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PAL® Device Introduction

The PAL® Device Concept

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

Rapid advances in large scale integration technology have led
to larger and larger standard logic functions; single I.C.s now
perform functions that formerly required complete circuit
cards. While LS| offers many advantages, advances have
been made at the expense of device flexibility. Most LS/
devices still require large numbers of SSI/MSI devices for
interfacing with user systems. Designers are still forced to turn
to random logic for many applications.

The designer is confronted with another problem when a
product is designed. Often the function is well defined and
could derive significant benefits from fabrication as an inte-
grated circuit. However, the design cycle for a custom circuit is
long and the costs can be very high. This makes the risk
significant enough to deter most users. The technology to
support maximum flexibility combined with fast turnaround on
custom logic has simply not been available. Monolithic Memo-
ries offers the programmable solution.

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

1-2 Monolithic E.Eﬂ Memories



PAL® Device Introduction

The PAL Device — Teaching Old PROMs
New Tricks

Monolithic:Memories developed the modern PROM and .intro-
duced many of the architectures and techniques now regard-
ed as industry standards. As the world's largest PROM
manufacturer, Monolithic Memories has the proven technology
and high volume production capability required to manufacture
and support the PAL device.

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

The key to the PROM's success is that it allows the designer
to customize the chip quickly and easily to fit his unique
requirements. The PAL device extends this programmable
flexibility by utilizing proven fusible link technology to imple-
ment logic functions. By using PAL circuits the designer can
quickly and effectively implement custom logic varying in
complexity from random gates to complex arithmetic func-
tions.

ANDs and ORs

The PAL device implements the familiar sum-of-products logic
by using a programmable AND array whose output terms feed
a fixed OR array. Since the sum-of-products form can express
any Boolean transfer function, the PAL circuit uses are only
limited by the number of terms available in the AND — OR
arrays. PAL devices come in different sizes to allow for
effective logic optimization.

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

Output = (I + F)([y + B)llp + )T + T) + (14 + 7o)

(I + fe)lo + 7)) (I, + fg)

where the "'f'' terms represent the state of the fusible links in
the PAL device AND array. An unblown link represents a logic
1. Thus:

fuse blown, f = 0

fuse intact, f = 1
An unprogrammed PAL device has all fuses intact.

Fq
—1
Fq
F ouTPUT
s ;
—1
~ Fg
T3
LDO0B6OM
Figure 1

PAL Device Notation

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

: ABC
A
BED—A-B-C A-B-C
c .

LDO0B7OM

Figure 2

Monolithic Eﬁﬂ Memories 1-3




PAL® Device Introduction

OUTPUT
*483

LDO0BBOM

Figure 3

As a simple PAL device example, consider the implementation
of the transfer function:

Output = I4I, + Til,
The normal combinatorial logic diagram for this function is
shown in Figure 4, with the PAL device logic equivalent shown
in Figure 5.

L]
115 + iy
D]

LDO0BIOM

Figure 4

M :
B>
U

LDO0S0OM

Figure 5

Using this logic convention it is now possible to compare the
PAL device structure to the structure of the more familiar
PROM (Programmable Read-Only Memory) and PLA (Pro-
grammable Logic Array). The basic logic structure of a:PROM
consists of a fixed AND array whose outputs feed a program-
mable OR array (Figure 6). PROMs are low-cost, easy to
program, and available in a variety of sizes and organizations.
They are most commonly used to store computer programs
and data. In these applications the fixed input is a computer

memory address; the output is the content of that memory
location.

I3 I I I
“OR" ARRAY
(PROGRAMMABLE)
P

OUUUUUOUUUUUOUU

“AND” ARRAY v&v
(FIXED)

03 0; 0 O

BDO00210M

Figure 6

The basic logic structure of the PLA consists of a programma-
ble AND array whose outputs feed a programmable OR array
(Figure 7). Since the designer has complete control over all
inputs and outputs, the PLA provides the ultimate flexibility for
implementing logic functions. They are used in a wide variety
of applications. However, this generality can make PLAs
expensive, quite formidable to understand, and costly to
program. !

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

1-4 Monollthlemnemdries
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PLA
4 In‘4 Out*16 Products
I ] h lo
“OR” ARRAY
(PROGRAMMABLE)

—————

QUUOUUUUOUUUU

“AND” ARRAY
(FIXED)

PAL Device
4 In*4 Out*16 Products
l3 U Iy lo
A “OR" ARRAY
(FIXED)

OUOUOUOUOUOUOUO0

“AND” ARRAY
(PROGRAMMABLE)

o

3 Oz 04 Op

8D00230M

Figure 7 Figure 8
AND | OR OUTPUT OPTIONS
PROM Fixed | Prog | TS, OC
PLA Prog | Prog | TS, OC, Prog. Polarity
PAL Device Prog |Fixed | TS, Registered Feedback,
1/0 Prog. Polarity
Table 1.

PAL Devices For Every Task

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

Monolithic m Memories

PAL device logic arrays are available in sizes from 6 x 16 (6
input terms, 16 output terms) to 64 x 32, with both active high
and active low output configurations available (ref. PAL device
menu). This wide variety of input/output formats allows the
PAL device to replace many different sized blocks of logic with
single packages.:




Monolithic Memories PAL® Device Menu

DESCRIPTION MAXIMUM
FAMILY PART NUMBER| PACKAGE OUTPUTS i
INPUTS trp lcc
COMBINATORIAL | REGISTERED ns mA
PAL10H8 10 8 - 35
PAL12H6 12 6 - 35
PAL14H4 14 4 5 35
PAL16H2 16 2 - 35
g?:'n'tl)iﬁgtorial PAL16CY 20Nf= JL o 16 2 - 40 90
PAL10L8 ' 10 8 i 35
PAL12L6 12 6 - 35
PAL14L4 14 4 = 35
PAL16L2 16 2 . 35
PAL10H8-2 10 8 &
PAL12H6-2 12 6 <
PAL14H4-2 14 4 -
PAL16H2-2 16 2 2
hmz, Padwie | AN | R S e | e
PAL10L8-2 ’ 10 8 -
PAL12L6-2 12 6 -
PAL14L4-2 14 4 -
PAL16L2-2 16 2 -
PAL16L8 ‘ 16 8 =
Medium 20 PAL16R8 16 - 8
Standard PAL16R6 20Ny.; ML 16 2 6 6 189
PAL16R4 16 4 4
PAL16L8A 16 8 L
Medium 20A | PAL16R8A 20N, J, NL, 16 - 8 25 oo
Standard PAL16R6A W, L 16 2 6
PAL16R4A 16 4 4
PAL16L8A-2 16 8 -
Medium 20A-2 | PAL16R8A-2 20N, J, NL, 16 = 8 36 50
Standard PAL16R6A-2 F, L 16 2 6
PAL16R4A-2 16 4 4
PAL16L8A-4 16 8 L
Medium 20A-4 | PAL16R8A-4 20N, J, NL, 16 - 8 55 50
Standard PAL16R6A-4 F, L 16 2 6
PAL16R4A-4 16" 4 4
PAL16L8B , 16 8 -
Medium 208 PAL16R8B 20N, J, NL, 16 5 8 i ‘b0
Standard PAL16R6B W, L - 16 2 6
PAL16R4B 16 4 4
PAL16L8B-2 16 8 L
Medium 20B-2 | PAL16R8B-2 .20N, J, NL, 16 - 8 55 56
Standard PAL16R6B-2 W, L 16 2 6
PAL16R4B-2 16 4 4
PAL16L8B-4 : 16 8 =
Medium 20B-4 | PAL16R8B-4 20N, J, NL, 16 - 8 4 L
Standard PAL16R6B-4 W, L 16 2 6
PAL16R4B-4 16 4 4
PAL16L8D 16 8 =
Medium 20D PAL16R8D 16 - 8
Standard PAL16R6D 20N, J, NL 16 2 6 10 160
PAL16R4D 16 4 4
1-6 Monolithic Memories




Monolithic Memories PAL® Device Menu

DESCRIPTION MAXIMUM
FAMILY PART NUMBER | PACKAGE OUTPUTS *
tep lec
INPUTS ns mA
COMBINATORIAL | REGISTERED
Medum 20AP | o0 1CE0E 16 : 5
grocfgéiymmable PAL16RP6A 20N, J, NL 16 2 6 25/30 180
PAL16RP4A 16 4 4
Large 20 PAL16X4 20N, J, NL, 16 4 4 40 225
Arithmetic PAL16A4 F, L 16 4 4 240
Large 20RA | by 16RA8 20N, J, NL 16 - 8 30/35** 170
Asynchronous
* Minimum cc ial tg, for devices with all regi outputs.
** Polarity fuse programmed (active High).
N = Plastic DIP

NS = Plastic SKINNYDIP
J = Ceramic DIP
JS = Ceramic SKINNYDIP
NL = Plastic Leaded Chip Carrier (PLCC)
P = Pin Grid Array
L = Leadless Chip Carrier (LCC)
W = Cerpack
F = Ceramic Solder Seal Flat Pack

Monolithic m Memories 1-7
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PAL Circuit. Series 24

DESCRIPTION MAXIMUM
FAMILY PART NUMBER | PACKAGE OUTPUTS ton® )
INPUTS PD c¢
COMBINATORIAL | REGISTERED ns m
PAL12L10 10 10 -
PAL14L8 14 8 -
Small 24 PAL16L6 24NS, JS, W, 16 6 - 10 100
Combinatorial PAL18L4 28NL, 28L 18 4 -
PAL20L2 20 2 -
PAL20C1 20 2 -
Small 24A - PAL6L16A 24NS, JS, 6 16 - bg %0
Decoder PAL8L14A 28NL 8 14 -
PAL20L8A 20 8 -
Medium 24A PAL20RSA 24NS, JS, W, 20 - 8 25 590
Standard PAL20R6A 28NL, 28L 20 2 6
PAL20R4A 20 4 4
PAL20L8A-2 20 8 -
Medium 24A-2 | PAL20R8A-2 24NS, JS, W, 20 - 8 a8 105
Standard PAL20R6A-2 28NL, 28L 20 2 6
PAL20R4A-2 20 4 4
PAL20L8B 20 8 -
Medium 24B PAL20RSB 24NS, JS, W, 20 - 8 15 210
Standard PAL20R6B 28NL, 28L 20 2 6
PAL20R4B 20 4 4
PAL20L10 20 10 - 165
Medium 24X PAL20X10 24NS, JS, W, 20 - 10 50 180
Exclusive OR PAL20X8 28NL, 28L 20 2 8 180
PAL20X4 20 4 4 180
PAL20L10A 20 10 - 165
Medium 24XA | PAL20X10A 24NS, JS, W, 20 - 10 20 180
Exclusive OR PAL20X8A 28NL, 28L 20 2 8 180
PAL20X4A 20 6 4 180
PAL20S10 20 10 - 35/40** 240
g‘,"’agr‘; dzf,?osduct PAL20RS10 24NS, JS, W, | 20 - 10 35 240
Torms PAL20RS8 28NL, 28L 20 2 8 35/40** 240
PAL20RS4 20 6 4 35/40** 240
Large 24RA 24NS, JS, W, P
Asynchronous | PAL2ORAO 28NL. 261 20 - 10 30/35 200
Large 24VX PAL32VX10 24NS, JS, 32 _ 10 30 180
Varied XOR PAL32VX10A 28NL 25
ECL PAL10H20P8 242'&':'3' 20 8 - 6 210
PAL Circuit Series MegaPAL™
DESCRIPTION MAXIMUM
FAMILY PART NUMBER| PACKAGE o ;
INPUTS REGISTERED OUTPUTS PD cc
ns mA
1500 Gates PAL 32R16 [40N, J, 44NL, 44L| 32 16 40/45** 280
5000 Gates PAL64R32 88P, 84L 64 32 50/55** 640

1-8
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PAL® Device Introduction

Basic PAL Device Features

PAL devices offer a number of different types of outputs. The
basic types include the following:

©® Combinatorial

® Programmable 1/0

® Registered Outputs with Feedback

® XOR Outputs

INPUTS AND OUTPUTS

A

Combinatorial

The simplest PAL devices have combinatorial outputs with no
feedback. The basic structure shown in Figure 9 depicts four

product terms summed at an active-low output.

o1

—s

LDO00O10M

Figure 9

Programmabile 1/0

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

also fed back into the PAL device array as an input. Thus the
PAL device drives the 1/0 pin when the three-state gate is
enabled; the 170 pin is an input to the PAL device array when
the three-state gate is disabled. This feature can be used to
allocate available pins for 1/0 functions or to provide bi-
directional output pins for operatnons such ‘as shifting and
rotating serial data. i

INPUTS, FEEDBACK AND 1/0

+ Tttt

T
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p—— 1/O
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LD00O20M

Figure 10 '

Registered Outputs with Feedback

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

In addition to being available for transmission, the Q output is
fed back into the PAL device array-as an input term. This
feedback allows the PAL device to ''remember'' the previous
state, and it can alter its function based upon that state. This
allows the designer to configure the PAL device as a state
sequencer which can be programmed to execute such ele-
mentary functions as count up, count down, skip, shift, and
branch. These functions can be executed by the regustered
PAL device at rates of up to 55. 5MHz

Monolithic mfnemorles 1-9
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INPUTS, FEEDBACK AND /0
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XOR Outputs

These PAL devices feature an exclusive-OR (XOR) function.
The sum of products is segmented into two sums which are
then exclusive ORed at the input of the D-type flip-flop (Figure

INPUTS, FEEDBACK AND 1/0

-

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

| |

cLocK oc

T

LDO0S4OM

Figure 12

PAL Device Programming

PAL devices can be programmed in most standard PROM
programmers with the addition of a PAL device personality
card. For details on programming equipment, see the PAL
Device Programmer Reference Guide in this handbook.

PALASM (PAL Device Assembler)

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

HAL (Hard Array Logic) Device

The HAL device family is the mask programmed version of a
PAL device. The HAL device is to a PAL device just as a ROM
is to a PROM. A standard wafer is fabricated as far as the
metal mask. Then a custom metal mask is used to fabricate
aluminum links for a HAL device instead of the programmable
TiW fuses used in a PAL device.

PAL Device Technology

PAL circuits are manufactured using the proven TTL Schottky
bipolar TiW fuse process to make fusible-link PROMs. An NPN
emitter follower array forms the programmable: AND array.
PNP inputs provide high impedance. inputs (0.25mA max) to
the array. All outputs are standard TTL drivers with internal
active pull-up transistors.

PAL Device Data Security

The circuitry used for programming and logic verification can
be used at any time to determine the logic pattern stored in
the PAL device array. For security, the PAL device has a "last

fuse" which can be blown to disable the verification logic. This
provides a significant deterrent to potential copiers, and it can
be used to protect proprietary designs.

PAL Device Part Numbers

The PAL device part number is unique in that the part number
code also defines the part's logic operation. The PAL device
numbering system is shown in Figure 13. For example, a PAL
14L4CN would be a 14-input term, 4-output term, active-low
PAL device with a commercial temperature range packaged in
a 20-pin plastic DIP.

PAL 20 L 8 A -2 C NS SHRP H01234

PAL = Programmable _]— “ BIT PATTERN NUMBER
Family
HAL = Hard Array OPTIONAL PROCESSING
Family SHRP = Commercial
Reliability
Enhanced
NUMBER OF XXXX = Other
ARRAY INPUTS
PACKAGE
OUTPUT TYPE N = Plastic DIP
H = Active High J = Ceramic DIP
L = Active Low F - = Flat Pack
C . = Complementary NL = Plastic Leaded
P = Programmable Chip Carrier
R = Registered NS = Plastic SKINNYDIP
RA = Registered Asynchronous JS = Ceramic SKINNYDIP
§ = Shared L = Leadless
X = Exclusive OR Registered Chip Carrier
A = Arithmetic Registered P = Pin Grid Array
NUMBER OF OUTPUTS TEMPERATURE CODE
C = Commercial
SPEED M = Military
A = High Speed
B = Very High Speed POWER

D = Ultra High Speed ~ 2 = Half Power

-4 = Quarter Power

Figure 13
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PAL Device Logic Symbols

The logic symbols for each of the individual PAL devices gives
a concise functional description of the PAL device logic
function. This symbol makes a convenient reference when
selecting the PAL device that best fits a specific application.
Figure 14 shows the logic symbol for a PAL10H8 array.

PAL10H8

Nt

1

AND
LOGIC
H-{ ARRAY

|

slololzlolololzlcls!
N EEEEEEE

TBO1650M

Figure 14

A PAL Device Example

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

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

A conventional logic diagram for-the dice game is shown in
Figure 15. It is implemented using standard TTL, SSI and MSI
parts, with a total 1.C. count of eight: six quad gate packages
and two quad D-latches. Looks like a nice clean logic design,
right? Wrong!!

Mohbllthlcmnemorles 1-11
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PAL® Device Introduction

A brief examination of Figure 15 reveals two basic facts: first, . d
the circuit contains mostly simple, combinatorial logic, and Vee
second, it uses a clocked state transition sequence. Remem- 8y
bering that the PAL device family contains ample provision for
these features, the PAL device catalog is consulted. The
PAL16R8 has all the required functions, and the entire logic
content of the circuit can be programmed into a single PAL
device shown in Figure 16. ‘

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

BD00270M

Figure 16
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Advantages of Using PAL Devices

CD00S20M

The PAL device has a unique place in the world -of logic

design. Not only does it offer many advantages over conven-

tional logic, it also provides many features not found anywhere

else. Among the benefits of the PAL device family:

® Programmable replacement for conventional TTL logic.

® Reduces IC inventories substantially. and - simpiifies their
control.

® Reduces chip count by at least 4 to 1.

® Expedites and simplifies prototyping and board layout.

® Saves space with 20-pin and 24-pin SKINNYDIP packages,
and surface-mount PLCC packages.

® High speed: 10ns maximum propagation delay, on D series.

® Programmed on standard PROM programmers.

® Programmable three-state outputs. i

® Special feature eliminates possibility of copying by
competitors.

All of these features combine together to lower product

development costs and increase product cost effectiveness.

The bottom line is that PAL devices save money.

Direct Logic Replacement

CDO094OM

In both new and existing designs, the PAL device can be used
to replace various logic functions. This allows the designer to
optimize a circuit in many ways never before possible. The
PAL device is particularly effective when used to provide

- modifications to the standard

interfaces required by many LS| functions. The combination of
PAL device flexibility and LS| function density makes a power-
ful team. : i g
Design Flexibility :
The PAL device offers the systems logic designer a whole
new world. of options. Until now, the decision on logic system
implementation was. usually between SSI/MSI logic functions
on one hand and microprocessors on the other. In many
cases the function required is too awkward to implement the
first way and too simple to justify the second. Now the PAL
device offers the designer high functional density, high speed,
and low cost. Even better, PAL devices come in a variety. of
sizes and functions, thereby further increasing the designer's
options.

Space Efficiency

€D00S30M

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

Smaller Inventory

The PAL device family can be
used to replace up to 90% of X&)
the conventional TTL family. -

This considerably lowers both
shelving and inventory
cataloging requirements. In
addition, small custom

functions are easy for PAL |
device users, but not so easy for =~
standard TTL users.

1-14 Monolithic m Memories
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High Speed

CDO096OM

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

Easy Programming

The members of the PAL device family can be quickly and
easily programmed using standard PROM programmers. This
allows designers to use PAL devices with a minimum invest-
ment in special equipment. Many types of programmable logic,
such as the PLA, require an expensive, dedicated program-
mer.

Secure Data

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

Summary

The PAL device family of logic devices offers logic designers
new options in the implementation of sequential and combina-
torial logic designs. The family is fast, compact, flexible, and
easy to use in both new and existing designs. It promises to
reduce costs in most areas of design and production with a
corresponding increase in product profitability.

A Great Pevformer!/

CD0098OM
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PAL 1646 Logic Symbols

INPUT PROGRAMMABLE FIXED
BUFFERS “AND” ARRAY “OR” ARRAY CLOCK
CIRCUIT
IDENTIFICATION
OUTPUT
-
CURRENT SOURCE BUFFERS
AND PROGRAMMABLE
CIRCUITRY
- REGISTERS
MISCELLANEOUS
AND TESTING
CIRCUITRY

THREE-STATE

INPUT —
BUFFERS
PAL 16R6 Metalization
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PAL®(Programmable Array Logic)Devices
HAL® (Hard Array Logic) Devices

Features/Benefits

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

® 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 possnblhty of copying by competltors

Description ;

The: PAL device family utlhzes 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 modmed during prototype check-out or
production.

The PAL/HAL device transfer functlon 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: PRQM is a

fixed AND array driving a programmable OR array). -
In addition the PAL/HAL device provides th’ese 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 Vg 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 will 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 HO01234. 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.

Monolithic
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PAL/HAL Devices .

—— - m—

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 unique 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 unreachable 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 "illegal'
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. : : :

o= Y
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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.

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

Small 20 Series

STANDARD HALF POWER
INPUTS OUTPUTS POLARITY

tep lec top lec

(ns) (mA) “(ns) (mA)
PAL10H8 10 8 HIGH 35 90 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 90 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 to sixteen product terms per
output.

Polarity

Both active high and active low versions are available for each
architecture. The 16C1 offers both polarities of its single
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 only 40mA, with a
speed of 65ns. :
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16C1/-2

16H2/-2

Small 20 Series
14H4/-2

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

12H6/-2

10H8/-2

Monolithic [F.E.ﬂ Memories

DIP Pinouts
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Small 20 Series

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

PLCC Pinouts

10H8/-2 12H6/-2 14H4/-2
3121 11[z0}[1o s]f2][1][20]f19] 3}[21] 1}]20}}19
vcC ‘ vce vceC
4 Hig] ) | 4 Hig]
3 INPUT ACTIVE _E 3 INPUT ACTIVE _E 5 INPUT _E
AND AND AND | ACTIVE
HIGH HIGH
6H OR |outeurHIEl 6H OR |outeurHiel 6H OR | HigH Hie]
=| Logic epis E - kggic‘:! CELLS 'WE = Loe|$ OUTPUT E
ARRAY B ARRAY | CELLS [T
: B = I T
GND GND ‘ GND ‘
9 [l1olt1 ]2 3 9 [loff1 1] [2fis 9 [hof[1f12fhs
CD00440M (CDO00BOM CDO0450M
10L8/-2 1216/-2 14L4/-2
3{f24j1 v2cf; 19 3ij24i1 vzcc 19 ‘ 3l 2111[20l 19 ‘
vCcC
: = i R ic!
B "RIT | acmive HiT sH "o | active Hi7] sH INPUT Hi
s OR Low E . OR LOW E AND - | ACTIVE
Loaic [OUTPUT[] Logic |QUTPUTH & e 0519,‘,”‘”."@' :
7H ARRAy | CELLS E 7H Array | CELLS L‘;l 7 L5l
j :I ARRAY | CELLS
8 4 8 L fa r J m
GND | GND GND j
9 110§ )11} |12}113 9 j11o§j11§{12] 113 9 {l1oll11li12l 13
Codoason oo : CD0047OM
16L2/-2 16C1/-2
‘ s][2][1][20lf19] s|[2][ ]folf1e]
j vceC j vce 3
18 4 18 4 18
INPUT INPUT ;
17} 211 anp i 311 anp i7]
ACTIVE E = OR | ACTIVE L‘E OR | COMPLI-| E=
OUTPUT LOGIC |outpuT =1 Logic {MENTARY el
1 B OUTPUT ||
2 Li| ARRAY | "cpig M2 LI ARRAY | "Ceiis 3:5‘
14 8 14 8l 4
GND GND ‘
9 [[off11]f12[f3 o [[1off11l 1213
CD00isoM 'CDO008OM CD00490M
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Small 20 Series
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14|.4, 16L2

Operatlng Conditions

i} 5 MILITARY COMMERCIAL
SYMBOL. - - T PARAMETER . : ; UNIT
: A S ARR £ g "MIN | TYP | MAX | MIN' | TYP | MAX
Vec | Supply voltage ' e o las 5 55|475 |5 | 525[ V
To | Operating free-air temperature IR BT 0o 75 | °c
T Operatlng case temperature VLIS 5 125 | 1 |rec

Electrjcal Characteristics Over Operatlng condltlons £ : ‘
SYMBOL . |~ PARAMETER ‘ . TEST CONDITIONS MIN ‘| TYP | MAX | :UN|T

v ! | Low-level input voltage T ol sl o8| v
‘ High-level input voltage 2 \"
Input clamp voltage Voo = MIN I = -18mA -08 | -15]| Vv
| Low-level input current Voo = MAX.  “: V, = 0.4V | -0:02|'-0.25| mA
- | High-level input current Vo = MAX V, = 2.4V : 25 | pA
- Maximum -input current Véc = MAX E V| =55V = ) 1| mA
e ' ML lo . =8mA f v
g ’Low-level output voltage L Voo = MIN — : 03 [ 05|V

COM  Ig = 8mA

T e — - — il o = —2mA -
VoH e ngh-level output voltage Vec = MIN - - 24 28 \"

; COM lgy = -3.2mA ° v
los? ‘| Output short-clrcun current | Vg =5V L Vp=0v -30 | -70 | =130 | mA
'cc Supply current Vee = MAX 55 90 | mA
Switching Characteristics «

T AT TEsT MILITARY COMMERCIAL |
SYMBOL “PARAMETER CONDITIONS UNIT
P . Lot 1 | MIN | TYP | MAX | MIN | TYP | MAX :

Inputor - | Except 16C1 S | 25 45 25 35 |
feedback to g‘ ?63(?2 - ‘ ' 'ns
output ‘15C1 2 = : 25 45| | 25 40

1. These are ebsolute values with respect to the ground pin on the devloe and include all overshoots due to system and/or tester noise. Do not attempt to test these

values without suitable equlpment
2. No more than one.output should be shoned at a time and duramon of the short c:rcult should not exceed one second.
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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 1 UNIT
) MIN | TYP | MAX | MIN | TYP | MAX
Voo Supply voltage 45 5 55 | 475 5 525 | V
Ta Operating free-air temperature -55 . 126 | 0 75 °C
Electrical Characteristics over operating Conditions ,
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Vi ! Low-level input voltage 08| Vv
Vit High-level input voltage , o 2 v
Vic Input clamp voltage Voo = MIN I, = -18mA ‘| -08 | -15| V
e Low-level input current Voo = MAX V| =04V -0.02| -0.25| mA
I High-level input current Veo = MAX V, =24V 25 | upA
l Maximum input current’ Voo = MAX . V.=55V ’ 1 mA
‘ Ml lg = 4mA
Vou Low-level output voltage Ve = MIN 0.3 0.5 \
Com loL = 4mA
) o Mil lop = -1mA :
Vou High-level output voltage Vge = MIN 24 28 \'
: o Com * - lgy = -1mA '
los? Output short-circuit current Vee = 5V Vo =0V -30 | -70 | -130 [ mA
loc Supply current Voo = MAX ‘ : 30 45| mA
Switchlng Characteristics over operating Conditions
. - : MILITARY - COMMERCIAL
SYMBOL PARAMETER TEST UNIT
MIN | TYP | MAX | MIN | TYP | MAX
; R; = 1.12k§2 : ek
tep Input or feedback to output Ry = 2.2kQ 45 80‘ 45 .60 | ns

1. . These are absolute values with respect to the ground pm 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 ume and duration of the short circuit should not exceed one seoond
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Small 20 Series
10H8 Logic Diagram

10H8

1213 L3 20 225 228301

B®v | 19

3T "
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Small 20 Series
12H6 Logic Diagram

12H6
21 wno 22 2282827 829303
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8 kl > K‘| 12
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Small 20 Series
14H4 Logic Diagram

14H4

012 4662 s90n 23 1817 20202223 24252627 28293031
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4 y

LD00340M

123 4567 seon 1213 " 20212223 252627 28293031

2-12 Monolithic m Memories



Small 20 Series
16H2 Logic Diagram

0123 4567

891011 12131415 16

16H2
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Small 20 Series
16C1 Logic Diagram

16C1
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Small 20 Series
10L8 Logic Diagram

10L8
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Small 20 Series
16L6 Logic Diagram

16L6
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Small 20 Series
14L4 Logic Diagram
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Small 20 Series
16L2 Logic Diagram

16L.2

0123 4567 891010 12131415 16171819 20212223 24262627 28292031

A

[

7 NI > - . - - : ; j : 13

8 h : - - ‘1 12

) - ju v

0123 45627 89100 12131415 16171819 20202223 24252627 28293031

LDO040OM

2-18 Monolithic m'nemories



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 41/0 4
Description v o
The Medium 20 Series offers the four most popular PAL Suffix (t::) (::g)
device architectures. It also provides the fastest PAL devices :
n the |nd'u stry. ) . g . (standard) 35 180
The Medium 20 Series consists of four devices, each with A 25 ) 180
sixteen array inputs and eight outputs. The devices have A-2 35 90
either 0, 4, 6, or 8 registered outputs, with the remaining being A4 55 50
combinatorial. Each of 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 allows 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:

Mohalit[:lc BED memores

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

DIP Pinouts

16R4/A/A-2/A-4/

16L8/A/A-2/A-4/ 16R8/A/A-2/A-4/ 16R6/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——'| LS FT) F— 20 T 20 ] 20)
EH PP~ EH ; 8 3 ) H 0
B BP-@ o z , m o o
H 2@ CH [\ : m] CH e
GH Mo {7 EH " HF 0 sH AW [ie] EH ‘' E“E
EH nﬁ&;—ﬁl CH &% - [0 TH A - W] EH Araar P31
CH B=m O [grE a3 m OH fgeE
BH B-@ O [grE ! S =
‘ E,_ :30—3 E— OB 12 9 j:l E E'— @ E
T——m E T 5l — o  E L@
PLCC Pinouts , , ' o )
' iGLO/A/A-2IA-4I ' 16R8/A/A-2/A-4/ 16“6/A/A-2/A-4/
B/B-2/B-4/D_ B/B-2/B-4/D B/B-2/B-4/D
alainlmin .
e R vce
E . q E 4 v %) E'
. REG el
T E . E ] ";:%T REG‘EN
ie] 6] [EH ‘or |%orisneatfie]
is] i3] [ A:,?l?, recH15]
: EG REG
E E 8 OE_I/O RE E
] GND ]
9 I1ol 11l 2] |13
16R4/A/A-2/A-4/
B/B-2/B-4/D
3l[21[11[201[19}
vce
4 4 58 18
5 "A':‘%T ReaH17
OUTPUT,
6 L OOg.c CELLS REG |16
7 H ARRAY! REGIH15
REG
8 OE 110 V! 14
GND
9 [[1ol[11l[2fhs
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Medium 20 Series
16L8, 16R8, 16R6, 16R4

Operating Conditions . -
) . COMMERCIAL'
SYMBOL PARAMETER UNIT
MIN | TYP | MAX |~ -
Voo ‘Supply voltage 4.75 5 5256 |V
Low 25 10 |
ty Width of clock - ns
High 25 | 10.
to St up timo from Input 16R8, 16R6, 16R4 |5 | 25 | ns
t Hold time ' 0 15 ns
Ta Operating free-air temperature 0 75 °C
Tc Operating case temperature °C. i
Electrical Characteristics
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP [ MAX UNIT
vy 2 Low-level input voltage ‘ 08 | v
Viu2 High-level input voltage , 2 Vo
Vie Input clamp voltage Voo = MIN I, = -18mA ' -08 | -15| v
3 Low-level input current Vg = MAX V)= 0.4V -002]-0.25 mA
(W High-level input current Vo = MAX ; V) = 2.4V 25| pA
I Maximum input current Voe = MAX V, = 5.5V N 1 mA
VoL Low-level output voltage Voo = MIN Com g =24mA . 03] 05|V
VoH “High-level output voltage Vee = MIN Com loy = -3.2mA 24 28 v
loa® Ofi-state output current Vo = MAX Vo = 04V “100 ) A
lozi® Vo = 24V 100 | pA
los? Output short-circuit current Vg = 5V Vo=0V ‘=30 [ =70 | -130 | mA
leo Supply current 4 Voo = MAX 16R4, 16R6, 16R8, 16L8 120 | 180 | mA
Switching Characteristics over Operating Conditions ;
' I COMMERCIAL Ly
SYMBOL PARAMETER TEST CONDITIONS : = —=— UNIT
‘ ] 3 . . o . | ‘ MIN | TYP | MAX | = .
top T feedback to 16R6, 16R4, 16L8 25 | 35| ns
tok Clock to output or feedback 15| 25| ns
tezx Pin 11 to output enable except 16L8 15 25 | ns
texz Pin 11 to output disable except 16L8 Ry = 2009 15 25 | ns
tezx Input to output enable 16R6, 16R4, 16L8 R, = 390Q 25 35 ns
toxz Input to output disable 16R6, 16R4, 16L8 25 35| ns
fmax Maximum frequency 16R8, 16R6, 16R4 16 25 MHz

-

> w

The PAL20 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 |y and Igz (or Iy and lozy)-

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

Monolitlllc'm Memories
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Medium 20A Series
16L8A, 16R8A, 16R6A, 16R4A

Operating Conditions

: MILITARY COMMERCIAL
SYMBOL @ PARAMETER UNIT
2 : ; MIN | TYP | MAX | MIN | TYP | MAX
Veo Supply voltage 4.5 5 5.5 | 4.75 5 5.25 v
Low 20 10 15 10
ty Width of clock ns
High 20 10 15 10
t, fftfe‘;';s;“ci ftf’;‘k;g’;“t 16R8A, 16R6A, 16R4A | 30 15 25 15 ns
th x Hold time' 0 -10 ] -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
\/ Low-level input voltage 08| V
Vig! - | ‘High-level input voltage 2 v
Viek - Input clamp voltage Vee = MIN I, = -18mA -08 | =15 | V
2 Low-level input current Vee = MAX Vv, = 0.4V -0.02| -0.25| mA
2 ‘ High-level input current Ve = MAX V| =24V 25 | pA
| Maximum input current Voo = MAX V, = 5.5V 1| mA

Mil loL = 12mA
Vor Low-level output voltage Voo = MIN 0.3 0.5 \
. Com loL = 24mA
Mil loy = -2mA
Vou * | High-level output voltage Ve = MIN 24 2.8 \
Com loy = -3.2mA
loz? Vo = 0.4V : -100

OcL Off-state output current Voo = MAX o HA
lozn? Vo = 24V 100 | pA
los® .| Output. short-circuit current Vee =5V Vo =0V -30 | =70 | -130 | mA
log © Supply current Voo = MAX 120 180 | mA

-

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 Ij 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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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 )
tpo feedback to 16REA, 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 = 200
texz 16L8A R, = 390 1 25 1 20 | ns
Input to 16R6A, 16R4A,
tpzx output enable 16L8A 10 80 19 e
Input to 16R6A, 16R4A, )
texz output disable | 16L8A 13 80 3 28| ns
Maximum 16R8A, 16R6A,
faax frequency 16R4A 20 40 285 | 40 MHz
Monolithic lﬁ.ﬁﬂ Memories 2-23




Medium 20A-2 Series
16L8A-2, 16R8A-2, 16R6A-2, 16R4A-2

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
! MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply voltage 45 5 55 | 4.75 5 5.25 \"
Low 25 10 25 10
ty Width of clock ns
High 25 10 25 10
Set up time from input 16R6A-2, 16R4A-2,
Y or feedback to clock 16R8A-2 S0 25 3 2 ne
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| V
Vit High-level input voltage 2 v
Vic Input clamp voltage Voo = MIN I, =-18mA -08 | -15 v
2 Low-level input current Vge = MAX V| = 0.4V -0.02| -0.25| mA
2 High-level input current Voo = MAX V| =24V 25 | upA
l Maximum input current Voo = MAX V), = 6.5V 1] mA
Mil loL = 12mA
VoL Low-level output voltage Vec = MIN 0.3 0.5 \
Com loL = 24mA .
. Mil loy = —2mA
Vo High-level output voltage Vee = MIN 24 2.8 \'
Com loy = -3.2mA
lozL 2 Vo = 0.4V -100
Ozt Off-state output current Vee = MAX 9 KA
lozn? Vo = 2.4V 100 | pA
log® Qutput short-circuit current Ve = 5V Vo =0V -30 -70 | =130 | mA
loc Supply current Voo = MAX 60 90 | mA
Switching Characteristics over operating Conditions
TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS - UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Input or
top feedback to | |oLeA2 16R0AZ, 25 50 25 35 | ns
output .
tok Clock to output or feedback 15 25 15 25| ns
Pin 11 to output disable/enable _
toxz/2x except 16LBA-2 R, = 2009 15 25 15 25 | ns
Input to 16L8A-2, 16R6A-2, _
tezx output enable 16R4A-2 R, = 36002 2 45 2 8.1 m8
Input to 16L8A-2, 16R6A-2,
texz output disable | 16R4A-2 25 45 % 35 |.ne
Maximum 16R8A-2, 16R6A-2,
fumax froquency 16R4A-2 14 25 ' 16 25 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 Iy and gz (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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Medium 20A-4 Series
16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4

Operating Conditions

‘ MILITARY COMMERCIAL
- SYMBOL PARAMETER UNIT
8 i s MIN | TYP | MAX | MIN | TYP | MAX
Vee o Supply voltage 4.5 5 55 | 4.75 5 5.25 \
. Low 40 20 30 20
ty 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 -] %0 45 60 48 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
Vi ! Low-level input voltage o : 08| V
Viy' High-level input voltage 2 v
Vic Input clamp voltage Vee = MIN I, = -18mA -08 | -15 \'2
W2 Low-level input current Vee = MAX V| = 0.4V -002| -0.25| mA
2 High-level input current Voo = MAX V| =24V . 25| pA
| Maximum input current Vec = MAX V, = 5.5V 1] mA
Mil loL = 4mA
Vo Low-level output voitage “| Vgg = MIN 0.3 0.5 v
; Com loL = 8mA
. Mil lon = -1mA
Vou High-level output voltage Vec = MIN 2.4 28 V.
Com loy = -1mA
| Vo = 0.4V -100
Oz, Off-state output current Voo = MAX 9 uA
lozn? : Vo = 24V 100 | WA
log® Output short-circuit current Ve = 5V Vo =0V -30 | =70 | -130| mA
lec' Supply current | Voo = MAX < .30 50 | mA
Switching Characteristics over operating Conditions
i TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
L MIN | TYP | MAX | MIN | TYP | MAX
Input or :
16R6A-4, 16R4A-4, 3
tep feedback to 16LBA4 35 75 35 55 ns
- output ;
tork Clock to output or feedback : : 20 45 20 35| ns.
Pin 11 to output disable/enable _ .
toxz/zx ~ except 16L8A-4 : R, = 8002 -] 15 .40 ‘ 15 30| ns
Input to 16R6A-4, 16R4A-4, _
tpzx output enable 16L8A4 2| Rg = 1.56k2 30 65 | , 30’ 50 | ns
5 Input to . 16R6A-4, 16R4A-4, : ‘
toxz output disable. | 16LBA-4 30,788 80 | %0 ns
| Maximum 16R8A-4, 16R6A-4, . .
faax 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 Ij-and loz (or Iy and lgz). /

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
Voo Supply voltage 4.75 5 5.25 v
5 Low 10 6
ty Width of clock ns
High 10 5
: . 16R8B
Setup time from input
teu 16R6B 15 10 ns
or feedback to clock 16R4B
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
Vi 2 Low-level input voltage 08| V
Viy? High-level input voltage 2 : v
Vic Input clamp voltage Vee = MIN I, =-18mA -08 [ -1.5 v
(R Low-level input current Vge = MAX V, = 0.4V -0.02|-0.25| mA
(A 2 High-level input current Vee = MAX V, =24V 25 | WA
I | Maximum input current Vee = MAX V, = 55V 1| mA
VoL Low-level output voltage Vec = MIN loL = 24mA 0.3 0.5 v
Vou High-level output voltage Vec = MIN loq = =3.2mA 24 28 \"
loa.? Off-state output current Ve = MAX Vo = 04V 7100 #A
lozn® Vo = 24V 100 | - wA
los* Output short-circuit current Vge = 5V Vo = 0V -30 -70 | =130 | mA
lc Supply current Voo = MAX : 120 | 180 | mA
Switching Characteristics over Operating Conditions
TEST COMMERCIAL

SYMBOL PARAMETER CONDITIONS | un | 7vp | mAX UNIT
tp 16L8B, 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 16L8B Commercial 10 15 ns
toxz Pin 11 to output disable except 16L8B R; = 200Q 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

fwax Maximum frequency No feedback 50 55 MHz

e

The PAL20B 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.

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

w
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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 \"
Low 15 10
tw Width of clock - ns
High 15 10
. . 16R8B-2
Setup time from input or
t 16R6B-2 25 15 ns
su feedback to clock 16R4B-2
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

V2 "Low-level input voltage 0.8 v
Viu? High-level input voltage 2 \'
Vic Input clamp voltage Voo = MIN I, = -18mA -08 | -15 v
I3 Low-level input current Voo = MAX V| = 0.4V -0.02| -0.25| mA
Iy High-level input current Voo = MAX V, =24V 25 | pA
I Maximum input current Voo = MAX V, =55V 1| mA
VoL Low-level output voltage Vee = MIN loL = 24mA 0.3 0.5 \'
Vou High-level output voltage Vee = MIN loy = =3.2mA 24 2.8 \
loz. 2 Vo = 0.4V -100
oz 3 Off-state output current Voo = MAX o s
lozn Vo =24V 100 | WA
los* - Output short-circuit current Voo = 5V Vo =0V -30 | -100 | =250 | mA
lce Supply current Vee = MAX 60 90 | mA

Switching Characteristics over Operating Conditions

TEST COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
g MIN | TYP | MAX
Input or feedback to output 16L8B-2, 16R4B-2, and

tep 16R6B-2 17 25 ns
tok 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 Ry = 20092 . 11 20 ns
tpzx Input to output enable 16R6B-2, 16R4B-2, and 16L8B-2 R, = 3902 10 25 | ns
tpxz Input to output disable 16R6B-2, 16R4B-2, and 16L8B-2 13 25 | ns
fmax Maximum frequency 16R8B-2, 16R6B-2, and 16R4B-2 . - ‘ 28.5 40 MHz

-

. The PAL20B-2 Series is designed to operate over the full military operating conditions. For availability and  specifications, contact Monclithic 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 I and lgz (or hy and lgzy)-

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

I

Eal ol
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16L8B-4, 16R8B-4, 16R6B-4, 16R4B-4

Medium 20B-4 Series

Operating Conditions

COMMERCIAL'
SYMBOL PARAMETER UNIT
: MIN | TYP | MAX
Vee Supply voltage 475 |5 5.25 \"
! Low 25 10
ty | Width of clock - - ns
: : High 25 10
: . 16R8B-4
W |feptmeronuor | toress s | = e
16R4B-4
t Hold time ~=10 ns
Ta Operating free-air temperature 25 75 | °C
Electrical CharacteristiCs over operating Conditions
COMMERCIAL
SYMBOL PARAMETER TEST CONDITION ‘UNIT
o MIN | TYP | MAX
V2 Low-level input voltage 08| Vv
Vi2 High-level input voltage -2 ; v
Vic Input clamp voltage Vee = MIN I = -18mA -08 | -1.5 v
B Low-level input current Vee = MAX V| = 0.4V -0.02| -0.25| mA
Iyl High-level input current Vee = MAX S V=24V 25| upA
I Maximum input current Veoe = MAX V, =55V 1] mA
Voo Low-level output voltage Vec = MIN loL = 8mA 03 0.5 v
VoH 'High-level output voltage Vee = MIN lopy = -1mA 24 2.8 Y
| Vo = 0.4V -100
OZL Off-state-output current Voo = MAX 9 A
lozn Vo = 24V 100 | uA
los* Output short-circuit current VGC =5V Vo = 0V -30 | -100 [ -250 | mA
loa Supply current | Voo = MAX 30 55 | mA
Switching Characteristics over Operating Conditions ‘
; ~ Tegt COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
S . MIN | TYP | MAX
Input or feedback to output 16L8B-4, 16R4B-4, and i
tep’ 16R6B-4 25 35| ns
tok Clock to output or feedback except 16L8B-4 15 25 ns
tozx Pin 11 to output enable except 16L8B-4 Ry = 80082 15 25 | ns
texz Pin 11 to output disable except 16L8B-4 R, = 1.56KQ 15 25| ns
tozx Input to output enable 16R6B-4, 16R4B-4, and 16L8B-4 B 25 35 | ns
texz Input to output disable 16R6B-4, 16R4B-4, and 16L.8B-4 ; 25 35 ns
fuax Maximum frequency 16R8B-4, 16R6B-4, and 16R4B-4 .. 16 25 MHz

-

The PAL20B-4 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 anempt to test
these values without suitable equipment.

E ol ol
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1/0 pin leakage is the worst case of I and lnz (or Iy and Igz).
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
L8D, 16R8D, 16R6D, 16R4D

Operating Conditions

COMMERCIAL!
SYMBOL " PARAMETER UNIT
MIN | TYP | MAX
Voo Supply voltage 475 | 5 5.25 \"
tw Width of clock Low 8 6 - ns
R High 8 5
tsu Setup time from input 16R8D, 16R6D, 16R4D 10 8 ns
or feedback to clock -
t Hold time -6 ns
Ta Operating free-air temperature 25 75 °C
Electrical Characteristics
SYMBOL k PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
Vi 2 Low-level input voltage 0.8 v
Viu? High-level input voltage 2 \%
Vic Input clamp voltage Vee = MIN I, = -18mA -08 | -1.5 \
1,3 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 Voo = MAX V) = 5.5V 200 | pA
VoL Low-level output voltage Ve = MIN loL = 24mA 0.3 0.5 \'
Vor High-level output voltage - Voo = MIN loy = —-3.2mA 2.4 3.4 )
loa.? Off-state output current Voo = MAX Vo = 04V 19 wh
lozH® : Vo = 2.4V 100 | wA
los* Output short-circuit current Vee = 5V Vo =0V -30 -70 | =130 | mA
lce Supply current Voo = MAX 120 180 | mA
Cin Input Capacitance Viy = 20V@ef = 1MHz
Cout Output Capacitance Vour = 20V@f = 1MHz pF
Cek, EN Clock/Enable Capacitance | Vg gy = 20V@f = 1MHz
Monotithic ) Memories 2-29




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

Switching Characteristics over operating Conditions

) TEST COMMERCIAL
SYMBOL | - PARAMETER CONDITIONS UNIT
MIN | TYP | MAX
top Input or feedback to output 16L8D, 16R6D, 16R4D 3 8 10 ns
tok Clock to output or feedback except 16L8D 2 6 8| ns
tpzx Pin 11 to output enable except 16L8D 3 8 10 | ns
toxz Pin 11 to output disable except 16L8D Ry = 20082 3 8 10| ns
tpzx Input to output enable 16L8D, 16R6D, 16R4D R, = 39082 1 8 10 | ns
tpxz Input to output disable 16L8D, 16R6D, 16R4D 1 8 10| ns
; Maximum frequency Feedback 55.5 70 Mk
MAX : Z
16R8D, 16RED, 16R4D | No feedback 625 | 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 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 Iy and Igz).

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-flop 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
[} Poisson process rate 0.85 1.05 ns~1
k MTBF constant - 0.8 1.0 | ws!
- g MTBF = 10 years
tveT Minimum recovery time in asynchronous mode fy=(1/3)fd =23 20 30| ns
. " . MTBF = 10 years
fMET Maximum frequency in asynchronous mode fy=(1/3)fd =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/)2 e®/?

" fMAX = 1/(tsu + tCLK)

f=1/(tsu + tCLK + 1)
f=d (fy
Metastability vs. Clock Frequency

'MET

10 YEARS

s
10 TYPICAL

VCC =475V

108F TA=75°C

-
o
2

MTBF 3 -SECONDS
"
)
T

"l

10-8 1 i 1
1/100 1/50 1/40 1/30 120
1i-MHz

OP00100M

*Normalized to d = 3; multiply by 3/d for other data frequencies.
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Medium 20D Series
16L8D, 16R8D, 16R6D, 16R4D

Metastability Waveforms
A mmommmu
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Metastability Test Pattern File
CHIP Metaétability Test PAL16R4

CLOCK RESET SYNC_] MODE NC NC NC NC NC /D GND
/OE NC NC /ERROR /B /A /Q NC NC vcC

EQUATIONS
Q = /Q* SYNC_MODE
+ ' D*/SYNC_MODE
A :=  A%/Q
+ /A% Q
+ ERROR
B := B*/Q%/ERROR

+ /B* Q*/ERROR

ERROR := /A*/B
+ A* B
+ RESET

+TOGGLE SYNCHRONOUS INPUT (TESTS £ MAX)

s TOGGLE ASYNCHRONOUS INPUT (TESTS META.)
{HOLD A (IF 'NOT ERROR)

;TOGGLE A (IF NOT ERROR)

JSET A IF ERROR

7HOLD B IF NOT ERROR, OR 'RESET

.. 1TOGGLE B IF NOT ERROR, OR RESET

'COMPARE A AND B,
; ERROR GOES HIGH IF A EQUALS B .
;INITIALIZE A AND B TO OPPOSITE PHASES :

TB02030M
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Medium 20 Series
16L8 Logic Diagram
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Medium 20 Series
16R8 Logic Diagram

2-34
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Medium 20 Series
16R6 Logic Diagram
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Medium 20 Series
16R4 Logic Diagram

2-36
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Medium 20PA Series
16P8A, 16RP8A, 16RP6A, 16RP4A

Medium 20PA Series

OUTPUTS o |
ARRAY INPUTS PD °‘°\
COMBINATORIAL REGISTERED (ns) (mA)
PAL16P8A 16 8 ) 25/30 180
PAL16RP8A 16 0 8 25/30 180
PAL16RP6A 16 6 2 25/30 180
PAL16RP4A 16 4 4 25/30 180
* 25ns active low, 30ns active high
Description Preload and Power-up Reset

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.

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 fo 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.

Monolithic m Memories
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Medium 20PA Series
16P8A, 16RP8A, 16RP6A; 16RP4A

DIP Pinouts
16P8A
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Medium 20PA Series
16P8A, 16RP8A, 16RP6A, 16RP4A

Operating Conditions

COMMERCIAL!
SYMBOL PARAMETER UNIT
- MIN | TYP | MAX
Veo Supply voltage 475 |- 5 5.25 \
Low 20 14
ty Width of clock ns
High 10 6
. Setup time from input :ggigﬁ Polarity fuse intact 25 15 -
o or feedback to clock 16RP4A Polarity fuse blown 30 20
t, Hold time 0 -10 ns
Ta Operating free-air temperature 0 75 °C

Electrical CharacteristiCs over operating Conditions

COMMERCIAL
SYMBOL PARAMETER TEST CONDITION UNIT
] : MIN | TYP | MAX

Vi 2 Low-level input voltage 08| V
Vi High-level input voltage 2 Y
Vic Input clamp voltage Voo = MIN Iy = -18mA -08 | -15 \'
1.2 Low-level input current Veoe = MAX V| = 0.4V -0.02| -0.25| mA
I3 High-level input current Vg = MAX V, =24V 25 HA
| Maximum input current Voo = MAX V, = 6.5V 1| mA
VoL Low-level output voltage Vee = MIN loL = 24mA 0.3 0.5 v
Vou High-level output voltage Voo = MIN loy = —3.2mA 2.4 2.8 v
loz.® Vo = 0.4V -100 | wA
OZLs Off-state output current Voo = MAX 0

lozh Vo = 2.4V 100 | pA
los?* Output short-circuit current Ve = 5V Vo = 0V -30 =70 | =130 | mA
loc Supply current Voo = MAX 120 180 | mA

-

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. 1/0 pin leakage is the worst case of | and lgz (or I and Igzy).

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 UNIT
CONDITIONS MIN | TYP | MAX
Input or feedback to Polarity fuse intact 15 25
tep output 16P8A, 16RP6A, ns
16RP4A Polarity fuse blown 20 30
tok Clock to output or feedback 10 15 | ' ns
tpzx Pin 11 to output enable except 16P8A R; = 200 10 20 | ns
txz Pin 11 to output disable except 16P8A R, = 390KS2 1 20 | ns
tpgx Input to output enable :g:‘::’\' 18AP4A, and 10| 25| ns
texz Input to output disable :22::}\ TBAPUA, and 13 25 | ns
Maximum frequency Polarity fuse intact 285 | 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

16RP8A
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Medium 20PA Series
18RP6A Logic Diagram

16RP6A
L‘b 0123 4567 801011 RIS 180 DAZB UBNT BRI

>

jﬁ}lf I[

il
A

y
r

¢
T

(-]
[~]
i:

4

L
M

:

LEIJANXRR

:

8RUBRLLL

285628828
o
[~]
i=

v
TI
i

)
t

l.
v
|
[
v
tﬂ

m1
g_

T
Y

1 4567 881011 1213415 16171818 202228 24252627 2820303

Monolithic m Memories 2-43




Medium 20PA Series
16RP4A Logic Diagram
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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 XORed with two variable sums generated by the PAL device

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 1/0

array. The flip-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
Voo Supply voltage 4.5 5 55 | 4.75 5 5.25 v
) Low 25 10 | 25 10
tw Width of clock ns
High 25 10 25 10
ta Set up time from input or feedback to clock 55 30 45 30 ns
th 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| V
Vi'! High-level input voltage 2 Vv
Vic Input clamp voltage Vee = MIN Iy =-18mA -08 | -1.5 \
I Low-level input current Voo = MAX V, = 0.4V -0.02| -0.25| mA
12 High-level input current Vee = MAX V, =24V 25 | pA
I Maximum input current Voo = MAX V| = 5.5V 1] mA
' Mil . lg. = 12mA
VoL Low-level output voltage Vee = MIN 0.3 0.5 \
: Com . = lg = 24mA
) : Mil lop = -2mA
VoH High-level output voltage Ve = MIN 24 28 \%
Com lor = -3.2mA
loz.2 Vo = 0.4V -100
oz Off-state output current Voo = MAX 0 KA
lozn? Vo = 24V | 100 | uwA
log® Output short-circuit current Veo = 5V Vo = OV -30 | -70 | =130 | mA
| Supol t v MAX 16X4 160 225 A
u curren = m
x Pey ce 16A4 170 | 240
Switching Characteristics over operating conditions
TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
tep Input or feedback to output 30 45 30 40 | ns
tork Clock to output or feedback 15 25 15 25 | ns
tezx Pin 11 to output enable 15 25 15 25 | ns
: - Ry = 20082
toxz Pin 11 to output disable R, = 390 15 25 15 25 | ns
tpzx Input to output enable 30 45 30 40 | ns
texz Input to output disable 30 45 30 40 ns
fmAx Maximum frequency 12 22 14 22 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.

2-48 Monolithic muemorles



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
16RAS8

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 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-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 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 20RA Series
16RAS8

DIP Pinout
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Large 20RA Series

16RA8
Operating Conditions
COMMERCIAL!
SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Voo Supply voltage 4.75 5 5.25 \
ty Width of clock 20 13 ns
tw£ Preload pulse width -35 15 ns
tou Setup time for input or feedback to clock 20 . 10 ns
tsup -Preload setup time 25 5 ns
X Polarity fuse intact 10 -2
t, Hold time - ns
Polarity fuse blown 0 -6
thp Preload hold time 25 5 ns
Ta Operating free-air temperature 10 75 °C
To Operating case temperature °C
Electrical Characteristics over operating Conditions
SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
v 2 Low-level input voltage 08| V
V2 High-level input voltage v i 2 8 \'%
Vic Input clamp voltage Vec = MIN Iy =-18mA -08 | -15 v
I3 Low-level input current Voo = MAX V) = 0.4V -0.02}'-0.25| mA
I3 High-level input current Voo = MAX V) =24V 25 | pA
\ Méaximum input current Ve = MAX V, =55V 1] mA
Vou Low-level output voltage Vee = MIN lo. = 8mA 03 | 05 \
Vou High-level output voltage Vec = MIN low = —3.2mA 24 | 28 v
loz® Off-state output current Ve = MAX Vo = 2.4V/Vg = 0.4V -100 100 | uMA
los* Output short-circuit current Voo = 5V Vo = 0V -80 | -70 | -130| mA
lce Supply current | Voo = MAX 135 170 | mA
Smtchlng Characterlstlcs Over Operating Conditions
TEST ‘COMMERCIAL
SYMBOL PABAMETER CONDITIONS i | oee ] Max UNIT
Polarity fuse intact 20 30
tep Input or feedback to output - ns
: Polarity fuse blown 25 35
toLk Clock to output or feedback i 10 17 ‘30 | ns
ts Input to asynchronous set 22 35 ns
tg Input to asynchronous reset R, = 5609 27 40 | ns
tpzx Pin 11 to output enable R, = 1.1KQ ' 10 20| ns
tpxz Pin 11 to output disable 10 20 | ns
thzx Input to output enable 18 80| ns
texz Input to output disable ] 15 30 ns
L fmax Maximum frequency 20 35 MHz

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

these values without suitable equipment.

1/0 pin leakage is the worst case of I, and loz (or Iy and loz).
No more than one output should be shorted at‘a time and duration of the shon circuit should not exceed one second

These are absolute voltages with respect to the ground pin on the devnce and include all overshoots due to- system and/or-tester noise. Do not attempt to test
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Large 20RA Series
16RA8 Logic Diagram
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Small 24 Series
12L10, 14L8, 16L6, 18L4, 20L2, 20C1

Small 24 Series

Tep lec
INPUTS OUTPUTS POLARITY (ns) (mA)
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 The standard series has a propagation delay (tpd) of 40
PAL devices. They.implement simple combinatorial logic, with nanoseconds (ns). ‘Standard supply current is 100 milliamps
no feedback. (mA).
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Small 24 Series
12L10,.14L8, 16L6, 18L4, 20L2, 20C1

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

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

Operating Conditions

MILITARY COMMERCIAL

SYMBOL PARAMETER 4 g UNIT
s \ MIN | TYP | MAX | MIN [ TYP | MAX
Vee " | Supply voltage : 4.5 -} 55 | 475 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
V! High-level input voltage ' 2 v
Vic " | Input clamp voltage Vee = MIN L =-18mA -0.8 | -15| V
e Low-level input current Vec = MAX V)= 04V -0.02| -0.25| mA
hH High-level input current Vee = MAX V, =24V 25 | pA
| Maximum input current Vec = MAX 'V1 = 5.5V 1| mA

MIL © I = 8mA
Vor Low-level output voltage Vec = MIN 0.3 0.5 v
COM g = 8mA
: MIL  lgy = -2mA
VoH High-level output voltage Vee = MIN 24 2.8 v
. COM gy = -3.2mA
los? Output short-circuit current Vee = 5V " Vo =0V -30 | -70 | -130 | mA
loc Supply current Vee = MAX 60 100 | mA
Switching Characteristics over operating conditions
: CTEST 1. * MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
R1 = 56082
tep Input or feedback to output R2 = 1.1kQ 25 45 25 40 ns

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

2. No mors 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 ) (mA)

PAL6L16A 6 16 25 20

PALBL14A 8 14 25 20
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, 8L14A

DIP Pinouts

8L14A
0 Erq—l 24
C (0 gaz %
E o— 7
0 [ 2
= 3 20
O [:] o, W9
E E ARRAY m
& [ W)
0 a 0
10 15
1 14
2 B
PLCC Pinouts
6L16A 8L14A
(41051021071 [z} [27] 26| [AAG1E11Rsl 7] f26]
| [ vee [ vee
5 ° 0o G 25 L] °© o °o o
6 o—{24 6 o
7 INPUT or—i23 71 —{INPUT] o
AND OUTPUT AND OUTPUT
8} | Logic | CELLs ©oj22 8! hoGicf cCELs ©
9 ARRAY o}—{21 9 |—ARRAY| o
10 of—120 10| o
11 |O 0 0O O O 19 11 (o] 0 O 0
GND GND
12} 113} {14] 115] |16} 117] |18 2] 1131 [14] {151 116} {17} | 18]

CDO0240M

ZIEIEIRIEIRIET

2-66 Monolithic muemorles



Small 24A Decoder Series
6L16A, 8L14A

Operating Conditions

COMMERCIAL!
SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Veo Supply voltage 4,75 5 5.25 \"
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
Viu2 High-level input voltage 2 \Y
Vic Input clamp voltage Ve = MIN I, = -18mA -08 | =15 v
e Low-level input current Voo = MAX V, = 0.4V -0.02| -0.25| mA
hH High-level input current Ve = MAX V) =24V 25 | pA
I Maximum input current Veo = MAX V, = 5.5V 1| mA
VoL Low-level output voltage Vec = MIN loL = 8mA 03 0.5 \Y
Vou High-level output voltage Voo = MIN loy = =3.2mA 2.4 28 \
los?® Output short-circuit current Ve = 5V Vo =0V -30 ~70 | =130 | mA
lcc Supply current Veco = MAX 60 90 | mA

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

tep Input to output propagation delay g; : ?610& 15 25 ns

-

2. These are absoiute voltages with respect to the ground
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.

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

pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test
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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 (t::) (::2)
twenty array. inputs and eight outputs. The devices have either
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 a5 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 B-2 * 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 ZPALTM 24 Series

Features/Benefits

® CMOS technology provides zero standby power -

® Lowest power 24-p|n 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 compatlble 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 famlly 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 is therefore specified as 3mA per 1MHzZ 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 CMOS 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 /0O 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% programmlng and
functional 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
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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 | 4.75 5.25 \"
Low 20 15 7
tw Width of clock ns
High 20 15
t Set up time from input of | yogA 20REA 20R4A |30 | 15 25 | 15 ns
su feedback to clock )
th Hold time 0 -10 0 -10 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 08| V
V! High-level input voltage 2 v
Vic Input clamp voltage Vee = MIN I, =-18mA -08 | -1.5 \'
2 Low-level input current Voo = MAX V, =04V -0.02| -0.25| mA
2 High-level input current Vee = MAX V, =24V 25 | upA
I Maximum input current Voo = MAX V, = 6.5V 11 mA
Mil loL = 12mA
Vou Low-level output voltage Voo = MIN 03 0.5 v
Com g = 24mA
Mil loy = -2mA
Vou High-level output voltage Vec = MIN 24 28 \
Com lgy = -3.2mA
loz.2 Vo = 0.4V -100 | uA
D2l Off-state output current Voo = MAX 9
lozH? Vo = 24V 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 Iy_and gz (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 ﬁlﬁ.ﬂ Memories
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Medium 24A Series
20L8A, 20R8A, 20R6A, 20R4A

Switching Characteristics over operating conditions

: TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
; MIN | TYP | MAX | MIN | TYP | MAX
Input or
tp feedback to 20R6A 20R4A 15 30 15 25 | ns
20L8A
output
tork Clock to output or feedback 10 20 10" 15| ns
Pin 13 to output enable except Ry = 20082
tozx 20LBA Ry = 3900 10 25 10 20 | ns
Pin 13 to output disable except '
toxz 20L8A 11 25 1 20 | ns
Input to output 20R6A 20R4A
tozx anable | 20LBA 10 30 10 25| ns
Input to output 20R6A 20R4A
texz disable 20L8A 13 90 18 2| ns
Maximum 20R8A 20R6A
fuax frequency S0RdA 20 40 285 | 40 MHz
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Medium 24A-2 Series
20L8A-2, 20R8A-2, 20R6A-2, 20R4A-2

Operating Conditions

) . COMMERCIAL!
SYMBOL : PARAMETER UNIT
MIN | TYP | MAX
Veo Supply voltage 4.75 5| 525 \
Low 25 10
ty Width of clock ns
, High 25 10
tsu Setup time from input or feedback to clock | 20R8A-2, 20R6A-2, 20R4A-2 | 35 25 ns
t, Hold time 0 -15 ns
Ta Operating free-air temperature 0 25 75 °C
Electrical Characteristics over operating Conditions
'SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
|
Vi 2 Low-level input voltage 08| V
V2 High-level input voltage ) ' |2 ' v
Vic Input clamp voltage Voo = MIN I, = ~18mA -08 ] -15| .V
I3 Low-level input current Voo = MAX V, = 0.4V 7| -0.02| -0.25| mA
(I High-level input current | Voo = MAX V| =24V B P 251 pA
| | ‘Maximum input current Voo = MAX V) = 5.5V i : 1| mA
VouL Low-level output voltage Vec = MIN lop = 24mA ’ i 0.3 0.5 v
Vou High-level output voltage | Vec = MIN loy = -3.2mA 124 |28 v
loz 2 ' : Vo = 0.4V . .| =100
ozt Off-state output current - Veo = MAX 2 - rad
lozu® ; Vg = 2.4V 100 | pA
los* " Output short-circuit current Ve = 5V Vo =0V ' -30 | =70 | -130 | mA
lcc Supply current " | Voo = MAX ] ) 80 105 | mA~
Switching Characteristics over operating conditions
TEST MILITARY | COMMERCIAL
- SYMBOL PARAMETER CONDITIONS g UNIT
MIN | TYP | MAX | MIN | TYP | MAX
|| Input or feedback to output i
teo 20L8A-2 20R6A-2 20R4A-2 % | %0 % | %% ns
Clock to output or feedback : .
folk | except 20L8A-2 e e e L TR et B
Pin 13 to output disable/enable Commercial ? :
toxz/zx except 20L8A-2 | Ry = 2009 R 1 | 25 ns
Input to output enable 20L8A-2 | R, = 39082 o
tpzx 20R6A-2 20R4A2 2 S % | % ns
i Input to output disable 20L8A-2
R Doy e gy 25 | 45 25 | 35| ns
Maximum frequency 20R8A-2 : )
fuax 0REA D 20FAD 14 19 | 16 19 MHz

The PAL24A-2 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 I;; ‘and Iz (or Iy and lozp)-

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 24B Series
20L8B, 20R8B, 20R6B, 20R4B

Operating Conditions

COMMERCIAL'
SYMBOL PARAMETER —1 UNIT
MIN | TYP | MAX
Vee Supply voltage 4.75 5.25 Vv
Low 10
ty Width of clock - ns
High | 20ReB, 20ReB, 20r4B | 12
teu Setup time from input or feedback to clock 15 10 ns
t 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 08| Vv
V2 High-level input voltage 2 v
Vic Input clamp voltage Vec = MIN I, = -18mA -08 | -1.5 \
I3 Low-level input current Voe = MAX V, = 0.4V -0.02| -0.25| mA
iy High-level input current Voo = MAX V) =24V 25 | pA
| Maximum input current Voo = MAX V) = 5.5V 1] mA
VoL Low-level output voltage Vee = MIN loL = 24mA 0.3 0.5 v
Vou High-level output voltage Vec = MIN loy = =3.2mA 2.4 28 v
loz 2 Vo = 0.4V -100.| WA
ozL Off-state output current Vee = MAX 9
lozn® Vo = 24V 100 | uA
los* Output short-circuit current Ve = 5V Vo =0V -30 | =70 | -130 | mA
lec Supply current Vee = MAX 140 | 210 | 'mA
Switching Characteristics over operating Conditions
TEST COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN | TYP | MAX
to Input or feedback to output 20L8B, 20R6B, 20R4B 12 15 ns
tok Clock to output or feedback except 20L8B 8 12| ns
tozx Pin 13 to output enable except 20L8B Commercial 10 15| ns
2 i ; Ry = 20082
toxz Pin 13 to output disable except 20L8B R, = 3900 8 12| ns
Input to output enable
tozx 20R6B, 20R4B, 20L8B 120108 s
Input to output disable
toxz 20R6B, 20R4B, 20L8B L SR
; Maximum frequency Feedback 37 40 MHz
MAX 20R8B, 20R6B, 20R4B No feedback 45 50

-

The PAL24B 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.

>
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170 pin leakage is the worst case of |;_and loz_ (or Iy 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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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 plagram
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Medium 24X Series
20L10, 20X 10, 20X8, 20X4

Medium 24X Series

‘ OUTPUTS STANDARD | HIGH SPEED

ARRAY INPUTS : ' o | lec | %o | lec

t COMBINATORIAL | REGISTERED b S - - R

PAL20L10 20 10 0 50 165 | 30 165

PAL20X10 20 0 10 | s0 180 | 30 180

PAL20X8 ) * 20 2 8 - 50 180 30 180

PAL20X4 o ) 20 6 4 5 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.

monoithic [N Memories

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

20X10/A ) 20X8/A ‘ 20X4/A
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Operating Conditions

Medium

24X Series

20L10, 20X 10, 20X8, 20X4

MILITARY COMMERCIAL

SYMBOL PARAMETER UNIT

: MIN [ TYP | MAX | MIN | TYP | MAX
Voo Supply voltage 45 5 55 | 4.75 5 5.25 "
Low 40 20 35 20
ty Width of clock ns
High 30 10 25 10
Setup time from input or .
sy feedback to clock 20X10, 20X8, 20X4 60 38 50 38 ns
th Hold time 0 -15 -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 08| V
V! High-level input voltage 2 v
Vic Input clamp voltage Voo = MIN I} = —18mA -08 | 15| Vv
12 Low-level input current Vee = MAX V) = 0.4V -0.02} -0.25| mA
Iy High-level input current Voo = MAX V) = 2.4V 25 | pA
i Maximum input current Vg = MAX V, = 5.5V 1| mA

Mil loL = 12mA
Vou Low-level output voltage Voe = MIN 0.3 0.5 v
Com loL = 24mA
. Mil loy = -2mA
Vou High-level output voltage Vee = MIN 24 2.8 \
Com lop = -3.2mA
loz.2 Vo = 0.4V -100
2L Off-state output current Voo = MAX 2 pA
IOZH Vo = 2.4V 100 [lA
los® Output short-circuit current Vee = 5V Vo =0V -30 | -70 | -130 | mA
lcc Supply current | Vcc = MAX  20X10 ~ 20X8  20X4 120 180 | mA
lec Supply- current Voo = MAX  20L10 90 165 | 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.
1/0 pin leakage is the worst case of I and Iz (or Iy and Igzy).

2.
3

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

Monolithic m Memories
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Medium 24X Series
20L10, 20X10, 20X8, 20X4

Switching Characteristics (over operating conditions)

TEST MILITARY COMMERCIAL
SYMBO.L vl CONDITIONS [ i | Tvp | max | MIN | Tvp |max |

Input or feedback to output

tep 20X8, 20X4, 20L10 3% | 60 3 | 50| ns
Clock to output or feedback

tok except 20L10 20 35 20 30 ns
Pin 13 to output disable/enable C_ '

toxz/zx except 20L10 Ry = 20082 20 45 20 35 ns

togx Iznéj;: 0to output enable except R, = 3900 35 55 35 45 fs
Input to output disable except :

tpxz 20X10 35 55 35 45 ns
Maximum frequency

frmax 20X10, 20X8, 20X4 10.5 16 12.5 16 MHz
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Medium 24XA Series
20L10A, 20X10A, 20X8A, 20X4A

Operating Conditions

. COMMERCIAL!
SYMBOL PARAMETER UNIT
MIN | TYP | MAX
Ve Supply voltage 4.75 5 5.25 \
. Low 25 15
ty Width of clock - ns
High 15 7
t, Setup time from input or feedback to | 20x10A, 20XBA, 20X4A 3 | 20 ns
t Hold time 0 -15 ns
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
Viu? High-level input voltage . 2 v
Vic Input clamp voltage Voo = MIN I, = -18mA -08 | =15 v
I3 Low-level input current Voo = MAX V, = 0.4V -0.02| -0.25| mA
Iy High-level input current Vee = MAX V) =24V 25 | upA
| Maximum input current Voo = MAX V, = 55V 1] mA
VoL Low-level output voltage Vec = MIN loL = 24mA 0.3 0.5 v
Vou High-level output voltage Voo = MIN loy = -3.2mA 24 2.8 \
oz 2 Vo = 0.4V -100
oz, Off-state output current Voo = MAX o s
lozw® Vo = 24V 100 | A
los* Output short-circuit current Voo = 5V Vo = 0V -30 | -70 [ -130| mA
| AR s : ¥ P 20X10A,20X8A,20X4A 140 180 i
u| urren = m
i nd 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
trp 20X4A 23 30 ns
tok Clock to output or feedback 10 15| ns
tpzx Pin 13 to output enable except 20L10A Commercial 11 20 | ns
texz Pin 13 to output disable except 20L10A Ry = 200 10 20 | ns
20X8A, 20X4A, and =
tozx Input to output enable 20L10A R, = 36092 19 30 | ns
: 20X8A, 20X4A, and
texz Input to output disable 20L10A 15 30 | ns
. 20X10A, 20X8A, and
frmax Maximum frequency 20X4A 222 32 MHz
1. The PAL24XA 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. 1/0 pin leakage is the worst case of I) and lgz (or ly 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 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 Series
20810, 20RS10, 20RS8, 20RS4

Large 24RS Series

OUTPUTS STANDARD

ARRAY INPUTS tpp* lee

COMBINATORIAL REGISTERED (ns) (mA)

PAL20S10 20 10 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 pair has a total of sixteen product terms; thus, one output can

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

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

20S10, 20RS10, 20RS8, 20RS4

DIP Pinouts
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Large 24RS Series
20810, 20RS10, 20RS8, 20RS4

Operating Conditions

o k : MILITARY COMMERCIAL
SYMBOL . PARAMETER : - * UNIT
: MIN | TYP | MAX | MIN | TYP | MAX
Voo Supply voltage ! _ ‘ 45 5 .55 | 475 5 525 | V
. . Low o {20 10 ’ 15 10 .|
ty ‘| Width of clock i - - ns
High 20 10 | 15 10 | :
: % . | 20RS10 : ) :
Setup time from input or" . L - )
teu L 20RS8 40 25 35 25 ns
feedback to clock 20RS4 - B :
th Hold time : - | o -0 |o -10 | ns
Ta : Operating free-air temperature : -55 0 : 75| °C
To . Operatrng case temperature 125 ' °C

Electrical Characteristics (Over Operating Conditions)

SYMBOL  PARAMETER TEST CONDITION b MIN | TYP | MAX | UNIT
Vi ! Low-level input voltage ’ V 08| Vv
" High-level input voltage , 2 “ v
Vic Input clamp voltage Vg =MIN || =-18mA -08 | -15 \
2 _Low-level input-current Vo= MAX - | Vy =04V -0.02| -0.25| ‘mA
2 High-level.input current k Voo = MAX v, =24V ¢ ' 25 | pA,
I v Maximum input current - . Voo = MAX |V, = 55V _ ‘ 1] mA

G Mil lop = 12mA o
VoL | Low-level output voltage Vee = MIN 03 |+ 05 v

, r : Com loL.= 24mA
V Hightevel output voltags - | Vg = MIN | lon =2M 1,4 | 28 v
igh-level output voltage = - . . e /

X, 9 » ¢ 1. 90 Com lon = ~3.2mA : i
IOZL2 E Vo = 0.4V -100

2 Off-state output current Voo = MAX MA
'OZH . 3 Vo = 2.4mA 100
los® -Output short-circuit current Voo = 5V - | Vo=0V -30 | =70 | =130 | mA
leo Supply current Voo = 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. '

1/0 pin leakage is the worst case of I, and lgz_(or Iy and loz). :

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

® P
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Large 24RS Series
20810, 20RS$10, 20RS8, 20RS4

Switching Characteristics (over operating Conditions)

TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
MIN [ TYP | MAX | MIN | TYP | MAX
Input or Polarity fuse 25 | 40 25 | 35
‘ feedback to intact ns
PO output 20810, | pojarity fuse
20RS8, 20RS4 b.own'y 30 45 80 40
tok Clock to output or feedback Commercial 12 20 12 17 | ns
- R, = 200Q
tox Pin 13 to output enable except R, = 390K 10 25 10 20 ns
20810
Pin 13 to output disable except
toxz 20510 11 25 11 20 | ns
Input to output 20S10, 20RS8,
tpzx enable 20RS4 25 35 25 35 ns
Input to output | 20S10, 20RS8, -
tezx disable 20RP4 Military 18] %0 18 28| ns
Maxi 20RS10 Ry - 3900
aximum ) R, = 7509
fax frequency 20RS8, 20RS4 2 18 2 20 2 MHz
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Large 24RS Series

20S10 Logic Diagram
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Large 24RS Series
20RS 10 Logic Diagram
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Large 24RS Series
20RS8 Logic Diagram
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Large 24RS Series
20RS4 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-flops 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-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 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

PLCC Pinout

w[E]

20RA10
a]l3}|2]]1]]es}]27]]26]
vce
5 PLD ass:gg E
6 REGF: E
7 It:l:‘lé'f REGI—123
8 or | OERT reai—22
LOGIC
311 ARRAY Rea—21
10 REG[—120
11 OE REG REG 19|
GND L
121 {13} |14} {15} {16]|17] |18
CD00810M
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Large 24RA

20RA10
Operating Conditions
. MILITARY COMMERCIAL
SYMBOL * PARAMETER : UNIT
: J<MIN.| TYP | MAX | MIN | TYP | MAX
Vee Supply voltage : 4.5 5 5.5 | 4.75 5 5.25 \
Low 125 13 20 13
tw Width of clock - - ns
; High 25 | 13 20 13
tup Preload pulse width 45 | 15 35 15 ns
tsu Setup time for input or feedback to clock 25 10 20 10 ns
tsup Preload setup time 30 5 125 5 ns
Polarity fuse intact 10" -2 10 -2
th Hold time - s ns
: Polarity fuse blown =~ | 0 -6 0 -6
thy Preload hold time L |30 5 25 5 ns
Ta Operating free-air temperature - | ~55 0 75 °C
Te Operating case temperature (187 . 125 °C

Electrical Characteristics (over operating conditions)

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
v ! | Low-level input voltage 0.8 Vv
Vin! High-level input voltage o e 2 \%
Vic Input clamp voltage Vo = MIN | |;'= ~18mA -08 | -15| V
12 Low-level input current | Vog="MAX "|V,'= 04V -0.02| -0.25| mA
2 High-level input current ] Voo = MAX | V, = 24V 25 | uA
L Maximum input current Voo = MAX |V, =55V 1| mA
VoL Low-level output voltage | Voo = MIN [ I, = 8mA 0.3 05| V
Vou High-level output voltage - : | Voo = MIN loy: Mil-2mA  Com-3.2mA | 2.4 2.8 v
loz2 Off-state output current Vee = MAX Vo = 24 V/Vg =0.4V -100 100 | pA
los® Output short-circuit current .| Vgo = 6V Vo = 0V -30 | -70 | =130 | mA
Ioo Supply current Voo = MAX. = 155 | 200 | 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 loz (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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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 intactty .| 20 35 20 30
tep feedback to Polarity f > - ns
output olarity fuse
: P blown 25 40 25 35
tok Clock to output or feedback 10 17 35 | 10 17 30 ns
ts Input to asynchronous set 22 40 22 35 ns
tr Input to asynchronous reset R, = 5602 27 45 27 40 [ ns
tpzx Pin 13 to output enable R, = 1.1KQ 10 25 10 20 [ ns
tpxz Pin 13 to output disable 10 | 25 10 20 | ns
tezx Input to output enable 18 35 18 30 ns
toxz 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 flexibility

® 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

——

Ordering Information
PAL32VX10A C NS STD

A

j— T
PROGRAMMABLE L PROCESSING
ARRAY LOGIC STD = Standard
XXXX = Other
NUMBER OF .
ARRAY INPUTS PACKAGE
NS = Plastic
OUTPUTTYPE ————— . INNYDIP
VX = Varied terms with XOR JS = Ceramic
SKINNYDIP
NUMBER OF OUTPUTS FN = Plastic Leaded
Chip Carrier
SPEED P
Blank = Standard TEMPERATURE
A = High Speed RANGE
C=0°Cto75°C
TB02040M

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 /0 capability for each

macrocell in both combinatorial and registered configurations.
wew [ W This can be achieved even when register feedback is present,
w 2 vor and allows implementation of buried flip-flops while preserving
2 [EH 22 oz AR Bl e the external macrocell input. Supplied in space-saving 300-mil-
1 ET 71} vos wide dual in-line packages or 28-pin chip carriers, the
Mog 2] vos - LS v 25]1/03 PAL32VX10 offers a powerful, space saving alternative to
sEH o wvos “Le 24] 04 SSI/MSI logic devices, while providing the advantage of
«H Logic ciis | b vos [T b " 23] vos instant prototyping. Securi-ty fuses defeat.readout after pro-

v o, Mc[E LoGic | cetLs | [22Ine gramming and make proprietary designs difficult.to copy.
oGH = ARRAY 2] voe The PAL32VX10 is fabricated using Monolithic Memories'
1o 20] o7 advanced oxide-isolated bipolar process for high speed and
oL Blver e i Sl low power. TiW fuse links provide high reliability and program-
o e ming yields. Special on-chip test circuits allow full AC, DC, and
ano|[12 i3] 2] {13y 1aj sy lie 17} |18 functional testing before programming. Preloadable output

19 110 GND NC 111 /010 /08 N re 0 % ’y
registers facilitate functional testing.

The PAL32VX10 can be programmed on standard PAL device
SKINNYDIP Package Plastic Leaded Chip Camen;mw 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
PAL32VX 10, PAL32VX10A

Logic Diagram
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High Speed Programmable Array Logic
PAL32VX10, PAL32VX10A

Block Diagram
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Monolithic

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 I/0 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=8,10,12, 14,16

I——
N <

AP

Figure 1. PAL32VX10 Macrocell

—D+H RL
. -
i KpQ
—D+ T

LDO1050M

Figure 2. Buried Flip-Flops with Dedicated Inputs

Memories 2-105




High Speed Programmable Array Logic
PAL32VX10, PAL32VX10A

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 |mplemented dlrecﬂy 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-flop:

Q
1

v 2

00| 0 M (HOLD)

o1{ 0o (RESET)

Q+

11 m ) (TOGGLE)

10 llJ m (SET)
TB02050M

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
(remember A: +: B = A*B + A*B) and reduce (using DeMor-
gan's theorem):
Q=Q'WQA+KQ +Q*(J*Q + K*Q)
Q= Q%@ + Q)*(K + Q) +Q*J*Q + Q*K*Q
Q: = Q*(J*K + J*Q + Q*K + Q*Q) + J*Q
Q: = J*K*Q + K*Q + J*Q
which simplifies to Q: =K*Q + J*Q.

" nient to ''group ones"

&

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.

xV <
)]

n=8,10,12,14,16"

LDO1060M

Flgure 4. J-K Flip-Flop Logic Equivalent;
J and K Can Also be Active-L.ow

The ‘above discussions have assumed that it was most conve-
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. =JQ + K*Q
J and K active low Q=Q +:(J*Q + K*Q)
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 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 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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High Speed Programmable Array Logic
PAL32VX10, PAL32VX10A

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 multiplexer to the appropriate state. The
multiplexer is controlled by a product term which can be set
unconditionally for a permanent combinatorial (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 macrocell has one XOR product term and two architec-
ture control product terms.

Programmabile 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 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 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.

Monolithic m Memories
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High Spéod Programmable Array Logic

PAL32VX10, PAL32VX10A

Absolute Maximum Ratings

Operating Programming
Supply VOAge Voo oveiiriiiiiiei it -05Vto 7V i -0.5V to 12V
INPUL VOIKAGE  .eiiieiii et a e -15Vto 55V ... -1.0V to 22V
Off-state OUtPUL VOIRAGE ......euivniieiiiiiiiieie et ear e e a et et eaa e e e e eaae e e enees BBV L 12v
SOrage teMPEratUre .........c..ciiiiniieiiiie it it e i et e te s e e et et e tata s et e e e e ae i et e b e nena -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 5.256 \
t Width of clock Low i LA ns
High 20 10 18 10
. Setup time from input Product terms Py-P,,, SR 30 20 25 20 i

! or feedback to clock Product term XOR 35 25 30 25
th Hold time 0 -10 0 -10 ns
taw Asynchronous preset width -30 |20 25 20 ns
tar Asynchronous preset recovery time -30 20 25 20 ns
o Asynchronous reset recovery time -30 20 25 20 ns
Ta Operating case temperature ‘ 0 25 0 25 75 °C

Electrical CharacteristiCs over operating Conditions . §

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
7 Low-level input voltage 08| V
V2 High-level input voltage , , 2 Vo
Vic Input clamp voltage Vee = MIN I, = -18mA -08 | =15 \
'K Low-level input current Voo = MAX V| = 0.4V -002| 025 mA
I‘Hf’ High-level input current Vee = MAX V| =24V 25 | pA
| Maximum input current Voo = MAX V) =55V 200 | pA
VoL ' Low-level output voltage Vee = MIN loL = 16mA ’ 0.35 0.5 v
Vou High-level output voltage Vee = MIN lop = -8.2mA 24 3.4 v
lon.® Off-state output current Voo = MAX Yoo 04V 51901 KA
lozn® Vo = 24V 100 | pA
los? Output short-circuit current Voo = 5V Vo =0V -30 | =70 [ -130| mA
g Supply current Voc = MAX ' 140 | 180 | mA "
Cin Input capacitance Viy = 2.0V at f = 1MHz 6 pF
Cout Output capacitance Vour = 2.0V at f = 1MHz 11

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.

Ld

1/0 pin leakage is the worst case of I and loz_ (or Iy 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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High Speed Programmable Array Logic
PAL32VX10, PAL32VX10A

Switching Characteristics over Operating Conditions

- TEST STD A
SYMBOL PARAMETER CONDITION UNIT
MIN | TYP | MAX| MIN | TYP | MAX
. Input or feedback to Product terms P4-P, 15 30 15 25 s
PD output Product term XOR 25 35 20 | 30
tok Clock to output or feedback 10 15 10 15| ns
tooy Input to output enable 20 | 30 20 | 25| ns
toxz Input to output disable R, = 200Q 20 30 20 25| ns
tap Asynchronous preset to output R, = 390Q 20 30 20 25| ns
Input or feedback to registered output
ter from combinatorial configuration 75 9 & 80| ns
tac Input or feedback to combinatorial output 75 90 75 90| ns
from reglstered configuration
: Maximum Fe(eﬁl:at;k Product terms P4- Po 225 | 35 25 35 s
MAX frequency P1 Product term XOR 20 30 222 | 30
No feedback (1/tp,) 25 40 27.7 | 40
SWitchihg Test Load Schematic of Inputs and Outputs
sV EQUIVALENT INPUT TYPICAL OUTPUT
vce vee
st 1E 8 K( NOM 3; 40 (. NOM
3m
[ ' h 4
ouTPUT O
(® TEST POINT NPUT K ¢
3R2 TCo
y
= ‘]i‘ . ‘:/'
TC000SOM 4 !! ;’
Y

Notes: 1.

tpp is tested with switch S, closed. C; =

50pF and measured at 1.5V output level.

TC00100M

2. tpzy 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.
tpxz Is tested with C, = 5pF. S is open for ""1"" to high nmpedanoe test, measured at VOH -0.5V output level; S, is closed for "0" to high impedance test
" measured at VoL +0.5V output level.

Monolithic IF.EB Memories
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High Speed Programmable Array Logic
PAL32VX 10, PAL32VX10A

Switching Waveforms

INPUTS, /0, 3v
REGISTEREDY \
e x X .
RESET | el ety ]
w | TN —\ j[
tpy | ————1tpp ]
ASYNCHRONOUS H ‘
PRESET :
'CLK | .lw 1} 'av fexz * tpzx

REGISTERED
OUTPUTS

'PD — ’4—- tap

N\ \XVou-0sv/7 ¥
Voot TN

I"p_xz’ l‘lpzxy

COMBINATORIAL
OUTPUTS

) }} \ Vou 0.5V r—
#VoL +0.5V F—

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 V}, 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 Vo, /Voy at all registered output pins.
ote: Vjy = 11.0 (MIN), 11.5 (TYP) and 12.0 (MAX).

Key to Timing Diagrams

WAVEFORM INPUTS

NMWM DONT CARE:

XYY crance permiTTeD

NOT
APPLICABLE

MUST BE STEADY

VilH

PIN2

ViLVin

ViH
REGISTERED
OUTPUTS
ViL

ViHH

PIN 10

Vie

WF00350M

OUTPUTS

CHANGING;
STATE UNKNOWN

CENTER LINE IS
HIGH IMPEDANCE STATE

WILL BE STEADY

WF00360M

2-110 Monolithic m Memories



High Speed Programmable Array Logic
PAL32VX10, PAL32VX10A

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).

__Do_a
o @

L

LDO1070M

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

k a
oo___.Do_

> a
<——]

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 single XOR product term changing
(""Product term XOR") (Figure 4). ; :

LDO1080M

XOR
PRODUCT P1
TERMS
FROM =~ s b af-
ARRAY .
Pn
n=8,10,12,14,16
: . LDO1090M

Figure 3.

SPECIFICATION

EXPLANATION

thor tewr frax ('f sedback) Product terms P1-Pn

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

Product term XOR

If XOR term is changing

Figure 4.

Monolithic m Memories
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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, 29B
LogicPak™ 303A
Adapter 303A-011A/B-VO1

Family/Pinout Code:

Digelec Inc.

1602 Lawrence Ave., Suite 113
Ocean, 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.

Mountain View, CA 94039-7230
(415) 965-7020

System EPP-80
Module UPM:B rev. 1.48 or later

Micropross

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

Contact manufacturer

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.
Mountain View, CA 94043
(415) 968-2900

Contact manufacturer

Varix Corp. .

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

(214) 437-0777

~Contact manufacturer

MANUFACTURER

SOFTWARE DEVELOPMENT SYSTEM

Monolithic Memories, Inc.
IdeaLogic® Exchange M/S 09-25
2175 Mission College Bivd.
Santa Clara, CA 95054-1592
(800) 247-6527 ext. 6105

PALASM® 2 Software rev. 2.21 and later

Data 1/0 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.

San Jose, CA 95126

(408) 971-1300

CUPL™ Software — Contact manufacturer

Idealogic is a trademark of Monolithic Memories.

LogicPak and ABEL are trademarks of Data 1/0 Corporation.
CUPL is a trad k of P | CAD Sy
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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 (PROgrammable 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 help 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 control
signals.

Applications

® High speed sequential logic

® Peripheral controller

® Cache control sequencer

® Signal processing sequencer

® |ndustrial control

DCLK SDI CLK

0 —»]
H ——

RAY
B —>1 1aH2)

15— PROM

16— ARRAY
(128x21)

17—

> 00 -
l— a1
l— a2

—— Q3
R pP—> Q4
o &=
2 21
o T }——e a7
E
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.

BD0004TM

i CLK Clock for output register

Clock for diagnostic register

Selects diagnostic functions

SDI Serial data input to shadow register

SDO Serial data output from shadow register °

Monolithic m'MQmorios
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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 = Other
Sequencer
PACKAGE

NUMBER OF
ARRAY INPUTS

NS = Plastic SKINNYDIP
JS = Ceramic SKINNYDIP
NL = Plastic Leaded

Chip Carrier
L = Leadless Chip Carrier

OUTPUT TYPE
R = Registered

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

M = -55°C to 125°C

PERFORMANCE
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

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 supports 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 1/0.

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.

PART
NUMBER 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)
54/74S818 8-bit register
Diagnostic Function Table
INPUTS OUTPUTS
OPERATION
MODE | SDI CLK | DCLK Qy - Qg Sy - Sp sDO
L X 1 * Q, < PROM HOLD Sy Load output register from PROM array
L X * 1 HOLD S Sht | g Shift shadow register data
Sy < SDI 20
S, < S,. Load output register from PROM array
«— n n-1
L X ! ! Qq- 57 FROM Sy < SDI S20 while shifting shadow register data
H X 1 * Q, < S, HOLD SDI Load output register from shadow register
» Load shadow register from output bus
H L 1 HOLD S, < Q, SDI and feedback
H H * t HOLD HOLD SDI + No operation
* Clock must be steady or falling.
t Reserved operation for 54/74S818 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 Vg — 2.0V). Product term
sharing is provided to allow greater flexibility in assigning
product terms to outputs.

The input pins have 50k2 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 ﬁ.ﬁﬂ Memories
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PAL10H20P8

DIP Pinout

vees

;)

| H|H|E|E| S| H]E] S NS S]

oY

RIFEIFIFIRFIFEESE

PLCC Pinout

41131124 1]]28}]27}}26]

NC vCe3

S 7]
S v ve INPUT Vol v 24
212 loutput| AN lourpur g
3 Juc| CELLS | ogic| CELLS |ncfo2
9 Vo ARRAY (7] 21
10| o o—420|
11 19

VEE NC

12] 113§ 114) {15} {16} [17] {18]

CD00BBOM
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PAL10H20P8

Absolute Maximum Ratings

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

Supply voltage Veg (Veot = Veez = Vees = g
Input voltage V| (Voe1 = Vece = Vogg =0V)eenniiiiiinii, R P S AR R OV to Ve
Output current, loy7 : : : i
Continuous
Surge ........ oy
Storage temperature range, Tstg ................................................................... eessenes S

Operating Conditions

.............. s

COMMERCIAL
SYMBOL PARAMETER ; = UNIT
' MIN | TYP | MAX
Vee Supply voltage (Vo = OV) -5.46| -52 | -4.94| Vv
Ta Operating free-air temperature : i ol |0 75 °C
Electrical Characteristics ve = -5.2v + 5% (See note 1)
' TEST o°c 25°C 75°C
SYMBOL PARAMETER CONDITIONS g UNIT
: : : MIN | MAX | MIN | MAX | MIN | MAX
leg Power supply current: Inputs V) = V| Max - 210 B 210 .| = 210 | mA
linH Input current high Vig Min <:V, < Vi Max - 425 | - 265 - 265 | upA
L Input current low. Vip Min < Vi, <V Max 0.5 - 05 | - 03 - | MA
Vou High output voltage (See Note 2) | -1.02 | -0.84 | -0.98 | -0.81 | -0.92 |-0.735| Vg,
Vor Low output voltage (See Note 2) -1.95]-1.63 |-1.951-1.63 | -1.95 | -1.60 | V4
ViH High input voltage (See Note 2) -1.17 | -0.84 | -1.13 | -0.81:| =1.07 |-0.735| V4,
Vi Low input voltage (See Note 2) 21.95|-1.48 | 21.95 | —1.48 | ~1.95 | —1.45 | V4
Switching Characteristics v, = -5.2v + 5% (see note 2)
R 7 ' 0°c 25°C 75°C
SYMBOL PARAMETER - - - UNIT
, ; ‘ MIN | MAX | MIN | MAX | MIN | MAX
tep Propagation delay 20 | 60 | 20 | 60 | 20 | 60 | ns
th Rise time (20%-80%) 07 | 22| 07 | 20 | 07 | 22 | ns
te Fall time (80%-20%) 0.7 | 22 0.7 4 -20 07| 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 Vg — 2.0V. Discrete carbon resistors should be used for terminations. Multnple -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. If pin 13 (PLCC pin 16) is not used, it should be left open or terminated to Vi1 ( = Vg - 2.0V). It should not be terminated to Vgg.

Monotithic Bl Memories
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PAL10H20P8

Logic Diagram
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MegaPAL Devices
32R16, 64R32

MegaPAL Devices

‘ r top lec

ARRAY INPUTS REGISTERED OUTPUTS 9 | A

PAL32R16 32 16 40 280

PAL64R32 64 32 50 640
Description Register Bypass

The MegaPAL Devices offer very high density programmable
logic. '

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.

AImnaMhﬁﬁcﬁﬂEﬂluhmhowies

Registers in either device can be bypassed in banks of eight,
cre_ating 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 dévice 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 active-low outputs to a logic HIGH.
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MegaPAL Devices
32R16, 64R32

32R16
64R32
O ™ 5
E 3’ ! pos 4 (]
Ik
E 38 A [ WINPUT DRIVERS
E— ” i
A OE1 OUTPUT 4 36 = ;; ‘5’
CELLS PLY 3
E ] 38 7 a
& = : g
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o H-E.
wold |5 ser  |EE — sese -
8K & R KFUsES —
[ g Fuses s %] aND B
E— z 2] - : : a
13 28 E a
E -— 27] g
i e el it A
E CELLS OE2| 25 lsg‘!
E —_—l 24| INPUT DRIVERS
19 22 o
T Plastic Chip Carrier
DIP

AND-OR

ARRAY
8 K FUSES

INPUT DRIVERS

INPUT DRIVERS
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2-120 Monolithic ﬁﬂﬂ Memories



MegaPAL Devices

64R32
Testing Conditions
COMMERCIAL
SYMBOL PARAMETER " UNIT
MIN | TYP | MAX
twp Preload pulse width 35 ns
tsup Preload setup time 50 ns
thp Preload hold time 5 ns
teRw Preset pulse width 25 ns
teRR Preset recovery time 35 ns

Monolithic m Memories
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MegaPAL Devices

32R16

Operating Conditions

; ) -, MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
i . MIN | TYP [ MAX | MIN | TYP | MAX
Voo ‘Supply voltage 4.5 5 55| 475 5 5.25 Vv
: Low 25 20 .
“tw Width of clock - ns
: High 25 120
typ Preload pulse width ) 45 35 ns
e 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
tho Preload hold time 10 5 ns
Ta Operatirig 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
Vv ! Low-level input voltage 08| Vv
V! High-level input voltage ‘ 2 v
Vic Input clamp voltage Vee = MIN I, = -18mA -08 | -15 v
2 Low-level input current Voo = MAX V)= 04V -0.02| -0.25| mA
1?2 High-level input current Vee = MAX V| = 2.4V 25| pA
h Maximum input current Voo = MAX V, = 5.5V 1 mA

Mil loL = 8mA
VoL Low-level output voltage Voo = MIN 0.3 0.5 V'
Com loL = 8mA
) Mil lon = —-2mA
Vou High-level output voltage Vec = MIN 2.4 2.8 v
Com loy = —3.2mA
loz. 2 Vo = 0.4V -100

ozl Off-state output current Voo = MAX 0 uA
|OZH2 : Vo =24V 100 MA
log® Qutput short-circuit current Voo = MAX Vo = 0V -30 -70 | =130 | mA
lec Supply current Voo = 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
tep - ns
output Polarity fuse blown 55 45
toLk Clock to output or feedback R, = 560 30 25| ns
tozx Output enable Ry = 1.1KQ 25 20| ns
texz Output disable 25 20 | ns
fmax Maximum frequency 14 16 MHz
e

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 loz (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.

2122
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MegaPAL Devices

64R32
Operating Conditions
) COMMERCIAL!
SYMBOL PARAMETER UNIT
MIN | TYP | MAX

Veo Supply voltage 4.75 5 5.25 \
Low 20

ty Width of clock ns
High 20

: . Polarity fuse intact 40 :

tsy Setup time from input to clock - ns
Polarity fuse blown 40

t, Hold time ) 0 =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 )
V) 2 Low-level input voltage 08| V
Viy2 High-level input voltage 2 , ‘ v
Vic Input clamp voltage - Vee = MIN I, = -18mA -08 | -1.5 \
I3 Low-level input current Voo = MAX V, = 0.4V -0.02| -0.25| mA
Iy High-level input current Vg = MAX V| =24V 25 | pA
I Maximum input current Voo = MAX V, = 5.5V 1| mA
VoL Low-level output voltage Vee = MIN loL = 8mA o i 0.3 . 0‘.5 v
Vou High-level output voltage Ve = MIN loy = -0.4mA 24 2.8 . v
lozc® ' : Vo=04v -100
oL Off-state output current Ve = MAX 0 : : — KA
loz Vg =24V 100 | upA
los* Output short-circuit current Ve = 5V Vo = 0V ' -10 | -40 | -60 | mA
lec Supply current Vee = MAX 400 640 | mA

Switching Characteristics (over operating conditions)

: 4 COMMERCIAL
SYMBOL - PARAMETER TEST CONDITIONS 3 UNIT
. o MIN | TYP | MAX.
ol Polarity fuse intact b 50
trp Input to output - ns
L Polarity fuse blown 55
toLk Clock to output or feedback : 22 | . ns
tpzx Output enable :1 = ?i(:(% 30 | ns
toxz Output disable 2 30| ns
tpRH Preset to output ‘ 35 | ns
fmax Maximum frequency i . 16 20 MHz

-

The PAL64R32 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.

170 pin leakage is the worst case of | 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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fuax Parameters

fuax 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, 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
(ts,) or the minimum clock period (t, high + t, low). This
parameter is designated fy;ax (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, fyyax is defined as the reciprocal of (t, +
tok) and is designated fyax (feedback).

e

Figure 1. No Feedback

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 Vg to 4.5V.

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

Pulse pin 8 to V,, then back to OV.

Remove V| /V), from all output registers.

Lower pin 11 to V|, to enable the output registers.
. Verify for Vo, /Voy at all registered output pins.
Serles 24RS/24XA

Raise V¢ to 4.5V.

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

Pulse pin 10 to Vp, then back to OV.

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

Lower pin 13 to V,, to enable the output registers.
. Verify for Vo, /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.

N oD

N oMb

Switching Waveforms

Vi
PIN 11 "

viL

\/
ourpyr M

REGISTERS viL

PIN8 V)L

WF00100M

PIN13

Vi

viL

v
OUTPUT '":>__
REGISTERS ,

PIN 10 V.

WF00110M

3v

ov

i

WF00120M

| tp ————}
ASYNCHRONOUS
PRESET
o>}t tow>{=—tpRR—> P o TI;THD(
R R
OUTPUTS
lcfpo tPRH It'vxz»‘lm' mﬁ!*{—'pzx
COMBINATORIAL AN\ Y4
ouTPUTS L/ /L7 ANAN
® N
Notes: 1. Input pulse amplitude OV to 3.0V.
2. Input access measured at the 1.5V level.
Monolithic m Memories
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Test Load

Absolute Maximum Ratings
Operating Programming
Supply VOGO Viog +vvvvvniiinniiiiee i e =05VtO 7V i -0.5V to 12V
INPUL VORRAGE  ...vniniiiiiiii i s e et s s e e e s s s e s s a s sasasananans =15V 10 55V ....ccciieiinn -1.0V to 22V
Off-state output VOIAGE ......c..iviiiiieiiiiiii it e e e n s e eaeee e aaaes 5.5V i 12v
StOrage tEMPEratUre  ...........cc.iiiiiuiiuiiniiieie ettt e teeae et reeeeer st seassntaetaaesneenassrssenetnstnrensnsnnnens -65°C to +150°C
Switching Test Load Schematic of Inputs and Outputs
5V EQUIVALENT INPUT TYPICAL OUTPUT
} vee — e vee
s1 EE 8 K NOM S 400NOM
3w
i Y
o ®
UTPUT (® TEST POINT Ut K <
3: R2 a.F CL ——o0 OUTPUT
v —K
= TL‘ s
TC00090M y 3
¥
1 : =

. TCO0100M

Notes: 1. tpp is tested with switch S, closed, C; = 50pF and measured at 1.5V output level.
2. tpzy 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.
3. tpyz 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
measured at Vo +0.5V output level.
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MMI PAL® Device Programmer Reference Guide

Data 1/0 Corporation 20 Pin Device Families

10525 Willows Road N.E.

PO Box 97046 Models 19, 29A, 29B
Redmond, WA 98073-9746 Model 60
(800) 247-5700
Family Pinout
Series Part Number System LogicPak™ Adapter Code Code
PAL10H8/-2 18
L1008/ 2 Model 60 303A 303A-002V08 22 P
AL o2 Rev. V05 303A-011A/B-VO1 -
PAL12L6/-2 14
12 (oo i | eo
PAL14L4/-2 15
PAL16H2/-2 204 22
PAL16L2/-2 298 16
PAL16C1/-2 21
‘PAL16L8/A/-2/-4/B-2/-4 17
e 20/ | PAL16Re/A/-2/4/B-2/4 24
20B-2/-4 PAL16R6/A/-2/-4/B-2/-4 v l
Standard ')\ 16R4/A/-2/-4/B-2/-4
PAL16L8B/D 30 17
fisioa PAL16R8B/D l 24
20B/D PAL16R6B/D ; l
PAL16R4B/D v
PAL16L8BP 303A-V04 22 17
“;:;‘l‘,"‘ PAL16R8BP 67
Standard PAL16R6BP L
PAL16R4BP
PAL16PBA 30
;’I',::'r‘;"“n :1:::: PAL16RPBA 31
Polarity PAL16RP6A l
PAL16RP4A , v
Large 20 PAL16X4 303A o
Arithmetic PAL16A4 l
o o ' Lol e
Note: The softy and isi listed are the earliest revisions ghat support these products.
Later softy and isi can also be d to support these products.
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MMI PAL® Device Programmer Reference Guide

Data I/0 24 Pin and MegaPAL™ Device Families
Family Pinout
Series Part Number System LogicPak™ Adapter Code Code
PAL12L10 Model 60 303A 303A-002-VO8 22 C o1
PAL14L8 Rev. V05 303A-011A/B-VO1 02
Small 24 PAL16L6 - Models R ' 03
Combinatorial PALiSLA . 19 ’ ; o 04
‘| PAL20L2 , 20A , o 05
PAL20C1 208 12
Small 24A | PAL6L16A T ‘ ‘ | 48
Becoder PALSL14A » : | " 49
'PAL20L8A/-2/B 26
Medium 24A/ | PAL20RBA/-2/B : 4 Y
2an-2/8 | PAL20ReA/-2/B | ~ ' i | l
PAL20R4A/-2/B ' ]
PAL20L10 ‘ ; 06
‘Medium 24X | PAL20X10 = ‘ . 23
Excluslve-pn PAL20X8 - B o e l
PAL20X4 : v ‘ ' n ‘

_ PAL20L10A '303A-V04 | v 06
Medium 24XA | PAL20X10A ‘ o o 36
~Excluslye-OR BALZGXEA i ! \ l

PAL20X4A ‘
PAL20S10 ‘ S 43

Large 24RS | PAL20RS10 R \
Pro::c:r'ei':rms PAL20RS8 ’ 1 "
" PAL20RS4 , , v e 46
_mﬁlas:g:e?)?on PAL22RXBA 303A-011A/B-VO1 7
e on | PAL32VX10/A v B 77
A:;;gc?\riﬂ:ts PAL2GRA10 ; 303A 3033%3;(1?«2/-1\3/?\?0'1 il
Combmiorial | PAL10H20P8! Y | 303avo4 |  303AECL : 42
MegaPAL™ | PAL32R16 ‘ 303A 303A-088-A/B | 47
Devices PAL64R32 Model 298 | 350A/-23/A/B N . S YR

NOTE: The software and hardware revisions listed are the earliest revisions that support these products.
Later softy and h. isi can also be assumed to support these products.

1Not supported on Model 19
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MMI PAL® Device Programmer Reference Guide

Digelec 20 Pin Device Families

1602 Lawrence Ave.

Ocean, NJ 07712 System UP803

(201) 493-2420

Series Part Number FAM 52 Rev. Adapter Adapter Rev.
PAL10H8/-2 5.4 DA53 A-3
PAL10L8/-2
PAL12H6/-2
small 2072 | PAL12L6/2
Combinatorial PAL14H4/-2
PAL14L4/-2
PAL16H2/-2
PAL16L2/-2
PAL16C1/-2
Medium 20/ PAL16L8/A/-2/-4/B-2/-4
20A/20A-2/4/ PAL16R8/A/-2/-4/B-2/-4
ety PAL16R6/A/-2/-4/B-2/-4
PAL16R4/A/-2/-4/B-2/-4
PAL16L8B/D
Medium PAL16R8B/D
20B/D PAL16R6B/D
PAL16R4B/D
PAL16L8BP
Medium PAL16R8BP
s;:::r ; PAL16R6BP {
PAL16R4BP 4 v v
PAL16P8A 54 DAS53 A-3
Medium 20PA PAL16RP8A
P'°|9,'°‘::|‘_I"t‘;’”° PAL16RP6A
PAL16RP4A
Large 20 PAL16X4
Arithmetic PAL16A4 v v ) v
Atay:\gc:;or;ﬁs PAL16RA8 Under Development
NOTE: The software and hardware revisions listed are the earliest revisions that support these products.
Later soft and ! isi can also be assumed to support these products.
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MMI PAL® Device Programmer Reference Guide

Digelec 24 Pin and MegaPAL™ Device Families
Series Part Numbers FAM 52 Adapter Adapter Rev.
PAL12L10 5.4 DA55 C-1
PAL14L8
Small 24 PAL16L6
Comblpator!al PAL18LA
PAL20L2
PAL20C1
s;::;g::\ PAL6LY §A Under Development
PALSL14A -
PAL20L8A/-2/B 5.4 DAS5 C-1
Medium 24A/ PAL20R8A/-2/B
24A-2/B
Standard PAL20R6A/-2/B
PAL20R4A/-2/B
PAL20L10
Medium 24X PAL20X10
Exclusive-OR PAL20X8
PAL20X4
; PAL20L10A
Medium. 24XA PAL20X10A
Exclusive-OR PAL20X8A
PAL20X4A
PAL20S10
Large 24RS PAL20RS10
Shared
Product Terms PAL20RS8
PAL20RS4
Large 24A d
_Registered XoR_| PALZZRXEA
Large 24/A :
Varled XOR PAL32VX10/A
Large 24RA
Asynchronous PAL20RA10
ECL v v v
Combinatorial PAL10H20P8
™ "
M;g:"::el; B PAL32R18 Under Development
PAL64R32 )
NOTE: The softy and hard v listed are the earliest revisions that support these products.

Later software and hardware revisions can also be assumed to suppon these products.
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Kontron 20 Pin Device Families
1230 Charleston Road System MPP-80S
Mountain View, CA 94039-7230
(415) 965-7020 System EPP-80
Series Part Number Socket Adapter UPM-B-Rev.
PAL10H8/-2 SA-27 1.44
PAL10L8/-2
PAL12H6/-2
Small 20/-2 PAL12L6/-2
Combinatorial PAL14H4/-2
. PAL14L4/-2
PAL16H2/-2
PAL16L2/-2
PAL16C1/-2
Medium 20/ PAL16L8/A/-2/-4/B-2/-4
20A/20A-2/4/ PAL16R8/A/-2/-4/B-2/-4
20B-2/-4 PAL16R6/A/-2/-4/B-2/-4
Standard v
PAL16R4/A/-2/-4/B-2/-4
PAL16L8B/D
n;eogl}.lrr’n PAL16R8B/D Under Development
PAL16R6B/D
PAL16R4B/D
PAL16L8BP SA-27
M::;‘;,“‘ PAL16R8BP Under Development
Standard PAL16R6BP
‘ PAL16R4BP
PAL16P8A
edm 2028 [ onLronpon
Polarity PAL16RP6A
PAL16RP4A
Large 20 PAL16X4
Arithmetic PAL16A4 o
A';;:‘%;r";"n‘:ﬁs PAL16RAS il 1.47
NOTE: The soft and hardh listed are the earliest revisions that support these products. .
Later software and hardware revisions can also be assumed to support these products. .
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Kontron 24 Pin and MegaPAL™ Device Families
Series Part Number Socket Adapter UPM-B Rev.
PAL12L10 1.44
PAL14L8
Small 24 PAL16L6 SA-27-1
Combinatorial PAL18L4
PAL20L2
PAL20C1
Sg:::‘l’::: z:tz::: :2 Under Development 1.48
PAL20L8A/-2/B SA-27-1 1.44
iyl PAL20RBA/-2/B
Standard PAL20R6A/-2/B
PAL20R4A/-2/B
PAL20L10
Medium 24X PAL20X10
Exclusive-OR PAL20X8
PAL20X4
PAL20L10A
Medium 24XA PAL20X10A
Exclusive-OR PAL20XSA
PAL20X4A v
PAL20S10 Under Development
Large 24RS PAL20RS10
Shared
Product Terms PAL20RS8
PAL20RS4 V.
R e;l;:i:e':‘:OR PAL22RX8A Under Development
Aol PAL32VX10/A 1.48
A';‘y‘;%;f:ﬂi:s PAL20RA10 1.44
Co m;ﬁ:toﬂa' PAL10H20P8 1.47
MegaPAL™ PAL32R16
Devices PALG4R32 v Under Development

NOTE: The software and hardware revisions listed are the earliest revisions that support these products.

Later softy and

can also be
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Micropross ‘ 20 Pin Device Families
Parc d'activite des Pres ROM 5000
5, rue Denis-Papin
59650 Villeneuve-d'Ascq Programmer
Tel 20479040
Series Part Number ) Rev.
PAL10H8/-2 35
PAL10L8/-2
PAL12H6/-2
Small 20/-2 PAL12L6/-2
Combinatorial PAL14H4/-2
PAL14L4/-2
PAL16H2/-2
PAL16L2/-2
PAL16C1/-2
Medium 20/ PAL16L8/A/-2/-4/B-2/-4
20A/20A-2/4/ PAL16R8/A/-2/-4/B-2/-4
20B-2/-4 PAL16R6/A/-2/-4/B-2/-4
Standard -
PAL16R4/A/-2/-4/B-2/-4
PAL16L8B/D
Medium PAL16R8B/D
208/D PAL16R6B/D
PAL16R4B/D
PAL16L8BP
Medium PAL16R8BP
20BP
Standard PAL16R6BP
PAL16R4BP
PAL16P8A
Medium 20PA PAL16RPSA
Programmable
Polarity PAL16RP6A
PAL16RP4A
Large 20 PAL16X4
Arithmetic PALIGAS v
A';;:‘%i ::’"'::s PAL16RA8 Under Development

NOTE: The software and hardware revisions listed are the earliest revisions that support these products.
Later software and hardware revisions can also be assumed to support these products.
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Micropross 24 Pin and MegaPAL™ Device Families
Series Part Number Rev.
PAL12L10 35
PAL14L8
Small 24 PAL16L6
Combinatorial PAL18LA
PAL20L2
PAL20C1
Small 24A PAL6L16A Undae Dol ‘
nder Development
Decoder PALBL14A P
PAL20L8A/-2/B 35
Medium 244/ PAL20RBA/-2/B
24A-2/B
Standard PAL20R6A/-2/B
PAL20R4A/-2/B
7 PAL20L10
Medium 24X PAL20X10
Exclusive-OR PAL20X8
PAL20X4
PAL20L10A
Medium 24XA PAL20X10A
Exclusive-OR PAL20X8A
PAL20X4A
PAL20S10
Large 24RS PAL20RS10
Shared
Product Terms PAL20RS8
PAL20RS4
Large 24A
Hejgisterad XOR PAL22RXBA
Large 24/A Varled
XOR PAL32VX10/A
Large 24RA
Asynchronous PAL20RAA1D
ECL Combinatorial | PAL10H20P8 b
MegaPAL™™ PAL32R16 ; :
. Under Development
Devices PAL64R32 °
NOTE: The software and hardware revisions listed are the earliest revisions that support these products.

Later and isi can also be assumed to support these products.
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Promac 20 Pin Device Families

Adams MacDonald Enterprises, Inc.

2999 Monterey/Salinas Highway Promac P3
Monterey, C
( 488;63%-36%79 8940 Programmer
Series Part Number Software Rev. S1/82
' PAL10H8/-2 3.0 0/1
PAL10L8/-2 0/6
PAL12H6/-2 0/2
Small 20/-2 PAL12L6/-2 0/7
Combinatorial PAL14H4/-2 0/3
PAL14L4/-2 0/8
PAL16H2/-2 0/4
PAL16L2/-2 0/9
PAL16C1/-2. 0/5
Medium 20/ PAL16L8/A/-2/-4/B-2/-4 0/10
.20A/20A-2/4/ PAL16R8/A/-2/-4/B-2/-4 0/11
g&sn':;;: PAL16R6/A/-2/-4/B-2/-4 0/12
: PAL16R4/A/-2/-4/B-2/-4 0/13
PAL16L8B/D 5/0
Medium PAL16R8B/D " 5/1
20B/D PAL16R6B/D 5/2
PAL16R4B/D 5/3
i PAL16L8BP 0/10
Medium PAL16R8BP 0/11
20BP
Standard PAL16R6BP 0/12
PAL16R4BP 0/13
PAL16P8A 1/0
Medium 20PA PAL16RP8A 1/3
Programmable
Polarity PAL16RP6A . . 1/2
PAL16RP4A : 1/1
Large 20 PAL16X4 0/14
Arithmetic PAL16A4 0/15
A';::‘gc:f;:s PAL16RA8 v 112
NOTE: The and isi listed are the earliest revisions that support these products.
Later software and hardware revisions can also be assumed to support these products.
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Promac 24 Pin and MegaPAL™ Device Families
Series Part Number Software Rev. S$1/82
PAL12L10 3.0 2/2
PAL14L8 23
Small 24 PAL16L6 ) 2/4
Combinatorial PAL18L4 2/5
PAL20L2 2/6
PAL20C1 2/1
Small 24A PAL6L16A 3/11
Déooder PALBL14A 3/10
PAL20L8A/-2/B 2/8
Medium 24A/ PAL20R8A/-2/B 2/9
24A-2/B
Standard PAL20R6A/-2/B 2/10
PAL20R4A/-2/B . 2/1
PAL20L10 ) 2/7
Medium 24X PAL20X10 2/12
Exclusive-OR PAL20X8 2/13
PAL20X4 2/14
PAL20L10A 2/7
Medium 24XA PAL20X10A 2/15
Exclusive-OR PAL20XSA ’ 3/0
PAL20X4A 3/1
PAL20S10 3/5
Large 24RS PAL20RS10 3/6
Shared :
Product Terms PALZGRSS 87
PAL20RS4 3/8
Large 24A ”

Re:glstere d XOR PAL22RX8A Under Development
Large 24/A - i l
Varied XOR PAL32VX10/A
Large 24RA

Asynchronous PAL20RA10 3/4

ECL 4 ;
Combinatorial PAL10H20P8 ~ Under Development
MOQ&PALTM PAL32R16
Under Development
Devices PAL64R32 v

NOTE: The software and hardware revisions listed are the earliest revisions that support these products.
Later software and hardware revisions can also be assumed to support these products.
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Stag Microsystems 20 Pin Device Families
1600 Wyatt Dr. Suite 3 ZL30
Santa Clara, CA 95054
(408) 988-1118 PPZ
Series Part Number Code ZL30 Rev. ZM2200
PAL10H8/-2 20-20 30-35 14
PAL10L8/-2 20-25
PAL12H6/-2 20-21
Small 20/-2 PAL12L6/-2 20-26
Combinatorial PAL14H4/-2 20-22
PAL14L4/-2 20-27
PAL16H2/-2 20-23
PAL16L2/-2 20-28
PAL16C1/-2 20-24
Medium 20/ PAL16L8/A/-2/-4/B-2/-4 20-29
20A/20A-2/4/ PAL16R8/A/-2/-4/B-2/-4 20-30
g:):n-:;;: PAL16R6/A/-2/-4/B-2/-4 20-31
PAL16R4/A-2/-4/B-2/-4 20-32 A v
PAL16L8B/D 22-29 30-39 12
Medium PAL16R8B/D 22-30
20870 PAL16R68/D : 22-31
PAL16R4B/D 22-32 hd v
PAL16L8BP 20-29 30-35 14
Medium PAL16R8BP 20-30 19
s:gzapr a PAL16R6BP 20-31 l
PAL16R4BP 20-32
PAL16P8A 20-38 12
Medium 20PA PAL16RP8A 20-11
P’°g:::';’b'° PAL16RP6A 20-12
PAL16RP4A 20-13
Large 20 PAL16X4 20-33 14
Arithmetic 54| 16A4 20-34 v
A';;:‘%‘;;ﬂ:s PAL16RA8 20-19 30-37 12
NOTE: The software and hardware revisions listed are the earliest revisions that support these products.
Later software and hardware revisions can also be assumed to support these products.
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Stag Microsystems

24 Pin and MegaPAL™ Device Families

Series Part Number Code ZL30 Rev. ZM2200
PAL12L10 21-50 30-35 14
PAL14L8 21-51
Small 24 PAL16L6 21-52 12
Combinatorial PAL18L4 21-53
PAL20L2 21-54
PAL20C1 21-55
Small 24A PAL6L16A
Decoder SALBLI4A Under Development
PAL20L8A/-2/B 21-56 30-35 12
Medium 24A/ PAL20R8A/-2/B 21-57
Fouailed PAL20R6A/-2/B 2158
PAL20R4A/-2/B 21-59
PAL20L10 21-60
Medium 24X PAL20X10 21-61
Exclusive-OR PAL20X8 21-62
PAL20X4 21-63
PAL20L10A 21-60
Medium 24XA PAL20X10A 21-61
Exclusive-OR PAL2OXBA 21-62
PAL20X4A 21-63 v
PAL20S10 21-81 30-39
Large 24RS PAL20RS10 21-80
Prodst:l::?:rms PAL2ORSS 2t-79
PAL20RS4 21-78
Re;;;gt:e?:(m PAL22RX8A Under Development
gl on | PAL32VX10/A l
A';;;%‘:‘:::;ﬁs PAL20RA10 2177 30-37
ECL PAL10H20P8 Under Development v
Combinatorial
M;?‘:‘;Lsm :t:i;;: Under Development
NOTE: The soft and revisi listed are the earliest revisions that support these products.
Later and h can also be assumed to- support these products.
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MMI PAL® Device Programmer Reference Guide

Storey Systems 20 Pin Device Families
3201 North Hwy. 67 P240
Suite H
Mesquite, TX 75150 Programmer
(214) 270-4135
Series Part Number Rev.
PAL10H8/-2 2.0
PAL10L8/-2
PAL12H6/-2
Small 20/-2 PAL12L6/-2
Combinatorial PAL14H4/-2
PAL14L4/-2
PAL16H2/-2
PAL16L2/-2
PAL16C1/-2
Medium 20/ PAL16L8/A/-2/-4/B-2/-4
20A/20A-2/4/ PAL16R8/A/-2/-4/B-2/-4
208-2/-4 PAL16R6/A/-2/-4/B-2/-4
Standard v
PAL16R4/A/-2/-4/B-2/-4
PAL16L8B/D 4.0
Medium PAL16R8B/D
208/0 PAL16R6B/D
PAL16R4B/D
PAL16L8BP 20
Medium PAL16R8BP
20BP
Standard PAL16R6BP Under Development
PAL16R4BP
PAL16P8A 4.0
:::':;"I;:‘:';; PAL16RPSA
Polarity PAL16RP6A
PAL16RP4A
Large 20 PAL16X4 5
Arithmetic PAL16A4 .
A:;;%i;‘:’nzﬁ s PAL16RA8 : 4.04
NOTE: The softy and @ revisi listed are the earliest revisi that support these prod
Later software and hardware revisions can also be assumed to support these products.
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MMI PAL® Device Programmer Reference Guide

Storey Systems

24 Pin and MegaPAL™ Device Families

Series Part Number Rev.
PAL12L10 2.0
PAL14L8
Small 24 PAL16L6
Combinatorial PAL18L4
PAL20L2
PAL20C1
sg'e :':’::: :2:::::22 Under Development
PAL20L8A/-2/B 2.0
Medium 24A/ PAL20R8A/-2/B
:;:‘:: :’ PAL20RGA/-2/B
PAL20R4A/-2/B
PAL20L10
Medium 24X PAL20X10
Exclusive-OR PAL20X8
PAL20X4
PAL20L10A v
Medium 24XA PAL20X10A Under Development
Exclusive-OR PAL2OXBA
PAL20X4A
PAL20S10
Large 24RS PAL20RS10
Shared
Product Terms PAL20R38
PAL20RS4
Regl-;:gree?:OR PAL22RX8Aa
Large 2)‘(‘6: Varied | b4 32vx10/A v
A';;:‘Q‘:; ;‘;ﬁs PAL20RA10 4.04
ECL Combinatorial PAL10H20P8
MegaPAL™ PAL32R16 Under Development
_Devices PAL64R32

NOTE: The software and hardware revisions listed are the earliest revisions that support these products.
Later software and hardware revisions can also be assumed to support these products.
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MMI PAL® Device Programmer Reference Guide

Structured Design 20 Pin Device Families
1700 Wyatt Drive SD 20/24 System
Suite 7
Santa Clara, CA 95054 SD 1000 System
(408) 988-0725
Series Part Number SD 20/24 SD 1000
PAL10H8/-2 1.6 1.05
PAL10L8/-2 ‘
PAL12H6/-2
PAL12L6/-2
Small 20/-2
Combinatorial PAL14H4/-2
PAL14L4/-2
PAL16H2/-2
PAL16L2/-2
PAL16C1/-2
Medium 20/ PAL16L8/A/-2/-4/B-2/-4
20A/20A-2/4/ PAL16R8/A/-2/-4/B-2/-4
20B-2/-4
Standard PAL16R6/A/-2/-4/B-2/-4
PAL16R4/A/-2/-4/B-2/-4 v
PAL16L8B/D
Mz:glygl ‘ PAL16REB/D Under Development
- PAL16R6B/D L
PAL16R4B/D \
PAL16L8BP 1.6 : 1.05
Medium PAL16R8BP
20BP
Standard PAL16R6BP
FALIGR4BP Under Development
PAL16P8A
Medium 20PA PAL16RP8A
Programmable
Polarity PAL16RP6A
PAL16RP4A
Large 20 PAL16X4
Arithmetic PAL16A4 1.6 1.05
Large 20RA
Asynchronous PAL16RA8 Under Development
NOTE: The softy and hardy isi listed are the earliest revisions that support these products.
Later and isi can also be assumed to support these products.
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MMI PAL® Device Programmer Reference Guide

Structured Design

24 Pin and MegaPAL™ Device Families

Series Part Number SD 20/24 SD 1000
' PAL12L10 16 1.05
PAL14L8
Small 24 PAL16L6
Combinatorial PAL18L4
PAL20L2
PAL20C1
Small 24A PALBL16A
Decoder PALBLI4A Under Development
PAL20L8A/-2/B 16 1.05
Medium 24A/ PAL20R8A/-2/B
sl PAL20R6A/-2/B
PAL20R4A/-2/B
PAL20L10
Medium 24X PAL20X10
Exclusive-OR PAL20X8
PAL20X4
PAL20L10A
Medium 24XA PAL20X10A
Exclusive-OR PAL20X8A
PAL20X4A v v
PAL20S10 Under Development
Large 24RS PAL20RS10
Prods::tr::':rms PAL20RSS
PAL20RS4
e hon | PAzzmH
uae A PAL32VX10/A
A';;';ii ri‘n':’:‘s PAL20RA10
MegaPALT™ PAL32R16
Devices PAL64R32 v

NOTE: The software and hardware revisions listed are the earfiest revisions that support these products.

Later software and hardware revisions can also be assumed to support these products.
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MMI PAL® Device Programmer Reference Guide

Valley Data Sciences 20 Pin Device Families
Charleston Business Park 160 Series
2426 Charleston Road
Mountain View, CA 94043 Programmer
(415) 968-2900
Series Part Number Rev.
PAL10H8/-2 1.03
PAL10L8/-2
PAL12H6/-2
Small 20/-2 PAL12L6/-2
Combinatorial PAL14H4/-2
PAL14L4/-2
PAL16H2/-2
PAL16L2/-2
PAL16C1/-2
Medium 20/ PAL16L8/A/-2/-4/B-2/-4
20A/20A-2/4/ PAL16R8/A/-2/-4/B-2/-4
20B-2/-4 PAL16R6/A/-2/-4/B-2/-4
Standard
PAL16R4/A/-2/-4/B-2/-4
PAL16L8B/D
Medium PAL16R8B/D
208/D PAL16R6B/D
PAL16R4B/D J
PAL16L8BP 4
Medium PAL16R8BP
20BP
Standard PAL16R6BP Under Development
PAL16R4BP
PAL16P8A 1.03
:::'r‘;"r; :‘:::: PAL16RPSA
Polarity PAL16RP6A
PAL16RP4A
Large 20 PAL16X4
Arithmetic PAL16A4
A:;;gc:f;:s PAL16RA8 Under Development
NOTE: The software and hardware revisions listed are the earliest revisions that support these products.
Later software and hardware revisions can also be assumed to support these products.
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MMI PAL® Device Programmer Reference Guide

Valley Data Sciences

24 Pin and MegaPAL™ Device Families

Series Part Number Rev.
PAL12L10 1.03
PAL14L8
Small 24 PAL16L6
Combinatorial PAL18L4
PAL20L2
PAL20C1
Small 24A PALBLASA Under Development
Decoder PALBL14A
PAL20L8A/-2/B 1.03
Medium 24A/ PAL20R8A/-2/B
24A-2/B -
Standard PAL20R6A/-2/B
PAL20R4A/-2/B
PAL20X10
Medium 24X PAL20L10
Exclusive-OR PAL20X8
PAL20X4
PAL20X10A
Medium 24XA PAL20L10A
Exclusive-OR PAL20X8A
PAL20X4A
PAL20RS10
Large 24RS PAL20S10
Shared
Product Terms PAL20RS8
PAL20RS4
Rengas;g:e?)A(OR PAL22RXBA
targe 20/% Vared | paLzavxio/a
A:;:l%: ;4:;?‘8 PAL20RA10 v
ECL PAL10H20P8 Under Development
Combinatorial
MegaPAL™ PAL32R16 1.04 + 1.1 Adapter
Devices ~ PAL64R32 Under Development

NOTE: The software and hardware revisions listed are the earliest revisions that support these products.
Later software and hardware revisions can also be assumed to support these products.
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MMI PAL® Device Programmer Reference Guide

Varix 20 Pin Device Families
1210 E. Campbell Road ' OMNI
Richardson, TX 75081
(214) 437-0777 Programmer
Series Part Number Rev.
PAL10H8/-2 3.18
PAL10L8/-2
PAL12H6/-2
Small 20/-2 PAL12L6/-2
Combinatorial PAL14H4/-2
PAL14L4/-2
PAL16H2/-2
PAL16L2/-2
PAL16C1/-2
PAL16L8/A/-2/-4/B-2/-4
Medium 20/
20A/20A-2/4/ PAL16R8/A/-2/-4/B-2/-4
20B-2/-4 PAL16R6/A/-2/-4/B-2/-4
Standard
PAL16R4/A/-2/-4/B-2/-4
PAL16L8B/D
Medium PAL16R8B/D
208/D PAL16R6B/D
PAL16R4B/D M
PAL16L8BP 3.18
Medium PAL16R8BP 5.00
20BP
Standard PAL16R6BP l
PAL16R4BP
PAL16P8A 3.18
Medium 20PA PAL16RPSA
Programmable S AL1GHPEA
Polarity
PAL16RP4A
Large 20 PAL16X4
Arithmetic PAL16A4
Large 20RA PAL16RA8 Under Development
Asynchronous
NOTE: The software and hardware revisions listed are the earliest revisions that support these products.
Later software and hardware revisions can also be assumed to support these products.
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MMI PAL® Device Programmer Reference Guide

Varix 24 Pin and MegaPAL™ Device Families
Series Part Number Rev.
PAL12L10 3.18
PAL14L8
Small 24 PAL16L6
Combinatorial PAL18L4
PAL20L2
PAL20C1
Small 24A PAL6L16A
Decoder PALBL14A
PAL20L8A/-2/B
Medium 24A/ PAL20R8A/-2/B
24A-2/B
Standard PAL20R6A/-2/B
PAL20R4A/-2/B
PAL20L10
Medium 24X PAL20X10
Exclusive-OR PAL20X8
PAL20X4
PAL20L10A
Medium 24XA PAL20X10A
Exclusive-OR PAL20X8A L
PAL20X4A b
) PAL20S10 Under Development
Large 24RS PAL20RS10
Shared
Product Terms PAL20RS8
PAL20RS4
Re;;;z:ei‘)A(OR PALZ2RXBA
il ";:c’,a PAL32VX10/A VL
A';;:‘%‘;g'ms PAL20RA10 3.18
Com:lg:torlal PAL10HZ0P8
MegaPALT™ PAL32R16 Under Development
Devices PAL64R32
NOTE: The soff and ha revisi listed are the earliest revisions that support these products.

Later software and hardware revisions can also be assumed to support these products.
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ProPAL™, HAL®, and ZHAL™ Devices:
The Logical Solutions for Volume Programmable Logic

So you have discovered the convenience and flexibility of
designing with PAL® devices from Monolithic Memories. You
have implemented a design using PAL devices, and taken that
design into production. Now may be the time to consider ways
of reducing the efforts you put into: programming, testing, and
marking ‘large volumes of PAL devices. Wouldn't it be more
convenient if you could be relieved of the duties and costs of
volume programming and testing and still reap the benefits
afforded by programmable logic?

Or perhaps you are considering a semicustom product, but
you're a little.nervous about going to a gate array. Wouldn't it
be preferable if you could find a semicustom product which
allows easy, inexpensive prototyping, provides fast prototype
turnaround, comes fully tested, can have a custom marking,
has low NRE charges, provides design flexibility, and has an
assured second source?

Well,. Monolithic Memories, the inventor of the PAL device,
offers the logical solutions. ProPAL, HAL, and ZHAL devices
make the transition from user-programmed devices to custom-
ized production-ready devices easy and risk free.

CDO1010M

ProPAL Devices

ProPAL (Programmed PAL) devices are simply PAL devices
that Monolithic Memories programs and- tests for you. You
receive a fully functional unit without having to do the pro-
gramming and testing.. But you still have the flexibility to
handle design changes easily.

CDO1020M

HAL Devices

HAL (Hard Array Logic) devices are to PAL devices as ROMs
are to PROMs. Instead of fuses in the logic array, your pattern
is implemented using: metal links that are masked in during
wafer fabrication. So your need to program devices is eliminat-
ed. And because the devices have their functionality masked
in, ‘Monolithic Memories can provide full functional testing
before shipping the product. You can place the devices in your
boards with a minimum of handling and the highest Ievel of
confidence.

Monolithic Memories offers a HAL device for every PAL
device. Any PAL device design you program can be imple-

mented in a HAL version, allowing you to move smoothly into
volume production.

ZHAL Devices

Monolithic Memories now provides a third alternative for the
programmable logic user: new Zero-Standby-Power CMOS
HAL devices.

For the first time there are HAL devices which can implement
any pattern from the Series 20 and Series 24 PAL devices
with the greatly reduced power consumption only CMOS can
offer.

For high complexity designs reaching into the thousands of
gates, Zero Power MegaHALTM devices provide the natural
semicustom VLSI alternative to gate arrays. The MegaPAL™
devices provide the flexibility and fast design turn-around you
need for prototyping. Once you are ready for production, the
CMOS MegaHAL devices provide the same functionality with
Zero Power.

All of the ZHAL devices are fully HC/HCT compatible, making
them easy to use in TTL and CMOS environments.

Should You Use a PAL, ProPAL, or HAL
Device?

PAL -devices offer the:flexibility and convenience needed for
prototyping your innovative designs. They provide a'means for
designing an- efficient system by integrating functions and
saving you board space. For flexible production, it makes
sense to program and test your own PAL devices. This is
especially true if you need low volumes per pattern. You
always have the option of making last minute design tweaks
as you fine tune your system design.

Once your production volumes reach a moderate volume of a
few thousand devices per-year for each pattern, you may wish
to dedicate your production resources to - newer designs,
instead of programming-and testing production-volumes. Yet
in order to be able to make quick design updates; you might
not want to commit to a HAL mask. ProPAL devices provide
the ideal solution by ‘eliminating. programming and testing
needs while retaining enough flexibility to. accommodate de-
sign changes.

When you feel that. your desugn has stabilized and your
volume has ramped up to several thousand devices per year,
a HAL device becomes the most cost effective way to
purchase your programmable logic. By shifting the burdens to
Monolithic Memories, who can handle large volumes easily,
you can concentrate your energies on more productlve proj-
ects.

How Does MMI Do This? g
Monolithic Memories' takes your proven PAL device design
and either arranges to program ProPAL devices in volume, or
generates a custom mask for a HAL or ZHAL device. And all
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ProPAL™, HAL®, and ZHAL™ Devices:
The Logical Solutions for Volume Programmable Logic

without the normal risks inherent in purchasmg a semicustom

product. ' Why? Because:

® You can prototype your system and initiate produchon using
standard Monolithic Memories PAL devices. You don't have
to worry about making a mistake that could put your design
schedule in jeopardy.

® The nominal Non-Recurring Engineering (NRE) charges for
ProPAL and HAL devices are far lower than those normally
required for a semicustom: circuit, And they can even be
amortized over your first production quantity.

Unit

Volume

A

HAL device
ProPAL device
PAL device
Monolithic Memories -
Programmable
Solutions

OPO0D1OM

® You save on the costs of programming devices. This will
also shorten your production cycle, since you can plug the
devices into the socket with no additional processing.

@ All-of the devices are tested for full functionality before they
leave Monolithic Memories. You save on the costs of
testing and generating test programs.

@ Monolithic Memories is geared towards providing volumes
of high quality devices. No ‘one knows how to test
programmable logic' as well- as Monolithic Memories.
Between' the thorough, efficient testing and marking
capabilities “and the option to provide burn-in for extra
reliability, you can obtain a higher quality device that if you
did the programming and testing yourself.

® MMI" can provide -custom marking. This saves you the
added expense of stripping the mark from standard devices

“and then remarking them with your own mark.

® HAL devices are secure by design. If you prefer ProPAL
devices, they can also be secured for you at the factory.

® ProPAL device lead time is only 1 to 2 weeks longer than
that of unprogrammed PAL devices.

® HAL device turn-around time is a mere 6 to 8 weeks or less
from acceptance of your design package to receipt of first
units.

*Floppy disks are accepted in standard DEC® AT-11 (RX01) or RSX-11M®,
files 11 format, or an IBM PC™ 5.1/4.in. diskstte. 1BM‘ compatible (800 or 1600
BP!) nine track mag tapes are pted in unlabeled (card image), files-11;
or VAX VMS® backup format. If magnetic media absolutely cannot be provided,
legible printouts (signed and dated) from PALASM will be accepted. Please note
that magnetic media are required if you have more than 50 vectors.

® If you find yourself with an unexpected demand, you need
not turn away business for lack of HAL device stock. You
can always use ProPAL devices to make up for any
temporary shortfall.

How Can You Take Advantage of This?
The following are some guidelines which you can use to help
convert your designs to ProPAL, HAL or ZHAL devices.

1. Send in Your Design

You will need to provide your logic equations from either
PALASM®, PALASM 2 or ABEL™ on magnetic media*.
When Monolithic Memories generates vectors™ for use in
functionally testing your pattern, "seed" vectors are helpful in
providing the foundation upon which the final test vectors will
be based.

A master PAL device containing your design is needed for
Monolithic Memories to verify that the pattern you submitted
has been correctly processed. If you cannot provide a Mono-
lithic Memories master PAL device, Monolithic Memories will
accept your design inputs and provide ProPAL samples for
your approval.

For your convenience, a checklist is included to help you
prepare all of the necessary materials to be submitted to
Monolithic Memories. This will also help Monolithic Memories
process your design, resulting in smoother and faster turn-
around. Copies of this form are available from your Sales
Representative, or you can simply copy the attached form.
2. MMI Will Verify the Design

Upon receiving your design package, Monolithic Memories will
enter your design into their computer and verify that there are
no format or syntax problems. A fuse map will be generated,
and sample ProPAL devices programmed.

If any questions are encountered at this stage, they wull be.
resolved with you before any further processing takes place.
3. MM Will Check the Samples

If you have approved immediate production of your devices,
Monolithic Memories will make a fuse for fuse comparison
between the samples and the master device you provide. If
there are no discrepancies, test generation will be started
immediately (or upon receipt of your purchase order).

If you prefer to see programmed sample ProPAL devices prior
to initiating production, Monolithic Memories can provide them
for your approval before proceeding further. Sample approval
is also needed when no master devices are provided or when
a discrepancy is found during verification.

4. MMI Will Generate Test Vectors

A functional test sequence is generated using TGEN™, a
proprietary software package. Any seed vectors you provide
will be used to help initiate test generation. TGEN will check
for hazards and race conditions, monitor fault coverage and
systematically add vectors until test coverage goals are -met.
Monolithic Memories has a test quality standard that sets as a
minimum . goal 90% coverage of all stuck-at faults. Lower
coverage patterns can sometimes be processed as HAL
devices, or it is possible to handle them as ProPAL devices
only, but your approval will be needed. If acceptable coverage
cannot be obtained, ways of increasing the testability of the
design may have to be considered before Monolithic Memo-
ries can process the pattern.
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ProPAL™, HAL®, and ZHAL™ Devices:
The Logical Solutions for Volume Programmable Logic

For more detail on exactly how the test coverage is deter-
mined, refer to the article "'PAL Design Function and Test
Vectors'' in this Handbook.

When suitable test coverage is obtained, as is normally the
case, there is no need for you to be involved with vector
generation. If, however, you wish to approve the test vectors
before production units are generated, the vectors will be
made available to you.

5. MMI Will Generate Production Units

After an acceptable test sequence has been generated,
Monolithic Memories will generate the appropriate HAL or
ZHAL mask and build the devices. Or, in the case of a ProPAL
device, Monolithic Memories will arrange to program and test
blank units.

Having Your Devices Marked

The standard Monolithic Memories mark consists of the de-
vice type, the package type, the date code, and the Monolithic
Memories logo.

If you wish, you can have the standard marking replaced by a’

custom marking. The logo and date code are standard, but
any other markings can be as you desire. The character and
line limitations for the most common packages are in Table 1.
If the package you want is not listed, your local representatlve
can help you determine the guidelines you need.

Whom to Contact
When you are ready to put the power of the Monolithic

Memories factory to work for you, just contact your local
Monolithic Memories sales representative. And let Monolithic

Memories take care of your production programming, testing,

and marking needs.

PLASTIC 20 pin (300 mil) 2 lines/13 characters per line
i 24 pin (300 mil) - 2 lines/17 characters per line

CERDIP 20 pin (300 mil) 2 lines/16 characters per line
24 pin (300 mil) 2 lines/17 characters per line

PLCC 20 lead 4 lines/11 characters per line
28 lead 5 lines/12 characters per line

Table 1

PAL, HAL and PALASM are registered trademarks of Monolithic Memories, Inc.
ProPAL, ZHAL, MegaPAL, MegaHAL and TGEN are trademarks of Monolithic
Memories, Inc.

ABEL is a trademark of Data 1/0 Corp.
DEC, RSX, VAX, and VMS are regustefed trademarks of Digital Equipment Corp.
IBM PC is a trademark of I | Machi Inc.

MMI WILL START
PRODUCTION

Monolithic m Momorlos

SEND IN YOUR ‘ -
DESIGN HAL AND
ProPAL DEVICE
GENERATION FLOW
MM WILL
REVIEW
THE DESIGN
MMIWILL iF SAMPLE VERIFICATION Jou
CHECK THE RECE)UESTED s
HECK TH SAMPLES
MMIWILL IF TEST VECTOR You
GENERATE TEST et REVIEW TEST
VECTORS REVIEW REQUESTED VECTORS
¥
MMI WILL
GENERATE
MASKS
T ProPAL HAL. ZHAL
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HAL/ProPAL CHECKLIST

Company name:

Address:

Contact: i Phone Number: :

Do you want: —HAL . ProPAL — ZHAL

Part Type: Customer Part Number:

What package type do you want?

How do you want the devices marked?
— Standard !
—_ Custom mark: please specify the mark below.
Refer to previous page

For ProPAL devices, do you want the security fuse blown?

Design Specification Format: .
— PALASM . — PALASM 2 — ABEL

Input medium: 1. 9-track Magnetic Tape 2. Floppy Disk

(Choose 1 of 3) _ card image . _RT-11
— files-11 — RSX-11M
— VAX VMS backup — IBM PC

3. __PALASM printout (signed and dated)

The following items are requested but not required. Please check if provided:

— Seed vectors
— Master PAL device

OPTIONS
A. | want to start production immediately B. | want to verify the MMI generated sample
(or upon submittal of purchase order) if: devices prior to production implementation.
1. Design is acceptable; — | want to approve the test vectors prior to
2. MMI samples match my master device production implementation.

fuse for fuse;
3. Minimum test coverage goals are met.
(Master device must be provided.)

Please complete this form for each pattern submitted to Monolithic Memories, and include it in your design package.

Submitted by: Date:

Title:
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Zero Power CMOS Hard Array Logic

ZHAL™ 20A Series

Features/Benefits

Ordering Information

® Zero stand‘by power . OUTPUTS
@ 25-ns maximum propagation delay PART NUMBER| PACKAGE | ARRAY -
® HC and HCT compatible COMB| REG
® Space saving PLCC available ZHAL10HBA 10 8 e
® Low power alternative for Small and Medium 20-pin PAL® ZHAL12H6A 12 6 i

devices, including 16L8/16R8/16R6/16R4 ZHAL14H4A 14 4 N
Description ZHAL16H2A 16 2 —~
The Zero Hard Array Logic (ZHAL) devices are ideal in low- ZHAL16C1A N, NL 16 2 o)
power applications that require high-speed operation. These ZHAL10L8A 10 8 =
attributes are achieved through the use of Monolithic Memo- ZHAL12L6A 12 6 b
ries' advanced high-speed CMOS process. Now system de- ZHAL14L4A 14 4 -
signers have the option of using a ZHAL device that matches ZHAL16L2A 16 2 T
fast PAL device speeds, but with the added advantage of zero ZHAL16L8A 16 8 il
standby power. These features are ideal for power-critical ZHAL16R8A N, NL 16 — 8
areas such as portable digital equipment or lap-top computers. ZHAL16R6A 16 2 6
This family of ZHAL devices utilizes a unique architecture that ZHAL16R4A 16 4 4
is designed for a high degree of flexibility in implementing
most patterns of the listed 20-pin PAL/HAL® devices. Proto- g:ﬁt} gg?,'; A N. NL :2 i ;
typing can be done using standard PAL devices before ZHAL16RP6A & 16 2 6
converting to ZHAL circuits for production. ZHAL devices are ZHAL16RP4A 16 4. 4
fabricated by Monolithic Memories with custom metallization
masks defined by a user-supplied HAL Design Specification.
The ZHAL option in the PALASM®2 CAD package will confirm ZHAL 16 L 8 A | N STD Ho1234
whether a design specification will fit within the ZHAL20 zero—_1 T earern
architecture. For more  information on the ZHAL software, :%’S%W humeER
refer.to the PALASM 2-User Manual. Loaic PROCESSING.
For evaluation of the ZHAL20A circuit, sample patterns are NUMBER OF

ARRAY INPUTS PACKAGE

available. See page 4-13 for details.

OUTPUT TYPE
L = Active Low
H = Active High
P =

Polarity

C = Complementary
R = Registered
RP = Registered

N . = Plastic DIP
NL = Plastic Leaded
Chip Carrier

TEMPERATURE RANGE
C = 0°C to +75°C
| = -40°C to +85°C

SPEED

Programmable A = High Speed
Polarity NUMBER OF
OUTPUTS

Monolithic
Memories

TWX: 910-338-2376
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374




ZHAL10HS8A

Zero Power CMOS Hard Array Logic
ZHAL™ 20A Series

ZHAL16H2A
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Zero Power CMOS Hard Array Logic
ZHAL™ 20A Series
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Zero Power CMOS Hard Array Logic
ZHAL™ 20A Series

Absolute Maximum Ratings
SUPPIY VORAGE, VoG 1o ieitiiitiiiiiiieie ettt e -0.5V to 7V
DC input voltage, V,.... ... =0.5V to Vg +0.5V
DC output voltage, Vo ...oovvveuneniiiceninniiiiiiin, .=0.5V to Vs +0:5V
DC output source/sink current per OUtPUL PN, I .......uvseiieeriiiiiinin i i i di et +35mA
DC Vg or ground current, I OF IgNp ««««serssseernssernnermiinnieiien. viihivriaesesisdivasaseseatteniuintarbanesonnseraninans +100mA
Input diode current, - . :
VR 0iiiituiiinineninieasseesennsdondimsbunatidieisnne ouni boduansniennnsnssinsbadan siostsnsendesonnt e song desnessisnnansnensiiuesbioneninnseniand ~20mA
R O Ot e DU OO PO S P O P PP +20mA
Output diode current, lo:
Vo €0 iiiiniinniiiininenneseens ..—20mA
R i oo T P P RPN +20mA
SEOrage tEOMPOIAIUTE ........uuiieeeiiuioniiiriiiae e e atia et e e e tab e e e e e s e as e s aa e e ta e e s e s e be s e s e e na s e s s s eeananasanaees -65°C to 150°C

Operating Conditions

INDUSTRIAL COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Voo Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \"
ty, Width of clock 15 10 15 10 ns
: N 16R4A, 16R6A, 16R8A, ¥
ty, Sotup time from MPULOT | 16RP4A, 16RPGA, 20 | 18 20 | 13 ns
eedback to clock 16RP8A
o Hold time 0 -10 0 -10 ns
ta Operating free-air temperature -| —-40 25 85| 0 25 75 °C
Electrical CharacteristiCs over operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v ! Low-level input voltage 0 08| V
Viu! High-level input voltage 2 Vec | V
" Low-level input current Veo = MAX V|, = GND -1 MA
High-level Pin 82 1 10| pA
| ; Vee = MAX V; = GND
H input current | All other pins | °° ! 1] A
Voo = MIN loL = 8mA 0.1 0.4
VoL Low-level output voltage \'
Vcc = 5V g IOL = 1MA 0.05
. Vee = MIN loy = —-6mA 3763 | 4.1
VoH High-level output voltage - v
¢ VCC =5V IOH = "1MA 4.95
lozL4 Vo = GND 0 -10 :
ozt Off-state output current Vec = MAX 0 i
|OZH4 Vo - VCC 0 10 M.A
oo Standby supply current® lo = OmA, V, = GND or V¢ 0 100 | wA
Operating supply current f.= 1MHz, |5 = OmA, V, = GND or V¢c 2 56 | mA

4-10 Monolithic m Memories



Zero Power CMOS Hard Array Logic
ZHAL™ 20A Series

Switching Characteristics over operating conditions
TEST INDUSTRIAL COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
(See Test Load) | MIN | TYP | MAX | MIN | TYP | MAX

Input or feedback to output
10H8A, 12H6A, 14H4A, 16H2A,

top 16C1A, 10L8A, 12L6A, 14L4A, 15 25 15 25| ns
16L2A, 16L8A, 16R6A, 16R4A,
16P8A, 16RP6A, 16RP8A
Clock to output or. feedback

tork 16R4A, 16R6A, 16R8A, = 1KQ 10 15 10 15 ns
16RP4A, 16RP6A, 16RPSA CL 50pF

togx Input to output | 16L8A, 16R4A, 12 25 12 25 ns
_enable 16R6A, 16P8A,
Input to output | 16RP4A, .

toxa” dicapie P4 qeRpeA 14 25 14 25| ns
Pin 11 to

7 16R4A, 16R6A,

:PZX output 16R8A 6 12 15 12 15| ns

PZX - g
disable/enable 16RP4A,
Maximum 16RP6A,

fmax frequency 16RP8A 28.5 40 28.5 40 MHz

Notes: Apply to electrical and switching characteristics.
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. E

NOU A LN

. Pin 8 (PRELOAD pin). Applies to all devices whether registered or non-registered.
. JEDEC standard no. 7 for high-speed CMOS devices.

. Applies to pins 12 to 19.
. Disable output pins = Vo or GND.
. Add 3mA per additional 1.0MHz of operation over 1MHz.
C_ = 5pF.

Monolithic m Memories
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Zero Power CMOS Hard Array Logic
ZHAL™ 20A Series

Switching Test Load

vee
TEST POINT
RL  s1
FROM OUTPUT
UNDER TEST (SEE NQTE 2)

cL
(SEE NOTE 1) ]:

Notes: 1. CL includes probe and jig capacitance.

2. When measuring tp ; and tpz, S1 is tied to V. When measuring
tpnz and tpzy, S1 is tied to ground. tpzy is measured with C; =
50pF. tpyz is measured with C_ =. 5pF. When measuring
propagation delay times of 3-state outputs, S1 is open, i.e., not
connected to V¢ or ground.

3. Waveform 1 is for an output with internal conditions such that the
output is Low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the
output is High except when disabled by the output control.

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 state sequencer designs by allowing direct setting of
output states for improved test coverage. The procedure for
PRELOAD is as follows:

1. Raise Vg to 4.5V.

2. Disable output registers by setting pin 11 to V),;. Set pin 1
to OV.
3. Apply V, /V|4 to all registered output pins.
4. Pulse pin 8 to V,, (12V), then back to OV.
5. Remove V, /V,, from all registered output pins.
6. Lower pin 11 to V,, to enable the output registers.
7. Verify for Vo /Voy at all registered output pins.
+ Note:  Only applies to parts with output registers.
Typical tp = 50ns
= 100ns
thp =50ns
= 30uA (Pin 8)

Enable/Disable Delay

OUTPUT Vin
CONTROL v F
(Low-level
Vi
le-tpL 2>
| e——— VOH
WAVEFORM 1 0sv
(See Note 3) 4 ¥ Vo
weel |
PHZ
v
WAVEFORM 2 —— OH
(See Note 3) o ; v
VoL
WF00140M

Schematic of Inputs and Outputs

.ee Vee
[ — P
INPUT oo OuTPUT
ﬂ N —[ o~

PIN1

ViH
PIN 11 / \
viL
v
ouTPUT ‘":>_<
REGISTERS
viL.

=l —

Vi e ST —

WF00131M
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ZHAL20A Evaluation #3

—

Features/Benefits Logic Symbol

® Demonstrates all features of ZHAL20A product

ZHAL16R4A
® 4-bit up/down counter with reset HA

® 3-bit shifter CLK E___D___ - vce
® 25-ns maximum propagation delay ) i |

® Zero standby power o[ZH i 18] vo
Description n[EH SENE i3] v+
The ZHAL20A Evaluation Pattern is provided as an example °°E“ 53} qu
of the features and characteristics of the ZHAL20A Series AND | red

products. or[EH nglc 6 Eos
This qesign consists of two functionally independent patterns: DZE_ ARRAY :3,, Edé
a 4-bit up/down counter and a 3-bit shifter. The 4-bit counter :

can count up or count down and has reset capability. These en[T1H 3« 4] a1
features are controlled by two control signals: UP and p EN‘C
CNTRSET (Count Reset). When UP is high, the counter u Eﬂ '
counts up. When UP is low, the counter counts down. entrsetf9 H 12} v2
CNTRSET overrides the count function and resets the counter E E :_
to all ones, synchronous with the clock. GNDE g I 3

The 3-bit shifter shifts data bits by 0, 1 or 2 positions. The

three bits of the shifter are enabled when EN (enable) is high, ot
and are disabled (high-Z) when EN is low.
The PALASM®2 software file and simulation results are
shown on the next page. Below are the function tables that
summarize the functions of the counter and the shifter. ‘
Counter Function Table - Shifter Function Table
OE | UP |CNTRSET|CLK | Q3-Q0 OPERATION EN | 1 10 | Y2 | Y1 | YO OPERATION
H X X X z High-Z L X X ¥4 z Z | High-Z
L H L T | Qplus 1 | Increment H L L | D2 | DT | DO | No operation
L L L T |Q minus 1 | Decrement H L H | Do | D2 | DT | Shift by one
L X H T High Reset H H L | DT | DO | D2 | Shift by two

H=HIGH voltage level

L=LOW voltage level

X=Don't care

Z=High impedance (off) state
1=LOW-to-HIGH clock transition

Monolithic mnomorlos 4-13




ZHAL20A Evaluation #3

PALASM Design Specification

TITLE PDS CONVERSION FILE

PATTERN EXAMPLE
REVISION 1.00
AUTHOR  JOHN DOE

COMPANY HONOLITH!C MEHORIES, INC

DATE 9/23/8%

CHIP zz2z PALXGRP4 CLK I0 Il DO Dl D2 EN UP CNTRSET GND

/OE Y2 NC Q1 Q2 Q3 Q0 Yl Y0 VCC

EQUATIONS

Y0 = /Il'/!O'/DO §
+ /Ilx 10%/D1"
+ Il%/I0%/D2.;

YO.TRST = EN 3

Yl = /Il%/I0%/D1
+ /I1* I0%/D2.-
+  I1%/10%/D0

Y1.TRST = EN '~

Y2 = /I1%/I0%/D2
+ /I1* 10%/DO
+  I1%/I0%/D)

Y2.TRST = EN ;

Q0 :=/Q0 .
+ CNTRSET

Q1 :=/Q1* QO* UP
+ Q1% QO%/UP
+ Q1%/Q0* UP
+/Q1*/QO*/UP
+ CNTRSET

Q

©

:= CNTRSET
+/Q2%/Q1*/QO*/UP
+ Q2*%/Q1% upP
+ Q2* Q1*/Q0
+/Q2% Q1* QO* UP
+ Q2% QO*/UP

Q

o

:= CNTRSET

+ Q3% Q0
+/QI%/Q2%/Q1#/Q0
#/Q3% Q2% “Q1* QO
+ Q3% Q2%/Q1

+ Qv /01w
T Qe a
Q1#/Q0

*/UP
*/UP
* UP

uP

Simulation Results

PALASM SIMULATION HISTORY LISTING

Simulation File

SIMULATION

TRACE_ON CLK IO Il DO D1 D2 EN UP CNTRSET /OE Y2 Q1 Q2 Q3 Q0 Yl YO

SETF /CLK /OE /EN

SETF OE EN /Il /I0 /D2 /Dl /DO Y2 Y1 YO CNTRSET
CLOCKF CLK

CHECK Q3 Q2 Q1 Q0

SETF /Il /I0 /D2 /Dl /DO Y2 Y1l YO /CNTRSET UP
CLOCKF CLK

CHECK /Q3 /Q2 /Q1 /Q0

SETF /Il I0 D2 /D1 DO /¥2 /Y1 YO
CLOCKF CLK

CHECK /Q3 /Q2 /Q1 QO

SETF Il /I0 /D2 D1 /DO /Y2 Y1 YO
CLOCKF CLK

CHECK /Q3 /Q2 Q1 /Q0

SETF OE /CNTRSET UP
CLOCKF CLK

CHECK /Q3 /Q2 Q1 QO

SETF OE /CNTRSET up
CLOCKF C!

CHECK /Q3 Q2 /Q1 /QO0

SETF OE /CNTRSET UP
CLOCKF CLK

CHECK /Q3 Q2 /Q1 QO

SETF OE /CNTRSET UP
CLOCKF CLK

CHECK /Q3 Q2 Q1 /Q0

SETF OE /CNTRSET UP
CLOCKF CLK

CHECK /Q3 Q2 Q1 Q0

SETF OE /CNTRSE‘!‘ up
CLOCKF C

CHECK Q3 /Q2 /Q1 /Q0

SETF OE /CNTRSET up
CLOCKF C!

CHECK Q3./Q2 /Q1 QO

SETF OE /CNTRSET UP
CLOCKF CLK

CHECK Q3 /Q2 Q1 /Q0

SETF OE /CNTRSET UP
CLOCKF CLK

CHECK Q3 /Q2 Q1 Q0

SETF OE /CNTRSET UP
CLOCKF CLK

CHECK Q3 Q2 /Q1 /Q0

SETF OE /CNTRSET UP
CLOCKF CLK

CHECK Q3 QZ‘ /Q1 Q0

SETF OE /CNTRSBT upP
CLOCKF

CHECK Q3 Q2 Q1 /Q0
TRACE_OFF

Mllhlc EMMGmorlos

222
Page : 1
g9 g €9 cg cg c©gcgeg Cgcgcgcegeyg cgcgegegc
CLK LLLLHLLHLL HLLHLHLHLH LHLHLHLHLH LHLHLHLHL
10 XXLLLLLLLH HHLLLLLLLL LLLLLLLLLL LLLLLLLLL
11 XXLLLLLLLL LLHHHHHHHH HHHHHHHHHH HHHHHHHHH
Do XXLLLLLLLH HHLLLLLLLL LLLLLLLLLL LLLILLLLL
Dl XXLLLLLLLL LLHHHHHHHH HHHHHHHHHH HHHHHHHHH
D2 XXLLLLLLLH HHLLLLLLLL LLLLLLLLLL LLLLLLLLL
EN HHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH
up XXXXXXHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH
CNTRSET XXHHHHLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL
GND LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL
/CE HHLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL
y2 XZHHHHHHHL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL
Q 2ZXXXHHHLL LLLLHHHHLL LLHHHHLLLL HHHHLLLLH
Q2 Z2ZXXXHHHLL LLLLLLLLHH HHHHHHLLLL LLLLHHHHH
Q3 22XXXHHHLL LLLLLLLLLL LLLLLLHHHH HHHHHHHHH
Qo 2ZXXXHHHLL LHHHLLHHLL HHLLHHLLHH LLHHLLHHL
Y1 XZHHHHHHHL LLHHHHHHHH HHHHHHHHHH HHHHHHHHH
Yo XZHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH
vee HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH
4-14



Zero Power CMOS Hard Array Logic
ZHAL64R32

Features/Benefits

® Cost-effective mask-programmable complement to
PAL64R32 user-programmable device

® CMOS technology provides zero standby power

® High speed with 55ns maximum propagation delay

® High density with 32 highly-flexible macrocells -and global
connectivity

® Product term sharing, selectable output polarity, and
register bypass for high logic efficiency

® Individual clocks ‘for 4 banks of 8 registers

® Register preload for easier test generation

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

Description

The ZHAL64R32 circuit is a high-density logic device with
thirty-two flexible macrocells. Each macrocell consists of a
registered sum of products with feedback, forming-a one-bit
state machine. The PAL/ZHAL64R32 device can implement
over 1500 equivalent logic gates.

The MegaHAL™ circuit features product term sharing be-
tween output pairs. This allows sixteen product terms to be
shared mutually exclusively between’ outputs. Selectable po-
larity allows the output to be either active low or active high,
depending on the sense of the equation. Registers can be
bypassed in banks of eight, leaving combinatorial outputs.
Each register bank has its own clock, preset, preload, and
enable ‘controls for independent operation. The register pre-

Pin Configuration — PLCC

nln olle o T ] ][] B
GND | ‘

no<

5
1

<0l
Rt S
=
o e
mo)

D 2 :
3 N E
- , :
2 . .
g — AND-OR -
- “"ARRAY
W - :
G O
H E
(27] § g
i s
Il =
"v INPUT DRIVERS J
H T
GND

Monotithic Al Memories

load pin allows test vectors to be loaded directly into the
registers for control of present state conditions for testing.

Design Procedures

The zero-power ZHAL64R32 device is a CMOS, mask-pro-
grammable version of the bipolar PAL64R32 circuit. Prototyp-
ing can be done with the user-programmable PAL® circuit
before committing to a dedicated mask. Thus the Mega-
PAL™/MegaHAL products combine the instant prototyping of
the PAL circuit with the cost-effectuve, zero’ power ZHAL™
circuit.

To initiate a design with the ZHAL64R32 device, the
PAL64R32 circuit is used to program and debug the design
with PALASM®2 software. The resulting ''PAL Device Design
Specification" ‘is submitted to Monolithic. Memories, and the
ZHAL circuit option is produced. A ZHAL32R16 option is also
available. For details contact a MOI‘IO"thIC Memories represen-

tative.
L ST Hmf“ :
BIT PATTERN
NUMBER
o PROCESSING

Ordering Informatlon

ZHAL = Zero-Power ﬁ
Hard

Array

ARRAY INPUTS STD = Standard
XXXX = Other

OUTPUT TYPE PACKAGE TYPE

R = Registered NL = Plastic

Leaded Chip

NUMBER OF Carrier
OUTPUTS P = Pin Grid
TEMPERATURE Armay
RANGE

C =0°Cto 75°C | = -40°C to 85°C

CDO1060M
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ZHAL64R32

Logic Diagram and Pinout

84 PINPLCC

(88 PGA)

ney

VCC-—T4(T7)

n@s)

=i
&

——— 78

._J" |
frﬂ

LT

5
160%

AND
ARRAY

nw e
LY
0

NC

0 e @

e

0312
413
(1514

i

nnie

Monoalithic m Memories

4-16



ZHAL64R32

Operating Conditions
COMMERCIAL INDUSTRIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Veo Supply voltage 4.75 5 525 | 45 5 5.5 \"
. Low
ty Width of clock - 20 10 20 10 ns
High
[ Setup time from input or feedback to clock 40 24 45 24 ns
t Hold time 0 -10 0 -10 ns
Ta Operating free-air temperature 0 25 75 | -40 25 85 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP | MAX | UNIT
Vi 2 Low-level input voltage 0 08| V
Viu2 High-level input voltage 2 Ve | V
IS Low-level input current Vge = MAX V, = GND -1 | pA
(1 High-level input current Voo = MAX V| = Ve 1] pA
Ve = MIN loL = 4mA 0.1 0.4
VoL Low-level output voltage V'
Ve = 5V loL = 1HA 0.05
: Voo = MIN loy = —4mA 3.768 4.1
Vox High-level output voltage v
Voo = 5V loy = =10A 4.95
loz® Vo = GND 0 -10
Off-state output current Voo = MAX MA
IOZHS Vo - VCC 0 10
Standby supply current* lo = OmA, V, = GND or Vgc* 0 100
lec Operating supply current lo = 0mA, V; = GND or Vg See graph on page 4-20
Switching Characteristics over Operating Conditions
TEST COMMERCIAL INDUSTRIAL
SYMBOL PARAMETER CONDITIONS UNIT
(See Test Load) MIN | TYP | MAX | MIN | TYP | MAX
Active
Input or feedback to | low
1
tpD Output Active 34 55 34 58 ns
high
tok Clock to output or feedback R, = 1KQ 14 22 14 25 | ns
tozx Output enable C_ = 50pF 19 30 19 30| ns
tozx Output disable 18 30 18 30| ns
terH Preset to output 23 35 23 40 | ns
Maximum frequency,
1
frax f= 1/(tsy +lor) 16 25 14 25 MHz
Notes: 1. Maximum 32 inputs per product term,

2. V) and V, are absolute voltages with respect to the ground on the device and includes all overshoots due to system and/ or tester noise.

Do not attempt to test these values without suitable equipment.
3. Per JEDEC standard no. 7 for high-speed CMOS devices.
4. Disable output pins = Vo or GND.
5. 1/0 pin leakage is the worst case of Iz Or liy, i.e., lozy and |;.

Monolithic m Memories
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ZHALG64R32

Absolute Maximum Ratings

SUPPIY VORAGE, VoG - ivrunierrtiiiiiiis i e e e e et e et e e e e e e s e e e e e e et e aa e e aaaaas -0.5V to 7.0V
DC input voltage; V.. -0.5V to Vo +0.5V
DC output voltage, Vg ....oooivvnviiininiineniiinn. -0.5V to Vg +0.5V
DC output source/sink current per output Pin, 1o .......ocuvviiiiiiiiniii e +35mA
DC Vo 0r'ground CUITENt, lo OF IGND «+evvvverterrrrriiieeeiiiiiiii ettt e e e e ee b e e e e e e saaaens +100mA
Input diode current, I

Vi<O0.iienns Serveeenns S 0 LN PP S T FOR S JUN At PP ~-20mA

B/ R +20mA
Output diode current, lgy:

V0 K 0 ceinsivinniinaims s agsnasatinnt s s sasiesesssesessseesedaseasanssansinsbuensnanaessaeesansnasteniarsnsnnsinfinnisnnsnnnnnnnniissnanis ~20mA

R oL T S T +20mA

Storage temperature ... .. —65°C to +150°C
Input rise and fall times..........c.ccocevviiiiiiiiiniiiinen iieaiiesabitiersetinieesheninnrbinrtbresnssvitenensfesasiivesadioiissneionernn 0 to 500ns
Switching Test Load Enable/Disable Delay
vece
TEST POINT C%‘:‘TT"R”J,_
FROM OUTPL;T AL 81 nabing)
UNDER TEST (SEE NOTE 2)
cL I WAVEFORM 1
(See Note 3)

(SEE NOTE 1) I

TeooosoM WAVEFORM 2

(See Note 3)

Switching Waveforms

INPUTS, VO,
REGISTERED
FEEDBACK

CLK

REGISTERED
OUTPUTS

\ COMBINATORIAL
OUTPUTS

WF00160M

Schematic of Inputs and Outputs

Notes: CL includes probe and jig capacitance.
When measuring tp > and tpz, S1 is tied to Voc. When measuring
tpuz and tpzy, St is tied to ground. When measuring propagation
-—| P delay times of 3-state outputs, S1.is open, i.e., not connected to Vo

INPUT .es ouTePUT or ground.

N . Waveform 1 is for an output-with internal conditions such that the
I N output is Low except when disabled by the output control. Waveform
2 is for an output with internal conditions such that the output is High

= = except when disabled by the output control.
TC00030M

[

Vee

w
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ZHAL64R32

ZHALG64R32 Testability Features
Testing Conditions

COMMERCIAL INDUSTRIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
twp Preload pulse width 35 45 ns
tsup Preload setup time 50 60 ns
the Preload hold time 5 10 ns
tRW Preset pulse width 25 30 ns
tpRR* Preset recovery time 45 50 ns

* Includes setup time for preset data feedback, Maximum 32 inputs per product term.

Preload Feature

Preload pins are provided to enable the testability of each
state in state-machine design. Typically for a state machine
there are many unreachable 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 "illegal' or unused
states, a way to enter these states must be provided. The
ability to preload each bank of registers independently to any
state 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.
o (NI
REGISTERED

- 4
Wp -Sret- thp
[ tSUP —»
WFO00180M

>reload data must be held constant while the PRELOAD pin is low.

Monolithic m Memories

Preset Feature

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 three-
state buffer.

tPRW tPRR
PS
tPRH-»‘

REGISTERED
OUTPUTS

WF00170M
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ZHAL64R32

lcc Characteristics vs. Frequency
Commercial Operating Conditions

400 400
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ZHAL64R32

AC Characteristics vs. Loading

Commercial Operating Conditions
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40 40

30 30
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g
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30 30
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‘OPOO0BOM ‘OP000OM
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ZHAL64R32

How To Use The PAL/ZHAL64R32

The following description and example demonstrate the func-
tionality of the PAL/ZHAL64R32, using PALASM 2 software.
Conventions for writing equations conform with the PAL De-
sign Specification format. Features to be programmed into the
PAL device are completely specified by the equations and
automatically configured by PAL device assemblers.

Register Bypass

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.

Product Term Sharing

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 both outputs 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.

This example on the following page uses the 84-pin package.
Four output equations are shown to demonstrate functionality.
Pin names are arbitrary.
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ZHALG64R32

TITLE ZHAL64R32 DESIGN EXAMPLE USING PALASM 2
PATTERN EXAMPLE. PDS

REVISION PALASM 2 VERSION

AUTHOR NAME

COMPANY MONOLITHIC MEMORIES, INC.

DATE +1986

CHIP FUNCTIONALITY EXAMPLE PAL64R32

I1 I2 I3 I4 IS I6 I7 I8 /PL1/PS1 GND CLKl /OEl

01 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Ql4 Q15 Q16

/OE2 CLK2 VCC /PS2 /PL2

I9 I10 I11l I12 I13 Il4 I15 Il6 I17 I18 I19 I20 I21 I22 I23 I24

/PL3 /PS3 GND CLK3 /OE3

Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32 O T AL/
‘/OE4 CLK4 VCC /PS4 /PL4 I25 I26 I27 I28 I29 I30 I31 I32

EQUATIONS ' ‘ ;
/QL = I1*I2%I3 ;ACTIVE LOW COMBINATORIAL
T11%I27%/132%Q9 ;OUTPUT.. SINCE THE

+
+ T4%/I9*QL0 ;REGISTERS ARE BYPASSED v
+ I1*I2%I7+%/Q27*Q15%/Q32 ;FOR THIS BANK, THE : O aTomAL
+ I8%/Q13%/Q32 ;OUTPUTS CANNOT FEED
- ;BACK INTO THE ARRAY.
Q2 = I1*I2*I3 JACTIVE HIGH , :
+ I27%/Q12 ; COMBINATORIAL OUTPUT. '
+ I15%/I32%/Q9 ;Q2 USES THE REMAINING : :
+/I1*I2%/I3%I14*%Q27 ;11 PRODUCT TERMS ,
+ Ql0*Ql1 ;AFTER. /Q1 USED 5. REGISTERED/
+/Q32 ;NOTE THAT ‘THE FIRST © 'ACTIVELOW
+ T4*I9*T11%Q12%/Q27 ;PRODUCT TERM IS % : : L
+ QO*Q27%/Q15 ;CREATED TWICE. . 08 __E
+ IG*I?*/IB*/IQ*/I].O*/IIZ : ; ,
+ I6+Q12%015 e —TJ Do a —
+ I11%/Q15 o S
] ) : ¢ B ClK—p @
/Q9 i= I2%/I4%Ql5 : ;ACTIVE LOW REGISTERED : :
+/I1*I4*I9*I15%132 ;OUTPUT. = SOME OF THE : j——j
+ Q32%/Q15 ;OUTPUT SIGNALS,K ARE FED
+/Q9*13 $BACK INTO THE ARRAY, : vt
+ I8%/Q13%/Q32 . 7SINCE THE REGISTER IS e
+ IS*/I6*I11%/Q15 ;USED. : i : , 1T
+ I12#T13%I27 , ‘ : o v
; o D o L
Q10 := I3%/I8 ;ACTIVE HIGH REGISTERED a
, + I9*Q15%/Q32 ’ 7OUTPUT., 1 =
+ I7*I8%/T9%/Q11%/Q27%/Q32 CLK—p °]

TB02010M
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Zero Power CMOS Hard Array Logic
ZHAL™ 24A Series

Features/Benefits

® Zero standby power

® Low power operation

©® High-speed CMOS technology

® HC and HCT compatible

® 24-pin SKINNYDIP® and 28-pin PLCC packages save
space

® Low power alternative for most 24-pin PAL® devices,
including 20L.8/20R8/20R6/20R4

Description

This family of Zero Power Hard Array Logic (ZHAL) devices
utilizes a unique architecture that is designed for a high
degree of flexibility in implementing most patterns of the listed
24-pin PAL/HAL® devices. Prototyping should be done using
standard PAL devices before converting to ZHAL circuits for
production. ZHAL devices are fabricated by Monolithic Memo-
ries with ‘custom metallization masks defined by a user-
supplied HAL Design Specification.

The ZHAL devices are ideal in low-power applications that
require high-speed operation. These attributes are achieved
through the use of Monolithic Memories' advanced high-speed
CMOS process. Now system designers have the option of
using a ZHAL device that matches fast PAL device speeds,
but with the added feature of zero standby power. These
features are needed in power-critical areas such as portable
digital equipment or lap-top computers.

The procedures for designing with Monolithic Memories' ZHAL
devices are shown in the flow chart on the next page. The
ZHAL option in the PALASM®2 CAD package will confirm
whether a design specification will fit within the ZHAL architec-
ture. For more information on the ZHAL software, refer to the
PALASM 2 User Manual.

For evaluation of the ZHAL24A circuit, sample patterns are
available. See the description in this document for details.

Ordering Information

OUTPUTS
PART NUMBER| PACKAGE ﬁ;'m.;
COMB| REG
ZHAL12L10A NS, NL 12 10 | —
ZHAL14L8A NS, NL 14 8 —_
ZHAL16L6A NS; NL 16 6 | —
ZHAL18L4A NS, NL 18 4 | —
ZHAL20L2A NS, NL 20 2 | —
ZHAL20C1A NS, NL 20 2 | —
ZHAL20L8A NS, NL 20 8 | —
ZHAL20RBA NS, NL 20 — | s
ZHAL20R6A NS, NL 20 2 6
ZHAL20R4A NS, NL 20 4
ZHAL20L10A NS, NL 20 10 | —
ZHAL20X10A NS, NL 20 — | 10
ZHAL20X8A NS, NL 20
ZHAL20X4A NS, NL 20
ZHAL20S10A NS, NL 20 10 | —
ZHAL20RS10A NS; NL 20 — | 10
ZHAL20RS8A NS, NL 20
ZHAL20RS4A NS, NL 20
ZHAL 20 L 10_A_ _(i NS STD HO01234
ZERO PATTERN
POWER NUMBER
HARD
ARRAY PROCESSING
LOGIC STD = Standard
XXXX = Other
NUMBER OF
ARRAY INPUTS PACKAGE

OUTPUT TYPE

L = Active Low

C = Complementary

R = Registered

X = XOR Registered

§ = Shared Terms

RS = Registered,
Shared Terms

NUMBER OF
OUTPUTS
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NS = Plastic DIP
NL = Plastic Leaded
Chip Carrier

TEMPERATURE RANGE
C = 0°C to +75°C
i = -40°C to +85°C

SPEED
A = High Speed




ZHAL24A Series

—— ——
ZHAL 24A Device Generation Flow
ZHAL24A DEVICE GENERATION FLOW
CUSTOMER
CREATE PAL DESIGN
SPECIFICATION
RUN PALASM 2
RUN ZHAL24 OPTION
REARRANGE OUTPUT PINS IN
| PAL DESIGN SPECIFICATION
OR REDUCE EQUATION
COMPLEXITY
PROGRAM PALDEVICE [
| MONOLITHIC MEMORIES |
I |
SEND DESIGN || ww wiLL Review :
TO MMI || THEDESIGN i
| |
IF SAMPLE I y ;
VERIFICATION
CUSTOMER REQUESTED MMIWILL CHECK | |
VERIFICATION THE SAMPLES |
OF SAMPLES i
L I
y
IF TEST VECTOR
CUSTOMER REVIEW REVIEW G'g"“"e""""‘!-r'é {
OF TEST VECTORS REQUESTED | TEST VECTORS |
I | |
1 |
|
| MMI WILL
| | GENERATE MASKS
|
|
|
CUSTOM ZHAL DEVICES | | MMI WILL START
AVAILABLE ¢ | PRODUCTION
, .
N LA —_
'BDO0320M
—
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ZHAL24A Series

Pin Configurations - DIP and PLCC
ZHAL14L8A

ZHAL12L10A

GND

12] 113} [14] |15] [16] {17] |18

ZHAL16L6A

4113}]2

1 {128} 127} | 26|

vcc

INPUT
AND
OR
LOGIC
ARRAY

1

ACTIVE
Low

CELLS

OUTPUT [ |

GND

24]
) D123
) >
) >l
) >
wae 1 -8
ARRAY :D"'E
-
-
-
-
' |
ZHAL12L10A
4113]12}]1}}28]}27]]26!
vcc

5 —325]

: ]

o | e

8 OR —{22

| kose | ‘Cets -

10 —20]

11 E

CDo1210M

12] 13} 14 [15] 1161 17|18

- EIEIEIRIIER]E]

CDO1230M

ZHAL16L6A

ZHAL14L8A
21312111281 [27] 26
vcC
N B
"::‘[’,T ACTIVE [
OR ong{n B
LOGIC
ARRAY CELLS —

GND

ZHAL18L4A

N
(3]

IR

12{ 1131 [14] 15} 16} |17] |18

ZHAL18L4A
a][31[2][] 28] [z7] 28
vcc
INPUT | ACTIVE
AND Low
OR ouTPUT
Logic | CELLS
ARRAY
GND

12{ 113§ {14} {15/ {16{{17] |18

CDO1220M

25
24
23
22
21
20
19
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ZHAL24A Series

Pin Configurations - DIP and PLCC

ZHAL20L2A ZHAL20C1A
1 24
2 23
3 22
4 21
5 20,
AND
& H Losic [75] ]
= ARRAY E 3
1
0 i} o)
3 ] 5]
10 E E
n | 0]
) [ i)
CDO1120M CDO1130M
ZHAL20L2A ZHAL20C1A
4321vz:?c2726 231211128 271 [26
. vcC
: B 1
6 24 6 —124)
ot ACTIVE | | COMPLE- j
7 tow 23 7 INPUT ||
pr-d olow . privd MENTARY 123
8 OR ces 122 8 OR eils —22]
LOGIC Logic L CELLS
: B 2
ARRAY 9 ARRAY 21
10 —20] 10 —20]
11 e 9] 11 [19]
GND
12 [13] 4] {15] 6] [17] |18 12} 13} 14} [15] |16l [17] 118

CDO1150M
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ZHAL24A Series

Pin Configurations - DIP and PLCC

4-28

ZHAL20LBA

AND

OR
LOGIC
ARRAY

b
Lzl =] 1= 1=] =) 1 1=

24

23/

>

5]

CDO1160M

ZHAL20R8A

ZHAL20L8A

411312

11284127} 126
vee

INPUT
AND
OR
LOGIC
ARRAY

—— T o

/0
1/0 —
/o

OUTPUT,

ceLLs O[]

/01—
1/0}—

) o

GND

12| 113} [14] {15] 6] [17] |18

ZHAL20R6A

[4}{3]]2]]1]]28]]27] |26]
[ vce ]

—

INPUT
AND
OR
LOGIC
ARRAY

ElEIER=1]

v /0
REG
REG

|

REG

H

OUTPUT

CELLS "E¢[]

REG —
REG —

OE [7{e]

(%]

=IESI=IRISIER]E]

(e ‘

§

1300M

ZHAL20R4A

wWilsjlon

ZHAL20R6A
E—«>:l' @)
EH gl
GH 22
E | | 0 2
E - A':‘nu 7 20,
EH L06IC |14 E
E__ ARRAY = E
G i
o fge-mE
EH B3
Gl o
(B Lo 13
ZHAL20R8A
4113}1121]11}281}27]}26
vce
5 v REG| ]
REG
6 REG [—
7 INPUT REG —
3 ‘g‘: OUTPUT .| |
LOGIC CELLS

9 ARRAY REG—
10 REG

11 OE REG

GND

12} 13| {14} |15} |16][17] |18

ZHAL20R4A

(4113112} 1]}28} |27 |26

INPUT
AND
OR
LOGIC
ARRAY

ElEC=E1-

v /0
(7]
REG —

REG —

OUTPUT

CELLS "E¢[ ]

REG —1

/O
Vo

OE

GND | ]

- =IEER]RISIRIE]

(>3 123 ) K4

2] pr3f pra s e 7] s
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ZHAL24A Series

Pin Configurations - DIP and PLCC

ZHAL20L10A ZHAL20X10A ZHAL20X8A ZHAL20X4A
) hd E E ~ E E—Dﬁ 24 ! E
Er—\—_l H E' E E— 23 2 E
CH PBP-¢@ G} gz GH 1z 2 2
| B-m@ G - o @ ~ f
CH m,_:b“a By - gz, CH w - {1 Ao ]
e P EH o FH-1H EH m fEe-1a TH o |
EH frit 3] ZH wew BHS-{58] CH sanw -l TH haw o]
d B=hm O n o] fgrm O o
d] Bom o [orE o fErRE o BrE
gl B-fE O B o fgem O
m o e 0 Eh H EH B o =y
BT /m O R I - o =
ZHAL20L10A

(4]

OUTPUT

CELLS

LelilElRISIEE]

CDO1350M

ZHAL20X8A ZHAL20X4A
41131121]1]]28]127] 126! 41131121} 1}]]281}]27]}26 ‘
vcec vcc
5 v 70 ReG—125 E V- /0 /0| —13
REG Vo]
6 REG 124 E— REG E
INPUT REG 71— INPUT - REG 23
- AND | outPUT = g AND | outpuT ]
8 OR rea|—22 [2] OR rec|—22]
LOGIC CELLS LOGIC CELLS
91— ARRAY ReGr—21 [e armav reci—21]
10| REG 20 E 7] r—@
11 oe voRreG| |19 E OE 10 VO E
GND GND
12[fis[[a]is]fe] 7] e 12 [13f 1] f15] pre] [17] [18]
CDO1370M CD01380M
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ZHAL24A Series

Pin Configurations - DIP and PLCC

ZHAL20S10A ZHAL20RS10A
G o o
EH —o—123] 8 o
CH P 5105
i Bl d [
AND =
CH ":EE.':;" i’_ o) CH ||u3:m o
g an cam e i1 CH wow
H pROoucT g L Hesoouer
[T} swanine :b._ m| GH Y
CH P CH
l‘:“. B &1— EI IFL i
t BfF &
] L — I @
ZHAL20S10A
41131121} 1]]28]]27]]26
vce
5 o 10}
110
6 10—
2 INPUT vol—|
_ AND OUTPUT
8 - OR 170
LOGIC CELLS
9 ARRAY Vo
10| 1/o—
11 O 10

GND
12| 113} 14} {15] |16} |17] |18,

24

23

22

21

420

15)

14

13

CDO1390M

HElO

IR

slslsicicioicicicioiolial

ZHAL20RS8A

I

X 22
H o [ |
-mrggkn [ E
| R
ot
| {sHARING =5 E
- i
g =
CDO1400M
ZHAL20RS10A

INPUT
AND
OR
LOGIC
ARRAY

REG REG
REG

OUTPUT
CELLS

OE REG REG

REG—
REG[—

REGI—
REG—

REG[—]

- EIEBIEIRISEE

ZHAL20RS4A
28]

23

22|

7 o)
(INVERT) E
iy
B 17}
]
o]

ma
CDO1410M

CDO1430M

ZHAL20RS8A ZHAL20RS4A
4 {31211 11]28}]27] [26
vCC ‘
1/0 222 E .5 v 170 /O —wg
110 5
ReG|—{2d] s rec—24]
INPUT e —123] T} eurt nec—23]
= TPUT
Logic | CELLS "= & £ or | Teis mes 2]
L .
ARRAY recr—21] T} L00C Rec—21]
REG —E 10| [/{e) —E
OE VOREG E 1 OE 1/0 I/0 E
GND ‘
12]Tis[Tra]fis]Tie[T1 7] 8]
CDO1440M CDO1450M
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ZHAL24A Series 12L10A, 14L8A, 16L6A, 18L4A, 20L2A, 20C1A

Operating Conditions

INDUSTRIAL COMMERCIAL
SYMBOL PARAMETER UNIT
i MIN | TYP | MAX | MIN | TYP | MAX
Voo Supply voltage 45 5 55 | 475 5 5.25 Vv
Ta Operating free-air temperature -40 25 85| 0 25 75 °C
Electrical Characteristics over operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
V! Low-level input voltage 0 08| V
V! High-level input voltage 2 Voo | V
I Low-level input current Voo = MAX V, = GND -1 pA
[ High-level input current Voo = MAX V) = Ve 1 MA
Voo = MIN loL = 8mA 0.1 0.4
VoL Low-level output voltage \4
Voo = 5V loL = 1WA 0.05
. Vee = MIN loy = —6mA 3.762 | 4.1
Vou High-level output voltage \
Voo = 5V loy = -16A 4.95
lozL3 Vo = GND 0 -10
oz Off-state output current Voo = MAX 2 aa
IOZHG VO = VCC 0 10 [I.A
; Standby supply current* lo = OmA, V| = GND or Vg 0 100 | WA
e Operating supply current f=MHz, Ig = OmA, V, = GND or V¢ 2 55 | mA
Switching Characteristics over Operating Conditions
TEST INDUSTRIAL COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
(See Test Load) | MIN | TYP | MAX | MIN | TYP | MAX
! R = 1KQ & 5
tep Input to output G, = 50pF 13 25! 13 25 ns
Notes: 1. These are absolute voltages with respect to the the ground pin on the device and includes all overshoots due to system and/ or tester noise.

Do not attempt to test these values without suitable equipment.

oA WN

. JEDEC standard no. 7 for high-speed CMOS devices.

. ' Applies to pins 14-23 for DIP (pins 17, 18, 20-27 for PLCC).
. Disable output pins = V¢ or GND.
. Add 3mA per additional 1.0MHz of operation over 1MHz.

. For outputs with more than 12 inputs in a product term, top = 30ns.

Monolithic m Memories
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ZHAL24A Series 20L8A, 20R8A, 20R6A, 20R4A

Operating Conditions

INDUSTRIAL COMMERCIAL
SYMBOL PARAMETER - UNIT
. ; MIN | TYP | MAX | MIN | TYP | MAX
Voo Supply voltage 4.5 5 5.5 | 4.75 5 5.25 Vv
ty Width of clock 15 4 15 4 ns
" r 20R8A,
Setup time from input or ' 1 1
t 20R6A, 20 1 20 1 ns
su feedback to clock 20R4A _
th Hold time 0 -10 0 -10 ns
Ta Operating free-air temperature -40 25 85 |0 25 75 °C
Electrical Characteristics over operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
V) 2 Low-level input voltage ' 0 08| V
V2 High-level input voltage 2 Veo | V
e Low-level input current Voo = MAX V, = GND -1 | pA
High-level Pin 103 8 30 | WA
| . Vee = MAX V=V,
H input current  |"All other pins | °C - ree 1] pA
Voo = MIN lo. = 8mA 0.1 0.4
Vou Low-level output voltage e o = v
Vge = 5V oL = 1pA 0.05
Vee = MIN loq = -6mA 3.764 | 4.1
Vou High-level output voltage e B v
Voo = 5V lon = —1kA 4.95
| Vo = GND 0 -10
oz’ Off-state output current- Voo = MAX 0 #A
|OZH5 Vo - VCC 0 10 HA
loc Standby supply current® lo = 0mA, V, = GND or Vg 0 100 | pA
Operating supply current f = 1MHz, I = OmA, V; = GND or Vg 2 57 | mA
Switching Characteristics over operating Conditions
TEST INDUSTRIAL COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
(See Test Load) MIN | TYP | MAX | MIN | TYP | MAX
Input or feedback to output
tep 20L8A, 20R6A. 20RAA 18 | 25! 18 | 25"| ns
Clock to output or feedback
tok 20R8A, 20R6A, 20R4A 8 . 8 19: .8
Input to output
tozx . r?able P 20L8A, R = 1KQ 12 25 12 25 | ns
20R6A,
’ C, = 50pF
toxz® Pl o output | 20R4A L= oo 12 25 12 25| ns
toxz® Pin 13 (DIP) to
ouutput 20R8A, 10 20 10 20 | ns
tpzx disable/enable | 20ReA,
i 20R4A
fuax f“f:;":;‘:g 285 | 40 285 | 40 MHz

Notes:

. For outputs with more than 12 inputs in a product term, tsy = 25ns and tpp = 30ns.

. These are absolute 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.

. Pin 10 (PRELOAD pin), pin 13PLCC (PRELOAD pin). Applies to registered devices only.

1
2
3
4. JEDEC standard no. 7 for high-speed CMOS devices.

5. Applies to pins 14-23 for DIP (pins 17, 18, 20-27 for PLCC).
6. Disable output pins = Vo or GND.

7. Add 3mA per additional 1.0MHz of operation over 1MHz.

8. C_ = 5pF.
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ZHAL24A Series 20L10A, 20X10A, 20X8A, 20X4A

Operating Conditions

y . INDUSTRIAL COMMERCIAL
SYMBOL PARAMETER UNIT
: MIN | TYP | MAX | MIN | TYP | MAX
Vee Supply Voltage 4.5 5 55 | 4.75 5 5.25 \
ty Width of clock 15 5 15 5 ns
Setup time from o s | 251 | 15 ns
tsu input or feedback to clock '
20X4A
th Hold time 0 -10 0 -10 ns
Ta ‘ Operating free-air temperature : -40 25 85 (0 1 25 75 °C
Electrical CharacteristicS over operating conditions
SYMBOL ~ PARAMETER : TEST CONDITIONS ‘MIN | TYP | MAX | UNIT
V) 2 Low-level input voltage ‘ 0 08| V
" High-level input voltage 2 Voo | V
" Low-level input current Voe = MAX V, = GND -1 upA
High-level Pin 108 ‘ 8 30 | pA
Iy ; Voo = MAX V=V,
H input current | All other pins | °C 1.~ 7ee 1] pA
. ) Vee = MIN loL = 8mA 0.1 0.4
V Low-level output voltage \'
o P 9 Ve = 5V lo, = 1WA 0.05
) 1 Voo = MIN loy = —=6mA 3.764 | 4.1
\" High-level output voltage - \
OH |79 P 9 Voo = 5V lon = —1uA 4.95
| Vo = GND 0 -10
ozL® Off-state output current | Voo = MAX o_ #A
. IOZHS Vo = VCC 0 10 [JA
oo Standby supply current® lo = 0mA, V, = GND or Vg 0 100 MA
Operating supply current f = 1MHz, |5 = OmA, V, = GND or V¢ 2 57 | mA
Switching Characteristics over operating conditions -
: - TEST : INDUSTRIAL COMMEﬁCIAL ‘
SYMBOL o -PARAMETER CONDITIONS UNIT
2 (See Test Load) MIN | TYP | MAX | MIN | TYP | MAX |
Input or feedback to output oE1 1
tep 20L10A, 20X8A, 20X4A 13| 25 18 | 250 ns
Clock to output or feedback i
towk 20X10A, 20X8A, 20X4A |1 15 10 15| ns
Input to output ; ; .
tozx enable 28')_(13%A R = 1KQ 12 25 12 25 ns
8 Input to output | 20X4A C_ = 50pF ‘
tpxz disable ‘ 12 25 12 .25 ns
toxg® Pin 13 (DIP) to ' ‘
~output disable/ | 20x10A, - 15 20 15 20 ns
tozx enable 20X8A,
) Maximum 20X4A )
fumax frequency 22.2 32 | 222 32 MHz
Notes: 1. For outputs with more than 12 inputs in-a product term, tg, = 30ns and tpp = 30ns.
2. These are absolute voltages with respect to the ground pin on the device and mclude all overshoots due to system and/or testsr noise.
Do not attempt to test these values without suitable equipment:
3. Pin 10 (PRELOAD pin), pin 13PLCC (PRELOAD pin). Applies to registered devices:only.
4. JEDEC standard no. 7 for high-speed CMOS devices.
5. Applies to pins 14-23 for DIP (pins 17, 18, 20-27 for PLCC)
6. Disable output pins = Ve or GND.
7. Add 3mA per additional 1.0MHz of operation over 1MHz.
8. C_ = 5pF.
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ZHAL24A Series 20S10A, 20RS10A, 20RS8A, 20RS4A

Operating Conditions

INDUSTRIAL COMMERCIAL
SYMBOL PARAMETER UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Veo Supply voltage 4.5 5 55 | 4.75 5 5.25 v
ty Width of clock 20RS10A 15 15 4 ns
tsy Setup time for input clock 20RS8A, 20! 11 20! 11
t H p 20S4A ns
h old time 0 -10 0 -10
Ta Operating free-air temperature -40 25 .85 |0 25 75 °C
Electrical Characteristics over operating conditions
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
V.2 Low-level input voltage 0 08| Vv
Viu? High-level input voltage 2 Veo | V
e Low-level input current Voo = MAX V, = GND -1 A
High-level Pin 103 8 30 | MA
| : Voo = MAX V, =V,
H input current | Al| other pins cc i ! ce 1| uA
Vee = MIN loL = 8mA 0.1 0.4
VoL Low-level output voltage \
Voo = 5V loL = 1vA 0.05
. Vee = MIN lop = -6mA 3.76% | 4.1
VoH High-level output voltage \
Voo = 5V lop = =1uA 4.95
lozL5 ' Vo = GND 0 -10
ozL Off-state output current Voo = MAX 2 i
IOZHS Vo = VCC 0 10 llA
s Standby supply current® lo = OmA, V, = GND or Vo 0 100 | upA
Operating supply current f = 1MHz, I5 = OmA, V, = GND or V¢ 2 571 mA
Switching Characteristics over Operating Conditions
. TEST INDUSTRIAL COMMERCIAL
SYMBOL PARAMETER CONDITIONS UNIT
(See Test Load) MIN | TYP | MAX | MIN | TYP | MAX
Input or feedback to output 1 1
teo 20S10A, 20RS8A, 20RS4A 1B S 18 o 25" ns
Clock to output or feedback
towk 20RS10A, 20RS8A, 20RS4A 8 15 8 15| ns
torx Input to output |\ 0A 12 | 25 12 | 25| ns
enable q R, = 1KQ
Input to output £ORS8A, CI': = 50pF
8 npu utput | 20RS4A o y ’
texz disable 12 25 12 25 ns
(szs Pin 13 (DIP) to
output disable/ | 20RS10A, 10 20 10 20 | ns
tpzx enable 20RSS8A,
Maximum 20RS4A
fmax frequency 28.5 40 28.5 40 MHz
Notes: 1. For outputs with more than 12 inputs in-a product term, tsy = 25ns and tpp = 30ns.
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. Pin 10 (PRELOAD pin), pin 13PLCC (PRELOAD pin). Applies to registered devices only.
4. JEDEC standard no. 7 for high-speed CMOS devices.
5. Applies to pins 14-23 for DIP (pins 17, 18, 20-27 for PLCC).
6. Disable output pins = Vs or GND.
7. Add 3mA per additional 1.0MHz of operation over 1MHz.
8. C_ = 5pF.
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ZHAL24A Series

Absolute Maximum Ratings

Supply voltage, Vo ...vnivueieeiieiieci e

DC input voltage, V, ...
DC output voltage, Vg .vuuueinnniiiininnnniint
DC output source/sink current per output pin, Ig ..

DC V¢ or ground current, Igg OF IgNp ««vvevverereerrnnninnineiiiinnns
Input diode current, I

B R Uy -0.5Vto 7V

. =0.5V to Vg +0.5V
-0.5V to Vg +0.5V
............... +35mA

..................................................................... +100mA

Switching Test Lbad

! vee
TEST POINT 3

FROM OUTPUT
UNDER TEST

CL

(sssnomr)I Lo I

(SEE NOTE 2)

TC00050M

Schematic of Inputs and Outputs

cee

Vee

OUTPUT

TC00060M

Output Register PRELOADY

The PRELOAD function allows the register to be loaded from
data placed on the output pins. This feature aids functional
testing of state sequencer designs by allowing direct setting of
output states for improved test coverage. The procedure for
PRELOAD using DIP pin numbers, is as follows:
1. Raise V¢ to 4.5V.
2. Disable output registers by setting pin 13 to V},;. Set pm 1
to OV.
3. Apply V| /V,y to all registered outputs.
4. Pulse pin 10 to Vp (12V), then back to OV.
5. Remove V, /V,, from all registered outputs.
6. Lower pin 13 to V| to enable the output registers.
7. Verify for Vo, /Voy at all registered outputs.
1 Note: - Only applies to parts with output registers.
Typical typ = 50ns

typ = 100ns

thp = 50ns

Iy = 30uA (Pin 10)

Enable/Disable Delay

OUTPUT ViH
CONTROL ’[ )
 Lowieve \15 ' 15V ; v
- L
| «—tpzL—> tpLz+>] o
; - — ; Vo
: 05V
WAVEFORM 1 15V ] B :
(See Note 3) Y, —1- R VoL
|<—tpzH—> |<-'Pﬂz~> :
WAVEFORM 2 k ——VoH
(See Note 3) 15V og v
VoL

WF00190M

Notes: 1. CL'includes probe and jig capacitance.

2. When measuring tp 7 and tpz, S1 is tied to V. When measuring
tpyz and tpz,, S1 is tied to ground. tpyy is measured with
C_ = 50pF. toyy is measured with C_ = 5pF.

When measuring propagation delay times of three-state outputs, 81
is-open, i.e., not connected to V¢ or ground.

Waveform 1 is for an output with internal conditions such that the
output is LOW except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the
output is HIGH except when disabled by the output control.

@

PIN1 oV:

VM
PIN13 -/
Vi =

PIN 10

VL st e
WF00200M
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ZHAL24A Evaluation #4

Features/Benefits

® Demonstration pattern for ZHAL24A Series (ZHAL20X8A)
@ 8-bit counter

©® Three-state output

® Expandable in 8-bit increments

® Equivalent to 74ACT461

Description

The - ZHAL24A Evaluation #4 pattern is provided as an
example of the features and characteristics of the ZHAL24A
Series products. The design consists of an 8-bit synchronous
counter with parallel load, clear, and hold capability. Two
function select inputs (10, 1) provide one of four operations
which occur synchronously on the rising edge of the clock
(CK).

The LOAD operation loads the inputs (D7-DO0) into the output
register (Q7-Q0). The CLEAR operation resets the output
register to ‘all LOWSs. The HOLD operation holds the previous
value regardless of clock transitions. The INCREMENT opera-
tion adds one to the output register when the carry-in input is
TRUE(CI = LOW), otherwise the operation is a HOLD. The
carry-out (CO) is TRUE (CO = LOW) when the output register
(Q7-Q0) is all HIGHSs, otherwise FALSE (CO = HIGH).

The data output pins are enabled when OE is LOW, and
disabled (HI-Z) when OE is HIGH.

Two or more 8-bit counters may be cascaded to provide larger
counters. The operation codes were chosen such that when I1
is HIGH, 10 may be used to select between LOAD and
INCREMENT as in a program counter (JUMP/INCREMENT).

Function Table

OE|CK |[I1|10|Ci| D7-D0 | Q7-Q0 | OPERATION
H * * * * * Z . HI_Z*
Lt |L)L|X X L CLEAR
L+ |L|H|X X Q HOLD
L t |HIL]X D D LOAD
L|t|H|H|H X Q HOLD
Lt |H|H]|L X Q plus 1 | INCREMENT

*When OE is HIGH, the three-state outputs are disabled to the high-
impedance states; however, sequential operation of the counter is not
affected. .

H = HIGH voltage level

L = LOW voltage level

X = Don't care .

Z = High impedance (off) state

t = LOW-to-HIGH clock transition

Logic Symbol

DATA
IN

ek [1]

D
o1[3]
o2[5]
os[E]
]
os 2]
o

D710

IIE

ZHAL20X8A
A~ 4
28] vee
] T 23] 1 CARRY IN
Qo
00 ck “ao|H27] @0
= o1 o1
b2 a2-21] 2
8
b3 g Q3 ran i
CNTR ouT
—{Da = E Qs
—os as E Qs
os as{{6] a6
D7 ]
w oE e [ o7
] T [14] T5 carry out
GNDIIZI 13] OF
LS00100M
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ZHAL24A Evaluation #4

— ——

Logic Diagram

ZHAL20XS8A
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ZHAL24A Evaluation #4

Title ZHAL24A Evaluation 4 (74ACT461)

Pattern P7023
Revision B

" Author Birkner/Kazmi/Blasco
Company Monolithic Memories, Inc.
Date 1986

CHIP ZHAL24A Evaluation 4 PAL20XS8

CK I0 DO D1 D2 D3 D4 D5 D6 D7 Il GND
/OE /CO Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 /CI VCC

EQUATIONS
/Q0 := /I1*/I0

+ I0*/Q0

:+: I1%*/I0*/DO

+ Il* IO0* CI
/Q1 := /I1%/I0

+ I0*/Q1

t+: Il*/I0%*/Dl

+ Il* IO* CI*QO
/Q2 := /JI1*x/10

+ I0*/Q2

t+: Il*/I0*/D2

+ Il* IO* CI*QO*Ql
/Q3 := /I1l*/I0

+ I0*/Q3

t+: Il*/I0*/D3

+ Il* I0* CI*QO0*Ql*Q2
/Q4 = /I1%/I0

+ I0*/Q4

t+: Il*/I0*/D4

+ Il* IO* CI*QO*Ql*Q2*Q3
/Q5 = JIl*/I0O

+ I0*/Q5

:t+: Il*/I0*/D5

+ Il* IO* CI*QO*Q1l*Q2*Q3*Q4
/Q6 1= /I1*/I0

+ I0%*/Q6

t+: TI1*/I0*/D6

+ I1%* IO* CI*Q0*Q1l*Q2%Q3*Q4*Q5
/Q7 = /Il*/I0

+ 10%/Q7
t+: Il*/I0*/D7
+

T1* IO* CI*QO*Ql*Q2*Q3*Q4*Q5%Q6

IF (VCC) CO = CI*QO*Q1l*Q2*Q3*Q4*Q5*%Q6+Q7

;CLEAR LSB

; COUNT/HOLD
;LOAD DO (LSB)
; COUNT

;CLEAR

; COUNT/HOLD
;LOAD D1

7 COUNT

; CLEAR

; COUNT/HOLD
; LOAD D2

; COUNT

;CLEAR

7 COUNT/HOLD
;LOAD D3

7 COUNT

;CLEAR
7 COUNT/HOLD
;LOAD D4

3 COUNT

;CLEAR

3 COUNT/HOLD
;LOAD D5

7 COUNT

7CLEAR

; COUNT/HOLD
;LOAD Dé

7 COUNT

;CLEAR MSB

; COUNT/HOLD
;LOAD D7 (MSB)
; COUNT

;CARRY OUT

T802020M
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Logic Cell Array™

Introduction

The Logic Cell Array (LCA)™ is a CMOS integrated circuit
with a flexible, uncommitted architecture and VLSI-level densi-
ty. The LCA is manufactured on Monolithic Memories' 1.6
micron CMOS process. The device architecture as is shown in
Figure 1, similar to that of a gate array, with an interior matrix
of programmable logic blocks, a surrounding ring of 170
interface blocks and programmable interconnect used to de-
fine the overall device structure.

Unlike gate arrays, Logic Cell Array functionality is defined by
the user simply by loading the internal writable storage cells
with the configuration data. An additional benefit, reprogramm-
ability in system, allows in-circuit-emulation to be used for
design verification.

The M2064 family of Logic Cell Arrays has been developed to
allow Monolithic Memories to offer a device and technology
that offer both the density benefits of gate arrays and the
programmability benefits of user-configurable devices. These
parts have been designed for maximum flexibility in system
applications and are easy to use.

Using the XACT™ software development system, the design-
er can define and interconnect logic blocks to build larger-
scale, multi-level logic functions. These are then connected to
external circuitry. Interconnections throughout the Array are
defined automatically by the development system, unless
otherwise specified by the designer. Because the Logic Cell
Array's logic functions and interconnections are established
with memory cells, the array is never physically altered;
instead it is simply reprogrammed.

XACT Evaluation Kit (LCA-MEKO01)

Monolithic Memories offers evaluation software and documen-
tation that will allow a designer to determine if his or her logic
design fits and assess its performance as a Logic Cell Array.
All that is needed is an IBM PC-XT, AT, or compatible, a
three-button Mouse System or compatible mouse.

XACT Development System
(LCA-MDS21)

The XACT Development System is the "power behind the
machine." It will allow a designer to sit down with a concept
and walk away with a completely tested, completely finished
part.

The reason is that XACT functions as both a CAE and CAM
system. The CAE part of the system allows the designer to
simply draw out the design using a sophisticated graphics-
based design editor. The CAM part then converts the drawing
to code, similar to a PALASM-generated JEDEC file, that
allows programming with conventional programming hardware
of an EPSOM containing the configuration data for system
phototyping.

The XACT Development System currently has 113 macros
and, in addition, allows the user to define his or her own
macro. To insure that internal timing constraints are satisfied,
a Timing Analyzer is included to calculate propagation delays
along any path within the Array.

As the design is being entered, the Automatic Design Checker
insures that no design rules are violated, and when the design

- is completed, a final design rule check is performed.

The XACT Development System
Contents:

® Editor

® Macro Library

® Design Checker

® Timing Analyzer

® Configuration File Generator

® Configuration File Formatter
In-Circuit-Emulator
(LCA-MDS24)

The In-Circuit-Emulator is a software/hardware package that
enables a designer to connect his or her target system to the
work-station where a design has just been completed. The
emulator package allows:

® User control and monitoring of device function

® |nteractive or file-driven setup and configuration

® Daisy-chain configuration capabilities for up to seven LCAs
in a chain

@ Simultaneous in-circuit emulation of up to four devices

® Single step capability for device clocks

® Readback display of device internal register states

® Dynamic reconfiguration capability.

The In-Circuit-Emulator comes with a single "pod". Up to

three additional pods (LCA-MDS25) may be ordered for each

emulator.

P-SILOS Simulation Packag

(LCA-MDS22)

After a design is completed, the next step is to simulate.

Monolithic Memories offers an integrated simulation package

manufactured by Simucad, called P-SILOS.

PART NUMBER DESCRIPTION
LCA-MEKO1 LCA Evaluation Kit
LCA-MDS21 LCA Development system
LCA-MDS22 LCA Simulator-P-SILOS
LCA-MDS24 LCA In-Circuit-Emulator
LCA-MDS25 LCA In-Circuit-Emulator Pod
LCA-MTBO1 LCA Demonstration Board

Table 1

The introduction of the Logic Cell Array will allow customers to
reduce inventories of discrete components, reduce the time to
market and development cost for new products, save money
in manufacturing and spare parts inventory management,
reduce test costs and improve system reliability.

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374
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Configurable Logic Block

The core of the Logic Cell Array is an 8 x 8 matrix of
Configurable Logic Blocks. Each CLB provides four logic
inputs, a clock input, a combinatorial logic section, two logic
outputs, and a programmable storage element.

The inputs drive a combinatorial logic section that can perform
any logic function from a simple gate to a three-out-of-four
majority decoder.

The combinatorial portion accepts and generates both posi-
tive- and negative-true logic, eliminating the need for inverters
or the routing of complementary signals.

The storage element can serve as a flip-flop (D-type) and can
be programmed to have clock enable, synchronous set and
reset, and various gated inputs. In addition, since all these
options can be specified independently for each logic block,
designers can mix asynchronous and synchronous logic in any
combination.

Interconnect

The Array's extraordinary flexibility is also the result of a two-
layer metal network of lines that run horizontally and vertically
between the logic and 1/0 blocks, and a variety of user-
definable interconnection elements.

Definable interconnection points connect the inputs and out-
puts of logic and 1/0 blocks to nearby metal lines.
Crosspoint switches and interchanges are clustered at the
intersection of every row and column of logic blocks. They link
horizontal and vertical paths and allow signals to be switched
from one path to another.

Finally, "'long lines" run the length and breadth of the chip,
bypassing interchanges but tying into logic blocks and other
lines and distributing clocks and other critical signals with a
minimum of propagation delay.

Interchanges and interconnection point assignments, as well
as all routing are handled automatically by the XACT Develop-
ment System Software. In addition, special graphics-based
design tools are included to facilitate any necessary designer
interaction.

¥
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Configurable 1/0 Block

External signals enter and leave the chip through general-
purpose, user-definable 1/0 blocks positioned around the
periphery of the array. Each block can be programmed inde-
pendently to be an input, output or bidirectional pin with a
tristate control on the output. When configured as an input,
the designer can select TTL or CMOS thresholds. In addition,
each 1/0 bloc contains an input register option whose clock
line is common to all the other I/0 blocks along the same
edge of the die.

1/0 blocks can also handle more than input and output
functions. For example, the Input registers of unused 1/0
blocks can be used for read/write storage registers or as
stages of a shift register.

Figure 1
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Logic Cell Array™
M2064

Features/Benefits

® CMOS programmable Logic Cell Array (LCA™) for
replacement of standard logic

® Completely reconfigurable by the user in the final system
® High performance
® 20MHz flip-flop toggle rate (-20 speed grade)
® 33MHz flip-flop toggle rate (-33 speed grade)
® 50MHz flip-flop toggle rate (-50 speed grade)
® User-configurable logic functions, interconnect and 1/0 for
maximum flexibility
® 64 user-Configurable Logic Blocks (CLBs) providing usable
gate equivalency of up to 1500 gates
® 58 individually-configurable I/0 pins allowing any mix of
inputs, outputs or bidirectional signals (68-pin package)
® User-selectable TTL or HCMOS input threshold levels

® Multiple configuration modes for greatest flexibility and ease
of use

® Verification feature allows user to check configuration data

® User-selectable security feature prevents read-back of
configuration data ;

® Read-back of internal register states for system debUg

® On-chip clock oscillator and clock buffer circuits provide
flexible internal and external clocking functions

® Master reset of all internal register elements in addition to"

user-configurable Reset and/or Set control of individual
CLB storage elements

General Description

The M2064 is the first member of a family of configurable
Logic Cell Arrays (LCAs) available from Monolithic Memories.
These general purpose CMOS integrated circuit devices allow
the user to rapidly implement complex digital logic functions
directly without the requirement for masking or other vendor
performed programming steps. Unique configuration circuitry
allows complete reconfiguration within a user's final system to
allow system changes ''on-the-fly."

User configuration is controlled by internal storage elements.
These are loaded with data bits which control definition of
logic functions, configuration of 1/0 blocks, routing of internal
signals, and other options. Configuration data can be loaded
in one of several methods to minimize impact on: overall
system design. .

CMOS technology optimized for system level performance
provides LS-TTL compatible speeds: with power consumption

less than 10% of equivalent TTL systems. The use of innova-
tive 1/0 buffers providing either TTL or CMOS input switching
levels insures lowest -possible power consumption in totally
CMOS systems without any compromise in performance.

Ordering Information
M2064-20 C NL

PART L PACKAGE TYPE

NUMBER NL = 68 Pin Molded Chip Carrier
P - = 68 Pin Grid Array

SPEED GRADE N = 48 Pin Molded Dip

-20 = 20MHz toggle rate
-33 = 33MHz toggle rate
-50 = 50MHz toggle

TEMPERATURE RANGE
C = Commercial

PART NUMBER DESCRIPTION
LCA-MDS21 XACT Development System
LCA-MDS22 P-SILOS Simulation Package
LCA-MDYSZ4 LCA In-Circuit Emulator
LCA-MDS25 In-Circuit Emulator Pod
LCA-MEKO1 XACT Evaluation Kit

IR E2AGACR0B B 0EB0 000
0 0 0 00 0 0 O 0O 0009000 0
$:33331:38:333:8:333%
< : :‘ < (‘1 <‘

CDO1470M

Portions of this Data Sheet reproduced with the permission of XILINX Inc.

Monolithic [3]
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Logic Cell Array™ M2064

Pin Description

1710

User-configurable input/Output pins.

~PWRDN

Input forces device into low power mode operatlon is sus-
pended. .

MO-~RT

Dual function input. During initial power up, the state of MO
and M1 determines the configuration mode. After configura-
tion, a rising: edge on ~RT rmtrates a: confi guratlon read
operation. !

M1-~RD ' -

Dual function input/output. Dunng initial power up, the state of
M1 and MO determines the configuration mode. After configu-
ration is’ complete, ~RD outputs-configuration data during a
configuration' read back operation synchronously with the
toggling” of the CCLK input.

~RESET

Input. A low Ievel on this input after conﬂguratlon causes aII
register elements internal to the LCA to be forced to 0. If
asserted prior to the start of configuration, causes the LCA to
remain in the initialization state (configuration is not started). If
asserted during conflguratlon the LCA returns to the initializa-
tion state.

DONE-~PG

Dual function output/input. During conflguratlon the LCA pulls
DONE low and releases it when configuration is. complete
(output is open drain). After configuration is complete, a falling
edge on ~PG initiates an LCA programming cycle (if enabled
in the current configuration). This pin has an internal user-
enabled pull-up resistor. .
XTAL1-1/0

Dual function input and 1/0. This pin may be conftgured by the
user to be a normal 1/0 pin equivalent to any of the general
purpose /O pins. Alternatively, this pin and XTAL2 my be
used to connect a crystal for use with the internal crystal
oscillator configuration. ~

XTAL2-1/0 i

Dual function output and 1/0. This pin may be configured by
the user to be a normal I/O pin equivalent to- any of -the
general purpose 1/O pins. Alternatively, this pin and XTAL1
may be used to connect a crystal for use wnh the rnternal
crystal oscillator oonfrguratron .
CCLK :

Confrguratron mode dependent rnput/output CCLK is the
master configuration clock used to configure the LCA. In slave
mode it is an input; in-all other modes it is an output designed
to provide the input clocking of. additional slave mode daisy
chain- connected LCA devices. During a configuration read
back operation, CCLK serves as the: clock rnput used to read
the .internal confrguratron data. :

DOUT-I/0

Dual function’ output and I/O. General purpose user-configura--

ble 1/0 pin during normal operation. During configuration, the

serial data stream supplied from the first LCA-to LCAs down?

the senat darsy charn is output on DOUT

~RCLK-1/0

Dual function output and 1/0. General purpose user-configura-
ble 1/0 pin- during normal operation. During master- mode
configuration, a low level output on ~RCLK indicates that the
external memory device is being accessed.

DO-DIN-I/0

Multi-function input and /0. General purpose user-configura-
ble I/0 pin during normal operation. During master mode
configuration, this pin is bit 0 of the 8-bit parallel input data
bus (DO0). During slave mode or peripheral mode confi guration,
this pin is the serial input data pin (DtN)

D1-~Ws-I/0

Multi-function input and 1/0. General purpose user-configura-
ble 1/0 pin during normal operation. During master mode
configuration, this pin is bit 1 of the 8-bit parallel input data
bus (D1). During peripheral mode configuration, a low level on
~WS indicates that a write  operation is being performed by
the controlling processor.. See note

D2-CS-1/0 - :
Multi-function input and 1/0. General purpose user-confrgura-
ble 1/0 pin during normal operation.  During master mode
configuration, this pin is bit 2 of the 8-bit parallel input data
bus (D2).: During peripheral mode configuration, a high"levet
on CS'indicates that a write operation is being performed by
the controlling processor. See note

Ds-~CEo-l/O i :
Multl-functlon mput and 1/0. General purpose user-configura-
ble 1/0 pin during normal operation. During master mode
configuration, this pin is bit 3 of the 8-bit parallel input data
bus (D3). During peripheral mode configuration, a low level on
~CEO indicates that a write operation is being performed by
the controlling processor. See note.

D4-~CE1-1/0 e

Multi-function-input and 1/O. General purpose user-configura-
ble 1/0 pin during normal operation. During master mode
configuration, this pin is bit 4 of the 8-bit parallel input data
bus (D4). During peripheral mode configuration, a low level on
~CE1 indicates that a write operation is being performed by -
the controlling processor. See note.

D5-1/0 to D7-1/0 :

Input and 1/0. General purpose user-configurable 1/0 pins
during normal operation. During master mode configuration,
these pins are bits 5 through 7 of the 8-bit parallel input data
bus (D5-D7).

A0-1/0 to A15-1/0 : S

Output and 1/0. General purpose user-conflgurable 170 pins
during normal operation. During master mode configuration
these pins are address output pins (A0-A15) used to address
the external storage element used for configuration data.
Note: to perform a peripheral mode write, the followrng logical
combination is necessary: ~WS-CS:CE0- CE1

Functional Description

The M2064 is a high-performance CMOS Loglc ‘Cell Array
providing . superior system performance with greatest user
flexibility. Complete user-configurability provides an optimized
solution to logic implementation problems. .

The M2064 utilizes a unique Configurable Logic Block (CLB)
structure as the basic functional building block of the device.
Each CLB is a combination of :a programmable logic function -
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Logic Cell Array™ M2064

and a storage element. The CLB has the capability of perform-
ing any function of its inputs with the option.of the output of
the storage element included in the input field. User-defined
logic is implemented in a matrix of sixty-four CLBs which are
interconnected with user-configurable interconnect resources.
Fifty-eight independently configurable 1/0 Blocks; each of
which can be a direct or latched input, a direct or open drain
output, or a bidirectional 1/0 buffer; provide the interface to
external circuits. Input voltage levels are user definable and
may. be either standard TTL or CMOS for all /O Blocks,
depending on the user's configuration choice.

User-definable path selector or multiplexers are utilized to
select configuration options for the CLBs and 1/0 Blocks.
These selectors are set in the desired state by the configura-
tion data loaded into the device upon power up.

Logic

User logic is implemented in one or more CLBs which are
general purpose 4-input, 2-output elements. Figure 1 shows a
block diagram of a single CLB. Each element is composed of
a 4-input combinational logic module with two outputs, a
general purpose storage element, and routing selection logic.
The module can generate any combinational logic function of
the four inputs, or it can generate any two independent
functions of any three of the four inputs. If a function of four
inputs is selected, that same function will be available on both
of the outputs of the combinational module. The inputs to the
combinational module are three of the four inputs to the CLB
(A, B and C) and either the D input to the CLB, or the Q output
of the storage element.
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Figure 1. Block Diagram of a Single CLB

The general purpose. storage element has a data input, a
clock input, a set direct input, a reset direct input and an
output, Q. The storage characteristic may be defined as either
a transparent latch or as an edge-triggered flip-flop. The data
input is connected to one of the outputs of the combinational
logic module. The set direct and reset direct mputs may be
individually enabled or disabled.

The reset direct input, if enabled, may come from either the D
input: to the CLB, or from the G -output of the combinational
logic module. Set direct control, if enabled, can come from

either the A input to the CLB or from the F output of the
combinational logic module.

Clock for the storage element may be individually enabled or
disabled and can be driven by the clock input, K, to the CLB,
the C input to the CLB, or the G output of the combinational
logic module. Final outputs, X and Y, from the CLB can be
selected to be either of the two outputs, F and G, of the
combinational logic module, or the Q output from the storage
element. ;

1/0 Elements

The M2064 contains fifty-eight user-oonﬁgurable 1/0 blocks
for connection to external circuits. Each block is a general
purpose device containing a three-state output buffer, an input
buffer, and an input flip-flop as shown in Figure 2. The input
buffer always reflects the status of the 1/0 pin or the contents
of the input flip-flop. If the flip-flop is selected, data present on
the 1/0 pin will be clocked to the input buffer by the 1/0 block
clock signal. All I/0 blocks on a particular edge of the device
share a common 1/0 clock signal. The output buffer may be
enabled, disabled, or under the control of the three-state
connection.
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BD00340M

Figure 2. Block Diagram of an 1/0 Element

Interconnect

There are nine rows and nine columns of metal interconnect
resources with one row or column located between each row
or column of CLBs or 1/0 blocks. Each row or column of
interconnect resources contains local use lines, long lines and
programmable interconnect points between /0 blocks, CLBs
and interconnect resources. Local lines run either vertically.
from one row of resources to the adjacent row or horizontally
from one ‘column to the adjacent column.:Long lines run-the
full height or width of the device. At the intersection of every
row and column of interconnect resources are user configura-
ble interconnect elements which allow multiple combinations
of connections between local lines in adjacent rows and
columns. In addition, selected intersections of local and long
lines can be connected by user programmable interconnect
points.

Inputs and outputs from each CLB or I/0 block have program-
mable connections to the interconnect resources in the adja-
cent rows and columns. These connections allow CLBs or I/0
block connections to be made for proper signal routing to or
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from the 1/0 blocks or CLBs. In addition to the programmable
connections to adjacent interconnect resources, there are
direct connection paths which do not utilize the general
interconnect resources. These paths allow selected connec-
tion between some 170 blocks and CLBs and between adja-
cent CLBs. For example, the outputs of a CLB in the interior of
the matrix of CLBs may be connected to adjacent CLBs
without using any interconnect resources.
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Figure 3. Overview Functional Layout of the M2064

Clock Generation and Buffering

The M2064 contains two special purpose clock buffers: for
generating and driving clock signals to multiple CLBs or 1/0
blocks with negligible skew. The Global Clock Buffer, is
dedicated to driving a matrix of long lines which have configur-
able connections to the K input of each CLB register. This
clock buffer may be driven from an internally generated
register source, or configured with a connection directly to an
170 block for driving it with an external clock signal. The
output from the Global Clock Buffer may be configured to
directly drive an 1/0 block for driving clock signals off the
device.

The alternate clock buffer can be configured either as a
simple buffer or as a buffer for the crystal oscillator. in the
crystal oscillator mode, an externally connected crystal and
optional passive components form a clock generator for use
on the chip or for driving other external circuits (see Figure 4).
When configured in the buffer mode, the alternate clock buffer
can have either one or both of its input and output configured
to directly drive, or be driven by, an 1/0 block. The output of

the alternate clock buffer can drive long lines in any column of
CLBs as well as local interconnect.

LOGIC CELL
ARRAY

XTAL2
XTAL1
43

R1

AAA-

Line
Y1
Fcl c2
I
Suggested component values:
R1 1.- 4MQ
R2 0 - 1KQ
(may be required for low frequency, phase shift
and/or compensate level for crystal Q)

C1,C2 5 - 20pF
Y1 1 - 10MHz AT cut

Figure 4. Crystal Osclillator

Each CLB has a special clock input (K) which can be selected
as the clock input of the storage element. Clock inputs to user
selected CLBs can be configured to be driven from either the
Global Clock Buffer, the oscillator/buffer or from other local
interconnect. Clocks to the 1/0 blocks can be configured from
either of the clock buffers or the local interconnect.

Programming

Configuration of the device may be performed in any one of
three modes. The desired configuration mode is set by the
state of the mode pins MO and M1 at power up (see Table 1).
All configuration data relating to CLB function definition,
interconnect resource utilization, and 1/0 block programming
must be loaded into the device prior to use. In the peripheral
and slave modes the data is supplied in a serial stream in
conjunction with the configuration clock signal, CCLK. In
master mode, the device automatically loads data from an
external memory device by supplying addresses and reading
bytes of data. In all modes the data patterns required to
create a specific. configuration are the same.

MODE SELECT PINS MO M1
Master LOW mode 0 0
Master HIGH mode 0 1
Peripheral mode 1 0
Slave mode 1 1

Note: During configuration, Pin 27 on the 68-pin package or
Pin 7 on the 48-pin package must be held HIGH.

Table 1. Modes
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Data patterns for a specific user-configuration are created with
the Monolithic Memories XACT LCA Development System and
can be output to a standard EPROM programmer or saved on
disk for inclusion with other software. Users who are using the
Monolithic Memories XACT debugging system can directly
access the configuration data and load the device directly
during a debug session. Because of the complexity of the data
patterns and difficulty in generating them without a thorough
knowledge of the device, users are discouraged from attempt-
ing to generate data patterns on their own. Data pattern files
for M2064 devices contain 1536 bytes.

Special Features

The M2064 contains several special features which enhance
its capacity for use in a wide variety of applications. Among
these are the following:

Data Security

The M2064 configuration data contains special controls bits
which enable or disable configuration data security control. If
enabled, the 'security control will prevent the read-back of
configuration data after the initial configuration. There are two
possible modes of operation under security control. One mode
allows a single read-back after configuration-to allow verifica-
tion of the data. In the second mode, all access to the
configuration data is prevented.

Reprogrammability

Configuration data changes are controlled by reprogramming
control bits in the configuration data supplied to the device. If
reprogramming is enabled, the user may supply new configu-
ration data at any time by asserting the. correct control
sequence on the DONE-~PG and-M0 and M1 mode -control
pins. Alternatively, the user may elect to prevent reconfigura-
tion of the device. When operating in this mode, the only
method to remove the configuration is to remove all power
from the device.

Inactive Power-down

In a system which is to remain in its current configuration
through power loss, the M2064 may be forced into a low
power inactive state by using the ~PWRDN pin. When held
low, the LCA will retain all configuration data but will not
operate. All clocks will be stopped and all outputs put into a
high-impedance state. Power is reduced to a very low level,
allowing a simple external battery arrangement to supply the
required configuration data saving power (see electrical char-
acteristics).

Configuration Data Read-back

A mechanism is provided in the M2064 to provide verification
of stored configuration data. The configuration read-back is
initiated by toggling the ~RT pin and clocking the CCLK pin.
Each clock applied to CCLK will read out a configuration data
bit on the ~RD pin. When all configuration data has been read

out, the ~RD pin will return to its inactive state. The configura-
tion data may be read -at any time with no. effect on the
operation of the device. Once a configuration read-back has
been initiated, all data must be read out of the device to insure
that subsequent read-back operations will begin at the start of
the configuration data.

Master Reset

After device configuration, the ~RESET pin becomes a mas-
ter reset for all CLB and IOB storage elements in the device.
Asserting this control signal will asynchronously reset all of
the internal storage registers regardless of the operating
condition of the circuit.

Development System

The Monolithic Memories Design System is an integrated
package of design tools for developing configuration data for
LCAs. All aspects of configuration are specified through inter-
active graphics software. Facilities to verify functionality and
timing of the designed configuration insure that designs oper-
ate as desired.

XACT is a graphic design system used to specify LCA
designs. It contains several standard and several optional
software and hardware packages. The basic package runs on
an IBM PC/XT or AT compatible computer with 640K memory,
a color monitor and a mouse. The tools accessible from the
executive, including the optional packages, are:

® LCA Editor and Macros

® Timing Analyzer

® Simulator (P-Silos, optional)

@ Configuration-File Generator

® Configuration-File Formatter

® XACTOR 2 In-circuit-emulator (optional).

XACTOR 2 consists of a software program plus a hardware
attachment that allows control of up to four LCAs. The
program contains commands for:

® Loading configuration data

® Activating the Master Reset input
® Reconfiguring

® Single stepping the device clock

® Reading back configuration data and state of all 122
internal registers on any clock cycle.

® Real time system debug.

An evaluation kit is available which includes:

® Complete documentation of the Development System
® A sample LCA design

® XACT software package.

Contact your local Monolithic. Memories : Representatlve or
Distributor for:more information.
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Absolute Maximum Ratings*

SUPPIY VORBGE VoG wenninniiiiiii it st e e e e et e e e e -0.5Vto 7V
L= e Lo - S Ut 2Vio 7V
Input voltage .............ccccoieeinnnnn. .—0.5V to Vs 0.5V
Voltage applied to three-state output ...=0.5V to V5 0.5V

Storage temperature range................... ... -65°C to +150°C

Lead temperature (SOIdering, 10 SECONUS) ... .uiuiuiininiiiiii ittt et e e et r et e i en s et enea s ensenneretra s aatatnsnenans 260°C

Note: Stresses beyond those listed under ''Absolute Maximum Ratings'' may cause permanent damage to the device. These are
stress ratings only and functional operation of the device at these or any other conditions beyond those listed under
""Recommended Operating Conditions' is not implied. Exposure to '"Absolute Maximum Ratings' conditions for extended
periods of time may affect device reliability.

Operating Conditions

SYMBOL PARAMETER MIN | TYP | MAX | UNIT
Vee Supply voltage relative to GND 4.75 : -5.25 "
ViuT High level input voltage — TTL configuration 2.0
Viie High level input voltage — CMOS configuration 0.7 \
Vit Low level input voltage — TTL<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>