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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to or to
discontinue any semiconductor product or service identified in this
publication without notice. Tl advises its customers to obtain the latest
version of the relevant information to verify, before placing orders,
that the information being relied upon is current.

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

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

Copyrjght © 1988, Texas Instruments Incorporated



INTRODUCTION

In this volume, Texas Instruments presents technical information on Tl’s broad line of programmabile logic
devices (PLDs), including 10-ns, 20-pin PAL® circuits.

TI's programmable logic products include high-speed leadership circuits, as well as standard 20- and 24-pin
PAL devices in a variety of speed/power versions. This data book includes specifications on existing and
future products, including:

* High-performance, low-power IMPACT™ and IMPACT-X™ 20- and 24-pin standard PAL
circuits

* High-complexity Latched- and Registered-input PAL ICs and Exclusive-OR arrays

* Flexible, ‘22V10-architecture macrocell PAL ICs, including Tl's enhanced, 20-ns version, the
TIBPAL22VP10-20

e High-speed 6- and 3-ns, 10KH and 100K ECL IMPACT™ and ExCL™ PAL circuits

¢ Ultra-low-power UV-erasable and one-time programmable CMOS PAL ICs, including 20-pin,
‘22V10, and generic architectures

* Fast, 50-MHz programmable state machines, including enhanced versions of ‘82S105B/167B
sequencers and the TIBPSG507 Programmable Sequence Generator )

Texas Instruments high-speed programmable. bipolar devices utilize Tl's-advanced IMPACT™ and new
IMPACT-X™ technologies. IMPACT-X™ uses trench isolation and polysilicon emitters to increase performance
and reduce power dissipation compared to traditional processes. IMPACT-X™ provides 1.5-um feature sizes
and 7-um pitch.

Based on IMPACT-X™, TI’s new ECL process, ExCL™, offers even greater speed and density for high-
performance ECL circuits.

This volume contains design and specification data for 78 device types. Package dimensions are given
in the Mechanical Data section in metric measurement (and parenthetically in inches).

Four programmable logic application reports have been incorporated into this data book as a reference
tool. They are: Designing with Texas Instruments Field Programmable Logic; Hard Array Logic; A Designer’s
Guide to the PSG507; and Systems Solutions for Static Column Decode.

Complete technical data for any Texas Instruments 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.

PAL is a registered trademark of Monolithic Memories Inc.
IMPACT and IMPACT-X are trademarks of Texas Instruments Incorporated.
ExCL is a trademark of Texas Instruments Incorporated.
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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 1 — 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 Integratéd Circuit

An integrated circuit consisting of memory cells and usually including associated circuits such as those
-for address selection, amplifiers, etc.

TExas ‘t?
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GLOSSARY

Output-Enable Input

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

—

Programmable Array Logic (PAL®)

A user-programmable integrated circuit which utilizes proven fuse link technology to implement logic

functions. Implements sum of products logic by using a programmble AND array whose outputs feed a
fixed OR array.

Programmable Read-On_ly 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)

uolleWLIoU| [RIBUSL)

A memory that permits access to any of its address locations in any desired sequence with similar access
time for each location.

NOTE: The term RAM, as commonly used, denotes a read/write memory.

Read/Write Memory

A memory in which each cell may be selected by applying appropriate electronic input signals and the

stored data may be either {a) sensed at appropriate output terminals, or (b) changed in response to other
similar electronic input signals.

Small-Scale Integration {SSl)

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

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.

PAL is a registered trademark of Monolithic Memories Inc.
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GLOSSARY

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

fmax
Icc

IcCH
IccL

IiH
i

IoH
loL

los {lo)

lozH

lozL

Maximum clock frequency

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

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

Supply current, outputs high
The current into* the Vcc supply terminal of an integrated circuit when all {or a specn‘led number)
of the outputs are at the high level.

Supply current, outputs low
The current into* the V¢ supply terminal of an integrated circuit when all {or a specified number)
of the outputs are at the low level.

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

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

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

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

Short-circuit output current

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

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

applied

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

that, according to the production specification, will establish the high-i |mpedance state at the output

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

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

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

applied

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

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

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

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

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

VIH High-level input voltage
An input voltage within the more positive (less negative) of the two ranges of values used to
represent the binary variables.
1 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.
@ Vv
® VIK Input clamp voltage
3 An input voltage in a region of relatively low differential resistance that serves to limit the input voltage
2 swing. :
B
- VIL Low-level input voltage
_?h An input voltage level within the less positive {more negative) of the two ranges of values used to
(] represent the binary variables. .
§ NOTE: A minimum is specified that is the most-positive value of low-level input voltage for which
) operation of the logic element within specification limits is guaranteed.
=
o VOH High-level output voltage
S The voltage at an output terminal with input conditions applied that, according to the product
specification, will establish a high level at the output.
VoL Low-level output voltage
The voltage at an output terminal with input conditions applied that, according to the product
specification, will establish a low level at the output.
ta Access time )
The time interval between the application of a specific input pulse and the availability of valid signals
at an output.
tdis Disable time (of a three-state output)
The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from either of the defined active levels (high or low) to a high-
impedance (off) state. (tdis = tpHZ or tpLZ).
ten Enable time (of a three-state output)
The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from a high-impedance (off) state to either of the defined active
levels (high or low). (ten = tpzH or tpzy).
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 value in which case the minimum limit defines the longest
interval (between the release of the signal and the active transition) for which correct
operation of the digital circuit is guaranteed.

tpd Propagation delay time
The time between the specified reference points on the input and output voltage waveforms with
the output changing from one defined level (high or low) to the other defined level. {tpd = tPHL or
tPLH)-
3
TEXAS
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GLOSSARY

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 the output voltage waveforms
with the three-state output changing from the defined high level to a high-impedance (off) state.

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

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

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

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 spemfled 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.
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EXPLANATION OF FUNCTION TABLES

uoIlBWIOU| [RIBUSE)

n,v
E:::]:? §8: nxHYi -z
= .

|

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

= high level (steady state)

= low level (steady state)

= transition from low to high level

= transition from high to low level

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

= irrelevant {any input, including transitions)

= off (high impedance) state of a 3-state butput

= the level of steady-state inputs A through H respectively

= the level of Q before the indicated steady-state input conditions were established

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

= 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
lort.

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

If, in the input columns, a row contains H, L, and/or X together with 1 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 Q), it persists so long as the steady-state
input levels and the levels that terminate indicated transitions are maintained. Unless otherwise indicated, input
transitions in the opposite direction to those shown have no effect at the output. (If the output is shown as
apulse, 1 or I . the pulse follows the indicated input transition and persists for an interval
dependent on the circuit.) ‘
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SERIES TIBPAL', PAL’, TIFPLA DEVICES

PARAMETER MEASUREMENT INFORMATION

v :
Vee L R =R1=R2
S1
FROM QUTPUT TEST AL g
UNDER TEST POINT FROM ouTPUT TEST 1
| UNDER TEST POINT R1 ?U'
cL>< RL FROM OUTPUT TEST
(See Note A) - CL UNDER TEST POINT g
(See Nota A)]: CLAR  R23 o
L ' (See Note A) =
= . = =
—
L —
LOAD CIRCUIT FOR E
BISTATE LOAD CIRCUIT FOR LOAD CIRCUIT FOR [+})
TOTEM-POLE OUTPUTS OPEN-COLLECTOR OUTPUTS THREE-STATE OUTPUTS G=J
NOTE A: Cy includes probe and jig capacitance.
TIMING 35V HIGH-LEVEL N~~~ 3sv
INPUT ¥13v PULSE 13V 1.3V
Zi- : ______ 03V 1 tw ] a3V
- 15, 94 th B — t, —
DATA l N : Y sV
INPUT 1.3V 13V LOW-LEVEL 1.3V 13v
03V PULSE ~—— — 03V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS
—————— 35V
OUTPUT
INPUT d 1.3V ; 13V CONTROL
| | 03V (low-level
Iﬁ'PLHd l"PHL.l enabling)
| ' T 1~ — VoH
IN-PHASE ! t ! | .
OUTPUT | 13V 3v WAVEFORM 1
T | VoL S1CLOSED
RtpH ™ ) tpLHB (See Note B)
| Vi
| ' I OH
gﬂi.fLFTP“ASE 13V 1.3V WAVEFORM 2
S10PEN
—— — VoL
{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 open.
T {l’
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ORDERING INFORMATION

PAL® NUMBERING SYSTEM AND ORDERING INSTRUCTIONS

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

EXAMPLE: TIB PAL 16 R 8 -15

C N

Prefix / :
TiB = Bipolar PAL
TIC = CMOS PAL
TIE = ECL PAL
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 Desil

R = Registered

L = Active Low .

. X = Exclusive-OR
Number of Outputs in the
Designated Configuration .
Perf; Designati
HIGH SPEED LOW-POWER ~

A A-2

-15 -25
Temperature Range -

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

Pacl 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

FK = Ceramic Chip Carrier

PAL is a registered trademark of Monolithic Memories Inc.

' {i’
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESSES FOR PAL AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERSt

HARDWARE MANUFACTURERS

DATA I/0

10525 WILLOWS ROAD
REDMOND, WA 98073-9746
(800) 247-5700

DIGITAL MEDIA, INC

11770 WARNER AVE, UNIT 225
FOUNTAIN VALLEY, CA 92708
(714) 751-1373

STAG MICRO SYSTEMS
1600 WYATT DRIVE
SANTA CLARA, CA 95054
(800) 227-8836

SOFTWARE MANUFACTURERS

DATA /O (ABEL) PERSONAL CAD SYSTEMS (CUPL)
10525 WILLOWS ROAD 1290 PARKMOOR AVE
REDMOND, WA 98073-9746 SAN JOSE, CA 95126

(800) 247-5700 (408) 971-1300

1Texas 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.

c
]
=
1]
£
[
(=
Y-
=
©
—
()]
c
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o

o
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TI /MPACT™ DESIGN AND SERVICE CENTERS

TI IMPACT ™ DESIGN AND SERVICE CENTERS

Design and programming assistance is offered by Texas Instruments IMPACT ™ Design and Service Centers. The centers
are equipped with the latest in software and hardware tools for design, debugging, prototyping, and production on a local
basis. Supported by a professional engineering staff, the centers provide complete code development, device programming,
symbolization, functional and DC parametric testing. :

NORTHERN CALIFORNIA

MARSHALL IMPACT CENTER
336 LOS COCHES STREET
MILPITAS, CA 95035

(408) 942-4600

SOUTHERN CALIFORNIA

WYLE IMPACT CENTER
17872 COWAN AVENUE
IRVINE, CA 92714

(714) 863-8953

BOSTON

HALL-MARK IMPACT CENTER

. 6 COOK STREET, PINEHURST PARK
BILLERICA, MA 01821

(617) 935-9777
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PAL16L8A, PAL16L8A-2, PAL16R4A, PAL16R4AA-2
PAL16R6A, PAL16R6A-2, PAL16R8A, PAL16RBA-2
STANDAHD HIGH-SPEED PAL® CIRCUITS

FEBRUARY 1984 —REVISED DECEMBER 1987

Standard High-Speed (25 ns) PAL Family " SUFFI;‘TUG.I;SE;ACKAGE
Choice of Operating Speeds C SUFFIX . . . J OR N PACKAGE
HIGH SPEED, A Devices . . . 35 MHz (TOP VIEW)
HALF POWER, A-2 Devices . . . 18 MHz 10 U20[] vee
Choice of Input/Output Configuration : E; ::% |(/)0
Package Options Include Both Plastic and 1 Ea 17[] 110
Ceramic Chip Carriers in Addition to Plastic 1Ids 1e[]lo
and Ceramic DIPs I[Je 1sJvo
10 4o
pevice | mpurs | S STATE REGISTERED | 1 poRTs tQs 13J 10
0 OUTPUTS | Q OUTPUTS IQs 112Jo
PAL16L8 10 2 0 6 GND [Jio 01
PAL16R4 8 o 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2 2
PALIGRS | 8 0 8 (3-state) 0 PAL16L8’ .
M SUFFIX . . . FH OR FK PACKAGE
L C SUFFIX . . . FN PACKAGE %]
description (TOP VIEW) ‘d.-;
These programmable array logic devices feature 3 .GC,
high speed and a choice of either standard or - - ->0 n
half-power devices. They combine Advanced 3 12019
Low-Power Schottky T technology with proven 1 ha 180 170 8
titanium-tungsten fuses. These devices will 1hs 17d 1o 8
provide reliable, high-performance substitutes 1 e 6o
for conventional TTL logic. Their easy I 150 o
programmability allows for quick design of 1 hs g o
““custom’’ functions and typically result in a 101112 13
more compact circuit board. In addition, chip
carriers are available for further reduction in “g9Tog@
board space. ' (G}
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.
PRODUCTION DATA documents contain information . Copyright © 1984, Texas Instruments Incorporated
current as of publication date. Products conform to b
spacifications per the terms of Texas Instruments TE 2.3

standard w-rrantJ Production processing does not
necessarily include testing of all parameters.

INSTRUMENTS
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PAI.16R4A PAL16R4A-2, PAL16R6A, PAL1ER6A2 PAL16R8A, PAL16R8A-2

STANDARD HIGH-SPEED PAL® CIRCUITS

PAL16R4’

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

{TOP VIEW)

ck [ U200 vee

10z 9Q10
1Js 8Jrvo
1Js 170a
1I0s sJQ
s 1s[JQ
|E7 14[]Q
Ide 3Juo
e 12Qvo
GND [J1o  11[JOE
PAL16R6"

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

(TOP VIEW)

© 0 NS WN -

Q
z
[S)

im|
)

PAL16R8’

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

{TOP VIEW)

© 00 N U A W -

=
o

Ve

OIOOOOOOOO
m

PAL16R4’

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

v O
o
-_038

3 212019

3

(el ol ele]

- alw
210
(U]

110
110

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

(TOP VIEW)
v Q
QO
- _0s8
( 3212019
K 18[]a
1Ps 17[;0
1pe 16[]a
1p7 - 15[Ja
108 14{]a
9 10111213
(o o s o W
Toee
[G]
PAL16R8’

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

(TOP VIEW)
MU
_._U>O
Q
Q
Q
Q
Q
"DIU-'OC'
(G}
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PAL16L8A, PAL16L8A-2, PAL16R4A, PAL16RAA-2
STANDARD HIGH-SPEED PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8A
‘PAL16L8A-2
& en =1
7|V vp————o0
32X 64 |—f
7 o——o
+
> 7 O-6—<4-»—1/0
10 16 7
| ,/ / ~
Z, O-&—4»—1/0
7 -4 —1/0
16 D 1/6 ll O_Q 2
7 7
7 O-&—¢->— 10
7 O-af—4-p— 110 2
ll q’
Qo
7, - —4-p— 110 -
7 w
6, ©
7 < "‘6
‘PAL16R4A (a]
‘PAL16R4A-2
©F - EN2
CLK >c1
- C
& >1
32X 64 ; v @
7 1D —\
8 $ a
. . [\
8 a
D 7 }
8 16 —\
I £ +— ~ g <]> Q
[4
4
i 2N
7 >1
4 16 7 EN
e po—~— ~ A Vo4 1/0
,,7 O ‘\ <P~ 1/0
7 ol <o
/ O- AN IR 1/0
; NI
4
ya o
7 «
4 db
I‘ -

~ denotes fused inputs

i A
Texas {? 2.5
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PAL16RGA, PAL16RGA-2, PAL16R8BA, PAL16R8A-2

STANDARD HIGH-SPEED PAL® CIRCUITS

s18ays eieq m

functional block diagrams (positive logic)

‘PAL16R6A
‘PAL16R6A-2

OE EN2
CLK P C1
-
& . >1 ¢1D 2] Q
2x64 [ 7 —
8, i Q
' —
8 16 7 é L ¢
] ‘- 7 ~
. é a
6 N
7 8, é Q
7 _\
2 16
~ 8 A [o}
5
>
. en =t
- v D—-g—(—’———- 1/0
7 b - 4> 110
21 a.
> <
6, <
7 <
‘PAL16R8A
‘PAL16R8A-2
OE —Of EN2
cLK >C1
- r
& 8, >1 %10 29 Q
32x64 [
—
8 + Q
N
8, # Q
8 16 N
[JR—— o g 2 % ¢
4
N
8 16 8,‘ ? @
~ N
A + e
8, + Q
N
% o o
8
s b
7 a
~ denotes fused inputs
i
Texas b
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PAL16L8A, PAL1GL8BA-2
STANDARD HIGH-SPEED PAL® CIRCUITS

logic diagram
Nl

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

(9 o

!

"m ssseee ™
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;Zg
|

Data Sheets H
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PAL16R4A, PAL16R4A-2

STANDARD HIGH-SPEED PAL® CIRCUITS

logic diagram

cuk
‘ INPUT LINES
PRODUCT
UNES O 2 12 16 20 24 28 31
0 )
L]
L]
. 19,0
:
7
L2 %
8 ™y
: ‘IL"
L]
18
. (18) |, o
.
2 @1
[ K
16 .
v .
= 3 a7,
o H
n @23 pCip
=3 I —KH
@ 24
2 .
L] 3
| : :E_ a
L]
:
c
31
(5), .
1= Jq——j
. 32
L]
.
1
: D —E&Q)o
L]
e
ct
39 fj
| (6) }4_
40
¢ .
M 14)
: 1D Bo‘— a
L]
) 4.7 >C1p
1D K-
a8 »)
*
. 13)
: 120
L]
L[]
55
(8)t \
1=y
56 ™
L]
L]
(12)
. L 12) 0
L]
.-
(9) 6‘3
1= LIl
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PAL16RGA, PAL16R6A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

logic diagram

cuk i
INPUT LINES
PRODUCT
L?NES Y 12 16 20 24 28 31
4] .
[ ]
L]
. 19) 1,0
[ ]
L]
2 7
R — K
8
L]
L]
18
: o -l a
L]
L]
(3).18 >C1
1 By H
16
L]
L]
17
: . 1D Eo‘——’o
. .
L]
@) 23— >C1
1P K
24 ‘
L]
L]
. 1D q;o—(16)u
L3
.
5 31 > C1p
1By K
32
L]
L]
: 1D »—30‘—13)0
: c
39 H
. (GID‘— ,¢
40
.
.
(14)
: —H1D ——3*—0
.
L]
47 b—ZC1
|% Jq_,;l
a8
[ ]
* ———
. H1p ~$0Q’o
L]
-
@58 . Lber
i J<1-——j
56 __1—'\
L]
L]
(12)
. 170
.
L ]
63
9 I
1 B K 1 5e
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PAL16R8A, PAL16R8A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

logic diagram

(1)
cuk s
INPUT LINES
PRL(I)I\?EUSCT o a4 8 12 16 20 24 28 31
0
o1
L]
: T SIS WGP
: >C1
7
(2
8
L]
L]
(18)
. 1D ~—Bo— Q
°
L]
im
15 j
16
o .
(17)
N 7 TRk
.
.
c1
(72 23 )
S A =]
P4 24
L]
” L] .
16
@ . N 10 3«)(—)0
M
63 c1p
1= KH
32
.
L]
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. ) ——130—0
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c1
39 j
' (G)D'— ]Q
40
L]
. 10 -—{Eo—. Q
*
; c1
a7
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. 110 -—130_ o
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c1
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!% cK}“____QI
. 56 —
*
. (12)
. ) Eo—- a
*
6.3 >Cl1p
oS oo
!}
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PAL1GL8A, PAL16L8A-2, PAL16R4A, PAL16R4A-2
PAL16RGA, PAL16R6A-2, PAL16RBA, PAL16R8A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

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

Supply voltage, Vcc (see Note 1) .......... e e e e e e 7V
fnput voltage (see Note 1) . .. ... it e e e e, b.5V
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 tempPerature FANGE . . ... ..o vo e ee et e ie e et et -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 ONIT
MIN NOM MAX [ MIN "NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 6.25 Vv
OE input 2.4 5.5 2 5.5 2
V| igh- i \
IH High-level input voltage Al others 2 55 3 55
ViL Low-level input voltage 0.8 0.8 \ [7:)
IoH High-level output current -2 -3.2 | mA E;
ToL Low-level output current 12 24 | mA [+ }]
TA Operating free-air temperature -55 125 0 70 °C g
. . ©
programming information . E;
Texas Instruments Programmable Logic Devices can be programmed using widely available software and ()
inexpensive device programmers.
Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized Tl distributor, or by calling Texas Instruments at (214} 997-5762.
3
i
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NSTRUMENTS

POST OFFICE BOX 656012 » DALLAS, TEXAS 75265



s190yg eieq LN

PAL16L8A, PAL16R4A, PAL16R6A, PAL16RBA
STANDARD HIGH-SPEED PAL® CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX '
MIN  TYP MAX | MIN TYP MAX uNIT
felock Clock frequency 0 25 0 35 | MHz
tw Pulse duration, see Note 2 Clock high 15 - 12 ns
Clock low 20 16
tsu Setup time, input or feedback before CLK t 25 20 ns
th Hold time, input or feedback after CLK t o] 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 ! UNIT
¢ MIN TYP¥ MAX | MIN TYPF MAX
VK Vee = MIN, I = —18 mA -1.5 -1.5 \
VOH Vce = MIN, IoH = MAX 24 3.2 2.4 3.3 v
VoL Vee = MIN, loL = MAX 0.25 0.4 0.35 0.5 \%
Outputs 20 20
lozH Vee = MAX, Vo = 2.7V A
0 /0 ports cc 0=27 700 700 | ©
Outputs -20 -20
Vee = MAX, Vg =04V A
lozL 170 ports cc 0 ~250 250 | *
] Vee = MAX, V) =55V 0.2 0.1 mA
H Vee = MAX, V=27V 25 20 | WA
. OE INPUT -0.25 -0.4
e Vee = MAX, Vi=04v All others -0.2 -0.2 mA
108 Vce = MAX, Vg = 225V -30 —125 | -30 —125 | mA
lec zcc ; \"/AAX' Outputs Open 140 185 140 180 | mA
| = .

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

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

M SUFFIX C SUFFIX

PARAMETER FROM TO TEST CONDITIONS N TYet Ak T Tyet A | UNIT
Tmax 25 45 35 45 MHz
tod 1, 1/0, 0, /0 15 30 15 25| ns
tod CLK® aQ RL = 5000, 10 20 10 16 | ns
ten OE+ Q CL = 50 pF, ) 15 25 15 22 | ns
tdis OE+ Q See Note 3 10 25 10 15 ns
ten 1,110 0, 1/0 12 30 14 25 | ns
tais 1,170 0, 170 13 30 13 25| ns

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

2.12 Texas {L‘
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PAL16L8A-2, PAL16R4A-2, PAL16R6A-2, PAL16R8A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN TYP MAX | MIN TYP MAX
felock Clock frequency 0o 16 o 18 | MHz
Clock high
tw Pulse duration, see Note 2 | Clock hig 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 CLKt [} 0 ns

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

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS M SUFFIX C SuFFIX UNIT
MIN TYP¥ MAX | MIN TYP? MAX 2
ViK Vee = MIN, I = —18 mA -1.5 -1.5 \
VoH Vee = MIN, I0H = MAX 24 3.2 24 33 v
VoL Vce = MIN, IoL = MAX 0.25 0.4 035 05| V a
Outputs 20 20 -
lozH Vce = MAX, Vg =27V A ]
/0 ports cc 0 100 100 | “ <
Outputs -20 |- - ~20 (7))
| Vi = MAX, =04V A
OZL [0 ports cc Vo ~250 ~250 | * P
[ Vee = MAX, V| =55V 0.2 0.1 | mA ‘c"u'
IIH Vee = MAX, V) =27V 25 20 uA a
OE INPUT -0.2 . * -0.2
= , = 0. A
L Vee = MAX, - Vi =04V o s ~0.1 —oa | "
108 Vce = MAX, Vg = 225V -30 —125 | -30 -125 | mA
V = MAX, Outputs O
Icc cc Htputs Bpen 75 95 70 9 | mA
V=0V
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Voe = 6 V, Ta = 25°C.
$The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, Ipg.
switching characteristics over recommended supply voltage and operating free-air temperature ranges
{unless otherwise noted)
PARAMETER FROM TO TEST CONDITIONS M SUFFIX C SUFFIX UNIT
] MIN TYP! MAX | MIN TYP? MAX
frnax 16 25 18 25 MHz
tpd 1, 1/0, 0, /0 25 40 25 35 ns
tpd CLKt Q RL = 500 @, 11 35 11 25 ns
ten OE+ Q CL = 50 pF, 20 35 20 25 | ns
tdis OE+t Q See Note 3 1 30 11 20 ns
ten 1, 1/0 “0, /0 25 40 25 35 ns
tdis 1, 1V0 0, /0 ) 25 35 25 30 ns
Al typical values are at Vog = 5 V, To = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
TE 2-13
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20RSA
STANDARD HIGH-SPEED PAL® CIRCUITS

D2706, DECEMBER 1982--REVISED DECEMBER 1987

Standard High Speed (25 ns) PAL Family PAL20LS8’
M SUFFIX . . . JW PACKAGE
Choice of Input/Output Configuration C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)

Preload Capability on Output Registers

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

3-STATE REGISTERED 110

DEVICE |1INPUTS| 5 outputd 0 OUTPUTS |PORTS
‘PAL20L8A 14 2 (o] [}
‘PAL20R4A| 12 (o} 4 (3-state buffers){ 4
"PAL20R6A 12 [o] 6 (3-state buffers) 2
{'PAL20R8A| 12 [¢] 8 (3-state buffers), 0

description

N

GND

These programmable array logic devices feature
high speed and a choice of either standard or

half-power speeds. They combine Advanced PAL20L8 2
Low-Power Schottky t technology with proven M SUFFIX . . . FH OR FK PACKAGE o
D X 8 C SUFFIX . . . FN PACKAGE [«+]
titanium-tungsten fuses. These devices will (TOP VIEW) i =
provide reliable, high performance substitutes wn
over conventional TTL logic. Their easy I3} 8 ©
programmability .allows for guick desigq of y ‘;;C—JE; ;8 ‘6
‘‘custom’’ functions and typically result in a 4 3 2 1282726 (]
more compact circuit board. In addition, chip 1ps 25 110
carriers are also available for further reduction 16 241110
in board space. 1p7 23[] 110
In addition, extra circuitry has been provided to NC ag ;ft :\'C
allow loading of each register asynchronously to ! 10 20E Iig
either a high or low state. This feature simplifies ! i 19d 110
testing because the registers can be set to an ! 1213141516 1718 g
initial state prior to executing the test sequence. o WY o Hm W B Y
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.
PRODUCTION DATA documents contain information : Copyright © 1982, Texas instruments Incorporated
current as of publication date. Products conform to *[’
specifications per the terms of Texas Instruments 2.15

standard warranty. Production processing does not
necessarily incln! testing of all parameters. lNS’TRUMENTS
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PAL20R4A, PAL20RGA, PAL20RBA
- STANDARD HIGH-SPEED PAL® CIRCUITS

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

{TOP VIEW)
ouTcLk ]

* PAL20R6’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE
{TOP VIEW)

ouTcik [ vee

3

POPOPO

S

o]
m

PAL20RS’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)
outerk [ Uaa[] vee
102 23%|
1{]a 22[] Q
I0s 2200a
1{s 20% Q
IEG 190 Q
id» egda
IEE 7[Ja
1 18] Q
1fho 1sJa
gm0
GND (12 13[] OE

PAL20R4’

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

l]¢]

110

(TOP VIEW)
Y4
-
O
SU 8 [e]
- 02> .=
| S S o — w—
g' 4 3 2 1282726
5 25(]
e 24(]
g7 23(]
8 22(]
1Ll 21
10 20(]
11 - 19
121314151617 18
jon Wan ¥ onVon N Ton V|
- - w—0
ggls™2
G
PAL20R6’

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

{TOP VIEW}
4
-
£, 8
__2g5_¢
( S0 ) S o g w— o -
4 3 2 1282726
Ds 25[f
De 24(]
7 23(]
1] 22
IE] 21
10 20(]
111 19(]
12131415161718
i lmimTeslsios]
S2lg™ e
[&]
PAL20R8’

PcOoPZOPPE
o

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

NC

(TOP VIEW)
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afvee
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PAL20L8A, PAL20R4A
STANDARD HIGH-SPEED PAL® CIRCUITS

functional block diagrams (positive logic)

PAL20L8A
PAL20L8A-2
& = en =1
o
40X 64 | —t v °
7L b——0
7
o 7 O—ﬁ—d—b— 1/0
i 2 -
1 /- ~ .
’ 7 7 —-4—»—1/0
[ 20 7 —4—p—1/0
~ O~ 7 2
7 —4-p— 1/0
7 B—q-—d-b—l/o a
e o
7,
3 170 c
. (72}
7 < 8
©
PAL20R4A (a]
PAL20R4A-2
[ OJEN2
OUTCLK - D>c1
- C
& =1 1=0
8 29 a
40X 64 7 1D
; 5 o
T\
8 Q
5 H L
12 20 I\
| Y] L ~ 8 <'> a
7/ L4 ,l
2 \
7 >1
a 20 7 EN
e o—— ~ i v O—HD— 110
',7 O ‘\ <> 1/0
7 ol <
; o N 10
7 o« 4> 1/0
+# N
4
L <
7 e
44 -
, -

7
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PAL20RGA, PAL20R8A
STANDARD HIGH-SPEED PAL® CIRCUITS

functional block diagrams (positive logic)

s}aayg ejeq m

PAL20R6A
PAL20R6GA-2
OE ﬁ'mfnz
OUTCLK c1
9
& 8 >1 4 1=0 2%/ Q
'H 1D
40Xe64 | =\
8 } o]
N
8 Q
2 »l. 7 ! —
8 Q
i R T =
6,
7 8 a
1 B 2 =
20
2 b—"' 8 [o]
—
>1
—1EN
7. | vw—- 1o
7, "1 4> /o
21 .
5, <
PAL20RSA
PAL20R8A-2
OE EN2
OUTCLK P Ci
-
& 8, >1 +1o'=° 27 Q
a0xXes 7 —
8 ¢ Q
N
8, § Q
12 20 N
1 —i—] ~ 8, ? Q
7
N
Q
8 20 -
L2, 9 —
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PAL20L8A
STANDARD HIGH-SPEED PAL® CIRCUITS
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PAL20R4A
STANDARD HIGH-SPEED PAL® CIRCUITS
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PAL20RGA
STANDARD HIGH-SPEED PAL® CIRCUITS
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PAL20R8A
STANDARD HIGH-SPEED PAL® CIRCUITS
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PAL20LBA, PAL20R4A, PAL20RGA, PAL20RBA
STANDARD HIGH-SPEED PAL® CIRCUITS

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

Supply voltage, VCC (see Note 1) . . ..o i e e e 7V
Input voltage (see Note T) ... ... i e e e e e e e 55V
Voltage applied to a disabled output (see Note 1) ... ..... ... ... .. .. . . . iinn. 55V
Operating free-air temperature range: M SUFFIX ............... ... ...... -55°C to 125°C

CSUFFIX .. i e 0°C to 70°C
Storage temperature range . . .. .. v v et vttt e e —65°C to 150°C

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

recommended operating conditions

M SUFFIX C SUFFIX
PARAMETER MIN NOM MAX| MIN NOM MAX uNIT
vee Supply voltage 4.5 5 5.5| 4.75 5 5.25 \
ViH High-level input voltage 2 5.5 2 5.5 \4 2
VL Low-level input voltage 0.8 0.8 v
loH High-level output current -2 -3.2 | mA
loL Low-level output current 12 24 mA 3
folock  Clock frequency 0 20 0 30 | MHz g
tw Pulse duration, clock High 20 15 oS £
Low 20 15 ns (7))
tsu Setup time, input or feedback before OUTCLKT 30 25 ns ©
th Hold time, input or feedback after OUTCLK? 4] Y ns -
TA Operating free-air temperature —-55 125 [o] 70 °C 8

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 997-5762.

i -
TeExAs b 223
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M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS IT
MIN TYP? MAX | MIN TYP} MAX UN
VK Vge = MIN, || = -18 mA -1.5 -1.5 \%
VOH Vce = MIN, gy = MAX 2.4 3.2 24 33 %
VoL Vee = MIN, gL = MAX 0.25 04 0.35 0.5 \
0O, Q outputs 20 20
| Vi = MAX, V| =27V A
OZH T77/5 ports cc W =2 100 100 | "
0, Q outputs - 20 -20
| Vi = MAX, V| =04V A
OZL 1™/ ports cc H —250 —250 | *
OE Input 0.2 0.2 ’
Vee = MAX, = 5. A
I All others cc X Vi-=85V 0.1 X
OE Input 40 40
- Vv = MAX, =27V A
lIH All others cc X, vi=27 20 20 | ¥
OE Input -0.4 -0.4
| Vi = MAX, = 0. A
2 L All others - vee X, Vi=o04v —0.2 02 | "
% Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 | mA
w ] Vce = MAX, V| =0V,
| — 150 210 150 210 A
Ei cc Outputs open, OE at V|4 5 m
b TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
W tan typical values are Vcg = 5V, Tao = 25°C. .
g 8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igs.
a- switching characteristics over recommended operating free-air temperature range (unless otherwise
noted)
M SUFFIX C SUFFIX
UNIT
PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX | MIN TYP? MAX
fmax 20 30 MHz
tpd I, /O 0, 110 15 - 30 15 25 ns
tpd OUTCLK? Q RL = 500 Q, 10 20 10 15 ns
ten OF Q CL = 50 pF 10 25 10 20| ns
tdis OE? Q See Note 2 11 25 11 20| ns
ten 1, /0 0, /0 14 30 14 25 ns
tdis 1, 10 0,10 12 30 12 25| ns
Al typical values are at Voc = 5V, To = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
T *i’
2.24 EXAS
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH-SPEED PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range
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PAL20LBA, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH-SPEED PAL® CIRCUITS

Vee

_/
=,/ \

PRELOAD PROCEDURES

-

OUTPUTS DISABLED

tis > - > [€—ten
v ! ENABLE PRELOAD |
IHH———— — — — — = X
1 100 nsl
PIN 14 ! : I [N
[ | |
ViL ! I JI; !
| [ I
i APPLY Q' I
VIH=—— ——— ——;————:——— 3 !
VERIFY | 100ms ! | VERIFY NEW )
Q STATE Q; \ MIN ’{ | | STATEQ', VERIFY Q' + 9
VoH 1 .
VoL z !

PIN 1

| tg |

{OUTCLK) v,

FIGURE 1. PRELOAD WAVEFORMS

preload procedure for registered outputs

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

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

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

Apply V)L for a low and V| for a high at the Q outputs.
Pin 14 to V|L. -
Remove the voltages applied to the outputs.

Pin 13 to V..

Check the output states to verify preload.

Data Sheets H
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

D3085, JANUARY 1988

@ Very-High-Speed Address Decoder (Ideal for J OR N PACKAGE

Use with High Speed Processors) (TOP VIEW]
©® |/0 Propagation Delay: 7 ns Max 'E )
. 102
Field Programmable on Standard PLD ids
Programmers ids
® Fully TTL Compatible 'ES
1{}6
@ Security Fuse Prevents Unauthorized 1ag
Duplication C1s
® Dependable Texas Instruments Quality and 1o
Reliability : GND [Jro

© Potential Applications N KAGE

Address Decoders FN PAC
(TOP VIEW)

Code Detectors
Peripheral Selectors
Fault Monitors
Machine State Decoders 2 12019

description

The TIBPAD16N8 is a very-high-speed
Programmable Address Decoder featuring 7 ns
maximum propagation delay, the highest speed
in the TTL programmable logic family. The 10 11 12
TIBPAD16N8 utilizes the IMPACT-X™ process
and proven titanium-tungsten fuse technology
to provide reliable, high performance substitutes
for conventional TTL logic.

The TIBPAD16N8 contains 10 dedicated inputs and 8 outputs. Each output has two product terms, one
of which is used to enable the inverting buffer associated with the respective output. Six of the outputs
are 1/0 ports, the remaining two are dedicated outputs. Each of the six I/O ports can be individually
programmed as an input or an output; this allows the device to be used for functions requiring up to 16
inputs and and 2 outputs or 10 inputs and 8 outputs.

The TIBPAD16N8 is supplied with all six 1/0 ports in the input configuration (output buffers in the high-
impedance state). If an 1/O port is selected to be an output, it must be programmed accordingly. It is
recommended that all unused outputs on this device remain in the three-state condition for better noise
immunity.

The TIBPAD16N8-7C is characterized for operation from 0°C to 75°C.

IMPACT-X is a trademark of Texas Instruments Incorporated.

N

Data Sheets

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

necessarily include testing of all parameters. ]NSTRUMENTS
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TIBPAD16N8-7C
HIGH-PERFORMANCE PRDGRAMMABI.E ADDRESS DECODER

functional block diagram (positive logic)
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TIBPAD16N8-7C

HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

logic diagram (positive logic)

n
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EXAS 9.29
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

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

Supply voltage, VCC (see Note 1) . . ..o i e e e e 7V
Input voltage (see Note 1) . .................... e e e e e e e 5.5V
Voltage applied to a disabled output {see Note 1) ... T 5.5V

Operating free-air temperature range . . ... ...ttt iii e ettt 0°C to 75°C
Storage temperature range . . ... ... .cuveveinen e eennenneennnns e

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

recommended operating conditions

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

MIN NOM MAX UNIT
Vee Supply voltage 4.75 5 b5.25 \
ViH High-level input voltage 2 \%
ViL Low-level input voltage 0.8 \2
. 2 lOH High-level output current ) -3.2 mA
. loL Low-level output current 24 mA
U TA QOperating free-air temperature o} 75 °C
= electrical characteristics over recommended operating free-air temperature range {(unless otherwise
o noted)
2
- PARAMETER TEST CONDITIONS MIN TYPY MAX UNIT
1] ViK Vec = 475V, || = —18 mA -15| V
2 VOH Vee =475V,  lgpy = —3.2mA 2.4 3 \
L VoL Voo = 475V, gL = 24 mA .03 05| V
Iy Vec =525V, V| =55V 0.2 | mA
lozn? Vee =525V, Vg =27V 0.1 | mA
lozL* Vec = 5.25V, Vg =04V -0.1 | mA
hut Vec =525V, V=27V 25 | uA
nt Vee =525V, V) =04V -0.25 | mA
108 Vce = 5V, Vo = 0.5V -30 -70 -130 | mA
Icc Vegg =5.25Vv, V| =0, Outputs open 120 180 mA
o] V=2V 5 pF
Co Vg =2V 6 pF
T Al typical values are at Vog = 5 V, Tp = 25°C.
1/0 leakage is the worst case of lozL and I or lozH and l|y4.
8 This parameter approximates lgs. The condition Vg = 0.5 V takes tester noise into account. Not more than one output should be shorted
at a time and duration of the short-circuit should not exceed one second.
switching characteristics with two outputs switching (typical PAD mode} over recommended ranges
of supply voltage and operating free-air temperature (unless otherwise noted)
TEST
PARAMETER FROM TO CONDITIONS MIN TYPT MAX UNIT
0, /0
tpd L Vo 2 outputs switching R1 = 200 Q, 2 5 7 ne
ten 1, 1/0 0, I/0 R2 = 390 Q 3 8 10 ns
tdis 1, /0 0, /0 3 8 10 ns
TAll typical values are at Vo = 5V, Tp = 25°C
{/
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information. on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 997-5762.

PARAMETER MEASUREMENT INFORMATION

5V

S1L

R1

FROM QUTPUT TEST
UNDER TEST POINT

cL 3R2
(See Note A) l
4

LOAD CIRCUIT FOR
THREE-STATE QUTPUTS

Data Sheets S E

—————— 35V OUTPUT
INPUT 1.5V j.5 v CONTROL

| | 0.3V {low-level

tpd __r___” ‘H‘pd enabling)
|

IN-PHASE | 15V \ _1—5—\IVOH
OuTPUT | ' | : WAVEFORM 1
! [

VoL S1 CLOSED
thd —¢——>| l¢—»t—tpd (See Note B)

| | VoH
OUT-OF-PHASE 1.5V 1.5V WAVEFORM 2
OUTPUT S1 OPEN

—_——V,
{See Note D) oL {See Note B)

VOLTAGE WAVEFORMS . ' VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

NOTES: A. C_ includes probe and jig capacitance and is 50 pF for tpq and ten, 5 pF for tgjs.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the cutput 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.

FIGURE 1

Texas ‘Q’
INSTRUMENTS
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

WORST CASE MULTIPLE OUTPUT SWITCHING CHARACTERISTICS

WORST CASE PROPAGATION DELAY TIME
vs
NUMBER OF OUTPUTS SWITCHING

8.0 T .
Vee = 475V, /
79} —R1 = 200 ¢, :
R2 = 390 Q, /
7.8 |—CL = 50 pF. v
@ Ta = 75°C /
I
g 7.7 V4
F 76 /
2 q ‘
8 75
5
O < 74
s 7.
= g /
o g 73 v
@ /
3 7.2 ve
e 7.1 /
7
7.0
2 4 6 8
Number of Outputs Switching
FIGURE 2
~
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

lcc—Supply Current—mA
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TYPICAL CHARACTERISTICS
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FIGURE 3

PROPAGATION DELAY TIME
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FIGURE 4
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Data Sheets H
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SUPPLY VOLTAGE LOAD CAPACITANCE
— T T 24  E— | E—
7.0-R1 = 200 @, Vee = 5V,
6.8—R2 = 390 ©, 22 FR1 = 200 Q, Z
» 6.6 |—CL = 50 pF, w 20 LR2=3900
T 6.4|-Ta = 25°C ¢ Ta = 25°C, tPHL
2 6.2 g 181 OUTPUT SWITCHING
= 6.0 =
16
558 3 7 L
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Q 56 o 14 tPLH ]
c 5.4 . = / //
£ 5.2 B SN 2 12 A Ve
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a4 A
4.2 -
4.0 _ 4
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Vcc—Supply Voltage—V CL.—Load Capacitance—pF
FIGURE 5 FIGURE 6
i
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

D3086, DECEMBER 1987

® Very High Speed Address Decoder (ldeal for J OR N PACKAGE
Use with High Speed Processors) (TOP VIEW)
1/0 Propagation Delay: 6 ns Max ! C‘ U2°:] vee
12 19 1110
Suitable for High Speed NAND-NAND Logic ids  ewo
Implementation 1 a 17 o
® Field Programmable on Standard PLD tfs eJwo
Programmers Qs sJwo
i 17 1#0Qwo
Fully TTL Compatible 1O 13[] 10
Security Fuse Prevents Unauthorized e 120wo
Duplication GND [jro 171
® Dependable Texas Instruments Quality and
Reliability FN PACKAGE
{TOP VIEW)
® Potential Applications )
Address Decoders ___%e »
Random Logic (NAND-NAND) 'lq-;
Code Detectors o
Peripheral Selectors 18 1o <
Fault Monitors ' : 110 N
Machine State Decoders 110 ©
1s{] /0 *‘a'
110 [a)
description
The TIBPAD18N8-6C is a very-high-speed Programmable Address Decoder featuring 6-ns maximum
propagation delay, the highest speed in the TTL programmable logic family. The TIBPAD 18N8 uses the
IMPACT-X™ process and proven titanium-tungsten fuse technology to provide reliable, high-performance
substitutes for conventional TTL logic.
The TIBPAD18N8-6C contains 10 dedicated inputs and 8 product terms, each followed by an inverting
buffer leading to an I/O port. Each of the eight 1/0O ports can be individually programmed as an input or
an output, depending on the state of the fuse controlling the output buffer, as indicated by Table 1. This
allows the device to be used for functions ranging from 17 inputs and a single output to 10 inputs and
8 outputs.
A high-speed feedback path, which does not go through the output buffer, is provided to offer higher ;
performance operation in designs where feedback is required. The architectural fuse on the I/O multiplexer L
is used for the selection of this path (see Table 2). This makes the TIBPAD18N8-6C ideal for the o=
implementation of a very fast NAND-NAND logic. a
The TIBPAD 18N8 is supplied with all eight I/0 ports in the input configuration {output buffers in the high- [
impedance state). If an I/O port is selected to be an output, it must be programmed accordingly. It is Q.
recommended that all unused outputs on this device remain in the high-impedance state for better noise -
immunity. (3
The TIBPAD18N8-6C is characterized for operation from 0°C to 75°C. -
(o)
oo
IMPACT-X is a trademark of Texas Instruments Incorporated. (o
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of )
Spaciheations ata desty gudl. Tasas nsiruments TEXAS b 2-35
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TIBPAD18N8-6C

HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

functional block diagram (positive logic)

10

N

&
18 36x8
pa
re
18
O——

——-’———_———

8xD

Jo

- o

8 xMUX

C
3

<&
<

Table 1. Output Buffer Programming

o

Table 2. 1/0 Multiplexer Programming

ARCHITECTURAL ARCHITECTURAL
RAT
FUSE OPERATION FUSE OPERATION
. Input Intact 1/O Feedback
Intact (Output Buffer Blown High-Speed
in Hi-Z State) Feedback
Blown Output
U
3
-
O
)
m
<
rEn
A i
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

logic diagram (positive logic)

2) { m
I

MUX’ r_]

3)

5

4)

5)

(6)

:
“WZ'&L[] ;L mili -'M%XUZF

E

_ HIGH PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

Data Sheets H

PRODUCT PREVIEW
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TIBPAD18N8-6C

"HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

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

Supply voltage, VCC (se8 NOte 1) . ...ttt e e e 7V
Input voltage (S8 NOtE 1) . .. oottt e e e e et e et e e ettt 5.5V
Voltage applied to a disabled output (see Note 1) . .. ................. e e 5.5V
Operating free-air temperature range . . . .. ... v v vttt it it e e e 0°C to 75°C

Storage temperature range

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

recommended operating conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.75 65 5.25 \2
VIH High-level input voltage {see Note 2) 2 \
i Low-level input voltage (see Note 2) 0.8 \
l0H High-level output current -3.2 mA
oL Low-level output current 24 mA
TA Operating free-air temperature o 75 °C

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or

tester noise. Testing these parameters should not be attempted without suitable equipment.

s19ayg ejeq m

TEST

PARAMETER FROM T MIN TYPT MAX | UNIT
0 ° CONDITIONS
e 1/0 (no feedback) 4 6| 'ns
O 1/0 (with 1 feedback path 8 10 s
U — 1/0 MUX fuse blown) R1 = 200 Q,
C tpd | 110 {with 2 feedback paths R2 = 390 Q, 12 14 ns
O — 1/0 MUX fuse blown) CL = 50 pF :

ith k
-] 1/0 {with 3 feedback paths 16 18 ns
— 1/0 MUX fuse blown)
O ' -
w All typical values are at Vcc = 5V, Tp = 25°C.
m
<
g
i
2-38
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electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
VIK Vcc =475V, || = —18 mA ~1.2 v
VoH Vee = 475V, IgH = MAX 2.4 3 \
VoL Vee = 475V, lpL = MAX 0.37 0.5 \
lozH Vee =5.26V, Vg =27V 20 A
lozL Vec =525V, Vg = 04V —20 | pA
I} Vgce = 6.2V, V=55V 0.2 pA
IIH Vee =526V, V=27V 20 pA
M Vcc = 526V, V) =04V —0.25 | mA
los Ve =526V, Vg=0V R mA
Icc Vcc = 525V, V| =45V 140 180 | mA

(unless otherwise noted)

switching characteristics over recommended ranges of supply voltage and operating free-air temperature
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: TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

PARAMETER MEASUREMENT INFORMATION

5V

b

S1

R1

TEST
POINT

FROM OUTPUT
UNDER TEST
CL R2
(See Note A)

LOAD CIRCUIT FOR THREE-STATE QUTPUTS 2
INPUT ——— ——-35V OUTPUT 35V 2
(see Note C) 4 1.5V 15V CONTROL 15V 15V o
| | 03V tlow-level ; ! 03V g
t. le > le bt t enablingg VI T—==7 :
pd | | + pd v ten—b| [4— > [—tdis (7]
IN-PHASE I 15 v _\1_5:/ OH Ll { : =33V ©
OUTPUT | BV : WAVEFORM 1 ™. 15v VoL+05V &g
| I VoL S1 CLOSED M L Vgt 8
t .
tpd —¢—>| [¢&—»—tpd {See Note B) ten—bl — » re-tgis
. | | VoH ' | y———¥- Vou
OUT-OF-PHASE 1.5V 1.5V WAVEFORM 2
OUTPUT AR S1 OPEN VOH=-0.5 V
(See Note D) (See Note B) oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A. C includes probe and jig capacitance and is 50 pF for tpd and tep, 5 pF for tgjs.
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, tr = tf = 2 ns, duty cycle = 50%
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
FIGURE 1
wl
S
&
[
o
as W
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
‘HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

D3023, MAY 1887 —JANUARY 1988

® High-Performance Operation: " SUF;I;(;PAUJG:;:'CKAGE
fmax (w/o feedback) e
TIBPAL16R"-10C Series . . . 62.5 MHz C SUFFIX.. . . J OR N PACKAGE

TIBPAL16R’-12M Series . . . 56 MHz (TOP VIEW)
fmax (with feedback) 1 Y2oJvee
TIBPAL16R’-10C Series . . . 55.5 MHz 102 19170
TIBPAL16R’-12M Series . . . 48 MHz 1z o
Propagation Delay 1[{a 171710
TIBPAL16L-10C . . . 10 ns Max 10s 16[]J 10
TIBPAL16L-12M . . . 12 ns Max 1{s 15[ ] 10
@ Functionally Equivalent, but Faster than Juy 1l]io
Existing 20-Pin PALs 1Ge 3]0
e 12[]0
® Preload Capability on Output Registers ’ . GND [Jio [T
Simplifies Testing 2
© Power-Up Clear on Registered Devices (All TIBPAL16L8’
Register Outputs are Set Low, but Voltage M SUFFIX . . . FK PACKAGE
Levels at the Output Pins Remain High) C SUFFIX . . . FN PACKAGE 2
(TOP VIEW) V]
© Package Options Include Both Plastic and I8) o
Ceramic Chip Carriers in Addition to Plastic ___ %5 ﬁ
and Ceramic DIPs
2 12019 ©
Security Fuse Prevents Duplication 10a el io . ‘(G
Dependable Texas Instruments Quality and Ips 17 vo (]
Reliability Ipe 180110
1j7 15{] 110
P8 14} V0
3-STATE | REGISTERED /0 10 11 1
DEVICE } INPUTS 0 OUTPUTS | @ OUTPUTS | PORTS — 00 _1 02 =
PAL16L8 10 2 0 6 z =
PAL16R4 8 0 4 (3-state) 4 ©
PAL16R6 8 0 6 (3-state) 2 Pin assignments in operating mode
PAL16R8 8 0" 8 (3-state) 0
description
These programmable array logic devices feature high speed and functional equivalency when compared
with currently available devices. These IMPACT™ circuits combine the latest Advanced Low-Power
Schottky T technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes
for conventional TTL logic. Their easy programmability allows for quick design of custom-functions and
typically results in a more compact circuit board. In addition, chip carriers are available for further reduction
in board space.
All of the register outputs are set to a low level during power-up. Extra circuitry has been provided to allow
loading of each register asynchronously to either a high or low state. This feature simplifies testingbecause
the registers can be set to an initial state prior to executing the test sequence.
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 75°C.
IMPACT™ is a trademark of Texas Instruments Incorporated.
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.
PRODUCTION DATA documents contain information . Copyright © 1987, Texas Instruments Incorporated
current as of publication date. Products conform to ¢
Handans wanranty: Froduction ploosssing doss no TExas 2-41
:enessarilv include testing of all parameters. ler RUMEN]S
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TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

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

TIBPAL16R4
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW) (TOP VIEW)
ck [ % 8o
|E2 - -0 >=
10s 3212019
10a pa : 8[J 10
1Os ps 17E Q
10s 1ps 16[} Q
g ik 15[ a
10s i 14(a
1 9 10 11 12 13
GND [Jro S oo
2 zlo ==
TIBPAL16R6’ TIBPAL16R6"
w) M SUFFIX . . . J PACKAGE M SUFFIX . . . FK PACKAGE
Q C SUFFIX . .. J OR N PACKAGE C SUFFIX . . . FN PACKAGE
& (TOP VIEW) (TOP VIEW)
7] vee X 8o
=3 110 - -0 >=
(1] g e o e
o Q 321 2019
o Q 1[a 180a
Q 1s 170 a
Q 10s 16[]Q
Q 17 15[Ja
Q s 1a[ja
1o 9 10 11 12 13
Ot - Qo oo
ZIlo =
]
TIBPAL16R8’ TIBPAL16RS’

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

(TOP VIEW) (TOP VIEW)
CLKE vce o 8
IE Q - -0 >0
14 Q 2 12019
1 Q D 8o
1g Q 1s 17Qa
1 Q 1 ps 18{]a
14 Q 1h7 15(]a
g Q 18 14q Q
1g Q 10 11 12 13
onD [ OE - 8 oo

Z
o

Pin assignments in operating mode

2-42 XAS {"
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TIBPAL1618-12M, TIBPAL16L8-10C, TIBPAL16R4-12M, TIBPAL16R4-10M
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

Data Sheets H

‘PAL16L8
& —]En =1 o
o———
32X 64 —f v
7 o——o0
V3
16x D> 7 1/0
}0 16 7
1 7 ya ~
’ Z, O—ﬁ—d—b—— 1/0
6 16 #7 P—Qd—b—— 1/0
7 O~———"
7 /0
7 O—Q—i—b—
7
v D—Q—-‘—D—-— 1/0
7, 1/0
Vi O—Q—-‘-'— /
6
£. a
‘PAL16R4
OF O EN2
CLK >ct J
-
& g >1 "ozv a
32X 64 7 1D
8 Q
: B
8 a
16x D -+ &
8 16 —
! va 7— v ,? Q
2 —\
7 L1
"4 16 7 EN
a o—— £ v O—td—b— 110
',7 O :\ <> /0
7 o> 1/0
',7 D -‘\ <4 1/0
4
ya o
7 N
;‘ i
/ -
~ denotes fused inputs
i
INSTRUMENTS
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TIBPAL16R6-12M, TIBPAL16R6-10C, TIBPAL16R8-12M, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OE - ——OfEN2
CLK D c1 i
’ 9
& 8, >1 1=0 2V
a2xe6a 7 D -—
8, é
——
8
8 i — é
. . ! > 16xp> 71"\~ 8 B
6, f i —
2 - 8, %
N 7
2 16 ~ . TN
w) > 0
9’ >1
o - EN
192} . g v —
: 7 -
8 ,l -
a e
# <
‘PAL16R8
OE - —O{EN2
CLK b C1
& 8, >1 1=0 VP
32x64 [ é‘o
8, +
N
. al %
8 16 N
| o] 16x [>d LA, 8 {’ -
7
N
8
8 16 "
. 3
N\
8 ?
R
8, é
8
P il
g -

~,denotes fused inputs

1o

— 1/0
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TIBPAL16L8-12M, TIBPAL16L8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

4

INPUT LINES

PRODUCT
¢ 0o

LINES
0

12

16

20 24

28

31

N eessece

2)

!

(18)

U esssse

-

%}’

-

LXK Y I

N
w

(4)

.

w
-

#—z@

w
N

(15)

W
©

(6)

:

H
[=]

(14)

s....oo

(7)

2

o
[*]

3]
a

(8)t

o
(=]

o

o
Tw

g;;o

(19) o

170

, 17,0

(16 /o

170

170

(12) 0

(1)
1

Data Sheets H
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TIBPAL16R4-12M, TIBPAL16R4-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

s}aayg ejeq m

ck s,
INPUT LINES
PRODUCT
LINES 0 4 8 12 16 20 24 28 31
o )
[ ]
. 19)
: 19,0
*
L]
@) ‘
== K
8 ™)
L]
L]
: 181 o
L]
L[]
[EIT
=T — K
16 :
[ ]
.
. o 7
L]
*
@2 -
1= —KH
24
[ ]
.
: l iD :Bols-'o
L ]
L]
31 >C1
{5) 1t
e —KH
32 ,
L[]
: 10 Eoﬁ'o
.
L]
39 >C1 b
6
18— K-
40
[ ]
E 1D JFB:»-" UL2PN
[ ]
4.7 >C1
1 Zip— %
48 D
[ ]
.
: 13,0
.
L]
555
o ]
56 ™)
L ]
]
. 02),0
.
[ ]
63
{9} r F N
=D K H5E
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TIBPAL16R6-12M, TIBPAL16R6-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

Al
ck s
INPUT LINES
P e o 12 16 20 24 28 31
o
; AiLv
: 19
. 191 ,0
.
L]
o 7
e — —K
8
.
. (18)
. gy EWALIP
L]
15 >C1
REI 2
16 K
L]
: 17 »
. % 1D 30‘—’0 3
: o
L]
) 23 i>C1 =
1—=Df —KH w
24 ©
: S, 8
. 1D a a
: >ct
531
R - KH
32
L ]
: (15)
: Eo—‘ Q
: > b
39 —
|ﬁ% Jq_
40
L]
. (14)
. 1o Bo— a
L]
L]
L]
737 > C1
N, K1
48—
L]
: (13)
: BOA Q
.
(a:;{':_
I 56 >
L]
[ ]
. a2) 0
L ]
L]
L]
9,52 ]
1 B2 K g5
TeExas ‘J" ‘
’ 2-47

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TIBPAL16R8-12M, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

2-48
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)
cuk
i INPUT LINES
PRODUCT
LINES O 12 16 20 24 28 31
0
L]
.
: Ty I GLIPN
M
7 >C1
2)
n_pg—w —
; ol
L]
. 1D (18} 4
L]
L]
' 3) 15 c1p
2 l-—DL j<}_
16
*
lw) . 17
1D t{@o—— Q
] .
-+ .
o 23 >C1p
{4)
/2] =D KH
= 24
® 3 .
m L]
a . D Boﬁ)q
.
31 >C1p
(5)
=P “KH
32
L]
L]
. ) EOE’Q
L[]
.
39 DC1p
(6 [
1= K K
40
L]
.
. 1D >—-{;o——“l”c;
.
.
47 >C1py
7
LN, K
a8
.
L]
(13)
. 1D Eo— o}
.
L ]
55 PC1 P
8) .t
I”(_)DL, m__
56
L]
L ]
. 1D M’Q
: i
63 . - % > C1b
(9) N} —4
<l —
D + ; Lpi I 5e
i
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

Supply voltage, VCC (s€8 NOte 1) . . ... ittt i ettt et e e 7V
Input voltage (see NOte 1) ... .. it i e e et e e e 5.5V
Voltage applied to a disabled output (see Note 1) . ... .. ... ittt 5.5V
Operating free-air temperature range: Msuffix........................... —55°C tog 125°C

Csuffix .o 0°C to 75°C
Storage teEMPErature rANGE . . . v v v v vt e et et e e e e e -65°C to 150°C

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

recommended operating conditions

PARAMETER 120 -10C UNIT
MIN NOM MAX MIN NOM MAX
Vce  Supply voltage 4.5 5 5.5 | 4.75 5 65.25 \4
VIH High-level input voltage {see Note 2) 2 5.5 2 5.5 \% 2
V)L Low-level input voltage (see Note 2) ' 0.8 0.8 \"
loH High-level output current -2 -3.2 mA 7))
loL  Low-level output current 12 24 | mA 'a‘,'
fclock Clock frequency 0 56 0 62.5 | MHz 7]
tw Pulse duration, clock (see Note2) High 9 8 ns 5
Low 9 8
tsu Setup time, input or feedback before CLKT 11 10 ns ©
th Hold time, input or feedback after CLK? - Q 0 ns E
TA Operating free-air temperature -55 25 125 o 25 75 °C Q

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or
tester noise. Testing these parameters should not be attempted without suitable equipment.

electrical characteristics, over recommended operating free-air temperature range

-12M -10C

PARAMETER TEST CONDITIONS? i TV Ak TN YRt Taax] UNIT
ViK Vce = MIN, I = —18 mA -0.8 -1.5 -0.8 -15 v
VoH . Vee = MIN, loH = MAX 2.4 3.2 2.4 3.2 \
VoL Vee = MIN, loL = MAX 0.3 0.5 0.3 0.5 \4
lozu® Ve = MAX, Vg = 2.4V 100 100 | pA
1ozL.8 Ve = MAX, Vg = 04V -100 -100 | pA
I Vee = MAX, V| = 55V 0.2 02| mA
nu3 Vce = MAX, V| =24V 25 25 | wA
8 Vee = MAX, Vi =04V -0.08 -0.25 -0.08 -0.25 | mA
Ios! Vee =5V, Vo = 0 -30 -70 -130| -30 -70 -130 | mA
lce Vee = MAX, Outputs Open 140 ‘180 140 180 | ma

Vi=0V,

Cin f = 1 MHz, V=2V 5 5 pF
Cout f = 1MHz, Vo =2V 6 6 oF
CeoLK f = 1 MHz, Vel = 2V 6 6 pF

1 For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
Al typical values are at Vgg = 5V, Tp = 25°C.

81/0 leakage is the worst case of loz| and lj_ or IgzH and l|y, respectively.

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

g
INSTRUMENTS ‘ 249
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16RG-12M, TIBPAL16R8-12M
TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

-12M -10C
PARAMETER FROM TO TEST CONDITIONS e — e —vp x| U7
ot With Feedback 48 80 55.5 80 MHz
ax Without Feedback 56 85 62.5 85
tpd 1, 110 0, 1/0 RY = 2000, 3 7 12 3 7 10| ns
tpd CLKt Q R = 390 9, 2 5 10 2 5 8 ns
ten OE| Q See Figure 1 1 4 10 1 4 0] ns
tdis OEt Q 1 4 10 1 4 10 ns
ten 1,110 0, 1/0 3 8 12 3 8 10| ns
tdis 1, /0 0, I/0 3 8 12 3 8 10| ns

1 All typical values are at Voe = 6V, Tp = 25°C.

1 1
— ithout feedback) =
Tou ¥ tpg [CIK o Q) Mex fwithou Twhigh T tyy Tow

*fmax (with feedback) =

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized Tl distributor, or by calling Texas Instruments at (214) 997-5762.

sjeays eieg I
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

preload procedure for registered outputs {(see Note 3)

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. Each register is preloaded
individually by following the steps given below.

Step 1. With Vcc at 5 volts and Pin 1 at V|, raise Pin 11 to V|HH.

Step 2. Apply either V|L or V|H to the output corresponding to the register to be preloaded.

Step 3. Pulse Pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower Pin 11 to V| Preload can be verified by observing
the voltage level at the output pin.

preload waveforms (see Note 3)

————— — VIHH
I .
PIN 11 2
I A
ViL
[e-t?] 2
"_‘d_‘ﬂl r—‘w_" g
| Y
| I H (7,)
PIN 1 | | 1]
| | 16
T 1 ViL a
| |
! !
' I
| VoH
REGISTERED 1/0 ' INPUT QUTPUT
VoL
NOTE 3: t4 = tgy = tyy = 100 ns to 1000 ns.
VIHH = 10.25 Vto 10.75 V.
Texas
l i - 2-61
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

FROM OUTPUT
UNDER TEST

CL
(See Note A)

TIMING
INPUT

He-tsu
| Bl —1—-——3.5V
o3v

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

INPUT m—_
] |
tod _f‘_” le—p4—tpd
|
|

¢ —— Vou
| |

|
Vo

tpd—t——> le———tpd

| !
OUT-OF-PHASE 1.5V - Aisv
OUTPUT

{See Note D) ——=VoL

DATA
INPUT

sjeays eieq LN

35V

o3V

IN-PHASE
OoUTPUT

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A.
B.

5V

SIL

R1

TEST
POINT

b3

i, R2
L—(I

=

LOAD CIRCUIT FOR
THREE-STATE QUTPUTS

HIGH-LEVEL T Ty
PULSE {15V ' 15V v
e |
LOW-LEVEL ! 3sv
POLSE 15V 15V
L ——0a3v
VOLTAGE WAVEFORMS
PULSE DURATIONS
ouTPUT 35V
CONTROL 1.5V 15V
(low-level |
enabling) | = 03V
ten—p| ¢ > [e—tdis
1! l : =33V
WAVEFORM 1 T
15V VoL+0.5V .
"~ $1 CLOSED M TNy
(See Note BJ ten—dl - —l M tdis v
|

—_—— Y-y
WAVEFORM 2 ) T OH
S1 OPEN 15V VoH-0.5 V
(See Note B) =0V
VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

Cy includes probe and jig capacitance and is 50 pF for tpg and tgpn, 5 pF for tgis.
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:
D

PRR =< 1 MHz, t, = tf = 2 ns, duty cycle 50%.

. When measuring propagation delay times of 3-state outputs, switch S1 is closed.

FIGURE 1
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TIBPAL16R4-10C, TIBPAL16ﬁ6-1ﬂC, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

metastable characteristics for TIBPAL16R4-10C, TIBPAL16R6-10C, and TIBPAL16R8-10C

At some point in every system designer’s career, he or she is faced with the problem of synchronizing
two digital signals operating at two different frequencies. This problem is typically overcome by
synchronizing one of the signals to the local clock through use of a flip-flop. However, this solution presents
an awkward dilemna since the setup and hold time specifications associated with the flip-flop are sure
to be violated. The metastable characteristics of the flip-flop can influence overall system reliability.

Whenever the setup and hold times of a flip-flop are violated, its output response becomes uncertain and
is said to be in the metastable state if the output hangs up in the region between V|| and V|H. This metastable
condition lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified
maximum propagation delay time (CLK to Q max).

From a system engineering standpoint, a des}gner cannot use the specified data sheet maximum for
propagation delay time when using the flip-flop as a data synchronizer — how long to wait after the specified
data sheet maximum must be known before using the data in order to guarantee reliable system operation.

The circuit shown in Figure 2 can be used to evaluate MTBF (Mean Time Between Failure) and At for a 2
selected flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in
opposite states. When the Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators 3
are at the same logic level. The outputs of the two comparators are sampled a selected time (At} after @
SCLK. The exclusive OR gate detects the occurrence of a failure and increments the failure counter. -C=J
(7]
NOISE DUT VIH MTBF ©
GENERATOR i- ': COMPARATOR COUNTER 16
DATA +—1D +——@- 1D
IN 1 : 1D + o
! ! =3 -
' i Vic
! | | comPaRATOR
SCLK————————>C1 1| -
H ' 1D
1 1
Lmm e d *—1>C1
SCLK + At

FIGURE 2. METASTABLE EVALUATION TEST CIRCUIT

In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is
applied so that it always violates the setup and hold time. This condition is illustrated in the timing diagram
in Figure 3. Any other relationship of SCLK to data will provide less chance for the device to enter into
the metastable state.

DATA T Y 2

SCLK F y — ) Sa—
| |

SCLK + At | /Y |
| | 1 |
I at- b at-p]

MTBF = _TIME (SEC)

# FAILURES

trec = At — CLK TO Q (MAX} ‘
FIGURE 3. TIMING DIAGRAM
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TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

By using the described test circuit, MTBF can be determined for several different values of At (see Figure 2).
Plotting this information on semilog paper demonstrates the metastable characteristics of the selected
flip-flop. Figure 4 shows the results for the TIBPAL16'-10 operating at 1 MHz.

109
—10 yr
108 —
—_—1yr
107 —
—1 mo
% 108 = 1 wk
w1050
E 1 day
5 104
—1hr
S 103—
102L 1 mi .
min ) feik = 1 MHz
101} —10s fdata = 500 kHz
1L ] | | | | |

0 10 20 30 40 50 60 70
At (ns)

FIGURE 4. METASTABLE CHARACTERISTICS

From the data taken in the above experiment, an equation can be derived for the metastable characteristics
at other clock frequencies.

s190ys eieq [ °H

fSCLK X fdata x C1e (-C2 x At}

1 . 1 —
The metastable equation: WITBE =

The constants C1 and C2 describe the metastable characteristics of the device. From the experimental
data, these constants can be solved for: C1 = 9.15 x 10-7 and C2 = 0.959

Therefore

1 : _
WTBE = fSCLK X fdata X 9.159 x 10-7 ¢ (—0.959 x A1)
definition of variables
DUT (Device Under Test): The DUT is a 10-ns registered PAL programmed with the equation Q : = D.

MTBF {Mean Time Between Failures): The average time (s) between metastable occurrences that cause
a violation of the device specifications.

fscLk {system clock frequency): Actual clock frequency for the DUT.

fdata (data frequency): Actual data frequency for a specified input to the DUT.
C1: Calculated constant that defines the magnitude of the curve.

C2: Calculated constant that defines the siope of the curve.

trec (metastability recovery time): Minimum time required to guarantee recovery from metastability, at
a given MTBF failure rate. trec = At — tpd (CLK to Q, max)

At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled.

The test described above has shown the metastable characteristics of the TIBPAL16R4/R6/R8-10 series.
For additional information on metastable characteristics of Texas Instruments logic circuits, please refer
to Tl Applications publication # SDAAOO4, ‘’Metastable Characteristics, Design Considerations for ALS,
AS, and LS Circuits.”
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME

Vs

FREE-AIR TEMPERATURE

PROPAGATION DELAY TIME

Vs

SUPPLY VOLTAGE

INSTRUMENTS
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

TYPICAL CHARACTERISTICS

POWER DISSIPATION

- PROPAGATION DELAY TIME vs
Vs FREQUENCY
.LOAD CAPACITANCE 8-BIT COUNTER MODE
T 900 T
Ve = 5V, Ta = 25°C Vee = BV
16 | R1 = 2000, 1 Output Switching
_[r2 = 3900 N
? 14 | See Figure 1 lo}\o e ;E !
o |
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z & / g 2 <

] "/ 9 B 1 /1
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2 < O a TA = 0°C 1 g h
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g Foe - 5 L
® / / tpLH (1I/O to 0,1/0) o Ta = 80°C
2 7 | |
g 2 600 -
2 0 100 200 300 400 500 600 1 4 10 40 100
(7] CL—Load Capacitance—pF F—Frequency —MHz

FIGURE 8 FIGURE 9
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FIGURE 10
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
TIBPAL16L8-12C, TIBPAL16R4-12C, TIBPAL16R6-12C, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

JANUARY 1986—REVISED DECEMBER 1987

@ High-Performance Operation TIBPAL16L8’

M Suffix . . . 12 ns Max

C Suffix . . . 15 ns Max (TOP VIEW)
© Functionally Equivalent, but Faster than ! E 1 U200 vee
PAL16L8B, PAL16R4B, PAL16R6B, and g2 9o
PAL16R8B 1gs spuo
1ds 70wo
® Power-Up Clear on Registered Devices 1s 16[]1/0
(All Registered Outputs are Set Low) : 1{e 15[] 110
@ Package Options Include Both Plastic and gy 101170
Ceramic Chip Carriers in Addition to Plastic s 13 vo
and Ceramic DIPs Qe 2o
GND [(J1o 1] .
© Dependable Texas Instruments Quality and
Reliability 2 )
TIBPAL16L8’
M SUFFIX . . . FK PACKAGE )
pevice | inputs | FSTATE | REGISTERED |\ poprs C SUFFIX . . . FN PACKAGE 3
0 OUTPUTS| Q OUTPUTS (TOP VIEW) Q
PAL16L8 10 2 0 6 : Q
PAL16R4 8 0 4 (3-state) 4 5 ﬁ
PAL16R6 8 0 6 (3-state) 2 -—-=->0
PAL16R8 8 0 8 (3-state) 0 12019 S
1 18 10 ©
description 1s 17 V0 o
Tl\wse programmable array logic devi f rpe 16[] 1/0
y logic devices feature
high speed and functional equivalency when g 15[ 10
compared with currently available' devices. Ips 1] 1o
These IMPACT™ circuits combine the' latest 101112 13
Advanced Low-Power Schottky? technology “—"o—-o00Q
with proven titanium-tungsten fuses to provide (23 =
reliable, high-performance substitutes for
conventional TTL logic. Their easy Pin assignments in operating mode
programmability allows for quick design of
““custom’’ functions and typically results in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.
The TIBPAL16’ 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 75°C:
IMPACT™ is a trademark of Texas Instruments Incorporated.
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.
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to ”
specifications per the terms of Texas Instruments TEXAS 2-57
dard Prad g does not INSTRUMENTS
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necessarily include testing of all parameters.
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TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
TIBPAL16R4-12C, TIBPAL16R6-12C, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

{TOP VIEW)
cik [ U20[] vee
102 9]0
103 8o
10a 170 a
(s sfJQ
10 1sfda
7 140a
10s  130wo
Qe 2o
GND (1o 1[JOE
TIBPAL16R6"

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

(TOP VIEW)

ck [Jr U20[] vee
1id2  sdwo
10s 18[] a
1 s 17[Ja
1Is 1e[Ja
10e 5[] Q
- 14(]a
s 130a
e 12Jwo

GND [J1o  11[JOE
TIBPAL16RS’

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

(TOP VIEW)

Vee

1
2
3
4
5
6
7
8
9

O|OOOOOOOO
m

(=]

Pin assignments in operating mode

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

(TOP VIEW)

TIBPAL16R6”"
M SUFFIX . . . FK PACKAGE

-C SUFFIX . . . FN PACKAGE

(TOP VIEW)

v O
43 0
358

3 2 12019
14 18[] a
1 s 17 a
1Qs 16[]
12 15J Q
iE] 11l
9 101112 13

- L
TEE
(&)

TIBPAL16R8’

M SUFFIX . . . FK PACKAGE
C SUFFIX. . . FN PACKAGE
{TOP VIEW)
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TIBPAL16L8-15M, TIBPAL16L8-12C, TIBPAL16R4-15M, TIBPAL16R4-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16LS
& —{En =1 o
o
32X 64 |— v
7 pb———o0
7
D 7 1/0
10 16 7
! II /I o 7
- O—ﬁ—d—&—— 1/0
6 16 9 O—Q—4-»—1/0
7 o—— ’
/ O—Q—G—#——llo
7
7 —G-p—1/0
.
/3 —p—1/0
7
6/ Q.
— Q
‘PAL16R4
OF ~O EN2
CLK Dci
-]
> 1=0
32 : 64 : 1 $ v L__\ a
7 1D
8 $ a
7
[\
8 Q
z H
8 16 —\
! 7- F—~o ,9 (l) Q
114 >1
a 16 7 EN T
s D——™y — Vo4 110
7 o—a1—<+> 1/0
/ N i
7 X1—-> 1/0
Q
’,7 - N <> /0
4
Vi <3
7 <«
9 b
/ .y

. denotes fused inputs
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TIBPAL16R6-15M, TIBPAL16R6-12C, TIBPAL16R8-15M, TIBPAL16R8-12C

HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OE —OEN2
CLK Lsc1
-
& 8, >1 4 1=0 2] Q
4 1D
32X 64 —
8, i Q
N
8, ¢ Q
8 16
by P - —
1 7
7 8/ (? Q
B 6‘ 4 \
2 8, % Q
7
2 16 : N
o ~y 8, (l, Q
Q ,
—+ >1
Q EN
(7 Za vh—~—e>——10
3 7, <> 1o
m 7
~+ 2, D
@ 5, <
. 7 <
‘PAL16R8
OE ——O(EN2
CLK c1
& 8, >1 =0 v a
32X 64 i“’
8, é a
N
8, + Q
8 16
| — »— v L + Q
7
8
Q
8 16 .
8 é Q
[ N
8 i o}
N
8 ? Q
8
P -
L Bl
udenotes fused inputs
i
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TIBPAL16L8-15M, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16R4-15M, TIBPAL16R4-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16R6-15M, TIBPAL16R6-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16R8-15M, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
TIBPAL16L8-12C, TIBPAL16R4-12C, TIBPAL16R6-12C, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

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

Cssuffix ... 0°Cto 75°C
Storage temMperature TaNge . . ... . oo o vt v ot a e et s et n et e e —65°C to 150°C

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

recommended operating conditions (see Note 2)

PARAMETER —15m -12¢ uNIT
MIN NOM MAX [ MIN NOM MAX
Vcc  Supply voltage 4.5 5 5.5 4.5 5 b5.25 \"
ViH High-level input voltage 2 5.5 2 5.5 \ 2
ViL Low-level input voltage 0.8 0.8 \'
IoH High-level output current -2 =32 mA
loL Low-level output current 12 24 mA &
felock Clock frequency 0 50 0 62 | MHz g
tw Pulse duration, clock {see Note2) High 9 ’ ns L
: Low 10 8 [75)
tsy Setup time, input or feedback before CLK? 15 10 ns ©
th Hold time, input or feedback after CLK? o 0 . ns L
TA Operating free-air temperature -55 125 0 75 °C g

NOTE 2: The total clock period of CLK high and CLK low must not exceed clock frequency, fgiock. 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

1M ~12C
- UNIT
PARAMETER TEST CONDITIONS TR TR TR T
ViK Vce = MIN, I = —18 mA 15 15 |V
Von Ve = MIN, lon = MAX 24 33 2.4 33 v
VoL Vee = MIN, loL = MAX 035 05 035 05 | V
Outputs 20 20
lozH Vee = MAX, =27V A
770 ports cc Vo 100 100 | *
Outputs : -20 -20
I = MAX, Vg =04V A
OZL 76 ports Vee ° ~250 250 | *
Pin 1, 11 0.2 0.1
i Vee = MAX, V| =55V A
I cc ! All others 0.1 o1 | "
Pin 1, 11 50 20
= MAX, =27V A
lIH Vee = MAX. V) All others 20 20 | *
i Vee = MAX, V) =04V ~-0.2 -0.2 mA
08 Voo = MAX, Vg = 225V ~30 ~125 | -30 —125 | mA
= , 1t
Icc z::i o y AX,  Outputs Open 170 220 170 200 | mA

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

{i’
Texas 2-65
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL1GR8-15M
TIBPAL16L8-12C, TIBPAL16R4-12C, TIBPAL16R6-12C, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

-15M -12C

PARAMETER FROM TO TEST CONDITIONS MIN_ TYPT MAX MIN_ TYPT  MAX UNIT
fmax? 50 62 MHz
tpdt I, 1O 0, /0 8 15 8 12 ns
tpd CLK? Q AL = 500 €, 7 12 7 10 ns
ten OE! Q CL = 50 pF 8 12 8 10 ns
tdis OEt Q See Note 3 7 12 7 10 ns
ten I, 110 0O, 110 8 15 8 12 ns
tais 1, 1/0 0, 1/0 8 15 8 12 [ ns

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

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

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

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 997-5762.

sje9ysg eieq m
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TIBPAL16L8-20M, TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
TIBPAL16L8-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

FEBRUARY 1984 —REVISED DECEMBER 1987

High-Performance Operation TIBPAL16L8’
Propagation Delay M SUFFIX . . . J PACKAGE
M Suffix . . . 20 ns Max C SUFFIX . . . J OR N PACKAGE
C Suffix . . . 15 ns Max (TOP VIEW)

Functionally Equivalent, but Faster than qug
PAL16L8A, PAL16R4A, PAL16R6A, and ug
PAL16R8A 'E3
1s
O Power-Up Clear on Registered Devices 10s
(All Registered Outputs are Set Low) 1Os
® Package Options Include Both Plastic and g
Ceramic Chip Carriers in Addition to Plastic 18
and Ceramic DIPs 1o
GND [0
3-STATE | REGISTERED
DEVI 1 .
ICE | NPUTS | 5 ourputs | @ outputs | VO PORTS TIBPAL16LS
PaLiels | 10 2 0 3 M SUFFIX . . . FH OR FK PACKAGE
PAL16R4 | 8 0 4 (3-state) 4 C SUFFIX . . . FN PACKAGE a
PAL16R6 8 o] 6 {3-state) 2 (TOP VIEW) Q
PAL16R8 8 [+] 8 {3-state) 0 I3} (<)
O =
——->0 75)
description ©
b
These programmable array logic devices feature 110 ©
high speed and a choice of either standard or 110 (]
half-power devices. They combine Advanced /0
Low-Power Schottkyt technology with proven 170
titanium-tungsten fuses. These devices will /0
provide reliable, high-performance substitutes 1112 13
for conventional TTL logic. Their easy “o~-o9Q
programmability allows for quick design of 5 -
““custom’’ functions and typically result in a
more compact circuit board. In addition, chip
~ carriers are available for further reduction in
“board space.
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.
IMPACT is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Monolithic Memories inc.
PRODUCTION DATA documents contain information . Copyright © 1984, Texas Instruments Incorporated
current as of publication date. Products conform to y}
specifications per the terms of Texas Instruments T
standard warranty. Production processing does not 2-67
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TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS
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TIBPAL16L8-20M, TIBPAL16L8-15C, TIBPAL16R4-20M, TIBPAL16R4-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

functional block diagrams (positive logic)
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TIBPAL16R6-20M, TIBPAL16R6-15C, TIBPAL16R8-20M, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

functional block diagrams (positive logic)
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TIBPAL16L8-20M, TIBPAL16L8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS
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TIBPAL16R4-20M, TIBPAL16R4-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

TELIN
INPUT LINES
PRODUCT
LINES O 3 8 1z 16 20 24 28 a1

119) 0

2

sip=

8 ——
L]

. (18)

: ————— /10
®

L]

5

L]

. NWGLY

: 1D ! Q
L ]

.

23 >C1

(4)

:
;

N
>

E 116) o

sjeays eleq m

W eossnee
(2] U|
-

=

(5)

7
£

(2]
N

[_: (15)0

N

= KH
40
L]
: o 1%
L]

- 4.7 >C1

=D E—
L]
. (13)
: 110
.
L]

N

—D —
56 D)
.
. (12)
. 1/0
L3
L]

9,53 —

=D BN LMV Ge

' : TEXAS ‘bi
2-72 ’

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



TIBPAL16R6-20M, TIBPAL16R6-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS
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TIBPAL16R8-20M, TIBPAL16R8-15C

HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS
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TIBPAL16L8-20M, TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
TIBPAL16L8-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15€
HIGH-PERFORMANCE /#PACT™ PAL® CIRCUITS

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

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

Csuffix .......... e ..... 0°Cto 75°C
Storage temperature raNGE . . . ..o v v et vttt et et e s -65°C to 150°C

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

recommended operating conditions

20M 15C
PARAMETER v MIN _NOM MAX | MIN_NomM MaAx | N0
Vee  Supply voltage 4.5 5 5.5 4.5 5 5.25 \
VIH High-leve! input voltage 2 5.5 2 5.5 \2
ViL Low-level input voltage 0.8 0.8 \
Io0H High-level output current -2 -3.2 mA
loL Low-level output current 12 24 mA ﬁ
fclock Clock frequency 0 40 0 50 | MHz [+}]
tw Pulse duration, clock (see Note 2) High 10 8 ns g
Low 11 9 (7}
tsy Setup time, input or feedback before CLK? 20 15 ns
th Hold time, input or feedback after CLK? 0 0 ns S
TA Operating free-air temperature -55 125 0 70 °C 8

NOTE: 2. 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.

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 995-5762.
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TIBPAL16L8-20M, TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
TIBPAL1618-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS ‘

electrical characteristics over recommended operating free-air temperature range

20M 15C
PARAMETER TEST CONDITIONSt UNIT
MIN TYPt MAX | MIN TYP} MAX
VIK - Vce = MIN, | = —18 mA -1.5 -1.5 v
VoH Vce = MIN, loy = MAX 24 3.2 24 33 C oV
VoL Vce = MIN, loL = MAX . 025 04 0.35 0.5 v
Outputs 20 20
! Vee = MAX, =2 A
OZH 70 ports cc Vo =27V 100 100 | *
Outputs -20 -20
Vee = MAX, Vo = 0.4V
10ZL 176 ports cc 0 —250 50| M
Pin 1, 11 0.2 0.1
1 Vee = MAX, V| =565V A
| ce ! All others 0.1 o1 | ™
Pin 1, 11 50 20
1 Vce = MAX, Vi =27V A
IH cc ! All others 20 20| *
2 i Vo = MAX, V) =04V ~0.2 02| mA
108 Vce = MAX, Vg = 2.25V -30 -125 [ -30 -125 mA
Vce = MAX, tputs O
O |icc cc Outputs Open 140 190 140 180 | mA
V=0V .
4 :
Q tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
tAll typical values are at Vee =6V, Ta = 25°C.
9 $The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.
8 switching characteristics over recommended supply voltage and operating free-air temperature ranges
-mt {unless otherwise noted)
20M 15C
PARAMETER M TO TEST CONDITIONS T
FRO S 0 MIN TYP} MAX | MIN TYP? MAX UN
fmax 40 50 MHz
tpd 1, 110 0, I/0 10 20 10 15 ns
tpd CLK? Q RL = 5009, 8 15 8 12 ns
ten OE! Q CL = 50 pF, 8 15 8 12 ns
tdis OQE?t Q See Note 3 7 15 7 10 ns
ten 1, /O 0, /0 10 20 10 15 ns
tdis 1, 110 0, /0 10 20 10 15 ns

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

276 | : Texas WP
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TIBPAL16L8-30M, TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16L8-25C, TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /#PACT ™PAL® CIRCUITS

FEBRUARY 1984 —REVISED DECEMBER 1987

© High-Performance Operation ' TIBPAL16LS’
Propagation Delay M SUFFIX . . . J PACKAGE
M Suffix . . . 20 ns Max C SUFFIX .. . J OR N PACKAGE
C Suffix . . . 15 ns Max (TOP VIEW)
@ Functionally Equivalent, but Faster than 1gr V2o vee
PAL16L8A, PAL16R4A, PAL16R6A, and 1ge 18Jo
PAL16R8A 103 wo
. 10s 170Jwo
© Power-Up Clear on Registered Devices 10s 160 ]1/0
{All Registered Outputs are Set Low) 1Os ,5% 110
© Package Options Include Both Plastic and 17 redio
-Ceramic Chip Carriers in Addition to Plastic 10s  1dwvo
and Ceramic DIPs 10e  12Po
’ GND o [
3-STATE | REGISTERED 2
DEVICE INPUTS I .
UTS | 0 outpuTs | a outeuts | 0 PORTS TIBPAL16L8
PAL16LS 10 2 0 6 M SUFFIX . . . FH OR FK PACKAGE »
PAL16R4 8 0 4 (3-state) 4 C SUFFIX . . . FN PACKAGE -
PAL16R6 8 0 6 (3-state) 2 (TOP VIEW) [« ]
PAL16R8 8 0 8 (3-state) [¢] o [+}]
L
o
— - —->0 (/5]
description ©
. . =
These programmable array logic devices feature . 1}
high speed and a choice of either standard or o
half-power devices. They combine Advanced
Low-Power Schottky T technology with proven
titanium-tungsten fuses. These devices will
provide reliable, high-performance substitutes 1112 13
for conventional TTL logic. Their easy “g-o0o0
programmability allows for quick design of 5 -
“‘custom’’ functions and typically result in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.
The PAL16’ M series is characterized for
operation over the full military temperature range
of —565°C to 125°C. The PAL16' C series is
characterized for operation from 0°C to 70°C.
Tlntegrated Schottky-Barrier dicde-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975.
IMPACT is a trademark of Texas Instruments Incorporated. .
PAL is a registered trademark of Monolithic Memories Inc.
PRODUCTION DATA documents contain information . Copyright © 1984, Texas Instruments Incorporated
current as of publication date. Products conform to y}
s{:e:éﬁc:‘tions pe‘r (Il\’o t;r;l;g of T:::sss }nsl&:genti TE 2 77
landard warranty. Froduction pri n no' B =
:ecessurily include testing of :II paramgters. lNS’rRUMEN]S
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TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16L8-30M, TIBPAL16R4-30M
TIBPAL16L8-25C, TIBPAL16R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

functional block diagrams {positive logic)
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TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)
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TIBPAL16L8-30M, TIBPAL16L8-25C
LOW-PGWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

, o
PRODUCT INPUT LINES
LUNES O 12 16 20 23 28 31
(4] )
[ ]
*
. (19)
L] | S
L]
.
@, .
=D —K—
.8 —
L]
L ]
. 118
L]
[ ]
| @ 15
Df K
16 B)
L ]
. 17
. 17 o
L ]
L]
23
4]
o ]
2a —
*
. (16)
. % o
.
L]
31
(5}
1= B N
32 —
L]
L]
. — 118 o
L]
[ 2
39
L8 A
40
[ ]
L]
: aa o
[ ]
L]
.47
LN  —
a8 :
L ]
L]
. — 130
.
L ]
55
. (3)D | A
56 D)
L]
L]
(12)
. o
L]
:
63 .
i 1
LI ] K0,
EXAS
INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265

Data Sheets H

2-81



TIBPAL16R4-30M, TIBPAL16R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16R6-30M, TIBPAL16R6-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

Data Sheets E
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TIBPAL16R8-30M, TIBPAL16R8-25C ‘
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16L8-30M, TIBPAL16R4-30M
TIBPAL16L8-25C, TIBPAL16R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

Supply voltage, VoC {see Note 1) ... ..ot it ettt et e e 7V
Input voltage (See NOte 1) ... ..ttt ittt i ittt e e ettt e e e 55V
Voltage applied to a disabled output {(see Note 1) . .. ... .. ... innnnn.. 55V
Operating free-air temperature range: M suffix...............cuieivrn... -55°Cto 125°C

Csuffix ..., ... 0°Cto 75°C
Storage temperature range . ... o ov v vt e vt ntmattee e ettt —-65°C to 150°C

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

recommended operating conditions

PARAMETER 30M 25C UNIT
. MIN NOM MAX MIN NOM MAX
Vecc  Supply voltage ) 4.5 5 5.5 4.5 5 5.25 \2
ViH  High-level input voltage 2 5.5 2 5.5 \'/ 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 24 mA ﬁ
felock Clock frequency ) [+] 40 0 50 MHz a’)
High ¢}
tw Pulse duration, clock (see Note 2) S ! 8 ns £
Low 11 9 [7;)
tsy Setup time, input or feedback before CLKt 20 15 ns ©
th Hold time, input or feedback after CLKT [¢] 0 ns )
TA Operating free-air temperature -55 125 ] 70 °C 8
NOTE: 2. The total clock period of CLK high and CLK low must not exceed clock frequency, fgjock- Minimum pulse durations specified
are only for CLK high or CLK low, but not for both simultaneously.
programming information
Texas Instruments Programmable Logic Devices can be programmed using widely available software and
inexpensive device programmers.
Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 995-5762.
EXAS ’
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TIBPAL16L8-30M, TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16L8-25C, TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

-30M -25C
PARAMETER Ll TIONSt
EST CONDITIONS MIN TYP! MAX | MIN TYP¥ MAX UNIT
ViK Vee = MIN, I = -18 mA -1.5 -1.6 \
VoH Vee = MIN, loH = MAX 24 3.2 24 33 v
VoL Vcc = MIN, oL = MAX 025 0.4 0.35 0.5 v
QOutputs 20 20
| V = MAX, =27
OZH 0 ports CC = MAX, Vo = 27V 100 00| “A
Qutputs -20 -20
| = ’ = 0.
OZL [7/0 ports Vee = MAX, Vo =04V ~250 80| *
Pin 1, 11 0.2 0.1
I Vi = . =55V
! cc = MAX, Vi =55 All others 0.1 51| ™
Pin 1, 11 50 20
g | 'H Ve = MAX, Vi = 2.7V All others 20 0] "
2 m Vce = MAX, V=04V . -0.2 0.2 mA
o8 Voo = MAX, Vg = 2.25V -30 -125 | -30 -126 | mA
Vee = MAX, Qutputs Open
1 7 [}
g cc V=0V 5 105 75 10 mA
E; TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Voo = BV, Tp = 25°C.
? $The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.
8 switching characteristics over recommended supply voltage and operating free-air temperature ranges
a {unless otherwise noted)
-30M ) -25C
PARAMETER FROM TO TEST CONDITIONS N TYPE MAX | MIN TYPE MAX UNIT
fmax 25 30 MHz
tpd 1, /0 0, 110 15 30 15 25 ns
tod CLK? Q . RL = 500 Q. 10 20 10 15 ns
ten OE! Q CL.= 50 pF, . 15 25 15 20| ns
tdis | OE? Q See Note 3 10 25 10 20 ns
ten I, 10 0, 1/0 14 30 14 25 ns
tdis 1, 1/0 0, 110 13 30 13 25| ns

* Al typical values are at Vge = 5 V, Ta 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M
TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20RG6-15C, TIBPAL20R8-15C
HIGH PERFORMANCE /MPACT ™PAL® CIRCUITS

D2920, JUNE 1986--REVISED DECEMBER 1987

© High Performance: fmax (w/o feedback) TIBPAL20LS’
TIBPAL20R’ C series . . . 45 MHz M SUFFIX . . -(-;RT ;?cl::\%?(ise
TIBPAL20R’ M series . . . 41.5 MHz C SUFFIX. .. JT
(TOP VIEW)
High Performance . . . 45 MHz Min I O%0 vee
Functionally Equivalent to, but Faster than, g 201
O 22[] 0

PAL20L8, PAL20R4, PAL20R6, PAL20R8 2] o

20{] 110
19[] 10
1o
17[] 1o
16[] 1O

[T anTam

:atooo\lmmbum
®

® Preload Capability on Output Registers
Simplifies Testing

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

and Ceramic DIPs I 151 0
g 1] 1
© Reduced Igc of 180 mA Max GND [z 13[]1
3-STATE REGISTERED /10 ’ 2
DEVICE |1 INPUTS | 6 ourputs | aoutputs | ponts TIBPAL20LS"
‘PAL20L8 14 2 0 6 M SUFFIX . . . FK PACKAGE N
‘PAL20R4 | 12 0 4 (3-state buffers) | 4 C SUFFIX . . . FN PACKAGE 5
‘PAL20R6 12 0 6 (3-state buffers) | 2 (TOP VIEW) o
‘PAL20R8 12 [¢] 8 (3-state buffers) [+] [} -~
___%%_o (/5]
description A icdrdnd i ©
. . -
These programmable array logic devices feature ps 25 110 ©
. . . . | :]6 24(] /O G
high speed and functional equivalency when ik 250 10
compared with currently available devices. Nch s 22f] NC .
These IMPACT™ circuits combine the latest - 1he 21 o
Advanced Low-Power Schottky? technology 100 20[] /0
with proven titanium-tungsten fuses to provide 1pn 19[] VO
reliable, high performance substitutes for 121314 15 16 17 18
conventional TTL logic. Their easy - —ao0- -0
programmability allows for quick design of <
custom functions and typically results in a more ) )
compact circuit board. In addition, chip carriers NC~No internal connection
are also available for further reduction in board Pin assignments in operating mode
space.
Extra circuitry has been provided to allow loading of each register asynchronously to either a high or low
state. This feature simplifies testing because the registers can be set to an initial state prior to executing
the test sequence.
The TIBPAL20'M series is characterized for operation over the full military temperature range of —55°C
to 125°C. The TIBPAL20'C is characterized from 0°C to 75°C.
IMPACT is a trademark of Texas Instruments Incorporated
PAL is a registered trademark of Monolithic Memories Inc.
TIntegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.
PRODUCTION DATA documents contain information . Copyright © 19886, Texas Instruments Incorporated
nuvre;:t a‘s of publig:tiotn date. fPrrmluc(sl conform :u TE Q’
speci ications per the terms of Texas Instruments . K ‘\S
standard warranty. Production processing does not 2-87
necessatily incIuJ testing of apll paramgters. INSTRUMENTS
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BPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M
1uBPAL20R4-15C, TIBPAL20RG-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

N

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

(TOP VIEW} {TOP VIEW)
ck 1 U2sP vee v .. ©
102 20 __3g¥e._¢e
|E3 22]”0 /IO OIEr TSy
ids  =0wo 4 321282726
1ids 20000a Ds : 25[Juo -
1I0s 18 a 'De #[a
1 8da g7 z{a
18 170a NCDs 22[INC
|E9 16[] 110 Do 21 a
1w sPpuo 'g‘o 200a
1 a0 pn o
GND (hz  13[] OF 12131815 1617 18

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

U TIBPAL20R6’ TIBPAL20R6'
o M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
E; C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
1) {TOP VIEW) {TOP VIEW)
= 248
® __3g2s_¢8
a (TR R
7] 10s 25} a
1)e 24 a
1p7 23f]
Nc s 22[I ne
1po 21} a
10w 20[] a
1 Pn 19 a
121314151617 18
oo me
TeglgTe
]
TIBPAL20R8" TIBPAL20RS’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX .. . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {(TOP VIEW)
! 528 o
I (s 321m2
! i 256 a
| 1fs 24[ja
! N1k 23(a
! NC[s 2[ne
! 1fs 21f]a
t | 310 20(Ja
| gn 19ja
! 121314 15 16 17 18
GND [ Wna T e Tom W oum fonm Yo
- —-nQlw-g
Z 21Q
Pin assignments in operating mode NC—No internal connection
Mg
288 TEXAS
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TIBPAL20L8-20M, TIBPAL20R4-20M
TIBPAL20L8-15C, TIBPAL20R4-15C
HIGH-PERFORMARNCE /AFPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20LS’
21
& 7 EN v o
40X 64 |—- X
7, >———«———0
7
20X D 7, o-a—4->—1/0
14 20 7
1—F 7~ 7 10
A - —4-b—
6 20 ,7, O—-a—¢-b—1/0
,’ O—F [a V) T
7 1/0 N
A oo —¢->— , 2
. :
7 O-a—4->—1/0 "
7, —ap— 1/0 ®
7 ' o
6 -
7 < 1%2]
[1]
b
TIBPAL20R4’ ©
OE -OJEN {
cLK c1
: = B -
& >1
40 X 64 :} 41 D v . @
—\
8 $ a
7 f——\
8 Q
20X D 7 $
12 20 — \
' A A~ b4 ([’ e
i \
7 21
a 20 7 EN
¥ D——~ v Vo —e>— 1o
7 o <+ /0
+ N
7 o N -4 10
;7 F a—a> 1/0
4
2 <
L4 -
1 e
, -

"\ denotes fused inputs

{i’
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TIBPALZ0R6-20M, TIBPAL20R8-20M
TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20R6’
OE EN
CLK c1
r
& 8 >1 V———— a
a0x64 " &"’ —
8 + Q
N
8 Q
12 [Zoxol 20 ] —
| —r— »— "
8 { Q
6 —
” 8 Q
3 DR B =
2 : ,
~N 8 Q
O
Q L ten ™!
~* 7
o 1 VP—<—>— 10
2] 7 p—e—4-p- 7]
= 7
o 2, 4
e  —
(7]
) TIBPAL20RS’
t
OF EN
cLK pct
-
& 8 >1 vb————20
s0x 64 [T D
8 % Q
N
8, : a
12 20 N
. x> | 2L s + a
7 N
8 20 e e
L~ —\
+ a
8 ? Q
8, é Q
. g
8
2 &

U denotes fused inputs

i,
Texas b
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TIBPAL20L8-20M
TIBPAL20L8-15C
HIGH-PERFORMARCE /AfPACT™ PAL® CIRCUITS

logic diagram (positive logic)

(1)
! INPUT LINES
A
0 4 8 12 16 20 24 28 32 36
2) nL (23)
' a < !
PRODUCT
LINES -
° —
. e
[
@, T .
"D ————
[ ]
L — 210 (o
[ ] : .
(@) p s 15 ., e
RN~ <— ”
16 £
(-4
(20)
° p—oo11/0 ©
, 23 % »
(5) ny .
e H— S
3 1]
o ‘19)I/O Q
: (
©), ., 3l .
N — — .
32
[ ]
. — %0
[ ]
(7)n s 39 N
V2 r—
40
° (17)
° ————1/0
L ]
(8) n_ 1 47 s
VS <
48
N (16)
. 170
[ ]
9,95 .
=Dk <
5§ "y
. s
[ ]
63
(10) i (14)
g 2,
\ 13
1 c ‘j:] (LET

Pin numbers shown are for JT and NT packages.

Qi,;
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TIBPAL20R4-20M
TIBPAL20R4-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

s}aayg eleq m

(1)D
CLk INPU’I}\LINES
@ ICO. 12 16 20 24 28 32 36 (23)
| . —
s —3<F—]
PRODUCT
LINES 0
(22)
——1/0
7
(3) i} L
1 —DF 4
H
[ ] 21 170
5
N LT —
11—k
16 -
° [ (20)
] 10 Q
[ OCIP
51yl .
e —4H
2‘2 :
° 10 EALS) Q
L PCib .
@y 31 1+
"32 -
° -
. 9
|(7) . 39 . )
Do —<H
.
o 10 Eog’ Q
4; bep
(8) - |
=4 <]
4§ -~
(16)
° 170
®
55
(9} l
1= g(}———J
"?? =
. ' 19,0
°
{(10) 63 '
S K
(11) kL ' (14)
RN =+
13) —
——4:(——3) OE
Pin numbers shown are for JT and NT packages. '
| %
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TIBPAL20R6-20M
TIBPAL20R6-15C

HIGH-PERFORMANCE /#PACT™ PAL® CIRCUITS

logic diagram (positive logic)

1
CLK ‘._‘{,\

INPUT LINES
o 4 8 12 16 20 24 28 32 36 23)
|‘ﬂ{>§ — 170
PRODUCT
LINES o
° (22)
. ;L— 170
o .
7 .
(3}
"D =,
° (21)
° E Eo— Q
lg . |
4) 4 ;
R —<H
[}
° 20
. ] i‘—’o ?
{(5)nt 23 ] = ﬁ
1 =>E <H
24 S
(] 9, ©
; °
31 |
6iny 1, ‘
R <
32 |
° g (18)0 '
39 =
(7) N4 i
g <t
.-49
e E (LRSI
[ ] >
B3 _
| +<H
T d
[
° Eoﬂs)u
55 pet
(9} —2 y
=8 —
5§ o
° ALY
63
|(10l : :3
1) (14)
| :' :‘|<}__|
(13) _
OE
Pin numbers shown are for JT and NT packages.
i
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TIBPAL20R8-20M
TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

CLK“_’D INPUJ\LINES
0 4 8 12 16 20 24 28 32 36 ) 23)
1 g ‘ K— |
PRODUCT
LINES
0
: E ll (22) a
[ ) >
S Kt
b » |
o
. . ¥ e
[ ] Dk
2 l“’D'I I5 jq‘
o 16 q
[ ]
2 o E Eﬂ» o
o 23 =
[72) 5)ny .
! 9
T ' Phag +<H
2 : as
* e
) (6) s 1
' —<H
| 3
(18)
[ ] 15 En— Q
[ ] 1)
=) - .
I
—{>'.:49 <H
17
. g !( ) o
. > e
L@, AT 4!|
"48 A
[ ]
° (16) a
i &
@ ‘ ,
D KH
T3 d
* II {15)
[ ] E Q
. >
|“0)D£3 ‘:
R aa)
. <
13)__
OE

Pin numbers shown are for JT and NT packages.
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20RB-20M
TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORWMARCE /A7PACT ™ PAL® CIRCUITS

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

Supply voltage, VCC (s€8 NOte 1) . .. i vttt e e e e e e e e e 7V
Input voltage (see NOte 1) . ... v ittt i i i e et e i it et 55V
Voltage applied to a disabled output (see Note 1) . ... ... . i 55V
Operating free-air temperature range: Msuffix............ ... ... ... . ... —55°C to 125°C

Csuffix ...ttt 0°C to 75°C
Storage temperature range . ...... e e e e e e —-65°C to 150°C

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

recommended operating conditions

PARAMETER v —20M ~15C UNIT
MIN NOM MAX | MIN NOM MAX
Vece Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \" 3
VIH High-leve! input voltage 2 5.5 2 5.5 \ 2
ViL Low-level input voltage 0.8 0.8 A" g
loR High-level output current -2 -3.2 mA n
loL Low-level output current 12 24 mA -
felock Clock frequency 0 41.5 0 45 MHz 8
High 12 10

tw Pulse duration, clock L:‘IN 12 12 :: 5
tsu Setup time, input or feedback before CLK? 20 10 15 10 ns ©
th Hold time, input or feedback after CLK?T ] 0 ns ""B'
Ta Operating free-air temperature -55 125 o] 75 °C Q

fclocks tw: tsu. and ty do not apply for TIBPAL20L8’.
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TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

~15C
PARAMETER TEST CONDITION:!
. TEST CONDITIONS MIN TYPT  MAX UNIT
ViK Vec = 475V, || = —18mA -0.8 -1.5 v
VoOH Vee =475V, lgy = -3.2mA 2.4 \2
VoL Vee =475V, lgL = 24 mA 0.3 0.5 \
0, Q outputs 20
lozH 170 ports Vee =5.26V, Vg =27V 700 HA
0, Q outputs -20 nA
lozL 170 ports Vee = 5.26V, Vo =04V 025 A
] Vcc =525V, V| =55V 1 mA
it : Vee =525V, V=27V 25 | A
TR Vee =525V, V=04V -0.25 [ mA
2 los$ Ve =5.25V, Vg =0 -30 -70 -130 | mA
Vee =525V, V=0,
. | — 12 1 A
. cc Outputs open, OE at Vi 0 8o m
O 1Al typical values are Vee =5V, Ta = 26°C.
o *For 1/0 ports, the parameters Iy and Ij_ include the off-state output current.
8’ $ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
‘S'n switching characteristics over recommended operating free-air temperature range (unless otherwise
@ hoted)
4]
'V; PARAMETER FROM TO TEST CONDITIONS —15¢C UNIT
MIN TYPT  MAX
ith feedback - 37 40
) fmax hid
max without feedback 45 50 MHz
' tpd 1, 110 0, /0 ‘ 12 15| ns
tpd CLK? Q R1 = 20090, R2 =390, 8 12 ns
ten ) OF Q C| = 50 pF, See Figure 1 10 15 ns
tdis OEt Q 8 12 ns
ten 1, /0 0, /0 12 18| ns
tdis 1, /0 0, 110 12 15 ns

T All typical values are at Vcg =

5V, Ta = 25°C. {
1fmax (with feedback) = 1

dback) = 1

* fmax (without f

tsy + tpd (CLK to Q) "ty high + ty low

fmax does not apply for TIBPAL20LS’
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20RG-20M, TIBPAL20R8-20M
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

—20M
ETE! T CONDITIONS “UNIT
PARAMETER TES MIN TYPT MAX
ViK Vec =45V, | = -18mA -0.8 -1.5 v
VoH Veec = 4.5V, IoH = -2 mA 2.4 3.2 \
VoL Veec = 4.5V, IoL = 12mA 0.25 0.5 Vv
0, Q outputs 20
l V =55V, Vo =27V A
OZH 170 ports cc 0=27 00| “
0O, Q outputs -20 pA
1 =55V, = 0.
OZL " 1/0 ports Vec =858V, Vo =04V ~0.25 | maA
1) Vee = 5.5V, Vi =55V 1 mA
"5 . Ve =55V, V=27V 26 | uA
Nt Vec =65V, V=04V -0.25 | mA
log$ Vec =55V, Vg=0 -30 -70 -130| mA
Vee =55V, V=0, 2
! : 120 180 A
cc Outputs open, OE at V| m :
T All typical values are Voc = 5V, Tp = 25°C. e
*For 1/0 ports, the parameters Iy and lj_ include the off-state output current. ]
8§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. g
switching characteristics over recommended operating free-air temperature range (unless otherwise n
noted) ]
20M g
FR
PARAMETER oM TO TEST CONDITIONS MIN_ TYPT  MAX UNIT
fmax‘ thh feedback 28.5 40 MHz {
without feedback 41.5 50
tpd 1, 110 0, /0 12 20 ns l
tpd CLK? Q R1 = 3900, R2=7500, 8 15 ns
ten OE Q CL = 50 pF, See Figure 1 10 20 ns
tdis OEt Q 8 20 ns
ten 1,110 - 0, /0 12 25 ns
tdis 1, 1/0 0, /0 : 12 20| ns
tAlvl typical values are at Vec = 5V, Tp = 25°C.
1 ith feedback) = 1 . ithout feedback) = ——1—
fmax (with Ton ¥ tpg (CLK to @) 'max (without feedback) = ey
fmax does not apply for TIBPAL20L8’
I TEXAS s 297
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAI.ZIJRB-ZOM
TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

preload procedure for registered outputs {see Note 2)

The output registers of the TIBPAL20R' can be preloaded to any desired state during device testing. This
permits any state to be tested without having to step through the entire state-machine sequence. Each
register is preloaded individually by following the steps given below.

Step 1. With Vcc at 5 V and pin 1 at Vj_, raise pin 13 to ViHH.

Step 2. Apply either V|L or V|H to the output corresponding to the reglster to be preloaded.

Step 3. Pulse pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower pin 13 to V). Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Notes 2 and 3)

— — — — — ViHH
PIN 13 / be-tsup| fe—ta— :
ViL
|

__ e R P |
O L —=sm T v
Q) PIN 1 ] | I
=3 I |
o m— % Vi
g | I I
@ ' | .
2 | -l=ViH| VoH
(7]

REGISTERED 1/0 INPUT >_< OUTPUT
Vi VoL

| -
NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
3. tg = tgy = tw = 100 ns to 1000 ns.
VIHH = 10.25 V to 10.75 V.
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M
TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 997-5762.

PARAMETER MEASUREMENT INFORMATION

5V
) 2
R1
FROM OUTPUT TEST "
UNDER TEST t POINT '6'
<
i 2
(See Note A) m
= 8
)
LOAD CIRCUIT FOR ©
THREE-STATE OUTPUTS [a]
TIMING 35V HIGH-LEVEL o 35V
INPUT 15V 03 PULSE ; 15V 15VA 0av
AR _t .._; _—— v tw ‘ .
Tty ¢ th "“— tw ——U

! —F-—-—35V 35V
DATA 15V 15V LOW-LEVEL K15V 15V
INPUT 03V PULSE o _ 03V

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
oo T T3V OUTPUT
INPUT 15V 15v
: e Howiont
: .
'PLH"F_N PHL . enabling)
IN-PHASE ! '~ Vou
OUTPUT ! 15v ! 15v
! ! v WAVEFORM 1
. i oL S1CLOSED
PHL‘H n—»—tpm (See Note B)
1 Vo
OUT-OF-PHASE
ouTPUT 15V 15V WAVEFORM 2
e —— VoL S10PEN
(See Note D} (See Note B}
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

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

FIGURE 1
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TIBPAL20L8-30M, TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH PERFORMANCE /ATPACT™ PAL® CIRCUITS

D2920, MAY 1987 —REVISED DECEMBER 1987

® Low-Power, High Performance TIBPAL20LS’
Reduced Icc of 105 mA Max M SUFFIX . . . JT PACKAGE
fmax (TIBPAL20R’-25C Series): C SUFFIX . . . JT OR NT PACKAGE
Without Feedback . . . 33 MHz Min (TOP VIEW)
With Feedback . . . 25 MHz Min 1y UaaJ vee
tpd (TIBPAL20’-25C Series) . . . 25 ns Max | E7 ?3]
Qs 2200
® Direct Replacement for PAL20L8A, PAL20R4A, e 220 vo
PAL20R6A, and PAL20R8BA with at Least 50% 1s 20010
Reduction in Power ) ‘ 1Os  19[] 10
. L gy Qo
® Preload Capability on Output Registers Simplifies 10s Qo
Testing n3 16[] 110
. . 1IJo 1so

Power-Up Clear on Registered Devices i0n e

Package Options Include Plastic and Ceramic GND [z 13[] 1

Chip Carriers in Addition to Plastic and Ceramic 2

DIPs TIBPAL20LS’

. M SUFFIX . . . FK PACKAGE N
® .
F[:::i):l;ﬂfble Texas Instruments Quality and C SUFFIX . . . FN PACKAGE E;
v (TOP VIEW) )
¢8_, ®
3-STATE REGISTERED /0 - = = -

DEVICE |IINPUTS | & outeuts |  outPuts | PORTS ¢ 23271387 % ©
‘PAL20LS 14 2 0 6 1bs 25| VO ‘6
‘PAL20R4 | - 12 0 4 (3-state buffers) [ 4 i 24[] VO (=
‘PAL20R6 | 12 o 6 (3-state buffers) [ 2 ik 2 1o
‘PAL20R8 | 12 0 8 (3-state buffers) | O nche 22 NC .

1go 21Q VO !
1w 20(] 1’0
pn 19[] VO
12131415 16 17 18
- « Jom Nam N anVon¥an Ve Vos|
descrlptlor) ==gg--o
These programmable array logic devices feature ©
high speed and functional equivalency when NC—No internal connection
compared with currently available devices.
These IMPACT™ circuits combine the latest Pin assignments in operating mode
Advanced Low-Power Schottky! technology
with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for conventlonal TTL
logic. Their easy programmability allows for quick design of custom functions and typically results in a
more compact circuit board. in addition, chip carriers are also available for further reduction in board space.
In many cases, these low-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.
All of the output registers are set to a low level during power-up, but the voltage levels at the output pins
stay high. Extra circuitry has been provided to allow loading of each register asynchronously to either a
high or low state. This feature simplifies testing because the registers can be set to an initial state prior
to executing the test sequence.
The TIBPAL20’M series is characterized for operation over the full mllltary temperature range of —55°C
to 125°C. The TIBPAL20’C is characterized from 0°C to 75°C.
IMPACT is a trademark of Texas Instruments Incorporated
PAL is a registered trademark of Monolithic Memories Inc.
TIntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975.
This ins inf N Copyright © 1987, Texas Instruments Incorporated
mora than one phase of develupment 'I'ha status of M
each device is indicated on the page(s) specifying its
oloctrical characteristics, o Po g TEXAS 2-101
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TIBPAL20R4-30M, TIBPAL20R6-30M, TlBPAliOHBBUM
TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C

LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

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

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

(TOP VIEW) {TOP VIEW)
cuk [ U2a) vee v . Q
10z 23001 __a88_¢
|[:3 223'/0 P ) g o=y g
ids 20w 4 3 2 1282126
1Os 20[] a s ) 25 110
1IQs. 190da De »[a
10 o 7 2Qa
1ds Qo NChjs 22[JNC
10 sJvo Po 2100a
1o 1sgvo 110 200 a
1O &0 pn . 19010
onp Chz__1af) OF 12131415 16 17 18
2 ~~-ayuw-—-0
. Sz =
o
c TIBPAL20R6"' TIBPAL20R6’
o M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
g‘ C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
m {TOP VIEW) {TOP VIEW)
Q
- ck {1 Uaa vee x68 o
o® 10z 230! - _02>-=
3 igs  22Jvo ST RS
7 Qs 2200 B 25{a
1ds 200 1Bs 2fa
1ifJs 18f]a ik 2o
10 wepa ncfis 22[]ne
108 Q0o be 20a
1 11Jo 1010 20(] a
1o 1spwo ikt 190 a
I et 121314 15 16 17 18
GND [Ji2 13{] OE fo N o Vo B o W e D §
“TogE-Q
2 210 =
TIBPAL20RS8’ TIBPAL20RS8’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
ck [ Uaa[J vee x93
10z 2301 . -.02Z2>_0
gs 2Pa (G321 m71%
s 20 1Ps 25(]a
1IJs  =20d0Q Ds 24{Ja
10 1900 ik 23]a.
0 o ncfs 22[]ne
e 1[je 1De 21ja
e sf]a 1P 20[]a
tfo spga g 19ja
gy D) 12131415 1617 18
GND 2 13[] OE (mimiaimi=islsl
- -goulw-0o
Zz zlo
Pin assignments in operating mode NC—No internal connection
i
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TIBPAL20L8-30M, TIBPAL20R4-30M
TIBPAL20L8-25C, TIBPAL20R4-25C
LOW-POWER HIGH-PERFORMANCE /ATPACT™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20LS’
& >1
5—]EN vbo— 0
40 X 64 |—
? O——0
+
20X & [A O-&—<¢-»—1/0
1/4 20 7
| —
4 ’ A O—-&1—4-b—1/0
7 —4—»— /0
/G 20 V] O—Q
7" O—F—
7 o—t—q-»—— 110
II
7
% O—Q—d—»—- 1/0
Z’ 49— 1/0
6/ 4
7 4
TIBPAL20R4’
OF O{EN
CLK Dci
- f -
& >1 1=0
40 X 64 19 $‘ID v \_\ @
$ $ Q
7 _\
20X D <!) @
4
12 20 s I\
1 + —— — <|> Q
2 . —\
7 EN 21
4 20 7
s O—— y Vo —4>— /o
'17 O Y <> /0
7 P <D
/ &-\ -4p 1/0
7 o, < <+»> 1/0
4
A g
7 «
4 <l
7 <

"\ denotes fused inputs
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TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20R6’
OE QIEN
CLK ci
9 C
8 BY m ]
40?( 6a|” é"’l ° ¢
N
8 ¢ Q
N
8 Q
12 [7o0x 20 7] ¢
1 — i = PV A
8 é a
. 6 7 —
7 8 % Q
2 2 20 B
~y 8 (} Q
O = ]
e 1™
6 Ry h—a—e>—— 10
(7] 7, p—el—4-d>- 10
=2
m 2’1 <
= S —
[/}
' ' TIBPAL20RS’
! _
) OF ofen
cLK c1
& 8 >1 -0 Q
20X 64 [ %"’ v
T\
8 % a
N
8 % Q
12 20 ]
. T A N 8 % Q
(4 __\
8 20 ‘i‘ é e
~ =
) é a
. —\
8, ? a
N\
J 3 o
i N
8‘ ab.
v —
™ denotes fused inputs
i
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TiBPAL20L8-30M
TIBPAL20L8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

1)
! INPUT LINES
A
) 3 8 12 16 20 24 28 32 36 ,
P2pp <+ =
PRODUCT
LNES () .
o
° PN
[ )
@, Q
1 —DF s <
[ ] .
. 2V 0
o » .
) r_ s 15 - ;
O < @
P
; w,, §
23 ’ %
(5) nyy. 1
D 4 S
24 B ©
[ )
9
. a9, Q
° H
6)p 3l —
1 Db <— {
32 !
[ ]
. — %0
®
(7) n 39 4
| _"D‘; ‘13
40
° (17)
o 170
° .
8,27 ,
=Dk <
48 :
° (16)
. 170
[ ]
| @y 5 Kr—
s
. as g
[ ]
63 ‘ 4
10~y A (14)
e (13)
M) .- J—2

Pin numbers shown ére for JT and NT packages.
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TIBPAL20R4-30M
TIBPAL20R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

logic diagram (positive logic)

(1)[:
CLK INPli‘I;\ LINES
@ /0 4 ] 12 16 20 24 28 32 36 (23)
\ —
= 4<t—
PRODUCT
LINES 0
(22)
170
(3)n } 4
Dk —K
21
—{lvﬂ——(——) 170

[l (20)
Q

(19)

5

3

s199ys eieq m
¥

X

E] a8 4

| o]
Il7) -3 jq__
“D‘;49 q
° @vﬁ_ﬂ a
. ol
(8 47 4
4§ 16
hd { )I/O
[ ]
(@ .55 ,
[ 56 ——<
[ ]
] 18,0
63
I(10) - w::]
(1) 4

Pin numbers shown are for JT and NT packages.

13) —
L<]>'—’oe
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TIBPAL20R6-30M
TIBPAL20R6-25C
LOW-POWER HIGH-PERFORMANCE /APACT™ PAL® CIRCUITS

logic diagram (positive logic)

C'-Km{}* INPUT LINES

@ o 4 8 12 16 20 24 28 32 36 B (23)
PRODUCT

LINES

0
[ ]
[ ]
7
l(3) 1 ‘:
D=5
8 |
[ ]
15 !I
b 6 A
(7]
. = B.,‘z_o’o §
23 = <
| Sy 4<H ®
2 Lo, 3
e, ®
[
3 _._l °
'@%32 <+
{
: E E! (18]0 t
(] bcip
39 ![
D Kt
]
: o e
o b
(8) nLt 47 ,
(-]
e Lo
. 1o
I(g) N 55 _
® (1s) 170
[
(14)
(LRI I
| J<}——I
" K (13) _

[=]
m

Pin numbers shown are for JT and NT packages.

j
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TIBPAL20R8-30M
TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

)
cie = ] INPUT LINES
2 0 4 8 12 16 20 24 28 32 36 (23)
=) ~ — <]
PROD":J:T
LINES o
[ ]
[ ] 10 QLZ_Z) Q
[ ] DC
I 7 .
! jq
]
[ ] (21)
. TS Qv— a
Ig —
VD 3<H
16
S * 120)
o s o
i Zin
W 6,23 .
g -DL"{4 —<H
[ ]
2 . - ] a9
m ® DC1p
31
(6) ny ,
(= > —kH
"32 -
* [ (18)
L] 1 Q
. .9 DCi)
7)p2 B
'—{>&40 3<H
[ ]
‘ Slish
[ Newp
47
8)py .
]
—%48 —<H
: E I ae
. >
9) 99
]
g K-
: {15) a
63 .
,(10) 5 =
(1) L
FDb <
(13)_
Lp¥5e

Pin nimbers shown are for JT and NT packages.
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TIBPAL20L8-30M, TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

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

Supply voltage, VCC (see Note 1) . .. ...t i e et et e i e 7V
Input voltage (see Note 1} . ... ... ... i 55V
Voltage applied to a disabled output (see Note 1) . ...................... PN 5.5V
Operating free-air temperature range: M suffix. .. ........................ -55°C to 1256°C

) Csuffix ........ 0 ... 0°Cto 75°C
Storage temperature TaNGE . ... ..o vttt v tniue oot numennnneeenon -65°C to 150°C

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

recommended operating conditions

-30M 3 -25C
PARAMETER MIN NOM MAX | MIN NOM MAX UNIT

Vce Supply voltage 4.5 5 65 | 4.75 5 5.25 v

VIH High-level input voltage 2 5.5 2 5.5 v 2
ViL Low-level input voltage 0.8 0.8 v :
10H High-level output current -2 -3.2 mA »
loL Low-level output current 12 24 mA 15
felock Clock frequency 0 25 [*] 33 | MHz o
tw Pulse duration, clock [:?: :Z :: E%
tsy Setup time, input or feedback before CLKT 25 ns o
th Hold time, input or feedback after CLK? 0 ns E
TA Operating free-air temperature ~55 125 o] 75 °C n

folock. twe tsu. and tp do not apply for TIBPAL20LS’.

Texas {" 2-109
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TIBPAL20L8-30M, TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

' -30M
R. TE DITION: NIT
PARAMETER TEST CONDITIONS N TYPT  MAX Ul
VIK Vee =45V, I} = —18 mA -08 -1.5 \'
VoH Vee = 45V, IoH = -2 mA 2.4 3.3 \
VoL Vee = 45V, fol, = 12mA 0.25 0.5 \
0, Q outputs 20
Ve =565V, Vo = 27V A
'0ZH 1776 ports cc o 100 | *
0, Q outputs -20 A
=55V, Vo =04V
'0ZL 175 ports vee o ~0.25 | mA
[ ] , Vcc =565V, V=55V 01| mA
hut Vee =65V, V=27V 20| A
nt Vec =566V, V=04V -0.2 [ mA
2 1058 Vcc =55V, Vo=0 -30 -70 -130 | mA
Vec = 6.5V, Vi =0,
| . — 75 A
cc . Qutputs open, OE at V|4 m
O tan typical values are at Voo = 6V, Ta = 25°C.
e’, *For I/0 ports, the parameters | and lj_include the off-state output current.
Q § Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed 1 second.
- switching characteristics over recommended operating free-air temperature range (unless otherwise
® noted)
®
o -30M
(4 PARAMETER FROM TO TEST CONDITIONS UNIT
MIN TYPT MAX
ith feedback
q wit MH
fmax without feedback 25 :
tphd 1, /0 0, 110 30 ns
tpd CLK? Q R1 =390Q, R2 = 7504Q, ns
ten OE Q CL = 50 pF, See Figure 1 ns
tdis | OEt Q ns
ten 1, 110 o, 1025 | » ns
tdis 1,110 0, /0 , ns
TAll typical values are at Voo = 5V, Ta = 25°C. )
1% ith feedback) = ———1— . f ithout feedback) = ———1——
max (with feedback) = 3= tpg CLK to @) M2X twithout feedback) = = i Tow
fmax does not apply for TIBPAL20L8’
3
o
X
m
=
g

PRODUCT PREVIEW information concerns products
in the formative or design phase of development. I
Characteristic data and other gpecifications are design

2-110 goals. Texas Instruments reserves the right to change
or discontinue these products without notice. INSTRUMENTS
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TIBPAL2018-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

-25C
PARAMETER TEST CONDITIONS N TveT mAx] UNIT
ViK Ve =475V, | = -18mA -0.8 -1.56 \4
VOH Vee = 475V, Igy = -3.2mA 24 33 v
VoL Ve =475V, gL = 24 mA 0.3 0.5 v
0, Q outputs : 20
I Vec =526V, Vg =27V sA
OZH 70 ports cc ° 100
0, Q outputs -20 rA
! Vec =525V, Vg =04V
ozL 1/0 ports cc ° ~0.25 mA
Iy Vec =525V, V=55V 01| mA
nt Vee = 525V, Vp =27V 20 | pA
It Ve = 526V, V| =04V -0.2 | mA
los$ Vec =525V, Vg =0 -30 -70 -130 | mA
=525V, V| =0,
Icc vec i 75 105 | ma
Qutputs open, OE at V|4

N

)
T Al typical values are at Vog = 5V, TA = 26°C. -
tFor 110 ports, the parameters lj4 and Iji include the off-state output current. 8
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed 1 second. =
w
switching characteristics over recommended operating free-air temperature range (unless otherwise ©
noted) +=
©
PARAMETER FROM TO TEST CONDITIONS -25¢ UNIT Q
MIN TYPT MAX
ith feedback 25 40
q witl MH
fmax without feedback 33 50 :
tpd 1, 110 0, 110 3 14 25 ns
tpd CLK? Q R1 =200Q, R2 = 3900, 2 10 16 ns
ten OF Q CL = 50 pF, See Figure 1 2 8 15 ns
tdis OEt Q 2 8 15 ns
ten I, /O 0, I/0 3 15 25 ns
tdis 1, 110 0, 1/0 3 15 25 ns
TAll typical values are at Vog = 5.V, TA = 25°C.
1 ith feedback) = ——————— ' f ithout feedb. k=—1—-
fmax (with feedback) tow * tpq (CLK 0 Q) max (without feedback) o high + Ty low
fmax does not apply for TIBPAL20L8’
PRODUCTION DATA documents contain information .
current as of publication date. Products conform to y}
specifications per the terms of Texas Instruments TEXAS
standard warranty. Production processing does not 2-111
necessarily include testing of all parameters. ler RUMEN]S
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TIBPAL20L8-30M, TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

preload procedure for registered outputs (see Note 2)

The output registers of the TIBPAL20R' can be preloaded to any desired state during device testing. This
permits any state to be tested without having to step through the entire state-machine sequence. Each
register is preloaded individually by following the steps given below.

Step 1.
Step 2.
Step 3.
Step 4.

With V¢ at 5 V and pin 1 at V|, raise pin 13 to ViHH.

Apply either V|L or V}H to the output corresponding to the register to be preloaded.

Pulse pin 1, clocking in preload data. )

Remove output voltage, then lower pin 13 to VjL. Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Notes 2 and 3}

— — — — — ViHH
‘ PIN 13 |
2 A T
N . Vi
k-t d ) Ii—-tw—ﬂ 1 I v
o [ i I S "
'Q_D' PIN 1 I | I |
by — —t vt
wn | I [
3 |
® ! I
@ | =|-ViH| VoH
n REGISTERED 1/0 INPUT H OUTPUT
-V VoL
NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
3. tg = tgy = tw = 100 ns to 1000 ns.
ViHH = 10.25 V t0 10.75 V.
: {
2.112 EXAS .
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TIBPAL20L8-30M, TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C |
LOW-POWER HIGH-PERFORMANCE /#PACT ™ PAL® CIRCUITS

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest T! field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 997-5762.

PARAMETER MEASUREMENT INFORMATION

5V
s1
. 2
FROM OUTPUT TEST
UNDER TEST POINT »
<
CL R2¢ "q','
{See Note A) Q
4 L
= [75)
LOAD CIRCUIT FOR ©
THREE-STATE QUTPUTS "&;
TIMING 35V HIGH-LEVEL AN 35V
INPUT 1.5 v PULSE ! 15V SV sy
“n':h*;~———03v tw .
t -"
I‘"su — - _35V - 'W_U: 35V ‘
1 1 M
DATA 15V 15V LOW-LEVEL 15V 15V '
INPUT 0.3V PULSE 03V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
N v Y OUTPUT
INP 15V 15V
| ¢ ’ {low-level
'PLH'F_N l PHL enabling) -l
y h +—— VoH 1
IN-PHASE | H
ouTP 15V 15V |
ur_! : VoL WAVEFORM 1 :
! S1CLOSED VoL
tPHL—¢—H M—tpLH (See Note B) . ! |
I | VoK PZH —ed M -tPHZ o
H . ! . SERY
gﬂ:;ﬁ;? ASE 15V 15V WAVEFORM 2 | 3= Vou
——=— VoL S10PEN
{See Note D) (See Note B} ~0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

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

FIGURE 1

%ip '
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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

D2920, OCTOBER 1985—REVISED DECEMBER 1987

High Performance . . . 35 MHz Min

Preload Capability on Output Registers
Simplifies Testing

® Power-Up Clear on Registered Devices

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

3-STATE REGISTERED 1o
DEVICE | | INPUTS
O OUTPUTS Q OUTPUTS PORTS
‘PAL20L10 12 2 0 8
‘PAL20X4 10 o 4 (3-state buffers} 6
‘PAL20X8 10 0 8 (3-state buffers) 2
‘PAL20X10 10 [} 10 {3-state buffers) o]

description

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

custom functions and typically results in a more-

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

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.

TIBPAL20L10’

M SUFFIX . . . JT PACKAGE

(TOP VIEW)
1 vee
102 o}
| 83 110
1O 0
10s 110
1 (e /0
107 110
1[e 110
1 /0
1 o 1/0
1O 0

GND [12 1
TIBPAL20L10’

M SUFFIX . . . FK PACKAGE

C SUFFIX . . . FN PACKAGE

(TOP VIEW)

00 _o

_———_-Z>0=

L S Sy W S

4 32 1282726
10s 25]
136 24}
117 23}
NC [J8 . 22(]
1{Je 21
1o 20
11 19(]

1213141516 1718

e B s L § e § e § v e

- —RQ~-00Q

zz =

G}

NC—No internal connection

"G SUFFIX . . . JT OR NT PACKAGE

170
/0
170
NC
110
110
110

Pin assignments in operating mode

Data Sheets JhS

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

IMPACT is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Monolithic Memories Inc.

7Integrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975.

PRODUCTIOR DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necassarily include testing of all parameters.

TExas
INSTRUME

s

NTS

Copyright © 1984, Texas Instruments Incorporated
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TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

TIBPAL20X4’ TIBPAL20X4"
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE ) C SUFFIX . . . FN PACKAGE
{TOP VIEW) (TOP VIEW)
pv4
3}
5080
__3£>9¢
(T 321282128
1]s 25110
1{e 24[]
1p7 23] a
NC 8 22[INC
19 21fja
1o 20f] o
1l 18] 110
12 1314 1516 1718 :
TToglgee
[C]
U TIBPAL20X8' TIBPAL20X8"
9_” M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
[V} C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
» v
= o
1] E o
@ Su 0o
-3 - -_0zZ2>=0
J
» (TR TR
s 25[]Q
1{]e 24[1Q
137 23]
NC[l8 22[INC
19 21ja
1Jwo 20(] @
g 19[] a
12 1314 1516 17 18 )
fven ¥ o s ¥ o B o W v § wn
- -0 U|\-IJ [eNe]
z zlo =
TIBPAL20X10" TIBPAL20X 10"
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) (TOP VIEW)
4
-
o
508
__-_0z2>00
L J U  w—" g S S o o
4 3 2 1282726
138 2s[ja
{36 24(la
107 23(]a
[Nef 0E:} 22[|NC
19 21{Jo
1010 20[ja
g 19(ja
121314 156161718
o Ve Y W e § e T e D e
NC—No internal connection —Touwoo
z 210
Pin assignments in operating mode
T i
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TIBPAL20L10-25M, TIBPAL20X4-25M
TIBPAL20L10-20C, TIBPAL20X4-20C
HIGH-PERFORWMARNCE EXCLUSIVE-OR /#MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL20L10
& >1
N
a0x40| 3, = vp———o0
3, pb—— o
7
20XD> 3 - —4->— 1/0
12 20 7
! a +—{"\y -
3, p—a—¢>— 10
3 D—a—4>— 1/0
8 20 3, &**— /o
e O—F—"\ :
3, D—ﬁ—f»— 1/0 2
3 —4»— 1/0
7 P "
' @
3 p-e—4>— 110 0
X =
3,; O—Q—Q—b— 1/0 n
@©
5 < -
‘PAL20X4 .
'
OE EN [
OUTCLK P> c1 :
S (
& =1 1=0
a0x 40 |3« LD v e
\ |
4 $ Q
4 a
20xD> e $
10 20 N
1 v a a
>1
4 EN :
3 ¥ o—e—>—] 10
3 D—a; <> 1/0
6 20 N
~ D4\
3 a—i <> 10
3 o BN <> 110
3, e 4> 1o
3, a4 1o
6 4
4 4

"\~ denotes fused inputs

Texas Q’ 2117
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TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL20X8
O EN
OQUTCLK c1
& 4 =1 1=0 V Q
N #10
4 + Q
N —
4 + Q
20 7
o, 20X D ~ . ? a
4 + a
sj
2 ~ ) g a
? F—
4 a
QU, ’ 2 3+—20 o +
. 4 a
o —Jen >1
= | < Vp—e——T1— 10
1] -
e 3 D] /0
» 2
! 8
'
) ‘PAL20X10
)
) OF EN
OUTCLK c1
) ) a =1 F1 =0 v Q
40 X 40 i)
4 + a
N
4, + Q
10 20 N
| <] 20XP ~ | + a
[N
4, + Q
4 + Q
[ N
10 20 f, + a
4 + - a
N
4, + Q
4, + Q
1
"\ denotes fused inputs
i
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TIBPAL20L10-25M
TIBPAL20L10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /APACT ™PAL® CIRCUITS

logic diagram (positive logic)
INPUT LINES
A\

/ \
1) Qoo Jove Boees 124ee JGese 20eee 24000 280ee 32 coe 364+ 39

0 ~
PRODUCT ©
LINES &D‘&“—ﬁ°
3
(2) )
DA —<F—
8 ™)
: @ o
1
. (3) |
10 - 2
. 21 o
L . . 8
b d [+
24 y ]
: 200 o <
27 »
{5) 4
1 —Dh 4 ..g.
32 o
: L) o
35 .
6 , :
, 4o . 4 .
40 - ' (
: 18 o 3
43
. (7) . '
a8 n
) (17) o
51
LR 4
56 ©
. LT
59
, (9) "
64 -
: (LTI
67
| {10) s 4
72 Dy
s 08
A . 13
LTS ——12

Qese fooe Booal2ense 16e e s200 oo 240 ¢ + 28e o o324+ 36+ +39

Pin numbers shown are for JT and NT packages.

{i’
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TIBPAL20X4-25M
TIBPAL20X4-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES
A
/ \
Deos Bees Goos 1200e 160c e 200 e « 280 oo 28e o« 3200+ 36+ «39
outcmﬂ%
proouCT ¢ B
LmEs ;D# @ o
(2) .
8 -
: 22 0
1
{3) N- s
= <
16
2 (21)
1 %D—l# Vo
@)~y ,
=D <
24
27 -
(5) N~ N
=X — K .
32
: E (19) a
35 -
. (6) N
b —<+—
4
0 E] (18)
; a
43
(7) NG !
L K—
48
51 %D ,
\ (8) (N ‘:
56 -
. ab_rl)‘ (16) Vo
59
19) NG N
P2 —K—
64 g
. QD—& 18 0
67
. (10)ny 1 q
72
. (14} 1o
75
' (11N - N (13) 5E

Deee Bece Boeo12ees 16ees 200 oo 240 oe

Pin numbers shown are for JT and NT packages.

28es ¢ 3200+ 36° + 39
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TIBPAL20X8-25M
TIBPAL20X8-20C
HIGH-PERFORMARNCE EXCLUSIVE-OR /A7PACT ™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES
— \

/o... oo 8---12--«16---200--240--28---32---36--39\
OUTCLKﬂ{}
prODUCT © B .
LINES % 23) /0
3
{2} .
1 —DA 4
8
. E (22) a
1.1
3 Dt K
| (3) 1
16
. E @ o
1.9
4 L 4
Dk K
24
| SR B
. (5) Dl_, - "
= o
3.5
{6) NG '
1 b :!4_
)
: SO e
43 bct p
7, .
Dt K—
48 %’D E o7
/ 5.1 |
G E K—
% E e
5.9
(9) f N
-y <]
64 %D (15) a
& L o
' (10) e
7.2 g W
75 14 o
\ < 13) —
\ {11) q ( 3

Ooes Boes Booe 12000 160 200 o+ 280 0+ 28¢ s o 320+ 36° ¢39
Pin numbers shown are for JT and NT packages.

Data Sheets H
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TIBPAL20X10-25M
TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES
A\
/o.. 4 Boeos 1200 e 1600 2000 s 2400 s 28e 0 s 32¢0 . 35..39\
ouTCLKﬂ%
0
PRODUCT. -
LINES .
3

2

¥,

-
-

;?

-
‘o

.

-
©

4

;

N
*H

N.

5

b

w
N

@

b

Iy
=3

B

. (9) Dl_,

0 G PR B

[l

Fl

Ppcl p

[ (6 [0 60 (6 ey (e

75

I(‘lﬂ }

Qeos f4eoe Booo 12000 16s oo 200 se 240 o+ 28ee o 3200+ 36+ 39

Pin numbers shown are for JT and NT packages.

TV ¢

22
(IQ

21
()0

(19) a

YT

(18)
Q

E ¥

(=}

14
()0

=
@

al
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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20€, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

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

Supply voltage, VeC (see Note 1) .. ...... ... e 7V
Input voltage {see Note 1) .......... .. i, e et e e e 5.5V
Voltage applied to a disabled output (see Note ) e e 5.5V
Operating free-air temperature range: M suffix. .. ........................ —-55°C to 1256°C

Csuffix ..........cocvnn. e 0°C to 75°C
Storage temperature range . . ... .. ovvv vt vttt nnnee e —65°C to 150°C

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

recommended operating conditions

—25M —20C
PARAM T
AMETER MIN NOM MAX MIN NOM MAX umt
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 v 2
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 3
felock Clock frequency 0 25 0 35 | MHz 8
’ High 15 10
tw Pulse duration, clock, see Note 2 g i N o
Low 20 14 ns (7,
tsu Setup time, input or feedback before QUTCLK? 25 20 ns ©
th Hald time, input or feedback after OUTCLK? 4] 0 ns i
Ly Operating free-air temperature -55 125 0 75 °C 8
NOTE 2: The high and low clock pulse durations cannot both be at the minimum values specified. Their sum must be equal to or greater
than the minimum clock period, which is the reciprocal of the maximum recommended ciock frequency. -
electrical characteristics over recommended free-air operating temperature range
—25M —20C
PARAMETER ST CONDI t
ET TEST CONDITIONS MIN_TYPT MAX | MIN TVt WMAX | '
VIK Vee = MIN, |} = -18 mA -1.2 -1.2 \
VOH Vce = MIN, gy = MAX 24 3.2 24 33 v
VoL . Vce = MIN, gL = MAX 0.25 0.4 035 05| V
Outputs o 20 20
| = MAX, = 2.
OZH ™7/0 ports Vee = MAX, Vo = 2.7V 100 0] M
Outputs -20 -20
| Vi = MAX, Vg = 04V A
OZL ™10 ports cc =M 0=0 —250 250 | *
Iy Vce = MAX, V| = 5.5V 0.1 0.1 | mA
hH Vee = MAX, V=27V 20 20 A
L Voo = MAX, V| =04V ] -0.25 -0.25 | mA
los$ Vec =5V, Vo=0 -30 -130 | -30 ~-130 [ mA
'20X4, ‘20X8, '20X10 120 180 120 180
| V = MAX, V| =0 A
CC 20010 cc ! 120 166 120 165 |
1t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
# All typical values are Voe = 5V, Ta = 25°C.
5 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
i
l EXAS ¢ 2-123
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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

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

noted)
—25M —20C

PARAMETER FROM TO TEST CONDITIONS WiIN TveT WAk TN Tvet max] N7
frax 25 35 MHz
tpd 1, 11O 0, 1/0 12 25 12 20| ns
tpd OUTCLKT Q R1 = 200 Q, 10 20 10 15 ns
ten OF Q R2 =390 Q, 7 20 7 15 [ ns
tdis OFEt Q CL = 50 pF 7 20 7 15 ns
ten 1, 1/0 0, I/0 15 25 15 20| ns
tdis 1, /0 0, 1/0 15 25 15 20 ns

TAll typical values are at Voo = 5V, T = 25°C.

2 programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized Tl distributor, or by calling Texas Instruments at (214} 995-5762.

O
]
-+
o
»n
=3
o
o
-+
7]
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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /AMPACT ™PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION
5V

b

S1

R1
FROM OUTPUT TEST

UNDER TEST POINT

R23

CL 3
(See Note A) | !

LOAD CIRCUIT FOR
THREE-STATE QUTPUTS

N

TIMING 35V HIGH-LEVEL R N 35V
INPUT X5V 03V PULSE ! 15V 1. . "
4 T ' .
-t -ﬂ‘—| th & - o
su
' <--— —35V o w — 35V )
DATA 15V 15V LOW-LEVEL w L
INPUT 0.3V PULSE f — —~ 03V [/5]
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS ©
SETUP AND HOLD TIMES PULSE DURATIONS =
————— 35V 3.5V o
INPUT 15V 15V ouTPUT
d | 03V CONTROL
| " : (low-level
‘PLH"I‘_" I I . enabling)
INPHASE | v ' 7, Vou
OUTPUT 15v | 15v .
) ! v, WAVEFORM 1
tPHL—M— | oL S1CLOSED
PHL ! M—>-tPLH {See Note B)
1 v
OUT-OF -PHASE 15V 1sv oM
oUTPUT . . WAVEFORM 2
——=— VoL S10PEN
(See Note D) (See Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE QUTPUTS

NOTES: A. C includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. All input pulses have the following characteristics: PRR < 1 MHz, t; = 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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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

preload procedures

preload procedure for registered outputs

Step 1 With Vcc at 5 volts, raise Pin 13 (OE) to VjHH to disable the outputs and clear the
registers (output goes low). Since the outputs are low, only high levels need be preloaded.

Step 2 Raise the selected output to be preloaded high to V|HH.

Step 3 Lower Pin 13 to V|H.

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

Step 5 Lower Pin 13 to V)L to verify preload.

(PRELOAD PIN 13}
OE

SELECTED
OUTPUT
TO PRELOAD

Q

VERIFY
PRELOAD WAVEFORMS

security fuse programming

~ PIN10

sjoays eieq m

< tw3 > ov

SECURITY FUSE PROGRAMMING WAVEFORMS

NOTE: Pin numbers shown apply only for the DIP package. If a chip carrier socket adaptor is not used, pin numbers must be changed
accordingly.
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TIBPAL20I.10-3I]C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

D2920, DECEMBER 1987

® Functionally Equivalent to MMI PAL® Series
24XA

® Preload Capability on Output Registers
Simplifies Testing
Power-Up Clear on Registered Devices
Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

| 3-STATE REGISTERED o
DEVICE INPUTS | O OUTPUTS Q OUTPUTS PORTS
‘PAL20L10 12 2 o 8
‘PAL20X4 10 o] 4 (3-state buffers) 6
‘PAL20X8 10 [4] 8 (3-state buffers) 2
‘PAL20X10 10 0 10 (3-state buffers) [o]
description

These programmable array logic devices feature
high speed and functional equivalency when
compared with currently available devices.
These IMPACT™ circuits combine the latest
Advanced Low-Power Schottky! technology
with proven titanium-tungsten fuses to provide
reliable, high-performance substitutes for
conventional TTL logic. Their easy
programmability allows for quick design of
custom functions and typically results in a more
compact circuit board. In addition, chip carriers
are available for further reduction in board space.

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.

TIBPAL20L10’
C SUFFIX . .. JT OR NT PACKAGE
{TOP VIEW)

1 Lh U 24 Vee
12 23[] o
1ds 2200 wo
10s 210 wo
105 20000
10s 19 wo
107 s wo
(e 17[J 1o
1o 16[] 1/0
1o 1s[J 1o
(AL 14[] 0O
GNDBIZ |
TIBPAL20L10’
C SUFFIX . . . FN PACKAGE
{TOP VIEW)
Q
___55082
[N SED ) SN ) S0 ) G gy W S
( 4 3 2 1282726
1p5 25(]
1ps 24(]
g7 23(]
NC P8 22]
109 21]
1{J10 20(]
1 19(]
121314151617 18
ooomoOoo;ooo
- T N0 ~T 00
zZ 2 =
(6]

NC—No internal connection

Pin assignments in operating mode

The TIBPAL20’ C suffix devices are characterized for operation from 0°C to 75°C.

IMPACT is a trademark of Texas Instruments Incorporated.
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.

Data Sheets H\®}

_ PRODUCTION DATA documents contain information

current as of publication date. Products conform to y}
spe:.i‘(inations per (t'n‘l ldsr::nfs of Texas .lnstdrumu:los‘ TEXAS

standard warranty. Production processing does

necessarily include testing of :" parameters. lNST RUMENTS

Copyright © 1887, Texas Instruments Incorporated
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TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C

HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

TIBPAL20X4’ TIBPAL20X4'
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
OUTCLK [ vee é
| [] 110 50800
1 ] 110 - -02Z2>==
LS S g e gy -
! ] o " %32 1282726
1 ] o 1ns 25[]1/0
1 1o 106 24fa
| ] Q ki 23(]a
| ] o nc 18 220 Ne
l []1/0 1De 21]a
1 []1/0 1010 20f] @
| (] 1o 1D 19 110
GND ] OF 121314151617 18
jmimimimisis]
2 R
[G]
(w ] TIBPAL20X8' TIBPAL20X8’
] C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
&" (TOP VIEW) (TOP VIEW)
wn OUTCLK 2] vee é
= 1 23] 1o ¢ E o
P ! 20 a __385%¢
o 1Qe 2o (752 B
| 20[] @
) 1ps 25[]a
| 19[] Q
. 1pe 24 a
: | 18] @
i 1p7 23(a
‘ ' v nc s 220 ne
. ! 16[J @
} . i 1pe 21[]a
| 15 1o 20fa
1 1a[] 110 i 1o
J GND 13[] OF
121314151617 18
fumWomVanlon oVl
b - UIUJ [oNe]
z zZlo =
[G]
TIBPAL20X10’ TIBPAL20X10’
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) {TOP VIEW)
outcek [ U2ad vee 3
10z 2da 508
10z 220a ~--02300
L 2‘%0 (232128272
1I0s 200a os 2stla
1L '9% a I 24[]Q
: ; 18] a 1p7 ‘ 23fa
wHa nc s 220 NC
1 18] Q 1he 2a0a
1w 1spa 1Q10 20(ja
1I0gn wda 111 19(a
GND [ 12 13 € 121314151617 18
[m s Ven Vo ¥ Bonlml
- -oumoo
Zz z2Io
o
Pin assignments in operating mode NC—No internal connection
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TIBPAL20L10-30C, TIBPAL20X4-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20L10*

Data Sheets H

& En >
a0xao0| 3, vp———o0
3, pb————o
7
20X b 3, O—ec—¢>— 1/0
12 20 7
: ”
= " D b {—4->— 110
3, —e—¢>— 10
D—a—>— 1/0
8 20 ~ 3’/ /
3, Do —>— 110
3, e —4>— 110
3, D-e—4»— 1/0
3 —>—
, BN 1/0
8, <
7 <
TIBPAL20X4'
OE ——EeN
OUTCLK > c1
|
& =1 T=0
so x40l LD v e
4 é -Q
N
4 Q
20X D 7 $
10 20 N
' ~ o AV 4 J’ a
en >
3 Vo> 1/0
7
20 3 D—a1—<4-> 1o
D s
3 =\ <> 1o
3 NI 110
3, S N 110
3, o DN 1o
6 .
41 4
" denotes fused inputs
T i
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TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

functional block diagrams (positive logic)
\

TIBPAL20X8’
OE EN
OUTCLK > 1
4 o
& =1 =0 ¥
a0x40[” +1D
4 + o]
——
[N
4 + a
10 20X Df 20 —\
| o a
9
—
. a + Q
——
81
2 ; T
- |
4 + Q
nUS 2 D—on ~ - )
a4 Q
~* ] 6
o >1
(2] Pl
= | < | vp-e— 1/0
8 3 D—eq 1/0
-~
(7] 2
' 8
' TIBPAL20X10’
" oF EN
' ouUTCLK c1
& 4 =1 ¢ =0 ¢ Q
40 X 40 [ 1D
' N\
4 + Q
4, + Q
10 20 —
. 20xXD> il PN a ? a
N
4 + o]
N\
a + Q
Q
10 20 .
D"\ 7 ?
4 + Q
N
4 + Q
4, + Q
10, )

v denotes fused inputs
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TIBPAL20L10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES
i /\,
/ \
1) Qees Beve Boave 12+0c 1Geoe 20ese 24v0e 28eee 32 ses 36039

PRODUCT (.)
LINES

(2)
2]

(=]

/0

N

110

)
Data Sheets
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1/0

/o

1/0

3
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w* *o

) ) ) J ) ) )

L al sl L al al al &l J

B g ] 3 g g g g 8 B
5
~—

o

(13}

|

Qooe 4 one Boonl2ecs 16ace20s oo 240 ¢ 28e o 232200 36+ «39

Pin numbers shown are for JT and NT packages.
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TIBPAL20X4-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

logic diagram (positive logic)
INPUT LINES
A

/
Ocve Beos 24 ¢ 28¢ s+ 3260+ 36 39

Geos 12000 16se s 200 «

\

ou*rcu(-ﬂ%

PRODUCT ?
- LINES

{23)

I/o

{22)

/0

(21) "

0

sjeays eleq N

16
__L_) 110

{15) o

LIPS

(13)

Ocoe deee 8Beorv 120ce 1600+ 200 0o 240 s 2800« 3200« 36° ¢ 39
Pin numbers shown are for JT and NT packages.
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TIBPAL20X8-30C

HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

logic diagram (positive logic)

/

[
OUTCLKﬂ%

Beoe 1200 160 02200 o 0240 ¢+ 280 o » 32"-36-'39\

PRODUCT 9

LINES .

(23)

(20)

Y P P T T EECT

' (11)D

Qoee Boees Booo 12000 16o v 200 vs 2400+ 280 320 36 39

Pin numbers shown are for JT and NT packages.

1/0
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Data Sheets
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TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

logic diagram {positive logic)

OUTCLK ﬂ-&

[}
PRODUCT .
LINES .

3

s

sjeaygs ejeq

INPUT LINES
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8e - 12

e 16e e+ 200 e s 240 es 2Be e 3200 36. -39 \
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Qees feoe Beoeo 12000160 ce 200 e 24¢ e 280+« 3200+ 36+ 39
Pin numbers shown are for JT and NT packages. ‘
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TIBPAL20L10-30C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

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

Supply voltage, Vo (see Note 1) . .. oo e e e 7V
fnput voltage (see Note 1) . ... .. ... . e 55V
Voltage applied to a disabled output (see Note 1) ... ...... ... ... ... i ian.. 55V
Operating free-air temperature range: Csuffix . . ........ .. ... .o ... 0°C to 75°C
Storage temperature ranNge . . ... ..ot it vttt e s —-65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.
recommended operating conditions
PARAMETER —30¢ uNIT
MIN NOM MAX
Vee Supply voltage 4.75 5 5.25 \
VIH High-level input voltage 2 5.5 \
ViL Low-level input voltage 0.8 \ 2
IoH High-level output current -3.2 mA
loL Low-level output current 24 mA 17
fclock  Clock frequency 0 22.2 | MHz ‘E;
. High 15 o
tw Pulse duration, clock, see Note 2 Low 35 ns =
tsy Setup time, input or feedback before OUTCLKT 30 ns w
th Hold time, input or feedback after OUTCLKT 0 ns @
TA Operating free-air temperature o] 75 °C E
NOTE 2: The high and low clock pulse durations cannot both be at the minimum values specified. Their sum must be equal to or greater Q
than the minimum clock period, which is the reciprocal of the maximum recommended clock frequency.
electrical characteristics over recommended free-air operating temperature range
: -30C
PARAMETER TEST CONDITIONS t UNIT
MIN TYP! MAX
ViK . Vece = MIN, I = -18 mA -1.2 \'
VOH Vee = MIN, loH = MAX 2.4 3.3 \
VoL Vece = MIN, loL = MAX 0.35 0.5 \'4
QOutputs 20
f Vee = MAX, Vo =27V A
OZH 170 ports cc 0 100 | *
QOutputs -20
1 Vi = MAX, Vo = 04V A
OZL I"/0 ports cc ° Z250 | *
] Veg = MAX, Vy =565V 0.1 mA
hH vee = MAX, V=27V 20 uA
M Vee = MAX, V| = 0.4V -0.25 | mA
1os? Vec =5V, Vo =0 -30 -130 | mA
‘20X4, '20X8, '20X10 120 180
l Vee = MAX, V=0 A
CC ["20L10 cc ! 120 165 |
1t For ‘conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
 All typical values are Voe = 5V, Ta = 25°C.
8 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
.Ji
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TIBPAL20L10-30C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

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

noted)
PARAMETER FROM TO TEST CONDITIONS —30¢ UNIT
MIN TYPT MAX
fmax* With Feedback 22.2 MHz
tpd 1, 110 0, /0 23 30 ns
tpd OUTCLK? Q R1 = 200Q, 10 15 ns
ten OE Q R2 = 39090, 11 20 ns
tdis OFt Q Cy = 50 pF 10 20 ns
ten 1, 1/0 0, /10 - 19 30 ns
tdis 1, 1/0 0, 1/0 15 30 ns
TAll typical values are at Vgc = 5V, Ta = 25°C.
' t i =— 1 i be calcul f ithout f a1
2 fmax (with feedback) Tou ¥ tpalCLK 10 o fmax without feedbackvcan e calculated as fmayx (without feedback) thigh + tylow

programming information

O
g Texas Instruments Programmable Logic Devices can be programmed using widely available software and
Y inexpensive device programmers.
[72) Complete programming specifications, algorithms, and the latest information on hardware, software, and
g firmware are available upon request. Information on programmers capable of programming Texas
o Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
l a’ authorized Tl distributor, or by calling Texas Instruments at (214) 997-5762.
'
)
]
, EXAS {}
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TIBPAL20L10-30C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACTPAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION
5V

b

s1
R1
FROM OUTPUT TEST
UNDER TEST POINT
>
<
CL Rzg
(Sea Note A) | §

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

N

TIMING 38V HIGHLEVEL /X~~~ 35V
INPUT d 15V 03V PULSE 15V 1.5V h 03y
_________ H .
et - ty, — 3]
- tgy o >
oo <--——35V i tw ' 35V 3
DATA 15V 15V LOW-LEVEL 15V. 15V £
INPUT 0.3V PULSE f —— —03V (7]
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS ©
SETUP AND HOLD TIMES PULSE DURATIONS ia
T T sy 35V aQ ]
INPUT 15V 15V OUTPUT
f h 03V CONTROL . . '
| ) t ' (low-level R ‘
tF‘LH"‘—N PHL enabling) (
' E "~ VoH 1 '
INPHASE |
QUTPUT 15v 15V | '
: { VoL WAVEFORM 1 : ‘
SICLOSED | Moo= 2= Vv
tPHL——D M—btPLH (Ses Note B) 40 L | 3" Yoo |
| 1 Vou PZH —e ol W -tPHZ o
OUT-OF-PHASE 15V 15V i ==t os vy
OUTPUT : : WAVEFORM 2 i 3 [
——=— VoL §1 OPEN
(See Note D) (See Note B) ~0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A. C_ includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. All input pulses have the following characteristics: PRR < 1 MHz, t; = t; = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
U
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TIBPAL20L10-30C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

preload procedures

preload procedure for registered outputs

Step 1
Step 2
Step 3
Step 4

Step 5

(PRELOAD PIN 13)

With Vcc at 5 volts, raise Pin 13 (OE) to V|4H to disable the outputs and clear the
registers {output goes low). Since the outputs are low, only high levels need be preloaded.
Raise the selected output to be preloaded high to V|HH.

Lower Pin 13 to ViH. '

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

Lower Pin 13 to V| to verify preload.

2 *
O
9. SELECTED
o OUTPUT
7 TO PRELOAD
®
Q
(o] VoL
~+
@ VERIFY
PRELOAD WAVEFORMS
security fuse programming

PIN 10

< tw3 > oV

SECURITY FUSE PROGRAMMING WAVEFORMS

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

accordi

ngly.
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TIBPAL20SP8-30M, TIBPAL20SP8-20C

HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

D3088, DECEMBER 1987

® True Product-Term Sharing Option

® -High-Performance Operation:
TIBPAL20SP8-20C tpd . . . 20 ns
TIBPAL20SP8-30M tpd . . . 30 ns

® Choice of Output Polarity

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

® Dependable Texas Instruments Quality and
Reliability

3-STATE | REGISTERED| IO

DEVICE | 1INPUT 0 OUTPUTS | @ OUTPUTS | PORTS

'PAL20SP8| 14 2 0 6

description

These programmable array logic devices feature
high-speed product-term sharing. They combine
the Advanced Low-Power Schottky 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.

Product-term sharing allows a choice of one or
two outputs for any product term. The 56
product terms are grouped in multiples of 14 per
output pair, not counting the 8 enable terms (1
per output). Any number of product terms (from
0 to 16) can be associated with one output. In
addition, a product term may be common to two
outputs. In addition to the product term sharing,
these devices feature a polarity option for each
output.

The TIBPAL20SP8-30M is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL20SP8-20C is
characterized for operation from 0°C to 75°C.

IMPACT is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Monolithic Memories Inc.

TIBPAL20SP8
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)

TIBPAL20SP8
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

-[nNc
30 Vvee

N
=~
i
afo

oo
3 2
1s 25[]1/0
106 2410
1p7 23[10
NC 8 22[INC
19 21vo
110 20(110
[

1 1910

1718
janln]
el

-
N
w
-
»
-
o

p
gl
=

GND[]
NC[)

NC—No internal connection

Pin assignments in operating mode

PRODUCT PREVIEW

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of
development. Characteristic data and other
spacifications are design goals. Texas Instruments
reserves ths right to change or discontinue thess
products without notice.

. Copyright © 1987, Texas Instruments Incorporated
*IP
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH-PERFORMANCE /MPACT™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

logic diagram (positive logic)

\ m

INPUT LINES
A\
AY
@ 4 L 12 18 20 24 28 32 36
1 <—
PRODUCT (23
LINES 0
. T
. —t 22)
. T
; T 1
EITN X ;

s1e9ys eleq m
[HEEREN
E

T
[REEREE
gs

32 ’%L
. EE‘DED—D_LB)IIO
, @ :o = =+ v
@ 7 =+
=0 A
o -
= : =
@] . T 10
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=
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

functional block diagram (positive logic)
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Data Sheets
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH-PERFORMANCE /MPACT™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

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

Supply voltage, VcCc (see Note 1) . ... ..o iiiie e nennt. e e Lee 7V
Input voltage (see Note 1) .................... e P 5.5V
Voitage applied to a dlsabled output (see Note ) R 5.5V
Operating free-air temperature range: —30M suffix ....... [ e . —55°C to 125°C
—20C suffix . ..... .. o » 0°Cto 75°C
Storage temperature range ... ... e e et e e e -65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.
recommended operating condtions
—30M —-20C UNIT
MIN NOM MAX | MIN NOM MAX
B® | Vcc  Supply voltage \ 4.5 5 5.5 | 4.75 5 5.25 \
2 Vi4  High-level input voltage 2 2 + vV
| ViL Low-leve! input voltage 0.8 0.8 \4
loH High-level output current -2 ~3.2 mA
O loL Low-leve! output current ) 12 24 mA
2 TA Operating free-air temperature -55 125 [+] 75 °C
o .
¢ electrical characteristics over recommended operating free-air temperature range
=
1] PARAMETE T TioNST —30m —20C
® ETER TEST CONDITIONS MIN_ TYP? MAX | MIN TYPt MAX | U1
7d Vik Vce = MIN, I = 18 mA ~0.8 -1.5 08 -15] V
‘ VoH . Vee = MIN, IoH = MAX 24 3.2 24 3.2 v
VoL Vee = MIN, oL = MAX 03 05 03 05 v
. lozn$ Vee = MAX, Vo =27V . . 100 100 | wA
: oz’ Ve = MAX, Vo = 0.4V ~100 -100 | A
i 1) Vce = MAX, V) =565V 0.2 02| mA
) s ] Vee = MAX, Vp =27V 25 25 | A
) né Vee = MAX, V) =04V -0.08 -0.25 -0.08 -0.25 | mA
10s1 Vce = MAX, Vo =0 -30 -70 -130 | -30 -70 -130 mA
Vee =MAX, t )
lce v::(i . Outputs open 140 180 © 140 180 | ‘maA
C; f = 1 MHz, Vy=2V 3 5 pF
Co f = 1 MHz, Vo=2V 6 6 pF
-U tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
o Al typical values are at Vo = 5V, T = 26°C.
81/0 leakage is the worst case of lozL and | or lozH and liH. respectively.
! 8 YNot more than one output should be shorted at at time and duration of the short-circuit should not exceed one second.
0
)
m
<
g
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH- PERFORMANCE IMPACT ™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

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

) TEST —30M —20C
UNIT
PARAMETER | FROM 0 CONDITIONS MIN TYP MAX | MIN TYP MAX
1 L o, 15 30 15 20 ns
pd |
- |/0 lc,)o R1 = 200Q,
ten I;O m’) R2 = 3901, 16 30 16 20 ns
n ° See Figure 1
) 4 ' 1R 30 16 20
tdis /o 1/0 ns

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on_programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at {214) 997-5762.

Data Sheets ITXN

PRODIICT PREVIFW/
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH-PERFORMANCE /MPACT™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

PARAMETER MEASUREMENT INFORMATION

5V

S1L

R1

FROM QUTPUT TEST
UNDER TEST POINT

cL 3R2
(See Note A) l
4

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

C pe— 35V OUTPUT 35V
INPUT 15V 15V CONTROL 15V 15V
| 0.3V (low-level

- STeays eied A

|
t, —H ‘H' enabling)
pd | | + pd v ten—p| ¢— —NI e—tdis .
K — — VOH | |
S I I L R N |
I ! VoL §1 CLOSED | "o 4SRN vor
tpd —e——n [e———tpd {See Note B) ten—bl 1= o et disT
|

| | VOH —— Y _vy
OUT-OF-PHASE 15V 15V WAVEFORM 2 1 -3 or
OUTPUT A 1 OPEN 15V VOH-0.5 V
‘i - {See Note D) oL {See Note B)

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

NOTES: A. Cy includes probe and jig capacitance and is 50 pF for tpg and tgn, 5 pF for tgis.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses have the following characteristics: PRR < 1 MHz, t, = t; = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. -

FIGURE 1
U
0
)
J
3
-
")
7]
1|
<
:
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

D2943, OCTOBER 1986 —REVISED DECEMBER 1987

Second Generation PAL Architecture

Choice of Operating Speeds
TIBPAL22V10AC . . . 25 ns Max
TIBPAL22V10AM . . . 30 ns Max
TIBPAL22V10C . . . 35 ns Max
TIBPAL22V10M . . . 40 ns Max

Increased Logic Power — Up to 22 Inputs
and 10 Outputs

Increased Product Terms — Average of 12
per Output

Variable Product Term Distribution Allows
More Complex Functions to be Implemented

Each Output is User Programmable for
Registered or Combinatorial Operation,
Polarity, and Output Enable Control

TTL-Level Preload for Improved Testability

Extra Terms Provide Logical Synchronous
Set and Asynchronous Reset Capability

Fast Programming, High Programming Yield,
and Unsurpassed Reliability Ensured Using

Ti-W Fuses

® AC and DC Testing Done at the Factory
Utilizing Special Designed-In Test Features

® Dependable Texas Instruments Quality and

" Reliability

® Package Options Include Plastic and

Ceramic Dual-In-Line Packages and Chip

Carriers

@ Functionally Equivalent to AMD
AMPAL22V10 and AMPAL22V10A

description

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

(TOP VIEW)

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

{TOP VIEW)
Z,988

_-0=z2358¢%
/ - - G ) S Sy S A )

4 3 21282726
hE 25
1ps 24(]
1pD7 23]

nclls 22(]
1De 21]
110 20{]
1pn 190

121314 15 16 17 18

faaTonTen T Vom Nam Fom|

~-g99-g99g
§% 99

NC—No internal connection

Pin assignments in operating mode

1/0/Q
1/0/Q
1/0/Q
NC

1/0/Q
1/0/Q
1/o/Q

<3

Data Sheets

The TIBPAL22V10 and TIPPAL22V10A are programmable array logic devices featuring high speed and
functional equivalency when compared to presently available devices. They are implemented with the
familiar sum-of-products (AND-OR) logic structure featuring the new concept ‘‘Programmable Output Logic
Macrocell”’. These IMPACT™ circuits combine the latest Advanced Low-Power Schottky technology with
proven titanium-tungsten fuses to provide reliable high-performance substitutes for conventional TTL logic.

These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining
and programming the architecture of each output on an individual basis. Outputs may be registered or
nonregistered and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential
outputs are enabled through the use of individual product terms.

IMPACT is a trademark of Texas Instruments Incorporated.

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

TEXAS““

INSTRUMENTS

Copyright © 1986, Texas Instruments Incorporated
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

sjaays eieq LN

Further advantages can be seen in the introduction of variable product term distribution. This technique
allocates from 8 to 16 logical product terms to each output for an average of 12 product terms per output.
This variable allocation of terms allows far more complex functions to be implemented than in previously
available devices.

Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term.
These functions are common to all registers. When the synchronous set product term is a logic 1, the
output registers are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous
reset product term is a logic 1, the output registers are loaded with a logic 0. The output logic level after
set or reset depends on the polarity selected during programming. Output registers can be preloaded to
any desired state during testing. Preloading permits full logical verification during product testing.

With features such as programmable output logic macrocells and variable product term distribution, the
TIBPAL22V10 and TIBPAL22V10A offer quick design and development of custom LSI functions with
complexities of 500 to 800 equivalent gates. Since each of the ten output pins may be individually configured
as inputs on either a temporary or permanent basis, functions requiring up to 21 inputs and a single output
or down to 12 inputs and 10 outputs are possible.

A power-up clear function is supplied that forces all registered outputs to a predetermined state after power
is applied to the device. Registered outputs selected as active-low power-up with their outputs high.
Registered outputs selected as active-high power-up with their outputs low.

A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns.
Once blown, the verification circuitry is disabled and all other fuses will appear to be open.

The M suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The C suffix devices are characterized for operation from 0°C to 75°C.
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

logic diagram (positive logic)
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

functional block diagram (positive logic)
N
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B ¢~ | MACROCELL [\
10 R
‘ N
> R ] RERE
~ <
CLK/ 22, 1A, =
— L —
14, R
«
7) n "
16 5
—
() — L -
o 16,
8 L 22 |, S
10 m Yo —
(7)) Ea 14 N
- > ]
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

output logic macrocell diagram

-_—D OUTPUT LOGIC MACROCELL

I_ _—— e —— — /|
I MUX I
- 9 3
I AR—{R 1=0 T—-Do— 2 I
i 1D 1 <
> C1 b— 0 )
e 1
I ss—J1s }G % |
I v o
FROM CLOCK BUFFER— . | 2 ,
| MUX S0 l
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Kt 1 L @
| S g
G1 | =
[ @
| ©
b
I 5
| s1 | [a
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i
T {IP
EXAS 2-149

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



- - - - - -

TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANGE /MPACT™ PROGRAMMABLE ARRAY LOGIC

—1— | nD;

R R
1D 10
? c1 > C1
—{1s —{1s !
S1 =0 S1 =0
-$0 =0 SO = 1
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT

N

sjeays eleq

i

S1 =1 . S1 =1

=
e

/O FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH QUTPUT

MACROCELL FEEDBACK AND QUTPUT FUNCTION TABLE

FUSE SELECT

s1 S0 FEEDBACK AND OUTPUT CONFIGURATION
[o] 0 Register feedback| Registered Active low
(o] 1 Register feedback} Registered Active high
1 0 1/0 feedback Combinational | Active low
1 1 1/0 feedback Combinational | Active high

0 = unblown fuse, 1 = blown fuse
S1 and SO are select-function fuses as shown in the output logic
macrocell diagram.

FIGURE 1. RESULTANT MACROCELL FEEDBACK AND OUTPUT LOGIC AFTER PROGRAMMING

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

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

Csuffix ... ... i 0°C to 75°C
Storage temperature raNgE . . . ..o v v v e et e et —-65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle or during a pre-load cyéle.

2-150
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TIBPAL22V10M, TIBPAL22V10C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

recommended operating conditions

TIBPAL22V10M TIBPAL22V10C UNIT
MIN NOM MAX MIN NOM MAX
Vcc  Supply voltage 4.5 5 5.6 |4.75 5 5.25 Vv
ViH High-level input voltage 2 5.5 2 5.5 v
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -2 -3.2 mA
loL Low-level output current 12 16 mA
felock Clock frequency 16.5 18 | MHz
tw Pulse duration Clock high or low 30 25 ns
Asynchronous Reset high or low 40 . 35
Input 35 30
tsu Setup time before clock? Feedback 35 30 ns
Synchronous Set 35 30
Asynchronous Reset low (inactive) 40 35 2
th Hold time, input, set, or feedback after clock? o] o] ns
Ta Operating free-air temperature -55 125 o] 75 °C
2
electrical characteristics over recommended operating free-air temperature range 8
TIBPAL22V10M TIBPAL22V10C £
PARAMETER TEST CONDITIONS # MIN TYP®  MAX MIN _TYPE  MAX UNIT [/)]
VIK Vec = MIN, )= -18mA . -1.2 -1.2 v S
VOH Vce = MIN, IoH = MAX 2.4 3.5 2.4 3.5 \ 12
VoL Vce = MIN,  IgL = MAX 0.26 0.5 035 05 v () [
lozH Vece = MAX, Vo =27V 0.1 0.1 mA ‘
lozL ,——-::z l‘;:';p”t | Ve = MAX, Vg =04V _;:2 _;gg WA :
I Ve = MAX, V) =55V 1 1| mA '
liH Vec = MAX, V| =27V 25 25 | uA !
L Ve = MAX, V= 04V Z0.25 ~0.26 | mA ‘
105! Vee = MAX, Vg =05V -30 -90 |-30 -g0 | mA
Icc Vee = MAX, vy = GND, Outputs open 120 180 120 180 mA
switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)
TIBPAL22V10M TIBPAL22V10C
PARAMETER FROM TO TEST CONDITIONS MIN TYPS MAX | MIN TYP5 MAX UNIT
fmax ' With feedback Cp = 5O pF 16.5 18 MHz
tpd i, 1/0 110 R1 = 300 Q for C suffix, 15 40 15 35 ns
tpd 1,1/0 (reset) Q R1 = 390 @ for M suffix, 15 45 15 40 ns
thd Clock Q R2 = 390 @ for C suffix, 10 25 10 25 ns
ten I, /0 10, Q R2 = 750 Q for M suffix, 15 40 15 35 ns
tdis [e} /0, Q See Figure 2 15 40 15 35 ns

T fmax and felock (with feedback) = fmax and fglock Without feedback can be calculated as fyyax and

1

tsy + tpd (CLK to Q)
1

ty high + ty low

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

8 All typical values are at Voc = 5V, To = 25°C.

Y Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vg at
0.5 V to avoid test problems caused by test equipment ground degradation.

Texas R 9151
INSTRUMENTS
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TIBPAL22V10AM, TIBPAL22V10AC

HIGH-PERFORMANCGE /MPACT™ PROGRAMMABLE ARRAY LOGIC

recommended operating conditions

TIBPAL22V10AM TIBPAL22V10AC UNIT
MIN NOM MAX | MIN NOM MAX
Vcc  Supply voltage 4.5 5 5.5 |4.75 5 5.25 \
ViH High-level input voltage 2 5.5 2 5.5 \
VL Low-level input voltage 0.8 0.8 \
loH  High-level output current -2 -3.2 mA
loL Low-level output current 12 16 mA
felock Clock frequencyt 22 28.5 | MHz
. Clock high or low 20 15
tw Pulse duration - ns
Asynchronous Reset high or low 30 25
Input 25 20
tsu Setup time before clockt ;if:::s:ous Set ;: ;g ns
2 Asynchronous Reset low finactive) 30 25
th Hold time, input, set, or feedback after clock? o] 0 ns
Ta Operating free-air temperature -55 125 0 75 °C
O
2" electrical characteristics over recommended operating free-air temperature range
]
N PARAMETER ) TEST CONDITIONS?# J::PA:$:¥1O:’|“:X I\:II:PA'II'_YZ:;HOI\:::\X UNIT
C=D- VIK Vee = MIN, I = -18mA -1.2 -1.2 \
(4] VoH Vee = MIN,© IgH = MAX 2.4 3.5 2.4 3.5 \
a VoL Vee = MIN, loL = MAX 0.25 0.5 0.35 0.5 \
lozH Vee = MAX, Vg =27V 0.1 0.1 mA
lozL Any output Vee = MAX, Vg = 0.4V -100 -100 A
Any 1/0 : —-250 -250
[ Vece = MAX, V| =55V 1 1 mA
IIH Vee = MAX, V) =27V 25 25 rA
T Vee = MAX, V) =04V -0.25 ~0.25 mA
los$? Vee = MAX, Vg =05V -30 -90 [-30 -90 | mA
Icc Vee = MAX, V] = GND, Outputs open 120 180 120 180 mA
switching characteristics over recommended ranges of supply voltage and operating free-air temperature
{unless otherwise noted)
. TIBPAL22V10AM TIBPAL22V10AC
PARAMETER FROM TO TEST CONDITIONS MIN_ TYPS MAX | MIN TYP®  MAX UNIT
fmax | With feedback CL = 50 pF 22 28.5 MHz
tpd 1110 110 R1 = 300 @ for C suffix, 15 30 16 25 ns
tod I, /0 (reset) Q R1 = 390 Q for M suffix, 15 35 15 30 ns
tpd Clock Q R2 = 390 © for C suffix, 10 20 10 15 ns
ten 1, 110 Q R2 = 750 Q for M suffix, 15 30 16 25 ns
tdis -1, /0 Q See Figure 2 ' 15 30 15 25 ns
Tfmax and felock (with feedback) = mo—), fmax and fclock without feedback can be calculateq as fmax and
felock (without feedback) = tw—hig-ﬁ_gm'
For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
8 All typical values are at Voc = 5 V, Ta = 25°C.
9 Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set V( at
0.5 V to avoid test problems caused_by test equipment ground degradation.
i
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMARNCE /AfPACT™ PROGRAMMABLE ARRAY LOGIC

preload procedure for registered outputs (see Note 2)

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. Each register is preloaded
individually by following the steps given below.

Step 1. With V¢ at 5 volts and pin 1 at Vj, raise pin 13 to V|HH.

Step 2. Apply either V| or V|H to the output corresponding to the register to be preloaded.

Step 3. Pulse pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower pin 13 to V|L. Preload can be verified by observing the voltage
+ level at the output pin.

preload waveforms (see Notes 2 and 3)

N~ VIHH
PIN 13 / ' \

j—tsu—py [—td—>] I viL /]

:<—m—>1 le—tw—sl | |

| | |
| I _ ey g
PIN 1 | i | | q
! 1 I | a4
T y y ViL £
! | [ | v
' | I —VH | VoH 1&
REGISTERED /0 :>_< INPUT OuTPUT c
——viL VoL .
NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed '
accordingly.

3. t4 = tgy = ty = 100 ns to 1000 ns. VjqH = 10.25 V to 10.75 V. {
(
i
i
TEXAS ‘n‘i .
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC ,
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

power-up reset

Following power-up, all registers are reset to zero. The output level depends on the polarity selected during
programming. This feature provides extra flexibility to the system designer and is especially valuable in
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the Vgg's
rise be monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable
input and feedback setup times are met.

power-up reset waveforms

T 77 7 's)e3ys ereq EcH

av 5V
Vee |
| .
je——————tpd'
_ (600 ns typ, 1000 ns MAX) I
- - VoH
ACTIVE HIGH : STATE UNKNOWN l 1.5V
REGISTERED OUTPUT N
\ VoL
VoH
ACTIVE-LOW I 0
REGISTERED OUTPUT STATE UNKNOWN ! 1.5V
T T —— VoL
[— tsu? —9
|| ViR
cLock \\1 BV 15V
!
T '{‘ - =V
————tw———»]

1 This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
+ This is the setup time for input or feedback. -

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized Tl distributor, or by calling Texas Instruments at (214) 997-5762.
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

PARAMETER MEASUREMENT INFORMATION

5V

S1L

FROM OUTPUT
UNDER TEST

TEST

R1
POINT
cL SR2
(See Note A}
L—o

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

35V i — — ——35V 7
TIMING 15V v GH-LEVEL 15V 15V -
INPUT A 03V PULSE 1 1 0.3V 8
tsunt e | - =
su
1 —|———35V | 35V 7]
DATA 15V 15V LOW-LEVEL 15V 5V
INPUT : : 03V PULSE : : 03V E
. . © -
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS Q .
SETUP AND HOLD TIMES PULSE DURATIONS .
—————— 35V OUTPUT 35V |
INPUT 15V 1.5V CONTROL !
| | 0.3V {low-level 1 03V '
tpd —:4—” | tpd enabling) i - ;
IN-PHASE ] ! . M 1—5—‘,\'0" ~3.3V
OUTPUT : : WAVEFORM 1 VoL+0.5 V
- | | VoL $1 CLOSED x_ VoL
tod—i—b| l¢&—>—1tpd (See Note 8)
| | VOH
—- = v
gﬂ:;%’fr"’“‘\s’i 15V 1.5V WAVEFORM 2 = YoH
e ——v $1 OPEN VoH-0.5V
{See Note D) oL {Sea Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A. C includes probe and jig capacitance.
B. Waveform 1 ic 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 open.
FIGURE 2
Texas WP -
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH- PERFOHMANCE IMPACT™ PROGRAMMABLE ARRAY LOGIC

D2943, FEBRUARY 1987 —REVISED DECEMBER 1987

® Functionally Equivalent to the
TIBPAL22V10/10A, with Additional
Feedback Paths in the Output Logic
Macrocell

® Choice of Operating Speeds:
TIBPAL22VP10-20C . . . 20 ns Max
TIBPAL22VP10-25M . . . 25 ns Max

® Variable Product Term Distribution Allows
More Complex Functions to be Implemented

Polarity of Each Output is Programmable
TTL-Level Preload for Improved Testability

Extra Terms Provide Logical Synchronous
Set and Asynchronous Reset Capability

® Fast Programming, High Programming Yield,
and Unsurpassed Reliability Ensured Using
Ti-W Fuses

® AC and DC Testing Done at the Factory
Utilizing Special Designed-In Test Features

® Dependable Texas Instruments Quality and
Reliability

® Package Options Include Plastic and
Ceramic Dual-In-Line Packages and Chip
Carriers

description

The TIBPAL22VP10 is equivalent to the
TIBPAL22V10A but offers additional flexibility
in the output structure. The improved output
macrocell uses the registered outputs as inputs
when in a high-impedance condition. This
provides two additional output configurations for
a total of six possible macrocell configurations
all of which are shown in Figure 1.

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

(TOP VIEW)

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

(TOP VIEW)

S og

20858

- —0Z2>==

S S S R g i gy gy

( 4321282726
10s 25(]
1fle 24{]
(1% 23(]
NC [J8 22(]
109 21
Do 20(]
pn ~19(]

12 1314 15 16 17 18
o W ¥ e W s O B e

NC—No internal connection

Pin assignments in operating mode

1/o/Q
/0/Q
110/Q
NC

1/0/Q
1/0/Q
1/0/Q

N

Data Sheets

The device contains up to twenty-two inputs and ten outputs. It defines and programs the architecture
of each output on an individual basis. Outputs may be registered or nonregistered and inverting or
noninverting. In addition, the data may be fed back into the array from either the register or the 1/0 port.
The ten potential outputs are enabled through the use of individual product terms.

Further advantages can be seen in the introduction of variable product term distribution. This technique
allocates from 8 to 16 logical product terms to each output for an average of 12 product terms per output.
This variable allocation of terms allows far more complex functions to be implemented than in previously

available devices.

IMPACT is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information

current as of publication dats. Products conform to

sgac:‘ﬁcsnons per tl;‘s tderms of Texas Inst';umanu TEXAS

standard warranty. Production processing does not

necessarily include testing of upll paramgters lNST RUMENTS

Copyright © 1987, Texas Instruments Incorporated

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term.
These functions are common to all registers. When the synchronous set product term is a logic 1, the
output registers are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous
reset product term is a logic 1, the output registers are loaded with a logic 0. The output logic level after
set or reset depends on the polarity selected during programming. Output registers can be preloaded to
any desired state during testing. Preloading permits full logical verification during product testing.

With features such as programmable output logic macrocells and variable product terms, the TIBPAL22VP10
offers quick design and development of custom LSI functions with complexities of 500 to 800 equivalent
gates. Since each of the ten output pins may be individually configured as inputs on either a temporary
or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 10
outputs are possible.

A power-up clear function is supplied that forces all registered outputs to a predetermined state after power
is applied to the device. Registered outputs selected as active-low power-up with their outputs high.
Registered outputs selected as active-high power-up with their outputs fow.

A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns.
Once blown, the verification circuitry is disabled and all other fuses will appear to be open.

The TIBPAL22VP10-25M is characterized for operation over the full military temperature range of ~55°C
to 125°C. The TIBPAL22VP10-20C is characterized for operation from 0°C to 75°C. :

2-158
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH- PERFORMAHCE IMPACT™ PROGRAMMABLE ARRAY LOGIC

functional block diagram (positive logic)
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= SET 1s
32x44 RESET R
-] [
8 =21 >
. outputr b |
- > LoGIC vo/a
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10, 5
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12
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

.Iogic>diagram {positive logic)
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.
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /A/PACT™ PROGRAMMABLE ARRAY LOGIC

output logic macrocell diagram

_D OUTPUT LOGIC MACROCELL

r -

MUX |
AR—JR =0 L_Do_

> C1 o

'l
I
| §S—118

O =2 O = N W

0
G_
}a

FROM CLOCK BUFFER

' 3

1/2/3
1 0
|—— 0
sat is1

AR = asynchronous reset
I §S = synchronous set |

1 This fuse is unique to the Texas Instruments TIBPAL22VP10. It allows feedback from the I/O port using registered outputs as shown
in the macrocell fusing logic function table.

™ . L . 2

——
[2)
I

——— e —— e — — —
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

r
1D
>C1
$2 =0 18 S2 =0
S1 =0 - S1=0
S0 =0 ¢ SO = 1
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
!
J
) R p—t—>—— ——>——
L]
> : 1
N —1>c1
J —J1s $2 = 1 §2 = 1
g S1=0 S1 =0
- |< } S0 =0 Ki S0 = 1
n
1/0 FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT? 1/0 FEEDBACK, REGISTERED, ACTIVE-HIGH ouTPUT?
——>— ——>—
$2 = X ) $2 = X
S1 =1 $1 =1
1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT

T These configurations are unique to the TIBPAL22VP10 and provide added flexibility when comparing it to the TIBPAL22V10 or
TIBPAL22V10A.

FIGURE 1. RESULTANT MACROCELL FEEDBACK AND OUTPUT LOGIC AFTER PROGRAMMING
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE

PROGRAM-FUSE SELECT FEEDBACK AND OUTPUT CONFIGURATION
S2 S1 S0
o [¢] [o] Register feedback | Registered Active low
[} o 1 Register feedback | Registered Active high
1 [o] o] 1/0 feedback Registered Active low
1 o 1 /0 feedback Registered Active high
X 1 0 | 1/O feedback Combinational | Active low
X 1 1 1/0 feedback Combinational | Active high

0 = unblown fuse, 1 = blown fuse, X = unblown or blown fuse
S2, $1, and SO are select-function fuses as shown in the output logic macrocell
diagram. |

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

Supply voltage, Vcc (seeNote 1) .. ............ e e e 7V 2
Input voltage (see NOte 1) . ...ttt et ettt 55V N
Voltage applied to a disabled output (see Note 1) . ............... ... ........ [N 55V o0
Operating free-air temperature range: TIBPAL22VP10-25M ............ ..... —bb°Cto 125°C g
TIBPAL22VP10-20C ........... e 0°Cto 75°C Q@
Storage temperature TANGE . . v v v v v vttt et e et i et te e et —-65°C to 150°C ﬁ
NOTE 1: These ratings apply except for programming pins during a programming cycle or during a pre-load cycle. ©
ot
recommended operating conditions 8 .
TIBPAL22VP10-25M | TIBPAL22VP10-20C UNIT .
MIN NOM MAX MIN NOM MAX | .
Vee Supply voltage 45 5 55| 4.75 5 6525] V !
ViH High-level input voltage 2 5.5 2 5.5 v !
Vit Low-level input voltage 0.8 0.8 \ '
I0H High-level output current -2 -3.2 mA
loL Low-level output current 12 16 mA .
felock Clock frequency ¥ 25 37 | MHz
tw Pulss duration Clock high or low 20 10 ns
Reset high 30 20
Input 25 15
tsy Setup time before clock? Feedback 28 15 ns
Preset 25 ) 15
Reset low (inactive) 30 20
th Hold time, input, preset, or feedback after clock? [o] 0 ‘ ns
TA Operating free-air temperature —-55 125 o] 75 °C
Tfelock (with feedback) = ———1——— . felock without feedback can be calculated as
tsu + tpd (CLK to Q}
f (without feedback) = ———1— .
clock tw high * ty low
Texas WP
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

electrical characteristics over recommended operating free-air temperature range

TIBPAL22VP10-25M | TIBPAL22VP10-20C
PARAMETER TEST CONDITIONS MINTYPT MAX | MIN TvpE max | UMT
Vi Vecec = MIN, || = =18 mA -1.2 -1.2 v
VoH Vee = MIN, IoH = MAX 2.4 3.5 2.4 3.5 \J
VoL Vee = MIN, gL = MAX . 025 0.5 0.35 0.5 v
lozH Ve = MAX, Vg =27V 0.1 0.1 | mA
1021 ::: ;Lg””' Vee = MAX, Vg = 0.4V _;gg _;gg A
I Vce = MAX, V| =55V ’ 1 1] mA
"W Vee = MAX, Vi=27V 25 25 [ uA
[ Vee = MAX, V) = 0.4V -0.25 -0.25 | mA
Ios$ Vce = MAX, Vg = 0.5V -30 -90 | -30 -90 [ .mA
icc Vee = MAX, Vi = GND, Outputs open 140 220 140 210 mA
2 switching characteristics over recommended ranges of supply voltage and operating free-air temperature
o (unless otherwise noted)
o TIBPAL22VP10-25M | TIBPAL22VP10-20C
a PARAMETER FROM TO TEST CONDITIONS N YT A TNt ] UNT
) fmax’ CL = 50 pF, 25 50 37 50 MHz
= tpd 1, /0 1/0 R1 = 300 Q for C suffix, 12 25 12 20 [ ns -
[1:] tpd 1, 1/O (reset) Q R1 = 390 Q for M suffix, 12 25 12 20 ns
‘,.b; tpd Clock Q R2 = 390  for C suffix, 8 15 8 12 ns
« ten 1, /0 Q R2 = 750 @ for M suffix, 12 25 12 20 | ns
tdis 1, 1/0 Q See Figure 2 12 25 12 20 | ns

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

* AW typical values are at Voc = 5V, TA = 25°C.

§Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vg at
0.5 V to avoid test problems caused by test equipment ground degradation.

1

q " b = ———————
fmax {with feedback) tsy + tpd (CLK to Q@)

fmax Wwithout feedback can be calculated as

1

i feedback) = ——e——oueo
fmax (without feedback) T ——

*i’
2-164 Texas
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

preload procedure for registered outputs (see Note 2)

The output registers of the TIBPAL22VP10 can be preloaded to any desired state during device testing.
This permits any state to be tested without having to step through the entire state-machine sequence.
Each register is preloaded individually by following the steps given below.

Step 1. With V¢ at 5 volts and pin 1 at V), raise pin 13 to V|HH-

Step 2. Apply either V|L or V|H to the output corresponding to the register to be preloaded

Step 3. Pulse pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower pin 13 to V|L. Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Notes 2 and 3)

=1—‘d—>| le—tw—pl | |
|
| | —_— ViH )
PIN 1 I I | | [}
] L | 1 [+}]
T ~r t ViL L
| | : | n
| o
I | i —VIH i VoH S
REGISTERED 1/0 . >——< . INPUT OUTPUT 8
. — —ViL VoL f
NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers mustbe changed '
accordingly. !
3. tg = tgy = tyy = 100 ns to 1000 ns. V|yy = 10.25 V t0 10.75 V. .
[
.
'
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

power-up reset

Following power-up, all registers of the TIBPAL22VP10 are reset to zero. The output level depends on
the polarity selected during programming. This feature provides extra flexibility to the system designer
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it
is important that the VgC's rise be monotonic. Following power-up reset, a low-to-high clock transition
must not occur until all applicable input and feedback setup times are met.

power-up reset waveforms

av 5V
Vee g
|
l¢ ‘pdt |
(600 ns typ, 1000 ns MAX) | )
ACTIVE-HIGH |- T=" Vo
REGISTERED OUTPUT / STATE UNKNOWN 1 1.5V
. ] Vou
v
ACTIVE-LOW | OH
REGISTERED OUTPUT STATE UNKNOWN I 1.5V
T - —-——-—- VoL
je— tsu? —bi
} ViH
cLock \\1 5V 15V
|
. T 'JI' —_——VL
—tw——pf

1t This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
+This is the setup time for input or feedback.

programming information

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

When the additional fuses are not being used, the TIBPAL22.VP10 can be programmed using the
TIBPAL22V10/10A programming algorithm. The fuse configuration data can either be from a JEDEC file
(format per JEDEC Standard No. 3-A) or a TIBPAL22V10/10A master.

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized Tl distributor, or by calling Texas Instruments at (214) 995-5762.
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TIBPAL22VP10-25M
TIBPAL22VP10-20C

HIGH-PERFORMARCE /4#7PACT™ PROGRANMABLE ARRAY LOGIC

PARAMETER MEASUREMENT INFORMATION

FROM OUTPUT
UNDER TEST

CL
{See Note A)

LOAD

5V
S1
R1
TEST
POINT
b3
/[ SR2
p
CIRCUIT FOR

THREE-STATE OUTPUTS

35V IGH.LEV, — — ——35V ¢
TIMING 15V HIGH-LEVEL 15V 1.5V *
INPUT /i 0.3V PULSE \ H 03V g
I th— le— tw—>l ' £
M-tsu-p| | | |
\ —f———35V | asv v
DATA 15V N 15V LOW-LEVEL 15V 15V
INPUT . . PULSE . . ‘s
o3V ‘—— ——0.3V o
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS C
SETUP AND HOLD TIMES PULSE DURATIONS '
—————— 35V OUTPUT 35V
INPUT 15V 15V CONTROL 15V 1.5V '
| I 03V (low-level | ; 0.3V t
t | t : enabling) e T '
p"_:‘_': H_r pd v en—b [4— —»: — tdis '
- E — T VOH | |
g“u::ﬁi Il 15V '__\EI WAVEFORM 1 : % 16V | Ilf rzza:g 5V
I | Vot 1 CLOSED [ Y ¥ Vot ’
fpd—e—H —t=tpd (See Note 8] tonpf e —bl M-tais
OUT-OF-PHASE l I Vo ! —— =¥ Vou
-OF-PHA 1.5V 15V WAVEFORM 2 1
OUTPUT — ——voL S1 QPEN VOH-0.5V
(See Note D) . - (See Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A. C_ includes probe anq jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. All input pulses have the following characteristics: PRR < 1 MHz, t; = tf = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
FIGURE 2
T i
i EXAS Lu 2-16
NSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



EFNXE Data Shoate

2-168



TIBPALR1SL8M, TIBPALR19R4M, TIBPALR19R6M, TIBPALR19R8M
TIBPALR19L8C, TIBPALR19R4C, TIBPALR19R6C, TIBPALR13R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

02709, DECEMBER 1982 —REVISED DECEMBER 1987

® High-Performance Operation . . . 30 MIHz @ DIP Options Include Both 300-mil Plastic
® Preload Capability on Output Registers and 600-mil Ceramic
® Dependable Texas Instruments Quality and
Reliability
3-STATE REGISTERED
DEVICE VD INPUTS [ IINPUTS | "0 re Q OUTPUTS 1/0 PORTS

‘PALR19L8 11 2 2 0 6

‘PALR19R4 11 0] 0 4 {(3-state buffers) 4

‘PALR19R6 11 0 0 6 (3-state buffers) 2

‘PALR19R8 1" 0 (4] 8 (3-state buffers) 0

description ‘TIBPALR19L8’

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 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.

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.

An M suffix designates full-temperature circuits
that are characterized for operation over the full
military temperature range of —55°C to 125°C.
A C suffix designates commercial-temperature
circuits that are characterized for operation from

0°C to 70°C.

INPUT REGISTER FUNCTION TABLE

INPUT OUTPUT OF
INCLK D | INPUT REGISTER
T H —H
1 L L
L X Qq

t Integrated Schottky-Barrier diode-clamped transistor is patented

by Texas Instruments, U.S. Patent Number 3,463,975.
PAL is a registered trademark of Monolilthic Memories Inc.

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

(TOP VIEW)

10 Uaa vee
oz 23] D
s 2200
Qs 21[J vo
o [s 20 10
mws 19d o
w8 vo
mw Qe 2[Jwvo
e 16] VO
i [ho s o
D [ 14[] INCLK

GND [[p2  13]] I

TIBPALR19LS8’

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

(TOP VIEW)
Q
22_2%2¢
| S ) S ) N S S— ) ) —
4 3 2 1282726
1o f]s 25(]
/D [J6 24(]
1D 17 23]
NC [18 22(]
11D 9 21[]
110 110 20(]
o In 19(]
12 1314 1516 1718
f o W s § e Dt Y ¥ s o |
ap0U~ o
== g z. ;_’,
4
NC—No internal connection

110
170
110

e}
110
1/0

Pin assignments in operating mode

[7Z]
]
[}
[}
L
7]
]
-t
1]
o

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

Texas ‘4’
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TIBPALR19RAM, TIBPALR19R6M, TIBPALR19R8M
TIBPALR19R4C, TIBPALR19RGC, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

TIBPALR19R4’ ‘ ‘ TIBPALR19R4’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outck [ U2d]] vee
2 23] vp
wz 22[] vo
mwQs =20 w0
s 200 a
ms 9] Q
110 7 18] Q
s 7] a
m [ 18] 10
D [Jio  1s[] 1O
o (1 1a[] INCLK
GND [J12  13]] OE 1314 1516 17
fem Ve Tass Vo Ve Vn
2 EEEFT R
© z
U TIBPALR19R6’ TIBPALR19R6"
9_1 M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
'Y C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
n {TOP VIEW) {TOP VIEW)
g outctk [7 Tz vee 3
@ w2 23w 568
—* mw s 2Dwo €232588
» mwd+« =20a )
ws 200 Q
v e 19Ja a
mw}r wda a
mwds 170 a NC
mwe 8] Q
o [he  1s[J 1o Q
GI/D On  1a[] INCLK Q
ND (12 13[] OF 1 18
FRrar ey e
b4
R R
© z
TIBPALR19R8’ TIBPALR19R8’
M SUFFIX . . . JW PACKAGE : M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
QUTCLK El 243 Vee S o
w2 23w
0020 0On
w]z 20 a ==o0z>=0
mws 2100 2
s 200 a a
s 1] Q Q
w7 8Ja Q
s 173
] NC
e 8] Q
/o s Q
0 [Jn 1af] INCLK Q
GND [Ji2__13]] OE 1314 1516 17 18
Pin assignments in operating mode g8 % % 8 é o
© z
NC—No internal conn;ction
E—
i
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TIBPALR19L8M, TIBPALR19R4M
TIBPALR1SL8C, TIBPALR19R4C
HIGH-PERFORMANCE REGISTERED-INPUT PAL®CIRCUITS

functional block diagrams (positive logic)

"PALR19LS
& EN >1
asxes] L v o
INCLK——(E I
21 D L .
11X 1
] ~ ,7, O-&—<¢»—1/0
+137c3
1 2c3 n 7, -e 4110
D+ B 7
n
1/D ———{ 3D ,7, D—g—c—»—uo
M2
n 7, o—x—«v—l/o -
J .
'? 8 . 2
= 7
= _2 5]~ 2 P& —4->—1/0 =
8 7
2l Z - —4—>—1/0 @
o,
6, (Y]
re < L
N
‘PALR19R4 ©
®
oF A EN2 (= T
OUTCLK B> c1 .
. L [
& | g >1 29——a I
38 X 64—~ D v
— ‘
8 Q 1
INCLK 21 7 —
8, Q
11X 1 7 S
va ~
413c3 7 g $ Q '
J2c3 1 N\
p—~— ~ en >’
1
1/D —t— 3D Z, v b— 1/0
A
7 o—e——<4—>
DA <> 10
- 8 ol <o
= o~ % o> )
,8’ - ,7, o ‘\ <+ /0
At <
#——dt
Y
*i’
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TIBPALR1 SRBM,‘ TIBPALR19R8M
TIBPALR19R6C, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

functional block diagrams (positive logic)

‘PALR19R6
3 -Of EN2
OUTCLK c1
. 9
& >1 29| Q
38 X 64 4"’ E
INCLK 21 _f,__ ¢ Q
8
Q
11X " =u + -
- <]~ —
L1,2c3 8 a
L 2c3 1 1 —
1 71~ 8 {, Q
2 1/D ——r— ;Dz ‘ ,s —
1 —<— e
>1
o = i o
Q 8D A~ | Vp-«—e>—1—10
Q 1 s |_ 7 -84 1/0
2] l 2
= 7 <
o [ <
m 7 W
~*
, @
, "PALR19R8
)
. OE ENZ
OUTCLK ct
) , (‘
& 8, >1 2Q a
.' sxes[ 7 +1D —
. |NcLK—cm 8, 4 Q
7 —
) 11X 1, f, é Q
4 132c3 ’ 8 Y o
- 2C3 1 >~ é
1 >~ ’ )
8 Q
1/D ———i ;Dz 7 + N
E ] 8 Q
1 Z #
N
L 8 8 % Q
D P~ 7 —
8 é Q.
8 1. 7
4 W
81
T i
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TIBPALR19L8M, TIBPALR19L8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL®CIRCUITS

logic diagram (positive logic)

| {1

INPUT LINES
PR N
— \
0 4 8 12 16 20 24 28 32 36
o 2] 23,/
= PRODUCT
LINES
0
L
. _ﬂo
L
.
7 o Y
(3) |?3C22 ~<.K l\—‘
1/D == 20 8 2
Mo .
M (21)
s 2438 o %}—é’»—lm
- .
4 ocz 15 4 . g
@] fice S — o
1/D o I 16
L1 @), £
.
2435 1/0
= . (72}
23 ,
5] < s
1/D = 24 ©
. : a9) o
. y———t1/O b
.
31
—
1o 8 - —4 .
. (18) !
. 1o [
.
q 39 1
i K
- 20
.
. — o
.
47 )
— K
/D= 48 al
.
: “G)I/O
.
55
1D 56 e
.
: (15) o
.
63 )
1D K
oY

<pMincik

(a3,

Pin numbers shown are for JW and NT packages.
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TIBPALR19R4M, TIBPALR19R4C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive logic)
[0} '

OUTCLK
INPUT LINES
4 — A
4 12 16 20 24 28 32 36
ocz2
o 2] ';wg: 23)
2433
PRODUCT
LINES
0
L]
: {22) o
L]
7 ]
o @ = —&
2 . ,
. —21 o
L
o = =y
o o @ 4
2 / e
Y . E E 200
.
L] b
: "o 3 )
@ 1o & %
(D L]
a .
.
: W)
yo B i
MO
M1 .
L]
SRZE E
.
oy -
(7) 1c2
/D £ 40
M1 .
L]
Q2438 |
- .
47
a8
.
. 19) 0
.
55
56 +
.
. 18) /o
L]
63
K
<P incLk
U3

Pin numbers shown are for JW and NT packages.
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TIBPALR19R6M, TIBPALR19RG6C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive logic)
)

ouTCLK
INPUT LINES
A
0o a4 12 16 20 24 28 32 36
el 28,
T PRODUCT
LINES
o -
.
: 226
.
7

3
N

]
Mo .
M1 P
gzaaa . E
S . b
15 (2]
oc2 g) )
B 15" P16 qu o
. E [+}]
: E (20)Q =
. bcip m
23 ) ©
] m N S
. w
E 19
: E 194 [
Ld - D ‘
31 4
1o & =

S
R
Booeel
ﬁ
ENE:
ié
o

1/0 40

f-\'f.? o

. (
q 243 o 17
- .
47
0Cc2 1

yp BLL_Jie? KH

B {16)q

Neeeed

S

o998

e
T_#

(9) 1C2

(15||/0

N
5
>
k=
@
Seseed

ot K

|/D(Hj 3’

<}>ﬂ4’|NCLK
P90z

Pin numbers shown are for JW and NT packages.
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TIBPALR19R8M, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive logic)

outeLk
INPUT LINES
—
f 4 12 16 20 24 28 32 36
[ 0C2
vo 2 QI8 By,
MO
M
2433
= PRODUCT
LINES
0 .
L]
. E (ZZ)0
L]
: !
7 2N
K .
2 o & 1%43: 8
fm . a @n,
-2434 :
= s b
15 )
g Wl e K
11D » | 16
~* Mo Py
o il . E 20)
» 2435 E
= . Lc1h
> ocz |23 . -
(1] [GREE ) -
. /D 20 24
m MO
- M M (19)
»n 2436 g Q
1 . beb
31 s
o 8115 —
B [ 3
M1 b4
+ .
. bt b
39 .
o DL fie 0 —KH
e . :”],
2438 : E ('I7D0
L] b b
47 )
48 “J
L
(16
: W Lo,
. erb
- "'y
56 9N
.
: ™ B (15)0
63 eerp
"y
<P incLk
3(13,55

Pin numbers shown are for JW and NT packages.
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TIBPALR19L8M, TIBPALR19R4M, TIBPALR19R6M, TIBPALR19R8M
TIBPALR19L8C, TIBPALR19R4C, TIBPALR19R6C, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL®CIRCUITS

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

Supply voltage, VCC (see Note 1) . . ... . e e e e e 7V

Input voltage {see Note 1) ... ... . i e 5.5V

Voltage applied to a disabled output (see Note 1) ... ........ ... ... 5.5V

Operating free-air temperature range: Msuffix........... ... ............ -55°C to 125°C

: Csuffix . ... .. . 0°C to 70°C

Storage temperature TaNge . . .. ... vv v iin i e e —-65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle or during preload cycle.

recommended operating conditions

M SUFFIX C SUFFIX
MIN NOM MAX | MIN NOM MAX UNIT
Vce  Supply voltage 4.5 5 5.5 | 4.76 5 65.26 \ '
VIH High-level input voitage ’ 2 5.5 2 5.5 \2 2
ViL Low-level input voltage 0.8 0.8 \2
10H High-level output current -2 -3.2 mA »
loL Low-level output current 12 24 mA -Iu-;
fclock Clock frequency g\‘lj:TLCKLK 8 ;g g 23 MHz 2
INCLK high 20 15 n
tw Pulse duration, clock g\ltj:'ll:gl_llzv:igh jg 1: ns g
OUTCLK low 20 15 ()
Data before INCLK?T 15 10
tsu Setup time Data before OUTCLK? 30 25 ns
INCLK? before OUTCLK? (See Note 2) 30 25
th Hold time Data after INCLK? 5 5 ns
Data after OUTCLK? Y] 0
TA Operating free-air temperature ~55 125 o] 70 °C
NOTE 2: This setup time ensures the output registers will see stable data from the input registers.
3
TEXAS 2-177

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265




TIBPALR19L8M, TIBPALR19R4M, TIBPALR19R6M, TIBPALR19R8M
TIBPALR19L8C, TIBPALR19RAC, TIBPALR19R6C, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS T MIN_TYPE  MAX MIN_TYPT  MAX UNIT
VIK Vce = MIN, | = —18 mA -1.5 -1.5 \
VOH Vce = MIN, IoH = MAX 2.4 3.2 24 33 v
VoL Vce = MIN, loL = MAX 0.25 04 0.35 0.5 v
oo Jomm | veo-m wi-zry E N
OE Input 0.2 0.2
) 1/D Inputs Vee = MAX, V=565V 0.1 0.1 mA
) All others 0.1 0.1
OE Input 40 40
2 IIH I/D Inputs Vee = MAX, V=27V 20 20 rA
All others 20 20
OE Input -0.4 -0.4
(w] TN I/D Inputs Vee = MAX, V=04V -0.6 -0.6 mA
2 All others -0.2 0.2
o |Iof Vce = MAX, Vg = 225V -30 -125 [-30 -125 | mA
W |icc vee = MAX, V) =0V, 150 210 150 210/ | mA
- Outputs open
®
(1]
. ",;," switching characteristics over recommended operating free-air temperature range (unless otherwise
" noted)
TEST M SUFFIX C SUFFIX
: PARAMETER FROM o CONDITIONS MmN Tvet max | min Tvet max | YN
frmax INCLKt 1/0, O 20 30 MHz
' tod i, 10 /0, 0 5 30 15 26| ns
tpd 10y 10, 0 20 40 20 35 ns
thd INCLK?T 1/0, O 20 40 20 35 ns
tpd ;lEJTCLKT Q RL = 500, 10 25 10 20 ns
:en ] |/lo So ) Cu = 50 pF, :2 22 :Z i: ::
en - . See Note 3
ten 101 1/0, O 27 45 27 40| ns
ten INCLKT 1/0, O 27 45 27 40 ns
tdis OEt Q 11 25 11 20 ns
tdis 1, 1/0 110, O 12 30 12 25| ns
tdis 1101 110, 0 13 30 13 30| ns
tdis INCLK? 1/0, O 13 30 13 25 ns
1t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are Vo = 5V, Tp = 25°C.
5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igg.
Yinput configured as an input buffer.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
*p
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TIBPALR19L8M, TIBPALR19R4M, TIBPALR19R6M, TIBPALR19R8M
TIBPALR13L8C, TIBPALR19R4C, TIBPALR13R6C, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized Tl distributor, or by calling Texas Instruments at (214) 997-5762.

preload procedure for registered outputs (see Note 4)

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

Step 2 Pin 14 to V|HH

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

Step 5  Remove the voltages applied to the outputs.

Step 6 Pin 13 to Vi

Step 7 Check the output states to verify preload.

preload waveforms (see Note 4)

5V

OUTPUTS DISABLED
VIH

PIN 13 (OE) vt % ' ¥ {
e

Data Sheets I)\¥

VIHH — — — — — — - : ’
(
PIN 14 (INCLK) : : | '
viL } | :
| |
— tw1 ——» |
| 100 ns l wl ViH |
Von | a1 .Il | | | | VERIFY
© o LR — XX
Vou |
[
ViL

PIN 13 !'—th—’]/.'_'__.\“‘i"_‘:: 1BV
' ! ov

NOTE 4: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
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TIBPALT19L8M, TIBPALT19R4M, TIBPALT19R6M, TIBPALT19RBM
TIBPALT19L8C, TIBPALT19RAC, TIBPALT19R6C, TIBPALT19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

D2709, DECEMBER 1982—REVISED DECEMBER 1987

® High-Performance Operation . . . 30 MHz

® Preload Capability on Output Registers

® DIP Options Include Both 300-mil Plastic

and 600-mil Ceramic :

® Dependable Texas Instruments Quality and

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

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 transparent
latches on the inputs. 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.

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.

An M suffix designates full-temperature circuits
that are characterized for operation over the full
military temperature range of —55°C to 125°C.
A C suffix designates commercial-temperature
circuits that are characterized for operation from
0°C to 70°C.

INPUT LATCH FUNCTION TABLE

INNE D LATCH OUTPUT
L L L
L H H
H X Qo

C SUFFIX . . . JW OR NT PACKAGE

1/D
I/D
1D
NC
1/D
I/D
I/D

M SUFFIX . . . JW PACKAGE

(TOP VIEW)
ing vece
1o (2 I/D
1o [ o}
o s 110
1o s 110
b [ /0
o Q7 110
o s 110
10 o . 110
1D [J1o 0
1D [ INLE
GND %12 |
TIBPALT19L8"

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

(TOP VIEW)
oo ud
=== .Z2> g ]
L ] g i | w4
43 2 1282726
s 25[]
16 24]
7 23(]
8 22(]
No 21[]
1o 20(]
11 19(}
121314 1516 17 18
o W ¥ o ¥ o § e Ve § e |
00QQ WO
==szz |2
5} E

NC—No internal connection

/0
110
110

110
110
/0

Pin assignments in operating mode

TIntegrated 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.

N

Data Sheets

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
sundard‘wqmntl. Production processing does not
necessarily include testing of all parameters.
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TIBPALT19R4M, TIBPALT19R6M, TIBPALT19R8M
TIBPALT19RA4C, TIBPALT19R6C, TIBPALT19R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

TIBPALT19R4’ TIBPALT19R4’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outcrk [ T2J vee é
w2 23w E O
wls 20w 2238982
vo s 21 uo (TTTTRRR
mw{s 220a /D
s 25[] /0
mwhs 1efa o fje 2l a
w7 sfda o By 2[ja
wls wda NC
1E] 22[]NC
mwe 1Jro
/D []o 21f]Q
o [o s wo 1D f1o @
D [ 14]] INLE 1D e 19[] o
GND 12 13[] GE
1213141516 1718
2 Waun § o D ¥ ¥ s T ¥ |
(8]
R
Q <
) TIBPALT19R6’ TIBPALT19R6’
o M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
5“ C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
o (TOP VIEW) (TOP VIEW)
- ouTcLk [ Vee é
) 1o [ 1D aab5o8
o 1o O ) S283£58¢
(7] o [ Q (332 18272
:/EE a /D {15 5] Q
/ f a 110 [I6 [ a
b a 1o 7 [ a
uoE Q NC [J8 22{] NC
1o [ o] D Qo 21fja
11b [Jio 110 vp [0 20(] @
D i INLE b v 19]la
GND [i2 OE
121314 15161718
o ¥ s s I § o Vs T §
[STRIIT)
geogly IE e
[ =
TIBPALT19RS’ TIBPALT19R8’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
%4
outcLk [fr Vee 3
oz 1D 508
(8]
o s a 283z520
110 [Ja Q %37 128272
1o [s a b s s a
o [e Q 1o [16 2afl
o [ Q 17 23fja
vo (s a Ne [I8 22[| nC
/0 (o a 1o Jo 21fla
/b [Jio Q o Do 20[}
1D [ INLE o 19[] a
GND ] OE 1213141516 1718
oo,
PR
1G] <
Pin assignments in operating mode NC—No internal connection
T {I’
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TIBPALT19L8M, TIBPALT19R4M
TIBPALT19L8C, TIBPALT19R4C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

functional block diagrams (positive logic)

‘PALT19L8
& en 21
b—
. 38 X 64 Z, v o
INLE 21
CI l 7, o————o0
7
1x ,’,1 _ 7 D-a—4-+—1/0
+12c3
-+ 1 7
2c3 _ Z -8 —4»—1/0
1 ?
‘ 1
1/D—»—{ 3D '7, D—k—ﬂ—% /0
M2
E n _Z D—ﬁ_‘-’_ 1/0
8
= 7 & —4>—1/0
|—e | s> [~ -
8 7 —>—1/0
H—_ Ed 7
GI d
7 <
‘PALT19R4
OE —C{EN2
QUTCLK > c1
1 L
s lsa | ™ 29, a
38 X 64— 1D —.
J— 8 Q
INLE 21 7 [
8, & a
11X 7
S I n
+1.2c3 A Q
4 2c3 11 N\
~ >1
11 - EN
1/D —~— 3D 7 Vp—a—¢>—— 10
M2
1 7 P P
~ cx /o
= 8 7 Pl I .
3D A~ ] c‘-\ /o
f’ - _,7’ o ‘\ <+ 1/0
41 4
7 <
4
- <

Texas {"
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TIBPALT19R6M, TIBPALT19R8M
TIBPALT19R6C, TIBPALT19R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

-functional block diagrams (positive logic)

‘PALT19R6
OE EN2Z
OQUTCLK > C1
. 4 i
& 8 >1 2Q Q
4 éu)
38 X 64 —\
iNLE 21 .fz_ é o
8 Q
11X 1 7 §
12¢c3 1~ 8 a
4 2c3 1 7 é
1 - 8 Q
| =
1/D ~——F~— in[:r f —\ .
2 1M 7 & \.j
>1
= 8 7 |EN
E 0 P14~ | Vjo—e—e>——10
8 I__ LS 7 D—& 4 10
wn 2 <
= 6, <
@ T4 <
(1]
) ~+
S ‘PALT19RS
OE EN2
, OUTCLK c1
) & 8 >1 410 29 a
3gxe4] 7 =N
iNLE 21 8, : —Q
7
' . —
11X 1 8, % a
2zt 7
4 1.2¢c3 A
P 8 Q
4 2c3 1 7 {
o—~— ~ N
1 a0 8, { Q
1/D——pf— 7
M2 s Y o
7 5 ¥
N
8 Q
- 8 7 ?
8D P4~ —
8, + Q
8, 7
S~ .
8[
#
T {l’
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TIBPALT19L8M, TIBPALT19L8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

logic diagram (positive logic)
o

INPUT LINES
[} 4 8 12 16 20 24 28 32 36
1o & | (23,
< PRODUCT
LINES
o -
.
° (22)0
.
.
oc2 7 i
(3) 41c2 -'<H i
1D b ) 2
Mo .
M1 (21)
i 2434 o — 20
i : u)
[ 15 ,
Locz 1 ]
1 ::E 16 8
.
M1
f 2% . 200 <
= M (72}
| X )
(5) 1c2 :'Q'— ©
m2n 2 ) -
M @
e 19)
L — 0 o
= L
_ i , 1
1o 32 <
. (18) !
. y———1/0
. {
[ 39 4 :
eyl ) K
L] .
9 : (17) 1o
- .
4 .
1/D— 48 = ]
.
. —1%
.
55 )
1D 56 «
L]
: (15) 0
L]
63 )
1Y —K——
o
0% ire
ua),

Pin numbers shown are for JW and NT packages.

' )
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TIBPALT19R4M, TIBPALT19R4C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

logic diagram (positive logic)

outerk
INPUT LINES
PR X \
4 12 16 20 24 28 32 36
ocz2
(2) 1c2 (23) /D
I/D = '3%
2433
PRODUCT
LINES -
0
N
. —22 0
.
. .
7 L
0c2 JQ
1o B4 é’ B —
.
M1 (21)
2 2434 o ——— 1/0
2+ .
o =
—1c2
o o & | 16
~+ M1 *
o ﬁzass .
w N ¥
23
= & e
1) 1D o [T 24
(4] M1 .
.
) a Q243§
I .
131
VD (6) -%1%2 2
! fm .
= .
SIEZET
) o
. 39
' 1/0 o 40
.
. T
.
.
47
(8)] 185
I/D ~—1—20 a8
A
. (16)
. /o
L]
55 )
K——
56
.
: (15) /0
L
63 .
—K—
4
<}>(—1-) INLE
3“3)ﬁ

Pin numbers shown are for JW and NT packages.
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TIBPALT19R6M, TIBPALT19R6C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

logic diagram (positive logic)
)

OUTCLK
INPUT LINES
A
0 4 8 12 16 20 24 28 32 36
1o &1 {23)/p
=  PRODUCT
LINES
[
L]
. (22)‘/0
.
L]
7 N
Jics” " 4,
o 8L 18
:2‘: . 1)
B 2
243 o a
> . c1p
] 15 X [
4)] Hic2 ..“4' 'E;
/D 16
o . Q
fl"‘_‘_ . (20} K
2435 o
. »n
23 )
® | Jié +<H S
©

L% v
~N
NES
w
o

N
Weoo o}

1D 20

- -

Heesed

23_
A:NLALEG
T

/D — 48
.
.
.
.
55
oY 56
.
. 180
.
63 )
ot +
A e
o 8
M1
¢ 248 -
908

Pin numbers shown are for JW and NT packages.
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outcLk 1
INPUT LINES
JE N
o 12 16 20 24 28 32 36
ocz
o 2L 35
MO
2433
PRODUCT
LINES
0
.
M | —4
: )
. b
7 — j
0Cc2
wo B 138 P
2 fal
.
243 | g
2 : !
) 1 .
o I/D @ -;gz 16 ‘*j
- m’ .
o 52435 . E
= . Leih
g 0Cc2 = |
(4] 5) 1c2 £<}_
1/D 20 24
@ Moo
.
(7] g 2% o
- L]
. 31
vo BLL_Jie2 p—
: 5
.
203 2
' )
b —
: o & —
/D —4+—20 40
MO
M1 .
.
q20%m |
- .
47
L 0c2
vo B i P2
e
M1 .
.
{263 |
' .
' = K
1o &Y 56 3
.
.
.
L2
. ) 63 ‘
1o 1% "
(1‘”’ |g§2
1/D ' 20
M1
2442

TIBPALT19R8M, TIBPALT19R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

logic diagram (paositive logic)

#
5 [

?}_
R

(23) /D

:&ﬁﬂ a
L,
(Lol
i‘—’g’o
[ang
[Lan,
o
lils’o

(14) =

Pin numbers shown are for JW and NT packages.

INLE
(13)0—E

{i,
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TIBPALT19L8M, TIBPALT19R4M, TIBPALT19R6M, TIBPALT19R8M
TIBPALT19L8C, TIBPALT19RAC, TIBPALT19R6C, TIBPALT19REC
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

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

NOTE

Supply voltage, VCC (s€8 NOte 1) . . .ot i it e e et 7V
Input voltage (see NOte 1) . ..ottt i i s e e ettt e e e 55V
Voltage applied to a disabled output (see Note 1) ...... ... .. ... . .. ..., 5.5V
Operating free-air temperature range: M suffix.............. ... ......... —-55°C to 1256°C

Csuffix ...... .. i, 0°Cto 70°C
Storage temperature range . . . .. ..o vttt e e e e e —65°C to 150°C
1: These ratings apply except for programming pins during a programming cycle or during preload cycle.

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX
Vce  Supply voltage 4.5 5 55 | 4.75 5 6.25 \%
VIH High-level input voltage 2 5.5 2 5.5 \2
ViL Low-level input voltage 0.8 0.8 Vv
IoH High-level output current -2 -3.2 mA
oL Low-level output current 12 24 mA
fclock Clock frequency OUTCLK 0 20 o] 30 | MHz
: INLE low 20 15 ns
tw Pulse duration OUTCLK high 20 15 ns
OUTCLK low 20 15
Data before INLE 1 15 10
tsy Setup time Data before OUTCLK? 30 25 ns
INLE low before OUTCLK? {See Note 2) 35 30
th Hold time Data after INLE 1 5 5 ns
Data after OUTCLKT 0 0
TaA Operating free-air temperature ~55 125 [o] 70 °C
NOTE 2: This setup time ensures the output registers will see stable data from the input latches.

Data Sheets H\S
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TIBPALT19L8M, TIBPALT19R4M, TIBPALT19R6M, TIBPALT19R8M
TIBPALT19L8C, TIBPALT19RAC, TIBPALT19R6C, TIBPALT19R8C

HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range
M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONST I
ONS MIN TYPf MAX | MIN TYPt MAX | T
ViK Vce = MIN, , = —18 mA -1.5 -1.5 v
VoH Vee = MIN, IoH = MAX 24 32" 2.4 3.3 v
VoL Vee = MIN, 1oL = MAX 0.25 0.4 035 0.5 v
Outputs 20 20
Vee = ., Vg =2
10ZH 175 pors cc = MAX =27V 100 60 | “A
Outputs - =20 -20
lozL 70 ports Vee = MAX, VIH = 0.4V 550 ~3%0 »A
OE Input 0.2 0.2
= ., V=65
. All others vee = MAX | =85V 0.1 o1 | ™
OE Input 40 40
H All others Voo = MAX, Wi =27V 20 20 ] “
OE Input -0.4 -0.4
l = MAX, V{=0.4 A
IL All others Vee =04V —02 o2 | "
108 Vee = MAX, Vg = 225V -30 -1256 |-30 -125 | mA
Vce = MAX, V| =0V,
e . vee ! 150 210 150 210 | mA
Qutputs open

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

noted)
TEST M SUFFIX C SUFFIX

PARAMETER FROM 0 CONDITIONS min Tvpt max | min Tvet max | UNT
[ OUTCLK? Q 20 30 MHz
thd 1, /0 1/0, O 15 30 15 25 | ns
tpd 10Y 110, 0 25 45 25 ‘40 ns
tod TNLEY 1/0, O 28 45 28 40| ns
tpd OUTCLK? Q ) 10 25 10 20| ns
ten OE! Q RL = 500 Q, 10 25 10 20 ns
ten 1, 1/0 1/0, O CL = 50 pF, 14 30 14 25| ns
ten 1109 1/0, O See Note 3 30 45 30 40 ns
ten INLE! 1/0, O 30 45 30 40 ns
tdis OE? Q 1 25 11 20 ns
tdis 1, /0 110, O 12 30 12 25 ns
tdis ) 1/0, O 14 30 14 25| ns
tdis INLE} 1/0, O 14 30 14 25 ns

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values are Vog = 5V, TA = 25°C.
8 The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, lgs.
Yinput configured as an input buffer or INLE low.

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TIBPALT19L8M, TIBPALT19R4M, TIBPALT19R6M, TIBPALT19R8M
TIBPALT19L8C, TIBPALT19R4C, TIBPALT19R6C, TIBPALT13R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

programming information

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

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized Tl distributor, or by calling Texas Instruments at (214) 997-5762.

preload procedure for registered outputs (see Note 4)

Step 1 Pin 13 to V|4, Pin 1 to VjL, and VcC to 5 volts.

Step 2 Pin 14 to VIHH

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

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 (see Note 4)
5V . .
vee o/ \__
ov
QUTPUTS DISABLED
ViH

PIN 13 (OE) % *
viL |

| ;
tdis —’Q—J l4—— ten

ENABLE PRELOAD

PIN 14 (INCLK)

Vi

VERIFY

@ o R ¥ XXX

i I

. l"‘wa'ﬁl |
PIN 1 !‘_"‘_’! / \ _______________ T v
’ P : ov
Iﬂ—th—>| e fetno]— ———- 1BV

PIN 13 ' |

NOTE 4: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed

accordingly.
{i,
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

D30980, DECEMBER 1987

® 50-MHz Clock Rate M SUFFIX . . . JT PACKAGE ,
C SUFFIX . . . JT OR NT PACKAGE
© Power-On Reset of All Registers (TOP VIEW)
® 16-Bit Internal State Registers ek 7 vee
® 8-Bit Output Registers 10 E 2 16
11 143 17
® Outputs Programmable for Registered or 12 O 18
Combinational Operation 1300s 19 R
® |deal for Waveform and State Machine 14 e 110
Applications 157 "
Qo El: 112/0E
description Q1 Q7
. . Q2 [Jio Q6
The TIBPLS506 is a TTL field-programmable a3 [Jn Qs
state machine of the Mealy type. This state GND [z Q4

machine (logic sequencer) contains 97 product
terms (AND terms) and 24 pairs of sum terms
{OR terms). The product and sum terms are used

M SUFFIX . . . FK PACKAGE

to control the 16-bit internal state registers and C SUFFIX .. . FK OR FN PACKAGE g-,
the 8-bit output registers. {TOP VIEW) 8
. . 4 Q o -
The outputs of the internal state registers o3 (2’ é’ o~ n
(PO-P15) are fed back and combined with the 13 Y= ==y =
inputs (10-112) to form the AND array. In 4321282726 S
addition, two sum terms are complemented and 1205 25[]18 ©
fed back to the AND array, which allows any 1306 24(]19 (a]
product terms to be summed, complemented, 1407 23(no
and used as inputs to the AND array. Nl(s: 3: ZZE :‘:(1:
21
The eight output cells can be individually Qo %10 20[]112/0E
programmed for registered or combinational Q1 fjn 19f]az
operation. Nonregistered operation is selected by 121314151617 18
blowing the output multiplexer fuse. Each ou S Vo Ve ¥ o Mo o
combinational output must also have all fuses 8 8 % g 3 8 8
blown from the reset term. Registered output o
operation is selected by leaving the output NC—No Internal Connection
multiplexer fuse intact. )
Pin 17 can be programmed to function as an input and/or an output enable. Blowing the output enable
fuse lets pin 17 function as an output enable but does not disconnect pin 17 from the input array. When
the output enable fuse is intact, pin 17 functions only as an input with the outputs being permanently
enabled. ;
The state and output registers are synchronously clocked by the fuse programmable clock input. The clock E
polarity fuse selects either positive- or negative-edge triggering. Negative-edge triggering is selected by >
blowing the clock polarity fuse. Leaving this fuse intact selects positive-edge triggering. The state and Ll
output registers are unconditionally reset low on power-up. E
The eight outputs can be individually programmed for combinational operation by blowing the output -
multiplexer fuse. Each combinational output must also have all fuses blown from its associated reset term. 3}
When the output multiplexer fuse is left intact, registered operation is selected. S
(o]
@)
oc
0.
PRODUCT PREVIEW documents contain information N Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of v}
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

logic diagram (posi'tive logic)
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m NOTES: A. All AND gate inputs with a blown link assume the logic-1 state
E B. All OR gate inputs with a blown link assume the logic-0 state.
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

logic diagram (continued)
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

S-R FUNCTION TABLE (see Note 1)

CLK POLARITY FUSE | CLK S R | STATE REGISTER
INTACT L L Qo
INTACT t L H L
INTACT t H L H
INTACT t H H | INDETERMINATE
BLOWN VoL L Qo
BLOWN { L H L
BLOWN I H L H
BLOWN I H H | INDETERMINATE

NOTE 1: The S-R registers clear at power-up. Qg is the state of the

S-R registers before the active clock edge.

functional block diagram (positive logic)

2 T AL
9 L
- . 16,
[+V] 7
72] < 2,
= ¢ 7 [ c1
1]
® =1
g 97 x50 o
1=-0
16 , /
’, s ‘16
+ 1R
16
& 8 x MUX
60x97 8, 1 8
ZxD ~ ! . v|=—ao0-07
16,, 16xD - ~ 53] 1
p——{ ~ 97 EN
7 (av]
1 8
o111 12, | 13%P /2 PN 10
1 3 8'1 1S 8
- 112/0E + o%l—- ~ 8,’ 1R
8 .
c = =
O ~ denotes fused inputs
-]
O
X
<
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: TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

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

Supply voltage, Vo (see Note 2) . .. ..o e e e

Input voltage (see Note 2)
Voltage applied to disabled output (see Note 2)
Operating free-air temperature range: TIBPLS506M.......... ... ... ... ... ..

TIBPLS506C

Storage temperature range

NOTE 2: These ratings apply except when programming pins during a programming cycle.

recommended operating conditions

TIBPLS506M TIBPLSS06C UNIT
MIN NOM MAX MIN NOM MAX
Vce  Supply voltage 4.5 5 5.5 | 4.75 5 b5.25 \
V|4  High-level input voltage 2 5.5 2 5.5 v 2
ViL  "Low-level input voltage 0.8 0.8 \
IoH High-level output current -2 -3.2 mA
loL Low-level output current 24 mA ﬂ
Clock high V]
tw Pulse duration ock 119 ns Q
Clock low -
N Setup time before CLkt input or Without C-array ns (/)]
su feedback to S-R inputs With C-array ©
Input or feedback -
th  Hold time after CLK nput or feedhac ns ©
at S-R inputs Q
TA Operating free-air temperature ~55 125 o) 75 °C
TThe active edge of CLK is determined by the programmed state of CLK polarity fuse.
electrical characteristics over recommended operating free-air temperature range (unless otherwise
noted)
TIBPLS506M TIBPLS506C
AMET! TEST CONDITIONS UNIT
PARAMETER MIN TYP® mAX | MIN TYP® MAX
VIK Vee = MIN, I} = —18 mA -1.2 -1.2 \
VoH Vce = MIN, IoH = MAX 24 3.2 2.4 3 v
VoL Vce = MIN, loL = MAX 0.25 0.4 037 0.5 v
I Ve = MAX, V| =55V 25 25 [ uA
IH Vec = MAX, Vj =27V 20 20 [ uA
M Voc = MAX, V=04V ~0.25 —0.25 | mA
108 Vee = MAX, Vo = 2.25 V -15 -65 | -15 - 65 mA ;
10ZH Vee = MAX, Vg =27V 20 20 pA )
lozL Vcec = MAX, Vg =0.4V -20 —20 [ uA —
Ice Vee = MAX, V) = 4.8V, 140 140 mA >
Outputs open L
¥For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. E
SAll typical values are at Voc = 5V, TA = 25°C. |—
0«
a.
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted), (see Note 3)

FROM TO TIBPLS506M TIBPLS506C
PARAMETER TEST CONDITIONS
(INPUT) (OUTPUT) MIN_TYPT MAX | MIN TvPT MAX | "0
Without C-array 60 60
f, kS
max With C-Array 20 20 MHz
5 i \
CLK Q (nonre.glsteredl RL = 5000, 20 20
tpd CLK Q (registered Cl = 50 oF 9 9 ns
| | Q (nonregistered) L P 15 15
ten OE! Q 6 6 ns
tdis OEt Q 6 6 ns

TAll typical values are at Voe = 5V, Ta = 25°C.
:fmax is independent of the internal programmed configuration and the number of product terms used.

‘ 8The active edge of CLK is determined by the programmed state of the CLK polarity fuse.
2' NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
diagnostics

A diagnostic mode is provided with these devices that allows the user to inspect the contents of the state
registers. The step-by-step procedures required to use the diagnostics follow.

O

Y]

=3

[+V]

7 1. Disable all outputs by taking pin 17 (OE) high (see Note 4).

g 2. Take pin 8 (QO0) double high to enable the diagnostics test sequence.
!
(7]

3. Apply appropriate levels of voltage to pins 11 (Q3), 13 (Q4), and 14 (Q5) to select the desired
state register (see Table 1).

The voltage level monitored on pin 9 will indicate the state of the selected state register.

NOTE 4: If pin 17 is being used as an input to the array, then pin 7 (I15) must be taken double high before pin 17 is taken high.

diagnostics waveforms

15 ViHH
{PIN 7) / '

|
OE ‘ ViH
(PIN 17) —/|
lc-—-wo ns—bl
)

——— e — — = — —-Vy

Qo ——m e m e -y

{PIN 3) viL
le—100 ns |
" a3, 04, Q5 VoHH
{PINS 11, 13, 14) ——— e e — = =y

0 VoL
je—100 ns—>|
wn o LT T T LT LT T 7T ) voH

VoL

M3IATHd 1ONdO0Hd
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TIBPLS506M, TIBPLS506C

13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

TABLE 1. ADDRESSING STATE REGISTERS
DURING DIAGNOSTICS

REGISTER BINARY ADDRESS BURIED REGISTER
PIN11 PIN13 PIN 14 SELECTED
L L L C1
L L H P15
L L HH co
L H L P14
L H H PO
L H HH P1
L HH L P2
L HH H P3
L HH HH P4
H L L P5 '
H L P6 2
H L HH P7
H H L P8
H H P9 a
H H HH P10 <)
H HH L P11 2
H HH P12 75
H HH HH P13 ©
-
1)
(a]
PROGRAMMING INFORMATION !
Texas Instruments programmable logic devices can be programmed using widely available software and :
reasonably priced device programmers. :
Complete programming specifications, algorithms, and the latest information on firmware, software, and :
hardware updates are available upon request. Information on programmers that are capable of programming
Texas Instruments programmable logic is also available, upon request, from the nearest Tl sales office,
local authorized Texas Instruments distributor, or by calling Texas Instruments at (214) 997-5762.
L
>
L
o«
a
o
=
a
o
©
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i
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

D3029, MAY 1987 —REVISED DECEMBER 1987

©® 50 MHz Clock Rate M SUFFIX . . . . JT PACKAGE
C SUFFIX . . .. JT OR NT PACKAGE
0 Ideal for Waveform and State Machine ) (TOP VIEW)
Applications
i . . ck 1 UasDvee
© 6-Bit Internal Binary Counter 10032 23[]16
© 8-Bit Internal State Register Qs 22017
. 12[0s 21J18
© Programmable Clock Polarity 130s 200719
@ Outputs Programmable for Registered or 4[Js  1sd110
Combinatorial Operation i 157 1sJ111
ao[Je  17[]112/0E
@ 6-Bit Counter Simplifies Logic Equation
Development in State Machine Designs = retl @7
P 9 az2[Jo  1sJas
© Dependable Texas Instruments Quality and a3 14[Jas
Reliability GND[J12 13[] Q4
s gr M SUFFIX . . . . FK PACKAGE
. description C SUFFIX . . . . FK OR FN PACKAGE n
The TIBPSG507 isa 13 x 80 x 8 Programmable {TOP VIEW) -
Sequence Generator (PSG) that offers the v O g
system designer unprecedented flexibility in a ~og2der L
high-performance field-programmable logic /OO n
. Lo 4 3 2 1282726
device. Applications such as waveform ©
X L . . 1205 25[] 18 -
generators, state machines, dividers, timers, and ©
simple logic reduction are all possible with a PSG. I3f6 ' 24019 ()
By utilizing the built-in binary counter, the PSG 147 zQno !
y u g Y ’
is capable of generating complex timing Ncps 22(INC .
controllers. The binary counter also simplifies 1509 211 — ,
logic equation development in state machine and aoflio 20} 112/08 '
L Q1 19(]a7 )
waveform generator applications. 121314 15 16 17 18 '
The PSG507 contains 80 product (AND) terms, ‘: :';'2 :_‘ ;‘;‘
a 6-bit binary counter with control logic, eight cozz2000
S/R state holding registers, and eight outputs. ©
The eight outputs can be individually NC — No internal connection
programmed for either registered or
combinatorial operation. The clock input is fuse
programmable for either positive- or negative-
edge operation.
The 6-bit binary counter is controlled by a synchronous-clear and a count/hold function. Each control function ;
has a nonregistered and registered option. When either SCLRO or SCLR1 is taken high, the counter resets 1T
to zero on the next active clock edge. When either CNT/HLDO or CNT/HLD1 is taken high, the =
counter is held at the present count and is not allowed to advance on the active clock edge. The SCLR >
function overrides the CNT/HLD feature when both lines are simultaneously high. g
Clock polarity is programmable through the clock polarity fuse. Leaving this fuse intact selects positive- Q.
edge triggering. Negative-edge triggering is selected by blowing this fuse. Pin 17 functions as an input -
and/or an output enable. When the output enable fuse is intact, all outputs are always enabled allowing (8}
pin 17 to be used strictly as an input. Blowing the output enable fuse lets pin 17 function as an output S
enable and an input. In this mode, the outputs are enabled when pin 17 is low and are in a high-impedance
state when pin 17 is high. 8
(2
a.
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of i,
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

description (continued)

The eight outputs can be individually programmed for combinational operation by blowing the output
multiplexer fuse. Each combinational output must also have all fuses blown from its associated reset term.
When the output multiplexer fuse is left intact, registered operation is selected.

The M suffix devices are characterized for operation over the full military temperature range of —55°C
to 1256°C. The C suffix devices are characterized for operation from 0°C to 75°C.

6-BIT COUNTER CONTROL FUNCTION TABLE (see Note 1)

CNT/HLD1 CNT/HLDO SCLR1 SCLRO OPERATION
L L L L counter active
X X synchronous clear
X X H X synchronous clear
X H L L hold counter
H X L L hold counter

N .

NOTE 1: The 6-Bit counter and the S/R control registers are clear upon power-up.
Devices with the fuses intact will power-up in the counter-active mode.

U When all fuses are blown on a product line (AND), its output will be high.
2,' When all fuses are blown on a sum line (OR), its outputs will be low. All
[V] product and sum terms are low on devices with fuses intact.
(72}
S/R FUNCTION TABLE (see Note 2)

D
) CLK POLARITY FUSE CLK S R STATE REGISTER
@ INTACT 1 L L Qg

INTACT ! L H L

INTACT 1 H L H

INTACT 1 H H INDET?

BLOWN ! L L Qo

BLOWN 1 L H L

BLOWN i H L H

BLOWN 1 H H INDET?

fOutput state is indeterminate
' NOTE 2: SR registers are clear upon power up. Qg is the state of the S/R register
0

before the active clock edge.
3
2
m
<
g

Texas ‘tﬂ’
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) TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

functional block diagram
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

logic diagram (positive logic)
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GEMERATOR

absolute maximum ratings

Supply voltage, VCC (see NOte 3) .. . ..ttt it 7V
Input voltage, V) (see Note 3) . ... .. ... i e 5.5V
Voltage applied to a disabled output {see Note 3) . .. ......... .. ... .. iiinnn.. 5.5V
Operating free-air temperature range: TIBPGS507M . ...................... —-55°Cto 126°C
TIBPGS507C. .. .......... ... . ... .. 0°C to 75°C
Storage temperature FANGE . . . . ..o v v v v ettt en e ettt e e -65°C to 150°C
NOTE 3: These ratings apply except for programming pins during a programming cycle.
recommended operating conditions
PARAMETER M SUFFIX C SUFFIX UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 v
VIH High-level input voltage 2. 5.5 2 5.5 v 2
VL Low-level input voltage 0.8 0.8 A\
10H High-level output current -2 -3.2 mA »
loL Low-level output current 12 - 24 mA -
1, Pulse duration Clock high ns g
w © Clock low £
Input or feedback 15 ns »n
to S/R input
Setup time o S/R puts S
t before CLK Input or feedback 25 ns 1]
su . L to SCLRO (a {
active transition .
Input or feedback 25 ns
to CNT/HOLDO !
Input or feedback o !
input
Hold time at S/R inputs 1
" after CLK Input or feedback ° ns .
" active transition at SCLO ‘
v Input or feedback 0
at CNT/HLDO '
TA Operating free-air temperature ~55 125 4] 75 °C
Tinternal setup and hold times, ts,, feedback to SCLR1, feedback to CNT/HLD1; t;, feedback at SCLR1 and feedback at CNT/HLD1, are
guaranteed by fmax specifications. The active transition of CLK is determined by the programmed state of the CLK polarity fuse.
Ll
S
&
a.
Q.
i
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

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

M SUFFIX C SUFFIX

PARAMETER TEST CONDITIONS MIN et MAX N = MAX UNIT
VIK Vee = MIN, I} = -18 mA ~1.2 -1.2 \
VOH Vee = MIN, IoH = MAX 2.4 3.2 2.4 3 Vv
VoL Voo = MIN, oL = MAX 0.25 0.4 0.37 0.5 v
Iy Voo = MAX, Vi = 6.5V 25 25 uA
IH Vee = MAX, V=27V 20 20 A
M Vee = MAX, Vi = 0.4V —0.25 —0.25 | mA
los Vce = MAX, Vg = 2.25 V —15 —-65 | -15 —65 mA
l0ZH Vee = MAX, Vo = 2.7V 20 20 uA
lozL Vee = MAX, Vo = 0.4V —20 ~20 WA
lec Vee = MAX ;Ltpu‘:;so:;n 140 140 mA

N A

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

E (unless otherwise noted) (see Note 4)
[~e : : TEST M SUFFIX C SUFFIX
Q | PARAMETER FROM T0 CONDITIONS | MIN TYPT MAX [ MIN TYPT MAX UNIT
W 6-Bit counter
g oo 6-Bit counter with SCLR1 or CNT/HLD1 50 MH
o max 6-Bit counter with SCLRO or CNT/HLDO 35 z
8 S/R registers RL = 500 Q, 50
CLKS Q (non-registered) 1 cL = B0 pF 20 ns
thd CLKS Q (registered) 12 ns
| Q {non-registered 18 ns
ten - [} Q 12 ns
tdis OF} Q : 12 ns

NOTE 4: Load circuits and voltage waveforms are shown in Section 1 of the TTL Data Book, Volume 4.
T All typical values are at Vo = 5V, Tp = 25°C.

#fmax is independent of the number of product terms used.

8The active edge of CLK is determined by the programmed state of the CLK polarity fuse.

1tpd CLK to Q {nonregistered) is the same for data clocked from the counter or state registers.

PRINCIPLES OF OPERATION
PSG DESIGN THEORY

Most state machine and waveform generator designs can be simplified with the PSG by referencing all or part
of each sequence to a binary count. The internal state registers can then be used to keep track of which binary
count sequence is in operation, to store input data and keep track of internally generated status bits, or as output
registers when connected to a nonregistered output cell. State registers can also be used to expand the binary
counter when a larger counter is needed.

Through the use of the binary counter, the number of product lines and state registers required for a design
is usually reduced. In addition, the designer does not have to be concerned about generating wait states where
the outputs are unaffected because these can be timed from the binary counter. For detailed information and
examples using this design concept, see the ‘'DESIGNER’S GUIDE TO THE PSG507’’ applications report (literature
number SPDA0OO3). )

M3IA3Hd 19NA0Yd
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

PRINCIPLES OF OPERATION

PROGRAMMING INFORMATION

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

Complete programming specifications, algorithms, and the latest information on firmware, software, and
hardware updates are available upon request. Information on persons capable of programming Texas Instruments
-Programmable Logic is also available upon request from the nearest Tl sales office or local authorized Ti distributor;
information may also be obtained by calling or writing Texas Instruments at (214) 997-5762, Texas Instruments,
Post Office Box 655803, Dallas, Texas 75265.

TYPICAL APPLICATION

N

REC »
DYNAMIC RAM s
R_Erfs:iﬂ DYNAMIC ] po-a8 BANKO 7]
MEMORY r) 1 MEG x 32BITS| &
CONTROLLER | | RES0 TMS4C1027 %]
REFREQ » REFREQ SN74ALS6301 g .
MEMORY B »| CASO -
—P W 1]
TIMING
CONTROLLER o
TIBPSG507 ) | -
osc AFC |— ‘
CLOCK — = BANK1
GENERATOR CLK Ve Qo-08 /> AO-AB . MEG x 32 BITS !
L_ ] ol fAs1 TMS4C1027 .
bhitid 1
—»]{Reser LE - »| CAS1 4
W W “
RAS » RASI .
WAT  CTAS M CASI
» i/:v MSEL » MSEL N ‘ BANKS
. > AL: ':‘;::\ z—? r) A0-A8 1 MEG x 32 BITS
A » . T
___E | I — MS4C1027
_ — »| cas2
MICROPROCESSOR es p ;
SN74ALS6310 L
A ) BANK3 >
. /> AO-AB 4 MEG x 32 BITS g
ADDrESS S o| s TMS4C1027 o
- hiai
2 MEMORY BANK SIGNALS | CAS3 -
> . » sEL0.1 oW o
\ "\ -
DATA @)
oo
For detailed information, please see the “SYSTEMS SOLUTION FOR STATIC COLUME DECODE"’ Application Report. n-
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

diagnostics

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the state
registers. The following are the step-by-step procedures required for the diagnostics.

1. Disable all outputs by taking OE {pin 17) high. {(Note: If pin 17 is being used as an input to the array, then
pin 15 or pin 7 must be taken to double high first before pin 17 is taken high.)

2. Take QO (pin 8) double high to enable the diagnostics test sequence.
3. Apply appropriate levels of voltage to pins 11, 13 and 14 to select the desired state register, (see Table 1)

4. The voltage level monitored on pin 9 will indicate the state of the selected state register.

diagnostics waveforms

15 VIHH
(PIN 7) ._.__/

N

OE

ViH
O (R ——
[ |
—+ |€¢——100 ns—p}
o ViHH
Qo /e N i v
(72} PN ISLYLTYYXYLTyyvsvy 0 \_ - - —-—-—- —————--" IH
- ' Vi
m I
® l¢—100 ns—p!
- | v
(] @080 ______ O —— voRH
(p]Ns11'13"|4)\\\\\\\\\\\\\\\\\\{ v
] oL
1
|€¢———100 ns——pf
1\\\\\\\\\\_\\\\\\\\\\\\\\\]Ix\\\\\\\\\—voH
(PIN 9) - VoL
TABLE 1. ADDRESSING STATE REGISTERS DURING DIAGNOSTICS
REGISTER BINARY ADDRESS
IED REGIST! LECTED
PIN 11 PIN13 | PIN14 BURRIED R ER SE
L L L SCLRO
L L H SCLR1
L L HH CNT/HLDO
L H L CNT/HLD1
0 L H H PO
X L H HH P1
O L HH L P2
lw) L HH H P3
CcC L HH HH ) P4
(@) H L L P5
- H L H P6
H L HH p7
v H H L co
=)
m H H H c1
< H H HH : c2
_— H HH L c3
m H HH H c4
= H HH we | cs
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TIB82S105BM, TIB82S105BC
1648 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

D2897, SEPTEMBER 1985—REVISED DECEMBER 1987

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

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

Power Dissipation . . . 600 mW Typical

Programmable Asynchronous Preset or
Output Control

® Functionally Equivalent to, but Faster than
825105At

description

The TIB82S105B.is a TTL field-programmable
state machine of the Mealy type. This state
machine (logic sequencer) 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 (I0—{15) 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 an input to the AND
array.

The state and output registers are positive-edge-
triggered S/R flip-flops. These registers are
unconditionally preset high 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 TIB82S105BM is characterized for operation
over the full military temperature range of
—55°C to 125°C. The TIB82S105BC is
characterized for operation from 0°C to 75°C.

’Power-up preset and asynchronous preset functions are not
identical to 82S105A. See Recommended Operating Conditions.

c

M SUFFIX . . . JD PACKAGE
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TiB82S105BM, TIB82S105BC
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

functional block diagram (positive logic)
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TIB825105BM, TIB82S105BC
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

logic diagram (positive logic)
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INPUT LINES

NOTES: 1. All AND gate inputs with a blown link float to a logic 1.
2. All OR gate inputs with a blown link float to a logic 0.
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TIB82S105BM, TIB82S105BC
16X 48 x § FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

Supply voltage, Vo (see Note 3) . ... ... i i e e e
Input voltage (see Note 3) .. .. ... i e e
Voltage applied to a disabled output (see Note 3) . .. ......... ...,
-55°C to 125°C
..... 0°Cto 75°C
—-65°C to 150°C

Operating free-air temperature range: TIB82S105BM ....................
TIB82S105BC . . ...................
Storage temperature range . . ... ... .vu et nie et

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

recommended operating conditions

5.5V

M SUFFIX C SUFFIX
PARAMETER UNIT
MIN NOM MAX [ MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 |4.75 5 5.25 \
2 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
| Low-level output current 12 24 mA
oL
Q 1 thru 48 product terms
(o} 40 5
8 t without C-anayt 0 0
felock Clock frequency MHz
7)) 1 thru 48 product terms o 25 0 30
- with C-array
(4] . Clock high or low 12 10
o tw Pulse duration ns
- Preset 18 15
2] t Setup time before CLKT, Without C-array 20 . 15 ns
su 1 thru 48 product terms With C-array 35 30
tsy Setup time, Preset low (inactive) before CLK1$ 10 8 ns
th Hold time, input after CLKT 0 0 ns
TA Operating free-air temperature -55 125 o] 75 °C

T The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input,

the maximum clock frequency must be calculated.
tThe C-array is the single sum term that is complemented and fed back to the AND array.
5 After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition.
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TIB82S105BM, TIB82S105BC
16x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

noted)
M SUFFIX C SUFFIX

PARAMETER TEST CONDITIONS? MIN_TYPE  MAX MIN_ TYPE  MAX UNIT
VIK Vece = MIN, I = —18 mA -1.2 -1.2 \
VoH Vee = MIN, loH = MAX 2.4 3.2 2.4 3 \
VoL Vce = MIN, oL = MAX 0.25 04 037 05| V
I Vee = MAX, V| =55V 25 25 uA
IH Vee = MAX, Vi=27V 20 20 pA
L Vee = MAX, Vi =04V -0.25 -0.25 mA
108 Vee = MAX, Vo = 225V ~30 -112 | -30 -112 | maA
lozH Vee = MAX, Vo =27V 20 20 A
TozL Vce = MAX, Vo = 04V ~20 20 | sA

Voo = MAX, Vi =45V,

lcc PlgEclﬁ input at GND, Outputs open 120 180 120 180 | mA

sWitching characteristics over recommended supply voltage and operating free-air temperature ranges

{unless otherwise noted) a
[}
M SUFFIX . C SUFFIX Q
PARAMETER FROM TO TEST CONDITIONS UNIT
RAME conor! MIN TYP! MAX | MIN TYP! MAX £
¢ q Without C-array 40 70 50 70 MHz "
max With C-array 25 45 30 45 3
1 CLK Q 8 . 8 15
pd ! RL = 500 Q, 20 = S
tpd PREt Q Cl = 50 pF 12 25 12 20 ns Q
tod Vool | @ L=50p 010 0 10| ns
ten OEl Q 10 25 10 20 ns
tdis OEt Q 5 15 5 10 ns
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
* Al typical values are at Vo = 5V, TA = 25°C.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, lpg.
fmax is independent of the internal programmed configuration and the number.of product terms used.
programming information
Texas Instruments Programmable Logic Devices can be programmed using widely available software and
inexpensive device programmers.
Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 997-5762.
%
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TIB82S105BM, TIB82S105BC
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

diagnostics

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

diagnostics waveforms

|
: [ e————— N~ ——————-- +10V
| * -ka.o v
~ I / I : e VIH
-2 o X £ I\
| /| : I A viL
| . e—th—p
nc> | I [ ’ I v
2 | | N T T T T T~ +r-———————— tH
'Y CLK I " |
(2] 1 I ] l| ' viL
= N——'su—*—‘w—l.ﬂ |
o INTERNAL  __ __ _ __ __ — - o | v
®  STATE REGISTER T , - OH
= PS | | NS |
‘ PO—P5 = wom om e — ] = SN — — — — —_—_—— e — —— — VoL
; A R A A
! ] | : )'( Vo
, Q0—Q5 an | X Qn+1 X NS Qn+1
: T I VoL
" le—tpd -l
OPTIONAL
oF — — ov
PS = Present state, NS = Next state
i
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TIB82S105BM, TIB82S105BC
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

test array

A test array that consists of product lines 48 and 49 has been added to these.devices to allow testing
prior to programming. The test array is factory programmed as shown below. Testing is accomplished
by connecting Q0—Q7 to 18—115, PRE/OE to GND, and applying the proper input signals as shown in the
timing diagram. Product lines 48 and 49 MUST be deleted during user programming to avoid interference
with the programmed logic function.

TEST ARRAY PROGRAM

OPTION PRE/OE I
AND OR
INPUT PRESENT STATE | NEXT STATE out
pRODUCT {In) {PS) (NS} (@n)
uve |cle[ifi[aa1]a " "
s(a[3]|2|1]lo[o[8T7[6]|5[4[3[2[1]0o|5]a[3[2[1[0|5]4|3][2]1[0|7[6]56]4[3][2]1
48 X[~ [A[A[H[H[H|H[H[A[A[H[H[R]A HHHHHHHHLLLLLLLLLLLLLL
49 DX e oo e e e oo fe e e e e [ e e e o [ T e Al e e e R TH e RTR (R ]S
. n
test array waveforms =
sv 08
=
Vee ”n
——— e i — —— — —— — — — — — — — — — — o — — —— ov m
| H_tw_" E
: - =—ViH O
CLK i
Vi
' le-t ! —!
su th,
| '|' |
| T | ViH
1017 | I |
; | t - —=ViL
t t t, |
k-pd’i be—>p— tod pd —e—» .
Qo-a7 /l § \ | / OH
| A
- oL -
[ I I
INTERNAL | [ |
STATE REGISTER | HIGH
PO—P5 |
————— Low
TEST ARRAY DELETED
OPTION PRE/OE IH
AND OR
bRODUCT INPUT PRESENT STATE| NEXT STATE out
~ { NS) Qn|
une |clef] ™ PS) f ‘ A@nl
slal3|2|1|o|9]8]7]e[s[a[3]2]1[o|5]a]3][2]1]o[s[a[3[2]1[o]7[6[5[4]3]2]1]0
48 —J=[H[H[RIA]R[H|A[A[HH[H]H H{H|R[R[R[A[H[R[=]--[=-T--T-1=1-|-1-T-T-]-
49 —Ixqoofofofe ooy oo oo (oo oo (oo === =1=1=]== == 1=]=|=]=
X = Fuse intact, — = Fuse blown
i
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TIB82S105BM, TIB82S105BC
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TIB82S105B, 825105A COMPARISON

The Texas Instruments TIB82S105Bis a 16 x 48 x 8 Field-Programmable Logic Sequencer that is functionally
equivalent to the Signetics 82S105A. However, the TIB82S105B is designed for a maximum speed of 50 MHz
with the preset function being made conventional. As a result the TIB82S105B differs from the 82S105A in
speed and in the preset recovery function. )

The TIB82S 1058 is a high-speed version of the original 82S105A. The TIB82S105B features increased switching
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz
and does not decrease as more product terms are connected to each sum (OR) line. For instance, if all 48 product
tems were connected to a sum line on the original 82S105A, the fmax would be about 15 MHz. The fmax
for the TIB82S105B remains at 50 MHz regardless of the programmed configuration. In addition, the preset
recovery sequence was changed to a conventional recovery sequence, providing quicker clock recovery times.
This is explained in the following paragraph.

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

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

The TIB82S105B, with an fmax of 50 MHz, is ideal for systems in which the state machine must run several
times faster than the system clock. It is recommended that the TIBB2S105B be used in new designs. However,
if the TIB82S 1058 is used to replace the 825105A, then the customer must understand that clocking will begin
with the first clock rising edge after preset.

TABLE 3. SPEED DIFFERENCES

PARAMETER

825105A
SIGNETICS

TIB82S1058
Tl ONLY

fmax

20 MHz

50 MHz

tpd, CLK to Q

20 ns

15 ns

2-216
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TIB82S105BM, TIB82S105BC
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

vee /|
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| [
1. .
PRE r_su—’{ __j !
i i |
o ’ S S T N R )
REGISTERS /l I\ x 7/
FIGURE 1. 82S105A PRESET RECOVERY OPERATION
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FIGURE 2. TIB82S105B PRESET RECOVERY OPERATION
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TIB82S167BM, TIB82S167BC
14x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

D2896, JANUARY 1985—REVISED DECEMBER 1987

® Programmable Asynchronous Preset or M SUFFIX . . . JT PACKAGE
Output Control C SUFFIX . . . JT OR NT PACKAGE
(TOP VIEW)

Power-On Preset of All Flip-Flops

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

Power Dissipation . . . 600 mW Typical

Functionally Equivalent to,? but Faster than
82S167A

description

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

(OR terms). The product and sum terms are used M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FK OR FN PACKAGE

N

to control the 8-bit internal state register and the (%)
4-bit output register. (TOP VIEW) E;
The outputs of the internal state register (PO-P7) © © é o ;d ~ _?;’

. are fed back and combined with the 14 inputs P = 7))
(10-113) to form the AND array. In addition the 4 32128272 ©
first two bits of the internal state register (PO-P1) 1415 25[]19 '06
are brought off-chip to allow the output register 13[]6 24|10 a
to be extended to 6 bits if desired. A single sum 12117 23[] 11 !
term is complemented and fed back to the AND NC |8 22[INC
array, which allows any of the product terms to 11 e 212 ‘
be surnmed, complemented, and used as inputs 10 110 20{1113 o '
to the AND array. Qo 19} PRE/OE .

- 12 1314 1516 17
The state and output registers are positive-edge-

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

The TiB82S167BM is characterized for operation
over the full military temperature range of
—55°C to 125°C. The TIB82S167BC is
characterized for operation from 0°C to 75°C.

NC—No internal connection

T Power up preset and asynchronous preset functions
are not identical to 825167A.

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

current as of puhlication date. Products conform to }

specifications per the terms of Texas Instruments TEXAS

standard warranty. Praduction processing does not / 2-219
necessarily include testing of all parameters. IN STRUMENTS
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TIB82S167BM, TiB82S167BC
14 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

functional block diagram (positive logic)

N
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~\ denotes fused inputs
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TIB82S167BM, TiB82S167BC
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

timing diagram
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TIBB2S167BM, TIB82S167BC
14 %X 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

LOGIC DIAGRAM
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NOTES: 1. All'AND gate inputs with a blown link float to the high fevel.
2. All OR gate inputs with a blown link float to the low level.
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TIB82S167BM, TI8828167BC
14X 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

Supply voltage, VCC (see Note 3} . ... . e 7V
Input voltage (see NOte 3) .. .. ... i i e e e e e 5.5V
Voltage applied to a disabled output (see Note 3) . . ..................... [ 56V
Operating free-air temperature range: TIB82S167BM ... .. ................. —-55°C to 125°C

TIBB2S167BC . . . . .ottt 0°C to 75°C
Storage temperature FaNGE . . . v . v ov vt vttt in it e —-65°C to 150°C

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

recommended operating conditions

PARAMETER M SUFFIX C SUFFIX uNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
Vi High-level input voltage 2 5.5 2 5.5 \ 2
ViL Low-level input voltage 0.8 0.8 \2
1OH High-leve! output current -2 -3.2 mA .
oL Low-level output current 12 24 mA 3
1 .thru 48 produ:t terms g 20 o 50 8
without C-array
felock Clock frequency 1 thra 38 orod MHz =
! product terms o 25 0 30 (7,
with C-array
tw Pulss duration Clock high or low 12 10 ns g
Preset 18 15
¢ Setup time before CLKT, Without C-array 20 15 ns 0
su 1 thru 48 product terms With C-array 35 30
tsy Setup time, Preset low {inactive) before CLK13 10 8 ns
th Hold time, input after CLKT o] 0 ns
TA Operating free-air temperature -55 125 (o] 75 °C
t The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input,
the maximum clock frequency must be calculated.
tThe C-array is the single sum term that is complemented and fed back to the AND array.
5 After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition.
g
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TIB82S167BM, TIB82S167BC
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

electrical characteristics over recommended operating free-air temperature range (unless otherwise
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noted)
M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS T UNIT
MIN TYP! MAX | MIN TYP! MAX
Vik Vee = MIN, li = =18 mA -1.2 -1.2 \
VOH Vee = MIN, 10H = MAX 2.4 3.2 2.4 3 v
VoL Vee = MIN, 1oL = MAX '0.25 0.4 0.37 .0.5 v
I Vce = MAX, V| =55V 25 25 uA
H Vce = MAX, Vi =27V 20 20 2A
TR Vee = MAX, Vi =04V -0.25 -0.25 mA
o8 Vee = MAX, Vg = 225V -30 -112 | -30 -112 | mA
lozH Vee = MAX, Vo = 2.7V 20 20 A
lozL Vee = MAX, Vo =04V -20 -20 A
o Vee = MAX, V=45V, )
[ g . 0 90 A
2 cc PRE/OE input at GND, Outputs open 8 160 160 m
switching characteristics over recommended supply voltage and operating free-air temperature ranges
O (unless otherwise noted)
Q
[d M SUFFIX C SUFFIX
Q PARAMETER FROM TO TEST CONDITION UNIT
s MIN_TYPY MAX | MIN TYP¥ MAX
g_, ¢ q Without C-array 40 70 50 70 MHz
@ max " [ with C-array 25 45 30 45
t CLK Q 10 10 15
© [led ! R = 500 @, 20 s
74 tpd PRET Q Cl = 50 of 8 25 8 20 ns
tod Vool | @ L=730¢ 0 10 0 10 | ns
ten OE! Q 10 25 10 20 ns
tdis OEt Q 15 5 10 ns
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Vg = 5V, Tp = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, 10s.
1fmax is independent of the internal programmed configuration and the number of product terms used.
programming information
Texas Instruments Programmable Logic Devices can be programmed using widely available software and
inexpensive device programmers.
Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 997-5762.
%



TIB82S167BM, TIB82S167BC
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

diagnostics

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

diagnostics waveforms

ViH
11113 *

| viL

: ) [fm————— +10V
S * ksov
| v/ }\ ViH
no:: >/& /¥ | \
| I N ViL
|

INTERNAL |

STATE REGISTER - P: - | - T—————= - —_——— — — —VpH

|

L B
< |

|

!

|

|

[

[

[

+

|

|

[

|

I

|

[

I

L
Data Sheets

Qo0-Q3, PO-P1 - Qn

I . VoH
X Qn+1 X NS XQn-H

OPTIONAL __
OE

ov

PS = Present State
NS = Next State

i
’J 2-225
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TIB82S167BM, TIB82S167BC
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE GUTPUTS OR PRESET

test array

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing
prior to programming. The test array is factory programmed as shown below. Testing is accomplished
by connecting Q0-Q3 to |10-113, PRE/OE to GND, and applying the proper input signals as shown in the
timing diagram. Product lines 48 and 49 must be deleted during user programming to avoid interference
with the programmed logic function.

test érray program -

OPTION PRE/OE [H
AND OR
PRODUCT INPUT PRESENT STATE | NEXT STATE QUTPUT
UNE e {In) (PS) (NS) (an)
s5(al|3|2|1]|o[9]8[7]e[s[a[3]2]1]o]5]a[3]2]1]o]5]a][3][2]|1]o]|7]6]5]a]3[2]1]0
2 48 X{—H|HIH|H|u[H[H{H|a[H|H | [H]H|H|R|H[HR[H R A O] e oo fo oo fu e oo o]
49 —IxToleofo oo e e e e o fe e e e fefe e oo [rTaRfe R [HH]R TR R TRTHTH
nU: test array waveforms
a" 5V
[72] Vce
=
Q —l_ _______________________ ov
(1] ’ t
: g [ —tw—p
. L i ———ViH
, CLK |
' viL
. ! °
) I k—su—ur—!h—bl 1
X ! T | ViH
| 10-19 | I !
) t 1 ¥ - = =ViL
He-tpd ¥ tpd tpd —e—l
pd k——’[— p ] v
Qo0-a3 /I \ | N OH
| oy
oL
I | I . \
INTERNAL | | |
STATE REGISTER | HIGH
PO-P7 |
—— — ——Low
test array deleted
OPTION PRE/OE [H
AND : OR
PRODUCT INPUT PRESENT STATE | NEXT STATE OUTPUT
— P NS Q
UNE cle LG {in) (PS) (NS} (an)
s|aj3{2|1]|olals|7]|6|5]a(3[2]1]0]5]a|3|2]|1]0o]s5]|a|3]|2]1]0]7|6|5]a|3]2]1]0
48 —J-{H[H[H]|A [R{HR{H]|R[H|H R e W] e[RRI ] =T=]-]-]-]-{-]=|=]-]-{-|-]—
49 “Ix oo e oo oo e e oo e oo e o e e fe e o == t=1=-1-1-1-1-1-1-1-1-1-1-
X = Fuse intact, — = Fuse blown

2.926 TeExas 'b
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



TiB82S167BM, TIB82S167BC
14x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TIB82S167B, 825167A COMPARISON

The Texas Instruments TIB82S167Bis a 14 x 48 x 6 Field-Programmable Logic Sequencer that is functionally
equivalent to the Signetics 82S167A. However, the TIB82S167B is designed for a maximum speed of 50 MHz
with the preset function being made conventional. As a result the TIB82S167B differs from the 82S167A in
speed and in the preset recovery function.

The TIB82S167B is a high-speed version of the original 82S167A. The TIB82S167B features increased switching
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz
and does not decrease as more product terms are connected to each sum (OR) line. For instance, if all 48 product
tems were connected to a sum line on the original 82S167A, the fmax would be about 15 MHz. The fmax
for the TIB82S167B remains at 50 MHz regardless of the programmed configuration. In addition, the preset
recovery sequence was changed to a conventional recovery sequence, providing quicker clock recovery times.
This is explained in the following paragraphs.

The TIB82S167B and the 82S5167A are equipped with power-up preset and asynchronous preset functions.
The power-up preset causes the registers to go high during power-up. The asynchronous preset inhibits clocking
and causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs,
the minimum setup time from power-up to the first clock pulse must be met in order to assure that clocking
is not inhibited. In a similar manner after an asynchronous preset, the preset input must return low (inactive)
for a given time, tgy, before clocking.

The Signetics 825167A was designed in such a way that after both power-up preset and asynchronous preset
it requires that a high-to-low clock transition occur before a clocking transition (low-to-high) will be recognized.
This is shown in Figure 1. The Texas Instruments TIB82S167B does not require a high-to-low clock transition
before clocking can be resumed, it only requires that the preset be inactive 8 ns {(preset inactive-state setup
time) before the clock rising edge. See Figure 2.

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

TABLE 3. SPEED DIFFERENCES

82S167A TIB82S167B
SIGNETICS Tl ONLY

fmax 20 MHz 50 MHz
tpd, CLK to Q 20 ns 15 ns

PARAMETER

iy
INSTRUMENTS
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TIB82S167BM, TIB82S167BC
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

su |
PRE !‘_' _’1 I I :
I i

CLK

>
g — -}
Ly
-

REGISTERS / \ XV

FIGURE 1. 82S167A PRESET RECOVERY OPERATION

w _ff

PRE

!

CLK

+ L+ L_¢

Ly

REGISTERS _/ \ X X_,/ I\ X

FIGURE 2. TIB82S167B PRESET RECOVERY OPERATION
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TICHAL16L8- 358 TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED HAL® CIRCUITS

D2972, MARCH 1987 —REVISED DECEMBER 1987

® Mask-Programmed Version of 20-Pin PAL® TICHAL16L8
Family C SUFFIX . . . DW OR N PACKAGE
(TOP VIEW)
® Virtually Zero Standby Power
© 35-ns Maximum P ion Del 1o Vsl vee
-ns Maximum Propagation Delay 12 190
® HC, HCT, and TTL Compatible 1z 8o
p 1Os 170wo
® Choice of 20-Pin DIP, 20-Pin SO (Small | ES 16% 10
Outline) or 20-Pin PLCC Packages i Os 1s0] 1o
® Low-Power Replacement for 20-Pin ‘A’ g 140
PAL® Devices i1e 3o
. 1 e 12f]o
® Dependable Texas Instruments Quality and
W GND (1o 1171
Reliability
TICHAL16L8
3-STATE |REGISTERED| 1/0 C SUFFIX . . . FN PACKAGE 2
DEVICE |INPUTS
Q OUTPUTS | OQUTPUTS |PORTS (TOP VIEW)
:HAL16L8 10 2 0 6 g ..‘.’3
HAL16R4 8 0 4 (3-state) 4 ___9%95 o
'HAL16R6 8 0 6 (3-state) 2 Q
"HAL16R8 8 0 8 (3-state) | O 21219 L
1Da 1800 n
description 1Ps 170 vo @®©
) . 1pe 160 o b
These high-speed CMOS Hard Array Logic b 150 o a
(HAL®) circuits are mask-programmed versions hs 1o '
of the 20-pin PAL® devices. They provide 1011 12 13 q
reliable, high-speed, low-power substitutes for
conventional TTL and HCT logic. They are also TgTogQ '
compatible with HC logic over V¢ range of 4.5 o q
volts to 5.5 volts.
This family of CMOS HAL® circuits provide the flexibility of using integrated circuits with virtually zero '
standby power and lower operating power than those currently achieved by bipolar PALs. Prototyping can
be done using standard PAL® devices before converting to CMOS HAL® circuits for production.
The TICHAL16’ circuits have internal electrostatic discharge (ESD) protection circuits and have been
classified with a 2000-volt ESD rating tested under MIL-STD-883B, Method 3015.1. However, care should
be exercised in handling these devices as exposure to ESD may result in a degradation of the device
parametric performance.
The C suffix designates commercial-temperature circuits that are characterized for operation from 0°C
to 75°C.

PAL and HAL are registered trademarks of Monolithic Memories Inc. '
PRODUCTION DATA documents contain information . . Copyright © 1987, Texas Instruments Incorporated
current as of publication date. Products conform to y}
andand waranty. Frofuction processing duse ot EXAS 2-229
:accssmly include testing of all parameters. ler RUMENTS
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TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

TICHAL16R4 ’ TICHAL16R4
C SUFFIX . .. DW OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
ek [ U200 vee ¥ Bo.
102 edvo. . : ——-0>=
gz 180 wo ' "3 212019
s 170da 1fa 18[ 10
Qs 1da 1Ds 170
iIfs 1o 1ps 18] a
17 14[]a 11k 5[] a
i0s  30wo 1ps 1o
10 12Juo 10 11 12
10 ]OE
GNp [ 1] OE T
Zlo ==
TICHAL16R6 TICHAL16R6
C SUFFIX . . . DW OR N PACKAGE C SUFFIX . . . EN PACKAGE
E (TOP VIEW) {TOP VIEW)
~*
Q
/2]
2
Q
. @
~ Q
' m 0
o]
Q
1]
) -
TEE
)
TICHAL16R8 'TICHAL16R8
C SUFFIX . . . DW OR N PACKAGE _ C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
Q
cwk [ vee X0
10?2 Q - —-0>0d
10s Q 3 2 12019
s Q 1pa 18l a
1s Q i s 170
10s Q 1 Ds 16{]a
g Q 107 15[ o
1[s Q 1 I8 1o
Qe Q 9 101112 13
GND [Jio . OE
-pgwoodg
=d|e}
i
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TICHAL16L8-35C, TICHAL16R4-35C
HIGH-SPEED CMOS HAL® CIRCUITS

functional block diagrams (positive logic)

TICHAL16L8

& en 21
2xe64] 7,

o]

o——
7, o—————0
D 7, Vo
10 16 1
! 7 7 7. o—&—4—>— 110
6 16 7 o—&—4—>— 1/0
7 —r—
7 - & —¢->—1/0 2
7, —4—»— /0 ®
@
7, b—&—¢>— 110 o
%
6, <
> < ©
e
1]
TICHAL16R4 a
1
GE —O|EN2
CLK c1 : [
. L "
=1
& s = Piv; Q ,
32X64 7 1D '
8, & a
j 1
8 a
5 , !
8 16
| ———— - 8, a
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TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

functional block diagrams (positive logic)

TICHAL16R6
OF ENZ
CLK B> C1
9 r
& 8 >1 2V o]
32xe64| %10
8, % Q
N
8 * a
\ 8 D | 16 —\
8 % Q
A
N G 2z
7) ' P -
.
2 N
Oﬁf— 8, & Q
O N\
2 =
o EN
7
” Vjo—e—<e¢-r—1— 110
7] .
?p- 7, o—af—<> o
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TICHAL16R8
OE O] EN2
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& 8, =1 2V a
a2xeal %"’
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—~
8 Q
8 16 o
-8, ——
8 % Q
[
8, % Q
[ N
8 é Q
N
8, <
<

Exas W
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265

2-232



TICHAL16L8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

logic diagram (positive logic)
(1)
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TICHAL16R4-35¢C
HIGH-SPEED CMOS HAL® CIRCUITS

logic diagram (positive logic)
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TICHAL16R6-35C
HIGH-SPEED CMOS HAL® CIRCUITS

logic diagram (positive logic)
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TICHAL16R8-35C

HIGH-SPEED CMOS HAL® CIRCUITS

logic diagram (positive logic)
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TICHAL16L8-35C, TICHAL16R4-35C, TICHALIBﬁB-BEC. TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

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

Supply voltage range, VG -« v vt v vt te e it e et ettt e -05Vto7V
Input voltage range, V| . ... i ittt it i i e e -0.5VtoVcc+05V
Input clamp current, IK (V] K 0or VI > VCC) -« v oo e +20 mA
Output clamp current, IoK (VO < OorVg > Veg) v vvviii oot e +20 mA
Continuous output current, I0 (VO = 0toVCC) -+ . oo vt +35 mA
Continuous current through VCC Pin. . .. oo it i i i i i e i 70 mA
Continuous current through GND pin . . . ... oottt i i i e it —200 mA
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . .. ........cvvvrun.. 260°C
Operating free-air temperature range . . . . ... oot ittt i e et ae s 0°C to 75°C
Storage teMPerature raNGE . . . ... c e v v e s ttaiee et annnaneeeens —-65°C to 150°C

recommended operating conditions

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

C-SUFFIX

min_nom mAx | UM 2

Vce  Supply voltage 4.5 5.5 A\
ViH High-level input voltage 2 \4 7))
ViL  Low-level input voltage 0.8 Vv "6;
tw Pulse duration g:zz: :;:Ih ‘ ;g ns _0:,
tsy Setup time, input or feedback before CLKT 30 ns 2]
th Hold time, input or feedback after CLKT Y] ns s
TA Operating free-air temperature range (0] 75 °C [ ]
a

i
XAS b 2.237
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TICHAL16L8-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

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

noted)
C-SUFFIX
ARA!
PARAMETER TEST CONDITIONS MiN_ TYPT  MAX UNIT
VoH  High-level output voltage Vee =45V, log = —6 mA 3.76 \
VoL Low-level output voltage Ve =456V, loL = 24 mA 0.4 \
Off-state output current with
| Vee = 6.5V, Vo =V 10 A
OZH high-level voltage applied cc=5 o cc k
Off-state output current with
=565V, Vo = -
lozL low-level voltage applied Vec = 6.5V 0=0 10 #A
[T} High-level input current Vee = 5.5V, Vi = Vece A
I Low-level input current Vee = 5.5V, V=0 -1 A
lcc  Standby supply current :;CE : 6.5V, Vi =0orVce, 100 | uA
=55V, = Vee
2 Icc Operating supply current :’(;C 1 M?_': v :2 - g orVec 2 mA/MHz
. Vce = 6.5V, Vi=05Vor24V,
lcct ch ! 1.4 3 A
U Alcc* Change in supply current Other inputs at 0 or VEc m
2 |G Input capacitance TA = 25°C, f=1MHz 10 | oF
[ Co Output capacitance Ta = 25°C, f=1MHz 10 pF
= switching characteristics over recommended ranges of supply voltage and operating free-air temperature
g {unless otherwise noted)
~
7] FROM T0 C-SUFFIX
PARAMETER T C ITION NIT
{INPUT) {QUTPUT) TEST CONDITIONS MIN TYPT MAX v
with feedback 18
fmax? MH
max without feedback 25 :
:Edr 1, 1/0, ZrL:::db“k [¢] o(rlllo Ry = 200, :g .’;: ::
pd = 5 Ry = 3901, . -
t .
en CL = 50 pF 1 25 ns
tdis OEt Q 12 26 ns
ten 1 orl/Q O or I/0 14 35 ns
tdis | or /1O O or l/O 16 35 ns
T All typical values are Vgg =5 V, To = 26°C.
¥ This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than 0 or Vee.
1 : 1
§ i 2 ———— i = ———
fmax (with feedback) teu ¥ tpg (CLK 10 Q) fmax (without feedback) oG] ¥ tyellow)
TeExas bi
2-238 l
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TICHAL16LB-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

Vee

. ’ 2]
-
v—
-]
a3
il ~AAA
L 4

FROM OUTPUT > TEST
UNDER TEST POINT
y
CL 3 R2
(See Note A)

NOTES: A. C_ = includes probe and jig capacitance.
B. When measuring propagation times of 3-state outputs, S1 is closed.

N

FIGURE 1. LOAD CIRCUIT FOR THREE-STATE OUTPUTS 3
[+}]
[+})
—————————— 3v =
INPUT %1.5v \\1.5v )
} tpd = tPLH Of tPHL i . ov [
N—‘PLH—-’: —tPHL— ' 8
I M N
IN-PHASE | 15V 15V
OUTPUT | : : o :
t | Vol
|4____tpH|_—_’| ' k—tPLH——-—-’l
OF-P! l l VoH
OUT-OF-PHASE
OUTPUT \1'5 v : 1.8V
————— Vot

VOLTAGE WAVEFORMS

NOTES: A. When measuring propagation times of 3-state outputs, S1 is closed. .,
B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z;, = 50 @, t, = 6 ns.

FIGURE 2. PROPAGATION DELAY TIMES, OUTPUT RISE AND FALL TIMES

Texas “v’:‘ : 2239
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TICHAL16L8-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

——————— 3v
DATA | A 27V 2.7V¥xl!
1.5 v ¥l 1.5V :
INPUT 53y | 0.3V
. ! . ov

VOLTAGE WAVEFORMS

NOTE: - Phase relationship between waveforms was chosen arbitrarily. All input pulses are supplied by generators having the following

2 characteristics: PRR < 1 MHz, Z, = t; = 6 ns, ty = 6 ns.
FIGURE 3. SETUP AND HOLD TIMES, AND INPUT RISE AND FALL TIMES
O ,
3 =3V
o GE Sk 15V }( 15V
n .~ — e
4 i + ov
g e—tpzL—¥ le—trLz—p]
s ouTPUT : I , ] I =Vee
WAVEFORM 1 | 0.5V
S1 CLOSED | \\1'5 v : _v
(See Note B) | | —F———- VoL
le—tpz—l I
oUTPUT I — ¥ o
WAVEFORM 2 | J —%_
S1 OPEN 1.5V | ) 0.5V
(See Note B) | | =0V
[ tPHZ —p|
ten = tpzL O tpzH tdis = tPLZ Of tpHZ

VOLTAGE WAVEFORMS

NOTES: A. Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, 25 = 50Q,t, = 6 ns, t; = 6 ns.
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.

FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS

INSTRUMENTS
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TICHAL16L8-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

—————— 3v
HIGH-LEVEL 15V
PULSE ! 15V ; 5
1 1 ov
3v
LOW-LEVEL
PULSE
ov

VOLTAGE WAVEFORMS

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z5 = 50 Q, ty = 6 ns.
B. For clock inputs, fy,5x is measured with input duty cycle = 50%.

FIGURE 5. PULSE DURATIONS

N
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TICPAL16L8-565C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-565C
STANDARD CMOS PAL® CIRCUITS

D3062, NOVEMBER, 1987

® Standard 20-Pin PAL Family TICPAL16L8’
C SUFFIX . . . JL OR N PACKAGE
® Virtually Zero Standby Power (TOP VIEW)
® Propagation Delay . . . 55 ns Max |E1 Uzo]vcc
: . 1z 1o
® TTL- and HC-Compatible Inputs and Outputs 10z ¢Juo
® Preload Capability to Ald Testing e - B
-
® Fully Tested for High Programming Yield :E‘: =~ :f%:;g
Before Packaging i0e 1o
® Greater than 2000-V Input Protection for R
. GNo (Cho  11fi
Electrostatic Discharge
® Devices in the ‘JL’ Package Can Be Erased TICPAL16R4*

and Reprogrammed More Than Once C SUFFIX . . . JL OR N PACKAGE

(TOP VIEW)
ck [J1 U20[]vee 2
3-STATE | REGISTERED| 1/0 10z 1fwvo
D IN
EVICE PUTS 0 OUTPUTS| Q@ OUTPUTS| PORTS 103 1eQvo »
PAL16LB | 10 2 ) 6 :E; :;%g 5
PAL16R4 8 ] 4 (3-state) 4 1 s (g Ha Y]
PALI6RE | 8 0 6 (3state) | 2 it wha ﬁ
PAL16R8 8 0 8 (3-state) 0 10s  13Jvo
1I0e 120w s
. GND 1o n[]JOE ©
description a !
L . . : TICPAL16R6’ .
These PAL devncgs provide rahab}e, high- C SUFFIX . . . JL OR N PACKAGE
performance substitutes for conventional TTL (TOP VIEW) t
and HCT logic. They are also compatible with HC ) .
logic over the V¢ range of 4.75 V to 5.25 V. CLKI E; fgjl\/’gc l
Their easy programmability allows for quick it fla :
design of ‘‘custom’’ functions and typically ids  70a .
result in a more compact circuit board. Static 1{s (—~)1sjo
powaer dissipation for these devices is negligible. | ES ~ 15%0
1 7 141Q
The output registers of these devices are D-type 10s  130a
flip-flops that store data on the low-to-high I0e  2fJwo
transition of the clock input. The registered GNp o 11JoE
outputs may be disabled by taking OE high,
. TICPAL16R8’
whereas the nonregistered outputs may be C SUFFIX JL OR N PACKAGE
disabled through the use of individual product e
¥ (TOP VIEW)
terms. Unused inputs must always be connected
to an appropriate logic level, preferably either : C'-Kl E; Ufgjlgcc
V¢ or ground. G efa
10s  170a
1Cs e [a
10s ="15Ja
107 Qe
Qs 130a
- Qe 120a
GND (o n[J0E
The dotted circles represent windows found only on the JL package.
PAL® is a registered trademark of Monolithic Memories Inc.
PRODUCTION DATA documents contain information . Copyright © 1987, Texas Instruments Incorporated
current as of publication date. Products conform to 1,
specifications per the terms of Texas Instruments
standard warranty. Production processing does not 2-243
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

description (continued)

N

sjeayg eleq

‘The programming cell consists of a floating-gate device like those used in EPROMs. All terms arg initially

connected. The unwanted terms are programmed out to provide the desired function. The output of a
given AND gate is low if both the true and complement cells of a term are connected, and high if all related
cells are programmed. Programming can be done manually but is usually achieved through the use of
commercially available programming equipment.

This TICPAL16’ series has internal electrostatic discharge (ESD) protection circuits and has been classified
with a 2000-V ESD rating tested under MIL-STD-883B, Method 3015.1. However, care should be exercised
in handling these devices, as exposure to ESD may result in a degradation of the device parametric
performance.

The floating gate programmabile cells allow these PALs to be fully programmed and tested before assembly
to assure high field programming yield and functionality. They are then erased by ultraviolet light before
packaging.

All devices in this series contain a security feature. Once the security cell is programmed, additional
programming and verification cannot be performed. This prevents easy duplication of a design.

The TICPAL16'C series is characterized for operation from 0°C to 75°C.

erasure

The TICPAL16’ (JL package) series can be erased after programming by exposure to ultraviolet light that
has a wavelength of 253.7 nm (2537 A). The recommended minimum exposure dose {UV intensity X
exposure time) is fifteen wssecm — 2. The lamp should be located about 2.5 cm (1 inch} above the chip
during erasure. It should be noted that normal ambient light contains the correct wavelength for erasure.
Therefore, when using the TICPAL16’ series (JL package), the window should be covered with an opaque
label.

2-244
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TICPAL16L8-55C, TICPAL16R4-55C
STANDARD CMOS PAL® CIRCUITS

functional block diagrams (positive logic)

TICPAL16LS’
& En =1
o——
szxea|l 7, v o
7, o———0
D 7 o—v—»—— 1o
10 16 ;s

TIr1]
H
N

(7]
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¢ <]
=
6 < (7]
1]
-’
TICPAL16R4’ - I
(]
OE O} EN2
[}
CLK c1
N ‘
& s, | =’ 2V a
32 X 64 7 10 ‘
8, L a
ﬁ '
8 Q
5 " !
8 16 )
| - - 8, Q
4 N
7 =1
EN
4 |, 16, 7, Ve —>— 10
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TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

functional block diagrams (positive logic)
TICPAL16R6

OE - EN2
CLK E. c1
. 29

& 8 =1
32xe4| ~ 1D

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265
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TICPAL16L8-55C

STANDARD CMOS PAL® CIRCUITS

logic diagram (positive logic)
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TICPAL16R4-55¢C
STANDARD CMOS PAL® CIRCUITS

logic diagram (positive logic)
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TICPAL16R6-55C
STANDARD CMOS PAL® CIRCUITS

logic diagram (positive logic)
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TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

logic diagram (positive logic)
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

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

SUpply vOItage range, VEOEC - - - - e vt et v e mame ettt a e ~05Vto7V
Input voltage range, V| ... . .viiiin ittt e e i -0.5VtoVcc +0.5V
Input clamp current, IK (V] € 0 0r V] > VCC) « vt vv vt ttiiat it iiinaeen s +20 mA
Output clamp current, IOK (VO < 00rVO > VCC) -+ttt vviniie i et +20 mA
Continuous output current, I0 (VO = OtoVCC) -« v v v i v i i e +35 mA
Continuous current through VO C PiN. v v vttt ittt r et it iennennn ... 70 mA
Continuous current through GND pin . . . ... oottt i ittt i i i e —200 mA
Operating free-air temperature range . . . .. ..o vt v it i i it iie it ee e 0°C to 75°C
Storage temperature FaNGE . . . .o v vt e v v e van et et nnein oo eneeeneeens —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds (JL package) ........... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds (N package) ............ 260°C

recommended operating conditions

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

C-SUFFIX 2
MIN NOM MAX UNIT .
Vce Supply voltage 4.75 5.25 v »
V|4 High-level input voltage . 2 \" -
Vi, Low-level input voltage 0.8 \4 8
Clock high 20 =
t Pulse durati
w uration Clock low 20 "l
tsy  Setup time, input or feedback before CLK! 40 ns ©
th,  Hold time, input or feedback after CLK! 0 ns -
- - 1]
Ta  Operating free-air temperature range 0 75 °C D
‘
TEXAS i
l 2-251
NSTRUMENTS



TICPAL16L8-55C, TICPAL1 6R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

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

noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
Vo Vee = 475V, loH = 3.2 mA (for TTL) 4 v
Vce = 4.75 V, Ioh = -4 mA (for CMOS) 3.86
VoL Vee = 475V, loL = 24 mA (for TTL) 0.5 v
Vce = 4.75 VY, loL = 4 mA (for CMOS) 0.4
lozH Vce = 5.25 V, Vo = 2.4V 10| uA
lozL Vee = 5.25V, Vo = 0.4V -10 A
[I1%] Vee = 56.26 V, V) = Ve 10 pA
IiL Vee = 5.26V, Vi=0 -10 A
Icc(standby) Vee = 5.25 V, Vi) = 0orVce, o =0 100 A
ICCloperating) Vee = 5.25V, Vi = 0t Vce. lo =0, 2 _mA
f f = 1 MHz to 25 MHz MHz
N Vee 5.25 v, V)=05Vor24YV,
2 alcc Other inputs at 0 V or V¢ 14 3 mA
G Ta = 25°C, f =1 MHz 6 pf
o -
a switching characteristics over recommended ranges of supply voltage and operating free-air temperature
o (unless otherwise noted) R1 = 200 2, R2 = 390 2, CL. = 50 pf
% PARAMETER (::‘:JI_A" (OU:'OPUT) MIN TYPT MAX | UNIT
4] P with feedback 16 MHz
a max w/o feedback 25
tpd 1, 1/0, or feedback O or I/0 35 55 ns
tpd CLKT Q 16 22 ns
ten OE! Q 15 26| ns
tdis OEt Q 15 25 ns
ten | or /O Qor /0 35 ° 55 ns
tdis | or I/O Q or /0 35 65 ns

1Al typical values are at Vog = 5V, TA = 25°C.

$This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than O or Vee-

$fmax(with feedback) =

1

tsy + tpd (CLK to Q)

1
: fmax(without feedback) = —

tsu

2-252
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TICPAL16L8-65C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

preload procedure for registered outputs

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. All of the registers may
be preloaded simultaneously by following the steps below.

Step 1. With Vg at 5 V and Pin 11 at V|, raise Pin 1 to V|HH.

Step 2. Apply either V| or V|H to the output corresponding to the register to be preloaded.

Step 3. Lower Pin 1 to VjL, then remove the output voltage. Preload can be verified by lowering Pin 11
to V|L and observing the voltage level at the output pins.

preload waveforms

———————— Vep
PIN 1
1
. |
| ViL

N

1
1
! 8
! | )
—» 4 e | O
| | 1 <
] T i ViH (7]
PINS
2.9 : | ﬁ
i | 4+
viL
! I I o -
| |
—» :4— —» W :4— :
i ]
! ! ! I— —I— -V ‘
PIN 11 | L N "
| load = o
| i tp, s > : ViL 1
l | N —» d [e— ;
Tvy-L | I VoH ‘
! | | |
REGISTERED /O
viL— VoL
preload parameters, TA = 25°C
PARAMETERT MIN NOM MAX UNIT
VIHH Preload voltage on pin 1 12.5 13 135 Vv
hHH Preload input current at pin 1 3.2 4 4.8 mA
Av/At Voltage ramping (V|4H) . 50 Vius
td Setup and hold times 2 us

TOther test parameters and conditions are shown in recommended operating conditions and electrical characteristics tables.

;
INSTRUMENTS 2-253
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

Vee

b

s1
R1
FROM OUTPUT TEST

UNDER TEST " POINT

C $
L s R2
(See Note A) |
nd

NOTES: A. C_ = includes probe and jig capacitance.
B. When measuring propagation times of 3-state outputs, S1 is closed.

FIGURE 1. LOAD CIRCUIT FOR THREE-STATE OUTPUTS

o
[ .
d N
Q e ——————— it 3v
(‘[) INPUT 15V 16V
= ’ 1 tpd = tPLH O tPHL P ov
o® I I
® p—tpm—»{ . le——tPHL——)
|
@ : ( I Jl ————Von
IN-PHASE I 16V | 1.5V
OUTPUT !
t | VoL
be——tPHL—y le—tPLH—y ‘
| | VoH
OUT-OF-PHASE q 1.5V ‘ % 1.5V
OUTPUT
———=VoL

VOLTAGE WAVEFORMS

NOTES: A. When measuring propagation times of 3-state outputs, S1 is closed.
B. Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z, = 50 Q, t, = 6 ns.

FIGURE 2. PROPAGATION DELAY TIMES, OUTPUT RISE AND FALL TIMES

| 3y
2-254 . INSTRUMENTS
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

CLK %1.5V \
: ov

t
f—tsu—>l " "
[

DATA |1A 27V 2.7vXI
1.5 v¥Il 1 X15vVv
INPUT
0.3V | I 0.3V
1 . | ov
_’l ty le—

VOLTAGE WAVEFORMS

NOTE: Phase relationship between waveforms was chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR < 1 MHz, Zg = t; = 6 ns, tf = 6 ns.

FIGURE 3. SETUP AND HOLD TIMES, AND INPUT RISE AND FALL TIMES

[ S|§1.sv : )[1.5v
! +-———_—_-—— ———— ov

I
e—tpzL—] le—tPLz—»
OUTPUT |

WAVEFORM 1 | l l ~Vee
$1 CLOSED | \l\w v

|( oY
(See Note B} -

—F————Va

N

Data Sheets

k—-—(PZH——vll

—j————Vou

le—tPHZ—p|

OUTPUT
WAVEFORM 2 |
S1 OPEN 15V

(See Note B}

ten = tpzL O thZH tdis = tpLZ OF tpHZ
VOLTAGE WAVEFORMS

NOTES: A. Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, 2, = 50Q,t, = 6ns, tf = 6 ns.
B. Waveform 1 is for an output with intema! 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.

FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS

, .
Exas WP -
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TICPAL16L8-565C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

S ——— 3v
HIGH-LEVEL I[ _
PULSE f15v Ks v
I I ov
LOW-LEVEL
PULSE

VOLTAGE WAVEFORMS

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z, = 50 Q, t, = 6 ns.
B. For clock inputs, fmay is measured with input duty cycle = 50%.

FIGURE 5. PULSE DURATIONS

N

s}aayg ejeq
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

D3087, DECEMBER 1987

® 20-Pin Advanced CMOS Generic PAL JL PACKAGE
TOP VIEW
® Virtually Zero Standby Power ! !
® 25-ns Maxi P ion Del cekn [t Y20 vee
-ns Maximum Propagation Delay 12 19[] yoja
" ® Eight Output Logic Macrocells 10z 180 woa
— Each OLM Is User-Programmable for |E4 170 0/Q
Registered or Combinational Operation, 1s 6] 10/Q
Polarity, and Output Enable Control 1s 18] 1/0/a
1 14
® UV-Light-Erasable Cell Technology Allows IEB ,3% o
for:
1o 12 .
— Reconfigurable Logic GND E‘O ”%:/O/Q

— Reprogrammable Cells
— Full Factory Testing for Guaranteed
100% Yields '

Pin assignments in operating mode

N

©® Preload Capability on All Registered Outputs
Allows for 100% Functional Testing

[}
® Power-Up Clear 'a-;
@ Programmable Design Security Bit Prevents 2
Copying of Logic Stored in Device %)
® The TICPAL18V8 Replaces the PAL [
Functions in Table 1 '5
o (]
description
This PAL device features advanced CMOS speed and virtually zero standby power. It combines TI’s EPIC™
(Enhanced Processed Implanted CMOS) process with-ultraviolet-light-erasable EPROM technology. Each
output has an Output Logic Macrocell (OLM) configuration allowing for user definition of the output type.
This PAL provides reliable, low-power substitutes for numerous high-performance TTL PALs.
TABLE 1. PAL FUNCTIONS
CLKA ~ = | Vee | Veec | Vee | Vee | Vee | Vec | Vee | Vee | Vee | Vec
I — - o | | | Q 110 /0 o] (0] 110
[ - o} o] 1 1 Q Q 1/0 1/0 o /0
I — - o] (o} 0] I Q Q Q 1/0 [0} /10
[ - (o] (¢} (o} [0} Q Q Q 1/0 o] /0
| — - o 0 o] o] Q Q Q 1/0 o} 110
I~ -] o ) 0 ] o} a a |w | o | w ;
| — - o] 0 | | Q Q 110 110 o 110 L
| — - o | | | Q 110 /0 o] o /0 —
GND — -1 I I I | o | o | ©oE | ! | >
10L8 | 12L6 | 14L4 | 16L2 |16R8 [16R6 [16R4 | 16L8 (16LD8| 18P8 LU
10H8 | 12H6 | 14H4 | 16H2 |16RP8 | 16RP6 | 16RP4| 16H8 (16HD8 E
10P8 | 12P6 | 14P4 | 16P2 16P8
EPIC is a trademark of Texas Instruments Incorporated. m
PAL is a registered trademark of Monolithic Memories Inc. Q.
PRODUCT PREVIEW documents contain information i N Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of :
devglfqpmﬁent. Ch:ra_mris(iln 1:_lm glun? ntht:r TEXAS U 2.957
Specitications ara design goals. Texa: :
rl':serves the right to_ gha:uo or dis::ntl;:u': Tl?:s: lNST RUMENTS

products without notice. POST OFFICE BOX 655012 * DALLAS, TEXAS 75265




TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

description (continued)

architecture

M3IATHd 19NAd0odd

The ‘PAL18V8 architecture is a generic version of the 20-pin family of PALs. This generic flexibility is
achieved by the implementation of each outpdit function with an Qutput Logic Macrocell (OLM). The OLM
contains architectural options configured through programming. These options include the user selection
of combinatorial or registered outputs with a choice of active-high or active-low logic.

The 'PAL18V8 has 74 product terms in the AND array, 64 of which are OR-function product terms, 8
product.terms that are used as bidirectional output controls, and 1 product term each as asynchronous
reset and synchronous set control, respectively. Each of the 8 outputs has 8 product terms per OR function
and a dedicated product term for the bidirectional control of that output. The bidirectional control allows
for individual outputs to be forced into the high-impedance state for bidirectional operations or for dedicated
input usage.

The circuit design is enhanced by the addition of synchronous set and asynchronous reset product terms.
These two functions are common to all the OLMs. When the synchronous set product term is a logic 1,
the output registers are loaded with a logic 1 on the next low-to-high clock transition. When the
asynchronous reset product term is a logic 1, the output registers are loaded with a logic 0 independently
of the clock. The output logic level after set or reset depends on the polarity selected during programming.
An asynchronous reset always overrides synchronous set.

A clock function is routed to all the OLMs. It is used with the registered macrocell options. The clock function
shares a pin with an array input. The sharing provides an additional input pin when registered options are
not exercised.

The registers in the '18V8 have been designed to reset after power-up. During power-up, all registers will
reset to the O-state following a transition of any input or any 1/0. The output voltage level for any output
will depend on the polarity selected for that output. This feature is especially valuable in simplifying state
machine initialization.

All output registers can be preloaded to any desired state during testing. Preloading bermits full logical
verification during device testing.

The TICPAL18V8 has internal electrostatic discharge (ESD) protection circuits and has been classified with
a 2000-V ESD rating tested under MIL-STD-883B, Method 3015.1. However, care should be exercised
in handling these devices, as exposure to ESD may result in a degradation of the device parametric
performance.

The floating gate programmable cells allow these PALs to be fully programmed and tested before assembly
to assure high field programming vield and functionality. They are then erased by ultraviolet light before
packaging.

The M-suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The C-suffix devices are characterized for operation from 0°C to 75°C.

design security

The 'PAL18V8 contains a programmable design security bit. Programming this bit will disable the read
verify and programming circuitry, protecting the design from being copied. The security bit is usually
programmed after the design is finalized and released to production. A secured device will verify as if every
location in the device is programmed. Because programming is accomplished by storing an invisible charge
instead of opening a metal link, the 18V8 cannot be copied by visual inspection. Once a secured device
is fully erased, it can be reprogrammed to any desired configuration.
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

functional block diagram (positive logic)
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED £PIC™ CMOS GENERIC PAL®

logic diagram (positive logic)
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

output logic macrocell (OLM) description

A great amount of architectural flexibility is provided by the user-configurable macrocell output options:
The macrocell consists of a D-type flip-flop and two select multiplexers. The D-type flip-flop operates like
a standard TTL D-type flip-flop. The input data is latched on the low-to-high transition of the clock input.
The Q and Q outputs are made available to the output select multiplexer. The asynchronous reset and
synchronous set controls are available in all flip-flops.

The select multiplexers are controlled by programmable bits. The combination of these programmable bits
will determine which macrocell functions are implemented. It is this user control of the architectural structure
that provides the generic flexibility of this device.

output logic macrocell diagram

]

OQUTPUT LOGIC MACROCELL

N

FROM CLOCK BUFFER

MUX
l [
| >t s

AR R I=0 2

4 Il ) D 1 ;
: | 1 a —>— 7)
: [>c1 ap— 0 [}

| ss—1s _ 1}(33 T
I v o) 3 o
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AR = asynchronous reset
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

output logic macrocell options

MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE

c::"“ SELE:: FEEDBACK AND OUTPUT CONFIGURATION
o] o] Register feedback | Registered Active low
(o} 1 Regi feedback | Registered Active high
1 o] 1/0 feedback Combinational | Active low
1 1 1/0 feedback Combinational | Active high
. 0 = erased cell, 1 = programmed cell

S1 and SO0 are select-function cells as shown in the output logic

macrocell diagram.

N
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O R R

90 10 10
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w > C1 [>C1

- 1S 1S

) s1 =0 §1 =0

(4] SO = 0 SO = 1
' ~*
. »
] REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
.
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g 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

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

NOTE

SUPPlY VOltage, VG - -« t ot ettt et e e e e e e -0.5Vto7V
Input voltage, Vi (see Note 1) . ...... ... ... i, -0.5VtoVcc+0.5V
Input diode current, Ik (Vi < Oor Vi > Veg). ... .. e e e e e +20 mA
Output diode current, IoK (VO < 00orVQ > VCC) -+ -+ v vt e e i e +20 mA
Continuous output current, I0 (VO = 0to VCC) .« .o oo i i e +40 mA
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . .. .................. 300°C
Operating free-air temperature range: Msuffix. .......................... ~-55°Cto 125°C

Csuffix .......................... ... 0°Cto75°C
Storage temperature range . .. ................. T -65°C to 150°C

1: These ratings apply except during programming and preload cycles.

Stresses beyond those listed under ‘‘absolute maximum ratings’’ may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under ‘’recommended operating conditions’’

is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

N

_ —30M —25C
UNIT [Z]
.| MIN NOM MAX MIN NOM MAX -
Vee  Supply voltage 4.5 5 5.5 4.75 5 5.25 v 3
ViH High-level input voitage 2 Vee+0.5 2 Ve +0.5 \ =
Vi Low-level input-voltage 0.8 0.8 \% [7)]
. Driving TTL -2 -3.2 o
| High-level output t A
OH igh-level output curren Driving CMOS = — m s
Driving TTL 12 24 Q
l Low-I A
oL ow-level output current Driving CMOS > y) m,
felk Clock frequency MHz
CLK high . 10 8 "
n:
tw Pulse duration CLK low 11 9
Asynchronous reset 30 25 ns
N Setup ti Input or feedback 25 20 ns
su P time ‘Reset inactive state 30 25
th Hold time Input or feedback [*] 0 ns
TA Operating free-air temperature —-55 125 8] 75 °C
L
S
3
Q.
oc
a.
i
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

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

noted)
—30M —25C
PARAMETER TEST ND! Nst UNI
CONDITIONS MIN TYP¥ MAX | MIN TYP! MAX T
v Vee = MIN, loH = MAX | TTL 4 4 . \
OH Vce = MIN, Toq = MAX | CMOS 3.86 3.86 v
v Vee = MIN, lpL = MAX | TTL 0.5 0.5 \4
oL Ve = MIN, loL = MAX_| cmMos 0.4 04| Vv
lozH Vee = MAX, Vo = 27V 10 pA
lozL Vee = MAX, Vg =05V X -10 »A
H Vce = MAX, Vi =5.25V 10 pA
it Vee = MAX, Vi =05V -10 A
168 Vee = MAX, Vg = 0.5V -30 -130 | -30 -130 | mA
. Vee = MAX, V| = 0orVce, :
I 100 100 A
cc Outputs open'i #
. lec Vee = MAX, vi=0to 3V, 2 2 mAMHz
f f = 1MHz
g Vee = MAX, Pin 1 4 4 mas
- algc# | Oneinput at 0.5 Vor 2.4 v, Inout
[+ Other inputs at O V or Voo Others 2 2 P
(77 Pin 2 15 15
Vi-= 2V,
= e e Clock Pin 12 12 .
8 i Ta = 250c All 1/0 Pins ' 15 15 P
- A Other inputs 10 10
@
' switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)
FROM TO —30M —25C
PARAMETER TEST CONDITIONS UNIT
' {INPUT) {(OUTPUT) . MIN TYPF MAX MIN TYP? MAX
4 £ | W/O feedback C suffix: 50 50 MHz
' max With feedback Rt = 2000, R2 = 390 Q, 35 35
thd 1, /O 0, 1/0 Cp = 50 pF 15 30 15 25 ns
tpd CLK?T Q M suffix: 12 12 ns
tpd Reset Q R1 = 39010, R2 = 750 Q, 20 10 ns
ten 1, 1/0 1,0, /0 CL = 50 pF 15 15 ns
tdis 1, 10 1,Q, /0 C = 5 pF, See Figure 4 15 15 ns
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
v} 4 Al typical values are at Vo = 5V, To = 25°C.
x 8 This parameter approximates los. The condition Vg = 0.5 V takes tester noise into account.
O Disabled outputs tied to GND or Vcg.
U #This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than at O V or V.
1 1
I ith feedback) = ——————————: f ithout feedback) = —m8 ————
C  fmaxlwith feedback) = === tpd(CLK to Q) max(withou )= Lihigh + twllow)
5
m
<
g
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

preload procedure for registered outputs

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. Each register is preloaded
individually by following the steps given below. The output level depends on the polarity selected during
programming.

Step 1. With V¢ at 5 volts and Pin 1 at V|, raise Pin 11 to ViHH.

Step 2. Apply either V| or V|H to the output corresponding to the register to be preloaded.

Step 3. Pulse Pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower Pin 11 to V|L.. Preload can be verified by observing the voltage
level at the output pin. '

preload waveforms (see Note 2)

— — — — = ViHH
PIN 11 /
Vi

N .

|
|
I
he—tsu—p fe—td—»i | &
e :
o : _—— ViH =~
PIN 1 | | i ‘ | 72]
! I | v ©
1 4 t i
[ | : | g .
l : J —ViH : VoH T
REGISTERED 1/0 _>-—< INPUT OUTPUT .
: ——ViL VoL
NOTE 2: tg = tgy = tw = 100 ns to 1000 ns.

VIHH = 10.25 V t0 10.75 V. '
w
wl
e
Q.

-
(&)
=
(]
o
oc
[« 1
i
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

power-up reset

Following power-up, all registers are reset to zero. The output level depends on the polarity selected during
programming. This feature provides extra flexibility to the system designer and is especially valuable in
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the VcC's
rise be monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable
input and feedback setup times are met.

power-up reset waveforms
. av f
Vece

ACTIVE-HIGH
- REGISTERED QUTPUT

5V

‘pdf
(600 ns typ, 1000 ns MAX)

VoH
STATE UNKNOWN

£ Vou
1 VoH
STATE UNKNOWN 1.5V \
v

N

— 7}(...._‘!
n
<

\\1;'

g ACTIVE-LOW

~* REGISTERED OUTPUT

o |

. |

2] {— tsu# -——'N

: .

8 -

a CcLOCK ) \I\Ls \Y 1.5V

) 1 — — =V
K—‘w—->|
1This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
$This is the setup time for input or feedback.
. programming information

Texas Instruments Programmable Logic Devices can be programmed using widely available software and
inexpensive device programmers.
Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized Tt distributor, or by calling Texas Insruments at (214) 997-5762.

o

o
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U

3

m

<

g

i
2-266 U

INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265



TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

PARAMETER MEASUREMENT INFORMATION

Vece

b

S1 / (See Note A}

FROM OUTPUT TEST
UNDER TEST POINT
cL > R2
{See Note B)

nNFO—A T

NOTES: A.When measuring propagation times of 3-state outputs, S1 is closed.
B. CL = includes probe and jig capacitance. .

FIGURE 1. LOAD CIRCUIT FOR THREE-STATE OUTPUTS

Data Sheets H

—.- ————————— 3 V
INPUT 1.5V 15V
B! . .
(See Notes A and B) | tpd = 1PLH Of tPHL L
| | ov
|1——tPLH———b= le——PHL—{
T .
IN-PHASE
pofiog | j/ms v v ] 15V
v t ! VoL
le——tPHL—y le——tPLH—py
' | VOH
OUT-OF-PHASE \1 sv 15V
—_———=vq

VOLTAGE WAVEFORMS

NOTES: A. When measuring propagation times of 3-state outputs. S1 is closed.
B. All input pulses are supplied by generators having the following characteristics: PRR <= 1 MHz, Zg = 50 @, t; = 3 ns.

FIGURE 2. PROPAGATION DELAY TIMES, OUTPUT RISE AND FALL TIMES

PRODUCT PREVIEW
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TICPAL18V8-30M, TICPAL18V8-25C |
ADVANCED EPIC™ CMOS GENERIC PAL®

PARAMETER MEASUREMENT INFORMATION

CLK
{See Notes A and B) ! 15V \
le ov

fe—1su — ) V:
| =

DATA INPUT |27V ARV
(See Note A) 15 v Kl X5V
0.3V :
[ i |
—~ t, le— —»l tf le—
'VOLTAGE WAVEFORMS

N

. FIGURE 3. SETUP AND HOLD TIMES, AND INPUT RISE AND FALL TIMES

DATA INPUT
{See Note A) . 1.5V 1.5V .
+
le—tpLz—
! 2/3 Vee
|( oV
— —— ——V
x oL
—_.-*— ———VoH
|.\ Lo.s v
| =0V
e—tPHZ—p]

ten = tpZL O tpZH tdis = tpLZ Of tPHZ

3V

I ov
——tpzL—Py
!

|

|
: |
| I '
le—tezH—! }
OUTPUT |
1
|
|

OUTPUT
WAVEFORM 1
S$1 CLOSED

O
1
-
[
(/2]
=
(14
2
wn {See Note C)

WAVEFORM 2 |
S1 OPEN 1.5V

(See Note C}

VOLTAGE WAVEFORMS
FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS

HIGH-LEVEL
PULSE d 1.5V | 1.5V
! | ov

LOW-LEVEL
PULSE

VOLTAGE WAVEFORMS
FIGURE 5. PULSE DURATIONS

NOTES: A. All input pulses are supplied by generators having the followng characteristics: PRR < 1 MHz, Z; = 50 0, t; = 3 ns.
B. For clock inputs, fmayx is measured with input duty cycle = 50%.
C. 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.
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

special design features

True CMOS Outputs: Each ’18V8 output is designed with a P-channel pull-up transistor and an N-channel
pull-down transistor, a true CMOS output with rail-to-rail output switching. This provides direct interface
to CMOS logic, memory, or ASIC devices without the need for a pull-up resistor. The CMOS output has
24-mA drive capability, which makes the ‘18V8 an ideal substitute for bipolar PALs. The electrical
characteristics of this device show the output under both CMOS and TTL conditions.

Simultaneous Switching: High-performance CMOS devices often have output glitches on nonswitched
outputs when a large number of outputs are switched simultaneously. This glitch is commonly referred
to as ‘‘ground bounce’’ and is most noticeable on outputs held at VoL (low-level output volitage). Ground
bounce is caused by the voltage drop across the inductance in the package lead when current is switched
(dv o | x di/dt). :

One solution is to restrict the number of outputs that can switch simultaneously. Another solution is to
change the device pinout such that the ground is located on a low-inductance package pin. Tl opted for
a third option in order to maintain pinout compatibility and eliminate functional constraints. This option
controls the output transistor turn-on characteristics and puts a limit on the instantaneous current available
to the load, much like the |Qg resistor in a TTL circuit.

N

Wake-Up Features: The '18V8 employs input signal transition detection techniques to power-up the device
from the standby-power mode. The transition detector monitors all inputs, 1/0s, and feedback paths.
Whenever a transition is sensed, the detector activates the power-up mode. The device will remain in the
power-up mode until the detector senses that the inputs and outputs have been static for about 40 ns;
thereafter, the device returns to the standby mode.

Data Sheets

Electronic Signature Word: The '18V8 has a 72-bit word available for the user to store device information,
such as ID codes, revision numbers, or inventory control. The signature cannot be programmed or altered
once the device is secured.

Power Dissipation: Power dissipation of the '18V8 is defined by three contributing factors, and the total
power dissipation is the sum of all three.

Standby Power: The product of VCC and the standby Icc. The standby current is the reverse current
through the diodes that are reversed biased. This current is very small, and for circuits that remain
in static condition for a long time, this low amount of current can become a major performance
advantage.

Dynamic Power: The product of V¢ and the dynamic current. This current flows throughthe device
only when the transistors are switching fram one logic level to the other. The total dynamic current
for the "18V8 is dependent upon the users’ configuration of the PAL and the operating frequency.
Output loading can be a source of additional power dissipation.

Interface Power: The product of AlcC (operating) and VcC. The total interface power is dependent
on the number of inputs at the TTL VQH level. The interface power can be eliminated by the addition
of a pull-up resistor.

Even though power dissipation is a function of the user’s device configuration and the operating
frequency, the '18V8 is a lower-powered solution than either the quarter-powered or half-powered
bipolar devices. The virtually zero standby power feature makes the ‘18V8 the device of choice for
low duty cycle and battery-powered applications.

PRODUCT PREVIEW

Exas W
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TICPAL18V8-30M, TlICPAI.18VB-250
ADVANCED EPIC™ CMOS GENERIC PAL®

special design features (continued)
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Programming and Eraseability: Programming of the '18V8 is achieved through floating-gate avalanche
injection techniques. The charge trapped on the floating gate remains after power has been removed,
allowing for the nonvolatility of the programmed data. The charge can be removed by exposure to light
with wavelengths of less than 400 nm (4000 A). The recommended erasure wavelength is 253.7 nm
{2537 A), with erasure time of 20 to 30 minutes, using a light source with a power rating of 12000 xW/cm
placed within 2.5 cm (1 inch} from the device.

The '18V8 is designed for programming endurance of 1000 write/erase cycles with a data retention of
ten years. A few precautions will guarantee maximum data retention. Continuous exposure to high-intensity
UV light can ‘cause permanent damage. The maximum exposure intensity is 7000 Wes/cm (The equivalent
of leaving the unit in a UV eraser for a week). The window on the device should be covered by an opaque
label, as the fluorescent light in a room can erase a unit in three years or, in the case of a direct sunlight,
erasure can be complete in one week.

2-270
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TICPAL22V10M, TICPAL22V10C
EPIC™ CMOS PROGRAMMABLE ARRAY LOGIC

D3089, DECEMBER 1987

24-Pin Advanced CMOS PAL ' . JL PACKAGE

TOP VIEW
Virtually Zero Standby Power ! :

[ vee
] y0/Q
[ yora
[] 100
[]o/a
1 voa
] 1yo/Q
11170/
1] 1/0/Q
1 1/0/Q
] vo/Q
1

Propagation Delay Time . . . 20 ns Typ

Variable Product Term Distribution Allows
More Complex Functions to be Implemented

® Each Output is User-Programmable for
Registered or Combinatorial Operation,
Polarity, and Output Enable Control

® Extra Terms Provide Logical Synchronous
Set and Asynchronous Reset Capability

® Preload Capability on All Registered Outputs
Allow for Improved Device Testing

N B

Powe;-Up Clear on Registered Outputs
UV Light Erasable Cell Technology Allows

(%]
for: ‘q-,;
Reconfigurable Logic Q
Reprogrammable Cells L
Full Factory Testing for 1%2]
Guaranteed 100% Yields 9
® Programmable Design Security Bit Prevents 8 '
Copying of Logic Stored in Device
1
® Package Options Include Plastic and
Ceramic Dual-In-Line Packages and Chip
Carriers
description
This PAL device features high-speed performance, increased and variable product terms, flexible outputs,
and virtually zero standby power. It combines Tl’s EPIC ™ (Enhanced Processed Implanted CMOS) process
with ultraviolet-light-erasable EPROM technology. Each output has an OLM (Qutput Logic Macrocell)
configuration allowing for user definition of the output type. This PAL provides reliable, low-power
substitutes for numerous high-performance TTL PALs with gate complexities between 300 and 800 gates.
The 'PAL22V10 has 12 dedicated inputs and ten user-definable outputs. Individual outputs can be
programmed as registered or combinational and inverting or noninverting as shown in the Output Logic
Macrocell (OLM) diagram. These ten outputs are enabled through the use of individual product terms. ;
The variable product-term distribution on this device removes rigid limitation to a maximum of eight product E
terms per output. This technique allocates from 8 to 16 logical product terms to each output for an average >
of 12 product terms per output. The variable allocation of product terms allows for far more complex LLJ
functions to be implemented in this device than in previously available devices. oc
~ a.
With features such as the programmable OLMs and the variable product-term distribution, the
TICPAL22V10-25 offers quick design and development of custom LS| functions. Since each of the ten -
output pins may be individually configured as inputs on either a temporary or permanent basis, functions (& ]
requiring 'up to 21 inputs and a single output or down to 12 inputs and 10 outputs can be implemented |
with this device. (]
o
EPIC is a trademark of Texas Instruments Incorporated. n-
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of v}
development. Characteristic data and other
specifications are design goals. Texas Instruments 2-271
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TICPAL22V10M, TICPAL22V10C
EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

description (continued)
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Design complexity is enhanced by the addition of synchronous set and asynchronous reset product terms.
These functions are common to all registers. When the synchronous set product term is a logic 1, the
output registers are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous
reset product term is a logic 1, the output registers are loaded with a logic O independently of the clock.
The output logic level after set or reset will depend on the polarity selected during programming.

Output registers of this device can be preloaded to any desired state during testing, thus allowing for full
logical verification during product testing.

The TICPAL22V10 has internal electrostatic discharge (ESD) protection circuits and has been classified
with a 2000-V ESD rating tested under MIL-STD-883B, Method 3015.1. However, care should be exercised
in handling these dewces as exposure to ESD may result in a degradation of the device parametric
performance.

The floating gate programmable cells allow these PALs to be fully programmed and tested before assembly
to assure high field programming yield and functionality. They are then erased by ultraviolet light before
packaging.

The TICPAL22V10-25 has a power-up clear function, which forces all registered outputs to a predetermined
state after power is applied to the device. Registered outputs selected as active low will power up with
their outputs high while registered outputs selected as active high power up with their outputs low.

The M-suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The C-suffix devices are characterized for operation from 0°C to 75°C.

design security

The ‘PAL22V10 contains a programmable design security bit. Programming this bit will disable the read

. verify and programming circuitry protecting the design from being copied. The security bit is usually

programmed after the design is finalized and released to production. A secured device will verify as if every
location in the device is programmed. Because programming is accomplished by storing an invisible charge
instead of opening a metal link, the '22V10 cannot be copied by visual inspection. Once a secured device
is fully erased, it can be reprogrammed to any desired configuration.

2-272
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functional block diagram (positive logic)
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logic diagram (positive Io‘gic)‘
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output logic macrocell (OLM) description

A great amount of architectural flexibility is provided by the user-configurable macrocell output options.
The macrocell consists of a D-type flip-flop and two select multiplexers. The D-type flip-flop operates like
a standard TTL D-type flip-flop. The input data is latched on the low-to-high transition of the clock input.
The Q and Q outputs are made available to the output select multiplexer. The asynchronous reset and
synchronous set controls are available in all flip-flops.

The select multiplexers are controlled by programmable bits. The combination of these programmable bits
will determine which macrocell functions are implemented. It is this user control of the architectural structure
that provides the generic flexibility of this device. :

output logic macrocell diagram

___D OUTPUT LOGIC MACROCELL
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output logic macrocell options
MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE

CELL .
SELECT FEEDBACK AND OUTPUT CONFIGURATION
S1. SO
o] 0o Register feedback Registered Active low
[¢] 1 Register feedback Registered Active high
1 (o] 1/0 feedback Combinational Active low
1 1 1/0 feedback Combinational Active high

O = erased cell 1 = programmed cell
$1 and SO are select-function cells as shown in the output logic macrocell
diagram.

4

S
-+ R R 1
ﬁ’ 1D D’
(2] > c1 B> C1
=
) 1S 1S
o© s1-0 S1 =0
- SO =0 - -
(7] S0 = 1
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
——>— —t——
S1 =1 S1 =1
O
g 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT
v
N
m
<
g
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TICPAL22V10M, TICPAL22V10C
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, VO G -« -« « c v vt ottt e et ettt e e e e ~0.5t0 7V
Input voltage range, Vi(see Note 1) ........ ... i nn.. -05toVee + 05V
Input diode current, lIK (V] K 00or V| > VEC) . v v i i i i i e e e e e +20 mA
Output diode current, IoK (VO < 0orVO > VG oo v v i i i i +20 mA
Continuous output current, I (Vo =0toVeg) + .o oo i e i i ii i i iieca i, 240 MA
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds: FN or N package ......... 260°C
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds: FH or J package.......... 300°C
Operating free-air temperature range: M suffix- . ......................... —-55°Cto 125°C

Csuffix ... 0°C to 75°C
Storage temperature range . . .. .. ... v ei ittt e e —65°Cto 150°C

Note 1: This rating applies except during programming and preload cycles.
1 Stresses beyond those listed under ‘‘absolute maximum ratings’’ may cause permanent damage to the device. These are stress
ratings only and functional operation of the device at these or any other conditions beyond those indicated under ‘‘recommended

operating conditions’’ is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 2
recommended operating conditions
M SUFFIX C SUFFIX UNIT 2
MIN NOM MAX | MIN NOM MAX 8
Vcc  Supply voltage 4.5 5 5.5 | 4.75 5 6.256 \ =
VIH High-level input voltage 2 Vce +0.5 2 Vec+0.5 \4 [75]
ViL Low-leve! input voltage 0.8 0.8 \ ©
Driving TTL" -2 -3.2 -’
| High-level out| A
OH igh-level output current Driving CMOS - 2 m 8 .
! Low-level output current Driving TTL 12 16 mA
oL P Driving CMOS 2 4 .
folock Clock frequency 0 0 MHz
CLX high 10 8 ns
tw Pulse duration CLK low 11 9 ns
Asynchronous reset 30 25 ns
. Setup time Input or feedback . 25 20 ns !
su P Reset inactive state 30 25 '
th Hold time Input or feedback o] o] ns
TA Operating free-air temperature -55 125 o] 75 °C
L
S
&
o.
(2
o
Texas W
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TICPAL22V10M, TICPAL22V10C
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electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
M SUFFIX C SUFFIX
P R TE DITIONST
'ARAMETE ST CONDITIO! MIN_ TYPE MAX | MIN TYP' MAX uNIT
v Vce = MIN, loy = MAX for TTL 4 4 \
OH Vce = MIN, loH = MAX for CMOS 3.86 3.86 v
y Vee = MIN, loL = MAX for TTL 0.5 0.5 \
oL Vee = MIN, loL = MAX for CMOS 0.4 04| Vv
lozH Vee = MAX, Vo =27V 10 »A
lozL Vee = MAX, Vo =05V -10 pA
WH Voo = MAX, - Vp =626V . 10 A
L Vee = MAX, V) =05V -10 A
108 Vee = MAX, Vg =05V -30 -130 | -30 -130 | mA
Vee = MAX, Vy = 0orVce,
l 100 100 A
2 cc Outputs open‘ *
V, = MAX, i =0t v,
lcc cc = MAX Vi=0to3 2 2 mA/MHz
f f=1MHz
8 Vee = MAX, Pin 1 a4 4
- alce? One input at 0.5 Vor 2.4 V, mA
o Other inputs at 0 V or Ve Others 2 2
w» V=2V, Clock pin 12 12
=2 C; f = 1MHz, All inputs 10 10 pF
8 Ta = 25°C AILV/O pins 15 15
' [
@ switching characteristics over recommended ranges of supply voltage and operating free-air temperature
' (unless otherwise noted)
FROM TO M SUFFIX C SUFFIX
PARAMETE TEST CONDITIONS NIT
RAMETER | uneum | outpum) s MIN_TYPY MAX | MIN_TvPT MAX | U
Without feedback C suffix: 45 45
fmaxl " MHz
' With feedback R1 = 2009, R2 = 390 Q, 30 30
' tod - 1,0 0, 1/0. CL = 50 pF 20 20 ns
tod CLKT Q M suffix: 15 15 ns
tod RESET Q R1 = 3909, R2 = 750 Q, 25 25 ns
ten 1, /10 1,Q, 110 CL = 50 pF 20 20 ns
tdis 1, 1/0 1,Q, 110 CL = 5 pF, See Figure 4 20 20 ns
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typica! values are at Vcc = 5V, Tp = 25°C.
"0 S5This parameter approximates Igs. The condition Vg = 0.5 V takes tester noise into account.
XJ  1pisabled outputs are tied to GND or V. )
O #This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than at O V or V¢c.
1 1
U I, ith feedback) = —————=— K to Q); f ithout feedback) = —————————
C ‘max(with feedback) T * Tpa {CLK to Q}; fmax(without feedback) Tl + tliow)
2
m
<
g
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TICPA[ZZVH]M, TICPAL22V10C
EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

preload procedure for registered outputs

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. Each register is preloaded
individually by following the steps given below. The output level depends on the polarity selected during
programming.

Step 1. With V¢ at 5 volts and pin 1 at V|, raise pin 8 to V|HH.

Step 2. Apply either V| or VIH to the output corresponding to the register to be preloaded.

Step 3. Pulse pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower pin 8 to V|L. Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Note 2)

————— VIHH
PIN 8 / : \ 2
je—tsu—pq [—td—p] | viL
i e §
|

L R R LR ;

CLK/! | | I | =

! + L viL m

| [ : | i)
I ' G —VIH l VoH 8 !
REGISTERED 1/0 INPUT OUTPUT ,

——ViL Vou
NOTE 2: tg = tsy = tw = 100 ns to 1000 ns. Vi4y = 10.25 V 10 10.75 V.

1

—

Ll

o«

[«

-

O

)

a

o

o

o
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TICPAL22V10M, TICPAL22V10C
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power-up reset

Following power-up, all registers are reset to zero. The output level depends on the polarity selected during
programming. This feature provides extra flexibility to the system designer and is especially valuable in
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the Vcg's
rise be monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable
input and feedback setup times are met.

power-up reset waveforms

sjoays eied Y

5V

av
Vee \ R

tod?
|

{600 ns typ, 1000 ns MAX)

ACTIVE-HIGH T T T Vo
REGISTERS S Gumon : / STATE UNKNOWN 5’5 15V

| VoL
. Vo
ACTIVE-LOW | o
REGISTERED OUTPUT STATE UNKNOWN ' 15V
T T~ VoL
[¢— tsut —i
|
; | ViH
CLK/I \\1.5 v 1.5V
|
[ "i' —TVva
‘ ———tw ———>f

TThis is the pawer-up reset time and applies to registered outputs only. The values shown are from characterization data.
$This is the setup time for input or feedback.

programming information

M3IATHd 19NAO0Hd

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

Complete programming specification, algorithms, and the lastest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Ti field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 997-5762.
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i

PARAMETER MEASUREMENT INFORMATION

Vce

s1
(See Note A)

FROM OQUTPUT TEST
UNDER TEST POINT
CL 3 R2

,|: 2
{See Note B)
4

NOTES: A. When measuring propagation times of 3-state outputs, S1 is closed.
B. C_ = includes probe and jig capacitance.

™
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FIGURE 1. LOAD CIRCUIT FOR THREE-STATE QUTPUTS 3
o
—————— ——— 3V =
INPUT
%1.5 v Sk 15V wn
(See Nates A and B} : thd = tPLH OF tPHL i ov ©
]
Jj——tPLH—>] le——tPHL—b S ,
. : : : ",' ————VoH
IN-PHASE !
OUTPUT ! )/1'5 v ! KLS v
t | VoL
le——tPHL—y be——tPLH—y
| | VoH
OUT-OF-PHASE 15V 1.5V !
OouTPUT ’ '
————— Vo ‘
VOLTAGE WAVEFORMS
NOTES: A. When measuring propagation times of 3-state outputs, S1 is closed.
B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z5 = 50 Q, t; = 3 ns.
FIGURE 2. PROPAGATION DELAY TIMES, OUTPUT RISE AND FALL TIMES
w
Ll
o
Q.
I.—
O
=
8
(a s
a.
i
EXAS U 2.281
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PARAMETER MEASUREMENT INFORMATION

CLK
% 5V \ :
{See Notes A and B) 0 1.5
ov
! 3v
DATA 1A 27V . 2.7VvXxl

INPUT 1.5 V 30y 1¥1.5v

(See Note A) 0.3V 0.3V ov

[
— t l— —N‘fl‘-—

VOLTAGE WAVEFORMS
FIGURE 3. SETUP AND HOLD TIMES, AND INPUT RISE AND FALL TIMES

DATA ‘ =3V
nU’ INPUT X1.5v X”"’ ;
(See Note A) |
E; | [ ov
n ——tpzL—P| l¢e——trLz—|
= OUTPUT ! | | ! ~2/3 Veg
) WAVEFORM 1 ! 18V ] [ 05V
, @ S1 CLOSED | : | _v
a’ (See Note C) | | -F — — —— VoL
k——tpzn—«»i :
OUTPUT , | | - ou
WAVEFORM 2 '{
5V
$1 OPEN j 15 ! 05V,
{See Note C) | | =0V
, le——tPHZ —|
' ten = tpzL O tpzH tdis = tpLZ or tPHZ
VOLTAGE WAVEFORMS
FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS
—————— 3v
HIGH-LEVEL .
PULSE , F1sv . ! 15V
3 | | ov
C LOW-LEVEL
Ne) PULSE
"9 VOLTAGE WAVEFORMS
m FIGURE 5. PULSE DURATIONS
S NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zg = 50 Q, t; =
m B. For clock inputs, fmax is measured with input duty cycle = 50%
E C. 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.
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TICPAL22V10M, TICPAL22V10C
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special design features

True CMOS Outputs: Each ‘22V10 output is designed with a P-channel puli-up transistor and an N channel
pull-down transistor, a true CMOS output with rail-to-rail output switching. This provides direct interface
to CMOS logic, memory, or ASIC devices without the need for a pull-up resistor. The CMOS output has
16-mA drive capability, which makes the '22V10 an ideal substitute for bipolar PALs. The electrical
characteristics of this device show the output under both CMOS and TTL conditions.

Simultaneous Switching: High-performance CMOS devices often have output glitches on nonswitched
outputs when a large number of outputs are switched simultaneously. This glitch is commonly referred
to as ‘‘ground bounce’’ and is most noticeable on outputs held at VoL (low-level output voltage). Grou