N 1 ates 1
4-Bit True/Complement,
. °|e 87 .
181 " 2 Element
2 81t Anthmetic Logic Units - z
Function Generators ‘381 Py 1 BIPOLAR BIT-SLICE PROCESSOR ELEMENTS k=]
81 A 2 CASCADABLE TECHNOLOGY E
4 Bit Arithmeuc Logic Uit DESCRIPTION T0 TYPE VOLUME
with Ripple Carr 382 M 1 Als [as [ts|s -_—
Y. N-BITS [4+]
a2 |12 o] 1 8 Bit Slice Ves ‘888 A 4 c
Look-Ahead Carry | 16-Bit A 2 [e]
Generators ‘282 A -
32 Bit ‘882 D 2" Q
Quad Senal Adder Subtractor 385 . 1 g
8 Bit Slice Elements "888 A k3
(¥ 9
MULTIPLIERS
TECHNOLOGY
DESCRIPTION Tv T VOLUME
PEISTO Jais | as|us |s
TTL
2 Bit by 4 Bit Parallel Binery Muluphers ‘261 .
‘ L]
4 Bit by 4 Bt Parallel Binary tp 284
285| @ 1
25 MHz 6 Bit Binary Rate Multiphiers 97| e
25 MH2 Decade Rate Multipliers 167] o
8 Bit x 1 Bit 2's Complement Multiplers 384 L
16 Bit Parallel Multiplier ‘1616 A 4
® Denotes available technology.
A Denotes planned new products.
A Denotes ‘A"’ suffix version available in the technology indicated.
S Denotes supplement to data book.
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FUNCTIONAL INDEX

USER-PROGRAMMABLE READ-ONLY MEMORIES (PROM's) REGISTERED PROM's
STANDARD PROM's e
DESCRIPTION | TYPE ORGANIZATION E
— outpur | S | voum
DESCRIPTION TYPE ORGANIZATION s | voLume TBP34R162 4096W ~ 48 | 3State | &
ouTPUT 16K-Bit Arrays 3
TBP34SR165 4096W x 4B 3-State A
TBP285166 2048W 88 | 3State | ®
TBP38S165 2048W x 88 | 3.State | A
T8P38S166 2048W x 88 3State | A RANDOM-ACCESS READ-WRITE MEMORIES (RAM's)
16K Bit Arrays | TBP3BSA165 | 2048W x 88 oc a
TBP3BSA166 | 2048W x 8B oc a e TECHROLOGY
TBP34S162 4096W x 48 | 3State | A DESCRIPTION ORGANIZATION | OF [ TvPE [ sTD VOLUME
TBP34SA162 | 4096W x 4B oc A ouTPUT | A As| s ]S
TBP24581 2048W x 4B | 3-State | ® T | 200 "
TBP24SA81 2048W x 48 oc . 2568it Arrays 256 x 1 e Tsor <
T8P28S85A 1024W x 88 | 3State | A oc e s
TBP28S86A 1024W x 88 | 3State | @ Tows res ~T51 3
8K-Bit Arrays | TBP28SAB6A | 1024W x 88 oc . 6681 Arars o xa s 208 "
TBP38S85 1024W x 88 | 3:Stare | A 1385 —t=
TBP38S86 1024W x 88 | 3State | A > T8 -
TBP3BSABS 1024W x 88 oc a PP ——
TBP38SAB6 1024W x 88 oc A 8 x2 3state [172| ®
TBP24541 102aW x 48 | 3State | ® 3 Reglster Flo 1
16-Bit R Filg 4 x4 oc 170 ° hd
TBP245A41 1024W x 48 oc . -Bit Register File x Py prors <
TBP28S42 512W x 88 | 3State | ®
4K-Bit Arrays Dual 64-Bit ‘870 . 2
TBP28SA42 512w x 88 oc . 16 x4 | 3stae
Register Files ‘871 .
TBP28S46 512W x 88 | 3State | ®
TBP28SA46 512W x 88 oc .
TBP38522 256W x 8B | 3State | A FIRST-IN FIRST-OUT MEMORIES (FIFO'S)
2KBitAmays | rgpagsaza 256W x 88 oc A
N X a TYPE TECHNOLOGY
13:2:;(:0 ZSG:VV * 48 3 State : DESCRIPTION oF TPE [T as |us | s | VOLuME
KB Arrays IEPCZMS!O ;:gw ’ 4: 3 gc QuTPUY
TBP34SA10 256W x a8 O‘(‘:(e A 16 Words x 5 Bits 3-State ‘225 i
T o X 5 7S : 64 Words x 5 Bits 3State | 233 | & 4
* State 64 Words x 4 Bits ISwe | 202 | A
TBP18SA030 32w x 88 oc .
256-Bit Arrays
TBP385030 32W x 88 | 3Stare | @
TBP38SA030 32w x 88 oc .
LOW.POWER PROM's
TYPE
DESCRIPTION TYPE ORGANIZATION s | voume
ouTPUT
TBP28L166 2048W x 88 | 3.State | @
41 - .
16K.Bit Arrays | TEP38L16S 2048W x 88 | 3.State
TBP3BL166 2048W x 88 | 3State | @
T8P34L162 4096W x 4B | 3.State | A
TBP2BLESA 1024W « 88 | 3State | A
4) x 3 L]
KBt Arrays | TEP28LBEA 1024W x 88 | 3-State
TBP38LES 1024W x 88 | 3.State | A 3
TBP3BLE6 1024W x 88| 3-State | a
1 B L]
AKBi Aays | 1BP28L42 512W x 88 | 3-State
T8P28L46 512w » 88 | 3State | @
TBP28L22 256W x 88 | 3State | ®
2K-Bit Arrays | TBP28LA22 256W x 88 oc .
T8P38L22 256W x 88 | 3State | A
K Bit Arrays | TBP34L10 256W x 48| 3.Swte | A
256 Bit Arrays | TBP38L030 32W x 88 | 35tte | 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

PROGRAMMABLE LOGIC ARRAYS

PROGRAMMABLE LOGIC ARRAYS
oescRIPTION s QuTPUTS e as | "% vorume
No | vvee ~o eins
& | Aciwe Low | PALTELEA 0
Standara High Speed PAL Cucurs | 16 | PALISRAA .
| Regsiesa | PALTEROA .
[ & | PALIGRBA .
& | Acive Low | PALTBLEA 2 D
Standard High Speed 0 FALToR4A 2 D
Half Power PAL Circutts " [T megsiered [rAcionoaz . »
s AL 6R8A 2 D
& | Acve Low | PALZOLBA N
Standard Hgh Speed PAL Cucuts | 20 | paLzonsA —
5| Reasterca | PALZORSA N
[ = PAIZ0RBA .
5 | Acie Low | PALZOLBA 2 Iy
Standard High Speca 0 PALZ0R4A 2 a
Hait Power PAL" Crcurts % [T6| measterca [ PaL20m6A2 e
s PALZ0RBA 2 N
Acve mgn | TePALIZHIG | &
12 | 10 [TAcwelow | TiePALIZLIO 2] 2
Programmavte | TIBPAL1ZP10 .
Acive hgn | TIBPALTaNE 2
14 | 8 [TAcwerow | TiBPALIaLE 2|
Frogrammavts | TIBPAL14P8 N
Acive ign | TIBPALT6M6 2
High Performance FIXED OR
. Cosns 16 | 6 [ Acwerw |TiePaiiels a ] 2
Programmabie | TIBPAL167G 2
Actve man_| TIBPALTERE 2
18 | o [TAcweiow | TBPALTELS 2|
Programmaie | TIBPAL 18P N
Actve hgn | TBPALZONZ a
20 | 2 [Aowewow | TierAizoz D
Frogrammabie | TIBPALZ0PZ a
& | Acive Low | TBPALTBE 15 |
High Performance Imoact PAL B TePAeRats | @ |
Creuns G | Reastored | TiBPALIGRG15 | @
o | TIBPALIGRB 15 | @
5| Acwe low | TePALTEE 5 | S 3
High Performance Half Power N TraLenazs | & | o
impact PAL" Crcuts | Reastercd | TBPALIORG 25 | ®
s TBPALIGRB 25| ®
70 | Actwe Low | TiePALZOLIOXX | A&
Hh Pertormance excusive on | o] TePAzoxa XX | & | .
\mpact PAL- Cucuts [ 8] Reasierea |TibPALZOXEXX | &
o TiBPALZOX 10 XX | &
70 [ Actwe tow | TBPALZOLIO XX | &
Hgh Performance Half Power o = TieraLzoxaxx | & | .
EXCLUSIVE OR Impact PAL" Crcuts B | Regsiered | TIBPALZOXE XX | &
o TePALZOX 0 Xx | &
8 | Acwelow | BPALRISB Xx | &
vign Pertormance Regiered opu | 4 | ToPARexx | & |
PAL Crcurs 5 | Reasweres [TEPALRIIREAX | &
] TiBPALRT9RS Xx | &
8 | Actvelow | TiBPALATOE XX | &
High Performance Half Power B Tweaone x| & |
Regitered nput PAL” Crrcurts | Regsieed | TIBPALRI9NG XX | &
| TIBPALR19RE XX | &
8 | Actuetow | TIBPACTISE XX | &
Hgh Performance Laiched input o =] TweATIoRe xx | & |
PAL Crcuns | Rogsie | TiBPALTTORG Xx | &
Lo
0 TIBPALTIORE XX | &
& | Acive Low | TBPALTTSE XX | &
High Pertormance Half Power N TepaTionexx | & |
Latehed Input PAL  Circurts 5| Reasiercs [TimPALTIONG XX | &
5 TIBPALTIORE XX | &
Frerd Programmatic ERT .
14 % 32 % 6 Logu Aays R oc TFPLABO o
Fro Fromammanin TP 167 .
wo | 6| aswe 2
14+ 48 ~ 6 Logic Seavencer 8251674 X
oC RS 104 .
Feld Programmabio 35 TP 105 a
6 |8 2
16 - 48 + 8 Lo Seavencer o¢ 375100A D
TS | 8251054 D

*PAL is a registered trademark of Monolithic Memories Incorporated

® Denotes available technology.

ADenotes planned new products.

N
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A

STANDARD HIGH-SPEED PAL® CIRCUITS

FEBRUARY 1984 —REVISED JANUARY 1985

® Standard High-Speed (25 ns) PAL Family

® Choice of Operating Speeds

HIGH SPEED, A Devices . .
HALF POWER, A-2 Devices . .

. 35 MHz

. 18 MHz

Choice of Input/Output Configuration

Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

3-STATE REGISTERED
DEVICE INPUTS 1/0 PORTS
0 OUTPUTS | Q OUTPUTS
PAL16L8 10 2 [o] 6
PAL16R4 8 0 4 (3-state) 4
PAL16R6 8 [0} 6 (3-state) 2
PAL16R8 8 0 8 (3-state) [
description

These programmable array logic devices feature
high speed and a choice of either standard or
half-power devices. They combine Advanced
Low-Power Schottkyt technology 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 result in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

The Half-Power versions offer a choice of
operating frequency, switching speeds, and
power dissipation. In many cases, these Half-
Power devices can result in significant power
reduction from an overall system level.

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.

Tintegrated 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.

PAL16L8’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)
| C 1 Vce
10?2 o]
10 1/0
ap 110
1 [s 1/0
1 s 110
g 110
1 s 10
1 e o)

GND Bw [

PAL16L8’

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

(TOP VIEW)

3 21219

1/0
110
1/0
110
iys i44i/0
Q 9 10111213 j
“gToeg
[G]

Pin assignments in operating mode (pins 1 and 11 less positive than
ViHH)

Texas

*p

Copyright © 1984, Texas Instruments Incorporated
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PAL16R4A, PAL16R6A, PAL16R8BA
STANDARD HIGH-SPEED PAL CIRCUITS

PAL16R4’ PAL16R4’
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 [ Vce ¥ 3 o
12 110 __o0s>2
10s 110 50
1 [a Q 10a 18] o
10s a 1fs 170 a
1 e Q 1e 18] a
g Q ik 15[ a
| E 8 110 1Ds 1a[] a
1o Vo 10 111213
GND [Jro OE Vet
21828
5}
PAL16R6’ PAL16R6’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . .. J OR N PACKAGE C SUFFIX . . . FN PACKAGE
3 (TOP VIEW) (TOP VIEW)

ck

n 12 110
o 13 Q
o | Ea 8 a

1s
S-U 1 Mg Q Q
o [ Q
(9‘ 10 Q Q
s 1[s Q aQ

1o 110

—_— 10 111213
3 GND (1o 11f] O
o - Qowoo
E ZI10 =
® Q
-
o PAL16R8’ PAL16RS8’
Q M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
o C SUFFIX . . . J OR N PACKAGE C SUFFIX FN PACKAGE
(TOP VIEW) (TOP VIEW)

Vce

o § o
2 12019

g,OOOOOODO

Pin assignments in operating mode (pins 1 and 11 less positive than Vi)

{i’
3.4 TeExas
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PAL16L8A, PAL16R4A
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8A
‘PAL16L8A-2
& >1
5—EN sb— o
32X 64 p—A
7 p————o
7
> 7 O—Q—d—b—— 1/0
10 16 7
| a4 ,1 ~
Z, O-&1—4d—1/0
6 16 7 O—&—€»—1/0
L 7
7 ~
7 49— 1/0
7 o<
7 49— 1/0
7 & 1
7, 1/0
7 O-Q—d-r—-
6/ &
7 <
‘PAL16R4A
‘PAL16R4A-2
OF -O{EN2
CLK Dc1
- C
& & =1 é 29p—————a
32X 64 1D ,__\
2 a
7 ___\
8 Q
8 > 16 4 "\
\ / 2 1. 8
7 7 y Q
pi N
7 >1
4 16 7 EN
+ D—F— ~ £ v 1/0
"7 ﬁ <4 110
7 & -
/ 0\ 4P 1/0
7 Pp—e 14> 1/0
7
4
L <
7 -
P <
/ -

~ denotes fused inputs

s %P

lNSTRUME TS

W

Field-Programmable Logic

3-5



PAL16R6A, PAL16RBA
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6A
‘PAL16R6A-2
OE ~ofen2
cLK b c1
1 L
& 8, > 2] Q
32x64 [ 7 10 —\
8 a
” —
8 16 = % ¢
RS- I N
8, § Q
Ly
G L.
4 8 é Q
>
2 16 N
~ 8 6 Q
7
. O—a—>—1—
>1
3 En
7
” v 110
n 7 D- <+»> 110
(D 7
Q. 2, PN
: > B
o 6, <&
- = <
(=]
«Q
P ‘PAL16R8A
3 ‘PAL16R8A-2
o 3 EN2
o
= cLK c1
® AN
- & 8 21 2V Q
=] 32x64 [ 1
«Q
4 8 Q

®
A S

N
t
1@
"'O"'"O-"'O-'—O"—OH—O—_()H—O-
o

JIDADADED,

©
)

' §

~ denotes fused inputs

Qi’
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PAL16L8A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

NGl

INPUT LINES
PRODUCT
LCI)N EUSC ] 4 8 12 16 20 24 28 31
o] | . .
.- —
. 19)
: ]
L]
.
2 7
2 . K
8 ™)
.
: (18)
: r———— 170
L]
L]
15—
) (3)[:-
16 »)
L]
: 17)
: 17,0
: 3
23
\ (4)[: - ]
24 ) '2
: o 2
. (8 0 -
: 2
31 )
(5)
| ——{ >|[ “]q g
32 ™)
. £
. «©
. (15) -
»—————— 1/0
: 2
y T -
o) 39 n,'
1 =Dp 1 — o
40 o
. -
[T
.
(14)
. —% 0
.
L]
47
| (_7‘)‘DL |<I»~——
a8 BEE D)
L]
L]
. 13
: r——*(—') 170
L] S
M 1
@) 55
1 80 1 —
56 SRS
o T B
.
|
. 1 12) 0
L] 4 -
W nn i
63
(9) ~t 1 _ | [ B 1)
] | |
HERL = R

Texas 50
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PAL16R4A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram
cik S S
INPUT LINES
PRODUCT

LINES © 4 8 12 16 20 24 28 31
0

'____._(1_9) 170

-

NEYYY YY)

Y

18) 1,0

-

-

E
3

.
|
il

N
w

4)

E (16)0

N%
esecee o

(5) -

:

~B (15)

w
eeccee

|

%&W#
&9 9

w
©

6

:

B (14)0

i.{.....g
6 2
7

%
:

&
J

|

(13)

170

o
o
|

,;ZE
T‘ |

12,0

—

] 'Jr 1.

aooo.-og
|
|
|
-+
-
|
i |

et

Y‘
|
|
I

I

|

[

|
- fo,_ﬁ

)
i
i
}
f
I
T
I

(]””ﬁ

{ip
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PAL16R6A

01607 sjgewweiboid-pjai4

STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

INPUT LINES

cuk >

20
-

’)"‘?"“‘ —
1
-
|
]

T
T

12

1]

o 44+
.
16— 1

H I
M [ _
FH 1 _ ﬁﬁ !
ecesee QloTeeeses T 0N co00ee Q Qecccce N iCR ececes D00 c0000e D
52 ) e = ® 2|

LINES

PRODUCT

3-9
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PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

(1)
oMy N } .
e INPUT LINES

PRODUCT S a 8 12 16 20 24 28 31
0 —1—14—+ —+ 44} - }""T' -
. TT (1] T

R (19)
. 1D ~~Bo‘ a
o __
:
c1

7

PRE i ==cl,
8
L] — >
. T (18)
- 1o "%
[ S I T -
L]

c1
15
3 i
R - K

-
o
3
|
t
T
i

XXxxxl
|
I
T
=
o
S
[«

1 D>C1p
(@) 23
D ]
4
2: -
: oy I WGLIPN
L ]
L ]
c1
1
UK )
32
L]
L]
: :'m ———M’Q
L]
[ ]
. T c1
U - 1
a0
L ]
: 1D --;1;0—”‘”0
L]
L]
° c1
a7
'W_)DE——— JJQ————FI
a8
.
: 1D qLO—~(13)Q
[ ]
L]
5.5 _ DC1
LI | K
56
€ I
[ ]
. D :Eo—”z’o
L]
L]
* -+ Sc1h
63
[EII\—— A : ] I ~ 1
D k? ; T ¥ r i T 1 p— Lp V) 5E

{i’
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PAL16L8A, PAL16R4A, PAL16R6GA, PAL16R8BA
STANDARD HIGH-SPEED PAL CIRCUITS

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

Supply voltage, Vo (see Note 1) . . . . .. . L e 7V
input voltage (see NOte 1) . .. . .. ... 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

CosuffiX . ... 0°C to 70°C
Storage temperature range . . . .. .. .. .ou ittt —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 5.5 | 4.75 5 5.25 \"
ViH High-level input voltage OE input 24 5.5 2 55 Y
All others 2 5.5 2 5.6
ViL Low-level input voltage 0.8 0.8 \2
I0H High-level output current -2 -3.2 | mA
oL Low-level output current 12 24 | mA 3
TA Operating free-air temperature ~55 125 (0] 70 °C

programming parameters, TA = 25°C o
MIN NOM MAX | UNIT gI)
Vce  Verify-level supply voltage 4.5 5.0 5.5 v -
ViH High-level input voltage 2 5.5 v -g
ViL Low-level input voltage 0.8 \% 'g
ViHH Program-pulse input voltage 10.25 10.5 10.75 Vv £
PO 20 50 E
IlHH  Program-pulse input current PGM ENABLE. LR 10 25 mA e
Pl, PA 1.5 5 (=]
Vce 250 400 o
w1 Program-pulse duration at PO pins 10 50 us ﬂ,-
tw2 Pulse duration at PGM VERIFY 100 ns E
Program-pulse duty cycle at PO pins 25 % .9_’
tsy Setup time 100 ns .
th Hold time 100 ns
td1 Delay time from Vcc to 5 V to PGM VERIFYT 100 us
td2 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
Vg value during security fuse programming o) 0.4 \

TeExas *@ 3-11
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PAL16L8A, PAL16R4A, PAL16RGA, PAL16R8BA
STANDARD HIGH-SPEED PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN TYP MAX MIN TYP  MAX
fclock Clock frequency 0 25 4] 35 | MHz
t Pulse duration, see Note 2 IE'OCK high 15 12
3 ns
w vise duration, see Hote | Clock low 20 16
tsu Setup time, input or feedback before CLK t 25 20 ns
th Hold time, input or feedback after CLK 0 0 ns

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fcjock- 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 t UNIT
MIN Tyt MmAX | MIN_TYP!  mAX
ViK Vee = MIN, I} = =18 mA -1.5 -1.5 \
VOH Vee = MIN, IoH = MAX 2.4 3.2 2.4 3.3 \
VoL Vee = MIN, loL = MAX 0.25 0.4 0.35 0.5 \
Outputs 20 20
lozH Vee = MAX, Vg =27V A
3 0 1/0 ports cc 0 100 100 | "
Outputs -20 -20
| Vv = MAX, Vo = 0.4V A
- ozL 1/0 ports ce 0 =250 —250 | ¥
o I Vee = MAX, V=55V 0.2 0.1 | mA
o [ Vce = MAX, Vi =27V 25 20 | uA
1 Pr—
h OE INPUT -0.25 -0.4
I \ = MAX, Vi =04V A
° L cc ! Al others ~0.2 02 | "
Q 10§ Vee = MAX, Vg = 225V -30 -125 | -30 125 | mA
Q Vv = MAX, Outputs O
3 icc cc utputs Bpen 140 185 140 180 | mA
3 V=0V
o tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
E_' *All typical values are at Ve = 5V, Tp = 25°C.
(1] 8The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, los.
Y
«Q switching characteristics over recommended supply voltage and operating free-air temperature ranges
o (unless otherwise noted)
M SUFFIX C SUFFIX
PARAMETER FROM TO TEST CONDITIONS UNIT
MIN TYP? MAX MIN TYP} MAX
fmax 25 45 35 45 MHz
tpd i, 1/O, 0, /1o 15 30 15 25 ns
tod CLKT e} RL = 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 I, 110 0, /0 14 30 14 25 ns
tdis 1, 1/10 0, 110 13 30 13 25 ns
*All typical values are at Vee = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
.Ji
3-12
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PAL16L8A-2, PAL16R4A-2, PAL16R6A-2, PAL16RBA-2
STANDARD HIGH-SPEED HALF-POWER PAL CIRCUITS

scommended operating conditions

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

I0TE 2: The total clock period of clock high and clock low must not exceed clock frequency, fjgck- The minimum pulse durations specified
are only for clock high or clock low, but not for both simultaneously.

slectrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS ! MINM :3::')( AX MINC i";i';'x AX UNIT
ViK Vece = MIN, I = —18 mA -1.5 -1.5 \"
VoH Vece = MIN, IoH = MAX 2.4 3.2 2.4 3.3 \%
VoL Vce = MIN, oL = MAX 025 0.4 035 05 v
Outputs 20 20
lozH Vee = MAX, Vo = 2.7V A
o 170 ports cc X o 100 700 | *#
Outputs -20 -20
| Vee = , Vo = 04V A
0zL 170 ports cc = MAX 0=0 ~250 250 | M
I Vee = MAX, V) = 55V 0.2 0.1 mA
IIH Vee = MAX, V) =27V 25 20 rA
OE INPUT -0.2 -0.2
| Vee = MAX, V) =04V A
IL cc ! All others ~0.1 —oa1 | ™
I8 Vce = MAX, Vo = 2.25 V -30 -125 | -30 -125 | mA
| Vee = MAX, Outputs Open 75 95 70 90 mA
Ce V=0V

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
+All typical values are at Vec = 5V, T = 26°C.
$The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, Iog.

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

Field-Programmable Logic

M SUFFIX C SUFFIX
PARAMETER FROM TO0 TEST CONDITIONS MIN TYPt MAX | MIN TYPF MAX UNIT
fmax 16 25 18 25 MHz
tpd 1, 1/0, 0, /0 25 40 25 35 ns
tpd CLK ¢ Q R_ = 500 Q, 11 35 11 25 ns
ten OE+ Q Cp = 50 pF, 20 35 20 25 ns
tdis OE?t Q See Note 3 1 30 11 20 | ns
ten 1,1/0 0, I/0 25 40 25 35 ns
tdis I, 110 0, /0 25 35 25 30 ns
Al typical values are at Vcc = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
Mg
Texas 313
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A

STANDARD HIGH-SPEED PAL CIRCUITS

PRODUCT TERMS 0 THRU 31

PRODUCT TERMS 32 THRU 63

INSTRUMENTS

(TOP VIEW) (TOP VIEW)
PGM ENABLE (] vee pGMm VERIFY (1 U20[] vee
Pio [ PO3 PIo (]2 19[] LR
P [ PO2 P13 18] PAO
P2 (] PO1 P2 s 17[JPA1
PI3 E POO P3[]s 16[]PA2
P4 PAO P4 (e 15[ ] PO3
PI5 ] PA1 ps 7 14[]Po2
PI6 PA2 PI6 Es 13[] PO1
PI7 L/R pi7 e 12[] PoO
GND PGM VERIFY GND [J1o 11 PGM ENABLE
Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at V|yy)
TABLE 1 — INPUT LINE SELECT TABLE 2 — PRODUCT LINE SELECT
NPT PIN NAME PRODYCT PIN NAME
NUMBER | P17 PI6 PI5 P4 PI3 PI2 P11 PIO L/R NUMBER | POO PO1 PO2 PO3 PA2 PA1 PAO
3 [o] HH HH HH HH HH HH HH L z 0,32 z z z HH 2Z ¥4 4
1 HH HH HH HH HH HH HH z 1,33 Z 4 z HH Z z HH
- 2 HH HH HH HH HH HH HH L HH 2,34 4 z 4 HH 2 HH 2
C-D. 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 HH 2z 4,36 4 z 4 HH HH Z z
.'u 5 HH HH HH HH HH HH H HH 2 5,37 z z Y4 HH HH Z HH
3 6 HH HH HH HH HH HH L HH HH 6,38 z 4 z HH HH HH 2Z
[le] 7 HH HH HH HH HH HH H HH HH 7.39 z 4 z HH HH HH HH
E 8 HH HH HH HH HH L HH HH Z 8,40 4 ¥4 HH Z ¥4 z z
3 9 HH HH HH HH HH H HH HH 2Z 9,41 ¥4 z HH Z z z HH
3 10 HH HH HH HH HH L HH HH HH 10,42 z ¥4 HH 2z z HH z
g 1 HH HH HH HH HH H HH HH HH 11,43 4 4 HH Z Z HH HH
’ 5 12 HH HH HH HH L HH HH HH Z 12,44 z 4 HH Z HH 2 z
- ?3 HH HH HH HH H HH HH HH 2 13,45 Y4 z HH 2 HH 2 HH
o 14 HH HH HH HH L HH HH HH HH 14,46 z z HH 2z HH HH 2Z
‘e, 15 HH HH HH HH H HH HH HH HH 15,47 4 z HH 2 HH HH HH
o 16 HH HH HH L HH HH HH HH Z 16,48 4 HH Z z 4 r4 4
17 HH HH HH H HH HH HH HH 2z 17,49 z HH 2 r4 4 z HH
18 HH HH HH L HH HH HH HH HH 18,50 z HH Z z z HH Z
19 HH HH HH H HH HH HH HH HH 19,51 z HH Z 4 z HH HH
20 HH HH L HH HH HH HH HH 2Z 20,52 z HH Z V4 HH 2 z
21 HH HH H HH HH HH HH HH 2Z 21,53 z HH 2 4 HH 2 HH
22 HH HH L HH HH HH HH HH HH 22,54 z HH Z 4 HH HH 2
23 HH HH H HH HH HH HH HH HH 23,55 z HH Z Z HH HH HH
24 HH L HH HH HH HH HH HH Z 24,56 HH 2 4 z rd z z
25 HH H HH HH HH HH HH HH Z 25,57 HH 2 z z ¥4 z 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 2 z z Y4 HH HH
28 L HH HH HH HH HH HH HH Z 28, 60 HH 2 z z HH Z z
29 H HH HH HH HH HH HH HH Z 29, 61 HH 2 z z HH 2z HH
30 L HH HH HH HH HH HH HH HH 30,62 HH 2 z z HH HH Z
31 H HH HH HH HH HH HH HH HH 31,63 HH 2 z z HH HH HH
L = Vi, H = V|4, HH = V|4, Z = high impedance (e.g. 10 k2 to 5 V)
X
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PAL16LBA, PAL16R4A, PAL16R6A, PAL16RBA
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 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 to VIHH-

Step 5 Blow the fuse by puising the appropriate PO pin to ViHH as shown in Table 2 for the product
line.

Step 6 Return VC(C 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

PGM ENABLE /;
i
i
SELECTED 1 RO ViHH
PI,L/R,PA ! | v
PINS (see H
Tables 1 and 2) Vi

1
1
i
|
Fl
= =<
r I
T

SELECTED
PO PINS (see
Table 2)

Field-Programmable Logic

PGM VERIFY

@ 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

PIN 1

PIN 11 ) ) h
: ov

i
Texas b 3-15
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20R8A
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

oevice |1 mputs | 3STATE REGISTERED 10
0 OUTPUTS | @ OUTPUTS | PORTS
‘PAL20L8A | 14 2 0 6
‘PAL20R4A | 12 0 4 (3-state buffers) | 4
‘PAL20R6A 12 o) 6 (3-state buffers) 2
‘PAL20RBA | 12 0 8 (3-state buffers) | 0 PAL20LS’
M SUFFIX . . . FH OR FK PACKAGE
L. C SUFFIX . . . FN PACKAGE
description (TOP VIEW) 3
These programmable array logic devices feature 09
high speed and a choice of either standard or o
half-power speeds. They combine Advanced 4321

The Half-Power versions offer a choice of A , )

ting frequenc switching speeds, and DIP pin assignments in operating mode (voltages at pins 1 and 13
opera g . q_u \ g sp! 4 less then V|HyH). PLCC pin assignments in operating mode (voltages
power dissipation. In many cases, these Half- at pins 2 and 16 less then Viyp).
Power devices can result in significant power
reduction from an overall system level.

(%}

Low-Power Schottky ! technology with proven s 110 D
titanium-tungsten fuses. These devices will s o o
: ) . . g 110 -4
provide reliable, high performance substitutes e fe NC o
over conventional TTL logic. Their easy D /0 ]
programmability allows for quick design of 1 Bro ) ©
“‘custom’’ functions and typically result in a itk 110 £
more compact circuit board. In addition, chip 1516 17 18 £
carriers are also available for further reduction == ©
in board space. &< g’
i

s

3

2

[TH

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

This
on a product under development.
Texas Instruments reserves the right

TExas
to change or discontinue this product IN STRU M E NTS

without notice.

PRODUCT PREVIEW ‘, Copyright © 1985, Texas Instruments Incorporated
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PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH SPEED PAL CIRCUITS

1 sjqewwesboid-piold JEN)

o160

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 less than V|qH)

PAL20R4’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)

1
0
3
4
5
6
7
3
3

N = o

PAL20R6’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)
ouTtcik [ Uadd vee
10z 2801
1gs 22pwo
1gs 210
10s 200
1iJs 19[dQ
0 sfa
e wpa
10 16JQ
1o sJwo
1gn a0
GND [12_ 13[] OF
PAL20R8’

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

(TOP VIEW)
outcek [t U24[] vee
10z 2301
Qs 2200a
IQs 22000
1IJs 200
i 9o
i 8a
g Qo
e 8o
1w sja
g a1
GND 2 13[] OE

PAL20R4’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
x

14 1516 1718

PAL20R6’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

131415161718
-V

PAL20R8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

b4

OuTCL

[SINE]
z> .0

| 4 3 2 128272 \r
tls 25

oppzZzZPoOP
(9]

121314 1516 1718

*
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PAL20L8A, PAL20R4A
STANDARD HIGH SPEED PAL CIRCUITS

functional block diagrams (positive logic)

PAL20L8A
PAL20L8A-2
& en >?
7 vp———o
40Xx64 |1
7 p———o0
/
[ 7 Otﬂ-’— 1/0
14 20 7
' 7 1~ 7 -e»— 10
Y oo
6 20 7 O—Q—G-F— 1/0
7 O—f—~ 7
; 0—%—‘-"—- /o
7 .
7 O-&—4»— /0
7
7 P-a—4-— /0 3
6
’I g u
o
o
PAL20R4A -
PAL20R4A-2 o
=
«©
OE EN2 £
OUTCLK c £
=] 8
& >1 =
40X 64 ; v @ g,
7 1D o
\ a.
§ Q [
7 — 3
8 a @
[ s g L
12 20 I\
! a 7+ ~ ,18 Q
a4 '—'—\
e >
a 20 7 |EN
b b2 . 7 v 10
',7 O < <> /o
e —a-> 10
£
'Z D- ‘\ <P /o
a4
A o
4 .
4
F—t

IJ"
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PAL20R6A, PAL20R8A
STANDARD HIGH SPEED PAL CIRCUITS

functional block diagrams (positive logic)

21607 ajqewweiboid-pjai4 H

3-20

PAL20R6A
PAL20R6A-2
OF <15N2 |
OUTCLK cl
9 r
& 8 >1 1=0 2\ Q
ao0xes |’ ¢‘° v—-\
8 Q
oK
N
8 Q
12 20 [~ -
] + ,‘ ~ s
é Q
6 N
8 Q
s DR S =
2 20
~ 8 Q
>
N\
>1
——{ &
. vh—e—e»—— 10
———1
7 p—et—<4» 1/0
24 .
6, <
> <
PAL20RSA
PAL20R8A-2
OE EN2
OUTCLK c1
& 8, > %m'“’ 29V a
40X 64 [
—
8 § Q
N
8, ‘} Q
12 20 y
| ——r] v—~ 8, é a
e
8 20 8,‘ é @
~ \
2 * e
N
8 ? Q
N
. ? a
N
8
P -
v «
i
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PAL20L8BA
STANDARD HIGH SPEED PAL CIRCUITS

(1)

Field-Programmable Logic H

|NPU'|;\LINES
0 12 16 20 24 28 32 36
'(2)D:. Y (23)
PRODUCT
LINES o
: (22) o
[ ]
@, 1 N
Dk ) ——K—
®
[ ] __._.(2.1_).|/0
15
T a
N P
[ ) (20)
[ ] p—1/0
[ ]
), , 23 % \
]
D3 +<—
L] (19)
[ ] —————1/0
3)
U 14
32
[ ]
L] (18)I/O
39
 EDp 3+
40 -
L ] (17)
L] ——1/0
47
i —k—
] (16)
[ ) p— 1/0
[ ]
L@ :55 +
[ 56
° (15)
° o
[ ]
1o 83 33 . (18)
'“L)D5 r———dlq_ﬂ |
i
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PAL20R4A

STANDARD HIGH SPEED PAL CIRCUITS

3-22

INSTRUMENTS

(1)
outcik —> INPUT LINES
0 4 12 16 20 24 28 32 36
R 4 (23)
PRODUCT
LINES 0
—-{L— 22 o
e 49
~ 8 ). —
° | 21)
[ p————— 1/0
[ J
N 2 <
L.g 13 4
[ ]
° E &22) Q
[ J Bcw
b JGE
2? 19
n ° g ( )Q
= 3t 5 '
Q. (6) Ny i
'.U I—-DL 5 J“q-
@ . lﬂs’ a
Q0 ° et
3 729 .
s | a0 +H
= : REE
— . o
B By 47 G
o ot -
48
® 280
[ ]
@)y 99
"Dhg ——<+——
[ ]
o 19,0
[
I("O)Dl 63 N ]
|(11)E n ‘: “4)—|
:](13) oF
i
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PAL20R6A
STANDARD HIGH SPEED PAL CIRCUITS

Field-Programmable Logic H

wrcwk 2P INPUT LINES
2 a s 12 16 20 24 28 32 36 23)
1 ‘ELDL———‘ ¢ 170
PRODUCT .
LNES QO
. &ﬁvo
[ ]
.;
Ot =
[ ]
' e
18 -
. ] ll @0 .
[ ] hcip
12Dk éi %:5
[ ]
N 3_
31 ;
| (Bl =
& R
s P
[ ] Ncib
39
(7) ny .
! —4<H
r49 i‘
(17
. Q
- &
47
By 4
I
—1>L4§ +H
° g B (16)0
[ ] -
I(g) . 55 ‘
® 4% 0
[ ]
10, 63 ,
l(11) N , (14)—|
" ! (13)
OE
i
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PAL20R8A
STANDARD HIGH SPEED PAL CIRCUITS

)
ouTCLK —> INPUT(INES
@ 0 4 8 12 16 20 24 28 32 36 23)
i —D_ T 1
PRODTJCT
LINES 0
[ ]
* E 3(»2—2) Q
[ ) D
|@-Di; ; H
. @
. bl
@, 15 ,
VDb 4<H
16
. E !(20) .
[ ] *>Dcip
3 (5)p 123 } !I
' Dbay +<H
[ ]
n . g !(19) o
@ ° b
o LTS 31 ,
3-0 32 o <<
«Q . | (18) a
- [} 1
S 39 =
3 RN 4
5 —{>'.—.40 <H
@ ° (17)
) o o
o Jie
«©Q 8) n_ & i
o (—%48 <H
[ ]
° g [l (16) a
[ ] b
., 55 _ :!I
' _%5@ <H
: E [ as
. >
oy 63 ‘
) «
1y (14)
Db &<
J(13)_
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i
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH SPEED PAL CIRCUITS

abso

NOTE

lute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VCC (see Note 1) . . . .. . . 7V
Input voltage (see Note 1) .. ... ... ... .. 5.5V
Voltage applied to a disabled output (see Note 1) . ... .............. ... .............. 55V
Operating free-air temperature range: M suffix. .. ... .. ... ... ... ... ... .. -55°C to 125°C

Csuffix . ... .. . 0°C to 70°C
Storage temperature range . ... ... ... -65°C to 150°C
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 5.5 |4.75 5 5.25 \Y
ViH High-level input voltage 2 5.5 2 5.5 \
ViL Low-level input voltage 0.8 0.8 \4
IoH High-level output current -2 -3.2 mA
oL Low-level output current 12 24 mA
Ta Operating free-air temperature -55 125 [0} 70 °C
programming parameters, To = 25°C
MIN NOM MAX | UNIT
Vee Verify-level supply voltage ~4.5 5.0 5.5 \
ViH High-level input voltage 2 5.5 \
ViL Low-level input voltage 0.8 Y
VIHH Program-pulse input voltage 10.25 10.5 10.75 Y
PO 20 50
WWHH Program-pulse input current PGM ENABLE, LR 10 25 mA
Pl, PA 1.5 5
vee 250 400
tw1 Program-pulse duration at PO pins 10 50 us
tw2 Pulse duration at PGM VERIFY 100 ns
Program-pulse duty cycle at PO pins 25 %
tsu 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? 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 \

W

Field-Programmable Logic

Texas ¢ 325
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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
t Pulse duration, clock I High 20 15 i
{ .

W | Low 20 15 ns
tsu Setup time, input or feedback before OUTCLK? 30 25 ns
th Hold time, input or feedback after OUTCLKt 0 4] ns

electrical characteristics over recommended free-air operating temperature range
M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS NIT
€ ) MIN TYPT MAX | MIN TYP? max | °
VIK Vce = MIN, || = —18 mA -1.5 -1.5 | Vv
VoH Vce = MIN,  Igy = MAX 24 3.2 24 33 \
VoL Vce = MIN, gL = MAX 0.25 0.4 035 05| V
O, Q outputs 20 20

I Vee = MAX, Vi = 2.7V

OZH ™1/0 ports ce H 100 00 | M
O, Q outputs -20 -20
[ Vee = MAX, Vi = 0.4V
OZL I"/0 ports cc H ~250 “250 |
OE Input 0.2 0.2
Vee = MAX, V) =565V
Al others cc ! 0.1 o1] ™
'OF Input 40 40

! Vee = MAX, V=27V

H Al others cc ! 20 20| *
. OE Input -0.4 -0.4

| Vee = MAX, V) = 0.4V
I All others cc : ~0.2 02| ™
08 Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 | mA

Vce = MAX, V) =0V,

I — 150 210 210

cc Outputs open, OE at V| 150 mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are Voc = 5V, T = 25°C.
8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igs.

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

21607 ajqewweiboid-pjai4 n

M SUFFIX C SUFFIX

PARAMETER FROM TO TEST CONDITIONS N Vet max TN Tyet max] UNT
frmax 20 30 MHz
tpd 1, 110 0, 110 15 30 15 25| ns
tod OUTCLKT Q RL = 500 @, 10 20 10 15| ns
ten OF Q CL = 50 pF 10 25 10 20| ns
tdis OEt Q See Note 2 11 25 11 20| ns
ten 1, /0 0, 110 14 30 14 25| ns
tdis 1, 170 0, 10 12 30 12 25| ns

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

*p

3.26 TEXAS |
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PAL20L8A-2, PAL20R4A-2, PAL20R6A-2, PAL20RBA-2
STANDARD HIGH SPEED HALF-POWER PAL CIRCUITS

recommended operating conditions

W

M SUFFIX C SUFFIX UNIT
MIN TYP MAX | MIN TYP MAX
fclock  Clock frequency 0 18 [*] 18 | MHz
High
tw Pulse duration, clock | 9 ns
[ Low ns
tsu Setup time, input or feedback before OUTCLK? ns
th Hold time, input or feedback after QUTCLK?T ns
electrical characteristics over recommended free-air operating temperature range
M SUFFIX C SUFFIX
TER TE t UNIT
PARAMETE ST CONDITIONS VN TvPE MAX | MIN TYPT WAX
ViK Vce = MIN, [} = —18 mA -15 15| V
Von Vce = MIN, oy = MAX 24 3.2 24 33 v
VoL Vce = MIN, gL = MAX 0.25 0.4 035 05| V
0O, Q outputs 20 20
I Ve = MAX, Vg =27V A
OZH /0 ports cc H 100 100| “
0, Q outputs -20 -20
I Vee = MAX, Vg = 0.4V A
OZL 70 ports cc H ~250 —250| *
| O Input Vee = MAX, Vi = 5.5V 02 921 ma
| All others cc - LV 0.1 0.1
I OE Input Vee = MAX, V| = 2.7V 40 401 A
IH All others cc = S 20 20] *
ﬁlnput -0.4 -0.4
| Voo = MAX, V) = 0.4V A
L All others cc ! ~0.2 02| "
108 Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 | mA
Vee = MAX, V; =0V,
Ice cc A 76 100 75 100 | mA
Outputs open, OE at V|

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are Vgc = 5V, Tp = 25°C.

$The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igs.

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

Field-Programmable Logic

noted)
M SUFFIX C SUFFIX
FROM TO TION
PARAMETER {o] TEST CONDITIONS MIN TYPE MAX | MIN TYPF MAX UNIT
fmax 18 18 MHz
tpd 1, /0 0, /0 25 25 ns
tpd OUTCLK? Q RL = 500 Q, 20 20 ns
ten OF Q Cp = 50 pF, 15 15 ns
tais ‘OEt Q See Note 2 12 12 ns
ten I, /0 O, 1/0 25 25 ns
tdis I, 110 o, /0 20 20 ns
*All typical values are at Vcc = 5V, To = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
PRODUCT PREVIEW .,
Thi; page c:nn‘l’nl IrfovmaﬂonTon a TE ¢
product under development. exas xAS
Instruments reserves the right to 3-27
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8BA
STANDARD HIGH SPEED PAL CIRCUITS

PRODUCT TERMS 0 THRU 31

PGM ENABLE

PRODUCT TERMS 32 THRU 63

(TOP VIEW) (TOP VIEW)

1 U24] vee peMm VERiFy [J1 U2a] vee
Ppojz =280t o2 230+
Pt s 22f]Po3 pilds 20uwr
pi2[Jsa  21[JPO2 pi2 (Js 21[] PAO
PI3[Js  20[] POO1 P3[ds  20[] Pa1
piaJe  19[] POO rpaJe  19[] PA2
Ps[Jr 18] PAO ps(r 18] PO3
P6[Js  17[] PA1 rie(Je  17[J PO2
PI7(Jp  16[] PA2 Pi7[Je  16[] PO1
P18 (o 15[ LR Pig [Jio  1s[] POO
PO  1a[] t P9 1af]t

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

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

TABLE 1. INPUT LINE SELECT

TABLE 2. PRODUCT LINE SELECT

INPUT PIN NAME PRODUCT PIN NAME
LINE LINE
3 NUMBER PI9 PI8 PI7 PI6 PI5S PI4 PI3 PI2 P11 PIO L/R NUMBER POOPO1PO2PO3PA2PA1PAO
o) 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 zZ 7 2z HH Z Z HH
2 HH HH HH HH HH HH HH HH HH L HH 2,34 Z Z Z HHZ HH2Z
3 3 HH HH HH HH HH HH HH HH HH H HH 3,35 zZ zZ 2z HH Z HH HH
C_D_ 4 HH HH HH HH HH HH HH HH L HH Z 4,36 zZ 7 2 HH HH Z2 Z
Q. 5 HH HH HH HH HH HH HH HH H HH Z 5,37 zZ zZ 2z HH HH Z HH
-IU 6 HH HH HH HH HH HH HH HH L HH HH 6,38 zZ zZ 2z 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
o 8 HH HH HH HH HH HH HH L HH HH Z 8,40 zZ 2z HH2zZ 2z 2z 2z
‘e 9 HH HH HH HH HH HH HH H HH HH Z 9,41 z 2z HH zZ 2 2z HH
o 10 HH HH HH HH HH HH HH L HH HH HH 10,42 zZ 2z HH 2 Z HH 2
3 1 HH HH HH HH HH HH HH H HH HH HH 11,43 zZ Z HH 2 2 HH HH
3 12 HH HH HH HH HH HH L HH HH HH Z 12,44 z 2z HH Z HH Z2 2
o 13 HH HH HH HH HH HH H HH HH HH Z 13,45 z z HH Z HH Z HH
o 14 HH HH HH HH HH HH L HH HH HH HH 14,46 Z Z HHZ HH HH Z
‘T 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 r4 HH 2Z 2z 2 2z 2
g 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 18,50 4 HH Z 2z Z HH 2
a' 19 HH HH HH HH HH H HH HH HH HH HH 19, 51 z HH Z Z Z HH HH
20 HH HH HH HH L HH HH HH HH HH Z 20,52 r4 HH Z2 2 HH 2 Z
21 HH HH HH HH H HH HH HH HH HH Z 21,53 r4 HH Z 2 HH 2 HH
22 HH HH HH HH L HH HH HH HH HH HH 22,54 Z HH Z 2 HH HH Z
23 HH HH HH HH H HH HH HH HH HH HH 23,55 Z HH Z 2 HH HH HH
24 HH HH HH L HH HH HH HH HH HH Z 24,56 HHZ Z 2z zZ 2z 2
25 HH HH HH H HH HH HH HH HH HH Z 25,57 HHZ 2Z zZ 2z 2Z HH
26 HH HH HH L  HH HH HH HH HH HH HH 26,58 HH 2 zZ 2z 2z HH 2
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 HH 2 Z Z HH Z Z
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 2z 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 = VL. H = V4, HH = Viyy, Z = high impedance (e.g., 10 kQ to 5 V)
T *l’
3-28 EXAS
INSTRUMENTS



PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A ‘
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 VjHH as shown in Tabie 2 for the product line.

Step 6 Return Vcc 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\
| 1 ViL
I e —— N R ViHH
SELECTED /! |
P, L/R, PAPINS Al | Vi
(See Tables 1 and 2) | v
I8

W

PGM VERIFY ViL

Field-Programmable Logic

@ 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

—_— — sV
o N N
cc ov
| | le-tw3-pf :
;‘—th._" ! e ——_——— ——— j—— — 2V
N ——— Y \' |I ov
1,
| | r— w3_’1 Ie-thy
e—th— ——\— — — — — — 21V
PIN13 l ov

i
Texas b 3-29
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH SPEED PAL CIRCUITS

1 a|qewweiboid-piol V)

o160

_/
N 4 \

PRELOAD PROCEDURES

OUTPUTS DISABLED

tdis —| |4 -+ jten
! ENABLE PRELOAD |
VIHH- = = = — — — — e i
1 \ 100 ns!
PIN 14 | 1 [—min|
| ! | |
1 ! ! l
v ‘ : —
| | I“— twi |
1 APPLY Q’, !
VIH-—— — - — — +=—= —:— —-— 3 :
I
VERIFY : 100 ns : VERIFY NEW
a STATEQ, , MIN ’l ! ! stateq, VERIFY Q44
VoH | '
VoL z

PIN1

'ﬂ‘ndi‘—

ViH
(OUTCLK) v, ﬂ

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

FIGURE 1. PRELOAD WAVEFORMS

preload procedure for registered outputs

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

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

Apply V)L 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 VL.

Check the output states to verify preload.

3-30
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TIBPAL12H10, TIBPAL12L10, TIBPAL12P10
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

® High-Performance Operation TIBPAL12"

Propa i L. M SUFFIX . . . JT PACKAGE
pagation Delay 15 ns C SUFFIX . . . JT OR NT PACKAGE
fmax - . . 50 MHz

@ Package Options Include Both Plastic and

(TOP VIEW)

Ceramic Chip Carriers in Addition to Plastic I

and Ceramic DIPs !

|

OUTPUT |

DEVICE |1INPUTS | O OUTPUTS u |
CONFIGURATION

>AL12H10 12 10 ACTIVE HIGH |

AL12L10 12 10 ACTIVE LOW !

>AL12P10 12 10 POLARITY SELECT !

1

lescription !

|

These programmable array logic devices feature GND

high speed and functional equivalency when
compared with currently available devices. They ,

combine the latest Advanced ng-Power MSUFle..T.'BF:A'&.;RZFK PACKAGE
Schottky T technology ““IMPACT’’ with proven C SUFFIX . . . FN PACKAGE
titanium-tungsten fuses. These devices will (TOP VIEW)

provide reliable, high performance substitutes
over conventional TTL logic. Their easy
programmability allows for quick design of
custom functions and typically result in a more
compact circuit board. In addition, chip carriers
are available for further reduction in board space.

OV

ogic

The TIBPAL12P10 allows the user to select
either active high or active low outputs. This
feature is provided via a polarity fuse which is
located on each EXCLUSIVE-OR output. If the
fuse is left intact, the output polarity will be
active high. If the fuse is blown, the output will
be permanently active low. - Qa % e Ne]

oo0oo0ozo00O0
(9]

1213141516 1718

Field-Programmable L

The TIBPAL12’ M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL12' C series
is characterized for operation from 0°C to 70°C

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

PRODUCT PREVIEW Copyright © 1985, Texas Instruments Incorporated
This ins it

{i’
on a product under development. TEXAS

Texas Instruments reserves the right

to change or discontinue this product lNSTRUM EN1S

without notice.
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TIBPAL12H10, TIBPAL12L10, TIBPAL12P10
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL12H10
&
24% 20
2, >1 0
2, [}
2
0
o> 12, ~ {’
12 7 0
1 —4—] 2, 0
12 g
p——— " 2,/ 0
2, o
e 0
2e )
2. 0
‘PAL12L10
&
3 24x 20
2, EL I ——
2
) F °
@ ~ o
o D 12, ~ ':,
Q , 12 7 0
4 0
g 12—~ 7, 0
«Q 2e 0
o 2
o 7 0
3 Z °
3 2, 0
o
=2
@ ‘PAL12P10
-
o &
« 24% 20
)
2, >1 =,
7 —{ "\
2, +
4 [ o EAY)
2, t
4 —
) > '
12, =AY
~ 2, ) N
|12, I 1\
2
e A ¢ A,
2
7 =, !
2, N
7 p - ~y
21
—H~
2
t
7 e
Tif fuse is intact, output is active high. If fuse is blown, output is permanently low.
i
3-32 Texas JL‘
INSTRUMENTS




TIBPAL14H8, TIBPAL14L8, TIBPAL14P8
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

® High-Performance Operation TIBPAL14’
Propagation Delay . . . 15 ns M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE
fmax - - - 50 MHz
(TOP VIEW)

® Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

OUTPUT
DEVICE 1 INPUTS | O OUTPUTS
CONFIGURATION
PAL14H8 14 8 ACTIVE HIGH
PAL14L8 14 8 ACTIVE LOW
PAL14P8 14 8 POLARITY SELECT
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

TIBPAL14’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

w

X . . > (TOP VIEW)
provide reliable, high performance substitutes o
over conventional TTL logic. Their easy 0 O
programmability allows for quick design of - ——-2Z>_-0
custom functions and typically result in a more 4 3 2 1282726

compact circuit board. In addition, chip carriers
are available for further reduction in board space.

The TIBPAL14P8 allows the user to select either
active high or active low outputs. This feature
is provided via a polarity fuse which is located
on each EXCLUSIVE-OR output. If the fuse is left
intact, the output polarity will be active high. If
the fuse is blown, the output will be permanently
active low. “——Tnou—-—o0o

The TIBPAL14' M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL14’ C series
is characterized for operation from 0°C to 70°C.

NC

DO0O0Z0O0OO
(@]

Field-Programmable Logic

1|ntegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.
“PAL is a Trademark of Monolithic Memories Inc.

PRODUCT PREVIEW Copyright © 1985, Texas Instruments Incorporated
' Texas WP

on a product under development.
Texas Instruments reserves the right 3-33

to change or discontinue t.his product INSTRUM ENTS
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TIBPAL14H8, TIBPAL14L8, TIBPAL14P8

HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUIT

functional block diagrams (positive logic)

‘PAL14H8
&
28 20
LY >1 0
24 0
2/
>4 14 7 0
~ 2, °
14 7
1| —~—] 2, o
14 7
p———<~— "~ 2,
= 0
2, o
4
7~ o
‘PAL14L8
&
28 x 20
4, >1 0
2e 0
2
> 7 o
14, ~ 5
14 7 o
| —] 2, o
14, ~ 7 o
7
2, o
e 0
‘PAL14P8
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28X 20
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a, >1 N 0
—~
2/
1 0
i —l
2
t 0
4 —
2
th——o0
D 14, ~, 7 .
2, t 1]
" 14 [ = AY]
7 2
< 0
18, ~ 7 i, !
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t 0
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4
t 0
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tif fuse is intact, output is active high. If fuse is blown, output is permanently low.
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TIBPAL16H6, TIBPAL16L6, TIBPAL16P6

HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

High-Performance Operation TIBPAL16"
Propagation Delay . . . 15 ns M SUFFIX . . . JT PACKAGE
fmax - - - 50 MHz C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)
® Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic ! vVece

and Ceramic DIPs ! !

| |
DEVICE 1 INPUTS | O OUTPUTS OuTPUT ! 0
CONFIGURATION ! 0
PAL16H6 16 6 ACTIVE HIGH | o
PAL16L6 16 6 ACTIVE LOW | o
PAL16P6 16 6 POLARITY SELECT | o
| o

lescription [ 15[ ] 1

. . [ 1] 1

These programmable array logic devices feature GND 1301

high speed and functional equivalency when
compared with currently available devices. They
combine the latest Advanced Low-Power
Schottky T technology ““IMPACT’’ with proven
titanium-tungsten fuses. These devices will
provide reliable, high performance substitutes
over conventional TTL logic. Their easy
programmability allows for quick design of
custom functions and typically result in a more
compact circuit board. In addition, chip carriers
are available for further reduction in board space.

The TIBPAL16P6 allows the user to select either
active high or active low outputs. This feature
is provided via a polarity fuse which is located
on each EXCLUSIVE-OR output. If the fuse is left
intact, the output polarity will be active high. If
the fuse is blown, the output will be permanently
active low.

The TIBPAL16’ M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL16’ C series
is characterized for operation from 0°C to 70°C

TIBPAL16’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

T

2

- nC
8l vee

~
8

s g e
3 2

7
4

oOo0o0OzoO0O0OO0
(@]

121314 1516 17 18

- —no-— — —

w

Field-Programmable Logic

TIntegvated 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.

PRODUCT PREVIEW Copyright © 1985, Texas Instruments Incorporated

{i’
Texas
INSTRUMENTS

on a product under development.
Texas Instruments reserves the right
to change or discontinue this product
without notice.
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TIBPAL16H6, TIBPAL16L6, TIBPAL16P6
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUIT

functional block diagrams (positive logic)

‘PAL16H6
&
32X 20
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D 6 7 >1 o
7 ~ 4'
16 - 0
| P— - 2, o
16 ~ 7
o———~———
2, o
4, L
4, o
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&
3 32X 20
a
'_l'! > 16, 2 >1 S
(_D_ 16 7 4,1 S
& 16 e P>— 0
v o——— 2 q
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(,2 4,/ S
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1if fuse is intact, output is active high. If fuse is blown, output is permanently low.
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL® CIRCUITS

FEBRUARY 1984 —REVISED JANUARY 1985

® High-Performance Operation " SUF;;?"ALT";?"CKAGE
rropagatlonsge'::'z ... 15ns C SUFFIX . . . J OR N PACKAGE
MAX - . . z (TOP VIEW)
©® Functionally Equivalent, but Faster than s v
PAL16L8A, PAL16R4A, PAL16R6A, and ' O- cc
PAL16R8A o
10s 110
® Power-Up Clear on Registered Devices 1a 1/0
(All Registered Outputs are Set Low) 1Os 110
® Package Options Include Both Plastic and : Ej :/ o
Ceramic Chip Carriers in Addition to Plastic 1ge |/o
and Ceramic DIPs /0
1e o
GND [Jro ]
3-STATE REGISTERED
DEVICE INPUTS 1/0 PORTS
0 OUTPUTS | Q OUTPUTS
TIBPAL16L8’
PALIGLE | 10 2 0 6 M SUFFIX . . . FH OR FK PACKAGE
PAL16R4 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 3
3
description - -->09

These programmable array logic devices feature
high speed and functional equivalency when tga
compared with currently available devices. They tps
combine the latest Advanced Low-Power rge 6 () 1/0
Schottkyt technology ‘‘IMPACT’’ with proven g7
titanium-tungsten fuses. These devices will rps

provide reliable, high-performance substitutes 1213

for conventional TTL logic. Their easy “—o—- oo

programmability allows for quick design of 5 =

“‘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.

Field-Programmable Logic

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 PALi6° 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.

1Integrated 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
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TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

w

TIBPAL16R4’
M SUFFIX . . . J PACKAGE
C SUFFIX. . . J OR N PACKAGE

(TOP VIEW)

cLk 1 Vee
102 110
103 110
1{a Q
10s Q
1{e Q
1gr Q
1[s 110
1{e 1/0

GND [0 OE

TIBPAL16R6"

M SUFFIX . . . J PACKAGE
C SUFFIX . .. J OR N PACKAGE
(TOP VIEW)

TIBPAL16R8’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)

vVce

© ® N s LN =

OIOOOOOOOD
m

(2]
z
o)
jm|
s

Pin assignments in operating mode (pins 1 and 11 less positive than

TIBPAL16R4’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

TIBPAL16R6’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

TIBPAL16R8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX. . . FN PACKAGE
(TOP VIEW)
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TIBPAL16L8, TIBPAL16R4
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& —En >1 v o
O
32X 64 —rt
7 Oo———— 0
7
[ 7, &ﬁ*— 1/0
1/0 16 7
L
7 7 ~ 7
7 0—*—4—5—— /0
6 16 7 O—&—4-»—1/0
e o——~ !
7 49— 1/0
v B
7
7 D—Q—‘—b—— 1/0
7, 49— 1/0
7 O—Q
6/ <&-
7 <
‘PAL16R4
OF -OfEN2
CLK cl
4 C
1=
& 8 >1 02V Q
32X 64 7 1D
/ ! o
8
Q
D 1
8 16 —\
| /I - ~ 9 Q
L4
pi \
7 21
4 16 - EN
+ D-—/—- ~ y v 1/0
d- b
,‘7 o AV A 1/0
& ..
v e —<> 1/0
7 D- 4> 1/0
7
4
Vi g
7 -
‘I <
, -

~ denotes fused inputs
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Field-Programmable Logic H
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TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
[13 Jolsuz ‘
CLK c1
9 L
& 8, >1 1=0 2\/] a
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~ denotes fused inputs
T {IP
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HIGH-PERFORMANCE IMPACT PAL CIRCUITS

TIBPAL16L8

Pil]

INPUT LINES

PRODUCT
(o} CO

LINES
[+]

12

16 20 24

28 31

N eoeosoo

(2

!

-

O eesese @

_;Za

-

[T XX Y I

N
w

Né
[EX X XL B

w
-

RGN

w
g ecseoee ~§

(6)

7

»H
[=]

(XXX XX

»
~

;Zg

»H
o«

XXX XN

o
o

z

4
-]

XX XX Y]

o
w

;%

—
(19) 0
K
—
—
R Le) P
<" .
—
2
16) 0 -4
-
2
—A | e}
N (1]
B £
18) 1,0 g
o
[=]
=
K o.
D) ©
o
4,4 L.
——
——
LEIRYP
—
(12) o
1)
K1

Texas {?

INSTRUMENTS

3-41



TIBPAL16R4

HIGH-PERFORMANCE IMPACT PAL CIRCUITS

ikl
PRODUCT INPUT LINES
R U
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TIBPAL16R6
HIGH-PERFORMANCE IMPACT PAL CIRCUITS
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TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

21607 sjqewweiboid-piatd4 H
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

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

Supply voltage, VcC (see Note 1)
Input voltage (see Note 1)
Voltage applied to a disabled output (see Note 1)

Operating free-air temperature range: M suffix................... ...

C suffix

Storage temperature range
NOTE 1. These ratings apply except for programming pins during a programming cycle.

recommended operating conditions (see Note 2)

PARAMETER M SUFFIX C SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 6.6 | 4.75 5 5.25 \
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 -55 125 ] 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, To = 25°C

W

Field-Programmable Logic

MIN NOM MAX | UNIT
Vee  Verify-level supply voltage 4.5 5.0 5.5 \
VIH High-level input voltage 2 5.5 \%
ViL Low-level input voltage 0.8 \4
VIHH Program-pulse input voltage 10.25 10.5 10.75 v
PO 20 50
NHH  Program-pulse input current PGM ENABLE, L/R 10 251 ma
PI, PA 1.5 5
Vee 250 500
twi Program-pulse duration at PO pins 10 50 us
tw2  Pulse duration at PGM VERIFY 100 ns
Program-pulse duty cycle at PO pins 25 %
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 ns
V¢ value during security fuse programming [0} 0.4 \

*p

Texas
INSTRUMENTS
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M SUFFIX —2 —
PARAMETER TEST CONDITIONS 0 C SUFFIX 15 UNIT
MIN TYP! MAX MIN TYP! MAX
ViK Vee = MIN, I} = -18 mA -1.5 -1.5 \2
VOH Vee = MIN, loH = MAX 2.4 3.2 2.4 3.3 v
VoL Vce = MIN, loL = MAX 025 0.4 0.35 0.5 %
Outputs 20 20
lozH \Y MAX, Vo =27V A
3 170 ports cc N 100 100 | ¥
Outputs -20 -20
| V MAX, Vo = 04V A
-n OZL [0 ports cc 0 ~250 —250 | *
4 Pin 1, 11 . .
® I Vee = MAX, V=55V i 0.2 01 | A
E All others 0.1 0.1
; Pin 1, 11 20
v | Vee = MAX, V=27V 0 50 WA
3 All others 20 20
Q h Vee = MAX, Vp =04V -0.2 -0.2 mA
—
s 108 Vee = MAX, Vg = 225V -30 -125 | -30 -126 mA
\7 MAX, Outputs Open
3 | cc puts Bp 140 190 140 180 | mA
vy=0V,
Q
E TEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
@ *All typical values are at Vcc = 5V, Tp = 25°C.
g 5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.
«Q
o  switching characteristics over recommended supply voltage and operating free-air temperature
ranges (unless otherwise noted)
M SUFFIX —20 C SUFFIX —15
T TEST NDI NIT
PARAMETER FROM 0 ST CONDITIONS MIN _TYPF MAX MIN _TYP?  MAX Ul
fmax 40 50 MHz
tpd 1, 110 o, /0 10 20 10 15 ns
tod CLKT Q RL = 500 @, 8 15 8 12 ns
ton OE! Q CL = 50 pF 8 15 8 12 | ns
See Note 4
tdis OEt Q 7 15 7 10 ns
ten 1, 1/0 0, 110 10 20 10 15 ns
tdis 1, /0 0, /0 10 20 10 15 ns
*All typical values are at Voe = 5V, TA = 26°C.
NOTE 4: Load circuits and voltage waveforms are shown in Section 1.
T {lp
3-46 I EXAS
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

recommended operating conditions

M SUFFIX —20 C SUFFIX —16 UNIT
MIN TYP MAX | MIN TYP MAX
fclock Clock frequency 0 40 0 50 MHz
High 10 8

t Pulse duration, clock, Note 3 I—
W ulse duration, clock, (see Note 3) | Tow 1 ry ns
tsu Setup time, input or feedback before CLKT 20 15 ns
th Hold time, input or feedback after CLKT 0 0 ns

NOTE 3: The total clock period of CLK high and CLK low must not exceed clock frequency, fcjock. 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




TIBPAL16L8, TIBPAL16R4, TIBPAL16RG, TIBPAL16R8
LOW-POWER HIGH-PERFORMANCE IMPACT PAL CIRCUITS

ecommended operating conditions

M SUFFIX —30 C SUFFIX —25
MIN  TYP MAX | MIN TYP MAX UNIT
fclock  Clock frequency 0 25 0 30 MHz
tw Pulse duration, clock, (see Note 3) mgh 15 10 ns
' ’ | Low 20 15
tsu Setup time, input or feedback before CLK?® 25 20 ns
th Hold time, input or feedback after CLK® o] (o] ns

I0TE 3: The total clock period of CLK high and CLK low must not exceed clock frequency, fciock- Minimum pulse durations specified
are only for CLK high or CLK low, but not for both simultaneously.

slectrical characteristics over recommended operating free-air temperature range

M SUFFIX —30 C SUFFIX —25
PARAMETER TEST CONDITIONSt UNIT
MIN TYP} MAX | MIN TYP} MAX
ViK Vce = MIN, | = —18 mA -1.5 -1.5 v
VOH Vce = MIN, loH = MAX 2.4 3.2 2.4 3.3 \2
VoL Vee = MIN, loL = MAX 0.25 0.4 0.35 0.5 \
Outputs 20 20
lozH vce = MAX, Vo =27V A 3
/0 ports cc Q 100 100 | *
Outputs -20 -20
l \ = MAX, Vg =04V A
OZL /5 ports cc ° ~250 “250 | * o
Pin 1, 11 0.2 0.1 D
| \ = MAX, V) =55V A
! cc ! Al others 0.1 o1 | " S
, v ~ MAX Vi = 3.7V Pin 1, 11 50 20 A
H cc = ' e Al others 20 20 | * %
T8 Vce = MAX, V) =04V -0.2 -0.2 mA ©
108 vee = MAX, Vg = 2.25V -30 -125 | -30 -125 mA E
\ = MAX, Out
icc cc utputs Open 75 105 75 100 | maA H]
Vi=0V, -
- (=]
For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. e
‘Al typical values are at Vcc = 5V, Tp = 25°C. [- W
}The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgs. -6
°
switching characteristics over recommended supply voltage and operating free-air temperature ranges L

[unless otherwise noted)

M SUFFIX —30 C SUFFIX —25
PARAMETER FROM TO TEST CONDITIONS MIN_ TYPF  MAX | MIN _TYPt MAX UNIT
fmax 25 30 MHz
tpd 1, 110 0, 110 15 30 15 25 ns
tpd CLK? Q RL = 500 Q, 10 20 10 15 ns
ten OE!l Q CL = 50 pF, 15 25 15 20 ns
tdis OEt Q See Note 4 10 25 10 20 ns
ten 1, 1/0 O, 1/0 14 30 14 25 ns
tdis 1, 1/0 0, 110 13 30 13 25 ns
Al typical values are at Vog = 5V, Ta = 25°C.
NOTE 4: Load circuits and voltage waveforms are shown in Section 1.
PRODUCT PREVIEW .
This page contains information on a v}
product under davelopmhontr.‘ "I":x:s TE 3-47
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8

HIGH-PERFORMANCE IMPACT PAL CIRCUITS

PRODUCT TERMS 0 THRU 31
(TOP VIEW)

PGM ENABLE [] vee
Pi0 [ PO3
P [ PO2
P12 [ PO1
PI3 [ POO
P4 [ PAO
Pis [ PA1
Pi6 [ PA2
PI7 [ L/R

PGM VERIFY

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

TABLE 1 — INPUT LINE SELECT

PGM VERIFY

PRODUCT TERMS 32 THRU 63
(TOP VIEW)

GND

PIO
PI1
P2 [
P13 []
P4 [
Pi5 [
PI6
PI7

Vce
LR
PAO
PA1
PA2
PO3
PO2
PO1
POO

PGM ENABLE

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 PO2 PO3 PA2 PA1 PAO

3 (o] HH HH HH HH HH HH HH L Y4 0,32 4 ¥4 z HH Z 4 Y4
1 HH HH HH HH HH HH HH H Y4 1,33 r4 ¥4 4 HH 2 V4 HH

- 2 HH HH HH HH HH HH HH L HH 2,34 Z ¥4 ¥4 HH Z HH 2
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 HH 2 4,36 2 4 4 HH HH 2 ¥4
-'u 5 HH HH HH HH HH HH H HH 2 5,37 ¥4 Z 4 HH HH 2z HH

3 & HH HH HH HR HH HH L HH HH 8,38 z z ra HH HH HH Z
[{e} 7 HH HH HH HH HH HH H HH HH 7,39 V4 ¥4 Z HH HH HH HH

a 8 HH HH HH HH HH L HH HH 2z 8,40 z Z HH 2 Z Y4 Z
3 9 HH HH HH HH HH H HH HH 2 9,41 ¥4 4 HH 2 4 2 HH

3 10 HH HH HH HH HH L HH HH HH 10,42 4 4 HH Z Z HH Z
g_ 1 HH HH HH HH HH H HH HH HH 11,43 4 4 HH Z ¥4 HH HH

6‘ 12 HH HH HH HH L HH HH HH 2Z 12,44 4 4 HH Z HH 2 Z
- 13 HH HH HH HH HH HH HH Z 13,45 z Y4 HH Z HH Z HH

[e] 14 HH HH HH HH L HH HH HH HH 14,46 4 4 HH Z HH HH 2
Q. 15 HH HH HH HH H HH HH HH HH 15,47 Y4 4 HH 2Z HH HH HH

(3] 16 HH HH HH L HH HH HH HH Z 16,48 4 HH 2 z 4 Y4 ¥4
17 HH HH HH H HH HH HH HH 2 17,49 4 HH 2 ¥4 2 Z HH

18 HH HH HH L HH HH HH HH HH 18,50 z HH 2z Z 4 HH Z
19 HH HH HH H HH HH HH HH HH 19, 51 z HH Z Z Y4 HH HH

20 HH HH L HH HH HH HH HH 2z 20,52 r4 HH Z 4 HH 2 z
21 HH HH H HH HH HH HH HH Z 21,53 z HH 2 4 HH 2z HH

22 HH HH L HH HH HH HH HH HH 22,54 Y4 HH 2 4 HH HH 2Z
23 HH HH H HH HH HH HH HH HH 23,55 z HH Z 4 HH HH HH

24 HH L HH HH HH HH HH HH Z 24,56 HH Z 4 z 4 4 Z
25 HH H HH HH HH HH HH HH 2Z 25,57 HH 2 ¥4 z 4 4 HH

26 HH L HH HH HH HH HH HH HH 26,58 HH Z z ¥4 4 HH Z
27 HH H HH HH HH HH HH HH HH 27,59 HH 2z Y4 b4 r4 HH HH

28 L HH HH HH HH HH HH HH 2 28, 60 HH 2z z 4 HH Z z
29 H HH HH HH HH HH HH HH 2z 29,61 HH 2z 2 Y4 HH 2 HH

30 L HH HH HH HH HH HH HH HH 30,62 HH 2 Z 4 HH HH 2
31 H HH HH HH HH HH HH HH HH 31,63 HH Z V4 z HH HH HH

L= V), H = Vjy, HH = Vi, Z = high impedance (e.g.. 10 k2 10 5 V)
Texas WP
3-48 EXAS
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

‘ogramming 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 to VIHH- |

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

Step 6 Return VCC 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.

rogramming waveforms

L d

— = ViHH
PGM ENABLE j ;\
| L_ ViL
SELECTED —— === VIHH
ViL

PI,L/R,PA
————————————————— — ViHH
Vee /, '\
— ] 5V

w

3
i
=

PINS (See W/
Tables 1 and 2)

———e e e e e — 0V
h twi _L
——— e - — o ————— o ———\/
SELECTED | IHH
PO PINS TETXXXTX) EXXXITLLXTLXTTTXLTIXTXXXTXXXXX YV OH
(See Table 2) XD VERIFY IR RO

falatate’ete’ee's!

|

1

; VoL
R < C)

1

Field-Programmable Logic

B -ty
td1-9 |
ViH
PGM VERIFY
ViL

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

@ A low level during verify interval indi that prog ing has been ful.

security fuse programming

5V
CRTXTTXTTT

$ 0000000000
Vee 0.0‘0’0.0‘0:0‘0‘0‘0.%0. m

ov
et l““‘w3‘ﬂ |
h e e —_— —_—— 21V
PIN 1 ! =
| 1
| tw3 | ov
W,
le—th— | | "—N""h
h c———— 21v
PIN 11 |
ov

TeEXAas .
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TIBPAL18H4, TIBPAL18L4, TIBPAL18P4
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

® High-Performance Operation TIBPAL18’

h M SUFFIX . . . JT PACKAGE
Propagation Delay . . . 15 ns C SUFFIX . . . JT OR NT PACKAGE
fmax .. .50 MHz

(TOP VIEW)

® Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic !
and Ceramic DIPs :
|
OUTPUT

DEVICE 1 INPUTS | O OUTPUTS |

CONFIGURATION
BPAL18H4 18 4 ACTIVE HIGH !
BPAL18L4 18 4 ACTIVE LOW !
BPAL18P4 18 4 POLARITY SELECT :
iscription :
These programmable array logic devices feature GND

high speed and functional equivalency when
compared with currently available devices. They ,

combine the latest Advanced Lc.zwAPower M SUFFIX . T_‘ﬁf;ﬁm PACKAGE
Schottkyt technology “/IMPACT'’ with proven C SUFFIX . . . FN PACKAGE
titanium-tungsten fuses. These devices will (TOP VIEW)

provide reliable, high performance substitutes
over conventional TTL logic. Their easy
programmability allows for quick design of
custom functions and typically result in a more
compact circuit board. In addition, chip carriers

are available for further reduction in board space.

W

cc

|

27

o
z
T
1

BV

il
80

=
3 2

The TIBPAL18P4 allows the user to select either
active high or active low outputs. This feature
is provided via a polarity fuse which is located
on each EXCLUSIVE-OR output. If the fuse is left
intact, the output polarity will be active high. If
the fuse is blown, the output will be permanently

—00z0O0 "~
0

. a0 -——
active low. > >

The TIBPAL18' M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL18’ C series
is characterized for operation from 0°C to 70°C.

Field-Programmable Logic

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

This
on a product under development. TEXAS

Texas Instruments reserves the right

to chan:: :: discontinue this prodzci lN STRU M ENTS

without notice.

PRODUCT PREVIEW ', Copyright © 1985, Texas Instruments Incorporated
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TIBPAL18H4, TIBPAL18L4, TIBPAL18P4
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUIT

functional block diagrams (positive logic)

‘PAL18H4
&
36 X 20
6
[ 18 ~ >1 0
18 4 v 4” ]
' 18 # o
7
D—-+— ~y 6, L
‘PAL18L4
&
36 X 20
> 18 6,1 >1 SN o
3 . 7 % ——
18 7 0
|
18 4,’ S
o——~——
m 6,/ 1
(12
Q ‘PAL18P4
3
&
8 36 X 20
-
3
3 6, =21 =1
> 7 t
] 18, 1~
o 7 ~~ s,
) 7 1
— , 18, . [AY)
[=] 7 t
«Q b 18, ~ [ o AV
& 6, ;
1’-—- Ny
=

Tif fuse is intact, output is active high. If fuse is blown, output is permanently low.

3.52 Texas ‘t"
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TIBPAL20H2, TIBPAL20L2, TIBPAL20P2
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

® High-Performance Operation TIBPAL20’
Propagation Delay . . . 15 ns M SUFFIX . . . JT PACKAGE
fmax - - - 50 MHz C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)

® Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

DEVICE I INPUTS | O OUTPUTS OuTPUT
CONFIGURATION
TIBPAL20H2 20 2 ACTIVE HIGH
| TIBPAL20L2 20 2 ACTIVE LOW
TIBPAL20P2 20 2 POLARITY SELECT

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 TIBPAL20

S‘cho‘ttkyT technology “'IMPACT"’ with prove'n ™ S:ZJFSFlI));FIX | FH ;?; :L(C":(:CGKEAGE
titanium-tungsten fuses. These devices will (TOP VIEW)

provide reliable, high performance substitutes

over conventional TTL logic. Their easy
programmability allows for quick design of
custom functions and typically result in a more
compact circuit board. In addition, chip carriers
are available for further reduction in board space.

W

The TIBPAL20P2 allows the user to select either
active high or active low outputs. This feature
is provided via a polarity fuse which is located
on each EXCLUSIVE-OR output. If the fuse is left
intact, the output polarity will be active high. If
the fuse is blown, the output will be permanently
active low.

The TIBPAL20' M series is characterized for
operation over the full military temperature range
of —55°C te 125°C. The TIBPAL20’ C series
is characterized for operation from 0°C to 70°C

Field-Programmable Logic

TImegraled 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.

PRODUCT PREVIEW o Copyright © 1985, Texas Instruments Incorporated
This ins i i
on a product under development. TEXAS 3.53
Texas Instruments reserves the right -
to change or discontinue this product IN STRU M ENTS

without notice.



TIBPAL20H2, TIBPAL20L2, TIBPAL20P2
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL20H2
& >1
40X 16
8,
7
> o, |
20,
20, ~
8/
7
"PAL20L2
& >1

40X 16

. s,
M
i 20 7 ~
oy |—,l—T
'.U 20 ~
o
8, -
t.g‘ 7
V]
3
3
o
= 'PAL20P2
1)
[y & >1 =1
=]
Q 40X 16
(2] 8,
7 ——0
D 0 o
20 2/’ v
| —4—
0
b—20 1A,
+8 (1]

It fuse is intact, output is active high. If fuse is blown, output is permanently low.

I

{i’
3-54 TeExas
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL® CIRCUITS

SEPTEMBER 1984

® Choice of Operating Speeds TIBPAL20L10"
RMANCE . . . M SUFFIX . . . JT PACKAGE
H'g;‘p; i:“:o 40 MHz C SUFFIX . . . JT OR NT PACKAGE
. TOP VIEW
HALF-POWER . . . 25 MHz Typical : 5 '
) ) | 1 241 J Vv
® Preload Capability on Output Registers iz 2 OCC
Power-Up Clear on Registered Devices s 22fwo
i0s 20 wo
Package Options Include Both Plastic and i0s 200wo
Ceramic Chip Carriers in Addition to Plastic 10s [ 1o
and Ceramic DIPs 10 sdwo
10e 170 o
3-STATE REGISTERED ) L R
DEVICE | I INPUTS 1w sJuo
0 OUTPUTS Q OUTPUTS PORTS 1 14 ] o
“PAL20L10 | 12 2 [ 8 onohz  13f]
‘PAL20X4 10 o 4 (3-state buffers) | 6
‘PAL20X8 10 (o] 8 (3-state buffers) 2
‘PAL20X10| 10 0 10 (3-state buffers) | 0 TIBPAL20L10"
M SUFFIX . . . FH OR FK PACKAGE
L C SUFFIX . . . FN PACKAGE
description (TOP VIEW)

w

These programmable array logic devices feature
high speed and functional equivalency when
compared with currently available devices. They
combine the latest Advanced Low-Power
Schottky T technology “/IMPACT'’with proven
titanium-tungsten fuses. These devices will
provide reliable, high performance substitutes
over conventional TTL logic. Their easy
programmability allows for quick design of
custom functions and typically result in a more
compact circuit board. In addition, chip carriers
are available for further reduction in board space.

The Half-Power versions offer a choice of

operating frequency, switching speeds, and Pin assignments in operating mode (pins 1 and 11 less positive than
power dissipation. In many cases, these Half- ViHH)

Power devices are as fast as the currently

available ‘’standard’’ devices.

Field-Programmable Logic

All of the registered outputs are set to a low level
during power-up. 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.

TIntegrated 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.

PRODUCT PREVIEW . Copyright © 1984, Texas Instruments Incorporated
This page contains information on a {’

product under d-v-lopmm’.l :-x:u TEXAS
Instruments reserves ti ight to
change or discontinue this product INSTRUMEN’I‘S

without notice.
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TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

7 sjqewweiboid-pioi4 N

2160

TIBPAL20X4'
M SUFFIX . . . JT PACKAGE
C SUFFIX . .. JT OR NT PACKAGE

(TOP VIEW)
outcik [ U2a] vee
102 2spwo
10 22Dwo
igs  21pPwo
I[s 200a
IEG 19[] a
17 8Ja
1idse Qo
e 1sJuvo
1o 1sJwo
10 1aJwo
GND [h2  13[] OF

TIBPAL20X8’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)
outcik v U24] vee
lEz 23] /0
10 220a
1i0Q¢s 22Pa
105 200 a
IEG 9] a
10 8pa
e 0a
e JaQ
1o 1spa
g sQuvo
GND (12 13[] OF
TIBPAL20X10°

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

(TOP VIEW)
outewk [ Uaa[] vee
102 230a
s 220a
igs 210a
i(ds 2000q
e 9o
Lp 18] Q
O o
e QJQ
1w spa
1gn wpa
GND [}z 13[] OF

Pin assignments in operating mode (pins 1 and 11 less positive than Vi)

TIBPAL20X4’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

TIBPAL20X8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

TIBPAL20X10’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

3-56
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TIBPAL20L10, TIBPAL20X4
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL20L10
& N1
40x40] 3, - 2Vp——0
3, o———o
L4
3 3, o« —&»— 10
12 20 —7
| + -
3,, D—N—Q-b— /0
3, P&~ 1/0
/0
8 20 3, 3—?—0— |
+ po—+—
3, D-a7—>— 1/0
3, p-a—¢>— 110
1/0
3,1 D—ﬁ—‘-’— / 3
3
o D—Q—w— 1/0
Q
8 4
7 < o
o
‘PAL20X4 -
2
— £
OF denz ©
OUTCLK pc1 E
1 11 0 . g
& = -
a0 x a0 |24 1") 2v Q 5
o
o B T = g
Q =
[ e [
L1, 20, . N a ic
. en >t
3 \v D_ﬁ_—‘*— 1/0
6 20 3, I}\ <> \/0
L~
3 D ‘\ <> /o
3 o < <> i/o
3 P <4+»- 170
3 <) /0
6 &4
<
Y«

~denotes fused inputs

Texas {"

INSTRUMENTS 3-57



TIBPAL20X8, TIBPAL20X10

HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL20X8
OF EN2
ouTCLK ct
& 4 =1 1=0 V) Q
a0x40[ #10 2 —
a [
= 9
—
4 é Q
20 7
, 10 > . . — o
s K B =
4 Q
8, + N
a Q
S 9
—
4 é Q
20 N
2 D~ ~ 4 Q
3 ’ —
NES]
- 3, | vp—a—1+— 10
i. 3 | D—e] 1/0
9. 2
3 8,
=3
«Q
o ‘PAL20X10
g 3 EN
g_ OuUTCLK c1
= & 4 =1 1=0 v a
@ 40 X 40 |—~ ém 2
o 4 5 a
Q, . —
7) 4, é a
10 > 20 N
| —~— “ 4 ? Q
N
4, + Q
N
> 3 :
— N
10 20 4, Q
p—rt—~ ¢ —
4 + a
N
4, % Q
R
4 { Q
10 N
~denotes fused inputs
i
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TIBPAL20L10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

INPUT LINES
7\

/ \
) Qeee Boece Bees 1200¢ 15 o0 20cee 24000 28cce 32 ees 360 39

PRODUCT
LINES

We +O

(22)
1 /0
(3) N .

1

16

. (21)

19 1/0
\ (4) c +

24 ).

i (20)

. /0

w

32 o

9
(19) vo

40 Y

: us) | o

. I (17) Vo

Field-Programmable Logic

1
. (16) /o

: us) o

: B0
75
| (11) : ] -q (13) '

Qese Boce Boosl2ece 160 e « 200 oo 240+« 28 o+ 3200+ 36+ +39

:i
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TIBPAL20X4
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

INPUT LINES
/\

/

Q- «-

Bes e 1200 16ec s 200+ + 24+ + « 28¢ o+ 32...35..39\

OUTcLKﬂ%

[}

PRODUCT .

LINES

3

. (Z)EI:
8

, (3) n
16 ~
v % ‘ 210 g
. (4) D N - ] l
24
. (20)
3 2‘7 D— i Bo——— (s}
PpCc1
(5) NG —_
-n ' L <
) 32
& : ne) o
o 3 -l
3 f (6) N "
@ Dt K
3 a0 (18)
A 18
. 10 Q
5 5 B D
(7) NG — 3
8_ ]
o a8
‘g 51 %3) o1 b
—5 (8)
) 1 —Dk K
56 o
; ) ae o
) (9) NG ,3
64 o
67 19 1
' l1O)D- N
72 Vo
75 ’ LIPS
(11) 1 43 l (13) 3

Qcee 40,

Beos 12000 16 200 o« 240 0+ 28¢0 s 3204+ 36° + 39
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TIBPAL20X8
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

INPUT LINES
'\

/o... Bees Beoe 12000 1620200 202400+ 280 s ¢ 320--36--39\

DUTCLK—Q,—>

PRODUCT ?

LINES

3
) (th“-‘
8

(23) 1/0

<}

(3)

[

T Tt

[

(20) a

o

o

Field-Programmable Logic E

5 (6] [C]

48

51
@ ry

56

(<]

59

G PGy

BARE;

sl

(9) "

1 ﬁ_!q___
64
: D a
67

. (10) e
72
. (14) /o
75

, (11) 1 14 ﬂ (13) oF

Qeee Goce Boos 1200 160 200 o+ 240 0+ 280 s 320+ 3Ge +39
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TIBPAL20X10

HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

INPUT LINES
/\

/

o

e 120 e 16e e 200 e 280 0. 28ee+ 320+ 360039 )

OUTCLK ”—’>

[}
PRODUCT

LINES

i..,""
[}

-4

(22) a

3

3
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1‘1
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(
{

16
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19
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(4) >

24

o

27
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(18)
Q

=]

TY VLT

21607 ajqewwelboid-plai4 H

=]

(9 [0 €0 [E0 [0 (£ (60 (6 (6]

TE T
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:

ee 12000160 00 200 ee 240 0e 2800 s 32000
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

abso

NOTE

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

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

Csuffix ... ... . 0°C to 70°C
Storage temperature range . . . .. .. .. oottt e —-65°C to 150°C

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

recommended operating conditions

w

Field-Programmable Logic

M SUFFIX C SUFFIX
PARAMETER MIN NOM MAX| MIN NOM MAX UNIT
Vee Supply voltage 4.5 5 55| 4.75 5 5.25 \
ViH High-level input voltage 2 5.5 2 5.5 \%
ViL Low-level input voltage 0.8 0.8 \4
loH High-level output current -2 -3.2 mA
oL Low-level output current 12 24 mA
Ta Operating free-air temperature - 55 125 o] 70 °c
programming parameters, TA = 25°C
MIN| NOM| MAX | UNIT
Vce Verify-level supply voltage 4.5 5.0 5.5 \%
ViH High-level input voltage 2 5.5 \%
ViL Low-level input voltage 0.8 \
VIHH Program-pulse input voltage \
PGM ENABLE
HHH Program-pulse input current PO mA
Vec
twi Pulse duration at Vcc us
tw2 Pulse duration at PGM VERIFY ns
. Setup time OET before POT (VjHH) ns
su Setup time POT (V|yH) before Vet (ViHK)
Hold time PO (V) after Vgl
th — ns
Hold time OE high after POl
a1 Delay time from OE low to PGM VERIFYT us
t42 Delay time from PGM VERIFYT to valid output ns
Input voltage at pins 1 and 13 to open verify-protect (security) fuse v
Input current to open verify-protect (security) fuse mA
Pulse duration to open verify-protect (security) fuse ms

Texas "9

INSTRUMENTS
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10

HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

recommended operating conditions

M SUFFIX-XX C SUFFIX-XX uNIT
MIN TYP MAX [ MIN TYP MAX
fclock  Clock frequency (o] 40 o] 40 | MHz
High
tw Pulse duration, clock L '9 il
| Low ns
tsu Setup time, input or feedback before OUTCLK? 15 15 ns
th Hold time, input or feedback after OUTCLK? (o] 0o ns
electrical characteristics over recommended free-air operating temperature range
M SUFFIX-XX C SUFFIX-XX
RAMETER TEST CONDITIONS UNIT
PA MIN TYP! MAX | MIN TYP} MAX
ViK Vce = MIN, ) = —18 mA -1.5 -15| V
VOH Vee = MIN,  Igy = MAX 24 3.2 24 33 \2
VoL Vce = MIN,  IgL = MAX 0.25 0.4 035 05| Vv
Outputs 20 20
| vVee = MAX, Vg =27V A
OZH /0 ports cc H 100 100 |
Outputs -20 -20
| Ve = MAX, Vi =04V A
OZL I77/0 ports cc H =250 250 | *
1
I Voo = MAX, Vp =55V 0.1 01| mA
H Vce = MAX, V) = 27V 20 20 | A
m Vce = MAX, V| = 0.4V -0.2 -0.2 | mA
108 Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 | mA
icc Vce = MAX, Vi =0V, 140 180 140 180 | mA

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

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

21607 sjqeluweiboid-pjai4 n

noted)
M SUFFIX-XX C SUFFIX-XX

PARAMETER FROM T0 TEST CONDITIONS N TYPE MAX TN Tyt max ] UNIT
fmax 40 40 MHz
tod 1, 170 0, /0 15 15 ns
tpd OUTCLKT Q Ry = 500 Q, 10 10 ns
ten OF Q CL = 50 pF 10 10 ns
tdis OEt Q See Note 2 10 10 ns
ten 1, 1/0 0, 1/0 15 15 ns
tdis 1, 1/0 0, 1/0 15 15 ns

*All typical values are at Vcc = 5V, To = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

3-64
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE HALF-POWER EXCLUSIVE-OR IMPACT PAL CIRCUITS

recommended operating conditions

M-SUFFIX-XX C SUFFIX-XX UNIT
MIN TYP MAX [ MIN TYP MAX
fclock  Clock frequency 0 25 0 25 | MHz
K [ High ns
tw Pulse duration, clock
Low ns
tsu Setup time, input or feedback before OUTCLK? 15 15 ns
th Hold time, input or feedback after OUTCLK® 0 0o ns
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONS M SUFFIX- XX C SUFFIX-XX uNIT
MIN TYP¥ MAX | MIN TYP} MAX
ViK Vge = MIN, I = —18 mA -1.5 -1.5 \
Vou Vce = MIN,  IgH = MAX 2.4 3.2 2.4 33 v
VoL Vee = MIN,  IgL = MAX 0.25 0.4 035 05| V
ooz - k1
Vec = MAX, Vi = 0.4V skl 3
I Vce = MAX, V) = 55V 0.1 0.1 | mA
M Vee = MAX, V| =27V 20 20 | uA
i vVee = MAX, V=04V -0.1 -0.1 mA
108 Voo = MAX, Vg = 2.25V -30 -125 | -30 -125 [ mA
) VCe = MAX, V; =0V, 70 95 70 90 | mA

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

8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, I0g.

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

Field-Programmable Logic

noted)
M SUFFIX-XX C SUFFIX-XX
PARAMETER FROM TO TEST CONDITIONS MIN TYPE MAX | MIN TYPF MAX UNIT
fmax 25 25 MHz
tpd 1, 1/0 0, /0 30 30 ns
tpd OUTCLK? Q RL = 500 Q, 20 20 ns
ten OF Q CL = 50 pF 15 15 ns
tdis OEt Q See Note 2 15 15 ns
ten I, /0 0, 110 30 30 ns
tdis 1, 1/0 0, 110 30 30 ns
*All typical values are at Vee = 65V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
3
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TIBPAL20L10, TIBPAL20X4, TIBPAL20XS, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR PAL CIRCUITS

PRODUCT TERMS
(TOP VIEW)

Pin assignments in programmming mode (PGM ENABLE, pin 11 at Viqy)

TABLE 2. PRODUCT LINE SELECT

PRODUCT LINE ADDRESS
PAS  PAS  PA10 PRODUCT LINE NUMBER
L L L 0 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
Po0 | PO1 [ P02 | Po3 | Poa | Pos | Poe | PO7 | PO | Po9
OUTPUT PIN NAME
L=ViLH=VH
*ip
3-66 TeExAs
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR PAL CIRCUITS

INPUT LINE SELECT

TABLE 1.

™

21607 sjqewweiboid-piai4

PIN NAME

P2 PI3 Pl4 PIS

Pl1

PIO

INPUT LINE

NUMBER

10

12
13
14
15
16
17

18
19
20
23
24
25
26
27
28
29
30

21
22
31
32

33

34
35

36

37

38
39

ViH

L=V H
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

programming procedure for array fuses

w

1 sjqewwelboid-pial4

2160

Array fuses are programmed by excuting 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 VCC to VIHH.

Step 7 Remove the output voltage

Step 8 Lower OE to V|| to enable device

Step 9 Verify the blowing of the fuse by checking for a VQL, 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 _/ v
I
ViH
PI0-PI5 3000000 SELECT INPUT LINE XXX Vit
ViH
PAB-PA10 SX0E0AN0 SELECT PRODUCT LINE GROUP ZEXXXAXY ViL

o
GO0

o.o.o.o,o.o.o.o'o‘t.t.

PGM VERIFY

3-68
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

PRELOAD PROCEDURES

Vee

-

OUTPUTS DISABLED

_/
0% V|L—]|( %
tis—p{ |e— —  le—ten

| ENABLE PRELOAD |

w

VIHH = = = == - = = == = —
| 100 ns:
PIN 14 | | je min
! ] 1| |
Vi L | - |
: : -I—‘wi——ﬁl |
APPLY Q' |
VIHH = = — — = — — :— —_——-t—- |
I 1000 ! | VERIFY NEW
a Ve, VERIFY STATEQ,, | MIN | sTAaTEQ, VERIFY Q' 4+ ¢
OH syrerrmmeracrerseresmerereroe U \/ N/ VUV VU VY | AR srsnmnns
OO0 XXX XXX XXX ROOOOOOOOOO XXX
D000 0 0000000009 0000.00.000000000000
VoL VAR z KRN
1
k"—ﬂ‘tl’d
v 1
PIN 1 H r‘l
(ouTcLK) Vi

FIGURE 1. PRELOAD WAVEFORMS

preload procedure for registered outputs

Step 1 Pin 13 to V|4, Pin 1 to Vi, and V¢ to 5 volts.

Step 2 Pin 14 to V|HH for 10 to 50 microseconds.

Step 3 Apply an open circuit for a low and V|HH for a high at the Q outputs.
Step 4 Pin 14 to V).

Step 5 Remove the voltages applied to the outputs.

Step 6 Pin 13 to VL.

Step 7 Check the output states to verify preload.

Field-Programmable Logic

security fuse programming

" """ T——m—————= 21v
e—th
PIN 1 / \ ov
T
1 t ] |
\ eI v
PIN 13 je—th—>l [—d-th ov

Texas {'P

-69
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

D2709, DECEMBER 1982 —REVISED AUGUST 1984

® Choice of Operating Speeds ® Power-up Clear on Registered Devices
HIGH PERFORMANCE . . . 30 MHz Max ® DIP Options Include Both 300-mil Plastic

HALF-POWER . . . 20 MHz Max
® Preload Capability on Output Registers

and 600-mil Ceramic

3-STATE REGISTERED
DEVICE I/D INPUTS | | INPUTS 0 OUTPUTS Q OUTPUTS 1/0 PORTS
‘PALR19L8 1 2 2 0 6
‘PALR19R4 11 (o] o 4 (3-state buffers) 4
‘PALR19R6 1 0 0o 6 (3-state buffers) 2
‘PALR19R8 11 0 0 8 (3-state buffers) [+]
description TIBPALR19LS’

These programmable array logic devices feature high
speed and functionality similar to the TIBPAL16L8,
16R4, 16R6, 16R8 series, but with the added
advantage of D-type input registers. If any input
register is not desired, it can be converted to an input
buffer by simply programming the architectural fuse.

Combining Advanced Low-Power Schottky?
technology, with proven titanium-tungsten fuses,
these devices will provide reliable high performance
substitutes over conventional TTL logic. Their easy
programmability allows for quick design of custom
functions and typically result in a more compact circuit
board. In addition, chip carriers are available for further
reduction in board space. The Half-power devices offer
a choice of operating frequency, switching speed, and
power dissipation.

All of the registered outputs are set to a low level
during power-up. 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.

INPUT REGISTER FUNCTION TABLE

INPUT OUTPUT OF
INCLK | D | INPUT REGISTER
1 H H
1 L L
L X Qo

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

(TOP VIEW)
1y U2ad vee
w2 2300 wo
mws 2200
s 220 vo
Qs 20 vo
mw Qe 9] 10
w180 vo
mwde 173 vo
o [ 16}] 10
mw Qo 18] o
/D 1 14[] INCLK?
GND [h2 1371

TIBPALR19LS’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

e
-
4

/0[5 2s[] 1’0
1D |16 24{} 110
o {17 /0
NC [J8 22[] NC
o fJ9 21fj o
1D [J10 20(} 110
o g1 19 o

12

e
29

#Pin 14 is also used for the preload
Pin assignments in operating mode (voltage at pins 1 and 13 less
than VigH)

tintegrated 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.

w

Field-Programmable Logic

PRODUCT PREVIEW ’
This f Q’
gn a 'pvoduct under mvciohp‘mdon': TE
exas Instruments reserves the right
to change or discontinue this product lN STRUM EN‘TS

without notice.

Copyright © 1985, Texas Instruments Incorporated
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TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

TIBPALR19R4’
M SUFFIX . . . JW PACKAGE

C SUFFIX . .. JW OR NT PACKAGE

(TOP VIEW)
outcek v Uad] vee
w2 230w
wls 2200 wvo
D e 21% 10
mw(s 200
we 9] a
wo m% Q
wle vJa
o[ ] WO
o (o s wo
1D En 18] INCLKT
GND 2 13[] OF
TIBPALR19R6’

M SUFFIX . . . JW PACKAGE

C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)
outcek [r U2eJ vee
110 LJ2 23] 1D
w3 200w
ws 20a
w s 200 a
mwde 19]a
w [ 8da
we PJa
e 16f]a
o Qo 1s] 1O
D (v 18] INCLKT
GND (12 13[] OF

TIBPALR19R8"
M SUFFIX . . . JW PACKAGE

C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)
outcek (v Uad] vee
w2z 23w
w:s 20a
mwds nJa
mw@s 22a
we 19
w 8Ja
w(de wha
wp efJa
o Qo sJa
/o [ 1] INCLKT
GND [h2  13[] OF

NC—No internal connection
TPIN 14 is also used for preload

TIBPALR19RA’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

TIBPALR19RE’

M SUFFIX . . . FH OR FK PACKAGE

C SUFFIX . . . FN PACKAGE

(TOP VIEW)
~
5
O
.5 Q 80 o
g g ozZz>==
e e e
4321 26
D)5 25(] Q
D)6 24[} Q
o7 23(} o
ncfle 22} NC
wo e 21fja
o o 20(} @
vo 19(} a
i
EEFEEEE
© [}
4
TIBPALR19R8’

M SUFFIX . . . FH OR FK PACKAGE

C SUFFIX . . . FN PACKAGE
(TOP VIEW)

=
2

a
3

b fIs 25[ja
1D 6 24[ja
o 7 23] a
NC []8 22[INC
110 19 21f]a
1D [Jio 20(Ja
1o gt 19 a
P P P PP
2299850
o ]
2

1EXAS'*9
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TIBPALR19LS, TIBPALR19R4
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

unctional block diagrams (positive logic)

‘PALR19L8
& En >1
B/X64| 7, vp———o
7, p———— o
INCLK —————+>0C2 L 7 P-a—e—»— /0
1 +1C2 7 7
1/D ——~— 20 1 " 7, o-&—<¢b—1/0
1
l\':l: 7 O—Q—d—b— 1/0
7 o-*«—o— 1/0
T /!
- 8 /o
2 = 8 7 P-at—>— 1/
7 1/0
l,__ g | 7, o-afeb— 1
S 3
<
‘PALR19R4
L2
OF EN2 =]
ouUTCLK b c1 3
m | L
& 8 >1 1=0 29 a 2
38 X 64 f—F~ . o
—\ <
8, 4) a €
7 L =
:il é a e
P 1 D
INCLK > 0c2 - —\ g
T 8 ([) a 4
1/D ~———pt— 2D " — N n.'
P+ ~ >1 ]
1 EN =]
2
[T

™Mo 7 v D—v—b— 1/0
M1
7, - <+ 110

N
- 8 7 b—et—e—- Vo
S S 7 e —
8 7 D—e&; <+ /o
| o—<—~ 7
4
, &
7>—¢
4
&
<

*»
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TIBPALR19R6. TIBPALR19R8

HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

/o

‘PALR19R6
OF EN2
ouTCLK c1
% |8 >1 =0 9]
asxe4| " %'/0 z
8
g R
R
8
INCLK ——$S0c2 1 ] § —
R 8
/D ——pt—2p 1 . 7 —\
1 o | 8, | %
M1 8 (%
S[ | >
= \
= e >
8, 7
> 7 -] vjo-«—4>——10
o | [ o-& <>
-
6 a
>~ <
mn B
¢:°_ PALR19R8
Q. 3 4;! EN2 I
o ouTcLK c1
3 9
Q & s > #n/o %0 29
3 38 X 64 —
3 8, ¢ -
3 8
o INCLK ————> 0c2 nol. 7 % -
% ' n T2 ! 8
1/D —H4—— 20 1 7 #
r- o—~—~ N
8 " Mo 8 ?
7
=3 -
2 {tf v . !
-
L
= s,
. . ! ‘
vd 7 . —
8 7*
e | I =
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TIBPALR19LS8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

l(‘)

INPUT LINES
[} 4 8 12 16 20 24 28 32 36
4 oc2 oca
c2 3,
o @] iz k- =
My \J.}
=  PRODUCT =
LINES
[}
.
. _.(iz)o
.
.
7 —
052 —<—
I/0(3) 15 3 S
MO .
m1
g—— . *—(21“/0
.
= .
15 4
(4) 4ic2 ‘.:'Q_"_
/D 20 16
i (20) 3
.
f\_ . r——-——|/0
= .
23 1 :]
o 8L 138 P — =4
i® ] 5 S
f——l . (19)'/o (=)
== . . |
- .
L Lol 3 A 2
(6)] Hicz < o)
I/D 32 ©
Mo
M1 . E
. (18)
. p——1/0 E
= .
©
ocz 32 4 =
(7) 1C2 x‘ }__ <))
1/D — 20 40 o
M1 . (17) E
g : ——1/0 ]
= . k=]
47 @
4 oc2 4 -
vo @78 E 2
Mo
M1 : 16)
+ . L 1/0
- .
P! oc2 55 ——
I/D@' ‘ZDZ 56 l
m .
: (15)0
= 3
ol ' j<l»——‘
1D —1—{z 3
M1
ez
1/D 20
fw
= \/}L““NCLK
a3,

*p
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TIBPALR19R4

HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

1 sjqewweiboid-pioe Y

2160

(L))

OUTCLK
INPUT LINES
A
12 16 20 24 28 32 36 -
oc2
o &L {1z % 23 15
MO Wqﬁ
M1
PRODUCT =
LINES
0
L]
: 122)|/o
.
C2 7 "
+1C:
wo 8 335 s
il 21
. — 2y
= 0
— 15
1o & ':f%’ 16 &
M1
f‘—— : B (2!))0
= . b-| b
< 0C2 2 4
) T re: K
/D 20 24 )
i . (19)
L . Q
e W
—1 3 =
o & %?: 32 K<H—
M1 .
8 Lo
- L] b
o e =2
1/D — 20 40
I+ .
.
= L]
- .
47
L 0oc2
TR A o
MO
M1 L4
.
1 o (16) 0
—_—
0c2 55
wo O 1387 P ee —<—
Mo .
M) . (15)
. /0
= .
[ 0c2 63 Y}
o 12 ey *—
(M1
o 1 Jiee
MO
f“1
= <H"¥ incik
(13)—0—5-

*p
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TIBPALR19R6
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

)

ouTCLK
INPUT LINES
A
0 4 8 12 16 20 24 28 32 36
L [oc ocz
o 2} 138 ' 23)p
MO MO
mi
= PRODUCT =
LINES
0
L]
: ~{L~,~—-‘—2—9|/0
L]
— 7
: «F
o B 135 5
MO .
M1 " 2‘l)Q
: o :
3 : b
15
] +H
1101l :: 16 ‘
i (200, 3
: o
% . -e
23 .

6) | ez :'4‘ o
/D o [ 24 ©
. z

SF.L . (19)q g’
= M g ]
;i 2
3 .
e Jie KH el
/D 20 32 [}
M1 L4
: 1) £
T : g
39
4 )
wo 8t g KH o
e £
.
. 17)y a
1 . T S
47 -
4 0oc2 N .d_)
1o & 3 . —H ix
M1 .
: Lo
= : g
e |55
o 5 P ee —d
m .
. 08)0
= .
) Oy I )
ooy 35 <
?‘L
(M1
(11) ez
1D »
fM‘
= 0% neLk
L<p35e
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TIBPALR19R8

HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

)

OUTCLK
INPUT LINES
A
12 16 20 24 28 32 36
0oc2 ocz
1€2 23
vo &1 38 3 &l
B M1
PRODUCT =
LINES
0
o
: o _E{LO_(ZZ)Q
. C1p
2 ’ —
@) ] Jcz KH
1/D ﬁ 8
.
M1 . B (21)
. E Q
+ . b
o s )
@)] ez _‘)Q\_.
i/D 26 16
w | o° )
. {20
=l e,
> . -e
L oc2 = 4
1/D & 3 24 4'<_, l“—
m .
(19)
= . E E"— Q
o -
N 31 .
® 7 Jicz — <
1/D 20 32
211 Lo
1 . a
L : s
39
q 0c2 4
1/D ] 25 40 __AK}—
m .
o E (17)
= . Q
S Wi
(8)- 0c2 a7 14—
o B8 48 a
! 2 %
. (16)
. Lorb
0oc2 55
o O 1387 P e —KH
Mo .
f..__. : l15)0
+ . ° [
< oc2 63 Y
o 1L 38 ]
M1
vo ] 3
fm
= 0% ncLk
:] (13)55
T {IP
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TIBPALR19L8, TIBPALR19R4, TIBPALR1SR6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

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

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

Csuffix .......... . . i 0°C to 70°C
Storage temperature rTaNGE . . . . . .. vt i it —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 (see Note 2)

M SUFFIX C SUFFIX
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 5.5 \4
ViL Low-level input voltage 0.8 0.8 \
10H High-level output current -2 -3.2 mA
loL Low-level output current 12 24| mA
TA Operating free-air temperature -556 125 (0] 70 °C

W

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 numbers.

Q
programming parameters, TpA = 25°C g’
MIN NoM MAXJuniT| =
Vce  Verify-level supply voltage 4.5 5.0 5.5 \% 2
ViH High-level input voltage 2 5.5 \4 ‘8
ViL Low-level input voltage 0.8 \% E
VoH High-level output voltage 5.5 \% E
ViHH Program-pulse input voltage 10.25 10.5 10.75 \ S
PO 50 o
HHH Program-pulse input current FGM ENABLE, LR 25 mA 2
Pl, PA 5 a
Vee 400 E
tw1 Program-pulse duration at PO or I/D pins 10 50| us _Q_’
tw2 _ Pulse duration at PGM VERIFY and INCLK 100 ns L
tsu Setup time 100 ns
th Hold time 100 ns
td1 Delay time from Vcc to 5 V to PGM VERIFY?T 100 us
142 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 20 21 22 \%
tw3 Input current to open verify-protect (security) fuse 400 | mA
Pulse duration to open verify-protect (security) fuse 20 50 us
Ve vaiue during security fuse programming 0 0.4 A\

Texas ‘Q‘
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8

HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

recommended operating conditions

M SUFFIX-XX C SUFFIX-XX
MIN TYP MAX | MIN TYP MAX UNIT
fclock Clock frequency INCLK MHz
OUTCLK
INCLK high
ns
tw Pulse duration, clock INCLK fow
OUTCLK high
OUTCLK low ns
tsu Setup time, input or feedback before INCLKT ns
OUTCLK?
th Hold time, input or feedback after INCLKT or OUTCLK? 0 [¢] ns
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONS M SUFFIX-XX C SUPXXX__| unit
MIN TYP} MAX | MIN TYP! MAX
Vi Vce = MIN, | = —18 mA -1.5 -15] v
VOH Vce = MIN, IoH = MAX 2.4 32 24 33 v
3 VoL Vee = MIN, oL - MAX 0.25 0.4 035 05| V
lozn  outputs Voo = MAX,  Viy = 2.7V 20 201 A
1/0 ports 100 100
n Outputs -20 -20
® |'9ZL Mg oo Vee = MAX, - Vin = 0.4V ~250 —250] "
9‘ OE Input 0.2 0.2
I N I/D Inputs Vce = MAX, V| = 55V 0.1 0.1 | mA
(] All others 0.1 0.1
‘2 OE Input 40 40
5 IH I/D Inputs Vce = MAX, Vi =27V 20 0.1 rA
3 l-\lothers 20 0.1
o 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
Ig 108 Ve = MAX, Vg = 2.25V -30 -125 | -30 -125 | mA
Q, Icc Vee = MAX. v = 0V, 150 210 150 210 | mA
() Outputs open
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are Vcc = 5V, Tp = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, los.
3-80 Texas
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

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

PARAMETER FROM 10 :\:;g: CONTDEI'SI’.IrONS Ml:’ STUVFPF:X-I\XA);X MI: s'IL'jYF::l'X-xM)I(AX unIT
fmax Either 30 30 MHz
tpd I, /0 110, O Either 16 16 ns
tpd OUTCLK? Q Either 12 12 ns
ten OE? Q Either 8 8 ns
tdis OEt Q Either Ry = 500 Q, 6 6 ns
tpd INCLKT 110, 0 Registered CL = 50 pF, 23 23 ns
ten INCLK1 1/0, 0, Q|  Registered |  See Note 3 25 25 ns
tdis INCLK? 1/0, 0, Q Registered 20 20 ns
tpd 11D 110, O Buffered 20 20 ns
ten /D, 110 110 Buffered 22 22 ns
tdis I/D, 1/0 1/0 Buffered 17 17 ns

TAll typical values are Vo = 5V, Ta = 25°C.
cc A

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

()

Field-Programmable Logic
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE HALF-POWER REGISTERED-INPUT PAL CIRCUITS

recommended operating conditions

M SUFFIX-XX C SUFFIX-XX
MIN TYP MAX | MIN TYP MAX uNIT
INCLK
felock Clock frequency OUTCLK MHz
INCLK high
) INCLK fow ns
tw Pulse duration clock OUTCLK high
OUTCLK Tow e
X . INCLK?
tsu Setup time, input or feedback before OUTCLKT ns
th Hold time, input or feedback after INCLKT or OUTCLK? 4] 0 ns
electrical characteristics over recommended free-air operating temperature range
M SUFFIX-XX C SUFFIX-XX
PARAMETER TEST CONDITIONS MIN TYPE MAX | MIN TYPE MAX UNIT
VK Vce = MIN, Ij = —18 mA -1.5 -1.5 \"
VOH Vee = MIN, loH = MAX 24 32 24 33 \
3 VoL Vee = MIN, loL = MAX 0.25 0.4 0.35 0.5 \
o Fosm | vee wm =22y = 2
; OE Input 0.2 0.2
v Iy I/D Inputs Vee = MAX, V| =565V 0.1 0.1 mA
3 All others 0.1 0.1
(_D‘ OE Input 40 40
Q m I/D Inputs Vee = MAX, Vi =27V 20 01| uA
3 All others 20 0.1
g OE Input -0.4 -0.4
o T8 1/D Inputs Vee = MAX, Vi =04V -0.6 -0.6 | mA
) All others -0.2 -0.2
- 108 Vee = MAX, Vo = 2.25V -30 -125 | -30 -125 | mA
e Ice vee = MAX, Vi =0V, 75 105 75 105 | mA
a' Outputs open
tFor conditions shown as MIN or MAX, use the appropri: value under ded op! ing itions.
+All typical values are Vee = 5V, Ta = 25°C.
3The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igg.
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE HALF-POWER REGISTERED-INPUT PAL CIRCUITS

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

'ARAMETER FROM T0 INPUT TEST M SUFFIX-XX C SUFFIX-XX U.NIT
MODE CONDITIONS MIN TYPT MAX | MIN TYPT MAX
fmax Either 18 18 MHz
tpd 1. 1/0 1/0, O Either 25 25 ns
tod OUTCLK? Q Either 20 20 ns
ten OE? Q Either 15 15 ns
tdis OE? Q Either 12 12 ns
tpd INCLK? 10, 0 Registered Ry = 500 Q, 32 32 ns
ten INCLKT 1/0, 0, Q Registered CL = 50 pF, 35 35 ns
tdis INCLK? 1/0, 0, Q Registered See Note 3 30 30 ns
tpd /D 1/0, O Buffered 30 30 ns
ten I/D, /0 1/0 Buffered 32 32 ns
tdis /D, 110 110 Buffered 26 26 ns
TAll typical values are Vcc = 5V, Tp = 25°C.
NOTE 3: Load circuits and voitage waveforms are shown in Section 1.
Q
=
o
|
2
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8

HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

"TNo programming function. Make no connections
Pin assignments in programming mode (PGM ENABLE ,

PRODUCT TERMS 0 THRU 31

(TOP VIEW)
pGm enasLe (1 Uzal] vee
po[]2 23]t
i3 22[] Po3
e2[Ja  21[] P02
P3(]s  20[] POt
pia[]6  19[] PoO
ps (]7 18] Pao
pis (8 17[] Par
7] 16[] PA2
P8 [J10 15 LR
P9 (11 14[] INCLK
GND [[12 13[] PGM VERIFY

El

pi

1 or 13, at Vi)

PRODUCT TERMS 32 THRU 63

(TOP VIEW)
pem veriey (1 Uaa[Jvee
PiO E 2 23]
3 22[Jur
p2[Ja  21[JPa0
r3(s  20[0Par
pia (6 m%nz
pis(]7  18[JPO3
ps[j8  17[]PO2
p7(ds  1e[Jror
pig (J10  15{]POO
pig (11 mgmcuc
GND[]12 13[] PGM ENABLE

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME

LINE LINE
3 NUMBER | PI9 PI8 PI7 PI6 PI5S Pi4 PI3 PI2 PI1 PIO L/R NUMBER POOPO1P0O2PO3PA2PA1 PAD

o] HH HH HH HH HH HH HH HH HH L 2 0.32 Z Z Z HHZ Z 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 Z 4,36 Z Z Z HHHH Z 2
Q 5 HH HH HH HH HH HH HH HH H HH Z 5,37 Z Z Z HH HH Z HH
e 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
«Q 8 HH HH HH HH HH HH HH L HH HH Z 8,40 Z Z HHZ Z 2 2
o 9 HH HH HH HH HH HH HH H HH HH 2 9,41 Z Z HHZ Z Z HH
3 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
2 12 HH HH HH HH HH HH L HH HH HH Z 12,44 Z Z HHZ HHZ Z
o 13 HH HH HH HH HH HH H HH HH HH Z 13,45 Z Z HHZ HH Z HH
Y 14 HH HH HH HH HH HH L HH HH HH HH 14,46 Z Z HH Z HH HH Z

15 HH HH HH HH HH HH H HH HH HH HH 15, 47 Z Z HH Z HH HH HH
"o_ 16 HH HH HH HH HH L HH HH HH HH Z 16,48 Z HHZ Z 2 72 2z
Q 17 HH HH HH HH HH H HH HH HH HH Z 17,49 Z HHZ Z Z Z HH
=4 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 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 HH Z HH

22 HH HH HH HH L  HH HH HH HH HH HH 22,54 Z HH Z Z HH HH 2

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 HHZ Z 2 zZ z 2

25 HH HH HH H HH HH HH HH HH HH Z 25,57 HHZ Z Z Z Z HH

26 HH HH HH L HH HH HH HH HH HH HH 26,58 HHZ 2 2 Z HHZ

27 HH HH HH H HH HH HH HH HH HH HH 27,59 HH Z 2 Z Z HH HH

28 HH HH L HH HH HH HH HH HH HH Z 28, 60 HH Z 2 Z HHZ Z

29 HH HH H HH HH HH HH HH HH HH Z 29, 61 HH Z 2 Z HH Z HH

30 HH HH L HH HH HH HH HH HH HH HH 30, 62 HH Z Z Z HH HH 2

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 2

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

L = Vi, H= V|q, HH = V|, Z = high impedance (e.g., 10 kQ to 5 V)
384 Texas
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

PROGRAMMING WAVEFORMS FOR ARRAY FUSES

rogramming 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 Pulse INCLK to V.

Step 5 Raise VcC to VIHH-

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

Step 7 Return Vcc to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 6 will be less than VL 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. Verificatin is possible only with the verify-protect fuse intact.

To prevent further verification, two last fuses may be blown by raising pin 1 and pin 13 to 21 volts + 1 volts. Vcc
is required to be at O during this operation.

————— — VIHH
PGM ENABLE 1 '
; ! viL
1]
b | ’":-:" ————— VIHH
SELECTED iy H
21, L/R, PA PINS Vh 1 ViH
(SEE TABLES !
1AND 2) ! viL
VIH
INCLK
viL
VIHH
vce sV
ov
VIHH
SELECTED
PO PINS VOH
(SEE TABLE 2)
VoL
ViH
PGM VERIFY
Vi

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

@ A low level during the verify interval indicates that prog ing has been

w

Field-Programmable Logic
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

programming procedure for architectural fuses (see Note 2)

Step 1 Apply low levefls to all I/D pins and 5 volts to the Vcc pin.

Step 2 Raise Vcc pin to VIHH-

Step 3 Raise INCLK pin to ViHH

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)i and V¢ to 5 volts.

Step 6 Raise pin 13 and all I/D input pins 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 that fuse has been blown, pulse selected | pin from V|qH to V|, then to V|4 and back to
VIHH while clocking pin 1. If output at pin 15 follows the | input the fuse has been blown. The fuse
on pin 25 is verified from pin 2.

Step 10 Repeat above steps 1 thru 9 for each D input to be programmed into an | input.

NOTE 2: Refer to pin assignments in operating mode for programming selected I/D pins from D input to | inputs.

programming waveforms

VIHH - = — — — — — —
vce o ! PROGRAM | VERIFY
- |
3 : | !
I
ov : _.] l__ il |
& VIHH = === = — —— _-—— | |
2 ta: i1l
o pineUTs '3_.: . e tgs |
3 —+ —
2 i .
= VIHH L- I T ;
g PIN 14 i~ = K3 ) i
(INCLK) R | !
3 viL T ! : h
o ; \ | | 1
-2 Vi o -
PIN 13 t43 ) | | : ‘o
g (OE) 1 : | \ | |
< e
& : i ! ! ottt
__________________ 4 d3
PIN22 VIHH o , *!|
wn XXX XXXXN !
H T
I ]
z i !
PIN 16 | i tpdle e —
(OUTPUT) :www
! ———VoL
| 1% e ta
tsu—ed e ' 1
PNT VH-— = — —— — — - — — — — — — —— — |
(OUTCLK) vy I | ! | |
i
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 E
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 3

reload procedure for registered outputs

Step 1 Pin 13 to ViH, Pin 1 to Vi, and V¢ to 5 volts.

Step 2 Pin 14 to ViHH.

Step 3 Apply an open circuit or V| for a low and V|HH for a high at the Q outputs
Step 4 Pin 14 to Vi

Step 5 Remove the voltages applied to the outputs.

Step 6 Pin 13 to VL.

Step 7 Check the output states to verify preload.

reload waveforms

+BV-— ==
vece \
ov

OUTPUTS DISABLED

7
S { \

tdis —»| | ~| fe—ten

' ENABLE PRELOAD

|
VIHH-~—————— — ity |
| 100 ns!
| I
i
PIN14 | ! ! !“MIN !
|
viL + ! | :
I : twl ——»] |
] | ‘ APPLY Q' I
VIHH == — — = — — 4= }
I
| wMﬁr?—-I ! VERIFY NEW
Q | on VERIFY STATE Qy | : , STATEQ,  VERIFY Q'n+1
i |
VoL Z 5
—»| tpd l‘_
PINT VH=———— —_————— e ———— - i—-‘
(OUTCLK) Vi

security fuse programming

Vee \

le-tw3»l
PIN 13 ! f—\"—ov

W
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

D2710, DECEMBER 1982 —REVISED JUNE 1984

® Choice of Operating Speeds
HIGH PERFORMANCE . . . 30 MHz Max
HALF-POWER . . . 18 MHz Max

® Preload Capability on Output Registers

® Power-up Clear on Registered Devices
® DIP Options Include Both 300-mil Plastic

and 600-mil Ceramic

description

These programmable array logic devices feature
high speed and functionality similar to the
TIBPAL16L8, 16R4, 16R6, 16R8 series, but
with the added feature of D-type transparent
latches on the inputs. If an input latch is not
desired, it can be converted to an input buffer
by simply programming the architectural fuse.

Combining Advanced Low-Power SchottkyT
technology, with proven titanium-tungsten
fuses, these devices will provide reliable high
performance substitutes over conventional TTL
logic. Their easy programmability allows for
quick design of custom functions and typically
result in a more compact circuit board. In
addition, chip carriers are available for further
reduction in board space. The Half-power
devices offer a choice of operating frequency,
switching speed, and power dissipation.

Al of the registered outputs are set to a low level
during power-up. 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.

INPUT LATCH FUNCTION TABLE

INLE D LATCH OUTPUT
L L L
L H H
H X Qo

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

3-STATE REGISTERED
DEVICE 1/D INPUTS | | INPUTS 0 OUTPUTS Q OUTPUTS 1/0 PORTS
‘PALT19L8 11 2 2 0 6
‘PALT19R8 11 0 0o 8 (3-state buffers) 4
‘PALT19R6 1" [o] 0 6 (3-state buffers) 2
‘'PALT19R4 11 0 0 4 (3-state buffers) 0
TIBPALT19L8’

(TOP VIEW)

1[0 YU2a] vee
w2 230w
wls 220do
110 E4 21J o
ws 200wo
mwe 9o
w180 vo
o (s |7% 110
o e 16[] 10
o sfJo
D [h1 14[] INCE

GND 2 13[

TIBPALT19L8’

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

(TOP VIEW)

W

Field-Programmable Logic

Pin assignments in operating mode (voltage at pins 1 and 13 less

than ViHH)

TIntegrated Schottky-Barrier diode-clamped transistor is patented

by Texas Instruments, U.S. Patent Number 3,463,975.
HINLE is also used for the preload.
PAL is a registered trademark of Monolithic Memories Inc.

PRODUCT PREVIEW
This d f
on a product under development.
Texas Instruments reserves the right
to change or discontinue this product
without notice.

Texas {'f

INSTRUMENTS

Copyright © 1985, Texas Instruments Incorporated
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TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

1 ajqewweiboig-ploi4

TIBPALT19R4’ TIBPALT19R4’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . .. JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
pv4
ouTtcik [t U2a] vee 3
w2 230w E . Q
wills 2o 2ge3goege
ws 20 w0 5T 28 27
mws 200 1o fIs 25 110
ws 19f]a /D Je 4[] a
mwlr 18Ja o )7 23} a
mwe 7da Ne s 2[ ne
Qe 8]0 o fe 210 @
o o s o o fJo 20(}
D [n  1af] INCET vo O 190 110
GND (2 13[] OF 1213 14 15 16 17 18
ceo9pBL e
=
TIBPALT19R6’ TIBPALT19R6’
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
OUTCLK E 3
/D E.,9
o [ ee3gfeg
o [ 28 2726
1o [ 1D s 2s[]a
IIDE 11D e 2[a
/D /D 7 23[]a
o [ NC I8 22[NC
1D E 1o fle 21 a
/D 1D 110 20[] @
b [n wo O 19(] a
GND [Ji2 121314 15161718
-
eeg2lEe
TIBPALT19RS8’ TIBPALT19RS8’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outcLk 1 Uza] vee
w2 23] uo
mws 220 a
mwjs 21Ja
s 20a
we 119a
mwr 180a
mwde 1vda
mwp sJa
vo[Jo 1sJa
D [ 1af] INLE?
GND 2 13[] OF
TINLE is also used for preload
Pin assignments in operating mode (voltage at pins 1 and 13 less
than ViHH)
i
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TIBPALT1SL8, TIBPALT19R4
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALT19L8
& EN >1
ssxesl 7, p————o0
7, —————o0
7
INLE ————]0C2 LU 7, P& —4»—1/0
> e
.
1/0 ——~—- 2D 1 . Z, H—*l/o
i Mo 7 O-&1-¢-»—1/0
M1
1/0
L O-k—‘-b—— /
- 8 A P-&t-4->—1/0
. 2, > 7 7
. 1/0
s, | 2 -at-¢>— 1/
el b
, <
‘PALT19R4
OE -JEN2
OUTCLK b>c1
[
'-
& 8 >1 oZV a
38 X 64 /o
8 $ a
7
N
8 é Q
INLE ————qoc2 ol . N
" <41Cc2 - A Q
1/D ——4——2D 1
“ —en >1
Mo % vpo—a—e>— 1/0
M1
7 O :\ <4+ 1/0
S A 2 a4 1o
l___ 8 | 7 D—a 11—~ 1’0
4‘ a
a4
s -
7 g

Field-Programmable Logic H
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TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

21607 ajqewweiboid-piai4 n

‘PALT19R6
OF EN2
OUTCLK c1
& 8 >1 1=029}———a
38 x 64| }"D
T\
8 % Q
8 Q
INLE —Joc2 1 + N
+1c2 8 a
w—1op 1 F —\
o——{~
1 o | & é a
M1 a
8
e A
= >1
- 8 N
> 7 < V& —4»>——1/0
[__.J s, | 7 O-0—¢—>- 110
2 <
6 Y
7 -
‘PALT19R8
OE EN2
OUTCLK c1
& 8 >1 =0 a
3B x 64 %‘/D 2Y)
, é a
- L
INLE ———oc2 LA 3 j e
1, T § 8 Q
1/D ——4%——2D 1 7~ }
o—A~—~ N
11 o 8, ? a
7
f‘ﬁm m
8, % Q
i N
= 8, } Q
8, =
D 7 ™\
s 8, + Q
Ot~ 4 —\
| 8
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TIBPALT19L8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

,
INPUT LINES
A
\
! 4 12 16 20 24 28 32 36
4 oc2 oc2|
o AL 382 ‘g | @3,
M M1
PRODUCT =
LINES
° .
. (22)
L
. ———"0
.
7 - )
(3) 41C2 d
/D 20 8 -'Q——‘
w i 1
== o
= L
15 )
@[ e ——
I/D 20 16
213 3
: v—@ /o
= 0
joC2 2 4
o &L P52 —<J Q
i . 19 b4
A o9, 8
3 o
- 4o i =
® ] qicz <t o8
/D &t‘:’ ::2 ©
. (18) E
1 o ———— 1/0 £
- .
©
L C2 39 i o
/D jul ;gz 40 q j g’
i . 17 r
it . , —7 1o a
L : s
4 joc2 47 4 E’
o B & p— —<— ic
Mo .
o
i . — 18 o
- L]
55
s =
o & o 56 )
m 0
L]
. (15) o
= )
4 0C2 63 4
o 10332 %4‘7
M1
1/D anl 158
MO
f”l
= <}>(l”| LE
13 |
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INSTRUMENTS 3-93



TIBPALT19R4
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

W

oi1bo

outcLk -
INPUT LINES
4 12 16 20 24 28 32 36
[ joc2 oc2
vo &L 138 7 S
MO MO
M1
PRODUCT =
LINES
° -
.
. (22) Q
. "(L'—
.
7 4
o & 'ﬁ’ 8 =
fw'_ . l:l @,
. —
= .
15 .
iip 4L ‘%E’ 16 hl
M1 .
\—J . (20)0
.
s ]
|0C2 3 4
n vo &L 8 P +<H
@ | e 3
E . (19) Q
Iv _ :
- J O o B
& vo B M +H
™ LIBE a (18)
.
3 = s Q
3 - . b
39
L [0C2 4
g.. o 2 %E’ 20 KH
= Mo .
@ . E a7,
- .
el e -
. o B4 382 P72
m L]
.
1 . 118) 10
.
] s5
3 i - g «
:“’ )
—J .
< . (19 g
- L]
7]
up O 38 2N,
MO
M1
P
vo L 152
MO
M1
= <P iwie
QUER:
*I"
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TIBPALT19R6
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

ouTCLKm—[\ﬁ
INPUT LINES
A
’o 12 16 20 24 28 32
[ ?g oc2
o 2L L5 'E% L @),
M1
= PRODUCT =
LINES
0
. -{l.,_
. .
. @24
.
2 7 4
vo @ e b= 3
MO .
M1
a[zn
f_ . W @
> : i
1 15 )
o] e =5 <H
m °
.
. 2014 3
* . Lerb
& T e = +H
/D 0 | 24 N 0
M1 L4 =]
. (19) o
_ ; 0 P
o theib
31 3]
@] 1 b —H =
M g
. 18)
T . o L £
. b
¢—{oc2 1 -
e KN o
Wi . E
. 12)
g wni et
ot g +H °
1o =435’ [ag 3 i
(M1 0
. Bps)
1 . Q
= M E
e —
1o 56 —
MO .
(M1 . (15)
3 . /0
= L]
¢—oc2 83 {
o125t K
ki
) Jez
1c2
1o —1—J28
M1
= U8 Re
UL

*p
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TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

7 sjqewweiboid-pieid N

2160

OUTCLK “—’{>
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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, VG (see Note 1) . .. ... ... .. .
Input voltage (see Note 1) . . . ... ... e e
Voltage applied to a disabled output (see Note 1)
Operating free-air temperature range: M suffix. ... .............. .. .. .. ...

Csuffix ......... . 0°C to 70°C
Storage temperature range . .. .. ... .. ...t 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 (see Note 2)

M SUFFIX C SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX

Vce Supply voltage 4.5 5 5.6|4.75 5 5.25 \
VIH High-level input voltage 2 5.5 2 5.5 \"
ViL Low-level input voltage 0.8 0.8 \
10H High-level output current -2 -3.2 mA
loL Low-level output current 12 24 mA
TA Operating free-air temperature -55 125 [¢] 70 °C 3

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 numbers.

2
programming parameters, TA = 25°C 8’
MIN NOM MAX | UNIT -;:
Vce  Verify-level supply voltage 4.5 5.0 5.5 \% 3
ViH High-level input voltage 2 5.5 \% ©
ViL Low-level input voltage 0.8 \4 E
VoH  High-level output voltage 5.5 \% E
VIHH _Program-pulse input voltag 10.25 10.5 10.75| V o
PO 50 g’
llHH  Program-pulse input current PGM ENABLE, L/R 25 mA i
Pl, PA 5 \
Vee 400 g
tw1 Program-pulse duration at PO or I/D pins 10 50 us i:—:
tw2  Pulse duration at PGM VERIFY and INCLK 100 ns
tsy Setup time 100 ns
th Hold time 100 ns
t41 Delay time from Vg to 5 V to PGM VERIFY? 100 us
t42 Delay time from PGM VERIFY? to verification of output 200 ns
td3 Delay time 100 ns
Input voltage at pins 1 and 13 to open verify-protect (security) fuse 20 21 22 \
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 [0} 0.4 \%

Texas ‘l@
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

recommended operating conditions

M SUFFIX-XX

C SUFFIX-XX

MIN TYP MAX | MIN TYP MAX UNIT
fclock  Clock frequency OUTCLK MHz
INLE low ns
tw Pulse duration OUTCLK high
OUTCLK low e
o INLE?
tsu Setup time, input or feedback before OUTCLKT ns
th Hold time, input or feedback after INLET or OUTCLKT 0 0 ns
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONS! M SUFFIX-XX C SUPPXXX | unit
MIN TYP! MAX [ MIN TYP} MAX
VIK Vce = MIN, lj = =18 mA -1.5 -1.5 \
VOoH Vce = MIN, IoH = 24 3.2 24 3.3 \
VoL Vce = MIN, loL = 0.25 0.4 0.35 0.5 \
3 | E =
lozL lc/);tz::s Vee = MAX, Vi = 04V = ~250 2 20| M
n OF Input 0.2 0.2
’;- ] I/D Inputs Vce = MAX, V| =65V 0.1 0.1 mA
9' All others 0.1 0.1
X OE Input 40 40
8 WH 1/D Inputs Vee = MAX, vy =27V 20 0.1] uA
~ All others 20 0.1
Q
3 OF Input -0.4 -0.4
3 T8 1/D Inputs Vee = MAX, Vi =04V -0.6 -0.6 | mA
(Y] All others -0.2 -0.2
=2 108 Vocec = MAX, Vg = 2.25V -30 -125 | -30 -125| mA
® Vce = MAX, V=0V,
- Icc 150 210 150 210 mA
o) Outputs open
‘g- tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
$All typical values are Vce =5V, Ta = 25°C.
5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igg.
Texas W&
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

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

1oted)
INPUT TEST M SUFFIX-XX C SUFFIX-XX
AMETER FROM TO UNIT
PAR o MODE CONDITIONS MIN TYPT max | miN TYPT max
fmax Either 30 30 MHz
tpd I, 11O /0, O Either 16 16 ns
tpd OUTCLK? Q Either 12 12 ns
ten OEl Q Either 8 8 ns
tdis OE? Q Either R_ = 500 0, 6 6 ns
tpd INLE! 110, O Latched C_ = 50 pF, 16 16 ns
ten INLEL /0, 0, Q Latched See Note 3 25 25 ns
tgis NLEL /0, 0, Q Latched 20 20 ns
tpd /D 110, O Buffered 20 20 ns
ten I/D, 1/0 1/0 Buffered 22 22 ns
tais /D, 1/0 1/0 Buffered 17 17 ns
"All typical values are Vcc = 5V, Tp = 25°C.
JOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE HALF-POWER LATCHED-INPUT PAL CIRCUITS

recommended operating conditions

M SUFFIX-XX C SUFFIX-XX UNIT
MIN  TYP MAX | MIN TYP MAX
felock  Clock frequency OUTCLK MHz
INLE low ns
tw Pulse duration OUTCLK high ns
OUTCLK low
o INLEt
tsu Setup time, input or feedback before OUTCLKT ns
th Hold time, input or feedback after INLE? or OUTCLK? 0 o ns
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONS M SUFFIX XX C SUPFXXX | unir
MIN TYP} MAX | MIN TYP} MAX
VIK Vee = MIN, I} = -18 mA -1.5 -1.5 \4
VoH Vce = MIN, I0H = MAX 2.4 3.2 2.4 3.3 v
VoL Vce = MIN, loL = MAX 0.25 04 035 0.5 v
3 | T E e
lozL  |outeuts Vee = MAX, Vi = 0.4V -20 -20 WA
1/O ports -250 -250
mn OE Input 0.2 0.2
@ I 1/D Inputs Vee = MAX, V| =55V 0.1 01| mA
Q. All others 0.1 0.1
3 OE Input 40 40
=] H 1/D Inputs Vee = MAX, V= 2.7V 20 0.1 | wA
"2 All others 20 0.1
o OE Input -0.4 -0.4
3 i 1/D Inputs Vee = MAX, V) =04V -0.6 -0.6 | mA
g All others -0.2 -0.2
= 108 Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 [ mA
® Icc vee = MAX. v =0V, 75 105 76 105 | ma
r Outputs open
=]
‘E. TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
o *All typical values are Vo = 5V, Tp = 25°C.
8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igg.
3
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE HALF-POWER LATCHED-INPUT PAL CIRCUITS

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

noted)
INPUT TEST M SUFFIX-XX C SUFFIX-XX
Fi UNI
RoM To MODE CONDITIONS MmN TYPT max | min TYPT max T
frmax Either 18 18 MHz
tpd I, 110 /0, O Either 25 25 ns
tpd OUTCLK? Q Either 20 20 ns
ten OE! Q Either 15 15 ns
tdis OE? Q Either RL = 500 @, 12 12 ns
tpd INLE! 1/0, O Latched CL = 50 pF, 25 25 ns
ten INLE! 10,0, Q | Latched See Note 3 35 35 ns
tdis INLE! 110, 0, Q Latched 30 30 ns
p—dis_
tpd I/D 1/0, O Buffered 30 30 ns
ten /D, 110 /0 Buffered 32 32 ns
tdis 1/D, 11O 1/0 Buffered 26 26 ns
TAll typical values are Vec = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

PRODUCT TERMS 0 THRU 31 PRODUCT TERMS 32 THRU 63
(TOP VIEW) (TOP VIEW)
pom enasLe (1 Uzal] vee pamveriey ({1 U241 vee
o2 23t o2 230t
e [J3  22[] po3 P Ea 22[] LR
p2[]a 21]] P02 p2[]4  21[] Pao
P [s 20% PO1 3]s 20{] par
pia[Je  19[] Poo pa(]6  19[] Pa2
P'5E7 18[] Pa0 es(]7 18] o3
re[]8  17[] Pa1 pe[]8  17[] Po2
7 (s 1e]] Pa2 7o 18[] PO
P8 (J10 15% LR me 15[ P00
P9 11 1a[] WNLE po(J11  14[] WE
GND []12_ 13[] PGM VERIFY GNo[]'2 13[] PGM ENABLE

No programming function. Make no connection.
Pin assignments in programming mode (PGM ENABLE, pin 1 or 13,

7 9jqewweiboid-pioly RIS

oibo

at ViHH)
TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
LINE LINE
NUMBER PI9 Pi8 Pi7 Pi6 PI5 P14 PI3 PI2 PI1 PIO L/R NUMBER POOPO1PO2PO3PA2PA1PAO
(o] HH HH HH HH HH HH HH HH HH L Z 0,32 Z 2 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 Z Z HHZ HH Z
3 HH HH HH HH HH HH HH HH HH H HH 3,35 £ 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 HH Z HH
6 HH HH HH HH HH HH HH HH L HH HH 6,38 Z Z 2Z 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 Z HHZ Z 2z 2Z
9 HH HH HH HH HH HH HH H HH HH Z 9,4 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 I'H HE H HH HH HH 11,43 Z Z HH Z '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 HH Z HH
14 HH HH HH HH HH HH L HH HH HH HH 14,46 Z Z HH Z HH HH Z
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 zZ 2z 2z 2
17 HH HH HH HH HH H HH HH HH HH Z 17,49 Z HHZ 2Z 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 HH Z Z Z HH HH
20 HH HH HH HH L HH HH HH HH HH Z 20,52 Z HHZ Z HHZ 2
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 HH Z 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 HHZ 2z 2z zZ 2z 2z
25 HH HH HH H HH HH HH HH HH HH Z 25,57 HHZ Z Z Z Z HH
26 HH HH HH L  HH HH HH HH HH HH HH 26,58 HH Z 2 Z Z HH Z
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 2 Z HHZ 2Z
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 2 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 2
L=V, H=Vjy, HH = Vi, Z = high impedance (e.g., 10 kQ to 5 V)
T ‘l’
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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 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 Pulse INLE to V|H.

Step 5  Raise VCC to VIHH.

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

Step 7  Return VCC 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 pin 1 and pin 13 to 21 volts + 1 volt.
Vcc is required to be at O during this operation.

W

programming waveforms

L2
ViHH b4
PGM ENABLE -
ViL o
]
SELECTED VIHH ©
Pl. L/R, PA PINS Vin £
(SEE TABLES £
1 AND 2) viL ©
T
_ \% [=2]
INLE H b4
Vi A=
v a
IHH -
Vee 5V K
ov e
\"2
SELECTED IHH
PO PINS VoH
(SEE TABLE 2)
VoL
ViH
PGM VERIFY _]
Vi

@ 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.

Texas Q’ 3-103
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

programming procedure for architectural fuses (see Note 2)

Step 1 Apply low levels to all I/D pins and 5 volts to the V¢ pin.

Step 2  Raise VC(C 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|HNH-

Step 5  Lower INCLK to V)L and Vc(C to 5 volts.

Step 6  Raise pin 13 and all I/D input pins 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 V|HH.

Step 9 To verify that fuse has been blown, pulse selected | pin from V|HH to V)i, then to V|H and back
to VIHH while clocking pin 1. If output at pin 15 follows the | input the fuse has been blown.
The fuse on pin 23 is verified from pin 2.

Step 10 Repeat above steps 1 thru 9 for each D input to be programmed into an | input.

NOTE 2: Refer to pin assignments in operating mode for programming selected I/D pins from D input to | inputs.

programming waveforms

21607 ajqewweiboid-pjoi4

VIHH - — —— — — — —
vcc ! | VERIFY
BV — ——- | l
| 1
ov | L
| "I r"w‘l | :
1
VIHH - === —— — — ---- }J 1
(R t43
1/D INPUTS a3~ | fetgz |l | ' — — —VIH
! o ta3—+ ]
viL Tt Tt : i |
o . i
VIHH ———— ————L_!/ U ' ' +
| t | €3 | !
PIN 14 tag—» | <N | | = 7R :
UNcLk) ) o ! I i
i 1 i : | : 0
VIHH —— — — e e e e [ 1 | ! 1
13 RN L !
PIN 43—y [ [
T e
t
viL : : H | d3 i :
[ ! ! |
|

pIN22 VIHH ———————————————— sl
wR |

T T
| |
z L i
PIN 16 ] | tpd ke A
(OUTPUT) tpd+e! ! e VoH
| T
1 suU

PINT VIH— — — = — — — o — — — o — — T !
(OUTCLK) vy
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

preload procedure for registered outputs

Step 1 Pin 13 to ViH, Pin 1 to V), and V¢ to 5 volts.

Step 2 Pin 14 to V|HH-

Step 3 Apply an open circuit or V| for a low and ViHH for a high at the Q outputs.
Step 4 Pin 14 to VL.

Step 5 Remove the voltages applied to the outputs.

Step 6 Pin 13 to V|L.

Step 7 Check the output states to verify preload.

preload waveforms

5V

QUTPUTS DISABLED

o __/ \

Vio
tdis —’l | —" [ ten
|
i

! ___ _ENABLE PRELOAD

VIHH= = —— — — — —-:——
1 100 ns !
! 1
PIN14 ] 1 1  min |
| | ! |
ViL 4 | b +
! : twl ——e] \
\ ) APPLY Q' |
VIHH=—— — — — — -:—-—-—-—.—-- l
1
| 100ns | VERIFY NEW
@ VERIFYSTATEGn, MIN H , STATEQ', VERIFYQ'p 41
OH

I
%

Field-Programmable Logic .

4
1
¥

[}
PINT VIH-—— e e e e e o
ouTeLK) vy 1

security fuse programming

PIN 1 I"'“"!/l_——l\_ ———————————————— 21v
|
|
PIN 13 _ jo—tn l/'—— jethe————- 21V
N ov

*»
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FIELD TIFPLA8B39, 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 Typlcal f(l) = PO + P1 ... P31 for polarity link intact
® 24-Pin, 300-mil Slim Line Packages f(1) = PO* P1* ... *P31 for polarity link open
® Power Dissipation .. .650 mW Typical where PO through P31 are product terms

Programmable Output Polarity

description

The 'FPLA839 (3-state outputs) and the ‘FPLA840
(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.

The 'FPLA839M and ‘'FPLA8B40M are characterized for
operation over the full military temperature range of
-556°C to 125°C. The 'FPLA839C and 'FPLA840C

are characterized for operation from 0°C to 70°C.

zed aperatio

TIFPLAB39M, TIFPLA840M . . . JT PACKAGE
TIFPLA839C, TIFPLAB40C . . . JT OR NT PACKAGE
(TOP VIEW)

TIFPLA839M, TIFPLA840OM . . . FH OR FK PACKAGE
TIFPLA839C, TIFPLA840C . . . FN PACKAGE

(TOP VIEW)

~[] OE1
~fnc
8 vee

T

2

30

J
4

T
3

~

1213141516 1718

[a S o
OOZZ“-‘O
G} (o]

W

Field-Programmable Logic

Pin assignments in operating mode (pin 1 is less positive than V|yH)

Texas
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hid

Copyright © 1984, Texas Instruments Incorporated

3-107



TIFPLA839, TIFPLA840
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

functional block diagram (positive logic)

w

21607 ajqewweiboid-pjaid

OE1
oE2 f"“
>1 =1
32X6 t—o0
rl“
> &
l—— o
1y 28 X 32 -
v ”~
—— o
14 32 i~
| —F Can
——o 0
14 p— ~
D—r— ~
o
o~
o

~denotes fused inputs.
tFPLAS39 has 3-state (V) outputs; FPLAB40 has open-collector (Q) outputs.

absolute maximum ratings

Supply voltage, Ve (see Note 1) .. .. .. .. e
Input voltage (see Note 1) . ... ... ...

Off-state output voltage (see Note 1)
Operating free-air temperature range: '‘FPLA839M, 'FPLA840M

'FPLA839C, 'FPLA840C
Storage temperature . . ... . ... ...ttt

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

......... 55V

-55°C to 125°C

... 0°Cto 70°C

-65°C to 150°C

3-108

*p

: TEXAS
INSTROMENTS



TIFPLA839, TIFPLAB40
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

LOGIC DIAGRAM
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TIFPLA839, TIFPLABA0

14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN _NOM__ MAX MIN NOM MAX
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \
High-level input voltage, V| 2 2 v
Low-level input voltage, V| 0.8 0.8 \
High-level output voltage, VoH ‘FPLA840 5.5 5.5 \4
High-level output current, o 'FPLA839 -2 -3.2 mA
Low-level output current, Ig 12 24 mA
Operating free-air temperature, Ta -55 125 (o] 70 °C
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 Vee = MIN, lj = —18 mA -1.5 -15 \
IoH 'FPLA840 Vce = MIN, VoH = 5.5 V 0.1 0.1 | mA
VoH FPLA839 Vce = MIN, IoH = MAX 24 32 2.4 3 %
VoL VCC = MIN, oL = MAX 0.256 05 0.37 05 v
3 I Vee = MAX, V) =55V 0.1 0.1 mA
H Vce = MAX, Vi =27V 20 20 | uA
I Vce = MAX, V| = 04V ~0.5 0.5 | mA
- 108 Vee = MAX, Vo = 2.25V -30 -112 | -30 -112 | mA
® lozH Vce = MAX, Vo = 2.7V 20 20 | «A
o lozL Vee = MAX, Vo = 0.4V 20 220 | uA
V = MAX,
L P xcc vi=ov, 130 190 130 180 | mA
o OE inputs at V|4
<
%’ ‘FPLA839 switching characteristics
M SUFFIX C SUFFIX
3 PARAMETER FROM T0 TEST CONDITIONS T UNIT
o MIN TYP! MAX MIN TYP MAX
s t Input | Output AL = 500 to GND, 10 25 10 20
® pd Py Py CL = 50 pF to GND ns
[yl : —
o ten Pin 1 RL1 =500to 7V, 10 25 10 20
Q or Output Ry = 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 TO0 TEST CONDITIONS UNIT
MIN TYP¥ MAX MIN TYP! MAX
| N RL = 500 to Ve, o 10
tpd nput utput CL = 50 pF to GND 10 3 25 ns
ten Pin 1 RL1 =500to 7V, 10 25 10 20
or Output RL = 500 to GND, ns
tdis Pin 13 CL = 50 pF to GND 20 8 15
tFor conditions shown as MIN or MAX, use the appropriate value under ded operating diti
*All typical values are at Vcc = 5V, Tp = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, igs.
T *I’
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TIFPLA839, TIFPLA840
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

TVee = Ve for program and Ve for verify

OUTPUT POLARITY
(PGM ENABLE = V)1;)

AND MATRIX
(Veea)

Pin assignment in programming mode (pin 1 < V|4y) top views

programming parameters, Tao = 25°C

(Vcet. PAS = V)

[ vee
PAO
%PH3
[ PI12
1R
PI10
%PIS
[ PI8
] POO
[] PO1
] PO2
[]PGM

PGM ENABLE
PA1
PA2
PA3
PA4
PAS

P16
P17
POS5
PO4
PO3
GND

OR MATRIX

w

PARAMETER MEASURED AT PROGRAMMING MODE MIN  TYP MAX | UNIT

V P high-level input volt PGM ENABLE AND. OR 16.5 17 175| VvV
\HH rogram high-level input voltage PO pins Polarity . . k2]
ViLL Program low-level input voltage PGM ENABLE Any 0 0.4 \2 g’
| Program-level input current PO pins Polarity 100 A -

r -

IHH gram-level input curr PGM ENABLE AND, OR 150 " o
nAA L nAC ~
Vix Program-level input voltage ;Z; LELAA 9.5 10 10.5 \ ‘(6
Pl pins 0.6 2 E
ix Program-level input current OE2 Polarity 5 | mA ©
POO thru PO5 OR 5 10 S
Veel Programming supply voltage Vee OR 8.5 8.75 9 v e
Icct _Programming supply current Vee OR 250 400 | mA m‘
Vcc2  Programming supply voltage vce Polarity o 0.4 \2 b}
Vcca  Programming supply voltage Vce AND 4.75 5 5.25 \ .q_,
ViH High-level input voltage Any Any 2 v [T

ViL Low-level input voltage Any Any [§) 0.8 \Y

VOoH High-level output voltage Any Any 2.4 3.2 \"

VoL Low-level output voltage Any Any 0.25 0.5 \4

PQOO thru PO5 Polarit
tw Program pulse duration PGM i A[:\J::,' LR 50 1000 us
P 1se duty cvcl POO thru PO5 Polarity 10 50| %
I
rogram pulse duty cycle PGM AND, OR
t4q Delay time Any Any 10 us
t Rise time Any Any 25 us
i
I TEXAS X 3-111
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TIFPLAB39, TIFPLAB4D
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

PROGRAMMING PROCEDURE

OUTPUT POLARITY

W

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: Set PGM ENABLE (pin 1) to VjLL.

Step 2: Set Vc( (pin 24) to Vcc2; set OE2 (pin 13) to V| and PIO through PI13 to Vy.
Step 3: Ramp the appropriate output to VIHH and remove after ty.

Step 4: Repeat step 3 for each output to be programmed low.

Verify

Step 1: Set PGM ENABLE (pin 1) to V|L|; set VcC (pin 24) to Vcc2: set PIO through PI13 to ViH.

Step 2: Wait tq and raise V¢ (pin 24) to VcC1.-

Step 3: Enable the device by applying V)L to OE2 (pin 13).

Step 4: Sense the logic state of all six outputs. An output at VoH has been programmed to be inverting, while an
output at Vo[ has remained noninverting.

Step 5: Remove VcCc1.

- -=ViH
@ ALL PI/PINS ——-—!
% : - === Vccy
[} — td je—»| \
Q@ OE2 ——memedmemmm—- vy
- : )
o : ViL
3 ] k_'w _'”"‘"' g |
3 | ] === = ViHH
]
(") : ]
=2 POO THRU POS : 4 : -V
:D_ td |¢—>dj¢ PROGRAM ¥  |¢—VERIFY ——§|
‘g @ A high level during the verify interval indi: that prog ing has been f
a- @ A low level during the verify interval indicates that programming 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-k2 resistor to 5 V and set pin 12 (GND) to V|L_. 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 VCCa.
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 binary code (V|H for a high and
VL for a low) to outputs PAO through PA4 with PAO as the least significant bit.
T {l’
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TIFPLA839, TIFPLAB40
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

PROGRAMMING PROCEDURE

Step 5: Lower the voltage on the first input to V| for a true, or to V| for the complement.
Step 6: After tyq, raise PGM ENABLE to V|HH.

Step 7: After additional tg, pulse the PGM input to V|4 for ty.

Step 8: After additional tq delay, lower PGM ENABLE to V| |.

Step 9: Disable programmed input by raising it back to V|H.

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 V| |; set Vcc (pin 24) to VcC3.

Step 2: Enable PO output by setting PGM to Vjx.

Step 3: Disable all inputs by applying Vix to the | inputs.

Step 4: Address the product term to be verified (O through 31) by applying its binary code on outputs PAO through
PA4,

Step 5: Lower the input voltage on the first input to Vi 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.

w

STATE i
[ Y

TRUE il n
L[ H

COMPLEMENT | | | |
. L [H
DON'T CARE wln
L]

INACTIVE bl

Step 6: Disable verified input by raising it back to V)x.
Step 7: Repeat steps 5 and 6 for all other inputs.
Step 8: Repeat steps 4 through 7 for all other product terms.

je—e tafe—s|

Field-Programmable Logic

. mmpmm————m—e——— VinH
PGM ENABLE A :
i/ :
e CO I
PGM t.u—’l. _--_—-:: ‘\:'H
| ////WW////////% e
PI0 THRU P113 —% - \ ————————V),
"‘_""’ ! - ViH
PRI 77 : -—viL
ALL PO PINS \ P/ _: :Z:'

.
je——— PROGRAM ———sle———»| VERIFY

FIGURE 2. AND MATRIX PROGRAMMING WAVEFORMS

*»

Texas 3-113
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TIFPLA839, TIFPLA840
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

PROGRAMMING PROCEDURE

OR 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 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: Set PGM ENABLE (pin 1) to V). Disable the outputs by setting PGM (pin 13) to V). Set Vcc to Veea.
Set P16 through PI13 and PAO through PA5 to V|H.

Step 2: Wait tq and raise VCC (pin 24) to the program level, VcC1.

Step 3: Use the inputs PAO through PAS to address the product term (O through 31) that is to be removed by applying
the corresponding binary code with input PAO as the least significant bit.

Step 4: Raise the output pin to Vx.

Step 5: Wait tg, then raise PGM ENABLE to V|HH.

Step 6: Wait tq, then pulse PGM to V|x for a period of tp.

Step 7: Wait tqg, then lower PGM ENABLE to V).

Step 8: Wait tg, then remove Vjx from output pin.

Step 9: Repeat steps 4 through 8 for all other output functions.

Step 10: Repeat steps 3 through 9 for ali other product terms.

Step 11: Lower V¢ to VcC3-

w

Verify
-n Step 1: Set PGM ENABLE (pin 1) to VL. Disable the outputs by setting PGM (pin 13) to V|H. Set Vcc to Veea.
@ Set PI6 through PI13 and PAO through PAS5 to V4.
oy Step 2: Wait tq and set VcC (pin 24) to the verify level, VcC1.
-'u Step 3: Address the product term to be verified (O through 31) by applying its binary code to inputs PAO through PA5.
° Step 4: Wait tg, and set PGM (pin 13) to VL.
g Step 5: Monitor the state of all six outputs (POO through PO5) and determine the status of the OR matrix from the
o following table:
3 OUTPUT
3 ACTIVE ACTIVE OR
Y
z HIGH LOW FUSE LINK
@ L H FUSED
[y H L PRESENT
=]
<Q, == ViH
(1] ALL PI PINS '

== Veer
Vees |
tr jo—s)

i . ————————— ————— VIHH
PGM ENABLE Y4
'

4 je—dle— 1, ™

PGM

————————— iy

== Vi

v
;
ALL PAPINS VA TV

” P == ViL
L0000 20 deid —= Von
POO THRU POS |\

l—— ProGRAM ——3] e—sfvemey O
FIGURE 3. OR MATRIX PROGRAMMING WAVEFORMS

1

— = V) x

{ip
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TIFPLS104, TIFPLS105

16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER

JANUARY 1985

50-MHz Clock Rate
Power-on Preset of All Flip-Flops

® 6-Bit Internal State Register with 8-Bit
Output Register

Power Dissipation . . . 650 mW Typical

Programmable Asynchronous Preset or
Output Control

® Functionally Equivalent to, but Faster than
82S104A and 82S105A

escription

The TIFPLS 104 (open collector outputs) and the
TIFPLS105 (3-state outputs) are TTL field-
programmable state machines of the Mealy type.
These state machines (logic sequencers)
contains 48 product terms (AND terms) and 14
pairs of sum terms (OR terms). The product and
sum terms are used to control the 6-bit internal
state register and the 8-bit output register.

The outputs of the internal state register (PO-P5)
are fed back and combined with the 16 inputs
(10-115) to form the AND array. In addition 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.

The state and output registers are positive-edge
triggered S/R flip-flops. These registers are
unconditionally preset to logical 1 on power-up.
Pin 19 can be used to preset both registers or
by blowing the proper fuse be converted to an
output control function.

The TIFPLS104M and TIFPLS105M devices are
characterized for operation over the full military
temperature range of —55°C to 125°C. The
TIFPLS104C and TIFPLS105C devices are
characterized for operation from 0°C to 70°C.

TIFPLS104, TIFPLS105
M SUFFIX . . . JD PACKAGE
C SUFFIX . . . JD OR N PACKAGE
(TOP VIEW)

W

TIFPLS104, TIFPLS105
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FK OR FN PACKAGE

Qe ] 19(] PRE/OC

(TOP VIEW) Q
1%} o
werdSoo S
4321282726 2

141]s 2s5[] 110 ﬁ
1316 1 £
12[]7 23112 E
1n{]s 22[} 113 E
10{]9 21 114 o
Q710 20} 115 e
a

©

@

i

PRODUCT PREVIEW
This i

Texas Instruments reserves the right
to change or discontinue this product
without notice.

on a product under development. TEXAS %
INSTRUMENTS

Copyright © 1985, Texas Instruments Incorporated
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TIFPLS104, TIFPLS105
16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER

functional block diagram (positive logic)

PRE/OE —————————¢

—sf—-—— Qo-Q7

NS 1
s
cLK c1
1
>1 8 T=1
48 x 29 o~ 1S
& 8.
a5 48 - 1R
g 16
16 ”
- | +——
10-115 18] A, 5
~ —jc1
S s
.6 )
% i 6 =1
~o , 1S
5, R
I—G ~ny __]

~denotes fused inputs.
TTIFPLS104 has open collector ( © ) outputs; TIFPLS105 has 3-state ( @ ) outputs.

21607 sjqewweiboid-pjol4 u
v
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FIELD TIFPLS167
PROGRAMMABLE 14 x 48 x 6 FIELD PROGRAMMABLE LOGIC SEQUENCER
LOGIC

JANUARY 1985
® Programmable Asynchronous Preset or M SUFFIX . . . JT PACKAGE

Output Control
(TOP VIEW)

Power-on Preset of All Flip-Flops

8-Bit Internal State Register with 4-Bit CLl'é % “;CC
Output Registe
P glster 15 (] 18
Power Dissipation . . . 650 mW Typical 14 R
Functionally Equivalent to, but Faster than 13 % 1o
82S167A 12 "
" ] 112
description 10 1113
Qo [] PRE/OC
The TIFPLS167 is a TTL field-programmable Q1 P1
state machine of the Mealy type. This state Q2 PO
machine (logic sequencer) contains 48 product GND [] Q3

terms (AND terms) and 12 pairs of sum terms

R terms). The product and sum terms are use:
o ! P erms used M SUFFIX . . . FK PACKAGE

C SUFFIX . . . JT OR NT PACKAGE

to c.ontrol the 8-t.>it 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) « 8}
are fed back and combined with the 14 inputs weg % é) =~ ®
(10-113) to form the AND array. In addition the s e

4 3 2 1282726

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.

10

1"

The state and output registers are positive-edge 12 1314 1516 17 18
triggered S/R flip-flops. These registers are e
unconditionally preset to logical 1 on power-up. o0o0zzoo o
Pin 19 can be used to preset both registers or ©

by blowing the proper fuse be converted to an

output control function.

The TIFPLS167M is characterized for operation
over the full military temperature range of
-55°C to 125°C. The TIFPLS167C is
characterized for operation from 0°C to 70°C.

19
1no
111

[\Tol
NG

112
113
PRE/OC

W

Field-Programmable Logic

PRODUCT PREVIEW ’. Copyright © 1985, Texas Instruments Incorporated
This d informati "
Soxas Iapirumonts reserves the right Texas 3117
to change or discontinue this product lNSTRU M ENTS

without notice.
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TIFPLS 167

14 x 48 x 6 FIELD PROGRAMMABLE LOGIC SEQUENCER

functional block diagram (positive logic)

PRE/OE ——qD

CLK

10-113 ——»‘-1—4———-

| > Len
c1
»
& >1 4, R
4
45x 48 8x25 [~ N> Q0-03
< R
~~ T=1
- —] 20 1s
e 2 K PO, P1
7] 1R
~s 48
)
~N o M L 1ci
s
~N 1
T=1
| N\ E‘ 1S
5, R
[ = ]
5 |
.
21

tOptional fuse-programmable 3-state ( ¥ ) outputs

M\ denotes fused inputs

3-118
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FIELD 828104A, 82S105A
PROGRAMMABLE 16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER

LOGIC

JANUARY 1985

82S104A, 82S105A

@ Programmable Asynchronous Preset or
M SUFFIX . . . JD PACKAGE

Output Control C SUFFIX . . . JD OR N PACKAGE
Power-on Preset of All Flip-Flops (TOP VIEW)
6-Bit Internal State Register with 8-Bit cek [ Uozg Vee
Output Register 17 02 271118
Power Dissipation . . . 6560 mW Typical 6 s 2619
iss 25110
Functionally Equivalent to 14 s 241111
Signetics 82S104A/82S5105A 3s 2012
207 22[Jns
description nds  210na
The 82S104A (open collector outputs) and the (e 20ns
82S105A (3-state outputs) are TTL field- Q7 [Jio  19[] PRE/OC
programmable state machines of the Mealy type. a6 [J11  18[] Qo
These state machines (logic sequencers) contain as [z 170 an
48 product terms (AND terms) and 14 pairs of Q4 [J13  16[Ja2
sum terms (OR terms). The product and sum GND[J14a 15f{]aQ3

terms are used to control the 6-bit internal state

w

register and the 8-bit output register. 82S104A, 82S105A

. . M SUFFIX . . . FK PACKAGE
The outputs of the internal state registers C SUFFIX . . . FK OR EN PACKAGE
(PO-P5) are fed back and combined with the 16 (TOP VIEW)

inputs (10-115) to form the AND array. In addition

a single sum term is complemented and fed back © © ~ X 8 © o

to the AND array which allows any of the

product terms to be summed, complemented 4 3 2 1

and used as inputs to the AND array. 14 s 250 110

The state and output registers are positive-edge 13 fls 241

triggered S/R flip-flops. These registers are 127 23[j 112

unconditionally preset to logical 1 on power-up. s 22(jns

Pin 19 can be used to preset both registers or 1o fje 21 na

by blowing the proper fuse be converted to an a7 flo 2015
Qs {11 19(] PRE/OC

Output Control function.

Field-Programmable Logic

Ao e
LT OQOMAN—O
oo0z0O00OO
&
PRODUCT PREVIEW . Copyright © 1985, Texas Instruments Incorporated
This b
on a product under development. 3.119
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82S104A, 825105A
16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER

functional block diagram (positive logic)

PRE/OE —o—Dc

b—j} 1
,,[; - s
cLK c1
r
>1 s T=1
i~ 15
2 wxz: = t}-3+—— aoaz
45 48 ”~ R
g 16
16 ”
10115 — 18 | 18] ~L
o1 a8
* v L]
[V} c1
5 s
6
= . T=1 L
b8 1A, 5, 1S
L R
I—-G ~ny »—I

~denotes fused inputs.
182S104A has open collector ( € ) outputs; 82S105A has 3-state ( © ) outputs.

21601 ajqewweliboid-pjai4 H
v
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FIELD 82S167A

PROGRAMMABLE 14 x 48 x 6 FIELD PROGRAMMABLE LOGIC SEQUENCER
LOGIC
JANUARY 1985
® 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 5] Vee
Output Register 0 :;
Power Dissipation . . . 650 mW Typical (19
Functionally Equivalent to % 1o
Signetics 82S167A il ::;
description % ::R3E/56

The 82S167A is a TTL field-programmable state ) P1

machine of the Mealy type. This state machine ] PO

(logic sequencer) contains 48 product terms ] a3

(AND terms) and 12 pairs of sum terms (OR

terms). The pro_dt_:ct and sum termg are used to M SUEFIX . . . FK PACKAGE
control the 8-bit internal state register and the C SUFFIX . . . FK OR FN PACKAGE
4-bit output register. (TOP VIEW)

w

The outputs of the internal state register (PO-P7)
are fed back and combined with the 14 inputs 0 ©
(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.

wf cix
~g ne
80 Ve

N7
%0 18

113

PRE/OC
The state and output registers are positive-edge

triggered S/R flip-flops. These registers are
unconditionally preset to logical 1 on power-up.
Pin 19 can be used to preset both registers or
by blowing the proper fuse be converted to an
output control function.

Field-Programmable Logic

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 70°C.

This
on a product under development.
Texas Instruments reserves the right

TexAS
to change or discontinue this product lNSTRUM ENTS

without notice.

PRODUCT PREVlE\QI . ‘. Copyright © 1985, Texas Instruments Incorporated
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82S167A
14 x 48 x 6 FIELD PROGRAMMABLE LOGIC SEQUENCER

functional block diagram (positive logic)

PRE/OE ————oD

E: s
cLK c1
n | C
& >1 . L
45X 48 48X 25 v RE> Qo.a3
2 R
D 14
10113 14 1{ v 2 =1
113 ———em—e———
o] 2t 1s
hd 2 13 PO, P1
2e 1R
[ 2
>— v L P
o_z/_f\_, v L c1
s
S, 1, m |
T=1
LT PV S 1
> 6,’ 1R
[ i ]
6‘
»
2l
2

1Optiona! fuse-programmable 3-state ( ? ) outputs
M\ denotes fused inputs

21607 sjqewweiboid-pjoi4 m
v/
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General Information

Functional Index

Field-Programmable Logic

PROMs

RAMs and Memory-Based
Code Converters
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Designing with Texas Instruments
Field-Programmable Logic
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BIPOLAR PROM CROSS-REFERENCE GUIDE

DEVICE MANUFACTURER T DEVICE MANUFACTURER TI
27518 AMD TBP18SA030 7122 FUJITSU TBP24S41
27S18A AMD TBP38SA030 7123 FUJITSU TBP28SA42
27819 AMD TBP18S030 7124 FUJITSU TBP28S42
27S19A AMD TBP38S030 7127 FUJITSU TBP24SA81
27S20 AMD TBP24SA10 7128 FUJITSU TBP24S81
27821 AMD TBP24S10 7131 FUJITSU TBP28SA86A
27528 AMD TBP28SA42 7132 FUJITSU TBP28S86A
27829 AMD TBP28S42 7138 FUJITSU TBP28S166
27S30 AMD TBP28SA46 745188 NATIONAL TBP18SA030
27S31 AMD TBP28S46 745287 NATIONAL TBP24S10
27832 AMD TBP24SA41 745288 NATIONAL TBP18S030
27833 AMD TBP24S41 745387 NATIONAL TBP24SA10
27180 AMD TBP28SA86A 745470 NATIONAL TBP28LA22
275181 AMD TBP28S86A 745471 NATIONAL TBP28L22
278184 AMD TBP24SA81 745472 NATIONAL TBP28S42
275185 AMD TBP24S81 74S473 NATIONAL TBP28SA42
275191 AMD TBP38S166-45 745474 NATIONAL TBP28S46
27S8191A AMD TBP38L166-35 745475 NATIONAL TBP28SA46
3601 INTEL TBP24SA10 745572 NATIONAL TBP24SA41
3604 INTEL TBP28SA46 748573 NATIONAL TBP24541
3605 INTEL TBP24SA41 7602 HARRIS TBP18SA030
3608 INTEL TBP28SA86A 7603 HARRIS TBP18S030
3621 INTEL TBP24S10 7608 HARRIS TBP28S2708A
3624 INTEL TBP28S46 7610 HARRIS TBP24SA10
3625 INTEL TBP24S41 7611 HARRIS TBP24S10
3628 INTEL TBP28S86A 76161 HARRIS TBP28S166
3636 INTEL TBP28S166 76161 MOTOROLA TBP28S166
6300-1 MMI TBP24SA10 7640 HARRIS TBP28SA46
6301-1 MMI TBP24S10 7640 MOTOROLA TBP28SA46
6308-1 MMI TBP28LA22 7641 HARRIS TBP28S46
6309-1 MMI TBP28L22 7641 MOTOROLA TBP28S46
6330-1 MMI TBP18SA030 7642 HARRIS TBP24SA41
6331-1 MMI TBP18S030 7642 MOTOROLA TBP24SA41
6340-1 MMI TBP28SA46 7643 HARRIS TBP24S41
6341-1 MMI TBP28S46 7643 MOTOROLA TBP24S41
6348-1 MMI TBP28SA42 7648 HARRIS TBP28SA42
6349-1 MMI TBP28542 7649 HARRIS TBP28S42
6352-1 MMI TBP24SA41 7680 MOTOROLA TBP28SA86A
6353-1 MM TBP24S41 7680 HARRIS TBP28SA86A
6380-1 MMmI TBP28SA86A 7681 HARRIS TBP28S86A
6381-1 MMI TBP28S86A 7681 MOTOROLA TBP28S86A
6388-1 MMI TBP24SA81 7684 HARRIS TBP24SA81
6389-1 MMI TBP24S81 7684 MOTOROLA TBP24SA81
635081 MM TBP38S030 7685 HARRIS TBP24S81
6351681 MMI TBP28S166 7685 MOTOROLA TBP24S81
63S1681A MMI TBP38L166-35 82523 SIGNETICS TBP18SA030
7117 FUJITSU TBP28LA22 82823A SIGNETICS TBP38SA030
7118 FUJITSU TBP28L22 825123 SIGNETICS TBP18S030
7121 FUJITSU TBP24SA41 825123A SIGNETICS TBP38S030
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DEVICE
825126
828129
825136
828137
828140
828141
825146
828147
828180
825181
82LS181
825184
825185
828191
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

Tl
TBP24SA10
TBP24S10
TBP24SA41
TBP24S41
TBP28SA46
TBP28S46
TBP28SA42
TBP28S42
TBP28SAB6A
TBP28S86A
TBP28L86A
TBP24SA81
TBP24581
TBP28S166
TBP38L166-45
TBP28S2708A
TBP2BSA86A
TBP28S86A

DEVICE
875184
875185
875191
87S191A
875191B
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
TBP24S81
TBP28S166
TBP38S166-45
TBP38S166-35
TBP24SA10
TBP24S10
TBP28SA46
TBP28S46
TBP28SA86A
TBP28S86A
TBP24SA41
TBP24S41
TBP28S166
TBP38L166-45
TBP24SA81
TBP24S81



SCHOTTKY TBP18S030, TBP18SA030
PROMS 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 oo Te vee
® Full Decoding and Fast Chip Select Simplify Q12 15
System Design a2z  1[daAs
o34 A
® P-N-P Inputs for Reduced Loading on aQ 4E 5 :; u Ag
System Buffers/Drivers a5 e " % A1
@ Applications Include: a6[]7 o ao
Microprogramming/Firmware Loaders GND |8 9l laQ7

Code Converters/Character Generators
Translators/Emulators
Address Mapping/Look-Up Tables

® Choice of 3-State or Open-Collector Outputs

description

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
PROMs 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

ocequ eversinie; ce alitereq, output at bit locatior

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.

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 ll

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 data line 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 from 0°C to 70°C.

‘, Copyright © 1983, Texas Instruments Incorporated

Texas 45
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TBP18S030, TBP18SA030
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbol

TBP18S030 TBP18SA030
PROM 32 X 8 PROM 32 X 8

AT —%’——oo AQ —%—oo

(10) . Avb—2 o 200100 o AQ a1

2‘1’ an Avf—8__q ar A1) A o8 a2

ap 12 A0 AV SC— a2 12 A0 AQ @ __ o3

JOSIGED 3 Av—‘:—’-—m A3 13) oA Q——::;—m

g 18 4 AV—%;%——-OS ag 14 . AQ—(;-——os

—_— AQh——___aq6

= _(15) N A Vp——06 (15) N
G EN Avh—2 o7 G Aol o
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL TBP18S030 OUTPUTS
vee . TBP18SA030 OUTPUTS _ Vee
3 OUTPUT 1’58 st Nom
’ - -~ -
INPUT —4¢
5 OUTPUT
- PROGRAMMING CIRCUIT
NOT SHOWN PROGRAMMING CiRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage (SE@ NOTE 1) ...\ttt ittt it it it a i ™

nous |9

Input voltage .......... 5.5V
Off-State QUIPUL VOIIBGE . ..ottt ittt et ittt ettt iiitea et atseeeaeeeneeensnnnnsnsnnnnnnn 5.5V
Operating free-air temperature range: Full-temperature-range Circuits ...............coooveenen. —55°C to 125°C

Commercial-temperature-range circuits .. 0°C to 70°C
Storage temMpPerature FANQE .. ... ......cueuueenneonneeaneeenseanseeueaneeaneeneenneannens —65°C to 150°C

recommended conditions for programming TBP18S’, TBP18SA PROMs

MIN NOM MAX UNIT

Steady state 475 5 5.25

Supply voltage, V¢ (see Note 1 Vv
pply voltage, Vcc (see Note 1) Program pulse 9 925 95

High I r3
Input voltage igh level, Vi 2 i \

Low level, V| 0 05

o See load circuit
Termination of all outputs except the one to be programmed R
{Figure 1)

Voltage applied to output to be programmed, Vou,_,-) (see Note 2) [o] 0.25 03 v
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, TBP18SAO030 are supplied with all bit locations containing a low logic level, and programming a bit changes
the output of the bit to high logic level.
3. Programming is guaranteed if the pulse applied is 98 us in duration.

4-6 TeExAs {?
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TBP18S030, TBP18SA030
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

yrogramming 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).

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 VcC to 9.25 nominal. Maximum supply current required during programming is 7560 mA.

6. Apply a low-logic-level voltage to the chip-select input(s). This should occur between 1 us and 1 ms after Vcc
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 Vcc
reaches its steady-state value of 5 V.

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

11. Verify accurate programming of every word after all words have been programmed using Vcc values of 4.5 and
5.5 volts.

5v

.9 k
OUTPUT‘}J’ @

LOAD CIRCUIT FOR EACH OUTPUT
NOT BEING PROGRAMMED OR FOR
PROGRAM VERIFICATION

PROMSs nl

FIGURE 1 - LOAD CIRCUIT

VERIFY Y —fe 3Y TYPICAL J
NEED TO —H oy ..__fvsmsv PROGRAM = 025 v
PROGRAM REMOVE V¢ TO
v REDUCE AVERAGE - — sV
c¢ POWER o
Tusto 1 ms b j“*"lnnolm:
e x—f
g & Iy
? ViL
APPLY  REMOVE K

VO(pr) VO(pr)

FIGURE 2 — VOLTAGE WAVEFORMS FOR PROGRAMMING

*p
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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)

TBP18S030
PARAMETER MIN__ NOM MAX UNIT
MJ 45 5 55
Supply voltage. Vcc N 275 5 525 v
. MJ —2
High-level output current, loH N 65 mA
Low-level output current, lg 20 mA
o . ) T MJ —55 126 oc
perating free-air temperature, Tp N ) 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  TYyPf mAx | MIN TYPf MAX
ViH High-level input voltage 2 2 v
ViL  Low-level input voltage 08 08 \"
ViKk  Input clamp voltage Vecc=MIN,  |j=—18mA —1.2 —1.2 \
. Vecec=MIN,  Vig=2v,
V, High-level out | 24 34 24 3.2 v
'OH High-level output voltage VIL=08V,  IoH= MAX
Vcc=MIN, V=2V,
- 0.5 . v
VoL Low-level output voltage VIL=08V.  IoL = MAX 05
ff - , Vee=MAX, V=2V,
lozH O state output currenlt cc IH=2 50 50 yA
high-level voltage applied Vo=24V
lozL Off-state output curre.m, Vec=MAX, V=2V, 50 —50 vA
low-level voltage applied Vp=05V
0 !nput current at maximum Vee=MAX, V|=55V, 3 1 mA
input voltage
hH High-level input current Vee=MAX, V=27V 25 25 uA
e Low-level input current Veec=MAX, V=05V -0.25 -0.25 mA
los  Short-circuit output currentd | Ve = MAX, —30 —100 —30 —100 mA
Vee = MAX,
Chip select(s) atO V,
[ Suppl t 80 110 80 110 mA
cc upply curren Outputs open,
See Note 5
switching characteristics over recommended ranges of TA and V¢ (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 TYP*r MAX MIN TYPE MAX MIN TYpt MAX
TBP18s03omy | CL = 30 pF for 25 50 12 30 8 0 | ns
ta(A) and ta(s).
TBP18S030  PF for tis. 25 40 12 26 8 20 | 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 Vce =6V, Ta = 256°C.
$Not 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).
5. The typical values of Icc are with all outputs low.
6. Load circuits and voltage waveforms are shown in Section 1.

Texas @
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TBP18SA030
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, Vcc N 275 5 525
High-level output voltage, VoH 55 v
Low-level output current, g 20 mA

MJ —55 12
Operating free-air temperature, Ta, TR o 7(5) °C

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

PARAMETER TEST CONDITIONST MIN  TyPi  max [ uNIT
ViH High-level input voltage 2 \"
ViL Low-level input voltage 0.8 A\
VIK Input clamp voltage Vce = MIN, lj= —18mA —1.2 v
Vce = MIN, _
IoH High-level output current VIH=2V, XOH : ;:z 128 uA
ViL=08V OH =5
Vee = =
VoL Low-level output voltage cc = MIN, VIH=2V, 05 \
ViL=08V, loL = MAX
Input current at maximum
y = =
! input voltage Vee = MAX, Vi=88V ! mA
H High-level input current Vee = MAX, V|=27V 25 MA
e Low-level input current Vee = MAX, Vi=05V -0.25 mA
Vee = MAX,
Icc Supply current Chip select(s) at 0 V, Outputs open, 80 110 mA
See Note 5 (2]}
switching characteristics over recommended ranges of Ta and VCC (unless otherwise noted) 8
¢ tPLH o.
YA) ACCESS :'(IﬂE rrom | PROPAGATION DELAY
TEST ACCESS TIME FROM CHIP SELECT TIME, LOW-TO-HIGH-LEVEL
TYPE CONDITIONS ADDRESS ENAB OUTPUT FROM CHIP UNIT
( LE TIME) SELECT (DISABLE TIME)
MIN Typt MAX | MIN TyPf MAX | MIN TYPf MAX
C = 30pF,
TBP18SA030MJ 25 50 12 30 12 30
RL1=3000Q, ns
RL2 =600 Q,
TBP18SA030 L2 25 40 12 25 12 25 ns
See Note 6
"For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
FAll typicai vaiues are at Voc = 5 V, TpA = 25°C.
NOTES: 4. MJ designates full-temperature circuits (formerly 54 Family), J and N designate commercial-temperature circuits (formerly
74 Family).
5. The typical values of Icc are with all outputs low.
6. Load circuits and voltage waveforms are shown in Section 1.
%
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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 PROMs 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 o
decoding delays to occur without degrading speed performance. o
PACKAGE! AND OUTPUT BIT SIZE TYPICAL PERFORMANCE o
TYPE NUMBER | TEMPERATURE RANGE ACCESS TIMES POWER
t
DESIGNATORS CONFIGURATION (ORGANIZATION) ADDRESS | SELECT | DISSIPATION
TBP24S10 MJ, J, N v 1024 Bits
TBP24SA10 MJ, J, N O (256W x 4B) 36 ns 20 ns 375 mw
TBP28S42 MJ, J, N v
TBP28SA42 MJ, J, N Q 4096 Bits
2
TBP28546 MJIW, JW, NW v (512W x 88B) 3%ns | 20ns 500 mw
TBP28SA46 MJW, JW, NW O
TBP24S41 MJ, J, N v 4096 Bits .
40 2 475
TBP24SA41 MJ, J. N [ (1024 x 4B) ns | 20ns mw
T8P24581 Md, J, N v 8192 Bit
20
TBP24SA81 MJ, J, N o) (2048 x 4B) 45 ns ne 625 mw
TBP28S86A MJW, JW, NW v .
8192 Bits
TBP28SA86A MJW, JW, NW [ (1024 x 88) 45 ns 20 ns 625 mW
TBP2852708A NW v
16,384 Bits
TBP28S1 v y
S166 NW (2048W x 8B) 35 ns 15 ns 650 mwW
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, &= open collector.
’. Copyright © 1985, Texas Instruments Incorporated
TeExas b 411
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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 PROMSs, 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.

t AND TYPICAL PERFOR
TYPE NUMBER TER::EC::I'(:JERE RANGE OUTPUT BIT SIZE ACCESS TIMES MA::VEVER
CONFIGURATION? | (ORGANIZATION)
DESIGNATORS ADDRESS | SELECT | DISSIPATION
TBP28L22 MJ, JN 4 2048 Bits
a5 20 37
TBP28LAZ22 MJ, J. N [ (256W x 8B) ns ns 5 mw
TBP28LA2 MJ, J, N v 4096 Bits
30 0
TBP28L46 MIW, JW, NW v (512W x 8B) 60 ns ns 250 mw
TBP28LB6A MIW, JW, NW v 8192 Bits 80 35 ns 350 mW
i (1024W x 8B) ns m
TBP28L166 NW v 16,384 Bits 65ns | 30ns 350 mwW
(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).
¥ © = three state, Q = open collector.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT EQUIVALENT OF 3-STATE OUTPUTS EQUIVALENT OF OPEN-COLLECTOR

OUTPUTS
Vee *— —- - Vee

<P

S

p -- _ ouUTPUT
INPUT - -

—i¢—
OUTPUT

oy

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 7V
INPUL VOIAGE . . . . .o e 55V
Chip-select peak input voltage (S, S1, S2) (see Note 2) . . . ........ ... .. ... ... 11V
Off-state output VOItage . . . . . . ...ttt e 5.5V
Off-state peak output voltage (see Note 2) . . .. ....... .. ... ... ... .. it nnnn.. 16.25 V
Operating free-air temperature range: Full-temperature-range circuits (M suffix) -55°C to 125°C

Commercial-temperature-range circuits . . . .. ... 0°C to 70°C

Storage temperature range -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
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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

TBP24S10 TBP24S10
J or N PACKAGE
(s) PROM 256 X 4 (TOP VIEW)
M ° Ae 1 Use[d vee
A (12) As[]2 15[ A7
T N T A4l 1a[1G2
A3 o AV al A3[ds 130G
a8 Az agp—9 o,
e @ PO T Ao[ds 12000
T A1Qe npjar
:: (15) . A2 []7 0[] Q2
G2 14) [~ - GND [ ]8 9/ jQ3
G1 __“.2)._5. EN
recommended operating conditions
MJ JORN
PARAMETER MIN NOM MAX MIN NOM MAX UNIT
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 \"
10H High-level output current -2 -6.5| mA
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)
PARAMETER TEST CONDITIONS ' M J OR N UNIT
MIN TYP¥ MAX MIN TYP! MAX
ViK Vce = MIN, I = —18 mA -1.2 12| v
VOH Vce = MIN, IoH = MAX 24 31 2.4 3.1 v
VoL Vce = MIN, loL = 16 mA 0.5 0.5 \
lozH Vce = MAX, Vo = 24V 50 50 | uA
lozL Vce = MAX, Vg = 05V ~50 —50 | uA
) Vce = MAX, V=565V 1 1] mA
I Vce = MAX, Vi =27V 25 25 | uA
he Ve = MAX, V) =05V -0.25 -0.25 | mA
10s? Vee = MAX -30 -100 | -30 -100 | mA
Icc Vee = MAX 75 100 75 100 mA
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
TEST MJ J OR N
PARAMETER CONDITIONS MIN_TYPT _MAX | MIN TYPT MAx | N
ta(A) Access time from address CL = 30 pF 35 75 35 55 ns
ta(s) Access time from chip select (enable time) See Note 3 20 40 20 35 ns
tgis  Disable time g:e ;\kiepz 15 40 15 35| ns
tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Ve = 5V, Tp = 25°C.
5Not 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.
3
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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)
PR o
(6) as [ Use ] vee
NS 12) As[J2  1s[J A7
A2 —— A Q| ao aads  a[JG2
Az—t4 | 0o AQ LI I
@ A 3= 10) A3[Js 13]G
As—2 5 AQp— a2 Ao s 12% Qo
AS— A Q| a3 AJs nJar
A—re 1 A2(}7  wPa2
g: e ] ? . GND[]s _ of]a3
PTETT N EN
recommended operating conditions
MJ JORN
PARAMETER MIN _NOM MAX | MIN _Nom_maAx | U
Vece Supply voltage 4.5 5 55 | 475 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 \
loL Low-level output current 16 16 | mA
Ta Operating free-air temperature range -55 125 (o] 70 °C
n electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
o PARAMETER TEST CONDITIONS PP T:’w:: A ‘;3:*" i | UNIT
g VIK Vce = MIN, I} = —18 mA -1.2 -1.2 \2
S | o L 2 g
o VoL Vce = MiN, oL = 16 mA 05 045 | V
[] Vce = MAX, V) =55V 1 1 mA
H Vee = MAX, V=27V 25 25 uA
m Vce = MAX, V| =05V -0.25 -0.25 | mA
Icc Vce = MAX 76 100 75 100 | mA

switching characteristics

over recommended ranges of TA and VCC (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 = 300 Q 20 40 20 35 ns
Propagation delay time low-to-high-level RL2 = 600 Q@
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.
*All typical values are at Voc = 5V, Tp = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

TeExas
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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 512X 8 J OR N PACKAGE
" (TOP VIEW)
—d O
@ Avp—E& o Ao (I T2 vee
NSIE) Avb—2 o Atz 19f] As
@) Avb—8L o2 A2(s 18 A7
ag 15 AL Av+03 A3 ]a 17[] A6
(16) 511 ATf—tL 04 A4[]s 16]] A5
:: a7 AvpUA o aolJe 151G
oy 18) Av—i:—i:—-—os ar]r e[ a7
(19) 8 AV a7 Q2[]s 13[J a6
P o Q3o 12[]as
GND 1o 11[] Q4
recommended operating conditions
MJ JORN
ETE INK
PARAMETER MIN NOM MAX MIN NOM MAX unIT
vce Supply voltage 4.5 5 5.5 | 4.75 5 6.25 \
VIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \"
loH High-level output current -2 -6.5 mA
loL Low-level output current 16 16 mA
TA Operating free-air temperature range -556 125 o 70 °C

electrical characteristics over recommended operating free-air

temperature range (unless otherwise noted)

PROMs E

PARAMETER TEST CONDITIONS w JORN UNIT
MIN TYP¥ MAX [ MIN TYP¥ MAX

ViK Vce = MIN, I} = -18 mA -1.2 -1.2 \
VoH Vce = MIN, IoH = MAX 24 31 2.4 31 v
VoL Vce = MIN, loL = 16 mA 0.5 0.5 \4
10ZH Vce = MAX, Vo = 24V 50 50 rA
lozL Vce = MAX, Vo =05V —50 ~50 | WA
1) Vce = MAX, Vi =55V 1 1| mA
I Ve = MAX, Vi =27V 25 25 | uA
m Vce = MAX, V| = 05V -0.25 ~0.25 | mA
105’ Vce = MAX -30 -100 | -30 -100 | mA
icc Vce = MAX 100 135 100 135 | mA

switching characteristics

over recommended ranges of Ta and VCC (unless otherwise noted)

PARAMETER TEST MJ JORN 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 45 ns
CL = 5 pF
. i i 15 45 15 40
tdis Disable 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 Vcc = 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.
i
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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
TBP28SA42 TBP28SA42
PROMSTZXE J OR N PACKAGE
@ (TOP VIEW)
:g 2) 0 A Q| ::: Qo Vee
Az Ay A8
)] AQ ® Q2 A7
415 Al A Q| o Q3 A6
A5 18! 511 AQ -—(Tz)——cu A5
a7 AQ % G
a7 08 | AQ———a6 Q7
(19) R Aol 14 o Q6
G119 INJen gi

recommended operating conditions

PARAMETER MJ J OR N UNIT
MIN NOM MAX | MIN NOM MAX
vee Supply voltage 4.5 5 55 | 4.75 5 b5.25 \
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 \"
oL 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 WiN TveT max | wiN TveE max ] UNIT
VIK Vce = MIN, I} = -18 mA -1.2 -1.2 \2
loH Vee = MIN, [ Von =24V 0.05 005 [

[ Von =55V 0.1 0.1

VoL Vce = MIN, loL = 16 mA 0.5 0.5 \
I Vce = MAX, Vy = 5.5V 1 1] mA
[m Vce = MAX, Vi =27V 25 25 [ uA
[ Vce = MAX, V| =05V -0.25 -0.25 | mA
Icc Vce = MAX 105 135 105 135 | mA

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

TEST MmJ 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) Rp1 = 300 @ 20 45 20 35 ns

P tion delay time low-to-high-level Rp2 = 600 @
M ropagation e_ay ime low-to-high-leve L2 15 . 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.
*All typical values are at Vcc = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

{i’
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TBP28S46
4096 BITS (512 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol pin assignment
TBP28S46 TBP28S46
PROM 512X 8 JW OR NW PACKAGE

a8 1o (TOP VIEW)
a0 AT (9) a0
A2 ————::; AV -—%— a1
A3 —=—] AVI———a2
A4 _a | A 5_(1)1 AT (13) a3
A6 ———— AVp——05
a7l avp—8 o

3 f Al o,
o

1

g: (18) EN
g1-120 I\

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 \%
Vi Low-level input voltage 0.8 0.8 Vv
10H High-leve) output current -2 -6.5 mA
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)

PARAMETER TEST CONDITIONS T MW JW OR NW UNIT 2

MIN TYP¥ MAX | MIN TYPf MAX =

Vik Voo = MIN, W = —18 mA 12 12| v (@]

VoH Vce = MIN, IoH = MAX 24 3.1 2.4 3.1 v [+

VoL Vce = MIN, loL = 16 mA 0.5 0.5 \% o
lozH Vce = MAX, Vo = 24V 50 50 | uA
10zL Vce = MAX, Vo = 05V —50 —50 | uA
Iy Vce = MAX, Vi =55V 1 1] mA
i1 Vce = MAX, Vi = 27V 25 25 | uA
m Vce = MAX, Vi = 05V -0.25 -0.25 | mA
los? Vce = MAX -15 -100 | -20 -100 | mA
icc Vce = MAX 100 135 100 135 | mA

switching characteristics over recommended ranges of TA and V¢C (unless otherwise noted)

TEST MJW JW OR NW
PARAMETER CONDITIONS MIN_TYP' _MAX | MIN_TvPf max | U\
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 = 5 pF
tdis Disable time See Note 3 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 Vee = 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 3: Load circuits and voltage waveforms are shown in Section 1.

//
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TBP28SA46
4096 BITS (512 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol pin assignment
TBP28SA46 TBP28SA46
OWETINE JW OR NW PACKAGE
A0_8) 0 (TOP VIEW)
UL/ A Q‘——‘g’ Qo
Az_6) acl_9 o
A3 iii o A o0 o
A4 T—— Aﬁi AO ﬂ_— Q3
As —o— A1) o
A6 —(r— A Q] __ﬁ)__ Qs
o] A" —as
g—___1g Aol o
Ga 21) N P
G3 (19) .
G2 (18) N
G120 N
recommended operating conditions
MJW NW
PARAMETER JW OR UNIT
MIN NOM MAX [ MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 v
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \Z
VOoH 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 (4] 70 °C
"U electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
o)
MJW JW OR NW
o PARAMETER TEST CONDITIONS ! UNIT
2 E MIN TYP! MAX [ MIN TYP? MAX
» Vi Vce = MIN, h = —18 mA -1.2 -1.2 \2
VOH = 2.4V 0.05 0.05
1 = MIN, A
OH vee VoH = 55V 0.1 o1 ™
VoL Vce = MIN, oL = 16 mA 0.5 0.5 Vv
I Ve = MAX, V| = 5.5V 1 1| mA
H Vce = MAX, V) =27V 25 25 [ pA
he Vce = MAX, Vi =05V -0.25 -0.25 | mA
Icc Vce = MAX 1700 135 1700 135 | mA
switching characteristics over recommended ranges of Ta and VcC (unless otherwise noted)
TE!
PARAMETER ST MW JW OR NW UNIT
CONDITIONS MIN TYP? MAX | MIN TYPF 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 = 300 Q 20 45 20 35 ns
Propagation delay time low-to-high-level RL2 = 600 Q@
IPLH ropagation e'ay ime low-to-hig evel L2 15 40 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.
*All typical values are at Voe = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

R
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TBP24841
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
(TOP VIEW)
a0o—8__lo
© ae [+ Us[J vee
A ] as[]2 170 a7
AZ——(—4-,——- Aa[]3  16[] A8
A= ] A9 o0 A3[]a  15[] Ae
M1 L0 avl8 o aos 140 o
A 108 agl U2 g Aa1e a1
A— ] P v/ S a2l 120 a2
2:—“—5)—" Gi[Qe 11{Jas
e (15) o GND [Jo 10{ | G2
12 %
an—e | EN
recommended operating conditions
PARAMETER M) 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 \
IOH High-level output current -2 -3.2 mA
loL Low-level output current 16 16 | mA
TaA Operating free-air temperature range -55 128 (0] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
(2]
MJ JORN
PARAMETER TEST CONDITIONS t MIN_ TYPE  MAX MIN_ TYPT MAX UNIT E
ViK Vee = MIN, ) = —18 mA -1.2 1.2 | Vv 8
VoH Vce = MIN, IoH = MAX 24 3.1 2.4 3.1 v a
VoL Vce = MIN, loL = 16 mA 0.5 0.5 \
lozH Vee = MAX, Vo = 24V 50 50 uA
lozL Vee = MAX, Vo = 0.5V ~-50 -50 uA
I Vce = MAX, V| = 5.5V 1 1| mA
H Vce = MAX, V) =27V 25 25 | uA
m Vce = MAX, Vi = 0.5V ~0.25 ~0.25 | mA
los? Vce = 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)
PARAMETER TEST M J OR N UNIT
CONDITIONS MIN TYPF 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
tgis  Disable time g:e ;‘05(:; 20 40 20 30| ns
tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*All typical values are at Vece = 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 3: Load circuits and voltage waveforms are shown in Section 1.
+p
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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 1094 % 4 J OR N PACKAGE
s o (TOP VIEW)
N e As 1 Ute[ vee
Al— ] As[J2 170 A7
A2—t0
@) Ad[]3  16[] A8
A AQ—ﬂ:—uo A3[js 1s[] A9
A4 0 aol13 o aos 1400
A5 (2) > A 2 12)
038 Lo Q2 Aards  13Ja1
As—i__| (1)
17 AQl———a3 A2(07  12[da2
AT—e Gi[Js n[Ja3
A8 — ] GND[]o  10[]G2
A9———9g
G2 (10) &
G1—® EN
recommended operating conditions
MJ JORN
PARAMETE! UNIT
ARAMETER MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 b5.25 v
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
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
n)
X PARAMETER TEST CONDITIONS t M JORN
(e} DITIONS W TYPE MAX | MIN_ TYPE max | UM
g VIK Vee = MIN, I} = —18 mA -1.2 -1.2 Vv
o VOH = 2.4V 0.05 0.05
! Vce = MIN, A
OH cc VoH = 55V 0.1 o1 ™
VoL Vce = MIN, oL = 16 mA 0.5 0.5 v
[} Ve = MAX, Vi =55V 1 1 mA
hH Vce = MAX, V) =27V 25 25 uA
e Vce = MAX, V) =05V -0.26 -0.25 | mA
lcc Vee = MAX 95 140 95 140 | mA

switching characteristics

over recommended ranges of TA and VCC (unless otherwise noted)

PARAMETER TEST ) d 0R§N UNIT
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) Ry = 30090 20 40 20 30 ns
Propagation delay time low-to-high-level RL2 = 600 Q
3
tPLH output from chip select See Note 3 20 40 20 0 ns

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
T All 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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TBP24S81
8192 BITS (2048 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

ogic symbol

pin assignment

TBP24S81 TBP24S81
J OR N PACKAGE
@ |, PROM 2048 X 4 (TOP VIEW)
AA(: (6) A6 11 Unhs vee
@ As5[J2 17[JA7
A2
s A4[]s  1e[] A8
a3 A4 o0 A3[Js 15[JA9
as (2) A 0 Ay (13) a1 AO E 5 14 :] Qo
1) 2087 ,gl_02 o, A1 e 13% Q1
A6 YT
a7 D) AV o3 A2[7 2[JQ2
ag_18) A10 s 11393
A9 (15) GND []o 10[] G
atlo—&__| 10
319 PNen
ecommended operating conditions
MJ JORN
PARAMETER MIN NOM MAX MIN NOM MAX UNIT
Vece Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \"
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 v
IoH High-level output current -2 -3.2 mA
oL Low-level output current 16 16 mA
TA Operating free-air temperature range -55 125 [0} 70 °C
lectrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
(2]
MJ JORN
PARAMETER TEST CONDITIONS MIN_ TYPE MAX MIN_ TYPE  MAX UNIT E
ViK Vee = MIN, I = —18 mA -1.2 -1.2| v o
VOH Vce = MIN, IoH = MAX 2.4 3.1 2.4 3.1 \4 E
VoL Vce = MIN, oL = 16 mA 0.5 05| Vv
lozH Vce = MAX, Vo = 2.4V 50 50 pA
lozL Vce = MAX, Vo =05V -50 -50 nA
[ Vce = MAX, V| =55V 1 1] mA
H Vce = MAX, Vi =27V 25 25 | uA
M Vce = MAX, Vi =05V ~0.25 —~0.25 | mA
los? Vce = MAX -15 -100 | -20 -100 | mA
Icc Vce = MAX 125 175 126 175 | mA
witching characteristics over recommended ranges of TA and VGG (unless otherwise noted)
TEST My JORN
PARAMETER CONDITIONS MIN TYP¥ MAX | MIN TYP? MAX UNIT
ta(A) Access time from address CL = 30 pF 45 85 45 70 ns
ta(S) Access time from chip select (enable time) See Note 3 20 50 20 40 ns
tgis  Disable time CL=5pF 20 50 20 40| ns
See Note 3
For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
All typical values are at Vcc = 5V, Tao = 26°C.
Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
JOTE 3: Load circuits and voltage waveforms are shown in Section 1.
Texas W
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TBP24SA81
8192 BITS (2048 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

SINOYd

logic symbol pin assignment
TBP24SA81 TBP24SA81
PROM 2048 X 4 J OR N PACKAGE
(5) (TOP VIEW)
AQ————0
(6) A6 ] U1s[] vee
Al ————
@ A5 [J2 17[J A7
A2 —F——
@ A4[]s 16[]J A8
A3 —0—77F
(3) (14) A3[]s 5[] A9
AG—2) ] AQp————Q0
@ (13) A0]s 14[Jao
as2 1 L, 0 AQ—am
) 2047 a0l (12 A1[Je 13 a1
A6 ————— ———0Q2
(7) Aol M o3 A2[]7 12[]Q2
A;——“G, At00s nfjas
A8 ——— GND[Js 10[JG
ag_015) O
PRTJ.c M— (T
3 (100 NJen
recommended operating conditions
PARAMETER MJ JORN UNIT
MIN NOM MAX MIN NOM MAX
Vce Supply voltage 4.5 5 5.5 | 4.75 5 5.25 v
ViH High-level input voltage 2 2 \Y
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 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MJ JORN UNIT
MIN TYPE MAX [ MIN TYP} mAX
ViK Vce = MIN, = —18 mA -1.2 12| v
=24V 0.05 .
IoH Vee = MIN, VoH 005 | yma
VoH = 5.5V 0.1 0.1
VoL Vce = MIN, oL = 16 mA 0.5 05| V
1 Vce = MAX, V| =65V 1 1] mA
hH Ve = MAX, Vi =27V 25 25 uA
[ Vce = MAX, Vi =05V ~0.25 ~0.25 | mA
Icc Vce = MAX 125 175 125 175 | mA
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
PARAMETER TEST MJ 4 OR N UNIT
CONDITIONS MIN TYPF MAX MIN TYPF MAX
ta(A) Access time from address CL = 30 pF 45 95 45 70 ns
ta(s) Access time from chip select (enable time) RL1 = 300 Q 20 50 20 40 ns
tPLH Propagation del'ay time low-to-high-level RpL2 = 600 Q@ 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.
*All typical values are at Vg = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
T *I’
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TBP28S86A
8192 BITS (1024 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

gic symbol i i
gic sy TBP28S86A pin assignment TBP28S86A
PROM 1024 X 8 w "(':g:”v"’:v‘;)"““
A0_®) o
a7 Avl—O o0 A7 [ vee
Az 18 R T T A6 ] As
) avl—00 o, A5 ] A9
n 2

v | P P
as—2 023 Ay 08 o, A3 ] G1
AS—#— AT l—0% o5 A2 ]G3
a7 — AV ———%g)——oe Al ] G2
A8 ——— AY _)_—.07 AO 3 Q7
As—‘—z—f—’—- 9 Qo ] a6
E4‘f—9:1> % a1 ] as
.33_:1? en Q2 ] Q4
61—(2-5‘~— GND [] a3

ecommended operating conditions

MJW JW OR NW
PARAMETER UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.6 | 4.75 5 5.25 \%
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 12 12 mA
TA Operating free-air temperature range -55 125 (o] 70 °C
Jlectrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
(2}
PARAMETER TEST CONDITIONS t MJV: JW OR NW UNIT E
MIN TYP MAX MIN TYP} MAX o
ViK Vce = MIN, | = -18mA 1.2 -1.2 | Vv o
VoH Vce = MIN, IoH = MAX 24 3.1 2.4 3.1 v o
VoL Vce = MIN, oL = 12 mA 0.5 05 | V
lozH Vce = MAX, Vo = 2.4V 50 50 | A
lozL Vce = MAX, Vo = 0.5V -50 - 50 pA
0 Vce = MAX, V) = 65V 1 1| mA
I Vce = MAX, V| =27V 25 25 | WA
I Vce = MAX, Vi = 05V ~0.25 —0.25 | mA
10s? Vce = MAX -15 -100 | -20 -100 | mA
Icc Vce = MAX 110 170 110 165 | mA
iwitching characteristics over recommended ranges of TA and VcC (unless otherwise noted)
TEST MW JW OR NW
PARAMETER CONDITIONS MIN_ TYPf MAX | MIN_Tvp?  max | O\
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
tgis  Disable time CL = 5pF 15 40 15 35| ns
See Note 3
For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
All 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.
IOTE 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

pin assignment

TBP28SA86A TBP28SA86A
TROM 1024 X 8 JW OR NW PACKAGE
Ag—i8) ° . (TOP VIEW)
PR aol—® oo A7 24[] vee
A28 A T A6 23] A8
A3_15) Aol o, A5 22[] A9
a4 o Aok03 o A4 21[] Ga
a5 3 PATE Aol 08 o, A3 20 G
ae—2) Aol—18 o A2 19[] G3
a7 aol—ue o A1 18[] G2
Agt23) Aol A0 0 a7
Ag_{22) 0 Qo 16[] a6
a2 N Q1 15[] Q5
G312 Q2 14[] Q4
as) | EN GND 13[] Q3
&1 (20) P
recommended operating conditions
MJW JW OR NW
PARAMETER MIN NOM MAX MIN NOM MAX UNIT
Vce Supply voltage 4.5 5 655|475 5 525| Vv
VIH High-level input voltage 2 2 \4
\4m Low-level input voltage 0.8 0.8 \
VoH High-level output voltage 5.5 5.5 \
loL Low-level output current 12 12 | mA
TA Operating free-air temperature range - 55 125 0 70 °C
=X electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
o
g PARAMETER TEST CONDITIONS t N _::JPV: MAX MINJWT$:*NWMAX UNIT
» ViK Vee = MIN, | = -18 mA -1.2 -1.2] v
V =24V 0.05 0.05
loH Vee = MIN, { vg: =55V 0.1 o] ™
VoL Vee = MIN, loL = 12mA 0.5 0.5 \%
1] Vee = MAX, Vi =565V 1 1 mA
H Vce = MAX, V) =27V 25 25 | uA
[ITR Vee = MAX, Vi =05V -0.25 -0.25 mA
Icc Vce = MAX 1256 175 125 175 | mA
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
PARAMETER TEST MIw JW OR NW UNIT
CONDITIONS MIN TYP} MAX 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) Rp1 = 300 Q 20 50 20 40 ns
tPLH Propagation dellay time low-to-high-level RL2 = 600 15 40 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.
*All typical values are at Ve = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
e
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TBP28S2708A
8192 BITS (1024 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

)gic symbol pin assignment
TBP28S2708A TBP28S2708A
PROM 1024 X 8 NW PACKAGE
(TOP VIEW)
a8 loy
A1-—‘12-—- AV ——LS)-——QO
AzL AV (10) Q1
az-8 ] avp—au o,
A4._(ﬂ____‘ L 0 AV ——ﬁ)———us
as2 | Phizm avi—1 _qs
As.B.).__._. AV -—“LQS
A7 (1) AT (16) a6
A8 (23) AT (17) Q7
A9 (22) ry.
s (20) N lEN
scommended operating conditions
PARAMETER Nw UNIT
MIN NOM MAX
Vce Supply voltage 4.75 5 5.25 \%
VIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 v
loH High-level output current -3.2 mA
oL Low-level output current B 12 mA
TA Operating free-air temperature range (o] 70 °C 4
lectrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
(2]
NW
PARAMETER TEST CONDITIONS UNIT
MIN _TYPT  MAX g
VIK Ve = 4.75, I} = —18 mA -1.2 \4 o
VOH Vce = 4.75, IoH = -3.2mA 2.4 3.1 \2 [«
VoL Vce = 4.75, loL = 12 mA 0.5 \"
10ZH Vce = 5.25, Vo =24V 50 A
lozL Vce = 5.25, Vo =05V -50 A
0 Vce = 5.25, V| = 6.5V 1| mA
i1 Vce = 5.25, V=27V 25 rA
m Vce = 5.25, Vi =05V ~0.25 | mA
Ios* Vce = 5.25 -20 -100 | mA
Icc Vce = 5.25 110 165 mA
witching characteristics over recommended ranges of TA and VC(C (unless otherwise noted)
TEST NW
PARAMETER
CONDITIONS min_ Tyt max | N7
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 ti
dis isable time See Note 3 20 40 ns
All typical values are at Vgc = 5V, Ta = 256°C.
lot more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
JTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP28S166
16,384 BITS (2084 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

SINOYd

logic symbol pin assignment
TBP28S166 TBP28S166
PROM 2048 X 8 NW PACKAGE
A0 ::; 0 {TOP VIEW)
e 9
PO — AV
(5) Agp9_q
A3 —— 1)
A4 (4) AV -—“3—)—02
(3) 0 AVl———-a3
A5 ——— —
Ae_12) cA20aT Ay ‘_’;’_04
P AV —:%os
ag—{23) AV TO@
Ag 122 AVp————a7
o2 o
G3 4 &
GZ—(E,———- EN
G1 _(Z_Ol_m
recommended operating conditions
NwW |
PARAMETER UNIT
MIN NOM MAX
Vece Supply voltage 4.75 5 5.25 \
VIH High-level input voltage 2 v
ViL Low-level input voltage 0.8 Vv
IoH High-level output current -3.2 mA
loL Low-level output current 16 | mA
TA Operating free-air temperature range 4] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS NW UNIT
MIN TYPT mMAX
™ Vce = 4.75, ) = -18 mA -12| v
VoH Vcc = 4.75, I0H = -3.2 mA 24 31 v
VoL Vce = 4.75, loL = 16 mA 0.5 \
10ZH Vce = 5.25, Vo = 2.4V 50 | pA
lozL Vee = 5.25, Vo =05V -50 rA
I Vce = 5.25, V| = 55V 1| mA
H Vce = 5.25, V) =27V 25 | uA
L Vce = 5.25, V) =05V -0.25 | mA
los# Vee = 5.25 -20 -100 | mA
Icc Vce = 6.25 130 175 | mA
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
TEST NwW
P. UNIT
ARAMETER 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
CL = 5 pF
. Disable ti 15 40
dis isable time See Note 3 ns
TAIl typical values are at Ve = 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.
i
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TBP28L22
2048 BITS (256 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

r)gic symbol pin assignment
TBP28L22 TBP28L22
PROM 256 X 8 J OR N PACKAGE
(TOP VIEW)
Ao—L— (6)
a2 AV— 0o A0 [ vee
PPSC] ‘ AVE—g A1 2 A7
a_4) o AV—g—® A2[]s A8
JORE] Az AV T A3 [a A5
as 7 AV A4 (s G2
ag_U18) AVE s ao [Je G1
ay 9 AV _:_:i;_os a1 [ Q7
G218 I = Ay p———a7 a2 (Je Q6
PRI EN Q3 e Qs
GND [Jio Q4
ecommended operating conditions
MJ JORN
PARAMETER MIN NOM MAX MIN NOM MAX unIT
Vee Supply voltage 4.5 5 5.5 | 4.756 5 5.25 \"2
ViH High-level input voltage 2 -2 \Y
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -2 -6.5 mA
oL Low-level output current 16 16 mA
TA Operating free-air temperature range -55 125 (o] 70 °Cc
slectrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJ JORN
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX MIN_ TYPE  MAX UNIT *
VIK Vce = MIN, h = —18 mA ~-1.2 -1.2 v E
VOoH Vee = MIN, IoH = MAX 2.4 3.1 2.4 3.1 \% o
VoL Vee = MIN, loL = 16 mA 0.5 0.5 \" x
lozh Vce = MAX, Vo = 24V 50 50 | wA o
lozL Vee = MAX, Vo =05V -50 -50 nA
[ Vce = MAX, V| = 55V 1 1] mA
1 Vce = MAX, V) = 27V 25 25 | uA
he Vee = MAX, Vi =05V -0.25 -0.25 mA
1os? Vce = MAX ~25 -100 | -30 -100 | mA
icc Vcc = MAX 75 100 76 100 | mA
switching characteristics over recommended ranges of TA and V¢C (unless otherwise noted)
TEST MJ JORN
PARAMETER CONDITIONS MIN TYP? MAX | MIN TYP} mMAX uNIT
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
tdis Disable time ;::e ;‘05‘:; 15 35 15 30 | ns
'For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
EAII typical values are at Vcc = 5V, Tp = 25°C.
3Not 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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TBP28LA22
2048 BITS (256 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol pin assignment
TBP28LA22 TBP28LA22
PROM 256 X 8 J OR N PACKAGE
(TOP VIEW)

a0 o (6)

a2 AQ o Qo 1 Vee

A2 (3) AQ @ Q1 2 A7

A3 4) o AQ 5 Q2 3 A6

A4 (5) Agg AQ ol Qa3 4 55

(17) AQOp———a4 5 G2
Ag_118) a2 __ o5 6 G1
(19) , AQ -—%—-05 7 a7

G2 16) N T e AQ Q7 : gg

=._(15)

G112 N 10 Q4

recommended operating conditions
MJ JORN
PARAMETER MIN NOM MAX MIN NOM MAX uNIT

vVce Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \2
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 \%
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)

woss |4

MJ JORN

PARAMETER TEST CONDITIONS MIN_ TYP: WAX | MIN TYP® MAX UNIT
ViK Vce = MIN, | = -18 mA -1.2 -1.2 \
on Vec - Mn, Vou 55V o o] ™
VoL Vece = MIN, loL = 16 mA 0.5 0.5 v
Iy Vce = MAX, V| =565V 1 1| mA
hH Vece = MAX, V=27V 25 25 pA
he Vee = MAX, Vi =05V -0.25 -0.25 | mA
lcc Vee = MAX 75 100 75 100 | mA

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

PARAMETER TEST MJ JORN 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) RL1 = 300 02 20 40 20 35 ns
Propagation delay time low-to-high-level Rz = 600 Q@
15 35 15 30 ns
tPLH 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 Ve = 5V, Tp = 25°C.
NOTE 3: Load circuits and voltage waveferms are shown in Section 1.

his
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TBP28L42
4096 BITS (512 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

ogic symbol pin assignment

TBP28L42 TBP28LA42
PROMES12 X 8 J OR N PACKAGE
@ (TOP VIEW)
T ° Av—E& _qo Ao vee
NSEY AV—h—an a2 A8
Az AVE—o— @2 A2(]s A7
a8 Al AV A3je A6
s 181 ST AVI— -l —a A4(]s A5
A6 (17) Av—Ts)—Qﬁ QOEB G
A7 (18) AV TOG Q17 Q7
(19) AV—="——aq7 Qz2[]s Q6
A8 ——— 8
g (5) NN en Q3 [: 9 Qs
GND [J1o Qa
recommended operating conditions
PARAMETER M JORN UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.756 5 5.25 \
VIH High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -1 -1.6 mA
oL Low-level output current 8 8 mA
TA Operating free-air temperature range -55 125 o 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJ JORN
PARAMETER TEST CONDITIONS MIN_ TYPE  MAX MIN _ TYPT  MAX UNIT
Vik Vce = MIN, | = -18 mA -1.2 -1.2 | v
VOH Vce = MIN, 10H = MAX 24 3.1 2.4 3.1 v
VoL Vee = MIN, loL = 8 mA 0.5 0.5 \2
lozH Vee = MAX, Vo = 24V 50 50 uA
lozL Vee = MAX, Vo = 0.5V -50 -50 uA
Iy Vce = MAX, Vi =55V 1 1 mA
IH Vce = MAX, V| = 27V 25 25 | uA
L Vcc = MAX, V| = 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 CON:::’TONS MIN T:‘II;'t MAX | MIN JT?:*N MAX UNIT
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
tgis  Disable time g:e ‘N:;:; 25 50 25 40 | ns
tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
T All typical values are at Vo = 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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TBP28L46
4096 BITS (512 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol

TBP28L46
PROM 512X 8
A0 L (1]
a2 AV
A2 (6)
AV

A3 —-:%’)——- o AV
A4TT Aﬁ A
AS ) AV
A6 ———p AV
Azt AV
A8 (23) 8 AT
Ga 20 I Y

(19)
G218 EN
G120 I

(9)

(10)
(11)

(13)

(14)
(15)

(16)

(17)

recommended operating conditions

pin assignment

Qo
al
Q2
Q3

- Q5
Qé
Q7

TBP28L46
JW OR NW PACKAGE

{TOP VIEW)

PARAMETER MIW JW OR NW 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 \%
I0H High-level output current -1 -1.6 | mA
loL Low-level output current 8 8 | mA
4 TA Operating free-air temperature range -55 125 [o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
2 PARAMETER TEST CONDITIONS MW JW OR NW UNIT
0 MIN TYP} MAX | MIN TYP! MAX
o ViK Vce = MIN, | = —18 mA -1.2 12| V
= VOH Vce = MIN, IoH = MAX 24 3.1 2.4 31 v
L VoL Vee = MIN, loL = 8 mA 0.5 0.5 \%
lozH Vee = MAX, Vo = 2.4V 50 50 | uA
lozL Ve = MAX, Vo = 0.5V -50 —-50 | A
h Vee = MAX, Vi =55V 1 1 mA
WH Vce = MAX, V| =27V 25 25 | 4A
m Vce = MAX, Vi =05V ~0.25 —0.25 | mA
1os® Voo = MAX -10 -100 | -10 -100 | mA
Icc Vee = MAX 50 85 50 85 mA
switching characteristics over recommended ranges of Tap and VCC (unless otherwise noted)
PARAMETER TEST MW JW OR NW 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
tdis Disable time SCeLe ZN:;: ; 25 50 25 40| 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.
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.
Texas W2
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TBP28L86A
8192 BITS (1024 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

agic symbol pin assignment
TBP28L86A TBP28L86A
PROM 1024 X 8 JW OR NW PACKAGE
(8) (TOP VIEW)
AQ—— 0
a1 Avhb—8 a0 A7 ) vee
Az_18) PR I T AB ] A8
az_t8) Avl—0 o, A5 [ A9
T | P e Mg B
as— - — 023 AT _%:_5:_.04 A3 [] G1
A6 —— AV b—— 05 A2 ] G3
A7) Av|l_8 oo A1 [] G2
AB—-(L‘ A —LQ7 AO :] Q7
Ag_122) s Qo (] a6
Ea%m = a1 1 a5
—:1#- N Q2 [ a4
AL GND (] Q3
1 (20) p~
'ecommended 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 5.25 \%
ViH High-level input voltage 2 2 Vv
i Low-level input voltage 0.8 0.8 \4
loH High-level output current -1 -1.6 mA
loL Low-level output current 8 8 mA
TA Operating free-air temperature range -55 125 (o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
(2]
MW JW OR NW
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX MIN TYPT  MAX UNIT E
ViK Vee = MIN, | = —18 mA -1.2 -1.2 v 2
VOH Vee = MIN, IoH = MAX 2.4 3.1 2.4 3.1 \Y o
VoL Vce = MIN, loL = 8 mA 0.5 0.5 \
lozH Vce = MAX, Vo = 2.4V 50 50 | wA
lozL Vce = MAX, Vo = 0.5V -50 -50 RA
1] Vece = MAX, Vi =55V 1 1 mA
IH Vee = MAX, Vi =27V 25 25 pA
[ Vce = MAX, Vi = 0.5V ~0.25 ~0.25 | mA
los? Vce = MAX -10 -100 | -10 -100 | mA
Icc Vece = MAX 55 95 55 80 mA
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
TEST MJW JW OR NW
PARAMETER CONDITIONS MIN TYP} MAX MIN TYP} MAX UNIT
_ﬁ_@) 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
tgis  Disable time CL=50F 25 100 25 60 | ns
See Note 3
tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
+All typical values are at Vec = 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.
3
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TRP28L166
16,384 BITS (2084 WORDS BY 8 BITS)

LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS
logic symbol pin assignment
TBP28L166 TBP28L166
PROM 2048 X 8 NW PACKAGE
Ao—::;—‘o\ (TOP VIEW)
Al © A7 [ Uad] vee
6) AV f————Q0
S — ol A6 2
(5) AV [o1]
A3 ——— (11) A5 []3
(4) AVF———Q2
M o Avp13 o Ad L
A5 —— A—
@ CART avl 04 o, A3 []s
A6 ———] (15) A2
A | A A1
Ag—{23) AVF——_——06
— (17) AO
(22) AVp———a7
A9 —— Qo
PP CL -
(19) Q1
G3 —— &
(18) Q2
G2 —— EN GND
Gt (20) N
recommended operating conditions
PARAMETER Nw UNIT
MIN NOM MAX
Vee Supply voltage 4.75 5 5.25 \
VIH High-level input voltage 2 \
Vi Low-level input voltage 0.8 \"
IoH High-level output current -1.6 | mA
loL Low-level output current 8 mA
TA Operating free-air temperature range 4] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
g PARAMETER TEST CONDITIONS Nw UNIT
) MIN  TYPT  MAX
g ViK Vee = 4.75, lj = —18 mA -1.2 \
s VoH Vce = 4.75, IoH = —1.6 mA 24 3.1 v
VoL Vce = 4.75, loL = 8 mA 0.5 \
lozH Vce = 5.25, Vo =24V 50 pA
lozL Vee = 5.25, Vo = 05V -50 rA
I Vce = 5.25, Vi =55V 1 mA
[IT™] Vee = 5.25, V=27V 25 uA
I Vce = 5.25, Vp =05V -0.25 | mA
los Vce = 5.25 -10 -100 | mA
Icc Vee = 5.25 75 110 | mA
switching characteristics over recommended ranges of TA and VGG (unless otherwise noted)
TEST NwW
PARAMETER UNIT
CONDITIONS MIN TYPT MAX
ta(A) Access time from address CL = 30 pF 80 1256 ns
ta(s) Access time from chip select (enable time) See Note 3 40 65 ns
tdis Disable time CL=5pF 30 65| ns
See Note 3
TAll typical values are at Vg = 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.
i
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SERIES 24 AND 28
PROGRAMMABLE READ-ONLY MEMORIES

ecommended operating conditions for programming (see Figure 1)

MIN NOM MAX UNIT
Steady-state supply voltage Vece 475 5 5.25 \Y
VIH 3 4 5
Input voltage ViL ) ° 05 v
Voltage at all outputs except the one to be programmed (o] [¢] 05 A\
Supply voltage level to program a bit Vecipr) 5.75 6 6.25 \"
Select or enable level to program a bit V§1W) 9.75 10 11 \
Output level during interval tg Vo(pr) 16.75 16 16.25 v
Supply voltage during verification (see step 14) L?w a4 45 4.6 v
High 54 5.5 56
Time from Vg to settle and to verify need to program t [o] 5 10 us
Time from V¢ = 6 V until chip select (enable) is at 10 V 2 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 14 10 15 20 us
Duration of output program pulse t5 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 tg 30 50 100 Hs
Time for cooling between words t9 30 50 us
Free-air temperature TA 20 25 30 °C

itep-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 do not require programming, skip steps 5 through 11.

. Increase V( to VCC(pr) With @ minimum current capability of 250 milliamperes.

PROMs

. Apply Vg(pr) to all the S.EorG inputs. I} < 25 milliamperes. Active-high enables may be left high.

. Connect all outputs, except the one to be programmed, to V|.. Only one bit is to be programmed at a time.

W N oo o A W N

. 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 Vj_ conditions.
10. Reduce the voltage at S.E orG inputs to Vjj.
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 Vcc values of 4.5 and 5.5 volts.

*p
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SERIES 24 AND 28
PROGRAMMABLE READ-ONLY MEMORIES

4 9———4:25—— v
i H
“?ﬂ,ﬁf?: I WORD ADDRESS VALID ) N:gbvggg
)
e
- | Vec(pr)
vee ——5V '-_'_J—f f
T | 1 ' —5—
po—ot—t. p—tg—of l—tg—af
2 t 1
—_—v START NEXT BIT
SEG Slpr)
pP—ts—e S F——F——— v
| :"'—‘4—’1 lo—ertg
! | VO(Pr)_’ !
OUTPUT : \
BEING
PROGRAMMED I'_“'|

4 ——————voL

—=Vi

NOTE 4: Rise and fall times should be < 1 ps.

FIGURE 1. TIMING DIAGRAM AND VOLTAGE
WAVEFORMS FOR PROGRAMMING SEQUENCE

SIWO4d H
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TBP34R16

16, 384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

D2863, NOVEMBER 1984

® Fastest Schottky PROM Family
@ High-Speed Access Times
® Allows Storage of Output Data

lescription

The TBP34R16 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 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

TBP34R165 . . . JT OR NT PACKAGE

(TOP VIEW)

A8 (]
A7 [
a6 [
A5 [
A4 [
A3 [
a2
a1 [
Ao [
GND [Ji0

W 0O N O WN -

Vce
A9
A10
A11

RCLK
Qo
Q1
Q2
Q3

TBP34R16X . . . FN OR FK PACKAGE
(TOP VIEW)

without notice.

improve testability and ensure high
programmability.
=
- - - ey - O
logic symbol logic diagram (positive logic) [+
o
[REGISTERED PROM] g e
= (186)
G ——EN (15)
(15) RCLK
RCLK [>c1 c1
|
PROM 4096 X 4 a @ PROM 4096 X 4
| (14) A0 —— 0
a0 2 01 Al1D Qo @) S
(8) Al (14)
A1 @) Al—1D —— Qo
A2 @) A2
(6) (6)
A3 (13) A3
(5) Al1D v ar (5) )
A4 A4 (13)
A5 ) (4) ApF— —— Q1
0 _ A5 L
3) " A G095 =
A6 (12) 3) O A 2055
a2 Al Ypb——a2 A8 2) >
() A7
A8 (19) (1) Al— (12) Q2
A9 (18) A8 (19)
A0 a7 AliD V'ﬂ a3 A9 —
A1l 11 A10 18) A (1)
—| ;J— Qa3
PRTpRLLL 11
This PRODUCT PREVIEV.V i Copyright © 1985, Texas Instruments Incorporated
gn a Iptoduct under dovnlopmﬂon':. TEXAS b
xa: it nt: s the t -
1o.change o discontinus his product INSTRUMENTS 4-35



TBP34R16
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

TERMINAL FUNCTIONS

TERMINALS FUNCTION
A0 — All Address inputs for data from PROM array
- If G is high, QO thru Q11 are high-impedance state.
G If G is low, QO thru Q11 are enabled.
RCLK Low-to-high transition loads output register from
PROM array.
Q0 — Q3 Register outputs under control of G

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX |UNIT

Vce Supply voltage during verification 4.5 5 55| V
ViH High-level input voltage 3 4 51 V
ViL Low-level input voltage 0 02 04} V

Enable G voltage during verification 0 02 04| V

Enable G inactive voltage during programming 4.5 5 5.5 Vv
Vece(pn) Supply voltage program pulse amplitude 12 125 13 \%
twl Ve program pulse duration, 1st attempt 10 11 12 | ps
tw2 Ve program pulse duration, 2nd attempt 20 22 25 | pus
tw3 V¢ program pulse duration, 3rd attempt 20 22 25 | pus
tsu Setup time, enable G low before Vc(;(p,.)Y 0.1 0.5 1 us
th Hold time, enable G low after VCC(pr)‘ 0.1 0.5 1 us
r(Vcc)  Rise time, Veg(pr) (5V to 12 V) 0.3 04 05| us
tf(vce)  Fall time, Vec(pr) (12 V to 5 V) 0.05 0.1 0.2 us
td4 Delay time between successive VCC(py) pulses 10 20 30 | ps
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)-
g *Measured from 5.5 V on Vec(pr) to 1.5 V on enable pin.

(7]

1.
2.

oo s

step-by-step programming instructions (see Figure 1)

Address the word to be programmed, apply 5 V to VcC and a low logic level to the G input.
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.

. 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 PROM by applying 5 V to G.
. Connect a 4-mA current source (clamped to V) to the output 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
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 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.

. Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts

and 5.5 volts.

4-36
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TBP34R16
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

series 3 programming sequence

_.__’IL
4
A0 TO A1l j VALID ADDRESS
124
| tw3

ol

| |
| |
VoH
| | )
[ 1 v
4 |
@ 0 1] Yt "vo
! VoL
| | | |
a3 ! | |
|
1

PROGRAM oz-——;’—{f———’z——o‘
szm;v PROGRAM Q3

PROGRAM Q1
VERIFY

llustrated 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.

3) 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 PROGRMMING SEQUENCE

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

Supply voltage, Ve (see Note 1) . .. ... 7V
Input voltage, Vi .. ... ... e 55V
Off-state output voltage, VO(off) « - - -« - -« o v v v v i e i 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 . . .. ... ...ttt —65°C to 1560°C

NOTE 1: All voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.

s
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TBP34R16
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions

MILITARY COMMERCIAL

PARAMETER MIN NOM MAX | MIN NOM MAX unNIT
Vce 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 \
10H High-level output current -2 -3.2 | mA
loL Low-level output current 16 16 | mA
tsu Setup time, address before RCLK ns
th Hold time, address after RCLK ns
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 N TYPT WA N YRt ] UNIT
ViK Vee = MIN, ) = =18 mA -1.2 1.2 \Y,
VoH Vce = MIN, 1oy = MAX 24 3.1 2.4 3.1 Vv
VoL Vce = MIN, gL = 16 mA 0.5 0.5 \
lozH Vece = MAX, Vg = 24V 50 50 A
lozL Vee = MAX, Vg = 0.5V -50 -50 nA
0 Vce = MAX, V) = 65V 1 1 [ mA
hH Vece = MAX, V| =27V 25 25 nA
I Vce = MAX, V) = 05V ~0.25 -0.25 | mA
- 10§ Vee = MAX, Vg = 2.25V 60 60 mA
“ icc vce = MAX 105 mA
switching characteristics over recommended ranges of Ta and VgC (unless otherwise noted)
; FROM TO TEST CONDITION MILITARY COMMERCIAL
(@) PARAMETER (INPUT) (OUTPUT) (See Note 2) MIN TYPt MAX | MiN TvPt max | CVT
=2 tod RCLK Qo - a3 ns
7 ten G Q0 — a3 CL = 30 pF ns
tdis G Q0 - Q3 ns

tFor conditions shown as MIN or MAX, use 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 aproximates one half of the true short-circuit output current, los.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
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TBP34S1, TBP34L1, TBP34SA1
1024-BIT (256 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

JANUARY 19885

® Fastest Schottky PROM Family
High-Speed Access Times

Low-Power, 3-State, and Open-Collector
Options Available

® 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

description

These Series-3 monolithic TTL programmable
read-only memories (PROMs) feature high-speed
access times and dependable titanium-tungsten
fuse link program elements. They are organized
as 256 words by 4 bits each, providing a total
of 1024 bits. The ‘34S1 has three-state outputs.
The ‘34SA1 is the open-collector version and
allows the device to be connected directly to
data buses utilizing passive pull-up resistors. The
low-power '34L1 is available for applications
that require power conservation while
maintaining bipolar speeds. It also has three-
state outputs.

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 setto a
logic level high after programming. After
execution of the programming procedure, the

TBP34S10. TBP34L10, TBP34SA10
N OR J PACKAGE

(TOP VIEW)
ae v Uss[Jvee
As[]2  1s5[JA7
A4 ]s 14[]G2
A3[]s 13[JGT
ao[ls 12[Jao
Ade npar
A2} oJa2
GND (s o[] Q3

TBP34S1X, TBP34L1X, TBP34SA1X
FN OR FK PACKAGE

(TOP VIEW)

NC —No internal connection

PROMs

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
This ins inf
on a product under development.
Texas Instruments reserves the right
to change or discontinue this product
without notice.

Texas
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TBP34S1, TBP34L1, TBP34SA1
1024-BIT (256 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbol

TBP34S1, TBP34L1 TBP34SA1
PROM 256 X 4 PROM 256 X 4
a2 1o a—2 1o
Az 2 AvE—12__qo az—1 | aoh12 o
Az—4 A0 Avi__ o Az A0 Aol o
A4 (2: PIA v/ S L A A4 ::; 25 aQ—U9 o
{ AV—9 a3 A5 —— AO—8 a3
A6 (115),) AS ((11 ;)
A7 (14) Z A7 (14) z
G NI g N G2— N ' N
&1 (13) N &1 (13)
Pin numbers shown are for J or N packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
_ OPEN-COLLECTOR OUTPUTS
Vee - ¢ Vcc
3 3

>
>
>
)

-r: L . 1’_—y_ OUTPUT 4L

3 T
INPUT ——¢ b3

> OUTPUT

AAA
VW

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) . ... ... ... 7V
Input voltage . . .. ... ... 55V
Off-state output voltage . . . . ... ... ... ... . 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 . .. ... ... .... ... i —-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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TBP34S1, TBP34L1, TBP34SA1
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 Vece 4.5 5 5.5 \%

Input voltage Vin 3 4 5 \%
ViL 0 0.2 05

Enable voltage during verification G1, G2 0 0.2 0.4 \

Enable inactive voltage during programming G1, G2 4.5 5 5.5 v

V¢ program pulse amplitude VCC(pr) 12 12,5 13 \%
1st attempt twi 10 1 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) ts(en) 0.1 05 1] us

Enable hold time?* after Vcc(pr) thien) 0.1 0.5 1| us

Rise time of Vcc(pr) 8 t(Vee) 03 04 05| us

Fall time of Vcc(pr) ! t(Vee) 0.05 0.1 0.2 us

Delay time between successive VCC(pr) pulses td1 10 20 30 | us

Delay time between successive VCCipr) pulses td2 10 20 30 | us

Cooling time between words tcool 100 150 200 | us

Free-air temperature TA 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 VcC(pr) to 1.5 V on enable pin
5Measured from 5 V to 12 V
$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 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.

PROMs

Connect a 4-mA current source (clamped to VcC) to the output that is to be programmed.

o 0 P

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 vglts
ana 5.5 vaoits.

TeExas {i’ 4-41
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TBP34S1, TBP34L1, TBP34SA1
1024-BIT (256 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

A0 TO A7 * VALID ADDRESS

F"’"'vﬂ F’ﬁ—'w‘l H‘wz ——tw3

|
| | [ ! | |
vee | /_\4— 'df—bﬂ- ‘dz—b} \ ’ \ P
]
14

- -

|
| |
I-" L ! Y . |
a1 | + + 4 — VoH
P ! b L
1 : | ,l L, |
a2 | | I l.r l I 4— + — VoH
—t : P L vo.
| | | 9
Y |
e I | }
1 [ [ |
1 | | |

—_— V|
, r’_-‘ci___\_o“
4 1

]

PROGRAM Q1
VERIFY

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.

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.
e
]
§ FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

{i’
TeEXxAas
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TBP34S81
1024-BIT (256 WORDS BY 4 BITS)
STANDARD 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 \
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
10H High-level output current -2 -3.2 mA
oL 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)
PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT
MIN TYP? MAX [MIN TYP? MAX

ViK Vce = MIN, I = -18 mA -1.2 -1.2 \Y
VOH Vce = MIN, loH = MAX 24 31 24 31 \
VoL Vee = MIN, loL = 16 mA 0.5 0.5 \
10ZH Vce = MAX, Vo = 2.4V 50 50 | A
lozL Vce = MAX, Vo =05V -50 -50 uA
Iy Vce = MAX, V| =565V 1 1 mA
(™ Vee = MAX, Vi =27V 25 25 pA
T8 Vece = MAX, Vi =05V -0.25 -0.25 mA
108 Vee = MAX, Vg = 225V 60 60 mA
Icc Vce = MAX 55 55 160 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 VCC (unless otherwise noted)

s
ta(A ta(s
a(A) a(S) tdis o
TEST ACCESS TIME ACCESS TIME
TYPE DISABLE TIME UNIT o
CONDITIONS FROM ADDRESS FROM ENABLE a
MIN TYPT MAX [ MIN TYPt MAX | MIN TYPT MAX
Military 12 6 5 ns
TBP34S1-20
Commercial CL = 30 pf 12 6 5 ns
Military See Note 2 15 6 5 ns
TBP34S1
348 Commercial 15 6 5 ns
*All typical values are at Vec = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
T {l’
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TBP34L1 T
1024-BIT (256 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
Vce Supply voltage 4.5 5 6.5 | 4.5 5 5.5 \
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 v
IoH High-level output current -1.6 -1.6 mA
loL Low-level output current 8 8 mA
TA Operating free-air temperature range -55 125 (o] 70 °C

electrical characteristics over recommended operating free-ai

r temperature ra

nge (unless otherwise

noted)
MILITARY COMMERCIAL

PARAMETER TEST CONDITIONS MIN TYPE MAX | MIN TYP? MAX UNIT
VIK Vce = MIN, Ih = -18 mA -1.2 -1.2 v
VOH Vce = MIN, loH = —1.6 mA 24 31 2.4 31 Vv
VoL Vce = MIN, loL = 8 mA 0.5 0.5 \Z
l10zH Vce = MAX, Vo = 2.4V 50 50 A
lozL Vce = MAX, Vo =05V -50 -50 | uA
y Voo = MAX, Vy =585V 1 1 mA
I Vce = MAX, Vi =27V 25 25 A
[ Vce = MAX, VI =05V -0.25 -0.25 mA
108 Vee = MAX, Vo = 225V 60 60 mA
Icc Vee = MAX 30 30 mA

TFor conditions shown as MIN or MAX,

use appropriate value specified under recommended operating conditions.

5The 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 VCC (unless otherwise noted)

PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP? MAX | MIN TYP} MAX
ta(A) Access time from address 25 25 ns
ta(s) Access time from chip select (enable time) CL = 30 pF 15 15 ns
tdis Disable time See Note 2 15 15 ns
*All typical values are at Vee = 6V, Ta = 26°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

4-44
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TBP34SA1
1024-BIT (256 WORDS BY 4 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 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 \Y
| 'oL Low-level output current 16 16 mA
LTA Operating free-air temperature range -55 125 (0] 70 °C

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

PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT
MIN TYP} MAX | MIN TYP} MAX
ViK Vece = MIN, I} = -18 mA -1.2 -1.2 \4
VoH = 2.4V 0.05 0.05
loH vVee = MiN, JI ng —E5V 0.1 o1 ™
VoL Vce = MIN, loL = 16 mA 0.5 0.5 \
T Vcc = MAX, Vi =55V 1 1 mA
1 Vce = MAX, Vi =27V 25 25 [ uA
I Vce = MAX, Vi =05V ~0.25 ~0.25 | mA
Icc Vce = MAX 55 55 mA

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

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

TEST MILITARY COMMERCIAL
PARAMETER UNIT
R CONDITIONS MIN TYP} MAX [ MIN TYP! MAX

ta(A) Access time from address 156 15 ns (7))

ta(s) Access time from chip select (enable time) CL = 30 pF 9 9 ns E
P ation delay time, low-to-high-level See Note 2

tPLH ropag e- y igh-lev 8 8 ns O

output from chip select o

Q.

*All typical values are at Vee =5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

*
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TBP34S16, TBP34L16, TBP34SA16

16,384-BIT (4096 WORDS BY 4 BITS)

PROGRAMMABLE READ-ONLY MEMORIES

AUGUST 1984 —REVISED DECEMBER 1984

Fastest Schottky PROM Family
High-Speed Access Times

Low-Power, 3-State, and Open-Collector
Options Available

® Titanium-Tungsten (Ti-W) Fuse Links for
Reliable Low-Voitage Programming

® Applications Include:
Microprogramming/Firmware Loaders
Code Converters/Character Generators
Translators/Emulators
Address Mapping/Look-Up Tables

description

These Series-3 monolithic TTL programmable
read-only memories (PROMs) feature high-speed
access times and dependable titanium-tungsten
fuse link program elements. They are organized
as 4096 words by 4 bits each, providing a total
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
resistors. The low-power '34L16 is available for
applications that require power conservation
while maintaining bipolar speeds. It also has
three-state outputs.

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

TBP345162, TBP34L162, TBP34SA162
N OR J PACKAGE

{TOP VIEW)
A8 C Vce
A7 [ A9
A6 [ A10
A5 ] A11
A4 ] G1
A3 [ G2
A2 ] Qo
A Q1
A0 [ Q2
GND [ Q3

TBP34S16X, TBP34L16X, TBP34SA16X
FN OR FK PACKAGE

(TOP VIEW)
Q

o~ O,

L <>

3 2 12019
A5(]a 18[]A10
A4lls 17 A11
A3[]e 16[] G1
A2{]7 15(] G2

Allls 14} Qo0

NC—No internal connection

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
This d ins i
on a product under development.
Texas Instruments reserves the right
to change or discontinue this product
without notice.

TeExAas
INSTRUME

‘_ Copyright © 1984, Texas Instruments Incorporated
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TBP34S16, TBP34L16, TBP34SA16
16,384-BIT (4096 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

TBP34S16, TBP34L16 TBP34SA16
PROM 4096 X 4 PROM 4096 X 4
A0 9) 0 A0 (_g’__._m\
(8) (8)
A1 A1
() ag—ao ) Ao 14 qo
A2 — (13) A2 —— (13)
(6) AOF— (6) AO — a1
A3 (12) A3 (12)
(5) AVl—— 02 (5) AO—=a02
A4 (11 A4 (1)
as 1) N 0 A9p——a3 a5 4 Ua 0 A Q3
A 3 4095 as 3 4095
a7 2 a7 2
A8 (1) A8 [§))]
Ao 8 ag (19)
a10 281, a08__ 1,
a1 42 ] FRTRLL/
G2 U8 Ny TR R
G1 (16) EN &1 (16) EN
Pin numbers shown are for J or N packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
OPEN-COLLECTOR OUTPUTS
Vee *—- ¢ Vcc
4 ::
< OouTPUT <.
) ' I T
X 2
(@] INPUT —4 b3
‘P
% | s OUTPUT

_— 3 J‘ﬁ
7

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 7V
INPUL VOItAgE . . . . . 55V
Off-state output Voltage . . . . . .. . .ot 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 . ... ... ... ...t -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.

xas %P

] E
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TBP34S16, TBP34L16, TBP34SA16
16,384-BIT (4096 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 \%

Input voltage ViH 3 4 5 \Y
ViL 0O 02 05

Enable voltage during verification G1, G2 (o) 0.2 0.4 \Y

Enable inactive voltage during programming G1, G2 4.5 5 5.5 \

Ve program pulse amplitude Vccipr) 12 12.5 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 Vccipr) ts(en) 0.1 05 1| gus

Enable hold time* after Vecipn thien) 0.1 0.5 1 us

Rise time of VCC(pn)® t(Vee) 03 04 05| us

Fall time of Vcc(pn T tVee) 0.05 0.1 02| us

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 tcool 100 150 200 | us

Free-air temperature Ta 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 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 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.

PROMs

Connect a 4-mA current source (clamped to VcC) to the output that is to be programmed.

oo s 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 V¢ values of 4.5 volts
and 5.5 volts.

*p
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TBP34S16, TBP34L16, TBP34SA16
16,384-BIT (4096 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

A0 TO A11 * VALID ADDRESS

< -

| [ty F‘H—twl [ tw2 H‘MIB -—tw1
\ |
vee | [_\A—‘n—b ‘dz—’/ \ , \ p
1
ts(en) k— | 4
™ - [&th(en)
- |
R I [

+ ]
| | ] | | | !
! 'r y ! Y . } v

a1 | : H T ' 4 H : 1 VOH
| | | | 1 oL
[ | J—ll l-l -.I IJ L SV ! v

Q2 T T - VOH

L4 |
i : i : i i VoL
| | |

Q7 : ) | ]
1} | | ]
| | | |

—_———

|
— VOH
4 | i —
4 |
1
PROGRAM 02—.'——-%——{2-—4
VERIFY PROGRAM Q3

PROGRAM Q1

VERIFY

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.

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
% FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

4-50 TeExas {?

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TBP34S16,
16,384-BIT (4096 WORDS BY 4 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 55 | 45 5 5.5 \4
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \%
IoH High-level output current -2 -3.2 mA
oL Low-level output current 16 16 mA
TA Operating free-air temperature range -55 1256 o] 70 °C

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

MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS ! MIN TYPT MAX | MIN TYPT MAX UNIT
ViK Vee = MIN, lj = -18 mA -1.2 -1.2 \
VOH Vee = MIN, IoH = MAX 24 31 24 31 Vv
VoL Vee = MIN, loL = 16 mA 0.5 0.5 \
lozH Vee = MAX, Vo =24V 50 50 A
lozL Vee = MAX, Vo =05V -50 -50 nA
Iy Vce = MAX, Vj =565V 1 1 mA
™ Vce = MAX, Vi =27V 25 25 | 4A
L Vee = MAX, Vi =05V -0.25 -0.25 mA
108 Vee = MAX, Vo = 2.25V 60 60 mA
lcc Vce = MAX 95 95 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, Ios.

switching characteristics over recommended ranges of TA and VcC (unless otherwise noted) 0
ta(A) ta(s) ] =
TYPE TEST ACCESS TIME ACCESS TIME DIs, A;:'E’ nve | unir 8
CONDITIONS FROM ADDRESS FROM ENABLE a
MIN TYPT MAX | MIN TYPt MAX| MIN TYP! MAX
TBP34S16-30 Military i 18 10 10 ns
Commercial CL = 30 pf 18 10 10 ns
TBP34S16 Military See Note 2 20 10 10 ns
Commercial 20 10 10 ns

Al typical values are at Vce =5V, Ta = 25°.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
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TBP34L16
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
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 \
IoH High-level output current -1.6 -1.6 | mA
loL Low-level output current 8 8| 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

AR, ONDITIONS T

PARAMETER TEST C 0 MIN TYPt max | min Tvet max | M
ViK Vce = MIN, ) = —18 mA -1.2 -1.2( Vv
VOoH Vce = MIN, IoH = —1.6 MA 2.4 3. 2.4 3.1 v
VoL Vce = MIN, loL = 8 mA 0.5 0.5 v
10zH Vce = MAX, Vo = 2.4V 50 50 | wA
TozL Vce = MAX, Vo = 0.5V ~50 -850 | WA
0 Vce = MAX, Vi =55V 1 1 mA
[ Vce = MAX, V) =27V 25 26 | uA
he Vce = MAX, V) =05V -0.25 -0.25 | mA
108 Vee = MAX, Vo = 2.26 V 60 60 mA
Icc Vce = MAX 55 55 mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los.

SINOYd

switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
TEST MILITARY COMMERCIAL
PARAMETER 1
CONDITIONS MIN TYPF MAX | MIN Tvp? max| "N
ta(A) Access time from address 35 35 ns
ta(s) Access time from chip select (enable time) CL = 30 pF 20 20 ns
See Note 2
tdis Disable time e Ne 20 20 ns

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

{i,
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TBP34SA16
16,384-BIT (4096 WORDS BY 4 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 v
ViH High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 \Y
VOH High-level output volitage 5.5 5.5 \4
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)
PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT
MIN TYP! MAX | MIN TYP? MAX
VIK Ve = MIN, I = —18 mA ~1.2 —12 | v
VOH = 2.4V 0.05 0.05
'oH Vee = MIN, } VoH = 5.5V 0.1 oa]™
VoL Vee = MIN, loL = 16 mA 0.5 0.5 \%
W Voo = MAX, Vi=55V 7 1| mA
[ Vee = MAX, Vi =27V 25 25 | uA
i Voo = MAX, Vi = 05V ~0.25 -0.25 | mA
Icc Vce = MAX 95 95 mA

TFor conditions shown as MIN or MAX,

switching characteristics over recommended ranges of TA and V¢ (unless

use appropriate value specified under recommended operating conditions.

otherwise noted)

PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP¥ MAX [MIN TYP! MAX
ta(A) Access time from address 25 25 ns 7
ta(s) Access time from chip select (enable time) CL = 30 pF 12 12 ns E
Propagation delay time, low-to-high-level See Note 2
tPLH R 10 10 ns o
output from chip select o
Al typical values are at Vcg = 5V, Ta = 25°. o
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
TEXAS b 4-53
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TBP34SR16
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

D2863, JANUARY 1985

® Fastest Schottky PROM Family TBP34SR165 . . . JT OR NT PACKAGE
(TOP VIEW)
@ High-Speed Access Times
Aa7r U2 vee
® Allows Storage of Output Data a6 ]2 23f] A8
® Applications Include: As5[]3 22[] A9
Microprogram Control Store with A4[]a 211] A10
Built-In System Diagnostic Testing A3[]s  20[] A11
Serial Character Generator A2(]e 19[] G
Parallel In/Serial Out Memory A7 18] ] bQo
AO [ J 170] DQ1
description MODE [Jo 16]] pDQ2
) . o SRCLK[ J1o 15[ ] DQ3
The TBP34SR16 is a series-3 monolithic TTL soi[Fn 14f] spo
programmable read-only memory (PROM) eNno[iz  13[] orcLk

featuring high-speed access times and
dependable titanium-tungsten fuse link program

elements. It is organized as 4096 words by TBP34SR16X . . . FN OR FK PACKAGE

4 bits each, providing 16,384 bits. (TOP VIEW)

The TBP34SR16 features a 4-bit shadow P s

register that allows diagnostic observation and LL<CZ>a<

control without introducing intermediate illegal 233798279

states. It is loaded on the rising edge of SRCLK A4 A10

from either the output register or the serial data A3 A1

input (SDI). In addition, it can be loaded with A2 G

parallel data from the outputs. The output A1l DQO

register receives data from either the PROM A0 NC

array or the shadow register as determined by NC DQ1

the mode control input. The output register is MODE DQ2

loaded on the rising edge of ORCLK. The mode- [7)
dependent function table should be referred to - E
for further details. é 2 g e é § § (@]
During diagnostics, data loaded into the output & g E

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 N
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

slamantg staore a logw lagic laval ha

£ P e T s ] A ara mavmanea sl oo
€:8MENTS s1ore a {OW 10GiC iever teidre any pro

umung, ana are pululallclluy setto a lllgu Iugll_ ievel
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.

This PRODUCT PREVIEW Copyright © 1984, Texas Instruments Incorporated
on a product under development.
Texas Instruments reserves the right TEXAS 4-55
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TBP34SR16

16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

logic symbol

5419 eny  [SHADOW-REGISTERED PROM]
ORCLK L>ce
MUX
mope -2 G5
SRG4
(10 v
SRCLK —)—>T—»/c3
M2
anl A= C L L (18)
SDI 1,3D/ z4 1045 7V
430,1,2,30 4210 oD
311230 4z | 230
432,1,2,30 +2z12 °
433,1,2,30 4 (17)
T213 .16 7vj_
46D
PROM 4096 X 4 2145 231
(8)
L — ] (16)
A0y 1245 v
Al ———— A4 220
a2 8 T 6o
2245 232
o
A4~ A42Z (15)
FE] S REARER T 79
a2 1 A Zom I
1) 2345 z33 |}
A7 ——— At222
ag 123 | MUX
a9 1221 “Te (14)
A1o—(2—1:—- Atz |-
PRTpcIm 7Y

DQO

DQ1

DQ2

Da3

sDO
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TBP34SR16
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

logic diagram (positive logic)

o i
ORCLK
SHADOW REGISTER
® SRG4
OUTPUT
MODE -
smeLx 00 M1 REGISTER
Ret > T-/C3 MUX {en
m2 os
[ | r ce
(11
sor 1, e ED) : L 1 18
1,2,3D 5 6 v > DQo
12,30 7 50,
18 pa2
— s 15 pos
4
] 4 spo
g [PROMa4096x 4
a0 ———0)
ar 2] A
az 18
i
A4 3 A (7]
ni [ o
A
AT 23 o
A8
(22)
A9 (21)
A10 A
(20)
A1 ——11)

%in numbers shown are for JT and NT packages.

i
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TBP34SR16

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 Output for shadow register 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
1fGis high, DQO thru DQ11 are in high-impedance state and can accept
G external data for shadow register. If G is low, DQO thru DQ11 are
outputs for data from output register.
DQO-DAQ3 Input/output ports under control of G

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 Vv

ViL Low-level input voltage 0O 02 04| V

Enable G voltage during verification 0 0.2 0.4 v

n Enable G inactive voltage during programming 4.5 5 5.5 \"
g Vcc(pr)  Supply voltage program pulse amplitude 12 125 13 \Y
twi Ve program pulse duration, 1st attempt 10 1 12 s

g tw2 Vcc program pulse duration, 2nd attempt 20 22 25| pus
« tw3 Vcc program pulse duration, 3rd attempt 20 22 25| ps
tsu Setup time, enable G low before Vccpr)t 01 05 1| us

th Hold time, enable G low after VCC(pr) ¥ 0.1 05 1| s

tr(vcC)  Rise time, Vcc(pr) (5 V1o 12V) 0.3 04 05| us

tf(VCC) Fall time, VcC(pr) (12 V 10 5 V) 0.05 0.1 0.2 s

tq4 Delay time between successive VCC(pr) pulses 10 20 30| us

tecool 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 Vcc(pr)-
*Measured from 5.5 V on Vcc(pr) to 1.5 V on enable pin.
*
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TBP34SR16
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

step-by-step programming instructions (see Figure 1)

1. Address the word to be programmed, apply 5 V to Vcc 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.

Deselect PROM by applying 5 V to G.

Connect a 4-mA current source (clamped to V() to the output 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.

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 VCC values of 4.5 volts
and 5.5 volts.

R o

series 3 programming sequence

d

f
\0TO ATl VALID ADDRESS

L &

7

|
o I X
L
o ! ! | m’ — v
| 1 | ' I I
| l—— VoL
| | | | " |
pa3 [ | 1 | | ;_Ij—-l'_\: VoH
) i |
| | 4 | | VoL
| |

PROGRAM 02———;{—f#———‘z——-|

PROGRAM Q3

ZVERIFY

PROGRAM Q1
VERIFY

llustrated above is the following sequence:

1) It is desired to program the selectd address with 0111 (Q0-Q3). Only outputs DQ1, DQ2, and DQ3 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) DQ2 is an example of an output requiring three attempts to be programmed successfully.

4) DQ3 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

»
=
o
o
a.
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TBP34SR16
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

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

Supply voltage, VCC (see Note 1) . .. ... e

Input voltage, V)

Off-state output voltage, VO(off) - - - -« -« v v o v v et i e
Operating free-air temperature range: Military-temperature-range circuits . . .
Commercial-temperature-range circuits

Storage temperature range

55V

-55°C to 125°C
0°C to 70°C
-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

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 \
10H High-level input current -2 -3.2 mA
loL Low-level input current 16 16 mA
fclock  Clock frequency, SRCLK (MODE = L) MHz
SRCLK high
tw Pulse duration SRCLK low ns
ORCLK high
ORCLK low
DQ3 thru DQO before SRCLKT
(G and MODE = H, SDI = L)
SDI and MODE before SRCLKT
teu Setup time Address before ORCLK? ns
(MODE = L)
O MODE before ORCLK?
X SRCLKT before ORCLKT
o (G and MODE = H, SDI = L)
g DQ3 — DQO after SRCLK?
« (G and MODE = H, SDI = L)
SDI and MODE after SRCLK 1
th Hold time or ORCLK? ns
Address after ORCLK?
(MODE = L)
MODE after ORCLK?
TA Operating free-air temperature range -55 125 o] 70 °C
*
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TBP34SR16
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)
MILITARY COMMERCIAL

PARAMETER TEST CONDITIONS MIN TYPE MAX | MIN TvPF MAX | uniT
ViK Vee = MIN, Ip = =18 mA -1.2 -1.2 \
VOH Vce = MIN, IoH = MAX 24 31 2.4 3.1 \
VoL Vce = MIN, loL = 16 mA 0.5 0.5 \%
lozH Vee = MAX, Vo =24V 50 50 A
lozL Vce = MAX, Vg =05V -50 -50 nA
Iy Vce = MAX, V) =55V 1 1 mA
H Vee = MAX, Vi=27V 25 25 | uA
M Vce = MAX, Vi =05V -0.25 -0.25 mA
108 Vce = MAX, Vo = 225V 60 60 mA
icc Vee = MAX, 120 120 mA

switching characteristics over recommended ranges of TA and V¢C (unless otherwise noted)

PARAMETER FROM TO TEST CONDITION MILITARY COMMERCIAL UNIT
(INPUT) {OUTPUT) (See Note 2) MIN TYP¥ MAX | MIN TYP} MAX
frnax SRCLK (MODE = L) MHz
tod ORCLK DQ0 — DQ3
tpd SRCLK (MODE = L) SDO
tod SDI (MODE = H( SDO CL = 30 pF ns
tod MODE (SDI = 1)
ten G DQO — DQ3
tdis G DQO — DQ3 ns

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.

8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. (]
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. E
oc
a.
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TBP385030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L0O3X, TBP38SA03X

256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

D2852, AUGUST 1984 — REVISED DECEMBER 1984

Fastest Schottky PROM Family
High-Speed Access Times

Low-Power, Open-Collector, and 3-State
Options Available

Titanium-Tungsten (Ti-W) Fuse Links for
Reliable Low-Voltage Programming

P-N-P Inputs for Reduced Loading on
System Buffers/Drivers

Applications Include:
Microprogramming/Firmware Loaders
Code Converters/Character Generators
Translators/Emulators
Address Mapping/Look-Up Tables

Package Options Include 16-Pin DIP, and
20-Pin Chip-Carrier

description

These Series-3 monolithic TTL programmable
read-only memories (PROMs) feature high-speed
access times and dependable titanium-tungsten
fuse link program elements. They are organized
as 32 words by 8 bits each, providing a total of
256 bits. The '38S030 has three-state outputs.
The '38SA030 is the open-collector version and
allows the device to be connected directly to
data buses utilizing passive pull-up resistors. The
low-power ‘38L030 is available for applications
that require power conservation while
maintaining bipolar speeds.

TBP38L030, TBP38S030, TBP38SA030 . . . J OR N PACKAGE

(TOP VIEW)
ao[fr Uie vVce
a1 s[dG
Qz2]s 1a[dA4
a3[]sa 13[JA3
Qa[]s 12[JA2
as(Jse 11[JA1
a6[]? 10[]AO
GND [ ]8 9l ]Q7

TBP38LO3X, TBP38S03X, TBP38SA03X . . . FN OR FK PACKAGE

(TOP VIEW)

-—Q QO O

Qa0 zZ >0
o § o

3 21

Q2{]a 18] A4
Q3[ls 17[} A3
NC[]6 16[] NC
Q4{]? 15[} A2
Qs5(]s 14 (] A1

10 111213

o ¥ Ve W e
aomr~ o
Zz04«
(U]

NC—No internal connection

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.

PRODUCT PREVIEW

I:h; product under development. TEXAS ¢
INSTRUMENTS

Texas instruments reserves the right
to change or discontinue this product
without notice.

Copyright © 1984, Texas Instruments Incorporated
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L03X, TBP38SA03X
256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

TBP38S030, TBP38L030 TBP38SA030
PROM 32X 8 PROM 32 X 8
AY _L)._ Qo A Q‘_ﬂ)__oo
10 R AVI—2 o A0 1100 o aob—B o
A0 Avl—8 a2 1) Aoh—B _ q
a | @ A @
a2 12 Al A Vp———a3 A2 12 al AQ a3
31 aAv | 8) o4 3) 31 A (5) 04
A3 ———(1 3) (6) A3 —(1 6)
™ (14) a AV ) Qs A4M——-— s A QTQs
AQ Qa6
=_15) N AV Q6 (15) PN
G EN avl—L o g EN aoh—19 o
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
Vce - _‘—'—-—1?_ cc
< ‘:
3 OUTPUT 9
S S N :
‘P
‘P
INPUT —4 b3
‘b
‘P
| b3 OUTPUT
[
S
—_— 3
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) . ... ... .. i i e et e

INPUL VOIAGE . . .. .ot e e e e 55V
Off-state oUtpUt VOIAGE . . . . . . . . ..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 . ... ... ... ... teeunnr ottty —-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.

*p
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L0O3X, 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 \%
ViH 3 4 5

Input voltage Vil ) 02 05 \

Enable voltage during verification G [*] 0.2 0.4 \%

Enable inactive voltage during programming G 4.5 5 5.5 A\

Ve program pulse amplitude Vecipr) 12 125 13 \
1st attempt twi 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) ts(en) 0.1 05 1] us

Enable hold time# after Vccipr) th(en) 0.1 0.5 1 us

Rise time of VCC(pr)® t(Vee) 03 04 05| ps

Fall time of Vcc(pn Y tVee) 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 t42 10 20 30 | us

Cooling time between words tcool 100 150 200 | us

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 6.5 V on Vc((pr) to 1.5 V on enable pin
5Measured from 5 V to 12 V
YMeasured 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 and a low-logic-level voltage to the enable
G input.

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.

o
=
o
oc
a.

Deselect PROM by applying 5 volts to G.

Connect a 4-mA current source (clamped to V) to the output that is to be programmed.

o o pw

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.

TeExas b 4-65
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L0O3X, TBP38SA03X
256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

A0 TO A4 * VALID ADDRESS

[ty 1 twi [ tw2 !‘—ﬁ—‘wii

Pl A

'ﬂ €-th(en)

- -

Vee

-

‘s(.n)-q .

ol

| 1 | | | !
|
a1 | l I ! ! 1 ; : — VoH
o I ! ! ] B
1 ! | | | oL
| | l | |‘| X I 1
| I I r I I + + — VoH
a2 1 1 ! | L4 | ' | v
] | I : | | oL
I | | — VoH
o 1 PR R s Tl
| T ] | | [ 4 1 | VoL
| | | | | !

PROGRAM Q1
VERIFY

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.

lllustrated above is the following sequence
n 1) It is desired to program the selected address with 01100001 (Q0-Q7). Only outputs Q1, Q2 and Q7 need programming.
")
)
g FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE
»
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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

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \%
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 Y
IOH High-level output current -2 -3.2 mA
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)

PARAMETER TEST CONDITIONS ' MILITARY COMMERCIAL UNIT
MIN TYP} MAX | MIN TYP} MAX

ViK Vce = MIN, I} = -18 mA -1.2 -1.2 \"
VOH Vee = MIN, loH = MAX 24 31 2.4 3.1 \
VoL Vce = MIN, loL = 16 mA 0.5 0.5 \"
lozZH Ve = MAX, Vo = 24V 50 50 pA
lozL Vce = MAX, Vg =05V -50 -50 uA
1} Vee = MAX, V) =565V 1 1 mA
IH Vee = MAX, V=27V 25 25 A
[T Vee = MAX, Vi =05V -0.25 -0.25 mA
10§ Vee = MAX, Vo = 2.25V 30 -112 | -30 -112 | mA
lcc Vce = MAX 80 125 80 125 [ MA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, 10s.

switching characteristics over recommended ranges of Ta and VCC (unless otherwise noted) §
ta(A) ta(s)
TvPE TEST ACCESS TIME ACCESS TIME ms““::: e | ot 8
CONDITIONS FROM ADDRESS FROM ENABLE o
MIN TYP¥ MAX | MIN TYP} MAX [ MIN TYP! MAX

TBP38S030-20] Military 10 20 5 15 3 10| ns
TBP38S030-15| Commercial CL = 30 pF 10 15 5 12 3 8 ns
TBP385030-30] Military See Note 2 10 30 5 15 3 10| ns
TBP38S030-25 | Commercial 10 25 5 12 3 8| ns

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

i
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TBP38L030, TBP38L03X
256-BIT (32 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

MILITARY

COMMERCIAL

PARAMETER MIN NOM MAX | MIN NOM MAX UNIT
Vece Supply voltage 4.5 5 55| 4.5 5 5.5 v
ViH High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 Vv
loH High-level output current -1.6 -1.6 mA
loL Low-level output current 8 8 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 ! MIN TYPF MAX | MIN TYPt MAX UNIT
VIK Vce = MIN, I = —18 mA -1.2 -1.2 \'
VOH Vee = MIN, IoH = —1.6 mA 24 31 24 341 \%
VoL Vce = MIN, loL = 8 mA 0.5 0.5 \%
lozH Vce = MAX, Vo = 2.4V 50 50 uA
lozL Vee = MAX, Vo = 0.5V -50 -50 uA
iy Voo = MAX, V) =55V 1 1 mA
hH Vee = MAX, V=27V 25 25 pA
T Vee = MAX, Vi =05V -0.25 -0.25 | mA
108 Vee = MAX, Vo = 2.25V 80 80 mA
Icc Vee = MAX 45 45 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 Tap and VG (unless otherwise noted)

PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP! MAX | MIN TYP} MAX
ta(A) Access time from address 20 20 ns
ta(s) Access time from chip select (enable time) CL = 30 pF 15 15 ns
See Note 2
tdis Disable time 12 12 ns

*All typical values are at Vog = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
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TBP38SA030, TBP38SA03X
256-BIT (32 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

ecommended 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 Vv
VL Low-level input voltage 0.8 0.8 Vv
VOH High-level output voltage 5.5 5.5 v
oL Low-level output current 16 16 mA
TA Operating free-air temperature range -55 125 0 70 °C

:lectrical characteristics over recommended operating free-air temperature ra

nge (unless otherwise

10ted)
PARAMETER TEST CONDITIONS ! MILITARY COMMERCIAL uNIT
MIN_ TYP! MAX [ MIN TYP? MAX
ViK Ve = MIN, | = -18 mA -1.2 -1.2]| v
on Vee = MIN, [ Vou =24V 0.05 oos [
[ Voh =55V 0.1 0.1
VoL Vce = MIN, loL = 16 mA 0.5 05| V
Iy Vece = MAX, Vi =55V 1 1 mA
IiH Vee = MAX, V=27V 25 25 kA
TR Vce = MAX, V) =05V -0.25 -0.25 mA
Icc Vce = MAX 80 125 80 125 | mA

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

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP¥ MAX | MIN TYP¥ MAX »
ta(A) Access time from address 15 25 15 20 ns E
ta(s) Access time from chip select (enable time) CL = 30 pF 10 20 10 15 ns O
Propagation delay time, low-to-high-level See Note 2 I
PLH f 9 18 9 14 ns
output from chip select [«
FAIl typical values are at Vce =5V, Ta = 26°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP38S16, TBP38L16, TBP38SA16
16,384-BIT (2048 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

D2853, JANUARY 1985

® Fastest Schottky PROM Family TBP38L165, TBP38S165, TBP38SA165. . . NT OR JT PACKAGE
. TBP38L166, TBP38S166, TBP38SA166 . . . NW OR JW PACKAGE
High-Speed Access Times (TOP VIEW)

® Low-Power, 3-State, and Open-Collector

Vi
Options Available cc

A8
® 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 Q3
Packages
TBP38L16X, TBP38S16X, TBP38SA16X . . . FN OR FK PACKAGE
description (TOP VIEW)
Q
These Series-3 rnonohthnc TTL prog(ammable 22289522
read-only memories (PROMs) feature high-speed o e o § e e g e
4 3 2 1282726

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 ‘38516 has three-state
outputs. The '38SA16 is the open-collector
version and allows the device to be connected
directly to data buses utilizing passive pull-up
resistors. The low-power ‘38L16 is available for
applications that require power conservation 1213141516 1718
while maintaining bipolar speeds. It also has _ - o
three-state outputs. ooz

0O0m<T W
Z

zZ000

PROMs l=

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.

NC—No internal connection

PRODUCT PREVIEW . Copyright © 1984, Texas Instruments Incorporated
This ‘ P
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TBP38S16, TBP38L16, TBP38SA16
16,384-BIT (2048 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

TBP38S16, TBP38L16 TBP38SA16

SINOYHd

PROM 2048 X 8 PROM 2048 X 8
8!
AOL—— 03 A0 :7: 0
(7)
Al ———— Al 9|
Az 18 Av—2 a0 A28 ACk—2 a0
A3 (5) AV '&01 A3 (5) AD __(_11)._01
@ Avi—N o, VU Ao o
A4 ——— (13) (13)
a5 Al AV ® a5 VN I
A6 (2) ™ 2087 Ay _i“)_cu As_(z)____ 2047 A —TCM
(1) AV | 15) g (1) Py L Y
A7 (16) A7 ——— (16)
A8 (23) AV _(;';)_-QG ASL AQ P“—n
Ag—22) AVp————7 g {22 AOFH———aq7
A10——(21) 10] A10—————::;: 103
G3_(_Lg)___ & GS—-—_-l—sT—— &
G218 EN G218 | EN
G1 (20) G1 (20) [ ~u
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
OPEN-COLLECTOR OUTPUTS
Vee ¢ —— - p— Vce
> ‘P
< S
S OUTPUT b
T T
S
INPUT —4 b3
s
s - OUTPUT
S
- ?
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 7V
PUL VOIBGE . .. . o e 5.5V
Off-state oUtPUt VOIAGE . . . . . . . . . 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 raNQge . . .. .. ... ... ..ottt -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
472 Texas 'b

INSTRUMENTS



TBP38S16, TBP38L16, TBP38SA16
16,384-BIT (2048 WORDS BY- 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

ecommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT

Supply voltage during verification Vce 4.5 5 5.5 v

Input voltage ViH 3 4 5 \
ViL 0O 02 05

Enable voltage during verification Sl 0 02 0.4 v
G2, G3 3 4 5

Enable inactive voltage during programming G 45 3 55 v
G2, G3 0O 02 04
V¢ program pulse amplitude VCC(pr) 12 1285 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 timeT before VCC(pr) ts(en) 0.1 0.5 1| us

Enable hold time? after Vecipr) th(en) 0.1 0.5 1| ws

Rise time of Vcc(pr)® tVee) 03 04 05| s

Fall time of Vcc(pn 1 tVee) 0.05 0.1 0.2] us

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 tcool 100 150 200 | us

Free-air temperature TA 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 Vcc(pr) to 1.5 V on enable pin
SMeasured from 5 V to 12 V
YMeasured from 12 V to 6 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 (61 ,
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.

PROMs

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 s 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.
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TBP38S16, TBP38L16, TBP38SA16
16,384-BIT (2048 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

A
L4

A
L4
A0 TO A10 * VALID ADDRESS p
| T e e
|
Vee ! /—\4— t41—b, ‘d2—’/ \ , \ p
14
ts(en) I‘-
™ ‘N {&th(en)
- !
¢ I I J | [ |_4_1
1
| ! 1 1 |
! 'l-’ Y ! )
Q1 | h H I (4
1
| | | |
Q2 | ! | I rf '] r b 4
L | H : L4
T
| | |
a7 l ! ! I
n | | |
' ] ] |
| | | |

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

SINOYHd
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TBP38S16
16,384-BIT (2048 WORDS BY 8 BITS)
STANDARD 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 55| 45 5 5.5 \
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
10H High-level output current -2 ~3.2 mA
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)

MILITARY COMMERCIAL
PARAMETER TEST CONDITIONSt MIN TYPT MAX | MIN TYPT MAX UNIT
ViK Vee = MIN, | = —18 mA 1.2 12| v
VOH Vee = MIN, loH = MAX 24 3.1 24 3.1 \%
VoL Vee = MIN, oL = 16 mA 0.5 05| V
lozH Voe = MAX, Vo = 24V 50 50 | uA
lozL Vee = MAX, Vo =05V - 50 -50 rA
) Ve = MAX, Vi =565V 1 1| mA
A Voo = MAX, V| = 27V 25 25 | uA
m Vee = MAX, Vi =05V —0.25 —0.25 | mA
108 Vee = MAX, Vo = 225V 60 60 mA
lcc Vee = MAX 120 120 160 | 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 VCC (unless otherwise noted)

=
ta(A) ta(s)
tdis
ACCESS TIME ACCESS TIME
TYPE TEST DISABLE TIME | UNIT 8
CONDITIONS FROM ADDRESS | FROM ENABLE o
MIN TYP! MAX | MIN TYP} MAX | MIN TYP! MAX
Military 18 10 10 ns
TBP38S16
Commercial CL = 30 pF 18 10 10 ns
ili See Note 2 20 10 10
TBP38S16 Military i ee Note ns
Commercial 20 10 10 ns
*All typical values are at Vcg = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
T {l’
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TBP38L16

16,384-BIT (2048 WORDS BY 8 BITS)
LOW-POWER 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 65 55| 45 5 5.5 3
ViH High-level input voltage 2 2 Vv
ViL Low-level input voltage 0.8 0.8 Vv
10H High-level output current -1.6 -1.6 | mA
loL 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 ra

nge (unless otherwise

noted)
MILITARY COMMERCIAL

PARAMETER TEST CONDITIONSt MIN TYPT MAX | MIN TYPT MAX UNIT
VIK Vce = MIN, I = -18 mA -1.2 -1.2 \
VOH Vce = MIN, IoH = —1.6 mA 24 3.1 24 31 Y
VoL Vce = MIN, oL = 8 mA 0.5 05 [ V
lozH Vce = MAX, Vo = 24V 50 50 | 4A
lozL Vee = MAX, Vo = 0.5V ~50 50 | 4A
I Vce = MAX, V| =65V 1 1| mA
WH Vee = MAX, V) =27V 25 25 A
m Vec = MAX, V=05V ~0.25 ~0.25 | mA
Iof Vee = MAX, Vo = 2.25V 60 60 mA
Icc Vee = MAX 65 65 100 | mA

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

ta(A)

TEST

ACCESS TIME

ta(s)
ACCESS TIME

tdis

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

5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.
3
]

TYPE CONDITIONS FROM ADDRESS FROM ENABLE DISABLE TIME unIT
MIN TYPT MAX | MIN TYPT MAX [ MIN TYP! MAX
TBP38L16-XX | Military 26 12 8 ns
TBP38L16-45 | Commercial CL = 30 pF 26 45 12 25 8 20| ns
TBP38L16-XX | Military See Note 2 26 12 8 ns
TBP38L16-35 | Commercial 26 35 12 20 8 15 ns

*All typical values are at Ve = 5V, Ta = 25°C.

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

4-76
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TBP38SA16
16,384-BIT (2048 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 \Y
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)
PARAMETER TEST CONDITIONS MILITARY COMMERCIAL uNIT
MIN TYP! MAX | MIN TYP! MAX
ViK Vce = MIN, I = —18 mA -1.2 -1.2 ]| Vv
VoH = 2.4V 0.05 0.05
'oH Vee = MIN, IL vg: —55V 0.1 o1 ™
VoL Vece = MIN, loL = 16 mA 0.5 0.5 \%
1 Vce = MAX, V) = 65V 1 1] mA
H Vce = MAX, Vi =27V 25 25 | uA
L Vce = MAX, V) =05V -0.25 -0.25 mA
Icc Vee = MAX 120 120 160 mA

TFor conditions shown as MIN or MAX,

use appropriate value specified under recommended operating conditions.

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

PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP! MAX | MIN TYP! MAX
ta(A) Access time from address 25 25 ns (2]
ta(s) Access time from chip select (enable time) CL = 30 pF 12 12 ns E
. Propagation delay time, low-to-high-level See Note 2 (@)
PLH output from chip select 10 10 ns o
a.
*All typical values are at Vce = 5V, Ta = 25°C.
NOTE 2: Losd circuits and voltage waveforms are shown in Section 1.
Texas %P
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TBP38S8, TBP38L8, TBP38SA8
8,192-BIT (1024 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

JANUARY 1985

Fastest Schottky PROM Family TBP38L85, TBP38S85, TBP38SA85 . . . NT OR JT PACKAGE

i ) TBP38L86, TBP38S86, TBP38SAB6 . . . NW OR JW PACKAGE
High-Speed Access Times

(TOP VIEW)

Low-Power, 3-State, and Open-Collector
Options Available

® Titanium-Tungsten (Ti-W) Fuse Links for
Reliable Low-Voitage 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

TBP38L8X, TBP38S8X, TBP38SA8X . . . FN OR FK PACKAGE
description (TOP VIEW)

These Series-3 monolithic TTL programmable
read-only memories (PROMs) 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. 00283838
]

)
=
Qo
o
a.

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 Copyright © 1984, Texas Instruments Incorporated

This b
gn a Iproduct under davoloh;:n:rnr:. TEXAS

‘exas Instruments reserves ti it
to change or discontinue this prodgl:( ]NSTRUM ENTS
without notice.
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TBP38S8, TBP38L8, TBP38SA8
8,192-BIT (1024 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

TBP38S8, TBP38L8 TBP38SAS
PROM 1024 X 8 PROM 1024 X 8
A0 ::: o o ao—8___lo
a2 : Avf—Sl—ao a2 | Ao __qo
A2 ————(5) AV To‘l A2 & AQ |10 Q1
A3 — 2L — AV f— oz A3—{8) | Aol o,
A2 Al AVf———a3 Aa-(—‘-:— A0 AO13 s
As— cA1023 avf—18l__q4 As—:;— CA70z Ao o
Ae— 2 — AV _os As—2— Aok8 o5
AT Av|——os AT — ] A Q—i5—as
Ag—23 | Ay o a2 Aok o
Ag_{22) ° Ag—122) 9
B (21) = Ga 21 N =z
(19) (19)
G3— G3————d
G218 EN T EN
G120 I~ 5120 N
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
OPEN-COLLECTOR OUTPUTS .
Vee > dhmi "——1‘[— Vee
> >
n 3 OUTPUT 3
1 3
0 _j;
8 INPUT —4 b3
‘b
2 S OUTPUT
/] [
<
L 3 J‘\l
PROGRAMMING CIRCUIT g
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN

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

Supply voltage (see NOte 1) .. ... ... .. i e 7V
INPUL VOIAGE . . . .o ottt e 5.5V
Off-state OUTPUL VOITAGE . . . . . o o oottt ettt it e ittt 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 . . .................... 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.

TEXAS¢
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

DECEMBER 1984

Fastest Schottky PROM Family TBP38S22, TBP38L22, TBP38SA22 . . . J OR N PACKAGE
. . (TOP VIEW)
High-Speed Access Times 0
1
Low-Power, Open-Collector, and 3-State ﬁ? -
Options Available A2 []s
® Titanium-Tungsten (Ti-W) Fuse Links for A3 []s
Reliable Low-Voltage Programming A4 []s
[oIo R [}
® P-N-P Inputs for Reduced Loading on a1 E,
System Buffers/Drivers Q2 Es
® Applications Include: Q3[]o
Microprogramming/Firmware Loaders GND [Jr0

Code Converters/Character Generators
Translators/Emulators

Address Mapping/Look-Up Tables TBP38S2X, TBP38L2X, TBP38SA2X . . . FN OR FK PACKAGE

(TOP VIEW)
® Package Options Include 20-Pin DIP, and )
20-Pin Chip-Carrier 2 Z S(’ ;’ ':(
description 3212018
A3lla 18[] A6
These Series-3 monolithic TTL programmable Al s 17[] A5
read-only memories (PROMs) feature high-speed aof)s 16[] G2
access times and dependable titanium-tungsten a1f]7 15{] Q1
fuse link program elements. They are organized az2f]s 1] Q7
as 256 words by 8 bits each, providing a total 9
of 2,048 bits. The ‘38S22 has three-state o
outputs. The '38SA22 is the open-collector 532388
version and allows the device to be connected o
directly to data buses utilizing passive pull-up NC—No internal connection (7,
resistors. The low-power '38L22 is available for E
applications that require power conservation (o)
while maintaining bipolar speeds. ) o
Data is programmed at any bit location with the standard Series 3 programming algorithm. The program Q.
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 i Copyright © 1984, Texas Instruments Incorporated
This d
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

TBP38S22, TBP38L22 TBP38SA22
PROM 256 X 8 PROM 256 X 8
a 4]
LV ') A0——4 o
2‘: 2) AV —ao a2 | aQh—8 o
a2 | Avf—a—a A28 | a2 o
@) o A2 —a As_ta) N
(5) Ases AV a3 (5) A= aol—8 a3
A4 ———] %5 1) A4 ‘ 5 (1)
a7 AV———as a5 17 AQ Q4
‘ne_08) Avf2 o5 ‘ne 181 aol12_ o5
a9 , AT _‘:i’_m RSN Aohk—03 e
PATIN = agh14 o a8 % aolY o
G115 I EN G108 PN EN
Pin numbers shown are for J or N packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
OPEN-COLLECTOR OUTPUTS __
Vece o — - ‘E_' Vee
< b3
< OUTPUT ‘;
- -——
b3
INPUT —¢ 3
s
S ouTPUT
0 -
o} 3
(@] — 3
b 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 7V
INPUL VOIAGE . . .. ottt e e e e e e e 55V
Off-state OULPUL VOItAGE . . . . . . . oottt 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 . . . .. .. ... ..ottt —-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.

xas WP
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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 Vce 4.5 5 5.5 \%

Input voltage ViH 3 4 5 v
ViL 0 02 05

Enable voltage during verification G1, G2 ] 0.2 0.4 \Y

Enable inactive voltage during programming G1, G2 4.5 5 55| V

Ve program pulse amplitude VCCipr) 12 125 13 \
1st attempt tw1 10 11 12

Ve program pulse duration 2nd attempt tw?2 20 22 25 | us
3rd attempt tw3 20 22 25

Enable set-up timeT before Vccipr) ts(en) 0.1 0.5 1| us

Enable hold time¥ after VCCipr) th{en) 0.1 0.5 1 us

Rise time of VCC(pr)§ t(Vee) 0.3 04 05| us

Fall time of Veepn 1 t(Vee) 0.05 0.1 02| s

Delay time between successive VcC(pr) pulses td1 10 20 30| us

Hold time between successive Vcc(pr) pulses t42 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 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 to 5 V

step-by-step programming instructions (see Figure 1)

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.

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.

%)
=
o
oc
a.

Connect a 4-mA current source (clamped to VCC) to the output that is to be programmed.

SR

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 V¢ values of 4.5 volts
and 5.5 volts.

{i' 4-83
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

A0 TO A1 * VALID ADDRESS

X

S »

| —» twi - k"w‘l - -tw2 -l le-tw3 | twn
[ [} | | | | [
vee | DU o VNN —_ — — — —125V
! d1 d2 " I"—‘."'cooé v
ts(en)-’i | —
| o -» [¢-th(en) ov
_ —— ——— -5 \/
S L1 L 1 1
ov
(I | |
I | | | o, | | v
R B (LA B Tvor
: : I I,j—l_l lj_‘]_ll_d I I
Q2 4 4 - VOH
-l $ I | v lr ! 1 VoL
| |
1 ] | |
Q7 | | I | I Y IJ—H—_-L: VOH
——f—— —— | vou
o [ I

PROGRAM 02—4_1,__1'2_4
PROGRAM Q7

Hlustrated above is the following sequence:

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.

n
- 1) It is desired to program the selected address with 01100001 (Q0-Q7). Only outputs Q1, Q2 and Q7 need programming.
o
) ! . h
o 4) Q7 is programmed to a high logic level.
@

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

*
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TBP38S22, TBP38S2X
2,048-BIT (256 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

commended operating conditions

MILITARY COMMERCIAL ’

PARAMETER MIN NOM MAX | MIN NOM MAX unNIT
‘cc Supply voltage 4.5 5 5.5 4.5 5 5.5 A"
IH High-level input voltage 2 2 \%
i Low-level input voltage 0.8 0.8 \
OH High-level output current -2 -3.2 mA
oL Low-level output current 16 16 mA
TA Operating free-air temperature range -55 125 o] 70 °C

lectrical characteristics over recommended operating free-ai

r temperature ra

nge (unless otherwise

oted)
PARAMETER TEST CONDITIONS METARY COMMERCIAL UNIT
MIN TYP} MAX | MIN TYP} MAX

ViK Vce = MIN, I} = —18 mA -1.2 -1.2 \4
VOH Vce = MIN, IoH = MAX 2.4 3.1 2.4 3.1 v
VoL Vce = MIN, loL = 16 mA 0.5 0.5 \4
lozH Vee = MAX, Vg = 2.4V 50 50 | uA
10zL Voe = MAX, Vo = 0.5V - 50 -50 | uA
] Vee = MAX, Vi =55V 1 1 mA
IH Vee = MAX, Vi =27V 25 25 | uA
I Vee = MAX, Vi =05V -0.25 -0.25 | mA
108 Vce = MAX, Vo = 2.25V 60 60 mA
Icc Vee = MAX mA

For conditions shown as MIN or MAX,

use appropriate value specified under recommended operating conditions.
The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios.

s s " 2]
witching characteristics over recommended ranges of TA and V¢C (unless otherwise noted) s
ta(A) ta(s) tais (@]
TEST ACCESS TIME ACCESS TIME o
DISABLE TIME NIT
TYPE CONDITIONS FROM ADDRESS FROM ENABLE u a.
MIN TYP} MAX [ MIN TYP¥ MAX| MIN TYP? MAX
TBP38S22-XX | Military —
TBP38S22-XX | Commercial CL = 30 pF 14 8 7 ns
Military See Note 2 ns
TBP38S22
Commercial 14 8 7 ns
FAll typical values are at Voc = 5V, Ta = 25°C.
JOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
T {l’
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TBP38L22, TBP3I8L2X

2,048-BIT (256 WORDS BY 8 BITS)

LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

MILITARY COMMERCIAL

PARAMETER MIN NOM MAX [ MIN NOM MAX unIT
Vce Supply voltage 4.5 5 5.5 4.5 5 5.5 \
ViIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \2
IoH High-level output current -1.6 -1.6 | mA
loL Low-level output current 8 8 mA
TA Operating free-air temperature range -55 125 0 70 °C

J

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 Vce = MIN, | = —18 mA -1.2 -12]| v
VOH Vce = MIN, loH = - 1.6 mA 24 3.1 2.4 3.1 |
VoL Vce = MIN, loL = 8 mA 0.5 0.5 \4
lozH Vee = MAX, Vo = 24V 50 50 | pA
lozL Vce = MAX, Vo = 05V ~50 -50 | A
I Vce = MAX, V| = 55V 1 1] mA
WA Vce = MAX, V) =27V 25 25 | WA
I Vce = MAX, Vi =05V -0.25 -0.25 | mA
108 Vee = MAX, Vo = 225V 60 60 mA
Icc Vee = MAX mA

TFor conditions shown as MIN or MAX,

use appropriate value specified under recommended operating conditions.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, I0s.

SINOYd

switching characteristics over recommended ranges of Ta and VCC (unless otherwise noted)
PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP} MAX | MIN TYP? MAX
IG(A) :zz::: :::: ::: ::?riseslect (enable time) Cu = 30pF -
' il n
a(S) — ~ d See Note 2 d
tdis Disable time ns
*All typical values are at Vee = 5V, Tp = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
T {l’
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TBP38SA22, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

rcommended operating conditions

MILITARY COMMERCIAL

PARAMETER MIN NOM MAX | MIN NOM MAX uniT
vce Supply voltage 45 5 5.5 4.5 5 5.5 v
VIH High-level input voltage 2 2 \"
ViL Low-level input voltage 0.8 0.8 \4
YOH High-level output voltage 5.5 5.5 \4
oL Low-level output current 16 16 mA
A Operating free-air temperature range -55 125 [o] 70 °C

lectrical characteristics over recommended operating free-air temperature range (unless otherwise
oted)

PARAMETER TEST CONDITIONSt MILITARY COMMERCIAL UNIT
MIN TYP} MAX | MIN TYP! MAX
VK Vce = MIN, I = —18 mA -1.2 -1.2 v
VOH = 2.4V 0.05 0.05
loH Vee = MIN, VoH =65V 01 o] ™
VoL Vce = MIN, loL = 16 mA 0.5 0.5 Vv
I VcC = MAX, V) = 55V ] T mA
4 Vce = MAX, V=27V 25 25 uA
I Vce = MAX, V| =05V -0.25 -0.25 | mA
Icc Vee = MAX mA

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

witching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

TEST MILITARY COMMERCIAL
PARAMETER UNIT

CONDITIONS MIN TYP} MAX | MIN TYP¥ MAX (7]

‘a(A) Access time from address . ns E

‘a(S) Access time from chip select (enable time) CL = 30 pF ns o

Propagation delay time, low-to-high-level See Note 2 oc

PLH . ns o
output from chip select

All typical values are at Vcc = 6V, Ta = 25°C.
JTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
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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 [+ Use[d vee
Words of Four Bits Each ME[]2 5[] A1
WE [z 1a[J A2
® Fast Access Time . . . 33 ns Typical p1[da  13[0A3
Diode-Clamped, Buffered Inputs a1 0s 2[4
p2[Je 11[J Qa4
Open-('J.ollector Outputs Provide Wire-AND a2 10[] D3
Capability 6ND s o[] a3
Typical Power Dissipation . . . 3756 mW
Compatible with Most TTL Circuits logic symbol
lescription RAM 16 x 4
(1)
This 64-bit active-element memory is a A0 e 0
monolithic, high-speed, transistor-transistor logic A1 e ] Al
(TTL) array of 64 flip-flop memory cells organized A2 a1 15
in a matrix to provide 16 words of four bits each. a3 13 i3
Each of the 16 words is addressed in straight wiE 2__ica/a3
binary with full on-chip decoding. we -B__nNgq
The buffered memory inputs consist of four @ 1 : L
address lines, four data inputs, a write enable, D1 _t: ! — = o 5)_ g1
and a memory enable for controlling the entry A, 2D A1, 3[
and access of data. The memory has open- 0248 | 7 352
collector outputs which may be wired-AND p3-19 | I 9 F5
connected to permit expansion up to 4704 pa 12 01 34

words of N-bit length without additional output
buffering. Access time is typically 33
nanoseconds; power dissipation is typically 375

milliwatts.
FUNCTION TABLE
ME |WE| OPERATION CONDITION OF OUTPUTS
L | L | Write Complement of Data Inputs [7,]
L | H | Read Complement of Selected Word E
H | L |Inhibit Storage Complement of Data Inputs <
H | H | Do Nothing High o

frite operation

2ad

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 cutput of the data input gate is commeon

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.

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.

o Copyright © 1985, Texas Instruments Incorporated
'
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SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

logic diagram
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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 y -
OuUTPUT
Req
INPUT -——
-
>
3 p
777
Data Inputs: R.q =6 k2 NOM
All others:  Rgq = 4 k2 NOM

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

Supply voltage, VCC (see Note 1) . . ... oo e e 7V
Input voltage (see NOte 1) .. ... ... it et e e e 5.5V
High-level output voltage, VOH (see Notes 1 and 2) . ......... ... .. ... 55V
Operating free-air temperature range . . . . . .. ... vttt it 0°C to 70°C
Storage temperature range . .. ... ... ..ottt 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 5.25 \%
Width of write-enable pulse, tyy, 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, tg, (o) ns (]
Select input hold time after writing, t, (see Figure 1) 5 hs E
Operating free-air temperature, Ta (o) 70 °C é

{i’
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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 \4
VIK Input clamp voltage Vce = MIN, I = =12 mA -1.5 \2
. Vce = MIN, VIH =2V,
IoH High-level output current 20 »A
ViL =08V, VOH = 5.5V
Vcc =MIN,  Vvig =2V, [loL = 12mA 0.4
V -level output voltage
oL Low-level output voltag ViL = 08V [ToL = 16mA 0.45 v
Input current at maximum
Vee = MAX, V) = 5.
h input voltage cc ! 55V ! mA
K High-level input current Vce = MAX, Vi =24V 40 rA
[ Low-level input current Vece = MAX, Vi =04V -1.6 mA
icc Supply current Vce = MAX, See Note 3 75 105 mA
. Vecc =5V, Vo =24V,
C Off- 6.5
o state output capacitance = 1 MHz pF
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values are at Vce =5V, Ta = 26°C.
NOTE 3: igc is measured with the memory enable grounded, ali other inputs at 4.5 V, and all outputs open.
switching characteristics, Vcc = 5V, TA = 256°C
PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
Py tion delay time, low-to-high-level
tPLH ropagation y ti w igl 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 Rp1 = 300 Q,
PLH . 30 60
output from any address input RL2 = 600 Q,
ns
Propagation delay time, high-to-low-level See Figure 1
PHL . 35 60
output from any address input
¢ Sense recovery time Output initially high 39 70
ns
SR after writing Output initially low 28 70

*
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SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

PARAMETER MEASUREMENT INFORMATION

MEMORY

Vee ENABLE

Rp1=3000
From output

under test I
CL=30PF  $R2=6000  aoroec
‘ | *(See Note B) <

LOAD CIRCUIT

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, tf < 10 ns, PRR = 1 MHz, Zo¢ = 50 Q.
B. Ci includes probe and jig capacitance.

FIGURE 1-SWITCHING CHARACTERISTICS

0
=
<
o
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SN7489

64-BIT RANDOM-ACCESS READ/WRITE MEMORY

I1—Input Current—mA

-10

-12

TYPICAL CHARACTERISTICS

INPUT CURRENT
vs
INPUT VOLTAGE
. 40
Vee=5V
L TA=25°C 35
L DATA INPUTS . 30
c
HER INPUTS é 25
=
5 20
8
g 15
o
* 10
I 5
0
0 1 2 3 4 5

Vi-Input Voltage—V

FIGURE 2

PROPAGATION DELAY TIME
vs
FREE-AIR TEMPERATURE

T T T
| tpHL SELECT INPUTS L=
—
——_"‘——-—
. r
AN
tpHL MEMORY ENABLE INPUT
‘-IPLH SELECT INPUTS
I I
tpLH MEMORY ENABLE INPUT __
T
Vee=5V
—CL =30 pF
RL =300 ©
1 1
0 10 20 30 40 50 60 70

TA—Free-Air Temperature—"C

FIGURE 3
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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 OR W PACKAGE

SN74184, SN74185A .. .J OR N PACKA GE
(TOP VIEW)

vi [ Ueld vee
v2 (2 s G
v3 s 1] €
va [Ja 130 D
description vs (s 120 ¢
These monolithic converters are derived from the Y6 Ee " :] B
custom MSI 256-bit read-only memories SN5488 and Y7 E 7 10 :] A
SN7488. Emitter connections are made to provide GND 8 9 Y8
direct read-out of converted codes at outputs Y8
TABLE |

through Y1 as shown in the function tables. These
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

SN54184, SN74184
PACKAGE COUNT AND DELAY TIMES
FOR BCD-TO-BINARY CONVERSION

using economical, customized read-only memories. INPUT PACKAGES | TOTAL DELAY TIMES (ns)

9 ’ 'z Y es. (DECADES) | REQUIRED TYP MAX
Both of these converters comprehend that the least
L. . . 2 2 56 80
significant bits (LSB) of the binary and BCD codes 3 6 140 200
are logically equal, and in each case the LSB bypasses 4 1 196 280
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

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.
% Copyright © 1985, Texas Instruments Incorporated
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SN54184, SN74184
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54184 and SN74184 BCD-to-binary converters {(continued)

BCD 9'S BCD 10°S
6BIT CONVERTER COMPLEMENT CONVERTER COMPLEMENT CONVERTER
mso LsD 8CD BCD
‘s a'’D (lz B A ‘o ¢ 8 A sv/p ¢ B A
E D C B A = E D C B A E D C B A
SN54184 OR SN74184 SN54184 OR SN74184 SN54184 OR SN74184
Y5 V4 Y3 Y2 V1 [ IRZERT v8 Y7 Y6

v

\25 24 28 22 21 20, \ND Nc Ng Na, To Tc T Ta

Vv —
6-81T BINARY OUTPUT BCD 9'S COMPLEMENT BCD 10'S COMPLEMENT
FUNCTION TABLE FUNCTION TABLE
BCD-TO-BINARY BCD 9'S OR BCD 10'S
CONVERTER COMPLEMENT CONVERTER

8CD INPUTS OUTPUTS 8co INPUTS OUTPUTS

WORDS (See Note A) _ (See Note B) WORD (See Note C) (See Note D)

E D C B A[G]|Y5S Y4 Y3 Y2 ¥1 €' D c B A[G]|v8 Y7 V6

01 L L L L LjLjL L L L L 0o L L L L L|L|H L H

23 L L L L HjL|]L L L L H 1 L L L L HIL|H L LU

4.5 L L L H L|JL|L L L H L 2 L L L H L|L|L H H

67 L L L H HiL|L L L H H 3 L L L H H|L|L H L

89 L L H Lol L H L L a L L H L Ll H H
1011 L H L L L|L|L L H L H 5 L L H L H|JL|L H L

1213 L H L L H|L|L L H H L 6 L L HH L|LIL L H

1415 L H L H L|L|L L H H H 7 L L H H HIL|JL L L

1617 L H L H HiL|L H L L L 8 L H L L L|L|JL L H

18 19 L H H L LJL|L H L L H 9 L H L L HIL|L L L

20-21 H L L L L|LJL H L H L 0o H L L L L]LJL L L
22.23 H L L L Hf{L|L H L H H 1 H L L L H|L|H L L

5 24.26 H L L H LjL|IL H H L L 2 H L L H L|{L|H L L
2627 H L L H H|lL|L H H L H 3 H L L H H|IL|IL H H

28-29 H L H L LILJL H H H L 4 H L H L L{L|L H H

m 3031 H H L L L|L{L H H H H 5 H L H L H|L|L H L
> 32-33 H H L L HILIH L L L L [} H L H H LiL{L H L
g 34.35 H H L H L|LIH L L L H 7 H L H H HlL|L L H
36-37 H H L H H|fLIH L L H L 8 H H L L L|LfL L H
@ 3839 H H H L LJ|JL|H L L H H 9 H H L L H|L]|L L L
: ANY X X x x XxX[H][H H H H H ANY | X X X X X|H|H H H

H = high level, L = low level, X = irrelevant H = high level, L = low level, X = irrelevant
NOTES: A. Input conditions other than those shown produce NOTES: C. Input conditions other than those shown produce
highs at outputs Y1 through Y5. highs at outputs Y6, Y7, and Y8.
B. Outputs Y6, Y7, and Y8 are not used for BCD-to- D. Outputs Y1 through Y5 are not used for BCD 9’s or
binary conversion. BCD 10's complement conversion.

TWhen these devices are used as complement converters, input E is

used as a mode control. With this input low, the BCD 9’'s
complement is generated; when it is high, the BCD 10’s comple-
ment is generated.

*p
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SN54185A, SN74185A

BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54185A and SN74185A binary-to-BCD converters

The function performed by these 6-bit binary-to-BCD
converters is analogous to the algorithm:

a. Examine the three most significant bits. If
the sum is greater than four, add three and
shift left one bit.

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
location.

TABLE Il
SN54185A, SN74185A

PACKAGE COUNT AND DELAY TIMES
FOR BINARY-TO-BCD CONVERSION

INPUT PACKAGES TOTAL DELAY TIME (ns)
(BITS) REQUIRED TYP MAX
4106 1 25 40
7or8 3 50 80
9 4 75 120
10 6 100 160
1 7 125 200
12 8 125 200
13 10 150 240
14 12 175 280
15 14 175 280
16 16 200 320
17 19 225 360
18 21 225 360
19 24 250 400
20 27 275 440

6-BIT CONVERTER
6-BIT BINARY INPUT
A\

/ \
E D C B A
SN74185A
Y5 Y4 Y3 Y2 Y1

" v

v

\B A,\ D [ B A,

msD

LSD

6-BIT BCD OUTPUT

FUNCTION TABLE

INPUTS OUTPUTS
BINARY
BINARY SELECT |ENABLE
WORDS -
E D C B A G Y8 Y7 Y6 Y5 Y4 Y3 Y2 Vi

01 |L L L L L L H H L L L L L L

23 L L L L H L H H L L L L L H

45 |L L L H L L H H L L L L H L

6 7 {L L L HH L H H L L L L HH

89 L L H L L L H H L L L H L L

011 L L H L H L H H L L H L L L

12.13|L L HH L L H H L L HL L H

14-15 /L L H H H L H H L L H L H L

.17 (L H L L L L H H L L HL HH

B-19 (L H L L OH L H H L L HH L L

20021 L H L H L L H H L H L L L t

22 23|L H L H H L H H L H L L L H

24.25 L H H L L L H H L H L L H L

26-27 L H H L H L H H L H L L HH

2829 |L H H H L L H H L H L H L L

30 31 L H H H H L H H L H H L L L

3233 /H L L L L L H H L H H L L H

34 35 |H L L L H L H H L H H L H L

36 37 |H L L H L L H H L HHL HH (2}
38 39 |H L L H H L H H L H H H L L E
4041 H L H L L] H H H L L L L L <
42 43 |H L H L H L H HH L L L L H o
4445 |H L H H L L H H H L L L H L

46 47 |H L H H H L H HH L L L HH

48.49 [H H L L L L H H H L L H L L

5061 [H H L L H L H H H L H L L L

52.53 |H H L H L L H HHL HL L H

54 55 |H H L H H L H H H L HL HL

8657 [H H H L L L H H H L HL HH

68 569 [H H H L H L H HH L HHL L

60 61 |H H H H L L H H H H L L L t

62 63 |H H H H H L H H H H L L L H

ALL [ X X X X X H H HHHHHHH

H = high level, L = low level,

X = irrelevant

Texas
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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)

Input voltage . e e e e e e e e e

Operating free-air temperature range: SN54184, SN54185A
SN74184, SN74185A

Storage temperaturerange . . . . . . . . . .

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

recommended operating conditions

7V
55V

-56°C to 125°C
. . 0°Cto70°C
—65°C to 150°C

SN54184, SN54185A [SN74184, SN74185A UNIT

MIN NOM MAX | MIN NOM MAX
Supply voltage, Vg 4.5 5 55 | 475 5 5.25 \"
Low-level output current, lg| 12 12 | mA
Operating free-air temperature, Tp —55 125 0 70| °C

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

e
>
=
»

PARAMETER TEST CONDITIONS?
ViH High-level input voltage 2 \%
ViL Low-level input voltage 0.8 \
ViK Input clamp voltage Vce = MIN, Ih=-12mA -1.5 v
. Vce = MIN, ViH=2V,
loH High-level output current 100 | wA
ViL=08V, VoH =55V
Vce = MIN, ViH=2V,
VoL Low-level output voltage 04| V
ViL=08V, loL=12mA
Iy Input current at maximum input voltage Vce = MAX, V=55V 1] mA
HWH High-level input current Vce = MAX, V=24V 40| wA
he Low-level input current Vce = MAX, V=04V -1 mA
| Supply current, all outputs high 50
CCH pply P! 9 Vee = MAX mA
IccL Supply current, all programmed outputs low 62 99
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type
T Al typical values are at Ve =5 V, Ty = 25°C.
switching characteristics, Vcc =5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
tpLH Propagation delay time, low-to-high-level output from enable G Cyp = 30pF, 19 30 ns
tpHL Propagation delay time, high-to-low-level output from enable G Ry =300, 22 35 ns
tpLH Propagation delay time, low-to-high-level output from binary select R 2 =600 52, 27 40 ns
tpHL Propagation delay time, high-to-low-level output from binary select See Figure 1 and Note 2 23 40 ns
TExas .
5-12
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SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

ichematics of inputs and outputs

vVece

INPUT

EQUIVALENT OF
ALL INPUTS

6 k§2
NOM

TYPICAL OF
ALL OUTPUTS

QuUTPUT

PARAMETER MEASUREMENT INFORMATION

Vee
Rp1$ 300
30 pF
FROM OUTPUT 14
UNDER TEST I\
CL
R 22 600 Q

Cy includes probe and jig capacitance.

LOAD CIRCUIT
FIGURE 1

NOTE 2: See General Information Section for load circuits and voltage waveforms.

{i’
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SN54184, SN74184
BCD-TO-BINARY CONVERTERS

TYPICAL APPLICATION DATA

BCD
\

| |

D C B A

< mp—

5 Y4 Y3 Y2 Y1

[ |

g m

[=]
o
m
2
g+ o
<

2

—5 ot
«—13 »

-4

5 b4

o

3 b2 b1 bO

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
7\

Vs \
msD LsD
—_— — A —
L]

E DCB A

Y5 Y4 Y3 Y2 Y1
HEEERN
E D C B A E D C B A
Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1
I INEEE
OPEN E DCB A

Y5 Y4 Y3 Y2 Y1

vyvvYew
5 b4 b3 b2 bl b0,
—_—

BINARY

FIGURE 3—-BCD-TO-BINARY CONVERTER
FOR THREE BCD DECADES

5-14
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SN54184, SN74184
BCD-TO-BINARY CONVERTERS

MSD—most significant decade
LSD—least significant decade

Each rectangle represents and SN54184 or SN74184. OPEN

TYPICAL APPLICATION DATA
SN54184, SN74184

BCD
S,
e N\
LSD
DSCSBSAEMCAB4A403€383A3D26252A2D1C1BIAIDOCDBOAO
E DCGB A
Y5 Y4 Y3 Y2 Y1
D C B A E DCB A
Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1
OPEN E D CB A EDCGB A
Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1
E DCB A EDCB A E D CB A

Y5 Y4 Y3 Y2 Y

Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

| 1T 1T BEEERN L]

E DCB A EDCGB A EDCB A EDCGB A

vs va v3 v2 v1] | v5 va v3 v2 v1] | vs va v3 v2 v1 Y5 Y4 Y3 Y2 Y1
JEEEEERNEEERE

OPEN EDCGB A EDCB A E DCGB A

Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

IENEEEEENEENE

E D C B A E D C B A

E
Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

T TTIITIIT] [ITTT

E D C B A E D C B A E D

Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

T TTL[LITT
—~

E D CB A E DCB A

OPEN

Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

[T 1]

D C 8 A E DCB A

Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

| 111

NC EDC B A

Y5 Y4 Y3 Y2 Y1

E D C B A

Y5 Y4 Y3 Y2 Y1

o

E D C B A

Y5 Y4 Y3 Y2 Y1

\-\/—/l l v L v L!L « v v v
b18 ¥ b16 ¥ b1a ¥ b12 ¥ b10 ¥ b8 ¥ b6 ¥ b4 ¥ b2 ¥ bO

\b19 b17 b15 b13 b11 b9 b7 b5 b3 b1 /

Vo
BINARY
FIGURE 4—BCD-TO-BINARY CONVERTER FOR SIX BCD DECADES

Texas {’
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SN54185A, SN74185A
BINARY-T0-BCD CONVERTERS

TYPICAL APPLICATION DATA

BINARY

B6 B4 B3 B2

B! B0
|
B
Y

!

opF—

<
o
<
s
N

+—{3 »}—=

Q—} mp—
<
—% of—

FIGURE 5-6-BIT BINARY-TO-BCD
CONVERTER

BINARY

B7 B6 B5 B4 B3 B2 B1 B0

1Ll

E D C B A

Y6 Y5 Y4 Y3 Y2 Y1

E D C B A

Y5 Y4 Y3 Y2 Y1

Il [

E D C B A

|

Y5 Y4 Y3 Y2 Y1

T

MSD
A —— /

\4
BCD
FIGURE 6-8-BIT BINARY-TO-BCD
CONVERTER

s [

MSD-—Most significant decade
LSD—Least significant decade

SN54185A, SN74185A
BINARY
A
68 87 86 B5 B4 B3 B2 B
1 1 ] |
E D C B A
Y6 Y5 Y4 Y3 V2 Y1
[ [ 1
E D C B A
vs _va_v¥3 v2_vi
|
E p c B Al[o ¢ 8 A

Y6 Y5 Y4 Y3 Y2

Y4 Y3 Y2

Y1

TTlllllll

\ LSD y
—_——
BCD
FIGURE 7-9-BIT BINARY-TO-BCD
CONVERTER
BINARY
A\
/51I1 slw Blg B8 B7 B6 B85 B4 B3 B2 B1 B0
E D C B A
Y6 Y5 Y4 Y3 Y2 Y1
E D C B A
Y5 Y4 Y3 Y2 Y1
e o c¢c B Alfe o ¢ B A
Y6_¥5 va v3 v2 vilvs va vz vz vi
E D c¢c B Alfe o ¢ B A
Y5 va v3 vz vilvys va v3 v2 vi
e o ¢ B Alfo ¢ B A
Y6 vs va v3 vz viflva_v3 v2 wvi
RN,
\ S O\ /  \ /
e — —/ ~/ ~/
MSD
S LsD

Y
BCD

FIGURE 8-12-BIT BINARY-TO-BCD
CONVERTER (SEE NOTE B)

NOTES: A. Each rectangle represents an SN54185A or an SN74185A.

B. All unused E inputs are grounded.

5-16
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SN54185A, SN74185A
BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA

SN54185A, SN74185A
BINARY
/\
/g5 B14 B13 B12 B11 B0 B9 B8 B7 B6 B85 B4 B3 B2 Bl BO
L 1 1 |
E D C B A
Y6 Y5 Y4 Y3 Y2 VY1
[ | 1
E D C B A
Y5 Y4 Y3 Y2 Y1
I I
E o c¢c B AlJe o c B A
Y6 Y5 va v3 v2 vijlys _v4 v3 v2 Y1
L [ 1 [ [ [ [ 1
E b c B alfe o ¢ B A
vy5 v4 v3 v2 vilys va vz vz vi
I N A N N O
E D C B E p ¢c B AljJE b c B A
Y6 Y5 Ya Y3 v2 vilys va v3 v2 vijlvs_v4a v3 v2 vi
N N N N N N N N I I A
E b c¢c 8B Alle b ¢ 8 E c B A
Y5 Y4 v3 v2 vijlys v4a v3 v2 Vvijly5 v4a Vv3 v2 V1
[ | I N I
E [»] [ B A E ] [ B A o [+ B A
v6 Y5 Y4 Y3 v2 Vvijly5 va v3 v2 vijlva v3 v2 vi
I I
E D c -] A
Y5 Y4 Y3 Y2 Y1
\ v v lj\ l 1 l/\ '\ N v v V/
Vv Vo \4 v \4
MSD LSD )
Vv
8cD

FIGURE 9-16 BIT BINARY-TO-BCD
CONVERTER (SEE NOTE B)

MSD—most significant decade

LSD—least significant decade

NOTES: A. Each rectangle represents an SN54185A or SN74185A.
B. All unused E inputs are grounded.

{y
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SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A
64-BIT RANDOM-ACCESS MEMORIES

D2417, SEPTEMBER 1980 —REVISED FEBRUARY 1985

SN54LS189A, SN54LS289A . . . J PACKAGE
SN74LS189A, SN74LS289A . . . J OR N PACKAGE

® Organized as 16 Words of Four Bits
Each

(TOP VIEW)
® Choice of Buffered 3-State or Open-

Collector outputs Ao [T Use[d vee

. . SOz s[JA1

® Choice of Noninverted or Inverted RWs  1a[0 A2

Outputs D1 Oa 13[] A3

® Typical Access Time . . . 50 ns Q1[0s 12[Jp4

D2(Je n[Jaa

description G2[]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 A0 [ Uss[] vee
output offers the convenience of an open- S (mp) 15[] A1
collector output with the speed of a totem-pole RIW 3 1a[] A2
output; it can be bus-connected to other similar D1 [a 13[] A3
outputs, yet it retains the fast rise ' time Q1 [Js 12[JD4
characteristic of the TTL totem-pole output. An D2 e o4
open-collector output offers the capability of Q2[]7 1o[]D3
direct interface with a data line having a passive GND []8 gf] 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.

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
INPUTS OUTPUTS
CHIP WRITE
N ‘LS189A ‘LS289A ‘LS21 !
FUNCTIO! SELECT | ENABLE 89, $289, LS219A LS319A
Write L L z off z off
Complement Complement
Read L H of Data of Data Data Data
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
INSTRUMENTS
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SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A
64-BIT RANDOM-ACCESS MEMORIES

logic symbols

‘LS189A
RAM 16 X 4
Ao o
A1—18) A0
Az_12) 5
A3 ‘;3’ 3
§_(_._)& G1
— (3)
R _E 1 EN [READ]
1C2 [WRITE]
- [
o4 _raso AVvE=S &
D28 5
p3-_0 b9 .
(12) (1) —
D4 Qa
‘LS289A
RAM 16 X 4
ao—L 0
A8 N3
Az 14 3
A3 (;3) 3
5—%5 G1
R/W 1EN [READ]
_E 1C2 [WRITE]

@ I
p1——fA, 20 A O (1]
DZ'—(Q—"“* (;) Q2
D3£2)—"! :1,‘” Qa3
pa (12) a4

schematics of inputs and outputs

‘LS219A
RAM 16 X 4
POymLl o
A1—115) A0
POAL 5
PRSI B8
b
R/W. 1EN [READ]
E 1C2 [WRITE]

m |
o147 AV —2 o
028 9 o
p3—19 (L],

1
pa 12 an o,
‘LS319A
RAM 16 X 4
Ao 0
a1 \18) A0
POLL] 1
FOSHLETI o8
§ﬁb G1
= (3)
R/W 1EN [READ]
Q 1C2 [WRITE]

m | L
o144 _ra7o A o2 a1
D28 (/N
p3—19 9 s

(12) (11)
D4 ——— Q4

EQUIVALENT OF § EQUIVALENT OF TYPICAL OF ‘LS189A TYPICAL OF 'LS289A
- AND W INPUTS D AND A INPUTS AND ‘LS219A OUTPUTS AND ‘LS319A OUTPUTS
v —|v -—| - ————e—v
% cC 75k 0 CcC 22t 50 0 :: cC
NOM § s NON‘: NOM 3
| . r OUTPUT
INPUT == - -
INPUT | I
J J 3 VOUTPUT ] I
:»
T *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, Vo (see Note 1) ... .. 7V
Input voltage . . .. ... e 7V
Off-state output voltage: ‘LS189A, ‘LS219A .. ... ... ... . .. ... .. ... 55V
LS289A, ‘LS3T19A . . . e 7V

Operating free-air temperature range: SN54LS’ Circuits .. .................. —-55°C to 125°C
SN74LS Circuits. . . ..o oo v i 0°C to 70°C

Storage temperature FaNGE . . . . . .o vttt e —-65°C to 150°C

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

recommended operating conditions

SN54LS189A, SN74LS189A,
SN54LS219A SN74LS219A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \%
High-level output current, IoH -1 -2.6 mA
Low-level output current, I 12 24 mA
Width of write pulse (write enable low), ty(wr) 100 70
Address before write pulse, tsy(ad) ol ot
Setup time Data before end of write pulse, tsy(da) 100t 60t ns
Chip-select before end of write pulse, tgy(s) 100t 60t
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 ot
Operating free-air temperature, Ta -55 125 [0] 70 °C

11 The 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.

al

RAMs
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SN54LS189A, SN54LS219A, SN74LS189A, SN74LS219A
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
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.7 0.8 \
V|K Input clamp voltage Vce =MIN, || = -18 mA -1.5 -1.5 \2
Vce = MIN, Vi =2V,
igh-| 2.4 3.1 2.4 3.1
VQoH High-level output voltage Vil = ViLmax, loH = MAX v
Vec =MIN, Vg =2V, |lgL = 12mA 0.25 0.4 0.25 0.4
- I
VoL Low-level output voltage ViL = VjLmax loL = 24 mA 0.35 05 \
lozH O.ff-state output currer.n Vee = MAX, Vi =2V, 20 20| ua
high-level voltage applied | V)i = Vjimax, Vg = 2.7 V
ff-stat tput ent, | Vi = MAX, ViH=2V,
lozL Off-state output curr : cC IH _20 —20]| ua
low-level voltage applied | V| = V| max, Vg = 0.4 V
Input t at
y rputcurenta Vee = MAX, Vi =7V 100 100 | uA
maximum input voltage
h4  High-level input current Vece = MAX, V) =27V 20 20 | pA
it Low-level input current Vee = MAX, V) =04V -0.4 -0.4]| mA
Short-circuit output
| Vi = MAX -30 -130 | -30 -130 A
oS currem§ cc m
Icc Supply current Vcc = 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 Vcc = 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.

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 VCC (unless otherwise noted)

SN54LS189A SN74LS189A
PARAMETER TEST CONDITIONS SN54LS219A SN74LS219A UNIT
MIN_TYP} MAX | MIN TYP! MAX
ta(ad) Access time from address CL = 45 pF, 50 90 50 80 ns
ta(s) Access time from chip select (enable time) See Note 3 35 70 35 60 ns
tSR  Sense recovery time 55 100 55 90 ns
tpxz Disable time from high or low level E::g: i/W (S:(Ie-e_Nostepf; ig 38 ig :g ns

SNV ﬂ

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

TeExas {'f
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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 55 | 4.75 5 5.25 v
High-level output voltage, VOH 5.5 5.5 v
Low-level output current, lgp 12 24 | mA
Width of write pulse (write enable low), ty(wr) 100 70
Address before write pulse, tgy(ad) ol ot ns
Setup time Data before end of write pulse, tgy(da) 100t 60t
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 ot
Operating free-air temperature, Ta -55 125 [o] 70 °C

11 The arrow indicates the transition of the write-enable input used for reference: ! 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
ViH High-level input voltage 2 2 v
VL Low-level input voltage 0.7 0.8 Vv
ViK Input clamp voltage Vee = MIN, | = ~18 mA -1.5 -1.56 Y
i Vecc =MIN, Vig=2V,|Vg =24V 20 20
1 High-level output current A
OoH Mo P ViL = Vi max, Vo = 55V 100 100| *
Vee = MIN, Vg =2V, |lgL = 12mA 0.25 0.4 0.25 0.4
VoL Low-level output voltage cc H oL - \
VL = VjLmax loL = 24 mA 0.35 0.5
Input t at
y rpurcurrenta Vee = MAX, V) =7V 100 100| wA
maximum input voltage
lj4  High-level input current Vee = MAX, V) =27V 20 20| wA
i Low-level input current Vege = MAX, V) =04V -0.4 -0.4| mA 5
Icc  Supply current Vce = MAX, See Note 2 35 60 35 60| mA

TFor conditions shown as MIN or MAX,

use the appropriate value specified under reqommended operating conditions.

*All typical values are at Vo = 5V, Ta = 25°C. (2]
5Not 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 VCC (unless otherwise noted)
SN54L5289A SN74LS289A
PARAMETER TEST CONDITIONS SN54LS319A SN74LS319A UNIT
MIN TYP} MAX MIN TYP! MAX
ta(ad) Access time from address 50 90 50 80 ns
Access time from chip select
'a(S)  (enable time) CL = 45 pF, R| = 6670, % 70 35 60| ns
tsR  Sense recovery time See Note 3 55 100 55 90 ns
Propagation delay time, from S 30 60 30 50
tpLH low-to-high-level — ns
output (disable time) from RIW 40 70 40 60
TAll typical values are at Vec = 5V, Ta = 25°.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
Texas %P
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SN545189B, SN545289B, SN745189B, SN745289B
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

SEPTEMBER 1976 —REVISED FEBRUARY 1984

STATIC RANDOM-ACCESS MEMORIES

®  Fully Decoded RAMs Organized as SN545189B, SN54S289B . . . 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 LY sl vee
Write Cycle Time . . . 25 ns Typical S02 s A1
wW(s s[dA2
® Choice of Three-State or Open-Collector D1 [a 13[] A3
Outputs a1[s 12[JpD4
® Compatible with Most TTL and I2L Circuits b2 Qe npjaa
) o a2[ds 1wo[JD3
® Chip-Select Input Simplifies External GND (18 o[] Q3

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

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.

al

(2]

FUNCTION TABLE E

INPUTS ‘S1898B ‘S2898B oc

FUNCTI
CTION 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

Copyright ® 1979, Texas Instruments Incorporated

{i’
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SN54S189B, SN545289B, SN74S189B, SN745289B
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

logic symbols

functional block diagram

‘51898
RAM 16 X 4 YL ] —]
AO%— 0 — ]
(15) —1
A1 0 (s} | —]
a1 A A'™] aooress |—{ 10r.16 —] S481T MEMORY
3 (1a) | BUFFERS DECODERS] ORI IPED
A3T 3 A2 — 1 16-X-4
§—-bm G1 | —
R/W. 1EN [READ] Az 13 | ] —
_t; 1C2 [WRITE] — ]
m|
D1 ‘4: A, 2D AVE=5L & ] I l I
(6! = 2
D2 Q2 2
(10) . (9)  ~ CHIP SELECT ) WRITE AND SENSE
D3 B (3) AMPLIFIER CONTROL
D4 (12) (11) aa READ/WRITE (R/W) —q
o1&
'S2898 56
RAM 16 X 4 310!
Ao 1o 0 121
A8 o (5) [t} @
A2 1% A 1] G2 O3 Qs
N B
s ‘,, G1
R/W —q 1EN [READ]
1C2 [WRITE]
@ (5) =
D1 A, 2D A a1
028! 0 5,
LT P~ @
D4 Qa
5 schematics of inputs and outputs
EQUIVALENT OF EACH INPUT 'S1898 OUTPUT ‘52898 OUTPUT
= Vee — — - Vee
> < <
3 58 2 NOM ::
= OUuTPUT
» p --
iNpUT
J
1 ;;;
b3
T *’P
5.26 I EXAS
NSTRUMENTS

-




SN54S189B, SN54S289B, SN74S189B, SN74S289B
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

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

Supply voltage, VCC (see Note 1) . . . . ... L e e

Input voltage . ... ...........
Off-State output voltage

Operating free-air temperature range: SN54S’ Circuits . . ... ................
SN74S’ Circuits . ...,
Storage temperature raNgE . . . . .. ..o v i it e e e

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

recommended operating conditions

-55°C to 125°C

0°C to 70°C

-65°C to 150°C

SN54S’ SN74S’ UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Vcc 45 5 55 | 4.75 5 5.25 v
High-level output voitage, VoH [ 's2898 5.5 5.5 Vv
High-level output current, IgH [ ‘'S189B -2 -6.5 mA
Low-level output current, Igi 16 16 mA
Width of write pulse (write enable low), ty(wr) 25 25 ns
Address before write pulse, tgy(da) ot o¢
Setup time Data before end of write pulse, tsy(da) 251 251 ns
Chip-select before end of write pulse, tg(s) 251 261
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 (o] 70 °C

t4The 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.

Texas Q’
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SN54S189B, SN54S289B, SN74S189B, SN74S289B
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

electrical characteristics over recommended operating free-air temperature

(unless otherwise noted)

range

PARAMETER TEST CONDITIONS 'S1898 52898 UNIT
MIN TYP} MAX | MIN TYP} MAX
ViH High-level input voltage 2 2 \%
ViL  Low-level input voltage 0.8 0.8 \
Vik  Input clamp voltage Vece = MIN, | = —-18 mA -1.2 -1.2 \
- Voo = MIN, Vi = 2 V, [SN54S' 2.4 34
VoH High-level output voltage Vi = 0.8V, Ion = MAX|SN74S" 24 32 \"
IoH High-level output current zﬁcz_o'_vs"h\‘/l ViH =2V, \\:g ; :; z 132 uA
VoL Low-level output voltage zi‘::o":"‘\‘/" ::)": N fGVI;A 0.35 0.5 035 05| V
Off-state output current, | Voc = MAX, Vi =2V,
lozH . , 50 nA
high-level voltage applied | Vi = 0.8V, Vgy = 2.4V
Off-state output current, | Vcc = MAX, Vi =2V,
lozL ) -50 uA
low-level voltage applied ViL=08YV, VgL=04V
I ?nput current at maximum Ve = MAX, V| = 5.5V i 1| ma
input voltage
hH High-level input current Vee = MAX, V| =27V 25 25| pA
e Low-level input current Vce = MAX, V| = 0.5V -250 -250 | uA
los f::::;c”" output Vee = MAX -30 -100 mA
lcc  Supply current Vce = MAX, See Note 2 75 110 75 105 | mA

NOTE 2: Icc 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)

SN545189B SN7451898B
PARAMETER TEST CONDITIONS UNIT
0 MIN TYP! MAX MIN TYP} MAX
tajad) Access time from address 25 50 25 35 ns
Access time from chip select CL = 30 pF,
t 1 25 18 2
5 alS)  (enable time) See Note 3 8 o
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 low level From W See Note 3 12 30 12 25
2 ‘S289B switching characteristics over recommended operating ranges of Ta and Vce
) (unless otherwise noted)
SN545289B SN7452898
PARAMETER TEST CONDITIONS T UNIT
MIN TYP MAX MIN TYP¥ MAX
ta(ad) Access time from address 25 50 25 35 ns
Access time from chip-select
ta(s) , P CL = 30 pF, 18 25 18 22| ns
(enable time) R+ = 300 Q
tSR Sense ref;overy tim.e Rt; _ 600 ﬂi 22 40 22 35 | ns
PropagatAlon delay time, From 3 See Note 3 12 25 12 17
tpLH  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.
tAll typical values are at Vee =56V, Ta = 25°.
8Duration 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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SN748201, SN748301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

D2007, SEPTEMBER 1977 —FEBRUARY 1984

STATIC RANDOM-ACCESS MEMORIES

® Static Fully Decoded RAM’s Organized as SN74S201, SN74S301 . . . J OR N PACKAGE
256 Words of One Bit Each (TOP VIEW)
® Schottky-Clamped for High Performance ao v Uield vee
Choice of Three-State or Open-Collector A2 1sp] A2
Outputs s1gs  s[daAaz
52[Qsa 13do
Compatible with Most TTL and 12L Circuits safs 0rwW
Chip-Select Input Simplify External Decoding alde mnae
A3[]7 o] As
Typical Performance: GND [ |8 9| ] Aa
Read Access Time . . . 42 ns

Power dissipation . . . 500 mW

lescription

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.

vrite 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.

ead 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 é’
<
INPUTS ‘'S201 ‘S301 o
FUNCTION CHIP gELECT WRITE EVABLE OUTPUT (@) OUTPUT (@)
S R/W
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

b Copyright © 1979, Texas Instruments Incorporated

Texas
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SN748201, SN748301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

logic symbols

SN745201 SN748301
) RAM 256 X 1 RAM 256 X 1

A0 0 Aol 0

a2 a1 2

a2 A18) Az 18)
) )

A3 0 A3 [

Ag 1) A 25 as 2 A 25

T s o

A6 A6 ——

azidl_d, ar e 1o

51 (3) ~ 5 1 (3) o~ &

52 4l ] G1 52 4 G1

=2 8) = 5)

R/W 12 1EN [READ] W ] 1EN [READ]
_E 1C2 [WRITE] —E 1C2 [WRITE]

R
o {fazm — AUEL5 R I ~)

schematics of inputs and outputs

al

EQUIVALENT OF EACH INPUT ‘S201 OUTPUT ‘S301 OUTPUT
Vce — —- - —————¢—Vcc
> >
b3 58 0 NOM 2
4 4
r OUTPUT

' —
—1r—~£
>
OUTPUT
b3
¥ t J}

AAA,
vV

SINVY

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

Supply voltage, Ve (see Note 1) . .. .. ... e 7V
INPUL VOILAGE . . . . o oottt et e e e e e e e 5.5V
Off-State outpUt VOItage . . . . .. .. ..ottt e e 5.5V
Operating free-air temperature range . . . .. ... ... ...ouuituneuiunn s 0°C to 70°C

Storage temperature range

5-30
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SN74S201, SN74S301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

recommended operating conditions

SN745201 SN748301 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vccisee Note 1) 4.75 § 6.25 | 4.75 5 5.25 \%
High-level output voltage, VoH 5.5 v
High-level output current, Ign -10.3 mA
Low-level output current, Ig 16 16 | mA
Width of write pulse (write enable low), tw(wr) 65 65 ns
Address before write pulse, tgy(ad) [23 [s23
Setup time Data before end of write pulse, tgy(da) 65t 651 ns
Chip-select before end of write pulse, tgy(5) 651 651
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(§) ot [oX}
Operating free-air temperature, Ta (4] 70 [o] 70 °C

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

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

noted)
‘'$201 ‘'$301
PA CONDITIONS
RAMETER TEST ONS MIN TYPt MAX | MIN TYP? Max | U7
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 v
ViK  Input clamp voltage I = —18 mA -1.2 -1.2 v
VIH=2V,

High-level 2.4 A"
VoH High-level output voltage IoH = MAX
VoL Low-level output voltage VIH=2V, lgL = 0.45 0.45 \

. VIH=2V,|Vo = 40

| High-level output t A
OH igh-level output curren Vo = T00] *
oz Off—state output currer.n, Vee = MAX, Vi =2V, 40 WA

high-level voltage applied VOH = 24V

Off-stat 1, t, Vi = MAX, Vi =2V,
lozL state output curre‘n cC IH _40 WA

low-level voltage applied VoL = 05V

Input
0 .npu current at maximum MAX, V| = 5.5V 1 1| ma (2]

input voltage E
hH High-level input current = MAX, V| =27V 25 25| uA <
L Low-level input current MAX, V| = 0.5 V —250 —250 | uA [«

Short-circuit output
I -30 -100 mA
OS  current$
lcc  Supply current See Note 2 100 140 100 140 | mA

IFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
LAl typical values are at Vcc = 5V, Ta = 25°C.

$Duration 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.

X
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SN74S201, SN74S301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

‘S201 switching characteristics over recommended operating ranges of TA and V¢
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
tajad) Access time from address G = 30 oF 42 65 ns
ta(S) Access time from chip select (select time) SLee Notep3' 13 30 ns
tSR Sense recovery time 20 40 ns

. i i From S Cp = 5 pF,
tpxz Disable time from high or low level — 9 20 ns
From R/W See Note 3
‘S301 switching characteristics over recommended operating ranges of Ta and VcC
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP? MAX | UNIT

t, Access time from add 42 65

a(ad) ress CL = 30 pF, =

ta(S)  Access time from chip enable (enable time) R 300 @ 13 30 ns

- L1 = 2

t Sense recovery time 20 40

SR Y _ Ry = 600 2, ns
Propagation delay time, low-to-high-level F S 8 20

tPLH ropag: elay time, low-to-high-leve! rom _ See Note 3 ns
output (disable time) From R/W 15 35

*All typical values are at Ve = 5V, Ta = 25°.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

$)
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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 ::-';:m ~-jg: :::2:42:
N R N A
8-Bit Product in 40 ns Typical Tor viEw
e Expandable for N-Bit-by-n-Bit Applications:
16-Bit Product in 70 ns Typical 2¢ [ Uied vec
32-Bit Product in 103 ns Typical 28 Q2 sJ 20
. . L 2a (s 1a[d GA
e Fully Compatible with Most TTL Circuits s 13 % GB
e Diode-Clamped Inputs Simplify System 1A Qs w2 va
Design B s nfJ Y5
icr 1w[d ve
escription GND (s o] v7
These high-speed TTL circuits are designed to be used SN54285 . ..J OR W PACKAGE
in high-performance parallel multiplication applica- SN74285 ...J OR N PACKAGE
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 2C 1 Use j Vce
is generated with typically only 40 nanoseconds 28 2 1] 2D
delay. 2a [0z 1a[d GA
This basic four-by-four multiplier can be utilized as a :2 E; :::j] s(?
fundamental building block for implementing larger 18 e w1
multipliers. For example, the four-by-four building 1c O 0[] v2
blocks can be connected as shown in Figure B to GND 8 ° Y3
generate submultiple partial products. These results
can then be summed in a Wallace tree, and, as
illustrated, will produce a 16-bit product for the two logic symbols
eight-bit words typically in 70 nanoseconds. ‘284
SN54H183/SN74H183  carry-save adders and w8 %
SN54S181/SN74S181 arithmetic logic units with the 18—(76)—~ °
SN545182/SN745182 look-ahead generator are used a1 12)
to achieve this high performance. The scheme is ;i 3] : ;_11_)_:;
expandable for implementing N X M bit multipliers. 2842 } m2q [ 110 _vg
cllfpa 51O,
The SN54284 and SN54285 are characterized for 20 :;’; 3
oper:tnon over :he full military temperature range of g-‘; (1a), T]f"
—55°C to 125 C; the SN74284 and SN74285 are 17
characterized for operation from 0°C to 70°C. =
'285 <L
e O =
o P
1D (4) 3 0 (12) Yo
2a8_lo 1) yy
n } e
2c 3 Y3
2073518
22 (14| TlEN

Pin numbers shown are
for J and N packages.

‘i Copyright © 1985, Texas Instruments Incorporated
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SN54284, SN54285, SN74284, SN74285
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

schematics

EQUIVALENT OF
EACH INPUT

Vee —_1P'_— -

2 '
S6kaNom

woor—g N\ g

r'y

TYPICAL OF

ALL OUTPUTS

OuUTPUT

BINARY INPUTS

WORD 2 WORD 1
N A\

-
723 22 21 0 ‘28 2 2 20"

20 2C 28 2a 1D I1C 1B 1A 20 2C 28 2A D 1C 1B 1A
5 GA GA
SN54284/SN74284 SN54285/SN74285
GB GB
Y7 Y6 Y5 va Y3 y2__ v1 Y0

> D] N
S NE2 6 25 24 23 22 21 20
» \%

BINARY OUTPUTS

FIGURE A—4 X 4 MULTIPLIER

534 Texas ‘Q’
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SN54284, SN54285, SN74284, SN74285

4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS
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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, V¢ (see Note 1)

Input voltage

Operating free-air tempe

Storage temperature range

NOTE 1:

recommended operating conditions

rature range: SN54’ Circuits

7V
.. ... 55V
—55°C to 125°C
0°C to 70°C
—65°C to 150°C

Voltage values are with respect to network ground terminal.

SN54284 SN74284
SN54285 SN74285 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Ve 45 5 55 | 4.75 5 5.25 v
High-level output voltage, VoH 5.5 5.5 \2
Low-level output current, I 16 16 | mA
Operating free-air temperature, T —55 125 o] 70 | °C

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

PARAMETER TEST CONDITIONS MIN TYPI mAX JuniT
V4 High-level input voltage 2 v
ViL Low-level input voltage 08| V
Vi Input clampvoltage Vee=MIN, 1 =-12mA -15| V
. Vec=MIN, V=2V,
loH High-level output current 40 | uA
ViL=08V, VoH=55V
Vec=MIN. | -12mA 04
VoL Low-level output voltage ViH=2V, A\
ViL=08V loL =16 mA 0.45
h Input current at maximum input voltage Vee =MAX, V=55V 1| mA
i  High-level input current Vee =MAX, V=24V 40 | nA
I Low-level input current Vce = MAX, V| =04V -1 mA
Vce = MAX,
5 €C ™ 1" | sN54284, SN54285
Ta=125°C, 99
N package only
lcc Supply current See Note 2 mA
Ve = MAX, | SN54284, SN54285 92 110
See Note 2 SN74284, SN74285 92 130

SNVY

type.

$An typical values are at Vee=5V,. Ta= 25°c.

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

NOTE 2: With outputs open and both enable inputs grounded, Icc 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, Vcc =5V, TA =25°C

PARAMETER TEST CONDITIONS
tpLH Propagation delay time, low-to-high-level output from enable Cy =30 pF to GND,
tpHL Propagation delay time, high-to-low-level output from enable R1 =300 2 to Vg,
tpH Propagation delay time, low-to-high-level output from word inputs R 2 =600 2 to GND,
tpHL Propagation delay time, high-to-low-level output from word inputs See Note 3

MIN _TYP__MAX JUNIT
20 30

20 30| "
20 60

ns
20 60

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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M SN54S484A, SN54S485A, SN74S484A, SN74S485A
Lsi , BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

D2634, JUNE 1979 —REVISED FEBRUARY 1984

SN54S484A, SN74S484A, BCD-TO-BINARY CONVERTERS
SN54S485A, SN74S485A BINARY-TO-BCD CONVERTERS

® Significant Savings in Package Count SN54S484A, SN54S485A . . . J PACKAGE
Compared with SN54184, SN54185A, SN54S484A, SN54S485A . . . J OR N PACKAGE
SN74184, or SN74185A (Over Half in (TOP VIEW)
Many Applications) el vee
@ Three-State Outputs o[> F
INPUTS c[ls G INPUTS
description B[4 H
s . Alls G2
These monolithic converters are derived from the Y1 E s a1 } ENABLES
TBP28L22 factory-programmed read-only v2 7 v8
memories. Both of these converters comprehend OUTPUTS va[s Y7
that the least-significant bits (LSB) of the binary va s Y6 OUTPUTS
and BCD are logically equal, and in each case, GND G’O 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
SN545484A SN54S485A
SN74S484A SN74S485A
= (s BCD/BIN BIN/BCD
Gl 2l & =, Al &
G2 16 EN 8= EN
G2 18~
(5)
P I —
B (4) iﬁz 287 —%— Y1 ®) >318Vo +
7,
(3) 4 Vp——1 Y2 A 2 (6)
c 8 | 6
I 88 vs PR — 2aV [~ V1
o {2 ':OVB 168 V2L va e 1, evl® v2
g A 2 325V -‘%’— s ) :f’ 16 «v o
g 19 0 6437 i13; Y6 E —(1-'9— 32 10a ¥V o Ya
G (18) 80 128BV-WY7 F_(—18J)_— 64 20a Y ﬁYS
g a7 256 3 Vp—— Y8 G ———oyp 128 400 7 = Y6
—— 160 W a7 256 e 02 .,
160 « 7 L (13 vg
i Copyright © 1979, Texas Instruments Incorporated
EXAS b
INSTRUMENTS

)
=
<
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SN54S484A, SN54S485A, SN74S484A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54S484A/SN74S484A vs SN54184/SN74184

. MAXIMUM TYPICAL
DECADES PACKAGE SUPPLY ACCESS TIME
COUNT CURRENT @Ta = 25°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
9 27 62 4.02 6.14 567 540

SN54S485A/SN74S485A vs SN54185A/SN74185A

MAXIMUM TYPICAL
BINARY PACKAGE SUPPLY ACCESS TIME
BITS COUNT CURRENT @7Tp = 25°C
(A) (ns)
‘S485A | ‘185A ‘485A | ‘185A ‘S485A ‘185A
8 2 3 0.25 0.30 72 81
16 8 16 1.12 1.68 252 216
24 19 40 2.67 3.96 459 351
32 33 74 4.78 5.45 612 486

s [
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SN54S484A, SN54S485A, SN74S484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54S485A, SN74S485A
BINARY-TO-BCD CONVERTER

SN54S484A, SN748484A
BCD-TO-BINARY CONVERTER

FUNCTION TABLE

FUNCTION TABLE

QUTPUTS
Y7 Y6 Y5 Y4 Y3 Y2 Y1

Y8

4

160 80 40 20 10 8

INPUTS

D C B A

G F E

H
256 128 64 32 16 8

2

a4

H H H H H

L

thru

~ 4

OUTPUTS
Y7 Y6 Y5 Y4 Y3 Y2 Y1

Y8

2

a

128 64 32 16 8

7

Invalid BCD code
(Al outputs are high)

INPUTS

2 | 256

4

160 80 40 20 10 8

irrelevant

X =

low level

L=

H = high level

o

BCD INPUT

LSD

SINVY

- —_—
P pe— W — O
& — WT|4
- 8
fa— L] =
o® y >I s\
3 <
2 o] 5 <f_o
2 z 32
z g
< N 8 wl_o
z"” 3 1"
) S o
— ® -
3 Z g-s
(-] @ o
—— ]
B St
© © =]
8 — Y.Im 2
-
-
N —— S
[P nY‘||.4
<
2 o
| o—© y YulB
<
=) S R )
=—0 M > -
<
[<J— wl__o
N > (]
m
—_— oL 3
g z > ®
©
(8—f 58
[=] ©
7] oL
s m T > &

LSD

BCD OUTPUT

BINARY OUTPUT Ls8

msB
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SN54S484A, SN54S485A, SN74S484A, SN74S5485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

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

Supply voltage, Voo (see Note 1) .. ... .. .. 7V
INPUL VOItage . . . .. ..o 55V
Off-state output voltage . . . . . . .. .. ... 55V
Operating free-air temperature range: SN54S484A, SN54S485A . ... ... ...... -55°C to 125°C

SN74S484A, SN74S485A ... ............. 0°C to 70°C
Storage temperature range . . . ... ... ...t i ittt —-65°C to 150°C

recommended operating conditions

SN548’ SN74S’
MIN NOM MAX [ MIN NOM MAX unIT
Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 5.25 \
High-level output current, loH -2 -6.5 | mA
Low-level output current, g 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 CONDITIONS T MIN  TYP! MAX UNIT
ViH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \%
VIK Input clamp voltage Vce = MIN, Ij = =18 mA -1.2 \2
VoH  High-level output voltage I\;‘:‘V:MM:;'(’ ViH =2V, VL =08V 24 31 v
Vce = MIN, VIH =2V, ViL =08V

VoL Low-level output voltage 0.5 \

loL = MAX

Off-state output current,
| V = MAX, VIH =2V, Vo =24V 50 A
OZH high-level voltage applied cc 1H o w

Off-state output current,

lozL low-level voltage applied Vee = MAX, ViH =2V, Vo =05V ~50 A

I !nput current at maximum Vee = MAX, Vi = 55V 1 mA
input voltage

hH High-level input current Vce = MAX, V=27V 25 rA

L Low-level input current Vee = MAX, Vip =05V -0.25 mA

los Short-circuit output current’® Vee = MAX, -30 - 100 mA

Icc Supply current Vee = MAX, See Note 2 75 100 mA

SIVY ﬂ

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

PARAMETER TEST SN54s’ SN74S’ UNIT
CONDITIONS MIN TYP¥ MAX MIN TYP} MAX
ta(A) Access time from address Ci = 30 pF.See Note 3 45 75 45 70 ns
ta(S) Access time from chip select L Pr- 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 Vo = 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, SN54S485A, SN74S484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

schematics of inputs and outputs

Vee

EQUIVALENT OF EACH INPUT

20 k2
> NOM

<
<
s
b #

A
VA

<
<

INPUT
li J%

TYPICAL OF ALL OUTPUTS

Vce
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

- 80
L 70 +
3 60
3 50 |
"
w
q
x 40 -
SN54184/SN74184 g SN54185A/SN74185A
L 30 +
. 20 +
r 10
SN54S484A/SN74S484A SN54S485A/SN74S485A
e ol 7 N . . )
0 1 2 3 4 5 6 7 8 9 0 4 8 12 16 20 24 28 32

DECADES

BINARY BITS

ﬁmms*y
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SN54S484A, SN745484A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S484A, SN74S484A

8 4 2
8421 8421000
00 g g 8 4 2 KK KKOQOQ T
9 =
8 4 21 T 200 g 8 3 (2]
84 21 20 084 1 1
= 20
— Faa 1111
0
26 | 24 | 22 | 20 = 0 25| 23| 21 [ 64 - 2 ]
25 23 21 4" 927" 5 = 2]5 l 2'3! 211
29 827 L 24 22 20
28 2 312111 29 | 57
2 212 2102 282 26
2-DECADE- 3-DECADE- 4-DECADE-
BCD-TO-BINARY BCD-TO-BINARY BCD-TO-BINARY
CONVERTER CONVERTER CONVERTER

2.048K
29 27
216 | 214 | 212

215 212 211
o o) 5-DECADE- 6-DECADE-BCD-TO-BINARY
> BCD-TO-BINARY CONVERTER
g CONVERTER
L] *SN54184A/SN74184A can be used.
K = 103, M = 106
i
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E
INSTRUMENTS



SN54S484A, SN74S484A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S484A, SN74S484A

204.8K

640
[TT
28K
111
C A

~N

48K J210| 28 | 26

l l 29 27
215] 213 | 211

214 212

L * 655K

] 2
65.536K
2232211219 | 217
222 220 218 216

7-DECADE-BCD-TO-BINARY
CONVERTER

L1171

25

B

24 22

54

20

210 28 | 26

l l 29 27
21

2

.048K

@

2
214 o1

8-DECADE-BCD-TO-BINARY
CONVERTER

*SN54184A/SN74184A can be used.
K =103, M = 106

RAMs m

s X9
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SN54S484A, SN54S485A, SN74S484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S484A, SN74S484A

0

33.6M

229
2:

9-DECADE-BCD-TO-BINARY
CONVERTER

*SN54184A/SN74184A can be used.
K =103, M = 106

TYPICAL APPLICATION DATA

- SN54S485A, SN74S485A
» 25 23 21
24 | 22 | 20
4218421
6-BIT-BINARY-TO-BCD 7-BIT-BINARY-TO-BCD 8-BIT-BINARY-TO-BCD
CONVERTER CONVERTER CONVERTER
*SN54185A/SN74185A can be used.
K = 103, M = 106
i
5.44 Texas b
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SN545485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

29 27 210 28 26
28 | 26 29 | 27
- 64 24 22 20
25 | 23 | 21
L] 421
C 20 °
: 3843
* 200 b
]
21
KKOO
9-BIT-BINARY-TO-BCD 10-BIT-BINARY-TO-BCD 11-BIT-BINARY-TO-BCD
CONVERTER CONVERTER CONVERTER

212 210 28 26

4 21 4 42 8
KKKOO KK KKOO
00 00
12-BIT-BINARY-TO-BCD 13-BIT-BINARY-TO-BCD
CONVERTER CONVERTER

*SN54185A/SN74185A can be used.
K = 103, M = 106

»
=
<
o
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SN545485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

* 20

£ 1M

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

212
213 |21
27

29
48 10] 28 | 26
2
64 25

22 20

z3|21

4
K

I *

£ 1]

RO =

8 42
K K K

14-BIT-BINARY-TO-BCD

CONVERTER

215 213 211

214 | 212
+2048 210 | 28 | 26
64

]

=

29 27

o

1

6-BIT-BINARY-TO-BCD
CONVERTER

*SN54185A/SN74185A can be used.

K =103, M = 106

xoa
AON.
xO=

x®

1
K

oo

00
00
42
K K

15-BIT-BINARY-TO-BCD

! ! 213 |z11

CONVERTER

216 214 212
215
27

|1

29
2048 10 I 28
111

= [ =20

L 64 _J25

—

L1171

L
+1]

_‘

2
masaalll
[_mk _Ji842

0 KKK

K

xO®

4
0
K

X0 O
xon

17-BIT-BINARY-TO-BCD

CONVERTER

5-46

TEXAas
INSTRUMENTS

R



SN545485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN748485A

218 216

217 215 213 2m 217

216 | 214 | 212 = 214 212
£ 29 27 *65.536K 151213 | 211
]2048 210 2[3 le
1N 11Tl # 22 2 | ]ze
[ 2028k 11C 64 |25|23|z1 -L-TYIL_LllI ITTI | 24 22 20
[TTITIIT II11 2048 1
L 640 1L
L1 TTTT
[ 6.4K ] 20
200 18 4 2
000 O
0
o 1§ 5
LTI 11 000
— R
0 K KK
21842 K
00000
00 KKK
K K
18-BIT-BINARY-TO—BCD 19-BIT-BINARY-TO-BCD
CONVERTER CONVERTER

219 217

218 | 216
L 214 212
* 65.536K 215 [ 213 | 211

2048 210 | 28 | 26

20-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K =103, M = 106

Texas M
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SN54S485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

219 217

220 | 218 | 216
214 212
* _65.536K 2151213 | 211
210

N
m

GAK 0 184 21
o
L1
64K 200 184 2
C Jl T
2K 1842°9°
g KOO O
= P lsaz 000
LYY T kK
[ 2o __Jisa:
0000
2184 2% KK
MMOO 0
000
K K K

21-BIT-BINARY-TO-BCD CONVERTER

221 219 217
2:

20 | 218 | 216
I 214 212

215 1213 | 211
i 21o| 218 | 26
Y

l | 24 22 20
[ 20.48 ] s |23 |20
[ l]l
40
[ 20 18421
TTTTTTT]
- § 4
L HJJ_Z%LLLHi 0

22-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K =103, M = 106
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SN548485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

222 220 218 216
21219

23-BIT-BINARY-TO-BCD-CONVERTER

223 221

220 218 216
* 2.097152M

215 213 211
65.536K

o
=
<
oc

24-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K =103, M = 108

*
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SN545485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

224 222

25-BIT-BINARY-TO-BCD CONVERTER

226 224 222

-1

26-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K = 103, M = 106

xas %P

. Te
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SN545485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

225 223 21
224 | 222
= 220 218 216
* 2.097152M 219 | 277
215 213 211
65.536K 214 | 212
+ ]
{ 655.36K
- * 6.5536M L
111
! 204.8K l
T 7088M ]
| 6
+ ] L1171
| 640K |
L__* 6am 1L
200K
) 7 i
M

27-BIT-BINARY-TO-BCD CONVERTER

227 225 223 221 *74185A CAN BE USED

-g—E_s‘ssaem 11 2048k | |1 64 2423 22 2120
[TLTIIT  TITT TIIL TITT
L 2.048M [l 6.4K ] 20 },L I Iz 1

28-BIT-BINARY-TO-BCD CONVERTER
*SN54185A/SN74186A can be used.
K = 103, M = 106
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SN545485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

&)

X
>
S
»

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

220 218 216
219 | 217

| |215 213 21

.536K ]| 214|212
210 28 26
][ 2048 |29 27
L[] [TT1]{l]25 23 2t
6.5536M 11 20.48K ] ([ 64 11 24 I 22 | 20
|

29-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.

|II||II o
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SN548485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

215 213 21
214 | 212
210 28 26
= 655.36K 2048 29 l 27 I
IIII IGMIIIlIII LI11 IIIMI |25423 21
6.553 20.48K 2 22
ST IO ITTITITIT 1] 11 [1 [TTTTI1 IIIII
¥ 65.536M [ 04.8K ] 1 640 111 2 ]
| lll] Illll|lll IllT!ll;
2.048M . 20 ]
£ 1 [TITTIITITITTTIITITI 0
[ 20.48M 11l 64K 111 200 41)335
L{ 111 llllllll RN 0

640K

*SN54185A/SN74185A can be used.

K =103, M = 106

30-BIT-BINARY-TO-BCD CONVERTER
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SN54S485A, SN745485A

BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

230 228 726

220 218 216

219 l 217 |
[ ] 215 213 211
! 212
|

210 28

25 23
[ ] 24|22

2

21

lll

|

1

L]
-

Tl

11

L 64M

*SN54185A/SN74185A can be used.
K =103, M = 106

=
>
=
»

31-BIT-BINARY-TO-BCD CONVERTER

o N—
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SN548485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

231 229 227 *74185A CAN BE USED

230 ] 228 | 226
-C._. ] 225 223 221
{ 67.108864M

20 218 216
’i +671.0886aM ] | [ 2 22192l217zl
TITTATTITT | |215 213 211
L 20.97152M ] 65.536K ]| 214] 212
£ 1] 10 28 26
¥200.7152M ] X 2048 zl 292 272
LITT LT TITTITT 1111125 238 21
6.5536M C 20.48K 11 64 ]'24lzzlzo
+] . 2makl[ Llll [Iljllllzl ll
[ 65.53 ] y 640
r?m—\ [T1 [TTTTTTTT
= * 655.36M J L 2.048M ] 6.4K 20 ! 8421
IERNEN I EEENEN ITTITTITITITTTTO
{ 20.48M [ 640K 200 J184 2
F I T T T T TITTITTI [ IIT [l[llllg"""
[ * 204.8M ] 640K 2K 1842
K0O0 O
[ am C 20K J18a2 °0°0
+] L] 11 IIIIIII[‘,’(K"K
[ 54M J1C 200K ]1 842
I TTITJITTITITTITTTIT18¢e0e
| * 640M J L 2M J1842
TTT™mooo0
IJ_LL#FLLLha‘tz eee
+ [TTT MMM
*200M 1842
o M mm
858 M

32-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K =103, M = 106

RAMs m
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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.

Copyright © 1984, Texas Instruments Incorporated
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INTRODUCTION

The purpose of this application report is to provide the
‘irst time user of field-programmable logic with a basic
inderstanding of this new and powerful technology. The
rerm “Field-Programmable Logic” refers to any device
supplied with an uncommitted logic array, which the user
srograms 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.

S. 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.

®PAL is a Registered Trademark of Monolithic Memories 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

PRODUCT

LINE 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 alogic 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——

)
A

¥

INPUTS

Vi

*_D_‘ PRODUCT TERMS

Y,
dd )y

PRODUCT

N,

LINES TT L/ L 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
D [+ B A

“OR"” ARRAY
(PROGRAMMABLE)

/"
“AND’* ARRAY
(FIXED)

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
!\,
\ /
\/
“AND” ARRAY
(PROGRAMMABLE) 03 02 01 Op

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 4 x1024 (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 01 Op

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
TIBPALI16LS8. 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
I/O ports. This allows feedback into the AND array. One
AND gate in cach 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 TIBPALI6L8 can be
expanded further to include D-type flip-flops on the
outputs. An example of this is shown in Figure 7 with the
TIBPALI6RS. 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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OUTPUTS
PO Pn

INTACT: OUTPUT = PO + P1 +

PO w t+ 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/O 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 /O 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

0Cc2

fic2
D

2 >

MO (INTACT)

M1 (BLOWN)

Figure 9.

ABEL™ is a trademark of DATA I/O.
CUPL™ is a trademark of Assisted Technology, Inc.
PALASM™ is a trademark of Monolithic Memories Inc.
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D-TYPE REGISTER
FUNCTION TABLE

cLock | b ja | @
t H|H]|L
+ L|L]|H
L X | Q)8

Qg = THE STATE OF Q BEFORE CLOCK t

Input Register Selection



LATCH FUSE INTACT

oc2
T 1C2
20 b
MO (INTACT)

M1 (BLOWN)

o000

TRANSPARENT LATCH
FUNCTION TABLE

ENABLE| D | 0o | @
H L|L|mn
H H|H|L

NI
Qg = THE LEVEL OF Q BEFORE ENABLE |

Figure 10. Input Latch Selection

DEFINE
APPLICATION

GENERATE
LOGIC EQUATIONS

]

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 CLKC
1 1 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

=Q 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 cither 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 overall goal will be
to reduce this design example into one PAL.

Applications
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'LS253 ‘LS162
SEL 0 —] Qo
SEL 1—]
cLk A—{ CLK cLK a
ocixs—y oOUT o Q2
CLK C — a3
CLK D—]
'LS688
Vce
Po ao
—{ P1 Q1 }—
JD—— P2 Qz2fp—
P3 Q3 v
8D P4 Q4 cc
P5 Q5
P6 Q6
P7 Q7
= |5 =
= | P-a
| I |

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

OO 0000000000000 0O0O0O0O0O000O0O0O0O0O0O0 oo
4 a8 s a4 a3 aa e e a2 0000000000 0O0OOOOOo
4 M 8 m A s 2 00000000 === 22 2 32 350000O0O0O0Oo0
- -k - 00 00 = == 20000 = = = 20000 = = = = 00 oo
4 2 00 4 20022002 =200==200m==200==00 = =200
- 020 -20—-0=2020=20=2=0=0=2=0=0=0=0=0=0 =20
b % s 2 000022 3 320000 === = =2 2 2000O0O0O0O0Oo

SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT

4 s 5 s m ma s a s a4 a e s 0000000000000 0 0o

3 o e g o s m s a o s a4 b 4 3 a3 a o oaa o s a oo oo
4 % m 8 Hm a2 2 00000000 = = = = 2 5 2 2000000 o o
45 e 2 00002 223 20000 === =20000=== 20000
4 2 00 32 200 = =200==2002==200=2==200==2200==00
- 020 20 2020202 0=220=2020=20=20=0=0=0 =20
- 0O -0 20 20 2020 =20=20==002==002==00==00
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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 TIBPAL16R4.

S0
S0,AB |
A A
$1,C.D — —
BE 1
1)1 R E ]
D
1|1 K
c
[ 1|1 OE
s1 | KN K KN K|
c 1f1] 1] (ENERERE |
1J1]1]1 [ |
— | I
B B

cLKOUT = 5i50aKEN + Sisofsfl + s1SokNck + s1sokiD
CLKOUT =Si50A + $1S08B + S150C + S1S0D

Figure 14. Karnaugh Map for CLKOUT

S0.AB r#
A A
S1,C,D\ — [ |
BE 1] 1
1] 1 1 o
1)1 1 1
¢ | E I 1]
1 Il
B ERE L] ]]4]
1111
c L1
|_ |_ | [OEaE
- T T
— —
B B

CLKOUT = S1S0A KK + SisokBY¥K + s1SokKCH + s1sokk¥D
CLKOUT = S1S0A + S1SOB + S150C + 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 Q2 Q1 Qo Q3 Q2 Q1 Qo
0 X X X X 0 0 o0 O
1 0 0 o0 o© 0O 0 o0 1
1 0 0 0 1 o 0 1 o0
1 0o 0o 1 0 0o 0 1 1
1 o o0 1 1 0 1 0 o0
1 0o 1 0 O 0o 1 0 1
1 0o 1 0 1 0o 1 1 0
1 0 1 10 0 1 1 1
1 0 1 1 1 1 0 0 o
1 1 0 0 O 1.0 0 1
1 10 0 1 1 0 1 0
1 1 0 1 0 10 1 1
1 10 1 1 11 0 0
1 11 0 O 11 0 1
1 11 0 1 11 1 0
1 1 1 1 0 1 1 1 1
1 1 1 1 1 0 0 o0 O

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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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 =BDQ3020100
Table 4. Truth Table

BDQ302Q01Q0 Q Q BDQ302Q1Q0 Q Q
0 0 0 0 O 0o 1 10 0 0 0 o 1
0 0 0 0 1 0o 1 10 0 0 1 [
00 0 1 0 0o 1 10 0 1 0 0o 1
00 0 1 1 0o 1 10 0 11 0 1
00 1 0 0 0o 1 1.0 1 0 0 0o 1
00 1 0 1 0o 1 10 1 0 1 0 1
00 1 10 0 1 10 1 1 0 0o 1
o0 1 1 1 0o 1 10 1 1 0 1
010 0 0 0o 1 11 0 0 0 0 1
0 1 0 0 1 10 11 0 0 1 0 1
01 0 1 0 0o 1 11 0 1 0 0 1
01 0 11 0o 1 11 0 11 0 1
01 1 0 0 0o 1 11 1 0 0 0 1
01 1 0 1 0 1 11 1 0 1 0 1
01 1 10 0o 1 111 10 2 1
o1 1 11 0o 1 1111 0 1

FUSE MAP DETAILS

]Qo

Now that the logic equations have been defined, the
next step will be to specify which fuses need to be blown.

Before we do this however, we first need to label the

input

and output pins on the TIBPAL16R4. By using Figure 12
as a guide, we can make the following pin assignments in

Figure 17.
PIN
1 CLK 20 vccC
2 SELO 19 CLKOUT
3 SELI 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 i

nsert

the logic equations into the logic diagram as shown in

Figure 17.

Applications
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Figure 17. Programmed TIBPAL16R4



It is now probably obvious to the reader, that
inserting the logic equations into the logic diagram is a
tedious operation. Fortunately. a computer program
called PALASM will perform this task automatically. All
that is required is telling the program which device has
been selected, and defining the input and output pins with

DEVICE TYPE 146R4

FIN LIST NAMES =

FIN NUMBER = 1 FIN
FIN NUMBER = 2 PIN
FIN NUMRER = 3 FIN
FPIN NUMBER = 4 FIN
FIN NUMBER = S FIN
PIN NUMBER = 4 FIN
FIN NUMBER = 7 FIN

FIN NUMEER FIN

FIN NUMEBER FIN
PIN NUMBER FIN GND
FIN NUMRER FIN /0E

FIN NUMBER FIN BOOUT
FIN NLIMEER FIN
PIN NUMRER PIN
FIN NUMEER FIN
FIN NUMBER PIN

FIN NUMRER
PIN NLUMBER
FIN NUMBER
PIN NUMBER

FIN
PIN NAME
FIN NAME
FIN NAME

LA A T 1}

AND DESCRIPTION =

EXPRESSIOND 21 =

)+ #GO0

IOND 41 =
LR /028 /001 +02Z#01#Q0 +/02% /00

51 =

EXPRESSIOND 41 =
ZBROCIAT =/ RO/

23/ (1] #0610

their appropriate logic equations (Figure 18). The program
will then generate a fuse map (Figure 19) for the device
selected. Notice that the fuse map looks very similar to the
block diagram (Figure 17) which we have just completed
by hand. In addition, this information can now be down
loaded into the selected device programmer.

L SELO# /TR

R +/03#/02 +/023%/01 +/032% /00 +03#02%01] #50

Figure 18. Pin ID and Logic Equations
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6-20

0000 0000 0011 1111 1111
Q123 AT4L7 2701 2345 L7239

Xmmm Kmm= mmmm mmmm mmee omm e —mee
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
XXXX XXKX XXXX XXXX XXXX XXXX XXXX XXXX

________ - ———— e e =K ————

) e 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 XXKXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XAXX XXXX XXXX XXXX XXXX

e o= —e ) e 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

———— e =X m= X =X =X e ——e 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
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
/BDOUT =

e S G R e 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

Figure 19. Fuse Map

N RN =D

-
Mo D

W

15
14
17
13

20

21

23

/SELL#/SELOR/CLEKA+

/CLR+
(2]

/CLR+
/AL %/ Q0+
Q1#EO

rarra zaris]

/CLR+
/O3R/IO2H
JRER/ QL+

/3% / QO+
QIHEIHO L #B0

/BLBEQ3R% /2% /T L #B0



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/O’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 fiax. Also available is a new, higher
speed family of devices called TIBPALs. 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 fiax. 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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modnte BDOCOUNT flan
title “8-hit tanarv/decade counter

ICT  devire “F1&4R47-

» pin assionments and constant declarations

CLK_IN SELO SEL1.CLKA  npin
LKB, CLES  CLKD pin
CLR,BD_IN.OE pin
BLLIUT, CLK_OUT oin 12.19:
R 1.00 pin 14,15,14,17-
L.H, X Z = 0.1, .x. :

DUTPUT = N>, 01,0073;
‘ter states

S0="h0000; S4="00100, S2="61000- S12="b1100;
S1="60001 - S5="b0101: €9="b1001; S13="b11013
T="b0O010- S&="bO110;  S10="b1010; S$14="b1110;
="h0011 « £7="b0111: S11="b1011; S15="b1111;

equations
" clack selectar
CLE_OUT = CLEA % 'SELO &% 'SEL1 # CLKR % 'SEL1 & SELO
# CLKC ® SEL1 & 'SELO # CLKD & SEL1 & SELO;

" count nine indicator for decade counting
BD_OUT = '('BO_IN £ Q2 &% 'D2 & 'Q1 & QO):

state.dianram (Q2,02 71 007

IF CLR 0O THEN S0 ELSE
IF LR 0 THEN SO ELSE
IF CLR 0 THEN €0 ELSE
IF CLR O THEN S0 ELSE
IF CLR O THEN SO ELSE
IF CLR 0 THEN SO ELSE
1IF CLR O THEN SO ELSE
1F CLR 0 THEN SO ELSE
IF CLR O THEN €0 ELSE
IF CLR O THEN S0 ELSE
IF CLR O THEN SO ELSE
IF CLR 0 THEN SO ELSE
IF CLR 0 THEN S0 ELSE
JF CLR O THEN SO ELSE
IF CLR O THEN S0 ELSE
JF CLR 0O THEN SO ELSE
tars “clock selectar”

LKA, CLKB, CLKC, CLKD, SEL1, SELO]
L N X x X . L, L]
CH . X X, X L. L3
Cx Lo, X X L. H )
Cx ., H X, X, L, H 2

X X Lo, x . H, L7
X X H X ., H, [ |
rx X X . Lo, H, H ]
€ x X . X, H H, H

test_vectors “counter”

(COLE_IN, NE, CLR, BD_INJ (NUTPUT, BD_QUTI)
C < L. L X h] C H 1.
4 H, X 3 € H 3=
r H X 1 r H 1
L . H, X 3 C H 1;
C , H X 3 r H J:
C H, X 3 C H 1;
C H, X 3 r H J;
4 R H, X J € H 15
C H, X 3 r H J;
q . OH, [E | r L3
r . H X ] r H 1
C LM, X 1> H 1:
C H. X 1> H J:
4 . H, X 1 ->0 H 1
C . HL X 1 ->0 H 1
t H, H 1> H I
r H. X 1 ->¢ H 1;
C X, X 1>t H J:

end BD_COLNT

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

Devire IC1

Reduced Equations:

CLK_OUT = '((SEL1 % SELO & 'CLKD
# (SEL1 & 'SELO % 'CLKC
# ('SEL1 & SELO % 'CLKB
# !'SEL1 & !'SELO % 'CLKA)))):

RO_OUT = '(Q2 & '02 & '01 & Q0 & 'BD_IN);
N2 1= 12 & N2 & 01 % RO

# ('QR % Q2

# ('02 % 'O1

# ('O & '00

# 'CLR))IDI Y,

02 3= (02 %X 01 % QO # ('02 &% 'Q1 # ('02 & 'QO # 'CLR))));

01 2= '((Q1 & QO # ('Q1 & 'R0 # 'CLR)));
R0 1= '((RO # 'CLR)):
Page 2
ABEL (tm) Version 1.00 - Document Generator

4-bit binary/decade counter
Chip diagram far Module BD_COUNT

Device IC1

»
CLK_IN E Vee 5
SELO CLK_OuT ]
SEL1 [ g
CLKA[] Qo =
cks ] a1 2
cke Q2 <
CcLkD [ Q3
CLR[]
BD_IN[] BD_OUT
GND ] 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 1/0 (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 dual-in-line packages

Each of these dual-in-line 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 PACKAGE
(TENTATIVE SPECIFICATIONS)

12,9 0.508)
12,7 (0.500)

OAAAAAAAR

E] ||

10,65 (0.419)
10,15 (0.400)

7.55 (0.297)
7.45 (0.293)

TIEUBBUI0T

] 7° NOM
4 PLACES 9.0 (0.354)

2,65 (0.104) 8,6 (0.338)

rihilad) 0.5 (0.02) X 45°
2,35 (0.093)
[

A -

0,30 (0.012) N L"—f;e \
—_— 0,490 (0.019) 4° 24° 7° NOM
0,10 (0.008) | | —J L—— r’ BN 1,27 (0.050)

0,350 (0.014) 0,320 (0.013) 4 PLACES 5%0710.016)

e

0,785 (0.031) ' ' 0,230 (0.009)
. 031) |
0,585 (0.023)

1,27 (0.050) TP

ALL LINEAR DIMENSIONS IN MILLIMETERS AND PARENTHETICALLY IN INCHES

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.

Mechanical Data

~
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MECHANICAL DATA

DW plastic dual-in-line packages (continued)

24 PIN PACKAGE
(TENTATIVE SPECIFICATIONS)

15,5 (0.610)
15,3 (0.602)

AONAAAARAAAN

R

10,65 (0.419)
10,15 (0.400)

7.55 (0.297)
7,45 (0.293)

HHHHUHHHEHE

9,0 (0.354)
7° NOM I 86 (0.338)
4PLACES 0,5 (0.02) x 45° -1
A\
¥ At
/ r —h
13 ‘ I\————r |
n ) j—{
0,490 (0.019) o, 7° NOM
0,10 (0.002) . "l I"'o,sso 10.014) T‘ a0 4PLACES
0.785 (0.031) _| 1 0.320 (0.013) 1,27 (0.050)
By 0,230 (0.008) 24010018
0,585 (0.028) 1.2710.060) TP

ALL LINEAR DIMENSIONS IN MILLIMETERS AND PARENTHETICALLY IN INCHES

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.

eleq |esiueyoay
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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 PACKAGES
(28-terminal package shown)

CERAMIC CHIP CARRIERS

JEDEC

NO. OF A B
OUTLINE
DESIGNATION*® TERMINALS MIN MAX MIN MAX
8,69 9,09 7.80 9,09
Msoo4ce 0 (0.342) (0.358) {0.307) (0.358)
MS004CC 2 11,23 11,63 10,31 11,63

(0442) _ (0458) | (0.406) _ (0.458)

16,26 16,76 12,58 14,22
MS004CD a“ (0.640) _ (0.660) | (0.495)  (0.560)
18,78 19,32 12,58 14,22

MS004CE 52 (0.739) _ (0.761) | (0.495)  (0.560)
2383 24,43 12,6 218

MS004CF 68 (0.938)  (0.962) | (0.495)  (0.862)

. a4 28,83 2959 12,6 27.0

(1.135)  (1.165) | (0.495)  (1.065)

*All dimensions and notes for the specified JEDEC outline apply.

051 (0.020)
0,25 (0.010) —“

ﬂ 51 (0.020) 1
0.25 (0.010)
1,40 (0.055)
1,14 (0.045) UM
0,89 (0.035)
X 2,03 (0.080)
056 (0. 022)“1 o fora e 050’_,‘ F I 85 Goeat

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

TeExas {'P
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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 (0.050)
centers. Leads require no additional cleaning or processing when used in soldered assembly.

eleq [edlueydspy

~

FN PLASTIC CHIP CARRIER PACKAGE
(28-terminal package shown)

— e —

/Mo
NO.OF A B C % 97 16 5 34 33 —
TERMINALS MIN MAX MIN MAX MIN MAX 7o s 12
20 9,70 10,03 8,89 9,04 8.08 8,38
(0.382)  (0.395) | (0.350)  (0.356) | (0.318)  (0.330) 19 n
28 1224 1257 1143 1158 10,62 10,92
(0.482)  (0.495) | (0.450)  (0.456) | (0.418)  (0.430) 20 1]
21 9
22 8 B A
23 7J |
[‘24 6
25 5
26 27 28 1 2 3 4
4,78 (0.188) (©)
* 4,06 (0.160)
1,14 (0.045) 1,14 (0.045) X 45° 4—»
0,63 (0.025) NOM
2,41 (0.095) MIN __ B
1,27 (0.050) X 45° —}
NOM
f A |
0,25 (0.010) R
MAX \
—
4 f s ooy
1,19 (0.047
0,81 (0.032) f _0.46 (0.018) I
0,66 (0.026) | 70,36 (0.014)
3° NOM[ /

'._¢|._1 52 (0.060) MIN

3° NOM

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

{i,
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MECHANICAL DATA

J ceramic packages (including JT and JW dual-in-line and JQ quad-in-line packages)

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 JT packages are intended for insertion in mounting-hole rows on
7,62 (0.300) centers, JW packages for mounting-hole rows on 15,24 (0.600) centers, and the JQ quad-in-line
package for mounting-hole rows on 15,24 (0.600) and 20,32 (0.800) 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: Forthe 14-, 16-, 18-, 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 (0.755)
Falls Within JEDEC TO-116 and
"E1AMO.001AA Dimonsions OOOO®OO
0,63 (0.025) R NOM -\p
L3 ¢
287 (0310) VUVVYUYTL
7,37 (0.290)
211 (0200 COOO®OGO
6.22 (0.245)
i ~+ 127 051(0.020) MIN—] —»| | 178 (0.070) MAX 14 PLACES
(0.050) NOM 5 0 1 Guas
5,08 (0.200) ‘L SEALANT
MAX
A
- SEATING PLANE ¥ 059 0.027 N

2050
907 14 PLACES

14 PLACES
e wllep2t :g-gf;i 14 PLACES
0,356 (0.014) 3,30 (0.130) 254(0100) M
";ﬁi‘:é’:: MIN 77870070) PIN SPACING 254 (0.100) T.P.
4PLACES See Note A)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

16-PIN J CERAMIC

19,94 (0.785)
19,18 (0.755)

| |
(CIOIOXOXORCXO]
MNARANAAA
3 ¢ 0,63 (0.025) R NOM \‘;
7.87 (0.310)
7.37 (0.290)
7,11 (0.280) PYVYVYYYH
2,110.260)
6,22 (0.245) 0RO ®
*‘! l-—— 11,27 (0.050) NOM - r:,n (0.070) MAX 16 PLACES
T 1 [ SO GLASS
5,08 (0.200) SEALANT
11 MAX KR
] - SEATING PLANE —— L
1057 05100208 -] } 0.69 (0.027) MIN
T eLaces _mMIN 12 PLACES
N /—\‘ 0356 (0.014) 3390130 | 0,58 (0.023)
0,203 (0.008) MIN ‘ 03610018 16PLACES
16 PLACES | ), 5)
0,305 (0.012) MIN | ’L H
4PLACES 137 00500
PIN SPACING 2,54 (0.100) T P. x = 4 PLACES
o g 0,38 (0.015)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

1.Fm memoaries of 64 bits and up and a few MSI/LSI products in Series 54/74 and Series 54S/74S that are deriv-
ed from memory circuit bars, this maximum is 7,62 (0.300). All other dimensions apply without modification.

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

Texas b
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MECHANICAL DATA

J ceramic dual-in-line packages (continued)

18-PIN J CERAMIC
23,1 (0.910) MAX
¢ ¢ 7,87 (0.310)
7.37 (0.290) 0,63 (0.025) R NOM“'\‘
762(0.300) [AATATAVATATATAN
e ofeloYololoYofolo
_.i 1.27 (0.050) NOM 051 (0.020) r—1,7a (0.070) MAX 18 PLACES
MIN
—t GLASS
5,08 (0.200) o sEALANT
MAX s
SEATING PLANE
105° 3,30 (0.130) | 0,69 (0.027) MIN
MIN 14 PLACES
19 PLACES ox6 0o F 058 (0.023)
n{?&‘:&?gg, —.| 0,38 (0.015) 18 PLACES
1,27 (0.050)
PIN SPACING 2,54 (0.100 P vl
s (o100 0,38 (0.015) ¢ PLACES
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
20-PIN J CERAMIC
24,76(0975)
23,62(0.930)
BO®E®OOO®
| |
0,63 (0.025) R NOM
3 [
2,87 (0.310)
7,37 (0.280)
762 (0.300) |V ATAVATAVAVATATAN
6220245 OOOOOOOOO®
_ﬂ r_u_ 1,27 (0.050) NOM 0,5'|M1I(:“,020) j r—— 1,78 (0.070) MAX 20 PLACES
GLASS
5,08 (0.200) I p— & SEALANT
MAX
105 SEATING PLANET[QW—‘—
3,30 (0. 0,69 (0.027) MIN
90" MIN -ﬁ 16 PJACES
20 PLACES ”\ 0,356 (0.014)
0,203 (0.008) 0,305 (0.012) Mm.’ <—‘ 0.58 10.023) g ) pces
20 PLACES 4PLACES J “’f‘;""}‘;?‘
0,38 (0.016) * PLACES
PIN SPACING 2,54 (0.100) T. P.
(See Note A)
ALL 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.

*p
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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

®EEOOEOOOO®B®
TATAVAYd VA VaTATATATAVATAN

¢ 0,63 (0.025) R NOM
8,26 (0.325)
7,37 (0.290)

162 (0.300) AT TATATATATATATATAY)
6,22 (0.245) . @@@@@@@@@

0,51 (0.020)
"l 1,27 (0.050) NOM MIN 1,78 (0.070)

| ———Y r— .76 (0.030] 24 PLACES GLAsS

¥ SEALANT
5,08 (0.200)
Mix

SEATING PLANE
1 T *‘—069 (0.027) MIN
24 PLACES 24 PLACES
0,356 (0.014) 0,58 (0.023)
3,30 (0.130) — S
”\\‘ 0,203 (0.008) MIN e— —-{ 0.38 (0.015) 24 PLACES
24 PLACES
PIN SPACING 2,54 (0.100) T.P.
2,54 (0.100) MAX (See Note A)
4 PLACES
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
24-PIN JW CERAMIC
32;8(1.290)
31,3 (1.235)
OOV OOO®®
ATATATATATATATAYATATATA!
0,63 (0.025) R
NOM
¢ ¢ K/ K/ VAV
15242026 |
(0.600 1 0.010) 14,2 (0.560) @ ® @ ®®
D 1l 13,1 (0.515) 1.9110.075)
—| 111,27 (0.050) Nom { 127 (0.0501 1,78 (0.070) MAX 24 PLACES e
| — GLASS SEALANT l7 0225
// K \SE:. PLANE { i :'8
Logouses | e [T UUTTUIUUTT
0,30 (0.012) —wer o571 0.0207 4.06(0.160) 4 py aces
¥ 0,51 (0.020) - 31710125
0,20 (0.008) m - on {:.DZBJ ;VIIN - 2554 (0.100) ces
24 PLACES 24 PLACES - . 24 PLACE 752 (0.060) 4 PLAC
PIN SPACING 2,54 (0.100) T. P.
(See Note A}
Falls within JEDEC MO-015AA dimensions
ALL 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.
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MECHANICAL DATA

ceramic packages — side-braze (JD suffix)

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads.

--—----
>

B MAX

C NOM
¢ ¢
'c—— A——D‘ “ — 5,1 (0.200)
0,51 (0.020) MAX
MIN l
SEATING A 4
108° PLANE ‘ F
i B
a7 B 0.060) L 3,05 0.120)
0,25 (0.010) 1.0210.0%0 MIN
NOM 0,53 (0.021)
2,54 (0.100) T-P. 038 0.015)
PIN SPACING -
(See Note A)
PINS 24 28 40 48 52 64
DIM
A + 0,25 (0.010) 15,24 (0.600) 15,24 (0.600) | 15,24 (0.600) | 15,24 (0.600) | 15,24 (0.600) | 22,86 (0.900)
B MAX 32,8 (1.290) 36,8 (1.450) | 52,1 (2.050) | 62,2 (2.450) | 67,3 (2.650) | 82,6 (3.250)
C NOM 15,1 (0.595) 15,1 (0.595) | 15,1 (0.595) | 15,1 (0.595) | 15,1 (0.595) | 22,6 (0.890)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

ejeq |edlueyoa

~

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
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MECHANICAL DATA

N plastic packages (including NT and NW dual-in-packages)

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within an electri-
cally nonconductive plastic compound. The compound will withstand soldering temperature with no deformation and
circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are intend-
ed for insertion in mounting-hole rows on 7,62 (0.300) centers for the NT packages and on 15,24 (0.600) centers for
the NW packages. 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 the 14-, 16-, 18-, 20-, and 28-pin packages, the letter N is used by itself since these packages are available in only one row-
spacing width: 7,62 {0.0300) for the 14-, 16-, 18-, and 20-pin packages or 15,24 {0.600) for the 28-pin package. For the 24-pin
package, if no second letter or row spacing is specified, the package is assumed to have 15,24 (0.600) row spacing.

14-PIN N PLASTIC

19,8 (0.780)

T Tweone
oleolelolelolo}
@ 24 (0.003) R NOM — %)
AL 2.8 (0.110) NOM —
—* £ 0.01
Y YeYe%E
=i (om0 1 00t 0]0]6]0/6]0]0)
10.250 £ 0.010)
2,0 (0.080) NOM
"1 r“ ~—=! |-1.78(0.070) MAX 14 PLACES
’ —L—r [ ]
025 (0.010) 5 0 (0.200) MAX MIN
NOM ¥
~SEATING PLANE ¥ 0,84 (0.033) MIN
1 H 14 PLACES
0284008
14 PLACES "“"m 2 o) e 04572 0076
e Abee 3,17 (0.125) MIN . (0.018 + 0.003)
2002 a1 | 14 PLACES
(See Notes B and C) (008020020 1 ™ (Swe Notws B and C}
4PLACES PIN SPACING 2,54 (0.100) T. P.
(e Note A)

Fafls Within JEDEC TO.116 and EIA MO.001AA Dimensions

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

r— 19,8 (0.780) MAX —-‘

16-PIN N PLASTIC

DEOAGO®E
DAANNNNA
b 7,621 0 =
| 76210 2,4 (0.083) R NOM
10.300 2 0.010) 2‘ o "m) =
. 6351025 8 (0.110) NoM—fad |
(0250 = 0.010) \7 \VAVAVAVAY
L 2000000 Now OOOOOOO®
N —e| j#—1.78 (0.070) MAX 16 PLACES
T ¥ ospmr
.25 (0.010) NOM N
5.08 wz:ny mAX ¢ '
h
108" ¥ 0,84 (0.033) MIN
o 12PLACES
16 PLACES 0281008
#0011 0.003) 3,17 (0.125) MIN B [ abysiitas
16 PLACES 1,66 (0.005) 16 PLACES
(See Notes B and C) 638 10.015) Notws B and C)
4PLACES PIN SPACING 2,54 (0.100) T.P.
(See Now A}

ALTERNATE SIDE VIEW
—o |@-1.78 (0.070) MAX 16 PLACES

L N 051 (0.020 ]
Parts may be supplied in accordance with the 5.08 0.200) MAX "3V
alternate side view at the option of Tl plants -

+ " 0,84 (0.033) MIN
located in Europe. In this case, the overall 16 PLACES
length of the package is 22,1 (0.870) max. 31700020 | —eife- 045710076

. (0,018 : 0003)
241 0.005)_| 16 PLACES
1,02 (0.040) PIN SPACING 254 (0.100) 7, 500 Nows B and )
4PLACES No

ALL 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.
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.
.Jl
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

¢ ¢
7.62+ 025
[ (0300 + 0.010)

| 99 (0.275) MAX

2,36 (0.093) R NOM ——+

N

4,06 (0.160) NoM ——a—|
U
0]0)

18-PIN N PLASTIC

23,4 (0.920) MAX

| 089 (0.035) M
18 PLACES

—w{ j@— 0457+ 0076

(0.018 + 0.003)
18 PLACES
{See Notes B and C)

e
‘.1 | 2,03 (0.080) NoM ~>{ @ 1.78 (0.070) MAX 18 PLACES
v 0,25 (0.010) NOM 051 (0.020) | ]
: 508 (02000 Max  MIN
——SEATING PLANE -
108 f -
18 PLACES -
’\\. 0,279 + 0,076 3,17 (0.125) MIN
{0.011 + 0.003)
18 PLACES
(See Notes B and C) 1
1910075 _, PIN SPACING 2,54 (0.100) T.P.
023 (0.009) (See Note A)
4PLACES

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

20-PIN N PLASTIC

e 2477 (0975) -l
I‘ 2322 (0914) M
DEOOO®O®OGO g @
NDNANNNNN
¢ 14 2,4 (0.093) R NOM——} B
_m.,zi:ﬁm 2,8 (0.110) NoM— o
Y Ye Y4
Fose: oo OJOJORORONOJONOJORC)
"1 r_ [ 20 (0060 NOM —{ |@—1.78 (0.070) MAX 20 PLACES
=3 5100201
025 0O0INOM ¢ 0 |o.:om MAX MIN ]
——SEATING PLANE ———
1080
50~
20 PLACES 0284008 ol
-¢-\ 0,011 +0003) 394 (0.155) «
\:.zxpuézssdcl 317 (0.126) L
iotes B an
1680066) |
PIN SPACING 254 (0.100) TP
0"2:Lf":°::' (Sea Note A)

ALTERNATE SIDE VIEW

—w| }®—1.78 (0.070) MAX 20 PLACES

0,84 (0.033) MIN
16 PLACES
04572 0,076
0.018 + 0.003)
20 PLACES

Parts may be supplied in accordance
with the alternate side view at the

0,51 (0.020)

5,08 (0 z‘om MAX "'I"

]

option of Tl plants located in Europe. T
In this case, the overall length of the

|

package is 26,7 (1.050) max.

e

.155)
126)

!

@]

1,02 (0.040)
apLACES

191 (0.075) —u

—of fe—
L PIN SPACING 254 (0.100) T .
(Sea Note A)

o 0.84 (0.033) miN
20 PLACES

0,457+ 0,076
0.018 : 0.003)
20 PLACES

ALL 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.

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.

{ip
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MECHANICAL DATA

| plastic dual-in-line packages (continued)

24-PIN NT PLASTIC, 0.300-INCH ROW SPACING

31,8 (1.250) MAX
@@@@@ .O@@@@
ATANATA ATATAYA
13 ¢ 2,4 (0.093) R NoM—
- (ng,.? 2'(2301 o 2,8 (0.110) NOM—
\WAVAVAVAVAVAVAVAVAVAVAW
} 7,1(0.280) MAX 0.38 (0.015) @@@@@@C’)@@@
—.| i: n 2,0 (0.080) NOM mn — ‘—2%’,%% 24 PLACES
= 0,25 (0.010) NOM o (’o.zom
“ MAX _v U
——— SEATING PLANE T || [fe- 000 (0.033) MIN
24 PLACES 24 PLACES

(0.011 + 0.003) (0.018 + 0.003)
24 PLACES 24 PLACES

__,\ 028 008 3,17 (0.125) MIN —»f fe—— 0.457 : 0,076

2,16 (0.085) MAX —e
4 PLACES PIN SPACING 2,54 (0.100) T.P.

(See Note A)
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

24-PIN NW PLASTIC
,3(1.310) MAX

()RR ORCRCROJONONORONC)
IAYAYATATATATATATATATATA

2,36 (0.093) R Nom.a
2,79 (0.110) NOM

©
@ 16,24 + 0,26 & b=
(0.600 + 0.010) 1]
o o0 (N AVAVAVAS AV AV AV AV A A AV a
o (0JONOXOIGROXOJONOXOROXE)] =
2,03 (0.080) NOM Q
0.25 (0,010} NOM —{  |&—1,78 (0.070) MAX 24 PLACES 'E
——L__f [ ©
508 uIzoo) MAX -s
~SEATING PLANE =
108° 051 (0.020) MIN L
00> 24 PLACES - E
0,279 + 0,076 - 0,83 (0.033) MIN 3,17 (0.125) MIN
(0.011  0.003) 24 PLACES 24 PLACES
24 PLACES 0457 + 0,076
(See Notes c and d) (0.018 + 0.003) 2,42 (0.095) MAX lo— 7
24 PLACES PIN SPACING 2,54 (0.100) T#. A pLaces
(See Notes c and d) (See Note b)

ALL 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.
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

'Ji
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MECHANICAL DATA

N plastic packages (continued)

‘uoisod jeurpnuBuo) anu s 0 (0LO'0) GZ'0 UIYUM Paledo| S) dullaIuad uld yosey 'y 310N

SIHONI NI ATTVIILIHLNIHVYH ANV SHILIWITTIN NI 3HV SNOISNIWIQ 1TV

ON (090°0) 25°L (v 910N 955)
(0200 + cmo 0)

1505 (2 ‘d "1 (00L°0) ¥S'Z ONIOVdS Nid
(€00°0 *8L0°0)
NIW (€€0°0) vmo I (€000 * LLO" QP
cIJ 10:4 800 7 9¥'0 80°0 = 820 06
NIW (SZL°0) LL'E ﬂ SOL
%ﬁ%ﬁg %fﬂr! R :
XVW (002 ov 80'S
L NIN
(0zo0) LSO
(0L0°0 * 009°0)

5Z'0 * ¥T'sL
3

wh &

X3aNI

(. HIHLIZ

“

JILSV1d N Nid82
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MECHANICAL DATA

| plastic packages (continued)

40-PIN N PLASTIC

F*———~ 53,1 (2090) MAX —— ———————
Yo s e o s s W v o W o i e e e Y i Ve W o
EITHER

INDEX (

S S D | SN R N D G N N D N N OO S G 0 O
- 20,

3 15,24+ 0,25 ¢
(0.600 ' 0.010)
0,51 (0.020)

MINl

5,08 (0.200) MAX

— SEATING PLANE
105 ¥ 3.17 (0.125) MIN
90 928 0,08 2
. - 0457 - 0,076 -sife-
(0.011 o.ooa)’\T (0,018 + 0,003) 0,84 (0.033) MIN
2,41 (0.095)
1,52 (0.060) NOM

PIN SPACING 2,54 (0.100) T. P.
(See Note ) 1.40 (0.055)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

48-PIN, 52-PIN, AND 64-PIN N PLASTIC

- BMAX
. ‘ ®
A
EITHER
INDEX <
105
%0 = |
—————
PIN SPACING IS 2,54 (0.100)T P.
(See Note A)
PINS a8 52 64
DIM
A £ 0,25 (0.010) 15,24 (0.600) | 15,24 (0.600) | 22,86 (0.900)
B MAX 62,2 (2.45) 67,3 (2.65) 81,3 (3.20)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

Mechanical Data

~

IOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
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AUSTRALIA

Texas Instruments Australia
Limited

6-10 Talavera Road

North Ryde, N.S.W. 2113
Telephone: 887.1122
Telex: AA 25685

AUSTRIA

Texas Instruments GmbH
Industriestrasse B/16
A-2345 Brunn/Gebirge
Telephone: (02236) 846210
Telex: 79304

BELGIUM

S.A.Texas Instruments
Belgium N.V.
Raketstraat,

100 Rue de la Fusée

1130 Brussels
Telephone: (02) 720 8000
Telex: 61161

DENMARK

Texas Instruments A.S.
Marielundvej 46E
2730 Herlev
Telephone: (02) 917400
Telex: 35123

EIRE

Texas Instruments (Ireland)
Brewery Road

Stillorgan

Co.Dublin

Telephone: (0001) 831311

FINLAND

Texas Instruments
Finland OY
Teollisuuskatu 19D
PL56

00510 Helsinki 51
Telephone: (90) 7013133
Telex: 121457

FRANCE

Texas Instruments France
Boite Postale 5

06270 Villeneuve Loubet
Telephone: (93) 200101
Telex: 470127

GERMANY

Texas Instruments
Deutschland GmbH.
Haggertystrasse 1
8050 Freising
Telephone: 08161 800
Telex: 526529

HOLLAND

Texas Instruments

Holland B.V.

PO Box 12995

1100 AZ Amsterdam Zuid-Oost
Telephone: (020) 5602911
Telex: 12196

ITALY

Texas Instruments
Semiconduttori Italia S.P.A.
Divisione Semiconduttori
Viale delle Scienze 1

02015 Cittaducale (Rieti)
Telephone: (0746) 6941
Telex: 611003

NORWAY

Texas Instruments
Norway A.S.

PB 106

Refstad

(Sinsenun 53)

Oslo §

Telephone: (02) 155090

g

IEXAS
INSTRUMENTS

SPAIN

Texas Instruments

Espana SA.

C/Jose Lazaro Galdiano No. 6
16 Madrid

Telephone: (34) 1-4581458
Telex: 23634

SWEDEN

Texas Instruments
Intemational Trade Corpn.
Norra Hamnvagen 3

100 54 Stockholm
Telephone: (08) 235480
Telex: 10377

SWITZERLAND

Texas Instruments
Switzerland A.G.
Riedstrasse 6

CH-8953 Dietikon
Telephone: (01) 7402220
Telex: 56260

UNITED KINGDOM
Regional Technology Centre
Texas Instruments Limited
Manton Lane

Bedford MK41 7PA
Telephone: (0234) 67466
Telex: 82178

Technical Enquiry Service
Telephone: (0234) 223000
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