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IMPORTANT NOTICE

Texas Instruments (Tl) 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 Tl 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.

Copyright © 1990, Texas Instruments Incorporated



INTRODUCTION

In this data book, Texas Instruments (T1) presents technical information on Tl’s broad line of programmable
logic devices (PLDs), including the high-speed 5-ns PAL® circuits and high-density, low-power, Erasable
Programmable Logic Devices (EPLDs). More than 40 PLD functions in industry standard architectures are
available from Texas Instruments. For high-performance applications, Tl also offers several high-speed
programmable state machine devices. Where low power and reprogrammability are key considerations,
Tl offers its family of EPLDs. 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 including TI's new 5-ns device

® TI's high-speed 6-ns programmable address decoder, TIBPAD18N8-6

¢ Flexible, '22V10-architecture macrocell PAL® ICs including TI's enhanced version, the
TIBPAL22VP10

® Fast, 50-MHz programmable state machines, including enhanced versions of the

‘82S105B/167B and TI's complex TIBPLS506

The TIBPSG507, programmable sequence generator with internal 6-bit counter and 50-MHz

performance

* Higher speed versions of the industry standard EPLD architectures including the 20-ns EP630.

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. For EPLDs, Tl utilizes its 1.0 micron high-
voltage EPIC™ CMOS technology to combine the benefits of low power and higher speed.

This volume contains design and specification data for 183 device types. Package dimensions are given
in the Mechanical Data section in metric measurement (and parenthetically in inches). In some cases,
package dimensions are included in the actual data sheet.

Several programmable logic application reports have been incorporated into this book to aid in the design
of Tl PLDs. User notes also explain considerations for programming and testing of PLDs in a manufacturing
environment.

Complete technical data for any Texas Instrument semiconductor product is available from your nearest
Tl field sales office, local authorized TI distributor, or by calling Texas Instruments at 1-800-232-3200.

PAL is a registered trademark of Monolithic Memories Inc.
IMPACT, IMPACT-X, and EPIC are trademarks 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-select 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 sybsystem or system, whether digital or linear, is considered to be one that contains
100 or more equivalent gates or circuitry of similar complexity.

Medium-Scale Integration (MSI)

A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The
subsystem or system is smaller than for LSI, but whether digital or linear, is considered to be one that
contains 12 or more equivalent gates or circuitry of similar complexity.

Memory Cell
The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it
is or can be stored, and from which it can be retrieved.

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

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).

TeExas *” 1-5
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Output-Enable Input
A gating input that when active permits the integrated circuit to output data and when inactive causes
the integrated circuit output(s) to be at a high impedance (off).
Programmable Array Logic (PAL®)
A user-programmable integrated circuit which utilizes proven fuse link technology to implement logic
functions. Implements sum of products logic by using a programmable AND array whose outputs feed
a fixed OR array. :
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 (MSI)

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

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

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

iH

hie

IoH

loL

los (o)

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 specified 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-impedance state at the output

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

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

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

applied

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

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

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

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

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

{i’
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GLOSSARY

VIH High-level input voltage .

An input voltage within the more positive (less negative) of the two ranges of values used to

represent the binary variables.

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which

operation of the logic element within specification limits is guaranteed.

VIK Input clamp voltage

An input voltage in a region of relatively low differential resistance that serves to limit the input voltage

swing.

ViL Low-level input voltage

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.

VOH High-level output voltage
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 = tpHZz or tpLZ).
ten Enable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms,

with the three-state output changing from a high-impedance (off) state to either of the defined active

levels (high or low). (ten = tpzH or tpzL).
th Hold time

The time interval during which a signal is retained at a specified input terminal after an active transition

occurs at another specified input terminal.

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)-
TE {'f
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GLOSSARY

tPHL

tPHZ

tPLH

tPLZ

tPZH

tpzL

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.

Setup time

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

active transition at another specified input terminal.

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

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

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

‘{i’
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EXPLANATION OF FUNCTION TABLES

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

H = high level (steady state)
L = low level (steady state}
1 = transition from low to high level
i = transition from high to low level ’
- = value/level or resulting value/level is routed to indicated destination
(A = value/level is reentered
X = irrelevant (any input, including transitions)
z = off (high impedance) state of a 3-state output
a ... h = the level of steady-state inputs A through H respectively
Qo = the level of Q before the indicated steady-state input conditions were established
Qo = complement of Qq or level of Q before the indicated steady-state input conditions were
established
Qn = level of Q before the most recent active transition indicated by { or 1
_'_L = one high-level pulse
_l_r = 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 symbois H, L, and/or X, this means the indicated output is
valid whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The
output persists so long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with T and/or |, this means the output is valid
whenever the input configuration is achieved but the transition(s) must occur following the achievement of
the steady-state levels. If the output is shown as a level (H, L, Qq, or Qp), it persists so long as the steady-state
input levels and the levels that terminate indicated transitions are maintained. Unless otherwise indicated, input
transitions in the opposite direction to those shown have no effect at the output. (If the output is shown as
apulse, [ L or LI . the pulse follows the indicated input transition and persists for an interval
dependent on the circuit.)

{i’
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ORDERING INFORMATION

PAL® NUMBERING SYSTEM AND ORDERING INSTRUCTIONS

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

EXAMPLE: TIB PAL 16 R 8 -15

Cc N

Prefix /
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 Desig

= Registered

L = Active Low

X = Exclusive-OR
Number of Outputs in the
Designated Configuration
Performance Desigl

HIGH SPEED LOW-POWER

A A-2

-7 -25
Temperature Range

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

Package Type
N = 20-Pin Plastic DIP
J 20-Pin Ceramic DIP
NT = 24-Pin, 300-mil Plastic DIP
JT = 24-Pin, 300-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
W = Ceramic Flat Pack

[l

PAL is a registered trademark of Monolithic Memories Inc.
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESSES FOR PAL® AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERSt

adams-macDonald enterprises, Inc.
800 Airport Road

Monterey, CA 93940

(408) 373-3607

ADVIN SYSTEMS INC.
1050-L East Duane Ave.
Sunnyvale, CA 94086
(408) 984-8600

ANVIL SOFTWARE
427-3 Amherst St.
Suite 341

Nassua, NH 03063
(617) 641-3861

Bytek Corporation

508 Northwest 77th St.
Boca Raton, FL 33487
(407) 994-3520

BP MICROSYSTEMS
10681 Haddington,
Suite #190
Houston, TX 77043
(713) 461-9430

DATA 1/O (ABEL Design Software)
10525 Willows Road, N.E.
Redmond, WA 98073-9746

(800) 247-5700

INLAB INC. (proLogic Design Software)
2150-1 West 6th Ave.

Broomfield, CO 80020

(303) 460-0103

(800) 237-6759

LOGICAL DEVICES INC. (CUPL Design Software)
1201 N.W. 65th Place

~ Ft. Lauderdale, FL 33309

(305) 974-0967
(800) 331-7766

MINC Incorporated (PLDesigner Software)
1575 York Road

Colorado Springs, CO 80918

(719) 590-1155

Micropross

Parc d’acivité des Prés

5, rue Denis Papin

59650 VILLENEUVE D'ASCQ;
FRANCE g

(20) 47.90.40

STAG MICRO SYSTEMS
1600 Wyatt Drive

Santa Clara, CA 95054
(800) 227-8836

System-General Corp.
3Fl., No. 6, Lane 4,
Tun Hwa N. Rd.,

P.O. Box: 53-591
Taipei, Taiwan, R.0O.C.
886-2-9173005
886-2-9111283 FAX

System-General America
510 South Paric Victoria
Malpitas, CA 93035
(408) 263-6667

(408) 262-9220 FAX

TTexas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA 1/O, 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.

1-12
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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 BOSTON
MARSHALL IMPACT CENTER HALL-MARK IMPACT CENTER
336 Los Coches Street 6 Cook Street
Milpitas, CA 95035 Pinehurst Park
(408) 942-4600 Billerica, MA 01821

(617) 935-9777

IMPACT is a trademark of Texas Instruments Incorporated.
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EP330

HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD

D3374, OCTOBER 1982

e Programmable Replacement for

Conventional TTL, 74HC, and 20-Pin PAL®

Family

e UV-Light-Erasable Cell Technology

Provides:
— Reconfigurable Logic
— Reprogrammable Cells
— Full Factory Testing for 100%
Programming Yields

o High-Voltage EPIC™ Process Allows for

Higher Performance as follows:

Maximum tyq: - 25M ... 25 ns
-20l...20ns
-15C...15ns

e User-Programmable Output Logic

Macrocells Provide Flexibility in Qutput

Types with:
— Selectable for Registered or
Combinational Operation
— Output Polarity Control

— Independently User Programmable

Feedback Path
e Programmable Design-Security Bit

Prevents Copying of Logic Stored in Device

¢ Advanced Software Support Featuring
Schematic Capture, Interactive Netlist,
Boolean Equations, and State-Machine

Design Entry

e Package Options Include:

— 20-pin Ceramic Dual-In-Line (J) — UV-erasable
— 20-pin Plastic Dual-In-Line (N) — One-Time Programmable
— 20-pin Plastic Chip Carrier (FN) — One-Time Programmable

description
general

The EP330 features advanced-CMOS speed and very low power. It combines the High-Voltage
Enhanced-Processed Implanted CMOS (HVEPIC™) process with ultraviolet-light-erasable technology. Each
output has an Output-Logic-Macrocell (OLM) configuration that allows user definition of the output type. This

J OR N PACKAGE
(TOP VIEW)
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a
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Pin assignments in operating mode

EPLD provides a reliable low-power substitute for numerous high-performance TTL PALs.

AVAILABLE OPTIONS

PACKAGE TYPE
TA SPEED CERAMIC PLASTIC PLASTIC
RANGE cLass DUAL-IN-LINE DUAL-IN-LINE CHIP CARRIER
W) (N) ~ (FN)
—55°C 10 125°C 25ns EP330-25MJB N/A N/A
~40°C 10 85°C 20ns EP330-201 EP330-20IN EP330-201FN
0°C 10 70°C 15 ns EP330-15CJ EP330-15CN EP330-15CFN

EPIC is a trademark of Texas Instruments Incorporated.

PAL is a registered trademark of Monolithic Memories, Inc.

PRODUCT PREVIEW ion on
products in the formative or design phase of development.
Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change or
discontinue these products without notice.
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EP330
HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

description (continued)

M3IATHd 109NAO0Hd

The EP330 can accommodate up to 18 inputs and up to eight outputs. The 20-pin 300-mil package contains eight
macrocells each using a programmable AND/fixed-OR structure. This AND-OR structure yields eight product
terms for the logic function as well as an individual term for Output Enable.

The EP330 output-logic macrocell allows the user to configure output and feedback paths for combinational or
registered operation either active high or active low. With a tpq of 15 ns, the EP330 may be configured as a
low-power substitute for popular PAL devices such as the PAL16XXB series or the PAL16XX-15 series.

The CMOS EPROM technology makes it possible for the EP330 to operate at an active power-consumption level
that is less than 75% of equivalent bipolar devices without sacrificing speed performance. This technology also
facilitates 100% generic testability as well as UV-light erasability. As a result, designs and design modification
can be quickly effected with a given EP330 without the need for post-programming testing. .

Programming the EP330 is accomplished with the use of the Tl EPLD development system, which supports four
different design entry methods. When the design has been entered, the A+PLUS software (which is the heart
of the development system) performs automatic translation into logical equations, performs complete Boolean
minimization, and fits the design directly into an EP330. The device can then be programmed to achieve
customized working silicon within minutes at the designer’s desk.

The EP330M is characterized for operation over the full military temperature range of —55°C to 125°C. The
EP330l is characterized for operation from —40°C to 85°C. The EP330C is characterized for operation from 0°C
to 70°C.

functional description

Externally, the EP330 provides ten dedicated inputs (one of which may be used as a synchronous clock input)
and eight /O pins that may be configured for input, output, or bidirectional operation.

The logic diagram shows the complete EP330, while Figure 1 shows the basic EP330 macrocell. The internal
architecture is organized with the familiar sum of products (AND-OR) structure. Inputs to the programmable AND
array (shown running vertically in Figure 1) come from two sources: first, the true and complement of the ten
dedicated input pins and second, the true and complement of the eight feedback signals, each one originating
from an 1/O architecture-control block. The 36-input AND array encompasses a total of 72 product terms
distributed equally among the eight macrocells. Each product term (shown running horizontally in the logic
diagram) represents a 36-input AND gate.

As shown in the logic diagram, the outputs of eight product terms are ORed together, then the output of the OR
gate is sent as an input to an exclusive-OR gate. The purpose of this exclusive-OR gate is to allow the user to
specify the polarity of the output signal by using the invert-select EPROM cell (active high if the EPROM cell is
programmed and active low if it is not programmed).

The exclusive-OR output then feeds the 1/O architecture control block. The control block configures the output
for registered or combinational operation. In the registered configuration, the output is registered via a positive
edge-triggered D-type flip-flop. In this condition, the feedback signal going to the array is also registered and
comes directly from the output of the D-type flip-flop. In the combinational configuration, the output is
nonregistered and the feedback signal comes directly from the I/O pin. In the erased state, the EP330 contains
the same architectural characteristics as the PAL16L8.
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EP330
, HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

logic diagram (positive logic)
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EP330
HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

PRODUCT TERMS
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NOTES: A. This diagram shows one of the eight macrocells within the EP330.

M3IA3Hd 1ONAO0Hd

B. The double-arrow lines (Q) show 1/O feedback from a macrocell.

FIGURE 1. LOGIC ARRAY MACROCELL

output-enable product term

The output enable (OE) product term determines whether an output signal is allowed to propagate to the output
pin. If the output of the OE product term is low, then the output buffer becomes a high-impedance node, thus
inhibiting the output signal from reaching the output pin. For combinational configurations, this OE product term
can be used to allow for true bidirectional operation.

The EP330 contains eight separate OE product terms, one per I/O pin. If it is desired that all outputs be enabled
or disabled simultaneously, use an identically programmed product term at each of the outputs. If different
outputs are to be enabled under different conditions, different OE product terms for each specific output may
be defined.

I/O architecture

Figure 2 shows the different output configurations that can be chosen for any of the eight I/O pins on the EP330.
Because of the individuality of each 1/O architecture control block, both registered and combinational output can
be chosen on a given EP330 device.

In the combinational configuration, either active-high or active-low output polarity can be chosen. Pin feedback
or no feedback is also optional. In the registered configuration, the user has control over output polarity and may
choose to use the internal feedback path or no feedback. Any 1/O pin can be configured as a dedicated input
by choosing no output and no feedback from the array. In the erased state, the I/O architecture is configured
for a combinational active-low output with pin feedback.
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EP330
HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

CLOCK

/‘\__‘ N\ (P’|N 1)

_D OE _D OE

AND AND
ARRAY ARRAY
36 INPUT ——>— 36 INPUT

INVERT
SELECT

INVERT
SELECT

— FEEDBACK K-/J

FEEDBACK

SELECT SELECT
OUTPUT/POLARITY FEEDBACK OUTPUT/POLARITY FEEDBACK
Combinational/High Pin, None D Register/High D Register, None
Combinational/Low Pin, None D Register/Low D Register, None
None Pin None D Register
(a) Combinational Configuration (b) Registered Configration

FIGURE 2. /O CONFIGURATIONS
PAL compatibility

Figures 2(a) and 2(b) show how an EP330 can be configured as a drop-in replacement for two commonly used
members of the 20-pin PAL family: the PAL16L8 and the PAL16R8. When configured in these manners, the
EP330 is both a functional replacement, as well as a pin-to-pin replacement, for the PAL16L8 and PAL16R8.

Tables 1 and 2 provide additional information concerning the EP330 as a replacement for the 20-pin PAL family
of devices.
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EP330
HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

\/-\
COIF 10
1 36-INPUT
—— 1 PROGRAMMABLE
ANDARRAY [~ |
) COIF 18
3—_DE: COIF 17
——p—]
: COF 16
.
COIF 15
G_Dﬁ —3—
COF 14
e
COIF 13
e —
. COF 12
; ]] 11
/\,___

® ’Invert Select’” EPROM cell is in the erased state providing active-low outputs.
® "Combinational Mode” is chosen providing Combinational Output with Input (Pin) Feedback (COIF).
® 8-product-term OR gate compared to 7-product-term OR gate on PAL16L8.
® Pin feedback to the array at 12 through 19 is not available in PAL16L8.
FIGURE 3. EP330 CONFIGURATION FOR REPLACING A PAL16L8
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EP330
HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)
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PROGRAMMABLE +B c1
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® ’Invert Select” EPROM cell is in the erased state providing active-low outputs.
® 'Registered Mode" is chosen providing Registered Output with Registered Feedback (RORF).
® Complement of pin 11 is used as common OE term for all eight output pins.

FIGURE 4. EP330 CONFIGURATION FOR REPLACING A PAL16R8
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EP330

HIGH-PERFORMANCE 8-MACROCELL

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

TABLE 1. CONFIGURATIONS FOR 20-PIN PAL REPLACEMENT

PAL EP330 EP330 110 OUTPUT/

PART NUMBER PIN NUMBER MACROCELL NUMBER CONFIGURATION MODE POLARITY FEEDBACK
10H8 12-19 1-8 Combinational Comb/High None
10L8 12-19 1-8 Combinational Comb/Low None

12 8 Combinational None Pin
12H6 13-18 2-7 Combinational Comb/High None

19 1 Combinational None Pin

12 8 Combinational None Pin

12L6 13-18 2-7 Combinational Comb/Low None

19 1 Combinational Nong Pin

12-13 7-8 Combinational None Pin

14H4 14-17 3-6 Combinational Comb/High None

18-19 1-2 Combinational None Pin

12-13 7-8 Combinational None Pin

14L4 14-17 3-6 Combinational Comb/Low None

18-19 1-2 Combinational None Pin

'U 12-14 6-8 Combinational None Pin
m 16C1 15 5 Combinational Comb/Low None
O 16 4 Combinational Comb/High None

17-19 1-3 Combinational None Pin

U 12-14 6-8 Combinational None Pin
CcC 16H2 15-16 45 Combinational Comb/High None

O 17-19 1-3 Combinational None Pin

_,l 12-14 6-8 Combinational None Pin
16L2 15-16 4-5 Combinational Comb/Low None

-U 17-19 1-3 Combinational None Pin
m 16H8 12 8 Combinational Comb/High/Z None
m & 13-18 27 Combinational Comb/High/Z Comb
< 16HD8 19 1 Combinational Comb/High/Z None
— 16L8 12 8 Combinational Comb/Low/Z None
m & 13-18 2-7 Combinational Comb/Low/Z Comb
E 16L.D8 19 1 Combinational Comb/Low/Z None
12-13 7-8 Combinational Comb/Low/Z Comb

16R4 14-17 3-6 Registered Reg/Low/Z Reg
18-19 1-2 Combinational Comb/Low/Z Comb
12 8 Combinational Comb/Low/Z Comb

16R6 13-18 2-7 Registered Reg/Low/Z Reg
19 1 Combinational Comb/Low/Z Comb

16R8 12-19 1-8 Registered Reg/Low/Z Reg

12 8 Combinational Comb/Option/Z None
16P8 13-18 2-7 Combinational Comb/Option/Z Comb

19 1 Combinational Comb/Option/Z None
12-13 7-8 Combinational Comb/Option/Z Comb

16RP4 14-17 3-6 Registered Reg/Option/Z Reg
18-19 1-2 Combinational Comb/Option/Z Comb
12 8 Combinational Comb/Option/Z Comb

16RP6 13-18 2-7 Registered Re/Option/Z Reg
19 1 Combinational Comb/Option/Z Comb

16RP8 12-19 1-8 Registered Reg/Option/Z Reg

i
210 TExas 'b
INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265




EP330
HIGH-PERFORMANCE 8-MACROCELL

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

TABLE 2. DEVICE SPECIFICATIONS?

SYMBOL PARAMETER HIGH-SPEED EPLD HIGH-SPEED PAL SERIES 16XXB/-15
EP330 PAL16L8B/-15 PAL16R8B/-15
Supply current active
Icc f=1MHz 45 mA 180 mA 180 mA
tpd Input to nonregistered output 15 ns 15ns N/A
tco1 Clock to output delay 12ns 12ns 12ns
tsu Input setup time 12ns 15 ns 15ns
fmax Max frequency 42 MHz 37 MHz 37 MHz

T Over commercial temperature range

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

Supply voltage range, Vg (see Note 1)
Instantaneous supply voltage range, Vg (t
Programming supply voltage range, Vpp

Instantaneous programming supply voltage range, Vpp (t < 20 ns)

Input voltage range, V,

Instantaneous input voltage range, Vj (t = 20 ns)

<20 ns)

. -03Vto7V
............................... -2Vto7V
-03Vto13.5V
-2Vto13.5V
-03Vto7V
—-2Vto7V

Voc or GND CUITENt FANGE ..ottt e e —-175 mAto 175 mA
Operating free-air temperature, TA . .....oiuiiit i i -65°C to 135°C
Storage temperature range . ...t e -65°C to 150°C
NOTE 1: All voltage values are with respect to GND terminal.
recommended operating conditions
EP330-25M EP330-201 EP330-15C UNIT
MIN MAX MIN MAX MIN MAX .
Vce Supply voltage 4.5 55 4.5 55| 4.75 5.25 \%
\ Input voltage 0 Vee 0 Vee 0 Vee \
VIH High-level input voltage 2 Vge+0.3 2 Vgc+03 2 Vgct0.3 \
ViL Low-level input voltage (see Note 2) -0.3 08| -03 08| -03 0.8 \Y
Vo Output voltage 0 Vece 0 Vee 0 Vee \
tw Pulse duration, CLK high or low 14 12 10 ns
tsu Setup time, input 20 16 12 ns
th Hold time, input [ 0 [ ns
tr Rise time, input 3 3 3 ns”
# Fall time, input 3 3 3 ns
TA Operating free-air temperature —-55 125 | -40 85 0 70 °C

NOTE 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels

only.
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EP330
HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

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

PARAMETER TEST CONDITIONST EP330-25M EPS30-20 EP330-15C UNIT
MIN  MAX MIN  MAX MIN  MAX
High-level output
VoH voltage Vecc=MIN, IpH=-8mA 2.4 2.4 2.4 \%
VoL  Low-level output voltage | Voo =MIN, loL=24mA 0.5 0.5 0.5
] Input current V| = Vgemax or GND =10 =10 =10 uA
loz  Off-state output current | Vo = MAX, Vg =V or GND =10 =10 =10 | pA
f=1MHz, Noload, Programmed as
Icc Supply current an 8-bit counter 70 70 45 mA
Cj Input capacitance Vee=5V, Vi=2V, f=1MHz 10 10 -10 pF
Co Output capacitance 10 10 10 pF
Cclk  Clock capacitance 10 10 10 pF
Cpp Progrémmlng lr\put 20 20 20 oF
capacitance (pin 11)

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

+ " EP330-25M EP330-201 EP330-15C

PARAMETER! TEST CONDITIONS MIN_ MAX MIN _ MAX MIN _ MAX UNIT
fmax  Maximum frequency 22 30 42 MHz
tpd Input to nonregistered output delay CL=35pF, SeeNote3 25 20 15 ns
teo Clock input to registered output delay 24 18 12 ns
tpzx  Output enable time 20 20 15 ns

- - See Note 4
tpxz  Output disable time 20 20 15 ns
tent Minimum clock period (internal) 24 20 15 ns
fent Maximum frequency without 42 50 66.6 MHz
feedback, (1/tent)

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to those
shown in glossaries in Tl data books is coincidental. The meanings may not be the same.
NOTES: 3. The fijax values shown represent the highest frequency of operation without feedback in the pipeline condition.
4. This is for an output voltage change of 500 mV.

PARAMETER MEASUREMENT INFORMATION

functional testing

The EP330 is functionally tested through complete testing of each programmable EPROM bit and all internal
logic elements, thus ensuring 100% programming yield. The erasable nature of the EP330 allows test program
patterns to be used and then erased.
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EP330
HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

PARAMETER MEASUREMENT INFORMATION

Vee
156 Q
T0
DEVICE
OUTPUT L

102Q et

TIncludes capacitance. Equivalent loads may be used for testing.

FIGURE 5. DYNAMIC TEST CIRCUIT

design security

The EP330 contains a programmable design-security feature that controls the access to the data programmed
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot be
copied or retrieved. Therefore, a very high level of design control is achieved since programmed data within
EPROM cells is invisible. The bit that controls this function, along with all other program data, may be reset by
erasing the cells in the device.

latchup

The EP330input, I/0, and clock pins have been carefully designed to resist the latchup that is inherentin CMOS
structures. The EP330 pins will not latch up for input voltages between --1 V and Vg + 1V with currents up
to 250 mA. During transitions, the inputs may undershoot to —2 V for periods of less than 20 ns.

Although the programming pin (pin 11) is designed to resist latchup to the 13.5-V limit, during positive-current
latch-up testing, the verify mode (pin 1) and program mode (pin 11) can be inadvertently entered into, causing
current flow in the pins. This should not be construed as latchup. ‘

PRODUCT PREVIEW
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EP330
HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

PARAMETER MEASUREMENT INFORNiATION

INPUT OR /0 X
|

[+t >
COMBINATIONAL OUTPUT X
|
14—— tpxz —"PI
COMBINATIONAL OR X HIGH IMPEDANCE
REGISTERED OUTPUT £ 3.STATE
l“— tpzx —»
|
HIGH IMPEDANCE VALID OUTPUT
3.STATE % D OUTPU
(a) Combinational Mode
tr—> je—ty ¥ t—p| ety —>
| | |
|
—tgy —P——t,
| |
INPUT OR 1/0 MAY CHANGEX m,'—l',?r X INPUT OR /O MAY CHANGE
lt— teo —!
|
(FROM REGISTER TO OUTPUT) X VALID OUTPUT

(b) Synchronous Clock Mode

NOTES: A. Rise time (t;) and fall time (tf) < 3 ns.
B. ty is measured at 0.3 V and 2.7 V. All other timing is measured at 1.5 V.
C. Input voltage levels at 0 V and 3 V.
D. Timing measurements are made from 2 V for a high level and 0.8 V for a low level to the 1.5 V level on the outputs.

FIGURE 6. VOLTAGE WAVEFORMS
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HIGH-PERFORMANCE 16-MACROCELL

EP610

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

D3177, OCTOBER 1988—AUGUST 1989

High-Density (Over 600 Gates)
Replacement for TTL and 74HC

Virtually Zero Standby Power . .. Typ 20 pA

High Speed:
Propagation Delay Time ... 25 ns

Asynchronous Clocking of All Registers or
Banked Register Operation from
2 Synchronous Clocks

Sixteen Macrocells with Configurable 1/0
Architecture Allowing for Up to 20 Inputs
and 16 Outputs

Each Output Macrocell User-Programmable
for D, T, SR, or JK Flip-Flops with Individual
Clear Control or Combinational Operation

UV-Light-Erasable Cell Technology Allows

for:

— Reconfigurable Logic

— Reprogrammable Cells

— Full Factory Testing for 100%
Programming Yields

Programmable Design Security Bit Prevents
Copying of Logic Stored in Device

Advanced Software Support Featuring
Schematic Capture, Interactive Netlist,
Boolean Equations, and State Machine
Design Entry

Package Options Include Plastic [for One-
Time-Programmable (OTP) Devices] and
Ceramic Dual-In-Line Packages and Chip
Carriers

DUAL-IN-LINE PACKAGE

(TOP VIEW)
CLK[ |1 241 [Vce
IEZ 23[71
vod3  220wo
o+ 210wo
vo[]s  20[Jwo
voJs ~\19[0 1o
|/0E7 18[J1o
vods  170Jwo
vo(Je 16wo
oo 1s[Jio
10 e
GND[]12  13[JcLk2

CHIP-CARRIER PACKAGE

(TOP VIEW)
T oo
o0
g_35s55_2
/ D ) S S S D SN ) S0 Ry
4 3 2 1282726
11015 25(]
yope 24(]
o7 23(]
11o{l8 O 22(]
/0[] 9 21]
110)10 20(}
NC[11 19
12131415161718
jamVenlamion Ve Na Nl
o~-oaoN~—0
= Zz22Z X =
[CRCG

NC—No internal connection

AVAILABLE OPTIONS

PACKAGE TYPE
Ta SPEED CERAMIC CERAMIC pLAsTICt pLasTICt
RANGE CLASS | DUAL-IN-LINE |CHIP CARRIER | DUAL-IN-LINE | CHIP CARRIER
PACKAGE (CDIP) (cLce) PACKAGE (PDIP) (PLCC)
25 ns EP610DC-25 EP610JC-25 EP610PC-25 EP610LC-25
0°C —70°C | 30ns EP610DC-30 EP610JC-30 EP610PC-30 EP610LC-30
35 ns EP610DC-35 EP610JC-35 EP610PC-35 EP610LC-35
~40°C — 85°C | 40ns EP610DI-40 EP610J1-40 EP610PI-40 EP610LI-40

1tThis package is for one-time-programmable (OTP) devices.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
dard Production p ing does not
necessarily include testing of all parameters.
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EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

description

general

The Texas Instruments EP610 Erasable Programmable Logic Device is capable of implementing over
600 equivalent gates of SSI and MSI logic functions all in plastic and ceramic space-saving 24-pin, 300-mil
dual-in-line (DIP) packages and 28-pin chip-carrier packages. It uses the familiar sum-of-products logic,
providing a programmable AND with a fixed OR structure. The device accommodates both combinational and
sequential (registered) logic functions with up to 20 inputs and 16 outputs. The EP610 has a user
programmable output logic macrocell that allows each output to be configured as a combinational or
registered output and feedback signals active high or active low.

A unique feature of the EP610 is the ability to program D, T, SR, or JK flip-flop operation individually for each
output without sacrificing product terms. In addition, each register can be individually clocked from any of the
input or feedback paths available in the AND array. These features allow a variety of logic functions to be
simultaneously implemented.

The CMOS EPROM technology reduces the power consumption to less than 20% of equivalent bipolar
devices without sacrificing speed performance. Erasable EPROM bits allow for enhanced factory testing.
Design changes can be easily implemented by erasing the device with ultraviolet (UV) light.

Programming the EP610 is accomplished by using the TI EPLD Development System, which supports four
different design entry methods. When the design has been entered, the software performs automatic
translation into logical equations, Boolean minimization, and design fitting directly into an EPLD.

functional

The EP610 is an Erasable Programmable Logic Device (EPLD) that uses a CMOS EPROM technology to
implement logic designs in a programmable AND logic array. The device contains a revolutionary
programmable 1/O architecture that provides advanced functional capability for user programmable logic.

Externally, the EP610 provides 4 dedicated data inputs and 16 I/O pins, which may be configured for input,
output, or bidirectional operation. Figure 1 shows the EP610 basic logic array macrocell. The internal
architecture is organized with familiar sum-of-products (AND-OR) structure. Inputs to the programmable AND
array come from true and complement signals from the 4 dedicated data inputs and the 16 I/O architecture-
control blocks. The 40-input AND array encompasses 160 product terms, which are distributed among 16
available macrocells. Each EP610 product term represents a 40-input AND gate.

Each macrocell contains 10 product terms, 8 of which are dedicated for logic implementation. One product
term is used for clear control of the macrocell internal register. The remaining product terms are used for
output enable/asynchronous clock implementation.

There is an EPROM connection at the intersection point of each input signal and each product term. In the
erased state, all connections are made. This means both the true and complement forms of all inputs are
connected to each product term. Connections are opened during the programming process. Therefore, any
product term may be connected to the true or complement form of any array input signal.
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functional block diagram
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Pin numbers in () are for DIP packages; pin numbers in [ ] are for chip-carrier packages.

When both the true and complement forms of any signal are left intact, a logical false state results on the
output of the AND gate. If both the true and complement connections are open, then a logical “don’t care”
applies for that input. If all inputs for the product term are programmed open, then a logical true state results
on the output of the AND gate.

Two dedicated clock inputs provide synchronous clock signals to the EP610 internal registers. Each of the

. clock signals controls a bank of 8 registers. CLK1 controls registers associated with macrocells 9-16, and
CLK2 controls registers associated with macrocells 1-8. The EP610 advanced 1/O architecture allows the
number of synchronous registers to be user defined, from one to sixteen. Both dedicated clock inputs are
positive-edge triggered.

o
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1/O architecture

The EP610 input/output architecture provides each macrocell with over 50 possible 1/O configurations. Each
1/0 can be configured for combinational or registered output, with programmable output polarity. Four
different types of registers (D, T, JK, and SR) can be implemented into every I/O without any additional logic
requirements. 1/O feedback selection can also be programmed for registered or input (pin) feedback. Another
benefit of the EP610 |/O architecture is its ability to individually clock each internal register from asynchronous

clock signals.
SYNCHRONOUS
4 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 cLock OE/CLK
11 (13 [15 (17 19 |21 27 “[20 31 |33 |35 |37 |39 Vee . SELECT
o oE
OE/CLK D+
@ CLK
o ]
I
5, ), :: 122)
2 [ )
e’ | AncumecTuRe
£, S CONTROL
7 o
CLEAR
£ ol ol ol o1 ol o1 ol ol ol ol o4 o1 ol ol al ol ol ol ol D“‘
FEED-
2 |3 e e o e ke ko jan oa las [ae [1n |ae j1e |20 jen 123) BACK

Pin numbers are for dual-in-line packages.

FIGURE 1. LOGIC ARRAY MACROCELL (MACROCELL 1 ILLUSTRATED)
OE/CLK selection

Figure 2 shows the two modes of operation that are provided by the OE/CLK select multiplexer. The operation

- of this multiplexer is controlled by a single EPROM bit and may be individually configured for each EP610 /O
pin. In Mode 0, the 3-state output buffer is controlled by a single product term. If the output of the AND gate is
true, the output buffer is enabled. If the output of the AND gate is false, the output buffer is in the high-
impedance state. In this mode, the macrocell flip-flop may be clocked by its respective synchronous clock
input. After erasure, the OE/CLK select multiplexer is configured in Mode 0.

In Mode 1, the output-enable buffer is always enabled. The macrocell flip-flop may now be triggered from an
asynchronous clock signal generated by the OE/CLK multiplexable product term. This mode allows individual
clocking of flip-flops from any available signal in the AND array. Because both true and complement signals
reside in the AND array, the flip-flop may be configured for positive- or negative-edge-triggered operation.
With the clock now controlled by a product term, gated clock structures are also possible.

.,
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MODE 0 MODE 1
OE = P-Term Controlled OE = Enabled
CLK = Synchronous CLK = Asynchronous
SYNCHRONOUS SYNCHRONOUS
CLOCK CLOCK

OE OE

CLK

MACROCELL MACROCELL MACROCELL  MACROCELL

LY

/0 OUTPUT 1o OouTPUT
REGISTER BUFFER REGISTER BUFFER
The register is clocked by the synchronous clock signal, which is The output is permanently enabled and the register is clocked via
common to 11 other Macrocells. The output is enabled by the logic the product term. This allows for gated clocks that may be generated
from the product term. from elsewhere in the EP610.

FIGURE 2. OE/CLK SELECT MULTIPLEXER

output/feedback selection

Figure 3 shows the EP610 basic output configurations. Along with combinational output, 4 register types are
available. Each macrocell /O may be independently configured. All registers have individual asynchronous
clear control from a dedicated product term. When the product term is asserted, the macrocell register will
immediately be loaded with a zero independently of the clock. On power-up, the EP610 performs the clear
function automatically.

When the D or T register is selected, 8 product terms are ORed together and made available to the register
input. The invert select EPROM bit determines output polarity. The feedback-select multiplexer enables
register, 1/O (pin), or no feedback to the AND array.

If the JK or SR registers are selected, the 8 product terms are shared between 2 OR gates. The allocation of
product terms for each register input is optimized by the TI EPLD Development System. The invert select
EPROM bit configures output polarity. The feedback-select multiplexer enables registered or no feedback to
the AND array. '

Any 1/O pin may be configured as a dedicated input by selecting no output and pin feedback. No output is
obtained by disabling the macrocell output buffer. In the erased state, each 1/O is configured for
combinational active-low output with input (pin) feedback.

TeExas "@
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

| O—

1/O SELECTION

OUTPUT/POLARITY | FEEDBACK
Combinational/high | Pin, None

INVERT Combinational/low Pin, None
SELECT None Pin
K
FEEDBACK
SELECT
(a) COMBINATIONAL
SYNCHRONOUS
CLOCK OE/CLK
Vce  SELECT
v 1/0 SELECTION
—-D——E OUTPUT/POLARITY FEEDBACK
JK Register/high JK Register, None
JK Register/low JK Register, None
CLK OE None JK Register
None Pin
FUNCTION TABLE
D a_ [N
R ()“' - INPUTS ouTPUT
INVERT ) : CLR ClK D Q
SELECT —p>cC1 L 1 L L
CLR L t H H
—-D R L LorH X Qo
. H X X L

B o

FEEDBACK
SELECT
(b) D-TYPE FLIP-FLOP

FIGURE 3. 1/0 CONFIGURATIONS
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SYNCHRONOUS
CLoCK OE/CLK
Vec  SELECT

1/O SELECTION

4
—D———E OUTPUT/POLARITY FEEDBACK

T Register/high T Register, Pin, None

T Register/low T Register, Pin, None
CLK OE None T Register

None Pin

FUNCTION TABLE

o, N

i 1o INPUTS ouTPUT

INVERT CIR _CK T a

SELECT —pP O L t L Qo

CLR L t H Qo

R L LorH X | Qg

H X X L

— K1

FEEDBACK
SELECT
(c) TOGGLE FLIP-FLOP
SYNCHRONOUS
CLOCK OE/CLK
vce  SELECT
| S—
Y 1/0 SELECTION
[ : ) OUTPUT/POLARITY FEEDBACK
JK Register/high JK Register, None
OE JK Register/low JK Register, None
@ CLK » None JK Register
N J Q
1J FUNCTION TABLE
L INPUTS OUTPUT

P> C1 CLR CK J K Q

N-8 L D L L Qo

1K L t L H L

L t H L H

INVERT =

t H H

SELECT - vox x Qo

]—\ CLR L Lor Qo

1 ), R H X X X L

Kt
FEEDBACK
SELECT

(d) J-K FLIP-FLOP
FIGURE 3. 1/0O CONFIGURATIONS (CONTINUED)
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SYNCHRONOUS
cLock OE/CLK
Vec  SELECT
v
_D___E 1/0 SELECTION
OUTPUT/POLARITY FEEDBACK
OE SR Register/high SR Register, None
) SR Register/low SR Register, None
CLK None SR Register
N
S 1S Q
FUNCTION TABLE
—p>C1 INPUTS OUTPUT
N-8 . CLR CLK S R Q
1R L -t L L Qo
L t L H L
INVERT L + H L H
SELECT L t*  H H | Undefined
——D CLR R L LorH X X Qo
H X X X L

KlF—t-o

FEEDBACK
SELECT

(e) S-R FLIP-FLOP
FIGURE 3. 1/0 CONFIGURATIONS (CONTINUED)

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

Supply voltage range, VoG (see Note 1) . ... ..o -03Vto7V
Instantaneous supply voltage range, Ve (t = 20Nns) ... ... ... oo -2Vto7V
Programming supply voltage range, Vpp . - . ... ..o -0.3Vto13.5V
Instantaneous programming supply voltage range, Vpp (t = 20ns) .. ............. .. —-2Vto13.5V
Input voltage range, V). . . . ..o -03Vto7V
Instantaneous input voltage range, Vi (t = 20ns) ... .. ... . e -2Vto7V
VECOrGND CUITENt . . . o o e e —-175 mA to 175 mA
Power dissipation at 25°C free-air temperature (seeNote 2) .. ......... ... ... ... . ... 1000 mW
Operating free-air temperature, TA . ... ... ... 0 i —65°C to 135°C
Storage temperature range . . .. ... .. —65°C to 150°C

NOTES: 1. All voltage values are with respect to GND terminal.

2.For operation above 25°C free-air temperature, derate to 120 mW at 135°C at the rate of 8.0 mW/°C.
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recommended operating conditions

EP
PARAMETER 6101 EP610C UNIT
MIN MAX MIN MAX
Vce  Supply voltage 4.5 5.5 4.75 5.25 \
Vi Input voltage 0 Vee 0 Vee \
Vi  High-level input voltage 2 Vece+0.3 2 Vcc+0.3 "
ViL  Low-level input voltage (see Note 3) -0.3 0.8 -0.3 0.8 \2
Vo  Output voltage 0 Vee 0 Vee \4
. Rise time CLK erput 100 250 ns
Other inputs 250 500
4 Fall time CLK |r1put 100 250 ns
Other inputs 250 500
Ta  Operating free-air temperature —-40 85 0 70 °C

Note 3: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels
and temperature only.

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

EP610I1 EP610C
PARAMETER TEST CONDITIONS UNIT
MIN  TYPT MAX | MIN  TYPT MAX
von High-evel output s loH = —4 mA 2.4 24
voltage CMOS IoH = —2 mA 3.84 3.84
VoL Low-level output voltage loL = 4mA 0.45 0.45 \Y
I Input current V| = Vgg or GND +10 =10 HA
loz Off-state output current Vo = Vo or GND +10 =10 HA
Standby See Note 4 0.02 0.15 0.02 0.1
Ilcc  Supply current Non-turbo x‘;o\;gc or GND, See Note 5 3 15 3 10 mA
Turbo See Note 5 32 75 32 60
Cj Input capacitance Vi=0,f=1MHz Tp = 25°C 20 20 pF
Co  Output capacitance Vo =0,f=1MHz, Tp = 25°C 20 20 pF
Cclk Clock capacitance Vi =0,f=1MHz Tp = 25°C 20 20 pF

1 Al typical values are at Vo = 5V, Ta = 25°C.
NOTES: 4. When in the non-turbo mode, the device automatically goes into the standby mode approximately 100 ns after the last transition.
5.These parameters are measured with device programmed as a 16-bit counter and f = 1 MHz.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

combinational mode, turbo bit on

i EP610-25 EP610-30 EP610-35
PARAMETERT TEST CONDITIONS UNIT
MIN  MAX | MIN MAX | MIN MAX
tod1  Input to nonregistered output 25 30 35 ns
tpd2  1/O input to nonregistered output CL = 35pF 27 32 37 ns
tpzx  Input to output enable - 25 30 35 ns
tpxz  Input to output disable CL =5 pF, See Note 6 25 30 35 ns
telr Asynchronous output clear time Cp =35 pF 27 32 37 ns
tio 1/0 input buffer delay 2 2 2 ns
combinational mode, turbo bit off
EP610-25 EP610-30 EP610-35
PARAMETER? TEST CONDITIONS UNIT
MIN  MAX | MIN MAX | MIN MAX
tpdi  Input to nonregistered output 55 60 65 ns
tpd2 /O input to nonregistered output CL = 35pF 57 62 67 ns
tpzx  Input to output enable 55 60 65 ns
tpxz  Inputto output disable Cp =5 pF, See Note 6 55 60 65 ns
telr Asynchronous output clear time CL = 35pF 57 62 67 ns
tio 1/O input buffer delay . 2 2 2 ns
synchronous clock mode
PARAMETERT TEST CONDITIONS EP610-25 EP610-30 EPOI035 | it
: MIN  MAX | MIN MAX | MIN MAX
fmax  Maximum frequency See Note 7 476 417 37 MHz
tco1  Clock to output delay time 15 17 20 ns
ot opipars cookperod (20e | see Note 5 2 w s
font Maximum frequency with feedback |See Note 5 40 33.3 28.6 MHz
asynchronous clock mode
PARAMETERT TEST CONDITIONS EP610:25 EP61030 | EPETO-SS | i
MIN  MAX | MIN MAX | MIN MAX
fmax  Maximum frequency See Note 7 47.6 a7 37 MHz
‘ Clock to output Turbo bit on ) 27 32 37 ns
acol  delay time Turbo bit off 57 62 67
laont_ pgmarn oo erod fogter 25 = SE
facnt  Maximum frequency with feedback 40 333 28.6 MHz

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in
other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to
those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.

NOTES: 5.These parameters are measured with device programmed as a 16-bit counter and f = 1 MHz.

6.This is for an output voltage change of 500 mV.
7.The fmax values shown represent the highest frequency of operation without feedback.
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timing requirements over recommended ranges of supply voltage and free-air temperature
synchronous clock mode

EP610-25 EP610-30 EP610-35
PARAMETER' TEST CONDITIONS UNIT
| MIN  MAX | MIN MAX | MIN MAX
tsy Input setup time Turbo bft on 2 24 27 ns
Turbo bit off 51 54 57
th Input hold time 0 0 0 ns
teh Clock high pulse duration 10 11 12 ns
tel Clock low pulse duration 10 11 12 ns
asynchronous clock mode
EP610-25 EP610-30 EP610-35
PARAMETERT TEST CONDITIONS UNIT
MIN MAX | MIN MAX | MIN MAX
. Turbo bit on 8 8 8
fasu Inputsetuplime i of 38 38 38 ns
tah Input hold time 12 12 12 ns
tach Clock high pulse duration 10 11 12 ns
tacl Clock low pulse duration 10 11 12 ns

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in
other documentation previously prepared by another supplier for simitar products. Any similarity to symbols used on other Tl data sheets or to
those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.
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functional testing

The EP610 is functionally tested including complete testing of each programmable EPROM bit and all internal
logic elements thus ensuring 100% programming yield. As a result, traditional problems associated with fuse-
programmed circuits are eliminated. The erasable nature of the EP610 allows test program patterns to be
used and then erased.

Figure 4 shows the test circuit and the conditions under which dynamic measurements are made. Because
power supply transients can affect dynamic measurements, simultaneous transitions of multiple outputs
should be avoided to ensure accurate measurement. The performance of threshold tests under dynamic
canditions should not be attempted. Large-amplitude fast ground-current transients normally occur as the
device outputs discharge the load capacitances. These transients flowing through the parasitic inductance
between the device ground terminal and the test-system ground can create significant reductions in
observable input noise immunity. )

Vee
38550
DEVICE —o——T0
OUTPUT [ TEST SYSTEM

<
2 340 0

1 _ T

tincludes jig capacitance

FIGURE 4. DYNAMIC TEST CIRCUIT

design secufity

The EP610 contains a programmable design security feature that controls the access to the data programmed
into the device. If this programmabile feature is used, a proprietary design implemented in the device cannot
be copied or retrieved. This enables a high level of design control to be obtained since programmed data
within the EPROM cells is invisible. The bit that controls this function, along with all other program data, may
be reset by erasing the device.

turbo bit

Some EPLDs contain a programmable option to control the automatic power-down feature that enables the
low-standby-power mode of the device. This option is controlled by a turbo bit that can be set using the EPLD
Development System. When the turbo bit is on, the low-standby-power mode is disabled. This renders the
circuit less sensitive to VoG noise transients created by the power-up/power-down cycle when operating in
the low-power mode. The typical Icc versus frequency data for both the turbo-bit-on mode and the turbo-bit-
off (low-power) mode is shown in Figure 5. All dynamic parameters are tested with the turbo bit on. Figure 6
shows the relationship between the output drive currents and the corresponding output voltages.
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SUPPLY CURRENT OUTPUT CURRENT
Vs Vs
MAXIMUM FREQUENCY OUTPUT VOLTAGE
100 =2 A 100
70[Vcc =5V
- FTA = 25°C
TURBO BIT ON {1} 4
< 10 ¥ < 40 loL
L = j 7
: 5 % / o
5 5
o ] |1 / |l o \
> e = e 5 10H£ ‘
2 TURBO BIT OFF [ g 7 ,L NC
@ 3 AN
A e 3
O 0.1 st o o
A 2 \
o Vee =5V
TA = °
0.01 Az 17T 1
100 1k 1Mk 100k 1M 10M 100 ™M 0 1 2 3 4 5
fmax—Maximum Frequency —Hz Vo —Output Voitage -V
FIGURE 5 FIGURE 6

If the design requires low-power operation, the turbo bit should not be set. When operating in this mode,
some dynamic parameters are subject to increases.
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INPUT OR 1/O X
[

e —
COMBINATIONAL !
OUTPUT X
[
——PXZ——P| :
COMBINATIONAL OR | HIGH-IMPEDANCE STATE
REGISTERED OUTPUT VALID ouTPUT /i
e wax—
COMBINATIONAL OR HIGH-IMPEDANCE STATE 4 VALID OUTPUT
REGISTERED OUTPUT [
lﬂ—‘clr —
Y NOUSL
REGISTERED OUTPUT x Asthi:Rgu%%?r Y

(a) COMBINATIONAL MODE

—tch—Ppl — tf [ —tci—p
| | | ] I
| -
—lt l— = tsu—pr—th—>i
” | |
INPUT OR 1/0 % VALID W / /
]
14— tco1 —"":
REGISTERED OUTPUT X VALID OUTPUT

(b) SYNCHRONOUS CLOCK MODE

F—‘ach—h‘ P—'acl—b'
oot X XX X XX
CLOCK INPUT I
Ih-—‘asu—*—‘ah-"{
INPUT OR I/O / /% VALID W /
‘ :Q—'aco1 —>
|
REGISTERED OUTPUT X VALID OUTPUT

(c) ASYNCHRONOUS CLOCK MODE

FIGURE 7. SWITCHING WAVEFORMS
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MECHANICAL DATA

24-PIN CERAMIC DIP (CDIP)

1,14 (0.045)

"l ‘*o .97 (0.038)

l—’lr_"lr—lnmf_']r_'lf_\l_ll’—"ll_'l

13
O

7,87 (0.310)

WINDOW
5,66 (0.220)

[3.76 (0.148) DIA
1

12
LI NN A NN NS D N GO NN N D [ |
‘-I 2,49 (0.098) 0,13 (0. 005)_..l L,
MAX MIN

s

.38 (0.330)
7.

JWWW

0,51 (0.020)
0,41 (0. 015)

0,51 (0.020) MIN
2,54 (0 100) BSC
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

87 (0.310)

:,1:; 12.:24:8) 32,51 (1.28) MAX—— 5,33 (0.210)
37 10-290) 0,38 (0.015) 4,32 (0.170)
0.20 (0.008) I n
SEATING
15° PLANE
0° N
10.03 ‘0-395’._.1 2,54 (0.100) 0,58 (0. 023)_’“'_ -:)—'-g’g—‘(g'g—?g—:
9,27 (0.365) 5,08 (0.200) BSC 0.36 (0.014) .38 (0.
3,18 (0.125)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
24-PIN DIP PLASTIC (PDIP)
1,40 (0.055)
_,”$0 51 (o 020) 114 (o.oas)'l r
(’\ r’\ e Wala Welh Wl Wata Walh Weo Wah Weabn
(€]
/VVVUVVVVVVVV
1
8,26 (0.325) PIN 31,89 (1.255)
7,49 (0.295)7 31,50 (1.240) ]
( 3,68 (0.145) 4.32 (0.170)
6.86 (0.270) 4 oy 318 (0. 125, 3,56 (0.140)
6.22 (0.245) 0.51 (0.020)
SEATING e
PLANE
0.305 (0.012)
0,203 (0.008)

3,43 (0.135)
3,18 (0.125)
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MECHANICAL DATA

28-PIN CERAMIC LEADED CHIP CARRIER (CLCC)

GLASS . SEE

1,27 {0.050) WINDOW e
Bsc 1,02 (0.040) x 45° 3,81 (0.150) R TYP. Lo
sl x Ao rarac / \
A [ A TR T—F
i
4

)

12,57 (0.495) |
12,32 (0.485)

11,56 (0.455)[| @
10.92 (04301

{
q
|

10.92 (0.430)
9,91 (0.390)

_!L__.__—.JL__ | NN i SO O I D Ny S |
|,
88 |

| NN SO  NND NS UL SOy | -
11,56 (0.455) | _M
L'7 62 (0. 3°°’—J { 10,92 {0.430) "l 2'21?12'3:3:5)
BOTTOM VIEW 12,57 (0.495) A"S'_,"’(O“:g:f’
1,14 (0.045) " 12,32 (0.485) 7.19(0.1651

1.14 (0.045) RIGHT
0.89 (0,035) Top SIDE

0,89 (0.035) x45° VIEW VIEW
’ . 0,25 {0.010)
0.15 (0.006)
Fal =+
0.53 (0.021)
0,43 (0.017)
0,20 (0.008) S N

NOM

0.81 {0.032)

0,66 (0.026)
DETAIL "'P""

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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MECHANICAL DATA

28-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

SEE
DETAIL
1.27 (0.050) PIN NO. 1
BSC 1,14 (0.045) x 45°
O o I Y s Y O | -
()
12,57 (0.495)
12,32 (0.485) 0.430)

11,58 (0.456)

0.390)
11.43 (0.450)

a1 rarir
| SN o SN iy AN [ SN BN [y S S |

y_

| SN N D O S (O B J

1 Ll
11,58 (0.456) | Joeas (0.025)
7.62 (o 300) I 11,43 (0.450) o MIN
~

T

/43 (0. | 3:05 (0.120)
2,29 (0.090)
12,67 (0.495) 4,57 (0.180)
0,254 (0.010) 12,32 (0.485) A 3,19 (0.165)
0,203 (0. oos)*‘
1,22 (0.048) 0,51 (o 020) MIN
1,07 (0.042) 1.14 (0.045)
0,64 (0.025)
—L 0.53 (0.021)
_il"_“ °
T
1,22 (0.048)
1,07 (0.042)
0.81 (0.032)
0.66 (0.026)
DETAIL “B”

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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EP630

HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

D3357, OCTOBER 1989

High-Density (Over 600 Gates)
Replacement for TTL and 74HC

Low Operating Current:
'CC max: - - 100 mA

High Speed:
Propagation Delay Time ... 20 ns

Asynchronous Clocking of All Registers or
Banked Register Operation from
2 Synchronous Clocks

Sixteen Macrocells with Configurable 1/O
Architecture Allowing for up to 20 Inputs
and 16 Outputs

Each Output Macrocell User-Programmable
for D, T, SR, or JK Flip-Flops with Individual
Clear Control or Combinational Operation

UV-Light-Erasable Cell Technology Allows
for:
Reconfigurable Logic
Reprogrammable Cells
Full Factory Testing for 100%
Programming Yields

Programmable Design Security Bit Prevents
Copying of Logic Stored in Device

Advanced Software Support Featuring
Schematic Capture, Interactive Netlist,
Boolean Equations, and State Machine
Design Entry

Package Options Include Plastic [for One-
Time-Programmable (OTP) Devices] and
Ceramic Dual-In-Line Packages, Ceramic
Quad Flat Packages, and Plastic Chip
Carriers

AVAILABLE OPTIONS

110
110
110
110
110
1/0
NC

JT OR NT PACKAGE

(TOP VIEW)
ck [ U2aQvee
102 23
vods  220wo
vods  210vo
vo{ds 20Jwo

10} 6(‘,19]|/o
vo(d7'~18[Ji0

wo(le 170wo
I/OEQ 16%1/0
110 |10 15[ ]{O
100 e
GND[]12 13]]CLK2

FZ OR FN PACKAGE

(TOP VIEW)
T oo
(@) f (SNE) o
= _0>> _ =
/ LS S N ) N ) D ) SRS ) G
4 3 2 1282726
5 25[]1/0
6 24]1/0
7 2310
8 22(J/0
9 21[J/0
10 20]1/0
111 19[JNC
12131415161718
O
O ~- QOO N~—TO0
= zzx¥ =
[CRCHS)
NC— No internal connection

PACKAGE TYPE
anh SPEED CERAMIC TLEADED pLasTICH pLasTICt
DUAL-IN-LINE + | DUALIN-LINE | CHIP CARRIER
QUAD FLAT

WM F2) (NT) (FN)
0°C to 70°C 20 EP630-20CJT EP630-20CFZ EP630-20CNT EP630-20CFN
—~40°C to 85°C 25 EP630-251UT EP630-25IFZ EP630-25INT EP830-25IFN

~55°C to 125°C 25 EP630-25MJTB EP630-25MFZB N/A N/A

t Contact factory for mechanical data on this package.

PRODUCT PREVIEW information concerns

roducts

in the formative or design phase of deveropment.

Cha‘r:n%erisﬁllz data and other spsciﬁgation: are |’lssign U
joals. Texas Instruments reserves the right to chany
gr discontinue these products witlmutg notice. % lNS’r RUMENTS
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EP630
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

description

general

The Texas Instruments EP630 Erasable Programmable Logic Device is capable of implementing over
600 equivalent gates of SSI and MSI logic functions all in plastic and ceramic space-saving 24-pin, 300-mil
dual-in-line (DIP) packages and 28-pin chip-carrier packages. It uses the familiar sum-of-products logic,
providing a programmable AND with a fixed OR structure. The device accommodates both combinational and
sequential (registered) logic functions with up to 20inputs and 16 outputs. The EP630 has a user
programmable output logic macrocell that allows each output to be configured as a combinational or
registered output and feedback signals active high or active low.

A unique feature of the EP630 is the ability to program D, T, SR, or JK flip-flop operation individually for each
output without sacrificing product terms. In addition, each register can be individually clocked from any of the
input or feedback paths available in the AND array. These features allow a variety of logic functions to be
simultaneously implemented.

The CMOS EPROM technology reduces the power consumption to less than 55% of equivalent bipolar
devices without sacrificing speed performance. Erasable EPROM bits allow for enhanced factory testing.
Design changes can be easily implemented by erasing the device with ultraviolet (UV) light.

Programming the EP630 is accomplished by using the Tl EPLD Development System, which supports four
different design entry methods. When the design has been entered, the software performs automatic
translation into logical equations, Boolean minimization, and design fitting directly into an EPLD.

functional

The EP630 is an Erasable Programmable Logic Device (EPLD) that uses a CMOS EPROM technology to
implement logic designs in a programmable AND logic array. The device contains a revolutionary
programmabile /O architecture that provides advanced functional capability for user programmable logic.

_Externally, the EP630 provides 4 dedicated data inputs and 16 I/O pins, which may be configured for input,

output, or bidirectional operation. Figure 1 shows the EP630 basic logic array macrocell. The internal
architecture is organized with familiar sum-of-products (AND-OR) structure. Inputs to the programmable AND
array come from true and complement signals from the 4 dedicated data inputs and the 16 |/O architecture-
control blocks. The 40-input AND array encompasses 160 product terms, which are distributed among 16
available macrocells. Each EP630 product term represents a 40-input AND gate.

Each macrocell contains 10 product terms, 8 of which are dedicated for logic implementation. One product
term is used for clear control of the macrocell internal register. The remaining product terms are used for
output enable/asynchronous clock implementation.

There is an EPROM connection at the intersection point of each input signal and each product term. In the
erased state, all connections are made. This means both the true and complement forms of all inputs are
connected to each product term. Connections are opened during the programming process. Therefore, any
product term may be connected to the true or complement form of any array input signal.
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EP630

HIGH-PERFORMANCE 16-MACOCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional block diagram

a0
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cik2

i s

Pin numbers in ( ) are for DIP packages; pin numberé in [ ] are for chip-carrier packages.

When both the true and complement forms of any signal are left intact, a logical false state results on the
output of the AND gate. If both the true and complement connections are open, then a logical “don’t care”
applies for that input. If all inputs for the product term are programmed open, then a logical true state results

on the output of the AND gate.

Two dedicated clock inputs provide synchronous clock signals to the EP630 internal registers. Each of the
clock signals controls a bank of 8 registers. CLK1 controls registers associated with macrocells 9-16, and
CLK2 controls registers associated with macrocells 1-8. The EP630 advanced I/O architecture allows the
number of synchronous registers to be user defined, from one to sixteen. Both dedicated clock inputs are

positive-edge-triggered.
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EP630 | <
HIGH-PERFORMANGE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

OE/CLK D—r——a

PRODUCT TERMS
N B AW N o

CLEAR

1/0 architecture

The EP630 input/output architecture provides each macrocell with over 50 possible /O configurations. Each
/0 can be configured for combinational or registered  output, with programmable output polarity. Four
different types of registers (D, T, JK, and SR) can be implemented into every I/O without any additional logic
requirements. I/O feedback selection can also be programmed for registered or input (pin) feedback. Another
benefit of the EP630 I/O architecture is its ability to individually clock each internal register from asynchronous
clock signals.

0
11 13 |15 [17 |19 |21 |23 |25 |27 |29 |31 |33 |35 {37 |39 Vee SELECT

OE

(22)

CONTROL

3_.
D_
D_
’:}_
[ — o
D___
D_
}
D

ARCHITECTURE
L ol ol ol ol ol od od ol ol ol ol od ol ol J_.{..JLJ_
FEED-
20 3 @ (& le [ (@ @ o iy laa las jee jan joe a9 2o 21 123} BACK

Pin numbers are for dual-in-line packages.

FIGURE 1. LOGIC ARRAY MACROCELL (MACROCELL 1 ILLUSTRATED)

OE/CLK selection

Figure 2 shows the two modes of operation that are provided by the OE/CLK select multiplexer. The operation
of this multiplexer is controlled by a single EPROM bit and may be individually configured for each EP630 1/O
pin. In Mode 0, the 3-state output buffer is controlled by a single product term. If the output of the AND gate is
true, the output buffer is enabled. If the output of the AND gate is false, the output buffer is in the high-
impedance state. In this mode, the macrocell flip-flop may be clocked by its respective synchronous clock
input. After erasure, the OE/CLK select multiplexer is configured in Mode 0.

In Mode 1, the output-enable buffer is always enabled. The macrocell flip-flop may now be triggered from an
asynchronous clock signal generated by the OE/CLK multiplexable product term. This mode allows individual
clocking of flip-flops from any available signal in the AND array. Because both true and complement signals
reside in the AND array, the flip-flop may be configured for positive- or negative-edge-triggered operation.
With the clock now controlled by a product term, gated clock structures are also possible.

2-36

Texas {if

INSTRUMENTS

POST OFFICE BOX 6565303 * DALLAS, TEXAS 75265



EP630
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MODE 0 MODE 1
OE = P-Term Controlled OE = Enabled
CLK = Synchronous CLK = Asynchronous
SYNCHRONOUS SYNCHRONOUS
CLOCK CLOCK

Vece

OE
av] )
CLK ARRAY

MACROCELL MACROCELL

OE

MACROCELL  MACROCELL

@5{5{5

/o OUTPUT 110 OUTPUT
REGISTER BUFFER REGISTER BUFFER
The register is clocked by the synchronous clock signal, which is The output is permanently enabled and the register is clocked via
common to 7 other Macrocells. The output is enabled by the logic the product term. This allows for gated clocks that may be generated
from the product term. from elsewhere in the EP630.

FIGURE 2. OE/CLK SELECT MULTIPLEXER

output/feedback selection

Figure 3 shows the EP630 basic output configurations. Along with combinational output, four register types
are available. Each macrocell 1/O may be independently configured. All registers have individual
asynchronous clear control from a dedicated product term. When the product term is asserted, the macrocell
register willimmediately be loaded with a zero independently of the clock. On power-up, the EP630 performs
the clear function automatically.

When the D or T register is selected, eight product terms are ORed together and made available to the
register input. The invert select EPROM bit determines output polarity. The feedback-select multiplexer
enables register, I/O (pin), or no feedback to the AND array.

If the JK or SR registers are selected, the eight product terms are shared between two OR gates. The
allocation of product terms for each register input is optimized by the TI EPLD Development System. The
invert select EPROM bit configures output polarity. The feedback-select multiplexer enables registered or no
feedback to the AND array.

Any I/O pin may be configured as a dedicated input by selecting no output and pin feedback. No output is
obtained by disabling the macrocell output buffer. In the erased state, each I/O is configured for
combinational active-low output with input (pin) feedback.

1/
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EP630
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

| —

1/Q SELECTION

OUTPUT/POLARITY | FEEDBACK

Combinational/high Pin, None
INVERT Combinational/low Pin, None
SELECT None Pin

— K—tor
FEEDBACK

SELECT

(a) COMBINATIONAL

SYNCHRONOUS
CLOCK OE/CLK
Vce  SELECT

1/0 SELECTION

J
i

OUTPUT/POLARITY FEEDBACK
D Register/high D Register, Pin, None
D Register/low D Register, Pin, None
CLK OE None D Register
None Pin

FUNCTION TABLE

210 2 {>“(—">- INPUTS OUTPUT
INVERT ClR CLK D Q
SELECT > c1 L 1 L L
L T H H
——D CLR R L Lox Qo
H X X L

FEEDBACK
SELECT
(b) D-TYPE FLIP-FLOP

FIGURE 3. 1/O CONFIGURATIONS
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EP630

HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SYNCHRONOUS
CLOCK

Vee

OE/CLK
SELECT

J
I

/O SELECTION

OUTPUT/POLARITY FEEDBACK

T Register/high
T Register/low

T Register, Pin, None
T Register, Pin, None

CLK OE None T Register
None Pin
FUNCTION TABLE
T a_ [N
17 | >—4¢
INPUTS OUTPUT
INVERT CLR CLK T Q
SELECT —-E ¢ L 1 L Qo
LR L T H Qo
R L L X Qo
H X X L
[og
l—o0—
log
FEEDBACK
SELECT
(c) TOGGLE FLIP-FLOP
SYNCHRONOUS
cLock OE/CLK
Vece SELECT
L
Y 1/O SELECTION
| ] E OUTPUT/POLARITY FEEDBACK
JK Register/high JK Register, None
OF JK Register/low JK Register, None
@ CLK None JK Register
N
SN i a FUNCTION TABLE
INPUTS OUTPUT
—pc1 CLR CLK J K Q
N-8 /‘ N\ L 1 L L Qo
L/ 1K L toL H L
L T H L H
INVERT L t OH H o
SELECT L Lox x Q%
[\ Cwr
I )y R H X X X L
FEEDBACK
SELECT
(d) J-K FLIP-FLOP
FIGURE 3. I/O CONFIGURATIONS (CONTINUED)
1/
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EP630
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SYNCHRONOUS
cLock OE/CLK
Vee SELECT
|
A 4
_D 1/0 SELECTION
OUTPUT/POLARITY FEEDBACK
OE SR Register/high SR Register, None
SR Register/low SR Register, None
CLK None SR Register
N
S Q
18
FUNCTION TABLE

—>c1 INPUTS OUTPUT

N-8 CLR CLK S R Q

1R : L TL L Qo

L T L H L

INVERT L 1 H L H
SELECT L T H H| Undefined

M) R L L X X Qo

[ — H X X X L

o
FEEDBACK
SELECT
(e) S-R FLIP-FLOP

FIGURE 3. 1/0 CONFIGURATIONS (CONTINUED)

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

Supply voltagerange, Voo (seeNote 1) . .. ... o o -03Vto7V
Instantaneous supply voltage range, VoC (t=20ns) . ....... ... i -2Vto7V
Programming supply voltage range, Vpp . .. ..« oo -0.3Vto 135V
Instantaneous programming supply voltage range, Vpp (t < 20ns) .. ............... -2Vto 135V
Inputvoltage range, Vi. . . . . oot e e -03Vto7V
Instantaneous input voltage range, Vit = 20n8) ...... ... i i -2Vto7V
VccorGNDeceurrent . .. ......... e e e -175mAto 175 mA
Operating free-air temperature, TA . . . .ot -65°C to 135°C
Storage temperature range . .. ... ... e —65°C to 150°C

NOTE 1: All voltage values are with respect to GND terminal.

bxas W
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EP630
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

recommended operating conditions

EP630-25M EP630-25! EP630-20C
PARAMETER . UNIT
MIN MAX MIN MAX MIN MAX
Vce  Supply voltage 4.5 5.5 45 55 4.75 525 Vv
Vi Input voltage 0 Vee 0 vCC 0 Vee \
V|4  High-level input voltage 2 Voe+0.3 2 Vecc+0.3 2 Vce+0.3 \
ViL  Low-level input voltage (see Note 2) | —0.3 0.8 -0.3 0.8 -03 0.8 \
Vo  Output voltage 0 Vee 0 Vee 0 Vee \
o CLK input 100 100 250
ty Rise time - ns
Other inputs 250 250 500
CLK input 1 1
tf Fall time mlpu 0o 00 250 ns
Other inputs 250 250 500
TA Operating free-air temperature —55 125 ~40 85 0 70 °C
Note 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels

only.

electrical charateristics over recommended ranges of supply voltage and free-air temperature
(unless otherwise noted)

EP6630-25M EP630-201 EP630-20C
PARAMETER TEST CONDITIONS UNIT
MIN  MAX | MIN MAX MIN  MAX
von High-level output T loH = -4 mA 24 24 2.4 v
voltage CMOS IoH = —2mA 3.84 3.84 3.84
VoL Low-level output voltage loL =4 mA 0.45 0.45 0.45 v
I Input current V| = Ve or GND =10 +10 10| " pA
lpz Off-state output current Vo = Vgc or GND *10 +10 =10 HA
Standby See Note 3 180 150 150 MA
Icc  Supply current Nonturbo | Y1 = VCC or GND, 5o Note 4 15 15 10
No load mA
Turbo See Note 4 150 150 100
Ci Input capacitance Vi=0,f=1MHz Tp = 25°C 20 20 20 pF
Co  Output capacitance Vo =0, f=1MHz, Tp = 25°C 20 20 20 pF’
Cclk Clock capacitance V) =0,f=1MHz Tp = 25°C 20 20 20 pF

NOTES: 3. When in nonturbo, the device automatically goes into the standby mode approximately 100 ns after the last transition.
4, These parameters are measured with the device programmed as a 16-bit counter and f = 1 MHz.

TExAs ‘t?
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EP630
HIGH-PERFORMANCE 16-MACROCELL

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

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

combinational mode, turbo bit on

PARAMETERT TEST CONDITIONS EPG30-25M | EP630-251 | EP630-20C | .
MIN MAX | MIN MAX | MIN MAX
tpd1 Input to nonregistered output delay 25 25 20 ns
1/O input to nonregistered output =
thd2 delay CL =35pF 27 27 22 ns
tpzx  Output enable time 25 25 20 ns
tpxz  Output disable time CL = 5pF, See Note 5 25 25 20 ns
terr Asynchronous output clear time CL =35 pF 30 30 25 ns
tio 1/0 input buffer delay 2 2 2 ns
combinational mode, turbo bit off
EP630-25M EP630-251 EP630-20C
PARAMETERT TEST CONDITIONS UNIT
MIN  MAX | MIN MAX MIN MAX
tpd1 Input to nonregistered output delay 40 40 35 ns
1/O input to nonregistered output _
tpd2 delay Cp = 35pF 42 42 37 ns
tpzx  Output enable time 40 40 35 ns
tpxz  Output disable time CL =5pF, See Note 5 40 40 35 ns
telr Asynchronous output clear time Cp =35pF 45 45 40 ns
tio 1/0 input buffer delay 2 2 2 ns
synchronous clock mode
EP630-25M EP630-251 EP630-20C
PARAMETER? TEST CONDITIONS UNIT
MIN  MAX | MIN MAX | MIN MAX
fmax  Maximum frequency See Note 6 50 50 55 MHz
tcot Clock to output delay time 18 18 15 ns
Minimum clock period (register
ent  feedback to register output) See Note 4 25 25 20| ns
font Maximum frequency with feedback | See Note 4 40 40 50 MHz
asynchronous clock mode
PARAMETERT TEST CONDITIONS EP630-25M | EP630-251 | EP63020C | \\\r
MIN  MAX | MIN MAX | MIN MAX
fmax  Maximum frequency See Note 6 50 ‘MHz
L Clock to output Turbo bit on 30 30 25 ns
acol  delay time Turbo bit off 45 45 40
Minimum clock period (register
tacnt  feedback to reglgter output) 25 2 20 ns
facnt  Maximum frequency with feedback 40 40 50 MHz

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in
other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to

those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.

‘NOTES: 4. These parameters are measured with device programmed as a 16-bit counter and f = 1 MHz.
5.This is for an output voltage change of 500 mV. '

6.The fmax values shown represent the highest frequency of operation without feedback.
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EP630
HIGH-PERFORMANCE 16-MACOCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

timing requirements over recommended ranges of supply voltage and free-air temperature
synchronous clock mode

EP630-25M EP630-25] EP630-20C

PARAMETER? TEST CONDITIONS N A T MIN . A T MIN . MAX UNIT
oy Input setup time Turbo bft on 20 20 15 ns
Turbo bit off 35 35 30
th Input hold time 0 0 [ ns
teh Clock high pulse duration . 10 10 9 ns
tel Clock low pulse duration 10 10 9 ns

asynchronous clock mode

EP630-25M EP630-251 EP630-20C

PARAMETERY TEST CONDITIONS MIN_ MAX T MIN MAX | MIN _ MAX UNIT
fasy  Input setup time Turbo bit on 10 10 8 ns
Turbo bit off 25 25 23
tah Input hold time 15 15 12 ns
tach  Clock high pulse duration 10 10 9 ns
tacl Clock low pulse duration 10 10 9 ns

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in
other documentation previously prepared by another supplier for simitar products. Any similarity to symbols used on other Tl data sheets or to
those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.
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EP630
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional testing

The EP630 is functionally tested including complete testing of each programmable EPROM bit and all internal
logic elements thus ensuring 100% programming yield. As a result, traditional problems associated with fuse-
programmed circuits are eliminated. The erasable nature of the EP630 allows test program patterns to be
used and then erased.

Figure 4 shows the test circuit and the conditions under which dynamic measurements are made. Because
power supply transients can affect dynamic measurements, simultaneous transitions of multiple outputs
should be avoided to ensure accurate measurement. The performance of threshold tests under dynamic
conditions should not be attempted. Large-amplitude fast ground-current transients normally occur as the
device outputs discharge the load capacitances. These transients flowing through the parasitic inductance
between the device ground terminal and the test-system ground can create significant reductions in
observable input noise immunity.

Vee
$
38550
$
DEVICE o—TO
ouTPUT TEST SYSTEM
33400 ]_ ot

tincludes jig capacitance
Equivalent loads may be used for testing

FIGURE 4. DYNAMIC TEST CIRCUIT

design security

The EP630 contains a programmable design security feature that controls the access to the data programmed
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot
be copied or retrieved. This enables a high level of design control to be obtained since programmed data
within the EPROM cells is invisible. The bit that controls this function, along with all other program data, may
be reset by erasing the device. ‘

turbo bit

These EPLDs contain a programmable option to control the automatic power-down feature that enables the
low-standby-power mode of the device. This option is controlled by a turbo bit that can be set using the EPLD
Development System. When the turbo bit is on, the low-standby-power mode is disabled. This renders the
circuit less sensitive to VCC noise transients created by the power-up/power-down cycle when operating in
the low-power mode. The typical IcC versus frequency data for both the turbo-bit-on mode and the turbo-bit-
off (low-power) mode is shown in Figure 5. All dynamic parameters are tested with the turbo bit on. Figure 6
shows the relationship between the output drive currents and the corresponding output voltages.

©
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EP630
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SUPPLY CURRENT OUTPUT CURRENT
Vs VS
MAXIMUM FREQUENCY OUTPUT VOLTAGE
100 E R R 100 ¢
T 70 Veec =5V
TA = 25°C
TURBO BIT ON {1l !
< | EJ "‘ Y Bl < 40 loL
g 10 = = = €
| | A4
€ @ £ 20
g 2 ZloH
5 5 \
2 ==z = =& £2 S 104 s
- 3
S TURBO BIT OFF [} g TH N
@ 3 1 ~
| I a4 AN
8o s ° \\
2
== Vec =5V
Ta = 15°C
0.01 A 1
00 1k 10k 100k 1M 10M 100 M 0 1 2 3 4 5
fmax —Maximum Frequency —Hz Vo —Output Voltage—V
FIGURE 5 FIGURE 6

If the design requires low-power operation, the turbo bit should not be set. When operating in this mode,
some dynamic parameters are subject to increases.
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EP630
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

INPUT OR 1/0 X
|

e —n
COMBINATIONAL |
OUTPUT X
|
——tPXZ—p|
COMBINATIONAL OR | HIGH-IMPEDANCE STATE
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EP910

HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

D3187, OCTOBER 1988 —REVISED AUGUST 1989

High-Density (Over 900 Gates)
Replacement for TTL and 74HC

Virtually Zero Standby Power . .. Typ 20 pA

High Speed:
Propagation Delay Time ... 30 ns

Asynchronous Clocking of All Registers or
Banked Register Operation from
2 Synchronous Clocks

24 Macrocells with Configurable I/O
Architecture Allowing for Up to 36 Inputs
and 24 Outputs

Each Output Macrocell User-Programmable
for D, T, SR, or JK Flip-Flops with Individual
Clear Control or Combinational Operation

UV-Light-Erasable Cell Technology Allows
for:
Reconfigurable Logic
Reprogrammable Cells
Full Factory Testing for 100%
Programming Yields
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NC—No internal connection
AVAILABLE OPTIONS
PACKAGE TYPE
TA SPEED CERAMIC CERAMIC pLAsTICt pLAsTICH
RANGE CLASS | DUAL-IN-LINE |CHIP CARRIER | DUAL-IN-LINE | CHIP CARRIER
PACKAGE (CDIP) (cLce) PACKAGE (PDIP) (PLCC)
30 ns EP910DC-30 EP910JC-30 EP910PC-30 EP910LC-30
0°C — 70°C | 35ns EP910DC-35 EP910JC-35 EP910PC-35 EP910LC-35
40 ns EP910DC-40 EP910JC-40 EP910PC-40 EP910LC-40
—40°C — 85°C | 45ns EP910DI-45 EP910JI-45 EP910PI-45 EP910LI-45

1tThis package is for One-Time-Programmable (OTP) devices.

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.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

description

general

The Texas Instruments EP910 Erasable Programmable Logic Device is capable of implementing over 900
equivalent gates of SSI and MSI logic functions accommodating up to 36 inputs and 24 outputs all in plastic
and ceramic space-saving 40-pin, 600-mil dual-in-line (DIP) packages and 44-pin chip-carrier packages.

Each of the 24 macrocells contains a programmable-AND, fixed-OR PLA structure that yields 8 product terms
for logic implementation and a single product term for output-enable and asynchronous-clear control
functions. The architecture of the output logic macrocell allows the EP910 user to program output and
feedback paths for both combinational or registered operation, active high or active low.

For increased flexibility, the EP910 also includes programmable registers. Each of the 24 internal registers
may be programmed to be a D, T, SR, or JK flip-flop. In addition, each register may be clocked
asynchronously on an individual basis or synchronously on a banked register basis. ’

In addition to density and flexibility, the performance characteristics allow the EP910 to be used in the widest
possible range of applications. The CMOS EPROM technology reduces the power consumption to less than
20% of equivalent bipolar devices without sacrificing speed performance. Another advantage is 100% generic
testing. The device can be erased with ultraviolet (UV) light. Design changes are no longer costly, nor is there
a need for post-programming testing.

Programming the EP910 is accomplished by using the TI EPLD Development System, which supports four
different design entry methods. When the design has been entered, the software performs automatic
translation into logical equations, Boolean minimization, and design fitting directly into an EP910. The device
may then be programmed to achieve customized working silicon within minutes at the designer’s own
desktop.

functional

The EP910 is an Erasable Programmable Logic Device (EPLD) that uses a CMOS EPROM technology to
implement logic designs in a programmable AND-logic array. The device also contains a revolutionary
programmable 1/O architecture that provides advanced functional capability for user programmable logic.

Externally, the EP910 provides 12 dedicated data inputs and 24 1/O pins, which may be configured for input,
output, or bidirectional operation. Figure 1 shows the EP910 basic macrocell. The internal architecture is
organized with the familiar sum-of-products (AND-OR) structure. Inputs to the programmable AND array come
from the true and complement signal from 12 dedicated data inputs and 24 feedback signals originating from
each of the 24 1/O architectural control blocks. The 72-input AND array encompasses 240 product terms,
which are distributed among 24 available macrocells. Each EP910 product term represents a 72-input AND

~ gate.

At the intersection point between each AND array input and each product term, there is an EPROM control
cell. In the erased state, all connections are made. This means both the true and complement of all inputs are
connected to each product term. Connections are opened during the programming process. Therefore, any
product term may be connected to the true or complement form of any array input signal.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional block diagram
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Pin numbers in parenthesis are for DIP packages. Pin numbers in brackets are for chip-carrier packages.

When both the true and complement of an array input signal are connected, a logical false results on the
output of the AND gate. When both the true and complement forms of any array input signal are programmed
open, then alogical "don’t care" results for that input. If all 72 inputs for a given product term are programmed
open, then a logical true state results on the output of the corresponding AND gate. Two dedicated clock
inputs (not available in the AND array) provide the clock signals used for asynchronous clocking of the EP910
internal registers. Each of these clock signals is positive-edge triggered and has control over a bank of 12
registers. CLK1 controls registers associated with macrocells 13 through 24. CLK2 controls registers
associated with macrocells 1 through 12. The EP910 advanced |/O architecture allows the number of
synchronous registers to be user defined, from 1 to 24. Both dedicated clock inputs are positive-edge
triggered.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

1/0 architecture

The EP910 input/output architecture provides each macrocell with over 50 possible I/O configurations. Each
1/0 can be configured for combinational or registered output, with programmable output polarity. Four
different types of registers (D, T, JK, and SR) can be implemented into every I/O without any additional logic
requirements. 1/O feedback selection can also be programmed for registered or input (pin) feedback. Another
benefit of the EP910 I/O architecture is its ability to individually clock each internal register from asynchronous
clock signals.

SYNCHRONOUS
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 oK
7 11(13115 (17|19 |21{23|26127|29]31|33|35|37(39[41]43|45|47|49 51|63 |55|57|59|61|63|66|67)69 |71

OE/CLK
SELECT

OE/CLK O

" s w N = O

PRODUCT TERMS

~

"o
ARCHITECTURE
CONTROL

Y
1)

T T —

&) (@ (8} @ (10 (12 (4 (el (18 (220 (24)  (26) (28  (30)  (32)  (34)  (36)  (38)

o
1
H

Pin numbers shown are for dual-in-line packages. .

FIGURE 1. LOGIC ARRAY MACROCELL (MACROCELL 1 ILLUSTRATED)

OE/CLK selection

Figure 2 shows the two modes of operation that are provided by the OE/CLK select multiplexer. The operation
of this multiplexer is controlled by a single EPROM bit and may be individually configured for each of the
EP910 1/0 pins. In Mode 0, the 3-state output buffer is controlled by the OE/CLK product term. If the output of
the AND gate is true, the output buffer is enabled. If the output of the AND gate is false, the output buffer is in
the high-impedance state. In this mode, the macrocell flip-flop is clocked by its respective synchronous clock
input signal (CLK1 or CLK2). After erasure, the OE/CLK select multiplexer is configured in Mode 0.

‘In Mode 1, the output-enable buffer is always enabled. The macrocell flip-flop may now be triggered from an
““asynchronous clock signal generated by the OE/CLK multiplexable product term. This mode allows individual
clocking of flip-flops from any of the 72 available AND array input signals. Because both true and complement
signals reside in the AND array, the flip-flop may be configured for positive- or negative-edge-triggered
operation. With the clock now controlled by a product term, gated clock structures are also possible.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEIVE (EPLD)

MODE 0 MODE 1
OE = P-Term Controlled OE = Enabled
CLK = Synchronous CLK = Asynchronous
SYNCHRONOUS SYNCHRONOUS
CLOCK CcLOCK

Vce

OE

MACROCELL MACROCELL MACROCELL  MACROCELL

SRy
@_3{;6(3

/0 OUTPUT 1o OUTPUT

REGISTER BUFFER REGISTER BUFFER

The register is clocked by the synchronous clock signal, which is The output is permanently enabled and the register is clocked via

common to 11 other Macrocells. The output is enabled by the logic the product term. This allows for gated clocks that may be generated
from the product term. from elsewhere in the EP910.

FIGURE 2. OE/CLK SELECT MULTIPLEXER

output/feedback selection

Figure 3 shows the EP910 basic output configurations. Along with combinational output, 4 register types are
available. Each macrocell I/O may be independently configured. All registers have individual asynchronous-
clear control from a dedicated product term. When the product term is asserted, the macrocell register will
immediately be loaded with a zero independently of the clock. On power-up, the EP910 performs the clear
function automatically.

In the combinational configuration, 8 product terms are ORed together to acquire the output signal. The
invert-select EPROM bit controls output polarity and the output-enable buffer is product term controlled. The
feedback-select multiplexer enables registered 1/O (pin), feedback, or no feedback to the AND array.

When the D or T register is selected, 8 product terms are ORed together and made available to the register
input. The invert select EPROM bit determines output polarity. The OE/CLK select multiplexer is used to
configure the mode of operation to Mode 0 or Mode 1 (see Figure 2). The feedback-select multiplexer enables
registered 1/O (pin) or no feedback to the AND array.

If the JK or SR registers are selected, the 8 product terms are shared among two OR gates whose outputs
feed the two primary register inputs. The allocation of product terms for each register input is optimized by the
Tl EPLD Development System. The invert select EPROM bit controls output polarity while the OE/CLK select
multiplexer allows the mode of operation be Mode 0 or Mode 1. The feedback-select multiplexer enables
registered 1/O (pin) or no feedback to the AND array.

Any I/O pin may be configured as a dedicated input by selecting no output and pin feedback. No output is
obtained by disabling the macrocell output buffer. in the erased state, I/O is configured for combinational
active-low output with input (pin) feedback.
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EP910

HIGH-PERFORMANCE 24-MACROCELL

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SYNCHRONOUS
cLOCK
Vee

4 —

INVERT
SELECT

[ oo

OE/CLK
SELECT

\}L_

O+

FEEDBACK
SELECT

(a) COMBINATIONAL

1/0 SELECTION

OUTPUT/POLARITY | FEEDBACK
Combinational/high Pin, None
Combinational/low Pin, None
None Pin

1/0 SELECTION

OUTPUT/POLARITY

FEEDBACK

D Register/high
D Register/low

D Register, Pin, None
D Register, Pin, None

SELECT

(b} D-TYPE FLIP-FLOP
FIGURE 3. 1/0 CONFIGURATIONS

CLK OE None D Register
None Pin
FUNCTION TABLE
P lo N
l)—‘ INPUTS OUTPUT
INVERT CLR CLK D Q
SELECT —>C1 L + L L
. L + H H
R L LorH X Qo
H X X L
fo
b—O—

(o

FEEDBACK
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EP910

HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SYNCHRONOUS
CLOCK OE/CLK

Vece  SELECT

1/0 SELECTION

OUTPUT/POLARITY

FEEDBACK

T Register/high

T Register, Pin, None

T Register/low T Register, Pin, None
CLK OE None T Register
None Pin
T N FUNCTION TABLE
Q
b l > r INPUTS OuUTPUT
INVERT CLR CK T Q
SELECT L+ e L B L Qo
CLR L t H Qp
R L LorH X Qo
H X X L
o—
—o——
O
FEEDBACK
SELECT
(c) TOGGLE FLIP-FLOP
SYNCHRONOUS
CLock OE/CLK
Vee SELECT
| —
Y
__.D__ 1/0 SELECTION
OUTPUT/POLARITY FEEDBACK
OE JK Register/high JK Register, None
CLK JK Register/low JK Register, None
None JK Register
N J Q
1 FUNCTION TABLE
L INPUTS ouTPUT
P> C1 CLR ClK  J K a
8-N ‘i > L 1 L L Qo
[1K L t L H L
L 1 H L H
INVERT =
SELECT L ! HoH o
h CLR L LorH X X Qo
1 ) R H X X X L
FEEDBACK
SELECT

(d) J-K FLIP-FLOP

FIGURE 3. 1/0 CONFIGURATIONS (CONTINUED)

Texas
INSTRUMENTS

o

U

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

2-53



EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SYNCHRONOUS

cLock OE/CLK

Vee SELECT
1

A 4

D 1/0 SELECTION
E QUTPUT/POLARITY FEEDBACK

SR Register/high

SR Register, None

OE SR Register/low SR Register, None
None SR Register
CLK
N
S Q
18 FUNCTION TABLE
INPUTS OUTPUT
—po CLR ClK s R a
L B L L Qg
1R L t L H L
T L + H L H
INVER ‘
SELECT L * H H | Undefined
L LorH X X Qo
[\ Cr
l—.—/ R H X X X L
FEEDBACK
SELECT

(e) S-R FLIP-FLOP
FIGURE 3. 1/0 CONFIGURATIONS (CONTINUED)

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

Supply voltage range, Voo (see Note 1) . .. ... -03Vto7V
Instantaneous supply voltage range, VCC (t = 20n8) ... ... ... -2Vto7V
Programming supply voltage range, Vpp .« -« . oo oo -0.3Vto 135V
Instantaneous programming supply voltage range, Vpp t < 20ns) . . ............. .. -2V 13.5V
Inputvoltage range, Vi. . . .. oo oot -03Vto7V
Instantaneous input voltage range, Vi (t = 20NS) . . ... ... -2Vto7V
VCCOrGND cUIrent . . oo e —250 mA to 250 mA
Power dissipation at 25°C free-air temperature (seeNote 2) . . .......... ... ......... 1200 mW

Operating free-air temperature, TA .« .« v o v o it
Storage temperature range. . . . . . .t e

NOTES: 1. All voltage values are with respect to GND terminal.
2. For operation above 25°C free-air temperature, derate to 144 mW at 135°C at the rate of 9.6 mW/°C.

-65°C to 135°C
~65°C to 150°C
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EP910

HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

recommended operating conditions

EP910I EP910C
PARAMETER UNIT
MIN MAX MIN MAX
Vce  Supply voltage 45 5.5 4.75 5.25 A
Vi Input voltage 0 Vee 0 Vece \
Vi  High-level input voltage 2  Vge+0.3 2  Vcct+03 \
ViL  Low-level input voltage (see Note 3) -0.3 0.8 -0.3 0.8 \
Vo  Output voltage 0 Vece 0 Vee \
4 Rise time CLK input 50 100 ns
Other inputs 50 100
4 Fall time CLK input 50 100 ns
Other inputs 50 100
TA  Operating free-air temperature -40 85 0 70 °C

Note 3: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels

and temperature only.

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

EP910I EP910C
PARAMETER TEST CONDITIONS UNIT
MIN  TYPt mAX | MIN TYPT MAX
Vo Migh-level output L loH = —4 mA 24 2.4 v
voltage CMOS loH = —2mA 3.84 3.84
VoL Low-level output voltage loL =4mA 0.45 0.45 \
1] Input current V| = Vgg or GND *10 +10 HA
loz  Off-state output current Vo = Vg or GND =10 +10 BA
Standby V| = VoG or GND, See Note 4 0.02 0.15 0.02 0.1
lcc  Supply current Non-turbo See Note 5 6 30 6 20 mA
Tubo | N 10ad See Note 5 45 100 % 80
Ci Input capacitance Vi=0, f=1MHz, Tp=25C 20 20 pF
Co Output capacitance Vo=0, f=1MHz, Tp=25C 20 20 pF
Ccikt Clock capacitance Vi=0, f=1MHz, Tp=25C 20 20 pF

t All typical values are at Voo = 5V, Ta = 25°C.

+ During programming, the clock capacitance of CLK2 is 60 pF maximum.
NOTES: 4. When in the non-turbo mode, the device automatically goes into the standby mode approximately 100 ns after the last transition.
5. These parameters are measured with device programmed as a 16-bit counter, and f = 1 MHz.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABALE PROGRAMMABLE LOGIC DEVICE (EPLD)

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

combinational mode, turbo bit on

EP910-30 EP910-35 EP910-40

PARAMETER? TEST CONDITIONS MIN NMAX T MIN WAX T IN WAX UNIT
tpd1 Input to nonregistered output 30 35 40 ns
tod2 VO input to nonregistered output Cp =35pF 33 38 43 ns
tpzx  Input to output enable 30 35 40 ns
tpxz  Input to output disable CL =5pF, SeeNote6é 30 35 40 ns
telr Asynchronous output clear time Cp = 35 pF 33 38 43 ns
tio 1/0 input buffer delay 3 3 3 ns

combinational mode, turbo bit off

EP910-30 EP910-35 EP910-40

PARAMETERT TEST CONDITIONS UNIT
MIN  MAX | MIN MAX | MIN MAX
tod1  Input to nonregistered output 60 65 70 ns
tod2  1/O input to nonregistered output Cp =35pF 63 68 73 ns
tpzx  Input to output enable 60 65 70 ns
tpxz  Input to output disable Cp =5pF, SeeNote6 60 65 70 ns
teir Asynchronous output clear time CL =35pF 63 68 73 ns
tio I/O input buffer delay 3 3 3 ns

synchronous clock mode

EP910-30 EP910-35 EP910-40
PARAMETERT TEST CONDITIONS UNIT
MIN  MAX | MIN MAX | MIN MAX
fmax Maximum frequency See Note 7 417 37 323 MHz
tco1 Clock to output delay time 18 21 24 ns
tont Min‘imum clock period (register feedback to See Note 5 30 35 40 ns
register output)
fent  Maximum frequency with feedback See Note 5 33.3 28.6 25 MHz
asynchronous clock mode »
PARAMETERT TEST CONDITIONS | o10-30 EP910-35 EP910-40 | uwit
: MIN  MAX | MIN MAX | MIN MAX
fmax Maximum frequency See Note 7 333 . 31.3 29.4 MHz
. Turbo bit on 33 38 43
tacot Clock to output delay time Torbo B off & & 73 ns
tacnt Minjmum clock period (register feedback to 30 35 40 ns
register output)
font  Maximum frequency with feedback 33.3 28.6 25 MHz

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in
other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to
those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.

NOTES: 5. These parameters are measured with device programmed as a 16-bit counter, and f = 1 MHz.

6. This is for an output voltage change of 500 mV.
7. The fmax values shown represent the highest frequency of operation without feedback.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

timing requirements over recommended ranges of supply voltage and free-air temperature

synchronous clock mode

PARAMETERT TEST EP910-30 EP910-35 EP910-40 | -
CONDITIONS |"MIN  MAX | MIN MAX | MIN MAX
tou Input setup time Turbo bit on 24 27 31 ns
Turbo bit off 54 57 61
th Input hold time 0 0 0 ns
tch Clock high pulse duration 12 13 15 ns
tel Clock low pulse duration 12 13 15 ns
asynchronous clock mode
TEST EP910-30 EP910-35 EP910-40
PARAMETERT CONDITIONS [“MiN  MAX | MIN _MAX | MIN MAX |
tasu Input setup time Turbo bit on 10 10 10 ns
Turbo bit off 40 40 40
tah Input hold time 15 15 15 ns
tach  Clock high pulse duration 15 16 17 ns
tacl Clock low pulse duration 15 16 17 ns

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in
other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to
those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional testing

The EP910 is functionally tested including complete testing of each programmable EPROM bit and all internal
logic elements thus ensuring 100% programming yield. As a result, traditional problems associated with fuse-
programmed circuits are eliminated. The erasable nature of the EP910 allows test program patterns to be
used and then erased.

Figure 4 shows the dynamic test circuit and the conditions under which dynamic measurements are made.

-Because power supply transients can affect dynamic measurments, simultaneous transitions of multiple

outputs should be avoided to ensure accurate measurement. The performance of threshold tests under
dynamic conditions should not be attempted. Large-amplitude fast-ground-current transients normally occur
as the device outputs discharge the load capacitances. These transients flowing through the parasitic
inductance between the device ground terminal and the test-system ground can create significant reductions
in observable input noise immunity.

I Vee
<i
$8550
DEVICE ] o TO
ouTPUT TEST SYSTEM
>
i; 340 @ ] c.t

Tincludes jig capacitance

FIGURE 4. DYNAMIC TEST CIRCUIT

design security

The EP910 contains a programmable design security feature that controls the access to the data programmed
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot
be copied or retrieved. This enables a high level of design control to be obtained since programmed data
within the EPROM cells is invisible. The bit that controls this function, along with all other program data, may
be reset by erasing the device.

turbo bit

Some EPLDs contain a programmable option to control the automatic power-down feature that enables the
low-standby-power mode of the device. This option is controlled by a turbo bit that can be set using the T!
EPLD Development System. When the turbo bit is on, the low-standby-power mode is disabled. This renders
the circuit less sensitive to VC noise transients created by the power-up/power-down cycle when operating
in the low-power mode. The typical IcC versus frequency data for both the turbo-bit-on mode and the turbo-
bit-off (low power) mode is shown in Figure 5. All dynamic parameters are tested with the turbo bit on. Figure 6
shows the relationship between the output drive currents and the corresponding output voltages.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SUPPLY CURRENT OUTPUT CURRENT
vs Vs
MAXIMUM FREQUENCY OUTPUT VOLTAGE
100 = = 100
Saas: 70FVCC'5V
! LTA = 25°C
TURBO BIT ON[11 g L
< ] e < 40 loL
g 10 3 E .
| i |
- T -
§ § 20 \ —lo“
3 HH 5 \
> 1 Scsiies=cs =: 2 10 + <
5 'TURBO BIT OFF { 32 79 X
A A 3 | N\
(7] o
. s A
S 01 28 ° \
2
- = Vee =5V
Ta = 15°C
0.01 J 1
100 1k 1Mk 100k 1M 10M 100 M /] 1 2 3 4 5
fmax —Maximum Frequency—Hz Vo —Output Voltage—V
FIGURE 5 FIGURE 6

If the design requires low-power operation, the turbo bit should be (disabled) off. When operating in this
mode, some dynamic parameters are subject to increases.
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INPUT OR 1/0 x
[

A —
COMBINATIONAL - X'
OUTPUT
]
——PXZ—p} )
COMBINATIONAL OR . \L HIGH-IMPEDANCE STATE
REGISTERED OUTPUT VALID OUTPUT [l
} L—-tpzx__q
COMBINATIONAL OR HIGH-IMPEDANCE STATE If VALID OUTPUT
REGISTERED OUTPUT l
'4———-tclr ——
‘ } SLY
N smcrmonous.

(a) COMBINATIONAL MODE

:Q-——tch———)ll ——b: t# e—tc—P
[ |
|
—’{ tr j— H—'su—b‘—‘h—-ﬂ
INPUT OR I/O /// / % VALID W /
P4
I‘— tcol —b: '
REGISTERED OUTPUT X VALID OUTPUT

(b) SYNCHRONOUS CLOCK MODE

F—‘ach—" |1——-‘ecl—~b'
S _ X X X X X X
“—‘asu"*—'ah"’l :
INPUT OR 1/O //////// % VALID W/ / /
4—- taco1—¥|
REGISTERED OUTPUT X VALID OUTPUT

(c) ASYNCHRONOUS CLOCK MODE
FIGURE 7. SWITCHING WAVEFORMS
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MECHANICAL DATA

40-PIN CERAMIC DIP (CDIP)

WINDOW
8.9 (0.350) NOM DIA

1 rarrd

o e s s 6 6 e I
15,7 (0.620) >

13,0 (0.510)
LT T I T I T T T OO T T T T T T T Tt
2,5 (0.098) MAX—J Lr—\ J L 1.65 (0.065) 0.13 (0.005) MIN~.| L
PIN 1 0,97 (0.038)
16,00 (0.630)
14,99 (0.590) 5.7 (0.225) 53,2 (2.096) MAX »
4.6 (0.180) —!
1
SEATING s
PLANE
15 t
" 0" e 1.78 0070)
gg‘_:gziz%g) 0,51 (0.020) 0.38(0.015)
0,38 (0.015) -210128) 2,54 (0.100) 0,41 (0.016)
0,20 (0.008) 8sc

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

40-PIN PLASTIC DIP (PDIP)

1,40 (0.055)
1,14 (0.045)
0,51 (0.020) MIN —»| r-

e Wiate Woaa Wt Wt Wate Wt Warkn Wt Wt Wota Wae Weaha Wals Wabs Wok Wa Wa Wals Wk

]

/VVVVVVVVVVVV T UIVTUTNT

PIN 1
15,37 (0.605) %::g":i::
15,11 (0.595) ‘ )

L 52,58 (2.070) ]
62,27 (2.058) 4,45 (0.175)
. 13,89 (0.547) 4,19 (0.165)
I 13,64 (0.537)

\ SEATING - 1

PLANE
-l L—Z,Sd (0.100) \..L
BSC

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

0,51 (0.020)
NOM

0.30 (0.012)
0,20 (0.008)

0.51 {0.020) 3.30(0.130)
0,41 (0.016) 3.05 (0.120)

0,51 (0.020)
MIN

16.26 (0.640)
16.49 (0.610)
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EP910
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MECHANICAL DATA
44-PIN CERAMIC LEADED CHIP CARRIER (CLCC)
BOTTOM VIEW ToP
GLASS VIEW
1,02 (0.040) x 45° WINDOW
1,27 (0.050) BSC "l [“ NOM 7.11 {0.280) R NOM
U OO Lo ¥ o Y s I e 1 s Y e Y e Y e O o O o o
]
i 1]
{ I
i )
17,65 (0.695) E i
17,40 {0.685)
—o—1
16,66 (0.656) [] h
16,00 (0.630)
g 1]
g i
q I
IE N
Furunrunrorooonoonoa oo S S SN N SN Sy SN SN S gy
16,66 (0.656)
12,70 (0.500) ———| 16,00 (0.630)
REF 1,14 (0.045)
5890038 ° 17,65 (0.695)
17.40 (0.685) a
0,89 (0. 035)x45°-1 r 0.25 (0.010)
0.15 (o 006)
0,53 (0.021)
0,43 (0.017)
o, 20 {0.008) ——~—-_—L—L
NOM
—T_—T—
0,81 {0.032)
0,66 (0.026)
DETAIL P
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

SEE
DETAIL “'P"" -\

/
/§
A
3

HEA

1t

16,00 (0.630}
14,99 (0.590)

3,05 (0.120)
2,29 (0.090}

1,14 (0.045)
0,89 (0.035)

4,57 (0.180)

3,94 (0.155)
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MECHANICAL DATA

44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

g 1,14 (0.045)
1,14 (0.045) x 45° SEE DETAIL "B 0.6410.025)
1,27 10.050) NOM PIN NO. 1 i
\ “‘1 22 e~ /
g 3 g e O s O O s B e s O s B e / AN
) 4 T
i
i i ==Y
i i Nasi 2
17.65 (0.695) { %
17.40 (0.685) { ] 16,00 (0.630)
16,6 (0.656) 14.99 (0.5901
16,51 (0.650) %
~ v
USSR SN [ U SN OO G GNNS f GUS S S G l
3,05 (0.120)
16,66 (0.656) ""_'* 2,29 (0.090)
12,70 (0.5001 16.51 (0.650)
" rer L 1resoeos k—0,64 (0.025)
17,40 (0.685) MIN
4,57 (0.180)
0.51 {0.020) MIN 4,19 (0.165)
1.22 (0.048) 0.254 (0.010)
1,07 (0.042) !" 0.203 (0.008)
0,53 (0.021)
0,41 (0.016)
1,22 (0.048) =
1,07 (0.042) 0,81 (0.032)
0,66 (0.026)

DETAIL "“B”

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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EP1810
HIGH-PERFORMANCE 48-MACROCELL

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

D3232, FEBRUARY 1989 —REVISED AUGUST 1989

o Erasable, User-Configurable LSI Circuit
Capable of Implementing 2100 Equivalent
Gates of Conventional and Custom Logic

o Speed Equivalent to 74LS TTL with 33-MHz
Clock Rates 110
o Virtually Zero Standby Power . .. 35 1A Typ :58
o Active Power of 250 mW at 5 MHz ,Np'lﬁ
e Programmable Clock Option Allows pytl
Independent Clocking of All Registers CLK1
e Forty-eight Macrocells with Configurable aee
1/0 Architecture Allowing Up to 64 Inputs or INPUT
48 Outputs INPUT
INPUT

® Accepts TTL SSI and MSI Based
Macrofunction Design Inputs

& TTL/CMOS 1/0 Compatibility

® 100% Generically Testable — Provides

100% Programming Yield

o CAD Support from the Tl EPLD
Development System Featuring Schematic
Capture Design Entry with Extensive
Primitive and Macrofunction Libraries

1710
170
110
e}

e Packaged in a 68-Pin J-Leaded, Ceramic
(with Window) and Plastic (One-Time
Programmable) Chip Carrier

description

CHIP-CARRIER PACKAGE

(TOP VIEW)

QQQQQQQQ%QQQQQQQQ
( 987654321 6867666564636261
110 s0 o
1 59 (Jio
12 58 (J170
[13 57[jvo
14 56 [JINPUT
15 55 [JINPUT
16 545 INPUT

17 53 (JCLK4

%18 SZE vce
119 51 [JCLK3
[ 20 50 [jINPUT
21 49 [JINPUT
[1 22 48 [JINPUT
23 47 juo
[ 24 46 [jo
[ 25 455!/0
[) 26 44110

272829 30 31 32 33 34 35 36 37 38 39 40 41 4243

P P Pt o T P T Tt

2229R2222229R228Q
________ g222¢9222¢2
AVAILABLE OPTIONS
PACKAGE TYPE
TA SPEED CERAMIC PLASTIC
RANGE | CLASS | CHIP CARRIER CHIP CARRIER
(cLce) (PLCC)
3B ns EP1810JC-35 EP1810LC-35
0°C to 70°C
° 45 ns EP1810JC-45 EP1810LC-45
T40C1085°C | 45ns EP1810J1-45 EP1810L1-45

The EP1810 series of CMOS EPLDs from Texas Instruments offer LSI density, TTL equivalent speed
performance and low power consumption. Each device is capable of implementing over 2100 equivalent
gates of SSI, MSI and custom logic circuits. The EP1810 series is packaged as a 68-Pin J-Leaded Chip
Carrier, and is available in ceramic (erasable) and plastic (one-time programmable) versions.

The EP1810 series is designed as an LS replacement for traditional low-power Schottky TTL logic circuits. its
speed and density also make it suitable for high-performance complex functions such as dedicated
peripheral controllers and intelligent support chips. Integrated-circuit count and power requirements can be
reduced by several orders of magnitude allowing similar reduction in total size and cost of the system, with
significantly enhanced reliability.

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.
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EP1810
HIGH-PERFORMANCE 48-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

The EP1810 architecture has been configured to facilitate design with conventional TTL SSI and MSI building
blocks as well as simple, optimized gate and flip-flop elements. Schematic descriptions of these functions are
stored in a library. The desired TTL logic functions are selected and interconnected "on-screen" with a low-
cost personal-computer based workstation. The design processor within the Tl EPLD Development System
then automatically places the functions in appropriate locations within the EPLD’s internal structure. Included
in the Development System is EPLD programming hardware and software. The TI EPLD Development System
is available for the personal computer.

The EP1810 uses a 1.2 um CMOS EPROM technoloy employing EPROM transistors to configure logic
connections. User defined logic functions are constructed by selectively programming EPROM cells within
the device. The EPROM technology also allows 100% generic testing (all devices are 100% tested at the
factory). The devices can be erased with ultraviolet light. Design changes are no longer costly or time
consuming.

functional description

The EP1810 series of Erasable Programmable Logic Devices (EPLDs) use CMOS EPROM cells to configure
logic functions within the device. The EP1810 architecture is 100% user configurable, allowing the device to
accommodate a variety of independent logic functions. Externally, the EP1810 provides 16 dedicated data
inputs, four of which may be used as system clock inputs. There are 48 1/O pins, which may be individually
configured for input, output, or bidirectional data flow.

macrocelis

Internally, the EP1810 architecture consists of a series of macrocells. All logic is implemented within these
cells. Each macrocell, shown in Figure 1, contains three basic elements: a logic array, a selectable register
element, and 3-state I/0 buffer (see Figure 1). All combinational logic such as exclusive-OR, NAND, NOR,
AND, OR and invert gates are implemented within the logic array. For register applications, each macrocell
provides one of 4 possible flip-flop options: D,T,JK,SR. Each EP1810 macrocell is equivalent to over 40
2-input NAND gates.

The EP1810 is partitioned into four identical quadrants. Each quadrant contains 12 macrocells. Input signals
into the macrocells come from the EP1810 internal bus structures. Macrocell outputs may drive the EP1810
external pins as well as the internal buses. Figure 2 illustrates a simple logic function that can be implemented
within a single macrocell. Note that all combinational logic is implemented within the logic array, a JK flip-flop
is selected, and the 3-state buffer is permanently enabled.
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EP1810

HIGH-PERFORMANCE 48-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional block diagram

QUADRANT A

MACROCELL 1

MACROCELL 2

MACROCELL 3

MACROCELL 4

MACROCELL 5

MACROCELL 6

MACROCELL 7

MACROCELL 8

“an
INPUT/CLK1 —»——4

(19)
INPUT/CLK2 ——

(20}
INPUT ———+t

LOCAL BUS~QUADRANT A

LOCAL BUS - QUADRANT D

QUADRANT D

MACROCELL 48

MACROCELL 47

MACROCELL 46

MACROCELL 45

MACROCELL 44

MACROCELL 43

MACROCELL 42

MACROCELL 41

RENRAARR

(56)
INPUT

(55)
+———4— INPUT

(54)
——4— INPUT
(53)
——<4—— CLK4/INPUT

(51)
p——<— CLK3/INPUT

(60)
——<4—— INPUT

(21) 49)
INPUT ———1} INPUT
(22) (48)
INPUT —p—— INPUT
y
(23) — — @7
1o 1/
(24) (a6)
110 1o
(25) 145)
1o 1o
(26) ® o (44)
1o 61" 2 le»f MACROCELL 3 1o
27) z b4 (43)
1/0 —#+—— MACROCELL 17 |- & 2 |«»- MACROCELL 32 |—+— 110
(28) o ] (42)
I/O?g"'— MACROCELL 18 |4 é § -4»— MACROCELL 31 —»—1/0
29) 41)
1/0 —~¢—— MACROCELL 19 r—<->— Ul) V‘) |-4»-+ MACROCELL 30 |—»—1/0
(30) = 2 {40)
1/0 —4»——] MACROCELL 20 |-+ B @ Les| MACROCELL 28 |—<»—110
(31) K I (39)
1/0 —~¢»—— MACROCELL 21 {-<e>— 8 8 -4¢»—- MACROCELL 28 ——<»—1/0
(32) S ° (38)
1/O0 —¢»—— MACROCELL 22 -4 t<4»—- MACROCELL 27 |—<»—1/0
B3 (37)
1/0 —~¢»—— MACROCELL 23 |-e+»— r—ﬂ—b— MACROCELL 26 ——<4%—1/0
(34) (36)
1/O —4»—— MACROCELL 24 {4+ ’—4-»- MACROCELL 25 p—4»—1/0
L]
QUADRANT B QUADRANT C
[ LocAL MACROCELLS
GLOBAL MACROCELLS
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EP1810
HIGH-PERFORMANCE 48-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

Each EP1810 macroéell consists of 3 basic components (see Figure 1):

1. A logic array for gated logic.

2. Aflip-flop for data storage (selectable options include D, T, JK, and SR). The flip-flop may be bypassed
for purely combinational functions.

3. A 3-state I/O buffer to define input, output, or bidirectional data flow.

FIGURE 1. MACROCELL COMPONENTS

Typical logic functional implemented into a single macrocell. Each EP1810 macrocell can accommodate the
equivalent of 40 gates.

——— FROM OTHER
EP1810 E——
INPUTS |l MACROCELLS ——
™ Locic B
ARRAY

FLIP-FLOP

SELECTION ~ 3-STATE
BUFFER

|

|

|

|
E”T:tD o | J 110 PIN
ENP ) | c1

|

|

|

:

t

DATAD

|
|
|
|
|
CLEAR — Dc
L e

J— .|
TO OTHER v . EQUIVALENT GATES = 40
MACROCELLS

FIGURE 2. SAMPLE CIRCUIT
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EP1810
HIGH-PERFORMANCE 48-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

The EP1810 macrocell architecture is shown in Figures 3 and 4. There are 32 macrocells called local
macrocells. These macrocells offer a multiplexed feedback path (pin or internal) which drives the local bus of
the respective quadrant.

There are another 16 macrocells known as the global macrocells (see Figure 4). These global macrocells
have features that allow each macrocell to implement buried logic functions and, at the same time, serve as
dedicated input pins. Thus, the EP1810 may have an additional 16 input pins giving a total of 32 inputs. The
global macrocells have the same timing characteristics as the local macrocells.

QUADRANT
SYNCHRONOUS
CLOCK
GLOBAL BUS LOCAL BUS Voo OFE/CLOCK
tsnsc*r
o OE
lo
OE/CLK D+ 1.
cLK
S
g 0 D—
= 1 D_
52 - |
3 3 — o
2 4 — ARCHITECTURE P>
o CONTROL
5 D—
6 [D—
7 D—
CLEAR
al Al Al Al Al Ad D—
o o o e e o o o e o o o ZE
LOCAL BUS
FEEDBACK
SELECT
GLOBAL QUADRANT QUADRANT
DEDICATED A, B C,D LOCAL
INPUTS GLOBAL FEEDBACK
(16 INPUTS) FEEDBACK (12 MACROCELLS)

(16 MACROCELLS)

FIGURE 3. LOCAL MACROCELL LOGIC ARRAY
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ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

. QUADRANT
SYNCHRONOUS
cLock
GLOBAL BUS LOCAL BUS cLock OE
| vee seLect SELECT
—0—1
OE/CLK
g
E D—
E o
5 2
2 3 110
2 4 ARCHITECTURE —er—
- 3: CONTROL
6
7
CLEAR
ol a0 ol al a,l al D_—‘
L] L) . e o . e o . L] o .
LOCAL BUS
* GLOBAL BUS
/ —
GLOBAL QUADRANT QUADRANT
DEDICATED A.B.C.D LOCAL
INPUTS GLOBAL FEEDBACK
(16 INPUTS) FEEDBACK (12 MACROCELLS)

{16 MACROCELLS)

FIGURE 4. GLOBAL MACROCELL LOGIC ARRAY

clock options

Each of the EP1810 internal flip-flops may be clocked independently or in user defined groups. Any input or
internal logic function may be used as a clock. These clock signals are activated by driving the flip-flop clock
input with a clock buffer (CLKB) primitive. In this mode, the flip-flops can be configured for positive or negative
edge triggered operation.

Four dedicated system clocks (CLK1-CLK4) also provide clock signals to the flip-flops. System clocks are
connected directly from the EP1810 external pins. With this direct connection, system clocks give enhanced
clock to output delay times than internally operated clock signals. There is one system clock per EP1810
quadrant. When using system clocks, the flip-flops are positive edge triggered (data transitions occur on the
rising edge of the clock).

‘macrofunctions

The macrofunctions shown in Figure 5 allow the circuit designer to use popular TTL SSI and MSI building
blocks. Many macrofunctions are standard TTL circuits such as counters, comparators, multiplexers,
decoders, shift registers, etc. and are identified by their familiar TTL part numbers. Macrofunctions are
constructed by combining one or more macrocells. These high-level function blocks may be combined with
low-level gate and flip-flop elements to produce a complete logic design.

An automatic function built into the TI EPLD Development System ensures that the use of macrofunctions
causes no loss of design efficiency. The development system analyzes the complete logic schematic and
automatically removes unused gates and flip-flops from any macrofunction employed. This MacroMunching™
process allows the logic designer to employ macrofunctions without the problems of optimizing their use.

MacroMunching is a trademark of ALTERA Corporation.
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EP1810
HIGH-PERFORMANCE 48-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

All inputs to macrofunctions are designed with intelligent-default input signal levels (VoG or GND). Normally
active high and low signals or unused inputs can simply be left unconnected, further improving productivity
and reducing the burden placed on the designer.

Macrofunctions are TTL compatible SSI and MSI circuits giving the circuit designer a high-level approach to
EPLD design. Macrofunctions include input default values to unconnected inputs and MacroMunching™ to
unused outputs. The macrofunction library consists of over 100 components.

74162 FUNCTION TABLE

e INPUTS OUTPUTS
| 7162 «—_macroruncron  CK [ LDN | CLRN | ENP | ENT |[D|C|B|A| Qp | Qc | Gg | Qa | RCO
Vcc:—OCLRN : | x L X | X L1 L L
‘\,If:f;l ::: ‘—b‘—suGNAL NAME g4 L H X X dic|b|a d c b a L
o ! i H R x| HOLD COUNT L
onop———yA onf—— I H H L X HOLD COUNT L
; X el H | HH COUNT UP L
GNof——oio aor—1 | H H H H HlL ]| L ]H H

G"": o« : H = high level (steady state)

| | L = low level (steady state)

4 . . . e
b Numeer oF macro. X = don't care (any input including transitions)
DEFAULT VALUES CELLS USEDBY THE [~ = transition from low to high level
IF UNCONNECTED MACROFUNCTION

a,b,c,d = level of steady state input at inputs A,B,C,D

FIGURE 5. MACROFUNCTION SYMBOL

design libraries

Texas Instruments provides both primitive and macrofunction libraries within the EPLD Development System.
These libraries are used with the LogiCaps™ schematic capture design entry to specify the logic. Elements
from both libraries may be used in the same design, allowing full utilization of the EP1810 resources.

primitive library

The primitive library consists of 80 low-level logic gates, flip-flop, and I/O symbols. See section on primitive
library in the A+ PLUS™ reference guide. Basic gates provided are AND, OR, NAND, NOR, Exclusive OR and
NOR, and NOT functions. De-Morgan’s inversion (bubble input) of each gate is included. These logic gates
have a maximum of 12 inputs. Larger gates may be constructed by chaining primitives together. Flip-flops in
the form of D,T,JK and SR types are supplied. Each flip-flop has asynchronous clear capability. To connect
signals to external pins, input and 3-state /O buffers are available. For the designer's convenience,
compound primitives that combine register and I/O buffers, are also supplied.

macrofunction library

The development system macrofunction library encompasses over 100 high-level building blocks that can
greatly increase design productivity. See the ADLIB™ and TTL macrofunctions manual that comes with the
development system. The library contains the most commonly used TTL SSI and MSI functions. In addition, a
number of more specialized macrofunctions have been added. These blocks perform logic functions in an
optimum manner for EPLD implementation. They include counters implemented with toggle flip-flops, inhibit
gates, combinational shift-registers/counters and a variety of useful logic structures not found in standard TTL
devices.

LogiCaps is a trademark of ALTERA Corporation.
A+PLUS is a trademark of ALTERA Corporation.
ADLIB is a trademark of ALTERA Corporation.
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EP1810
HIGH-PERFORMANCE 48-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

starting a design

To get started on an EP1810 design the following sequence of preliminary steps is suggested. The equations
given will-help estimate how to build your system with EP1810s.

partitioning

Partition the complete system into functional blocks. Major functional blocks may be expressed in standard
MSI TTL form for integration within the EP1810. Should the design require a multiple EPLD solution, the /O
connections which interface between the EPLDs should be minimized. The complete schematic should be
structured as a set of subsystems such as counters, shift registers, comparators, etc., to allow easy design
entry.

timing specifications

Knowledge of the base-clock frequency and critical-timing paths are necessary to make the correct choice of
EPLDs. The EP1810 series can support circuits operating up to 33 MHz, Critical-timing paths are determined
based upon input buffer, logic array, and output buffer delays. See switching characteristics. Smaller EPLDs,
such as the EP910 or EP610, can be used for circuits that demand higher speed requirements on critical
paths.

estimating a fit

To estimate the amount of logic that will fit into an EP1810, the number of input and output pins and the
number of macrocells must be specified.

To estimate the number of macrocells, determine the number of buried flip-flops (flip-flops that do not drive
output pins) and the number of macrocells used by macrofunctions. Since basic gates are implemented
within the logic array, they usually do not require an entire macrocell. Therefore, they may be safely ignored in
the estimation.

Each member of the macrofunction library has a maximum number of macrocells used to build the function.
This number is shown in the lower right hand corner of the symbol. Refer to the ADLIB™ and TTL
macrofunction manual to determine how many macrocells each macrofunction requires. Note that some
macrofunctions have no macrocell specification. These functions use only a portion of the logic array, thus
other logic could be added before the entire macrocell is used.

estimation formula

The estimation formula is as follows:

1. Determine the number of output pins = OP

2. Determine the number of input pins = IP (if less than 16 enter zero)

3. Determine the number of macrocells = BFF + MR where: BFF = buried flip-flops and MR = macro-
function requirements.

IfOP + IP + BFF + MR < 48, the design will most likely fit into an EP1810. Complete the design using the Tl
EPLD Development System.
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EP1810
HIGH-PERFORMANCE 48-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

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

Supply voltage range, Vo (see Note 1) . .. .. ~03Vto7V
Instantaneous supply voltage range, VCC (t = 20nS) . ... . ... -2Vto7V
Programming supply voltage range, VPP . . . . . .o e -0.3Vto 135V
Instantaneous programming supply voltage range, Vpp (t = 20ns) ............... -2Vto 135V
Input voltage range, Vi . . . . o -03Vto7V
Instantaneous input voltage range, Vi (t < 20NnS) . ... ... . -2Vto7V
VeC or GND CUITENt . . o —400 mA to 400 mA
Power dissipation at 25°C free-air temperature (seeNote 2) .. ...... ... ... ... ........ 2000 mW
Operating free-air temperature, TA . ... ...t —-65°C to 135°C
Storage temperature range . . . . . .. -65°C to 150°C

NOTES: 1. All voltage values are with respect to GND terminal.
2.For operation above 25°C free-air temperature, derate to 240 mW at 135°C at the rate of 16 mW/°C.

recommended operating conditions

EP18101 EP1810C
PARAMETER N MAX VN MAX UNIT
Vce  Supply voltage 4.5 55 4.75 5.25 N
Vj Input voltage 0 \Yele} 0 Vee \
Vi  High-level input voltage 2 Vcg+03 2 Vgg+03 \
ViL  Low-level input voltage (see Note 3) -0.3 0.8 ~0.3 0.8 \
Vo  Output voltage 0 Vce 0 Vece \
Y Rise time CLK input 50 100 ns
Other inputs 50 100
. Fall time CLK input 50 100 ns
Other inputs 50 100
TA  Operating free-air temperature —-40 85 0 70 °C

NOTE 3: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels
and temperature only.

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

EP1810l EP1810C
PARAMETER TEST CONDITIONS Wi NPT WAX TN TPt MAX UNIT
Vou High-level TTL loH = —4 mA 2.4 24 v
output voltage  [CMOS IOH = —2 mA 3.84 3.84
VoL Low-level output voltage loL=4mA 0.45 0.45 \
] Input current V) = Vcg or GND +10 *10 MA
lpz Off-state output current Vo = Vgg or GND +10 +10 MA
Standby See Note 4 0.035 0.15 0.035 0.15
Icc  Supply current | Non-turbo x‘;o\;gc or GND, See Note 5 10 40 10 30 mA
Turbo See Note 5§ 100 240 100 180
Cj Input capacitance Vi =0, f=1MHz, Tp=25°C 20 20 pF
Co  Output capacitance Vo =0, f=1MHz, Tp=25C 20 20 pF
Celk  Clock capacitance Vi=0, f=1MHz, Tp=25C 25 25 pF

1 All typical values are at Vo = 5V, Ta = 25°C.
NOTES: 4.When in the non-turbo mode, the device automatically goes into the standby mode approximately 100 ns after the last transition.
5.These parameters are measured with device programmed as four 12-bit counters and f = 1 MHz.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

turbo-bit on

EP1810-35 EP1810-45

PARAMETER? TEST CONDITIONS UNIT
MIN MAX | MIN MAX

t Input i t I

pd1 (tot) nptlx to nonreg:ste'red output delay CL=35pF 35 45 ns
tpd2(tot)  !/O input to nonregistered output delay 40 50 ns
tin Input pad and buffer delay 7 7 ns
tio 1/0 input pad and buffer delay 5 5 ns
tiad Logic array delay 19 27 ns
t Output buffer and pad delay 9 11

od pu p; , y CL = 35 pF ns
tpzx Output buffer enable time 9 11 ns

) . CL = 5 pF,
1 t [ 9 1
PXZ Output buffer disable time See Note § 1 ns

turbo-bit off

EP1810-35 EP1810-45

PARAMETER? . TEST CONDITIONS UNIT
MIN  MAX | MIN MAX

todi(tot)  Input to nonregistered output delay oL = 35 pF 65 75 ns
pda(tot) /O input to nonregistered output delay 70 80 ns
tin Input pad and buffer delay 7 7 ns
tio 1/0 input pad and buffer delay 5 5 ns
tiad Logic array delay 49 57 ns
tod Output buffer and pad’ delay OL = 35 pF 9 11 ns
tpzx Output buffer enable time 9 1 ns

. . CL = 5pF,
t Output buffer disable ti 9 11 ns
PXZ utput buffer disable time See Note 6

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in
other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to
those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.

NOTE 6: This capacitance is for an output voltage change of 500 mV.
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synchronous/asynchronous clock mode, turbo-bit on

EP1810-35 EP1810-45
PARAMETERT TEST CONDITIONS UNIT
MIN  MAX | MIN MAX
fmax Maximum frequency See Note 7 40 33.3 MHz
tsy  Register set-up time 10 11 ns
th Register hold time 15 18 ns
tch  Clock high pulse duration 12 15 ns
tel Clock low pulse duration 12 15 ns
tic  Clock delay 19 27 ns
tics  System clock delay 4 8 ns
tq  Feedback delay 6 7 ns
tcir  Register clear time nonregistered output 24 32 ns
tent Min'imunj\ cIocB period (register output feedback to 35 45 ns
register input-internal data)
fent  Maximum frequency with feedback See Note 5 28.6 222 MHz
synchronous/asynchronous clock mode, turbo-bit off
EP1810-35 EP1810-45
PARAMETERT TEST CONDITIONS UNIT
MIN MAX | MIN MAX
fmax Maximum frequency See Note 7 40 33.3 MHz
tsy  Register set-up time 10 11 ns
th Register hold time 15 18 ns
tch  Clock high pulse duration 12 15 ns
tgy  Clock low pulse duration 12 15 ns
tic  Clock delay 49 57 ns
tics  System clock delay 4 8 ns
tfq  Feedback delay —24 -23 ns
teir  Register clear time nonregistered output 54 62 ns
tont Miqimum cIoc}( period (register output feedback to 35 45 ns
register input-internal data)
fent  Maximum frequency with feedback See Note 5 28.6 222 MHz

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in
other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to

those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.

NOTES: 5. fmax is measured with device programmed as four 12-bit counters.

7. The fmax values shown represent the highest frequency of operation without feedback.
8. The negative number shown for this specification is to compensate for the 30 ns that is being added to the tj3q parameter in the
turbo-bit off mode. In the non-turbo mode, ttg is not affected by the additional propagation delay because the logic array is already
taken out of the non-turbo mode by the first transition into the array. See section on EPLD delay elements.
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functional testing

The EP1810 is functionallly tested including complete testing of each programmable EPROM bit and all
internal logic elements thus ensuring 100% programming yield. As a result, traditional problems associated
with fuse-programmed circuits are eliminated. The erasable nature of the EP1810 allows test program
patterns to be used and then erased.

Figure 6 shows the dynamic test circuit and the conditions under which dynamic measurements are made.
Because power supply transients can affect dynamic measurements, simultaneous transitions of multiple
outputs should be avoided to ensure accurate measurement. The performance of threshold tests under
dynamic conditions should not be attempted. Large-amplitude fast-ground-current transients normally occur
as the device outputs discharge the load capacitances. These transients flowing through the parasitic
inductance between the device ground terminal and the test-system ground can create significant reductions
in observable input noise immunity.

Vee
3; 855 Q
DEVICE o TO
OUTPUT l TEST SYSTEM
$ 3400

t
b3 :]\CL

Tincludes jig capacitance

FIGURE 6. DYNAMIC TEST CIRCUIT

design security

The EP1810 contains a programmable design security feature that controls the access to the data
programmed into the device. If this programmable feature is used, a proprietary design implemented in the
device cannot be copied or retrieved. This enables a high level of design control to be obtained since
programmed data within the EPROM cells is invisible. The bit that controls this function, along with all other
program data, may be reset by erasing the device.

turbo bit

Some EPLDs contain a programmable option to control the automatic power-down feature that enables the
low-standby-power mode of the device. This option is controlled by a turbo bit that can be set using the Ti
EPLD Development System. When the turbo bit is on, the low-standby-power mode is disabled. This renders
the circuit less sensitive to VG noise transients created by the power-up/power-down cycle when operating
in the low-power mode. The typical I versus frequency data for both the turbo-bit-on mode and the turbo-
bit-off (low power) mode is shown in Figure 7. All dynamic parameters are tested with the turbo bit on.
Figure 8 shows the relationship between the output drive currents and the corresponding output voltages.

Figures 7 and 8 show the ICC vs fmax, and output current vs output voltage.
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I0 —Output Current—mA

(] 1 2 3 4 5
Vo — Output Voltage—V
FIGURE 8

If the design requires low-power operation, the turbo bit should be off (disabled). When operating in this
mode, some dynamic parameters are subject to increases.
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SYSTEM CLOCK DELAY
INPUTS - tics
— CLK
> CLOCK DELAY
— N REGISTER OUTPUT
INPUT ' DELAY DELAY
INPUTS € —p—— DELAY 4 tsu o> tod |[-e»10
tin > th txz
> LOGIC ARRAY DELAY _ o
| B Yiad i ths
— CLR
> REGISTER CLEAR DELAY
1' » teir

{

1
wr/:?n FEEDBACK
10— DELAY < DE‘L:Y
f

tio

NOTE: For combinatorial outputs, the delay between the logic array and the output buffer is zero. (i.e., tgy, = O ort, = 0)

FIGURE 9. EPLD MACROCELL DELAY PATHS MODEL
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INPUT MODE
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tpdi(tot) = tin + tiad + tod
tpd2(tot) = tio + tin + Yad + tod

FIGURE 10. SWITCHING WAVEFORMS
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understanding EPLD timing characteristics
introduction

One of the most important benefits of using an EPLD in any design is the integration of complex logic
functions into single chip solutions in most cases. However, when the functional compatibility of a design has
been determined, timing analysis should be completed to ensure AC parameter compatibility.

The purpose of this applications supplement is to discuss the timing delays which exist in the TI EPLDs. The
focus here is on the inherent delay paths that exist in every EPLD and their relation to the data sheet switching
specifications. This should aid designers in modelling and simulating their logic designs.

gate delays vs EPLD timing characteristics

biblyddbdaddbiidedd

Accurately modelling the timing characteristics requires an understanding of how a given application is
implemented within the EPLD. Most designs targeted for EPLDs contain basic gates, and TTL
macrofunctions, which are emulated by the EPLD general macrocell structure. The macrocell structure is an
array of logic in an AND/OR configuration with a programmable inversion followed by an optional flip-flop and
feedback, (See Figure 11):

When designing with EPLDs, the term "gate delay" is not a useful measure. Within the EPLD AND array are
product terms. A product term is simply an n-input AND gate where n is the number of connections.
Depending on the logic implemented, a single product term may represent one to several gate equivalents.
Therefore, gate delays do not necessarily provide EPLD timing characteristics.

DEDICATED FEEDBACK
INPUTS SIGNALS

OPTIONAL
INVERTER

FIXED

OPTIONAL
REGISTER '

INVERSION
CONTROL

FEEDBACK
MUX

BIT
FEEDBACK

TO OTHER
MACROCELLS

PROGRAMMABLE
AND GATES

FIGURE 11. EPLD MACROCELL

AND/OR/INV structure

The AND portion consists of a column of AND gates, each of which has a very large number of possible inputs
selected by EPROM bits. The EPROM bits serve as electrical switches. An erased bit passes the input into the
AND gate (switch on), while a programmed bit cuts it off (switch off). All bits are initially erased.
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The number of possible inputs to an AND gate varies from 40 (EP610) to 88 (EP1810). In the EP610 and
EP910 every dedicated input and its inversion and every macrocell feedback and its inversion are possible
inputs to the AND gate. In the EP1810 which has local and global bussing, not all of the macrocell feedback is
available at every AND gate. The reason larger devices such as the EP1810 do not have all feedbacks feeding
the AND gates is to preserve the speed characteristics of the device.

Following the AND gates is a fixed 8 input OR function. This structure is called a fixed OR because the AND
functions are hard wired into the OR gates, and cannot be redistributed if unused.

The OR gate feeds a programmable inverter (XOR). A dedicated EPROM bit either programs the inversion
function on or off.

EPLD delay elements

The simplest solution to the architectural requirements is to model time through the logic array as a constant.
This parameter is called tjad. The rest of the elements in the timing model are similar to those found in
conventional logic. There are input and output delay parameters (tin, tio, tod); register parameters (tsy, th, teir,
ths. tics, tic); and internal connection parameters (ttd). A detailed diagram of an EPLD Macrocell Delay Paths
Model is shown in Figure 9 with a description of the signals.

glossary — internal delay elements

telr - Asynchronous register clear time. This is the amount of time it takes for a low signal to appear at
the output of a register after the transition at the logic array, including the time required to go
through the logic array.

td - Feedback delay. In registered applications, this is the delay from the output of the register to the
input of the logic array. In combinational applications, it is the delay from the combinational
feedback to the input of the logic array.

th - Register hold time. This is the internal hold time of the register inside a macrocell: measured from
the register clock to the register data input.

ttag - Logic array delay. This parameter incorporates all delay from an input or feedback through the
AND/OR structure.

tic - Clock delay. This delay incorporates all the delay incurred between the output of an input pad or I/

O pad and the clock input of a register including the time required to go through the logic array.
This delay is differentiated from the system clock delay tics by the need to pass through a CLKB
primitive, which specifies individual register clocking.

tics - System clock delay. This delay incorporates all delays incurred between the output of the input
pad and the clock input of the registers for dedicated clock pins.

tin - Input pad and buffer delay which direct the true and complement data input signals into the AND
array.

tio - |/Oinput pad delay. This delay applies to I/O pins committed as inputs.

tod - Output buffer and pad delay. For registered applications, this incorporates the clock to output

delay of the flip flop. In combinational applications, it incorporates delay from the output of the
array to the output of the device.

tsu - Register setup time. This is the internal setup time of the register inside a macrocell - measured
from the register data input until the register clock.

txz - Time to 3-state output delay. This delay incorporates the time between a high-to-low transition on
the enable input of the 3-state buffer to assertion of a high impedance value at an output pin.

tzx - 3-state to active output delay. This delay incorporates the time between a low-to-high transition on

the enable input of the 3-state buffer to assertion of a high or low logic level at an output pin.
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explaining the EPLD data sheet specifications

The data sheet for each Tl EPLD references timing parameters which characterize the switching operating
specifications. These parameters are measured values, derived from extensive device characterization and
100% device testing. Among the switching characteristics are the following: taco1 (tot), tacnt(tot) tah(tot):
tasu(tot), tcot(tot), fcirtot), tentitot): th(tot), tpditot) tpd2(tot), PXZ(tot): tPZX(tot). tsu(tot). These
parameters, described below in detail, may be represented by the EPLD internal delay elements. (See

Figure 12)
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FIGURE 12. TI EPLD TIMING EQUATIONS
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glossary — external delay elements

tacot(toty - Defined as the asynchronous clock to output delay. It is the time required to obtain a valid
output after a clock is asserted on an input pin. This delay is the sum of the input delay (tin),
the clock delay (tjc), and the output delay (tog).

tacnt(toty - Defined as the asynchronous clocked counter period. Itis the minimum period a counter can
maintain when asynchronously clocked. This delay is the sum of the feedback delay (tfd)
and the logic array delay (tjag), and the register setup time (tsy).

tahitot) - Defined as the asynchronous hold time. It is the amount of time required for data to be
present after an asynchronous clock. This value is the difference between the sum of the
input delay (tin), the clock delay (tic), and the hold time (tn) and the sum of the input delay
(tin) and logic array delay (tjad)-

tasu(tot) - Defined as asynchronous setup time. It is the time required for data to be present at the input
to the register before an asynchronous clock. This value is the difference between the sum of
the input delay (tin), array delay (tjad) and the register setup time (tgy) and the sum of the
input delay (tin) and the clock delay (tic).

tco1(tot) - Defined as system clock to output delay. It is the time required to obtain a valid output after
the system clock is asserted on an input pin. This delay is the sum of the input delay (tin), the
system clock delay (tics), and the output delay (tod).

telr(tot) - Defined as delay required to clear register. It is the time required to change the output from
high to low through a register clear measured from an input transition. This delay is the sum
of input delay (tin), register clear delay (tcjy), and the output delay (tod).

tent(tot) - Defined as the system clock counter period. It is the minimum period a counter can maintain.
This delay is the sum of the feedback delay (tiq), the logic array delay (tjad), and the internal
register setup time (tsy)-

thtot) - Defined as hold time for the register. It is the amount of time the data must be valid after the
system clock. Itis the difference between the sum of the internal input delay (tin), the system
clock (tics), and the system-clock hold time (ths) and the sum of the input delay (tin) and
logic array delay (tjad).

tpd1 (tot) - Propagation Delay; Defined as the delay from a dedicated input to a non-registered output.
This is the time required for data to propagate through the logic array and appear at the
EPLD external output pin. This delay is the sum of input delay (tjn), array delay (tjag) and
output delay (toq).

tpd2(tot) - Propagation Delay; Defined as the delay from 1/O pin to a nonregistered output. This is the
time required for data from any external I/O input to propagate through any combinational
logic and appear at the external output pin of an EPLD. This delay is the sum of the 1/O delay
(tio), input delay (tin), array delay (tjiad), and the output delay (tod).

tPXZ(tot) - Defined as the time to enter into 3-state. It is the time required to change an external output
from a valid high or low logic level to 3-state from an input transition. This delay is the sum of
input delay (tin), array delay (tjad), and the time to activate the 3-state buffer (tyz).

tPZX(tot) - Defined as the delay from high impedance to active output. It is the time required to change
an external output from 3-state to a valid high or low logic level measured from an input
transition. This delay is the sum of input delay (tin), array delay (tjad), and the time to de-
activate the 3-state buffer (tzx).

tsu(tot) - Defined as set up time for the register. it is the time required for data to be present at the
register before the system clock. This value is the difference between the sum of input delay
(tin), array delay (tjad), and an internal register setup time (tsy) and the sum of the input
delay (tin) and the system clock delay (tics).
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conclusion

To understand timing relationships in the EP1810 and all EPLDs, it is very important to break up the internal
paths into meaningful microparameters that model portions of the EPLD architecture. Once internal paths are
decomposed, it is then possible to obtain accurate timing information by summing the appropriate
combinations of these microparameters. The EP1810 data sheet and relevant EPLD data sheets provide
architectural information on which the parameters apply and how the primitives are implemented.The TI EPLD
Development System provides minimized files that aid in the decomposition of designs. The combination of
these elements and the knowledge of the architecture of each device allow characterization of any timing path
within an EPLD.
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MECHANICAL DATA
68-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
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REF 23,62 10.930) 378 (6.:090)
25,27 10.995)
I 25,02 (0.985) d 1,14 (0.045)
0,81 (0.035)
0,25 (0.010) 5.08 (0.200)
3.9470.158)

0,89 (0.035) x 45°. 0.25 (0.010)
0.15 (0.006)
N

=%  os30021
0.43(0.017)
0,20 (0.008) A T Y
=7
0,81 (0.032)

DETAIL P 0.66 (0.026)
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PAL16L8AM, PAL16L8A-2M, PAL16R4AM, PAL16R4A-2M
PAL16R6AM, PAL16R6A-2M, PAL16RBAM, PAL16R8A-2M

STANDARD HIGH-SPEED PAL® CIRCUITS

D2705, FEBRUARY 1984 —REVISED AUGUST 1989

Choice of Operating Speeds
High Speed, A Devices . . . 25 MHz
Half Power, A-2 Devices . . . 16 MHz

Choice of Input/Output Configuration

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

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

description

These programmable array logic devices feature
high speed and a choice of either standard or
half-power devices. They combine Advanced
Low-Power Schottky T technology with proven
titanium-tungsten fuses. These devices will
provide reliable, high-performance substitutes
for conventional TTL logic. Their easy
programmability allow for quick design of
“‘custom’’ functions and typically result in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

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

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

T(ntegrated 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.

J OR W PACKAGE
(TOP VIEW)

(|
FEC R IS

[}
z
o _
Imim|
B

FK PACKAGE
(TOP VIEW)

Q
O
-—— ->0

12019

2
1/0
110
110
110
110

10 1112 13

-—o-oo

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments

warrantJ. Production p ing does not
necessarily include testing of all parameters.

Texas {'P
INSTRUMENTS
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Copyright © 1989, Texas Instruments Incorporated
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PAL16R4AM, PAL16R4A-2M, PAL16R6AM, PAL1GRGA-2M, PAL16R8AM, PAL16R8A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

PAL16R4’ PAL16R4’
J OR W PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW)
1
2
3
4 110
5 Q
6 Q
’ Q
8 Q
9
TEE
o
PAL16R6’ PAL16R6’
J OR W PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW)
cuk [ U2o] vee % 8o
102 9] vo =—=-0>=
10z 118]a 3 2 12019
1IJa 17Ja 1pa 18[]a
1Js  e[]Q 1 s 175 Q
1Js 1s]Q 1hs 6]a
17 1] Q 1p7 15[ a
1gs 13pJa K] 1ula
1fe 120 Vo 9 101112 13
GND (Jio 11[] OE “goo
o
PAL16RS’ PAL16RS"
J OR W PACKAGE ' FK PACKAGE
(TOP VIEW) (TOP VIEW)
CLK E‘I vee % 8
12 Q - =-—0>0
1gs Q 3 212019
1 [a Q | a
10s Q | Q
1e Q | a
17 Q i Q
1s Q ' Q
! Eg =3 9 101112 13
GND [Jho OE

EEEE

|
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PAL16L8AM, PAL16L8A-2M, PAL16R4AM, PAL16R4A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

functional block diagrams (positive logic)

PAL16L8AM
PAL16L8A-2M
& 21
7 EN v °
32X 64 |4 o
A po————o0
,
> 7 1/0
10 16
: # 1~ 7 | ¢»—1/0
A O
6 16 7 O—&—4»—1/0
Jo—+~ ’
7 7
7 49— 1/0
# >
7
] D—Q—d—b— 1/0
7, 1/0
J 0—*—4—’-—
6I @4
4 <+
PAL16R4AM
PAL16R4A-2M
OF OfEn2
CLK Dc1
m |
& 8 >1 l-oZV 0 a
32X 64 7 10 ___\
8
,1 oﬁ Q
8 o— Q
16x D 7
8 16 — N\
i £ yi 8
7 77—\ £ D— Q
pd —\
7 >1
4 16 7 EN
* o——~ 4 VP> 1o
7 14> 110
4
ol -
> &x -4 /o
"7 o ‘\ <> 110
4
A b
7 -
4 abk
77—

o denotes fused inputs

Texas {'f 289
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PAL16R6AM, PAL16R6A-2M, PAL16R8AM, PAL16R8A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

functional block diagrams (positive logic)

PAL16R6AM
PAL16R6A-2M

OE —OfEN2
CLK : b c1
- C
& 8, >1 1=0 2VjO——— Q
32x64 | 7 1D —
8, O—4+—Q
r
N
g‘ p——.——- Q
8 16 id
| > 16> ‘e (O] [
8, O—+— 0
GJ
7 8 — Q
8, o
2 16 N
~y 8 o—4+— 0
7
>
en
. Vo-e«—eb—1— 10
7, O-—o—4> 10
s
e
6, <o
7 -
PAL16R8AM
PAL16R8A-2M
OE OfEN2
CLK c1
& 8, >1 =0 ,glo—— a
32X 64 [ 1 —
8 o—}—a
N
8, O—+— @
8 16 N
3 AL L g HLLE PN 8, o—— @
8 o.—-—-
8 16 o e
~ N
8 D—+— Q
—\
8 D—+— @
—
3‘ D—+— Q
N
2 .
+ —&

~ denotes fused inputs
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PAL16L8BAM, PAL16L8A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

FIRST ‘ INCREMENT
NUMBERS O a 8 12 16 20 24 28 31

96 (19) )

(18)

——— 1/0

L

7
ooe 70

(4)

~
@
L3

864 (16) /0

4.?
T

1120 as) 170

%
T

1376 -——(M) 170

13,0

g8
| T

) (G)Dr

1888 (12) o

201& (11)
|

Fuse number = First Fuse number + Increment
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PAL16R4AM, PAL16R4A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

L N—

FIRST

INCREMENT

FUSE
NUMBERS 0

8 12 16 20 24

28

31

32

64

128.

160.

192

v

' (3)

o

608

928

(5)
__.D(

1024

1120

1152

1=0

-+

C1

19

170

8 o

LIF

B (16l°

r—-:%;i>il§) Q

—wao—“‘)(l

13,0

1984

2016

\ (S)D‘[

Fuse number = First Fuse number + Increment

02),0

q(”lﬁ
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PAL16R6AM, PAL16R6A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

cie
FIRST INCREMENT
FUSE
NUMBERS © a 8 12 16 20 24 28 31
0 )
32
1:: (19) V0
192
224
(2)
[ELL) - K
256
288 —_—
320
1=0
i [ E R
416
(350 M C1 j
V=D KH
512
544 prm—
576 1=0
608 U1p _M)Q
672
704
> C1
@ 736 _fl
—D H
800
832 1=0
1
o ) RS
928
960

5y %2 1 I
4 )[:[

1024

1=0 i
] E 18 4 ;

1088

1120
1152
1184
1216

1248

6
'( )DI
1280
1312
1344

1376
1408

-
o

ey
=0
H1p ——@o—‘”’o

1440.

1472

1504

) (7)D I

15

1568

1=0
1632 1 _Eo__“:“
1664 D Q
1696
17

\ (a)‘D“v[

1792
1824
1856
1888 12 170
1920
1952
1984-

2016

L I,

I(9)

T

—<P—‘H)OE

Fuse number = First Fuse number + Increment

X
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PAL16R8AM, PAL16R8A-2M

STANDARD HIGH-SPEED PAL® CIRCUITS

cucipy

FIRST

INCREMENT

FUSE
NUMBERS
o

12 16 20 24 28 31

7

(5)

' feeth

T
| E

Fuse number = First Fuse number + Increment

S
\Jl[d
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PAL16L8AM, PAL16L8A-2M, PAL16R4AM, PAL16R4A-2M
PAL16R6AM, PAL16R6A-2M, PAL16RBAM, PAL16R8A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VCC (s€e NOte 1) . . .ot e e e 7V
Input voltage (see NOte 1) . ... ... ... e 5.5V
Voltage applied to a disabled output (see Note 1) .. ... ... . ... .. .. .. 5.5V
Operating free-air temperature range . ............... ..., -55°C to 125°C
Storage temperature range . . . ... ... ..ot e e —-65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.
recommended operating conditions
PARAMETER MIN NOM MAX | UNIT
Vce  Supply voltage 4.5 5 5.5 \2
X . OE input 2 5.5
- v
V4 High-level input voltage ATl others 3 55
ViL Low-level input voltage 0.8 \
loH High-level output current -2 mA
loL Low-level output current 12 mA
TA Operating free-air temperature -55 125 °C

Exas
INSTRUMENTS
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PAL16L8AM, PAL16R4AM, PAL16R6AM, PAL16RBAM
STANDARD HIGH-SPEED PAL® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYP! MAX | uNIT
ViK Vecc =45V, = -18mA -1.5 \
VoH Vcc =45V, lgh=-2mA 2.4 3.2 \
VoL Ve =45V, gL = -12mA 0.25 0.4 \
Outputs . 20
! Veec =65V, Vg =27V
OZH 170 ports | € ° 0] M
Qutputs -20
I =55V, Vg=04V
ozL 1/O ports Vee = 8.5 0=0 -100 #A
] Vee =55V, V=55V 0.2 mA
1/0 ports 100
| Vee =65V, V=27V A
H All others| ' CC ! 25| *
OE input -0.2
liL Vcc =565V, V=04V Al others o1 mA
lost Vec =55V, Vg =05V -30 -250 [ mA
Icc Vcc =55V, V=0V, Outputs open 75 180 mA
timing requirements
MIN MAX | UNIT
fclock Clock frequency 0 25 MHz
Clock high 15
t Pulse durati Note 2
W ulse duration (see Note 2) Clock low 20 ns
tsu Setup time, input or feedback before CLK? 25 ns
th Hold time, input or feedback after CLK? (o] 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.

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

PARAMETER FROM TO TEST CONDITIONS MIN TYP' MAX | UNIT
fmax 25 45 MHz
tpd 1, 1O, 0, 1/0 15 30 ns
tod CLK? Q R1 = 390 @, 10 20 ns
ten OE! Q R2 = 750 Q, 15 25 ns
tdis OE! Q See Figure 1 10 25 ns
tan 1, 1/0 0, /0 14 30 ns
tdis 1, 1/0 0, I/0 13 30 ns

TAll typical values are at Vog = 5V, Ta = 25°C.
¥Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. Set Vg at 0.5 V
to avoid test equipment degradation.

2-96
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PAL16L8A-2M, PAL16R4A-2M, PAL16R6A-2M, PAL16R8A-2M
STANDARD HIGH-SPEED PAL ® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  TYPt  MAX | uNIT
ViK Ve =45V, || = -18mA -1.5 \
VOH Vcc =45V, g4 = -2mA 2.4 3.2 \
VoL Ve =45V, oL =12mA 0.25 0.4 \
! Outputs 'y — 55V, Vo =27V 201 A
OZH 1/0 ports cc - 0= 100 k
Outputs -20
! \ 55V, Vo =04V A
ozZL 1/0 ports cc o -100 K
] Ve =55V, V=55V 0.2 mA
1/0 ports 100
! \ 55V, V=27V A
H All others| CC = °° ! 25 | "
OE input -0.2
| Vi =55V, V=04V A
L cc ! All others -0.1 m
los? Vcc =55V, Vo =05V -30 - 250 mA
Icc Vecc =556V, V=0V, Outputs open 75 90 mA
timing requirements
MIN MAX UNIT
fclock Clock frequency (0] 16 MHz
Clock high 25
t, Pulse duration, (see Note 2
W ulse duration, (see Note 2) Clock Tow 75 ns
tsy Setup time, input or feedback before CLK*® 35 ns
th Hold time, input or feedback after CLK? [0} ns

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fejock. The minimum pulse durations specified

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

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

(unless otherwise noted)

PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX | UNIT
fmax 16 25 MHz
tpd 1, 1/0, 0, 110 25 40 ns
tod CLK?t Q R1 = 390 Q, 1 35 ns
ten OF! Q R2 = 750 Q, 20 35 ns
tdis OFEt Q See Figure 1 1" 30 ns
ten 1, 110 0, 1/0 25 40 ns
tdis 1, 110 0, /0 25 35 ns

TAIl typical values are at Vg = 5V, Ta = 25°C.
*¥Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. Set Vq at 0.5 V

to avoid test equipment degradation.

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) 997-5666.

TeExAs {'f
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PAL16LBAM, PAL16LBA-2M, PAL16R4AM, PAL16R4A-2M
PAL16R6AM, PAL16R6A-2M, PAL16R8AM, PAL16R8A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

5V
S1
R1
FROM OUTPUT TEST
UNDER TEST POINT
c R2
(See Note A)

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

TIMING 3v HIGH-LEVEL c---—3V
INPUT 1.5V PULSE ! 1.5V : 0
I Y — tyy —Bi
:Q-lsu-".‘ th-& , | .

- _ )
DATA , ! 3v LOW-LEVEL i 15y |
15V 1.5V PULSE :
INPUT 0 L ___ o

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

INPUT 15V 15V
! | 0

|
t [ tpd
pd

VOLTAGE WAVEFORMS
PULSE DURATIONS

OUTPUT
CONTROL
(low-level

K .
|
__ bling) |
IN-PHASE \i VoH ena —»l [
I
OUTPUT X 1.5v: 1.5V | I ...l -
| Vou [ i :
1
I '
' 1

I
tpd —1¢—¥ }——b+tpd WAVEFORM 1 \73.3 \(/) .
| oL+0.
OUT-OF PHASE I/ Von $1 CLOSED 15V R 3
15V 15V (See Note B) — —x — VoL
ouTPuT v ton—bl M ¥
(See Note D) oL | s
WAVEFORM 2 | | 4

VOLTAGE WAVEFORMS S1 OPEN —=¥—von
PROPAGATION DELAY TIMES (See Note B) 1.5V V%HV—- 05V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

NOTES: A. Ci includes probe and jig capacitance and is 50 pF for tpg and ten 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.
. All input pulses have the following characteristics: PRR < 10 MHz, t, and t; < 2 ns, duty cycle = 50%.
. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
Equivalent loads may be used for testing.

moo

FIGURE 1
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

D3085, JANUARY 1988 —REVISED AUGUST 1989

@ Very-High-Speed Address Decoder (ldeal for J OR N PACKAGE
Use with High Speed Processors) (TOP VIEW)

1/0 Propagation Delay: 7 ns Max

® Field Programmable on Standard PLD
Programmers

® Fully TTL Compatible

Security Fuse Prevents Unauthorized
Duplication

® Dependable Texas Instruments Quality and
Reliability

® Potential Applications

Address Decoders FN PACKAGE
Code Detectors (TOP VIEW]
Peripheral Selectors 8
Fault Monitors — ——->0

Machine State Decoders 2 12019

i s | 1/0
description | 10
The TIBPAD16N8 is a very-high-speed | e]
Programmable Address Decoder featuring 7 ns ! 1/0
maximum propagation delay, the highest speed [ 110

in the TTL programmable logic family. The 10 1112 13
TIBPAD16N8 utilizes the IMPACT-X™ process =
and proven titanium-tungsten fuse technology
to provide reliable, high performance substitutes

for conventional TTL logic.

[a e Ne]
Z =
U]

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 /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 2 outputs or 10 inputs and 8 outputs.

The TIBPAD16N8 is supplied with all six I/O 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.

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

necessarily include testing of all parameters. INST RUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

PRODUCTION DATA documents contain information ". Copyright © 1989, Texas Instruments Incorporated
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

functional block diagram (positive logic)

& EN =1
32x16 vp———-0
b—— o
O-a—<->— 10
10 > 16
1 A #—{~v
O-&f-4-»—10
6 16 —e—1/0
a o——~u P—Q
O-&—4->—10
O-at—4-p— 10
O-af—4-p—10
6
e
Texas bi
2-100
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

logic diagram (positive logic)

i INCREMENT
FIRST / A \
FUSE 0 a 8 12 16 20 24 28 3
NUMBERS
0
- % 19 o
64
ot 08 o
h B
NE)
128 (17)
160 o
V@ N -
192 (16)
224 o
N
151
256
288 18 1o
+ 4
(8 D[
320
4
352 o
- .
N DI
384
po GEI
V18 } i
:z "2
L8 N | :] an
b-

Fuse number = First Fuse number + Increment
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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) . ... . .
Input voltage (see NOte 1) . . .. ... e

Voltage applied to a disabled output (see Note 1)
Operating free-air temperature range . . . . ... ..ottt 0°C to 756°C
Storage temperature range . . ... ... .v v e et e e —-65°C to 150°C

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

recommended operating conditions

MIN NOM MAX | UNIT
Vce Supply voltage 4.75 5 5.25 \
ViH High-level input voltage 2 \
VL Low-level input voltage 0.8 \"
IoH High-level output current -3.2 mA
loL Low-level output current 24 mA
TA Operating free-air temperature [¢] 75 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise
noted) ~
PARAMETER TEST CONDITIONS MIN TYP! MAX | uNIT
VIK Vcc =475V, || = -18 mA -1.5 \
VoH Vce =475V, gy = —-3.2mA 2.4 3 \
VoL Vce = 475V, lgL = 24 mA 03 05| V
Iy Ve =625V, V=55V 0.2 mA
lozut Vee = 525V, Vg =27V 0.1 | mA
lozL* Vee = 5.25V, Vg =04V -0.1 [ mA
[T Ve =525V, V| =27V 25 | A
n# Vee =525V, V| =04V -0.25 | mA
108 Vee = 5V, Vo = 0.5V -30 -70 -130 | mA
Icc Vee = 6.25V, V) =0, Outputs open 120 180 mA
C V=2V 5 pF
Co Vg =2V 6 pF

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

$1/0 leakage is the worst case of Igz| and I or IgzH and Iiy.

8 This parameter approximates I0g. 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
0,1
tpd 1, 1/0 /O- . R1 = 200 Q, 2 5 7 ns
2 outputs switching R2 = 390 0
t 1, 1/0 0, I/0 . 3 8 10 ns
en See Figure 1
tdis 1, 1O 0, II0 3 8 10 ns
TAIl typical values are at Voc = 5 V, Ta = 26°C
i
2102 I EXAS
NSTRUMENTS
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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 Tl distributor, or by calling Texas Instruments at (214) 997-5666.

PARAMETER MEASUREMENT INFORMATION

FROM OUTPUT TEST
UNDER TEST POINT
CL R2
(See Note A)

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

————— 35V OUTPUT
INPUT 15V 15V CONTROL
| | 03V (low-level
tpd _:‘_.1 H_ tpd enabling)
IN-PHASE | ! o v N T;/VOH
OUTPUT | : | : WAVEFORM 1
| | VoL S1 CLOSED
tod —¢——»| [¢&—»—tpd (See Note B)
| | VOoH !
OUT-OF-PHASE 1.5V 15V WAVEFORM 2 3
ouTPUT - —— VoL 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. Ci 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 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, = tf = 2 ns, duty cycle = 50%
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.

FIGURE 1

Texas {'P 2-103
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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 T
vVee = 475V, 9
7.9 —R1 = 200 @,
R2 = 390 ©,
7.8 —CL = 50 pF,
] Ta = 75°C
| 7.7
E t
=
- 7.6
8
8 75
c
2
® 74
g
a
§ 7.3 hd
a
7.2
[ ]
71
7.0
2 4 6 8
Number of Outputs Switching
FIGURE 2
Texas WP
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

TYPICAL CHARACTERISTICS

SUPPLY CURRENT PROPAGATION DELAY TIME
vSs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
150 \ y—— . — . —
UNPROGRAMMED DEVICE 6.5 Vcc =5V,
\ R1 = 200 Q
140—3 \ R2 = 390 0
< 2 \'P”L CL = 50 pF,
£ ~ | 6.0
1 130 \\\ : \ 1 OUTPUT swncumﬁ L~
e -
1 - =
: 1 N . \ / 7
a3 =
120 255
3 ~ g NC T/
5 i N - £ v N_| /]
{110 - g | L~
Q T~ 3
© S 5.0
-8
100 —
T~
90 45
~75 -50 -25 0 25 50 75 100 125 -75 -50 =26 0 25 50 75 100 125
TA—Free-Air Temperature— °C Ta—Free-Air Temperature— °C
FIGURE 3 FIGURE 4
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
Vs VS
SUPPLY VOLTAGE LOAD CAPACITANCE
T T 24 T T T T
7.0 —R1 = 200 Q, Vee =5V,
6.8 -R2 = 39d 0, 22R1 = 200 0,
w 6.6 —CL = 50 pF, w 20| B2 = 3900, P
£ 6.4/-Ta = 25°C h Ta = 25°C, tPHL
g 6.2 2 181 OUTPUT SWITCHING
£ 6.0 F 16
> 5.8 3 /( |~
K] N T 44 -
o 56 o /=T e
c 5.4 5 /]
E<] \\ . 2 12 A
% 5.2 B S tPHL ] F /
?u’ 5.0 P e g’ 10 /
a | a 7
S 48 ] 13 &
< 46 tPLH__ o g v
4.4 6 /
o
4.2
4.0
45 4.75 5.25 5.5 0 200 400 600 800
Vcc—Supply Voltage—V Cp—Load Capacitance —pF
FIGURE § FIGURE 6
i
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

D3086, DECEMBER 1987 —REVISED AUGUST 1988

® 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 ! 0 ! Uzo] vVce
(]2 19 j1/O
® Suitable for !-ligh Speed NAND-NAND Logic 1ds 18[] 170
Implementation s 170wo
® Field Programmable on Standard PLD s e[Jwo
Programmers 1{e 5[] 1/0
. g7 Qo
® Fully TTL Compatible 10e  1Juo
Security Fuse Prevents Unauthorized 1o 12[]1/0
Duplication GND [Jio 1[]1
® Dependable Texas Instruments Quality and
Reliability FN PACKAGE
(TOP VIEW)
® Potential Applications ) %)
Address Decoders ___9%9°

Random Logic (NAND-NAND)

Code Detectors 12019
Peripheral Selectors 1pa 18{ 170
Fault Monitors 1Ds o
Machine State Decoders Ije 16(] 110
17 15[ 170
P8 1} 1o

101112 13

2729

o

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 TIBPAD18N8 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. Each of the eight buffers can be individually programmed so that the corresponding pin can function
either as an input or 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 requiring up to 17 inputs and a single output
or down 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 internal
multiplexer is used for the selection of this path (see Table 2). This makes the TIBPAD18N8-6C ideal for
the implementation of a very fast NAND-NAND logic. The TIBPAD18N8 is supplied with all eight output
buffers disabled thus establishing all programmable input/output lines as inputs. If an I/O line is selected
to be an output it must be programmed accordingly.

The TIBPAD18N8-6C is characterized for operation from 0°C to 75°C.

IMPACT-X is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information . Copyright © 1987, Texas Instruments Incorporated

current as of publication date. Products conform to v}

S e e, e TExas 2107
landard warranty. luction ing does n -

necessarily include testing of all paum’tm. INST RUMENTS
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

functional block diagram (positive logic)

8x
& 81 D 8
10 18D | 4 36x8 ? 4 v "
| 4~ EN
8 4
18 -
Se p—<— 5 <
‘ _ 8xMUX
s 1
# 1
g G1
< =
Table 1. Output Buffer Programming Table 2. 1/O Multiplexer Programming
ARCHITECTURAL ARCHITECTURAL
OPERATION OPERATION
FUSE o FUSE
Input Intact Output Buffer Feedback
Intact {Output Buffer Fast Feedback
Blown
in 3-State) (pre-output buffer)

Blown Output

2-108 Texas *i’
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

logic diagram (positive logic)

INCREMENT

o 4 8 12 16 20 24 28 32 35

|(2) { (1 \
- 296

0 =(19) 10

\ (3)
36

'(4) D [—

T

(5)

108 {)__Iﬁ’__“s’ Vo
MUX‘|

3—1/0

:

[

(9

252 ALLY

HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/AND ARRAY 295

Fuse number = First Fuse number + Increment

|
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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 (see NOte 1) . . .ot e 7V
Input voltage (see NOte 1) . . ... .. .. e 55V
Voltage applied to a disabled output (see Note 1) .. ... ... ... ... ... ... . ... 5.5V
Operating free-air temperature range . . . . ... ... it ittt 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 5 5.25 \
ViH High-level input voltage (see Note 2) 2 \
ViL Low-level input voltage (see Note 2) 0.8 \
loH High-level output current -3.2 mA
loL 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.

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

noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
VK Vcc =475V, || = -18 mA -1.2 \
VOoH Vece =475V, IgpH = —3.2mA 2.4 3 \
VoL Vee = 475V, gL = 24 mA 0.37 05 v
lozn* Vge =525V, Vg =27V 20 | pA
lozL ¥ Vee =525V, Vo =04V -20 | uA
I Vece =526V, V=55V 20 | uA
IIH Vee = 5.25V, V=27V 20 A
W Veg =526V, V| =04V -0.25 [ maA
108 Vee =525V, Vg =05V -30 -75 -130 | mA
Icc Vee =525V, Vi=45V 145 180 | mA
[ V=2V 5 pF
Co Vo =2V 6 oF

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

TEST
PARAMETER FROM T MmN TYPt AX unNIiT

o 0 CONDITIONS ™
. O (no feedback) R1 = 200 @, 2 4.5 6 ns
O (with 1 fast feedback path) R2 = 390 Q, 3.5 7 10 ns

tpd (2 outputs -
witching) O (with 2 fast feedback paths) Cy = 50 pF, 5 9.5 14 ns
T 1l

s 9 O (with 3 fast feedback paths) See Figure 1 6.5 12 18 ns

T Al typical values are at Voc = 5V, Ta = 25°C. .
1/0 leakage is the worse case of lgz| and lj_ or IozH and liy.
8 This parameter approximates lps. 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.

2-110
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

PARAMETER MEASUREMENT INFORMATION

5V

FROM OUTPUT TEST

UNDER TEST POINT
CL = 50 pF 3R2
(see Note A) 1

[———4h

<

LOAD CIRCUIT
INPUT @ W /T  — — - 35V
(see Note B) 1.5V 1.5V
| | 0.3V

| -
IN-PHASE | ! oy | M e VVOH
OUTPUT | : | :
Vor
| | v
OUT-OF-PHASE 15V sy "
OUTPUT

——=VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. C includes probe and jig capacitance.
B. All input pulses have the following characteristics: PRR < 1 MHz, t, = tf = 2 ns, duty cycle = 50%.

FIGURE 1
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TIBPAD18N8-6C ;
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

TYPICAL CHARACTERISTICS

SUPPLY CURRENT

Vs

FREE-AIR TEMPERATURE

200
175Vec = 5.5V
‘_\
< \\\
£ 150 S ———
| E—— ]
g 125
2 Vec = 45V \
3 Vge = 5.25 V
> 100 ~—=Vec =5V ]
o \
a Vee = 475V
a 75
|
8 so
25
0
0 25 50 75
Ta—Free-Air Temperature— °C
FIGURE 2
PROPAGATION DELAY TIME
vs
FREE-AIR TEMPERATURE
6
5 tPLH
@ R
2 I
1‘) tPHL
E 4
-
>
K
A 3
c
2
B Vce =5V
2 2R1=2000
g R2 = 390 @
o CL = 50 pF
11~ 2 OUTPUTS SWITCHING
NO FEEDBACK
0

(] 25 50 75
Ta—Free-Air Temperature— °C

FIGURE 4

Propagation Delay Time—ns

Propagation Delay Time—ns

PROPAGATION DELAY TIME

Vs

SUPPLY VOLTAGE

I
tPLH
5
\-l\ [
tPHL S
R1 = 200 ©
R2 = 390 Q
CL = 50 pF
Ta = 256°C
2 OUTPUTS SWITCHING
NO FEEDBACK I l
1 1 1
4.5 5 5.5
Vcc—Supply Voltage—V
FIGURE 3
PROPAGATION DELAY TIME
Vs
LOAD CAPACITANCE
6 |
5 tPLH
_———_——'—'—"
tPHL
a4
3
2 Vcc =5V
R1 = 200 @
R2 = 390 Q
1 Ta = 256°C
NO FEEDBACK
2 OUTPUTS SWITCHING
0 [ R NN W1
(V] 50 100 150 200 250

CL—Load Capacitance —pF
FIGURE 5
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TIBPAD18N8-6C

HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

Propagation Delay Time—ns

Propagation Delay Time—ns

TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME

Vs

NUMBER OF FAST FEEDBACK PATHS

25

20

15

10

Vee =5V
R1 = 200 @
R2 = 390 @

Cp = 50 pF

Ta = 25°C

2 OUTPUTS SWITCHING
|

0 1 2 3

WORST-CASE PROPAGATION DELAY TIME

4 5 6 7

Number of Fast Feedback Paths

FIGURE 6

Vs

NUMBER OF OUTPUTS SWITCHING

8
7
[
e ¢ ¢
6
5
a4
3
Vee = 475V
ol R1=2000
R2 = 390 @
CL = 50 pF
1 15 = 75°C
NO FEEDBACK
o — 1 1
(0] 1 2 3 4 5 6 7 8

Number of Outputs Switching
FIGURE 7
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TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
HIGH-PERFORMANCE /MPACT-X ™PAL® CIRCUITS

D3359, OCTOBER 1989

® High-Performance Operation:

fmax (no feedback)

TIBPAL16R’-7M Series . . .
TIBPAL16R’-5C Series . . .

fmax (internal feedback)

TIBPAL16R’-7M Series . .

TIBPAL16R’-5C Series . . .
fmax (external feedback)

TIBPAL16R’-7M Series . . .

C SUFFIX . . . J OR N PACKAGE

100 MHz
125 MHz

. 100 MHz
125 MHz

74 MHz

TIBPAL16R’-5C Series . . . 115 MHz
Propagation Delay
TIBPAL16L’-7M . . . 7 ns Max
TIBPAL16L’-5C . . . 5 ns Max

® Functionally Equivalent, but Faster than
Existing 20-Pin PALs

® Preload Capability on Output Registers
Simplifies Testing

® Power-Up Clear on Registered Devices (All
Register OQutputs are Set Low, but Voltage
Levels at the Output Pins Go High)

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

® Security Fuse Prevents Duplication
® Dependable Texas Instruments Quality and
Reliability
3-STATE | REGISTERED 10
DEVICE | INPUTS
0 OUTPUTS | Q OUTPUTS | PORTS
PAL16L8 10 2 0 6
PAL16R4 8 0 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2
PAL16R8 8 0 8 (3-state) 0
description

TIBPAL16L8’
M SUFFIX . . . J PACKAGE

(TOP VIEW)
1 Uz20]vee
102 19170
s 18Jwo
1{a 17710
s 1e[J10
e 15[ ] 170
- 1a[]1/0
s 13gwo
1ge 12%0
GND [Jio 111
TIBPAL16LS"

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

(TOP VIEW)
(&}
@]

- - ->0

10111213

Pin assignments in operating mode

PRODUCT PREVIEW

These Programmable Array Logic devices feature the highest speed yet achieved in a bipolar PAL circuit.
This family of PALs is 100% functionally and pin-for-pin compatible with the industry standard "PAL16L38,
'PAL16R4, 'PAL16R6, and 'PAL16R8. The Texas Instruments IMPACT-X™ (Enhanced Implanted Advanced
Composed Technology) fabrication process has been employed to ensure this ultra-high-performance
operation. This process combines 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 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 testing because
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-X™ 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.

PRODUCT PREVIEW information concerns r

in the formative or design phase of development.
Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change

or discontinue these products without notice.

roducts

Texas "v'f
INSTRUMENTS
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TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
TIBPAL16R4-56C, TIBPAL16R6-5C, TIBPAL16R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

TIBPAL16R4’
M SUFFIX . . . J PACKAGE

C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)

© W0 N E WA -

10

TIBPAL16R6’
M SUFFIX . . . J PACKAGE

C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)
cek [ Uoao[J vee
12 9o
ids 8o
s 170a
1s 16[]a
e 1s[Ja
ny 14[Ja
1ds 130a
e 12[J 1o
GND[Jio  11[]OE
TIBPAL16RS’

M SUFFIX . . . J PACKAGE

C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)

vece

D N O O

WS

(@]
e ___%
AONOOmnor]
Q
(=]

[N

W 0w N O Dd WwN
o
L S | S | S O

2'00000000

o

GND

Pin assignments in operating mode

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

(TOP VIEW)

v O
4 OO0
O > =

1/0
Q
Q
Q
Q
E——
ZI0 g g
Q
TIBPAL16R6’

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

(TOP VIEW)

3 2 1 2019
18(]
17
16(]
15(]

f

® N o o
[eleNoNeNe]

9 10111213

- uJ
o152 9

TIBPAL16R8"
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

Oa

S
NE |
-~ ck
30 vee

18(]
17
16(]
15(]
14(]

® N D
[eleNoNeNe]

9 101112 13

- olw
ZOOO
o
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TIBPAL16L8-7M, TIBPAL16L8-5C, TIBPAL16R4-7M, TIBPAL16R4-5C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& en =1
7 o———«— 0
32X 64 v
2 O——0
7
16x D> 7 1/0
10 16 4
) £ V2 N .
A O-& 14— 1/0
7 1/0
? 16 A O—Q“’V—‘
va o—— "~
7 o—t—q—>— 1/0
7 1/0
7 H+
7, 1/0
U] D—Q—Q—f—
6
ya &
4 <
‘PAL16R4
OE —q EN2
CLK > c1
1
> =
& 9 1 | OZV O a
32X 64 7 1D ——
b O— Q
8 o—
Q
16x D> 7~
8 16 —\
! va F—~ ,f 0— Q
2 \
L4 21
4 16 7 EN
* Po—F—~u Vo—a—4>— 110
& -
,l cﬁ\ <> 1/0
7 & 4-B
va O- AN A 1/0
7 L <> 1/0
T‘ N \ -
4
Vi &
7 -
t e
, -
N denotes fused inputs
i
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TIBPAL16R6-7M, TIBPAL16R6-5C, TIBPAL16R8-7M, TIBPAL16R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
3 -OfEN2
CLK c1
m | -
& 8, >1 =0 2VjO———— Q
32x64 [ D —\
8 O—+—a
,
N
8 D—+— @
8 16 7
16xD> Y\
. P
—— >~ 5 o
6 —
i 8, O—1— @
o~
2 16 N
o——~u 8 O—1+— @
—
>
en >
7
> YV oa—4p—1— /0
7, o <4+ 110
,
L -
D
- 4
‘PAL16R8
OE O EN2
CLK c
& 8 21 =0 ,gpo—— 0
32x 64 [7F 1
8 D—— a
8, D—+— a
8 16 N
S R g . Py 8 o—— a
7
: N
8 16 ~ >+
8, h—— o
8, o—+— @
8 D——— Q
2 a-
A -

~udenotes fused inputs
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TIBPAL16L8-7M, TIBPAL16L8-5C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

(1
!
FIRST INCREMENT
FUSE
ReE ERS O 4 8 12 16 20 24
0

L L

(9

o

(18)

179

R L) RPN

- K-

864 — (16) o

1088
(15)

V70

1344
R L)

(o]

1856
12)
(o

2016 (11)
|

Fuse number = First Fuse number + Increment

%
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TIBPAL16R4-7M, TIBPAL16R4-5C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

cuk A

FIRST

INCREMENT

FUSE
NUMBERS ©
0

12 16 20 24 28 31

32

64

6

128

-

160

192

224

R —

256.

288

320

352

L

416

a48

\ (3)[:#[

512

544

576

640

672

P~ C1

i1=0

il

T

19) 0

— 18, o

E (‘|7)0

E (16)0

I=0
o e o

Hu
| [0,

(13) Y

12) 0

o, 2016

) t9)[:L

Fuse number = First Fuse number — Increment

:](”)(—)?

2-120

Exas W
INSTRUMENTS

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265



TIBPAL16R6-7M, TIBPAL16R6-5C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

cik s

FIRST

INCREMENT

FUSE
NUMBERS ©
4]

12 16 20 24 28

31

32

64.

96

128

160

192

R —

256

288

320.

352

384

416

448

480

1 &Dl

512

544

576

608

640
672

704

7
) 14)[:

768

800
832

864

896

I
-

928

960

992

'(5)[[

1024

1056

1088

1120

1152

1184

1216

1248

>

\ lG)[:

1280

1312
1344

1376

1408

1440

1472

1504

R a

.

1536

1568

160

1632

H1D

1664

1696
1728

17

| KG)D[

1792

1824

1

1888

. 19 0

D -——:‘ L"——“G)O

=0
H1o —ﬁ:zloili’o

14
L [Lasg

SR WAEI

1920

1952

1984

2016

f (S)Ds—

Fuse number = First Fuse number + Increment

92,0

(AR

OE
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TIBPAL16R8-7M, TIBPAL16R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

cie U

FIRST INCREMENT

FUSE

NUMBERs  © 4 8 12 16 20 24 28 31
o

h 4

o

_,_
ol

4

v
(1]
pi

o

736

V -
(9] o
-

832

V

(2]

-
T

n
o

-
o

o
-

Ik

o

Vv -
2] o
i
&

Vv

Fuse number = First Fuse number + Increment
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TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

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

Supply voltage, Vcc (see Note 1)
Input voltage (see Note 1)
Voltage applied to a disabled output (see Note 1)
Operating free-air temperature range
Storage temperature range

NOTE 1:

-55°C to 125°C
—-65°C to 150°C

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

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vce  Supply voltage 4.5 5 5.5 \
VIH High-level input voltage (see Note 2) 2 5.5 \
ViL Low-level input voltage (see Note 2) 0.8 \
IOH High-level output current -2 mA
loL Low-level output current 12 mA
felock Clock frequency 0 100 MHz
. High 6
tw Pulse duration, clock (see Note 2) ns
Low 6
tsu Setup time, input or feedback before CLK?T 7 ns
th Hold time, input or feedback after CLKT 0 ns
TA Operating free-air temperature -55 25 125 °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.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT  MmAX | uNIT
VK Vee = 4.5V, I} = =18 mA -08 -15 \
VoH Vee = 4.5V, loH = -2 mA 2.4 3.2 \
VoL Vee = 4.5V, loL = 12 mA 0.3 0.5 \
lozn* lc/)c’)%oc’:;p”'s Vee = 5.5V, Vo = 2.7V 1(2)2 uA
lozL S&)c;oc’::p”'s Vec =55V, Vg =04V -zzg uA
I Vce = 5.5V, V| = 55V 1 mA
hH Zﬁ 5::;5 Vce = 6.5V, V) =27V 1(2): A
i Vee = 5.5V, V| = 0.4 V -0.08 -0.25 | mA
1053 Vee = 5V, Vo = 0.5V -30 -70 -130 | mA
. Vee = 5.5V, Outputs open, Ta = 256°C and 125°C 120 180

lcc Vi =0V, OF = Viy Ta = —55°C mA
Cj f = 1 MHz, Vy =2V pF
Co f = 1 MHz, Vo =2V pF
| Ceik f = 1 MHz, Velk = 2V pF

T All typical values are at Voe = 5V, Ta = 25°C.

+1/0 leakage is the worst case of lgz| and I or IgzH and ||y, respectively.
8 Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. Set VQ at 0.5 V
to avoid test equipment ground degradation.
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TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAI.16HG-7M; TIBPAL16R8-7M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

switching characteristics over recommended supply voltage and operating free-air temperature ranges
(unless otherwise noted) (see Figure 5)

PARAMETER FROM | TO MIN TYPT MAX [ UNIT
Without feedback 100
fmaxt With internal feedback (counter configuration) 100 MHz
With external feedback 74
tpd 1, 1/0 0, I/0 71 ns
tpd CLKt Q 6] ns
tpd$ CLK? Feedback input 3 ns
ten OE! Q 7.5 ns
tdis OE? Q ) 7.5 ns
ten 1, 1/0 0, I/0 8.5 ns
tdis 1,10 0, 1/0 8.5 ns

TAll typical values are at Vcc = 5V, Ta = 25°C.

*See section on frayx Specifications. '

8This parameter applies to TIBPAL16R4’ and TIBPAL16R6’ only (see Figure 2 for illustration) and is calculated from the measured fmax
with internal feedback in the counter configuration.

EXAS ‘t’f
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TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

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

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

Input voltage (see NOte 1) . . . . . . ...

Voltage applied to a disabled output (see Note 1)

Operating free-air temperature range . . .. .. ... ..o vt u e

Storage temperature range . ... .. .. ..ot

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

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Vcc  Supply voltage 4.5 5 5.25 \%
ViH High-level input voltage (see Note 2) 2 5.5 \%
ViL Low-level input voltage (see Note 2) 0.8 \
1oH High-level output current -3.2 mA
loL Low-level output current 24 mA
felock Clock frequency 0 125 MHz
. High 4
tw Pulse duration, clock (see Note 2) ns
Low 4
tsu Setup time, input or feedback before CLK?® 4 ns
th Hold time, input or feedback after CLKT [¢] ns
TA Operating free-air temperature [0] 25 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.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MmN TYPT  max | uniT
VK Ve = 475V, | = —18 mA -08 -1.5 v
VOH Vee = 475V, IoH = -3.2 mA 2.4 3.2 \
VoL Ve = 475V, IoL = 24 mA 03 05 v
lozu# Vce = 5.25 V, Vg = 2.7V 100 uA
lozL* Vee = 5.25 V, Vg = 0.4V -100 | A
Iy Vee = 5.25 V, V| = 55V 02 [ ma
Iyt Vee = 525V, Vi =27V 25 | uA
n* Vee = 5.25V, V) =04V -0.08 -0.25 [ mA
Ios? Vee = 5.25 Y, Vo = 0.5V -30 -70 -130 | mA

Vee = 5.25 V, Vi =0V,
Ice Oﬁﬁms ooon ! 120 180 | maA
G f = 1 MHz, V=2V pF
Co f = 1 MHz, Vo =2V pF
Celk f =1MHz, Vol = 2V pF

T All typical values are at Vcc = 5 V, TA = 25°C.
$1/0 leakage is the worst case of Igz( and lj or IgzH and l|H, respectively.

8 Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. Set Vg at 0.5 V

to avoid test equipment ground degradation.
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TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

switching characteristics over reccommended supply voltage and operating free-air temperature ranges
(unless otherwise noted) (see Figure 6)

PARAMETER FROM | TO MmN TYPT  MAX UNIT
Without feedback 125
fmaxt With internal feedback (counter configuration) 125 MHz
With external feedback 115
tpd 1, 1/0 0, 1/0 5 ns
tpd CLK? Q 4] ns
tpd§ CLK? Feedback input 3 ns
ten OE! Q 5.5 ns
tgis OE? Q 55| ns
ten 1,110 0, 1/0 65 | ns
tdis 1, 1/0 0, 1/0 6.5 | ns
tekew | ) Skew between registered outputs ns

TAIl typical values are at Vog = 5V, Ta = 25°C.

See section on fmax specifications.

8This parameter applies to TIBPAL16R4’ and TIBPAL16R6’ only (see Figure 2 for illustration) and is calculated from the measured frax
with internal feedback in the counter configuration.

IThis parameter is the measurement of the difference between the fastest and slowest tpd (CLK-to-Q) observed when multiple registered
outputs are switching in the same direction.
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TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
HIGH-PERFORMANCE /MPACT-X™ 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 Tl distributor, or by calling Texas Instruments at (214) 997-5666.

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.
Step 2.
Step 3.
Step 4.

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

Apply either V| 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 11 to V|L. Preload can be verified by observing

the voltage level at the output pin.

preload waveforms (see Note 3)

NOTE 3:

PIN 11

PIN 1

REGISTERED 1/0

td = tsy = tw = 100 ns to 1000 ns.

VIHH = 10.25 V to 10.75 V.

————— — VIHH

Vi

ViH

INPUT

ViL

VoH

OUTPUT

VoL

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265
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TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax without feedback, see Figure 1

In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no
feedback. Under this condition, the clock period is limited by the sum of the data setup time and the data
hold time (tsy+th). However, the minimum fmax is determined by the minimum clock period
(twhigh + tylow).

1 1
{tw high +ty low) °" Tty +th)

Thus, fmax without_ feedback =

CLK

+ LOGIC > Q pr——
ARRAY

—>—

tsu+tth

ty high +ty, low

=]

FIGURE 1. fmax WITHOUT FEEDBACK

fmax with internal feedback, see Figure 2

This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are

defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal

delay from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop.
1 .

(tsu+tpd CLK-to-FB)

Where tpg CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array.

Thus, fmax with internal feedback =

CLK

—»—] LOGIC L> abl—o

ARRAY
—P— a

— —]

"—'su —’l‘— tpd CLK-to-FB —O{

FIGURE 2. fmax WITH INTERNAL FEEDBACK
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TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax with external feedback, see Figure 3

This configuration is a typical state-machine design with feedback signals sent off-chip. This external
feedback could go back to the device inputs or to a second device in a multi-chip state machine. The slowest
path defining the period is the sum of the clock-to-output time and the input and setup time for the external
signals {tgy +tpd CLK-to-Q).

]

Thus, fmax with external feedback = —mM8Mm8m ——— .
(tsu+tpd CLK-to-Q)

CLK

LOGIC > Q NEXT DEVICE

ARRAY
’—— V - _I
|t——tsu-—————+-tpd CLK»to-0—+—‘su—b|

Ly

FIGURE 3. fmax WITH EXTERNAL FEEDBACK
Ty = . |
LT : I ot
- s ST
I AR
- _,":; 304 T - - P A.AT,. -
) 7 I H;*]L B
. 1171 ;F ] | 1]
D Y O B I S R SRR
iy Porrte oty orrrnoan T
INSSSRRSSEN RS 8
— =+ 1+ b Foped R j e
-t D I D S S : N
(I o S S I D B BAERE D) I -

FIGURE 4. PROPAGATION DELAY FROM CLK1 to 1/O, THRU LOGIC ARRAY

TeEXASs {?
INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 ’ 2-129

PRODUCT PREVIEW



M3IATHd LONAO0Hd

TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-56C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

5V

b

FROM OUTPUT
N UNDER TEST

TEST
POINT

CL 200 ©
{See Note A)

TIMING 8V HIGH-LEVEL oY
INPUT A 15V . PULSE | 15V l 15V
‘‘‘‘‘‘ [
- th—» l(—‘w—-—#‘
- tsu— _} 3 | |
\ ———3v | 3v
DATA LOW-LEVEL !
INPUT 15V 1.5V PULSE 15V 15V
0 —— ——0
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
— - v OUTPUT 3v
INPUT 1.5V 15V CONTROL 15V 15V
| 0 (low-level

! |
tpd _“——’1 h—q— ehabling) | = ——— 0

ten—b| — —’: —tdis
|
| | |
|

" — — Vou
_IN-PHASE ‘ 15V 15V ! =25V
T OuUTPUT | I WAVEFORM 1 | | Vo +0.5 V
. ! | Vou $1 CLOSED | _x_ Vo

v
t t oL
. pd—-ﬂ'———’: H—D{— pd (See Note B) ten—pl - > I"—'dis
. VoH ] ——=%-v
OUT-OF-PHASE 15V 1.5V WAVEFORM 2 1 -~ t_ OH
OSUTP'\:JT o  ——voL S1 OPEN 15V 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. Ci includes probe and jig capacitance and is 50 pF for tpd and tgn. 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 < 10 MHz, t, and t; = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
E. Equivalent loads may be used for testing.

FIGURE 5
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X ™PAL® CIRCUITS

D3115, MAY 1988--REVISED OCTOBER 1989

® High-Performance Operation: TIBPAL16L8’
I foodbacld o B e
TIBPAL16R’-7C Series . . . 100 MHz o
TIBPAL16R’-10M Series . . . 62.5 MHz (TOP VIEW)
fmax (internal feedback) 1 Y20 vee
TIBPAL16R’-7C Series . . . 100 MHz 1z 19[]o
TIBPAL16R’-10M Series . . . 62.5 MHz 1s 18[]1/0
fmax (external feedback) 10a 7o
TIBPAL16R’-7C Series . . . 74 MHz s 16[]1/0
TIBPAL16R’-10M Series . . . 55.5 MHz 1{e 15 ]1/0
Propagation Delay 1 14 ]1/0
TIBPAL16L’-7C . . . 7 ns Max e 13[]110
TIBPAL16L’-10M . . . 10 ns Max 19 12[]o
® Functionally Equivalent, but Faster than GNo[fro vt
Existing 20-Pin PALs
® Preload Capability on Output Registers M SUFFT;B?’%\F;EL'?ACKAGE
Simplifies Testing C SUFFIX . . . FN PACKAGE
® Power-Up Clear on Registered Devices (All {TOP VIEW}
Register Outputs are Set Low, but Voltage S
Levels at the Output Pins Go High) - - ->0
® Package Options Include Both Plastic and 12019
Ceramic Chip Carriers in Addition to Plastic 1pa 8o
and Ceramic DIPs ps 17 o
16 16{] 110
® Security Fuse Prevents Duplication 1 h 18[] 170
® Dependable Texas Instruments Quality and s “’q 110
Reliability 101112 13
-0~ 00
pevice | nputs | 3STATE | REGISTERED | 1/0 z
0 OUTPUTS | Q OUTPUTS | PORTS
PAL16L8 10 2 (6] 6 Pin assignments in operating mode “
PAL16R4 8 0 4 (3-state) 4 ‘
PAL16R6 8 0 6 (3-state) 2
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-X™ 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 testing because
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-X™ 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 document contains information on products in . Copyright © 1989, Texas Instruments Incorporated
mor; ‘:ha_n one y::_aset uJ dsv'tlallupman(t.) The §ftya.tus.|t!f T @

each device is indicated on the pagels) specifying its

electrical characteristics. pagels) spectlying IN STI%[mSENTS 2-131
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TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

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

(TOP VIEW)
cik [t U20] vee
10z eJwo
i0s  18Juo
s 17%0
s 18[da
1{e 15[]Q
17 14[]Q
iOs 13gwo
iOe 12Jwo
GND [Jio  1[]JOE

TIBPAL16R6’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)
ck [ W2o[Jvee
12 197110
103 18Ja
1a 17[]a
10s sJa
1I0s  1sJa
107 e[fa
1i0s  113Pa
Qe 12[]110
GND (1o 11[JOE

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

(TOP VIEW)

o
—
x

d
S
<

o

o

it
© o ~NO 0B O
@
J
o

o
Z
[S]
5
S
=

Pin assignments in operating mode

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

(TOP VIEW)

OOOOB

TIBPAL16R6"
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

v ©
a1 OO0
-0 >=

2 1 2019
18(]
17(
16(]
15[
14[]

© ~ O G b
[eloNeoNeNe]

9 10111213

p——
zogo
&}

TIBPAL16R8’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

(6]
X0
- -0>0

2 1 2019

1Da 18[a

1 s 170a

1Pe 16 a

1D 15 a

1ps 14[a
10111213

——
glgo°
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TIBPAL16L8-10M, TIBPAL16L8-7C, TIBPAL16R4-10M, TIBPAL16R4-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& = en =1
Oo————0
32X 64 4 v
Z’ p———— o0
16x D> 7 O-e—4-»—1/0
1/0 16 7
L
ra —“—"\v v .
A O—Q—d—b—— /0
6 16 7 D—QL—‘—’—"' 110
va O—F—"u
7 O-a—¢-+— 110
7
/ o-%—d—»— 1/0
7, 1/0
V. %+
6/ 4—
s -4
‘PAL16R4
3 —OJEN2
CLK >c1
- r
& >1 1=0 5
32X 64 79 10D 29 @
7‘} O—1 Q
[\
8 O Q
16xD 7
8 16 —\
| V2 V) 8
7 77—\ — 0—— Q
2 \
7 21
4 16 7 EN
/ D—A— 1~y — v O—H"—‘ 1/0
’Z C*‘\ —> 1/0
7 @ <D ’
£ O~ NI A 1/0
l o ‘\ <+> 1/0
4
Vi <
7  J
4 db
7 <4
o denotes fused inputs
i
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TIBPAL16R6-10M, TIBPAL16R6-7C, TIBPAL16R8-10M, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OE ~OfEN2
CLK > c1
m | L
& 8, >1 =0 2 JOo—— a
2x64 [~ L —\
8, b—— o
~
84 p—-—_— Q
8 16 7
16
) . x> Vil PN . O-—’_—\ .
61
' e 8, D—1+— Q
2 16 N
o [aV] 8‘ D—+— Q
d
>
EN
7
4 O—c;——ﬂ—v—— /o
7, O—o—4> 1/0
»
24 4
+ <4
6, <
7 -
‘PAL16R8
OE O{EN2
CLK c1 g
& 8, >1 1=0 ,gO——20
32X 64 [ L —\
8 D—F— a
N
; D—1+— a
8 16 N
i g S P I o—— a
7
N
8 o—+— 2
8 16 e
[a¥] N
8 bh—+— @
8 o——‘— Q
3 A
— N\
L a
¥ v

o denotes fused inputs

{i’
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TIBPAL16L8-1 OM,TIBPAH 6L8-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

)
|
FIRST INCREMENT

R%ﬁasns o 4 8 12 16 20 24 28 31
0 B .

352 11 (8 70

608 a7 170

864 116 170

1120 - (15) 170 -

1376 - (14) /0

1632 —— 11 e .36

1888 (12) )

1984
2016 (11)
1

) (S)DL ptt o —" K

Fuse number = First Fuse number + Increment .

{i’
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TIBPAL16R4-10M, TIBPAL16R4-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

cie iy,

FIRST INCREMENT

FUSE

NUMBERS © 4 8 12 16 20 24 28 31
0

32
64
128 , (19) 170

160
192

224

12

266. —

24
o — 118 1,0

416
448

(3t

| =D
512

cas

576

608,

640

672

A

\ (5)[:l

oo c1

@
:
J

1632 a3 170

%
T

1792 )
1824

1856 ~

1888 (12)
1921

195,

170

2016

LIy ‘ *—

Lp ) oe

Fuse number = First Fuse number + Increment

{if
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TIBPAL16R6-10M, TIBPAL16R6-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

FIRST INCREMENT
NUMBERS © 4 12 16 20 24 28 31
o

32
64
11 —19) 0

320 N

1=0
o 150 [d.u8 g
416
e

480

512 é”q_
K-

=0
Ty By L

| (4)[:

768

832 1=0
864 B (16)
896 Q

1088 1=0
1120. E (15)
1152 10 a

1=0 :E
H1D “4)0

=0
H1D —-Mo

1888 12) 70

2016
o

124 ‘ < 1) 5%

Fuse number = First Fuse number + Increment

{i,
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TIBPAL16R8-10M, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

)
CLK—-I S
FIRST INCREMENT
FUSE
NUMBERS 0o 4 8 12 16 20 24 28 31
0
32
64 1=0
96 (19)
128 11D E““" Q
192
2,22 tC
(e by K
256
288 1=0
Soa |l IS WG
416
13),%%° (il
B —KH
512
544 e
576 1=0 (17)
608 E
840 H1D +— Q
672
704 M>C1
ARG e I
—Df K
832 1=0

86 H1p —:&»“—G’o

1088
1320 E (15)
1152 F“) | Q
1184
1216
(6)1248 [l
=D K
1280
1312
1304 —
5 1Ery I WGEUN
1440
o (=2
17) (=3
_D|M J<}__
1536
Toes
160 1=0 B (13)
1632
1664 1D | Q
1696
1728
8 1760 c1 j
|—-{‘ )>E <
T1792
1824
1856 1=0
888 (12)
18 1D —ql_o
1952
1984
(9)201 c1
1= J<]"———-j P 5E

Fuse number = First Fuse number + Increment
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

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

Supply voltage, Ve (see Note 1) ... ... ... . 7V
Input voltage (see Note 1) . . .. .. 5.6V
Voltage applied to a disabled output (see Note 1) .. .. ... . ... .. ... . . ... .. .. ... ... 55V
Operating free-air temperature range . . .. ... ... ... ouit e -55°C to 125°C
Storage temperature range . . . . . ..ottt -65°C to 150°C

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

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vcc  Supply voltage 4.5 5 5.5 \Y
VIH High-level input voltage (see Note 2) 2 5.5 \Y
Vi Low-level input voltage (see Note 2) 0.8 \%
IOH High-level output current -2 mA
loL Low-level output current 12 mA
fclock Clock frequency 0 62.5 MHz
] High 8
tw Pulse duration, clock (see Note2) ns
Low 8
tsu Setup time, input or feedback before CLKT 10 ns ;
th Hold time, input or feedback after CLK?T 0 ns
TA Operating free-air temperature -55 25 125 °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 a
tester noise. Testing these parameters should not be attempted without suitable equipment. m
electrical characteristics over recommended operating free-air temperature range o
PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT 5
ViK Vee = 45V, I = ~18 mA -0.8 -1.5 N S
VOH Vee = 45V, IoH = —2 mA 24 3.2 v
VoL Vce = 45V, loL = 12 mA 0.3 0.5 \Y 8
'OZHI’ ::/)(,)O';oort::puts Vee = 6.5V, Vg =27V 1§2 pA E
lozL* S(’)(:);:;p”ts Vec =55V, Vg =04V -2§g A
Iy Vce = 6.5V, V)] = 55V 1] mA
WH Z(I:I, :t(:zs Vce = 6.5V, Vi =27V 122 rA
¥ Vee = 5.5V, V| = 0.4V -0.08 -0.25 | mA
Ios$ Vee = 5V, Vg = 0.5V -30 -70 -130 | mA
lec Vece = 5.5V, O—Utputs open, Ta = 25°C and 125°C 140 220 mA
V=0V, OE = V|y Ta = —-55°C 250
Cj f = 1 MHz, V) =2V 5 pF
Co f =1 MHz, Vo =2V 6 pF
Cclk f =1 MHz, Vel = 2V 6 pF
T All typical values are at Voc = 5V, Ta = 25°C.
1/0 leakage is the worst case of lozL and Ij or lozH and lj4, respectively.
8 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. Set Vg at 0.5 V
to avoid test equipment ground degradation.
PRODUCT PREVIEW documents contain information .
on products in the formative or design phase of
:avql'qpntlient. ch'alnpteristilg #ata land other TEXAS b :
pecifications are design goals. Texas Instruments 2-139
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

switching characteristics over recommended supply voltage and operating free-air temperature ranges
(unless otherwise noted) (see Figure 5)

PARAMETER FROM I TO min - TYPt  mAx | uwniT
Without feedback 62.5
fmax? With internal feedback (counter configuration) 62.5 MHz
With external feedback . 55.5
tpd I, 1/0 0, 110 3 6 10 ns
tpd CLKT Q 2 4 8 ns
tod? CLK? Feedback input 5[ ns
ten OE{ ) Q 2 4 10 ns
tdis OE? Q 2 4 10| ns
ten ), 1/0 0, I/0 3 6 10| ns
tdis 1,110 0, I/0 2 6 10| ns

TAll typical values are at Vcec =5V, Ta = 26°C.

See section on fmax specifications.

8This parameter applies to TIBPAL16R4’ and TIBPAL16R6’ only (see Figure 2 for illustration) and is calculated from the measured fmax
with internal feedback in the counter configuration.

M3IATHd 1OoNAoyd
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

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

Supply voltage, VCC (s€e NOte 1) . . . .. o 7V
Input voltage (see Note 1) . ... ... 5.5V
Voltage applied to a disabled output (see Note 1) .. ... ... .. .. ... ..., 5.5V
Operating free-air temperature range . .. .. ...........o ittt PR 0°C to 75°C
Storage temperature range . .. ... .. ...t -65°C to 150°C

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

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Vce  Supply voltage 4.5 5 5.25 Vv
ViH High-level input voltage (see Note 2) 2 5.5 \
V)L Low-level input voltage (see Note 2) 0.8 \
l0H High-level output current -3.2 mA
loL Low-level output current 24 mA
fclock Clock frequency 0 100 MHz
) High 5
tw Pulse duration, clock (see Note 2) ns
Low 5
tsu Setup time, input or feedback before CLK? 7 ns
th Hold time, input or feedback after CLK?T [¢] ns
TA Operating free-air temperature (0] 25 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.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNnIT
ViK Voo = 475V, Ij = —18 mA -0.8 -15 v
VOoH Vee = 4.75 V, loH = -3.2 mA 2.4 3.2 \%
VoL Vee = 475V, loL = 24 mA 0.3 0.5 \%
lozu? Vee = 5.25 V, Vo = 2.7V 100 | wA
ozt } Vee = 5.25 V, Vo =04V -100 | A
] Vece = 5.25 V, V| =55V 0.2 mA
("5 Vee = 5.25 V, Vi =27V 25 | uA
nwt . Vee = 5.25 V, V) =04V -0.08 -0.25 | mA
I0s? Vee = 5.25V, Vo = 0.5V -30 -70 -130 | mA
Ice Vee = 5.25V, Outputs open, 160 210 mA

Vi =0V
Ci f = 1MHz, V=2V 5 pF
Co f = 1 MHz, Vo =2V 6 pF
Celk f = 1 MHz, Vek = 2V 6 pF
T All typical values are at Voc = 5V, Ta = 25°C.

110

leakage is the worst case of gz and lj|_ or lozH and IjH, respectively.

8 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. Set Vg at0.5 VvV
to avoid test equipment ground degradation.

PRODUCTION DATA documents contain information .
current as of publication date. Products conform to y)
specifications per the terms of Texas Instruments TEXAS

dard wamntJ. Prod p does not
necessarily include testing of all parameters. INSTRUMEN‘I-S
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

switching characteristics over recommended supply voltage and operating free-air temperature ranges
(unless otherwise noted) (see Figure 6)

PARAMETER FROM f TO MIN TYPT MAX | UNIT
Without feedback 100
frax’ With internal feedback (counter configuration) 100 MHz
With external feedback 74
1 or 2 outputs switching 3 5.5 7
fpd .o 0. w0 8 outputs switching 3 6 75| °
tpd CLK? Q 2 4 6.5 ns
th§ CLK?T Feedback input 3 ns
ten OE| Q 2 4 7.5 ns
tdis OE? Q 2 4 7.5 ns
ten ) 1, 1/0 0, /0 3 6 9 ns
tgis 1, 1/0 0, 1/0 2 6 9 ns
‘skew1 Skew between registered outputs 0.5 ns

TAll typical values are at Ve = 5V, Tp = 25°C.

*See section on fmax specifications.

8This parameter applies to TIBPAL16R4’ and TIBPAL16R6’ only (see Figure 2 for illustration) and is calculated from the measured fiyax
with internal feedback in the counter configuration.

IThis parameter is the measurement of the difference between the fastest and slowest tpd (CLK-to-Q) observed when multiple registered
outputs are switching in the same direction.

PRODUCTION DATA documents contain information .
current as of publication date. Products conform to ¢
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X™ 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) 997-5666.

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 ana 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 3)

————— — VIHH
|
PIN 11 |
|
ViL
a9
pe—tg—> be—ty, —|
! ! ‘ ViH
| |
PIN 1 1 |
! |
T ; viL
! |
! ]
! I
[
| VOH
REGISTERED 1/0 ' INPUT OUTPUT

VoL

NOTE 3: tg = tgy = tyy = 100 ns to 1000 ns.
ViHH = 10.25 V t0 10.75 V.

{i,
Texas
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax without feedback, see Figure 1

In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no
feedback. Under this condition, the clock period is limited by the sum of the data setup time and the data
hold -time (tgy+th). However, the minimum fmax is determined by the minimum clock period
(twhigh + tylow).
1 1
- or .
(tw high+tw low)  (tgy+th)

Thus, fmax without feedback =

CLK

—p— LOGIC > Q p——
ARRAY

tsutth
e

tw high +ty, low

ol

FIGURE 1. fmax WITHOUT FEEDBACK

fmax with internal feedback, see Figure 2

This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are

defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal

delay from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop.
1

Thus, fmax with internal feedback = ——Mm—n——— -
(tsu+tpd CLK-to-FB)

Where tpd CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array.

—p—] LOGIC
ARRAY

L
—p—
.

FIGURE 2. fmax WITH INTERNAL FEEDBACK

ol
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax with external feedback, see Figure 3

This configuration is a typical state-machine design with feedback signals sent off-chip. This external
feedback could go back to the device inputs or to a second device in a multi-chip state machine. The slowest
path defining the period is the sum of the clock-to-output time and the input and setup time for the external
signals (tsy +tpd CLK-to-Q).

1
{tsu+tpd CLK-to-Q)
CLK

Thus, fmax with external feedback =

LOGIC > Q NEXT DEVICE
ARRAY

A 4

ol

p
}17%” ————+— tpd CLK-to-Q —+— tsu -0{

FIGURE 3. fmax WITH EXTERNAL FEEDBACK

170

!
T
!
T
i
.

FIGURE 4. PROPAGATION DELAY FROM CLK? to I/O, THRU LOGIC ARRAY
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

5V 5V
s1 ‘ s1
200 © 390 @
FROM OUTPUT TEST FROM OUTPUT TEST
UNDER TEST [ POINT UNDER TEST POINT
< <
CL $390 0 CL $750 @
(See Note A) (See Note A)
l , ! ' p
LOAD CIRCUIT FOR LOAD CIRCUIT FOR
C SUFFIX DEVICES M SUFFIX DEVICES
[3.5 V1 (3 V) . — — ——I[35V](3V)
TIMING 15V HIGH-LEVEL 1.5V 15V
INPUT PULSE g
A [0.3 V] (0) | [0.3 V1] (0)
= th—» le——tw—l
g | B.5VI(3V) ' I
DATA oy —'-1 Sy LOW-LEVEL sy ! 4y B5VIEV)
INPUT ) . PULSE . -5
[0.3 V1 (0) L — ——10.3V](0)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
______ [3.5VIBV)  gutpuT [3.5VI3V)
INPUT 18V 15V CONTROL 15V 15V
| | [0.3 VI (0) (low-level i ,
Nk O ) WS 4 N —— [0.3 V1 {0)
tpd ——— l‘__"_ t, enabling) | |
P | | + _pi Vo ten—p| 14— —F: [ tdis
N-PHASE H | |
Iou:'Pui : 15V '———\t:/ WAVEFORM 1 : ! I | ?,z: +\i) 5V
| | VoL $1 CLOSED | | —X_ :
tpd ———| [¢—>—tpd (See Note B) —»
| | VoH |
OUT-OF-PHASE 15V 15V WAVEFORM 2
OUTPUT S1 OPEN
See Note D) ——~Vou
(See . (See Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

NOTES: A. Ci includes probe and jig capacitance and is 50 pF for tpd and tgp. 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 < 10 MHz, t; and tf = 2 ns, duty cycle = 50%. For M suffix, use
the voltage levels indicated in parentheses ( ). For C suffix, use the voltage levels indicated in brackets [ ].
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
. Equivalent loads may be used for testing.

m

FIGURE 5
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SUPPLY CURRENT

TYPICAL CHARACTERISTICS

Vs

FREE-AIR TEMPERATURE

PROPAGATION DELAY TIME

Vs

SUPPLY VOLTAGE

INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265

220 8
7
200
< T 2
v, 6
? ] \‘ Cc<' @ tPHL (L. 1/0 to 0, 1/0)
+ 180 . -5 | — 2 ;
c M ~— VC E 5P ! T
2 C=5s - ~——J—_ tPLH (. /O to O, I/0Q)
3 6 B e S .25 v % t Y t
0 (o) 4
z I ~— €5, 9 tPHL (CLK to Q)
s \\ v, 2 I :
3 140 Co 3 g 3 tPLH (CLK to Q)
! ALY AR
° 5 TN g 2[cL=50pF
120 R1 = 200 Q
1TIFR2 = 3900
1 OUTPUT SWITCHING
100 0 1 1 1 I
-75 -50 -25 4] 256 50 75 100 125 4.5 4.75 5 5.25 5.5
Tp—Free-Air Temperature— °C Vce—Supply Voltage—V
FIGURE 6 FIGURE 7
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
Vs Vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE
8 16 ' :
Veg =5V
7 V] 12 FTA = 25°C
[s)
o\ R1 = 200 Q | —
g & \\.“°‘°,/ %’ 12 |LR2 = 3900 1
] i el 2 1 OUTPUT SWITCHII\V//
£ St—ton 0 101 0, 10 ~ = 10 ’// ~—
. o O, r
3 I ey — Fy %/9/
g 4 |—tPHL (CLK 1o a ] g 8 e A
2 ) o Q) - R tpLH (CLK to Q)
2 3 1 i 1 tP\\’\‘ '% 6 f/r -tpHL (CLK to Q)
©
o j=2)
g Vee = 5V % é \tpHL {I. 1/0 to O, 1/0)
2 ?[cL-50pF I N tpLH (1. 10 o 0.,1/0)
R1 = 200 0 PLH & ’
1FR2 = 3900 2
1 OUTPUT SWITCHING
0 1 A1 1 1 0
-75 -50 -25 (V] 25 50 75 100 125 (4] 100 200 300 400 500 600
Ta—Free-Air Temperature— °C CL—Load Capacitance —pF
FIGURE 8 FIGURE 9
[
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
- TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

1000

200

800

700

Pp—Power Dissipation—mW

600

TYPICAL CHARACTERISTICS

POWER DISSIPATION

Vs

F —Frequency —MHz

FIGURE 10

Propagation Delay Time--ns

FREQUENCY
8-BIT COUNTER MODE
T T )
Vec =5V /'
veli
A
o L—T //
Ta=0°C| | LitH 1A
TA = 25°C ’,——“/ /
//
1 1 1 == il
Ta = 80°C
L ]
4 10 40 100

tskew — Skew between Outputs Switching—ns

SKEW BETWEEN OUTPUTST
Vs
NUMBER OF OUTPUTS SWITCHING

°
o

Vce = 5V I
L Ta = 256°C

o
N

R1 = 200 @
. R2 = 390 @

°
-3
&

CL = 50 pF
| 8-Bit Counter

e
o

°
»

(CLK to Q)

o
w

o©
[\
@

2 3 4 5 6 7
Number of Outputs Switching

FIGURE 11

PROPAGATION DELAY TIME

vs

NUMBER OF OUTPUTS SWITCHING

p
| tpyL (I /O to 0, 1/0) ®
[
®
- tpLH (L 1/0 to O, 1/0) ® [ ]
e ¢ o ° R 'y
? * ? ? tPHL (CLK to Q)
e o o # * I_"
tpLH (CLK to Q)
Vee =5V
~Ta = 25°C
CL = 50 pF
~R1 = 200 Q
RZ = 399 Q
0 1 2 3 a4 5 6 7 )

Number of Outputs Switching
FIGURE 12

TOutput switching in the same direction (tp { compared to tp| H/tpHL to tpHL)
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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 1987 —REVISED NOVEMBER 1989

® High-Performance Operation:
fmax (w/o feedback)
TIBPAL16R’-10C Series . . . 62.5 MHz
TIBPAL16R’-12M Series . . . 56 MHz
fmax (with feedback)
TIBPAL16R’-10C Series . . . 55.5 MHz
TIBPAL16R’-12M Series . . . 48 MHz
Propagation Delay
TIBPAL16L-10C . . . 10 ns Max
TIBPAL16L-12M . . . 12 ns Max

Functionally Equivalent, but Faster than
Existing 20-Pin PALs

Preload Capability on Output Registers
Simplifies Testing

Power-Up Clear on Registered Devices (All
Register Outputs are Set Low, but Voltage
Levels at the Output Pins Go High)

TIBPAL16L8’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)
1 Uz20]vee
gz 1o
s 8Qwo
1 17] 10
10s  1eJuo
1e 15[ J1/0
1 1a[]1/0
s 13Jro
e 12[]O
GND [(J1o 11[]1
TIBPAL16L8"

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

(TOP VIEW)
Package Options Include Both Plastic and O
Ceramic Chip Carriers in Addition to Plastic ___%5
and Ceramic DIPs
2 12019
Security Fuse Prevents Duplication ‘ha 1810
Dependable Texas Instruments Quality and Lgs Qo
Reliability rpe e o
1p7 1s{j o
1Ps 14} 10
pEvice | mwputs | 3-STATE | REGISTERED | 1/0 10 11 12 13
0 OUTPUTS | Q OUTPUTS | PORTS )
PAL16L8 10 2 0 6 = =
PAL16R4 8 o 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 resuits 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 testing because
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.

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

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments T

standard warranty. Production processing does not
necessarily incluty testing of all parameters. lNST RUMENTS
POST OFFICE BOX 655012 * DALLAS, TEXAS 75265
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TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16L8-12M, TIBPAL16L8-10C, TIBPAL16R4-12M, TIBPAL16R4-10M
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)
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TIBPAL16R6-12M, TIBPAL16R6-10C, TIBPAL16R8-12M, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OE olswz ‘
CLK ct
9 r
& 8, >1 1=0 2Vjo—— o
322x64 [ 7 L
8 O~ Q
N
8 0—4+— Q
8 16 4
16xpD> ]
| —t— dr,
8 O—4— Q
8,
6 r—\
7~ 8, bo—1+— a
>
2 16 —
aV] 8 D—1—
7
>
en =t
7
> VK )—ﬁ—-’—————— 110
7, o, <+ 1/0
.
2, A
e <
61 -
k4 -
‘PAL16R8
OE O[EN2
CLK E|C1
& 8, >1 =0 ,yjo—— @
32X 64 [ 0
8, o—— a
8, —— Q
8 16 N
1l N e ) o—— o
L4
8 16 8 5 a
b+— ~y N
8 D—+— Q
N
8 O—— Q
— N
8‘ D—+— Q
P a.
v g

o denotes fused inputs

2-152

Texas {'f
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



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

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

Supply voltage, Vcc (see Note 1)
Input voltage (see Note 1)
Voltage applied to a disabled output (see Note 1)
Operating free-air temperature range
Storage temperature range

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

recommended operating conditions

-55°C to 125°C
—65°C to 1560°C

PARAMETER MIN NOM MAX UNIT
Vce  Supply voltage 4.5 5 5.5 \
ViH High-level input voltage (see Note 2) 2 5.5 \
VL Low-level input voltage (see Note 2) 0.8 \4
I0H High-level output current -2 mA
loL Low-level output current 12 mA
felock Clock frequency 0 56 MHz
. High 9
tw Pulse duration, clock (see Note 2) ns
Low 9
tsu Setup time, input or feedback before CLKT 11 ns
th Hold time, input or feedback after CLKT 0 ns
TA Operating free-air temperature -55 25 125 °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.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
VIK Vee = 4.5V, lj = -18 mA -0.8 -1.5 \2
VoH Vece =45V, IoH = ~2 mA 2.4 3.2 \
VoL Vee = 4.5V, loL = 12 mA 0.3 0.5 \%
lozn* Vee = 5.5V, Vo = 2.4V 100 kA
lozL ¥ Vee = 5.5V, Vo = 0.4 V -100 uA
Iy Vee = 5.5V, V) =55V 0.2 mA
et Vee = 5.5V, V) = 2.4V 25 wA
it Vee = 5.5V, V) = 0.4V -0.08 -0.25 | mA
1os?® Vee = 5V, Vo = 0.5V -30 -70 -250 | mA
icc Vece = 5.5V, Vi =0, Outputs open 140 220 mA
Cin f =1 MHz, V=2V 5 pF
Cout f = 1 MHz, Vg = 2V 6 pF
Ci/o f =1 MHz, Vijo = 2V 7.5 pF
CCLK f =1 MHz, Vel = 2V 6 pF

T All typical values are at Vee = 5V, Ta = 25°C.
*1/0 leakage is the worst case of Igz| and i or Iozy and Iy, respectively.

$ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. Set Vg at 0.5 V

to avoid test equipment ground degradation.

X
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

PARAMETER FROM | TO TEST CONDITIONS MIN TYPT MAX UNIT
With Feedback 48 80
" / ith Feedbacl MHz
Without Feedback 56 85
tpd 1, /0 0, I/0 3 7 12 ns
t CLK? Q R1 = 3904, 2 5 10| ns
- OF Q R = 7500 1 2 10
fen See Figure 1 i
tdis OEt Q 1 4 10 | ns
ten 1, 1/0 0, 110 3 8 14 ns
tdis 1, 1/0 0, 1/0 2 8 12] ns

T All typical values are at Ve =5V, Ta = 26°C.
1 1

frmax (with feedback) = R Tow
W w

_ . f ithout feedback) =
T T I TR @ ‘max (without feedback)
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE IMPACT ™ PAL® CIRCUITS

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

Supply voltage, VCC (see Note 1) . . . . .. 7V
Input voltage (see Note 1) .. ... . . . e 5.5V
Voltage applied to a disabled output (see Note 1) .. ..... ... ... .. .. .. .. . ..., 5.5V
Operating free-air temperature range . . . .. ...ttt i 0°C to 75°C
Storage temperature range . . . . ... ...ttt —-65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.
recommended operating conditions
PARAMETER MIN NOM MAX | UNIT
Vce  Supply voltage 4.75 5 5.25 \
VIH High-level input voltage (see Note 2) 2 5.5 Vv
i Low-level input voltage (see Note 2) 0.8 \
loH High-level output current -3.2 mA
loL Low-level output current 24 mA
folock Clock frequency 0 62.5 MHz
tw Pulse duration, clock (see Note 2) High 8 ns
Low 8
tsu Setup time, input or feedback before CLK?T 10 ns
th Hold time, input or feedback after CLKT 0 ns
Ta Operating free-air temperature [¢] 25 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.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPt MAX | uNIT
ViK Vee = 4.75 V, | = -18 mA -0.8 -1.5 v
VoH Vee = 475V, IoH = —-3.2 mA 2.4 3.2 \
VoL Vee = 4.75 V, loL = 24 mA 0.3 0.5 \
lozu? Vee = 525V, Vo =24V 100 pA
lozL* Vee = 5.25V, Vo = 0.4V -100 uA
1 Vee = 5.25 0V, V| = 5.5V 0.2 mA
it Vee = 5.25 V, Vi =24V 25 wA
[IThé Vee = 5.25 V, V) = 0.4V -0.08 -0.25 | mA
10s 8 Vec =5V, Vo =0 -30 -70 -130 | mA
Icc Vee = 5.256 V, Vy =0, Outputs open 140 180 mA
Cin f = 1 MHz, V=2V 5 pF
Cout f = 1 MHz, Vo =2V 6 pF
Ci/o f =1 MHz, Vijg = 2V 7.5 pF
CeLk f =1MHz, Velk = 2V 6 pF

T All typical values are at Voc = 5V, Tp = 25°C.
$1/0 leakage is the worst case of Igz| and I or lozy and liy, respectively.
8 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
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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)

PARAMETER FROM | T0 TEST CONDITIONS MIN TYPT MAX | UNIT
With Feedback 55.5 80

fmaxt MH
max Without Feedback 625 85 z
tod 1,110 0,110 h1 - 3900 3 7 10| ns
- T
en 3 ns
tais OFt Q See Figure 1 7 2 10| ns
ten 1,10 0, 1/0 3 8 10| ns
tdis ) 0, 1/0 3 8 10| ns

T Al typical values are at Voc = 5V, Ta = 25°C.
1 1

t, ith feedback) = —  _  ____— ____ f ithout feedback) = — .
‘max (with feedback) o T g CIK© O ‘max (without feedback) T Righ T T Tow

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) 997-5666.
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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|| 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 3)

————— — VIHH
|
PIN 11 |
|
viL
P—(su-’l P— tq —bl
IIQ— tq — l— tw '—" | ;
| | ] [ R v
| | 0 T H
PIN 1 | 1 | |
[ | | |
: ] | ViL
i | |
| | ! |
: I : I
: '— Vi | VoH
|
REGISTERED 1/O INPUT OUTPUT
——Vi VoL

NOTE 3: tq = tgy = tyy = 100 ns to 1000 ns.
ViHH = 10.25 V to 10.75 V.

Texas WP 2161
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



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

PARAMETER MEASUREMENT INFORMATION

51‘:
S1
R1
FROM OUTPUT p TEST
UNDER TEST POINT
[ R2
(See Note A

LOAD CIRCUIT FOR
3-STATE OUTPUTS

[3.5VI@V)
TIMING 15V HIGH-LEVEL 15V 15V ——— [35V](3V)
wpur ——H ——— — — [0.3 V] (0) PULSE | | [0.3 V] (0)
1, ——plt—>— 1, "‘_‘ t —"'
! J——— B5VIEV) LOW-LEVEL
15V 15V PULSE : ! [35V](3V)
DATA 15V 15V
INPUT 10:3V1(0)
[~ — — — [0.3V](0)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
————— [3.5V] (3V) [B5VIEV)
15V 1.5V OUTPUT
INPUT—| | 031 (0) CONTROL 15V
(low-level -L
tog ——b e enabling) — — — — [0.3V] (0)
pd ten —p) |
en I“'
I

IN-PHASE

|
|
~33V
ouTPuT —p— WAVEFORM 1 : sV |L:_
. )
tha —— s S1CLOSED | —Y
I | Vou (See Note B) I —_ L— VoL
OUT-OF-PHASE 15V 15V tasd VoL +05V
oUTPUT y to b & | v
(See Note D) o WAVEFORM 2 | —— Vou
VOLTAGE WAVEFORMS (SESLS‘:E;; 15V - Vou 05V
PROPAGATIONDELAYTIMES ~ (SeeNoteB) =/ N oy

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A.Cy includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for ty.

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: For M suffix, use the voltage levels indicated in parentheses (), PRR s 10 MHz,
t, and t = 2 ns, duty cycle = 50%. For C suffix, use the voltage levels indicated in brackets [], PRR s 1 MHz, t, = ; = 2 ns, duty
cycle = 50%.

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

E. Equivalent loads may be fused for testing.

FIGURE 1

Texas ".’?
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TIBPAL16R4-10C, TIBPAL16R6-10C, 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 designer 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
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
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.

NOISE DUT ViH MTBF
- ————— .
GENERATOR H ': COMPARATOR COUNTER
]
DATA +—1D 1D 1D +
N ] H
: H —>C1 > c1
]
} ' ViL
1 ] COMPARATOR
SCLK———————— 1> C1 '
N ' 1D
:_ _: —>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 — \ &

SCLK £ | ) Y—
| |

SCLK + At | £ |
| | 1 |
- at-»l ¢ At

mTeE = _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
0 106 ———1 wk
B 15— 4a
@ Yy
2 04|
Q —1 hr
9 103|—
102 }— "
0% r=—1 min foe = 1 MHz
101 —10s fdata = 500 kHz
[ I ] | | 1
V] 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.

1
MTBF

The metastable equation: = fgCcLK X fdata X C1 e (-C2 x At

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 -
- = —~7 o (—0.959 x At)
VITBE fsCLK X fdata X 9.159 x 10 e

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

Propagation Delay Time—ns

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME PROPAGATION DELAY TIME
- VS Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
9 9 .
Ve = 5V R1 = 200 Q, See Figure 1
1 OUTPUT SWITCHING P R2 = 390 0, Tp = 25°C
I 1
8 FR1 = 2008 —.p . 1,1/0 t0 0,1/0) w B[CL =50pF
R2 = 3919 1 / 2
CL = 50 pF ‘ // It tpHL (11/O to 0,1/0)
7 I See Figure 1 E 71~
tpLH (11/O to 0,1/0) 3 S
6 t S 6 tpLH (1.1/O to O,1/0) 4
c
[=]
| 4 _PHLICK Q) = § tPHL (CLK 10 Q)|
— 2
2
/ o
4 tpLH (CLK to Q) 4 tpLH (CLK to @)~
LT T ; ]
-75 -50 -25 0 25 50 75 100 125 45 4.75 5 5.25 5.5
TaA—Free-Air Temperature— °C Vcc—Supply Voltage—V
FIGURE 5 FIGURE 6

PROPAGATION DELAY TIME
vs
NUMBER OF QUTPUTS SWITCHING

1 T T
Vcc =5V
70 LR1 = 200 @
R2 = 390
€ 4| CL=50pF oNe
é See Figure 1 aNO b
£ Ta = 25°C wouL
-oBF A -+ oo 0MO
\
3 s | “’L““/'iAI/
5 =Tk
‘g 6 tpHL
4 —1
§ 5l
: ]
4 tpLH (CLK to Q) =
3 L T 1

1 2 3 4 5 6 7 8
Number of Outputs Switching

FIGURE 7
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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 T T 900 T T T
Vge = 5V, Ta = 25°C Vee = 5V
16 [ R1 = 200 Q, 1 Output Switching
2 R2 = 390 0 | & // 2
| 14 | See Figure 1 o' 3 ’
@ © / | U
£ © o £ 800 .
- 12 N ' 2 //
z Q“\/ o 8 A
= h o\ z 2P
210 / W o 8 LA AN
c 7 \}‘o a TA.‘ o°C r——-"/// //
g g / R 8 ] T A
s R H B L
e S 700 — Tp = 25°C
) Zd & L
¢ 4 / N\~ tpLH (IO to 0,110} = Ta = 80°C
2 600
0 100 200 300 400 500 600 1 4 10 40 100
CL—Load Capacitance —pF F—Frequency—MHz
FIGURE 8 FIGURE 9
SUPPLY CURRENT
Vs
FREE-AIR TEMPERATURE
180 R — -
UNPROGRAMMED DEVICE
170
- -Vee = 5.5V
FRT ) — /] 9
1 T Vee = 5.25 V
c
§ 150 —~]
5 N N \
© 140 \ \ \
-
a - NN
a —
3 130 [~
3 vee = 6 VJ\\ N
0120 1 N N
- [
Vce = 475V A N
110 J 4
1
Vg = 45V v
100 I 1 1

-75 -50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature— °C

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

D3338, JANUARY 1986 —REVISED AUGUST 1989

® High-Performance Operation TIBPAL16LS8’
Propagation Delay M SUFFIX . . . J OR W PACKAGE

M Suffix . . . 15 ns Max C SUFFIX . .. J OR N PACKAGE

C Suffix . . . 12 ns Max (TOP VIEW)
® Functionally Equivalent, but Faster than rgr Y20 vee
PAL16L8B, PAL16R4B, PAL16R6B, and 12 o
PAL16R8B 1gs  Qwo
1 s 171710
® Power-Up Clear on Registered Devices 1 s 155 /0
(All Registered Outputs are Set High but 1 e 151 1/0
Voltage Levels at the Output Pins Go Low) g 4[] 10
® Package Options Include Both Plastic and N 3] 1o
Ceramic Chip Carriers in Addition to Plastic Jug 2Jo
and Ceramic DIPs GND [Jro 1[4
® Dependable Texas Instruments Quality and TIBPAL16LE"
Reliability M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)
pevice | nputs | S STATE | REGISTERED |, 0 oprs
0 OUTPUTS | Q OUTPUTS 8
PAL16L8 10 2 0 6 - - =->0
PAL16R4 8 0 4 (3-state) 4 3 12019
PAL16R6 8 0 6 (3-state) 2 ' ha 18] 10
PAL16R8 8 0 8 (3-state) 0 b 170 1o
1pe 16
description 'R 15E :;8
These programmable array logic devices feature 118 1] 1o
high speed and functional equivalency when 10 1112 13
compared with currently available devices. - o-o0o0
These IMPACT™ circuits combine the latest 5 =

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.

Pin assignments in operating mode

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.

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

PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments Incorporated

current as of publication date. Products conform to %
spel:lﬁm)!tmns per' tl:l_e tfrm; nfrTexas .In:t';:;:n:;i l TEXAS 2167
necessarily include testing of all parameters. NSTRUM ENTS
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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 OR W PACKAGE
C SUFFIX. . . J OR N PACKAGE

(TOP VIEW)

TIBPAL16R6"
M SUFFIX . .. J OR W PACKAGE
C SUFFIX . .. J OR N PACKAGE

(TOP VIEW)

ettt
© 0 N T oo =

[}
z
o
)

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

(TOP VIEW)

C

<
%OOOOOOOOO

Pin assignments in operating mode

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

(TOP VIEW)

v O
4 O
558

32 12019
18] 110
1700
16[] Q
15[ Q
140 @

® N O

9 10111213

—“ajw oo

zZlo = =

TIBPAL16R6’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

v Q
i GNe)
O >=

3 2 1219

® ~w o o s
& >
0

[el el ool e}

9 10111213

- L
glgee

TIBPAL16R8’
M SUFFIX . . . FK PACKAGE
C SUFFIX. . . FN PACKAGE

(TOP VIEW)

O
%0
__0>0

3212019
1K 18
13 17
6 16(]
17 15(]
8 14]

[eleNeleNe)

5

| hw
GND [J3

OE
ap
ap
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TIBPAL16L8-15M, TIBPAL16L8-12C, TIBPAL16R4-15M, TIBPAL16R4-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& 5 EN 21
o——————
32X64 Vi v °
7 b———— 0
£
D 7, O-&—4-»— /0
10 16
— = 7 L «»—10
A Oo—-&
6 16 7 O—*—“’—‘“ 1/0
7 o——"y
7 o—t—q-p— 1/0
,I
7
7 O—a—4-$—1/0
7 O—a—¢-p— 10
6L é
# <+
‘PAL16R4
OF —O{ EN2
CLK D c1 J
-
& >1 1=1
32X 64 19 1D 29 }___\ @
#8 o Q
[\
S 8 o—] Q
7
8 16 [\
1 ya Vi 8
7 [a W) £ Q
2 \
7 21
4 16 =N
# D.+. ~ 4 v 1/0
'Z p:\ <> 110
7 o—e1—<-> 1/0
o "N
7 P> 110
4
— -
7 -
i b
, -

o denotes fused inputs

j
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TIBPAL16R6-15M, TIBPAL16R6-12C, TIBPAL16R8-15M, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OE —OfEN2
CLK b1
-] C
& 8, >1 1=1 20— Q
32x64 [ L]
N\
8, O—1— Q
"
—
8 0O—}— o
8 > 16 7 —
\ .
—r— ” o 8, o—— o
6, B
8 O—4— a
7
2 16 ™\
o [AY] 8‘ O—34— a
d
N
>1
EN
7 vh—«—ep—1—10
7, D—e—4» 110
21 a
8, <
~7 -
‘PAL16R8
OE O EN2
CLK : ci
& 8, >1 =1 ,9)0——— @
32x64 [ 1D
—\
8, 0—— a
N\
8, o—t+— a
8 16 N
r—] P »— v 8, O—— a
7
[ N
8 16 3: O e
X o)
8 — a
N
8 O—— a
N
8 O—4— a
N
s db
— v «
o denotes fused inputs
T *l’
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TIBPAL16L8-15M, TIBPAL16L8-12C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

FIRST INCREMENT
NUMBERS © 4 8 12 16 20 24 28 31

96 | 9

(18)
384 y——— 170

il
J

608 ——(17) 170

(16)

170

1024
1056
1088
1120 (15)|/0
1152
1184
1216
1248

1280 D)

1312

1344

1376 (14)I/G

1408

1440

1472

1504

7
) 4 )Dl
)
(13)

—F 170

%‘n

©®Omoon

CONOOWO

NO®®OANO
I

Fuse number = First Fuse number + Increment
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TIBPAL16R4-15M, TIBPAL16R4-12C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

ckpy

FIRST INCREMENT
NUMBERS © 4 8 12 16 20 24 28 31
[}

32
64
96
128 rﬂ /0
320
£ 08,0

512

608 (17)
640 1D ‘“E"_ Q

J

=1 16
—H1D »—BcL)Q

® 992 +>C1
LN R

_B 15 o

=1 .
H1p —-BOL)Q

Wﬁfw@%

;?
$r

3
3
J

1632 (LE) 170

;%
T

1858 02) 0

1952
1984
2016

1 O  e— S

G(H)O—E

Fuse number = First Fuse number + Increment
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TIBPAL16R6-15M, TIBPAL16R6-12C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

()
CLK ' _D R - — ——— e e BT —
FIRST INCREMENT
FUSE
NUMBERS © 4 8 12 16 20 24 28 31
i 4 T 1 O A T O W O N AN
T 1

64 < SN T A .
96— B EE . 19
128 i r }_'{ﬁ"?—(l Vo

| (2) 2 — - — ,K}

CATTTUTIL = -
1 TTTT %_ 1D _a (13)0
e =
480 i +-PC1

H
—+
I
—

oy
o -
512 Lo
544 )_
576 -ttt =
e TTITI T 117
H1p _Eo_ a
640 - 1 - +
672
704
(@), %8 D> C1
LIS &l
768
800
832 = .
864
896 H —1 Q

(3
7 Uj 5

B (15)
1152 1D [ Q

1280
1312
1o 7] =

76 14
a0 H1D —t{;oL 'a
1440
1e0a »>c1_>]

KH

1636 ———+———————— ——4
1568 —
1600 =1 13
1632 | ] E
1664 1D Q
1696
:7“. U1
]

1
42,0

4+

eaes

T

444 1.

1
1 _
1 T L<p V) 5E

Fuse number = First Fuse number + Increment
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TIBPAL16R8-15M, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

)
CLK > .
FIRST INCREMENT

NumBers © 4 8 12 16 20 24 28 31
]

96 (19)
128 - 1D :&"_ Q

’Ex 18 o

B (17)0

E (16)Q

B 5 o

B (LLIPN

;?
;
] &

1600 1=1
1632 L | E 3)
1664 ] D Q

E
33
38
gY
||l
[¢]
2

1856 I=1
12
1020 Lo 02

2016
(9) ng— !
N

[

[ ONse

%
z

Fuse number = First Fuse number + Increment
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

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

Supply voltage, VCC (see Note 1) . .. ... e 7V
Input voltage (see Note 1) . . . .. .. . 5.5V
Voltage applied to a disabled output (see Note 1) ... .. .. ... ... ... ... . .. . ... ... ... 5.5V
Operating free-air temperature range ... ............ . ... . -55°C to 125°C
Storage temperature range . . . .. ...ttt 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 MIN NOM MAX UNIT
Vcc  Supply voltage 4.5 5 5.5 \
VIH High-level input voltage 2 5.5 \%
ViL Low-level input voltage 0.8 \
10H High-level output current -2 mA
loL Low-level output current 12 mA
fclock Clock frequency 0 50 | MHz
tw Pulse duration, clock (see Note 2) High o ns

Low 10

tsu Setup time, input or feedback before CLKT 15 ns
th Hold time, input or feedback after CLKT 0 ns
TA Operating free-air temperature - 55 125 °C

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

PARAMETER TEST CONDITIONS MIN TYPT mAX UNIT
ViK Vec =45V, I =-18mA -1.5 v
VOH Vec =45V, gy = —2mA 24 33 v
VoL Vee = 4.5V, loL = 12 mA 0.35 0.5 \

Outputs 20
! V =55V, Vo =27V A
OzZH 1/0 ports cc 0 100 ‘L
Output: -20
lozL PIE_vec = 55V, Vg =04V A
1/0 ports -250
Pin 1, 11 0.2
I Vee =55V, V=55V i mA
All others 0.1
Pin 1, 11 50
IH Vee = 5.5V, V=27V 1/0 ports 100 A
All others 20
1/O ports -0.25
I \ =55V, Vi =04V A
I cc ! Al others 02| "
Ios? Vec =565V, Vg=05V -30 -250 | mA
Icc Vce = 5.5V, V) =0, Outputs open 170 220 mA

TAll typical values are at Ve = 5V, Tp = 25°C.

*Not

more than one output should be shorted at a time and duration of the short circuit should not exceed one second. Set Vg at 0.5 V

to avoid test equipment degradation.

Texas W
INSTRUMENTS
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

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

PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX | UNIT
frmax 50 MHz
togt 1, 10 0,10 8 15| ns
tpd CLK1 Q i R1 = 390 Q, 7 12| ns
ten OE} Q R2 = 750 Q, 8 12| ns
tdis OE? Q See Figure 1 7 12 ns
ten 1, 1/0 0, 110 8 15| ns
tdis 1, 1/0 0, /0 8 15| ns

TAll typical values are at Vce = 5V, Ta 256°C.

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

2-176 TeExAs Q’
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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, VCC (see Note 1) . .. ... e 7V
Input voltage (see Note 1) . . .. .. .. ... e 5.5V
Voltage applied to a disabled output (see Note 1) ... ...... ... .. ... .. 0., 5.5V
Operating free-air temperature range . . .. .. ...ttt 0°C to 756°C
Storage temperature range . ... ... ... ..t e et —-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 MIN NOM MAX | UNIT
Vce  Supply voltage 4.75 5 5.25 \4
VIH High-level input voltage 2 5.5 \%
Vi Low-level input voltage 0.8 \4
IoH High-level output current -3.2 mA
loL Low-level output current 24 mA
fclock Clock frequency 0 62 MHz
. High 7
tw Pulse duration, clock (see Note 2) ns
Low 8
tsu Setup time, input or feedback before CLK? 10 ns
th Hold time, input or feedback after CLKT 0 ns
TA Operating free-air temperature [0] 75 °C

NOTE 2: The total clock period of CLK high and CLK low must not exceed clock frequency, fciock. Minimum pulse durations specified

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

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VK Vce =475V, I = —18 mA -1.5 \
VoH Vece = 475V, lgH = -3.2mA 2.4 3.3 \'
VoL Vee =475V, lgL = 24 mA 0.35 0.5 \

Outputs 20
! Vce = 56.25V, Vo =27V A
OZH ™0 ports | '€ ° 00| *
Outputs -20
l Vce = 5.25V, Vo =04V A
0zL 1/0 ports cc o —-250 #
i 1
| Vgc =525V, V] =55V Pin1, 11 0 mA
! cc ! All others 0.1
Pin 1, 11 20
1%} Vee =56.25V, V=27V All others 2 rA
L Vece = 5.25V, V) =04V -0.2 mA
1ot Vee =625V, Vg =05V -30 -125 mA
Icc Vece = 5.25V, V=0, Outputs open 170 200 mA

TAll typical values are at Vog = 5V, Ta = 25°C.

+The

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

Texas {" 2177
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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)

PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX | uNIT
frax* ] 62 MHz
tpdt 1, /0 0. /0 8 12 [ ns
tpd CLK1 Q R1 = 500 0, 7 10| ns
ten OE{ Q R2 = 500 Q, 8 10| ns
tdis OE? Q See Figure 1 7 10 ns
ten 1, 10 0, I/0 8 12 [ ns
tdis 1, 110 0, I/0 8 12| ns

TAll typical values are at Vece =5V, Ta = 25°C.
#Maximum operating frequency and propagation delay are specified for the basic building block. When using feedback, limits must be
calculated accordingly.

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) 995-5666.
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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

PARAMETER MEASUREMENT INFORMATION

FR

5V

b

S1

OM OUTPUT

UNDER TEST
CL

(See Note A)

TEST
POINT

R2

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

[3.5 V] (3 V) — ———I[35V]I(3V)
TIMING A HIGH-LEVEL m
weov A 0.3vi© FUSE ! I [0.3 V] (0)
th— le—tw—»l
il ! [3.5 V] (3 V) ! !
DATA o NCay LOW-LEVEL lisvy oy ooV BV
INPUT : ) PULSE ! )
(0.3 V1 (0) L — ——1[0.3V](0)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
————— 35VIBV)  gyutpuT [3.5V] (3 V)
INPUT 1.5V 15V CONTROL 15V 15V
| | [0.3 V] (0) (low-level : : (0.3 V1 (0)
t le¢ > le »—t enablingy VI T T™ .
pd | H H pd v ten—b| |4— ~» [ tdis
IN-PHASE | o v ——\\1-2/ OH ! : : <33V
OUTPUT | ) | : WAVEFORM 1 I 15V g —VoL+0.5V
| | VoL $1 CLOSED | N\— {2 Vgt
tpd —¢—p| j&———tpd (See Note B) ten—l j— —» 1 dis T
OUT-OF-PHASE I ! Vo ! \——=—F= Vou
-OF- 15V 15V WAVEFORM 2 |
OUTPUT  ——vaL S1 OPEN VoH-0.5V
(See Note D) (See Note B) =0V

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A.
B.

Cy_ includes probe and jig capacita

VOLTAGE WAVEF
ENABLE AND DISABLE TIMES, TH

nce and is 50 pF for t,q and ten, 5 pF for tgjs.

ORMS
REE-STATE OUTPUTS

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.

2-179

C. All input pulses have the following characteristics: For M suffix, use voltage levels indicated in parentheses (),
PRR = 10 MHz, t, and tf < 2 ns, duty cycle = 50%. For C suffix, use the voltage levels indicated in brackets [ ],
PRR = 1 MHz, t; = tf = 2 ns, duty cycle = 50%.

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

E. Equivalent loads may be used for testing.

FIGURE 1
U
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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

D3340, FEBRUARY 1984 —REVISED AUGUST 1989

® High-Performance Operation
Propagation Delay

M Suffix . . . 20 ns Max

C Suffix . . . 15 ns Max

® Functionally Equivalent, but Faster than
PAL16L8A, PAL16R4A, PAL16R6A, and
PAL16R8A

® Power-Up Clear on Registered Devices
(All Registered Outputs are Set High but
Voltage Levels at the Output Pins Go Low)

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

DEVICE INPUTS 3-STATE | REGISTERED 1/0 PORTS
0 OUTPUTS | Q OUTPUTS

PAL16L8 10 2 0] 6

PAL16R4 8 0 4 (3-state) 4

PAL16R6 8 0 6 (3-state) 2

PAL16R8 8 0 8 (3-state) 0

description

These programmable array logic devices feature
high speed and a choice of either standard or
half-power devices. They combine Advanced
Low-Power Schottky T technology with proven
titanium-tungsten fuses. These devices will
provide reliable, high-performance substitutes
for conventional TTL logic. Their easy
programmability allows for quick design of
““custom’’ functions and typically result in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

The 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.

IMPACT is a trademark of Texas Instruments Incorporated.

PAL is a registered trademark of Monolithic Memories Inc.

TIBPAL16L8’

(TOP VIEW)
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TIBPAL16L8’

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

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

(TOP VIEW)
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TIntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975.

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.
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TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C

HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

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

(TOP VIEW)

TIBPAL16R6’
M SUFFIX . . . J OR W PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)
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TIBPAL16L8-20M, TIBPAL16L8-1 5C, TIBPAL16R4-20M, TIBPAL16R4-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& =1
5—]EN P
32X64 —£
7 o————o0
%
> 7, O-@—<4-»—1/0
1/0 16 7
| +— v
¢ Z O—&—4»—1/0
6 16 % O-——€p— /0
a o——1~u
7 -4—1/0
a N
7
Vi O—Q—d-b— 10
7, 1/0
7 O—Q—C—r—-
6
Vi PR
7 <
‘PAL16R4
OE Ol EN2
CLK D c1
-
& 8 >1 =1, 9k a
32X 64 4 1D )_\
? O—ro Q
4
[\
> H o “
8 16 o N\
| + +—~u 8 o—— Q
2 \
7 =1
4 16 7 EN
' D——~u ¥ v O—Q<—<—>— 1/0
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] o> 110
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o denotes fused inputs
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TIBPAL16R6-20M, TIBPAL16R6-15C, TIBPAL16R8- 20M TIBPAL1 GBB 15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
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TIBPAL16L8-20M, TIBPAL16L8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS
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Fuse number = First Fuse number + Increment

32—

20 24

28 31

64—

96

128

160

192

224

256

288

320

(18)

1280

1312

1376

1408

1472

1504

1536
1568

1600

1632

1664

1696

1728

1760

1792

1824
1856

1888

1920

1952

(19) o

170

17,0

r———“s) 170

%) 0

135

a2z

an
|

TeExas {"

INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

2-185



TIBPAL16R4-20M, TIBPAL16R4-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS
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TIBPAL16R6-20M, TIBPAL16R6-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

CLKU—L%

FIRST INCREMENT }

FUSE

NUMBERS © 4 8 12 16 20 24 28 31

0 - 4.4 4 4 4 —_

s2- []1] - Buns LT ! 1R ]
64 — 1 -4 - —
96— | . : L . ] 19
128 L] : I _{L,r,,(,,l 170
160 - -
;92 - - - -
24 - e ]

\ (2) —e |

BRER - =1

- o CL’\J
K
- -} =1
- B (17)
L L] 1 —1 Q
0. 1
. 796 ] +>C1
,( )[:I —

ggegerey
N3B32K38S
i
i
I
b | . §
Vo o
Ie) ol
= -
|
F
2
=]

°

2

o
1t

@
-3
@
b

S
@
N
et
+
bt
N e
T
|

1

R +

e
4—ﬁ

1920 +
L

w“—r
—JHAL
-+t
%»—r J
~HHH
Tl
— ot 444
——

Ll
I

LSS iR

Fuse number = First Fuse number + Increment

TeExas b

INSTRUMENTS 2-187

POST OFFICE BOX 655303 + DALLAS, TEXAS 76265



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

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

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

Input voltage (see Note 1) . ... ... . 55V

Voltage applied to a disabled output (see Note 1) . .. ... ... ... ... ... 55V

Operating free-air temperature range . . .. .. .. ... ...ttt n e -55°C to 125°C

Storage temperature range . . .. ... ...ttt e —65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vecc  Supply voltage 4.5 5 5.5 \4
VIH High-level input voltage 2 5.5 \4
V)L Low-level input voltage 0.8 \2
10H High-level output current -2 mA
loL Low-level output current 12 mA
felock Clock frequency 0 41.6 MHz
. High 10
tw Pulse duration, clock (see Note 2) ns
Low 11
tsu Setup time, input or feedback before CLKT 20 ns
th Hold time, input or feedback after CLKT 0 ns
Ta Operating free-air temperature -55 125 °C

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.
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TIBPAL1618-20M, TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

electrical characteristics

over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
ViK Ve = 4.5V, I = —18 mA -1.5 \
VoH Vee = 4.5V, IoH = -2 mA 2.4 3.2 i
VoL Veg =45V, gL = 12mA 0.25 0.4 v
lozH S;t‘:;:fs Veg =55V, Vg =27V "2)3 A
lozL I?;tz‘;:fs Vee =55V, Vg =04V - 2;2 A
I Vec =55V, Vi =55V Pin1, 11 02 1 A

All other: 0.1
Pin 1, 11 50
H Ve =55V, V=27V 1/0 ports 100 | A
All others| 20
1/0 ports -0.25
L Vee =58V, Vi =04V All others o2 ™
lost Ve =55V, Vo=05V -30 -250 | mA
Icc Vee = 5.5V, V) =0, Outputs open 140 190 mA
switching characteristics over recommended supply voltage and operating free-air temperature ranges

(unless otherwise noted)

PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX | UNIT
fnax 41.6 MHz
thd 1, 1/0 0, 110 10 20| ns
tpd CLK? Q R1 = 390 Q, 8 15 | ns
ton OE! Q R2 = 750 Q, 8 15 | ns
tdis OE? Q See Figure 1 7 15 ns
ten 1, 1/0 0, 110 10 20| ns
tdis 1, 110 0, I/0 10 20 ns

TAll typical values are at Voc = 5V, Tp = 25°C.
#Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. Set Vg at 0.5 V
to avoid test equipment degradation.
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TIBPAL1618-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

abso

NOTE

lute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voitage, VcC (see Note 1) ... .. .. . 7V
Input voltage (see NOte 1) . . . ... 5.5V
Voltage applied to a disabled output (see Note 1) .. .............. ... ... ........... 5.5V
Operating free-air temperature range . . . . .. . oo vt v i ettt e 0°C to 75°C
Storage temperature range . . .. .. .. ...ttt —-65°C to 150°C
1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Vce  Supply voltage 4.75 5 5.25 \%
VIH High-level input voltage 2 5.5 \%
ViL Low:-level input voltage 0.8 Vv
loH High-level output current -3.2 mA
loL Low-level output current 24 mA
fclock Clock frequency 0 50 MHz
. High 8
tyw Pulse duration, clock (see Note 2) ns
Low 9
tsy Setup time, input or feedback before CLK? 15 ns
r_t: Hold time, input or feedback after CLK?T 0 ns
TA Operating free-air temperature 0 75 °C
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.

o
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TIBPAL16L8-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vee = 475V, | = —18 mA ) -1.5 \
VoH Vcec =475V, lgg = -3.2mA 2.4 3.3 \
VoL Vee = 4.75V, gL = 24 mA 0.35 0.5 \

Outputs 20
[ V =525V, Vg =27V
OZH ™70 ports | ' CC 0= 0] M
Outputs -20
! V =525V, Vo =04V A
0zL /0 ports cc 0 - 250 #
Pin 1, 11 A
I Vee = 525V, Vi =55V o ° mA
All others 0.1
Pin 1, 11 20
I V =525V, V; =27V A
H cc | All others 20| "
he Vee = 5.26V, V=04V -0.2 mA
[ Vee = 525V, Vg =225V -30 -125 | mA
Icc Vee = 5625V, V=0, Outputs open 140 180 mA

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

PARAMETER FROM TO TEST CONDITIONS MIN TYPT  MAX UNIT
fmax 50 MHz
tpd 1,1/0 0, 1/0 10 15 ns
tpd CLKT Q R1 = 500 @, 8 12 ns
ten OE! Q R2 = 500 Q, 8 12 ns
tdis OE? Q See Figure 1 7 10 ns
ten 1, 1/0 0, I/0 10 15 ns
tdis 1, 1/0 0, 1/0 10 15 ns

TAll typical values are at Vee =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.

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) 995-5666.
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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

PARAMETER MEASUREMENT INFORMATION

5V
S1
R1
FROM OUTPUT TEST
UNDER TEST POINT
cL R2
(See Note A)

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

TIMING [3.5 V1@V

INPUT 15V

e — - . [0.3 V1 (0)

DATA _W [3.5 V1 (3 V)
INPUT 0.3 V1 (0)
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

HIGH-LEVEL ~ ————C -~~~ — (3.5 VI (3 V)
PULSE 15 \

ety —» (0.3 VI (0}

' / 3.5 V] (3V)
LOW-LEVEL L5y i
PULSE o _ [0.3V]0)

VOLTAGE WAVEFORMS
PULSE DURATIONS

———— —[35VI(3V) 35VI(3V
INPUT 1.5V 15V OUTPUT BeVIEV
! I {0.3 VI (0) CONTROL '
tpdqe—i ¢ tpd (low-level | 0.3 V1 (0)
IN-PHASE | ! X +—— VoH enabling) -
ouTPUT 15V 1.5V Iy -
¢ | I VoL | | ] |
pd “"—"I }—b+tpd WAVEFORM 1 | | { ~33v
OUT-OF-PHASE 1sv I/ VoH S1 CLOSED 1 | _§_ Vo+osv
OUTPUT : 1eV (See Note B) | i VoL
(See Note D) T Vo tenM :‘_ tais® M=
VOLTAGE WAVEFORMS W"‘S‘fgggﬂ""' 2 I L __$_ VoH
PROPAGATION DELAY Tl 3
MES {See Note B) ﬂ VoH-0.5V

=0V

VOLTAGE WAVEFORMS
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: For M suffix, use voltage levels indicated in -parentheses (),
PRR = 10 MHz, t; and t < 2 ns, duty cycle = 50%. For C suffix, use the voltage levels indicated in brackets [ ],
PRR = 1 MHz, t; = t = 2 ns, duty cycle = 50%.

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

E. Equivalent loads may be used for testing.

FIGURE 1
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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

D3337, FEBRUARY 1984 —REVISED AUGUST 1989

High-Performance Operation
Propagation Delay

M Suffix . . . 30 ns Max

C Suffix . . . 25 ns Max

Functionally Equivalent, but Faster than
PAL16L8A, PAL16R4A, PAL16R6A, and
PAL16R8A

Power-Up Clear on Registered Devices
(All Registered Outputs are Set High but
Voltage Levels at the Output Pins Go Low)

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

3-STATE |REGISTERED
DEVICE | INPUTS | " rs | @ ouTputs | VO PORTS
PAL16L8 10 2 0 6
PAL16R4 8 0 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2
PAL16R8 8 0 8 (3-state) 0
description

These programmable array logic devices feature
high speed and a choice of either standard or
half-power devices. They combine Advanced
Low-Power Schottkyt technology with proven
titanium-tungsten fuses. These devices will
provide reliable, high-performance substitutes
for conventional TTL logic. Their easy
programmability allows for quick design of
“‘custom’’ functions and typically result in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

The 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.

IMPACT is a trademark of Texas Instruments Incorporated.

PAL is a registered trademark of Monolithic Memories Incorporated

TIBPAL16L8’
M SUFFIX . . . J OR W PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)

vVee

110

110

TIBPAL16L8’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

Q
o
- - —->0

2 12019
1[4 18 170
] 5 17 1/0
1 []e IGE 1/0
1p7 150} /0
Ik 1o
101112

-0~ 0

110

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

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.
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TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

TIBPAL16R4’ TIBPAL16R4’
M SUFFIX . . . J OR W PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
cLk vee ¥ 0o
12 110 = =0 > =
10s 110
1« Q | 110
1s Q | Q
1{s Q | Q
10 Q | Q
i 110 | Q
10e 110 13
GND[J10 OE Ao o
ZlI0O ==
]
TIBPAL16R6’ TIBPAL16R6"
M SUFFIX . . . J OR W PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
ck [ vee ¥ 85
1g2 110 —=2 2 =
1s Q 3212019
1a Q g 18[a
1s Q 1PDs 170a
1de Q ipe 16[ja
g Q ik 1s[]a
10s Q 1Ds 11fa
1e 110 9 10111213
GND [J10 OE ~gE oo
]
TIBPAL16RS’ TIBPAL16RS’
M SUFFIX . . . J OR W PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
ek [T T20vee % 8
102 190a = -0>0
i3 1¢a 3 2 12019
i 1700a 1D 18[ja
1Ids  1e[]a s 17[a
10e  1sa 1De e(a
107 14[0a 107 1s[jQ
18 13%0 1Ds 11fa
Ige 1z0a 12 13
GND 1o 11[JOE P
Z 10
]

*i’
9196 Texas
INSTRUMENTS

POST OFFICE BOX 655303 + DALLAS, TEXAS 75265



TIBPAL16L8-30M, TIBPAL16R4-30M
TIBPAL16L8-25C, TIBPAL16R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& —]en -7 o
o————
32X 64 |—4 v
7 o—————o0
#
> 7 o—.\——Q-b— 1/0
10 16 7
: 7 ™ 7 --4—»—1/0
- %
6 16 7 %4—’— /0
7 O—— " 4
7 O_t_‘—'_ i/0
,I
7
,, O-a—¢-»—1/0
7, o—t—q—p—n
vi /0
6
/ é
7 <
‘PAL16R4
OE -O{ EN2
CLK Dc1
-
> =
N & 8 1 1=1,0k a
X 64 7 1D
1\
8 o Q
7
[\
3 ; ¢
7
8 16 T\
| /I ,l ~n 18 O— Q
2 N\
7 >1
a 16 7 EN
7 H—-f\, ~ v 1/0
& <.
"7 O > 1/0
7 o ‘\ 4> 1/0
/ p—a > 1/0
4
Vi -
7 -
4 a
,‘ -

Ny denotes fused inputs

i
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TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16R6-25C, TIBPAL16R8-25C

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

functional block diagrams (positive logic)

‘PAL16R6
OE —OfEN2
CLK b c1
c
& 8, 21 =1 2VjO——— Q
32x64f 7 10 BN
8 O—4+——Q
A
N
" O—4— Q
8 > 16 7
| —— “ N
~y 8 C a
#
64 N
i 8, O— a
L4
2 16 N\
~ 8 JO— Q
P
>
N )
7
> \v4 D_T*-’—— 1/0
7 D <+»> 1/0
’1 ol ‘\ -
e 4
2. a-
L4 -
‘PAL16R8
OE OlEN2
CLK c1
AN
& 8, >1 =1 ,ylo—— 0
32X 64 [ L —
8 O—— a
N
8, O—t— Q
8 6 . N
| — > s AY) 8 0— Q
7
N
8 o——
8 16 > a
O—p— @
N\
3 O——— a
8‘ O—F+—
N
o .
¥ -
~denotes fused inputs
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TIBPAL1618-30M, TIBPAL16L8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

M
1
FIRST INCREMENT
:I%SNIEBERS 0 4 8 12 16 20 24 28 31
0 - -

96 — (19) )

M
g
J

352 18,9

512— +- D)

608 — - a7
640 — | 170

864 16) 170

1120 '__(@

170

1376 ,—4—(14) 170

1632 —————(1 3) 170

1888 12) 4

2016 )
9} ]

Fuse number = First Fuse number + Increment
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TIBPAL16R4-30M, TIBPAL16R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

cu ps

FIRST INCREMENT
:I%%IIEBERS o 4 8 12 16 20 24 28 31
o

32

64

96 (19)

128 " 170

|
160
192

1 2 X

256 D)

288
320
g:i r——ﬂ 170

§12—+

IENWLEN

2

E (‘IS)0

%
5

=1 »_—&)_
(15)
H Q
1152 10

5

1344 : I=1 14

e [m e
b C1

| (7)Dl K—

—— /0

t 1 L (12) /0

|
1952 i %
1984 t
}
I

2016

: a8
b

S A

——
e
44

e L PUIIES

Fuse number = First Fuse number + Increment
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TIBPAL16R6-30M, TIBPAL16R6-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

cuk
FIRST INCREMENT
FUSE
NUMBERS O 3 ) 12 16 20 24 28

1
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o

T
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T
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Fuse number = First Fuse number + Increment
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TIBPAL16R8-30M, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

cuc iy,

FIRST INCREMENT
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TIBPAL16L8-30M, TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M
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) . . .. .o 7V

Input voltage (see Note 1) . . ... .. . 55V

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

Operating free-air temperature range . . ... ... ...t —-55°C to 125°C

Storage temperature range . .. .. .. ... vt iue -65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Vce  Supply voltage 4.5 5 5.5 \"
ViH High-level input voltage 2 5.5 \
ViL Low-level input voltage 0.8 \
loH High-level output current -2 mA
loL Low-level output current 12 mA
fclock Clock frequency 0 25 MHz
tw Pulse duration, clock (see Note 2) High 15 ns

Low 20
tsu Setup time, input or feedback before CLK?T 25 ns
th Hold time, input or feedback after CLKT 0 ns
TA Operating free-air temperature -565 125 °C
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.
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TIBPAL16L8-30M, TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
ViK Vee =45V, I = —18 mA -1.5 \"
VOH Vec =45V, IgH = —2mA 24 3.2 v
VoL Vec =45V, gL = 12mA 025 0.4 v

Outputs 20
1 Vec =565V, Vg=27V A
OZH ™6 ports | ' CC 0 100 | "
Outputs -20
1 Vec =55V, Vg =04V A
ozL 1/0 ports | ' CC 0 250 | ¥
i Vec =55V, V=65V Pin1, 11 .
! cc = >3V b=> All others| 0.1
Pin 1, 11 50
11 Vege = 5.5V, V=27V 1/0 ports 100 uA
All others| 20
1/0 ports -0.25
[ Vec =65V, V=04V A
I cc =5 1=0 All others] o2 | ™
los? Vcc =65V, Vg =05V -30 ~250 | mA
I Vec =85V, Vi =0 75 105 | maA
cc Outputs open

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

PARAMETER FROM T0 TEST CONDITIONS MIN TYPT MAX | UNIT
frmax 25 MHz
tpd 1, 1/0 0, 1/0 15 30 ns
tpd CLK? Q R1 = 390 Q, 10 20 ns
ten OE! Q R2 = 750 Q, 15 25 ns
tdis OE? Q See Figure 1 10 25 ns
ten 1, 1/0 0, I/0 14 30 ns
tdis 1, 1/0 0, 110 13 30 ns

TAll typical values are at Vcg = 5V, Ta = 25°C.
¥Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. Set Vg at 0.5 V
to avoid test equipment degradation.
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TIBPAL16L8-25C, TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

NOTE

Supply voltage, Vg (see Note 1) ... .. .. o 7V
Input voltage (see Note 1) . . . ..ot 5.5V
Voltage applied to a disabled output (see Note 1) .. ......... ... .. ... ... ... ... .. 5.5V
Operating free-air temperature range . . . . . ... ... i it ittt 0°C to 75°C
Storage temperature range . . . . . ..o v v it i n e e e -65°C to 150°C
1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vcc  Supply voltage 4.75 5 5.25 \Y
VIH High-level input voltage 2 5.5 \2
VL Low-level input voltage 0.8 \
lOH High-level output current -3.2 mA
loL Low-level output current 24 mA
fclock Clock frequency 0 30 MHz
] High 10
tw Pulse duration, clock (see Note 2) ns
Low 15
| tsu Setup time, input or feedback before CLKT 20 ns
th Hold time, input or feedback after CLK® 0 ns
TA Operating free-air temperature 0 70 °C
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.

o
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TIBPAL16L8-25C, TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
ViK Vec = 475V, || = —18 mA —1.5 %
VoH Vece =475V, lgy = —3.2mA 2.4 3.3 \
VoL Vecec =475V, gL = 24 mA 0.35 0.5 \

Outputs 20
1 V, =525V, Vg =27V A
OZH ™0 ports | ' CC 0 10| *
Outputs -20
I Vi =525V, Vo =04V A
0ZL ™6 ports | ‘<€ ° “250 | *
Pin 1, 11 0.1
1} Vee =56.256V, V=556V All otherd 01 mA
Pin 1, 11 20
IH Vee =525V, V=27V Al othord 20 A
I Vece = 5.25V, V=04V -0.2 mA
Iof Ve = 525V, Vg = 2.26 V —30 —125 | mA
Vee =5.26V, V=0,
| 75 100 A
cc Outputs open "

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

PARAMETER FROM T0 TEST CONDITIONS MIN TYPT MAX [ UNIT
fmax 30 MHz
tpd 1, 1/0 0, 1/0 15 25 ns
tpd CLK? Q R1 = 500 @, 10 15 ns
ten OE!l Q R2 = 500 Q, 15 20 ns
tdis OE? Q See Figure 1 10 20 ns
ten 1, 1/0 0, 1/0 14 25 ns
tdis 1, 1/0 0, 110 13 25 ns

TAll typical values are at Veec =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, Igg.

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) 995-5666.
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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

PARAMETER MEASUREMENT INFORMATION

5V
S$1
R1 »
FROM OUTPUT TEST
UNDER TEST POINT
a R2
(See Note A)
LOAD CIRCUIT FOR
THREE-STATE OUTPUTS
TIMING [3.5 VI3 V) HIGH-LEVEL c—-—-—1I[35V](3V)
INPUT 15V PULSE 15V .
A ' 0.3 V] (0
- - [0.3 V1 (0) w | [ 1(0)
gl ‘su"._ i ' Il
: _:_ - — — [35V]I(3V) ! ' [3.5V](3V)
DATA m LOWLEVEL 1sv
INPUT [0.3 V] (0) — — — — [0.3V](0)

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

VOLTAGE WAVEFORMS
PULSE DURATIONS

—— — — —[35VI(3V) [3.5 V1 (3 V)
INPUT M OUTPUT
! | (0.3 V] (0) CONTROL ’
t N
tod ’Q———’T— pd (|owb:_eve)| \ | [0.3 V] (0)
IN-PHASE | ! , ¢+~ — Vou enabling » e
OUTPUT sV 15V by _’1 -
| | Vou | | | |
tpd ——N —+tpd WAVEFORM 1 A\l | : \73-3 v
| § VoL+0s5V
OUT-OF-PHASE 15V A o1 CLOSED | |-
OUTPUT fio y (See Note B) bl Fm i VoL
(See Note D) ot o | s
VOLTAGE WAVEFORMS w;xs\ﬁegg:x 2 ! ::*‘: VoH
PROPAGATION DELAY TIMES (See Note B) ﬂ VOH-0.5V

=0V

VOLTAGE WAVEFORMS
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 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: For M suffix, use voltage levels indicated in parentheses (),
PRR = 10 MHz, t, = tf < 2 ns, duty cycle = 50%. For C suffix, use the voltage levels indicated in brackets [ ],
PRR =< 1 MHz, t, = ty = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
. Equivalent loads may be used for testing.

m

FIGURE 1
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TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL20R6-7M, TIBPAL20R8-7M
TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C

HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

D3353, OCTOBER 1989

® High-Performance Operation:
fmax (no feedback)

TIBPAL20R’-5C Series . . . 125 MHz
TIBPAL20R’-7M Series . . . 100 MHz
fmax (internal feedback)
TIBPAL20R'-5C Series . . . 125 MHz
TIBPAL20R’-7M Series . . . 100 MHz
fmax (external feedback)
TIBPAL20R’-5C Series . . . 115 MHz
TIBPAL20R’-7M Series . . . 74 MHz
Propagation Delay
TIBPAL20R'-5C Series . . . 5 ns Max
TIBPAL20R’-7M Series . . . 7 ns Max

® Functionally Equivalent, but Faster than,

Existing 20-Pin PALs

® Preload Capability on Output Registers
Simplifies Testing

® Power-Up Clear on Registered Devices

(All

Register Outputs are Set Low, but Voltage

Levels at the Output Pins Go High

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

and Ceramic DIPs

® Security Fuse Prevents Duplication

3-STATE REGISTERED 110

DEVICE |1 INPUTS 0 OUTPUTS Q OUTPUTS PORTS
‘PAL20L8 14 2 0 6
‘PAL20R4 12 0 4 (3-state buffers) 4
‘PAL20R6 12 0 6 (3-state buffers) 2
‘PAL20R8 12 o] 8 (3-state buffers) o

description

These programmable array logic devices feature

high speed and functional equivalency

when

compared with currently available devices.

These IMPACT-X™ circuits combine the

latest

Advanced Low-Power Scho’(tky'r 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.

TIBPAL20LS’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE
(TOP VIEW)
1 24[] Vcc
102 230!
103 22f]o0
g+ 2agwvo
s 2010
IJe 19 Vo
gz sgvo
I1Qs 7 vo
e &[]0
IJwo 1500
L 14% 1
GND 12 13[] !
TIBPAL20LS’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)
[GINS)
0O
- - ->>-0
/ S [ G S G gy o
4 3 2 1282726
1s 25(] 10
106 24[] /0
107 23] 170
GND 18 22[] GND
109 21] /o
1 Do 20(] 170
10 19[] 110
12131415161718

Pin assignments in operating mode

PRODUCT PREVIEW

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

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

TIntegratecl Schottky-Barrier diode-clamped transistor is patented

by Texas Instruments, U.S. Patent Number 3,463,975.

PRODUCT PREVIEW documents contain information
on products in the form: or design phase of
development. Characteristic data and other
spmﬁmmns are dumhmls. Texas Instruments
reserves the right nge or discontinue these
products without h

TeExas b
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Copyright © 1989, Texas Instruments Incorporated
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TIBPAL20R4-7M, TIBPAL20R6-7M, TIBPAL20R8-7M
TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C
HIGH-PERFORMANCE /MPACT-X ™ 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)
ck [T U247 vee x838 o
102 2301 - —-0>>_-=
i0s 220wo 432128272
s 210 wo ibs 25(] 1/0
ifs 200 o 1Be 20 a
IEG 19[] a 1p7 23] a
107 1180a GND D8 22[] GND
IBB 17(] @ 1he 21[] a
1I0o 18[Jwo 1D 20] a
10w 18] 1o kR 19 10
|E11 14 | 12131415 161718
GND [J12  13[] OF S —————
i -N-1"h
z 2lo =
QO
TIBPAL20R6' TIBPAL20R6’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
o] C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
o) (TOP VIEW) (TOP VIEW)
o cwk [T D220 vee ¥X88 o
O |Ez 23[]1 --0>>_-=
(- 1gs  220wo (43321282726
(@] 1gs 210a |%5 25(] a
| 1fs 200a 3 2a{] o
o e 190a 17 230 a
] 1d7 180a GND [I18 22(] GND
m 10 170a 1he 210 a
< |Ee 16[]a 110 200 o
S 1o 1s[Jwo 10 190 a
m 1 14 121314151617 18
- T oaQjw o
Z z2Ilo =
O O
TIBPAL20R8’ TIBPAL20RS’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
ck [ Uza vee X 8 8
102 23]| -——0>>_0
g 220c 32 71mB2728
104 210a 1ps 25[] o
105 200a 1pe 24]a
10 190a ik 23 o
gz da GND I8 22[] GND
18 170a 109 210 a
ido 180a 1 D10 20(] a
1o 1500 a 1pn 190 a
Qi e Biiiieine
GND [J12  13[JOE p— =
g2l ©
QO

Pin assignments in operating mode
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TIBPAL20L8-7M, TIBPAL20R4-7M
TIBPAL20L8-5C, TIBPAL20R4-5C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

functional block diagrams (positive logic)

PRODUCT PREVIEW

TIBPAL20LS'
& en =1
7 vp———o
40 X 64 |—
7 O————O0
L4
20X > 7 b—og—-d—b—— 1/0
14 20 7
/ /
I ™ 7 o-al-¢»— 10
7
6 20 A O—@;—€4—»—1/0
# O—— ~
7 -¢»—1/0
/ Y
7
7 o—a—¢-»— 10
7 o> 10
7
61 &
% <
TIBPAL20R4’
OF O EN
CLK D c1
L -
& 8 =1 1=0 a
40 x 64 [ D
79 @
8 o—— Q
20X D 7
12 20 s \
| + F—~ / o— Q
; \
7 =1
a 20 = EN
+ D+ ~ v P—ﬁ-’— 1/0
717 O < <> 110
7 P P
S O > 1/0
7 H—a1—e> 1/0
7‘ - \ -
4
A o
7 «
4 <—
7‘ B
"\ denotes fused inputs
{/
E
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TIBPAL20R6-7M, TIBPAL20R8-7M
TIBPAL20R6-5C, TIBPAL20R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

functional block diagrams (positive logic)

M3IATHd 1ONA0Ud

TIBPAL20R6"
OE -OfEN
CLK ci
m | L
& 8 =1 1=0 Vj Q
40X 64 0 —
8 l—a
=am B o—]
—
8 O—~— Q
7
R DN —
8 — a
e
61
” 8 O——t— Q
2 0-72‘9— v 8 Q
H——
N
=1
| {en
—7‘—'7 V—e«—»—1— /0
7 pD—e—a—» 110
24 -
6, 4
> —«
TIBPAL20RS’
OF EN
CLK ZLm
& 8 EY) 1=0 ypo—— @
s0x64 [ L .
8, O Q
[ N
8 o—+— @
12 20 —
1 gl Hulk PN 8, — a
7
N
8 o—— 2
8 20 -
~ —\
o—— @
N
8 o—— a
— N
84 o—t+— Q
£ a-
v <

N\ denotes fused inputs
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TIBPAL20L8-7M
TIBPAL20L8-5C

HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

logic diagram (positive logic)

(1)

INCREMENT
A\

(4] 4 8 12 16 20 24 28 32

36

'(Z)Dt

44

(23)

FIRST

FUSE 0

NUMBERS 40
80

(3) 280

(22)

21
Kl 170

Le

PRODUCT PREVIEW

(17)

/0

(16)

———— 1/0

(15)

— 0

14,

T

m
, )

Ly

A 03
>

P-
Fuse Number

First Fuse Number + Increment

Pin numbers shown are for JT and NT packages.

.
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TIBPAL20R4-7M
TIBPAL20R4-5C ,
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

logic diagram (positive logic)

(N
Clk —>- INCREMENT

/0 4 12 16 20 24 28 32

36

20y
=
FIRST
FUSE

NUMBERS 43

M3IATHd 1O9NAO0dd

(21)

(23)

(22)

————1/0

1/0

SEREE

(16)
170

15
{ )I/

11
g

Fuse Number First Fuse Number + Increment
Pin numbers shown are for JT and NT packages.

](13)6—5

~
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TIBPAL20R6-7M
TIBPAL20R6-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

logic diagram (positive logic)

1
CLK U{;

INCREMENT

12

2 32 36
16 20 24 8 (23) '

Bt
:

FIRST
FUSE o

NUMBERS 40
80

e,

PRODUCT PREVIEW

(11)
1 —~D|'_,

Fuse Number = First Fuse Number + Increment
Pin numbers shown are for JT and NT packages.

(13) _

Texas "4‘
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TIBPAL20RS-7M
TIBPAL20R8-5C

HIGH /MPACT-X™ PAL® CIRCUITS

logic diagram (positive logic)

1
CLK (—){>

INCREMENT

12

16

20 24 28 32 36

(2)nt
1 =D¥
FIRST
FUSE 0

NUMBERS 40
80

M3IATHd 1ONACHd

(101, 2
D

l(11) }

ok

Fuse Number = First Fuse Number + Increment
Pin numbers shown are for JT and NT packages.

—~+
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TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL20R6-7M, TIBPAL20R8-7M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

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

Supply voltage, VCC (see Note 1) .. ... e 7V
Input voltage (see Note 1) . . ... ... e e 5.5V
Voltage applied to a disabled output {see Note 1) ... .......... .. ... ... .............. 55V
Operating free-air temperature range .. ........ ...t . —-55°C to 125°C
Storage temperature range . . . . . ... ... vttt -65°C to 150°C

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

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 5.5 \Y
VIH High-level input voltage 2 5.5 \4
ViL Low-level input voltage 0.8 \Y
10H High-level output current -2 mA
loL Low-level output current 12 mA
fclock Clock frequency 0 100 | MHz
tw Pulse duration, clock High 5 s
Low 5 ns
tsu Setup time, input or feedback before CLK?T 7 ns
th Hold time, input or feedback after CLK1 0 ns
TA Operating free-air temperature -55 25 125 °C

felock: tw: tsu. and tp do not apply for TIBPAL20L8'.

PRODUCT PREVIEW

EXAS {'f 9917
INSTRUMENTS

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265



TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL20R6-7M, TIBPAL20R8-7M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

PARAMETER TEST CONDITIONS MIN TYPt  MAX UNIT
ViK Vcc =45V, L= -18mA -0.8 -15 v
VOoH Vee = 45V, IoH = —2mA 2.4 3.2 )
VoL Vec =45V, lg = 12mA 0.25 0.5 v
lozH Vec =55V, Vo =27V 100 | A
O, Q outputs - -20 uA
I Vi =55V, Vo =04V
OZL T/0 ports cc 0 2025 | mA
i Vcc =565V, V=55V 1] mA
1/0 ports 100
=55V, V) = 2.
"I Al others Vee = 85V =27V | M
1/0 ports -0.1
| \7 =558V, V) = 0.4V A
I Al others cc ! 02| "
los? Vec =565V, Vg =05V —30 -70 -250 | mA
Vee = 55V, Vi =0,
! — 210 A
cc QOutputs open, OE at V|4 m
Ci f =1 MHz, V=2V oF
Co f =1MHz, Vo =2V pF
Celk ’ f =1 MHz, VoK =2V pF
) T All typical values are at Vog = 5V, Ta = 25°C.
m ¥ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed 1 second. Set Vg at 0.5 V
o to avoid test equipment ground degradation.
C switching characteristics over recommended operating free-air temperature range (unless otherwise
) noted)
q PARAMETER FROM TO TEST CONDITIONS MIN MAX | UNIT
v without feedback 100
: with internal feedback
fmax > 100 MH
g max (counter configuration) g
i [ f k 74
—_— with external feedbac R1 = 200 Q,
m tpd 1,110 0, /0 ns
R2 = 200 Q,
E tpd CLK Q . ns
See Figure 1
ten OE} Q ns
tdis OE? Q ns
ten 1, 1/0 0, 1/0 ns
tdis 1, 1/0 0, 1/0 ns

Ssee fmax SPECIFICATIONS. f5x does not apply for TIBPAL20L8'.

U]
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TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

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

NOTE

Supply voltage, VCC (see Note 1) . . . ... 7V
Input voltage (see NOte 1) . . . .. .o o e e e e e 5.5V
Voltage applied to a disabled output (see Note 1) ... ... .. ... . ..., 5.5V
Operating free-air temperature range . . . . .. .. ... ...t 0°C to 75°C
Storage temperature range . . . .. .. ..o u i ii it -65°C to 150°C
1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vce Supply voltage 4.75 5 5.25 \
ViH High-level input voltage 2 5.5 \
VL Low-level input voltage 0.8 \
loH High-level output current -3.2 mA
loL Low-level output current 24 mA
folock Clock frequency [¢] 125 MHz
. High 4 ns
tw Pulse duration, clock
Low 4 ns
tsu Setup time, input or feedback before CLKt 4 ns
th Hold time, input or feedback after CLKT [¢] ns
TA Operating free-air temperature [¢] 25 75 °C

felock: tw. tsu, and tp do not apply for TIBPAL20LS'.

PRODUCT PREVIEW
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TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vee = 475V, | = —18 mA -0.8 -1.5 v
VoH Vee = 475V, oy = -3.2mA 2.4 \
VoL Vee = 475V, lgL = 24 mA 0.3 0.6 \
lozH 362;::”“5 Vee = 525V, Vg =27V 1(2)2 Py
lozL l%?);:stpms Vee = 525V, Vg = 0.4V _1(2)2' Py
Iy Veec = 625V, V=556V 1 mA
hat Vee = 5.25V, Vp =27V 25 | uA
I # Vee = 5.25V, V) =04V -0.25 | mA
1053 Vec = 5.25V, Vg =05V -30 -70 -130 | mA

Vee = 6.26V, V| =0,

lcc Outputs open,  OE at Vi 210 mA
[ f = 1 MHz, Vi =2V pF
Co f = 1 MHz, Vo =2V pF
Celk f = 1 MHz, Vo = 2V pF

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

M3IATHd 1ONA0Ud

¥ For 1/0 ports, the parameters hij 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 1 second. Set Vg at 0.5 V
to avoid test equipment ground degradation
switching characteristics over recommended operating free-air temperature range (unless otherwise
noted)
PARAMETER FROM T0 TEST CONDITIONS MIN MAX | UNIT
without feedback 125
fmax§ with internal Teedb?ck 125 MHz
(counter configuration)
with external feedback 115
t It , 110 5
- CL/KC; : Q/ A1 = 2006, 45 ~
tpd ‘ ‘ R2 = 200 @, : i
nterna

t CLK See Fi 1 3
pd Ll Feedback ee Figure ns
ten OE} Q 5.5 ns
tdis OEt Q 5.5 ns
ten 1, 110 0,10 6.5 ns
tdis I, 110 0, /0 6.5 ns
tskew Skew between registered outputs ns

8See fmax SPECIFICATIONS. fmax does not apply for TIBPAL20L8'.

%
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TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL20R6-7M, TIBPAL20R8-7M
TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C
HIGH-PERFORMANCE /MPACT-X ™ 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) 997-5666.

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.
Step 2.
Step 3.
Step 4.

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

Apply either V| or V|4 to the output corresponding to the register to be preloaded.

Pulse Pin 1, clocking in preload data.

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

preload waveforms (see Note 3)

NOTE 3:

————— — ViHH
|
PIN 11 i
|
Vi
'Q—KSU—D‘ 'ﬂ—td——ﬂ
p—tqa— e—tw —>| ] !
| ! | | Lo v
| | I T H
PIN 1 | | | |
] | | |
: 7 | Vie
| X !
| | | |
1 I
I ' P
| I— ViH | VoH
| [
REGISTERED 1/0 INPUT OUTPUT
——ViL VoL
td = tgy = ty = 100 ns to 1000 ns.
VIHH = 10.25 V to 10.75 V.

PRODUCT PREVIEW
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TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL20RG6-7M, TIBPAL20R8-7M
TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax without feedback, see Figure 1

In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no
feedback. Under this condition, the clock period is limited by the sum of the data setup time and the data
hold time (tgy+th). However, the minimum fmax is determined by the minimum clock period
(twhigh + tylow).

Thus, fmax without feedback = - L or ! .
(tw high+tw low) (tsy +th)
CLK
—p— LOGIC > Q p——
ARRAY
L a

tsutth
|
ty high +ty, low

FIGURE 1. fmax WITHOUT FEEDBACK

fmax with internal feedback, see Figure 2

This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are

defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal

delay from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop.
1

Thus, fmax with internal feedback = .
(tsu +tpd CLK-to-FB)

Where tpd CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array.
CLK

—— LOGIC L > al——

[
-4

FIGURE 2. fmax WITH INTERNAL FEEDBACK

M3IATHd 10NAO0Hd

ol
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TIBPAL20L8-7M,TIBPAL20R4-7M, TIBPAL20R6-7M, TIBPAL20R8-7M
TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20RG6-5C, TIBPAL20R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax with external feedback, see Figure 3

This configuration is a typical state-machine design with feedback signals sent off-chip. This external
feedback could go back to the device inputs or to a second device in a multi-chip state machine. The slowest
path defining the period is the sum of the clock-to-output time and the input and setup time for the external

signals (tgy +tpd CLK-to-Q).
1

Thus, fmax with external feedback = ——M ————— .
(tsu +tpd CLK-to-Q)

CLK

LOGIC L> Q - NEXT DEVICE

ARRAY

>
»

=]

[=)

D 2
}‘ _ ‘su—+—lpd CLK-m-o—b‘n—*suil Y]
FIGURE 3. fmax WITH EXTERNAL FEEDBACK |_>u
o
o
-
10 &; Q U
=
Cc1 Q
| —D —— 8
o
170
- K
FIGURE 4. PROPAGATIGN DELAY FROM CLK® to 110, THRU LOGIC ARRAY
Ti -{i’
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3v —— — —3V
TIMING i o HIGH-LEVEL risvo sy j o
INPUT T T T PULSE i »
‘su th I tw '
I = 3V LOW-LEVEL
3 15V 1.5V PULSE I l 3v
X DATA o 15V 15V
o INPUT - — 0
U VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
C SETUP AND HOLD TIMES PULSE DURATIONS
o — 3v
= SEYT
v INPUT I ! ; 0 (low-level
oo} toa _.k___;' —>—t, enabling) |
2 ‘
IN-PHASE
m OUTPUT WAVERORMT : = :_:_ ~25V
E tos —le—> S1CLOSED | ’ N 2
| | Vou (See Note B) | —_ E VoL +0.5V
OUT-OF-PHASE 15V 15V tas—d - VoL
oUTPUT v tn €= | ¥
D —-—— —_——
(See Note D) oL WAVEFORM 2 ‘ - Vou
VOLTAGE WAVEFORMS (SeS‘Ng":EB'; 15V L Von —0.5V
PROPAGATION DELAYTIMES Y L el D ov
VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS
NOTES: A. Ci includes probe and jig capacitance and is 50 pF for tpd and tgp, 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 < 10 MHz, t; = tf < 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
E. Equivalent loads may be used for testing.
FIGURE 5
2-224 I EXAS b
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TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL20RG6-7M, TIBPAL20R8-7M
TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

FROM OUTPUT P
UNDER TEST

CL =<

(See Note A)

5V

S1
R1

TEST
POINT

R2

LOAD CIRCUIT FOR
3-STATE OUTPUTS
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20RG-10M, TIBPAL20R8-10M
TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

D3307, OCTOBER 1989

® High-Performance Operation:
fmax (no feedback)

TIBPAL20R'-7C Series .
TIBPAL20R’-10M Series

fmax (internal feedback)

TIBPAL20R'-7C Series .
TIBPAL20R’-10M Series

fmax (external feedback)
TIBPAL20R-7C Series . . . 74 MHz
TIBPAL20R’-10M Series . . . 55.5 MHz

Propagation Delay
TIBPAL20L'-7C . . . 7 ns Max
TIBPAL20L’-10M . . . 10 ns Max

.. 100 MHz
...62.5 MHz

.. 100 MHz
...62.5 MHz

® Functionally Equivalent, but Faster than
Existing 24-Pin PALs

® Preload Capability on Output Registers
Simplifies Testing
® Power-Up Clear on Registered Devices (All
Register Outputs are Set Low, but Voltage
Levels at the Output Pins Go High)
® Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs
® Security Fuse Prevents Duplication
® Dependable Texas Instruments Quality and
Reliability
3-STATE REGISTERED /0
DEVICE |1 INPUTS| , 5utPuTs | Q OuTPUTS | PORTS
‘PAL20L8 [ 14 2 o 6
‘PAL20R4 12 0 4 (3-state buffers) 4
‘PAL20R6 12 0 6 (3-state buffers) 2
‘PAL20R8 12 (0] 8 (3-state buffers) 0
description

TIBPAL20L8’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)

V[ U2l
23 |
2[] o
21J vo
] 1o
19[] 1/O
18[] /0
17[J o
1o 18[J 10
1(Jo 1sJo

10 160
|

Vce

® 9o o s 0N
N
=}

TIBPAL20LS’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
8]
o
> _ 0
L=a
2

\
[
(1
o[
- n~c

N
©
N
<
3}

25(] /0
24(] 110
23(] 110
22[] NC
21 10
20(] 1’0
19 110

z

O
LIS S i
23 e ®~No o

1516 17 18
o Wam ¥ |

- T 0

o

]
1pa

GND D =
ncf

1]

NC —No internal connection

Pin assignments in operating mode

These programmable array logic devices feature high speed and functional equivalency when compared
with currently available devices. These IMPACT-X™ 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 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 series is characterized for operation from 0°C to 75°C.

IMPACT-X™ is a trademark of Texas Instruments Incorporated.
PAL® is a registered trademark of Monolithic Memories, Inc.
t Integrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975.

This document contains information on products in
more than one phase of development. The status of
each device is indicated on the page(s) specifying its

electrical characteristics.

xas X

E
INSTRUMENTS

Copyright © 1989, Texas Instruments Incorporated
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TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20RS-10M
TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

TIBPAL20R4’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE
(TOP VIEW)

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

(TOP VIEW)
ck [ Uad| vVee . o
Q2 23001 __dg9 ¢
1y3 22]”0 o o e o o
1gs 220Jwo 4 32 1282726
1 [0s iPs . 25} 10
20] Q
Pe 24l a
I ]e 190 Q
pr 2 a
10> 8da
NC8 22[JNC
1ids 7Q0a
Do 21 Q
1 18Jw0
1o 20{}a
1(ho  sJvo | 0
g B ]“'2131415 161718 gro
GND 12 13[] OF gt

TIBPAL20R6’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

el e

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

{TOP VIEW) (TOP VIEW)
cik (1 U24] vee X S °
Q2 2331 —_0z>_-3=
s 22pwo 327 8271 %
s 2o hs 250 a
1Os 20QQ 16 2a[]a
1 19dQ ik 230 a
i e0c ncpe 22{ ne
1iJs wJa 1B 21 a
n ) 16[] Q Do 20 a
1o 1sQ v ik 19 a
O & 1213 1415 16 17 18
GND [Jr2 13 ] OE s W S N B o W W B
TR
z zlo =
o
TIBPAL20R8’ TIBPAL20RS8’

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

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

(TOP VIEW) (TOP VIEW)

ck [y Uaa] vee 68
gz 230 —-0=z>_-9
Qs =2po T3z 1mm
IJs =220 ips 25(]a
1gs 2o 1Ps 24(]a
1 e 19%0 ik 23(]a
1igr sga NC I8 22[INC
1ids 0o D9 21
1%9 16[] Q 1o 20(a
1w sja g 19[]a
g 1aed0 1211314 15 16 17 18

GND [z 13[] OF Aoooonno

Pin assignments in operating mode

T T oow T o
ar-ale]

NC—No internal connection
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TIBPAL20L8-10M, TIBPAL20R4-10M
TIBPAL20L8-7C, TIBPAL20R4-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20LS’
& En =1
7 o—— o0
40 X 64 |—
7 >————0
;
20X & 7 O-a—4-»—1/0
i 20 7
L
7 v 7
’ O-&—<4®—1/0
6 20 7 0—*—4—’— 1/0
7 p‘%— ~
7 —4— /0
v, o4&
7 o—%—d—»— 1/0
#
7, O—a—4-p— 10
6
Wi &
# <
TIBPAL20R4’
O -OjEN
CLK D c1
9 c
& 21 I1=0
H v a
40X 64 —7 1D
8 lo— Q
7
\
8 0—] Q
20X > a
12 20 s \
1 + +—{~ / o— Q
i \
7 21
4 20 —en
+ ~N i v Of—Q—F 1/0
J o -\ <P 1/0
7 Py <P I
£ O < > /0
7 a4 1/0
7
4
ya <
7 -
4 <
va <
"\ denotes fused inputs
Ti :
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TIBPAL20R6-10M, TIBPAL20R8-10M
TIBPAL20R6-7C, TIBPAL20R8-7C
LOW-POWER HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20R6’

OE - EN
CLK cl
2
& 8 >1 I =0 Yo——— 02
a0x6s| 0 .
8 O—4+——a
N
8 O—4—— Q
12 20 ]
| —2oxop 21 —
8 jo—1+— @
6 —
7 8 o—4+—
1
2 0_30—- ~y 8
oﬁ_- Q
N
>1
— EN )
7
1 Vp—e—»—1— 110
7 4> 1/0
21 4
4 <
61 .
k4 -
TIBPAL20RS’
OE EN
CLK %ﬂ
& 8 >1 | =0 yp——a
40x64 [ A .
8 < Q
N
8, - Q
12 20 N
1 20X0 1 L 1~ 8 [ o Q
7
-
8 D Q
8 20 -~
[a ) :\r'ﬁ . o
N\
8 Q
N
8 D- Q
’3 a.
v d

U denotes fused inputs

j
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TIBPAL20L8-10M
TIBPAL20L8-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

logic diagram (positive logic)
(1)

! INCREMENT
A

) 4 8 12 16 20 24 28 32 36
2 e
=8
FIRST

FUSE 0
NUMBERS 43

(23)

(22)

2360 (15) o

10 2520 (14)
2D '

T

1) 1 (13) .
s K
Fuse Number = First Fuse Number + Increment
Pin numbers shown are for JT and NT packages.

TeExas {'f 2.929
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TIBPAL20R4-10M
TIBPAL20R4-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

logic diagram (positive logic)

M
ck —P> INCREVIENT

(0] 4 12 16 20 24 28 32 36 (23)
2 A "
) ( )Drt_-——q “"q__
FIRST
FUSE

NUMBERS 48
80 (22)
:gg p———1/0

(21)

170

v

H1 11

>
o
~N
@
N
o

1
) ' (14)
(11) .
| t
-t T
Fuse Number = First Fuse Number + Increment ;_4)13) aé
Pin numbers shown are for JT and NT packages

2230 TEXAS “.’f
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TIBPAL20R6-10M
TIBPAL20R6-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

logic diagram (positive logic)

(1
cik —P INCREMENT

o] 4 8 12 16 20 24 28 32 36 (23)
(2) } 4
! > ﬁq_—_ !
FIRST
FUSE o —
NUMBERS 40
80 (22)
120 1’0
160
200
240
(3) 280 3
[} —1 >t
P=320 h
360

pap
o8O
ooo6
Eh
°
N
E_.

[

oo,
oON
Sco

15;

sz

(4)[ e
: P 640

NN
OON®
cooo
S5
=3
N
o
)

]
.ﬁ.

253
388
7 |
|
%:
©
[°)

w
R
o

2hw
506
S5G605
5
°
-y
]
=]

ﬁs‘
s
| N O
2338
Iy
l—_é

++ 1+

2520
|(10)[:[

1
l(

D% K

Fuse Number = First Fuse Number + Increment :](13) —
Pin numbers shown are for JT and NT packages OE
T {l’
I EXAS 2-231
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TIBPAL20R8-10M
TIBPAL20R8-7C
HIGH /MPACT-X™ PAL® CIRCUITS

logic diagram (positive logic)

(1)
cik —> INCREMENT

0o 4 8 12 16 20 24 28 32

36

(23)

{2)n}
" =D
FIRST
FUSE °

T

NUMBERS 40
80

%‘15
b
<]

£
¥
o

Sy
Ie
N
=
(]

|
5
[]

1
S
°
E:
*
(<]

i S
[

{
A
[e)

10) 2520

I
[]

|(—«D|'.,

I(11) }

b

—+

Fuse Number = First Fuse Number + Increment
Pin numbers shown are for JT and NT packages.
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20R8-10M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

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

Supply voltage, VcC (see Note 1) . .. .. .. 7V

Input voltage (see Note 1) . ... ... 5.5V

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

Operating free-air temperature range . . ... .... .. ... uu it —-55°C to 125°C

Storage temperature range . . .. ... ... it —-65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Vee Supply voltage 4.5 5 5.5 \%
Vi4 High-level input voltage (see Note 2) 2 5.5 \
Vi Low-level input voltage (see Note 2) 0.8 \
loH High-level output current -2 mA
loL Low-level output current 12 mA
fclock Clock frequency 0 62.5 MHz
High 8
tw Pulse duration, clock (see Note 2) L s
Low 8 ns
tsu Setup time, input or feedback before CLK?® 10 ns ;
th Hold time, input or feedback after CLK? [o] ns
TA Operating free-air temperature - 55 25 125 °C E
fclock: tw. tsu. and th do not apply for TIBPAL20LS'. >
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 L
tester noise. Testing these parameters should not be attempted without suitable equipment. I
a.
o.
PRODUCT PREVIEW information concerns products .
in the formative or design phase of development. v/
Cha{ac%nristkl: data and other speciltihcatign;t are ?lesign 2.033
goals. Texas Instruments reserves the right to change -
or discontinue these products without notice. INST RUMEN]S
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20RS-10M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vee =45V, I = —18 mA -0.8 -1.5 \%
VOH Ve = 45V, IoH = —2mA 2.4 3.2 Vv
VoL Ve = 45V, loL = 12 mA 0.3 0.5 \
0, Q outputs 20
lozn* Vee = 5.5V, Vo =27V A
OzH /0 ports cc 0 100 | *
O, Q outputs . -20
lozL* Ve = 5.5V, Vo =04V A
ozL 1/0 ports cc 0 -250 K
| Vece = 5.5V, Vi =55V 1 mA
1/0 ports 100
i \ =556V, V=27V A
H All others cc ! 25 ¥
Lt Vee = 5.5V, Vi = 0.4V -0.08 -0.25 mA
los? Vee =5V, Vg = 0.5V -30 -70 -130 | mA
0 Vee = 5.5V, Outputs open TA = 25°C and 125°C 140 220 mA
cc V=0V, OE = Viy Ta = —55°C ~ 250
Ci f = 1 MHz, Vi=2V 5 pF
Co f = 1 MHz, Vg =2V 6 pF
Celk f = 1MHz, Velk = 2V 6 pF
") - L . .
- switching characteristics over recommended supply voltage and operating free-air temperature ranges
(o) (unless otherwise noted) (see Figure 5)
O [raramETER FROM [ TO MIN_ TYPT MAX [ UNIT
C Without feedback 62.5
(@) fmax ! With internal feedback (counter configuration) 62.5 MHz
| With external feedback 55.5
) tpd 1, 110 0, 1/0 3 6 10 ns
: tpd CLK? Q 2 4 8 ns
m tpd# CLK? Feedback input 5 ns
< ten OEL a 24 10| ns
ﬁ tdis OEt Q 2 4 10 [ ns
E ten 1, 1/0 0,10 3 6 10 ns
tdis 1, 1/0 0, 1/0 2 6 10 ns
T All typical values are at Vo = 5 V, Ta = 25°C.
+1/0 leakage is the worst case of lgz| and lj_ or gz and lj4, respectively.
8 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. Set Vg at 0.5 V
to avoid test equipment ground degradation.
9 see section on fmax specifications.
#This parameter applies to TIBPAL20R4’ and TIBPAL20R6’ only (see Figure 2 for illustration) and is calculated from the measured fax
with internal feedback in the counter configuration.
PRODUCT PREVIEW information concerns products .
in the formative or design phase of development. v}
2.2 Chalrsyr.“t’eristhi- data and other s;uu:if"hu:atigm'ft are ?sign TEXAS
- goals. Texas Instruments reserves the right to chan,
34 or discontinue these products withou{I notice. *° INST RUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265



TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

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

Supply voltage, VCC (see Note T) . . . .

Input voltage (see Note 1) . . . . . ..

Voltage applied to a disabled output (see Note 1)

Operating free-air temperature range . . . . . ... ...t
Storage teEMPErature range . . .. ... ... n e

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

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vee Supply voltage 4.75 5 5.25 \
ViH High-level input voltage (see Note 2) 2 5.5 \Y
ViL Low-level input voltage (see Note 2) 0.8 \
l0H High-level output current -3.2 mA
loL Low-level output current 24 mA
fclock Clock frequency 0 100 MHz
N High 5 ns
tw Pulse duration, clock {see Note 2)

Low 5 ns
tsy Setup time, input or feedback before CLKT 7 ns
th Hold time, input or feedback after CLK?T 0 ns
TA Operating free-air temperature [o] 25 75 °Cc

fclock: tw: tsu, and tp do not apply for TIBPAL20L8".

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.

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

Texas {'f
INSTRUMENTS
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TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
‘HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | unIT
ViK Vee = 475V, I} = —18 mA -08 -1.5 v
VoH Vce = 475V, loH = —=3.2mA 2.4 3.2 \
VoL Vece = 4.75 0V, loL = 24 mA 0.3 0.5 \
loznt Voo = 5.2V, Vo =27V 100 [ A
oz} Vge = 5.25 V, Vo = 0.4V -100 [ A
Iy Vee = 5.26V, V| =55V 0.2 mA
[ Vee = 5.25 V, V) =27V 25 Iy
n# Vee = 5.25 V, V| = 0.4V -0.08 -0.25 | mA
1os? Vee = 5.25 V, Vg = 0.5V -30 -70 -130 [ mA

Vce = 6.25V, Outputs open
Icc V=0V, 160 210 | mA
Ci f = 1 MHz, Vi =2V 5 pF
Co f = 1MHz, Vo =2V 6 pF
Celk f = 1 MHz, Ve = 2V 6 pF

switching characteristics over reccommended supply voltage and operating free-air temperature ranges
(unless otherwise noted) (see Figure 6)

PARAMETER FROM j TO MIN TYPT MAX | UNIT
Without feedback 100
fmax" With internal feedback (counter configuration) 100 MHz
With external feedback 74
¢ Lo 0. 10 1 or 2 outputs switching 3 5.5 7 ns
pd ! ! 8 outputs switching 3 6 7.5
tpd CLK?T Q 2 4 6.5 ns
tog” CLK? Feedback input 3| ns
ten OE!l Q 2 4 7.5 ns
tdis OE? Q 2 4 7.5 ns
. ten 1, 1/0 0, /0 3 6 9 ns
tdis 1, 1/0 0, I/0 2 6 9 ns
tskew“ Skew between registered outputs 0.5 ns

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

$1/0 leakage is the worst case of lozL and ljL or IgzH and ljy, respectively.

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

9 see section on fmax specifications.

#This parameter applies to TIBPAL20R4’ and TIBPAL20R6’ only (see Figure 2 for illustration) and is calculated from the measured fryax
with internal feedback in the counter configuration.

| This parameter is the measurement of the difference between the fastest and slowest tpd (CLK-t0-Q) observed when multiple registered
outputs are switching in the same direction.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments
2-236 standard warranty. Production processing does not

EXAS
necessarily include testing of all parameters. lNST RUMEN1S
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20RS-10M
TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
HIGH-PERFORMANCE /MPACT-X ™ 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) 997-5666.

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 Vg at 5 volts and Pin 1 at V|, raise Pin 11 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 11 to V). Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Note 3)

————— — VIHH
|
PIN 11 |
|
ViL
P—tsu-’i 1 ——DI
je—ta—» e—t,—> I !
i I | | [ v
| | n T H
PIN 1 | | | |
[ | 1 |
v
: T I
I | b
| | | |
: ! Lo
| I—Vm | VoH
| .
REGISTERED 1/O ' INPUT ouTPUT

——ViL VoL

NOTE 3: tg = tgy = tyy = 100 ns to 1000 ns.
ViHH = 10.25 V t0 10.75 V.

Texas W2 9.237
INSTRUMENTS
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPALZﬂHB-WM. TIBPAL20R8-10M
TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax without feedback, see Figure 1

In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no
feedback. Under this condition, the clock period is limited by the sum of the data setup time and the data

hold time (tsy+th). However, the minimum fmax is determined by the minimum clock period
(twhigh + tylow).

1 1
or .
(tw high +ty low) (tsu +th)
CLK

Thus, fmax without feedback =

LOGIC . > Q p———
ARRAY

>

tsutth
e

ty high +t\y low

(=]}

FIGURE 1. fmax WITHOUT FEEDBACK

fmax with internal feedback, see Figure 2

This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are

defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal

delay from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop.
1

(tsu+tpd CLK-to-FB) ’

Where tpg CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array.

Thus, fmax with internal feedback =

CLK

—»—| oGic L ab—

ARRAY
—p—et
[—. ]
}'——tsu-—-bli— tpd CLK-to-FB —Dl

FIGURE 2. fmax WITH INTERNAL FEEDBACK

=]
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20R8-10M
TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax with external feedback, see Figure 3

This configuration is a typical state-machine design with feedback signals sent off-chip. This external
feedback could go back to the device inputs or to a second device in a multi-chip state machine. The slowest
path defining the period is the sum of the clock-to-output time and the input and setup time for the external
signals (tsy +tpd CLK-to-Q).

1
(tsu +tpd CLK-to-Q)

CLK

Thus, fmax with external feedback =

LOGIC > Q J» NEXT DEVICE

ARRAY
< _—‘
<
F———-—- tsu ——+— tpd CLK-to-Q —+— tsu -’|

FIGURE 3. fmax WITH EXTERNAL FEEDBACK

>
\g

=]

7 Fe—a
— C1
—Dp
—
—] > 170
N e —
FIGURE 4. PROPAGATION DELAY FROM CLK1? to I/0, THRU LOGIC ARRAY
TE 2-239
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TIBPAL20L8-10M,TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20R8-10M
TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

5V
S1
R1
FROM OUTPUT TEST
UNDER TEST POINT
C. T R2
(See Note A)

A

LOAD CIRCUIT FOR
3-STATE OUTPUTS

[B5VI@3Y)
TIMING 15V HIGH.LEVEL 15V 15V ——— [35V](3V)
e A [0.3V] 0) PULSE ' o [03V1©
tsu —N——"‘"‘———"_ th | tw |
—— = [R5V
| ] BsVIEV) LOW-LEVEL ____ | | [3.5V]3V)
15V 15V PULSE
DATA 15V 15V
INPUT [0.3 V] (0)
———= [03V](0)
VOLTAGE WAVEFORMS ; VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
————— [3.5V](3V) [3:5VI@3V)
1.5V 15V OUTPUT
CONTROL 15V
INPUT | | [0.3V] (0) (low-level /L
—— — — [0.3V] (0)
ten |
| tas—¥ |4

IN-PHASE

: . ~33V
ouTPuT —— WAVEFORM 1 Tsv }*{ Ve
to —l—> | tpa S1 CLOSED ’ —t

| ) Vou (See Note B) l —_ 'E—' Vo

OUT-OF-PHASE 15V 15V tas— - Vo +0.5V
OUTPUT 72 tr ¥ = | v

(See Note D) oL WAVEFORM 2 | —= Vou

VOLTAGE WAVEFORMS (SeSLS:ZEg; 15V L S Vo —05V
PROPAGATION DELAY TIMES ~ (SeeNoteB®) /7 =~ N

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE QUTPUTS

|
tog _H enabling)

_.:
|
|
|

NOTES: A. Cy includes probe and jig capacitance and is 5Q pF for tpg 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 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 < 10 MHz, t, and t; = 2 ns, duty cycle = 50%. For M suffix use
the voltage levels indicated in parentheses. For C suffix, use the voltage levels indicated in brackets [ ].
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
Equivalent loads may be used for testing.

m

FIGURE 5

Texas {’f
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20R8-10M
TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

TYPICAL CHARACTERISTICS

SUPPLY CURRENT
VS
FREE-AIR TEMPERATURE

PROPAGATION DELAY TIME
Vs
SUPPLY VOLTAGE

INSTRUMENTS

220 8
7
200
[}
< T c
Vv, 6
E ool —1 —~—Ycc . 55, ] Jg tPHL (1, 1/0 to 0, 1/0)
5 Yoo Fo5 P Ly (1, 110
g S5, - . LH (1. 1/0 to 0, 1/0)
g — 5y > ——— |
© 160 Yee g 4 4
= ~— I~ =5 [a] PHL (CLK to Q)
§ \1\ v § | |
3 140 Cc o 5 3 tPLH (CLK to Q)
| .7, 2 o
5 Veo 50 g Ta = 25°C
s o 2} =
o 45 VI & CL = 50 pF
120 R1 = 200 Q
1FR2 = 390
1 OUTPUT SWITCHING
100 0 ! S SR
-75-50-26 0 25 50 75 100 125 4.5 4.75 5 5.25 5.5
Ta—Free-Air Temperature— °C Ve — Supply Voltage—V
FIGURE 6 FIGURE 7
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
Vs Vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE
8 16 . .
Vec =5V
4 S 14 L Ta = 25°C
00,\|0 - R1 = 200 @ L~
2 & a ot € 12| R2 =390 L
It N wrh 2 1 OUTPUT SWITCHING //
£ sl—tmaomo 1/0) — = 10 T
3 Tt ' |t g %/ L
® at—tpy, (CLK tq 3 ] 8 8 e T
= ! e @ c R tpLH (CLK to Q)
g , —T wH \C 2 6 /] —tpHL (CLK to Q) ____|
S 1 ) -/ \_
g Veg =5V a 7 tpHL (1. 1/0 to O, 1/O)
§ Z[cL=-500F S tpLH (1. 1/0 to 0,1/0)
o ' .
R1 = 200 @ PLH
1FR2 = 390 0 2
1 OUTPUT SWITCHING
o 1 1 L 1 0
-75 -50-25 0 25 50 75 100 125 0 100 200 300 400 500 600
T —Free-Air Temperature— °C CL—Load Capacitance —pF
FIGURE 8 FIGURE 9
i
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20R8-10M
TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

1000

900

800

700

Pp—Power Dissipation—mW

600

TYPICAL CHARACTERISTICS

POWER DISSIPATION
Vs
FREQUENCY
8-BIT COUNTER MODE

SKEW BETWEEN OUTPUTST
vs
NUMBER OF OUTPUTS SWITCHING

L 1 T ] 2 0.8 v ‘1*5 v T
Vee =5V A 5 cec = >
A 2 o07}TAa=25°C
1P £ R1 = 200
s I R2 = 390 @
] a °° 4
Ta = 0°C ___/ ] /V ] CL = 50 pF ®
—L—_*-—- T // Vs 5 _ 0.5 }- 8-Bit Counter
2.0
Ta = 25°C __J.-} // £0 °
] o g
0.4
1 11 == 5 x
Ta = 80°C g o ®
2703
3
Qo
3 02 ]
<
7
2 0.1
e [
! ! K3 0 ;
4 10 40 100 2 3 4 5 6 7
F—Frequency —MHz Number of Outputs Switching

FIGURE 11

. P ®

q
[ ]
(CLK to @

J
(CLK to Q) 7

FIGURE 10
PROPAGATION DELAY TIME
Vs
NUMBER OF QUTPUTS SWITCHING
8
7
¢ 6 |— tpHL (1. /O to 0, 1/0)
L * ) ‘ b
£ .
£ 5|l —tpy 1, WOt O, :/'0)
b o
By 1» ? .
°© ) Y 9
o 4 tPHL
1
.5 ® [ [ ) ® ¢
) ° : tPLH
2 Vee =5V
2 2f7Ta-=25°C
CL = 50 pF
1FR1 = 200 0
R2 = 390 @
0 1
0 1 2 3 4 5

6 7 8

Number of Outputs Switching

FIGURE 12

tOutput switching in the same direction (tpL 4 compared to tp| H/tPHL to tpHL)
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TIBPAL20L8-12M, TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

D3336, OCTOBER 1989

® High-Performance Operation:

fmax (w/o feedback)
TIBPAL20R’-10C Series . . . 71.4 MHz
TIBPAL20R’-12M Series . . . 62.5 MHz
fmax (internal feedback)
TIBPAL20R’-10C Series . . . 58.8 MHz
TIBPAL20R’-12M Series . . . 52.6 MHz
fmax (external feedback)
TIBPAL20R’-10C Series . . . 55.5 MHz
TIBPAL20R’-12M Series . . . 48 MHz
Propagation Delay
TIBPAL20L’-10C . . . 10 ns Max
TIBPAL20L'-12M . . . 12 ns Max

® Functionally Equivalent to, but Faster than,

Existing 24-Pin PALs
Preload Capability on Output Registers

Simplifies Testing

Power-Up Clear on Registered Devices (All

Register Outputs are Set Low, but Voltage
Levels at the Output Pins Go High)

Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

® Security Fuse Prevents Duplication

® Dependable Texas Instruments Quality and
Reliability
3-STATE REGISTERED [7]e]
DEVICE I INPUTS O OUTPUTS Q OUTPUTS PORTS
‘PAL20L8 14 2 o 6
‘PAL20R4 12 o] 4 (3-state buffers) 4
‘PAL20R6 12 o] 6 (3-state buffers) 2
‘PAL20R8 12 0 8 (3-state buffers) 0

description

TIBPAL20L8’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)

jaf U24:] Vce
{2 230

3 2[00
a 211 o
5 20[] 170
3

7

s

191 110

1nooa[]
]

TIBPAL20L8’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
Q
0 O
- - _2>_0
LIS [ G S G S e S
4 3 2 1282726
1ps 25[] 110
e 24[] /O
pr 23[] Vo
NC[)8 22[] NC
E 21 vo
pio 20(] 7O
RN 191 170
121314 1516 17 18
janlaslonlanlonVen U
- ~-“oo0~-~"o0
z z
]

NC—No internal connection
Pin assignments in operating mode

These programmable array logic devices feature high speed and functional equivalency when compared
with currently available devices. These IMPACT-X™ 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 also 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.

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

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

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

This d

more than one phase of d

electrical characteristics.

i ion on prod in
evelopment. The status of
each device is indicated on the page(s) specifying its

TeExas {?
INSTRUMENTS

Copyright © 1989, Texas Instruments Incorporated
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TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

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

(TOP VIEW)

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

(TOP VIEW)
cik [ U2a] vee ¢ O
102 23001 __ggs_°
(MK 22[] o emgempempam g o o g o
Qs 2pwo ‘ 4 32128 ”625[1
s 20da 0s s o
Pe 24(] a
e 19Ja )
107 eda g »0a
1 s v a NC[]8 22[QNC
K] 21]a
e eJwo
Do 20} a
1o 15:||/O g 197 1/
l " 14:}[ :] 12131415 16 17 18 EIO
GND [(h2 13[] OE ‘_\mmﬁ[_”_.’”_l
T TagQw-Q
z zlo =
TIBPAL20R6’ TIBPAL20R6’

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

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

(TOP VIEW) (TOP VIEW)

cuk [ Uad) vee x50 o
1dz 230! - -_0z>_-=
Qs 22pQwo TS5 327 %
g« 2o hE 25(] o
s 20Ja be 2a(] a
1 (e 19[] Q ik 230 a
17 8da NIIE 22( ne
ge wpo Do 210 a
Qe s i 20 a
1w Qo Do 190 Q
O e 121314151617 18

GND 12 13 OE oo o0

TIBPAL20RS8’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

-~ oQu -0
Zzlo =
Q

TIBPAL20RS8’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW) (TOP VIEW)
cek [dr Ua4ld vee %o 3
102 23] 1 - -—0z>_0
U G - g -
0 22Ja 2 32 ! 282126
10a 210 a 1Ps 25(]a
10s 20Ja i 24]a
0s 9da 1p7 23[a
107 8 NC )8 22[NC
e 7] a K] 21a
0 80 1Pro 20(Ja
Qo sQga pn 19(a
0o 160 121314 15 16 17 18
6ND [z 13[] O aoomoooo

Pin assignments in operating mode

T T ooow T O
z z10

NC—No internal connection
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TIBPAL20L8-12M,

TIBPAL20R4-12M

TIBPAL20L8-10C, TIBPAL20R4-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20L8’
& En 21
7 o——o0
40X 64 |t
7 o———o0
+
20X D> 7, O—H&— 1/0
14 20 7
—+ ——
,7, O—Q—G—b— 1/0
6 20 ,7, O—&—4P»—1/0
e O—F~— "
7 -4 —1/0
Y >
5 )
7 O—&—¢-»—1/0
7, 1/0
, O—Q—d—r—
6I Py
— <
TIBPAL20R4"
OF —Q|EN
CLK >c1
=
& =1 1=0 ol
40 X 64 4:8 - 1D v @
[\
; 0— Q
[\
2 o— a
20X D> 7
12 20 8 N
! —+ #—~ £ o— Q
; \
7 21
4 20 7 EN
a O—F— —£ V& —4>— 1/0
',7 O < <> 1/0
] o«—e> 1/0
£ O < /
; o ‘\ <> 1/0
4
ya -
7 -
e
v <
U denotes fused inputs
)
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TIBPAL20RG6-12M, TIBPAL20R8-12M
TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

functional block diagrams (positive logic)
TIBPAL20R6’

OE - EN ‘
cLK c1 B

40 X 64

W
T
o
J
<}

<]

o

12
\ . 20X D> il PNy

l

1\

1 JTJTITJTJ?

i S 5 S

— a
>
en o
\v4 —— 1/0
p—ej—4> 10
<
a
-
TIBPAL20RS’
OE EN
CLK c1
& 81 21 =0 yp— Q
40X 64 [ 10
8 b—1— a
N
8, D—o~— a
12 20 N
| 20X 0 >\ 8, O—t+— Q
Ld
N
D- Q
8 20 -t
b,_ (v N\
— Q
A p—— a
N\
8 h—— a
84 -
nd g

"\ denotes fused inputs
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TIBPAL20L8-12M
TIBPAL20L8-10C

HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

logic diagram (positive logic)

(1)

INCREMENT
A\

(o]
\ (2_){>F—4

12

16 20 24 28 32 36
it |

(23)

+ +

FIRST
FUSE 0

NUMBERS 40
80

(22)

(20)

i<—
—
s
——
<

(15)
o

14,

T

l(11)[ R

Lo
Fuse Number = First Fuse Number + Increment

Pin numbers shown are for JT and NT packages

1 j (13) .

xas WP
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TIBPAL20R4-12M
TIBPAL20R4-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

logic diagram (positive logic)

1)
o —>— INCREMENT

0 a 3 12 16 20 24 28 32

36

20y~

P
FIRST
FUSE

NUMBERS 48

A

m

X

| m

JA.

m

L

£

(23)

(22)
170

T

(15)

0) ;2520

RN

T

(14)

(1)
| —Dg

Fuse Number = First Fuse Number + Increment
Pin numbers shown are for JT and NT packages

170

n

'}
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TIBPAL20R6-12M
TIBPAL20R6-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

logic diagram (positive logic)

(1)
ck —D INCREMENT

1] 4 8 12 16 20 24 28 32 36
(2) ) |
| i
L

FIRST
FUSE 0
NUMBERS 40
80

23
( )‘

— 210

Al
J’%‘; i

(3)[ ¢
' 320

Iy
©80G
cocdo

s

s
;d
o

i
A

(RN {
g K

Fuse Number = First Fuse Number + Increment
Pin numbers shown are for JT and NT packages

(13)

Texas ‘QP
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TIBPAL20R8-12M
TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

logic diagram (positive logic)
)

ck —D INCREMENT
o 4 8 12 16 20 24 28 32 36
(2) b S (23)
| 2t K— -
FIRST
FUSE o

N
N
o

L

NUMBERS 40
gg 1=0]
1
160 ®
200 1
240
. (3) 280 Q._

.
o)
3

£

pppw
o850
Sos8o
5 21
N

Py

<]

rgu'
S

;
8

© N~
ooON
&c0o
2T

° o

N}

e
[]

il
Z

2
NN2 200
POONDE
[=¥-2-2-3-%-]
{_?
=
©

]

JZS

N
288
883
a1
53

ey

2
]

i
3

NN
N0
[sY=R-¥-)
Iy
5%
E:
h}
=]

(8) n_}1880

NN
ooo
®&S
5006
3T
®o
=
)
<}

; g
o

0) 42520

“
|—D|'.'

(1) o
Dy ! 1
Fuse Number = First Fuse Number + Increment ] (13)a.E

Pin numbers shown are for JT and NT packages
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TIBPAL20L8-12M, TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

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

Supply voltage, VCC (see Note 1) . . . .. ... 7V
Input voltage (see Note 1) . ... ... . e 55V
Voltage applied to a disabled output (see Note 1) .. ... ... 5.5V
Operating free-air temperature range . ............. S -55°C to 125°C
Storage temperature range . . . ... .. ...t e -65°C to 150°C

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

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 5.5 A"
VIH High-level input voltage 2 5.5 \"
ViL Low-level input voltage 0.8 \
I0H High-level output current -2 mA
loL Low-level output current 12 mA
felock Clock frequency 0 62.5 MHz
t, Pulse duration, clock High 9 s
w ' Low 9 ns
tsu Setup time, input or feedback before CLK? 12 ns ;
th Hold time, input or feedback after CLK?t [¢] ns
TA Operating free-air temperature -55 25 125 °C E
fclock: tw: tsu. and ty do not apply for TIBPAL20LS8". E
[a
Q.
|—
O
=2
(a]
o
cc
Q.
PRODUCT PREVIEW documents contain information .
on products in the formative or design phase of y}
development. Characteristic data and other b
e O o nue tones INSTRUMENTS 2-251

products without notice.

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265



TIBPAl2018-12M,,TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

T All typical values are at Voc = 5V, Ta = 25°C.
¥ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed 1 second. Set Vg at 0.5 V

to avoid test equipment ground degradation.

8See fmax SPECIFICATIONS. fmax does not apply for TIBPAL20LS'.

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vec =45V, = -18mA -08 -15 v
VOoH Vee = 4.5V, IoH = -2 mA 2.4 3.2 \4
VoL Vec =45V, gL = 12mA 0.25 0.5 v
10ZH Vec =565V, Vo =27V 100 | A
e Vo =88V, Vo =04V N
I} Vce = 5.5V, V| =55V 1 mA
i ZICI’ g:::s Vec =55V, V=27V 122 WA
T8 Vee = 5.5V, Vi =04V -0.25 mA
los? Vec =55V, Vg =05V -30 -70 -130 | mA
Icc Vee =85V, Vi =0, 210 | mA
Outputs open, OE at V|
Cj f = 1 MHz, Vp=2V 7 pF
Co f = 1 MHz, Vo =2V 8 pF
Celk f = 1MHz, VoK = 2V 12 pF
=g switching characteristics over recommended operating free-air temperature range (unless otherwise
33 noted)
o PARAMETER FROM TO TEST CONDITIONS MmN TYPT  mAX | uNIT
U without feedback 62.5
C fmax§ with internal feedb?ck 52.6 MHz
n (counter configuration)
-'l with external feedback 48
e ) tpd 1, 1/0 o, /0 R=3909, R=7509, 3 8 12 ns
o o) tpd CLK?t Q See Figure 1 2 5 10 ns
m ten OE Q 3 8 10| ns
< tais OE Q 2 8 10| ns
ﬁ ten I, 110 0, 1/0 3 8 12 ns
E tgis 1, /0 0, 1/0 2 8 12 ns

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of
development. Characteristic data and other
goals. Texas instruments

2-252 mr”:::i:: t;::‘rl.w’l.lldt? g".'.,... or discontinue these

products without notice.
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

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

NOTE

Supply voltage, VCC (s€e NOte 1) . . . . o i 7V
Input voltage (see Note 1) . .. .. .. e 55V
Voltage applied to a disabled output (see Note 1) . ... ... ... ... ... ... ... ..., 55V
Operating free-air temperature range . . . . . .. oottt it 0°C to 75°C
Storage temperature range . .. ... ...ttt —-65°C to 150°C

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

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vce Supply voltage 4.75 5 5.25 \
VIH High-level input voltage 2 5.5 7
ViL Low-level input voltage 0.8 \
1oH High-level output current -3.2 mA
loL Low-level output current 24 mA
felock Clock frequency 0 71.4 MHz
. High 7 ns
tw Pulse duration, clock
Low 7 ns
tsy Setup time, input or feedback before CLK? 10 ns
th Hold time, input or feedback after CLK* 0 ns
TAa Operating free-air temperature [0] 25 75 °C
felock: tw tsu. and tp do not apply for TIBPAL20L8'.
PRODUCTION DATA documents contain information .
current as of publication date. Products conform to #
specifications per the terms of Texas _Inst&u.n;u::: TEXAS
Soveszatiy ol testmg of U parmAM: INSTRUMENTS
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX [ uniT
ViK Vec = 475V, | = —18 mA -0.8 -15 v
VoH Vee = 475V, Igy = -3.2mA 2.4 v
VoL Vee = 475V, gL = 24 mA 03 05 v
lozH I(/)C'J?m"r't‘:p“ts Vee = 525V, Vg = 2.7V 122 WA
lozL 3(’)?);::’”“ Vce = 5.25V, Vg = 04V _158 A
I Vee = 525V, V| =55V 02| mA
It Vee = 525V, V=27V 26 | uA
.t Vee = 525V, V=04V -0.25 | mA
los® Vee = 525V, Vg = 0.5V -30 -70 -130 | mA

Vee = 5.25V, V| =0,

lcc Ogtcputs open, OE at V|y 210 mA
C; f = 1 MHz, V=2V 7 pF
Co f = 1 MHz, Vo =2V 8 pF
Celk f =1MHz, Vel = 2V 12 pF

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

noted)
PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX | uNIT
without feedback 71.4
fmax1 with internal feedbéck 58.8 MHz
(counter configuration)
with external feedback - 55.5
tpd 1, 1/0 0, 1/0 3 8 10 ns
thd CLK?t Q R1 = 2009Q, R2 = 39019, 2 5 8 ns
tpd# CLK?t feedback See Figure 1 7 ns
ten OE} Q 2 6 10 ns
tgis OFt Q 2 6 10 ns
ten I, /0 0, 1/0 3 8 10 ns
tdis 1, 1/0 0, 110 2 8 10 ns
tskew Skew between registered outputs 0.5 ns

T All typical values are at Ve = 5V, TA = 25°C.

*For 1/0 ports, the parameters lj4 and |j_ include the off-state output current.

§ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed 1 second.

see fmax SPECIFICATIONS. fy,ax does not apply for TIBPAL20LS'.

#This parameter applies to TIBPAL20R4’ and TIBPAL20R6’ only (see Figure 2 for illustration) and is calculated from the measured fmax
with internal feedback in the counter configuration.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments

2-254 necessariwa{rrzl.:lt e ;l‘:!stling of all paramet:rnss.s ot l NST RUM ENTS
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TIBPAL20L8-12M, TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ 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) 997-5666.

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. Puise 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
|
PIN 11 |
|
Vi
—
pe— tg—l l—ty—»|
| |
! ViH
| |
PIN 1 | |
] |
: . Vi
! |
! |
[
, |
| VOH
REGISTERED 1/0 INPUT OUTPUT
VoL

NOTE 3: tg = tgy = tyy = 100 ns to 1000 ns.
VIHH = 10.25 V 10 10.75 V.

TexAas *” 2-255
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TIBPAL20L8-12M, TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax without feedback, see Figure 1

In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no
feedback. Under this condition, the clock period is limited by the sum of the data setup time and the data
hold time (tgy+th). However, the minimum fmax is determined by the minimum clock period
(twhigh + tylow).

Thus, fmax without feedback = - ! or ! .
(tw high +ty low) (tsy +th)
CLK
—P— LOGIC > Q p——
ARRAY
- a

tsutth
F— ° __4

tw high +ty, low
FIGURE 1. fmax WITHOUT FEEDBACK

fmax with internal feedback, see Figure 2

This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal
delay from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop.
1

{tsu+tpd CLK-to-FB)
Where tpq CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array.
CLK

— LOGIC t_> [} Seum—

ARRAY
7]

.

lﬂ———t,u—+— tpd CLK-to-FB —ol

FIGURE 2. fmax WITH INTERNAL FEEDBACK

Thus, fmax with internal feedback =

2-256 Texas
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TIBPAL20L8-12M, TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

fmax SPECIFICATIONS

fmax with external feedback, see Figure 3

This configuration is a typical state-machine design with feedback signals sent off-chip. This external
feedback could go back to the device inputs or to a second device in a multi-chip state machine. The slowest
path defining the period is the sum of the clock-to-output time and the input and setup time for the external
signals (tgy +tpd CLK-to-Q).

1

Thus, fmax with external feedback = —4mM8 ————— .
(tsu +tpd CLK:to-Q)

CLK

LOGIC > Q $ NEXT DEVICE

e

¢ tou " 1pd CLK-10-Q ——Pié— tau —D‘
FIGURE 3. fmax WITH EXTERNAL FEEDBACK

A \ 4
[~}

A

OO0
Ci
u
o
[~]

Vo

CUUUUUL)

FIGURE 4. PROPAGATION DELAY FROM CLK* to 1/0, THRU LOGIC ARRAY

7
xas WP _
INSTRUMENTS 2287

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265



TIBPAL20L8-12M, TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

5V
S1
R1
FROM OUTPUT TEST
UNDER TEST POINT
CL R2
(See Note A)

LOAD CIRCUIT FOR
THREE-STATE DEVICES

[3.5V1(3V) — — ——I35V](3V)
it S U1
A P [0.3 V] (0) ! ! [0.3 V] (0)
th— le——tw—»l
i ! [3.5VI(3V) ! ! [35VI(3V
DATA oy S 15v LOW-LEVEL sy 1 sven
INPUT : i PULSE i sV
[0.3 V1 (0)  — ——[0.3V](0)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
______ [35VI(BV)  gutpuT [3.56VI(3V)
INPUT 15V 15V CONTROL 15V 15V
| [0.3 V] (0) (low-level | |
PG ) VRS 4% [0.3 V] (0)
t enabling) | 1
pd ‘J‘_ ’1 l‘ ’+| v ten—b| 14— —>: e— tdis
. L | |
IN-PHASE | 15V | 15V | ! | ~33V
OUTPUT | | WAVEFORM 1 | l _ g VoL+05V
| | VoL $1 CLOSED | | =y
tod ———] [&——tpd (See Note B) ten—dl 4 N td.s ’i oL
| | VoH | '
-——=—Y_y
OUT-OF-PHASE 15V 15V WAVEFORM 2 i t OH
OUTPUT S1 OPEN 1.5V VQH-0.5 V
— —~VoL
(See Note D) (See Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A.

CL includes probe and jig capacitance and is 50 pF for tpd 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 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 < 10 MHz, t; and tf < 2 ns, duty cycle = 560%. For M suffix, use
the voltage levels indicated in parentheses (). For C suffix, use the voltage levels indicated in brackets [ ].

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

E. Equivalent loads may be used for testing.

FIGURE 5
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TIBPAL20L8-12M, TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

TYPICAL CHARACTERISTICS

SUPPLY CURRENT
Vs
FREE-AIR TEMPERATURE

PROPAGATION DELAY TIME
Vs
SUPPLY VOLTAGE

220 8 .
Q_\ tpyL (1. 1/O to O, 1/0)
200 Tt . 10w 0, 10)
E 7 \'\ 7 '|g 6 |
(o
T 80—t 85, | 2 tPHL (CLK to Q)
Yee o F 5 i
3 7 —— 225 v F o — tpLH (CLK to Q)
© 160 Ve ® 4
> C = o
= ~ — 5y
a =~ c
a I~ ]
3 ~~— v, s 3
(7] 140 \CC EN q g
5 Ve, 75 s Ta = 25°C
c = 2 2 -
o 5y o CL = 50 pF
120 & R1 = 200 Q
1+R2 = 390 @
1 OUTPUT SWITCHING
100 0 1 1
-75-50 -26 0 25 50 75 100 125 4.5 4.75 5 5.25 5.5
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V
FIGURE 6 FIGURE 7
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
VS
Vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE
10 16
9
A 14
% 8 tpHL (1. /O to O, 1/0) 41— p |
T 12
@ 7 tpLH (I 1O to O, 1/0) — ‘ / [
£ PLH \l 4 L] Q /
- £ L
e £ 10 -~ //(
- 5 | — —— 3 A/ﬁ/lplﬁ (CLK to Q)
[=} tpHL (CLK to Q) _— 3 8 L L
£ 4 | J——-—-I—“J/ - 4 M tpHL (CLK to Q)
= —~T T T o
8 tpLH (CLK to Q) s 6 — \_ JI
- 1 1 .
2 3 V, =5V & tpLH (1. 1/0 to O, 1/O)
9 S a0 oF & al—Vec=5V : —
a2 —R% = 200"9 & TA = 25°C \— tpyy (I, /O to O, 1/0)
i R1=2000Q |
1[R2 = 390 0 2 R2-3900 1
o |1 OUTPUT SWITCHING o L__10UTPUT sWiTCHING
-75 -50 -25 0 25 50 75 100 125 0 100 200 300 400 500 600
TA—Free-Air Temperature — °C CL—Load Capacitance —pF
FIGURE 8 FIGURE 9
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TIBPAL20L8-12M, TIBPAL20R4-12M, TIBPAL20R6-12M, TIBPAL20R8-12M
TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

1000

900

800

700

Pp—Power Dissipation—mW

600

TYPICAL CHARACTERISTICS

POWER DISSIPATION

vs

SKEW BETWEEN OUTPUTS?

FREQUENCY vs
8-BIT COUNTER MODE NUMBER OF OUTPUTS SWITCHING
0.8
T 1 T 2 T T
Vee =5V Vj [ Vec =5V
U 2 07}7Ta=25°C
’ AU 5 R1 = 200 0
£ oelR2=-3900 hg
A @ CL = 50 pF -
Tp = 0°C U < 1 @ L p
A ———P‘[' ra 5 _ 0.5 |- 8-Bit Counter hd
Ttz LI—T M E }
] © 8,44
11 = cx
Ta = 80°C : ) 1
= 0.3
L3
2
2 02 2
i
z 0.1
2 ¢
L 1 I 0 -
4 10 40 100 2 3 4 5 6 7
F—Frequency —MHz Number of Outputs Switching
FIGURE 10 FIGURE 11
PROPAGATION DELAY TIME
vs
NUMBER OF OUTPUTS SWITCHING
10 | I
9 ¥ 0 /0 —
10 0.
R tpHL W, \|I0 +
g 8 b
] . ] ) It 9
o
g 7 < [ to 0. VO
£ ! L |
: ° o
8 s L 2 S AT 5
H ’ [ [ *
s 4 j LK to Q)
2 .l tpLH \C
2 Vec =5V
£ ,lTa=25C
CL = 50 pF
1LR1 = 200 0
R2 = 390 @
1 1
(o] 1 2 3 4 5 6 7 8

Number of Outputs Switching

FIGURE 12
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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

D2920, JUNE 1986—REVISED AUGUST 1989

® High Performance: fmax (w/o feedback)

TIBPAL20R’ C series . . . 45 MHz
TIBPAL20R’ M series . . . 41.6 MHz
High Performance . . . 45 MHz Min

® Functionally Equivalent to, but Faster than,
PAL20L8, PAL20R4, PAL20R6, PAL20R8

Power-Up Clear on Registered Devices (All
Register Outputs are Set Low, but Voltage
Levels at the Output Pins Go High)

Preload Capability on Output Registers
Simplifies Testing

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

® Reduced Icc of 180 mA Max

3-STATE REGISTERED 110
DEVICE |1 INPUTS 0 OUTPUTS Q OUTPUTS PORTS
‘PAL20L8 14 2 . 0o 6

‘PAL20R4 12 0o
‘PAL20R6 12 0
‘PAL20R8 12 0

4 (3-state buffers)
6 (3-state buffers)
8 (3-state buffers)

O N A

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 also available for further reduction in board
space.

TIBPAL20L8’

M SUFFIX . . . JT OR W PACKAGE
C SUFFIX . . . JT OR NT PACKAGE
(TOP VIEW)

1dr Uaal] vee
10z 281
103 2200
1ids 2gwo
10s 200 vo
10s 19] 10
107 18 1o
i1 (s |7% 110
i 16[] 110
I sgo
1On e[
GND 1z 13[] 1
TIBPAL20L8"
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE
{TOP VIEW)
o8
___z2>_0
[N S g - W - -
(23271 212
s 250 110
| ae 24(] VO
197 23] 170
NC P8 22% NC
1o 21[] /0
1o 20} 110
pgn 19(] 110
12 13 1415 16 17 18
fumVanYaslan Ve Nanlan]
--8g--9
o]

NC—No internal connection

Pin assignments in operating mode

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.

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

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
spacmcaunns per the terms of Texas Instruments

Production

does not TEXAS
INSTRUMENTS

necessarily include testing of all parameters.

Copyright © 1989, Texas Instruments Incorporated
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TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M |
TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

(TOP VIEW)

crk [Ir U24] vee
2311

N

TIBPAL20R6’
M SUFFIX . . . JT OR W PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)
cik [ Uaa vee
10z 2301
1O 22% 110
Qs 2200
1I0s 20Ja
1Oe 19% Q
[y 18[] Q
|Es 7] a
e fdQ
1w sgwo

L a0
GND [Ji2  13[] OF
TIBPAL20RS’

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

(TOP VIEW)

TIBPAL20R4’

M SUFFIX . . . FK PACKAGE

C SUFFIX . . . FN PACKAGE

(TOP VIEW)

© o N o’

o

| g o e e e e e N

5|:|
w1
~ [ CLK
- n~c
80 vee
Mi
s o

25(]

2(]

23(]
22[]
21
20(]
19(]

121314 15 1617 18
o Wom W |

00

oQw —Q
2882
[G]

TIBPAL20R6’

ck [ Uad
|E 23]
! 22
g 21
g

1
THE IS TN
o

imimimimims
=3
2353

0 vee
1
Ja
Na
Na
Na
] Q
ja
1a
a
il

o)
z
[S]
N
I

OE

Pin assignments in operating mode

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

scLk
-Onc
80 vee

N
a1
w1
zq!
R o

N
&)
F o N

N
ES
fu]

P4
OOOOOOO

23(]

22(]

21}

20(]

19
1213 1415 16 17 18
Lo oo
- T 0 U!“-' o]
z 20 =

© N »

3

L s

' TIBPAL20RS’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
¥

__3%5_o

4 3 2 1282726
s 2s(]a
1De 24[]a
7 23(Ja
NC[]8 22[INC
|Bs 21[]a
1o 20(Ja
lan 19[]a

121314 15 16 17 18

oo,

- - D0 Ow —
z zlo ©

NC—No internal connection
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TIBPAL20L8-20M, TIBPAL20R4-20M
TIBPAL20L8-15C, TIBPAL20R4-15C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20L8"
>1
& 7 EN - P— °
40 X 64 |—t
7/ b—— o
+
20X > 7 o—Hb— 1/0
14 20 7
— o I 7 O t-4->—1/0
%
7 49— 1/0
5 20 7 SE
7 jo——
7 o—t—ﬁ—}— 1/0
,/
’7L O—a—¢-p— /0
7, 1/0
7 P-a¢>—
61 &-
# 4
TIBPAL20R4’
OF OfEN
CLK Dc1
9
& 9 1 I1=0 v a
40 X 64 7 10
[\
8 lo— Q
4
T\
8 lo— Q
20X > 7
12 20 8 \V
1 — #—{~v »; O— Q
r} 1
a 20 - EN
s o—F— # Vo —4>— 1/0
<>
"7 G\ <+» /0
7 O—a1—4> 1/0
7 H—a—t—4P> 1/0
'L \ -
-4
A <
4 -
4 a
7—¢

A\ denotes fused inputs

XAS Q’ 2-263

E
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



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

functional block diagrams (positive logic)

TIBPAL20R6’
OE —OfEN
CLK ci i
=
& 8 21 1=0 Vjo—— Q
a0x64| " i
8 D_—_ a
1
N
8 lo—— a
12 20 ]
| —A XD e A )
8 O—+— @
64 N
7 8 — Q
2 20 N
~ 8 O—1— Q
N
I P
L 7. e —— 110
_—
7‘ - « <4 1/0
24 -
5, <
7 -
TIBPAL20RS’
3 EN
cLK cl
& 8 >1 =0 yp—— 0
40 X 64 [ 10
8 D—1+— Q
. .
8, o—1— Q
20 N
\ 12 | 20x > 21~ 5 NI
7 "ﬂ
o 2 8 OD—— a
b..,‘—. ~ 4 —\
b1 — o
I\
8, b—+— o
N\
8 bh—— a
7 N
8
. &
4 -
" denotes fused inputs
TeExas bi
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TIBPAL20L8-20M
TIBPAL20L8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)
)

! INCREMENT

A\
(o] a4 8 12 16 20 24 28 32 36

(23)

(2) n}
[ _'DE
FIRST

FUSE 0
NUMBERS 40
80

(22)

(21)

170

(20)
1/

5}?
SRy |

(19)

——————1/0

(18)
———1/0

2
$322338
POONDHO
oocooocoo

(17)
1720 y————1/0

;

2000 (16)

2080 - —— 170

1
JTL

2320 (15)
o]

=

=)
N
@
Y
o
L

a4 ,

|

L g

LI . (13)
Y =

Fuse Nu'r;ber = First Fuse Number + Increment
Pin numbers shown are for JT and NT packages.
T *l’
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TIBPAL20R4-20M
TIBPAL20R4-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

logic diagram (positive logic)

(1)
ek —P> INCREVIENT
o a 1216 20 24 28 32 36
2 [ —q
12D <
FIRST
FUSE
21

0
NUMBERS a0
80
120
160 -
200
240
(3) 1280
d
————— /0
680
720 0 (20)
760
800
840 Ppcip
880
920

(23)

(22)
170

-
Loz
2
(=]
TITT
£

°
S
3
(=]
1]

FE®
s00
oSS
444
52
3
2
[]

o
N
=)
pe
A

2040 - e /0
2080

1f|2
N
N
5
o
JT.

(15)
2360 170

2520
IUODD[

o

:

‘ (14)
(11 t
| M M

_{>‘;, 1
Fuse Number = First Fuse Number + Increment ’ r—-4>“—3) O_E
Pin numbers shown are for JT and NT packages

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

logic diagram (positive logic)

(1)[:
CLK INCREMENT
o] 4 8 12 16 20 24 28 32 36 23)
(2) | .

FIRST
FUSE

0
NUMBERS 38
[] (22)
120 1o
160 /

(3) ~ e
| —Dl': |

| 600

(4)[:
! P 640

w

-3

I=3
4444

2360 (15)
2400 u 170

(10) 2520 +
|

K

(BRI . 4
S : <
Fuse Number = First Fuse Number + Increment (13)
Pin numbers shown are for JT and NT packages Q OE

—
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TIBPAL20R8-20M
TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

logic diagram (positive logic)

1
CLK (—){\ﬁ

INCREMENT

o a4 8 12 16 20 24 28 32 36 ; 23)
1 Bpp— K
FIRST
FUSE

[
NUMBERS 40
80

>

>

o
[
N
-

(IR
N
5800
v a—— =
g 3% 2 5 1]
H
N
L}
o

® NN
SoN
So0
5%
]
e
[]

g
-1 ©0®
N
388 33
5% 2
%:
®
]

ng
I

PHw
=33
oSo
=T
O o
;:
*
]

3
23
23
oo

Jﬁ.
LS

I3
>N ®
ooo
a7
O o
=
]
[«

NN

o009
®50
15335
2
S5

;:

2

[}

i=0

NNNNV\)‘
B WWN N
OON®H
360009
1?.

Gl

=

]
=]

2480 bc1
10) 2520 B
| ( )D

l(11) }

e :

Fuse Number = First Fuse Number + Increment (13) _
Pin numbers shown are for JT and NT packages o
.Ji
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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

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

NOTE

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

. Csuffix ... ... 0°C to 75°C
Storage temMperature FaNgE . . . . . . ... v v it ie et -65°C to 150°C

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

recommended operating conditions

—20M —15C
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 \%
VL Low-level input voltage 0.8 0.8 \Y
IOH High-level output current -2 -3.2 mA
loL Low-level output current 12 24 mA
felock Clock frequency 0 41.6 0 45 MHz
tw Pulse duration, clock High 12 10 e
Low 12 12 ns
tsu Setup time, input or feedback before CLK? 20 10 15 10 ns
th Hold time, input or feedback after CLK? 4] 0 ns
TA Operating free-air temperature —55 125 0 75 °C
fclock: tw: tsu, and tp do not apply for TIBPAL20LS8'.
i
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20RS-20M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
ViK ’ Vcc = 45V, || = —18 mA -08 -15] V
VOH Vec =45V, oy = —-2mA 24 3.2 v
VoL Vcc =45V, gL = 12mA 025 05 V
lozH Vee = 5.5V, Vo =27V 100 uA
0O, Q outputs -20 pA
[ V =55V, Vo =04V -
ozL 1/0 ports . cc 0 -0.25 mA
] Vee = 6.5V, Vp =565V 1 mA
1/0 ports 100
hu¥ Veg =55V, V=27V A
H All others cc ! 25 #
I+ Vec =55V, V=04V -0.25 | mA
Ios? Vec =55V, Vg =05V -30 -70 -250 | mA
Vee = 5.5V, V=0,
! — 120 180 A
cc Outputs open, OE at Vi ™

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

*For 1/O ports, the parameters Ij4 and Ij_ include the off-state output current.

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

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

PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX UNIT
with feedback 28.5 40

fmaxc! without feedback 416 50 MHz
tpd 1, 1/0 0, 1/0 12 20 ns
tpd CLKT ) Ry = 3900, R2 = 7500, 8 15| ns
ten OE Q See Figure 1 10 20 ns
tdis OE? Q 8 20 ns
ton I, /0 0, /0 12 25| ns
tdis 1, 1/0 0,110 12 20| ns

TAll typical values are at Vo = 5V, Ta = 25°C.
1 1

1fmax (with feedback) = ————————— f;;55 (without feedback) =m

tsu + tpd (CLK to Q)
fmax does not apply for TIBPAL20L8’

i
2270 INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vee =475V, | = —18 mA ~08 -15 v
VOH Ve =475V, o4 = -3.2mA 2.4 \
VoL Vee = 475V, gL = 24 mA 0.3 0.5 \%
lozH Ic/)(’)c;o‘:‘:;p”ts Vee = 525V, Vg = 2.7V 1;2 uA
ozt |- Qoutputs Ve = 525V, Vg = 0.4V —20 | wA
1/0 ports -0.25 mA
i Vec = 526V, V| =55V 01| mA
[IT%d Vee =525V, V=27V 25 | uA
nt Vee = 525V, V=04V -0.25 | mA
los? Vee = 525V, Vo = 0.5V -30 -70 -130 | mA
Ice vee =825V, Wi =0 120 180 | mA
Outputs open, OE at V|

T All typical values are Ve = 5V, Ta = 25°C.
*For 1/0 ports, the parameters Ij4 and I include the off-state output current.
5 Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

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

noted)
PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX | uNIT
ith feedback 37 40
fmaxﬂ[ )'lvlt eedbacl MHz
without feedback 45 50
tpd 1, /10 0, /0 12 15 ns
tpd CLK? Q R1 = 200Q, R2 = 3909, 8 12 ns
ten OE Q See Figure 1 10 15 ns
tdis OFt Q 8 12 ns
ten 1, 110 0, 1/0 12 18 ns
tdis 1, 110 0, I/0 12 15 ns
TAll typical values are at Vee = 5V, Ta = 25°C.
1 1
g i . i feedback) = ——————
fmax (with feedback) tou + tpa (CK ©0 Q) fmax (without feedback) Ty high + teg low
fmax does not apply for TIBPAL20L8"
TEXAS ‘Q{’
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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

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 beiow.

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

With Vcc at 5 V and pin 1 at Vj, raise pin 13 to V|HH.
Apply either V|| 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 V| . Preload can be verified by observing the voltage

level at the output pin.

preload waveforms (see Notes 2 and 3)

PIN 1

REGISTERED 1/0

| cl-ViH|
H INPUT H OUTPUT
ViL

NOTES: 2.
accordingly.

3. tg = tgy = ty = 100 ns to 1000 ns.

VIHH = 10.25 V to 10.75 V.

VoH

VoL

Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
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TIBPAL20L8-20M, TIﬂPALZﬂM-ZOM, 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 Tl distributor, or by calling Texas Instruments at (214) 997-5666.

PARAMETER MEASUREMENT INFORMATION

5V
s1
R1
FROM OUTPUT TEST
UNDER TEST t POINT
<
CL R2¢
(See Note A) | !
LOAD CIRCUIT FOR
3-STATE OUTPUTS
TIMING 3.5 VI(3V) HIGH-LEVEL — 3.5 VI(3V)
INPUT 15V PULSE #15v 15V
(i __ [0.3 V] (0) | 1 [0.3 V] (0)
1 . T-— ty —®
* tg, H¢ th® .
! -~ —[35VI@V) :‘ T W ’: 3.5 V] (3 V)
DATA 15V 15V LOW-LEVEL 15V 15V
INPUT [0.3 V1 (0) PULSE - [0.3VI(0)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
————— [3.5V1({3V)
INPUT 15V 15V og:‘:l;:n . _— [3.6VI(3V)
: l o3 vite ?low level i ! } [0.3 V1 (0)
'Q—"—.t ) —l-——— .
tPLH-F—-.: + PHL v enabling) tPZL""‘ -— —» e—tpLz
¥ —— VoH [ I
ourrot | sVl sy N ' 33V
| ! WAVEFORM 1 1y 05V
R | VoL $1CLOSED P ALEE $-2"voL
PHL—1— M——btPLH (See Note B) PZH —les | L
outorprase \ ' VoH HTee it T
OUTPUT 15V 15V WAVEFORM 2 i %" YoH
——— VoL S1OPEN
(See Note D) (See Note B) ~0V

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A.

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

CL 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 puises have the following characteristics: For M suffix, use voltage levels indicated in parentheses (),

PRR = 10 MHz, t; = tf < 2 ns, duty cycle =
PRR < 1 MHz, t; = tf = 2 ns, duty cycle = 50%.

50%. For C suffix, use the voltage levels indicated in brackets [ ],

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

E. Equivalent loads may be used for testing.

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

D2920, MAY 1987 —REVISED AUGUST 1989

® Low-Power, High Performance TIBPAL20LS’
Reduced Icc of 105 mA Max JT OR NT PACKAGE
fmax: (TOP VIEW)
Without Feedback . . . 33 MHz Min 0 Uaad vee
With Feedback . . . 25 MHz Min gz 231
tpd - - - 25 ns Max 10 =22go
ids 20 wo
® Direct Replacement for PAL20L8A, PAL20R4A, 10s  20[J 10
PAL20R6A, and PAL20R8A with at Least 50% 1Os 1 vo
Reduction in Power [ny 18] 110
gs Qo
® Preload Capability on Output Registers Simplifies o 16[] 110
Testing (o 150
I I
® Power-Up Clear on Registered Devices (All GND :; ::j |
Registered Outputs are Set Low, but Voltage
Levels at the Output Pins Go High)
X i i TIBPAL20LS’
® Package Options Include Plastic and Ceramic FN PACKAGE
Chip Carriers in Addition to Plastic and Ceramic (TOP VIEW)
DIPs o
O O
® Dependable Texas Instruments Quality and --=-2>-0
JLNS ) SR G S G g S g S
Reliability 4 3 2 1 282726
10s 25] /O
e 2a(] 1o
3-STATE REGISTERED 110 ikl 23(] o
DEVICE [1INPUTS| , 6ytputs | @ ouTPuTs | PORTS NE 20 NC
‘PAL20L8 | 14 2 o 6 ik 21 10
‘PAL20R4 [ 12 o 4 (3-state buffers) 4 Do 20(] /O
‘PAL20R6 12 [ 6 (3-state buffers) 2 ik ‘9[j 110
'PAL20R8 12 0 8 (3-state buffers) 0 121314 1516 17 18
Imimiaaimimisis]

description % g °
These programmable array logic devices feature
high speed and functional equivalency when
compared with currently available devices. Pin assignments in operating mode

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 also available for further reduction in board space.

NC - No internal connection

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'C series 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 © 1989, Texas Instruments Incorporated

current as of publication date. Products conform to v}

specifications per the tarms of Texas _Inst;umnt: TEXAS 2.275
warranty. P p oes nof -
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TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

TIBPAL20R4’

JT OR NT PACKAGE
{TOP VIEW)

cik (v Uadd vee
12 2301
10s 22 wo
i [a 21[J 1o
1 Os 20% Q
1 (e 190] Q
[ny 18[] Q
1 e 0]
1dJe sJwo
1o s wo
1O 14%I

GND 2 13[]J OE
TIBPAL20R6’

JT OR NT PACKAGE

(TOP VIEW)

cik [ U vVee
1z 230
10z 22[Qvo
[ C4 2!:] Q
s 2000
e 190aq
0» o
1 (e 7[Ja
O o
1o 1sJ o
ICH mjl

GND (12 13[] OF

TIBPAL20R8’

JT OR NT PACKAGE
(TOP VIEW)
ck v Uaad vee
102 231
1ds 220a
g« =a0a
Qs 20[]Q
1 (e 19%0
17 18[] Q
IEB 17[]a
IJe JQ
ICho 1sJQ
On a0
GND [Ji2 13[]OE

Pin assignments in operating mode

TIBPAL20R4’
FN PACKAGE
{TOP VIEW)
v (&}
__3es5_2
LU0 J SN G ) S S S gy
4 3 2 1 2827726
Ps 251 170
De 24[] a
g 25 a
NC )8 22 NC
Do 21]a
R ORI 200 a
g 19 1o
12131415 16 1718
OO ooo,o,
- T o U'\-U - Q
z zlo =
)
TIBPAL20R6’
FN PACKAGE
(TOP VIEW)
v 8}
__z25_28
(a3 21 282726
1Pe 25 a
1Pe 24() @
g i
nc s 22[ ne
Do 210 a
1D 200 Q
[HIRN |9a Q
1213 '4 151617 18
Aol

T T o 0w —
ZZIO g
(O]

TIBPAL20RS8’

FN PACKAGE

(TOP VIEW)
v Q

__.3%25%_o

U O e S g -

4 321 282126
1Ps 25(a
1pe 24(]a
1p7 230a

NC 8 22 NC
e 21a
1D 20(]a
1 19[]a

12131415 1617 18

il il

- Tovlw o
z zlo

NC —No internal connection
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TIBPAL20L8-25C, TIBPALZOR4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20L8’
>1
& 7EN b~——«—+——o0
40 X 64 |4
7 b———o0
+
20X D> 7 0—.\—4—5— 110
i) 20 7
— | 7 O-—@{—4->— 1/0
‘rl
6 20 ,7L O—*—‘—’—— /0
- o—F—~
7 —¢—1/0
7 0
7 1/0
I/ o—%—<—>— /
7, 110
7 O—*—‘-’-—'
6/ e
/ <
TIBPAL20R4’
OE ~O{EN
CLK D> c1
-
& =1 1=0
40 X 64 I§ 10 v a
[\
,fL 0— Q
8 o— Q
20X D> 7
12 20 s \
! 7 #—{~ v Q
£ = \
4 20 . EN 7
* o—F— y Vo —4>— 110
ol <>
'Z C\ <> /0
] O- ‘\ 4> 1/0
7 D—et—<4b 1/0
r‘ - \ -
a
ya <
7 w
J -
, -

AU denotes fused inputs

{i’
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TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20R6’
OE <:IEN
CLK c1
S
& 8 >1 =0 Jo—— a
aoxes [ 1 —
8 o [
[~
—\
8 o—— a
12 [oxol 20 7 —
| ——f—‘ r—vy
e 8 b—4+— 0
6,
7 8 o—t+— a
2 20 ~ . O_N o
e
N\
>1
——en
7] v L:»—g—o—b———— 1/0
1 . BB
7: N> /o
2, .
8, <
7 -
TIBPAL20RS’
3 ; EN
CLK - C1
A
& 8 >1 -0 yp——— @
a0xe64 [ 10 —
8 p—— o
N\
8, pD—1— 0
, 2 20x> 20 ~ s a
8,
N
p—4— a
8 20 8,‘
~ —\
— a
N
8 p—1— o
N
8 p—— o
8
“ b
- <

AU denotes fused inputs
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TIBPAL20L8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

logic diagram (positive logic)
(1)

! INCREMENT
A

() 4 8 12 16 20 24 28 32 36

(2) N} 23
! —D& :!q_—J 23 |
FIRST
FUSE 0
NUMBERS 40
80

120 (22)

(21)
———— 170

(20)
170

(19)
y——170

18
— "8

LHLHLHLHT

1720 r—-“ﬂ 170

T
o
NI
S
1?-

(16)
3080 ———— 1/0

i
ff

2320
2360 18) [o)

=

]
N
o
Y
15}

L

(14)I

|

©

N 4 (13)
Dt = e

Pin numbers shown are for JT and NT packages.

{ip
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TIBPAL20R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

(1)
o —> INCREVIENT

(] 4 12 16 20 24 28 32 36
(2)n "y —
= <
FIRST
FUSE

NUMBERS 49
150 N
160 170

(23)

7

(14)
(1)~ {
! —D';r F"""—‘—qq !
(13) —

< k—— OE
Pin numbers shown are for JT and NT packages.

i
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TIBPAL20R6-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

(4h)
cik =P INCREMENT
(o] 4 8 12 16 20 24 28 32 36 (23)
(ZW:t_____ -
! P 4-1'6_— !
FIRST
FUSE °
NUMBERS 40
80 (22)
120 ———1/0
160
200
240
(3)nl b 280 n
i —{ >0
¥ 320 b
360
400 I =0 (21)
440 0 |— Q
480
520 b1
560
600

ONNO

oON®

[sE-Y=)=)
A
s
E’r&
L]

=]

2050

N®ES

8553
S
o
:
Ew

=]

-
SN ool
DN D O
©0o00d
5 T
o

(a8 o

(17)Q

2
o

I“ o) 2520 y

(11) s .
g K-

Pin numbers shown are for JT and NT packages.

i
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TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

It
e —D> INCREMENT

o] 4 8 12 16 20 24 28 32 36

2 N
EN— 2
FIRST

FUSE 0
NUMBERS gg

0N~

oOON

[sX=-X=}
Ei
°
;3
o

840 L
880 <
(5) 920 |
| d< }—
560 q
1000

2005
N® A
S8
Sy
°
=
e

_._._.
PR
Bog
888
ElN
o
=
*

Y5

13

5

(10) 2520
19y

I(T‘I) }

—$ =

Pin numbers shown are for JT and NT packages.
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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) . . ... e e e 7V
Input voltage (see Note 1) .. . .. ... .. 5.5V
Voltage applied to a disabled output (see Note 1) ... ... ... ... ... ... ... ........... 5.5V
Operating free-air temperature range . . . . .. .. ..ottt it 0°C to 75°C
Storage temperature range . . . ... .. ..vueui et e —-65°C to 150°C

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

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vee Supply voltage 4.75 5 5.25 \
VIH High-ievel input voltage 2 5.5 \2
V)L Low-level input voltage 0.8 \
loH High-level output current -3.2 mA
loL Low-level output current 24 mA
felock Clock frequency 0 33 | MHz
tw Pulse duration, clock High 18 ns
Low 15 ns
tsy Setup time, input or feedback before CLK1 25 ns
th Hold time, input or feedback after CLKt [o] ns
TA Operating free-air temperature o] 75 °C

fclock: tw: tsu. and tp do not apply for TIBPAL20L8’.

XAS ” 2-283
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TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20RG-25C, T.BPAI.ZI]HB-ZEG
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
ViK Vcc =475V, || = —18 mA -0.8 -1.5 %
VOH Vece =475V, lgpH = -3.2mA 2.4 3.3 \
VoL Vee =475V, gL = 24 mA 0.3 0.5 \
0O, Q outputs 20
I \Z =626V, Vg =27V
OzH 1/0 ports cc o 100 A
0, Q outputs -20 uA
| Vi =525V, Vo =04V
OZL /0 ports cc 0 20.25 | mA
I Vcc =526V, V=55V 01| mA
ut Vee =525V, V| =27V 20 | A
% Vec = 5.25V, V| =04V -02 | mA
Ios? Vee = 5.26V, Vg =0 -30 -70 -130 [ mA
V =525V, V| =0,
Icc cc M 75 105 | mA
Outputs open, OE at Viy

T Al typical values are at Voc = 5V, Tp = 25°C.
For 1/ ports, the parameters Iy and ljL include the off-state output current.
8Not 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)

PARAMETER FROM T0 TEST CONDITIONS MIN TYPY MAX | uniT

fmaxq Yvith feedback 25 40 MHz
without feedback 33 50

tod 1, 1/0 0, I/0 3 14 25 ns
tpd CLK? Q Ry = 200§, R2 = 390 Q, 2 10 15 ns
ten OE Q CL = 50 pF, See Figure 1 2 8 15 ns
tdis [3) Q 2 8 15 ns
ten 1, 110 0, 1/0 3 15 25 ns
tdis 1, 110 0, 1/0 3 15 25 ns

TAll typical values are at Vog = 5V, Ta = 25°C.
1

$fmax (with feedback) =

tsu + tpd (CLK to Q)

fmax does not apply for TIBPAL20L8’

* fmax (without feedback) =

1

tw high + ty, low

2-284
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TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER 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 Tl distributor, or by calling Texas Instruments at (214) 997-5666.

PARAMETER MEASUREMENT INFORMATION

5V

2 o«
v
P
~N

FROM OUTPUT TEST
UNDER TEST POINT
>
CL >
(See Note A)

=

LOAD CIRCUIT FOR

THREE-STATE OUTPUTS

TIMING 35V

INPUT

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

———— —35V
INPUT 15V 15V
; | 03V
[&—tpHL
1
PLH'F_NI e v
IN-PHASE | 15V | 15y oM
OUTPUT | 2V :
: | VoL
tPHL 16— —>—tpLH
| ! Vo
OUT-OF PHASE 15V 15V
OUTPUT oL
(See Note D)

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance and is

HIGH-LEVEL N
PULSE F15v 15V
:Q——— w —
- —»
LOW-LEVEL w
PULSE ~—
VOLTAGE WAVEFORMS
PULSE DURATIONS
ouTPUT
CONTROL
(low-level
enabling) -
|
|
WAVEFORM 1 !
$1CLOSED !
(See Note B) )
e Note PZH —e ol ~8 [-tpHZ
[ i
WAVEFORM 2 J
S10PEN
(See Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

50 pF for tpq and ten, 5 pF for tyis.

35V

—— —03V

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.

FIGURE 1

Texas
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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. With V¢c at 5 V and pin 1 at V||, 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. Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Notes 2 and 3)

PIN 1

Vi

|-ViH VoH
REGISTERED 1/0 INPUT >_(ourpu1
ViL Vou

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 = ty = 100 ns to 1000 ns.
VIHH = 10.25 V t0 10.75 V.

2-286
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TIBPAL20L8-15CNL, TIBPAL20R4-15CNL, TIBPAL20R6-15CNL, TIBPAL20R8-15CNL
TIBPAL20L8-25CNL, TIBPAL20R4-25CNL, TIBPAL20R6-25CNL, TIBPAL20R8-25CNL
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

D3095, JANUARY 1988 —REVISED AUGUST 1989

® High Performance: fmax(w/o feedback) TIBPAL20LS' . . . FN PACKAGE
TIBPAL20R’ -15 Series . . . 45 MHz (TOP VIEW)
TIBPAL20R’ -25 Series . . . 33 MHz S o
—— - — > —

® -15CNL Devices are Direct Replacements 43 21282726
for MMI PAL20L8BCNL, PAL20R4BCNL, NCps 25010
PAL20R6BCNL, and PAL20R8BCNL he s
® -25CNL Devices are Direct Replacements NC, 2 ifE :ﬁg
for MMI PAL20L8B-2CNL, PAL20R4B-2CNL, 1o 20f{vo
PAL20R6B-2CNL, and PAL20R8B-2CNL Nepn 19Qne
121314151617 18
® Power-up Clear on Registered Devices (All ---g-"o
Registered Outputs are Set Low, but 4

Voltage Levels at the Output Pins Go High)
. . TIBPAL20R4’ . . FN PACKAGE
® Preload Capability on Output Registers (TOP VIEW)

Simplifies Testing

3.STATE REGISTERED 110 4321282726
DEVICE |IINPUTS | Neps 25(j1/0
QOUTPUTS | @ OUTPUTS | PORTS i 2a7a
‘PAL20LE | 14 2 0 5 liks 23fa
NC(]8 22(]Q
‘PAL20R4 12 [o] 4 (3-state buffers) 4 1ge 21[]a
‘PAL20R6 | 12 0 6 (3-state buffers) | 2 100 20@ 110
‘PAL20R8 | 12 0 8 (3-state buffers) | .0 Ne 19Qne
- - 121314151617 18

-1 -

ordering information

Devices with the MMI chip-carrier, pin-out shown

. S TIBPAL20R6' . . . FN PACKAGE
here may be ordered by using the indicated part

. o R (TOP VIEW)
number with the NL suffix. Do not include the Yo
package suffix (FN). ___385_%8

4 3 2 1282726
description NCfs 257]a
1fle 2afja
These programmable array logic devices feature NC' 7 izC Q
high speed and functional equivalency when \ 2 21Eg
compared with currently available devices. 110 20Qa
These IMPACT™ circuits combine the latest NC ”121314 161y 8‘95 NC
151 1
Advanced Low-Power Schottky technology
with proven titanium-tungsten fuses to provide SlETe
reliable, high-performance substitutes for
conventtong! TTL logic. .The|r ~easy TIBPAL20RS' . . . FN PACKAGE
programmabl!lty allows _for quick dgagn of (TOP VIEW)
custom functions and typically results in a more o
compact circuit board. In addition, chip carriers ___.85_o0
are also available for further reduction in board 4321282726
space. NChs go
3 24ja
g7 23(a
NCp 8 22(ja
1pe 21ja
1010 20(]a
Nc[1 19[NC
IMPACT is a trademark of Texas Instruments Incorporated. 12131415 161718

PAL is a registered trademark of Monolithic Memories Inc. ——-—Qw-=-0
Tlntegrated Schottky-Barrier diode-clamped transistor is patented 5 ©

by Texas Instruments, U.S. Patent Number 3,463,975. .
NC—No internal connection

Copyright © 1989, Texas Instruments Incorporated

PRODUCTION DATA documents contain information

current as of publication date. Products conform to A,

spec;ﬁistiuns per (I'l,s (dsrmg of Texas .Instaumants TE 2
standard warranty. Production processing does not -
necessarily include testing of a panmgtars. lNS’r RUMENTS 287

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TIBPAL20L8-15CNL, TIBPAL20R4-15CNL
TIBPAL20L8-25CNL, TIBPAL20R4-25CNL
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

description {continued)

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' CNL series is characterized from 0°C to 75°C.

functional block diagrams (positive logic)

TIBPAL20LS’
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6 20 ; O—@—¢»—1/0
+# o—— ~
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; O—e—¢-p—1/0
7, 49— 1/0
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L e
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& >1 1=0
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40 X 64 7 1D 0_____,
I§ @
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2 o— a
20X D 7
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| a +—~ / o— Q
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TIBPAL20R6-15CNL, TIBPAL20R8-15CNL
TIBPAL20R6-25CNL, TIBPAL20R8-25CNL
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20R6’
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12 20 >
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N
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"\ denotes fused inputs
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TIBPAL20L8-15CNL, TIBPAL20L8-25CNL
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)
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TIBPAL20R4-15CNL, TIBPAL20R4-25CNL
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)
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TIBPAL20R6-15CNL, TIBPAL20R6-25CNL
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

(1)
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TIBPAL20R8-15CNL, TIBPAL20R8-25CNL
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

logic diagram (positive logic)
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TIBPAL20L8-15CNL, TIBPAL20R4-15CNL, TIBPAL20R6-15CNL, TIBPAL20R8-15CNL
TIBPAL20L8-25CNL, TIBPAL20R4-25CNL, TIBPAL20R6-25CNL, TIBPALZIJRB 25CNL

HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

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

Supply voltage, VCC (see Note 1) . . .. ... e
Input voltage (see Note 1) .. . ... e e e e
Voltage applied to a disable output {see Note 1) ... ... .. ... ... .. .. ... .
Operating free-air temperature range . . . . ... ..ottt
Storage temperature range . . .. .. .. ...ttt

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

recommended operating conditions

0°C to 75°C
—65°C to 150°C

-25CNL -15CNL UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage . 4.75 5 5.25 | 4.75 5 5.25 v
ViH High-level input voltage 2 5.5 2 5.5 \
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current -3.2 -3.2 mA
loL Low-level output current 24 24 mA
fclock  Clock frequency 0 33 0 45 | MHz
High 15 10
tw Pulse duration, clock L(')?N 15 12 ::
tsu Setup time, input or feedback before CLK! 25 15 10 ns
—
th Hold time, input or feedback after CLK1 Q 4] ns
TA Operating free-air temperature 0 75 [¢] 75 °C
Tfelock: twr tsu, and ty do not apply for TIBPAL20LS'.
/
2-294
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265




TIBPAL20L8-15CNL, TIBPAL20R4-15CNL
TIBPAL20RG6-15CNL, TIBPAL20R8-15CNL
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

-15CNL
PARAMETER TEST CONDITIONS N TY(;T AKX UNIT
VIK Vece =475V, I = -18 mA -0.8 -1.5 \
VoH Vece =475V, gy = -3.2mA 2.4 \
VoL Vee =475V, gL =24 mA 0.3 0.5 \
0, Q output:
lozH oUtpLtS Vee =525V, Vg =27V 20 A
1/O ports 100
oz 0, Q outputs v 2525V, Vg = 0.4V -20 uA
0zL 1/0 ports cc ’ ! 0 ’ -0.25 mA
| Ve =525V, V) =55V 0.1 | ma
hut Vee =525V, Vp =27V 25 | uA
[T Vec =525V, V| =04V -0.25 | mA
Ios® Vec = 6526V, Vg =0 -30 -70 -130 | mA
V =525V, V=0,
Icc ce - 120 180 | mA
Qutputs open, OE at V|

T All typical values are at Vece =5V, Ta = 25°C.
For 1/0 ports, the parameters lj and |j_ include the off-state output current.
5 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)
PARAMETER FROM T0 TEST CONDITIONS -15cnL UNIT
MIN TYPT mMaAX
With feedback 37 40
fmax! MH
max Without feedback 45 50 i
tpd ), 1/0 0, I/0 12 15 ns
tpd CLK?® Q Ry = 200Q, R2 = 3909, 8 12 ns
ten OE Q CL = 50 pF, See Figure 1 10 15 ns
tdis OE? Q 8 12 ns
ten 1, 1/0 0, 1/0 12 18 ns
tdis 1, 1/0 0, 110 12 15 ns
TAll typical values are at Vog = 5V, Ta = 25°C.
1, ith feedback) = ————1 . ¢ ithout feedback) = ———
‘max (with feedback) teu * 1 CIK 0 Q) max (without feedback) o Bigh + tyy low
fmax does not apply for TIBPAL20L8’
l 2-295
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TIBPAL20L8-25CNL, TIBPAL20R4-25CNL
TIBPAL20R6-25CNL, TIBPAL20R8-25CNL
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

PARAMETER TEST CONDITIONS N _irv,%? L MAX UNIT
VIK Ve =475V, = -18 mA -0.8 -1.5 \
VoH Vee =475V, gy = -3.2mA 2.4 3.3 N
VoL Voo = 475V, gL = 24 mA 03 05| V
0O, Q outputs 20
| V =526V, Vg =27V A
OZH T/ ports ce ° 100 | *
0, Q outputs ‘ -20 rA
| =525V, Vg =04V
OZL T7/0 ports Vee = 828V, Vo =0 ~0.25 | mA
1] Vge =526V, V=65V 0.1 mA
gt Vee = 525V, V| =27V 20 | uA
[T Vee =526V, V| =04V -0.2 | mA
los® Vec = 526V, Vg =0 -30 -70 -130 | mA
Vee =6.25V, V=0,
! _— 75 1056 A
cc Outputs open, OE at V|4 . m

T All typical values are at Vec = 5V, Ta = 25°C. :
*For 1/0 ports, the parameters | and Ij_ include the off-state output current..
§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed 1 second.

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

-25CNL
PARAMETER FROM TO TEST CONDITIONS MIN_ TYPT  MAX UNIT
With feedback 25 40

fmax Without feedback 33 50 MHz
tpd I, 1/0 0, 110 3 14 25 ns
tpd CLK?T Q R1 = 200Q, R2 = 39049, 2 10 15 ns
ten OE Q CL = 50 pF, See Figure 1 2 8 15 ns
tdis OE! Q 2 8 15 ns
ton I, /0 0, /0 3 15 25| ns
tdis 1, /0 0, /0 3 15 25| ns

TAll typical values are at Vgc = 5V, Tp = 25°C.
tmax (with feedback) = ! 1

. f ithout feedback) = —————
max (withou V= T Tiah + ey Tow

tsu + tpd (CLK to Q)
fmax does not apply for TIBPAL20LS'.
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TIBPAL20L8-15CNL, TIBPAL20R4-15CNL, TIBPAL20R6-15CNL, TIBPAL20R8-15CNL
TIBPAL20L8-25CNL, TIBPAL20R4-25CNL, TIBPAL20R6-25CNL, TIBPAL20R8-25CNL
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 6 V and pin 1 at V|, 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)

e 'd—h} |¢_ tw—p| |

| T
PIN 1 | ' | |

L ' + V)

T T | it

| | .

I | (.

4 | == VIH| VoH

REGISTERED 1/0 H INPUT H OUTPUT
-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. tg = tgy = tyy = 100 ns to 1000 ns.
VIHH = 10.25 V to 10.75 V.

XAS ‘Q’
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TIBPAL20L8-15CNL, TIBPAL20R4-15CNL, TIBPAL20R6-15CNL, TIBPAL20R8-15CNL
TIBPAL20L8-25CNL, TIBPAL20R4-25CNL, TIBPAL20R6-25CNL, TIBPAL20R8-25CNL
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 Tl distributor, or by calling Texas Instruments at (214) 997-5666.

PARAMETER MEASUREMENT INFORMATION

5V
s1
R1
FROM OUTPUT TEST
UNDER TEST POINT
cL Rz

(See Note A)

i
T

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

TIMING 35V HIGHLEVEL /N~ 35V
INPUT 15V PULSE F15V 15V sy
—u——'h—;—-—~03v i tw '
e tg, S '
! ch--—35V W 35V
DATA 15V 15V LOW-LEVEL 15V 15V
INPUT 0.3V PULSE . 03V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
—— e — — 3.5 V 35V
OUTPUT -
. 15V
neot m 03V CONTROL 15V frsv
| t ’ (low-level AT 03V
[ tpHL ) i :
. ‘PLH'T“_"! +—— Von enabling) tpzL—¥ :.,_ _.dl - tpLz
IN-PHASE
ouTPUT | 15V | 15V - Iy 33V
! ! v WAVEFORM 1 I .
. } | oL S1CLOSED : : VoL
PHL—1— ——btPLH (See Note B) tp2H —las o ez L4
| | VoH H v __
gx:g}?nAse 15V 15V WAVEFORM 2 i ST Vow
——— VoL S10PEN : 05V
(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, = 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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TIBPAL22V10AM, TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

D2943, OCTOBER 1986 —REVISED AUGUST 1989

Second Generation PAL Architecture

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

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 AMDs
AMPAL22V10 and AMPAL22V10A

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

(TOP VIEW)

CLK/I

GND

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

(TOP VIEW)
S 099
__ogsee
/ | S g S
4 3 2 1282726
10s 25(] I10/Q
I 24 vo/Q
ik 23] vo/a
nce 22[I NC
10e 21} vo/a
D10 20(] yo/a
|p11 19[] 1vo/Q
121314 15 16 17 18
Imimisimioiwisl
——avu~-gg
§ 99

NC—No internal connection*
Pin assignments in operating mode

description

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

mci‘ﬁcgtlons per the terms of Texas Instruments,

Production pi g does not
necessarily include testing of all parameters.

{ip
Texas
INSTRUMENTS
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TIBPAL22V10AM, TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

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.

2-300
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TIBPAL22V10AM, TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

logic diagram (positive logic)

1 INCREMENT

FIRST o 4 8 12 16 20 24 28 32 3% 40

FUSE ° o ASYNCHRONOUS RESET
NUMBER (TO ALL REGISTERS)

~23

MACRO
CELL
880 o
2 P = 5810
-—DE K

P = 5811

N

2

MACRO
+— CELL

, 1452 s
P = 5812
—Dt I p - 5813

1496

P = 5815
2156 o

MACRO
CELL

©

>

P = 5816

d1{p - 5817

MACRO
| | cew 20
-
2112
a P = 5814
—db K

3608
—Db
3652
4268
7
—Db
a312
MACRO
— CELL 16
aga0 A A ad
8 P = 5822
—k - IE 1| - s823f
a88a o
MACRO
% | cew .
5324 o
9 P = 5824,
—Db &% P = 5825
5368 2
MACRO 14
CELL
5720 L
10 P - 5826
—bb K—p - 5827
5764 o

SsY JS SET

11 {TO ALL REGISTERS)
—Dk 13

Fuse Number = First Fuse Number + Increment

Inside each MACROCELL the ‘P’ fuse is the polarity fuse and the ‘’R"’ fuse is the register fuse.
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TIBPAL22V10AM, TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

functional block diagram (positive logic)

____.D c1
< SET 1s
44x132 RESET
-] rC
=1 [}
8 OUTPUT
> LoGic 1o/
_W /I macrocelL [N EN
10
S %#I/O/O
> — - — $EN
12
22
CLK/ > le>-1/0/Q
! ~ — L — $EN >
14
Le»-1/0/Q
— — —  —{en i
16
+4—»-1/0/Q
L = —  $—EN >
16
ikl 22, I, ¢ =~ . o-&1-4->-1/0/Q
10 N 1a = — e
Le>1/0/Q
. = —{ $—EN >y
12
N Le»-1/0/Q
- —  ¢—{en S
10
O-at-4--1/0/Q
L = | $—EN
8
Le-1/0/Q
— L — 1N
R 10
> 7
. 10 . 10
~ denotes fused inputs
TeExAs "Ji
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TIBPAL22V10AM, TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

output logic macrocell diagram

.

OUTPUT LOGIC MACROCELL

r- - — — — — |
| MUX I
® 3
I AR—]R =0 T—Do— 2 |
H } 1D 1 -
- I > C1 D 0
I ss—{1s 1 }Gﬂ |
’ ‘ v o) 3
FROM CLOCK BUFFER |
| MUX g)
. T = |
K : —q
‘——61 l
I

AR = asynchronous reset

Qi’ .
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TIBPAL22V10AM, TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

-

R

1D

> C1

18
$1 =0 §$1 =0
S0 =0 SO = 1

REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT

S1 =1 $1 =1
/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT /0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT

MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE

FUSE SELECT

s1s S0 FEEDBACK AND OUTPUT CONFIGURATION
(o] 0 Register feedback | Registered Active low
[¢] 1 Register feedback | Registered Active high
1 o] 1/0 feedback Combinational | Active low
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, VcC (see Note 1)

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

Csuffix ....... .. 0°C to 75°C
Storage temperature raNGE . . . ..o v vttt e e —65°C to 150°C

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

{i’
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TIBPAL22V10AM
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

recommended operating conditions

TIBPAL22V10AM
MIN NOM MAX UNIT
Vcc  Supply voltage 4.5 5 5.5 \%
VIH High-level input voltage 2 5.5 \
ViL Low-level input voltage 0.8 \
IoH High-level output current -2 mA
loL Low-level output current 12 mA
felock Clock frequency T 22 MHz
tw Pulse duration Clock high or low 20 ns
Asynchronous Reset high or low 30
Input 25
tsu Setup time before clock? Feedback 25 ns
Synchronous Set 25
Asynchronous Reset low (inactive) 30
th Hold time, input, set, or feedback after clock? 0 ns
TA Operating free-air temperature -55 125 °C
electrical characteristics over recommended operating free-air temperature range
TIBPAL22V10AM
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX UNIT
VIK Vee =45V, | = -18mA -1.2 \
VoH Vee =45V, IpH= —-2mA 2.4 3.5 \
VoL Vece =45V, gL = 12mA 0.25 0.5 \
lozH Vcc =565V, Vg =27V 0.1 mA
lozL 2:z ;‘c‘;p”t Vec = 5.5V, Vo =04V _;gg A
[] Vcg =65V, V=55V 1 mA
IiH Vee =55V, V=27V 25 [ A
i Vee =55V, V=04V —-0.25 mA
I0s? Vec =655V, Vg =05V ~30 -90 [ mA
Icc Vee = 5.5V, V| = GND, Outputs open 120 180 mA

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

(unless otherwise noted)
TIBPAL22V10AM

PARAMETER FROM T0 TEST CONDITIONS N TYeE mAx | UNIT
fmax | With feedback 22 MHz
tod 1, /0 1/0 R1 3900, 15 30 ns
tpd 1, /O (reset) Q R2 = 7808, 15 35 ns
tpd Clock Q See Figure 2 10 20 ns
ten 1, 1/0 Q 15 30 ns
tdis I, /O Q 15 30 ns

1

dback) =

T and f (with fi
max clock
tsu + tpd (CLK to Q)

1
tw high + t, low '
Al typical values are at Vo = 5V, Tp = 25°C.

fclock (without feedback) =

. fmax and fgjock without feedback can be calculated as fmax and

8Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set VQ at
0.5 V to avoid test problems caused by test equipment ground degradation.
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TIBPAL22V10C, TIBPAL22V10AC

HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

recommended operating conditions

TIBPAL22V10C TIBPAL22V10AC uNIT
MIN NOM MAX | MIN NOM MAX
Vcc  Supply voltage 4.75 5 5.25 4.5 5 5.25 \%
ViH High-level input voltage 2 5.5 2 5.5 \%
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -3.2 -3.2 mA
loL Low-level output current 16 16 mA
folock Clock frequency 18 28.5 | MHz
. Clock high or low 25 15
tw Pulse duration - ns
Asynchronous Reset high or low 35 25
Input 30 20
tsu Setup time before clock? Feedback 30 20 ns
Synchronous Set 30 20
Asynchronous Reset low (inactive) 35 25
th Hold time, input, set, or feedback after clock? ] (o] ns
TA Operating free-air temperature 0 75 0 75 °C
electrical characteristics over recommended operating free-air temperature range
TIBPAL22V10C TIBPAL22V10AC
PARAMETER TEST CONDITIONS WiN TYPE MAX | MIN_ TYPE MAX UNIT
ViK Vee =475V, || = —18 mA -1.2 -1.2 \
VoH Vee =475V, gy = —3.2mA 2.4 3.5 2.4 3.5 \
VoL Vee =475V, oL = 16 mA 0.35 0.5 0.35 0.5 \
lozH Vee = 525V, Vg =27V 0.1 0.1 mA
lozL ﬁ:z :’/L(';p“t Ve = 525V, Vg = 0.4V _;:g _;gg A
[ Vee = 525V, V=55V 1 1 mA
Wi Vee =525V, V=27V 25 25 A
L Vee =525V, V=04V -0.25 -0.25 mA
108 Vee = 526V, Vg = 0.5V -30 -90 | -30 -90 | mA
Icc Vee = 5.25V, 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)

tmax and felock (with feedback) = —————————
max cloe tsy + tpd (CLK to Q)

1
ty high + ty low |
Al typical values are at Vo = 5V, Ta = 25°C.

felock (without feedback) =

PARAMETER FROM 0 TEST TIBPAL22V10C TIBPAL22V10AC oNIT

CONDITIONS [ mMIN TYPf MAX [ mIN TYP! mAX

fmax | With feedback 18 28.5 MHz

tpd 1, 110 110 15 35 15 25 | ns
R1 = 300 Q,

tpd 1, /0 (reset) Q 15 40 15 30 ns
R2 = 390 Q,

tpd Clock Q See Fiqure 2 10 25 10 15 [ ns

ten 1, 1/0 Q ee Hgure 15 35 5 25| ns

tdis 1, /0 Q 15 35 15 25 | ns

1

+ fmax and fgiock Without feedback can be calculated as fyax and

8Not 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.
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TIBPAL22V10AM, TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT ™ 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 Vcc 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)

————— VIHH
PIN 13 / { \

je—tsu—p [&—td—>] | Vi
:Q—‘d—ﬁl le—tw—pl |
| : ! - - —: ——————— ViH

PIN 1 I |

, | |
T T T ViL
| | |
| | |

VoH

REGISTERED 1/0 INPUT

| .
1 |
< | =
- I
[=)
c
=
°
c
=

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 = tyy = 100 ns to 1000 ns. Vg = 10.25 V to 10.75 V.
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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 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

av f sV
Vee g
|
I tpd? >
(600 ns typ, 1000 ns MAX) |
———————— VoH
ACTIVE HIGH STATE UNKNOWN I 15V
REGISTERED OUTPUT \’
| VoL
v
ACTIVE-LOW 1 OH
REGISTERED OUTPUT STATE UNKNOWN | 1.5V
T - T —— Vo
[ tsut —pi
. |
| ViH
" cLock \\1,5 v 15V
|
] ‘Jf — Vi
—tw———f

T 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) 997-5666.
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TIBPAL22V10AM, TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

PARAMETER MEASUREMENT INFORMATION

5V

L

S1
R1
FROM OUTPUT TEST
UNDER TEST POINT
CL T~ R2
(See Note A)
LOAD CIRCUIT FOR
3-STATE OUTPUTS
[3.5VI@V)
-
TIMING sV HIGH-LEVEL | 15V 15V I BsVIEv)
INPUT ————F — — — — — [0:3V](0) PULSE [0.3 V] (0)
ty, ——plE—P— 1 h—l t —ﬂl
! T BsvIew LOW-LEVEL | |
DATA 15V 15V PULSE sy 1sy [3.5V](3V)
INPUT [0.3 V] (0) . 5
- — —— [0.3V](0)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
————— [3.5V] (3V) [B5Vvi@Vv)
15V 15V OUTPUT
INPUT | | [0.3 V] (0) CONTROL
(low-level J_
toa —le—P| H-N—J toa enabling) —— — — [0.3V] (0)
| — = Vou t l‘_
dis
15V | > a3y

IN-PHASE
OUTPUT

tod "k‘—ﬂ | oo

| | Vou
OUT-OF-PHASE 15V 1.5V
OUTPUT

(See Note D)

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

|
t,n_..= e |
|
|
|

S, I
WAVEFORM 1 15v | | v
S1 CLOSED —
(See Note B) — & — Vo
_’} s i VoL +0.5V
pa | ¥ _ Von

Vou 05V
~o0V

ten

WAVEFORM 2
S1 OPEN
(See Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A.Cy includes probe and jig capacitance and is 50 pF for t,q and te,, 5 pF for tys.
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: For M suffix, use the voltage levels indicated in parentheses (), PRR < 10 MHz,
t, and t < 2 ns, duty cycle = 50%. For C suffix, use the voltage levels indicated in brackets [], PRR s 1 MHz, t, = t; = 2 ns, duty

cycle = 50%.

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

E. Equivalent loads may be fused for testing.

FIGURE 2
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TIBPAL22V10-20M, TIBPAL22V10-15C
HIGH-PERFORMANCE /IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

D3356, OCTOBER 1989

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

Second-Generation PAL Architecture

Choice of Operating Speeds (TOP VIEW)
TIBPAL22V10-15C . .. 15 ns Max U
TIBPAL22V10-20M . . . 20 ns Max CLK/:E 17 2 % ?;870

Increased Logic Power — up to 22 Inputs 'E § 22 ] 10/Q

and 10 Outputs il + 21[] V0/Q

Increased Product Terms — Average of 12 If] s 20[] Vo/Q

per Output il s 19[] vorQ

17 18[] o/Q

Variable Product Term Distribution Allows ile 17[] orQ

More Complex Functions to be Implemented iMe 16{] vorQ

Each Output Is User Programmable for o 1sjlomQ

Registered or Combinatorial Operation, ifn  1afuon

Polarity, and Output Enable Control GNDfj 12 13}

Power-Up Clear on Registered Outputs

TTL-Level Preload for Improved Testability

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

(TOP VIEW)

Extra Terms Provide Logical Synchronous s oo

Set and Asynchronous Reset Capability 3 % >8 X}

Fast Programming, High Programming / |—4n—n_n1_n_-vul_l
Yie}d, ar:ld Unsurpassed Reliability Ensured 0s 8211282 2625 1yo/Q
Using Ti-W Fuses e 2a[yoiq
AC and DC Testing Done at the Factory g7 23f] o

Utilizing Special Designed-In Test Features Ne [ 8 22[INe

1ge 21{]yoq
Dependable Texas Instruments Quality and 1 10 200 10/Q
Reliability 1 :] 11 19[ 1/0/Q

121314 1516 1718

Package Options Include Plastic and e o

Ceramic Dual-In-Line Packages and Chip gg~gg

Carri 5] Q9

arriers ==

description

NC—No internal connection
Pin assignments in operating mode

The TIBPAL22V10-15C and TIBPAL22V/10-20M 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-X™ 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.

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-X is a trademark of Texas Instruments Incorporated.

PRODUCT PREVIEW documents contain information

Copyright © 1989, Texas Instruments Incorporated

PRODUCT PREVIEW

on products in the formative or design phase of
development.  Characteristic data and other
specifications are design goals. Texas Instruments
reserves the right to change or discontinue these
products without notice.
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TIBPAL22V10-20M, TIBPAL22V10-15C
HIGH-PERFORMANCE /IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

description (continued)

M3IATHd 1ONAO0Hd

Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset productterm. These
functions are common to all registers. When the synchronous set product termis 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' offers quick design and development of custom LSI functions with complexities of 500 to 800
equivalent gates. Since each ofthe ten output pins may be individually configured as inputs on either atemporary
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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TIBPAL22V10-20M, TIBPAL22V10-15C

HIGH-PERFORMANCE IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

logic diagram (positive logic)

1 INCREMENT
FIRST o 4 & 12 16 20 24 28 32 36 40
FUSE : \
0 ASYNCHRONOUS RESET
NUMBER | (TO ALL REGISTERS)
1 L | macro ‘(L’f'?a
[ T 3 CELL
| P = 5808
D FT{r = 5809
440 .
MACRO
CELL 22
880
2
P - 5810
Db ¢ P = 5811
924
MACRO
—1 CELL -21
1452 (4>
3 NS P = 5812
T3 1e - sea
1496
MACRO
CELL 20 ;
- w
a
P = 5814
— e  — —
Db I e - 5815 >
2156 -
ad m
2860
- P = 5816
" - .
Db RN (i |
2904 < o
SR = MACRO :
IH 18 :
3608 O
° oo 4114 Lo
3652 m
— 17
4268
—DET
4312
-16
= {
4840 [ d
- P - 5822
=P It e - 5823
4884 3
|
MACRO
7 cew s
5324 -+
P = 5824
—bb ——d¢—p - se25f
5368 > ‘|
MACRO 1
5720 Lpoe
10 P = 5826
—db —Jb—{p - 5827~
5764 o SET
1 (TO ALL REGISTERS)
X3

Fuse Number = First Fuse Number + Increment
Inside each MACROCELL the “'P'’ fuse is the polarity fuse and the ’R’’ fuse is the register fuse.
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TIBPAL22V10-20M, TIBPAL22V10-15C

HIGH-PERFORMANCE IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

functional block diagram (positive logic)

Il> N
= SET is
44x132 RESET R
9 r
>1 D>
8 OUTPUT
LoGIC o/Q
ﬁ ~—] mAcRoCELL [\ ]EN
10,
> O-a1-+-+-1/0/Q
3 — L —  EN
12
CLK/I 22, 1A, > o-al+>-l0/Q
— - N TEM
14,
- Les-1/0/Q
L = | ¢en >
16
Les-1/0/Q
— V— F— — EN O-Q
16
y 22, (A, o—a<>1/0/Q
10 N L — $EN
o 14
Le>-1/0/Q
. —{  ${EN Y
12
= O-af-<>-1/0/Q
— o — EN
10
Les1/0/Q
- = | ¢—EN >N
8
le>1/0/Q
— ¢ EN >
R 10
> 7
P P 10,
~. denotes fused inputs
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TIBPAL22V10-20M, TIBPAL22V10-15C
HIGH-PERFORMANCE IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

output logic macrocell diagram

ﬂ OUTPUT LOGIC MACROCELL

r._ —_——— = —
I MuUX |
@ 3
| AR R =0 LD)_. 2 I
H 1 1 .
e r 1D <>
> C1 D 0
Ss—118 1 0
I %6—3— I
I 0
FROM CLOCK BUFFER I
| MUX SO l
1 —4— i
|—'G1 I

AR = asynchronous reset

PRODUCT PREVIEW
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TIBPAL22V10-20M, TIBPAL22V10-15C
HIGH-PERFORMANCE /IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

-

S1 =0 S1 =0
S0 =0 SO =1
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
E P> — E —a—>—
§1 =1 S1 =1
1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT |/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT
FUSE SELECT
';1 S((:) FEEDBACK AND OUTPUT CONFIGURATION
0 0 Register feedback Registered Active low
0 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
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TIBPAL22V10-20M
HIGH-PERFORMANCE /IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

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

Supply voltage, Vo (See NOte 1) o 7V
Input voltage (See NOtE 1) .. . it s 55V
Voltage applied to diabled output (see Note 1) . ... . e e 55V
Operating free-air temperature range . ...ttt e —55°C to 125°C
Storage temperature range . ....... ...t —-65°C to 150°C

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

recommended operating conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 55 \Y
Viy High-level input voltage 2 5.5 \%
Vi Low-level input voltage 0.8 \
low High-level output current -2 mA
loL Low-level output current 12 mA
Clock high or low
b Pulse duration Asynchronous Reset high or low ns
Input
. t Feedback
tsy Setup time before clockt Synohronous Presel ns
Asynchronous Reset low (inactive)
th Hold time, input, set, or feedback after clock?t ns
Ta Operating free-air temperature —55 125 °C

T The values for this parameter can only be obtained with a puise repetition rate of 1 MHz.

PRODUCT PREVIEW
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TIBPAL22V10-20M
HIGH-PERFORMANCE IMPACT-X" PROGRAMMABLE ARRAY LOGIC

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  TYPt MAX| UNIT

Vi Vec =45V, I =—18 mA “12| v

Von Vec =45V, lon = -2 mA 2.4 35 v

Vou Vec =45V, loL= 12 mA 025 05| V

lozn Vec =55V, Vo=27V 01| mA
lozL Vec =55V, Vo =04V —01 ] mA
| Vec =55V, V=55V 1] mA
I Vec =55V, V=27V 25| uA

CLK -0.15

Iy All others Vee =55V, V=04V o1 mA
los* Vec =55V, Vo=05V -30 -90| mA
lec Vec =55V, V= GND, Outputs open 180 mA
C, f=1MHz, V=2V oF
Co f=1MHz, Vo=2V pF

T All typical values are at Ve = 5 V, 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. Vo is set at 0.5 V to
"U avoid test problems caused by test equipment ground degradation.

8 switching characteristics over recommended ranges of supply voltage and operating free-air temperature

(unless otherwise noted)

U FROM TO
(- PARAMETER (INPUT) (OUTPUT) TEST FONDITIONS MIN MAX| UNIT
(@] fom? External feedback MHz
| too 1,1/0 110 R1=390Q, ns

. tod 1, 1/O (reset) Q R2 =750 Q, ns
-U toa Clock Q See Figure 2 ns
X ten 1,110 110, Q s
m tais 1, 10 /0, Q ns
% § fmax (with feedback) = mm .

ixas W
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TIBPAL22V10-15C
HIGH-PERFORMANCE IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

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

Supply voltage, Vog (888 NOte 1) .o .o 7V
Input voltage (see NOte 1) ... . 55V
Voltage applied to a disabled output (see Note 1) ... ... i 55V
Operating free-air temperature range . ...ttt e 0°C to 75°C
Storage temperature range .. ... ..ot —65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle.
recommended operating conditions
MIN NOM MAX | UNIT
Vee Supply voltage 4.75 5 5.25 \
Vin High-level input voltage 2 55 A
Vi Low-level input voltage 0.8 \
lon High-level output current -32 mA
lov Low-level output current 16 mA
Clock high or | 10
tw Pulse duration ock Tigh or ow - ns
Asynchronous Reset high or low 15
Input 13 ;
Feedback 13 u_l
t Setup time before clockt
v etup time before clock Synchronous Preset 13 ns ;
Asynchronous Reset low (inactive) 15 LI.I
ty Hold time, input, set, or feedback after clockt 0 ns
Ta Operating free-air temperature 0 75 °C m
T The values for this parameter can only be obtained with a pulse repetition rate of 1 MHz. n-
*‘ I’
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TIBPAL22V10-15C
HIGH-PERFORMANCE IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
ViK Ve =475V, h=—18mA -1.2 \
Vou Vee =475V, lon=-32mA 2.4 \
VoL Vee =475V, loL = 16 mA 0.5 \
lozu Vec =525V, Vo=27V 0.1 mA
Vec=5.25V, Vo=04V -0.1 mA
I Veg =525V, V=55V 1] mA
I Ve =5.25V, V=27V 25 uA
CLK -0.15
e Al others Vec =525V, Vi=04V o1 mA
lost Vec=5.25V, Vo=05V -30 -90 | mA
lcc Ve =5.25Y, V| =GND, Outputs open 180 mA
C f=1MHz, V=2V pF
Co f=1MHz, Vo=2V pF

T All typical values are at Vg = 5 V, Tp = 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. Vo is set at 0.5 V to
avoid test problems caused by test equipment ground degradation.

switching characteristics over recommended ranges of suppiy voitage and operating free-air temperature
(unless otherwise noted)

PARAMETER (;‘HP%Y:,) (OU."I-'E‘UT) TEST CONDITIONS MIN MAX UNIT
frnax® External feedback 40 MHz
tod 1,1/0 110 15 ns
tod 1, I/O (reset) Q R1=300Q, 20 ns
tpd Clock Q R2 =390 Q, 12 ns
tog’ Clock 110 See Figure 2 22 ns
ton 1,10 10, Q 15 ns
tais 1, 1/0 1/0, Q 15 ns

5 fmax (With feedback) = m .
%
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TIBPAL22V10-20M. TIBPAL22V10-15C
HIGH-PERFORMANCE IMPACT-X™ 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 rise of Voc be
monotonic. Following power-up reset, a low-ta-high clock transition must not occur until all applicable input and
feedback setup times are met.

power-up reset waveforms

5V
4vf
Vee \
|

tpd!
(600 ns typ, 1000 ns MAX) |
———————— VoH
ACTIVE-HIGH '
REGISTERED OUTPUT / STATE UNKNOWN \1 sV
4 VoL
' \%
ACTIVE-LOW T OH ;
REGISTERED OUTPUT STATE UNKNOWN 1.5V
|
1o w W
[—tsu¥ ——D: >
| ViH Ll
cLocK \\1 5V 15V o
l
T "" — =~V Q.
—tw——»| e
T 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. O
programming information O
Texas Instruments programmable logic devices can be programmed using widely available software and c
inexpensive device programmers. Q.

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) 997-5666.
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TIBPAL22V10-20M, TIBPAL22V10-15C
HIGH-PERFORMANCE /IMPACT-X™ 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 setup through the entire state-machine sequence. Each register is preloaded
individually by following the steps given below:

Step 1. With Vg at 5V and pin 1 at V), raise pin 13 to V|y.

Step 2. Apply either V)_ or V| to the ouput 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|, . Preload can be verified by observing the voltage level
at the output pin.

preload waveforms (see Notes 2 and 3)

PIN 1

————— ViHH
PIN 13 / : \
f—tsu—d je—td—> |
s
|
|
1
|
|

| ' —VIH VoH
REGISTERED 1/0 :>——< INPUT OUTPUT
— —ViL Vou

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.ty =t =t, = 100 ns to 1000 ns. Vi = 10.25 V10 10.75 V.
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TIBPAL22V10-20M, TIBPAL22V10-15C
HIGH-PERFORMANCE IMPACT-X™ PROGRAMMABLE ARRAY LOGIC

PARAMETER MEASUREMENT INFORMATION

sl‘:
s1
R1
FROM OUTPUT p TEST
UNDER TEST POINT
CL— 1~ R2
(See Note A)

LOAD CIRCUIT FOR
3-STATE OUTPUTS

BV)[35V]
15V
TIMING
INPUT — T — — — — — ©1o3Vv]
ty, ——plE— Pt
SU
1 d——— BWBsV
1.5V 15V
DATA
0) [0.3V]
INPUT (See Note B)
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
————— BV)[35V]
1.5V 1.5V
INPUT | | 0)[0.3V]
tos —le—| “—"—J tou
— — Vou
IN-PHASE 15V
OUTPUT VoL

—>— 1,
toa —H—> | °
| | Vou
OUT-OF-PHASE 15V 1.5V
QUTPUT
(See Note D) = — = VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

HIGH-LEVEL M BV)[38.5V]
(0) [0.3V]

| |
PULSE }
P
LOW-LEVEL | |
PULSE BVIBsV]
15V 15V
= — — — (0)[0.3V]
(See Note B)
VOLTAGE WAVEFORMS
PULSE DURATIONS
(3V)[3.5V]
OUTPUT
CONTROL 15V
(low-level _L
enabling) — — — —(0)[0.3V]

(See Note B)

ten —" :‘— tdis—D}

je
SR ~33V
WAVEFORM 1 15v | |
S1CLOSED Y
(See Note C)

|

|

I

|

I —

— & — Vou

! L E— VoL +0.5V

ten—"

e tais—
L ¥
WAVEFORM 2 =~ Vou
S10PEN Von— 08V

(See Note C)

=0V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. C, includes probe and jig capacitance and is 50 pF for tyg and ten, 5 pF for t;s.
B. All input pulses have the following characteristics: For M suffix, use the voltage levels indicated in parentheses (), PRR s 10 MHz,
t,andt;s 2ns, duty cycle = 50%. For C suffix, use the voltage levels indicated in brackets [ ] PRR s 1 MHz, t, = t;= 2 ns, 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.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.

E. Equivalent loads may be used for testing.

FIGURE 2

Texas “l’
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TIBPAL22VP10-25M, TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

D2943, FEBRUARY 1987 —REVISED OCTOBER 1989

® 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 o0%g

__0252°¢

/ S ) S S S Sy Sy

4 3 21 28272
s 25} 1/0/Q
10se 24(] 110/Q
g7 23{] o/

NC [J8 22[]NC

i 21jio/Q
P10 20(] 1v0/Q
g 199 1/0/Q

12131415 16 17 18

fow ¥ o TosTen Ve N en Nl

1/0/
1/0/Q

NC—No internal connection
Pin assignments in operating mode

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.

current as of publication date. Products conform to
spmlu:mnns per the terms of Texas Instruments
mrnnll. Production processing does not

PRODUCTION DATA documents contain information .
TExas {l‘
nsu:nnlv include testing of all parameters. INSTRUMENTS

Copyright © 1989, Texas Instruments Incorporated
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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 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 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.
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TIBPAL22VP10-25M, TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

functional block diagram (positive logic)

’\ C1
v = SET is
32x44 RESET R
a [
1
8, = OUTPUT
> LoGic O-2—<->-1/0/Q
N\ /1 MACROGELL —w —EN
10
> +e»—1/0/Q
D> — L— ] $—EN O
12
22 7"
CLK/I ~ O-o¢»-1/0/Q
[ 14 ] T
7 e>—1/0/Q
=~ — —! $—EN oY
16
> O-«[<>-1/0/Q
— ] - $®—{EN
16
11 22 i
» +4»—1/0/Q
| T o—;t—-‘ o _{ 1 — »— EN oY
] 14
O-*-<>-1/0/Q
H— — F—{ $—{EN
12
> O-&-¢>-1/0/Q
- — L\ *—{EN
) 10
O-=f-¢>-1/0/Q
— — —l EN
8
+e>-1/0/Q
- = e P
N 10, >
L. 10 . 10,
~ denotes fused inputs
i
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TIBPAL22VP10-25M, TIBPAL22VP10-20C

HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

logic diagram (positive logic)

1) INCREMENT
0 12 16 20 24 28 32 36 40
FIRST
FUSE
NUMBER
MACRO
06 CELL
P=5808
4 X1 R=5809
440 g
R || macro
B CELL
880 > rfP=5810
@2 . | R=5811
924 o
MACRO
H cew
1452 L 1.p=5812
3)
—D 33—+ R=5813
1496 N
MACRO
|| cen
12 ¢+ P=5814
4)
LI 4. I R=5815
2156 — N
MACRO
3 CELL
e b+ P 5816
2860
(5)
—DpC I r=s817
2904
MACRO
= CELL
2608 3 t-pp=ss1s
(6}
® x}ﬁ R=5819
3652 o
MACRO
4 CELL
¢ P = 5820,
4268
(LI Ki—{ R=s821
4312 X
MACRO
CELL
4840 t+ P 5822
8 -
B g I+ R=5823
4884 | N
MACRO
CELL
5324 H ¢ P=5824
19). ¥t R=5825
5368 S
MACRO | L,
720 CELL
. [ P=5826
(0l R=5827
5764 o
1
[ARITNS

Fuse Number = First Fuse Number — Increment

ASYNCHRONOUS RESET
(TO ALL REGISTERS)

23)

122)

21

120}

19)

118)

“an

(16)

(s}

(14)

SYNCHRONOUS SET
{TO ALL REGISTERS)
131

Inside each MACROCELL, the ‘’P"’ fuse is the polarity fuse and the ‘‘R’’ fuse is the register fuse.
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TIBPAL22VP10-25M, TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

output logic macrocell diagram

__D OUTPUT LOGIC MACROCELL

- - — —

I MUX |
? 3 3
| AR—]R =0 T—Do— 2 I
(3 2 1
: I 1D <>
> c1 D 0
l ss—J1s 1 }G 0
3
I v °
FROM CLOCK BUFFER
| MUX so
K+ o s <
¢l

(=]

’_ 3
s2t is1

AR = asynchronous reset
S8S = synchronous set

— —— — — —— — — ——

T This fuse is unique to the Texas Instruments TIBPAL22VP10A. It allows feedback from the 1/0O port using registered outputs as shown
in the macrocell fusing logic function table.

i
Texas b 9.399
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TIBPAL22VP10-25M, TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

R
1D
>c1
18 §2 =0 §2 =0
S1 =0 S1 =10
S0 =0 SO =1
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OCUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
R p——p—— ——>—
1D
>C1
1S §2 =1 §2 =1
81 =0 S1 =0
S0 =0 K I SO0 =1
1/0 FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT? 1/0 FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT?
: —>— : >
§2 = X $2 = X
$1 =1 §1 =1
1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH QUTPUT

tThese 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

i
i Texas ‘v .
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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 SO
[o] 0 (o] Register feedback | Registered Active low
[0] 0 1 Register feedback | Registered Active high
1 0 0 1/0 feedback Registered Active low
1 0 1 1/0 feedback Registered Active high
X 1 o] 1/0 feedback Combinational | Active low
X 1 1 1/0 feedback Combinational [ Active high

0 = unblown fuse, 1 = blown fuse, X = unblown or blown fuse
$2, S1, 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 (see NOte 1) . .. ... 7V
Input voltage (see NOte 1) . . ... ... . e 55V
Voltage applied to a disabled output (see Note 1) ... ......... ... ... ... ............ 55V
Operating free-air temperature range: TIBPAL22VP10-25M . ................ —-565°C to 125°C

TIBPAL22VP10-20C . .. ... ... ... 0°C to 75°C
Storage temperature range . ... ... ..o vttt e —-65°C to 150°C

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

recommended operating conditions

TIBPAL22VP10-25M | TIBPAL22VP10-20C uNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 5.5 | 4.756 5 5.25 Y
VIH High-level input voltage 2 5.5 2 5.5 \Y
V)L Low-level input voltage 0.8 0.8 \2
IoH High-level output current -2 -3.2 mA
loL Low-level output current 12 16 mA
felock Clock frequency 25 37 MHz
tw Pulse duration Clock high or low 20 10 ns

Reset high 30 20

Input 25 15
tsu Setup time before clock? ::::ack 22 ;: ns

Reset low (inactive) 30 20
th Hold time, input, preset, or feedback after clock?® (o) 0 ns
Ta Operating free-air temperature -55 125 (9] 75 °C

Tfeock (With feedback) = ———l———-— + felock Without feedback can be calculated as
tsy + tpd (CLK to Q)
felock (without feedback) = - ! .
tw high + ty low
Texas %2
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TIBPAL22VP10-25M
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Vee = 4.5V, I} = —18 mA -1.2 \
VoH Vg = 4.5V, loH = —2mA 2.4 3.5 \
VoL Vee =45V, loL = 12 mA 0.25 0.5 \
lozH Vee = 5.5V, Vo =27V 0.1 mA
lozL ﬁ:; ;Lgp”t Vee =55V, Vg =04V 7;32 WA
] Vee = 5.5V, V| =55V 1 mA
IIH Vee = 5.5V, Vp =27V 25 A
i Vee = 5.5V, V| =04V —-0.25 mA
los? Vece = 5.5V, Vo = 0.5V -30 -90 mA
Icc Vece = 56.5V, V| = GND, Outputs open 140 220 mA

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

PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX | UNIT
frnax 3 25 50 MHz
tpd I, 110 110 CL = 50 pF, 12 25| ns
tpd 1, 1/O (reset) Q R1 = 390 Q, 12 25 ns
tpd Clock Q R2 = 750 Q, 8 15 ns
ten 1, 110 Q See Figure 2 12 25 ns
tdis 1,110 Q 12 25| ns

T Al typical values are at Vcc = 6 V, 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 Vq at
0.5 V to avoid test problems caused by test equipment ground degradation.

8fmax (with feedback) =

fmax (without feedback) =

1

1

teu + tpd (CLK to Q)

tw high + ty low

fmax without feedback can be calculated as

2-332
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TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vce = 475V, I} = —18 mA -1.2 \
VoH Vce = 475V, loH = —=3.2mA 2.4 3.5 \
VoL Vce = 475V, loL = 16 mA 0.35 0.5 \
lozH Vce = 6.25 V, Vo = 2.7V 0.1 mA
lozL 2:: :J/lgpm Vee = 6.25 V, Vo = 0.4V _;gg rA
] Vce = 5.25V, V| =55V 1 mA
IiH Vce = 525V, Vi =27V 25 pA
L Vce = 5.25V, V) =04V -0.25 mA
los? Vce = 5.25V, Vo =05V -30 -90 mA
Icc Vce = 5.25V, V) = GND, Outputs open 140 210 mA

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

(unless otherwise noted)

PARAMETER FROM TO TEST CONDITIONS MIN TYPT MAX | UNIT
fmax 37 50 MHz
tpd 1, 1/0 110 CL = 50 pF, 12 20 ns
tpd 1, /0 (reset) Q R1 = 300 Q, 12 20 ns
tpd Clock Q R2 = 390 Q, 8 12 ns
ten 1, 1/0 Q See Figure 2 12 20 ns
tdis 1, 110 Q 12 20 ns

T All typical values are at Vcc = 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.

8fmax (with feedback) =

fmax (without feedback) =

1

1

tsy + tpg (CLK to Q)

fmax without feedback can be calculated as

tw high + ty low

.,
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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| 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 VL. Preload can be verified by observmg the voltage
level at the output pin.

preload waveforms (see Notes 2 and 3)

————— VIHH
PIN 13 / '\
Je—tsu—py [e—td—p viL

el ae

|
|
! |
| I = — —— v
| | H
PIN 1 | | | |
|
+ —t- | viL
| | : |
| |
I | I —ViH | VoH
REGISTERED 1/0 :>-—< INPUT OUTPUT
——=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. td = tsy = tyy = 100 ns to 1000 ns. Viyy = 10.25 V to 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 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

5V
av
Vece \
|
je————tpa’
(600 ns typ, 1000 ns MAX) |
ACTIVE-HIGH [~ -~ —777° VoH
REGISTERED OUTPUT / STATE UNKNOWN \|\1~5 v
| VoL
v
ACTIVE-LOW 1 OH
REGISTERED OUTPUT STATE UNKNOWN ! 15V
———————— Vo
e—tsu® —»
: ViH
CLOCK \| 5V 15V
|
| J|' ———ViL
l———tw———>f

T 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 TIBPAL22VP10 can be programmed using the
TIBPAL22V10/10A programming alogrithm. 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) 995-5666.

{ip
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TIBPAL22VP10-25M, TIBPAL22VP10-20C

HIGH-PERFORMANCE /MPACT ™ PROGRAMMABLE ARRAY LOGIC

PARAMETER MEASUREMENT INFORMATION

5V

S1L

R1
FROM OUTPUT TEST
UNDER TEST POINT
cL SR2
(See Note A)
[—0
LOAD CIRCUIT FOR
THREE-STATE OUTPUTS
TIMING BEVIEBY) o EVEL C ———BBsviev)
INPUT ____/'/1:—— PULSE H 15V 18V .
4 — — - [0.3 V] (0) ! [0.3 V1 (0)
I th— h—‘w——bl
Ie-Tsu b ! 3.5 VI (3 V) ! ! 3.5V](3V
DATA oy _'15\,' LOW-LEVEL Ly ! EevIEV
INPUT . . PULSE . 1.5V
[0.3 V] (0) L — ——(0.3V1(0)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
————— [3.5VI(3 V) OUTPUT [3.5VI(3V)
INPUT 15V 1.5V CONTROL 15V 1.5V
| | [0.3 V1 (0) (low-level | | 0.3V
level  IN\____ /1 __ _. .3 V1 (0)
t | t enabling) | |
pd ‘—ll‘——’: H _Pd— Von ten—p| j4— _.g — tdis
IN-PHASE | o v Tsv L I : ~33v
OUTPUT | | WAVEFORM 1 | \ 1.5V / VQL+0.5 V
| | Vo $1 CLOSED | - —x— VoL
tpd———>| [¢——>}—1tpd (See Note 8) ten—l — —»l e—tgis kS
l | VoH | —
OUT-OF-PHASE 15V 15V WAVEFORM 2 1
OUTPUT S1 OPEN

(See Note D) ——=VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A.

(See Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

CL 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 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.

PRR = 10 MHz, t, and tf = 2 ns, duty cycle

PRR = 1 MHz, t; = tf = 2 ns, duty cycle = 50%.
. When measuring propagation delay times of 3-state outputs,

m

. Equivalent loads may be used for testing.

All input pulses have the following characteristics: For M suffix, use the voltage levels indicated in parentheses (),

50%. For C suffix, use the voltage levels indicated in brackets [ 1,

switch S1 is closed.

FIGURE 2
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TIBPALR19L8C, TIBPALR19R4C, TIBPALR19R6C, TIBPALR19RSC
HIGH-PERFORMANCE REGISTERED-INPUT PAL®CIRCUITS

D2709, DECEMBER 1982 —REVISED AUGUST 1989

® 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
‘PALR19L8 11 2 2 0 6
‘PALR19R4 11 [¢] 0 4 (3-state buffers) 4
'PALR19R6 1M 0 0 6 (3-state buffers) 2
‘PALR19R8 11 [¢] 0 8 (3-state buffers) 0

description TIBPALR19LS’
JW OR NT PACKAGE
These programmable array logic devices feature (TOP VIEW)
high speed and functionality similar to the
TIBPAL16L8, 16R4, 16R6, 16R8 series, but 1y Uz vee
with the added advantage of D-type input w2 201D
registers. If any input register is not desired, it b [s B 2010
can be converted to an input buffer by simply :/g E % :/8
rogramming the architectural fuse. i ) /
prog 9 ~yo Qs 19 1O
Combining Advanced Low-Power Schottkyt o » 18 vo
technology, with proven titanium-tungsten o (e 1] vo
fuses, these devices will provide reliable high vo [ 1ef] 10O
performance substitutes over conventional TTL- " v Cho 153 O
A X - ,‘ D [ 1a[] INCLK
logic. Their easy programmability allows far 6N [he 130 1
quick design of custom functions and tybiéally
result in a more compact curcutt board. In
addition, chip carriers are. avaﬂable for further TIBPALR19LS’
reduction in board space. FN PACKAGE
Extra circuitry:has been provided to allow loading (TOP VIEW)
of each register asynchronously to either a high S}
R M . oo ©Oo
or low state. This feature simplifies testing ==_z3=o0
because the registers can be set to an initial state 32728275
prior to executing the test sequence. D15 zsﬂ 110
A C suffix designates commercial-temperature :;g %3 i‘;E :;8
circuits that are characterized for operation from
o ° NC [I8 22[] NC
0°C to 70°C. 1D 9 21 110
INPUT REGISTER FUNCTION TABLE 1/D 10 20(} 110
11 19
INPUT OUTPUT OF ol 121314 1616 1718 guo
INCLK D INPUT REGISTER puprEsrE
1 H H oogQ~¥o
1 L L ==g< 0
P4
L X Qe =

NC—No internal connection

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.

Pin assignments in operating mode

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications par the terms of Texas Instruments

warrant J ing does not
necessarily include testing of all parameters.

Texas {'

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

Copyright © 1989, Texas Instruments Incorporated
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TIBPALR19R4C, TIBPALR19R6C, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL®CIRCUITS

TIBPALR19R4’
FN PACKAGE

(TOP VIEW)

1/D

/D
~[| OUTCLK

TIBPALR19R4’
JW OR NT PACKAGE
(TOP VIEW)

outctk [ U24[] vee
w2 23 D
w3 22[] o
mwds 210 vo
mws 2000 a
wde 19[] Q
10 7 18] Q
mws 20
mwe 18] 110
D o 1s[] 1O
D [J1r 1a[] INCLK
GND 12 13[] OF
TIBPALR19R6’
JW OR NT PACKAGE
(TOP VIEW)
outctk [ U2d]] vee
w2 23] D
ws 2200
mw Qs 221Ja
mw Js  20[] Q
1o (e 19(] Q
w» 18da
mwde 0o
Qe da
D [Jio 18] 110
D 11 1a[] INCLK
GND 2 13[] OF
TIBPALR19R8’
JW OR NT PACKAGE
(TOP VIEW)
ouTtcLk [ Vee
b g2 1/D
b s Q
D [Ja Q
o s Q
D e Q
o 07 Q
11D Ea Q
1o e Q
D [Jio Q
D [t INCLK
GND [Ji2 OE

Pin assignments in operating mode

TIBPALR19R6’
FN PACKAGE
(TOP VIEW)

11D
1D

~f] ouTeL
NC
Vee
1D
/0

TIBPALR19R8’
FN PACKAGE
(TOP VIEW)
¥
x
(8]
5,8
093292,
2 26
1/D
/D
1/D
NC
1/D
I/D
I/D
1213141516 17 18
123408161718
YR
5°°¢

NC—No internal connection

{y
Texas
INSTRUMENTS
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TIBPALR19L8C, TIBPALR19R4C
HIGH-PERFORMANCE REGISTERED-INPUT PAL®CIRCUITS

functional block diagrams (positive logic)

‘PALR19L8
& en >!
b—r————
sxeal 7, v o
.Ncu(_m _ .
7
11X 1 N 5 Vo
+1.2c3 7
4 1
2c3 _ /7, O-&—4>—1/0
1
1/D—— 3D % b—k—*—'— 1/0
M2
1 7 & —<>—1/0
7
8
= 2 - 7, & —¢»—1/0
1 —~— 8D 7
8 7 p-a—<>—1/0
Il o~ 7 /
6
Il :
‘PALR19R4
OE —QJEN2
ouUTCLK > c1
m|
& g | > 29, a
38 X 64 1D —.
8, Q
INCLK z1 7
8, Q
11X 1 7 I
41.3c3 1~ g Q
. >
4 2¢3 1 N
b—rt 1 ~ >1
" EN
/D —~~— 3D Z, v o—o\—é-b——— /o
M2
1 o> 1/0
} o—e > /
= 8 7 D—&—+—<¢—
o o~ D) o« > 1/0
o—a 14> 1/0
,8/ . } N » /
41
7
41

r S N

{i’
Texas i
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TIBPALR19R6C, TIBPALR19R8C

HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

functional block diagrams (positive logic)

‘PALR19R6
OE EN2
ouTCLK ci
.
& 8 >1 29) Q
: 4 $1D
38 X 64 .
INCLK 21 | & é Q
8
Q
11X 1 Eam é
413c3 7~ 8 a
4 2c3 1 7 —
o—4— ~ 8 Q
" D
Lrt a =
1 < JP
N
1 . I P
= 7
8D A ~ -~ \v D“k—""——‘"/o
8 7 o—a—¢> 1/0
21 4
I F——t
6[ 4
7 <
‘PALR19R8
OE EN2
OUTCLK t c1
& 8, >1 2Q Q
sxeal 7 1D .
|NCLK———ETJ 8, 4 Q
7 b—
11X 11/ ﬁl § Q
+13c3 ’ 8 \ IS
+ 2c3 1" > é
b——{ ~ —\
1n 8 é Q
1/D —+*—] 3D 7
M2 8 h S
1 > §
N\
- 8 f‘ + a
s> P~ —\
8
D > b a
7 — N
8I
Texas bi
2-340
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TIBPALR19L8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive logic)

\ (1)
INCREMENT
12 16 20 24 28 32 36
4 (23)
10 2] 285
ACTUAL FUSE
+—— NUMBER
00
%
14 | 2,
152
238
[~ 286
o @ f1c2 b—oz
m | 38 21
M1
2438 436 /0
= 494
532
570
oL 136° [eos
Mo 646
M1 684 (20)
2435 8% —— 20
= 798
8
D P
I/ 91
W | % (19)
2436 1926 y————1/0
= 10.
[oor L137
ocz _
6)] Hic2 &-—_
v 1216
254
1
r——(—s)llo
K—
————(17)I/0
<
16!
%:)—(L»—‘-—)uo
K
5 4
K
2442 «—— ACTUAL FUSE NUMBERS (14)
= INCLK
X (13),
Fuse Numbers = First Fuse Number + Increment
Pin numbers shown are for JW and NT packages.
Texas WO
EXAS 2-341
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TIBPALR19R4AC
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive logic)
)

OUTCLK
INCREMENT
Vs — N
4 12 16 20 24 28 32 36
0c2 (23)
o 2B 1D
MO
2433
FIRST = ACTUAL FUSE
FUSE NUMBERS ——— NUMBER
— 2o
o & Kt
_|L______(21) /o
yp 8L 1567 [eos <&
MO 646
] e -
2435 760 E Q
= 798
836 b
874
o0c2 4
o 8L 135 Per +<H
|
f 2436 1926 E] 19
= 102
140
ocz2 173
1/D ) % Piz1e
w135
2437 1328 B 08)
= 206 B
444 b
oc2 482
I/D ] 25 520
MO 558
M1 96
2438 1233
= 10
48
4+ Loc, L1786
R el
]
2439 135 08 10
= 14
52
1L oo | 2050
o & 26" [zize x—
MO 68
7 % 15)
2440 2280 %) 110
= 18
56
ocz 94 X
o 10 —
M1
2441
ocz,
1c2
I/D i 20 T
MO
M1
S 24424—— ACTUAL FUSE NUMBERS e
- INCLK

Fuse Numbers = First Fuse Number + Increment
Pin numbers shown are for JW and NT packages.

Q (13) OF

2-342 : Texas {"

INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265



TIBPALR19R6C

HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive logic)
()

oUTCLK
INCREMENT
[) 4 8 12 16 20 24 28 32 36
oc2 3
o @338 2B)p
MO
M1
2433
i = ACTUAL FUSE
FIRST ™ NUMBER

FUSE NUM