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PAL Introduction

The PAL® Concept

Monolithic Memories’ family of PAL devices gives design-
ers a powerful tool with unique capabilities for use in
new and existing logic designs. The PAL saves time and
money by solving many of the system partitioning and
interface problems brought about by increases in
semiconductor device technology.

Rapid advances in large scale integration technology
have led to larger and larger standard logic functions;
single I.C.s now perform functions that formerly required
complete circuit cards. While LS! offers many advan-
tages, advances have been made at the expense of
device flexibility. Most LS| devices still require large
numbers of SSI/MSI devices for interfacing with user
systems. Designers are still forced to turn to random
logic for many applications.
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The designer is confronted with another problem when a
low to medium complexity product is designed. Often the
function is well defined and could derive significant ben-
efits from fabrication as an integrated circuit. However,
the design cycle for a custom circuit is long and the costs
can be very high. This makes the risk significant enough
to deter most users. The technology to support maximum
flexibility combined with fast turn around on custom logic
has simply not been available. Monolithic Memories
offers the programmable solution.

The PAL family offers a fresh approach to using fuse
programmable logic. PAL circuits are a conceptually
unified group of devices which combine programmable
flexibility with high speed and an extensive selection of
interface options. PAL devices can lower inventory, cut
design cycles and provide high complexity with maxi-
mum flexibility. These features, combined with lower
package count and high reliability, truly make the PAL a
circuit designer’s best friend.

h

PAL® is a registered trademark of Monolithic Memories.
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PAL Introduction

The PAL—Teaching Old PROMs
New Tricks

MMI developed the modern PROM and introduced many of the
architectures and techniques now regarded as industry
standards. As the world's largest PROM manufacturer, MMI has
the proven technology and high volume production capability
required to manufacture and support the PAL.

The PAL is an extension of the fusible link technology pioneered
by Monolithic Memories for use in bi-polar PROMs. The fusible
link PROM first gave the digital systems designer the power to
“write on silicon.” In a few seconds he was able to transform a
blank PROM from a general purpose device into one containing
a custom algorithm, microprogram, or Boolean transfer function.
This opened up new horizons for the use of PROMSs in computer
control stores, character generators, data storage tables and
many other applications. The wide acceptance of this
technology is clearly demonstrated by today's multi-million
dollar PROM market.

The key to the PROM's success is that it allows the designer to
quickly and easily customize the chip to fit his unique
requirements. The PAL extends this programmable flexibility by
utilizing proven fusible link technology to implement logic
functions. Using PAL circuits the designer can quickly and effec-
tively implement custom logic varying in complexity from ran-
dom gates to complex arithmetic functions.

ANDs and ORs

The PAL implements the familiar sum of products logic by using
a programmable AND array whose output terms feed a fixed OR

array. Since the sum of products form can express any Boolean
transfer function, the PAL circuit uses are only limited by the
number of terms available in the AND - OR arrays. PAL devices
come in different sizes to allow for effective logic optimization.

Figure 1 shows the basic PAL structure for a two input, one output
logic segment. The general logic equation for this segment is

Output = (4+1){1y +T2) 1+ Ta)lp+1g) +
(1y+Tg) [+ T)llo+F7) (T2+1g)

where the “f” terms represent the state of the fusible links in the
PAL AND array. An unblown link represents a logic 1. Thus,

fuse blown, f = 0

fuse intact, f = 1

An unprogrammed PAL has all fuses intact.

. !
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Figure 1

PAL Notation

Logic equations, while convenient for small functions, rapidly
become cumbersome in large systems. To reduce possible
confusion, complex logic networks are generally defined by logic
diagrams and truth tables. Figure 2 shows the logic convention
adopted to keep PAL logic easy to understand and use. In the
figure, an “x" represents an intact fuse used to perform the logic
AND function. (Note: the input terms on the common line with
the x's are not connected together.) The logic symbology shown
in Figure 2 has been informally adopted by integrated circuit
manufacturers because it clearly establishes a one-to-one
correspondence between the chip layout and the logic diagram.
It also allows the logic diagram and truth table to be combined
into a compact and easy to read form, thereby serving as a
convenient shorthand for PAL circuits. The two input - one out-
put example from Figure 1 redrawn using the new logic con-
vention is shown in Figure 3.

f
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As a simple PAL example, consider the implementation of the
transfer function:
Output = iz + iylp
The normal combinatorial logic diagram for this function is

shown in figure 4, with the PAL logic equivalent shown in fig-
ure 5.

U
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o

Figure 4
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Figure 5

Using this logic convention it is now possible to compare the
PAL structure to the structure of the more familiar PROM and
PLA. The basic logic structure of a PROM consists of a fixed
AND array whose outputs feed a programmable OR array
(figure 6). PROMs are low-cost, easy to program, and available
in a variety of sizes and organizations. They are most commonly

used to store computer programs and data. In these ap-
plications the fixed input is a computer memory address; the
output is the contents of that memory location.

PROM
16 Words X4 Bits
Iy I I o “OR" ARRAY

l I I (PROGRAMMABLE)

M MMM

SusssssE T sEuN

“AND"” ARRAY

(FIXED) S ¥ S

Figure 6

The basic logic structure of the PLA consists of a programmable
AND array whose outputs feed a programmable OR array
(Figure 7). Since the designer has complete control over all in-
puts and outputs, the PLA provides the ultimate flexibility for im-
plementing logic functions. They are used in a wide variety of
applications. However, this generality makes PLAs expensive,
quite formidable to understand, and costly to program (they
require special programmers).

The basic logic structure of the PAL, as mentioned earlier,
consists of a programmable AND array whose outputs feed a
fixed OR array (Figure 8). The PAL combines much of the
flexibility of the PLA with the low cost and easy programmability
of the PROM. Table 1 summarizes the characteristics of the
PROM, PLA, and PAL logic families.

7-5
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FPLA PAL
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%% Av'e (PROGRAMMABLE) 922801 100
Figure 7 Figure 8
AND OR OUTPUT OPTIONS
PROM | Fixed | Prog TS, OC
FPLA Prog Prog TS, OC, Fusible Polarity
FPGA Prog None | TS, OC, Fusible Polarity
FPLS Prog Prog TS, Registered Feedback, /0
PAL Prog Fixed TS, Registered Feedback, I/0
Table 1
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PAL Input/Output/Function/Performance Chart

PART PROGRAMMABLE | FEEDBACK | OUTPUT PERFORMANCE
T b 1/0'S REGISTER | POLARITY " e =y Y
10H8 10 8 AND-OR | AND-OR Gate Array X X
12H6 12 6 AND-OR | AND-OR Gate Array X X
14H4 14 4 AND-OR | AND-OR Gate Array X X
16H2 16 2 AND-OR | AND-OR Gate Array X X
16C1 | 16 2 BOTH! |AND-OR Gate Array X X
20C1 | 20 2 BOTH! |AND-OR Gate Array X

10L8 10 8 AND-NOR | AND-OR Invert Gate Array X X
12L6 12 6 AND-NOR | AND-OR Invert Gate Array X X
14L4 14 4 AND-NOR | AND-OR Invert Gate Array X X
16L2 16 2 AND-NOR | AND-OR Invert Gate Array X X
121%0| 12 10 AND-NOR | AND-OR Invert Gate Array X

14L8 14 8 AND-NOR | AND-OR Invert Gate Array X

16L6 16 6 AND-NOR | AND-OR invert Gate Array X

18L4 18 4 AND-NOR | AND-OR Invert Gate Array X
20L2 20 2 AND-NOR | AND-OR Invert Gate Array X

16L8 10 2 6 AND-NOR | AND-OR Invert Gate Array X [X]X| X
20L8 14 2 6 AND-NOR | AND-OR Invert Gate Array X

20L10 | 12 2 8 AND-NOR | AND-OR Invert Gate Array X

16R8 8 8 8 AND-NOR | AND-OR Invert Gate Array w/Reg's X |IX|X]| X
16R6 8 6 2 6 AND-NOR | AND-OR Invert Array w/Reg's X |IX|X]| X
16R4 8 4 4 4 AND-NOR | AND-OR Invert Array w/Reg's X |IX|X]| X
20R8 12 8 8 AND-NOR | AND-OR Invert w/Reg's X
20R6 12 6 6 AND-NOR | AND-OR Invert w/Reg's X
20R4 12 4 4 AND-NOR | AND-OR Invert w/Reg's X
20X10| 10 10 10 AND-NOR | AND-OR-XOR Invert w/Reg's X
20X8 10 8 2 8 AND-NOR | AND-OR-XOR Invert w/Reg's X
20X4 10 4 6 4 AND-NOR | AND-OR-XOR Invert w/Reg's X

16X4 8 4 4 4 AND-NOR | AND-OR-XOR Invert w/Reg's X

16A4 8 4 4 4 AND-NOR | AND-CARRY-OR-XOR Invert w/Reg's| X

Table 2 1Simultaneous AND-OR and AND-NOR outputs

PAL Circuits For Every Task

The members of the PAL family and their characteristics are
summarized in Table 2. They are designed to cover the spectrum
of logic functions at reduced cost and lower package count.
This allows the designer to select the PAL that best fits his
application. PAL units come in the following basic configurations:

Gate Arrays

PAL gate arrays are available in sizes from 12x 10 (12 input terms,
10 output terms) to 20x 2, with both active high and active low
output configurations available (figure 9). This wide variety of
input/output formats allows the PAL to replace many different
sized blocks of combinatorial logic with single packages.

INPUTS AND OUTPUTS

e

[o]]

Figure 9
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Programmable 1/0

A feature of the high-end members of the PAL family is
programmable input/output. This allows the product terms to
directly control the outputs of the PAL (Figure 10). One product
term is used to enable the three-state buffer, which in turn gates
the summation term to the output pin. The output is also fed

il

back into the PAL array as an input. Thus the PAL drives the I/O
pin when the three-state gate is enabled; the I/O pin is an input
to the PAL array when the three-state gate is disabled. This
feature can be used to allocate available pins for I/O functions or
to provide bi-directional output pins for operations such as
shifting and rotating serial data.

INPUTS, FEEDBACK AND 1/0

170

Registered Outputs with Feedback

Another feature of the high end members of the PAL family is
registered data outputs with registered feedback. Each product
term is stored into a D-type output flip-flop on the rising edge of
the system clock (Figure 11). The Q output of the flip-flop can
then be gated to the output pin by enabling the active low three-
state buffer.

INPUTS, FEEDBACK AND 1/0

N Figure 10

In addition to being available for transmission, the Q output is
fed back into the PAL array as an input term. This feedback
allows the PAL to “remember” the previous state, and it can
aiter its function based upon that state. This allows the designer
to configure the PAL as a state sequencer which can be
programmed to execute such elementary functions as count up,
count down, skip, shift, and branch. These functions can be
executed by the registered PAL at rates of up to 25 MHz.

CLOCK oc

.

Figure 11

XOR PALs

These PAL devices feature an exclusive OR function. The sum of
products is segmented into two sums which are then exclusive

ORed (XOR) at the input of the D-type flip-flop (Figure 12). All

INPUTS, FEEDBACK AND /O

of the features of the Registered PALs are included in the XOR
PAL unit. The XOR function provides an easy implementation of
the HOLD operation used in counters and other state sequencers.

N
;
&
&

CcLOCK oc
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DQ

b @

Figure 12
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e

Arithmetic Gated Feedback

The arithmetic functions (add, subtract, greater than, and less
than) are implemented by addition of gated feedback to the
features of the XOR PAL device. The XOR at the input of the
D-type flip-flop allows carrys from previous operations to be
XORed with two variable sums generated by the PAL array. The
flip-flop Q output is fed back to be gated with input terms A
INPUTS, FEEDBACK AND 1/0

(Figure 13). This gated feedback provides any one of the 16
possible Boolean combinations which are mapped in the Kar-
naugh map (Figure 15). Figure 14 shows how the PAL array can
be programmed to perform these 16 operations. These features
provide for versatile operations on two variables and facilitate
the parallel generation of carrys necessary for fast arithmetic
operations.
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It should now be clear that the PAL family can replace most
Small-Scale Integrated Logic (SSI) logic in use today, thereby
lowering product cost and giving the designer even greater
flexibility in implementing logic functions.

PAL Programming

PAL devices can be programmed in most standard PROM pro-
grammers with the addition of a PAL personality card. The PAL
appears to the programmer as a PROM. During programming
half of the PAL outputs are selected for programming while
the other outputs and the inputs are used for addressing. The
outputs are then switched to program the other locations.
Verification uses the same procedure with the programming
lines held in a low state.

PALASM (PAL Assembler)

PALASM is the software used to define, simulate, build, and test
PAL units. PALASM accepts the PAL Design Specification as an
input file. It verifies the design against an optional function table
and generates the fuse plot which is used to program the PAL
devices. PALASM is available upon request for many computers
and is documented in the PAL Design Concepts section.

HAL (Hard Array Logic)

The HAL family is the mask programmed version of a PAL. The
HAL is to a PAL just as a ROMis toa PROM. A standard wafer is
fabricated to the 6th mask. Then a custom metal mask is used to
fabricate Aluminum links for a HAL instead of the programmable
Ti-W fuse array used in a PAL.

The HAL is a cost-effective solution for large quantities and is
unique in that it is a gate array with a programmable prototype.

7-10

HMSI (HAL Medium Scale Integration)

The HMSI family is derived from the PAL using HAL technology.
These devices perform predetermined functions which are not
available in the existing TTL family. Because they are produced
in volume, the user receives the benefit of volume pricing. HMSI
PAL designs are given in the Applications section with their
industry standard 74LS part number in line 2 of the PAL Design
Specification.

PMSI (PAL Medium Scale Integration)

The PMSI family is derived in a similar fashion to HMSI except
this product is produced entirely from a PAL circuit. A HAL
circuit mask is not generated and an industry standard 74LS
part number is not assigned unless sales warrant it.

PAL Technology

PAL circuits are manufactured using the proven TTL Schottky
bipolar Ti-W fuse process to make fusible-link PROMSs. An NPN
emitter follower array forms the programmable AND array. PNP
inputs provide high-impedance inputs (0.25 mA max) to the ar-
ray. All outputs are standard TTL drivers with internal active
pull-up transistors. Typical PAL propagation delay time is 25 ns,
and all PALs are packaged in space saving 20-pin and 24-pin
SKINNYDIP® packages.

PAL Data Security

The circuitry used for programming and logic verification can
be used at any time to determine the logic pattern stored in the
PAL array. For security, the PAL has a “last fuse” which can
be blown to disable the verification logic. This provides a signifi-
cant deterrent to potential copiers, and it can be used to
effectively protect proprietary designs.
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PAL Part Numbers

The PAL part number is unique in that the part number code
also defines the part's logic operation. The PAL parts code
system is shown in Figure 17. For example, a PAL14L4CN
would be a 14 input term, 4 output term, active-low PAL with a
commercial temperature range packaged in a 20-pin plastic dip.
PAL = PROGRAMMABLE FAMILY
HAL = HARD ARRAY FAMILY
NUMBER OF ARRAY INPUTS
OUTPUT TYPE

H = ACTIVE HIGH

L=ACTIVE LOW

C COMPLEMENTARY

R = REGISTERED

X - EXCLUSIVE-OR REGISTERED

A ARITHMETIC REGISTERED
NUMBER OF OUTPUTS
SPEED/POWER

A = HIGH SPEED

-2 = 1/2 POWER

-4 = 1/4 POWER

A-4  HIGH SPEED AND 1/4 POWER
————————— TEMPERATURE RANGE
0C TO +75C

M = -55C TO +125C

(CASE TEMPERATURE)
PACKAGE

N PLASTIC DIP, 20 PIN

J CERAMIC DIP, 20 PIN

F - FLAT PACK

L LEADLESS CHIP CARRIER

NS MOLDED SKINNYDIP, 24 PIN

JS CERAMIC SKINNYDIP, 24 PIN

OPTIONAL HI-REL PROCESSING

8838 * MIL-STD-883,

METHOD 5004 & 5005 LEVEL B
883C - MIL-STD-883,

METHOD 5004 & 5005 LEVEL C
B - MIL-STD-883,

METHOD 5004 EQUIVALENT
C * MIL-STD-883,

METHOD 5004 EQUIVALENT

{- BIT PATTERN NUMBER

Y Y YT YYY

PAL Logic Symbols

The logic symbols for each of the individual PAL devices gives a
concise functional description of the PAL logic function. This
symbol makes a convenient reference when selecting the PAL
that best fits a specific application. Figure 18 shows the logic
symbol for a PAL10H8 gate array.

PAL10HS8

A

]

GATE
[—|ARRAY

3 D
¥ H
T >
H ano ] >
by D
1 e
T >

sicicinipinicinioial
CIGIE G E = EE E E

Figure 18

A-2 = HIGH SPEED AND 1/2 POWER

A PAL Example

As an example of how the PAL enables the designer to reduce
costs and simplify logic design, consider the design of a simple,
high volume consumer product: an electronic dice game. This
type of product will be produced in extremely high volume, so it
is essential that every possible production cost be minimized.

The electronic dice game is simply constructed using a free
running oscillator whose output is used to drive two asyn-
chronous modulo six counters. When the user “rolls” the dice
(presses a button), the current state of the counters is de-
coded and latched into a display resembling the pattern seen on
an ordinary pair of dice.

A conventional logic diagram for the dice game is shown in
Figure 16. (A detailed logic derivation is shown in the PAL
applications section of this handbook). It is implemented using
standard TTL, SSI and MSI parts, with a total I.C. count of eight:
six quad gate packages and two quad D-latches. Looks like a
nice, clean logic design, right? Wrong!!

PAL Goes to the Casino

A brief examination of Figure 16 reveals two basic facts: first, the
circuit contains mostly simple, combinatorial logic, and second,
it uses a clocked state transition sequence. Remembering that
the PAL family contains ample provision for these features, the
PAL catalog is consulted. The PAL16R8 has all the required
functions, and the entire logic content of the circuit can be
programmed into a single PAL shown in Figure 19.

In this example, the PAL effected an eight to one package count
reduction and a significant cost savings. This is typical of the
power and cost effective performance that the PAL family brings
to logic design.
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Figure 19
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Advantages of Using PALs

The PAL has a unique place in the world of logic design. Not
only does it offer many advantages over conventional logic, it
also provides many features not found anywhere else. The PAL
family:

Programmable replacement for conventional TTL logic.
Reduces IC inventories substantially and simplifies their
control.

Reduces chip count by at least 4 to 1.

Expedites and simplifies prototyping and board layout.
Saves space with 20-pin and 24-pin Skinny DIP packages.
High speed: 15ns typical propagation delay.
Programmed on standard PROM programmers.
Programmable three-state outputs.

Special feature eliminates possibility of copying by
competitors.

All of these features combine together to lower product de-
velopment costs and increase product cost effectiveness. The
bottom line is that PAL units save money.

Direct Logic Replacement

In both new and existing designs the PAL can be used to
replace various logic functions. This allows the designer to
optimize a circuit in many ways never before possible. The PAL
is particularly effective when used to provide interfaces required
by many LSI functions. PAL flexibility combined with LS| func-
tion density makes a powerful team.

Design Flexibility

The PAL offers the systems logic designer a whole new world of
options. Until now, the decision on logic system implementation
was usually between SSI/MSI logic functions on one hand and
microprocessors on the other. In many cases the function
required is too awkward to implement the first way and too
simple to justify the second. Now the PAL offers the designer
high functional density, high speed, and low cost. Even better,
PAL devices come in a variety of sizes and functions, thereby
further increasing the designer’s options.

Space Efficiency

By allowing designers to replace many simple logic functions
with single packages, the PAL allows more compact P.C. board
layouts. The PAL space saving 20-pin and 24-pin “SKINNYDIP"
helps to further reduce board area while simplifying board
layout and fabrication. This means that many multi-card
systems can now be reduced to one or two cards, and that can
make the difference between a profitable success or an
expensive disaster.

Smaller Inventory

The PAL family can be used to
replace up to 90% of the
conventional TTL family with
just 29 parts. This considerably
lowers both shelving and in-
ventory cataloging require-
ments. Even better, small
custom modifications to the
standard functions are easy
for PAL users, not so easy for
standard TTL users.
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High Speed

The PAL family runs faster or equal to the best of bipolar logic
circuits. This makes the PAL the ideal choice for most logical
operations or control sequence which requires a medium
complexity and high speed. Also, in many microcomputer
systems, the PAL can be used to handle high speed data
interfaces that are not feasible for the microprocessor alone.
This can be used to significantly extend the capabilities of the
Jlow-cost, low-speed NMOS microprocessors into areas formerly
requiring high-cost bipolar microprocessors.

Easy Programming

The members of the PAL family can be quickly and easily
programmed using standard PROM programmers. This allows
designers to use PALs with a minimum investment in special
equipment. Many types of programmable logic, such as the
FPLA, require an expensive, dedicated programmer.

Secure Data

The PAL verification logic can be completely disabled by
blowing out a special “last link.” This prevents the unauthorized
copying of valuable data, and makes the PAL perfect for use in
any application where data integrity must be carefully guarded.

Summary

The 29 member PAL family of logic devices offer logic de-
signers new options in the implementation of sequential and
combinatorial logic designs. The family is fast, compact,
flexible, and easy to use in both new and existing designs. It
promises to reduce costs in most areas of design and
production with a corresponding increase in product profitability.

A Great Performer!/
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PAL®-Programmable Array Logic
HAL%Hard Array Logic

Features/Benefits

* Reduces SSI/MSI chip count greater than 5to 1

e Saves space with SKINNYDIP® packages

Reduces IC inventories substantially

* Expedites and simplifies prototyping and board layout

e PALASM™ silicon compller provides auto routing and test
vectors

o Security fuse reduces possibility of copying by competitors

Description

The PAL family utilizes an advanced Schottky TTL process and
the Bipolar PROM fusible link technology to provide user pro-
grammable logic for replacing conventional SSI/MSI gates and
flip-flops at reduced chip count.

The HAL family utilizes standard Low-Power Schottky TTL
process and automated mask pattern generation directly from
logic equations to provide a semi-custom gate array for
replacing conventional SSI/MS| gates and flip-flops at reduced
chip count.

There are four different speed/power families offered. Choose
from either the standard, high speed, half power, or quarter
power family to maximize design performance.

The PAL/HAL lets the systems engineer “design his own chip”
by blowing fusible links to configure AND and OR gates to
perform his desired logic function. Complex interconnections
which previously required time-consuming layout are thus
“lifted” from PC board etch and placed on silicon where they
can be easily modified during prototype check-out or production.

The PAL transfer function is the familiar sum of products. Like
the PROM, the PAL has a single array of fusible links. Unlike the
PROM, the PAL is a programmable AND array driving a fixed
OR array (the PROM is a fixed AND array driving a pro-
grammable OR array).

The HAL transfer function is the familiar sum of products. Like
the ROM, the HAL has a single array of selectable gates. Unlike
the ROM, the HAL is a selectable AND array driving a fixed OR
array (the ROM is a fixed AND array driving a selectable OR
array).

In addition the PAL/HAL provides these options:
e Variable input/output pin ratio

* Programmable three-state outputs

* Registers with feedback

e Arithmetic capability

e Exclusive-OR gates

PAL®, (Programmable Array Logic), PALASM®, HAL®, and SKINNYDIP®
are registered trademarks and PMSI, and HMSI are trademarks of
Monolithic Memories Inc.

Unused inputs are tied directly to Vg or GND. Product terms
with all fuses blown assume the logical high state, and product
terms connected to both true and complement of any single
input assume the logical low state. Registers consist of D type
flip-flops which are loaded on the low-to-high transition of the
clock. PAL/HAL Logic Diagrams are shown with all fuses blown,
enabling the designer to use the diagrams as coding sheets.

The entire PAL family is programmed using inexpensive con-
ventional PROM programmers with appropriate personality and
socket adapter cards. Once the PAL is programmed and ver-
ified, two additional fuses may be blown to defeat verification.
This feature gives the user a proprietary circuit which is very
difficult to copy.

To design a HAL, the user first programs and debugs a PAL
using PALASM and the “PAL DESIGN SPECIFICATION"
standard format. This specification is submitted to Monolithic
Memories where it is computer processed and assigned a bit
pattern number, e.g., P01234.

Monolithic Memories will provide a PAL sample for customer
qualification. The user then submits a purchase order for a HAL
of the specified bit pattern number, e.g., HAL18L4 P01234. See
Ordering Information below.

Ordering Information

PAL = PROGRAMMABLE FAMILY
HAL = HARD ARRAY FAMILY

NUMBER OF ARRAY INPUTS
OUTPUT TYPE

H= ACTIVE HIGH

L= ACTIVE LOW

C = COMPLEMENTARY

R = REGISTERED

X = EXCLUSIVE-OR REGISTERED

A = ARITHMETIC REGISTERED
NUMBER OF OUTPUTS

SPEED/POWER
A = HIGH SPEED
-2 = 1/2 POWER
-4 = 1/4 POWER
A-2 = HIGH SPEED AND 1/2 POWER
A-4 = HIGH SPEED AND 1/4 POWER
TEMPERATURE RANGE
C: 0C TO +75C
M=-55C TO +125C
(CASE TEMPERATURE)
PACKAGE
N = PLASTIC DIP, 20 PIN
J = CERAMIC DIP, 20 PIN
F = FLAT PACK
L = LEADLESS CHIP CARRIER
NS = MOLDED SKINNYDIP, 24 PIN
JS = CERAMIC SKINNYDIP, 24 PIN

OPTIONAL HI-REL PROCESSING
883B = MIL-STD-883,
METHOD 5004 & 5005 LEVEL B
883C = MIL-STD-883,
METHOD 5004 & 5005 LEVEL C
B = MIL-STD-883,
METHOD 5004 EQUIVALENT
C = MIL-STD-883,
METHOD 5004 EQUIVALENT
;. BIT PATTERN NUMBER

Y YVWVYVY
PAL 16 L8-2MJ 883B P01234

— -
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20/24-Pin PAL/HAL

e ——————————————————— — —— —
B e PART NUMBER
Loaic | PINS | PACKAGE DESCRIPTION STANDARD | HIGH SPEED 1/4 POWER
Octal 10 Input And-Or PAL10HS PAL10HS-2
108 20 | N.JF L Gae Array HAL10H8 HAL10H8-2
Hex 12 Input And-Or PAL12H6 PAL12H6-2
e 2 | NJF L Gae Array HAL12H6 HAL12H6-2
Quad 14 Input And-Or PAL14H4 PAL14H4-2
14H4 20 [ NJF L Gate Array HAL 14H4 HAL14H4-2
Dual 16 Input And-Or PAL16H2 PAL16H2-2
16H2 20 | NJF L | Gate Array HAL16H2 HAL16H2-2
16 Input And-Or/And-Or- PAL16C1 PAL16C1-2
16C1 2 | N.JFL et Gate Array HAL16C1 PAL16C1-2
Octal 10 input And-Or- PALIOL8 PAL10L8-2
108 20 | N.JF L | nven Gate Array HAL10L8 HAL10L8-2
Hex 12 Input And-Or-Invert PAL12L6 PAL12L6-2
12L6 20 [ NJF L Gae Array HAL12L6 HAL12L6-2
Quad 14 Input And-Or-Invert | PAL14L4 PAL14L4-2
L4 2 | NJF L Gate Array HAL14L4 HAL14L4-2
Dual 16 Input And-Or-Invert PAL16L2 PAL16L2-2
162 2 [ NJFL|Gae Aray HAL16L2 HAL16L2-2
y 0 | N g F L |Octal 16 Input Ang-Or-invert | PALT6L8 PAL16LBA | PAL16L8A-2 | PAL16LBA-4
B L Gate Array *HAL16L8 HAL16L8A | HAL16L8A-2 | HAL16L8A-4
16R8 20 N J F. L Octal 16 Input Registered PAL16R8 PAL16R8A PAL16R8A-2 | PAL16R8A-4
B L | And-Or Gate Array * HAL16R8 HAL16R8A | HAL16R8A-2 | HAL16R8A-4
— 20 | N0 F L | Fex 16 input Registered PAL16R6 PAL16R6A | PAL16R6A-2 | PALI6R6A-4
B L And-Or Gate Array *HAL16R6 HAL16R6A | HAL16R6A-2 | HAL16R6A-4 {
- % | N JF. L |Quad 16 input Registered PAL16R4 PAL16R4A | PAL16R4A-2 | PALI6RAA-4
B L | And-Or Gate Array *HAL16R4 HAL16R4A | HAL16R4A-2 | HAL16R4A-4
Quad 16 Input Registered PAL16X4
16X4 2 | N.J.F L | And-Or-Xor Gate Array HAL16X4
Quad 16 Input Registered PAL16A4
16A4 | 20 | N.JF L | Ang-Carry-Or-Xor Gate Array| HAL16A4
12L10 (24 (28)) NSJSF (L) | goc llfr;;‘p“‘ - it W - )
148 |24 (28)[ NSJSF (L) | oo ;fr;;‘p“‘ T
Hex 16 Input And-Or-invert | PAL16L6
166 |24 (28) NSJSF (1) | Gate Array g AP
18L4 |24 (28) NSJUSF (L) ggtaed ;ga';“’“‘ Gk i - :
20L2 |24 (28)| NSJSF (L) ggf; io"g;,p“‘ And-Or-Invert m’-é%t%
20 Input And-Or/And-Or PAL20C1
20C1 24 (28) NSJSF (L) Invert Gate Array HAL20C1
o o B Fon Ao | [
Deca 20 Input Registered PAL20X10
20X10 |24 (28) NSJS.F (L) And-Or-Xor Gate Array HAL20X10
Octal 20 Input Registered PAL20X8
20X8 |24 (28) NSJSIF (L) | Anqg_or-xor Gate Array HAL20X8
Quad 20 Input Registered PAL20X4
20X4  |24(28) NSJSF (L) | AnyOr-Xor Gate Array HAL20X4
tal 20 Input And-Or-Invert P A
2008 |24 (28) NSJSF ()| Ot f?ra;‘p”‘ AGBieslnie s
d Octal 20 Input Registered PAL20R8A
20R8 24 (28) NS.JSF (L) And-Or Gate Array HAL20R8A
Hex 20 Input Registered PAL20R6A
20R6 |24 (28) NSJSF (L) | Ang-Or Gate Array HAL20R6A
Quad 20 Input Registered PAL20R4A
20R4 24 (28)| NS.JSF (L) And-Or Gate Array HAL20R4A

HAL available in “W" package.

() = Military Product Standard.

e — e —————————————————————— el e, . e e . T T T e
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PAL/HAL
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PAL/HAL
Absolute Maximum Ratings Operating Programming
SUPPIY VORBGEIV GG - - s vvercerenetinnttinnniiimnenomteeetemmneeonas SO O . -0.5 to 12.0v
gl VoM, " . .. SRR ... 1S TORSIBY . . . .....cveiiiiienia -1.0to 22V®
OffEstEeNOMpUNNORagE™ . . . . . . . . . it 55 PR o Sl ... 12.0v
(o) 1 i e L P -65° to +150°C
® Pins 1and 11 may be raised to 20V
Schematic of Inputs and Outputs Test Load
Y
¥ EQUIVALENT INPUT TYPICAL OUTPUT 7
cc ‘ Sl O¥cc
8k() NOM 4002 NOM Ry
OUTPUT O— #— —+—(®) TEST POINT
|
o %Rz T 50pF
|
INPUT O— -- _L
OUTPUT =

| g

P \If

Other loads may be used.

Typical notes for all the following specifications (pages 7-22 — 7-30)

Notes: Apply to electrical and switching characteristics

t 1/0 pin leakage is the worst case of lgzy or l|x €.g., ||_and |gzp-

* These are absolute voltages with respect to the ground pin on the device and includes all overshoots due to system and/or
tester noise. Do not attempt to test these values without suitable equipment.

** Only one output shorted at a time.
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Standard PAL/HAL Series 20

10H8, 12H6, 14H4, 16H2,16C1, 10L8, 12L6, 14L4, 16L2

Operating Conditions

MILITARY COMMERCIAL
PARAMETE
o P min TYp max | min Tve max |UNT
Vee Supply voltage 45 5 5.5'| 4.75 ) T v
Ta Operating free-air temperature -55 0 75| °C
Tc Operating case temperature 125 RC
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level input voltage 08
Vi* | High-level input voltage 2
Vic Input clamp voltage Voo = MIN I = -18mA -08 -15
L Low-level input current Vece = MAX V| = 0.4V -0.02 -025 | mA
9] High-level input current t Voe = MAX V| = 24V 25 [\l
Iy Maximum input current Vee MAX V| = 5.8V 1 mA
‘\ MIL | = A
VoL | Low-level output voltage Ve = MIN oL - 03 05 Vv
CoM loL = 8mA
[ { MIL IoH = -2mA
VoH | High-level output voltage ‘ Vee = MIN 24 2.8 v
\ ‘ COM IOH = =3.2mA
los Output shortcircuit current** | Vo = 5V Vo = OV -30 -70 -130 | mA
Icc Supply current [ Voo = MAX 55 90 | mA
Switching Characteristics Over Operating Conditions
SYMBOL PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP MAX [MIN TYP MAX
. Input or feed- Except 16C1 R1 = 5600 25 45 25 35
— back to output 16C1 R2 = 1.1k 25 45 7 W
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Standard PAL/HAL Series 24
12L10, 14L8, 16L6, 18L4, 20L2, 20C1

— ———— e ———— ——
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX|MIN TYP MAX UNIT
Vece Supply voltage 45 5 55| 475 5 5:25}[. "WV
Ta Operating free-air temperature -55 0 (S|P
Te Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIL* | Low-level input voltage 08| Vv
Viw® | High-level input voltage 2
Vic Input clamp voltage Vee = MIN Ij = -18mA -08 -15
he Low-level input current T Voe = MAX V| = 04V 002 -025 | mA
H High-level input current Vee = MAX V| = 24V 25 | pA
I Maximum input current Vee = MAX V| = 58V 1| mA
MIL loL = 8mA
VoL Low-level output voltage Voo = MIN 03 05 v
coOM loL = 8mA
MIL IoH = -2mA
VoH High-level output voltage Vce = MIN 24 28 v
coM lon = -3.2mA
los Output short-circuit current**| Voo = 5v Vo = OV -30 -70 -130 | mA
lcc Supply current Voo = MAX 60k 100MFrm
Switching Characteristics over Operating Conditions
TEST MILITARY COMMERCIAL
- e CONDITIONS |MIN TYP MAX |MIN Typ max |UNT
R1 = 560 ()
tpp Input or feedback to output R2 = 1.1k 25 45 25 40 ns
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Standard PAL/HAL Series 20
16L8, 16R8, 16R6, 16R4, 16X4, 16A4
o ————————————————— = e e e e

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX|MIN TYP MAX UNIT
Vee Supply voltage 45 5 55|475 5 525 v
Low 25 10
tw Width of clock = e L ns
High 25 10 25 10
: Set up time from 16R8 16R6 16R4 45 25 35 25 A
Su input or feedback to clock 16X4 16A4 55 30 45 30 -
th Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -55 0 7Sa G
Tc Operating case temperature 125 %C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level input voltage 08| Vv
Viw* | High-level input voltage 2 v
Vic Input clamp voltage Vee = MIN I} = -18mA -08 -15 Vv
s Low-level input current Vce = MAX V| = 04V 002 -025 | mA
H High-level input current T Voo = MAX V| = 24V 25 | pA
] Maximum input current Vee = MAX V| = 5.5V 11 mA
MIL loL = 12mA
VoL Low-level output voltage Vg = MIN 03 05 v
com loL = 24mA
MIL loH = -2mA
VoH High-level output voltage Ve = MIN 24 28 Vv
COM IOH = =3.2mA
o Vo = 04V -100 | pA
Oft-state output current T Voo = MAX
lozH Vo, = 2.4V 100 | pA
los Output shortcircuit current** | Vo = 5V Vo = OV -30 -70 -130 | mA
16R4 16R6  16R8 16L8 120 180
lcc Supply current Vee = MAX 16X4 160 225 | mA
16A4 170 240
Switching Characteristics over Operating Conditions
TEST MILITARY COMMERCIAL
S SOp— CONDITIONS |MIN TYp Max |min_ Tvp max|“MT
t Input or feed- 16R6 16R4 16L8 25 45 25 35 ns
PD | back to output 16X4  16A4 30 45 30 40 ns
toLK Clock to output or feedback 15 25 15 25| ns
tpzx Pin 11 to output enable except 16L8 15 25 15 25| ns
tpxz | Pin 11 to output disable except 16L8 R4 = 2000 15 25 15 25| ns
t Input to 16R6 16R4 16L8 R, = 3900 25 45 25 35| ns
PZX | output enable 16X4  16A4 30 45 30 40| ns
t Input to 16R6 16R4 16L8 25 45 25 35 ns
PXZ | output disable 16X4  16A4 30 45 30 40| ns
p Maximum 16R8 16R6 16R4 14 25 16 25 MHz
MAX | frequency 16X4  16A4 oNN? 14 22

T ——————— ——e.— A —— e e e e o e
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Standard PAL/HAL Series 24
20X10, 20X8, 20X4, 20L10

Operating Conditions

MILITARY COMMERCIAL
MBOL PARAMETER
o MIN TYP MAX | MIN TYP MAX o of
Vee Supply voltage 45 5 55| 4.75 6 5.25 \
Low 4 20
tw Width of clock - P - = ns
High 30 10 25w 40
Set up time from
50 38
tsu input or feedback to clock e . ~
th Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -55 0 5] °C
Tc Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level inputvoltage 08| V
VIH High-level input voltage 2 \Y
Vic Input clamp voltage Vce = MIN I = =18mA -08 -15| V
L Low-level input current T Vee = MAX V) = 04V -0.02 -025 | mA
e High-level input current T VCC = MAX V) = 24V 25 | uA
Iy Maximum input current Vce = MAX V) = 55V 1| mA
MIL 'OL = 12mA
VoL Low-level output voltage Voo = MIN 0.3 0.5 Vv
COM loL = 24mA
MiIL loH = —2mA
VoH High-level output voltage Vece = MIN 24 2.8 Vv
COM loH = -3.2mA
= . Vo = 04V -100 | wA
Off-state output current T Voe = MAX
lozH Mo, = 2.4V 100 | wA
los Output short<circuit current**| Voo = 5V Vo = OV -30 -70 -130 | mA
Icc Supply current Vee = MAX 20X10 20X8 20X4 120 180 | mA
lcc Supply current Voe = MAX 20L10 90 165 | mA
Switching Characteristics Over Operating Conditions
TEST MILITARY COMMERCIAL
IT
PV it CONDITIONS |MIN TYP MAX |MIN TYP Max | N
Input or feed-
35 60 35 50 ns
'PD back to output
toLk Clock to output or feedback 20 35 20 30| ns
tpxz/zx | Pin 13 to output disable/enable except 20L10 R, = 2000 20 45 20 3| ns
tpzx | Input to output enable except 20X10 Rz = 3900 35 55 35 45| ns
tpxz Input to output disable except 20X10 35 55 35 45| ns
Maximum
105~ 16 125 16 MHz
fmax frequency

T T T  —— ————————————————————————————————————————
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Fast PAL/HAL Series 20A
16L8A, 16R8A, 16R6A, 16R4A

M

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER
4 MIN TYP MAX | MIN TYP MAX i
Vee Supply voltage 45 5 55| 4.75 5 525 v
Low 1 1
tw Width of clock - 5 o - o ns
High 20 10 15 10
Set up time from
16R8A 16R6A 16R4A 30 15 ot - 18
tsu input or feedback to clock = = e,
th Hold time 0 -10 0 -10 ns
Ta Operating free-air temperature -55 0 i78Y| s =C
Tc Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions o L e
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level input voltage 08| Vv
VIH* High-level input voltage 2 \Y
Vic Input clamp voltage Vce = MIN I} = -18mA -08 -15 v
e Low-level input current Vee = MAX V) = 04V -0.02 -025 | mA
IH High-level input current T Vee = MAX V= 24v 25 | pA
] Maximum input current Vee = MAX V| = 5.5V 1| mA
MIL oy~ 12mA
VoL Low-level output voltage Voo = MIN 03 05 Vv
COM loL = 24mA
MIL IoH = -2mA
VoH High-level output voltage Vee = MIN 24 28 Vv
COM loH = -3.2mA
lozL Vo = 04v -100 | wA
Oft-state output current T Ve = MAX
lozH Vo = 24V 100 | wA
los Output shortcircuit current**| Ve = 5V Vo = OV -30 -70 -130 | mA
Icc Supply current Vee = MAX 120 180 | mA

Switching Characteristics over Operating Conditions

TEST MILITARY COMMERCIAL
n— o conDITIONS  |mMiN TP max |min Tve max|YMT
Input or feed- i
25| ns
tpp e e 16R6A 16R4A 16L8A 15 30 15
toLK Clock to output or feedback 10 20 10 15| ns
tpzx Pin 11 to output enable except 16L8A 10 25 18 ,20] ns
tpxz Pin 11 to output disable except 16L8A Ry = 2000 1 25 1 20| ns
Input to B
tpzx ou‘:pm — 16R6A 16R4A 16LBA Rp = 3000 10 30 10 25| ns
Input to
tpxz ou‘:put ——— 16R6A 16R4A 16L8A 13 30 13 25! ns
Maximum
MAX | frequency 16R8A 16R6A 16R4A 20 40 285 40 MHz

M

7-26




Fast Series 24A

20L8A, 20R8A, 20R6A, 20R4A

e ———————— et ettt —— o ——————
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER
MIN TYP MAX | MIN TYP MAX ..
Vee Supply voltage 450 5 w5l ks SE0SH WY
Lo
% Width of clock - _ - = o,
High 20 7 15 e
Set up time from
20R8A 20R6A 20R4A
tsu input or feedback to clock » - » L U
th Hold time 0 -10 0 -10 ns
Ta Operating free-air temperature -55 0 75|V 9€
Tc Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIL* | Low-level inputvoltage 08| v
VIH‘ High-level input voltage 2 v
Vic Input clamp voltage Vee = MIN | = -18mA -08 -15 v
L Low-level input current 1 Vce = MAX V| = 0.4V -0.02 -025 | mA
IH High-level input current t Vce = MAX V| = 24V 25 | uA
I Maximum input current Vee = MAX V| = 55V 1] mA ﬂ
MIL loL = 12mA
VoL Low-level output voltage Vee = MIN 03 05 v
COM loL = 24mA
MIL loH = —2mA
VoH High-level output voltage Vee = MIN 24 28 Vv
COM IOH = -3.2mA
I Vo = 04V -100 | wA
Off-state output current T Vce = MAX
lozH Vo = 24V 100 | uwA
los Output shortcircuit current** | Voo = 5v Vo = OV 30 -90 -130 | mA
lcc Supply current Voo = MAX 160 210 | ma
Switching Characteristics over Operating Conditions
TEST MILITARY COMMERCIAL
NIT
. PR CONDITIONS |MIN TYP MAX | MIN TYP Max |V
Input or feed-
15 30 15 25|l Aas
tpD back to output 20R6A 20R4A 20L8A
toLk | Clock to output or feedback 10 20 10 15| ns
tpzx Pin 13 to output enable except 20L8A 10 25 10 20| ns
t Pin 13 to output disable except 20L8A r 1 25 n 20| ns
- Inlput to == ; * e
R, = 3900 10 30 10 25( ns
'PZX | output enable 20R6A 20R4A 20L8A 2
Input to
13 30 13 25| ns
'BZ | et diesile 20R6A 20R4A 20L8A
Maximum
20 285 40 MHz
fMAX frequency 20R8A 20R6A 20R4A 40

e e e e e S e —————— S ———r
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Operating Conditions

Half Power Series 20-2
10H8-2, 12H6-2, 14H4-2, 1 6H2-2,16C1-2, 10L8-2, 12L6-2, 14L4-2, 16L2-2

___—————_______—__—————___—————_—__—_———_——_—_‘_————____—

MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX|MIN TYP MAX UNIT
Vee Supply voltage 45 5) 55| 4.75 5 5:25)| WV
Ta Operating free-air temperature =55 125] 0 76 1NRC
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level inputvoltage 08
Viw* | High-level input voltage 2
Vic Input clamp voltage Vce = MIN I} = -18mA -08 -15
I Low-level input current T Voo = MAX V) = 04V -0.02 -025 | mA
K High-level input current T Vog = MAX V| = 24V 25 | WA
Iy Maximum input current Vee = MAX V| = 55V 1| mA
MIL loL = 4mA
VoL Low-level output voltage Vog = MIN 03 05 Vv
COM IOL = 4mA
MIL loH = -TmA
Von High-level output voltage Vo = MIN 24 2.8 Vv
CoM Ion = -1mA
los Output shortcircuit current**| Voo = 5V Vo = OV -30 -70 =130 | mA
lcc Supply current Voe = MAX 30 A5 | s
Switching Characteristics Over Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER TEST NIT
MIN TYP MAX |[MIN TYP MAX >
t eedback to output R 45 80 45 60 | n
PD Input or f ck to outpu R2 = 2.2k0) S
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Half Power Series 20A-2
16L8A-2, 16R8A-2, 16R6A-2, 16R4A-2

Operating Conditions

MILITARY COMMERCIAL
PARAMETER
Pa— o2 MIN TYP MAX | MIN TYP MAX -
Vee Supply voltage 45 5 551|475 5 525| V
Low 25 10 25 10
t Width of clock
w \ . High %3 10 25 10 -
Set up time from
-2 16R4A-2 A-2 25 3
tsu input or feedback to clock a2 — T R & e
th Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -55 125 | 0 765 i RC
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level input voltage 08| Vv
Vin High-level input voltage 2 Vv
Vic Input clamp voltage Vce = MIN lj = -18mA -08 -15| v
e Low-level input current 1 Voo = MAX V| = 04V -0.02 -025 | mA
e High-level input current t Vce = MAX V| = 24V 25 | wA
I Maximum input current Vce = MAX V| = 55V 1] mA
- MIL loL = 12mA
oL Low-level output voltage Vee = MIN 03 05 v
com loL = 24mA
MIL loH = -2mA
VoH High-level output voltage Vee = MIN 24 28 v
coM IoH = -32mA
) Vo = 04V 100 | pA
Off-state output current t Voo = MAX
l0ZH Vo = 24V 100 | wA
los Output shortcircuit current**| Voo = 5V Vo = OV -30 -70 -130 | mA
lcc Supply current Voe = MAX 60 oMb
Switching Characteristics over Operating Conditions
TEST MILITARY COMMERCIAL
UNIT
SYMBoL PAR. CONDITIONS |MIN TYP MAX |MIN TYP MAX
‘ Input or feed- | 45 ga 5 16REA-2 16R4A-2 25 50 25 35| ns
PD back to output
toLk Clock to output or feedback 15 25 15 25| s
tpxz/zx | Pin 11 to output disable/enable except 16L8A-2 Ry = 2000 15 25 15 25| ns
Input.to i Ry = 3900 25 45 25 35| ns
P2X | output enable | 19L8A-2 16R6A-2 16R4A-2 2
Input to
4 " X 25 45 25 35| ns
tPXZ | output disable | 16RBA-2 16REA-2 16R4A-2
Maximum
. . - 14 25 16 25 MHz
i8X | requency 16R8A-2 16R6A-2 16R4A-2
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Quarter Power Series 20A-4
16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4

————_———————-—————.——_&___——_—_————_———

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER
MIN TYP MAX | MIN TYP MAX —
Vece Supply voltage 45 5 5.51|w475 5 SrgH AV
’ Low 40 20 30 20
% Width of clock L -
™ 16R8A-4 16R6A-4 16R4A-4 High | 40 20 0 20 ns

Set up time from
. 8A- 4, 90 45 60 45
'su input or feedback to clock R -4 =

th Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature =55 125 | 0 5| €

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vit Low-level input voltage i 08| V
Vi" | High-levelinput voltage 2 v
Vic Input clamp voltage Voo = MIN I = -18mA -08 -15| V
L Low-level input current Voo = MAX V| = 04V 002 -025 | mA
i High-level input current Voo = MAX V| = 24V 25 | pA
Iy Maximum input current Vee = MAX V) = 558V 1| mA

MiL loL = 4mA
VoL Low-level output voltage Vee = MIN 03 05 Vv
COM loL = 8mA
MIL lon = -1mA
VoH High-level output voltage Vce = MIN 24 28 Y
COM loH =—1mMA
ol Vo = 04V -100 | wA
Output short-circuit current** | Voo = MAX
lozH Vo 5 25V 100 | pA
los Output short-circuit current Vee = 5V Vo = OV -30 -70 -130 | mA
lcc | Supply current Vec = MAX  16R4A-4 16R6A-4 16RBA-4 16L8A-4 30 50| mA

Switching Characteristics Over Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER TEST UNIT
MIN TYP MAX [MIN TYP MAX
t s 6R6A-4 16R4A-4 16L8A-4 35 ]
1 -4 1 -4 1 ns
PD back to output = =
toLk Clock to output or feedback 20 45 20 35| ns
tPxz/ZX | Pin 11tooutputdisable/enable —except 16L8A-4 | g = 8001 15 40 15— a0y'dhs
Input to
tpzx 16R6A-4 16R4A-4 16L8A-4 Ro = 1.56k() 80 65 oM 501, g5
output enable
t — 16R6A-4 16R4A-4 16L8A-4 30
e o = ns
Pxz output disable % - i
Maximum
fMAX 16R8A-4 16R6A-4 16R4A-4 8 18 11 18 MHz
frequency

_————ﬁ
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PAL Programming

R L ——  —————————————————

Programming/Verifying Procedure

NOTES: For programming purposes many PAL pins have double functions.

For The PAL 20:

As long as Pin 1is at HH, Pin 11 is at ground, and Pin 12 is
either at HH or Z (as defined in Table 1) — Pins 16, 17, 18, and
19 are outputs. The other pin functions are: 10 (Pin 2) through
17 (Pin 9) plus Pin 12 address the proper row; A0 (Pin 15), A1
(Pin 14), and A2 (Pin 13) address the proper product lines.

When Pin 11is at HH, Pin 1is at ground and Pin 19 is either at
HH or Z — Pins 12, 13, 14, and 15 are outputs. The other pin
functions are: 10 (Pin 2) through 17 (Pin 9) plus Pin 19 address
the proper row; A0 (now Pin 18), A1 (now Pin 17), and A2 (now
Pin 16) address the proper product lines.

For The PAL 24:

As long as Pin 1is at HH, Pin 13is at ground and Pin 14 s either
at HH or Z (as defined in Table 1) — Pins 19, 20, 21, 22, and 23
are outputs. The other pin functions are: 10 (Pin 2) through |9
(Pin 11) plus Pin 14 address the proper row; A0 (Pin 15), A1
(Pin 16), and A2 (Pin 17) address the proper product lines.

As long as Pin 13 is at HH, Pin 1 is at ground, and Pin 23 is
either at HH or Z (as defined in Table 1) — Pins 14, 15, 16, 17,
and 18 are outputs. The other pin functions are: 10 (Pin 2)
through 19 (Pin 11) plus Pin 23 address the proper row; A0 (Pin
22), A1 (Pin 21), and A2 (Pin.20) address the proper product
lines.

For The PAL 24A:

As long as Pin 1is at HH, Pin 13 is at ground, and Pin 14 is
either at HH or Z (as defined in Table 1) — Pins 19, 20, 21, and
22 are outputs. The other pin functions are: 10 (Pin 2) through
19 (Pin 11) plus Pin 14 address the proper row; A0 (Pin 15), A1
(Pin 16), and A2 (Pin 17) address the proper product lines.

As long as Pin 13 is at HH, Pin 1 is at ground, and Pin 23 is
either at HH or Z (as defined in Table 1) — pins 15, 16, 17, and
18 are outputs. The other Pin functions are: 10 (Pin 2) through
19 (Pin 11) plus Pin 23 address the proper row; A0 (Pin 22), A1
(Pin 21), and A2 (Pin 20) address the proper product lines.

Pre-Verification
5.1.1 Raise Vo to 5.0 volts.
5.1.2 Raise Output Disable pin, OD, to VIHH.
5.1.3 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.

5.1.4 Select a product line by specifying A0, A1,
and A2 one-of-eight select as shown in Table
3, Table 4 or Table 5.

5.1.5 Pulse the CLOCK pin and verify (with CLOCK
at VIL) that the output pin, O, is in the state
corresponding to an unblown fuse.

— For verified unblown condition, continue
procedure from 5.1.3 through 5.1.5.

— For verified blown condition, stop procedure
and reject part.

Programming Algorithm

5.2.1 Raise Output Disable pin, OD, to VIHH
5.2.2 Programming pass. For all fuses to be blown:
5.2.2.1 Lower CLOCK pin to ground.
5.2.2.2 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.
5.2.2.3 Select a product line by specifying A0, A1, and
A2 one-of-eight select as shown in Table 3,
Table 4 or Table 5.
5.2.2.4 Raise Vg to VIHH.
5.2.2.5 Program the fuse by pulsing the output pins of
the selected product group -one at a time- to
VIHH (as shown in the Programming Waveforms,
Section 5.5).
5.2.2.6 Lower Vo to 5.0 volts.
5.2.2.7 Repeat this procedure from 5.2.2.2 until pattern
is complete.

5.2.3 First verification pass. For all fuse locations:

5.2.3.1 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.

5.2.3.2 Select a product line by specifying A0, A1, and
A2 one-of-eight select as shown in Table 3,
Table 4 or Table 5.

5.2.3.3 Pulse the CLOCK pin and verify (with CLOCK
at VIL) that the output pin, O, is in the correct
state.

— For verified output state, continue procedure

— For overblow condition, stop procedure and
reject part.

— For underblow condition, reexecute steps
5.2.2.4through 5.2.2.6 and 5.2.2.3. If success-
ful, continue procedure. After three attempts
to blow fuse without success, reject part but
continue procedure.

5.2.3.4 Repeat this procedure from 5.2.3.1 until the
entire array is exercised.

5.2.4 High Voltage Verify. For all fuse locations:
5.2.4.1 Raise Vo to 5.5 volts.
5.24.2 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.
5.2.4.3 Select a product line by specifying A0, A1, and
A2 one-of-eight select as shown in Table 3,
Table 4 or Table 5.

5.2.4.4 Pulse the CLOCK pin and verify (with CLOCK
at VIL) that the output pin, O, is in the correct
state.
— For verified output state, continue procedure
— For invalid output state, stop procedure and

reject part.

5.2.4.5 Repeat this procedure from 5.2.4.1 until the

entire array is exercised.
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ﬁ

5.2.5 Low Voltage Verify. For all fuse locations:
5.2.5.1 Lower Vo to 4.5 volts.

5.25.2 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.

5.2.5.3 Select a product line by specifying AQ, A1, and
A2, one-of-eight select as shown in Table 3,
Table 4 or Table 5.

5.2.5.4 Pulse the CLOCK pin and verify (with CLOCK
at VIL) that the output pin, O, is in the correct
state.
— For verified output state, continue procedure.

— For invalid output state, continue procedure
and reject part.

5.4 Programming Parameters

Programming the Security Fuses
5.3.1 Verify per Section 5.2.4 and 5.2.5.
5.3.2 Raise Vpc to 6 volts.
5.3.3 For PAL 20:

— Program the first fuse by pulsing Pin 1to VP.
(From 1 to 5 pulses is acceptable.)

— Program the second fuse by pulsing Pin 11to VP.
(From 1 to 5 pulses is acceptable.)

5.3.4 For PAL 24 and PAL 24A:

— Program the first fuse by pulsing Pin 1to VP.
(From 1 to 5 pulses is acceptable.)
— Program the second fuse by pulsing Pin 13to VP.
(From 1 to 5 pulses is acceptable.)
5.3.5 Verify per Section 5.2.4 and 5.2.5:
— A device is “secure” if either half fails to verify.

SYMBOL PARAMETER MIN LMTYI;'S MAX UNIT
VIHH Program-level input voltage 11.5 11.75 12 \
Output Program Pulse 50
HH Program-level input current oD, L/R 50 mA
All other inputs 10
lccH Program Supply Current 900 mA
tyccp Pulse Width of Vo @ ViHH 60 | uS
Tp Program Pulse Width 10 20 50 uS
tp Delay Time 100 ns
Delay Time after L/R Pin 10 uS
- Vccp Duty Cycle 20| %
Vp Security Fuse Programming Voltage 18 18.5 19 Vv
Ip Security Fuse Programming Supply Current 400 mA
Security Fuse Programming Pulse Width 10 40 70 uS
Tee Security Fuse Programming Duty Cycle 50 %
trp Rise time of output programming and address pulses 1 143 10 | V/uS
trp Rise Time of security fuse programming pulses 1 "5 10 | V/uS
Vg value during security fuse programming 5.75 6.0 6.25
Vvalue for first verify 4.75 5.0 525
Vcepp . ; v
Vo value for High Vg verify 5.4 5.5 56
Vg value for Low Vi verify 4.4 4.5 46

M
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5.5 ARRAY PROGRAMMING
VIHH

VIHH
oD oD
vIiL viL
vcC —»| |«—tD
—»| |-—tD VIL
VIHH CLOCK .
1 VIH \t —»| |=—tD
e = VIHH
VIHH 1 VIH \:
ALR \ viL
iz REPEAT UNTIL
J-» |«—1tD2 ARRAY IS VIHH
VERIFY | VERIFIED AL/R \
VOH g C
o —»| |«—tD2
voL | «—tVCCP——> REPEAT UNTIL
VIHH PATTERN IS
—>| [«—tD vce PROGRAMMED
@ — >~ |==1D 5.0V
CLOCK -
VIL —» |a—tD -—tD
NOTE: VCC (Low Voltage Verify) = 4.5 voits |«—TP—]
VCC (High Voltage Verity) = 5.5 volts VIHH
VCC (First Verify) = 5.0 volits o)
A Delay (tD2) must always precede the Positive VOH
Clock Transition. (e.g see section 5.2.3.3 for underblow condition) voL

5.6 SECURITY FUSE PROGRAMMING

vcepp .
vee 3
T
] [
vP
— to
PIN 1 / \
0 —
l TPP»|
vP - l:
PIN 11
()}
Programmer/Development Systems
VENDOR PAL 20s (ALL) PAL 24s (STD) PAL 24s (FAST)
— LogicPak (Rev-010) " . - , p
Data 1/0 — 1427 Card Set LogicPak (Rev-010) LogicPak (Rev-010)
y — SD 20/24 — SD 20/24 — SD 20/24
Structured Design — PAL Burner * — PAL Burner * — PAL Burner *
STAG — PM202 (Rev 3) — PM202 (Rev 3) — PM202 (Rev)
— PM2200 * — PM2200* — PM2200*
DIGELEC — UP803 (FAM51) — UP803 (FAM51) — UP803 (FAM51)
or (FAM52) or (FAMS52) or (FAM52)
— M980
PROLOG PMI06S
— MPP80S
KONTRON MOD 21

*Means that this version is being qualified.

A ———————
B e i ———— ]
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PAL Series 20, 20A, 20-2, 20-4

#

Programming Pin Configurations

PRODUCTS 0 THRU 31 PRODUCTS 32 THRU 63
N s
1 oo vee[®) 1] cLock Vee E
([ 0o ] 2] 1, L[]
af of@ & N
- 0[] - @
B oy [] Gl a, (%]
v A [7] (o 0[]
s s[4 s o [4]
e A2 [3] e o,[5]
1y (7] =1y o,[7]
[]eno crock 7] [=] ano oo[T
Voltage Legend L = Low-level input voltage. V) HH = High-level program voltage, V|-
H = High-level input voltage, V| Z = High impedance (e.g., 10k to 5.0V)
INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION
LINE LINE
NUMBER | 17| 16| 15| 1a 13|12 | 11| lo|LR NUMBER | O3 | 02 | O1 | Oo | A2 | A1 | Ao
0 HH|HH | HH|HH|[ HH | HH [ HH | L 4 0. 32 z Z 74 HH 74 Z 4
1 HH|{HH| HH|[HH| HH | HH | HH [ H Z 1,33 Z z Zz HH Z Z HH
2 HH|HH| HH|HH|HH|HH | HH| L | HH 2,34 7z, 4 4 HH Z HH Z
3 HH|HH| HH|HH| HH | HH | HH| H | HH 3.35 v/ Z 4 HH 74 HH | HH
4 HH|HH| HH|HH|HH|HH | L |HH| Z 4, 36 z 4 Z HH | HH 4 Z
5 HH|HH| HH|HH|[HH|[HH | H [HH| Z SK3i Z A z HH | HH 4 HH
6 HH|HH| HH{HH| HH |HH| L | HH| HH 6, 38 Z Z z HH | HH | HH z
7 HH|HH| HH |HH| HH|HH | H | HH | HH 7.39 Z z 72 HH | HH | HH | HH
8 HH|HH| HH|HH| HH | L |HH | HH| Z 8. 40 Z z HH Z Z Z z
9 HH|{HH | HH|[HH|HH | H |HH | HH | Z 9, 41 Z 4 HH Zz /4 2 HH
10 HH|HH| HH|HH|[HH | L [ HH | HH| HH 10, 42 Z Z HH 4 Zz HH Z
1 HH|HH| HH|HH| HH | H | HH | HH | HH 11, 43 iz Y4 HH Z Z HH HH
12 HH|{HH|HH[HH| L [HH|HH | HH | Z 12, 44 Z Z HH Z HH 4 Z
13 HH|HH | HH |HH| H |HH | HH | HH | Z 13, 45 Z V4 HH Z HH Z HH
14 HH|HH | HH |HH| L [HH | HH | HH | HH 14, 46 72 v HH % HH | HH %
15 HH|HH | HH|{HH| H |HH | HH | HH [ HH 15, 47 Z (4 HH 7z, HH | HH HH
16 HH|HH|{HH| L |HH|HH | HH | HH| Z 16, 48 4 HH 7z, Z z 7. vZ
U4 HH|HH|[HH| H |HH |HH | HH | HH [ Z 17, 49 4 HH Zz z 2 Y4 HH
18 HH|HH | HH| L | HH [HH | HH | HH | HH 18, 50 Zz HH 2z z 74 HH Z
19 HH|HH [ HH| H |HH |HH | HH | HH | HH 19, 51 Z HH Z z z HH HH
20 HH{HH| L |HH|{HH|HH | HH |HH| Z 20, 52 z HH z 7/ HEh|, Z 74
21 HH|HH| H [HH|HH |HH | HH | HH | Z 21,53 Z HH z 2, HH z HH
22 HH{HH| L |HH|HH |HH | HH | HH | HH 22, 54 74 HH 74 z HH | HH z
23 HH|HH| H [HH[HH |HH | HH | HH | HH 23, 55 Z i HH 2 z HH | HH | HH
24 HH| L [HH|[HH|[HH [HH | HH | HH | Z 24, 56 HH | Z iz 7, Z iz 4
25 HH| H |HH|HH|[HH |HH | HH |HH | Z 28597 HH Z Z Z Z z HH
26 HH| L [HH|HH|HH [HH | HH | HH | HH 26, 58 HH % Z Z (4 HH z
27 HH| H | HH [HH | HH [HH | HH | HH | HH 27, 59 HH z Z Z 4 HH | HH
28 L [HH|[HH|HH|HH [HH |HH |HH | Z 28, 60 RS Z Z Z HH (4 z
29 H |HH | HH [HH |HH [HH | HH [HH [ Z 29, 61 B2 % 74 HH | Z HH
30 L |HH | HH|HH|HH | HH | HH [ HH | HH 30, 62 HH 74 Z, 4 HH | HH z
8l H |HH| HH |HH | HH [HH | HH [ HH | HH 31, 63 HH Z Z & HH | HH | HH
Table 1 Input Line Select Table 2 Product Line Select



PAL Series 24, 24A
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Programming Pin Configurations

PRODUCTS 0 THRU 39

EIGEEHEENEE EETEENE

PRODUCTS 40 THRU 79

HH - High-level program voltage, ViHH
Z = High impedance (e.g 10K () to 5.0V)

Voltage Legend L = Low-level input voltage, V.
H = High-level input voitage, V|4

INPUT PIN IDENTIFICATION PRODUCT
LINE LINE

NUMBER | g [ Ig [17 |1 | 15| 1g | 13| 12| Iy Ip |L/R NUMBER
0 HH|HH [HH|HH[HH|HH|HH|HH|HH| L | Z 0, 40
1 HH|HH [HH|[HH|[HH|HH|{HH|HH|HH| H | 2 1. 41
2 HH|HH [HH[HH[HH|HH|HH|HH|HH| L |HH 2. 42
3 HH|HH [HH[HH [HH|HH|HH [HH|HH | H |HH 3,43
4 HH|HH [HH[HH|[HH|HH|{HH|HH| L |HH| Z 4, 44
5 HH|HH [HH|[HH|[HH|HH|[HH|HH| H |HH| Z 5,45
6 HH|HH |HH[HH [HH|HH|[HH |HH| L |HH|HH 6. 46
7/ HH|HH |HH[HH [HH|HH|HH [HH| H |HH|HH 7.47
8 HH|HH |HH|[HH[HH|{HH|[HH| L |HH|HH| Z 8. 48
9 HH|HHHH[HH [HH|HH|HH| H |HH|HH| Z 9. 49
10 HH|HH|HH[HH [HH|HH|HH | L [HH|HH|HH 10. 50
11 HH|HH |HH[HH [HH|HH [HH | H [HH|HH | HH 1, 6i
12 HH|HH |HH{HH [HH|HH| L [HH|{HH|HH| Z 12,52
13 HH|HH |HH|HH [HH|HH| H [HH|[HH|HH| Z 18, B8
14 HH|HH |HH [HH [HH|HH| L [HH|[HH|HH|HH 14, 54
S HH|HH |HH|HH |HH|HH| H |HH|HH | HH | HH 165185
16 HHIHH|HH [HH [HH| L [HH|[HH[HH|[HH| Z 16, 56
17 HH|{HH|HH|HH!HH| H |HH|HH|HH|HH| Z 17,57
18 HH|HH |HH |HH IHH| L {HH{HH[HH|HH [HH 18, 58
19 HH|HH|HH[HH [HH| H |HH|[HH|HH|HH | HH 19. 59
20 HH|HH|HH[HH| L |HH|HH [HH|HH|HH| Z 20, 60
21 HH|HH |HH[HH| H |HH|{HH [HH|HH|HH| Z 21,61
22 HH[HH |HH|HH | L |HH|HH [HH|HH [HH | HH 22,62
23 HH|HH|HH|[HH | H |HH|HH [HH|HH|HH | HH 23,63
24 HH{HH |HH| L (HH|HH[HH [HH|HH|HH| Z 24,64
25 HH|HH|HH| H [HH|HH{HH [HH[HH|HH| Z 25, 65
26 HH|HH |HH| L |HH|{HH|HH |HH|HH|HH |HH 26, 66
27 HH|HH |HH| H |HH|HH|HH |HH|HH|HH | HH 27,67
28 HH[{HH| L [HH|HH|HH|HH |HH|HH|HH| Z 28, 68
29 HH{HH| H |[HH|HH|HH|HH|HH|HH|HH| Z 29, 69
30 HH|HH| L |HH|HH|HH[HH |HH|HH|HH |HH 30,70
31 HH[HH| H [HH|HH|HH|HH [HH|HH| HH | HH S
32 HH| L |HH{HH|[HH|HH|HH [HH[HH|[HH| Z 32,72
33 HH{ H |HH|HH [HH|HH|HH [HH|[HH | HH | Z 33, 78
34 HH| L |HH|[HH|HH|[HH|HH |HH|HH|HH | HH 34,74
35 HH| H |HH|HH|HH|HH|HH | HH| HH | HH | HH 35,75
36 L |HH|HH|HH |HH|HH|[HH |HH[HH|[HH| Z 36, 76
37 H |HH[HH|HH|HH|HH|HH|HH|HH|HH| Z 37,77
38 L [HH|HH|{HH|HHHH|HH|HH|HH|HH|HH 38,78
39 H [HH|{HH|HH|HH|HH|HH |HH| HH| HH | HH 39. 79

Table 1 Input Line Select

PIN IDENTIFICATION
O4 | O3 | 02| 04| Og | A2 | Ay | Ag
Z Z Z 74 HH 74 74 74
2 7 Z Z |HH | 2 Z |HH
72 Z Z 2z HH 4 HH | Z
Z Z Z Z |HH | Z | HH | HH
Z Z iz Z |HH |HH| Z | 2Z
Z Z Z Z |HH |HH | Z [HH
Z Z Z Z | HH [HH | HH | Z
Z Z z Z | HH | HH | HH | HH
Z Z Z |mmsl z Z zZ |2
Z 7 Z | HH| 2 4 Z |HH
74 Z Z |HH| Z Z |HH| Z
Z Z Z |HH| Z Z | HH [ HH
z 74 Z PHH| 2 |HH| 2 | 2
7z Z Z [HH| Z |HH| Z [HH
Z 2 Z |HH| Z |HH | HH | Z
Z z Z |HH| Z |HH | HH |HH
2 Z |HH| Z Z Z 2 |[#Z
1Z Z [SHERIEZ Z P4 Z |HH
4 Z |HH| Z z Z |HH| Z
Z Z [HH| 2 Z Z | HH | HH
Z Z |HH| Z Z |HH| Z | Z
72 Z |NFEEENZ Z |HH| Z |HH
2 Z |HH| 2 Z |HH | HH | Z
Z Z | HASZ Z | HH | HH | HH
Z |HH| 2 4 74 4 74 2
Z |HH | Z Z Z Z Z | HH
Z |HH | Z 2 Z Z |HH| Z
Z |HH | Z 4 i Z | HH | HH
Z [HH| Z Z Z IR ETH IR Z
Z |HH | 2 4 Z |HH| Z |HH
Z |HH| Z z Z |HH|HH| Z
Z |HH| Z A4 Z | HH [ HH | HH
HH | Z z Z z Z 2 74
HH | Z Z 2 Z Z Z | HH
4 Z z 4 2 s Z
HH | Z Z i z Z | HH | HH
HH | Z 4 iz Z |HH| Z2 | 2
HH | Z 2 Z Z |HH| Z [HH
HH [ Z 72 74 Z |HH |HH | Z
HH | Z Z 7, Z | HH | HH [ HH

Table 2 Product Line Select

e ————————
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PAL/HAL Logic Diagram
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