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PAL®(ProgrammabIe Array Logic)Devices
HAL® (Hard Array Logic) Devices

Features/Benefits

® Reduces SSI/MSI chip count greater than 4 to 1

® Saves space with SKINNYDIP® and PLCC packages

¢ Reduces IC inventories substantially

¢ Expedites and simplifies prototyping and board layout

® PALASM® 2 silicon compiler provides easy design entry
® Security fuse reduces possibility of copying by competitors

Description

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

The HAL device 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/MSI gates and flip-flops at re-
duced chip count.

The PAL device 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 interconnec-
tions 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/HAL device transfer function is the familiar sum of
products. Like the PROM, the PAL device has a single array of
fusible links. Unlike the PROM, the PAL device is a program-
mable AND array driving a fixed OR array (the PROM is a
fixed AND array driving a programmable OR array).

In addition the PAL/HAL device provides these options:

@ Variable input/output pin ratio

® Programmable three-state outputs

® Registers with feedback

® Arithmetic capability

® Exclusive-OR gates

Unused input pins should be 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 comple-
ment of any single input assume the logical low state. Regis-
ters consist of D-type flip-flops which are loaded on the low-
to-high transition of the clock. PAL/HAL device Logic Dia-
grams are shown with all fuses blown, enabling the designer
to use the diagrams as coding sheets. PALASM 2 software
automatically generates a similar diagram, called the fuse plot.
The entire PAL device family is programmed using inexpen-
sive conventional PROM programmers with appropriate per-
sonality and socket adapter cards. Once the PAL device is
programmed and verified, 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
device using PALASM 2 software and the "PAL DEVICE
DESIGN SPECIFICATION' standard format. This specification
is submitted to Monolithic Memories where it is computer-
processed and assigned a bit pattern number, e.g., H01234,
Monolithic Memories wili provide a PAL device sample for
customer qualification. The user then submits a purchase
order for a HAL of the specified bit pattern number, e.g.,
HAL18L4 H01234. For details on ordering HAL devices,
please refer to the brochure, ProPAL, HAL, and ZHAL De-
vices: The Logical Solutions for Volume Programmable Logic,
available from Monolithic Memories.

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374
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PAL/HAL Devices

Register Bypass (MegaPAL Devices)

Outputs within a bank must either be all registered or all
combinatorial. Whether or not a bank of registers is bypassed
depends on how the outputs are defined in the equations. A
colon followed by an equal sign [: = ] specifies a registered
output with feedback which is updated after the low-to-high
transition of the clock. An equal sign [ = ] defines a combina-
torial output which bypasses the register. Registers are by-
passed in banks of eight. Bypassing a bank of registers
eliminates the feedback lines for those outputs.

Output Polarity

Output polarity is defined by comparison of the pin list and the
equations. If the logic sense of a specific output in the pin list
is different from the logic sense of that output as defined by its
equation, the output is inverted or active low polarity. If the
logic sense of a specific output in the pin list is the same as
the logic sense of that output as defined by its equation, the
output is active high polarity. Note that the P, RA, RS, and
MegaPAL devices have programmable output polarity.

Product Term Sharing

(RS, MegaPAL Devices)

The basic configuration is sixteen product terms shared be-
tween two output cells. For a typical output pair, each product
term can be used by either output; but, since product term
sharing is exclusive, a product term can be used by only one
output, not both. If equations call for an output pair to use the
same product term, two product terms are generated, one for
each output. This should be taken into account when writing
equations. PAL device assemblers configure product terms
automatically.

Product Term Editing

A unigue feature of product term sharing is the ability to edit
the design after the device has been programmed. Without
this feature, a new PAL device had to be programmed if the
user needed to change his design. Product term editing allows
the user to delete an unwanted product term and reprogram a
previously unused product term to the desired fuse pattern.
This feature is made possible by the product term sharing
architecture. Since each product term can be routed to either
output in a given pair by selecting one of two steering fuses, it
is possible to blow both of the steering fuses thereby com-
pletely disabling that product term. Once disabled, that prod-
uct term is powered down, saving typically 0.25mA. The
desired change may now be programmed into one of the
previously unused product terms corresponding to that output
pair. Additional edits can be made as long as there are
unused product terms for the output in question.

PRESET Feature (PAL64R32 only)

Register banks of eight may be PRESET to all highs on the
outputs by setting the PRESET pin (PS) to a Low level. Note
from the Logic Diagram that when the state of an output is
High, the state of the register is Low due to the inverting tri-
state buffer.

TTL-Level Preload Features

(RA, MegaPAL Devices)

Preload pins have been added to enable the testability of
each state in state-machine design. Typically, for a modulo-n
counter or a state machine there are many unreachabie states
for the registers. These states, and the logic which controls
them are untestable without a way to '"set-in" the desired
starting state of the registers. In addition, long test sequences
are sometimes needed to test a state machine simply to reach
those starting states which are legal. Since complete logic
verification is needed to ensure the proper exit from "itlegal”
or unused states, a way to enter these states must be
provided. The ability to preload a given bank of registers is
provided in this device.

To use the preload feature, several steps must be followed.
First, a high level on an assertive-low output enable pin
disables the outputs for that bank of registers. Next, the data
to be loaded is presented at the output pins. This data is then
loaded into the register by placing a low level on the PRE-
LOAD pin, PRELOAD is asynchronous with respect to the

clock.
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Programmable Set and Reset

(RA Family only)

In each SMAC, two product lines are dedicated to asynchro-
nous set and reset. If the set product line is high, the register
output becomes a logic 1. If the reset product line is high, the
register output becomes a logic 0. The operation of the
programmable set and reset overrides the clock. Note that set
and reset are in reference to the register, independent of
polarity.

Individually Programmable Register
Bypass (RA Family only)

If both the set and reset product lines are high, the sum-of-
products bypasses the register and appears immediately at
the output, thus making the output combinatorial. This allows
each output to be configured in the registered or combinatorial
mode.

Programmable Clock (RA Family only)

One of the product lines in each group is connected to the
clock. This provides the user with the additional flexibility of a
programmable clock, so each output can be clocked indepen-
dently of all the others.
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Small 20 Series
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2

Small 20 Series

i
STANDARD HALF POWER
INPUTS OUTPUTS POLARITY N I ¢ i
PD cC PD cC
(ns) (mA) (ns) (mA)
PAL10H8 10 8 HIGH 35 a0 65 40
PAL12H6 12 6 HIGH 35 90 65 40
PAL14H4 14 4 HIGH 35 90 65 40
PAL16H2 16 2 HIGH 35 90 65 40
PAL16C1 16 2 BOTH 40 90 65 40
PAL10L8 10 8 LOW 35 90 65 40
PAL12L6 12 6 LOW 35 90 65 40
PAL14L4 14 4 LOW 35 a0 65 40
PAL16L2 16 2 LOW 35 90 65 40
Description Performance

The Small 20 Series is made up of nine combinatorial 20-pin
PAL devices. They implement simple combinatorial logic, with
no feedback. Each has sixteen product terms total, divided
among the outputs, with two 1o sixteen product terms per
output.

Two performance options are available. The standard series
has a propagation delay (tpd) of 35 nanoseconds (ns), except
for the 16C1 at 40ns. Standard supply current is 90 milliamps
{mA). The half-power version consumes ornly 40mA, with a
speed of 65ns.

Poiarity

Both active high and active low versions are available for each
architecture. The 16C1 offers both polarities of its single
output.

Monolithic [ﬁ.ﬁﬂ Memories 2-5



16C1/-2

16L2/-2
\J
| E—

16H2/-2

L 1 ! wmm_ L L —l Mmm
HUONEEEEEE  OEEeor e EE
Elalalslclzlalalalzl

@ .; alalalslelalclclclcl
e 30 0000

1 I 1 L 1 L 1 =
U HEETEEE § ) e
AEIEFIEFERERE ﬁ__ﬂmm_ﬁ_ _

14H4/-2

Small 20 Series

=
=
>
= >
;—ﬁ
]

2

3

2

]

]

7

8

9

10

Monolithic m Memories

000000000

12H6/-2

B -
[ G
olie
olin
cifas
A G
oG
[ G
oG
12:60/902
=g
T
=l
albg
=g
—1]

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

10H8/-2

DIP Pinouts

o d 1T I T T 71
DU EEE
slalalelalalalalsic NMMMEMMMEEM

ey

N el
E23.~557l9m EE E - %




: Small 20 Series
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 120L6, 14L4, 16L2

PLCC Pinouts
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Small 20 Series
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 5.25 \
Ta Operating free-air temperature -55 0 75 °C
Te Operating case temperature 125 °C

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v ! Low-level input voltage 08 V
Vig! High-level input voltage 2 v
Vie Input clamp voltage Vee = MIN ) = -18mA -08 | -15 v
I Low-level input current Vg = MAX V| = 0.4V -0.02| -0.25| mA
™ High-level input current Voo = MAX V, =24V 25 | pA
I Maximum input current Voo = MAX V| = 5.5V 1| mA

MIL loL = 8mA
Vou Low-level output voltage Voo = MIN 0.3 0.5 \
CcoM loL = 8mA
MIL lon = —2mA
Vou High-level output voltage Voo = MIN 24 28 v
CcoMm loy = -3.2mA
log? Output short-circuit current Voo = 5V Vg = 0V -30 -70 | =130 | mA
lec Supply current Voo = MAX 55 90 | mA

Switching Characteristics

TEST MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
CONDITIONS | iy | Typ | MAX | MIN | TYP | MAX
input or Except 16C1 | 5 _ se00 25 45 25 35
tep feedback to N 11K ns
output 16C1 2 ' 25 45 25 40

1. These are absolute values with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these
values without suitable equipment.
2. No more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

2-8 Monolithic ﬁﬂﬂ Memories




. Small 20-2 Series
10H8-2, 12H6-2, 14H4-2, 16H2-2, 16C1-2, 10L8-2, 12L6-2, 14L4-2, 16L2-2

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 5.25 \
Ta Operating free-air temperature -55 1256 1 0 7% | °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
‘R Low-level input voltage 08| Vv
Vi High-level input voltage 2 v
Vic Input clamp voltage Voo = MIN I =-18mA -08 | -15 V'
I Low-level input current Vg = MAX V) =04V ~0.02| -0.25| mA
[ High-level input current Voo = MAX V) =24V 25 | pA
I, Maximum input current Voo = MAX V, = 5.5V 1] mA
Mil loL = 4mA
Vo Low-level output voltage Vee = MIN 0.3 0.5 \4
Com lor = 4mA
Mil lon = —1mA
Von High-level output voltage Ve = MIN 2.4 2.8 V'
Com lop = =1mA
log? Output short-circuit current Voo = 5V Vg = 0V -30 | -70 | -130 | mA
lec Supply current Voo = MAX 30 45 | mA

Switching Characteristics over Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER TEST UNIT
MIN | TYP | MAX | MIN | TYP | MAX
tep Input or feedback to output E; : ;;igﬂ 45 80 45 60 ns

1. These are absolute vaiues with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these
values without suitable equipment.
2. No 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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Small 20 Series
10H8 Logic Diagram
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Small 20 Series
12H6 Logic Diagram
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Small 20 Series
14H4 Logic Diagram

14H4
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Small 20 Series
16H2 Logic Diagram

16H2
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Small 20 Series
16C1 Logic Diagram
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Small 20 Series
10L8 Logic Diagram
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Small 20 Series
16L6 Logic Diagram

16L6
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Small 20 Series
14L4 Logic Diagram

14L4
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Small 20 Series
16L2 Logic Diagram
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Medium 20 Series
16L8, 16R8, 16R6, 16R4

Medium 20 Series

OUTPUTS
DEDICATED INPUTS
COMBINATORIAL REGISTERED

PAL16L8 10 8 (6 1/0) 0

PAL16R8 8 0 8

PAL16R6 8 21/0 6

PAL16R4 8 4 1/0 4
Description
The Medium 20 Series offers the four most popular PAL Suffix (tr"’; (:,?f\)
device architectures. It also provides the fastest PAL devices
n the industry. , , _ (standard) 35 180
The Medium 20 Series consists of four devices, each with A o5 180
sixteen array inputs and eight outputs. The devices have A2 35 90
either 0, 4, 6, or 8 registered outputs, with the remaining being A4 55 50
combinatorial. Each cf the registered outputs feeds back into B or BP* 15 180
the array, for sequential designs. The combinatorial outputs B-2 25 90
also feed back into the array, except for two of the outputs on B-4 35 55
the 16L8. This feedback aliows the output to also operate as D 10 180

an input if the output is disabled.

Enabie

The combinatorial outputs are enabled by a product term. The
registered outputs are enabled by a common enable pin.

Polarity
All outputs are active low.

Performance
Several speed/power versions are available:

* contact Monolithic Memories for datasheet

The D Series offers the fastest TTL programmable logic
devices in the industry, at 10ns tpd.

Preload and Power-up Reset

The BP Series offers register preload for device testability.
The registers can be preloaded from the outputs by using
supervoltages (see waveforms at end of section) in order to
simplify functional testing. The PAL20BP Series aiso offers
Power-up Reset, whereby the registers power up to a logic
LOW, setting the active-low outputs to a logic HIGH.

Monolithic m Memories 2-19




Medium 20 Series
16L8, 16R8, 16R6, 16R4

DIP Pinouts
16L8/A/A-2/A-4/ 16R8/A /A-2/A-4/ 16R6/A/A-2/A-4/ 16R4/A/A-2/A-4/
B/B-2/B-4/D B/B-2/B-4/D B/B-2/B-4/D B/B-2/B-4/D
E—?\'D 20 E > 70 ] -~ 20 o U 20
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O BB O [ o gl o few
D EE o EE o mee 8 Bl
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PLCC Pinouts
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B/B-2/8-4/D B/B-2/8-4/D B/B-2/B-4/D
3ll21]1][20} 19 3ji21[1][zo]fis] 3211120l fie
vCC j VCC j Ve j
4 o H18 4 v REG118 4 v 76 H18
[Fe] REG
5| INeur voHi7] 0 g vl ReG |H17] S 1 INPUT e i)
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6 OR CELLS VO—E € OR CELLS REG E 6 OR CELLS REG E
LOGIC =1 |Loaic nEG E LOGIC
7 I ARRAY :;g-E ARRAY REa 7 H ArRAY recH15]
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Medium 20 Series
16L8, 16R8, 16R6, 16R4

Operating Conditions

COMMERCIAL!

SYMBOL PARAMETER UNIT
MIN | TYP | MAX

Veo Supply voltage 4.75 5 5.25 \Y

t, Width of clock Low 25 19 ns
High 25 10

i, etap fime from input 16R8, 16R6, 16R4 3 | 25 ns
4, Hold time -15 ns
Ta Operating free-air temperature 75 | °C
Te Operating case temperature °C

Electrical Characteristics

SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v, 2 Low-level input voltage 08| Vv
Viy? High-level input voltage 2 \%
Vie Input clamp voltage Voo = MIN I, = ~18mA -08 | -15 \4
I3 Low-level input current Voo = MAX V| = 0.4V -0.02| -0.25| mA
3 High-level input current Vee = MAX V) = 24V 25 | uA
I Maximum input current Voo = MAX V| = 5.5V 1) mA
VoL Low-level output voltage Vee = MIN Com oL = 24mA 0.3 0.5 \4
Von High-level output voltage Voe = MIN Com loy = —3.2mA 2.4 28 \
loz,® Off-state output current Vee = MAX Vo = 04V L
lozn® Vo = 2.4V 100 | pA
log? Output short-circuit current Voo = 5V Vo =0V -30 =70 | =130 | mA
lec Supply current Voo = MAX 16R4, 16R6, 16R8, 16L8 120 180 mA

Switching Characteristics over Operating Conditions
COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS UNIT
MIN | TYP | MAX

top 'o”lﬁ:tnm feedback to 16R6, 16R4, 16L8 25 35 | ns
toLk Clock to output or feedback 15 25 ns
tpzx Pin 11 to output enable except 16L8 15 25 ns
tpxz Pin 11 to output disable except 16L8 R; = 20002 15 25 | ns
tpzx Input to output enable 16R6, 16R4, 1618 R, = 39082 25 35 | ns
toxz Input to output disable 16R86, 16R4, 16L8 25 35 | ns
frmax Maximum frequency 16R8, 16R6, 16R4 16 25 MHz

1. The PAL20 Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories.

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to s

these values without suitable equipment.
3. 1/0 pin leakage is the worst case of I and lgz (or I,y and lozm)-

4. No more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

ystem and/or tester noise. Do not attempt to test
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Medium 20A Series
16L8A, 16R8A, 16R6A, 16R4A

e ———

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply voltage 4.5 5 55 | 475 5 5.25 \
Low 20 10 15 10
by Width of clock ns
High 20 10 15 10
Set up time from input
oy or feedback 1o clock 16R8A, 16R6A, 16R4A 30 15 25 15 ns
t, Hold time 0 -10 0 -10 ns
Ta Operating free-air temperature -55 0 75 °C
Te Operating case temperature i25 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v ! Low-level input voltage 0.8 \"
Viu High-level input voltage 2 \4
Vic Input clamp voitage Voo = MIN I = —18mA -08 | -15 \
I 2 Low-level input current Voo = MAX V) = 0.4V -0.02{ -0.25| mA
2 High-level input current Voo = MAX V) = 24V 25 | uA
I Maximum input current Vee = MAX V, = 55V 11 mA
Mit loL = 12mA
Vou Low-ievel output voltage Vee = MIN 0.3 0.5 v
Com loL = 24mA
Mil lop = —2mA
Vou High-level output voltage Voo = MIN 2.4 2.8 A
Com loy = -3.2mA
gz, 2 Vg = 0.4V -100 | uA
Oz Off-state output current Voo = MAX 9
lozn2 Vo = 2.4V 100 | WA
los® Output short-circuit current Vee = 5V Vo =0V -30 ~70 | ~130 | mA
lce Supply current Ve = MAX 120 180 | mA

1. These are absolute voltages with respect to the ground pin on the device and include all overshoots

these values without suitable equipment.
2. 1/O pin leakage is the worst case of h and Iz (or Iy and igzy).

3. No more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

due to system and/or tester noise. Do not attempt to test
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Medium 20A Series
16L8A, 16R8A, 16R6A, 16R4A

Switching Characteristics over operating conditions

TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN TYP | MAX | MIN TYP | MAX

Input or

top feedback to 16R6A, 16R4A, 15 30 15 25 ns

16L8A

output

tok Clock to output or feedback 10 20 10 15 ns
Pin 11 to output enable except

tpzx 16L8A 10 25 10 20 | ns
Pin 11 to output disable except Ry = 20092

texz 16L8A R, = 3908 B 2 " 20| ns
Input to 16R6A, 16R4A,

tezx output enable 16L8A 10 30 10 25| ns
Input to 16R6A, 16R4A,

texz output disable 16L8A 13 30 13 2| ns
Maximum 16R8A, 16R6A,

frax frequency 16R4A 20 40 285 40 MHz
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Medium 20A-2 Series
16L8A-2, 16R8A-2, 16R6A-2, 16R4A.2

Operating Conditions

|

SYMBOL PARAMETER
o Suppiy voltage
i Low
Width of clock -
| High
' Set | up time from input 16R6A-2, 16R4A-2,
| or feedback to clock 16R8A-2
T _—
ty, Hold time | 0
Ta || Operating free -air temperdture -55
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS
KA Lowdevel input vottage |
P Vel Input volt: Q\P__,
i V! High-level vel input put voltage I
Vie Input clamp voltage j Vco = MIN
{_'wj_,* Lowlovel input urrent | Ve = MAX
hy? High-level input current | Voo = MAX
l I, i Max'mum input cuirent Ve = MAX
VoL Low-level output voltage i Voo = MIN
',,,_“,__T_ﬁ..mm“_,*h_-h_, -
High-level output voltage Ve =
-—142—7—-“- | Oft.state output current t Voo = MAX e O 7
S —— S,
L’Qig__, L Outputjrj?imrcun it current \_/'EQf 5V
L loe Supply current Voo = MAX

Switching Characteristics over Operating Conditions

T
l ! |l TEST MILiTARY COMMERCIAL
SYMBOL | PARAMETER { e e Rty S T UNIT
f | CONDITIONS MIN Tve | max | MlN MAX
St o _.—_._FL“‘.— T T T T T e _“l:—::._ S S t— ..:‘:"
| Input or Twuz 2, 16R6A-2, | I )
[ o feedback o | {ZAE ’ | 25 50 l [
f output | |

— — I N __,_

oLk Clock to output or feedback _{‘ (j W% 15
i R Mttt T — S
r Pin 11 to output disable/enabte i !
| texzrzx Texcept 16L8A-2 JI Fo =200 | ° 25 13 l
[ R i Y A —

input to 16L8A-2, 1 2, 16R6A-2, 2, _ o | i

L tezx output enable , 16R4A-2 ’ Rz = 3900 ! | 25 45 %
———— —— ————— . —‘i.__“

\ Input to | 16L8A2, 16R6A2, 1 | 0 45 25 .
| texz output disable 16R4A-2 | !' - '

| TTTRRT BSADK — —

Maximum 1GRBA 2, 16R6A 2 .
fmax frequency , 16R4A-2 ] | 14 | 25 l, | 16 25

1. These are absolute voltages with respect to the ground pin on the device and include ail overshoots due to system and/or tester noise. Do not! attemnpt to test
these values without suitable equipment,

2. 170 pin leakage is the worst case of b and 1,7 (or 1, and loz1)-

3. No mere than one output should be shored at a time and duration of the short circuit should not exceed one second.

~
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Medium 20A-4 Series
16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Voo Supply voltage 4.5 5 55| 475 5 5.25 \
. Low 40 20 30 20
tw Width of clock ns
High 40 20 30 20
Set up time from input 16R8A-4, 16R6A-4,
tsu or feedback to clock 16R4A-4 90 45 60 45 ns
t, Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -55 125 | 0 75 °C

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v ! Low-level input voltage 08| Vv
Viy' High-level input voltage 2 v
Vie Input clamp voltage Veo = MIN I = -18mA -08 | -15 \
I 2 Low-level input current Ve = MAX V), = 0.4v -0.02( -0.25| mA
2 High-level input current Voo = MAX V=24V 25 HA
I Maximum input current Voo = MAX V| = 55V 1| mA

Mil loL = 4mA
VoL Low-level output voltage Voc = MIN 03 0.5 V'
Com loL = 8mA
) Mit lop = -1TmA
Vou High-level output voltage Vee = MIN 24 2.8 A4
Com loy = —1mA
lozi 2 Vo = 0.4V -100 | wA

oz Off-state output current Voo = MAX o
lozn? Vo = 2.4V 100 | uwA
log® Output short-circuit current Voo = 5V Vg =0V -30 ~70 | -130 | mA
loc Supply current Voo = MAX 30 50 { mA

Switching Characteristics over Operating Conditions
TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Input or
top feedback to 125;’:\:' 16R4A-4, 35 75 35 55 | ns
output
Clock to output or feedback 20 45 20 35 ns
LK
Pin 11 to output disable/enable
toxz/2x T oxcopt Sloaa R, = 800§ 15 40 15 30| ns
Input to 16R6A-4, 16R4A-4,
tozx output enable | 16L8A-4 Ry = 1.56k % & % 50| ns
Input to 16R6A-4, 16R4A-4,
tpxz output disable | 16L8A-4 30 65 30 50| ns
Maximum 16R8A-4, 16R6A-4,
fmax frequency 16R4A-4 8 18 " 18 MHz

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

2. 1/0 pin leakage is the worst case of I and igy (or Iy, and lozw)-

3. No 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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Medium 20B Series

16L8B, 16R8B, 16R6B, 16R4B

Operating Conditions

COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Vee Supply voltage 4.75 5 5.25 \
Low 10
ty Width of clock ns
High 10 5
. . 16R8B
bW | Sk e pom o 5 | o e
16R4B
t, Hold time -10 ns
Ty Operating free-air temperature 25 75 °C
Electrical Characteristics over operating Conditions
COMMERCIAL
SYMBOL PARAMETER TEST CONDITION UNIT
MIN | TYP | MAX
V.2 Low-level input voltage 0.8 \%
Vi High-level input voltage 2 Y
Vic Input ctamp voitage Voo = MIN Iy = ~18mA -08 | ~-15 v
1.3 Low-level input current Voo = MAX Vv, = 0.4v -0.02| -0.25] mA
Iy High-level input current Voe = MAX V| =24V 25 HA
I Maximum input current Vee = MAX V) = 5.5V 1] mA
Voo Low-level output voltage Voo = MIN loL = 24mA 0.3 0.5 v
Vo High-level output voltage Voo = MIN lon = -3.2mA 24 2.8 \
loz. 2 Vg = 0.4V -100
oz Off-state output current Voo = MAX o HA -
lozn? Vo = 2.4V 100 | pA
log? Output short-circuit current Voo = 5V Vo = 0V -30 -70 | =130 | mA
lee Supply current Voo = MAX 120 180 | mA
Switching Characteristics Over Operating Conditions
TEST COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX
tep 16L.8B, 16R4B, 16R6B input or feedback to output 12 15 ns
tok Clock to output or feedback except 16L8B 8 12 ns
tozx Pin 11 to output enable except 16.88 Commercial 10 151 ns
tpxz Pin 11 to output disable except 16L8B R, = 20082 10 15 ns
tozx Input to output enable 16R6B, 16R4B, and 16L8B R, = 39002 12 22 | ns
toxz Input to output disable 16R6B, 16R4B, and 16L8B 12 15 ns
16R8B, 16R6B, 16R4B Feedback 37 45
fmax Maximum frequency No feedback 50 55 MHz

2.

The PAL20B Series is designed to operate over the full militay
These are absolute voltages with respect to the ground

these values without suitable equipment.

ry operating conditions. For availability and specifications, contact Monolithic Memories.

pirt on the device and include all overshoots due to system and/or tester noise. Do not attempt to test

170 pin leakage is the worst case of Iy and Iy (or by and lgz).
No 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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Medium 20B-2 Series
16L8B-2, 16R8B-2, 16R6B-2, 16R4B-2

Operating Conditions

COMMERCIAL'
SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Vee Supply voltage 4.75 5 5.25 \
A Low 15 10
ty Width of clock ns
High 15 10
Setup time from input or 16R8B-2
by feedback to clock 16ReB-2 25 1 ns
16R4B-2
t Hold time 0 -10 ns
Ta Operating free-air temperature 0 25 75 °C

Electrical Characteristics over Operating Conditions

COMMERCIAL

SYMBOL PARAMETER TEST CONDITION UNIT

MIN | TYP | MAX
v 2 Low-level input voitage 08| Vv
V2 High-level input voltage 2 Vo
Vie Input clamp voltage Vee = MIN I} = -18mA -0.8 -15 v o
I3 Low-level input current Voe = MAX V| = 0.4V -0.02| -0.25| mA
[ High-level input current Voo = MAX V) = 2.4V 25 1 uA
I Maximum input current Voo = MAX V) = 5.5V 11 mA
VoL Low-level output voitage Veoe = MIN lop = 24mA 0.3 0.5
Vou High-level output voltage Vse = MIN lon = —3.2mA 24 2.8 \
loz 2 Vo = 0.4V =100 | pA
ozt 3 Off-state output current Vee = MAX °
lozn Vo = 2.4V 100 | wA
los? Output short-circuit current Voo = 5V Vo = 0V =30 | =100 | -250 | mA
lee Supply current Vee = MAX 60 90 | mA

Switching Characteristics over Operating Conditions

TEST COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX

top grgp;ég_rzfeedback to output 16L8B-2, 16R4B-2, and 17 25 ns
tork Clock to output or feedback except 16L8B-2 10 15| ns
tpzx Pin 11 to output enable except 16L8B-2 Commercial 10 20 | ns
tpxz Pin 11 to output disable except 16L8B-2 R, = 20082 1 20 | ns
tozx Input to output enable 16R6B-2, 16R4B-2, and 16L8B-2 R, = 390Q2 10 25 ns
tpxz Input to output disable 16R6B-2, 16R4B-2, and 1618B-2 13 25 ns
fuax Maximum frequency 16R8B-2, 16R6B-2, and 16R4B-2 285 40 MHz

1. The PAL20B-2 Series is designed to operate over the fuil military operating conditions. For availability and specifications, contact Monclithic Memories.

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

3. /O pin leakage is the worst case of I and loz (or Iy and lgzy).

4. No 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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Medium 20B-4 Series
16L8B-4, 16R8B-4, 16R6B-4, 16R4B-4

Operating Conditions

COMMERCIAL!

SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Vee Supply voltage 4.75 5 5.25 \
Low 25 10
ty Width of clock - ns
High 25 10
sy fseit:l‘))a:i:rfofgz]cli(npm x lgggg"i 35 25 ns
16R4B-4
1, Hold time -10 ns
Ta Operating free-air temperature 25 75 °C
Electrical Characteristics Over Operating Conditions
COMMERCIAL
SYMBOL PARAMETER TEST CONDITION UNIT
MIN | TYP | MAX
Vi 2 Low-level input voltage 0.8 v
Vig? High-level input voltage 2 \
Vic Input clamp voltage Ve = MIN I = —18mA -08 | -15 \
I3 Low-level input current Vee = MAX Vi = 0.4V -0.02| -0.25| mA
I3 High-level input current Vee = MAX V= 2.4V 25 | pA
I Maximum input current Vee = MAX V| =55V 1| mA
VoL Low-level output voltage Vee = MIN lop = 8mA 0.3 0.5 \'
Vou High-level output voltage Vee = MIN loy = -1mA 2.4 2.8 \%
loz? Off-state output current Voo = MAX Vo = 04V “100 | wA
lozn® Vo = 2.4V 100 | WA
log? Output short-circuit current Vee = BV Vo = 0V ~30 | -100 | -250 | mA
lec Supply current Voo = MAX 30 55 | mA
Switching Characteristics over Operating Conditions
TEST COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX
top I1n6p’;1é é)'r4 feedback to output 16L8B-4, 16R4B-4, and 25 35 ns
tolk Clock to output or feedback except 16L8B-4 15 25 | ns
tozx Pin 11 to output enable except 16L8B-4 R, = 800802 15 25 ns
tpxz Pin 11 to output disable except 16L8B-4 R, = 1.56KQ2 15 25 ns
tozx Input to output enable 16R6B-4, 16R4B-4, and 16L8B-4 25 35 ns
toxz Input to output disable 16R6B-4, 16R4B-4, and 16L8B-4 25 35 ns
fmax Maximum frequency 16R8B8-4, 16R6B-4, and 16R4B-4 16 25 MHz

-

The PAL20B-4 Series is designed to operate over the full milita
2. These are absolute voltages with respect to the ground pin on

these values without suitable equipment.
3. /O pin leakage is the worst case of I,_ and lozy. (of hy and lozy).

4. No more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

ry operating conditions. For availability and specifications, contact Monolithic Memories.
the device and include all overshoots due to system and/or tester noise. Do not attempt to test

2-28

Monolithic E.Eﬂ Memories




Medium 20D Series
16L8D, 16R8D, 16R6D, 16R4D

Operating Conditions

COMMERCIAL!
SYMBOL PARAMETER UNIT
MIN | TYP | MAX

Voo Supply voltage 4.75 5 5.25 v

Low 8 6
ty Width of clock High 5 p ns
tsu Setup time from input 16R8D, 16R6D, 16R4D 10 8 ns

or feedback to clock
t Hold time 0 -6 ns
Ta Operating free-air temperature 0 25 75 °C
Electrical Characteristics
SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT

Vi 2 Low-level input voltage 08| V
Vi? High-level input voltage 2 v
Vie Input clamp voltage Voo = MIN I = —18mA -08 | -15 \4
I3 Low-level input current Voo = MAX V| = 0.4V -0.02| -0.25] mA
(A High-level input current Voc = MAX V| =24V 25 | pA
| Maximum input current Ve = MAX V| = 55V 200 | wA
VoL Low-level output voltage Vo = MIN lor = 24mA 0.3 0.5 Vv
Vou High-level output voltage Voo = MIN lon = -3.2mA 2.4 3.4 \%
:22:33 Off-state output current Ve = MAX \\jz : ::\\; _11::: :l:
los? Output short-circuit current Ve = 5V Vo =0V -30 -70 | ~130 | mA
lcc Supply current Voo = MAX 120 180 | mA
Cin Input Capacitance Viy = 20V@ef = 1MHz 2
Cout Output Capacitance Vout = 2.0V@f = 1MHz 4 pF
Celk, EN Clock/Enable Capacitance Voik, en = 20V@f = 1MHz 9

Monolithic m Memories 2-29



Medium 20D Series
16L8D, 16R8D, 16R6D, 16R4D

Switching Characteristics over operating conditions

SYMBOL PARAMETER TEST COMMERCIAL | unrr
CONDITIONS MIN | TYP | MAX
tep Input or feedback to output 16L8D, 16R6D, 16R4D 3 8 10| ns
tok Clock to output or feedback except 16L8D 2 6 8 ns
tozx Pin 11 to output enable except 168D 3 8 101 ns
toxz Pin 11 to output disable except 16L8D R, = 20002 3 8 10 ns
thzx Input to output enable 16L.8D, 16R6D, 16R4D R, = 39002 1 8 10 ns
toxz Input to output disable 16L8D, 16R6D, 16R4D 1 8 10 ns
s | era, s 1ona0 e e el "
’ ’ No feedback 62.5 75

The PAL20D Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories.

2. These are absolute voltages with respect to the grounc pin on the device and include all overshoots due to system and/or tester noise. Do not attempt 1o test
these values without suitable equipment.

170 pin leakage is the worst case of I, and lozi O liy and loz).
4. No 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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Medium 20D Series
16L8D, 16R8D, 16R6D, 16R4D

Metastability

Metastability is a condition which can occur in any latch or flip-
flop if the minimum setup or hold times are violated. In most
cases, the flip-flop will either react to the input or remain in its
current state, both of which are stable results. The flip-flop
can also reach an "in-between" condition called the metasta-
ble state, which is stable only if there is no noise in the system
and the flip-flop is perfectly balanced. This metastable condi-

Metastability Characteristics over Operating Conditions

tion lasts until the flip-fiop falls into one of its two stable
states, which can take longer than the normal response time.
The PAL20D Series exhibits better metastability characteris-
tics than most other registered devices. It is less likely to enter
the metastable state and recovers faster to a stable state. As
a result, the PAL20D Series can make an excellent synchro-
nizer circuit, and the metastability characteristics have been
specified for designs in which the setup and hold times may
not always be met.

TEST COMMERCIAL
SYMBOL. PARAMETER CONDITIONS UNIT
MIN | TYP | MAX

p Poisson process rate 0.85 | 1.05 ns~!

k MTBF constant 0.8 1.0 | ws?
. . . MTBF = 10 years

tveT Minimum recovery time in asynchronous mode fy=(1/3)fd =3 20 30 ns

. \ MTBF = 10 years

faeT Maximum frequency in asynchronous mode fy=(1/3)id =3 21 26 MHz

Definition of Variables

MTBF (Mean Time Between Failures): the average time
between metastable occurrences that cause a violation of the
device specifications. Metastability characteristics are calculat-
ed at an arbitrary MTBF of 10 years for the convenience of
the user.

p (Poisson process rate): experimentally calculated factor
which determines the slope of the curve of probability of
failure.

k (MTBF constant): experimentally calculated factor which
determines the magnitude of the curve of probability of failure.
tsu (setup time): the specified minimum time interval allowed
between the application of a data signal at a specified device
input pin (pin 9 on the device under test) and a subsequent
clock transition. For the PAL20D Series, tsu is 10 nanosec-
onds.

tCLK (clock to output time): the specified maximum time
interval between a clock transition and the availability of valid
signals at an output pin. For the PAL20D Series, tCLK is 8
nanoseconds.

fMAX (maximum frequency): specified maximum frequency
for the device under test. Calculated as 1/{tsu + tCLK). For
the PAL20D Series, this calculates to 55.5 Megahertz.
f(clock frequency): actual clock frequency for the device
under test.

fy (data frequency): actual data frequency for a specified
input to the device under test.

d (data ratio): the ratio of the clock frequency to the data
frequency (f/fy).

t(time delay): the additional time allowed per period beyond
that required by the specifications. t is the actual time between
clock transitions beyond the required period of (tsu + tCLK).

tMET (metastability recovery time): minimum t required to
guarantee recovery from metastability, with specified test
conditions.

fMET (metastability frequency): maximum f clock frequency
to limit metastability failures, with specified test conditions.
Metastability Equations

MTBF = k (d/3) (1/f)2 P/

fMAX = 1/(tsu + tCLK)

f=1/(tsu + {CLK + 1)

f=d(fy

Metastability vs. Clock Frequency

'MET

10 YEARS

o
o TYPICAL
veC - 475V
1051 TA-75°C
1 Ay
104"
8
z 10
S
o
2
@ g0t q

2
E]

MTBF

1072[ /

1074
1076
108 H i L
1/100 1750 1/40 1/30 120

1-MHz?
opoatoom

*Normalized to d = 3; muitiply by 3/d for other data frequencies.
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Medium 20D Series
16L8D, 16Ra8D, 16R6D, 16R4D

Metastability Waveforms

Metastability Test Circuit

ut YYTTTY Y VY Y VY Y VYV IV TV VUV T YT T YT PAL16R4D
O
I [:[:::- hmvcc

u.:jcx . reser [21- Lok 5] ne

" sne mooe [T (78] ne
REGISTERED ne 9 o s
ouTPUT NC E A p— E A
<-'cu(-,<—l—+-'.u — ne 5] sp{iE] s

- NC E ERROR - E‘"

NC E E NC

1g E 0 oe E NC
k4

GND J1o mo_z

Metastability Test Pattern File
CHIP Metastability Test PAL16R4

CLOCK RESET SYNC MODE NC NC NC NC NC /D GND
/OE NC NC /ERROR /B /A /Q NC NC vee

EQUATIONS
Q 1= /Q* SYNC_MODE
+  D*/SYNC MODE
A t=  A*/Q
+ /A% g
+ ERROR
B t= B*/Q*/ERROR

+ /B* Q#*/ERROR
ERROR := /A%/B

;TOGGLE SYNCHRONOUS INPUT (TESTS f MAX)
+ TOGGLE ASYNCHRONOUS INPUT (TESTS META.)

JHOLD A (IF NOT ERROR)
iTOGGLE A (IF NOT ERROR)
iSET A IF ERROR

iHOLD B IF NOT ERROR, OR RESET
iTOGGLE B IF NOT ERROR, OR RESET

{COMPARE A AND B,
7 ERROR GOES HIGH IF A EQUALS B
INITIALIZE A AND B TO OPPOSITE PHASES

TB02030M

CDO1650M
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Medium 20 Series
16L8 Logic Diagram
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Medium 20 Series
16R8 Logic Diagram
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Medium 20 Series
16R6 Logic Diagram
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Medium 20 Series
16R4 Logic Diagram
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Medium 20PA Series
16P8A, 16RPSA, 16RP6A, 16RP4A

Medium 20PA Series

OUTPUTS - |

ARRAY INPUTS PD cc
COMBINATORIAL REGISTERED (ns) (mA)

PAL16P8A 16 8 0 25/30 180
PAL16RP8A 18 0 8 25/30 180
PAL16RPSA 16 6 2 25/30 180
PAL16RP4A 16 4 4 25/30 180

* 25ns active low, 30ns active high

Description

The Medium 20PA Series is equivalent to the Medium 20
Series, with the addition of programmable polarity. With pro-
grammable polarity unused, these devices are equivalent to
the Medium 20A Series.

Polarity
Each of these devices offers programmable polarity on each
output. If the polarity fuse is unused, the output is active low. If
the polarity fuse is programmed, the output is inverted to
active high.

Preload and Power-up Reset

Each device also offers register preload for device testability.
The registers can be preloaded from the outputs by using
supervoltages (see waveforms at end of section) in order to
simplify functional testing. This series also offers Power-up
Reset, whereby the registers power up to a logic LOW, setting
the active-low outputs to a logic HIGH.

Performance

Performance varies according to the use of the programmable
polarity. Active low outputs have a tpd of 25ns, while active
high outputs have a tpd of 30ns due to the extra inversion. All
devices consume 180mA maximum ICC.
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Medium 20PA Series

16P8A, 16RP8A, 16RP6A, 16RP4A
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Medium 20PA Series
16P8A, 16RP8A, 16RPGA, 16RP4A

Operating Conditions

COMMERCIAL'
SYMBOL PARAMETER UNIT
MIN | TYP | MAX

Vee Supply voltage 4.75 5 5.25 \%
Low 20 14

ty Width of clock ns
High 10 6
Setup time from input 16RP8A Polarity fuse intact 25 15

tsu r feadback to clock 16RPBA ns
or teedback to cioc 16RP4A Polarity fuse blown 30 20

t, Hold time 0 -10 ns

Ta Operating free-air temperature ¢] 75 °C

Electrical Characteristics over operating Conditions

COMMERCIAL
SYMBOL PARAMETER TEST CONDITION UNIT
MIN | TYP | MAX
v 2 Low-level input voltage 0.8
V2 High-leve! input voltage 2
Vie Input clamp voitage Voo = MIN I =-18mA -08 | -15
2 Low-level input current Voo = MAX V=04V -0.02; -0.25| mA
Iy High-level input current Vo = MAX V| = 2.4V 25 1 pA
l Maximum input current Ve = MAX V|, =55V 1] mA
Vou Low-level output voltage Voo = MIN lo = 24mA 0.3 0.5
Vou High-level output voltage Voo = MIN lon = =3.2mA 2.4 2.8 v
oz 2 Vo = 0.4V -100 | pA
B Off-state output current Vg = MAX

lozH Vo = 2.4V 100 | pA
los* Output short-circuit current Veg = 5V Vg = 0V -30 | -70 | -130 | mA
lce Supply current Vee = MAX 120 180 mA

1. The PAL20PA Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories.

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

3. 17O pin leakage is the worst case of | and oz (or iy and lgzy).

4. No 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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Medium 20PA Series

16P8A, 16RP8A, 16RP6A, 16RP4A

Switching Characteristics Over Operating Conditions

TEST COMMERCIAL
SYMBOL PARAMETER CONDITIONS N | Tve | max UNIT

Input or feedback to Polarity fuse intact 15 25

tpp output 16P8A, 16RP6A, ns
16RP4A Polarity fuse blown 20 30

toLk Clock to output or feedback 10 15| ns

tozx Pin 11 to output enable except 16P8A R, = 20002 10 20 ns

toxz Pin 11 to output disable except 16P8A R, = 390K 1 20 ns

16RP6A, 16RP4A, and

tozx Input to output enable 16P8A 10 25 ns

toxz Input to output disable ISESEA 16RP4A, and 13 25 ns
Maximum frequency Polarity fuse intact 28.5 40

fmax 16RP8A, 16RP6A, MHz
16RP4A Polarity fuse blown 25 33
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Medium 20PA Series
16P8A Logic Diagram
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Medium 20PA Series
16RP8A Logic Diagram
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Medium 20PA Series
16RP6A Logic Diagram
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Medium 20PA Series
16RP4A Logic Diagram

16RP4A

1 D
0123 4587 soun 12131015 18171810 N2 umWI 22023

Y
i

UL
pAN v

i
: D> P
= > &
‘ ]
4
S
= b &
32
3
4 r
e B
= b &
: =
L J
4l
2
] = 1
“ D a
g —
- > §
7 A
ﬁxﬁ,"—\——l
4 -
»
50
51
g 13
5
» -
. |
|
= —
8
=
H 3 12
4 3:1
— =
9 "

0123 4587 1011 1213415 10971819 BNNN UBBT BNBAN

LDOD4B0M

2-44 Monolithic ﬁﬁﬂ Memories




Large 20 Arithmetic Series
16X4, 16A4

Large 20 Arithmetic Series

OUTPUTS
ARRAY INPUTS PRODUCT TERMS
COMBINATORIAL| REGISTERED
PAL16X4 16 4 4 64
PAL16A4 16 4 4 74

Description
The PAL16X4 and PAL16A4 have arithmetic gated feedback.
These are specialized devices for arithmetic applications.

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

INPUTS, FEEDBACK AND /O

XORed with two variable sums generated by the PAL device
array. The fiip-flop Q output is fed back to be gated with input
terms A (Figure 13). This gated feedback provides any one of
the sixteen possible Boolean combinations which are mapped
in the Karnaugh map (Figure 14). Figure 15 shows how the
PAL device array can be programmed to perform these
sixteen operations. These features provide for versatile opera-
tions on two variables and facilitate the parallel generation of
carrys necessary for fast arithmetic operations.
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Large 20 Arithmetic Series
16X4, 16A4
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Large 20 Arithmetic Series

16X4, 16A4
DIP Pinouts
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Large 20 Arithmetic Series

16X4, 16A4
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply voltage 4.5 5 55 | 475 5 5.25 A
) Low 25 10 25 10
tw Width of clock - ns
High 25 10 25 10
tsy Set up time from input or feedback to clock 55 30 45 30 ns
t, Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -55 0 75 °C
Te Operating case temperature 125 °C
Electrical Characteristics
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v ! Low-level input voltage 08| Vv
Vi High-level input voltage 2 v
Vie Input clamp voltage Vee = MIN I = ~18mA -08 | -15 \
.2 Low-level input current Voo = MAX V= 0.4V -0.02| -0.25| mA
2 High-level input current Vee = MAX V) =24V 25 | upA
| Maximum input current Vee = MAX V| = 5.5V 1] mA
Mit lo, = 12mA
VoL Low-level output voltage Vee = MIN 0.3 0.5 \
Com loL = 24mA
) Mil loL = —2mA
Vou High-level output voltage Ve = MIN 24 2.8 \%
Com lop = -3.2mA
lozL 2 Vg = 0.4V -100 | uA
ozL Off-state output current Voc = MAX o
lozn? Vo = 24V 100 | uA
los® Output short-circuit current Voo = 5V Vg = 0V ~-30 -70 | -130 | mA
| Suopl N v MAX 16X4 160 225 A
u curren = m
©e Pev ce 16A4 170 | 240
Switching Characteristics over operating Conditions
TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
top Input or feedback to output 30 45 30 40 ns
toLk Clock to output or feedback 15 25 15 25 ns
tpzx Pin 11 to output enable 15 25 15 25 ns
t Pin 11 to output disable Ry = 20082 15 25 15 25 | ns
PXZ R, = 390Q2
tozx input to output enable 30 45 30 40 | ns
tpxz Input to output disabie 30 45 30 40 | ns
fmax Maximum frequency 12 22 14 22 MHz

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

1/0 pin leakage is the worst case of I and loz {or 1y and loz).

No 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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Large 20 Arithmetic Series
16X4 Logic Diagram
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Large 20 Arithmetic Series
16A4 Logic Diagram
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Large 20RA Series
16RA8

Large 20RA (PAL16RAS8)

Description

The PAL16RA8 is a 20-pin registered asynchronous PAL
device. It is a 20-pin version of the original asynchronous PAL
device, the PAL20RA10. This versatile device features pro-
grammable clock, enable, set, and reset, all of which can
operate asynchronously to other flip-flops in the same device.
It also has individual fiop-flop bypass, allowing this one device
to provide any combination of registered and combinatorial
outputs.

Programmable Clock

The clock input to each flip-flop comes from the programma-
ble array, allowing the flip-flops to be clocked independently if
desired.

Programmable Set and Reset

Each flip-flop has a product line for asynchronous set and one
product for asynchronous reset. If the chosen product line is
high, the flip-flop will set (become a logic HIGH), or reset
(become a logic LOW). The sense of the output pin is inverted
if the output is active low.

Programmable Polarity
Each flip-flop has individually programmable polarity. The
unprogrammed state is active low.

Programmable Flip-flop Bypass

If both the set and reset product lines are high, the flip-flop is
bypassed and the output becomes combinatorial. Thus each
output can be configured to be registered or combinatorial.

Programmable and Hard-Wired
Three-State Outputs

The PAL16RA8 provides a product term dedicated to output
control. There is also an output control pin (pin 11). The
output is enabled if both the output controi pin is low and the
output control product term is high. If the output control pin is
high ail outputs will be disabled. If an output control product
term is low, then that output will be disabled.

Register Preload and Power-up Reset

Each device also offers register preload for device testability.
The registers can be preloaded from the outputs by using TTL
level signats in order to simplify functional testing. This series
also offers Power-up Reset, whereby the registers power up to
a logic LOW, setting the active-low outputs to a logic HIGH.
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Large 20RA Series

16RAS8
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Large 20RA Series
16RA8

Operating Conditions

COMMERCIAL!
SYMBOL PARAMETER UNIT
MIN | TYP | MAX

Vee Supply voltage 4.75 5 5.25 \

ty Width of clock 20 13 ns

twp Preload pulse width 35 15 ns

tsu Setup time for input or feedback to clock 20 10 ns

tsup Preload setup time 25 5 ns
) Polarity fuse intact 10 -2

t, Hold time - ns
Polarity fuse blown 0 -6

thp Preload hoid time 25 5 ns

Ta Operating free-air temperature 0 75 °C

Tc Operating case temperature °C

Electrical Characteristics over operating Conditions

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
v 2 Low-levet input voltage 08| V
Viu2 High-level input voltage 2 v
Vic input clamp voltage Voo = MIN I =-18mA -08 | -15 \
1,3 Low-level input current Vg = MAX V) = 0.4V -0.02| -0.25| mA
(s High-level input current Vee = MAX V| = 24V 25 | uA
I Maximum input current Voo = MAX V| = 5.5V 1| mA
Vou Low-level output voltage Vee = MIN o = 8BmA 0.3 0.5 \
Vou High-leve! output voitage Vee = MIN loy = -3.2mA 2.4 28 \
loz? Off-state output current Vee = MAX Vo = 2.4V/Vg = 0.4V -100 100 | pA
log? Output short-circuit current Vee = 5V Vo = 0V -30 -70 | -130 | mA
lec Supply current Veo = MAX 135 170 | mA

Switching Characteristics over operating Conditions

w

TEST COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX
Polarity fuse intact 20 30
tpp input or feedback to output - ns
Polarity fuse blown 25 35
toLk Clock to output or feedback 10 17 30 ns
tg Input to asynchronous set 22 35 ns
tr Input to asynchronous reset Ry = 5602 27 40 ns
tozx Pin 11 to output enable R, = 1.1KQ 10 20| ns
tpxz Pin 11 to output disable 10 20 ns
tpzx Input to output enable 18 30 ns
texz Input to output disable 15 30 ns
fmax Maximum frequency 20 35 MHz

The PAL20RA Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories.

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

1/0 pin leakage is the worst case of Iy and lnz_ (or by and lgzy).

No 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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Large 20RA Series
16RAS8 Logic Diagram
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12L10, 14L8, 16L6, 18L4, 20L2, 20C1

Small 24 Series

Small 24 Series

Tep lee

INPUTS OUTPUTS POLARITY "9 A)

PAL12L10 12 10 LOW 40 100
PAL14L8 14 8 LOW 40 100
PAL16L6 16 6 LOW 40 100
PAL18L4 18 4 LOW 40 100
PAL20L2 20 2 LOW 40 100
PAL20C1 20 2 LOW 40 100

Description Performance

The Small 24 Series is made up of six combinatorial 24-pin
PAL devices. They implement simple combinatorial logic, with

no feedback.

The standard series has a propagation delay (tpd) of 40
nanoseconds (ns). Standard supply current is 100 milliamps

(mA).
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Small 24 Series

12L10, 14L8, 16L6, 18L4, 20L2, 20C1
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Small 24 Series

12L10, 14L8, 16L6, 18L4, 20L2, 20C1

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply voltage 4.5 5 55 | 475 5 5.25 v
Ta Operating free-air temperature -55 0 75 °C
Te Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v ! Low-level input voltage 0.8 v
V! High-level input voltage 2 \
Vic Input clamp voltage Vee = MIN Iy = —18mA ~-08 | -15 v
e Low-level input current Voo = MAX V) = 0.4V -0.02| -0.25| mA
" High-level input current Vee = MAX V) =24V 25 | pA
4 Maximum input current Vog = MAX V, = 6.5V 11 mA
MIL  lg = 8mA
Vou Low-level output voltage Voo = MIN 0.3 0.5 v
COM 15 = BmA
MiL gy = -2mA
Von High-level output voltage Vee = MIN 24 28 \4
COM gy = -3.2mA
log? Output short-circuit current Vee = 5V Vg = OV -30 | -70 | -130 | mA
loc Supply current Vge = MAX 60 100 | mA
Switching Characteristics over Operating Conditions
TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
R1 = 56002
tep Input or feedback to output R2 = 1.1k 25 45 25 40 ns

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

2. No 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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Small 24 Series

12L.10 Logic Diagram
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Small 24 Series
14L8 Logic Diagram
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Small 24 Series
16L6 Logic Diagram
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Small 24 Series

18L4 Logic Diagram
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Small 24 Series
20L2 Logic Diagram
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Small 24 Series
20C1 Logic Diagram
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Small 24A Decoder Series
6L16A, 8L14A

Small 24A Decoder Series

tep lec
INPUTS OUTPUTS ") (mh)
PAL6L16A 6 16 25 90
PALBL14A 8 14 25 90
| Description Performance

The Small 24A Decoder Series provides a wide number of
outputs, especially useful in decoding applications. These two
parts implement simple combinatorial logic.

These devices offer 25ns speed at only 90mA supply current.
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Small 24A Decoder Series
6L16A, S8L14A

DIP Pinouts
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Small 24A Decoder Series
6L16A, 8L14A

Operating Conditions

COMMERCIAL!

SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Voo Supply voltage 4.75 5 5.25 A
Ta Operating free-air temperature 0 25 75 °C
Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
v, 2 Low-level input voltage 08| V
Vi High-level input voltage 2 v
Vie Input clamp voltage Vge = MIN I, = -18mA -08 | -15 \'
Iy Low-level input current Vee = MAX V) = 0.4V -0.02| -0.25| mA
™ High-level input current Vge = MAX V| = 2.4V 25 | WA
I Maximum input current Voo = MAX V| = 55V 11 mA
Vo Low-level output voltage Voo = MIN loL = 8mA 0.3 0.5
Vou High-level output voltage Vge = MIN loy = =3.2mA 2.4 2.8

log® Output short-circuit current Voo = 5V Vo = 0V -30 -70 | -130 | mA
lec Supply current Vee = MAX 60 90 | mA

Switching Characteristics over Operating Conditions

TEST COMMERCIAL
SYMBOL PARAMETER UNIT
CONDITIONS MIN | TYP | MAX
. Ry = 56080
tp Input to output propagation delay Ry = 1.1KQ 15 25 ns

1. The PAL24A Decoder Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories.

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

3. No 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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Small 24A Decoder Series
6L16A Logic Diagram
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Small 24A Decoder Series
8L14A Logic Diagram
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Medium 24 Series
20L8, 20R8, 20R6, 20R4

Medium 24 Series

OUTPUTS
DEDICATED INPUTS
COMBINATORIAL REGISTERED

PAL20L8 12 8 (6 1/0) 0

PAL20R8 10 0 8

PAL20R6 10 21/0 6

PAL20R4 10 41/0 4
Description
The Medium 24 Series consists of four devices, each with Suffix tep lec
twenty array inputs and eight outputs. The devices have either (ns) (mA)
0, 4, 6, or 8 registered outputs, with the remaining being A 25 210
combinatorial. Each of the registered outputs feeds back into

. : . . A-2 35 105
the array, for sequential designs. The combinatorial outputs
. B 15 210

also feed back into the array, except for two of the outputs on B2 * 25 105
the 20L8. This feedback allows the output to also operate as

an input if the output is disabled.

Enable

The combinatorial outputs are enabled by a product term. The
registered outputs are enabled by a common enable pin.

Polarity
All outputs are active low.

Performance
Several speed/power versions are available:

* contact Monolithic Memories for datasheet

Preload and Power-up Reset

The B-2 Series offers register preload for device testability.
The registers can be preloaded from the outputs by using
supervoltages (see waveforms at end of section) in order to
simplify functional testing. The B-2 Series also offers Power-
up Reset, whereby the registers power up to a logic LOW,
setting the active-low outputs to a logic HIGH.
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Medium 24 Series
20L8, 20R8, 20R6, 20R4

CMOS ZPAL™ 24 Series

Features/Benefits

® CMOS technology provides zero standby power

® Lowest power 24-pin PAL® device family; consumes only
3mA/MHz

® 35ns maximum propagation delay

® Programmable replacement for CMOS/TTL logic

® Reduces chip count by greater than six to one

® Instant prototyping and easier board layout

® HC/HCT compatible for use in CMOS or TTL systems

® Offered over both the Commercial and Industrial
temperature ranges

¢ Low-cost, one-time programmable SKINNYDIP® and PLCC
packages save board space

Description

The CMOS ZPAL24 Series offers the first family of PAL
devices with true CMOS power consumption. Under standby
conditions (inputs and clock not changing), the devices con-
sume a maximum current of 100uA, less than 1% that of the
quarter-power PAL devices. This low power consumption
allows the devices to be powered by a battery almost indefi-
nitely.

While operating, the devices consume additional power only
when the inputs or clock change. Power consumption is
directly proportional to the frequency of changes to the inputs.
Icc s therefore specified as 3mA per 1MHz of operating
frequency, starting from 5mA at 1MHz. Thus, the maximum
current at 8MHz would be 5mA + 7x3mA, or 26mA.

The devices have HC and HCT compatible inputs and outputs
for use in CMGOS and TTL systems. This feature allows the
ZPAL circuits to be used for direct replacement of discrete
CMOS as well as TTL logic.

Areas of Application

® Portable computers

® Battery-operated instrumentation

® Low-power industrial equipment

¢ Standard CMOS/TTL logic replacement

Features

The CMOS ZPAL24 Series includes the four standard 24-pin
PAL device architectures. All four devices have twenty array
inputs and eight outputs, with varying numbers of registers:
zero (20L8), four (20R4), six (20R6), and eight (20R8). The
combinatorial outputs on the registered devices, and six of the
outputs on the 20L8, are 1/O pins that can be individually
programmed as inputs or outputs. Each output register, a D-
type flip-flop, also feeds back into the array, for implementa-
tion of synchronous state machine designs. Registered out-
puts are enabled by an external input, while the combinatorial
outputs use a product term to control the enable function.
The basic PAL device architecture is a programmable AND
array feeding a fixed OR array. The programmable AND array
consists of a set of cells similar to those used in EPROMs.
Erasable by UV light, the cells can be programmed and
erased in the factory to ensure 100% programming and
functiona! yields.

Windowed packages will be made available in the future,
allowing erasure in the field. Windowed packages allow easy
prototype testing and reconfiguration.
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Medium 24 Series
20L8, 20R8, 20R6, 20R4

DIP Pinouts
20LBA/A-2/B 20R8A/A-2/B 20R6A/A-2/B 20R4A/A-2/B
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Medium 24A Series
20L8A, 20R8A, 20R6A, 20R4A

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply voltage 4.5 5 55 | 475 5 525 v
Low 20 7 15 7
tw Width of clock ns
High 20 7 15 7
t, fsezt d';g;"(mtz fcrl‘z)rgk'”p“t O | 20R8A 20R6A 20R4A | 30 15 25 15 ns
t Hold time 0 -10 0 -10 ns
Ta Operating free-air temperature -55 0 75 °C
Te Operating case temperature 125 °C

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v ! Low-level input voltage 08| Vv
Vi! High-level input voltage 2 \'%
Vic Input clamp voltage Vee = MIN I = -18mA -08 | -15 \4
I 2 Low-level input current Voo = MAX Vy = 0.4V -0.021 -0.25| mA
Iy High-level input current Vee = MAX V| =24V 25| pA
i Maximum input current Voo = MAX V| = 5.5V 1| mA

Mil loL = 12mA
VoL Low-level output voltage Voo = MIN 0.3 0.5 \'
Com Ig = 24mA
Mil lon = -2mA
VoH High-level output voltage Vee = MIN 2.4 28 \%
Com lgy = -3.2mA
loz 2 Vg = 0.4V -100 | wA
ozl Off-state output current Voo = MAX 0
lozn? Vo = 2.4V 100 | WA
los® Output short-circuit current Voo = 5V Vo =0V -30 ~90 | -130 | mA
lec Supply current Voo = MAX 160 210 | mA

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

2. 1/0 pin leakage is the worst case of | and lgz, {or Iy and igzy).
3. No 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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Medium 24A Series
20L8A, 20R8A, 20R6A, 20R4A

Switching CharacteristiCs over Operating Conditions

TEST MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
CONDITIONS | Ny | TYP | MAX | MIN | TYP | MAX
Input or
20R6A 20R4A
tep feedback to 20L8A 15 30 15 25 ns
output
toLk Clock to output or feedback 10 20 10 15| ns
Pin 13 to output enable except R, = 20082
tpzx 20L8A R, = 3902 10 25 10 20 ns
Pin 13 to output disable except
toxz 20LBA 11 25 1 20| ns
Input to output 20R6A 20R4A
tprx enable 20L8A 10 30 10 25 ns
Input to output 20R6A 20R4A
texz disable 20L8A 18 30 13 25 ns
Maximum 20R8A 20R6A
frax frequency 20R4A 20 40 28.5 40 MHz
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Medium 24A-2 Series
20L8A-2, 20R8A-2, 20R6A-2, 20R4A-2

Operating Conditions

COMMERCIAL' l
SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Vee Supply voltage 4.75 5 5.25 l \
] Low 25 10 [
t, Width of clock - ns
High 25 10 l
ty Setup time from input or feedback to clock 20R8A-2, 20R6A-2, 20R4A-2 | 35 25 ns
t Hold time ~-15
Ta Operating free-air temperature 25 75
Electrical Character istics over Operating Conditions
SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX
V.2 Low-level input voitage 08 Vv
Viy2 High-level input voltage 2 \
Vic Input clamp voltage Ve = MIN I, = -18mA -08 | -15 \4
B3 Low-level input current Vee = MAX V| = 0.4V -0.02| -0.25| mA
I3 High-level input current Vce = MAX V), = 2.4V 25 1 upA
, Maximum input current Vec = MAX V, =55V 1T mA
Vou Low-level output voltage Voo = MIN loL = 24mA 0.3 0.5
VoH High-level output voltage Vee = MIN lop = -3.2mA 2.4 28 v
lozL 2 Vo = 0.4V -100
oz Off-state output current Voo = MAX o KA
lozn® Vo = 2.4V 100 | wA
log? Output short-circuit current Voo = 5V Vo =0V -30 -70 | -130 | mA
loc Supply current Voo = MAX 80 105 | mA
Switching Character istics over Operating Conditions
TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Input or feedback to output
teo 20L8A-2 20R6A-2 20R4A-2 2% | 50 2% | 35 ns
Clock to output or feedback
tork excopt 20L85’\_2 15 25 15 25{ ns
Pin 13 to output disable/enable Commercial
texz/zx except 20L8A-2 Ry = 200 15 25 15 25| ns
Input to output enable 20L8A-2 R, = 33002
tezx 20R6A-2 SORMAD 2 S 2 | 3| ns
Input to output disable 20L8A-2
tpxz 20R6A2 20R4A S 2 45 % 3| ns
Maximum frequency 20R8A-2
DMX 20R6A-2 20R4A-2 4 19 16 % MHz

1. The PAL24A-2 Series is designed to o
2. These are absolute voltages with res;

these values without suitable equipment.
3. 1/0 pin leakage is the worst case of li and iz (or Iy and oz,

4. No more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

perate over the full military operating
pect to the ground pin on the device

g conditions. For availability and specifications, contact Monolithic Memories.

and include all overshoots due to system and/or tester noise. Do not attempt to test
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Medium 24B Series
20L8B, 20R8B, 20R6B, 20R4B

Operating Conditions

COMMERCIAL!

SYMBOL PARAMETER UNIT
MIN | TYP | MAX

Vee Supply voltage 4.75 5 5.25 v
. Low 10 6

ty Width of clock - ns
High | 20meB, 20R6B, 20R4B | 12 8

tey Setup time from input or feedback to clock 15 10 ns

th Hold time 0 -10 ns

Ta Operating free-air temperature 0 25 75 °C

Electrical CharacteristiCs over operating Conditions

COMMERCIAL
SYMBOL PARAMETER TEST CONDITION UNIT
MIN | TYP | MAX
Vi 2 Low-level input voltage 08| V
V2 High-level input voltage 2 \'
Vic Input clamp voltage Vg = MIN I, = -18mA -08 } -1.5 \
" Low-level input current Ve = MAX V| = 0.4V -0.02| -0.25{ mA
i3 High-level input current Voo = MAX V) = 24V 25 1 upA
i Maximum input current Vee = MAX V| = 55V 1] mA
Voo Low-levet output voltage Voo = MIN loL = 24mA 0.3 0.5 \
Vor High-tevel output voitage Voo = MIN oy = -3.2mA 24 2.8 v
loz. 2 Vo = 0.4V -100
oz 3 Off-state output current Vee = MAX o HA
lozH Vg = 2.4V 100 | WA
los* Output short-circuit current Vee = 5V Vo = OV -30 | -70 | -130 | mA
lcc Supply current Voo = MAX 140 210 | mA

Switching Characteristics over operating Conditions

TEST COMMERCIAL
SYMBOL PARAMETER CONDITIONS wn | 1ve | max UNIT
trp Input or feedback to output 20L8B, 20R6B, 20R4B 12 15 ns
toLk Clock to output or feedback except 20L.88 8 12| ns
tozx Pin 13 to output enable except 20L8B Commercial 10 15 ns
- - R, = 2000
toxz Pin 13 to output disable except 20L8B R, = 3900 8 12 ns
Input to output enable
tpzx 20R6B, 20R4B, 2088 12 18| ns
input to output disable
texz 20R6B, 20R4B, 20188 12 15| ns
¢ Maximum frequency Feedback 37 40 MH
MAX 20R8B, 20R6B, 20R4B No feedback 45 50 z

1. The PAL24B Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories.

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

3. 1/0 pin leakage is the worst case of | and loz {or 1y and loz)-

4. No 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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Medium 24 Series
20L8 Logic Diagram
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Medium 24 Series
20R8 Logic Diagram
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Medium 24 Series
20R6 Logic Diagram
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Medium 24 Series
20R4 Logic Diagram
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Medium 24X Series
20L10, 20X10, 20X8, 20X4

Medium 24X Series

OUTPUTS STANDARD HIGH SPEED

ARRAY INPUTS top e tep loc

COMBINATORIAL REGISTERED D | A | ce | R

PAL20L10 20 10 0 50 165 30 165
PAL20X10 20 0 10 50 180 30 180
PAL20X8 20 2 8 50 180 30 180
PAL20X4 20 6 4 50 180 30 180

Description Polarity

The PAL24X Series offers Exclusive-OR (XOR) gates preced-
ing each register. The XOR gate has as its inputs two sums,
each of two product terms. The XOR gate is very efficient for

counting applications.

Enable

The combinatorial outputs are enabled by a product term. The
registered outputs are enabled by a common enable pin.

All outputs are active low.

Preload and Power-up Reset

The 24XA Series offers register preload for device testability.
The registers can be preloaded from the outputs by using
supervoltages (see waveforms at end of section) in order to
simplify functional testing. The 24XA Series also offers Power-
up Reset, whereby the registers power up to a logic LOW,
setting the active-low outputs to a logic HIGH.
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Medium 24X Series
20L10, 20X 10, 20X8, 20X4

DIP Pinouts
20L10/A 20X10/A 20X8/A 20X4/A
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Medium 24X Series
20L10, 20X 10, 20X8, 20X4

Operating Conditions

MILITARY COMMERCIAL

SYMBOL PARAMETER UNIT

MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply voltage 4.5 5 55 | 475 5 5.25 \
Low 40 20 35 20
tw Width of clock ns
High 30 10 25 10
Setup time from input or
tsy feedback to clock 20X10, 20X8, 20X4 60 38 50 38 ns
th Hold time 0 -15 o] -15 ns
Ta Operating free-air temperature -55 75 °C
Te Operating case temperature 125 °C
Electrical Characteristics {Over Operating Conditions)
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v ! Low-level input voltage 0.8 \Y
Viu! High-level input voltage 2 v
Vic Input clamp voltage Voo = MIN I, = -18mA -08 | -15 \
I 2 Low-level input current Voo = MAX Vy = 0.4V -0.02| -0.25 mA
12 High-level input current Voo = MAX V) =24V 25 ) pA
| Maximum input current Voo = MAX V=55V 1] mA
Mil loL = 12mA

VoL Low-level output voltage Voc = MIN 0.3 0.5 v
Com loL = 24mA
Mil lon = —2mA

Vo High-level output voltage Voc = MIN 2.4 28 \4
Com loy = -3.2mA

lozL 2 Vg = 0.4V -100 | pA

oz Off-state output current Voo = MAX o
lozu2 Vo = 24V 100 | upA
log® Output short-circuit current Voo = 5V Vo =0V -30 -70 | =130 | mA
lec Supply current Voo = MAX 20X10  20X8  20X4 120 180 | mA
lec Supply current Voo = MAX 20L10 20 165 | mA

1. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test
these values without suitable equipment.
2. /O pin leakage is the worst case of || and lgz (or Iy and lozy).

3. No more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

Monolithic Eﬁﬂ Memories

2-83




Medium 24X Series

20L10, 20X10, 20X8, 20X4

Switching Characteristics (Over Operating Conditions)

TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP MAX

it fstbck o o w| @ |w| =

S)Igg;tt% (;ﬂtgut or feedback 20 a5 20 30 ns

toxz/2 Z;“c;; t2°0|‘_’:’gp“t disable/enable | g - 200 20 45 20 35 | ns

lznéa;:(;o output enable except R, = 39002 35 55 35 45 ns

|2nop)l(11t (;o output disable except 35 55 a5 45 ns
g"oa)’(‘:'g"";‘oggf‘;%&‘?’ 105 | 16 125 | 16 MHz
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Medium 24XA Series
20L10A, 20X10A, 20X8A, 20X4A

Operating Conditions

COMMERCIAL?
“‘ SYMBOL PARAMETER N X UNIT
) MI TYP | MA

' Voo Supply voltage 475 5 5.25 v
i ) Low 25 15
i tw Width of clock ns
' High 15 7
t, flit;? time from input or feedback to 20X10A, 20X8A, 20X4A 30 20 ns
th Hold time 0 -15 ns
Ta Operating free-air temperature 0 25 75 °C

Electrical Characteristics (over operating Conditions)

i SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
Vi 2 Low-level input voltage 08| Vv
Vin? High-level input voltage 2 v
| Vic Input clamp voltage Vge = MIN I = -18mA -08 | -15 \
I3 Low-level input current Vee = MAX v, = 0.4V -0.02{ -0.25| mA
2 High-level input current Vee = MAX V) = 24V 25 | pA
‘ I Maximum input current Voo = MAX V), = 5.5V 1| mA
N VoL Low-level output voltage Voo = MIN lo = 24mA 0.3 0.5 \%
‘ Vou High-level output voltage Vee = MIN lop = =3.2mA 2.4 2.8 \
loz.® Vg = 0.4V -100 | WA
ozt 3 Off-state output current Voo = MAX o
lozu Vo = 2.4V 100 | pA
los? Output short-circuit current Ve = 5V Vo = OV -30 -70 | =130 | mA
| Supoly G ‘ v MAX 20X10A,20X8A,20X4A 140 180 A
U urren = m
ce i ce 20L10A 115 | 165

Switching Characteristics (over operating Conditions)

COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS UNIT
“ MIN | TYP | MAX
| Input or feedback to output 20L10A, 20X8A, and
tep 20X4A 23 30 ns
toLk Clock to output or feedback 10 15| ns
tozx Pin 13 to output enable except 20L10A Commercial 1 20 ns
toxz Pin 13 to output disable except 20L10A Ry = 20002 10 20 | ns
20X8A, 20X4A, and _
thrx Input to output enable 20L10A R, = 36002 19 30| ns
A 20X8A, 20X4A, and
toxz Input to output disable 20L10A 15 30 ns
. 20X10A, 20X8A, and
frmax Maximum frequency S0X4A 22.2 32 MHz

The PAL24XA Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories.

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

3. 1/O pin leakage is the worst case of |} and Iz (or iy and lgzy).

4. No 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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Medium 24X Series
20L10 Logic Diagram
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Medium 24X Series
20X10 Logic Diagram
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Medium 24X Series
20X8 Logic Diagram
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Medium 24X Series
20X4 Logic Diagram
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Large 24RS Serios
20810, 20RS10, 20RS8, 20RS4

Large 24RS Series

OUTPUTS STANDARD
ARRAY INPUTS ton* L
COMBINATORIAL REGISTERED PO cc
(ns) (mA)
PAL20S10 20 0 0 35/40 240
PAL20RS10 20 0 10 35 240
PAL20RS8 20 2 8 35/40 240
PAL20RS4 20 6 4 35/40 240

*35ns active low, 40ns active high

Description

The Large 24RS Series offers product term sharing, which
allows up to sixteen product terms to be used at a single
output.

Enable

The combinatorial outputs are enabled by a product term. The
registered outputs are enabled by a common enable pin.
Programmable Polarity

Each flip-flop has individually programmable polarity. The
unprogrammed state is active low.

Product Term Sharing

Product term sharing allows each pair of outputs to share its
product terms with one output or the other (not both). Each

pair has a total of sixteen product terms; thus, one output can
use zero to sixteen terms while the other has sixteen to zero.
Product terms can only be shared mutually exclusively. If both
outputs need the same term, it must be created twice, once
for each output.

Preload and Power-up Reset

The 24RS Series offers register preload for device testability.
The registers can be preloaded from the outputs by using
supervoltages (see waveforms at end of section) in order to
simplify functional testing. The 24RS Series also offers Power-
up Reset, whereby the registers power up to a logic LOW,
setting the active-low outputs to a logic HIGH.
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Large 24RS Series
20810, 20RS10, 20RS8, 20RS4

DIP Pinouts
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Large 24RS Series
20S10, 20RS10, 20RS8, 20RS4

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply voltage 4.5 5 55 | 475 5 5.25 \
Low 20 10 15 10
tw Width of clock ns
High 20 10 15 10
. . 20RS10
tg, zissatér‘:ofrglg‘cL”p”t o | 20Rs8 40 25 35 25 ns
20RS4
th Hold time 0 -10 0 -10 ns
Ta Operating free-air temperature -55 0 75 °C
Te Operating case temperature 125 °C

Electrical CharacteristiCs (over Operating Conditions)

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
v ! Low-level input voltage o8| v
Viu'? High-level input voltage 2 v
Vic Input clamp voitage Vee = MIN I, = ~18mA -08 | -15 v
1,2 Low-level input current Voo = MAX V| = 0.4V -0.02| -0.25| mA
142 High-level input current Voo = MAX | V) =24V 25 | pA
I Maximum input current Veo = MAX V, = 5.5V 1| mA

Mil lo, = 12mA
VoL Low-level output voltage Vg = MIN 0.3 0.5 \
Com loL = 24mA
Mil lon = —2MA
Vou High-level output voltage Voo = MIN 2.4 2.8 v
Com lgy = —3.2mA
loz 2 Vg = 0.4V -100
Off-state output current Voo = MAX HA
lozn? Vo = 24mA 100
los® Output short-circuit current Ve = 8V Vo = 0V -30 | -70 | =130 | mA
lce Supply current Vee = MAX 175 240 | mA

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

2. 1/0 pin leakage is the worst case of I, and lgz {or liy and lgzy)-

3. No 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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Large 24RS Series
20810, 20RS10, 20RS8, 20RS4

Switching Characteristics (Over Operating Conditions)

TEST MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
CONDITIONS |y | Typ | MAX | MIN | TYP | MAX
Input or _Polarity fuse 25 40 25 35
¢ feedback to intact ns
PD output 20S10 Polarit
’ y fuse
20RS8, 20RS4 | piown 30 45 30 40
tork Clock to output or feedback Commercial 12 20 12 17 | ns
- A, = 200Q
togy 2’:;18113 to output enable except R, = 390KS 10 25 10 20 ns
Pin 13 to output disable except
tpxz 20510 11 25 11 20| ns
Input to output 20810, 20RS8,
tpzx enable 20RS4 S 2% | 3 ns
Input to output | 20810, 20RS8, »
tpzx disable 20RP4 Military 18 %0 18] 28] s
Maxi 20RS10 n1 9900
aximum y R, = 750&‘2
fmax frequency 20RS8, 20RS4 2 18 28 20 28 MHz
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Large 24RS Series
20810 Logic Diagram
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Large 24RS Series
20RS10

20RS 10 Logic Diagram
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Large 24RS Series
20RS8 Logic Diagram
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Large 24RA
20RA10

Large 24RA (PAL20RA10)

Description

The PAL20RA10 is a 24-pin registered asynchronous PAL
device. This versatile device features programmable clock,
enable, set, and reset, all of which can operate asynchronous-
ly to other flip-fiops in the same device. It also has individual
flop-flop bypass, allowing this one device to provide any
combination of registered and combinatorial outputs.

Programmable Clock

The clock input to each flip-flop comes from the programma-
ble array, allowing the flip-flops to be clocked independently if
desired.

Programmable Set and Reset

Each flip-flop has a product line for asynchronous set and one
product for asynchronous reset. If the chosen product line is
high, the flip-flop will set (become a logic HIGH), or reset
(become a logic LOW). The sense of the output pin is inverted
if the output is active low.

Programmable Polarity
Each flip-flop has individually programmable polarity. The
unprogrammed state is active low.

Programmable Flip-fiop Bypass

If both the set and reset product lines are high, the flip-flop is
bypassed and the output becomes combinatorial. Thus each
output can be configured to be registered or combinatorial.

Programmable and Hard-Wired
Three-State Outputs

The PAL20RA10 provides a product term dedicated to output
control. There is also an output control pin (pin 13). The
output is enabled if both the output control pin is low and the
output control product term is high. If the output control pin is
high all outputs will be disabled. If an output control product
term is low, then that output will be disabled.

Register Preload and Power-up Reset

Each device also offers register preload for device testability.
The registers can be preloaded from the outputs by using TTL
level signals in order to simplify functional testing. This series
also offers Power-up Reset, whereby the registers power up to
a logic LOW, setting the active-low outputs to a logic HIGH.
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Large 24RA

20RA10
DIP Pinout
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20RA10
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Large 24RA

20RA10
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Veo Supply voltage 4.5 5 55 | 4.75 5 5.25 \)
b~
Low 25 13 20 13
1y Width of clock ns
High 25 13 20 13
twp Preload pulse width 45 15 35 15 ns
tsu Setup time for input or feedback to clock 25 10 20 10 ns
toup Preload setup time 30 5 25 5 ns
Polarity fuse intact 10 -2 10 -2
t Hold time ns
Polarity fuse biown 0 -6 0 -6
thp Preload hold time 30 5 25 5 ns
Ta Operating free-air temperature -55 0 75 °C
Te Operating case temperature 125 °C

Electrical Characteristics (over Operating Conditions)

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
v ! Low-level input voltage 0.8 v
V' High-level input voltage 2 \%
Vic input clamp voltage Vee = MIN I = -18mA -08 | -1.5 \
Iy 2 Low-level input current Ve = MAX V| = 0.4V -0.02| -0.25| mA
[ High-leve! input current Ve = MAX Vv, =24V 25 | pA
I Maximum input current Ve = MAX V; =55V 1| mA
Voo Low-level output voltage Voo = MIN loL = 8mA 0.3 0.5 \
Vou High-level output voltage Vge = MIN lon: Mit-2mA  Com-3.2mA 2.4 2.8 A
loz? Off-state output current Voo = MAX Vo = 24 V/Vg = 04V -100 100 | pA
log® Output short-circuit current Vee = 5V Vg = OV -30 -70 | 130 | mA
e Supply current Voo = MAX 155 200 | mA

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

2. 1/O pin leakage is the worst case of Iy and lgz_ (or Iy and lozn)-

3. No 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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Large 24RA ‘
20RA10

Switching Characteristics (over operating conditions)

TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Polarity fuse
input or intact 20 35 20 30
tp feedback to - ns
output Polarity fuse 25 40 25 35
blown
toLk Clock to output or feedback 10 17 35 | 10 17 30 | ns
tg input to asynchronous set 22 40 22 35 ns
tr Input to asynchronous reset R, = 56082 27 45 27 40 ns
tpzx Pin 13 to output enable R, = 1.1KQ 10 25 10 20 ns
toxz Pin 13 to output disable 10 25 10 20 ns
tpzx Input to output enable 18 35 18 30 ns
thxz Input to output disable 15 35 15 30 ns
fmax Maximum frequency 16 35 20 35 MHz
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Large 24RA

20RA 10 Logic Diagram
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High Speed Programmable Array Logic
PAL32VX10, PAL32VX10A

Features/Benefits

® Dual independent feedback paths allow buried state
registers or input registers

® Programmable flip-flops allow J-K, S-R, T or D types for the
most efficient use of product terms

® 10 input/output macrocells for fiexibility

® Programmable registered or combinatorial outputs

® Programmable output polarity

¢ Global register asynchronous preset/synchronous reset or
synchronous preset/asynchronous reset

® Automatic register preset on power up

® Preloadable output registers for testability

® Varied product term distribution

-Up to 16 product terms per output

High speed

-25ns "A'' version

-30ns standard version

® Space-saving 24-pin 300-mil SKINNYDIP® package or 28-
pin chip carrier

® Pin-compatible functional superset of 22V10

Pin Configurations

10/CLK E ! 24} veC
v
" E»—1 23] 1701
2 E'_ 22} 1102 12 1 I0/CLX NC VCC 1701 1/02
at]3lf2]f1][2s}[27][26
Mog 7] vos
" E.__ 20] voa  '345 v {2503
15 E;— AND —~E vos L6 —E”o‘
waere | VX s[7 —{23] vos
16 [T Anay | CELLS 18] vos AND VX
" EH o Ml | tosic | ceis | e
wfo ARRAY ——EI/OG
Jog H E o8
17 |10 —j20}1/07
19 [10] -] vos
3|11 '_1@ o8
no it H] voro T ——
awoll ——Fm Lr2fhsfha]fas e[ o] ]
19 110 GND NC 111 11010 1/08

SKINNYDIP Package Plastic Leaded Chip Carrier

CDO1680M

Ordering Information
PAL32VX10A C NS STD

PROGRAMMABLE -] PROCESSING
ARRAY LOGIC STD = Standard
XXXX = Other
NUMBER OF
ARRAY INPUTS PACKAGE
NS = Plastic
OUTPUT TYPE — SKINNYDIP
VX = Varied terms with XOR J$ = Ceramic
SKINNYDIP
NUMBER OF OUTPUTS FN = Plastic Leaded
Chip Carrier
SPEED
Blank - Standard TEMPERATURE
A = High Speed R

ANGE
C=0°Cto75°C

TBOZ040M

General Description

The PAL32VX10 is a high-density Programmable Array Logic
(PAL®) device which implements a sum-of-products transfer
function via a user-programmable AND logic array and a fixed
OR logic array. Featured are ten highly flexible input/output
macrocells which are user-configurable for combinatorial or
registered operation. Each flip-flop can be programmed to be
either a J-K, S-R, T, or D-type for optimal design of state
machines and other synchronous logic. In addition, a unique
dual feedback architecture allows 1/O capability for each
macrocell in both combinatorial and registered configurations.
This can be achieved even when register feedback is present,
and allows implementation of buried flip-flops while preserving
the external macrocell input. Supplied in space-saving 300-mil-
wide dual in-line packages or 28-pin chip carriers, the
PAL32VX10 offers a powerful, space saving alternative to
SSI/MSI logic devices, while providing the advantage of
instant prototyping. Security fuses defeat readout after pro-
gramming and make proprietary designs difficult to copy.
The PAL32VX10 is fabricated using Monolithic Memories'
advanced oxide-isolated bipolar process for high speed and
low power. TiW fuse links provide high reliability and program-
ming yields. Special on-chip test circuits allow full AC, DC, and
functional testing before programming. Preloadable output
registers facilitate functional testing.

The PAL32VX10 can be programmed on standard PAL device
programmers, fitted with appropriate programming modules
and configuration software. Design development is supported
by Monolithic Memories' PALASM® 2 software as well as by
other programmable logic CAD tools available from third party
vendors. Approved development tools are listed on page 10.
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High Speed Programmable Array Logic
PAL32VX10, PAL32VX10A

Logic Diagram
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High Speed Programmable Array Logic
PAL32VX10, PAL32VX10A

Block Diagram
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Note: PLCC pin numbers are indicated in parentheses.
PLCC pins 1, 8, 15, and 22 are not connected.

Description of Architecture

The PAL32VX10 has twelve dedicated input lines and ten
programmable 1/0 macrocells. Pin 1 serves either as an array
input or as a clock for all flip-flops. Buffers for device inputs
have complementary outputs to provide user-programmable
input signal polarity. The fuse matrix implements a program-
mable AND logic array, which drives a fixed OR logic array.
The high level of flexibility built into each macrocell, shown in
Figure 1, allows the PAL32VX10 to implement over thirty
different architecture options. Each macrocell can be individu-
ally programmed to implement a variety of combinatorial or
registered logic functions.

Dual Output Feedback

Dual feedback paths associated with each macrocell provide
independent feedback paths directly into the array from both
the flip-flop output and the output pin. Unlike other devices
which have a single feedback path, the PAL32VX10 allows
each output to have full 170 capability when configured as
either a combinatorial output or a registered output, even if
register feedback to the array is used. Thus registers can be
loaded from their outputs.

if a macrocell is configured as a dedicated input, by disabling
the three-state output buffer, the dual feedback architecture
allows use of the associated register as an input register or as
a "'buried" state register, avoiding waste of the flip-flop, as
shown in Figure 2.

SR CK

n=810,12, 14,16

=
. < e

AP

LDO01040M

Figure 1. PAL32VX10 Macrocell

LDO1050M

Figure 2. Buried Flip-Flops with Dedicated Inputs
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Programmable Flip-Flops

Each output macrocell contains a unique programmable flip-
flop consisting of a basic D-type flip-flop driven by an XOR
gate. This allows the user to choose the optimal flip-flop for
the design, since either J-K, S-R, or T-type flip-flops can be
synthesized from such a structure without wasting product
terms.

As indicated in the macrocell logic diagram, one input of the
XOR gate is connected to a single product term, while the
second input is connected to the output of the OR logic array.
The XOR gate output feeds the input of the D flip-flop. The
way in which the XOR gate is used to synthesize the different
flip-flop types is described in detail below.

D Flip-Flop. The D flip-flop option is implemented directly. In
this configuration, the XOR gate on the input of the flip-flop
can be used to program the logic polarity of the transfer
function.

J-K Flip-Flop. The J-K flip-flop option can be easily synthe-
sized with a more sophisticated manipulation of the XOR gate
inputs and the D flip-flop output.

The transfer function of a J-K flip-flop can be mapped in the
Karnaugh Map of Figure 3, where Q + represents the next
state of the flip-fiop:

Q
1

42

00/ 0 U (HOLD)

o1| oo (RESET)

Q+
11 m 0 (TOGGLE)
10 u m (SET)

1B02050M

Figure 3. J-K Flip-Flop Transfer Function

Dropping the ( + ) for simplicity, the equivalent Boolean
expression for Q + is:

Q =KQ+JQ
In general, J and K can be sum-of-product expressions which
are provided in the PAL architecture only in active-high form.
Thus, a direct implementation of K expressions must invoke a
DeMorgan transformation, which can use excessive product
terms. This can be avoided by rewriting the equation for Q
without inversions on the J or K inputs.
The XOR gate can be used to construct a logically equivalent
expression without any inversions on the J or K inputs. The
rewritten Boolean expression is:

Q =Q +:(J*Q + K*Q)
To check that these expressions are ilogically equivalent,
change the XOR to its equivalent sum of products form
(remember A: +: B = A*B + A*B) and reduce (using DeMor-
gan's theorem):
Q = Q*(J*Q + K*Q) +Q*(J*Q + K*Q)
Q= Q" { + Q*K + Q) +QJ Q + Q*K*Q
Q=Q (@K +JQ+ QK+ Q Q) + J*Q
Q: = J*K*Q + K*Q + J*Q

which simplifies to Q: = K«Q+ JQ

Since J and K are, in general, sums of products, J and K in
either expression can be substituted with (J1 + J2 + ... + Jm)
and (K1 + K2 + ... + Kn - m), where n is the total number of
product terms associated with a given output macrocell. Thus,
the total n-product term resource is shared between the J and
K control inputs (Figure 4). Note that all J terms will contain Q
and all K terms will contain Q.

Pt ——

: *_D“; a

. »—D—K or—
Pn ——-

n=8,10,12,14,16

LDO1060M

Flgure 4. J-K Flip-Flop Logic Equivaient;
J and K Can Also be Active-Low

The above discussions have assumed that it was most conve-
nient to ''group ones’ in the Karnaugh Map. Sometimes it
takes fewer product terms to "group zeros', i.e., implement
the inversion of the desired function. The equations shown in
Table 1 are equivalent and can be interchanged to optimize
product term utilization. This can be readily proved through
logic reductions similar to that above.

J and K active high Q:=Q: +:(J*'Q + J*'Q)
J active high, K active low Q: = J*Q + K*Q
J active low, K active high Q: = J'Q + K*Q
J and K active low Q=Q +:(*Q+ KQ)
Note: J = sum of products J1 + J2 + .. + Jm
K = sum of products K1 + K2 + .. + Kn - m
n = total number of available product terms for a given macrocell

(8 to 16)

Table 1. J-K Flip-Flop Transfer Functions

S-R Flip-Flop. The S-R flip-flop has a truth tabie identical to
that of the J-K flip-flop, with the exception that the J = K = 1
(toggle) condition is not allowed. The S-R flip-flop implementa-
tion is identical to that of the J-K flip-flop, with J-K replaced by
S-R, and the S = R = 1 condition avoided.

T Flip-Flop. A T (toggle) flip-flop either holds its state or
toggles, depending on the logic state of the T input. The T flip-
flop is a subset of the J-K flip-flop and can be considered
equivalent to a J-K type with J = K. The general transfer
function and its active-low T equivalent are both given in Table
2.

Q=Q +:T
=Q:+ T

Note: T = sum of products T1 + T2 + T3+ .. + Tn

Table 2. T Flip-Flop Transfer Functions
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Summary

The PAL32VX10 can synthesize J-K, 8-R, T, and D flip-flops,
whichever is most convenient for the application, without
sacrificing product terms. Additionally, the synthesized equa-
tions can use the active-high or active-low forms of the inputs,
allowing the designer to minimize product term requirements.
Flip-Flop Bypass

Any output in the PAL32VX10 can be configured to be
combinatorial by bypassing the output flip-flop. This is done by
setting the output multiplexer to the appropriate state. The
multiplexer is controlled by a product term which can be set
unconditionally for a permanent combinatorial (all fuses
opsened, product term high) or registered (all fuses intact,
product term low) output configuration, or can be programmed
to bypass the output flip-flop "on the fly," allowing signals to
be routed directly to output pins under user-specified condi-
tions.

Varied Product Term Distribution

An increased number of product terms has been provided in
the PAL32VX10 over previous generation PAL devices. These
terms are distributed among the ten macrocells in a varied
manner, ranging from eight to sixteen terms per output. The
five output pairs have 8, 10, 12, 14, or 16 product terms
available for the OR gate within each macrocell. In addition,
each macroceil has one XOR product term and two architec-
ture control product terms.

Programmable 1/0

Each macrocell has a three-state output buffer with program-
mable three-state control. Control is implemented by a single
product term, alfowing specification of enable/disable func-
tions controlled by any device input or output. Each macrocel!
can be configured as a dedicated input by disabling the buffer
drive capability. When this is done, the associated register can
still be used as an input register or buried state register, due
to the independent register feedback path.

Programmable Preset and Reset

The ten macrocell flip-flops share common programmabile
preset and reset control for easy system initialization. The Q
outputs of the register will go to the logic low state following a
low-to-high transition on pin 1 (I0/CLK) when the synchronous
reset (SR) product term is asserted. The register will be forced
to the logic high state independent of the clock when the
asynchronous preset (AP) product term is asserted.

Programmable Polarity
The polarity of each macrocell output can be set active high or
active low.

Combinatorial Outputs. The XOR gate provides polarity
control for combinatorial outputs, with the single product term

to the XOR gate controlling the invert/not invert function. With
all fuses intact, there is no inversion through the XOR gate,
creating an active low output. Opening all fuses forces the
product term high, inverting data and creating an active high
output.

Registered Outputs. Output polarity for registered outputs
can be determined in two ways. For D-type registered outputs.
polarity can be set by the XOR gate, as is the case with
combinatorial outputs. Using this method to set polarity, preset
and reset will not be affected.

Polarity, as observed from the output pin, can also be deter-
mined by the flip-flop output multiplexer. Note that this doses
not affect the polarity of the register feedback signal, but does
affect preset and reset. By changing the flip-flop output
multiplexer, the preset and reset functions are exchanged,
relative to the controlling product terms.

With the multiplexer fuse intact, the Q output is routed to the
output pin, configuring an active low output. With the multi-
plexer fuse opened, Q is routed to the output pin, and
synchronous reset becomes synchronous preset. Similarly,
asynchronous reset becomes asynchronous preset.

Polarity options for J-K, S-R, and T flip-flops have been
discussed in the section on programmable flip-flops.

Power-Up Preset

All flip-flops power up o a logic high for predictable system
initialization. Outputs of the PAL32VX10 will be high or low
depending on the state of the register output multiplexers.

Register Preload

The register on the PAL32VX10 can be preloaded to facilitate
functional testing of complex state machine designs. This
feature allows direct loading of arbitrary states, thereby mak-
ing it unnecessary to cycle through long test vector sequences
to reach a desired state. In addition, transitions from illegal
states can be verified by loading in illegal states and observ-
ing proper recovery.

Security Fuse

After programming and verification, a PAL32VX10 design can
be secured by programming the security fuses. Once pro-
grammed, these fuses defeat readback of the internal fuse
pattern by a device programmer, making propristary designs
very difficult to copy.

Quality and Testability

The PAL32VX10 offers a very high level of built-in quality.
Special on-chip test circuitry provides a means of verifying
performance of all AC and DC parameters prior to program-
ming. In addition, these buift-in test paths verify complete
functionality of each device to provide the highest post-
programming functional yields in the industry.
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Programmable Flip-Flops

Each output macrocell contains a unique programmabie flip-
flop consisting of a basic D-type flip-flop driven by an XOR
gate. This allows the user to choose the optimal flip-flop for
the design, since either J-K, S-R, or T-type flip-flops can be
synthesized from such a structure without wasting product
terms.

As indicated in the macrocell logic diagram, one input of the
XOR gate is connected to a single product term, while the
second input is connected to the output of the OR logic array.
The XOR gate output feeds the input of the D flip-flop. The
way in which the XOR gate is used to synthesize the different
flip-flop types is described in detail below.

D Flip-Flop. The D flip-fiop option is implemented directly. in
this configuration, the XOR gate on the input of the flip-flop
can be used to program the logic polarity of the transfer
function.

J-K Flip-Flop. The J-K fiip-flop option can be easily synthe-
sized with a more sophisticated manipulation of the XOR gate
inputs and the D flip-flop output.

The transfer function of a J-K flip-flop can be mapped in the
Karnaugh Map of Figure 3, where Q + represents the next
state of the flip-flop:

a

1
5 -2
oo0f o ||1 (HOLD)
01| oo (RESET)

Q+

11 m 0 (TOGGLE)
10 M 1 (SET)

TBO2050M

Figure 3. J-K Flip-Flop Transfer Function

Dropping the ( + ) for simplicity, the equivalent Boolean
expression for Q + is:

Q =KQ+JQ
In general, J and K can be sum-of-product expressions which
are provided in the PAL architecture only in active-high form.
Thus, a direct implementation of K expressions must invoke a
DeMorgan transformation, which can use excessive product
terms. This can be avoided by rewriting the equation for Q
without inversions on the J or K inputs.
The XOR gate can be used to construct a logically equivalent
expression without any inversions on the J or K inputs. The
rewritten Boolean expression is:

Q: =Q +:(J*Q + K*Q)
To check that these expressions are logically equivalent,
change the XOR to its equivalent sum of products form

Since J and K are, in general, sums of products, J and K in
either expression can be substituted with (J1 +J2 + .. + Jm)
and (K1 + K2 + ... + Kn - m), where n is the total number of
product terms associated with a given output macrocell. Thus,
the total n-product term resource is shared between the J and
K control inputs (Figure 4). Note that all J terms will contain Q
and ali K terms will contain Q.

Pt —{O
. D -
. P

Pn ———{>

n=8,10,12 14,16

L001060M

Figure 4. J-K Flip-Flop Logic Equivalent;
J and K Can Also be Active-Low

The above discussions have assumed that it was most conve-
nient to "'group ones” in the Karnaugh Map. Sometimes it
takes fewer product terms to ''group zeros’, i.e., implement
the inversion of the desired function. The equations shown in
Table 1 are equivalent and can be interchanged to optimize
product term utilization. This can be readily proved through
logic reductions similar to that above.

J and K active high Q =Q +:(J*Q + J*Q)
J active high, K active low Q: =J"Q+KQ
J active low, K active high Q=70+ KQ
J and K active low Q=0 +:(J*Q + KQ)
Note: J = sum of products J1 + J2 + ... +Jdm
K = sum of products Kt + K2 + .. + Kn -m
n = total number of available product terms for a given macrocell

(8 to 16}

Table 1. J-K Flip-Flop Transfer Functions

$-R Flip-Flop. The S-R flip-flop has a truth table identical to
that of the J-K flip-flop, with the exception that the J = K = 1
(toggle) condition is not allowed. The S-R flip-flop implementa-
tion is identical to that of the J-K flip-flop, with J-K replaced by
S-R, and the S = R = 1 condition avoided.

T Flip-Flop. A T (toggle) flip-flop either holds its state or
toggles, depending on the logic state of the T input. The T flip-
flop is a subset of the J-K fiip-flop and can be considered
equivalent to a J-K type with J = K. The general transfer
function and its active-tow T equivalent are both given in Table
2.

(remember A: +: B = A*B + A*B) and reduce (using DeMor- Q=Q+:T

gan's theorem): Q=00+ T

Q: = Q*(J*Q + K*Q) +Q*(J*Q + K*Q)

Q. =Q* ((J + Q) (R + 5)) +0*J*Q + O*K*Q Note: T = sum of products T1 + T2 + T3 + .. + Tn

Q= O(JK+JQ+QK+QQ)+J§ . .
O = J'R*Q + R*Q + J* a Table 2. T Flip-Flop Transfer Functions
which simplifies to Q= K'Q + JQ
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Summary

The PAL32VX10 can synthesize J-K, S-R, T, and D flip-flops,
whichever is most convenient for the application, without
sacrificing product terms. Additionally, the synthesized equa-
tions can use the active-high or active-low forms of the inputs,
allowing the designer to minimize product term requirements.
Flip-Flop Bypass

Any output in the PAL32VX10 can be configured to be
combinatorial by bypassing the output flip-flop. This is done by
setting the output muitiplexer to the appropriate state. The
multiplexer is controlled by a product term which can be set
unconditionally for a permanent combinatoriat (all fuses
opened, product term high) or registered (all fuses intact,
product term low) output configuration, or can be programmed
to bypass the output flip-flop ""on the fly,”" allowing signals to
be routed directly to output pins under user-specified condi-
tions.

Varied Product Term Distribution

An increased number of product terms has been provided in
the PAL32VX10 over previous generation PAL devices. These
terms are distributed among the ten macrocells in a varied
manner, ranging from eight to sixteen terms per output. The
five output pairs have 8, 10, 12, 14, or 16 product terms
available for the OR gate within each macrocell. In addition,
each macroceli has one XOR product term and two architec-
ture control product terms.

Programmable 1/0

Each macrocell has a three-state output buffer with program-
mable three-state control. Control is implemented by a single
product term, allowing specification of enable/disable func-
tions controlled by any device input or output. Each macrocell
can be configured as a dedicated input by disabling the buffer
drive capability. When this is done, the associated register can
still be used as an input register or buried state register, due
to the independent register feedback path.

Programmable Preset and Reset

The ten macrocell flip-flops share common programmable
preset and reset control for easy system initialization. The Q
outputs of the register will go to the logic low state following a
low-to-high transition on pin 1 (10/CLK) when the synchronous
reset (SR) product term is asserted. The register will be forced
to the logic high state independent of the clock when the
asynchronous preset (AP) product term is asserted.

Programmable Polarity

The polarity of each macrocell output can be set active high or
active low.

Combinatorial Outputs. The XOR gate provides polarity
control for combinatorial outputs, with the single product term

to the XOR gate controlling the invert/not invert function. With
all fuses intact, there is no inversion through the XOR gate,
creating an active low output. Opening all fuses forces the
product term high, inverting data and creating an active high
output.

Registered Outputs. Output polarity for registered outputs
can be determined in two ways. For D-type registered outputs,
polarity can be set by the XOR gate, as is the case with
combinatorial outputs. Using this method to set polarity, preset
and reset will not be affected.

Polarity, as observed from the output pin, can also be deter-
mined by the flip-flop output multiplexer. Note that this does
not affect the polarity of the register feedback signal, but does
affect preset and reset. By changing the flip-flop output
multiplexer, the preset and reset functions are exchanged,
relative to the controlling product terms.

With the multtiplexer fuse intact, the Q output is routed to the
output pin, configuring an active low output. With the multi-
plexer fuse opened, Q is routed to the output pin, and
synchronous reset becomes synchronous preset. Similarly,
asynchronous reset becomes asynchronous preset.

Polarity options for J-K, S-R, and T flip-flops have been
discussed in the section on programmable flip-flops.

Power-Up Preset

All flip-flops power up to a logic high for predictable system
initialization. Outputs of the PAL32VX10 will be high or low
depending on the state of the register output multiplexers.

Register Preload

The register on the PAL32VX10 can be preloaded to facilitate
functional testing of complex state machine designs. This
feature allows direct loading of arbitrary states, thereby mak-
ing it unnecessary to cycle through long test vector sequences
to reach a desired state. In addition, transitions from illegal
states can be verified by loading in illegal states and observ-
ing proper recovery.

Security Fuse

After programming and verification, a PAL32VX10 design can
be secured by programming the security fuses. Once pro-
grammed, these fuses defeat readback of the internal fuse
pattern by a device programmer, making proprietary designs
very difficult to copy.

Quality and Testability

The PAL32VX10 offers a very high level of built-in quality.
Special on-chip test circuitry provides a means of verifying
performance of all AC and DC parameters prior to program-
ming. In addition, these built-in test paths verify complete
functionality of each device to provide the highest post-
programming functional yields in the industry.
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Absolute Maximum Ratings

Operating Programming
SUPPIY VORAGE VEE  +-noeevnnervarnaeeet et et -05Vto7V .. -0.5V to 12V

INPUL VOIRAGFE e et eiieii et -1.5V to 55V ... ... =1.0V to 22V
Off-state output voltage . PN 12v
Storage temperature .................. . -65°C to +150°C
Operating Conditions
COMMERCIAL!
SYMBOL PARAMETER STD A UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Veo Supply voltage 4.75 5 5.25 | 4.75 5 5.25 v
Low 20 10 18 10

tw Width of clock High 20 0 8 0 ns

\ Setup time from input Product terms P,-P,, SR 30 20 25 20 ns

s or feedback to clock Product term XOR 3s 25 30 25

t, Hold time 0 -10 0 -10 ns

taw Asynchronous preset width -30 20 25 20 ns

tar Asynchronous presst recovery time -30 20 25 20 ns

ter Asynchronous reset recovery time -30 20 25 20 ns

Ta Operating case temperature 0 25 75 | 0 25 75 °C

Electrical Characteristics over operating Conditions

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
V. 2 Low-level input voltage 0.8 \'
Vin? High-level input voltage 2 \Y
Vic Input clamp voltage Vee = MIN I = -18mA -08 | -15 v
I 2 Low-level input current Voo = MAX V| = 0.4V -0.02| -0.25| mA
I High-level input current Vee = MAX V| = 24V 25 | pA
I Maximum input current Ve = MAX V| = 5.5V 200 | upA
Vor Low-level output voltage Ve = MIN lop = 16mA 0.35 0.5 \
Vo High-level output voltage Vee = MIN lop = —3.2mA 2.4 3.4 \
loz.® Off-state output current Ve = MAX Vo = 04V 1001 A
lozn® Vg = 2.4V 100 | pA
los* Qutput short-circuit current Vee = 5V Vo = 0V -30 -70 | -130 [ mA
lee Supply current Vee = MAX 140 180 | mA
Cin Input capacitance Viy = 2.0V at f = 1MHz 6 oF
Cout Output capacitance Vouyt = 2.0V at f = 1MHz 11

1. The PAL32VX10/A is designed to operate over the full military operating conditions. For availability and specifications contact Monolithic Memories.

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

3. 170 pin leakage is the worst case of I and Iz (or Iy and lgzy).

4, No 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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Switching Characteristics over Operating Conditions

TEST §TD A
SYMBOL PARAMETER CONDITION UNIT
MIN | TYP | MAX| MIN | TYP | MAX
- 5
. Input or feedback to Product terms P,-P 15 30 15 25 i,
PO output Product term XOR 25 35 20 30
toik Clock to output or feedback 10 15 10 15| ns
tpzx Input to output enable 20 30 20 25| ns
texz Input to output disable R, = 2008 20 30 20 25| ns
tap Asynchronous preset to output R, = 390Q2 20 30 20 25 ns
ton Input or fegdbac_k to regnstergd output 75 90 75 90| ns
from combinatorial configuration
the Input or feedback to_ complnatonal output 75 a0 75 90| ns
from registered configuration
: Feedback | Product terms Py-P, 2251 35 25 35
§ Maximum (1/10) MHz
MAX frequency P Product term XOR 20 30 222 | 30
No feedback (1/tp,) 25 40 27.7 | 40
Switching Test Load Schematic of Inputs and Outputs
5V EQUIVALENT INPUT TYPICAL OUTPUT
} vee vee
s1 ‘E 8 K(1NOM £ 40 () NOM
,
$R1
Y
ouTeUT O
{® TEST POINT INPUT o re
s L ™ Lo OUTPUT
$R2 TCL
y
J ry 1 )
= Toomson h 4
L =

Notes: 1.

tpp is tested with switch S, closed. C| = 50pF and measured at 1.5V output level.

TCO0100M

2. tpyy is measured at the 1.5V output level with C| = 50pF. S, is open for high impedance to '"1"" test, and closed for high impedance to 0" test.

measured at Vo +0.5V output level.

tpxz is tested with C, = 5pF. S, is open for ""1" to high impedance test, measured at Vo, ~0.5V output level; S, is closed for "0 to high impedance test
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Switching Waveforms

INPUTS, I/0,

3v

REGISTERED
FEEDBACK,
SYNCHRONOUS

)

KX .

RESET

CLK

ASYNCHRONOUS
PRESET

teLk |[-—taw

kﬂ

!
.74 | tpzx ﬁ

REGISTERED
OUTPUTS

N\ _Vou 0.5V -
< > > >,_v°L +05V \

|<-lpp( -]

COMBINATORIAL
QUTPUTS

N Vop 0.5V
[You o5V

r

Output Register Preload

The preload function allows the register to be loaded from the

output pins. This feature aids functional testing of sequential

designs by allowing direct setting of output states. The proce-

dure is:

1. Raise Vg to 4.5V.

2. Disable output registers by setting pin 2 to Vj,(12V).

3. Apply V| /V), to all registered output pins. Leave combina-
torial outputs floating.

4. Pulse pin 10 to Vjy, then back to OV.

5. Remove V, /V from all output registers.

6. Remove high voltage from pin 2.

7. Enable registered outputs per programmed pattern.

8

N

. Verify for Vg /Vgy at all registered output pins.
ote: Vi = 11.0 (MIN), 11.5 (TYP) and 12.0 (MAX).

Key to Timing Diagrams
WAVEFORM

V‘V’Y’V’V’Y""’Y" "V DON'T CARE;

INPUTS

A.“”A‘M””& CHANGE PERMITTED

NOT
APPLICABLE

i

MUST BE STEADY

WF00340M

ViHK

PIN2

VILVIH

ViH
REGISTERED
OuTPUTS
I

)

ViHH

PIN 10

Vi

WF00350M

OUTPUTS

CHANGING;
STATE UNKNOWN

CENTER LINE IS
HIGH IMPEDANCE STATE

WILL BE STEADY

WF00360M
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fyax Parameters

The parameter fMAX is the maximum speed at which the PAL
device is guaranteed to operate. Because flexibility inherent to
PAL devices allows a choice of clocked flip-flop designs, for
the convenience of the user, fMAX is specified to address two
major classes of synchronous designs.

The simplest type of synchronous design can be described as
a data path application. In this case, data is presented to the
data terminal of the flip-flop and clocked through; no feedback

is employed (Figure 1). Under these conditions, the frequency
of operation is limited by the greater of the data setup time
(tsu) or the minimum clock period (tw high + tw low, or tP2).
This parameter is designated fMAX (no feedback).

For synchronous sequential designs, i.e., state machines,
where logical feedback is required, inputs to flip-flop data
terminals originate from the device input pins or flip-flop
outputs via the internal feedback paths (Figure 2). Under
these conditions, fMAX is defined as the reciprocal of (tsu +
tCLK), or tP1, and is designated fMAX (feedback).

o}

g

LDO1070M

Figure 1. Data Path Register Configuration Without Feedback, Q: = |

Q
DQ—Do__

—

P> o
=S i

Do1080M

Figure 2. State Machine Configuration With Feedback, Q: = | + Q

Use of XOR Product Term

The speed of the PAL32VX10 is specified according to the
use of the Exclusive-OR (XOR) product term in the macrocell.
Note that the macrocell data input is a function of the two-
input XOR gate, whose inputs are the OR of the product terms
P1-Pn and the single additional XOR product term (Figure 3).
The specification for the path through the single XOR product
term is 5ns slower than through the P1-Pn product terms and
the OR gate. As a result, if the single XOR product term is
changing, the macrocell data input will not be available until
5ns later than if only the P1-Pn product terms were changing.
This difference between paths affects tPD, tsu, and fMAX
(feedback). As a result, these three parameters are specified
both for only the P1-Pn product terms changing (''Product
terms P1-Pn"') and with the singie XOR product term changing
("Product term XOR") (Figure 4).

XOR
PRODUCT Pt
TERMS .
FROM . b o=
ARRAY .
Pn

n=8,10,12,14, 16

\0100GK

Figure 3.

SPECIFICATION

EXPLANATION

N Product terms P1-Pn

If only the P1-Pn product terms are changing (XOR term is not changing})

tep, tsy fuax (feedback)
Product term XOR

If XOR term is changing

Figure 4.
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High Speed Programmable Array Logic
PAL32VX10, PAL32VX10A

MANUFACTURER PROGRAMMER CONFIGURATION

Data 1/0 Corp.

10525 Willows Rd. NE, PO Box 97046
Redmond, WA 98073-9746

(800) 247-5700

System 29A, 298
LogicPak™ 303A
Adapter 303A-011A/B-V01

Famity/Pinout Code:
22-77

Digelec Inc.

1602 Lawrence Ave., Suite 113
QOcean, NJ 07712

(201) 493-2420

Contact manufacturer

Digital Media

11770 East Warner Ave., Suite 225
Fountain Valley, CA 92708

(714) 751-1373

Contact manufacturer

Japan Macnics Corp.

2999 Monterey/Salinas Hwy.
Monterey, CA 93940

(408) 373-3607

Contact manufacturer

Kontron Electronics Inc.
1230 Charleston Rd. System EPP-80

Mountain View, CA 94039-7230 Module UPM-B rev. 1.48 or later
(415) 965-7020

Micropross

Parc d'activite des Pres
5, rue Denis-Papin Contact manufacturer
59650 Villeneuve-d'Ascq
(20) 47.90.40

Stag Microsystems Inc.
528-5 Weddell Dr.
Sunnyvale, CA 94089
(408) 745-1991

Contact manufacturer

Storey Systems

3201 N. Hwy 67, Suite H
Mesquite, TX 75150
(214) 270-4135

Contact manufacturer

Structured Design
988 Bryant Way
Sunnyvale, CA 94087
(408) 988-0725

Contact manufacturer

Valley Data Sciences
Charleston Business Park
2426 Charleston Rd. Contact manufacturer
Mountain View, CA 94043
(415) 968-2900

Varix Corp.

1210 E. Campbell Rd., Suite 100
Richardson, TX 75081

(214) 437-0777

Contact manufacturer

MANUFACTURER SOFTWARE DEVELOPMENT SYSTEM

Monolithic Memories, Inc.
ldealogic® Exchange M/S 09-25
2175 Mission College Bivd. PALASM® 2 Software rev. 2.21 and later
Santa Clara, CA 95054-1592
(800) 247-6527 ext. 6105

Data 170 Corp.

10525 Willows Rd. NE, PO Box 97046
Redmond, WA 90873-9746

(800) 247-5700

ABEL™ Software — Contact manufacturer

Personal CAD Systems
Assisted Technology Division
1290 Parkmoor Ave. CUPLT™ Software — Contact manufacturer
San Jose, CA 95126
(408) 971-1300

idealogic is a trademark of Monolithic Memories.
LogicPak and ABEL are trademarks of Data 1/0 Corporation.
CUPL is a trademark of Personal CAD Systems.
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PMS14R21/A

Features/Benefits
® User-programmable synchronous state machine

® 25MHz maximum frequency for compatibility with 12.5MHz
processors

® 14 inputs (8 external), 8 outputs, 128 states

® PAL® array optimizes product terms and states
® internal feedback adds versatility and control

® Optimized for four-way branching

® User-selectable asynchronous preset or asynchronous
enable function

® Power-up preset for start-up in known state

® Diagnostics-On-Chip™ shadow register eases chip and
board-level testing

® PROSE™ device software makes it easy to '‘write your
sequencer in PROSE"

® Programmed on standard logic programmers

® Security fuse prevents pattern duplication

® Space-saving 24-pin 300-mil SKINNYDIP® and 28-pin
PLCC and LCC packages

Block Diagram

Description

The PMS14R21 programmable sequencer is the first member
of the PROSE (PROgrammabie SEquencer) family. The
PMS14R21 is a high-speed, 14-input, 8-output state machine.
It consists of a 128x21 PROM array preceded by a 14H2 PAL
array. The PAL array is efficient for a large number of input
conditions, while the PROM array is optimal for a large
number of product terms and states. The combination allows
a very efficient state machine with a large number of inputs
and state bits. The PAL array, with eight product terms per
output, operates on the eight conditional and six state inputs
to select two control bits to the PROM. Two Exclusive-OR
gates between the two arrays heip to minimize product terms
and redundant states. Five lines feed back from the PROM to
form the primary address for the next state. The PROM stores
up to 128 states of eight outputs and thirteen feedback controt
signals.

Applications

® High speed sequential logic
® Peripheral controller

® Cache control sequencer

® Signal processing sequencer
® Industrial control

DCLK SDI CLK

=Py
o e [T

ARRAY
(14H2)

5 ———n PROM

16 ————m ARRAY
(128x21)

+

[—— Q0
o
—— Q2
p——-» Q3

R |—>as
[

21 o | |g—™0Gs

—<»] g —r"é——sos
Y [— a7
3
R

MODE SDO PE

Definition of Signals

10-17 Primary inputs to the PAL array

Q0-Q7  Outputs from the register

P/E Programmable asynchronous preset (P) or
asynchronous enable (E)

PROSE™ and Diagnostics-On-Chip™ are trademarks of Monolithic Memories, Inc.

BD0004 1M

CLK Clock for output register

DCLK Clock for diagnostic register

MODE  Selects diagnostic functions

SDI Serial data input to shadow register
SDO Serial data output from shadow register

Monolithic E.Eﬂ Memories
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PMS14R21/A

PROSE Part Numbering System
PMS 14R21 A C NS STD

PREFIX PROCESSING
PMS = Programmable STD = Standard
Memory-based XXXX = Qther
Sequencer
PACKAGE

NS = Plastic SKINNYDIP
JS = Ceramic SKINNYDIP
NL = Plastic Leaded
QUTPUT TYPE Chip Carrier

R = Registered L = Leadless Chip Carrier

NUMBER OF
ARRAY INPUTS

NUMBER OF REGISTERS OPERATING CONDITIONS
C = 0°C 10 75°C

M = -55°C to 125°C

PERFORAMANCE
Blank = standard
A = enhanced

Diagnostics-On-Chip Feature

The PMS14R21 is the newest member of the Diagnostics-On-
Chip family. These devices incorporate a serial shadow regis-
ter on-chip which facilitates board-level testing. The shadow
register has a Serial Data Input (SDi), Serial Data Output
(SDO) and its own clock (DCLK). The MODE control config-
ures the shadow register either in parallel with the output
register or in serial shift mode (see function table). Other
devices with this feature are listed below.

Diagnostics Family Members

o DESCRIPTION
53/63DA441 1K x 4 PROM (async. enables)
53/63DA442 1K x 4 PROM (async/sync. enables)
53/63DA841 2K x 4 PROM
53/63D1641 4K x 4 PROM (async. enable)
53/63DA1643 | 4K x 4 PROM (async. initialization)
54/745818 8-bit register

Diagnostic Function Table

Software Support

PROSE device software from Monolithic Memories provides
full support for the PMS14R21. Based on PALASM®2 syntax,
the software automatically converts a state machine descrip-
tion directly into the PAL and PROM array fuse maps, for
downloading to a programmer. The syntax supporis both
Mealy and Moore state machine models, and makes optimal
use of the features of the PROSE device. Simulation support
is also provided, both for design checking and for generation
of test vectors for device testing. Additional support is avail-
able from third-party software vendors, including the ABEL™
package from Data /0.

Programming

Both the PAL and PROM arrays are programmed on standard
logic programmers using the JEDEC programming format. The
TiW fuses program from the low to the high state. Program-
ming also sets the architectural fuse which selects between
asynchronous preset or asynchronous output enable; the
unprogrammed state is preset. If asynchronous preset is
selected, asserting the pin low will set all outputs and feed-
back bits high.

Power-up Preset

Power-up preset is provided for system start-up in a known
state. It has the same effect as preset; all output register bits
go high.

INPUTS OUTPUTS
OPERATION
MODE | SDI CLK | DCLK Qg0 - Qp S,0 - So SDO
L X T * Q, < PROM HOLD Sa Load output register from PROM array
L X * 1 HOLD Sn < Sna S Shift shadow register data
Sy ¢ SDI 20
S, < S,. Load output register from PROM array
€ n n-1
L X t f Qu <~ PROM | " « Bi | S20 | while shifting shadow register data
H X 1 * Q, < 8§, HOLD SDi Load output register from shadow register
. Load shadow register from output bus
H L ) HOLD S, < Q, SDI and feadback
H H * T HOLD HOLD SDi + No operation
* Clock must be steady or falling.
+ Reserved operation for 54/745818 8-Bit Diagnostic Register.
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PAL10H20P8

Features/Benefits

® 20 logic inputs: 12 external, 8 feedback

® 8 outputs with programmable polarity

® ECL technology for ultra-high speed — max tpp = 6ns

@ 32 product terms with term sharing

@ 10KH ECL compatible

® Fully AC tested

® Input pull-down resistors

® Voltage compensated

® Space-saving 24-pin SKINNYDIP® and 28-pin PLCC
packages

® Programmable using standard TTL programmers with
adapter

® Greater than 99% programming yield

® Security fuse prevents unauthorized copying

Description

The PAL10H20P8 is a 10KH family compatible ECL PAL
device having twelve dedicated inputs and eight outputs with
feedback. A programmable AND array and a fixed OR array
make possible the implementation of a wide variety of logic
functions with far fewer packages than with SSI devices. The
logic is implemented by opening metal fuse connections within
the AND array. Designs can be specified by using any of a
variety of software packages which accept the design and
assemble a file that can be downloaded into a device pro-
grammer. Fuses are programmed using any of the qualified
PAL device programmers.

The outputs are equipped with programmable polarity. They
can drive a 5082 termination (to Vs - 2.0V). Product term
sharing is provided to allow greater flexibility in assigning
product terms to outputs.

The input pins have 50kS2 internal pull-down resistors, which
allow unused inputs to be left open. Open inputs will assume a
logic low state.

Features

Each output has a programmable polarity fuse, allowing for
more efficient representation of many logic functions. Each
output is active high with polarity fuse intact, and active low
with the polarity fuse blown.

The programmable AND array contains a total of thirty-two
product terms. Product terms are arranged in groups of eight.
The terms in each group can be shared mutually exclusively
between two adjacent output cells. If a particular product term
is needed for two outputs, then two identical product terms
are generated: one for each output.

A security fuse is provided to help protect the fuse pattern
from unauthorized copying. Once the security fuse has been
programmed, it is no longer possible to verify the contents of
the fuse array electrically. The security fuse has no effect on
functionality.

Monolithic m Memories
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PAL10H20P8

DIP Pinout

vees

J

LR EEEEERIETE

veey

EIEIEIFIEIFIFIFIEIFEIE]

PLCC Pinout

QB 8]H]|H] S E)

CDO0BAOM
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PAL10H20P8

Absolute Maximum Ratings

These ratings specify the conditions above which the device may be permanently damaged. AC and DC specifications are not
necessarily guaranteed over this range.

Supply voltage Vi (Veoct = Voes = Vg = OV) oo -8.0V to OV
Input voltage V| (Vgey = Voeo = Vees =0V)
Cutput current, lout
COMINUOUS ..o
Surge ...
Storage temperature range, Tsig

Operating Conditions

COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Ve Supply voltage (Ve = 0V) ~-546| -5.2 | -4.94 \
Ta Operating free-air temperature 0 75 °C
Electrical Characteristics v, = -s.2v + 5% (see note 1
TEST 0°c 25°C 75°C
SYMBOL PARAMETER CONDITIONS UNIT
MIN | MAX | MIN | MAX | MIN | MAX
leg Power supply current Inputs V| =V, Max - 210 - 210 - 210 | mA
linH Input current high Viy Min <V, <V, Max - 425 - 265 - 265 | uA
linL Input current low ViL Min <V <V Max 0.5 - 05 - 0.3 - A
Vou High output voltage (See Note 2) -1.02 | -0.84 | -0.98 | -0.81 [ -0.92 |-0.735 Ve
VoL Low output voltage (See Note 2) -195|-163 | -195|-163|~1.95 | -1.60 Ve
\m High input voltage (See Note 2) -1.17 | -0.84 } -1.13 | -0.81 | -1.07 [-0.735 A
ViL Low input voitage (See Note 2) -1.95-148 | -195|-148 | -1.95 | -1.45 Ve
Switching Characteristics Vee = -5.2V * 5% (See note 2)
0°Cc 25°C 75°C
SYMBOL PARAMETER UNIT
MIN | MAX | MIN | MAX | MIN | MAX
tpp Propagation delay 2.0 6.0 2.0 6.0 2.0 6.0 ns
™ Rise time (20%-80%) 0.7 2.2 0.7 2.0 0.7 2.2 ns
te Fall time (80%-20%) 0.7 2.2 0.7 2.0 0.7 2.2 ns

Note: 1. Each ECL 10KH series circuit has been designed to meet the specifications shown in test table after thermal equilibrium has been established.
The circuit is in test socket or mounted on a printed board and transverse air flow greater than 500 linear fpm is maintained.

2. Outputs are terminated through a 5082 resistor to Voo — 2.0V. Discrete carbon resistors should be used for terminations. Multiple-resistor packs and metal
film discrete resistors are inductive and should be avoided. The single-ended nature of the outputs demands strict adherence to ground and termination
plane design techniques.

3. It pin 13 (PLCC pin 16) is not used, it should be left open or terminated to Ve ( = Ve - 2.0V). It should not be terminated to Veg-
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PAL10H20P8

Logic Diagram
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MegaPAL Devices
32R16, 64R32

MegaPAL Devices

PAL64R32

T T
ARRAY INPUTS REGISTERED QUTPUTS tep ICC
(ns) (mA)
PAL32R16 32 16 40 280
64 32 50 640

Description

The MegaPAL Devices offer very high density programmable
logic.

Programmable Polarity

Each flip-flop has individuaily programmabie polarity. The
unprogrammed state is active low.

Product Term Sharing

Product term sharing allows each pair of outputs to share its
product terms with one output or the other (not both). Each
pair has a total of sixteen product terms; thus, one output can
use zero to sixteen terms while the other has sixteen to zero.
Product terms can only be shared mutually exclusively. If both
outputs need the same term, it must be created twice, once
for each output.

Register Bypass

Registers in either device can be bypassed in banks of eight,
creating a set of combinatorial outputs.

Reset

The PAL64R32 also features asynchronous reset (previously
called preset). The reset function sets a bank of eight regis-
ters to a logic LOW, setting the output HIGH if active low.

Register Preload and Power-up Reset

Both devices also offer register preload for device testability.
The registers can be preloaded from the outputs by using TTL
level signals in order to simplify functional testing. This series
also offers Power-up Reset, whereby the registers power up to
& logic LOW, setting active-low outputs to a logic HIGH.

Monolithic E.[i.ﬂ Memories
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MegaPAL Devices
32R16, 64R32

32R16
64R32
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MegaPAL Devices

64R32
Testing Conditions
COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX
twp Preload pulse width 35 ns
tsup Preload setup time 50 ns
the Preload hold time 5 ns
trRw Preset pulse width 25 ns
teRR Preset recovery time 35 ns
Monolithic m Memories 2-121




MegaPAL Devices

32R16
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Veo Supply voltage 4.5 5 55 | 4.75 5 5.25 \
: Low 25 20
ty Width of clock - ns
High 25 20
twp Preload pulse width 45 35 ns
) . Polarity fuse intact 50 40
tsu Setup time for input to clock - ns
Polarity fuse blown 50 40
tsup Preload setup time 30 25 ns
t Hold time 0 -10 0 -10 ns
thp Preload hold time 10 5 ns
Ta Operating free-air temperature -55 0 75 °C
Te Operating case temperature 125 °C
Electrical Characteristics (over operating Conditions)

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
v ! Low-level input voltage 08! Vv
Vig' High-level input voltage 2 \
Vie input clamp voltage Vee = MIN I = —18mA -08 | -15 V'
h 2 Low-level input current Vge = MAX V| = 0.4V -0.02| -0.25{ mA
I High-level input current Ve = MAX V| =24V 25 MA
I Maximum input current Voo = MAX V| = 5.5V 1| mA

Mil oL = BmA
Voo Low-ievel output voitage Vge = MIN 0.3 05 \
Com o = 8mA
) Mil lon = —2mA
Vou High-level output voltage Ve = MIN 2.4 28 \
Com loy = -3.2mA
loz 2 Vo = 0.4V -100

ozt Off-state output current Ve = MAX o KA
lozn? Vo = 2.4V 100 | wA
log® Output short-circuit current Vg = MAX Vo = 0V -30 -70 | =130 | mA
lee Supply current Vog = MAX 200 280 | mA

Switching Characteristics (Over Operating Conditions)
TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
) Input to Polarity fuse intact 50 40
ns

PD output Polarity fuse blown 55 45
toik Clock to output or feedback R, = 5608 30 25 | ns
tpzx Output enable R, = 1.1KQ2 25 20 | ns
toxz Output disable 25 20 | ns
fmax Maximum frequency 14 16 MHz

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

2. 1/0 pin leakage is the worst case of | and lgz (or Iy and lgzy).

3. No 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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MegaPAL Devices

64R32
Operating Conditions
COMMERCIAL'
SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Vee Supply voltage 4.75 5 5.25 \
Low 20
tw Width of clock ns
High 20
X . Polarity fuse intact 40
tsy Setup time from input to clock ns
Polarity fuse biown 40
ty Hold time [¢] -10 ns
Ta Operating free-air temperature 0 75 °C
Te Operating case temperature °C

Electrical Characteristics {Over Operating Conditions)

COMMERCIAL
SYMBOL PARAMETER TEST CONDITION UNIT

MIN | TYP | MAX
vy 2 Low-level input voltage 08| Vv
Viu2 High-level input voltage 2 v
Vic Input clamp voltage Vee = MIN I = -18mA -08 | -15 \4
I Low-level input current Voo = MAX V| = 0.4V -0.02| -0.25| mA
W High-tevel input current Vee = MAX V) = 2.4V 25 | uA
h Maximum input current Voo = MAX V| =55V 1] mA
VoL Low-tevel output volitage Voc = MIN lop = 8mA 0.3 0.5 \4
Vou High-level output voltage Vec = MIN logy = -0.4mA 24 2.8 \

loz.3 Vo = 0.4V -100
94 | Offstate output current Voo = MAX o KA
lozn® Vo = 2.4V 100 | uwA
log* Output short-circuit current Veg = 5V Vo = 0V -10 -40 ~60 | mA
lec Supply current Vee = MAX 400 640 | mA

Switching Characteristics (Over Operating Conditions)

COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS UNIT
MIN | TYP | MAX
Polarity fuse intact 50
tep Input to output - ns
Polarity fuse blown 55
oLk Clock to output or feedback 22 ns
tpzx Output enable 21 = ?610KSSZ2 30 | ns
toxz Output disable 2" 30 | ns
toRH Preset to output 35 ns
fmax Maximum frequency 16 20 MHz

1. The PAL64R32 Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memones.

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

3. I/0 pin leakage is the worst case of Iy and lgz; (or Iy and lozn)-

4. No 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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MegaPAL Devices
32R16 Logic Diagram

32R16
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MegaPAL Devices
64R32 Logic Diagram
64R32
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fuax Parameters

fuax Parameters

The parameter fyax is the maximum speed at which the PAL
device is guaranteed to operate. Because flexibility inherent to
PAL devices allows a choice of clocked flip-flop designs, for
the convenience of the user, fy ax for the B-speed devices is
specified to address two major classes of synchronous de-
signs.

The simplest type of synchronous design can be described as
a data path application. In this case, data is presented to the
data terminal of the flip-flop and clocked through; no feedback

is employed (Figure 1). Under these conditions, the frequency
of operation is limited by the greater of the data setup time
{t;,) or the minimum clock period (t, high + t, low). This
parameter is designated fyyay (no feedback).

For synchronous sequential designs, i.e., state machines,
where logical feedback is required, inputs to flip-flop data
terminals originate from the device input pins of flip-flop
outputs via the internal feedback paths (Figure 2). Under
these conditions, fyax is defined as the reciprocal of (tg, +
toLk) and is designated fyay (feedback).

o

LDO030OM

Figure 1. No Feedback

LDO0S1OM

Figure 2. Feedback
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Waveforms

Output Register PRELOAD

The PRELOAD function allows the register to be loaded from
data placed on the output pins. This feature aids functional
testing of sequential designs by allowing direct setting of
output states. The procedure for PRELOAD is as follows:

Series 20PA

NO O A LN

Raise V¢ to 4.5V.

Disable output registers by setting pin 11 to Vin-
Apply V| /V\ to all registered output pins.

Pulse pin 8 to Vp, then back to 0V.

Remove V|, 7V, from all output registers.

Lower pin 11 to V,_to enable the output registers.
Verify for VoL/Vou at all registered output pins.

Serles 24RS/24XA

Nooswp

Raise V¢ to 4.5V.

Disable output registers by setting pin 13 to Vi
Apply V| /V), to all registered output pins.

Pulse pin 10 to Vp, then back to OV.

Remove Vv, 7V, from all output registers.

Lower pin 13 to V,_to enable the output registers.
Verify for V5 /Voy at all registered output pins.

Power-Up RESET

All devices with this PRELOAD feature also have power-up
RESET. All registers power up to a logic high for predictable
system initialization.

Switching Waveforms

ViH

PIN 11
viL

OUTPUT

o
i
REGISTERS viL

i J_ W

PINS Vi, —m—— ]

WF00100M

PIN13 OV

ViH

viL
v ©
ouTPUT '":>__
REGISTERS |, <

ot

PIN 10 Vi

WF00110M

INPUTS 1/0
REGISTERED
FEEDBACK A

3V

ov

ASYNCHRONOUS
PRESET

| ——}—to

-+ tp |

tPRW

tPRR—|

REGISTERED
OuUTPUTS

l*'PD’ tPRH

COMBINATORIAL
OouTPUTS

Notes: 1. Input pulse amplitude OV to 3.0V.

2. Input access measured at the 1.5V level.

WRO0120M
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fuax Parameters

fyax Parameters

The parameter fyyax is the maximum speed at which the PAL
device is guaranteed to operate. Because flexibility inherent to
PAL devices allows a choice of clocked flip-flop designs, for
the convenience of the user, fyax for the B-speed devices is
specified to address two major classes of synchronous de-
signs.

The simplest type of synchronous design can be described as
a data path application. In this case, data is presented to the
data terminal of the flip-flop and clocked through; no feedback

is employed (Figure 1). Under these conditions, the frequency
of operation is limited by the greater of the data setup time
(ts,) or the minimum clock period (t, high + t, low). This
parameter is designated fyax (no feedback).

For synchronous sequential designs, i.e., state machines,
where logical feedback is required, inputs to flip-flop data
terminals originate from the device input pins of flip-flop
outputs via the internal feedback paths (Figure 2). Under
these conditions, fyax is defined as the reciprocal of (g, +
to k) and is designated fy,x (feedback).

—

LDO0300M

Figure 1. No Feedback

L000310M

Figure 2. Feedback
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Waveforms

Output Register PRELOAD

The PRELOAD function allows the register to be loaded from
data placed on the output pins. This feature aids functional
testing of sequential designs by allowing direct setting of
output states. The procedure for PRELOAD is as follows:

Series 20PA

Raise Vi to 4.5V.

Disable output registers by setting pin 11 to Vi
Apply V| /V), to all registered output pins.

Pulse pin 8 to Vp, then back to OV.

Remove V) 7V, from all output registers.

Lower pin 11 to V,, to enable the output registers.
Verify for Vo /Voy at all registered output pins.

NoO oA wP

PiN 11
viL

OUTPUT

PINSE Vi o )

Vit

i 4
REGISTERS viL

WF00100M

Series 24RS/24XA PN OV
1. Raise Vi to 4.5V. ViH
2. Disable output registers by setting pin 13 to Vi vie
3. Apply V| /V|, to all registered output pins. v o o
. H
. OUTPUT
4. Pulse pin 10 to V,, then back to OY RS :>_< >_<
5. Remove V| /V|, from all output registers. b N ""l_ o
6. Lower pin 13 to V; to enable the output registers. , P
7. Verify for Vo, /Vgy at all registered output pins. ‘o | ‘o
Power-Up RESET
All devices with this PRELOAD feature also have power-up
RESET. All registers power up to a logic high for predictable
system initialization. PIN10 Vi
wrootiom
Switching Waveforms ‘
INPUTS 1/0 v ‘
REGISTERED |
FEEDBACK ov ‘
]
o N\ ’
————tp |
ASYNCHRONOUS ‘
PRESET
e—1—lCcLK tPRW tpRR —| ek |<'sz Vor -5V X 1
H
REGISTERED !
OUTPUTS 7 J
|<' 4 Vor t05V 4
PD*[*-'PRH 'sz>| pZX
COMBINATORIAL )]
OUTPUTS A l
OF
Notes: 1. Input pulse amplitude OV to 3.0V.
2. Input access measured at the 1.5V level.
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Test Load
Absolute Maximum Ratings
Operating Programming
SUPPlY VOIBGE V(o +rereeerrmssssmsnessnssnssnrssssss s ~0B5V 107V e —~0.5V to 12V
Input voltage ......coceeeunee 1.5V t0 5.5V ..ociiiiiinnnn —1.0V to 22V
OFf-StAte OUIPUE VOIAGE +...vosermsesesmmssss s csss st T [ Y P PP T RRPI P 12v
SHOTAQE TOMPIAILIE .. .orvsersrrsoeresseesssscss 1o -65°C to +150°C
Switching Test Load Schematic of Inputs and Outputs
5V EQUIVALENT INPUT TYPICAL OUTPUT
} vee — ——ovee
S$1 % 8 K{} NOM 40 (: NOM
3n1 7
4
ouT O
UTPUT TEST POINT INPUT = 1e
3R2 =CL 'W ouTPUT
) 4
L x
= * ) 4
TCO0080M -
1

TCO0100M

Notes: 1. tgp is tested with switch S, closed, C_ = 50pF and measured at 1,5V output level.
2. tpzx I8 measured at the 1.5V output level with G_ = 50pF. S, is open for high impedance to 1" test, and closed for high impedance to "0" test.
3. tpyz is tested with C_ = 5pF. 8, is open for "'1" to high impedance test, measured at Vg ~0.5V output level; S, is closed for "0" to high impedance test

measured at Vo, +0.5V output level.
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