Programmable Array Logic Family

PAL Series 20 Data Sheet

Patent Allowed

Features/Benefits

¢ Programmable replacement for conventional TTL
logic.

Reduces IC inventories substantially and simplifies
their control.

Reduces chip count by 4 to 1.

Expedites and simplifies prototyping and board
layout.

Saves space with 20-pin Skinny DIP packages.

High speed: 25ns typical propagation delay.

Programmed on standard PROM programmers.

Programmable three-state outputs.

Special feature 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 family 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
madified 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
programmable OR array). In addition the PAL provides these
options:

e Variable input/output pin ratio
« Programmable three-state outputs
¢ Registers with feedback

« Arithmetic capability

Unused inputs are tied directly to Vo 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. All registers are designed to power up to logical high state
at the output pin. PAL Logic Diagrams are shown with all fuses
blown, enabling the designer use of the diagrams as coding
sheets. 8%2 x 11 Logic Diagrams are available on request.

The entire PAL family is programmed on 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.

PART
NUMBER DESCRIPTION
T

PAL10H8

OCTAL 10 INPUT AND-OR GATE ARRAY

PAL12H6 HEX 12 INPUT AND-OR GATE ARRAY
PAL14H4 QUAD 14 INPUT AND-OR GATE ARRAY
PAL16H2 DUAL 16 INPUT AND-OR GATE ARRAY

PAL16C1 16 INPUT AND-OR/AND-OR-INVERT GATE ARRAY

PAL10LS OCTAL 10 INPUT AND-OR-INVERT GATE ARRAY
PAL12LE | HEX 12 INPUT AND-OR-INVERT GATE ARRAY
PAL14L4 QUAD 14 INPUT AND-OR-INVERT GATE ARRAY
DUAL 16 INPUT AND-OR-INVERT GATE ARRAY
OCTAL 16 INPUT AND-OR-INVERT GATE ARRAY
PAL16RB OCTAL 16 INPUT REGISTERED AND-OR GATE ARRAY
PAL16R6 HEX 16 INPUT REGISTERED AND-OR GATE ARRAY
PAL16R4 QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY
PAL16X4 QUAD 16 INPUT REGISTERED AND-OR-XOR GATE ARRAY
PAL16A4 QUAD 16 INPUT REGISTERED AND-CARRY-OR-XOR GATE ARRAY

PAL16L2
PAL16L8

S

Ordering Information

PROGRAMMABLE ARRAY LOGIC 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

TEMPERATURE RANGE
C= 0CTO+75C
M= —-55"C TO +125°C

PACKAGE
N = PLASTIC DIP
J = CERAMIC DIP

'
PALI4L4CN

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 Monolithic Memories
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PAL16C1
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PAL16H2

PAL Family
PAL14H4

PAL12H6

PAL10H8
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Absolute Maximum Ratings

PAL Fz

Operating Programming

SUPPIVORBGEVIOES « v v« o voeme s o o stviomms 5 45 0 v a5 3 56wt s o s 2o a3 5 o 3 B SBE 4 o § oije o o & S0 §H545 3 603 v 12V
INPUEVOIAGE . ..o et e 5.5V 12V
Off-state OUIPUL VOIRAGE . ... ..ottt et e e e e e e e e e e 5.5V 12v
Storage temperature FANGE . .. ... ...ttt et e e -65°C to 150°C
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2
Recommended Operating Conditions
SYMBOL. RAMETER MILITARY COMMERCIAL T
MB! PA|
MIN NOM MAX MIN NOM
Vce Supply voltage 4.5 5.0 5.5 4.75 500 Y
I0H High-level output current -20 mA
loL Low-level output current 8 mA
TA Operating free air temperature -55 125% 0 r : °C
Electrical Characteristics
Over Recommended Operating Temperature Range
SYMBOL PARAMETER Tss'r',ccr{mﬁONs MIN TYP  MAX | UNIT
VIH High-level input voltage i ' 2 v
ViL Low-level input voltage 5 0.8 \'
Vic Input clamp voltage Vce = MIN, I = -18 mA -1.5 \Y
) ‘ Vee = MIN, Vi = 2V,
VOH High-level outp})f voii_ag.e} ; V| - 0.8V, IoH = MAX 24 Vv
e Ve = MIN, Vi = 2V,
VoL Low-lével quﬁtpt{t vo‘ltage . VIL = 08V, lo = MAX 0.5 \"
I _tr}xput current at maximum Voe = MAX, V| = 5.5V 10| ma
__inputwvoltage
lH High-level input current Vce = MAX, V)= 2.4V 25 [ wA
L Low-level input current Vce = MAX, V| = 0.4V —-250 nA
los Short-circuit output current Vce = MAX -30 -130 mA
Icc Supply current Vce = MAX 55 mA
Switching Characteristics
Over Recommended Ranges of Temperature and Voo
MILITARY * COMMERCIAL
TEST CONDITIONS 4 Tp = —55°t0 +125°C | Ty =0°t0o 75°C
SYMBOL PARAMETER Bi: = 200K 0 Vce =5.0V=10% | Voc =5.0V=5% [ yniT
L=20 MIN TYP MAX|MIN TYP MAX
tPD From any input to any output CL = 15pF 25 25 ns

* Operating Case Temperature only. T = 125°C

Tt See Standard Test Load and Definition of Waveforms, page 3-24
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PAL Family

tlgc = MAX at minimum temperature

11 See Standard Test Load and Definition of Waveforms, page 3-24

e —

o= ===
16L8, 16R8, 16R6, 16R4, 16X4! 16A4"
Recommended Operating Conditions
SYMBOL PARAMETER WIETTRAEY COMMERCIAL UNIT
MIN NOM MAX MIN NOM MAX
Vce Supply voltage 45 5.0 55 4.75 5.00 5.25 \Y
IOH High-level output current -2.0 -3.2 mA
oL Low-level output current 12 24 mA
TA Operating free air temperature -55 125% 0 75 Es.
Electrical Characteristics
Over Recommended Operating Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
Vic Input clamp voltage Vce = MIN, 1 = —18mA -1.5 Vv
_y Vce = MIN, Vi = 2V,
VOH High-level output voltage Vil = 0.8V, Ion = MAX 2.4 \
Voe = MIN, ViH=2V,
VoL Low-level output voltage VIL = 08V, IgL =MAX 0.5 Vv
Off-state output current Vee = MAX, ViH = 2V,
lozH high-level voltage applied VO = 2.4V, VIL = 0.8V 100 A
Off-state output current Vce = MAX, Vi = 2V,
lozL low-level voltage applied Vo = 04V, VIL = 0.8V —100 KA
I Inpu; currept at VoG = MAX, V) = 5.5V 10 ik
maximum input voltage
IiH High-level input current Vce = MAX, V| = 2.4V 25 nA
L Low-level input current Vce = MAX, V| = 0.4V -250 rA
los Short-circuit output current Vce = MAX, -30 —-130 mA
Supply |-16L8 140 210
Icc PPY I 16R4,16R6.16R8 Vee = MAX 150 2251 mA
Current ™54 16A4 160
Switching Characteristics
Over Recommended Ranges of Temperature and Voo MILITARY COMMERCIAL
Ta= —55°t0 +125°C | T4 = —0°to +75°C
++| ‘A A
SYMBOL PARAMETER TESTRCQN[:; JONSTT Vcc =5.0V=10% | Vcc =5.0V+5% | UNIT
L = 66700 MIN TYP MAX|MIN TYP MAX
tPD Input to output 25 45 25 40| ns
tPD Clock to output C| = 45pF 15 25 15 25| ns
tpzx Pin 11 to output enable 15 25 15 25| ns
tpxz Pin 11 to output disable CL = 5pF 15 25 15 25 ns
tpzx Input to output enable Ci_ = 45pF 25 45 25 40 ns
tpxz Input to output disable CL = 5pF 25 45 25 40 ns
i Widthaf clogk High 25 25 5
of cloc|
w ' © Low 25 25
\ Setup ti 16R8,16R6,16R4 45 40 s
im
s =lpame 16X4, 16A4
th Hold time 0 ~18 0 =18 ns
*Qperating Case Temperature only, Tc = 125°C

e e e




PAL Family

Programming

PAL fuses are programmed using a low-voltage linear-select
procedure which is common to all 15 PAL types. The array is
divided into two groups, products 0 thru 31 and products 32 thru
63, for which pin identifications are shown in Figure 1. To
program a particular fuse, both an input line and a product line
are selected according to the following procedure:

Step 1 Raise Output Disable, OD, to V|HH

Step 2 Select an input line by specifying lo, 11, I2, 13, 14, I5, lg, 17
and L/R as shown in Table 1

Step 3 Select a product line by specifying Ag, A1 and A one-of-
eight select as shown in Table 2

Step 4 Raise Vg (pin 20) to VIHH

Step 5 Program the fuse by pulsing the output pins, O, of the
selected product group to VjHH as shown in Table 2.

Step 6 Lower VGG (pin 20) to 6.0 V

Step 7 Pulse the CLOCK pin and verify the output pin, O, to be
Low for active Low PAL types or High for active High
PAL types.

Step 8 Lower V¢ (pin 20) to 4.2 V and repeat step 7

Step 9 Should the output not verify, repeat steps 1 thru 8 up to
five (5) times.

This procedure is repeated for all fuses to be blown (see
programming waveforms).

To prevent further verification, two last fuses may be blown by
raising pin | and pin Il to Vp. Vg is not required during this
operation.

Programming Parameters

PRODUCTS 0 THRU 31

EARRAARARARRD

[o]0]

A d

Vee

Qo
01
02
O3
Ag
Aq
A2

L/R

CLOCK

=

LB ENEEE EEEE

PRODUCTS 32 THRU 63

lo

elcicialalalolzizlie

CLOCK

Vee
LR
Ag
Ay
Az
%o
01
02

03

L1 L= L= = =0 = =T = =T L

oD

Figure 1 Pin Identification

Programming Waveforms

[e]]

I, L/R, A

CLOCK

VIHH—

y

VIHH

./

>td

>/
VIH
ViL ’

Ne

VIHH— VERIFY
VOH i
VoL
td td | td I
Vin VERIFY
viL

Ta = 25°C
LIMITS
SYMBOL PARAMETER UNIT
MIN TYP MAX
VIHH Program-level input voltage 10.5 11 11.5 Vv
Qutput Program Pulse 50
IIHH Program-level input current | Output Disable, OD 25 mA
All Other Inputs 5
IcCH Program Supply Current 400 mA
Tp Program Pulse Width 10 50 S
td Delay time 100 ns
Program Pulse duty cycle 25 %
Vp Program/Verify-Protect-input voltage 20 Vv
Ip Program/Verify-Protect-input current 400 mA
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PAL Family

Voltage Legend
L = Low-level input voitage, V|L_
H = High-level input voltage, V|H
HH = High-level program voltage, ViHH

INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION

LINE LINE

NUMBER |17 | lg| 15| 14|13 |l2| 11| 1o |L/R NUMBER | O3 | O2 | O1 | Og | A2 | A1 | Ao
0 HH|HH|HH|HH|HH|HH |HH| L | L 0, 32 L L L |HH| L L L
1 HH|HH|HH|HH|HH|HH|HH| H | L 1,33 L L L |HH | L L | HH
2 HH|HH| HH|HH|HH|HH | HH| L | HH 2,34 L L L |HH| L |HH| L
3 HH|HH | HH | HH|HH|HH| HH| H | HH 3,35 L L L |HH | L | HH | HH
4 HH|HH| HH|HH|HH|HH]| L |HH]| L 4,36 L L L |HH |HH | L L
5 HH|HH|HH|HH|HH|[HH| H [HH| L 5,37 L L L |HH |HH | L | HH
6 HH|HH | HH|HH|HH|HH| L [ HH | HH 6, 38 L L L |HH | HH | HH | L
7 HH|HH| HH|HH|HH|HH| H | HH | HH 7,39 L L L |HH | HH | HH | HH
8 HH|HH| HH|HH|HH| L |HH|HH] L 8, 40 L L |HH| L L L L
9 HH|[HH| HH|HH|HH| H |HH|[HH| L 9, 41 L L |HH]| L L L | HH
10 HH|HH|HH|HH|HH| L [HH|HH| HH 10, 42 L L |HH| L L |HH | L
11 HH|HH|HH|HH|HH| H [ HH | HH | HH 11, 43 L L |HH| L L | HH | HH
12 HH|HH|HH|HH| L |HH|HH|[HH]| L 12, 44 L L |HH| L |HH| L L
13 HH|HH|HH|HH| H |HH|HH|HH]| L 13, 45 L L |HH| L |HH| L | HH
14 HH|HH|HH|HH| L |HH|HH | HH | HH 14, 46 L L |HH| L |HH|HH | L
15 HH|HH|HH|HH| H [HH [HH [ HH | HH 15, 47 L L |HH| L |HH | HH | HH
16 HH|HH|HH| L |HH|HH|HH|[HH]| L 16, 48 L |HH| L L L L L
17 HH|{HH|HH| H |HH |HH | HH | HH| L 17, 49 L |HH| L L L L | HH
18 HH|HH|HH| L |HH |HH | HH | HH | HH 18, 50 L |HH| L L L |HH | L
19 HH|{HH|HH| H |HH [HH [ HH | HH | HH 19, 51 L |HH| L L L | HH | HH
20 HH|HH| L |HH|HH|HH|[HH|[HH| L 20, 52 L |HH| L L |HH | L L
21 HH|HH| H |HH|HH [HH|[HH | HH| L 21, 53 L |HH | L L |[HH| L [HH
22 HH|HH| L |HH|HH|[HH | HH | HH | HH 22,54 L |HH | L L |HH |HH | L
23 HH|HH| H |HH|HH [HH [ HH [ HH | HH 23, 55 L |HH| L L |HH | HH | HH
24 HH| L |HH|HH|HH [HH|[HH{HH | L 24, 56 HH | L L L L L L
25 HH| H |HH|HH|HH |HH |HH | HH | L 25, 57 HH | L L L L L | HH
26 HH| L | HH|HH|HH [HH | HH | HH | HH 26, 58 HH | L L L L |HH | L
27 HH| H | HH|HH | HH [HH | HH | HH | HH 27, 59 HH | L L L L | HH | HH
28 L |HH|HH|HH|HH |HH [HH [HH| L 28, 60 HH | L L L [HH | L L
29 H |HH | HH |HH|HH |HH | HH [HH | L 29, 61 HH | L L L |HH| L |HH
30 L [HH|HH|{HH|[HH|HH | HH | HH | HH 30, 62 HH | L L L |HH |HH | L
31 H |HH | HH | HH | HH | HH | HH | HH | HH 31, 63 HH | L L L |HH [ HH | HH

Table 1 Input Line Select

Table 2 Product Line Select



PAL Family

Package Drawings
UNLESS OTHERWISE SPECIFIED:

ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS.
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PAL Family
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Logic Diagram PAL12H6
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PAL Family

Logic Diagram PAL1
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PAL Family

Logic Diagram PAL16H2
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PAL Family

Logic Diagram PAL16C1
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PAL Family
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Logic Diagram PAL10L8
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PAL Family
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Logic Diagram PAL12L6
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PAL Family
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PAL Family

Logic Diagram PAL16L2
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PAL Family

3-18

Logic Diagram PAL16L8
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PAL Family

Logic Diagram PAL16R8
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PAL Family

Logic Diagram PAL16R6
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PAL Family

Logic Diagram PAL16R4
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PAL Family

Logic Diagram PAL16X4
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PAL Family

Logic Diagram PAL16A4
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PAL Family

Standard Test Load and Definitions of Waveforms

Standard Test Load

TEST
POINT
FROM OUTPUT

UNDER TEST

Ci

L Ro
(See Note A) (See Note C)

o2 —t

Test Waveforms
TIMING 3v
INPUT f/—VT (See Note C)

ov
tsetup T——~‘~——f»'hold
3v

DATA Ny 4

INPUT

IN-PHASE
ouTPUT vr

OUT OF PHASE
OuTPUT
(See Note G) VoL

Propagation Delay

NOTES: A. Cy includes probe and jig capacitance.
B. All diodes are 1N916 or 1N3064.

C. Rp = 1K, VT =15V

D

(See Note B)

RL
o—W\w——oVce

||}—

HIGH-LEVEL
PULSE VT VTN
-ty
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. 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.

mom

tr=15ns tf< 6 ns

. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
All input pulses are supplied by generators having the following characteristics: PRR = 1 MHz, Zgoyt = 50(} and:

G. When measuring propagation delay times of 3-state outputs, switches S1 and S2 are closed.
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PAL Family

Clock Frequency

Maximum clock frequency, fmax

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 es-
tablished that should cause changes of output logic level in ac-
cordance with the specification.

Current

High-level input current, |§

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

High-level output current, IoH

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 input current, Ij_

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

Low-level output current, loL

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

Off-state (high-impedance-state) output current (of a
three-state output), 10z

The current into * an output having three-state capability with
input conditions applied that according to the product specifica-
tion will establish the high-impedance state at the output.
Short-circuit output current, Ios

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).

Supply current, Icc

The current into * the Voc supply terminal of an integrated
circuit.

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

Hold Time

Hold time, tp

The 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 between two
events and may be insufficient to accomplish the
intended result. A minimum value is specified that
is the shortest interval for which correct operation
of the logic element 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 data and the active transi-
tion) for which correct operation of the logic ele-
ment is guaranteed.

Output Enable and Disable Time

Output enable time (of a three-state output) to high level,
tpzH (or low level, tpz| )

The propagation delay time 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 (or low) level.

Output enable time (of a three-state output) to high or low
level, tpzx

The propagation delay time 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).

Output disable time (of a three-state output) from high level,
tpHz (or low level, tp 2)

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

Output disable time (of a three-state output) from high or
low level, tpxz

The propagation delay time 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.

Propagation Time

Propagation delay time, tpp

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.
Propagation delay time, low-to-high-level output, tpLH
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.

Propagation delay time, high-to-low-level output, tpHL
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.

Pulse Width

Pulse width, ty

The time interval between specified reference points on the
leading and trailing edges of the pulse waveform.

Setup Time

Setup time, tgy

The time interval between the application of a signal that is

maintained at a specified input terminal and a consecutive ac-

tive transition at another specified input terminal.

NOTES: 1. The setup time is the actual time between two
events and may be insufficient to accomplish the
setup. A minimum value is specified that is the
shortest interval for which correct operation of the
logic element 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
logic element is guaranteed.
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PAL Family

Voltage

High-level input voltage, V|4

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 voltage for which operation of the logic ele-
ment within specification limits is guaranteed.

High-level output voltage, VoH

The voltage at an output terminal with input conditions applied

that according to the product specification will establish a high

level at the output.

Input clamp voltage, Vic

An input voltage in a region of relatively low differential resis-

tance that serves to limit the input voltage swing.

Low-level input voltage, V|

An input voltage level within the less positive (more negative) of

the two ranges of values used to represent the binary variables.

NOTE: A maximum 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.

Low-level output voltage, VoL

The voltage at an output terminal with input conditions applied

that according to the product specification will establish a low

level at the output.

Negative-going threshold voltage, VT

The voltage level at a transition-operated input that causes op-

eration of the logic element according to specification as the

input voltage falls from a level above the positive-going

threshold voltage, VT4 .

Positive-going threshold voltage, VT+

The voltage level at a transition-operated input that causes op-

eration of the logic element according to specification as the

input voltage rises from a level below the negative-going

threshold voltage, VT—.

3-26

Truth Table Explanations

H = high level (steady-state)

L = low level (steady-state)

1 = transition from low to high level

| = transition from high to low level

X = irrelevant (any input, including transitions)

z = off (high-impedance) state of a 3-state output
a

.h = the level of steady-state inputs at inputs A through
H respectively
Qo = level of Q before the indicated steady-state input
conditions were established
Qo = complement of 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

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

If, in the input columns, a row contains H, L, and/or X together
with 1 and/or |, this means the output is valid whenever the input
configuration is achieved but the transition (s) must occur follow-
ing 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.
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