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The PAL Concept

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

Rapid advances in large scale integration technology
have led to larger and larger standard logic functions;
single 1.C.s now perform functions that formerly required
complete circuit cards. While LSI offers many advan-
tages, advances have been made at the expense of
device flexibility. Most LS| devices still require large
numbers of SSI/MSI devices for interfacing with user
systems. Designers are still forced to turn to random
logic for many applications.

The “complexity gap” between TTL and LS/ devices has
led to ineffective use of both. The TTL provides the speed
and flexibility, but it is ineffective in terms of package
count, power consumption, and P.C. board space. LS/
offers high functional density and low power consump-
tion, but it is slow and rigidly partitioned. Even the mi-
croprocessor, widely acclaimed for its flexibility, is slow
and expensive when the costs of programming and sup-
port interfaces are considered.

The designer is confronted with another problem when a
low to medium complexity product is designed. Often the
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function is well defined and could derive significant ben-
efits from fabrication as an integrated circuit. However,
the design cycle for a custom circuit is long and the costs
can be very high. This makes the risk significant enough
to deter most users. The technology to support maximum
flexibility combined with fast turn around on custom logic
has simply not been available.

Attempts to solve these problems have led to increasing
interest in fuse programmable logic devices. These de-
vices can all be user configured to provide custom func-
tions. PROMs, FPLAs, FPGAs, and PMUXs have all
been used in this way. These approaches have met with
some success, but all are deficient in one or more areas.
PROMs require careful design to avoid undesirable data
transitions; FPLAs are expensive, difficult to program
and complex to understand; FPGAs and PMUXs are not
widely available and lack flexibility. All of these devices
still require extensive interface logic for use in systems.

The PAL family offers a fresh approach to using fuse
programmable logic. PALs are a conceptually unified
group of devices which combine programmable flexibil-
ity with high speed and an extensive selection of in-
terface options. PALs can lower inventory, cut design
cycles and provide high complexity with maximum
flexibility. These features, combined with lower pack-
age count and high reliability, truly make the PAL a
circuit designer’s best friend.
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The PAL—Teaching Old PROMs New Tricks

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

The PAL is an extension of the fusible link technology pioneered
by Monoiithic Memories for use in bi-poiar 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 demonstrated by today’s multi-million
dollar PROM market.

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

ANDs and ORs

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

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

Output = (I4fy +17)(fo+o)(Iofz +ta)(Infs+14) +
(4f5+T5)(yfg+Tg)(laf7+17) (Iafg+Tg)

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

fuse blown, f = 0
fuse intact, f = 1

An unprogrammed PAL has all fuses intact.
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Figure 1

New Device, New Notation

Logic equations, while convenient for small functions, rapidly
become cumbersome in large systems. To reduce possible
confusion, complex logic networks are generally defined by logic
diagrams and truth tables. Figure 2 shows the logic convention
adopted to keep PAL logic easy to understand and use. In the
figure, an “x” represents an intact fuse used to perform the logic
AND function. (Note: the input terms on the common line with
the x’s are not connected together.) The logic symbology shown
in Figure 2 has been informally adopted by integrated circuit
manufacturers because it clearly establishes a one-to-one
correspondence between the chip layout and the logic diagram.
It also allows the logic diagram and truth table to be combined
into a compact and easy to read form, thereby serving as a
convenient shorthand for PALs. The two input - one output ex-
ample from Figure 1 redrawn using the new logic convention is
shown in Figure 3.
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Figure 3
As a simple PAL example, consider the implementation of the
transfer function:
Output = I4iy + ylp

The normal combinatorial logic diagram for this function is
shown in figure 4, with the PAL logic equivalent shown in fig-
ure 5.
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Figure 5

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

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

PROM
16 Words X4 Bits
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Figure 6

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

The basic logic structure of the PAL, as mentioned earlier,
consists of a programmable AND array whose outputs feed a
fixed OR array (Figure 8). The PAL combines much of the
flexibility of the PLA with the low cost and easy programmability
of the PROM. Table 1 summarizes the characteristics of the
PROM, PLA, and PAL logic families.
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AND | OR OUTPUT OPTIONS Gate Arrays
PROM |Fixed Prog | TS, OC PAL gate arrays are available in sizes from 10 x 8 (10 input

FPLA |Prog Prog | TS, OC, Fusible Polarity

FPGA |Pro None | TS, OC, Fusible Polarity
PMUX (Fix/Prog | Fixed| TS
PAL Prog Fixed| TS, Registered, Feedback, /O

Table 1

PALs For Every Task

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

terms, 8 output terms) to 16 x 2, with both active high and active
low output configurations available. This wide variety of input/
output formats allows the PAL to replace many different sized
blocks of combinatorial logic with single packages.

Registered Outputs with Feedback

High end members of the PAL family feature registered data
outputs with register feedback. Each product term is stored into
a D-type output flip-flop on the rising edge of the system clock
(Figure 9). 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 array as an input term. This feedback

o280 —————————————————————————————2e———————r e ———_e——————————————————————————————————————
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PAL input/output/function chart

PART PROGRAMMABLE| FEEDBACK| OUTPUT

NUMBER| INPUT | OUTPUT 110’s register | polarity FUNCTIONS nl"r’%p ::?k mA:‘,:'(I':YP
PAL10H8| 10 8 AND-OR |AND-OR GATE ARRAY 25 | 8| 5
PAL12H6| 12 6 AND-OR |AND-OR GATE ARRAY 25 | 8| 55
PAL14H4| 14 4 AND-OR |AND-OR GATE ARRAY 25 | 8| 55
PAL16H2| 16 2 AND-OR |AND-OR GATE ARRAY 25 | 8| 55
PAL10L8 | 10 8 AND-NOR |AND-OR INVERT GATE ARRAY 25 | 8| 55
PAL12L6 | 12 6 AND-NOR |AND-OR INVERT GATE ARRAY 25 | 8| 55
PAL14L4 | 14 4 AND-NOR |AND-OR INVERT GATE ARRAY 25 | 8| 55
PAL16L2 | 16 2 AND-NOR |AND-OR INVERT GATE ARRAY 5 | 8| 55
PAL16C1| 16 2 BOTH' |AND-OR GATE ARRAY 25 | 8| 55
PAL16L8 | 10 8 6 AND-NOR |AND-OR INVERT GATE ARRAY 25 | 24| 140
PAL16R8| 8 8 8 AND-NOR |AND-OR INVERT ARRAY W/REG'S 25 | 24| 150
PAL16R6| 8 8 2 6 AND-NOR |AND-OR INVERT ARRAY W/REG'S 25 |24| 150
PAL16R4| 8 8 4 4 AND-NOR |AND-OR INVERT ARRAY W/REG'S 25 |24| 150
PAL16X4| 8 8 4 4 AND-NOR |AND-OR-XOR INVERT W/REG'S 25 |24 160
PAL16A4| 8 8 4 4 AND-NOR [AND-CARRY-OR-XOR INVERT W/REG'S| 25 |24 160
'Simultaneous AND-OR and AND-NOR outputs

Table 2
INPUTS, FEEDBACK AND I/O
cLock E
D Q a
> Q ]
Figure 9

allows the PAL to “remember” the previous state, and it can
alter its function based upon that state. This allows the designer
to configure the PAL as a state sequencer which can be
programmed to execute such elementary functions as count up,
count down, skip, shift, and branch. These functions can be
executed by the registered PAL at rates of up to 20 mHz.

Programmable I/O
Another feature of the high-end members of the PAL family is

INPUTS, FEEDBACK AND 1/0

programmable input/output. This allows the product terms to
directly control the outputs of the PAL (Figure 10). One product
term is used to enable the three-state buffer, which in turn gates
the summation term to the output pin. The output is also fed
back into the PAL array as an input. Thus the PAL drives the 1/0
pin when the three-state gate is enabled; the I/O pin is an input
to the PAL array when the three-state gate is disabled. This
feature can be used to allocate available pins for I/O functions or
to provide bi-directional output pins for operations such as
shifting and rotating serial data.

1o

Figure 10
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Arithmetic Functions

The arithmetic functions add, subtract, greater than, and less
than are implemented by two additional features of the reg-
istered PAL (Figure 11). First, the sum of products is seg-
mented into two sums exclusive OR ed (XOR) at the input of
the D-type fiip-flop. This allows carrys from previous operations
to be XOR ed with the two variable sums generated by the PAL
array. Second, the flip-flop’s Q output is combined with input
terms to form 1+Q, 1+Q, T+Q, and T+Q terms which are then fed
back into the PAL array as inputs. This option provides for

INPUTS, FEEDBACK AND 1/0

versatile operations on two variables and facilitates the parallel
generation of carrys necessary for fast arithmetic operations.

Figure 12 shows how the PAL array can be programmed to
combine the available terms to form sixteen logical products in
an ALU or controller application.

It should now be clear that the PAL family can replace most
Small-Scale Integrated Logic (SSI) logic in use today, thereby
lowering product cost and giving the designer even greater
flexibility in implementing logic functions.
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PAL Technology

PALs are manufactured using the proven TTL Schottky bipolar
process used to make fusible-link PROMs. An NPN emitter
follower array forms the programmable AND array. PNP inputs
provide high-impedance inputs (.25 mA max.) to the array. All
outputs are standard TTL drivers with internal active pull-up
transistors. Typical PAL propagation delay time is 25 ns, and
all PALs are packaged in space saving 20-pin “skinny-dips”.

PAL Programming

PALs can be programmed in any standard PROM programmer
with the addition of a PAL personality card. The PAL appears to
the programmer as a 512 x 4 PROM. During programming four
of the PAL outputs are selected for programming while the other
four outputs and the eight inputs are used for addressing. The
outputs are then switched to program the other locations.
Verification uses the same procedure with the programming
lines held in a low state.

PAL Data Security

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

The PAL part number is unique in that the part number code
also defines the part's logic operation. The PAL parts code
system is shown in Figure 14. For example, a PAL14L4CN would
be a 14 input term, 4 output term, active-low PAL with a com-
mercial temperature range packaged in a 20-pin plastic dip.

PROGRAMMABLE ARRAY LOGIC FAMILY

NUMBER OF ARRAY INPUTS

OUTPUT TYPE

H = ACTIVE HIGH

L = ACTIVE LOW

C = COMPLEMENTARY

R = REGISTERED

X = EXCLUSIVE-OR REGISTERED

A = ARITHMETIC REGISTERED
-NUMBER OF OUTPUTS

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

PACKAGE
N = PLASTIC DIP
J = CERAMIC DIP

PAL14L4CN
Figure 14

PAL Logic Symbols

The logic symbols for each of the individual PAL devices gives a
concise functional description of that PAL's logic function. This
symbol makes a convenient reference when selecting the PAL
that best fits a specific application. Figure 15 shows the logic
symbol for a PAL10H8 gate array.

PAL10H8
T+ ~ E
H o

CH [
H Fo@E
CHae (-
EHarra ] O
0 o
EH Do
CH oM
E T
Figure 15

A PAL Example

As an example of how the PAL enables the designer to reduce
costs and simplify logic design, consider the design of a simple,

high-volume consumer product: an electronic dice game. This
type of product will be produced in extremely high volume, so it
is essential that every possible production cost be minimized.

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

A conventional logic diagram for the dice game is shown in
Figure 13. (A detailed logic derivation is shown in the PAL
applications section of this manual.) It is implemented using
standard TTL, SSI and MSI parts, with a total |.C. count of eight:
six quad gate packages and two quad D-latches. Looks like a
nice, clean logic design, right? Wrong!!

PAL Goes to the Casino

A brief examination of Figure 13 reveals two basic facts: first, the
circuit contains mostly simple, combinatorial logic, and second,
it uses a clocked state transition sequence. Remembering that
the PAL family contains ample provision for these features, the
PAL catalog is consulted. The PAL16R8 has all the required
functions,. and the entire logic content of the circuit can be
programmed into a single PAL shown in Figure 16.

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

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

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

Reduces chip count by 4 to 1.

Expedites and simplifies prototyping and board layout.
Saves space with 20-pin Skinny DIP packages.

High speed: 25ns typical propagation delay.
Programmed on standard PROM programmers.
Programmable three-state outputs.

Special feature eliminates possibility of copying by
competitors.

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

Direct Logic Replacement

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

1-10

Design Flexibility

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

Space Efficiency

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

Smaller Inventory

The PAL family can be used to
replace up to 90% of the
conventional TTL family with
just 15 parts. This considerably
lowers both shelving and in-
ventory cataloging require-
ments. Even better, smalil
custom modifications to the
standard functions are easy
for PAL users, not so easy for
standard TTL users.
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High Speed

Secure Data

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

Easy Programming
The members of the PAL family can be quickly and easily

programmed using standard PROM programmers. This allows
designers to use PALs with a minimum investment in special

SPEED PERFORMANCE CURVE —\

HIGH VOLUME COST EFFECTIVENESS ————»

equipment. Many types of programmable logic, such as the
FPLA, require an expensive, dedicated programmer.

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

Summary

The 15 member PAL family of logic devices offers logic de-
signers new options in the implementation of sequential and
combinatorial logic designs. The family is fast, compact, flexible,
and easy to use in both new and existing designs. It promises to
reduce costs in most areas of design and production with a
corresponding increase in product profitability.

COST EFFECTIVENESS CURVE

SPEED ———»

FIXED FUNCTION OFF-THE-SHELF CUSTOM LOGIC | FIELD PROGRAMMABLE SSI/MSI
MICROPROCESSOR MICROPROCESSOR LOGIC ARRAY LOGIC
THE RANGE OF LOGIC ——
mven m—
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Reliability

Large-scale integrated circuits have always appealed to the
system designer for the obvious reasons of lower cost and im-
proved reliability. With a host of PROMs, RAMs and Micropro-
cessors available today, you might expect most systems to
reflect simple, small printed circuit boards populated mainly with
LSI circuits. However, that is not the case. We still find a myriad
of SSI and MSI packages surrounding a relatively few LSI cir-
cuits because the latter must be supported by a large number of
gates, i.e., random logic, to efficiently meet a given hardware
design goal. In the past many approaches have evolved from
the R & D laboratory to circumvent the problem. Discretionary
wiring techniques using metal mask options to delineate the
interconnect pattern were the most actively pursued. Texas In-
struments used this process and employed two or more levels of
metalization interconnecting many die on a whole wafer to yield
a custom device. Other notable attempts have Fairchild’s
“Micro-matrix” and most recently Hughes’ “SCAT”, Schottky cell
array technology. All suffer from the same problems: 1. Complex
two-or three-level metalization processing, 2. Custom design of
new circuits and masks, 3. Small production runs with little
meaningful accumulation of process and design history to op-
timize yield and reliability.

The latter point is the underlying factor for the failure of most
custom LSI devices to live up to the reliability improvement fac-
tor expected of them over the equivalent SSI circuitry.

PALs present an equitable LSI solution to this random logic
problem. Instead of metal mask options and small production
runs we have a family of fifteen devices using conventional
Schottky TTL processing and the fusible link technology that has
made bipolar PROMs so widely accepted for over six years. On
the average, the PAL accomplishes a fourfold reduction in over-
all pin/package count. The immediate benefits to system reliabil-
ity are clear:

1. A reduction in board level complexity translates to fewer
solder joints and plated through holes which are significant
board-level failure points. In fact, multilayer PCB designs may be
able to be implemented using the more reliable and less costly
two-sided configuration.

2. Less devices on a board simplifies diagnostics resulting in a
reduction of the overall handling, probing, etc. of the compo-
nents. This reduces the probability of overstress through inad-
vertent shorting of traces or pins.

3. A reduction of packages means less wire bonds to fail. In
fact, most semiconductor failures are related to packaging, i.e.,
hermeticity, die attach, etc. The less packages per system, the
higher the system reliability.

PALs are simply programmable AND arrays feeding a fixed
OR structure. See Figure 1. At the die level, the PAL circuit
complexity does not exceed the 512-bit PROM on the smaller die
and the 2048-bit PROM on the two larger die. Reference Table 1.
In fact, in real applications, parts of the circuit are inactive or
passive. On closer inspection one finds that as a maximum, only
70% of the circuitry is actually optioned at one time on a specific
PAL, since the same die is used to produce PAL pinout options.
The programming circuitry is only active during the fusing pro-
cess. After programming it ceases to operate. Thus, the total
active circuitry after programming is not more than 50% of what
is on the die.

Another important aspect of the PAL that positively impacts
reliability is the very low READ current in an unblown fuse, less
than 0.5 mA as compared to a typical programming current of 50
mA. Since power dissipation in the fuse is a function of 12, there
are more than four orders of magnitude safety margin in actual
operation. The programmable “AND” array is implemented
using an emitter follower circuit with each NPN transistor in
series with a fusible link. See Figure 2. The fusible link, with a
typical resistance of 40€) in the unprogrammed state, Figure 3,

AND ARRAY ORGANIZATION NUMBER POWER

NDUEI\d"BcEi NUMBER OF le;EE DISSIPATION
INPUT ) PRODUCT _ TEST FUSES (TYP)
uves X 7€ X Tines = _OF
FUSES
PAL10H8 10 2 16 320 42 13K Mil? 275 mW
PAL10L8 10 2 16 320 42 13K Mil? 275 mW
PAL12H6 12 2 16 384 44 13K Mil? 275 mW
PAL12L6 12 2 16 384 44 13K Mil? 275 mW
PAL14H4 14 2 16 448 46 13K Mil? 275 mW
PAL14L4 14 2 16 448 46 13K Mil? 275 mW
PAL16H2 16 2 16 512 48 13K Mil? 275 mW
PAL16L2 16 2 16 512 48 13K Mil? 275 mW
PAL16C1 16 2 16 512 48 13K Mil? 275 mW
PAL16L8 16 2 64 2048 98 18K Mil? 700 mW
PAL16R8 16 2 64 2048 98 18K Mil? 750 mW
PAL16R6 16 2 64 2048 98 18K Mil? 750 mW
PAL16R4 16 2 64 2048 98 18K Mil? 750 mW
PAL16X4 16. 2 64 2048 98 19K Mil? 800 mW
PAL16A4 16 2 742 2048 98 19K Mil? 800 mW
Note 1: True and Complement
Note 2: 10 Product Lines are Fixed
Table 1
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becomes an open circuit after programming, Figure 4. To
assure programmability, test fuses are provided along both the
input line and the product line axis in the AND array (see Table 1).
These are factory. programmed to provide assurance that the
devices will easily program in the field. Additionally, the test lines
serve to check the decoding circuitry and provide a mechanism
for AC testing the unprogrammed PAL.

MMI produces these devices using the same reliable Schottky
TTL technology and design rules as used in our PROM/ROM
product line. Assembly is accomplished either in a standard 20-
pin hermetic cerdip using a low temperature vitreous seal or a
new plastic epoxy dip with thermal dissipation comparable to the
ceramic, ie., ©, = 60°C/Watt. The cerdip package is
specially processed to guarantee low residual moisture levels,
< 500 PPM. Ultrasonic bonding using aluminumwire for cerdip
and ultrasonic gold bonding for plastic both use a thicker, 1.25

mil diameter wire for increased reliability. Screening and testing
follow MIL-STD-883.

Empirical data being collected on 1024 and 2048 bit PROMs
that were manufactured two or more years ago, and represent-
ing actual field use in rugged operating environments support a
.01% per thousand hour failure rate. Assuming progress on
the design/process learning curve, it is fair to say that some
improvements can be expected on present generation PROMSs.
Since PALs actually are smaller than these PROMSs, we expect
even better results. Extensive life testing of PALs is an integral
part of Monolithic Memories’ continuing program of product
reliability evaluation. All MMI's circuits, including PALs, are
manufactured in the same plant that has received DESC facility
certification to MIL-M-38510. Projected failure rate data for PALs
are described in Figure 5.
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Figure 5. PAL Projected Failure Rate Data
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Programmable Array Logic Family

PAL Series 20 Data Sheet

Patent Allowed

Features/Benefits

* Programmable replacement for conventional TTL
logic.

Reduces IC inventories substantially and simplifies
their control.

Reduces chip count by 4 to 1.

Expedites and simplifies prototyping and board
layout.

Saves space with 20-pin Skinny DIP packages.

High speed: 25ns typical propagation delay.

Programmed on standard PROM programmers.

Programmable three-state outputs.

Special feature reduces possibility of copying by
competitors.

Description

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

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

The PAL transfer function is the familiar sum of products. Like
the PROM, the PAL has a single array of fusible links. Unlike the
PROM, the PAL is a programmable AND array driving a fixed
OR array (the PROM is a fixed AND array driving a
programmable OR array). In addition the PAL provides these
options:

¢ Variable input/output pin ratio
+ Programmable three-state outputs
* Registers with feedback

¢ Arithmetic capability

Unused inputs are tied directly to Vo or GND. Product terms
with all fuses blown assume the logical high state, and product
terms connected to both true and complement of any single
input assume the logical low state. Registers consist of D type
flip-flops which are loaded on the low to high transition of the
clock. All registers are designed to power up to logical high state
at the output pin. PAL Logic Diagrams are shown with all fuses
blown, enabling the designer use of the diagrams as coding
sheets. 8%2 x 11 Logic Diagrams are available on request.

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

NOMSER DESCRIPTION

PAL10HB OCTAL 10 INPUT AND-OR GATE ARRAY

PAL12H6 HEX 12 INPUT AND-OR GATE ARRAY

PAL14H4 QUAD 14 INPUT AND-OR GATE ARRAY

PAL16H2 DUAL 16 INPUT AND-OR GATE ARRAY

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

PAL10LS OCTAL 10 INPUT AND-OR-INVERT GATE ARRAY

PAL12L6 HEX 12 INPUT AND-OR-INVERT GATE ARRAY

PAL14La QUAD 14 INPUT AND-OR-INVERT GATE ARRAY

PAL16L2 DUAL 16 INPUT AND-OR-INVERT GATE ARRAY

PAL16L8 OCTAL 16 INPUT AND-OR-INVERT GATE ARRAY

PAL16RS OCTAL 16 INPUT REGISTERED AND-OR GATE ARRAY
PAL16R6 HEX 16 INPUT REGISTERED AND-OR GATE ARRAY
PAL16R4 QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY
PAL16X4 QUAD 16 INPUT REGISTERED AND-OR-XOR GATE ARRAY
PAL16A4 QUAD 16 INPUT REGISTERED AND-CARRY-OR-XOR GATE ARRAY

Ordering Information

PROGRAMMABLE ARRAY LOGIC FAMILY
NUMBER OF ARRAY INPUTS

————OUTPUT TYPE

H = ACTIVE HIGH

L = ACTIVE LOW

C = COMPLEMENTARY

R = REGISTERED

X = EXCLUSIVE-OR REGISTERED

A = ARITHMETIC REGISTERED
NUMBER OF OUTPUTS

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

PACKAGE
N = PLASTIC DIP
J = CERAMIC DIP

AL14L4CN

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 Mo no I it hic M e m 0 r i e s
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PAL Family

Absolute Maximum Ratings

Operating Programming

SUPPIY VORAGE VoG oottt et 7v 12V
INpUtVORAgE . ... e 5.5V 12V
Off-state outputvoltage .......... ... . i e 5.5V 12V
Storage temperature FANGE . ... .. ...ttt ettt e et e e e s —-65°C to 150°C
10H8, 12H6,14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2
Recommended Operating Conditions
SYMBOL PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX MIN NOM MAX
\ele} Supply voltage 45 5.0 5.5 4.75 5.00 5.25 \"
I0H High-level output current -20 -3.2 mA
loL Low-level output current 8 - 8 mA
TA Operating free airtemperature -55 125% 0 75 °C
Electrical Characteristics
Over Recommended Operating Temperature Range
SYMBOL PARAMETER TEST’CONDITIONS MIN TYP MAX | UNIT
VIH High-level input voltage ' ' 2 \
ViL Low-level input voltage 0.8 \
Vic Input clamp voltage Vce = MIN I = —18 mA -1.5 \'
) Voo = MIN, Vi = 2V,
VOH High-level output voltage v Vil = 0.8V, IoH = MAX 24 \'
Vce = MIN, Vi = 2V,
VoL Low-level output voltage VIL = 0.8V, loL = MAX 0.5 \
I Enp‘ut current at maximum VoG = MAX, V) = 5.5V 10| mA
input.voltage
IIH High-level input current Vce = MAX, Vi = 24V 25 A
L Low-level input current Ve = MAX, V| = 0.4V -250 nA
los Short-circuit output current Vce = MAX -30 —130 mA
Icc Supply current Ve = MAX 55 mA
Switching Characteristics
Over Recommended Ranges of Temperature and Voo
MILITARY * COMMERCIAL
TEST CO IONS + Tp= —55°t0 +125°C | Tp =0°to75°C
SYMBOL PARAMETER EST CONDITION Vcec =50V =10% | Vcc =5.0V=5% | yNiT
RL=20KQ MIN TYP MAX|MIN TYP MAX
tPD From any input to any output CL = 15pF 25 25 ns

* Operating Case Temperature only. T = 125°C
1 See Standard Test Load and Definition of Waveforms, page 3-24
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PAL Family

16L8, 16R8, 16R6, 16R4, 16X4! 16A4'
Recommended Operating Conditions

SYMBOL PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX MIN NOM MAX
vVce Supply voltage 45 5.0 55 4.75 5.00 5.25 \
IOH High-level output current -20 -3.2 mA
loL Low-level output current 12 24 mA
TA Operating free air temperature -55 125* 0 75 °C
Electrical Characteristics
Over Recommended Operating Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
Vic Input clamp voltage Vce = MIN, 1) = —18mA -15 \
— Vce = MIN, Vg = 2V,
VOH High-level output voltage Vil = 0.8V, IoH = MAX 24 \Y
VoL Low-level output voltage xﬁ_c::ogw' \I/g':;i;le 0.5 \Y
Off-state output current Vce = MAX, VIH = 2V,
lozH high-level voltage applied Vo = 2.4V, VIL = 0.8V 100 KA
Off-state output current Vce = MAX, VIH = 2V,
lozL low-level voltage applied VO = 0.4V, VIL = 0.8V —100 HA
Input current at B _
L maximum input voltage Ve = MAX, Vi = 5.5V 10 mA
hH High-level input current Vce = MAX, V| = 24V 25 uA
i Low-level input current Vce = MAX, V) = 0.4V —-250 nA
los Short-circuit output current Vce = MAX, -30 -130 mA
Suoply | 16L8 140 2107
e PPY I 6R4,16R6,16R8 Vee = MAX 150 2257 mA
Current ™6x4,16A4 160
Switching Characteristics
Over Recommended Ranges of Temperature and Voo MILITARY COMMERCIAL
Ta= —55°to +125°C | T = —0°to +75°C
T A A
SYMBOL PARAMETER TESLC?N:S '(?NS Vcec=5.0V+10% | Vcc=5.0V+5% | UNIT
L= MIN TYP MAX[MIN TYP MAX
tPD Input to output 25 45 25 40 ns
tPD Clock to output CL = 45pF 15 25 15 25 ns
tpzx Pin 11 to output enable 15 25 15 25 ns
tpxz Pin 11 to output disable CL = 5pF 15 25 15 25 ns
tPzX Input to output enable CL = 45pF 25 45 25 40 ns
tpxz Input to output disable CL = 5pF 25 45 25 40 ns
¢ Width of clock High 25 25 ns
w oth ot cloc Low 25 25
¢ Setup i 16R8,16R6,16R4 45 40 ns
su elup ime 16X4. 16A4
th Hold time 0 -15 0 -15 ns

*Qperating Case Temperature only, Tc = 125°C
tlcc = MAX at minimum temperature
1t See Standard Test Load and Definition of Waveforms, page 3-24
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PAL Family

Programming

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

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

Step 2 Select an input line by specifying Ig, I, 12, I3, 14, I5, lg, 17
and L/R as shown in Table 1

Step 3 Select a product line by specifying Ag, A1 and A2 one-of-
eight select as shown in Table 2

Step 4 Raise VG (pin 20) to ViHH

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

Step 6 Lower Vcc (pin 20) to 6.0 V

Step 7 Pulse the CLOCK pin and verify the output pin, O, to be

PRODUCTS 0 THRU 31

eloioinlsiclcizizisl

oD ~ Vee
lo Oo
Iy o1
12 02
I3 O3
Ig Ap
Is A
Is A2
7 LR
GND cLock

3

Gl L =) B EETEE] E

PRODUCTS 32 THRU 63

lo

FEAAAARARRD

CLOCK

Vee E
LR E
Ao E
Ay 3
A2 E
Op E
[} E
02 E
O3 E
oo []

Figure 1 Pin Identification

Programming Waveforms

Low for active Low PAL types or High for active High op j \-
PAL types.
yp vvn.Ar‘ — e
Step 8 Lower VoG (pin 20) to 4.2 V and repeat step 7 L LR, A v:n:;_/’ \_c
ViL!
Step 9 Should the output not verify, repeat steps 1 thru 8 up to vee V'"":y—\_\_,__
five (5) times. sov sov a2y
td Tp td -
VIHH— W VERIFY
This procedure is repeated for all fuses to be blown (see Vo {
programming waveforms). ° VoL
td td | td
To prevent further verification, two last fuses may be blown by H l VERIFY
raising pin | and pin Il to Vp. VGG is not required during this cLock ::': 1 1
operation.
Programming Parameters
Ta = 25°C
LIMITS
SYMBOL PARAMETER UNIT
MIN TYP MAX
VIHH Program-level input voltage 10.5 11 11.5 \
Output Program Pulse 50
WHH Program-level input current | Output Disable, OD 25 mA
All Other Inputs 5
ICCH Program Supply Current 400 mA
CcC
Tp Program Pulse Width 10 50 15
td Delay time 100 ns
Program Pulse duty cycle 25 %
Vp Program/Verify-Protect-input voltage 20 \
ip Program/Verify-Protect-input current 400 mA
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PAL Family
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Voltage Legend
L = Low-level input voltage, Vi
H = High-level input voltage, ViH

HH = High-level program voltage, V|HH

INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION

LINE LINE

NUMBER |17 |16 | 15|14 |13 | 12| 11| 10 |LR NUMBER O3 | 02| 01 |Op | A2 | Al | Ao
0 HH|HH | HH|HH|HH | HH | HH| L | L 0, 32 L]l o] vm|cL |t L
1 HH|{HH| HH|HH| AR AR HR A L 1,33 Ll L] e]muloe ] |nH
2 HH{HH| HH I HH AR AR HR) L ee 2,34 Ll Ll e lmHal L |HH] L
3 HH|HH| HH|HH| HH|HH | HH| H | HH 3,35 Ll L] L |HH] L |HH]| HH
4 HH|HH| HH|HH|HH|HH] L | HH| L 4, 36 I T BT I~ = T TS A T
5 HH|HH | HH|HH|HH|HH | H |HH]| L 5,37 Ll L| L|HH|HH]| L | HH
6 HH|HH| HH |HH| HH [HH | L | HH| HH 6, 38 Ll L] L |HH|HH|HH] L
7 HH|HH| HH |HH| HH|HH | H |HH | HH 7, 39 L{ L ]| L |HH|HH]|HH | HH
8 HH|{HH| HH |HH|HH| L | HH|HH] L 8, 40 T T TV R BT L
9 HH|HH| HH|HH|{HH | H |HH | HH] L 9, 41 Ll L |mHe|l L] L ]| L |nHH
10 HH|HH| HH|HH|HH | L | HH | HH| HH 10, 42 Ll L |HH| L | L |HH|L
1 HH|HH| HH {HH|HH| H | HH | HH ]| HH 11, 43 Ll L |HH|l L | L |HH]|HH
12 HH|{HH|HH{HH| L |HH|HH|HH] L 12, 44 Ll L ||l L |He] L | L
13 HH|HH| HH |HH| H |HH | HH [ HH] L 13, 45 L]l L |HH| L |HH]| L | HH
14 HH|HH | HH|HH| L |HH | HH | HH | HH 14, 46 Ll L |HH| L |HH]|HH] L
15 HH|HH| HH|HH| H |HH | HH [ HH | HH 15, 47 L]l L |HA| L [HH|HH | HH
16 HH|HH|HH| L |HH|HH | HH | HH]| L 16, 48 I AT T T AT T
17 HH|HH|HH| H |HH|HH|HH | HH| L 17, 49 L|lHH| L L |L | L |nH
18 HH|HH|HH| L [HH|HH | HH [ HH | HH 18, 50 L HH| L | L |L |HH]L
19 HH|HH | HH| H [HH |HH | HH | HH | HH 19, 51 L|lHH| L | L | L |HH]|HH
20 HH|HH| L |HH|HH|HH | HH | HH]| L 20, 52 LlHH| L | L |H]| L | L
21 HH|HH| H |HH|HH|HH | HH | HH] L 21, 53 L|lHE| L | L |HH]| L |HH
22 HH|HH| L |HH|{HH|HH | HH | HH | HH 22, 54 LIHH| L | L [HH|HH| L a
23 HH|{HH| H |HH|HH |HH | HH | HH | HH 23, 55 LIHH| L | L |HH | HH | HH
24 HH| L |HH|HH|HH |HH | HH | HH] L 24, 56 (ST T T AT T T
25 HH| H |HH|HH|HH |HH | HH | HH]| L 25, 57 HHl L | L | L ]ce | L |nH
26 HH| L | HH|HH|HH |HH | HH | HH | HH 26, 58 HH| L | v L | |mH]|L
27 HH| H | HH|{HH|[HH |HH | HH [ HH | HH 27, 59 HH| L | L | L L [HH|HH
28 L {HH|HH|HH|HH|HH |HH | HH]| L 28, 60 HH| L | L | L {HH]| L L
29 H {HH |HH |HH | HH [HH | HH [ HH ] L 29, 61 HH| L | L | L |HH| L |HH
30 L |HH|HH|HH|HH | HH | HH | HH | HH 30, 62 HH| L | L | L |HH|HH| L
31 H |HH | HH [HH | HH | HH | HH | HH | HH 31,63 HH| L | L | L |HH |HH | HH

Table 1 Input Line Select

Table 2 Product Line Select




PAL Family

Package Drawings

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS.

N20 Plastic Dip
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20 1
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PAL Family

Logic Diagram PAL10H8
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PAL Family
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Logic Diagram PAL12H6

v 3

4 ,

.

.

24
25

D .

;

5T .

T ]

{

:

a

:

;

« 2

;

9 "

0123

4567

1213

1617 021

24252627 28293031

3-10



PAL Family

Logic Diagram PAL14H4
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PAL Family

Logic Diagram PAL16H2
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PAL Family

Logic Diagram PAL16C1
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PAL Family
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Logic Diagram PAL10L8
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PAL Family

Logic Diagram PAL12L6
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PAL Family
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PAL Family

S S S A S —
Logic Diagram PAL16L2
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PAL Family

Logic Diagram PAL16L8
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PAL Family

Logic Diagram PAL16R8
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PAL Family

Logic Diagram PAL16R6
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PAL Family

Logic Diagram PAL16R4

L_D

0123 4567 8 91011 12131815 16171819 20212223 24252627 28293031

19

NonmswNn -

——
s <+—
<

27 D Q 1

38 15

ge

1

vV

ol
L1

a3 14

“ T

=]}

fREUZ28s8S
b

P K

59 12

0123 4567 8 91011 12131415 16171819 20212223 24252627 28293031

3-21



PAL Family

Logic Diagram PAL16X4
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PAL Family

Logic Diagram PAL16A4
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Standard Test Load and Definitions of Waveforms

Standard Test Load

TEST
POINT AL
FROM OUTPUT
o—wW\W—0
UNDER TEST 4{ vee
J (See Note B)
CL RO 3
(See Note AI (See Note C) S
I %
= = 1
Test Waveforms
MING W
TIMIN HIGH-LEVEL
INPUT ﬁ&e Note C) ey vt oviN-
1 ov
tsetup Hihold —tyy
1 3v
DATA LOW-LEVEL
Ny AV VT -\ - SN~ Yy A
INPUT /T TN\ o PULSE vroovr

3v 3v
/ \ OUTPUT /
INPUT -/ -VT VT-N\-— CONTROL\VT vr-/-
ov (Low-level n ov
tPLH 4= ,_.t, tPHL enabling) «——tpzL _’1 PLZ T
I VOH 1 a5V S§1 |andd
alaiors vr-/~ NV WAVEFORM 1 52 opand \/T —_— sV
———— VoL (See Note D) — VoL
tPHL tPLH tPZH ] ‘PHZ*A, os5vh
VOH - 05V4 VOH
OUT OF PHASE VT -\- St WAVEFORM 2 iy v N sy
OUTPUT (See Note D) _ S1 open S2 closed, S1and
(See Note G) voL ov S2 closed
Propagation Delay Enable and Disable
NOTES: A. Ci includes probe and jig capacitance.
B. All diodes are 1N916 or 1N3064.
C. Rp = 1K, VT =15V
D. 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.
E. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
F. Al input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zg,t = 50 and:
tr=15ns tf<= 6 ns
G. When measuring propagation delay times of 3-state outputs, switches S1 and S2 are closed.
— R
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Clock Frequency

Maximum clock frequency, fmax

The highest rate at which the clock input of a bistable circuit can
be driven through its required sequence while maintaining stable
transitions of logic level at the output with input conditions es-
tablished that should cause changes of output logic level in ac-
cordance with the specification.

Current

High-level input current, |

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

High-level output current, IoH

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

Low-level input current, Iy

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

Low-level output current, loL

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

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

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

The current into * an output when that output is short-circuited to
ground (or other specified potential) with input conditions
applied to establish the output logic level farthest from ground
potential (or other specified potential).

Supply current, icc

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

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

Hold Time

Hold time, th

The interval during which a signal is retained at a specified input

terminal after an active transition occurs at another specified

input terminal.

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

2. The hold time may have a negative value in which
case the minimum limit defines the longest interval
(between the release of data and the active transi-
tion) for which correct operation of the logic ele-
ment is guaranteed.

Output Enable and Disable Time

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

The propagation delay time between the specified reference
points on the input and output voltage waveforms with the

three-state output changing from a high-impedance (off) state to
the defined high (or low) level.

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

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

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

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

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

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

Propagation Time

Propagation delay time, tpp

The time between the specified reference points on the input
and output voltage waveforms with the output changing from
one defined level (high or low) to the other defined level.
Propagation delay time, low-to-high-level output, tp|H

The time between the specified reference points on the input
and output voltage waveforms with the output changing from the
defined low level to the defined high level.

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

The time between the specified reference points on the input
and output voltage waveforms with the output changing from the
defined high level to the defined low level.

Pulse Width

Pulse width, ty,

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

Setup Time

Setup time, tgy

The time interval between the application of a signal that is

maintained at a specified input terminal and a consecutive ac-

tive transition at another specified input terminal.

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

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

3-25



PAL Family

Voltage

High-level input voltage, V|H

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

two ranges of values used to represent the binary variables.

NOTE: A minimum is specified that is the least positive value of
high-level voltage for which operation of the logic ele-
ment within specification limits is guaranteed.

High-level output voltage, VOH

The voltage at an output terminal with input conditions applied

that according to the product specification will establish a high

level at the output.

Input clamp voltage, V|C

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

tance that serves to limit the input voltage swing.

Low-level input voltage, V|

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

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

NOTE: A maximum is specified that is the most positive value of
low-level input voltage for which operation of the logic
element within specification limits is guaranteed.

Low-level output voltage, VoL

The voltage at an output terminal with input conditions applied

that according to the product specification will establish a low

level at the output.

Negative-going threshold voltage, VT

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

eration of the logic element according to specification as the

input voltage falls from a level above the positive-going

threshold voltage, VT+ .

Positive-going threshold voltage, VT+

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

eration of the logic element according to specification as the

input voltage rises from a level below the negative-going

threshold voltage, VT—.

Truth Table Explanations

H = high level (steady-state)

L = low level (steady-state)

T = transition from low to high level

! = transition from high to low level

X = irrelevant (any input, including transitions)

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

.h = the level of steady-state inputs at inputs A through
H respectively
Qo = level of Q before the indicated steady-state input
conditions were established
Qo = complement of Qg or level of Q before the indicated
steady-state input conditions were established
Qnp = level of Q before the most recent active transition

indicated by | or 1

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

If, in the input columns, a row contains H, L, and/or X together
with 1 and/or |, this means the output is valid whenever the input
configuration is achieved but the transition(s) must occur follow-
ing the achievement of the steady-state levels. If the output is
shown as a level (H, L, Qp, or Qg), it persists so long as the
steady-state input levels and the levels that terminate indicated
transitions are maintained. Unless otherwise indicated, input
transitions in the opposite direction to those shown have no
effect at the output.
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Design Concepts

Selecting the Right PAL

The 15 PAL part types offer a wide range of complexity to
choose from. Starting with the PAL10H8 (10 inputs, 8 active high
outputs), the first 9 PAL types can replace random SSI gate
functions at about a 4 to 1 chip count reduction. With a variety of
input/output pin ratios and Active High or Active Low outputs,
this group, described as combinatorial, is designed to provide
the Low Power Schottky (LS) fan-out and fan-in characteristics
of 8 mA output sink (IQr) for totem-pole outputs and 250 wA
input loading (I|L).

The next 6 PALs provide the additional features of three-state
outputs, state sequencing, arithmetic, and programmable
input/output pin ratios. The three-state outputs drive the
standard LS output sink of 24 mA (IoL), providing bus driving
capability. These sequential PALs are ideal for replacing
existing MSI and/or defining new LSI functions not presently
available.

Unused inputs should be tied to either Vo or GND. The series
resistor required for unused inputs on standard TTL
is NOT required for PALs, thus using less parts.

Defining the Pinout

The first step in designing a PAL is selecting the Pinout. The
example shown below shows a method for circling a section of
conventionally drawn logic to define a boundary for a PAL
function. This boundary will dictate a specific number of input
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pins and output pins. For the example, 8 inputs and 6 outputs
are required, well within the capability of the PAL10L8. Assign-
ment of inputs and outputs to specific pins can be done using
the PAL Logic Symbol as shown below.

Note: This pinout selection can later be changed to suit printed
circuit board layout as will be shown in the Dice Game example.

Specifying the Design

Once a pinout is selected, the fuse pattern is specified by one of
several methods. The Applications section of this handbook
shows a variety of examples and design techniques. The basic
method is simply to mark the PAL Logic Diagram with ap-
propriate fuse interconnections for the desired logic transfer
function. This can be accomplished by translating conventional
logic diagrams to PAL Logic Diagrams. Next, the PAL Logic
Diagram is translated to the PAL Programming Format, which
is compatible with standard PROM programmer format for
512 x 4 (2048-bit) PROMs. The most common PROM pro-
grammer input medium is paper tape, with BHLF, BPNF or
Hexadecimal Formats.

Fuses left intact are indicated on the logic diagram by an “X” at
the intersection of the input line and the AND gate product line.
A blown fuse is not marked. The PAL Logic Diagrams are
provided with no fuses marked, allowing the designer to use the
diagram as a coding format. Actually, the unprogrammed PAL is
shipped with all X’s (all fuses) intact. Each fuse node is identified
by a Product Line Number and an Input Line Number which are
used to locate the corresponding square in the PAL Pro-
gramming Format. An “X” on the logic diagram corresponds to
an “L” or an “N” in the programming format. A blank on the
logic diagram corresponds to an “H” or a “P” on the pro-
gramming format.

Note: The first nine PALs appear to the PROM programmer as a
depopulated 512 x 4 PROM. As the programmer will expect to
verify all 2048 locations, the PAL Programming Format must
provide the expected pattern for verifying non-existent fuse
nodes. The expected patterns for non-existent fuse nodes are
shown at the end of this section.

PAL10LS8
I S v
A I '1_‘9] WEOE,
aa O D_E WEOE,
A1a EM :D”E CE
As s H Ano 15] CE,
v prase 2 [T ] >-{ ne
aw EH ] {5 cson,
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PAL Legend

Constants
LOW (L) NEGATIVE (N) ZERO (0) GND FALSE x —¥—  FUSE NOT BLOWN

HIGH (H) POSITIVE (P) ONE (1) Vg TRUE - FUSE BLOWN

Operators Equal, EQ.

: = Replaced by Following 1
Complement

+ AND, Product

+ OR, Sum

+: XOR, .NE.

£+ Conditional Three State, Arithmetic

i}

Equations Standard Qq =Ty + [j Ip

PALASM 01 = I1le-12 + ~I1elIZ

Conventional Symbology " D
o D‘. T
12 D

PAL Symbology LOGIC STATE

FUSE BLOWN Vee Mttiwu
INPUT ) PRODUCT WITH ALL FUSES
HIGH / BLOWN REMAINS HIGH ALWAYS

/ FUSE NOT BLOWN D
N _Z—‘ ~ C»\
INPUT I—% PRODUCT WITH ALL FUSES

INTACT REMAINS LOW ALWAYS
D ‘} b
SHORTHAND NOTATION
N »
2 —Q FOR ALL FUSES INTACT

PAL Logic Diagram

ACTIVE HIGH THREE STATE ENABLE
INPUT LINE NUMBER
0123 4567 89101 12131415 16171819 20212223 24252627 28293031 /CLOC’(f

D
Y

PRODUCT
LINE
NUMBER

[ N——
~onmswNn=o
©

STANDARD SUM OF PRODUCTS
IS EQUATED AT THESE MODES.
(BEFORE THE BUBBLE)

I

NUMBERS 12

Xg’\
|
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D  —

PAL Programming Format

SO00® NOUS WN=O

aron

INPUTS 0 TO 31

c®I>

WWNN NN NNNN
ZO00® NoOoOs WON=O

S“o0w® Nouh WN=O

INPUTS 0 TO 31
8335 ara®

WORDS 256 TO 511

NN DO
NOOE WN =0

WORD 0 TO 255

Pal
Pattern
Name
040300y For Products 0 thru 31
2416 8 0 25 17 9 1 26 18 10 2 27 19 11 3 28 20 12 4 29 21 13 5 30 22 14 6 31 23 15 7
0 32 64 96 128 160 192 224
1 33 65 97 129 161 193 225
2 34 66 98 130 162 194 226
3 35 67 99 131 163 195 227
4 36 68 100 132 164 196 228
5 37 69 101 133 165 197 229
6 38 70 102 134 166 198 230
7 39 7 103 135 167 199 231
8 40 72 104 136 168 200 232
9 41 73 105 137 169 201 233
10 a2 74 106 138 170 202 234
1" 43 75 107 139 171 203 235
12 44 76 108 140 172 204 236
13 45 77 109 141 173 205 237
14 a6 78 110 142 174 206 238
15 47 79 m 143 175 207 239
16 48 80 12 144 176 208 240
17 49 81 113 145 . 177 209 241
18 50 82 114 146 178 210 242
19 51 83 15 147 179 211 243
20 52 84 116 148 180 212 244
21 53 85 17 149 181 213 245
22 54 86 118 150 182 214 246
23 55 87 119 151 183 215 247
24 56 88 120 152 184 216 I 248
25 57 89 121 153 185 217 | 249
26 58 90 122 154 186 218 1 250
27 59 91 123 155 187 219 [ 251
28 60 92 124 156 188 220 252
29 61 93 125 157 189 221 253
30 62 94 126 158 190 222 254
31 63 95 127 159 191 223 255
For Products 32 thru 63
56 48 40 32 57 49 41 33 58 50 42 34 59 51 43 35 60 52 44 36 61 53 45 37 62 54 46 38 63 55 47 39
256 288 320 352 384 416 448 480
257 289 321 353 385 417 449 481
258 290 322 354 386 418 450 482
259 291 323 355 387 419 451 483
260 292 324 356 388 420 452 484
261 293 325 357 389 421 453 485
262 294 326 358 390 422 454 486
263 295 327 359 391 423 455 487
264 296 328 360 392 424 456 | 488
265 297 329 361 | 393 425 457 489
266 298 330 362 394 426 458 490
267 299 331 63 395 427 459 491
268 300 332 364 396 428 460 492
269 301 333 365 397 429 461 493
270 302 334 366 398 430 462 494
27 303 335 367 399 431 463 495
272 304 336 368 400 432 464 496
273 305 337 369 401 433 465 497
274 306 338 370 402 434 466 498
275 307 339 371 403 435 467 499
276 308 340 372 404 436 468 500
277 309 341 373 405 437 469 501
278 310 342 374 406 438 470 502
279 31 343 375 407 439 an 503
280 312 344 376 408 440 472 504
281 313 345 377 409 441 473 505
282 314 346 378 410 442 474 506
283 315 347 379 a1 443 475 507
284 316 348 380 412 444 476 508
285 317 349 381 413 445 477 509
286 318 350 382 414 446 478 510
287 319 351 383 415 447 479 511
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Paper Tape Inputs

Truth tables can be sent to MMI in an ASCII tape format. Infor-
mation can be sent by mail or TWX. (MMI's TWX number is
910-339-9229.) Although MMI can program PALs with the
tape in any format, the following formats have been the most
popular.

8 Level TWX
AP
.

BHLF Format

START OF TAPE

BEGIN DATA FIELD
DATA FIELD (H = HIGH VOLTAGE, L = LOW)
] ( FINISHED DATA FIELD

S BHHLHETF B HHHHF
0403 05 04
WORD 0 WORD 1

END OF TAPE

BHLLHF

BHLLLTFE

WORD 2 WORD 511

The required heading information at the beginning of the tape is as follows:

CUSTOMER'S NAME AND PHONE
CUSTOMER'S TWX NUMBER (IF ANY)
PURCHASE ORDER NUMBER
MMI PART NUMBER

CUSTOMER SYMBOLIZED PART NUMBER
TRUTH TABLE NUMBER (IF ANY)
TYPE OF FORMAT (IF ASCII, HEX, BHLF, ETC.)
25 BELL OR RUBOUT CHARACTERS

An example is shown below:

‘|I': IoGER-v3

FRTNONL
EHLF

S-z104

(25 Bell or Rubout Characters)

ELLLHF ELLLLF ELHLHF ELHHHF

. . .

ELLLLF ELHLHF ELHHHF ELLHHF
E

ELLHHF EHHHHF ELLLHF ELHLHF

EMHHHF ELLLHF ELHLHF ELLLLF

BPNF Format

This format is identical to the BHLF format with the exception
that a “P” designates a positive bit, and hence a “high” level,
and an “N” represents a negative bit, and hence a “low” level.

Hexadecimal Format

In this format the heading required is identical to the BHLF for-
mat but the data is different. Instead of an “S,” the hexadecimal

data begins with the SOH or STX character (control A). The data
is then represented by the hexadecimal character (0-9 and A-F)
which represents the output data of address’ 0, followed by a
space.

Next comes the output data of address 1 followed by a space,
etc. The character ETX (control C) is used to end the data.
Carriage return and line feed may be included to format the data
when the tape is printed.

——_—__ ]
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Documenting the Design

Along with the opportunity to “design your own chip” comes the
responsibility of documenting the device in a way that others can
understand it. The reader who has been puzzled by logic
diagrams showing PROMs to implement random logic can
identify with this problem. The documentation for that PROM
was a truth table containing no more than ones and zeros,
hardly enough information to quickly figure out the function
being performed. Using PALs without proper documentation can
cause similar confusion.

Consider the technician on the production floor who is tracing
logic faults when he observes a PAL16R8, PAT2719 on his logic
schematic. “I wonder what this part does,” he says to himself.
Adjacent to the 16R8 is a 74L.S5240 which the technician recalls
is a 20 pin octal buffer. He knows this because he looked it up in
his TTL Databook, where the data sheet told all about the
function of an octal buffer. “How can | figure out what a PAT2719
does?" he says. At this point the technician would like to reach
for a PAL Databook containing a data sheet on the PAL16R8,
PAT2719.

PAL Design Specification

The PAL Design Specification is a recommended data sheet
format for describing the function of a PAL once it has acquired
the unique personality of a particular fuse pattern. A sample PAL
Design Specification is shown on the next page. It contains
the essential features of a data sheet including 1) Device Name,
2) Pin List, 3) Description, 4) Function Table and 5) Logic Dia-
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gram (on additional page). Two additional features not found in
conventional data sheets are also included. First, is the author's
name and the date. This information is standard on most
engineering documents. Second, are the equations which
define the PAL transfer function. The equations specify the
precise operation of the PAL and, accordingly, are useful in
understanding the function. Of higher importance, however, the
equations are the key to automating the process of “designing
your own chip.”

PALASM

The equations in the PAL Design Specification, along with the
PIN List and part number, contain the exact information
necessary to generate PAL fuse patterns. Any friendly computer
can transfurm the spec into programming instructions in the
form of paper tape or, preferably, RS232C voltage waveforms
for no-nonsense direct input to PROM programmers. With a little
help from your computer, your PALs can be designed, doc-
umented and programmed within minutes.

PALASM, for PAL Assembler, is a Fortran IV program which
translates a PAL Design Specification into a PAL Fuse Pattern
and PAL Programming Format (BHLF or HEX). PALASM source
code is available to users on the following pages. Other source
code media is available on request.

Examples of PALASM output are shown in the Applications
section. The flow chart outlines the PALASM operation.
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Sample PAL Design Specification

PAL PART NO. (MUST START AT LINE 1, COLUMN 1)

PATTERN NO.

NAME OF DEVICE (MUST START ON LINE 3)

SN RETE]

SFECIFICATION

FPART N AUTHOR "% HAME. DATE
HAME OF DEWICE <ES. CLOCK SEMERATOR. FORT ADDREZE DECODERs ETC
FIM1L FIMZ 2 -4 S & 78 % GHMD 11 12 13 14 15 1e 17
12 13 Yoo
PIN LIST (MUST START ON LINE 5)
CONSISTS OF 20 SYMBOLIC NAMES WHICH
ARE CONSECUTIVELY ASSIGNED TO
PINS 1 THRU 20.
19 = FIMied + ~<FINZ
15 =5 + & + 7 + 52 + Fell
<17 1= Se 3
16 = R = EQUATIONS
IFCFIM1IeFIMEZY 15 = 2 + &
<14 = 345

IF ¢ = SeT+FINZ

WO x 1E

DEZCRIFTIOM:

IEEZ THE OFEFARTION OF THE DEWICE. AFPLICATIONZ

BEE FROVIDEL.

THIZ FPAFASEAFH DE:
IMFORMATION MAY ALE

FIUHCTION THELE

! IHFUTE ! 1
——————————————————————— OFERAT IO !
!RIML FIME YT i
: H L P L LY HOH LOH LOH O H L CLEFRF H
! ! ! P ! . !
N . i . ' . '
R : : '
! . . ! . H .. . ! . '
H . . ! . ! . . . 4 !

\‘ SEE DEFINITION OF TERMS FOR FUNCTION TABLE DEFINITIONS




PALASM Flow Chart
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10 I READ PAL PART NO & TITLE ]

20 r READ PIN LIST AND STORE IN SYMBOL TABLE, ISYM 1
T

25

READ NEXT SYMBOL ]
I

NO

YES
PRODUCT GROUP = MATCH (OUTPUT SYMBOL) l

L

[ RESET COLUMN POINTER |
T

30 [ READ NEXT CHARACTER _ |

NO

O

Y YES
READ NEXT SYMBOL ]

50 [

YES

NO
MATCH SYMBOL WITH SYMBOL TABLE ]

[

NO

CALL FIXEI

D SYMBOL MATCH

]

YES
[ SET FUSES (MATCH) AND SAVE SYMBOL FOR PLOT
|

60

YES

70

[__PrODUCT = PRODUCT +1_|

]

[ READ NEXT SYMBOL

YES

NO
| TWEEK FUSES FOR NON-EXISTENT FUSE PATTERN I

L WRITE TITLE AND PLOT FUSE PATTERN ]
[ WRITE HEX FORMAT ]
L WRITE BLHF FORMAT ]

(&
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PALASM Source Code

FARLRASZTHM - TRAMZLATES SYMEOLIC EQUATIONE INTO FAL OEJECT
CODE FORMATTEDR FOR DIRECT IMFUT TO ZTRMHDARD
FFROM FPROGEAMHMER:E.

IMFPLUT: FAL DEZIGH ZFECIFICATION RIZIGHED
7O DATA ZET REFEREMCE HUMEER 1
AMD TERMIMAL IMFUT AZZIGHED TO
IATA ZET REFEREMCE HUMEER S

OuUTFUT: FUZE FATTERMs HEX FORMAT. EHLF
FORMATs OF EFMF FORMAT OM DRTH ZET
REFEREMCE MUMEER &

FART HUMEER: THE FAL FART MUMEER MUST

AFFERF IN COLUMM OME OF LIME OME
FIM LIST: 20 SYMBOLIC FIM MAMES MUST AFPFEAR
ITARTIMS OM LIME S

EQUATIOME: ZTARTIMG FIRET LIME RFTER THE
FIM LIZT IM THE FOLLOWIWG FORME:

H = EeZ + D

H := Eel + I

ke D s T K R R kv K e ke Ea R v R s e e R Ry K R R e e R v R e

IF: ReE » = =10 + E

AZ := (A1.E&.E1x + -C

- AMD COLOME ARE IGHORED

OFERRTORE: = EQUALITY
= FEPLACED EY C<RAFTER CLOCED>
< COMFLEMENT
. AMDs  PRODUCT
+ Ors  ZlM
I+ IMFLIED EXCLUZIVE OR
i COMDITIOMAL THREE-ZTATE

OF FIXED =vMEOL

AMD PAL1EAY

OrLYyY': A+ B> WHERE M = 01
CAM+EMD FOR OUTFUT FI
CHMH TelEs15s 14y REZ

A+ B A IZ OUTRUT
N E IZ IMFUT

ZUBROUTIMEZ: IMITLSs GETEYMs IMCRS MATCHSF I
TWEEK s FLOT s HE®s EHLF

FUNHCTIOME: L=LATE
REY LEVEL: I S<7-78 E

HOTEZ: THE ZOURCE CODE AZ PRIMTED HEFE
FRODUCED THE OEJECT CODE OF THE
EXAMPLEZ IM THE APPLICATIOMZ
ECTION OM A MATIONAL | IEM
STEM-ZT0 FORTRAM IV

4-9
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PALASM Source Code

MAIN FROGREAM

COMMOM  LELAMKs LLEFT s LAND LOR
LOGICAL LELAMEsLLEFTsLAMD.LO
LOGICAL LFL s £ s LFHREE
IMTEGER
DATA LFL

sLELAZHs LEQURLs LEIGHT
LUALs LEIGHTsLFIRETsLF I
LNHT‘H

FEARD 1110 IHDHX I0OT.IMOOSTITLES ILINE
sIZsAls Tl s B0RLY - H1>
CALL IMITL .IHDHI;IDT IHUD ITYPEs LFLE
g an U=
CALL hET M CLPHAZE s IZ%My ds ILIMEs TCOLUM S LF IH
CALL GETEYWMOLEUFs IEUFs 1+ ILINEs ICOLUMS LF I
IF ¢.HOT.LERUALY 50 TO 25

s ILINEs ICOLLIM

CALL MATCHOIMATE ELIF s TZ%YM2
IFe CIMATCH.LT.1 LOR. CIMATCH.GT. 12 30 7O 100
I O=019-IMATC S o+ 1
IcoLum=n
a0 CALL IMCRCILIME. ICOLLIMS
IF¢ .MOT. ¢ LEGUAL.OR.LLEFT » » 50 TO =0

oo To ISFRO=1+1

RO + IZFRO - 1
—.TFUE.
M LEHF~IE”F 1o ILINEs TCOLLUMS LF IS

S0

IMHTIH EG. 100 2 =0 70 &4

I. IFROD)=.TRUE.

IPHEL i
. LFHAZE CIMATCH? » o AMD. <. HOT.LEUF (1333
T MOT.LPHA (IMATC < AMD. < LELUF 1
IINFUT=TXLATE CIMATCHs ITYFEX+IEUEL
IFCIINPUT.LE. O 50 TO &0
: CIIMFUT, IFRODY =.FALZE.
CALL FLOTCLEUFs IEUF s LFUZESs IFPRODSTITLEs .FALZE. >
50 TO &0
CALL FIXSYMOLEUFs IEUFs ILINEs ICOLUMsLFIRETLFLUZ
IFCLAND» 0 TO S0
IFC JHOT.LRIGHT » 30 7O &2
CALL INMCRCILIMEs ICOLUM?

.0OF.
» IEBUEL=1

IF¢ .HOT.LEGUAL » G0 TO &5
=35 IF¢.HOT. ¢LOR.OR.LEGUAL> » 0 TO 74
vo COMTIMUE
T4 CRALL SETZYMILEUFs TBUF» 1s ILIMEs ICOLUMS LF I

IF LLEFT.OR.LERUIALY =0 TO 22
100 IFCITYPE.LE. 4> CALL TWEEK CITYPEs IOTsLFUZE
105 WRITE &y 1100
110 FORMAT ¢ OUTFUT 7 FLOT=P HEX=H EHLF=L EFNF=N GQUIT=(
RERDcSs 1200 I
120 FORMAT (1AL
IFCI.ER.P» CALL PLOT CLEBUFs IBUFsLFUZESs IPRODS TITLEs . TRUE. D
IFCILEG.HY CALL HEXCLFUZES:
IFCI.EG.L» CALL EHLF (LFU
IF<I.EG.M» CALL EHLF CLFLU }
IF¢ ¢I.EQ.P».0OR. CI.EQ.H).OR. CI.EG.LY.OR. CI.EQ. N> > GO TO 105
=T0OP
END

POPPPPPPPPPPPPPPPPPPPPP PSP PP PP PP P ECPPPPPPPPPPPPPPPPPPOP PSPPI POPPPOG00000

cuﬂm

SUBROUTINE IMITLZ <INORI.IOT.INOOs ITYPEsLFUZESs ILINE, ICOLUM?
INTEGER LsRsXsH

DATA Lo L wsRAR U TH 7R TR

IF ¢ INOAI .LT. 16 2 ITYPE
IF¢ ¢INORI .EG. 16> .AND. <INDO .EG. 2> » ITYPE
IF¢ <INOAI .EQ. 16> .AND. <INOO .E@. 1> » ITYPE
IF< <INOARI .EQ. 16> .AND. <IOT .EQ. L> > ITYPE
IF¢ <107 .ER. RY .0OR. <IOT .EG. A» .OR. ¢IOT .E@. X3 > ITYPE =6
CALL INCRCILINE, ICOLUM>

RETURN

END

CIMODAI-2) - 4
4

4

S

o

S
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ZUEROUTIME SETE
COoMMOM LELAM
LOGICAL LELAH
INTEGER ILIME
TATAH IELAME.-
LF .
IF¢ .HOT. “LLEFT.OR.LAND.OF.LOR.OF.LEGUAL.OR.LRIGHT » GO 7O 10
CALL IMC ILIME. ICOLLIMS
=0 TO &0
=¢ .HOT. LELRAEH 2

» 30 TO 1S
ILIME» T2OLLIMS

YMOLFHRZE s TEYHM
sLLEFT»LAMD. LOF
sLLEFTsLAMDs LOF
» TE%M 0 s IELAME

15
on
0
[ HLL IHCR CILIMEs TCDLLIMS
IF ¢ LLEFT.OF.LELAME.OF.LAND.OF.LOR.OR.LRIGHT.OR.LEQUARL » =0 TO 40
50 TO &%
40 COMTIMUE
o WRITE 1ole dis I=1a30
-5n
(=2}

PPPPPPPOPPP PP PP PP PP PPPPPPPPPPPPPPPPPPPPPP 5P PP P PP 3000000000006 00000004

R

ZUEROUTIME IMCR CILIMES ICOLLIMY

COMMOM  LELAMEs LLEFT s LANDS LORs LELATH LEQUAL s LEIGHT

LOSICAL LELAME s LLEFTs LAMDs LORS LELAZH LEQUAL LEIGHT

IHTEhEP ILIME 0202 « IELAMK s ILEFTs IAND IORs IZLASHs IEQUAL s IRIGHT »

IcoLad
DHTH ITELAM ILEFT~ s IAMD "o <9 IORS "+
[ Izl S IERIAL S =" 2 IRIGHT <73 < a ICOLOMN "2 7
LELAMKE=.FH

10 I'DLHH-IIDLHM+1
IFCICOLUM.LE. 73 50 TO =0
FEADC1s&0s ERR=E0s EMD=5 03
IcoLum=1

&0 FORMAT C20R1
0 IF¢  ILIME<ICOLUM» .EG. IELAMK » LELANK=.TRLUE.
IF¢ ¢ ILIME<ICOLUM:.EQ.IEBLANK » .0OR. © ILIMECICOLUM:.ER.ICOLON > >

- B0 1O 10
LLEFT

ILINE

¢ ILIMECICOLUM: LER. ILEFT
LAND ¢ ILIME<ICOLUM: LER. H
LOF ¢ ILIMECICOLUM: LER.
LELASH=« ILINECICOLUM: LED. :
LEQUAL=< ILIMECICOLUM: .EO. IEﬂHHL'
LRIGHT=¢ ILINECICOLUM: .EQ. IRIGHT:

II H II

= WRITESs502 ILINECICOLUM
C S0 FORMAT ¢ .7 s1A1>
&0 RETURN
END

COPPP0PC0000000000000000000005000000005000000000505050500000000056000000

[}

SUBROUTINE MATCHC(IMATCHs IBUF» ISYM
INTEGER IBUF (85200 ISYM(8,202
LOGICAL LMATCH

IMATCH=0
Do 20 J=1,20
LMATCH=. TRUE.
DO 10 I=1,8
10 LMATCH=LMATCH. AND. (IBUF (151> .EQ. ISYM(IsJ>>
IF (LMATCH> IMATCH=.J
20 CONTINUE
RETURN
END
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FUNCTION IXLATEC(IMATCHs ITYPE)

INTEGER ITRBLE (20562

DATA ITARBLE~ .
3 15 S» 99135175219255299-1531s-1s-1s-1s-1s=-1s-1s-15-15-1>»
3s 1s S 9 13517521925:299-1531+279—-15-1s-1s-1s-15-1s 7s-1»
3y 1y S 9913175219255 29:-1931:2723»-1s-15-1s-1511s 7s-1>»
3y 1s S» F9135179219259299-15319279239195-15-1515511y 7s-1»
s 1 5, 99135179219255299-19319-1,27523919515s11s 7s—-1s-1>
-1s 1> 135179219255 299=19=1931927s23+s19s15s11s 7» 3e-1-

IXLRATE= ITHBLE(IHﬂTPH!ITYPE)

RETURN

END

OOOO0O0

[
CHO000000000000000000000000000000000000000000500000000000000000000000000
C

ZUBROUTINE FIXEYMCLBUFs IBUFs ILINEs ICOLUMsLFIRSTs LFUZES, IPROD
LOGICAL LBUF ¢20)sLFUSES(32s64> sLFIRSTSLMATCH

INTEGER IBUF (8520 s ILINE (202 s FIXBUF 2> s Rs B> ISLASHs IOR» IAND» Ns Gts
C MsM1sN2sNZs IBLANK S IRIGHT » TRBLE (55 142

DRTA A-“R‘ s BB /s ISLAZH "7 ~9 IOR/"+7 <3 IBLANK -7 “ s IRIGHT "2 "~y

[ IAMD- " s N N <9 Q07 sNU/’ﬂ”fle/’I*f’NE/’E'f!N3f’3’f1

C THELE s T ’H’ T+ - T s R T+ s “BYs

C T e e TR e TR -'+' 27 e A9 BTy

C coege e R R e v R s+ 9 "B s

C e TR T e ’s » A7 s @ s "By

C g TR ST TR e ey "Ry ® s "B
TINPUT=1D

oo 20 I=1.8
IBUF CIs 12 =IBLANK
20 FIXBUF ¢I»=IBLANK
21 CALL INCRCILINEs ICOLUM:
I=ILIME (ICOLUMY
IFCI.EQ. IRIGHT> 50 TO 40
IFCILE@.NIY TINPUT=2
IFCILER. M1y TINPUT=12
IFCI.ER.N2Y TIMPUT=16&
IFCI.ER. M2 TINPUT=20
DO 24 J=1,7
o4 IBUF ¢Js 13 =IBUF CJ+1s 12
IBUF ¢3s 10 =1
IF<.MOT. ¢ cI.E@.A).OR.<I.EQ.B».OR. CI.EG.ISLASH: .OR. (I.EGQ. IOR)
C .0OrR. CI.EG. IAND) .OR. <I.EQ.M».OR. <I.E@.G» > > 50 7O 21
0o 20 I=1.4
20 FIRBUF (12 =FIXBUF (I+1>
FIXBUF <S»=ILINE (ICOLUM
0 1O 21
40 IMATCH=0
oo &0 J=1s14

LMATCH=. TRUE.

oo S0 I=1,5
=10 LMATCH=LMATCH .AND. < FIXBUF {I> .EQ.TARBLECI»J>
&0 IF (LMATCH» IMATCH=.

IFCIMATCH.EQ. 0> GO TO 100
IF(.NOT.LFIRET> 60 7O 85
LFIRST=.FALSE.
DO 20 I=1,32
a0 LFUSES (I, IPROD> =. TRUE.
85 D0 20 I=1,4
IF¢ C(IMATCH-7>.6T.0 » LFUSESC(IINPUT+I, IPROD)=.FRLSE.
IF ¢ (IMATCH-7)> .GT.0 > IMATCH=IMATCH-8
90 IMATCH=IMATCH+IMATCH
LBUF (1> =.TRUE.
CALL PLOT<LBUFs IBUFs LFUSES, IPRODs TITLEy . FALSE.D
100 CALL INCRCILINE,ICOLUM)
RETURN
END
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ZUEFOUTIME FLOT CLEUF . TBUF s LFUZED
IMTEGEFR IELF o=

IFRODCTITLE s LDLIMF

! S s TITLE

o« TAHDL

C I
DATA TELAME
[ 10F.
LOGICAL LEUF (20
IFLDUMFy 530 70O &0
IFCIZAYE CIFRODs 10 HE, TELAMEY RETUREN
IFY LEUF 13 k30 TO S
g zo J=1.21
IZAYE CIFRODs Jy
IZAYE " IFFODSs =
S Do e I=1
IF: IZAWECIFFDDs12.HE.IELAME +  FETURH
IF IEUF cI«1y JEQ. TELAME ' 0 17O 20
oo 1n 1+31

=0 CYECIFRODs J+10

1in IZAYE (IFFOD. Jy =TZAYE CIFROD. 1412
IZAYE IFRODs 220 =IEIIF 0TI+ 10

=4 ZOMT THUE
IF ¢ TZRAYE v IFRODs 10 . HE. TELANED FETURM

40 Do Sa 1421

=] IZAYE IFRODs 47 =1 IAYE CIFFODs 141
IZAYECIFROD 2 TRAMHD
FETLIFM

0 WRITE (&
es FORMAT ¢
oo 100 I

oo =g v

IFFOD=
IZAYE CIFFODS
oo Vo I=1

IF« FRODs1x JME. IELAME 30 TO
o =
55 'ECIFRODS 1 =1ZAYE CIFFODs J+10
IFROD. 232 =T ELAME
i -
oo
«IFROD: »  I0OUT<Ix=IDRZH
X WE CIFROD I
=0 COMTIMUE
WFITE
Bl FOFMAT s SERLY
ag COMTIMUE
WREITE s 2E
el FORMAT © 150
100 COHT IHUE
RETLUFRH
EHD

ZUEFDUTIMNE HE:«
LOGICAL LFLUZE
IMTEGER TTEMF

ZAN0nnoni-s s BELL-ZE QE OE OE 0.

:OME FROM FROGEAMME
THIZ FROSEAM OUTFU
_eeeee YIA A g
WREITE (&

S5 FORMATC11A
oo 40 I=1

IHC=I-1

o0 40 IFROD=1s%

oo 20 IIMPUT=1.32

IHPUT IFROD+ 0+1IM
IHFUT s IFROD+ 2+1IM
IINFUT s IPROD+16+THI
CITIHFUT s IFROD+E4+1H
INFUT»=1HEX

ITEMF

Zhst Chatlt

WRITE (6 1000
RETURM
END

A ZTART CHARRCTER.
FOR THE DATA I-0 MODEL 2
] CODne « r. =Z0H FOR MODEL S
EvFsBELLsEELLsEBELLsFELLsEFELLsBFELLsEELL»FELLsEELL»:

00« TOUT C€d s TELAME s TAMDS IOFs TZLAZH IDAZH K

PP LPPPPPPPP00 0000000000000 00000 000090000900 00000 0000000000000 00000000
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SUEROUTINE TWEEK (ITYPE»IOTsLFUSES)

INTEGER LsC

LOSICAL LFUSES (32y64)

DATAR L/7L7#sCr C7r

IFCITYPE.GE.4> 0 TO 20

I0 10 IPROD=1:64
LFUZES (15 IPROD? =. TRUE.
LFUZEE C16s IPROD» =. TRUE.
LFUSES <19 IPROD) =. TRUE.
LFUSES (20 IPROD) =. TRUE.
IFCITYPE.GE.3» 50 TO 10
LFUZES (11 IPROD! =. TRUE.

E012s IPRODY =. TRUE.

23 IPROD: =. TRLUE.

24, IPROD) =. TRUE.

LFU 7s IPRODY =. TRUE.
LFU 2 IPRODY =, TRUE.
LFLL 27+ IPRODY =. TRUE.
LFUZEZ <22 IPROD) =. TRUE.
10 COMTINUE
20 IFC ITYPE.ER.1 » 50 TO 100

00 93 IINPUT=1,32
o0 20 IPROD=1.2

LFUZEZ (IINPUTs IPROD+ 0x= CIOT.ME.L?
=0 IFCI0OT.NE.C) LFUSESCIINPUTs IPROD+56r =
IFCITYPE.LE.2» &0 TO 99
0 40 IPROD=1,%
LFUZES CIINPUTs IPROD+ 22= <IOT.NE.LD
40 IFCIOT.ME.C) LFUZES<IINPUT, IPROD+42) =
IFCITYPE.LE.Z» 50 TO 99
o0 S0 IPROD=1.2
LFUSES CIINPUTs IPROD+162>= C(IOT.MNE.L2
S0 IF CIOT.NE.Cy LFUSESCIINPUT, IPROD+4D =
X COMTINUE
100 RETURN

END
o

cIOT.NE.L>

cI0T.NE.L>

“I0OT.NE.L)

COPP0000000000000000000000000000000000000000000000 0000060000000 000060000

[

ZUERDOUTINE EHLF CLFUZESsHsL2

LOGICAL LFU FY L]

INTEGER ITEMFc4s82sLsH

WRITE ©8s 102

FORMAT s 7

DO 20 I=1s33232

INC=I-1

ng o

oo

10

IPROD=1s2
20 J=1+25:8
00 15 K=1.2
IINFUT=J+K-1
ITEMP <1sk> =L
ITEMP c2s ko =L
ITEMP Zs K> =L
ITEMP ¢4+ k> =L
IF (LFUZES CIINPUT, IPROD+ 0+INC)D>
IF {LFUZES CIINPUT, IPROD+ 2+INC))>
IF (LFUZESCIINPUTs IPROD+16+INCY >
IF (LFUZES CIINPUTs IPROD+24+INC)>
COMTINUE
WRITE 6. 20> ITEMP
FORMAT ¢~ “+8C“B"s4Als “F
WRITE(Bs 102
RETURN
END

L e
D= A |

Iy
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introduction to PAL Appiications

The PAL family brings a unique flexibility to the field of logic design. Using PALs, designers
can both replace conventional logic in existing products and optimize the design of new
products. Previous sections discussed the PAL concept and provided information on the
advantages gained and the techniques used when designing with PALs. This section shows
PALs at work in applications ranging from simple logic gate replacement to complex control
sequencers.

Each example is presented as a complete PAL design. The required logic function is
described, the PAL that best solves the problem is selected, and the actual PAL logic
implementation is shown. The PAL logic is shown as both the PAL design specification and
the actual PALASM output for the PAL programmer. This makes the examples complete
enough to serve as guides for designers using PALs in their own systems.

The PAL is a versatile device whose applications are practically unlimited. These
applications examples, combined with the PAL design information contained in the rest of
this book, will help designers to get the feel of PAL design procedures. With a little practice
and study, PAL design will become a natural extension of the normal logic design process.
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Basic Gate Examples

L=
!

Y XX)

VY4 4

KK/
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The members of the PAL family are ideal for direct replacement of much
combinatorial logic in many conventional designs. The ease with which PAL
inputs and outputs can be programmed makes them a natural for use in
applications where a small number of SSI/MSI logic functions are required. This
section presents simple gate-for-gate logic function replacements using PALs.
Later sections show how entire logic functions can be replaced using single PALs.
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Example Gates No. 1 Design Specification PAL10H8
FAL1OHS PAL DEZIGH SFECIFICATION
PAT 0023 JOHH DOE 12-10-77
EXAMPLE SATEZ MO. 1

ACEFHTIELMHMGHD O HOTUZED HOTUZED P M 1 & D B VOO

0o = ~C c

M

1
=
+

AL \

DEZCRIPTIOM:

THE EXAMFLE GATES DEMOMZTRATE HOW FUSRELE LOGIC CAM IMFLEMEMT THE EBRZIC
EUFFERs IMYERTER, AMD: DOFs MAMDs MORs FUMCTIOMZ. HOTE THE OME FOR OME
CORRESPOMDEMCE EETWEEM COMWENTIOMAL LOSIC SYMEOLOGY AMD FAL LOSIC =YMEOLDGY

PAL10H8

:Ei—L'FT 5’
F[Zglzzz[:}—_zﬂe

HEIJ—_:D_EJ
G o

KE EP
Lgﬂ 0

~E =
ano 0] 1]o

Logic Symbol
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Logic Diagram PAL10H8

;a

i;

¢

i

N S |

|

&;:q > 3 NOT
USED

ﬁ;:{:> 12 NOT
USED

0123 45 89 1213 1617 200 2425 2829303
17
24
25
32
13
N
40
a
48
49
56
57
A
01 1213 1617 021 2425 8293031

5-5



Applications

Example Gates No. 2 Design Specification PAL10H8
PAL1 OHS FAL DEZIGH ZFECIFICATION
FATOOZ2S JOHH DOE 1210577
EXAMPLE GRTEZ HO. &

AEDEGHJEKHMZGHD MZ MG L MC I MO F MO C VOO

C=H e B A

G
I = CesH + ~5+H "

L o= JoK + ek ) D—

DEZCRIPTION:

THE EXAMPLE GATE:E DEMOMETRATE HOW FUZARELE LOSIC CAM IMFLEMEMT MOM-ETAMDARRD
GATE FUNMCTIOME AMD AL=0 THE EXCLUSIVE OR-MOR FUMCTIONE. HOTE THE OME FOR
OHE CORREZPOMDEMCE EBETWEEM CONVEMTIOMAL LOGIC =YMEOLOSY AMD PAL LOGIC
EYMEOLOGY.

PAL10H8

A 4
ALl 20}vee
Bj2 : | »—‘“EC
Dj3 18

0 T
K u::zlm::>——EaL

] 2]
GNDE E
Logic Symbol
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Example Gates No. 2 Logic Diagram PAL10H8
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Control Store Sequencer

Solutions to Control Store Sequencing are as varied as the problems that are
solved by micro-programmed hardware. Where an engineer goes to his “ALU
Book” to choose the appropriate device for his design, he is much less likely to
use his “Sequencer Book” to select that function. Rather, he builds the function
from standard MSI and SSI devices. Devices from the “Sequencer Book” tend to
require very horizontal control store structures, however they lack the speed
which a designer is usually trying to achieve with a horizontal control store.

The sequencer described in this application is designed for use with a vertical
control store structure. The vertical control store has narrow control fields and
may share field functions to increase field use efficiency. Designs that are built
around vertical control stores are useful in applications where events occur at
intervals in the microsecond range.
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Control Store Sequencer
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Functional Description

This Control Store Sequencer is designed to use a minimum of
control bits while providing sufficient sequencing flexibility. Only
three bits are required for the basic sequencer control. The three
bits combine to perform the following operations:

CSA = CSA + 1 Increment the control store address;
CSA = CSA + 2 Skip the next control store address; this is

a simple form of branch capability; or
CSA = BA Load a branch address.

The three control bits are SKIP, COND, and TF. SKIP defines
whether the sequencer will skip or load. COND is the condition
which is tested to determine if the sequencer executes the
operation defined by SKIP; and TF defines whether COND is
tested true or false. Table 1 defines the sequencer operation.

SKIP COND TF OPERATION
0 0 0 Load
0 0 1 Increment
0 1 0 Increment
0 1 1 Load
1 0 0 Skip
1 0 1 Increment
1 1 0 Increment
1 1 1 Skip

Table 1.

There are two additional control bits which are left to the user’s
discretion. They are SET and TSEN. SET is a synchronous
preset which is typically used as a power-on set; however it may
also be used as a one-bit vector to the last addressable location
during normal operation. TSEN is the enable for the three-state
outputs. This has several possible uses, such as a method of
testing the hardware. The sequencer outputs are disabled and a
test address is supplied from an external source.

The ten-bit sequencer is divided into two parts. The least
significant four bits is constructed from a PAL16R4 and is the
heart of the skip operation. During the skip operation the state of
the least significant bit is maintained and the next three bits
function as a three-bit binary counter, while during the increment
operation the least significant four bits function as a four-bit
binary counter. Carry out (CO) is generated during skip when
CSA1 thru CSA3 equal 1, and during increment when CSAO thru
CSA3 equal 1. D is also generated by the least significant
part and is a function of SKIP, TF, and COND. If SKIP equal
one, LD equal one; if SKIP equal zero, see Table 2.

The most significant six-bits is constructed from a PAL16R6 and
is merely a six-bit binary counter with carry in (Cl), synchronous
load (LD) and synchronous set (SET). There is also an
extra pin which may be used to generate carryout if it is desirable
to expand beyond ten-bits.

TF COND LD
0 0 0
0 1 1
1 0 1
1 1 0

Table 2.

System Integration

One of the first features that is desirable from a system standpoint
is the expansion of the COND input, so that more than one
condition is available for testing. This is accomplished nicely by
using a PAL16C1 as a multiplexer. Four terms are used as input
selects. This leaves twelve terms which are used for condition
inputs. At first this may seem wasteful as the four select terms can
decode sixteen inputs. This is only superficial as the PAL allows
the designer a degree of flexibility not found in a standard mux.
One COND output should be either TRUE or FALSE in
order to generate unconditional increments, skips, and branches.
TRUE or FALSE needs only to be a function of the four select
terms and does not require a condition input to be grounded or
pulled up to Vgc. Other functions which the PAL multiplexer
performs nicely is the AND, OR, or EXCLUSIVE OR of the
condition inputs; functions which must be done externally with a
standard multiplexer.

A function which at first glance appears to be missing is sub-
routine capability. The figure shows how the sequencer can be
integrated into a system to provide subroutine capability.

TEST [T
INPUTS
'
i PROM STORE i { REGISTER ]I i Accu#.u:.::rcﬁjl
CONTROL FILE
[ Y ]
ALY
CONTROLS
Figure 2

In Figure 2 the same control store field is used to generate literals
and branch addresses. Subroutining is accomplished by loading
the return address in the register file before the subroutine jump is
taken and then reading the return address out of the file when the
subroutine return is executed.

Conclusion

The PAL SEQUENCER is an example of the flexibility which
previously was achieved only by the design of custom devices. In
the design shown here, SKIP is just as easily defined as CSA =
CSA + 4. The SKIP function can also be redefined to be a short
branch; retain the state of the upper six bits and load the least
significant four bits. The challenge of the PAL Family is not the
integration of standard MSI and SSI functions but the direct
implementation of system functions.

s —
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Control Store Sequencer, Least Significant Stage Design Specification PAL16R4
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Control Store Sequencer, Least Significant Stage
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Control Store Sequencer, Least Significant Stage Logic Diagram PAL16R4
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Control Store Sequencer, Most Significant Stage
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Control Store Sequencer, Most Significant Stage Fuse Pattern PAL16R6
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Control Store Sequencer, Most Significant Stage Logic Diagram PAL16R6
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Applications

Memory Interface Logic for 6800 microprocessor Bus

Most microcomputer system designs require the use of read /write and read only
memory. The logic required to decode the microprocessor control signals into
those signals required by the memory can be easily generated using a single
PAL. This example shows how this logic is implemented for a read /write memory
for the M6800 microcomputer. With minor modifications this logic can be easily
extended to most other available microprocessors.
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M6800 Memory Interface

Functional Description

The M6800 microprocessor is interfaced to memories by de-
coding the system memory address bus and several system con-
trol lines to generate the required memory control signals. This
function is normally performed by combinatorial logic. In many
applications, however, the PAL provides a more effective
solution.

Circuit Operation

The logic schematic shown in Figure 1 is typical of most M6800
memory interfaces. The circuit shown is a 2048 x 8 bit static
memory organized as four 1k x 4 bit RAM chips. The inputs to
the RAM are the 10 memory address lines to select the
individual memory location, the read/write line to determine
whether data is to be read from or written into the memory, and
the chip enable line to allow the device to perform the requested
data transfer. Data to be written into the memory must be stable
on the system data bus when the write signal is given. Data read
from the memory will be placed on the data bus within one
memory access time after the address has been decoded and
the read signal given.

The circled area of combinatorial logic in Figure 1 is used to de-
code the 6800 address and control signals. Address bits 0-9
are routed directly to all four memory chips. Bit 10 is used to
select whether chips 0 and 1 or chips 2 and 3 are to be selected.
Bits 12-15 are connected to the A inputs of a digital compara-
tor whose B inputs are jumpered to select the memory page ad-
dress. If the memory is to be located from 0-800H (the first 2k
page in the memory), all four comparator B inputs would be
grounded. Then, whenever an address with bits 12-15 low
appeared on the bus, a match would occur and the memory
would be selected. Changing the jumpers allows the memory to
be used anywhere in the 6800’s address space or allows the
use of multiple cards to construct a larger memory.

The read/write control logic for the memory is generated by
decoding the read/write (R/W), phase 2 clock (Phase2), and
valid memory address (Vphase2) system control lines. A logic
high on the R/W line indicates a memory read; a logic high
indicates a memory write.

The valid memory address line (Vphase?2) is used to enable the
address decoder output. When this enable occurs, the state of
the address select and read/write logic is established. Then,
when the phase 2 clock goes high, the memory transfer is
performed. The relationship between the signals for both read
and write operations is shown in Figure 2. (Consult 6800 data
book for detailed design information.)

PAL Implementation

All of the combinatorial logic in the circled area of figure 1 can be
replaced by a single PAL. This will lower system cost by
reducing the device package count and lowering P.C. board
area. The logic section has eight input terms and six output
terms. Referring to the PAL family table it is seen that the PAL
10L8 fits the task nicely. The only tricky part of the transition from
combinatorial logic to a PAL is encountered in the address
decoding section. In the original circuit the decoder is jumpered
with a match address for use during the address comparison.
With the PAL, the address is programmed directly into the gate
array.

The generai iogic equations for the decoder are as follows:

WEOE1 = VPHASE2- A10- A12- A13- A14- A15- PHASE2- RW
CSODO = A10- A12- A13- A14- A15- PHASE2

CSOD1 = A10- A12- A13- A14- A15- PHASE2

CEO = CSODO0

CE1 = CSOD1

The above equations show the decoder set for page 0 (0-800H),
but this could be easily changed by modifying the address
terms. Note that the CEO and CE1 terms can either be derived
directly or by feeding the CSODO and CSOD1 terms back into
the PAL as inputs.

PHASE 2 _——-—l__-l—-
V PHASE 2——-[

HIGH=READ
R/W %
LOW=WRITE
aooress 7/ )@
Figure 2
Conclusion

The PAL makes an effective direct logic replacement in many
combinatorial logic applications. This can make both new and
old designs more cost effective. In this example, the PAL both
lowers package count and increases circuit reliability in a typical
microcomputer memory application. These advantages can be
easily extended to similar designs.
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Memory Interface Logic for 6800 Microprocessor Bus

Logic Schematic
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Memory Interface Logic for 6800 Microprocessor Bus Design Specification PAL10L8
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Memory Interface Logic for 6800 Microprocessor Bus Fuse Pattern PAL10L8
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Memory Interface Logic for 6800 Microprocessor Bus Logic Diagram PAL10L8
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Applications
Dual 1/O Port Decoder for S-100 Bus

The S-100 bus is an informal standard bus structure used in many hobbyist
computers. It has, however, proved useful and cost effective enough to find its
way into many commercial applications. S-100 bus computers are based in the
8080/2-80 family microcomputers, and this example shows how the S-100 bus
signals can be decoded and used to control two bi-directional /0O ports in one of
these systems.
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Dual I/O Port Decoder for the S100 Bus
Functional Description

The S-100 bus compatible family of computers are based on the
8080/Z-80 family of microcomputers. For I/O operations these
computers place an 8 bit I/O address on the high and low order
8 bits of the 16 bit wide system memory address bus. This
system allows up to 256 direct I/O devices in any system. The
1/O addresses and the system control signals are decoded by
1/0 devices to initiate and control data transfer operations. The
PAL provides an effective means of managing this type of data
transfer.

Circuit Description

The circuit shown in Figure 1 is a complete bi-directional two
input, two output port interface for an S-100 bus computer. The
PAL is used to decode the 1/0 addresses and the 1/O control
signals.

For input operations data is gated from the selected input port (A
or B) onto the system data bus. For output operations data is
gated from the system data bus to the selected output port.

The data 1/O circuitry consists of four octal registers and two
three state octal buffers connected together by an internal eight
bit bi-directional data bus. For input operations the data is
latched into the octal register when the device strobes the latch
clock. When a read option addresses that input port, the
register three state enable is clocked and the data is gated from
the register, through the octal buffer and onto the S-100 data
bus. For output operations an output address match causes the
data to be gated off the S-100 data bus, through the octal buffer
and latched into the octal output register. It will remain latched
and available for reading until new data is written to that
address. 1/0 devices can read the data by enabling the octal
register’s three state enable line.

PAL Implementation

The PAL is used to monitor the bus |/O address and control
signals. Address lines AO-A7 provide the address of the I/O port
being accessed. The PDBIN signal is used to select the
direction of data transfer: a logic high indicates an input
operation, while a logic low indicates an output operation. The
SINP signal indicates the bus is ready for an input data transfer;
SOUT indicates that the data on the data bus is a valid output.
The PWR signal indicates that the system bus is correctly
powered up; PWR must be low for any data transfers to take
place.

The control signals are decoded to produce six signals which
operate the 1/0 logic. AIN and BIN are generated when the logic
decode indicates an input from port A or B is to be performed.
This will occur when the address programmed for A or B
matches the address on the bus and PDBIN and SINP indicate
an input operation. Similarly, AOUT and BOUT are generated
when the address on the bus matches and PDBIN and SOUT
indicate an output operation is being performed.

DIN is generated whenever an address match occurs and an
input operation is to be performed. It is used to gate data from
the selected input port through the octal buffer and onto the
system data bus. DOUT is generated whenever an address
match occurs and an output operation is being performed. It is
used to gate data from the system data bus to the destination
output register.

The logic equations for the control signals are as follows:

2
Z
I

AO-A1-A2-A3-A4-A5-A6-A7- PWR- SINP
AO-A1-A2-A3-Ad-A5-A6-A7- PWR- SOUT
AO0-A1-A2-A3-A4-A5-A6-A7- PWR- SINP
AO-Ai1-A2-A3-A4-A5-A6-A7- PWR- SOUT
+ BIN

AOUT + BOUT

>
o
S
]

z g
cZ
= 1
[}

=
H
I
I op
H

OouT

The above equations are for an A port address of 6A hex and a
B port address of B5 hex. By changing terms any desired port
address can be obtained.

This application has a total of 12 inputs (A0-A7, PWR, PDBIN,
SINP, and SOUT) and six outputs (AIN, AOUT, BIN, BOUT,
DIN, and DOUT). The entire function can be performed using a
single PAL 12L6.

One advantage of using a PAL in this type of application is that it
allows the address of the A and B 1/O port pairs to be any eight
bit address. As mentioned, in this example the A address is 6A
hex and the B address is B5 hex. In a normal combinatorial
design of this type the addresses must usually be made
contiguous (i.e. A = 80 hex, B = 81 hex) to save decoding logic.
The PAL approach offers more flexibility and uses fewer
packages.

Conclusion

The PAL combines together with latches and data buffers to
make an efficient 1/O port decoder and controller. This example
has been for the S-100 bus, but the concept can be easily
extended to other microcomputers and bus structures.
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Dual I/O Port Decoder for the S100 Bus Logic Schematic PAL12L6
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Dual 1/O Port Decoder for the S100 Bus Design Specification PAL12L6
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Dual I/0 Port Decoder for the S100 Bus Fuse Pattern PAL12L6
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Dual 1/O Port Decoder for the S100 Bus Logic Diagram PAL12L6
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Applications
Memory Mapped 1/0

Memory mapped 1/0 is an interface technique which addresses 1/O devices as a
part of the computer's memory address space. Most computers (particularly
microcomputers) provide many more instructions to manipulate memory contents
than they have for direct 1/0. Therefore, the use of memory mapping can make
1/0 control much more flexible. PALs can be used to make memory mapped 1/0
implementation easy and, if different memory addresses are required, the PAL
can easily accommodate the changes.
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Memory Mapped 1/0
Functional Description

Memory mapped 1/O interfaces 1/O devices to a computer by
treating the device’s physical address as a memory address.
This removes the requirement for special 1/O decoding and
enhances the flexibility of the I/O system. The PAL provides a
simple and direct method for implementing memory mapped 1/0
in mini and micro computer systems.

Circuit Operation

The circuits shown in Figure 1 are typical of those found in
memory mapped 1/O applications. The inputs to the decode
logic are the system memory address lines, AO-AF. The logic
compares the address on the memory bus with the programmed
comparison address. When an address on the bus matches, the
1/0 port enable signal is set. This enable signal can then be
used in conjunction with other system control signals to trans-
fer data to and from the system data bus. Other examples in
this applications section cover this 1/O control decoding in more
detail.

PAL Design

The PAL is used to monitor the system memory address bus.
Typical microcomputers use a 16 bit address, so fully decoding
the 1/O addresses for two ports can be accomplished using the
PAL 16L2. Partial decoding for a larger number of ports can be
performed by other members of the PAL family.

The logic equations for the memory mapped 1/O logic are as
follows:

PORT 0 = ABO- AB1-AB2- AB3- AB4 - AB5 - AB6 - AB7 -
ABS8 - AB9 - ABA - ABB - ABC - ABD - ABE - ABF
PORT 1 = ABO-AB1-AB2-AB3-AB4-AB5- AB6- AB7 -

AB8-ABS-ABA-ABB-ABC- ABD- ABE - ABF

The above example shows address decoding for memory
locations 1f78 hex and 1f79 hex. Equation terms can be changed
to accommodate any 16 bit address.

In operation, the PAL enable outputs will go high whenever one
of the programmed addresses matches the address on the
system memory address bus. Since the PAL fully decodes the
address, any two 1/O address may be used.

Conclusion

The PAL provides a single chip decoder for use in memory
mapped 1/O operations. This technique lowers interface parts
counts and allows users an effective way to interface 1/0
devices to the microcomputer system.
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Memory Mapped I/O Design Specification PAL16L2
FAL1ELE FAL DEZTGM TPECIFICATION
FATOO0S JOHH EIREMER 12-5-77

FEMORY MAFFED I-0

AED AE1 ABZ HEZ AEBE4 AES HES AEY RES GMD HEZ® REAR REE HEC
SFORT1 ~FORTO AED AEE REF “CC

FOETD = ~AE0+~-AEl+-AEZ+AEZ¢AE4+HES*REc AETeHESeRESeRER*REE+HEC
~AED®-AEE+-HEF
FORT1I = AEDe - AEle-HEC+HEZ*AE4+RES¢AEE+ "AET*HESeAE Y+ AEA«HEESHEC*

<HED* - AEE®.- HEF

DEZCRIFPTION:

THE FAL DECODEE THE ZFECIFIED MEMORY ADDREZE WORD TO FRODUCE A FPORT
EMAELE FOR FORTO AMD FORT1 AZ FOLLOWE:

asc > Asc >
ABB > aeB >
aBA > aa [
aBs > A [>

ass > aBs > }
PORT 0 PORT 1
AB7 D——Do————- AB7 D——%

aBs [>— aBs [>—
aBs [ aBs >~
AB4 [> AB4 [>-
aB3 > ‘D& as3s >
aB2 [>- aB2 >
LT
a1 [>— Dc a1 [O—
L>°
ABO D——-—-Do——- a0 [
MEMORY MAPPED 10 MEMORY MAPPED 10
Figure 1
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Memory Mapped I/0O Fuse Pattern PAL16L2

fHEBOKHE10fHEEOHE30H340HBSOHEEO*

HEUOﬁHElOEHEEOHEEOHBQOHESOHEEOf*

*PALASM Truncates beyond 31 characters

5-33



Applications

Memory Mapped 1/0 Logic Diagram PAL16L2
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Applications
8080 Control Logic for CPU Board

D,

QC)
o<
o

The 8080 is one of the most widely used of all current microprocessor designs.
However, using the 8080 in a system requires that the designer decode and
supply a fairly complex set of control signals. With the rapid decline in 8080
prices, the logic required to perform this control decoding has become more
expensive than the 8080 itself. This example shows how a PAL can be used to
eliminate much of this costly support logic in an 8080 based system CPU card.
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m

Portion of Random Control Logic for 8080 CPU Board Design Specification PAL16L8

FAL1&LE FAL DEZIEH ZPECIFICATION
FRTOO1E EOE EOEMYAE 12-16-F7
FORTION OF FAMDOM COMTROL LOSIC FOR 2020 CFU EOARD

FD EM EO ER =1 =R E1 DO DE GHD =0 MO C32 HA 23 LA MW FW MHC3 YWCC

IF WSy M= Z0«-FWM + =Z0e-TE
IFCWZCY ~LA= =/ + 00O

IF iWCDy «E2%= <321 + <PD + =R

IFSMCCy <HA= 31 +-FD + ZA + ~“EA + ~E1
IF oWy »C2= «PD + -EO + ~EA

IFCWZCH ~HO= ~FDI + EMH

DEZCRIFPTION:
FORTIOM OF LOSIC FROM =Z020 CPU EBOARRD




Applications

Portion of Random Control Logic for 8080 CPU Board Fuse Pattern PAL16L8
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Portion of Random Control Logic for 8080 CPU Board Logic Diagram PAL16L8

1

PD

0123 4567 891011 12131415 16171819 20212223 24252627 28293031

~onawNn -

EN

i
”r

PW

EO

;
i

;

EA

24

26

28

(—LA

3

:

SS

SA

5sssVNN)
% i ?‘ ?‘

:

4 —— HA

;

Eq

DE

iI;
[TH

(7]
o

123 4567 8 91011 12131415 16171819 20212223 24252627 28293031
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Portion of Random Control Logic for Design Specification PAL12H6
8080 CPU Board (Improved Design)

FAL12HE FAL DEZIGH SFECIFICATION
PRTOOL S JOHH EIRKMER 12-17-77

FORTIOM OF FAMDOM COMTROL LOGIC FOR 2050 CRU BOARD CIMFROWED DEZIGHMY

FI

f'1 | IJ

LA

RIN}

EM EO EA =1 A E1 DO DE GHD 20 MO HO C2 HA ZZ LA MW PW VOO

il

<=0 + Ful«0E

SETRe-T0

= Z1eFTie-TH

Z1eFLie-ZA+ER+EL

FIieEO«EA

FLie~EHM

]

DEZCRIFTIOM:

FORTION OF LOGIC FROM 0SS0 CRU EBOARD

MOTE:  THIZ LEZIGH I® IMPROYED OVER THE PREWIOUEZ EXAMFLE AE WE WERE
AELE TO IMFLEMEMT THE ZAME ERUATIONZ IM A ZMALLER FAL. THIZ WAZ
ACCOMFLIZHED Ev IMYERTIMG THE EQUATIOMZs THUZEs REDUCING THE HUMEER OF
FRODUCTE FER OUTFUT TO A MA<IMUM OF TwWO.

PW

DE

so

DD > -

PD

)

EN

c3

EO

D> > o
[

EA

El

sl
SA

DO

— >
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D EEEEE——————

Portion of Random Control Logic for Fuse Pattern PAL12H6
8080 CPU Board (Improved Design)

. -E0
FileDIE

~ZH+~ 00

Z1eFLie-=H

Z1eFDe - SHeEASEL

FOeEOSER

FLhe-EHM
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Applicatioﬁs

Portion of Random Control Logic for Logic Diagram PAL12H6
8080 CPU Board (improved Design)

pp —¥
19
EN ——'2 )3 ' &‘I__ PW

012 456 1213 1617 200 24252627 28283031

n

16 - jB:) >__—__" LA
17

EA‘—-[}

16
: By > ss

15
: BT

o 1‘3:) % C3

DO

;

Q—___u NCj3

DE

:

0123 4567 89 1213 1617 2021 24252627 28293031
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Applications

Hexadecimal Decoder Lamp Driver

The increasing use of microcomputers has led to an increased need to display
numbers in hexadecimal format (0 - 9, A - F). Standard drivers for this function are
not available, so most applications are forced to use several packages to decode
each digit of the display. Since six to twelve digits are often being displayed, this
approach can become very expensive. This example demonstrates how the
hexadecimal display format can be both decoded and the LED indicators driven

using a single PAL for each digit of the display.
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Applications

Hexadecimal Decoder Lamp Driver
Functional Description

A hexadecimal decoder/lamp driver accepts a four bit
hexadecimal digit, converts it to its corresponding seven
segment display code, and activates the appropriate segments
on the display. These drivers can be used in both direct drive
and multiplexed display applications. A single PAL can provide
both the basic decode/drive functions and additional useful
features.

Circuit Description

Figure 1 shows a three digit display system using three PALS to
implement the complete decoding and display driving functions.
The inputs to each section are a hexadecimal code on pins
D0-D3, a ripple blanking signal, an intensity control signal, and
a lamp test signal.

The hexadecimal codes will be decoded to form the seven
segment code patterns shown in Figure 1. The input codes, digit
represented, and output segments driven are as follows:

D3 D2 D1 DO DIGIT SEGMENTS
0 0 0 0 0 ABCDEF
0 0 0 1 1 BC
0 0 1 0 2 ABDEG
0 0 1 1 3 ABCDG
o .1 0 0 4 B,.C/FG
0 1 0 1 5 ACDF
0 1 1 0 6 ACDEF
0 1 1 1 7 ABC
1 0 0 0 8 AB,CDEFG
1 0 0 1 9 ABCFG
1 0 1 0 A AB,CEFG
1 0 1 1 B C,DEFG
1 1 0 0 C ADEF
1 1 0 1 D B,CDEG
1 1 1 0 E ADEFG
1 1 1 1 F AEFG

The ripple blanking input (RBI) is used to suppress leading
zeroes in the display. The signal is propagated from the most
significant digits down to the least significant digits. If the digit
input is zero and the ripple blanking input is low (indicating that
the previous digit is also a zero), all display segments are left
blank and this digit position’s ripple blanking output signal (RBO)
is set low.

The intensity control signal (IC) is used to control the duty cycle
of the display driver. When the signal is high, all segment
outputs are turned off and the display is blank. Pulsing this pin
with a duty cycled signal allows the adjustment of the display’s
perceived intensity.

The lamp test signal (LT) is used to verify that all segments in
the display are working. When it is held high, all display
segments are turned on.

PAL Implementation

The display decoder driver requires an output section that can
directly drive a seven segment display. Each display digit has
seven inputs (D0-D3, RBI, IC, and LT) and eight output signals
(segments A-G, and RBO). The PAL 16L8 has both the required
number of 1/O pins and the required drive capability.

The logic equations for the driver are shown on the PALASM
input. They can be easily derived from the input codes and
required blanking and test functions. One PAL is used for each
digit, and the number of digits can be as large as required.
With minor changes this basic logic could also be used with
multiplexor logic to allow a single PAL to decode and drive
a multi-digit display.

Summary

The PAL provides a low cost and functionally flexible direct
decoder/driver for use in a variety of display applications. This
example demonstrated hexadecimal to seven segment code
conversions, but many other display formats and code
conversions can be implemented using similar techniques.
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Hex Decoder/7 Seg. Driver w/Ripple Blanking, Logic Schematic
intensity Con., & Lamp Test '

THREE STAGE HEXADECIMAL DECODER/DRIVER

A PAL 16L8
fl g le BCD TO HEXADECIMAL
S DECODER/7 SEGMENT
] Jc DRIVER WITH RIPPLE BLANKING
o
] ] ] 2 CO) el Ell ) ) ) ) DO el D el i
1_t [ Dl I eyl D [ D3 el et e O Dl e
DISPLAY +5V
LEADlNegvcc 751 \J L Ve |
ZEROS —LL ) 1618 20}
f ( ——— % Bggrt | )
BLANK o 2 ":15
LEADING — Ay B 1
ZEROS _—Eo 3 o1}
D
—opimeis fge | 3
ic GATE E
] 1 S
LTE*ARRAV}J—:—S .
—pH o L
B B
g Bt
GND = '
‘19. 1
RBI
—\J/ v
T 1ete _T_n}ﬁ_
D,
°H OS] LS —
Ll o B B
HEXADECIMAL 1 &T— 18
INPUTS 0217_ -— Z‘[c
D3 ped | AND D
5 16 — LED/LAMP
{5 on oo DRIVER OUTPUTS
1Icr=1 |GATE = E
uh ARRAY E
GH e
RBO
G U . L
g e
) GNDEu -
RBI
Nt
T}— 168 E‘.’?c_
D,
o
D
| Berfme 3
D3pr=] | AN jD
chc L —L5 OR &7_ 16
OFF cr+1 | GATE 3 :"5 E
INTENSITY 4 |ARRAY
oN _?_'/ LTE— o ————
ond CH Pk
G
LAMP TEST EH RS [
OFF GND E

||}

TONEXT STAGE
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Hex Decoder/7 Seg. Driver w/Ripple Blanking, Design Specification PAL16L8
Intensity Con., & Lamp Test

FAL1ELE FAL DEZIGH ZFECIFICATION
FRATOOOT LEZ GARDIMIER 12-14-77F
HEX DECODER-VIEG. DRIVER W-RIFFLE EBLAMKIMGs IMTEMZITY COM.» & LAMF TEZT

SRETI DO D1 D& D3 IC LT MC HZ GMD MC 5 ~REDF E D C B A WCOC

= <FECe-00e-D2 + ~REOe~<L0e0Z + -~FEOeD1eDZ +
~“REO®D1e-TICe-113 + -FEOeDO«LCe-0Z + ~FEEOe-D1e-LZe0D= + LT

IF T

il

IF «~ICy ~B = ~REOe-07e<D2 + ~REQe-L0e-DZ + -FEEOe-D0Oe-NIle D% +
~REQeUNeD1e-T13 + ~FREOeDOe-D1eD0= + LT

~REOeDNe-0Z2 + ~FEO®-D1e-D2 +
~REOe-DzeDZ + LT

IF ¢-ICy -0 = ~REO®DOe-D1
~REOeLDZe-TZ

++

IF v~ICy <D = -FREO#-D1eD3 + ~REO®~D0Oe-DZe- 02 +
SREQeOO*N1e-02 + ~REO%-TI0e01eDZ + ~FEO®DOe-NIle0S + LT

IF ¢~ICy ~«E = ~FREQe-00e-08 + ~FEQeDZeDZ + ~FREOe-L0eD1 +
“REOQeD1eD= + LT

IF Iy ~F = ~REDQe-TNI0e~01 + ~FREQe-DCeDZ + ~FEOeD1e0Z +
S“REQe-TI0eDS + ~REODe-D1eLZe-DZ + LT

IF CNCCH FEO = ~Dne-Die-Dce~DZe-FEI

IF ¢sICh 5 = ~REDOeD1+~-DE + ~<REOSDODZ + ~REDe-DZeDZ +
~REO®-TI0eD1 + ~REOe~D1eDZe~<02 + LT

DEZCRIFTION:
THE HE®FDECIMAL DECODER-T-:ESMENT DRIVER FEARTUREZ RCTIVE LOW OUTPUTE
ene T WIMG TISELAY ToErTL

T ¥
s DIEFLARY UiFeliiy.

IF DATA IMFPUT I% ZERO AMD RIFFLE ELAMEIMG IMFUT <-REIX IZ LOW THAT
DISIT WILL EE ELAMKED AMD RIPFLE ELAMEING OUTFUT WILL EE LOW.

THE RIFFLE ELAMKIMS OUTFUT <-REOD» FROVIDEE ELAMKIMG INFORMATION
FOR THE MEXT LEAST ZIGMIFICAMT ZTAGE. IT PROVIDEZ A LOW IF ~REI IX
LOW AMD THE DATA IM IE ZERO.

WHEM HIGH THE IMTEMSITY COMTROL <IC» WILL TURMN OFF THE ENTIRE DIZPLAY.
IC MAY EE FULZED TO WARY THE IMTENZITY OF THE DIZPLRAY.

WHEM HIGH THE LAMP TEET IMPUT «LT» WILL TURM ON THE DIZFLAY.

FUHCTION THELE:

INFUTS ! ]
______________________ ] 1
LT IC ~REI DO D1 D@ D3 '
______________________ [] ]

L H # % ® ¥ ®wizzzzzzz o '
L L H L L L LMLLLLLH L 1
L L L L L L LIHHHHHH C 1
AL % @ @ = =+LLLLLL 5 1
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S

Hex Decoder/7 Seg. Driver w/Ripple Blanking, Fuse Pattern PAL16L8
Intensity Con., & Lamp Test

———= I

———— CREO#-D1e-[Ee0E
———= LT

—-——= I

———= SREO®-[ISe-
———— EEDe-[0e-
———= <RFEQ®-L0Os-Ti1e 13
——== -FEQeLiiells.
~REOeODe-Ti1eD:
LT

<TI0
“FEOJ®Lie-TI1
- :OeDie- DIz

~D3=
elifieN1e-[IF
- Oe-DNeN1e0Z
“FEOeDNe-TI1 D2

E [RE S (RNE e P
“REDQ*] L=
SFRECe-DiieD1
“Eeli1 e[

7/

ST
~REQ®-Tie-T1
REO®- DS ez
OeD1eD:
EQ«-Ti0+02
~RE(O®-D1eLze- 1=
LT

EOeDieNz
EQe-DzeDZ
———=— SREO®-D0OeN01
————= SFEEOe-LI1ehZe-NIIZ
- LT
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Hex Decoder/7 Seg. Driver w/Ripple Blanking, Logic Diagram PAL16L8
intensity Con., & Lamp Test
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Applications

Hex Keyboard Scanner

A problem similar to driving the hexadecimal display in the previous example is
encountered in system input design. The popularity of consumer calculators has
made the small keypad a widely available and low cost system input device. The
logic required to scan these small keyboards is generated by using either
SSI/MSI logic or a computer generated software scan. The logic may be quite
expensive, and, if the microcomputer is in a functionally busy system, the soft-
ware scan may be inadequate. A single PAL and a few other parts can now be
used to implement this system function.
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Hex Keyboard Scanner Logic Diagram PAL16L8
EXTCLOCK
(Approx. 10 KHz)
v+
HEX PAL16R4
KEYBOARD PAT0017
MATRIX
— T 1 -
AA—F ] i lsA
wv—} } -]
A
awa—} } T
0
A
R
AA—) I Aar= | GaTE
M A= |ARRaY
] l srt
wAv—} f 7]
1 l Asp= |
YW T L
w—t —H
I R E
A1 A2
6331-1
A4 }_ 74122
( ——— o veelis
—E 02 Eq E Q
— s )
—.{::‘ o :_
asch 4104 l}%g‘ A3|13;
or < —E O5 Ar E
OTHER CODE
o v | V+
—1g> Aojiok
[Elano og[®
\
BINARY KEY PRESSED
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Hex Keyboard Scanner Design Specification PAL16R4

FAL GRS FAL DEZIGH ZPECIFICATION
FRTOOLT WIC HEWTON 12871577
HEX KEVEDARD SCAMMER

= A4 AS AR AF BHD CEM O ROZE Q3 Q2 21 G0 HD OER OWOC

CLE AD A1 AZ A

IF ¢ YCOo 2 <ZR = <3032

IF ¢ WOD 3 SHD = <A

SHESSDDeR ] S0
G0 r= QO0eR + SO0eCR
ST i= R0enleR + SL0esR1eR + cR1esR

SEE tE DN SNZeR+ D0 NZeR + CO1esDZeR + cSDZe R

SAE Otz DNeN1eNZeNIeR + SL0eCDZeR + CD1e-G3ZeR + SOZe D3R + S0DesR

IF ¢ WCo » ~ZB = [

IF 0 WED <R = <HD + SAVSHD0eC] o0

DEZCRIFTION:

AMHER WILL =CAM A 15 EEY KEYEDARD REER IMN A

ot AHHER WORKE BY ZELECTIMG OHE ROW OF ¢ ITCHE=

AMD THEM ZCAMHMIMG THE 2 IMFLUT: A LOW OH AMY IMFUT WILL DIZRELE THE CLOCK
SOIMG INTO THE OME-EHOT. THE OME-ZHOT IX UZED AZ A DELAY TO ALLOW THE
EWITCH EDOUMCE TD =ETTLE OUT. AT THE EMD OF THE TIME DELRY <10M= FEYFREZZED
WILL =0 LOW. THE OUTFUTE WILL THEM SIWE THE EIMARY CODE FOR THE ZWITCH
ZELECTED. WHEM THE =WITCH IE RELERZEDs KEYFREZZED WILL 50 HIGHs AMD
CAMMIMG WILL COMTIMUE. WHEM THE EMD OF THE ROW I REACHEDs THE
ANMER ZWITCHEZ TO THE OTHER ROW AMD COMTINUEE AMMING.

THE EXTERMAL CLOCEKE EHOULD FRUM IM THE RANGE OF 10 KHZ.
IF AZCII OF OTHER CODED CHARARCTERE ARE DEZIREDs THE EIMARY CAM EE
COMYERTED UZIMG A FROM.

PAL16R4

ck [1] . 20] vee
Ao[Z—- i;]———ZQSA
M[Z— i;l——:guc
AzEE_ HT $m:ﬂ°°
n[EH ﬂ? %gggoqu
~ [ E:J:v :30 5] .
As[z H E*Zﬂoa
As[E Eﬁj :asa
»[EH gy [12] »
GNDEE «p:ﬂgn
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£
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S

Hex Keyboard Scanner
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Hex Keyboard Scanner Logic Diagram PAL16R4
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Applications
Micro Floppy Control Logic

The floppy disk, and its smaller brother the micro-floppy, are becoming
increasingly popular as mass storage devices on small systems. Most of these
small systems are destined for high volume applications, so all possible
production cost economies must be made. The disc controller is the most
complicated (and expensive) portion of the disc sub-system, and this example
shows how a PAL can be used to reduce the cost and size of the controller for a
micro-floppy disc controller.
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Portion of Micro Floppy Control Logic Design Specification PAL14H4
FPAL14H4 FAL DESIGM ZFECIFICATION
FARATOOSG EOE BOZMHYAK 18-16-77

FORTION OF MICRO FLOFPY COMTROL LOGIC

TCET 1 WOKE R SWE CRE OWCRC 02 GMD G4 0 00 CEE DARTAET TCREG SLREG ME M1 w00

SOREG= Telfile bE + ZCEe-LWE + WE®WCE
ZCREG= QZeD1eWiE + ZCEeCWE + WEeWIE
DATAET= CRE®LE*WIREC + G2 + Te-WEe- 03 + SWCRC«WE«DD

CHEE= DOZed + Te-WE + WEeCD

DEZCRIFPTIOM:
FORTION OF FLOFPY DIZC COMTROL LOGIC
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L ]

Portion of Micro Floppy Control Logic Fuse Pattern PAL14H4
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Portion of Micro Floppy Control Logic

SCK

Logic Diagram PAL14H4
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Applications

Between Limits Comparator

In many systems applications it is desirable to keep a running check on the data
passing by certain points in the system. This can be done for systems security or
simply as a part of system diagnosis and self-checking. In various cases the limit
checker may search for specific values, missing values, values in a specific
range, or values out of a specific range. This example shows a PAL in a
microcomputer bus watching application typical of many system limit checking
requirements.
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Applications
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Fuse Pattern PAL16X4

HEKK K
HRKHE KKK
HEKR HKEMK

HE R
HEKA
HHRE

hatat b
HKKE
HHEKE

HRE=
A==X

M=%

HHKK
HAKK MKRX
KX

HKXX
HENK
HEEN

~“A3eB3

~RZeB2eR3.ER. B3

“HleBleA3.EQ. B3eRZ.EQ. B2
~“AOeBO®R3.EQ. B3eA2.EN. B2eR1.EQ.

KHERKH
HERE
HERK

R3e B3

Ze-B2®R3.ER. B3

Rle- BleR3.ER. B3eA2.ER. B2
AOe-EOeR3.ER. BIeA2.EQ. BESA1.EQ.

<ADesLOADe CLERR
<BOeLORDe-CLERR

~HlesLORDe-CLERR
~El1eLORDe~CLERR

“Hze<LOARDe-CLERR
EceLOARDe- CLERR

<LOADe~CLEARR

- RI.ER.EZeRZ.ERN.ECeR1.E. E1eRDE



Applications

Between Limits Comparator/Register Logic Diagram PAL16X4

cx'_%

0123 4567 8 91011 12131415 16171819 20212223 24252627 930 31

2

LOAD

CLEAR

]
[}
i:

s

o
=]
=3

o

B4 T2

5 5 |yt ?‘@

]
o

s28 8
I
[=]

[+ ]
w
|~

NC

12

<

{:
Ay

N 3

0123 4587 8 91011 12131415 16171819 20212223 24252627 28293031

189 =5

Ao

Aq

NC

mi

5-63




Applications

Between Limits Comparator/Logic Design Specification PAL16C1
PAL1EC1 FAL DESIGN SPECIFICATION
PRTOO21 JOHM BIRKNER 12-18/77
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SBTWL = GT2 + GT2eERZU + GT1eERZLSERZU + GTOSERIUSEQZUSERIU +

LT3 + LTSeERIL + LT1eERILeERZL + LTOSERILSEQ2LEQTIL

DEZCRIPTION:
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Between Limits/Comparator/Logic Fuse Pattern PAL16C1
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e e e LT2eER3L
—H== —dm= ——=¥ ———— LT1eEQ3LeEG2L
mmmm Hem mmml mmmm ———— —H—— ——=X ———— LTDeEG3LeERZLeERIL

AERE KHRR HEEK HEEN KNRKE KRKK
BOHERE EREE HMEN HERE RRRE KRRK
I OHREE RMKE ORHEE HKKR HRKK HEKK
L ARRA RREE CRREE RKER KAKK KKER
HERE KEKE RERM HEEE HEKK KRR
AREE HHERR HRKK HRKK HRRE RRAX
HEKE HERE HARK KREK HKKEK KRXX
AR REEE REEE RRER HHRE HNKE AXXX
MR HNEE KRR HKKE KKK KKRK KRR RRXK
SN HEME MK HRKK KEKK HRKK XXXK RKXXX
HEEE MK HKER HRRE KKEE KKKK KRXX RXKX
HRHE MM AREE HREE AXKE KRKK KXRX KXXX
HERE KKK HRRK HEME KHKK HKKK KRKK XXXX
HEEE HRMK KRR HEKK KMKE HXEK XXKX KXXX
AR MHRE AR HREK KKKK KKKX KXXK KXXX
AN ARKRK HKER HREE HEKK KERX XXX RXXX

A MM MEKKY KHKK KEXK KKKK KKKK KXXX
WHHA ARKE HRRK HKKK KXXK HXKX KKRK KXXX
AHRE HERE AR KEEK KKKE KXXR KKEK KXKX
MK HARY KKRK HRRK KKKK KKKK KKK KKKX
HERE KKRK KRR HRRE KKKK KKK KKK KRXRX
WHRM HMKEK KKKR RERK KKEE KXRE XRRK KRXR
SRR HRRK KHRE HRRE KHKK KKRK XKKK KXXX
RN MHKK HHRK RXRK KKKE MKKK XKKK XKKX

HRKE HRRK KEKK KHRE KKXK KKKK XEKK - XKKX
HRHK HRMK HHEK HMKK KKKX KKK XKXK KXXX
HARK HRRK MK HEKK KKKK KKKK XKKX KKKX
HEMY HRKEK MEKK KRRX KXXX KXXE XXXX XXXX
HHKR KRKK KEKK KKKK KXXX KKK XXX XXXX
HRRK MKRK HRRK KRRK KKKK KKK XKKK KKKX
HARK HRXK KRKK KKK XXX KKXX XXX XXXX
HEMR KKKK MEKK KRRK KKXX KXXK XKXX KKXX
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Applications
Binary to BCD

[ sTART With msg

"’2*0-‘-1 =01

2%1+1=03
2% 3+0-06
2%6+1213

One of the most common system requirements is the conversion between various
code formats. In computer systems the normal codes used are binary, while most
peripheral devices exchange data in codes based on BCD. (Both EBCDIC and
ASCII codes can be considered in this class.) Whenever data is exchanged
between these systems there is a high probability that some data will require
code conversion. The PAL in this example performs binary to BCD conversion.
In many applications this can be used to speed system operation by replacing
slow software conversions with a low cost, fast hardware code converter.

cost, fast hardware code converter.
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Serial Binary to Parallel BCD Conversion

The purpose of this circuit is to convert a serial stream of binary ————*
data into a parallel BCD representation as depicted by Figure 1.
TTTTTT l l l
|<— l«—]  BINARY DATA D3 _yD2 ybi_yDo
EDGE-TRIGGERED
ML L L L REGISTER | «———CLOCK
T 0T 07 00 1T
MSB FIRST
BCD1000 BCD100 BCD10 BCDO

Figure 1. Conceptual Diagram of Binary to BCD Converter

By By B B

Couleur’s Technique (BIDEC) Figure 3, BCD Converter Building Block.
. . . . . . b) BCD (present state): = 5 — 9
In this conversion technique (Ref. 1), the input binary data is L .
shifted left (starting with the MSB) into the BCD register. The th:'n BCD (ng)étljstgﬁe.)t. - 1do -18 whlc? are not retprdesent-
beauty of this method is that after each clock pulse, the BCD able In one 'git, and a carry out is generated.

e.g. If BCD (present state): = 6

i t BCD tati “ ive”
output contains correct BCD representation for the “relative then BCD (next state): = 2 and CoyT = 1

binary data shifted so far. We illustrate the last statement in

Fi 2.
foure c) If Gy = 1 then it is simply shifted into the LSB of the BCD
digit (the old LSB was shifted left leaving a zero in its
Logic Design original position).
) Thus, regardless of the BCD (present state) value, the
The overall conversion problem can be segmented into four-bit following is true:
binary blocks. Each block represents one BCD digit and is BO (next state): = Cjy
expandable by Cyy and Coyt: The BCD building block, is
shown in Figure 3 as a state machine. Truth Table
The combinational network can be designed from a “next-state” The preceding discussion is summarized by Tables 1 and 2.
truth table. The truth table can be constructed by observing that
a left shift is a multiplication by 2, and a carryin adds 1 to P AT | ST PR |
the LSB Cour " cour
. B3-Bg B3-Bg B3 Bz By Bg|B3 B2 By Bg
. 04 08 [ 0 |0 0O0O0|O O OCy
In equation form: 5-9 0-8 1 1 /000 1/00 1Cn| O
) 10-15__ | DON'T CARE | DON'T CARE 2 (00 10/0o1o0CN| o
BCD (next state): = 2+ BCD (present state) + C|N Table 1, General Truth Table. | . PRI DS ,‘Jg:: .
Of course, if it were binary it will be simply, 5010 1|0 0 0CN| 1
6 |01 1 0[(0 0 1CN| 1
L 7101 1 1/0 1 0C 1
Qn-‘Qn—1 8 1oooo11c:: 1
9 (100 1|1 0 0CN| 1
However, BCD requires some corrections as will be shown 10-15 X XX X] X

shortly. For simplicity we analyze the three relevent cases: Table 2: Detailed Truth Table

a) BCD (present state): = 0 — 4 128
then BCD (next state): = 0 — 8 which are representable
in BCD format

W
(<)
=
3

4 2 1 | === RELATIVE WEIGHT BEFORE LAST SHIFT
~e— RELATIVE WEIGHT BEFORE 7TH SHIFT
1 ~e— RELATIVE WEIGHT BEFORE 6TH SHIFT
~e— RELATIVE WEIGHT BEFORE S§TH SHIFT
~e— RELATIVE WEIGHT BEFORE 4TH SHIFT
<-— RELATIVE WEIGHT BEFORE 3RD SHIFT
~=— RELATIVE WEIGHT BEFORE 2ND SHIFT
~e— RELATIVE WEIGHT BEFORE 1ST SHIFT
[ 0 0 | =— BINARY INPUT

~e— {1 SHIFTED IN

~e— 2 SHIFTED IN

<= 4 SHIFTED IN

~e— 9 SHIFTED IN

-=— 18 SHIFTED IN

~=—36 SHIFTED IN

—-—72 SHIFTED IN

<e—144 SHIFTED IN

2
a

PATIFN Y
N

&

]

BN

w
R
“nis o382

CONVERSION REGISTER
102 10’ 10°

o
)

ololo|o
)

olo|o|o|=

CICICICIENG)

o|o|olo|=|e|e

olo|o|ol«|o|o|=|=ins

olo|o|=|=
—|o|=lolo|~
o|=|=|olojo|=
olo|o|o|=olo|=

1 4 4

Figure 2: Tabular Representation of the Conversion Cycle.
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B4 B1
B3\ 8o B3\ 8o
BXNJ 00 |01 | 11 ] 10 BXNJ 00|01 ]11]10
00| o ( 1| o oof o | o [K1)| 1
otf o | 0| o [[1 otf ol of[1]o
1"l x\ x | x [Xx 1l x\ x| x |[/x
10 1/] o | x \x 1] /] o |Xx/\x

By:=By+B2+Bo + B3+Bg + B2* By« Bp Bp:= B1+Bo + B2+ B1 + B3+ Bp

81 B1
B3 Bo B; Bo
B2NJ o0 | o1 | 11 | 10 BXNJ 00 | o1t | 11|10
oof o | o 0| o o0f 0 | o |0 | o0
o1 1 oo |o o1l o |/1 1 1
1" \Zj X | xX\| x 1"/ x Nx \x/| x
10 o N1 x/| x 10\ 1 1 X | X

B3:= B2-B{-Bg + B3*Bg Court:= B3 + B2+ Bo + B2+ By

Figure 4, Karnaugh Maps

Pal Implementation

The PAL16R8 implements two BCD digits. One of the pins is
assigned to the clear (CLR) function. The BCD conversion
register must be initialized to zero before shifting of the binary
input data is started. The eight output registers are assigned to
the two BCD digits.

At this point, it seems that we are short of one output pin for the
CouT in expanding to more BCD digits. However, the basic
equations indicate that CoyT is a function of the four preceding
BCD bits. Therefore, by inputting these four bits to the next
stage, the CoyT is derived internally by the latter stage. A
similar trick is used in each chip to cascade internally.

This expansion solution implies that in the least significant BCD
stage the equation is:

(1) BO: = Cjy

whereas in later stages the equation is:

(2) BO: = C43+ C12°Cqg + C12°C1q

where the C terms are driven by the corresponding B terms of a
preceding stage. However, in order to have a universal solution,
we OR the two equations. If the PAL is used as the least
significant stage C10, C11, C12 and C13 are grounded and
equation (1) holds. If the PAL is used as an intermediate stage,
CiN is grounded and equation (2) holds.

T ]

on e o PAL16R8 |
o |lepE—
{_ 1 ) E'——'—Ea BCD
I |
B P i
-
-OH E-E 5 aco
0 I 7 Nt m [
o fgeE e
o] Le{n]-E
PAL16R8 ¢
CLK E‘ [ D E’J
e Hgpe——
On {3 i ¢ B"—E BCD
Ci0 - - —:‘: ’Bo_z} 100
i EH A:D = 3‘%1—2}
Ci2 EG_GA?'E ﬁ.-i‘gm—ﬂ
_ ARRAV| {hah] ™ =
| O g = P
5 I i S
G R i —
IE Lo {]-E

Figure 5, Logic Schematic

Summary

A similar algorithm was described in Ref. 2, where the two BCD
digits were implemented with four ICs and could be clocked at
80 ns. Here we described one chip implementation that can be
clocked at 60 ns.

References

1. “Binary to BCD Conversion Techniques” by B. MacDonald, EDN Dec. 1, 1969.
2. “Special PROM Mode Effects Binary to BCD Converter”, by D.M. Brockman, Electronics.
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Binary to BCD Converter Design Specification PAL16R8
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Binary to BCD Converter Fuse Pattern PAL16R8
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Binary to BCD Converter Logic Diagram PAL16R8
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Electronic Dice Game

A dice game can be implemented using a simple state sequencer and an
oscillator. When the oscillator is running (ROLL), the dual modulo six counter
increments through all possible states. When the free running oscillator is
stopped, a random count will appear on the outputs.

In one die there are six states (1 through 6). In a set of dice there are six states
on the one die for each of the six states of the other (36 states in all). Since the two
dice are very similar it is possible to design one die and use the equations from it
to design the second. Two designs will be shown. First, an eight chip SSI/MSI
solution, then, a single chip PAL solution.
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Logic Design Using Standard TTL

In one die, seven LEDs make up the display (Figure 1). Notice
they can be connected such that only four lines are required to
drive them. The LEDs are turned on when the appropriate line is
driven low. Since there are four lines to be driven it is necessary
to use four D-type flip-flops for each die. For reference the out-
puts of the fiip-flops are labeled Q4-Q4 and the inputs are
labeled D4-D4 (Figure 2). By using the inverting output of the
Flip-Flop we can use positive logic in the design. That is, a
logical “1” at a Q output represents an LED being turned on.

-

— s

G KL AMN—t

g K e
Figure 1 -

The present state of table 1 shows the preferred sequence in
which the LEDs should turn on. The next state shows the condi-
tions necessary to increment when clocked. From these two
tables the Karnaugh Maps of Figure 3 were made. Using the

Karnaugh Maps the following equations are obtained;
D1 =01 Q2Q3 D2=01Q3+ Q1 Q4
D3 = Q3 Dg=Q1 Q2+ Q1 Q4

These equations satisfy the requirements for one die. By sub-
stituting Q5-Qg for Q1-Q4 and Ds-Dg for D1-D4 we have the
following equations;

Ds = Q5 Qg Q7 De = Qs Q7 + Q5 Qg

D7 =0Q7 Dg = Q5 Q7 + Q5 Q8

Looking at the Karnal Maps (Figure 3), it may be noticed that the
simplest logic equations were not generated. This was to insure
a path to a valid state from all invalid states.

CLOCK —
Dy D —
b—cik @ G
D2 D [+] o
—ck @ [}
D3 D —
—cik G G3
Ds D [} o
CLk Q@ Q4
Figure 2
PRESENT STATE NEXT STATE
’ N - ~
STATE Q4 Q3 Q2 Q1 Da D3 D2 Dy a
1 0 1 [ 0 ] 0 1 0
2 (] 0 1 ° 1 1 0 o
3 1 1 0 0 1 0 1 0
4 1 0 1 0 1 1 1 0
5 1 1 1 0 1 ) 1 1
6 1 0 1 1 0 1 0 °
Table 1
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o Dy KARNAUGH MAP o D, KARNAUGH MAP Q D3 KARNAUGH MAP Q4 D4 KARNAUGH MAP
Q3\ Q2 Q3\Qz Q3\Q; Q3\Q2
Q3 00 o1 1" 10 Q3 w | o " 10 Q) 00 o1 1 10 Q2 00 o1 " 10
p—
o | x | o x| x o | x| o | x | x 00 /( 1] x | x o | x [[1\] x | x
o1 X 0 0 X 01 X 1 0 X 01\ X 1 1 ) o1 X 1 0 X
1 0 m X X 1 1 1 X X 1 0 0 X X 1 1 1 X X
10 0 X X X 10 1 X X X 10 0 X X X 10 0 X X X
Note: X means Don't Care 1
Figure 3
vee
+5V
ROLL o
o 04
2N4402
I_F_‘D___ 2N4402
D ol
O1uf O1ut
=Y |
Q4 1 —
I S S s K
b3 2K 320K 320K 2
1/ )- Q, j =
D Q2 =
1/
O %
1200

J

)

Figure 4




De=Q;Qs+ Q105Q7 + Q1 Q5 Qg
D7 =QjQ7 + @1 Q7
(Figure 4)

Applications
T S S —
However, since this is a synchronous design the clocks of the ~ Applications
two die are common. If the same equations are used for both die
there will be only six different states. To get around this the first Rules for CRAPS
die is allowed to go through each of the six states incrementing The following is a set of rules that apply whether you are playing
with each clock. The second die is inhibited from incrementing in Las Vegas with dice or at home with a PAL.
except when the first die goes from the 6th state to the 1st state.
At this time the second die is allowed to increment one time.
Looking at the present state of table 1 it is noticed that
whenever output Q4 is high, the next clock should increment the
second die. Whenever Q4 is low the second die should remain
the same. From this we now write all the equations.
Dy =Q; @2 Q3
Dp=Q;Q3 + Q1 Q4
D3 = 63
D4=1Q1Q2+ Q104
Ds = Q; Qs + Q1 Q5 Q Q7

The first roll is called the come-out and you winon a 7 or 11 or

Dg =0y Qg + Q1 Q5 Qe + Q1 Q5 Qg

From these equations the logic diagram can be drawn.

you “crap-out” on a 2 (snake eyes), 3 (ace caught a deuce) or 12
(box cars). If none of the above happens you will have rolled a
probabilities in 36 throws:
Logic Design Using PALs

number between 4 and 10. Mark this number well, you will need
to roll it again to win. At this point no “crap” can hurt you, but

unless you've programmed your PAL right, a seven can. Normal

7 will appear 6 times
6 5
8 5
5 4
9 4
4 3
10 3
3 2
11 2
2 1
12 1
The design requires 8 registered outputs. Looking at the PAL
Data Sheet we determine that a PAL16R8 best suits this
application. The equations developed above can be used here
without change. The PAL Design Specification shows the im-
plementation of these equations.
Using this arbitrary pinout, however, makes the PC board
layout awkward. Thus, another PAL Design Specification is
shown with the pinouts chosen to convenience the PC board
layout. This design is chosen for the circuit diagram of figure 5.
Vee
ROLL +3V
st
2N4402 " 2N4402
2K
" PAL 16R8
A d E——‘-—
| | N ey |
51t =
u :.!é‘! m!
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Electronic Dice Game Design Specification PAL16R8

FAL1ERE FAL DEZIGHM ZFEC IFIFHTIDH
FATOOO1 ED "'ETTEF g
ELECTROMIC DICE AME

CEOMT MO MO MHC HO MO MO HZ GHD <E <02 07 SR8 C0S c0d S03 SRS D1 YoD

ion]

—_
-
1]

PR R dnt=E gNie]

02 5= COlenI + cnlend

03 1= SRE

md i= CO1e0E + Chlend

B i= DlesDTelGenT + c01e05

D t= Q1e-0Se07T + 01e Q05605 + <0108
D7 $= D1e 07 + ~01e07

TS i= D1eCNSeNE + D1esNSeNS +o01 0SS

DEZCRIFTIONM:

THE DAL MODULO-5IX COJOMTER IMCREMEMTE OM THE RIZIMG EDGE OF THE CLOCKE IMFUT
CCEX . THE THREE-ZTATE OUTFUTE ARE HIGH-Z WHEM THE EMAELE LIME <~Ex IS HIGH AMD
EMAELED WHEM EMRELE LIME <~E» IZ LOW. THERE HRE 3¢ DIFFEREMT STATES TO THE
COuMT ZEQUEMCEs EACH ZTATE CORREZFOMDE TO OME OF THE MUMEER COMEIMATIONE

TO EE DIZFLAYED OW THE DICE. E HEXT FRZE}

PAL16R8

ﬁ

ek 1 |F—D— chc
~e[2H reH o {s] &
Bl
ve[GH Q}B&w [
2 —
ne[a —i’%&n Y
ne[5 H A(;": ”g?«w o,
9
NCEJ GATE [Trem Tl 17e] &5
ARRAY| {ta _
nel 7 H i'g]} 14 is
nef s H {os{>o413] Q7
e
0g e o
GNDE —QO-EE
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Applications

State Sequence Table PAL16R8

Electronic Dice Game

FLAYED
DIE 1

-

DIz

HUMEER

ooy

LU IO B TS o

IITITITIT

S S s (N (N (|

IITITITITXIT

ITIITTITXT

ITT JJd0d

4T JT 4T

I 0T 444

IITIITXT_

- s e . omy

DOV R Y I I Y |

bt RO, TR 1]

IITIIITIXT

IITIITrIIrxT

S S T N [ )

ITIIIXT

IT 0404

[ Ru i s i s

I JTr JdJa

ITITITT U

"o wy me me om we

DR RO R

AU AR, g | O )

JUS [ N R N |

S [ [ [ i |

ITITTJ

- me mr s e ome

kol s ol o

AU BUUR. g TS o]

RN S R i N |

IITITTITT

R N B R N |

ITIIITITITXIT

ITJa0d4d

4T 4T 4T

i S s N [ |

IITITITT

(VU TR T T ]

LU RO i T o)

RN R S S B |

S NS N N N [ |

RS R U U |

IIIIITI

T 1 d04d

4T T 4T

P WS s b N |

ITITITI I

LY RN Y Y Y N u ]

R IO BOUER > ol T Y ]

B R R [ B B |

ITIITIT

S S R R |

RS [ s R |

I a4

U R s S s

i R e o R |

ITIITTITJ
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Applications

Electronic Dice Game Fuse Pattern PAL16R8
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Applications

Electronic Dice Game Logic Diagram PAL16R8

ck P>

0123 4567 8 91011 12131415 16171813 20212223 24252627 28293031
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o
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ne —F
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o
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Rve L
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Applications

Electronic Dice Game with Pinouts Design Specification PAL16R8
to Convenience PC Board Layout
FAL15RS FAL DEZIGH SFPECIFICA

FRATOOOZ ED YETTER 12°3.-77
ELECTROMIC DICE GAME WITH PIMOUTS TO COMYEMIEMCE PC EOARD LAYOUT

[t SO 1 TS U ISO  ( [ [ I I 1 (e =S O e v~ S (g T M R M S W

OE i= CR1eEE + c01end

0Zor= ool

G4 t= CRIeRE + chlens

[l t= ~DlenZens

et D1esSeRT + DlesNSeRn + G105
OF §= G107 + CO1eR7T

02 1= 01e<0Se05 + D1e<DNSe058 +-0105
05 iz D1e QSeDEenT + ~01e0S

DEZCRIFTION:
THE DUAL mODuLO-
K THE

v _COUMTER IMCREMEMTE OM THE RIZIMG EDGE OF THE CLOCK IHFUT

THE EE-ZTATE OUTFUTS ARE HIGH-Z WHEH THE EMAELE LIME <-Ex IZ HII-H AMD
EHHELEII WHEHM EMHAELE LIHE L LOW. THERE HRRE Z& DIFFEREMT EZTAT TO THE
COUMT ZEQUEMCEs EACH STATE CORREZFOMDE TO OME OF THE MUMEER DNEIHHTIUH

TO BE NTZFEL G%ET M TIJE TICE,
LIS R < i R L ™ = L A -

PAL16R8
ckl ! ——{>——v Evcc
nel 2 H —:E},P{&*Eo_z

DR
nef[aH : 7] &
[T Hegr-fs
oL O

e L

ne[TH
vEH B le;
N m o 13

Logic Symbol

1
o1

SEIE

[ JE:J

5
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Applications

State Sequence Table PAL16R8

Electronic Dice Game with Pinouts

to Convenience PC Board Layout

=FLRAYED

nIE 1

HUMEER DIE

DnIE &

]
noow
[ ]
H

00 g 0gong g

L UL BOUA R ol T R 1]

ITITTITI

N S R |

ITITITI 4

DO I e O By B O

ALY R o [ R o]

ITITITTITT

N R [ N B . |

N R N |

4T JT 4T

I JIT 444

R e o M i o

L UL BEC B> ol T IR o]

IITIITITIT

R N R N |

IIITIITXT

R [ R [ N |

ITIITTIT

T T Jd.dd

4T 0T 4T

T JT J44d

[ T T TR ]

LU BUUR o1 Y )

IITIITITITXT

RSN S R [ R |

R G R . |

JES [ Y N Y |

ITITTTIT

B S N R R [ |

ST JT 4T

i S s s R B |

LY N (B W S Y (R v

— 0O 0o U0

N U N [ |

R R S [ N |

IIITIITXT

S R R N |

IITITITTIT

IT 0044

JIX 0T a4

s S s N R |
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Applications

Electronic Dice Game with Pinouts ' Fuse Pattern PAL16R8
to Convenience PC Board Layout

)

SEIL SLIS SR

Cles0y
ST eLT
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Applications

Electronic Dice Game with Pinouts Logic Diagram PAL16R8
to Convenience PC Board Layout

ck >

0123 4567 8 91011 12131415 16171819 20212223 24252627 28293031
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Applications

PALASM Outputs
ELECTRONIC DICE GAME WITH FINDUTE

—— SRR
1] e

SRR

Q1e Q7
1en7

HHRR
HRKK HHKK K

lesnSens
BlenSens
S0 eRE

i1 S5

A HAHRK

KRR
KHKK
HHRX
KHKX
KKK

ptatet
Bttt
batatetd
KRR HRER
HEAK R
HERE W

bttt
Fatatatel
REKK
HEER
HHKK
KYHK

© FORMAT

SoooolMNo o

TO COMVEMIENCE FC

EOARRD LAYDUT

EHLF FORMAT

EHAHHF
EHHHHF
EHHHHF
EHHHHF
ELHLHF
ELHLHF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
EiLLLF
ELLLLF
ELLLLF
BLLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
BLLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF

ELLLLF
ELLLLF
LLLF

Q“/us‘“"’D?ELLLLF

ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF

EHHHHF
EHHHHE
EHHHHF
EHHHHF
ELHLHF
ELHLHF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELILLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHE
ELHLHF
ELHLHF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
BLLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF

i |
n
K20 ]

=

T 0oaon
] Iy

EHHHHF
EHHHHF
EHHHHF
EHHHHF
ELLHLHF
ELHLHF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
EHHHHF
EHHHHF
EHHHHFE
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
ELHLHF
ELHLHF
ELHLHF

ELLHHF
EHHHHF
EHHHHF
EHHHHF
ELHLHF
ELLLLF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
BLLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF

EHHHHF
EHHHHF
EHHHHF
EHHHHF
ELHLHF
ELHLHF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
BLLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
EHHHHF
ELHLHF
ELHLHF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF

ELLLLF
ELLLLF
ELLLLF
ELLLLF

ELLLLF
ELLLLF
ELLLLF

==
nmn
=T
=

=
MM T =
amm
=

S s T T

=

EHHHHF
EHHHHF
EHHHHF
EHHHHF
ELHLHF
ELHLHF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
BLLLLF
ELLLLF
ELLLLF
BELLLLF

BLLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF

BHHILHF
ELLHLF
EHHHHF
EHHHHF
ELHLHF
ELLLLF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ElLLLF

ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF

ELHHLF
EHHHHF
EHHHHF
EHHHHF
ELHI_HF
ELHLHF
ELHLHF
ELHLHF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
BLLLLF

‘ELLLLF

ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF

BLLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF
ELLLLF




Applications

PAL Programming Format

INPUTS 0 TO 31
>

26

Zoo® Nous WN=O

INPUTS 0 TO 31
>

W
o

WORD 0 TO 255

WORDS 256 TO 511

ST00w® Nons WN=O

256
257
258
259

260
261
262
263

264
265
266
267

268
269
270
27

272
273
274
275

276
277
278
279

280
281
282
283

284
285
286
287

Pal _I6R8

Pattern __PATO002

Name _ELECTRONIC DICE GAME

For Products 0 thru 31
24 16 8 0 25 17 9 1 26 18 10 2 27 19 11 3 28 20 12 4 29 21 13 5 30 22 14 6 31 23 15 7
H 2[LTHILTH] % 128 160 192 TL 224 TLILT
H M 33 H H 65 97 L 129 161 193 L 225[L L' T
Hl1 3¢ CTHICTH] 68 98 130 162 C1 o[CTC 26 CTCTLIL
35 H 67 99 131 163 1 195 L 27 LIL]
H 36 H] 68 100 132 164 196 228[ ] T
HTHIH 37 69 101 133 165 197 229 1 T
H 38 H 70 102 134 166 198 230() ] |
39 7 103 135 167 199 [T T
H H 40 H 72 104 136 168 L] 200[L] 232 |
HTH TH P H H1 73 105 137 169 2011 233 |
HHIH] «[CTHILTH] 7¢ 106 138 170 L] =02[1] 23a]]
H 43 75 107 139 171 2031 235
H a4 H H] 76 T 108 | 140 172 204 236
H Hl 45 H H| 77 I 109 I 141 173 205 L [L] 237
46 78 | 110 | 142 174 206 238
H 47 79 | 11 1 143 175 207 239
HIHTH 48 H H] o 112 144 176 208 [ 240
2 49 H M 81 113 145 177 209 241
HIH 50 H 82 114 146 178 210 242
H 51 Hl s 1s 147 179 211 243 I
H 52 84 116 148 180 212 2a4[ L TLTLT
H 53 H H| es 17 149 181 213 2as{ LT LT
HIHIHH]| s H 86 18 150 182 214 2a6 L L}
H 55 87 119 151 183 215 a7 [LIL LT
H 56 H] 88 120 152 184 216[ L] I 248J|__!, TR]
H H 57 89 121 153 . 185 a7 L L] 249 [LTL
HIH H| ss H| 9ofL L 122 154 186 2180 | 2so bl LIl
59 H 91 123 155 187 219 LT T 25t LT LTLTL
H 60 H 92 124 156 188 220 | 252 |
HIHH 61 H H] 93 s LILTLTL] 157 189 221 “— Ll es3fLILIL;
H 62 H| 94 126 158 190 222 254 H
H 63 95 127 159 191 223 | 255 !
For Products 32 thru 63
56 48 40 32 57 49 41 33 58 50 42 34 59 51 43 35 60 52 44 36 61 53 45 37 62 54 46 38 63 55 47 39
H] 288 [HTH 320 H] 352 384 416 448 480 TLIL
H H| 289 [HIH H] 321 H| 3s3 385 a17 449 ag1 ||| L
HIHIH]| 290 [H[H H| 322 H H] 354 386 418 450 482 L
HiH | 291 (H M 323 355 387 419 L 451 483(] | L
H 292[HTH 324 H 356 388 420 452 [T T 484[1
™H Hl 293 [H H/H H]| 325 H 3s7[LILILIL] 38[LL 421 as3[ | 485
HIH 294 HTH H| 326 H] 3s8 390 422 454 486
[ 295 [H] Hl 327 359 391 423 ass[TLTL 487
H| 296 H| 328 H 360 [ [T 392 424 456 488
H 297 | H H| 329 H 361 L] 393 425 457 489 |
H 298 H H| 330 H 362 L] 394 426 458 490( |
299 H Hl 331 H 363 L] 395 427 459 491
T 300 HTH] 332 H H] 364 396 [Tl 428 460 492
H 301 [ H HIH| 333 H 365 397 429 461 493
HIH 302 334 366 398 430 462 494
T 303 335 367 399 431 463 495
H 304 H 336 H] 3ses 400 432 464 496
H H| 305{H | H H| 337 H| 369 401 433 465 497
H H| 306 H H| 338 H| 370 402 434 466 498
H] 307 H 339 371 403 435 467 499
H 308 340 H 372 404 436 468 500
H H 309 341 373 405 437 469 501
310 H 342 H H| 374 406 438 470 502
H 311 H 343 H H 375 407 439 a7 503
H 312 [H H] 344 376 408 | 440 472 504
H H 313 H H| 345 H 377 409 L a4 473 505
H 314 | H M| 346 H| 378 410 L 442 474 506
315 347 379 411 L 443 475 507
316 H 348 380 412 444 476 508
317 HH 349 H 381 413 445 477 509
H 318 350 H 382 414 446 478 510
H 319 H 351 H 383 415 447 479 511
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Applications

and ... HERE’S MORE!!

This section presents more PAL examples used in various systems. Some of the
applications present PAL equivalents of standard logic functions. At first glance
this may not seem useful. However, consider the case of the standard logic func-
tion that is “almost correct”. If any special functions are required SSI/MSI logic
must be added with an increase in cost. The PAL version of the same function
can probably be modified internally to accommodate the change with no addi-
tional parts.
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Applications

Three Phase Micro Engine Design Specification PAL16R8

FAL DEZIGH =ZFECIFICATION
MICHAEL D. GRRYEYs FRED W. GROTHMAH 18-V

FAL1
FART OO
THREE FHAZE MICEO EMGIME

CK 50 LE MC MO MO HC HD MO SHD <E HC MO o0 <F <R <FHZ ~FHZ <FH1 YOO

FH1 := FHI®E + FH1e-E + ~FH1#-FHZ® FH3
FHZ = FH1%E + FHZ#-F + FHZ#~<E + FHZ#A+E+-G0
FHZ i= FHZeGOeAsE + FHIs-E

A 1= <AesE + FHE# A*EsLT + FHZ®A®-EeC

E = HeE + FHZ®-HeEeLZ

. 1= FPHEe-HeLEeLS + FHEe-FEel

DEZCRIFTION:

THIZ I3 AM AFFLICATIONM MOTE FOR A THREE FHATIE MICRO-EHSINE.
THE DEZIGH FERUIREMEMTE ARE AZ FOLLOWE:

1. THE THRFREE FHAZEZ WILL. EE CALLED FH1. FHZs» AMD FHZ.
c FHZ WILL RE OF YARIARELE LEMGTH.
THE MICRO-EMGIME MUZT EE AELE TO ZTOF AT THE EMD OF FHE.

+eee  TTATE LDIAGFAM OF MICRO-EMGIHE +ese

CIHORT CWCLED CLOME CYICLE
H1 1 1 1 00 a0 0600 11 1 000 n0 0o 0non
Hz LI N T A S S A I VI LI O VOSSR A S A A S I T 1
HZ (U T T N T O S S S | Oononon o0 0N
X oo 1 01 o010 o1 oo 1 011
[ T T O T A A A A O | oo 1 001 00
} o0 0 00 00 [ 1 T A R (S N |

—
-
—

010
[} |:| 1
] 0o on

(IRl = s (s B w i

g
R e ]

MOTE=:

1. « 50 = 0 WILL =TOF, 30 = 1 o ILL COMTIMUE
= # "IN T CARRE™

. L% = 0 EHORT CYCLEs LT = 1 LOMG CYCOLE
4. A Es AMD C ARE ZTATE COUMTERE

S B0 AMD LY ARE IHFUTE



Applications

Three Phase Micro Engine Logic Diagram PAL16R8

ck P>

0123 4567 8 91011 12131415 16171819 20212223 24252627 28293031
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8 Bit I/O Priority Interrupt Encoder with Registers Design Specification PAL16R4

FAL1GR4 FAL DEZIGM ZFECIFICATION
FATOO0S FRALUL ZAGAR 12-12-77
2 BIT I-0 FRIORITY IMTERRUFT EMCODER WITH FEGISTERE

Ck I1 I2 I3 I4 IS I& IV IS GHD CE MO HO G4 03 Q2 @1 HC MO WCC

A1 1= ST1eI2 + SI1e-[2¢130]d + ~T1e- [ 1230 [de- IS5 +
RSO E 20 =2 P gl PO EL TR Sl 28 -1 S8 Il S ¥
2 1= sIle

‘]2 + JlesICe I20]d + SJ1e-ICe- I3 - 4o [Se-JEe]7 +
e Ide - [Se-JEe-ITeIE

e JdelS + CSIlecICe - TZe - Tde ISeIe +
Zeo]de IS8 TE#IT + STl 2 [Se - Jde  [Se-TIEe ITelE

]
.-
1}

I1+IE+I3+I4+I5+Ie+I7+I2

P
£
1]

DEZCRIFTION:
THE I-0 FRIORITY IMTERF

E T EMCODER  FRIOFRITIZEZ 2 I-0 LIMEEZ
cIl THRU ISx OUTPFUTIMG 111 BEe il RESFECTIVEL FOR THE HI -
FRIORITY 1-0 DENMICE «Ilx AMD 000 FOR AM IMTE IFT FROM THE LDOl
FRIOFRITY I-0 LEWICE oI2v. OUTPUT G4 ZERVEE AYX THE IMTERFRUFT FLAG
AMD GOEZ LOW WHEM AHY OF THE 2 1«0 IMPUTE G0 HIGH. THE FRIOFITY
INTERRUFT EMCOLDER REGIZTERI ARE LUFDARTED O THE RIZIMG EDGE OF THE
CLOCK IMFUT «CEY,  THE Z-ITARTE OUTFLTEZ RFE HIGH-T uiHE = EMAELE
LIME <¢-Ex I HIGH AMD EMAELEL WHEM THE EMAELED LIME -E3 L0,

TRUTH THELE

DS S I R s s e e o ¥

T
[l e

mrr T

[l el e

[l ol -
el el s &
(el N N

(ot ol el el el el e S
IFTIIrrIIr
b s e o - o o A
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Applications

8 Bit I/O Priority Interrupt Encoder with Registers Logic Diagram PAL16R4

ok >
——
s+
]
<—

0123 4567 8 91011 12131415 16171819 20212223 24252627 28293031

~eonswn-o

Qq

o
[=]
i:

]
o
(>
N

-
2288
5]
[2)
l;

Q3

1
i
;

ga8=
o
=)
=

z
O

]
]
50
51 1
52
53
5
55

50 12

45 7 8 91011 12131415 16171819 20212223 24252627 28293031

5-93




Applications

Quadruple 3-Line-to-1-Line Data Selector Multiplexer

FRIL14HY
FARATOO1:
FBURDRLUFLE

b

‘A XA 4R 1B EB ZEBE 4F 1C

(]

1A

17 = 1A+-Z0#-31 + 1EeZ0ers3
24 = ZAe-IOesE1 + ZEeIlesE
I = ZReCZNesT1 + ZEeI0esE
47 = GA*-T0e-T1 + dEeTesE

DEZCRIFTIOM:

A 4-EIT WORD I=
TO THE FOUR OUTPUTE,
IMVERTED DATAH IE DEZ

IRED.

FUHMZTIOM THELE:

131 ! OUTPUTE !
! Lt A DATR ¢
' L ! E DATA ¢
' H ! C DATR !
! H Ot oLOW !

5-94

Z-LIME-TO-1-LIMHE DATH

GHIN 20 3

SZELECTED
TEUE DATA I=

LI=ZE

ZELECTOR

+ 1Ce ne=1
+ e
+ ZCes
+ 4"+ e

FrOM OME OF THREE Z0URCEX
FREZEMTEL
ZAME EQUATIONE

THE

s —
I I

I

1c
GHD

MULTIFLEXER

(X

n D)

[

[xx]

)

10

Design Specification PAL14H4

FAL DESIGH ZPECIFICATION
WID MEWTON 1228177

1% 21 20 VCC

HAHD I: ROUTED
AT THE DOUTFUTE. IF
WITH THE FAL14L4.

el LY

12 =2C
11 2

FIMOUT



Applications

Quadruple 3-Line-to-1-Line Data Selector Multiplexer

1A

2A

3A

4A

1B

2B

3B

4B

1C

Logic Diagram PAL14H4

;

g

7

y

0123 4567 8 9101 1213 1617 20212223 24252627 28293031
q 19
q 18
186
17 17
1§ &L R
19
22
25 16
26
27
32
33 15
34
35
40
a 14
42
a3
ﬂ 13
ﬂ 12
ﬂ 1
0v23 4567 891011 1213 1617 20212223 24252627 28293031

1Y

2Y

3y

Y

4C

3C

2C
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4-Bit Counter with 2 Input Mux Design Specification PAL16R4
FAL1ER4 FAL DEZIGH ZPEC IFICATION
FAT O0Z JOHH EIRKMER 12-23~

4-EBEIT COUMTER WITH 2 IMFUT M-

CLOCK A0 AL AZ AZ EO E1 EBZ B2 GMHD <E COUT I1 23 22 @1 o0 I0 CIM YOO
S0 ot cJlesT0e-00 + SIlel0esA0 + I1e-I0e-E0 + Ilelle-CIMe- 20 +
Il1eT e IMHeR0

Sl f= cllesI0es1 + SJ1el0e-Al + Ile~-I0e-E1 + Jlel0e-_IHMHe- 01 +
Il1eI0eCIMHe1e20 + Ti1el0e- 1e- 00

aE 1= . >+ cJ1el0e-AZ + I1e-I0e~EZ + I1eI0e " CIMHe 2 +
I1+I0+ Ir{o_l._olllolln + J1el0e 02801 +I1e]0e- 12w
In} = + ~I1el0e-HZ + I1le-I0e.- RICHNE S

) 1ZeCIZe1en0 + J1el0e 0560 : ;0..-* 21 + Jlel0e-Ze <00

IF Yooy <COUT = «CIN + <03 + SBE + <01 + <00

DEZCRIPTION:

THE 4-EBIT COUMTER LOARDE A OF E FROM THE MUXEs OF COUHTE UP.
THE THREE =THRTE OUTFUTE REE ACTIVE WHEHM -~E I= LOW.

FUHCTION THELE:

' CE Y I IOy CIM G OUTFUT © ' OFERATION ?

! L ! L L ! [ ! MHOF H
H L ! L H! ] ! LORD A !
H L ! H L ! E ! LOAD E !
! L ! H H! n] ! HOF !
H L ! H H ! gRPLUE 1Y IHCREMEMT ¢
INPUT A INPUT B
CARRY IN —— > CARRY oUT
4-BIT COUNTER
WITH
24NPUT MUX
AND
OP SELECT 3-STATE OUTPUTS -« cLock
|<——— ENABLE OUTPUT
OUTPUTS
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4-Bit Counter with 2 input Mux Logic Diagram PAL16R4
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6-Bit Shift Register with Three-State Outputs Design Specification PAL16R6

FAL1ERE

o FEL DEZIGM SFECIFICATION
FRTOOOS JOHH EIRKHER 11-80-77
&=EIT ZHIFT FESISTER WITH THFEE-ZTATE OUTFUTS

CEOZR DO D1 D2 D3 D4 DS L GHD CE RILO 25 o4 032 o2 o1 20 LIROD YOO
IF: ZResZL »  ~LIRO = ~020
Eanli] 1= SLResTLesD0 + ZReCIZLSSRD + CEZReILesLIRO + ZReZLesTIO

S0l 1= SSResTLesl + SReCTLeCNE + SIReILSCD0 + IReSLe-D1

S = CEResTLeCRE 4+ DReSILeCNDE + CIReILe-01 + SReTLesDE

SEEE I= SEReCZL NS 4+ ZReSILeCNd + SEReILSC0Z + ZReZLesDS
g 1= CIReCsELesd 4+ ZREeSILeCNS 4+ CIReILeCDT + IReILesNd
SRS = CEReCTL eSS + IREeCIZLeCsRILO + CIFeILed + TReILesDS

IF: ~ZFeZL »  ~CRILO = <05

DEZCRIFTIOM:

THE &—-EIT ZHIFT RESIZTER hIILL HOLDs ZHIFT RIGHTs =HIFT LEFTs OF LOAD OM THE
RIZIMGE EDRE OF THE CLOCK -k
THE THREE-ZTATE DOUTFUTE ARE HI'::H—Z WHEM THE EMAELE LIME <~E» IZ HIGH
AMTY EMAELED WHEM EMAELE LIHE <-EX IZ LOW.

FUMCTION THELE

LIRD ! OFERATION !
! HOF '
1 HOF !
! HOF '
' HOF :
! HOP :
! HOF :
' oHOP '
' '
: '
] 1]
i i
: :

ol

o] RV N SV QY B

o Y N Y RN B SN ¥

| TrITIrxrr

(i) s

G5 Z HOF
L-H Z Z HOLD
L-H < 1 FIGHT =
L-H 4 =z LEFT =
L-H < Z LORD D

INPUT

MS SHIFT 1/0<—> <—— LS SHIFT I/O

6-BIT SHIFT REGISTER

3-STATE OUTPUTS

[<—CLOCK
OP SELECT
[<—— ENABLE OUTPUT

<

OUTPUT
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6-Bit Shift Register with Three-State Outputs Logic Diagram PAL16R6

ck —>
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¥
24
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28
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30
ki
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32
33
34
35
36
k1
38
39
=
40
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44
45
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47
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50
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56
57
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8-Bit Counter with Three-State Outputs Design Specification PAL16R8

FAL1ERE FAL DEZIGH ZFECIFICATION
FATOOOO Jd. EIREMER 10006577
Z-EIT COUMTER WITH THREE-ZTATE OUTFUTZ

CkE CPREIZET MO MO MO MO MO MO MO GHD <E &7 @

(= I T S A P s o

S0 = SPREZETeR0
<11 t= ~PREZETeR0en1 + -FREZET#-s00e-01

SFREZET#<011 -2

I
+

NE 1= SPREZETeR0+01402 + ~FREZET#- 000

+ ~FREZETe~C0e-12 + ~FPREZETe-21#-03 +

3 1= SPREZETeR0en1e0ZenZend + ~FREZET#-C0e- 03 + ~“FREZET#-11#-04 +
SPREZET#-0Ze- 104 + ~FRES ET¢ i =k

FFEQETﬁfDIOEDS +

DEZCRIFPTION:

THE =-EIT COUMTER IMCEEMEMTE OM THE RIZIMG EDGE OF THE CLOCK IMFUT «CkE:.
THE THREE-ZTATE OUTFUTZ RRE HIGH-Z WHEM THE EMARELE LIH ‘Er I: HIGH AMD
EHMAELED WHEM EMAELE LIt csEx IE LOWM., THE COUHTER IX Z HEOMOUELY

! EID{H_Hh%_EIEHA‘ WHEHM THE FREEZET LIME <<FREZ IZ LOW FRIOR TO
K ROIMG 3H.
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8-Bit Counter with Three-State Outputs Logic Diagram PAL16R8

ck P>
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ne “Px {I—————i
o ‘
58 12
:: D Q q>o—— Q7
61
i +t_°
NC 9 [ ——4)—1‘1 E
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Applications

Data I/O Programmer Analog Card Output Driver Design Specification PAL16L8

FAL1ELE FAL DEZIGH SPECIFICATION
AT 000 AMDY CHAM 1271477
DATA 1-0 FROGRAMMER ANALOS CARD OUTFUT DRIVEF

12 24 5 e 789 6HD 11 18 12 14 15 16 17 18 1% WCC

IFC11y <194 = ~Sele 1313 + Selelle 12 + ~SelelZeis +

SAe s el Tes S 4 AeslelSes 1S

IFg11y ~15 = delelSe S + SSesles1Te 15 +

ZelelZesS + ST e1Ze 1S +

IFc11y w18 = %

celelZe 1S + SEeS1eS1Ze1E 4+
L ESE BT S

IF 11y 17

fl

iT

DEZCRIPTIOM:

THE DEVICE MULTIFLEXEZ EIGHT OUTFUTE FROM THE ZEMZE AMFLIFIER
OH THE AMALOG CARD TO FOUR THREE =TATE OUTFUTE WHICH LRIVE THE
DATH EU=s DO.

FUMCTIOMN THELE:

! IMFUTE : OUTRUTE H
P11y 1 P 1E 1314 15 1e ! 17 ! OFERRTIONE :
! H!P L L L? = = ¥ & ! UPFER OUTPUTE LOGIC LOW !
! H Y L L H ! #3 S5 £7 <& ' UPFER DUTPUTE LOGIC HIGH !
! H ! L H Lt H H H H ! HOF :
' H ! L H H! H H H S U UPFER OUTFUTE EOTH LOGIC !
! H! H L. Ly 5 4 = & ! LOWER OUTPUTE LOSIC LOW !
! H! H L H ! -5 <4 S3 <2 0 LOWER OUTFUTE LOSIC HIGH !
! HY H H L ! H H H H ! HOF :
! H! H H H! 5 H H H ! LOWER OUTFUTE EOTH LOGIC @
PoL Ik " w b2 2 Z Z ! DIEAELE :



Applications

Data I/O Programmer Analog Card Output Driver

1

Logic Diagram PAL16L8
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Applications

24-Bit Fast Look-Ahead Carry Generator Design Specification PAL16L8
FPAL1ELE FAL DESISHM SPECIFICATION
FATOO1E YIC MEWTOM  12-19-77
&4 EBIT FAST LOOE-AHEARD CARRY GEMERATOR

CH <50 «F0 ~51 ~F1 ~<G2 P2 «&Z ~PZ GHD 54 HCL <P4 HCZ
CHE0 CH1e CH1Z CHE CH4 WCC

IF cMCCh wTHg

SE0esFPO o+ SE0eCTH

IF WCCH ~DCHE

1
i
-
hd
3
—-
+

SP1esE0eF0D + SRlesm0esCN

IF OWIZCH <SCHIZ = <13 S+ SRSkl ecFPl + SRZecsnlesGlesPD +
SaE * -G08 CH

IF W22y sCHIe = <R3 4+ SRZeSREeCFE + SR3

ShlesG0esFO 4+ 532

SEEeG1esPL 4+

ShdesRtes D
GoesnlesFl + o1
ce |;| 1e-50%-CH

IF OWCCx SCH20 = ~sGde-Pd

+
S

DEZCRIFTION:

THE LOOK-AHEALD CARRY SEHERATOR ACCEFPTS A CARREY IHFUT AMD UF TO FIVE
FARIFREZ OF CAERY FROFASATE AHD CAEEREY GEHERATE ZIGHALE. IT FROVILDE=
AMTICIFPATED CARRIE:S ACROZE Z1s GROUFPE OF EIHARY ALUSE. THE LOOK-AHERD
CHRRY GEMERATOR CAHM EE UZED WITH EBIHAREY ALU-Z IH AM ACTIVE LOW OF ACTIVE
HIGH IMPUT OPERAHD MODE EY FEIHTEFFEFTIHH THE CAREY FUMCTIONS. THE
COMHECTIONE ARE IDEMTICAL IM EOTH CARZEE.

24 BIT ALUYZ CAM EE OBTRIMED EY UZIMG ¢4 EIT ZLICE:S ZUCH AE THE
S7¥01 0OR 2201,

5701 OR 2901 2001 OR 5701
CARRY IN Cn Cx Cy cn n Cy  Cyu+a|—CARRY OUT
G P G P G P [ P G P
G Po Cn+a G Py Cnig G2 P Cn+2 G3  P3 Cnite G Pa Cn+zo
n PAL16L8
e ———— — B
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24-Bit Fast Look-Ahead Carry Generator Logic Diagram PAL16L8
CN

0123 4567 8 91011 12131415 16171819 20212223 28252627 28293031
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Applications

4-Bit Up/Down Counter with Shift and
Three-State Outputs

FAL1
FATOOZE

4 BIT UFP-DOWH COUMTER WITH ZHIFT AMD THREE-ET

cLock IO Il EO E1 B EZ IE CLERR GHD <E ~LIO

IFC ~IZeI1le-I0 » RIO = (RO
SAD f= CSRND e ISesT1esI0 + DB eI 1T 0+
i+ SRIOSICS-TI1e-1I0 +
FIOsIceIle<1I0 +
FIOeIzeIls I0 + CLEAR
SH1 t= (oH1 e ICesT1e-I0 + CoBlaesIze-T1eI0 +
RO eISes 1IN +
C Al eRIOSIZeI1e~I0 +
CoRO)eRIOSIZeIle 10 + CLERE
SHE i= “~[2esT1e-10 + (-EZre-ICe-1110 +
1relce-T1e-10 +
Ay eRIOeICeI1eI0 +
LY RO eRIOeIZeIle ID + CLERR
SHZ 1= [ TesIZesT1eI0 +
o SIn +
Hire o AlDeRIOeICeIle IO +
CH1deCsRODSRIOCICSI1s I0 +
IFC Ig » LIO = cRZreIce
DEZCRIPTION:
THE UP<DOWH COUMTER WITH ZHIFT WILL LOARDs =HI

CLERR OF HOP OW THE RIZING EDSE OF THE CLOCE

R X4
el AL e oA SR IOSICeI1le IO

Design Specification PAL16X4

DEZIGH ZPECIFICATION
JOHM EIRKHMER 12710577

FAL

ATE OUTPUTE
HZ AZ AZ A1 AD MO <RIO YOO
CeHLII e TEel1e 10 + CoROIeIZeIN

(RS e TEeT1eoT0 + SR eIeId
(ORI e TEST1es T + CoAZIeIZeI

Zrelzell

SLIOe~<IZel1e 10 + i
CLERF
Alred RO eRIOSIZeI1e-I0 +

COUMT DOWHs
EY THE

FT,

H

COUMT UFs
ECIFIED

IMETRUCTIONs I. EHIFT I-0s CARRY AMD BORROW ZHARE THE ZAME I-0 LIMEZ

LI0 AHD RIO». ACTIVE HIGH OUTPUTEs As ARE EMAELED WHEN ~E IE

LOow. HOTE: THE IMPLIED EXCLUSIVE ORs :+4: » MUET EE PLACED EETWEEN

THE FOURTH AMD FIFTH PRODUCT TERME.

FUMCTION TRELE:

! IMPUTE ! OuTPUTE !
! CLERR ! I2 I1 IO ! LIO RIO ! CLOCK ! LIO ! A2 A2 AL AO ! RIO ! OFPERATION !
! L ! L L LK “w o' L-H ! Z ! A2 A2 AL RO ! 2 ! MOP !
H L ! L L O HY K w ! L-H ! £ ! B2 B2 E1l BO! 2 ! LORD E !
H L ! L H L?!Y RI 2 ¢ L-H ' Z ! RI A2 A2 A1 ! A1 ! EHIFT RT !
! L ! L H H! ¥ o0 L-H P Z 1! ALL HIGH ! Z ' EET !
! L ! ' H L LY Z LI ¢ L-H ! A2 ! A2 AL RO LTI ' 2 ! SHIFT LT !
H L ! H L H! Z w ! L-H ! L 1! ARLL HIGH ! & ! ZET !
H L ! HH L! 2 CIN?! L-H ! COUT! AR PLUS OME ! £ ! INC IF CIN?
H L ! H H H! Z BIN?! L-H ! BOUTY! A MINUZ ONE ! £ ! DEC IF BRIN!?
H H L T = ' L-H ! Z ! ALL LOW ! 2 ! CLERR H
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4-Bit Up/Down Counter with Shift and Three-State Outputs

CLO&K t
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Logic Diagram PAL16X4
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Applications

ALU Accumulator

LIMULATOR

CLOCKE In It EO E1 B2 B2 I8 I3

}I.ola ~I1e~T0®CEOY 143
SI3eIzelle- TN CIN +

o I2e T1e TN /O ER.ENY +

MDD “E LIO ~P

SI3esIcesT1el e C RON
IZelce I1eI0e - ANe~E0Y +
<TIel2ell1el0eC-A1> + I3eC A0 +

SI3ecsTEe s T1eI 06 /ALY

Design Specification PAL16A4

FAL DEZIGN EPECIFICATION
JOHM BIRKMER 12-15-77

A3 A2 A1 AD <5 CIN MCC
+ slZesIg2elle T0e B2+
CRRREY O

+ sl3es]2el1e T0eC Bl +

gOIEOﬁIIOIQO(fHIOfBID +

+

IF

CVCCY 3 o=

ZesI1es10

ce-T1e-10
IZesI1eI0
IcellesIN
*J1el0)
Ice~T1eI0
IcellesIn
Zelzelleln

SlZesJ2eT1el0e (.~
ZelzesT1el0e (~HIe B3
[ZelcelleInesLIO

2

IFy ~IZelZelle~I0 » ~LIO = o
IFy ~IZelzeIleln » ~CIM = (<R
HOTE: CARREYD = ~1ZesI2e - T1es10
CARREY1 = <IZesI2esT1es10 o
<1 I2esT1e 10 &
CARREYZ = ~IZes12e 11610 »
<1 1 ‘I1es10
<1 JEesT1esI0 »
1 JeesI1esI0 »
<1 ‘JEesT1eI0 »
<1 ‘IcesT1es 10 &
SIZes e 11610 @
DEZCRIFPTION:
THE ALW ACCUMULATOR LOARDE THE HA-REG

THE RIZIMS EDGE OF THE CLOCK.

5 AND P OUTPUT GEMERATE AND

SlZesI2esT1el 08 SRS +
~IZeIzesT1e]0e
SIZeI2el1eI0e

IZTER WITH DHE OF EIGHT OFERANDE

+ IZ« < A1) + CARRY1

sIZesIzellesT0®C/BE) +

"AZ e B2} +
+ IZe - R2) + CRARRYEZ

RZX

+ sIZesI2el1e I0e( B3r+

+ I3e <R3y + CARRYZ

* (AZSEZ) +
* (A2+Ec) ¢ (H1eE1) +

21 e (AZ+EZ) ¢ (A1+EB12 ¢ (ROSED)

g;ofRI+Bl)0(HU+B“’ +

+
Al+-Blre - RO+~-B0) +
Ale~-EBlre - -ROe~EB0 +

CIN

CAOSED +
CRO+EOD SCIN

CA1eB1I+
CAL+EL) ® CROSED) +
CA1+E13 & CRO+EDD oCIN

AZeEZ) +

‘+ECr ®(A1eEL) +

AZ+EZr ¢ CA1+E1) « CAOSRO) +
CAS+ES) ¢ CAL+E1) ¢ CAO+EO) oCIN

oM
FROPAGATE

OM THE ADD IMETRUCTIOM. P OUTPUTE OF = ZERO OM INZTRUCTIONE 1+:2s32s5s6s7.

! IHPUTE ! auTPUTE ! !
———————— - OFERRARTION !
¢ Iz Ie Il Int P LIOD Y AE ARE AL AD ! CIN ! H
! L L L L? ! ! A FLUE B ' 2 ! ADD A:=R PLUZ E !
! L L L o L? ! Z '!APLEPLLY Z ! RADD A:=APLUZBFLUZ1 !
! L L L H? ! 2 ! AR RE A1 AD ! 2 ! MOP RA:=R !
L L O H L ! Z ! BZ EEZ E1L BO! Z ! LORD R:=E !
! L L H H! ' 2o A AMD E ! 2 ! AND A:=ReE H
! L O H L L ¢tz !‘PJ'EL/BI/BO ! 2 ! LORDCOMP R:=/B H
! L H L H? t 2! t 2 ! OR H:=R+E !
! L H H LD ¥ ! RE ! ! Z ! EHIFT LEFT !
! L H H H! % LA | ! A1 ! ZHIFT RIGHT H
L A T LA | ! Z ! NOP H:=R H




Applications

ALU Accumulator Fuse Pattern PAL16A4

cesT1eTHeR

e T1esTOSRZE+H HZeEBZ

e -T1e TOORZE+ HAZ+EZeH1le
<T1esTOeRZ+ AZ+ESeH1+

sIze<I1e<10eR0.ERQ.EN
‘I2e-T1el0e RO
IceIlesI0e-ED
Ide-11e-10eEND
Ice~I1+10e-ROe~-EL
Sel2ellesT0e CIN
ZelcelleI0e AL

"I2e-11e-10#A1.EX. E1
ze-T1eI0e A1
Il1e-11e~E1

IceI1e~-10%-AD
IcellellerAS

“J1es10e
IZe-I1ellle
Icelle-10e
IZeIleIne-LIO
Rz

ZesT1elNe AIe-AZ® Rle HD
ZesIzell1e-11e. +-BEZe-Ele 1]
Icellelle E

IZellesT0e ACe Al1e AlOe CIN
ZelZellelNesLIO* Az AZ® A1

1ZelzellesI0
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Applications

ALU Accumulator Logic Diagram PAL16A4
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Representatives

U.S.A.

Alabama
Huntsville
REP, Inc.

Arizona
Scottsdale
Summit Sales

California
Culver City
Bestronics
Irvine
Bestronics

Mountain View
Thresum Associates
San Diego
Littlefield & Smith

Colorado
Wheatridge
Waugaman Associates

Connecticut
North Haven
Comp Rep Associates

Florida
Altamonte Springs
Dyne-A-Mark
Clearwater
Dyne-A-Mark
Fort Lauderdale
Dyne-A-Mark

Georgia
Tucker
REP, Inc.

lllinois
Rolling Meadows
Sumer

Indiana
Indianapolis
Electro Reps

(205) 881-9270

(602) 994-4587

(213) 870-9191

(714) 979-9910

(415) 965-9180

(714) 455-0055

(303) 423-1020

(203) 239-9762

(305) 831-2097
(813) 441-4702

(305) 771-6501

(404) 938-4358

(312) 394-4900

(317) 255-4147

lowa
Cedar Rapids
S & O Sales

Kansas
Olathe
Rush and West

Maryland
Baltimore
Monolithic Sales

Rockville
Monolithic Sales

Massachusetts
Needham Heights
Comp Rep Associates

Michigan
Grosse Point
Greiner Associates

Minnesota
Minneapolis
Nortec Sales

Missouri
Ballwin
Rush and West

New Jersey

Teaneck
R.T. Reid Associates

New York
Rochester
L-Mar Associates

Syracuse
L-Mar Associates

North Carolina
Raleigh
REP, Inc.

(319) 393-1845

(913) 764-2700

(301) 296-2444

(301) 340-2130

(617) 444-2484

(313) 499-0188

(612) 835-7414

(314) 394-7271

(201) 692-0200

(716) 328-5240
(315) 437-7779

(919) 851-3007

Ohio
Cincinnati
Makin Associates
Mentor
Makin Associates

Oregon
Portland
N.W. Marketing

Pennsylvania
Oreland
CMS Marketing

Tennessee
Jefferson City
REP, Inc.

Texas
Dallas
West and Associates

Utah
Salt Lake City
Waugaman Associates

Washington
Bellevue
Northwest Marketing

Wisconsin
Milwaukee
Sumer

CANADA

Ontario
Milton
Cantec
Ottawa
Cantec

Quebec
Pierre Ponds
Cantec

(513) 871-2424
(216) 464-4330

(503) 297-2581

(215) 885-5106

(615) 475-4105

(214) 661-9400

(801) 363-0275

(206) 455-5846

(414) 259-9060

(416) 624-9696
(613) 225-0363

(514) 620-3121



Distributors

U.S.A.

Alabama
Huntsville
Hall-Mark Electronics

Arizona
Phoenix
Kierulff Electronics
Sterling Electronics

California
Los Angeles
Kierulff Electronics
Palo Alto
Kierulff Electronics
San Diego
Intermark Electronics
Kierulff Electronics
Santa Ana
Intermark Electronics
Sunnyvale
Diplomat/Westland
Intermark Electronics
Tustin
Kierulff Electronics

Colorado
Denver
Kierulff Electronics
Wheatridge
Century Electronics

Connecticut
Hamden
Arrow Electronics
Wilton
Components for
Industries

Florida
Clearwater
Diplomat/Southland
Fort Lauderdale
Arrow Electronics
Hall-Mark Electronics
Orlando
Hall-Mark Electronics

lllinois
Elk Grove Village
Hall-Mark Electronics
Kierulff Electronics

Indiana
Indianapolis
Advent Electronics

Kansas
Shawnee Mission
Hall-Mark Electronics

Maryland
Baltimore
Arrow Electronics
Pyttronics/Savage
Gal,thersburﬁ
Pioneer Washington
Savage
Pyttronics Industries

(205) 837-8700

(602) 243-4101
(602) 258-4531

(213) 685-5511
(415) 968-6292

(714) 279-5200
(714) 278-2112

(714) 540-1322

(408) 734-1900
(408) 738-1111

(714) 731-5711

(303) 371-6500

(303) 424-1985

(203) 248-3801

(203) 762-8691

(813) 443-4514

(305) 776-7790
(305) 971-9280

(305) 855-4020

(312) 437-8800
(312) 640-0200

(317) 297-4910

(913) 888-4747

(202) 737-1700
(301) 792-0780

(301) 948-0710

(301) 792-0780

Massachusetts
Billerica
Kierulff Electronics
Burlington
Lionex
Woburn
Arrow Electronics

Michigan
Ann Arbor
Arrow Electronics
Farmington
Diplomat/Northland

Minnesota
Bloomington
Arrow Electronics
Hall-Mark Electronics

Missouri
Earth City
Hall-Mark Electronics

New Hampshire
Manchester
Arrow Electronics

New Jersey
Fairfield
Kierulff Electronics
Totowa
Diplomat/IPC
Moorestown
Arrow Electronics
Rutherford
Kierulff Electronics
Saddlebrook
Arrow Electronics

New Mexico
Albuquerque
Century Electronics

New York
Buffalo
Summit Distributors
Farmingdale
Arrow Electronics
Rochester
Summit Distributors
Smithtown
Current Components
Woodbury
Diplomat Electronics

North Carolina
Raleigh
Hall-Mark Electronics

Ohio
Cleveland
Arrow Electronics
Dayton
Arrow Electronics

Oklahoma
Tulsa
Hall-Mark Electronics

(617) 935-5134
(617) 272-9400

(617) 933-8130

(313) 971-8220
(313) 477-3200

(612) 887-6400
(612) 884-9056

(314) 291-5350

(603) 668-6968

(201) 575-6750
(201) 785-1830
(609) 235-1900
(201) 935-2120

(201) 797-5800

(505) 292-2700

(716) 884-3450

(516) 694-6800
(716) 334-8110
(516) 979-9030

(516) 921-9373

(919) 832-4465

(216) 464-2000

(513) 253-9176

(918) 835-8458

Oregon
Portland
Almac/Stroum

Electronics

Pennsylvania
Horsham

(503) 292-3534

Pioneer/Delaware Valley (215) 674-4000

Texas
Austin

Hall-Mark Electronics

Quality Components
Dallas

Hall-Mark Electronics

Quality Components
Houston

Hall-Mark Electronics

Quality Components
Sterling Electronics

Utah
Salt Lake City

Calron Electric Supply

Century Electronics

Washington
Seattle
Almac/Stroum

Electronics
Tukwila
Kierulff Electronics

Wisconsin
West Allis

Hall-Mark Electronics

CANADA

Ontario
Ottawa
Zentronics Limited
Toronto
Future Electronics
Zentronics Limited

British Columbia
Vancouver
Bowtek Electric

Manitoba
Winnipeg
Bowtek Electric

Quebec
Montreal
Future Electronics
Zentronics Limited

Alberta
Edmonton
Bowtek Electric

(512) 837-2814
(512) 458-4181

(214) 234-7400
(214) 387-4949

(713) 781-6100
(713) 772-7100
(713) 627-9800

(801) 487-7451
(810) 972-6969

(206) 763-2300
(206) 575-4420

(414) 476-1270

(613) 238-64 11

(416) 675-7820
(613) 238-6411

(604) 736-1141

(204) 633-9523

(514) 735-5775
(514) 735-5361

(403) 426-1072
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Overseas Representatives and Distributors

EUROPE

Headquarters

Monolithic Memories, GMBH
Mauerkircherstr. 4

8000 Miinchen 80

West Germany

Phone: 89-982601

Telex: 524385

Fax: 89-983162

AUSTRIA
Ing. Ernst Steiner
Geylinggasse 16
1130 Wien
Phone: 222-822674
Telex: 74013

BELGIUM
Ritro Electronics N.V.
Plantin & Moretuslei 172
2000 Antwerpen
Phone: 31-353272
Telex: 33637

DENMARK
C-88
Uldvejen 10
DK 2970 Hgrsholm
Phone: 2-570888
Telex: 37578

ENGLAND
Memory Devices Ltd.
Central Avenue
East Molesey
KT8 OSN
Phone: 1-9411066
Telex: 929962

Macro Marketing Ltd.
396 Bath Road
Slough, Berkshire
Phone: 6286-63011
Telex: 847083

FINLAND
Telercas O.Y.
P.O. Box 2
01511 Vantaa 51
Phone: 0-821655
Telex: 121111

FRANCE
Monolithic Memories France
S.A.R.L.
Silic 463
94613 Rungis Cedex
Paris
Phone: 1-6874500
Telex: 202146F

ALFATRONIC

La Tour d’'Asnieres 4
Avenue Laurent

Cely 92606

Asnieres / Frankreich
Phone: Asnieres 1-7914444
Telex: 612790
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A2M

Assistance Microprocesseurs
Microprogrammation

40, Rue des Tilleuls

92100 Boulogne

Phone: 1-6036640

Telex: 200491

Radio Equipments-Antares S.A.

9, Rue Ernest Cognacq
92301 Levallois Perret
Phone: 1-7581111
Telex: 620630

GERMANY
Monolithic Memories, GMBH
Mauerkircherstr. 4
8000 Miinchen 80
West Germany
Phone: 89-982601
Telex: 524385
Fax: 89-983162

ASTRONIC GMBH
Winzererstrasse 47 D
8000 Minchen 40
Phone: 89-304011
Telex: 5216187

ELECTRONIC 2000
Vertriebs-GMBH
Neumarkter Strasse 75
8000 Miinchen 80
Phone: 89-434061
Telex: 522561

PANEL Electronic Vertriebs GMBH

Hermann Oberth Str. 7
8011 Putzbrunn
Phone: 89-464024
Telex: 529238

POSITRON Bauelemente
Vertriebs GMBH
Benzstrasse 1

Postfach 1140

7016 Gerlingen

Phone: 7156-23051
Telex: 7245266

NETHERLANDS
Ritro Electronics B.V.
Gelreweg 22
Postbus 123
2930 Barneveld
Phone: 3420-5041
Telex: 40553

Famatra Benelux
P.O. Box 721
4803 AS Breda
Phone: 76-133457
Telex: 54521

ISRAEL
TELSYS Ltd.
54, Jabotinsky Rd.
Ramat-Gan
Phone: 3-739865
Telex: 032392

ITALY
Comprel S.R.L.
20092 Cinisello Balsamo/Milano
Viale Romagna 1
Phone: 2-9280809
Telex: 39484

NORWAY
Henaco A/S
P.O. Box 248
Okern Torgvei 13
Oslo 5
Phone: 2-157550
Telex: 16716

SPAIN
Comisa Ingenieros S.A.
Reina Mercedes, 20
Madrid 20
Spanien
Phone: 1-2542901/04
Telex: 237231

SWEDEN
NAXAB
Box 4115
17104 Solna
Phone: 8-985140
Telex: 17912

SWITZERLAND
Baerlocher A.G.
Forrlibuckstrasse 110
8005 Ziirich
Phone: 1-429900
Telex: 53118

FAR EAST

Headquarters

Monolithic Memories Japan KK
Parkside-Flat Bldg.

4-2-2, Sendagaya

Shibuya-Ku

Tokyo 151

Phone: 3-4039061

Telex: 781-26364

AUSTRALIA
R & D Electronics Pty Ltd.
23 Burwood Rd.
Burwood, Vic. 3125
Phone: 288-8232
Telex: AA33288

INDIA
Chawla Sales
3481, Netaji Subhash Marg.
Daryaganj, New Delhi — 110002
Phone: 277388

Zenith Electronics

541 Panchratna

Mama Parmanand Marg
Bombay 4

Phone: 384212

Telex: 0113152
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Bipolar is our business.
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MMI reserves the right to make changes in order to improve crrcunry and supply the best product possible.
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