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20-Pin PAL Logic Symbols
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PAL Introduction

The PAL™ Concept

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

Rapid advances in large scale integration technology
have led to larger and larger standard logic functions;
single 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 designer is confronted with another problem when a
low to medium complexity product is designed. Often the
function is well defined and could derive significant ben-
efits from fabrication as an integrated circuit. However,
the design cycle for a custom circuit is long and the costs
can be very high. This makes the risk significant enough
to deter most users. The technology to support maximum
flexibility combined with fast turn around on custom logic
has simply not been available. Monolithic Memories
offers the programmable solution.

The PAL family offers a fresh approach to using fuse
programmable logic. 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.

PAL™ is a trademark of Monolithic Memories.
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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 Monolithic Memories for use in bi-polar PROMs. The fusible
link PROM first gave the digital systems designer the power to
“write on silicon.” In a few seconds he was able to transform a
blank PROM from a general purpose device into one containing
a custom algorithm, microprogram, or Boolean transfer function.
This opened up new horizons for the use of 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

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. PALs 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 = (I+f7)(+Tp) (I +Tg)(Ip+T) +
(4+T)I1+Te)1a+T7) (ip+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.

F ouTPUT
5

Figure 1

PAL Notation

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

1-5
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D e ‘%H—D—A.a.c

Figure 2

D—-‘C >—— OUTPUT

Figure 3
As a simple PAL example, consider the implementation of the
transfer function:
Output = l4iy + fylp
The normal combinatorial logic diagram for this function is

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

h
}I.‘lzﬂlz
l2

Figure 4

)
L g
E }I.‘Izﬂlz

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). PROMSs 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
1 i 1 ] “OR” ARRAY
3 2 ! o (PROGRAMMABLE)
P e

| Y

L/
|
D

—1_) x_.

| B
L/
m)

|
¥ D
|/

)
B
L/
M
L/
)
L/
)
=
)
m)

L/
/)

u

“AND” ARRAY
(FIXED) 03 92 01 G

Figure 6

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

. quite formidable to understand, and costly to program (they

require special programmers).

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

1.6
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FPLA PAL
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Figure 7 Figure 8
AND OR OUTPUT OPTIONS

PROM Fixed Prog TS, OC

FPLA Prog Prog TS, OC, Fusible Polarity
FPGA Prog None | TS, OC, Fusible Polarity
FPLS Prog Prog TS, Registered Feedback, I/O
PAL Prog Fixed TS, Registered Feedback, I/0

Table 1
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PAL Input/Output/Function Chart

TeD) ., |lcC
AL NPT oUTpUT PROCTAMMABLE|EEDBACK| OUTEUT | puncrions | e 9% lmk
PAL10H8 10 8 AND-OR |AND-OR Gate Array 25| 8| 55
PAL12H6 12 6 AND-OR |AND-OR Gate Array 251 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
PAL16CH 16 2 BOTH'! |AND-OR Gate Array 25| 8| 55
PAL20C1 | 20 2 BOTH' |AND-OR Gate Array 25| 8|60
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 25| 8| 55
PAL12L10| 12 10 AND-NOR [AND-OR Invert Gate Array 25| 8| 60
PAL14L8 14 8 AND-NOR |AND-OR Invert Gate Array 25| 8| 60
PAL16L6 16 6 AND-NOR [AND-OR Invert Gate Array 25| 8| 60
PAL18L4 18 4 AND-NOR |AND-OR Invert Gate Array 25| 8| 60
PAL20L2 20 2 AND-NOR |AND-OR Invert Gate Array 25| 8| 60
PAL16L8 10 2 6 AND-NOR |AND-OR Invert Gate Array 25 |24 | 120
PAL20L10| 12 2 8 AND-NOR |AND-OR Invert Gate Array 35 |24 | 90
PAL16R8 8 8 8 AND-NOR |AND-OR Invert Array w/Reg’s 25 124 |120
PAL16R6 8 6 2 6 AND-NOR |AND-OR Invert Array w/Reg’s 25 124 |120
PAL16R4 8 4 4 4 AND-NOR |AND-OR Invert Array w/Reg’s 25 |24 |120
PAL20X10| 10 10 10 AND-NOR JAND-OR-XOR Invert w/Reg’s 35 |24 [120
PAL20X8 10 8 2 8 AND-NOR |AND-OR-XOR Invert w/Reg’s 35 |24 |120
PAL20X4 10 4 6 4 AND-NOR |AND-OR-XOR Invert w/Reg’s 35 |24 [120
PAL16X4 8 4 4 4 AND-NOR |[AND-OR-XOR Invert w/Reg'’s 25 |24 160
PAL16A4 8 4 4 4 AND-NOR |[AND-CARRY-OR-XOR Invert w/Reg's | 25 |24 | 170
1Simultaneous AND-OR and AND-NOR outputs Table 2

PALs For Every Task

The members of the PAL family and their characteristics
are summarized in Table 2. They are designed to cover the

Gate Arrays

PAL gate arrays are available in sizes from 12x10 (12 input terms,
10 output terms) to 20x2, with both active high and active low

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:

output configurations available (figure 9). This wide variety of

INPUTS AND OUTPUTS

A

Figure 9

=D

[=]]

input/output formats allows the PAL to replace many different
sized blocks of combinatorial logic with single packages.




PAL Introduction

Programmable 170

A feature of the high-end members of the PAL family is
programmable input/output. This allows the product terms to
directly control the outputs of the PAL (Figure 10). One product
termis 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/O
pin when the three-state gate is enabled; the 1/O pin is an input
to the PAL array when the three-state gate is disabled. This
feature can be used to allocate available pins for I/O functions or
to provide bi-directional output pins for operations such as
shifting and rotating serial data.

INPUTS, FEEDBACK AND 1/0

— 1/0

Figure 10

Registered Outputs with Feedback

Another feature of the high end members of the PAL family is
registered data outputs with registered feedback. Each product
term is stored into a D-type output flip-flop on the rising edge of
the system clock (Figure 11). The Q output of the flip-flop can

then be gated to the output pin by enabling the active low three-
state buffer.

INPUTS, FEEDBACK AND 1/0

In addition to being available for transmission, the Q output is
fed back into the PAL array as an input term. This feedback
allows the PAL to “remember” the previous state, and it can
aiter its function based upon that state. This allows the designer
to configure the PAL as a state sequencer which can be
programmed to execute such elementary functions as count up,
count down, skip, shift, and branch. These functions can be
executed by the registered PAL at rates of up to 20 MHz.

cLOCK oc
D Q Q
P G ]

Figure 11

XOR PALs

These PALs feature an“exclusive OR function. The sum of
products is segmented into two sums which are then exclusive
ORed (XOR) at the input of the D-type flip-flop (Figure 12). All

INPUTS, FEEDBACK AND 1/0

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

Figure 12
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Arithmetic Gated Feedback

The arithmetic functions (add, subtract, greater than, and less
than) are implemented by addition of gated feedback to the
features of the XOR PALs. The XOR at the input of the D-type
flip-flop allows carrys from previous operations to be XORed
with two variable sums generated by the PAL array. The flip-flop

INPUTS, FEEDBACK AND /O

Q output is fed back to be gated with input terms A (Figure 13).
This gated feedback provides any one of the 16 possible Boolean
combinations which are mapped in the Karnaugh map (Figure
15). Figure 14 shows how the PAL array can be programmed to
perform these 16 operations. These features provide for versatile
operations on two variables and facilitate the parallel generation
of carrys necessary for fast arithmetic operations,

CLOCK oc

D

=]
o
|

1
Y
ol
L1

Figure 13
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]

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

PAL Programming

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

PALASM (PAL Assembler)

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

HALs (Hard Array Logic)

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

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

HMSI (HAL Medium Scale Integration)

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

PAL Technology

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

PAL Data Security

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

1-11
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PAL Part Numbers

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

HARD ARRAY LOGIC FAMILY
NUMBER OF ARRAY INPUTS
OUTPUT TYPE

L=ACTIVE LOW

H=ACTIVE HIGH

R =REGISTERED

C = COMPLEMENTARY

X = EXCLUSIVE-OR REGISTERED

A= ARITHMETIC REGISTERED
NUMBER OF OUTPUTS
TEMPERATURE RANGE

C= 0C TO +75C

M=-55C TO +125C

(CASE TEMPERATURE)

PACKAGE
N=PLASTIC DIP
J = CERAMIC DIP
F =FLAT PACK
'OPTIONAL HI-REL PROCESSING
883B = MIL-STD-883,
METHOD 5004 & 5005 LEVEL B
883C = MIL-STD-883,
METHOD 5004 & 5005 LEVEL C
B = MIL-STD-883,
METHOD 5004 EQUIVALENT
C = MIL-STD-883,
METHOD 5004 EQUIVALENT

PAL 74 L4 CJ 883B.

Figure 17
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 18 shows the logic
symbol for a PAL10H8 gate array.

_PAL10HS8

h

1

- AND
GATE
[-]JARRAY

NN IISITY

slciclizicioicizicis!
EEEEHEEEEETE

(

Figure 18

A PAL Exémple

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

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

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

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

PAL Goes to the Casino

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

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

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

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

Reduces chip count by at least 4 to 1.

Expedites and simplifies prototyping and board layout.
Saves space with 20-pin and 24-pin Skinny DIP packages.
High speed: 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 LS| functions. PAL flexibility combined with LSI func-
tion density makes a powerful team.

Design Flexibility

The PAL offers the systems logic designer a whole new world of
options. Until now, the decision on logic system implementation
was usually between SSI/MS! 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 25 parts. This considerably
lowers both shelving and in-
ventory cataloging require-’
ments. Even better, small
custom maodifications to the
standard functions are easy
for PAL users; not so easy for
standard TTL users.
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PAL Introduction

High Speed

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

Easy Programming

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

Secure Data

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

Summary

The 25 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.

A Great Performer!/
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FAMILY PORTRAIT

25 °Y=XLss - Count ‘em!

2-2



PAL Family
PAL12H6

PAL10H8

PAL Logic Symbols

ElELEEEE EEELE 2 FIEIEEEEEEFE 2

5g o Sg

pronap | (8 3l [ llanl ]|k

) e ? 23 P oy 23

258 ig g 35¢

ﬁ T 11 ﬂ ) I Z _|~ . S _A 1 m
O HHEHHHE &l Slajcjajojoisiajale

BIEIEIEIEIFRERE ElEIEEEEEEFE %

00000a00 |8 &l | Tpoon| | || 3

2. I 2w

) v ®5 o/ e 58

I i 52 &l =3¢ 33

8 S S N SN S 2 T [T T T 1 z
HUUUEEOEEE < DN EEE

2-3



PAL Family

PAL Logic Symbols

PALs With Complementary Output
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PAL Logic Symbols

More Active Low PALs
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PAL Family

PAL Logic Symbols

PALs With Feedback
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PAL Family

PAL Logic Symbols

PALs With Exclusive OR
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PAL Family

PRODUCT TERMS (0-63)

INPUTS (0-31)

Logic Diagram PAL10HS8
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PAL Family

Logic Diagram PAL12H6
INPUTS (0-31)
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PAL Family

INPUTS (0-31)

Logic Diagram PAL14H4
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PRODUCT TERMS (0-63)

PAL Family

INPUTS (0-31)

Logic Diagram PAL16H2
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PAL Family

INPUTS (0-31)

Logic Diagram PAL16C1 f

PRODUCT TERMS (0-63)

4;_

;

0123 4567 8 91011 12131415 16171819 20212223 24252627 28293031

K4| 19

ﬂ 18

17

Il——
24
25
%
27
28
29
30
n

16

15
32
33
3
35
36
k3
38
3

ﬂ 14

ﬂ 13

d 12

KAI 11

0123 4567 8 81011 12131415 16171819 20212223 24252627 28293031

2-12



PRODUCT TERMS (0-79)

PAL Family

INPUTS (0-39)

Logic Diagram PAL20C1
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PAL Family

INPUTS (0-31)

Logic Diagram PAL10L8
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PAL Family

Logic Diagram PAL12L6
INPUTS (0-31)
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PAL Family
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PAL Family

Logic Diagram PAL16L2
INPUTS (0-31)
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PAL Family

Logic Diagram PAL12L10
INPUTS (0-39)
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| PAL Family

‘ INPUTS (0-39) Logic Diagram PAL14L8
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PAL Family

o Logic Diagram PAL16L6
INPUTS (0-39)
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PAL Family

Logic Diagram PAL18L4
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PAL Family

PRODUCT TERMS (0-63)

INPUTS (0-31)

Logic Diagram PAL16L8
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PAL Family

Logic Diagram PAL20L10
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PRODUCT TERMS (0-63)

PAL Family

Logic Diagram PAL16R8
INPUTS (0-31)
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PRODUCT TERMS (0-63)

PAL Family

Logic Diagram PAL16R6
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PAL Family

PRODUCT TERMS (0-63)

Logic Diagram PAL16R4
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PAL Family

Logic Diagram PAL20X10
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PRODUCT TERMS (0-79)

PAL Family

INPUTS (0-39)
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PAL Family

Logic Diagram PAL20X4

INPUTS (0-39)
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PRODUCT TERMS (0-63)

PAL Family

INPUTS (0-31)

Logic Diagram PAL16X4
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PRODUCT TERMS (0-63)

PAL Family

INPUTS (0-31)

Logic Diagram PAL16A4
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PAL Concepts

Selecting the Right PAL

The 25-member PAL Family offers a wide range of complexity
to choose from. Starting with the PAL10H8 (10 inputs, 8 active
high outputs), the first 15 PALs can replace random SSI gate
functions by at least 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 (1| ) for totem-pole outputs
and 0.25 mA input loading (I ).

The rest of the PAL family provides the additional features of
three-state outputs, programmable 1/O pins, registered outputs
with feedback, Exclusive OR operator, and arithmetic gated
feedback.

The three-state outputs drive the standard LS output sink of
24 mA (Ig) providing bus-driving capabilities.

The programmable I/O pins, allow individual product terms to
directly control output data flow. The control logic can be used
to either gate product terms out of the three-state buffer or to
route data into the product term matrix. This bi-directional
capability can be used to implement shift and rotate functions
as well as programmable allocation of input and output pins.

The registered outputs allow individual product sums to be
clocked into the internal D flip-flops on the rising edge of the
clock. The stored data can then be gated to the output buffer by
enabling the three-state buffer. The true or complement of the
data can also be fed back into the array. This facilitates the
construction of state machines in a single chip.
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The Exclusive OR operator allows for easy implementation of
the HOLD function needed in counters and other state
sequencers.

The arithmetic gated feedback allows for any of the 16 possible
Boolean operations to be performed between the feedback and
input pin. This provides arithmetic and logic operations. A
provision for carry propagation required for fast arithmetic
operations is also available.

In all PALs 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 (Figure 1) shows a method for circling a
section of conveniently drawn logic to define a boundary for a
PAL function. This boundary will dictate a specific number of
input pins and output pins. For this example, 8 inputs and 6
outputs are required, well within the capability of the PAL10L8.
Assignment of inputs and outputs to specific pins can now be
done using the PAL Logic Symbol as shown below.

NOTE: This pinout can later be changed to suit printed circuit board.

PAL10LS
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Figure 1. Using PAL to replace random logic in 6800 Microprocessor Bus
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PAL Concepts

Specifying the Design

The next step is to write the Boolean logic equations (in sum of
products form) which will transform the inputs into the desired
outputs. These explicit logic equations specify the design
precisely. They are easily simulated and edited.

Since PALs have predominately active low outputs, it may be
necessary to apply DeMorgan’s Law to change the output
polarity ‘of an equation when implementing it in a PAL.
DeMorgan’s Law states that the inverse or complement of any
Boolean expression can be found by successively applying the
following theorems:

X+Y)=X*Y and X Y)=X+Y

Examples of equations written with active high and active low
outputs are shown in the following table:

‘ACTIVE HIGH OUTPUT ACTIVE LOW OUTPUT
o=n O=0n
o=1-12 O=11+12
o=1n+102 O=1-12
O=1+i2-13 O=N-12+1-183
O=1:+12 O=1=12

Some designers may prefer to consult the PAL Logic Diagram
before writing the equations. The basic method is simply to
choose the appropriate logic diagram, label the corresponding
pin names, and mark the fuse interconnections needed to
implement the desired logic transform function.

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 form. Actually, the unprogrammed PAL is
shipped with all Xs (all fuses) intact.

The Boolean logic equations can then be read directly from the
logic diagram.

Design Verification and Doc‘uménta’tion

An optional FUNCTION TABLE and DESCRIPTION may be
included. The FUNCTION TABLE serves the dual purpose of
documenting .and verifying the design (using the PALASM
simulator). The device operation and application are described
in the DESCRIPTION.

Phantom Fuses

Phantom fuse locations are those locations where a fuse does
not exist. Unprogrammed PALs with phantom fuse locations
appear to a PROM programmer as being partially programmed.
Since the PROM programmer will expect to verify all possible
fuse locations, the PAL programming format must provide the
expected pattern to verify non-existent fuse nodes. PALASM
and PAL programmers tweek the fuse plot for the phantom
fuses automatically so these nodes will be treated properly
when verified. The following PALs have phantom fuses:

PAL10H8 PAL10L8 PAL12L10
PAL12H6 PAL12L6 PAL14L8
PAL14H4 PAL14L4 PAL16L6
PAL16H2 PAL16L2 PAL18L4
PAL16C1 PAL20L2
PAL20C1

PROGRAMMING
T ~

PALASM

PALASM is the key tool used in automating the process of
“designing your own chip.” PALASM is a FORTRAN 1V program
which assembles the PAL Design Specification translating the
logic equation to a PAL fuse pattern. The fuse pattern may be
generated in a format compatible with either a PAL or a PROM
programmer.

PALASM also contains a simulator which exercises the Function
Table vectors in the logic equations. Inconsistencies between
the vectors and the equations are reported as errors. The
simulator also translates the Function Table vectors to a set of
universal test vectors which may be used for functional testing
after the device is fabricated.

PALASM source code is available to users on the following
pages. Other source code media is available upon request.
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PAL Design _Specificatioh

The PAL Design Specification is the input file used with
PALASM. It is also the recommended data sheet format for
describing the function of a PAL once it has acquired the
unique personality of a particular fuse pattern. The format for
the PAL Design Specification as shown on the opposite page is:

Line 1" PAL part number left justified followed by PAL DESIGN
SPECIFICATION )

Line 2 Users part number followed by originator's name and
the date

Line 3 Device application name
Line 4 User's company name, city, state

Line 5 Pin List.

The pin list is-a sequence of symbolic names separated
by one or more spaces on one or more lines in order of
the device pin numbers. Each symbolic name is unique
(except for unused pins which may have the same name.)
All pins including power and ground must be named.
Names may use any .printable character except the
operator: “=:*+/()”. The prefix /", may be used to logically
complement the name. ‘

Line m Equations.
The transfer function of the device is expressed in the
following three forms:
1. SYMBOL = EXPRESSION
2. IF (PRODUCT) SYMBOL = EXPRESSION
3. SYMBOL: = EXPRESSION o

The following terms are used to construct the equations:

SYMBOL Pin name with optional prefix, “/".
PRODUCT A sequence of SYMBOLS separated
by the AND operator, “*”.
IF . Conditional equality, when the PRO-
) DUCT s logically true. Otherwise,
high impedance (high-Z).
EXPRESSION A sequence of SYMBOLS separated

by operators.

OPERATORS (in hierarchy of evaluation)
; Comment follows

/. Complement, prefix to a pin name.
N - AND (product)
o OR (sum)
+ XOR (ekclusive OR)
™ XNOR. (exclusive NOR)
() Conditional three-state (IF STATE-
" MENT) or fixed -symbol ‘
= Equality

= Replaced by after the fow to high
transition of the clock.

Line n Function Table. (optional)
The function table begins with the keyword, “FUNCTION
TABLE.” It is followed by a pin list which may be in a
different order and polarity from the pin listin Line 5. VCC
and GND cannot be listed. The pin list is followed by a
dashed line; e.g., -——------(length optional), which in turn
is followed by a list of vectors, one vector per line. One
state must be specified for each pin name and optionally
separated by spaces. A vector is a sequence of states
" listed in the same order as the pin list and followed by an
optional comment. The vector list is followed by another

dashed line. .
Definition of Function Table States:

H HIGH LEVEL

L LOW LEVEL

X IRRELEVANT

(e}

TRANSITION FROM LOW TO HIGH LEVEL
Z  OFF (HIGH IMPEDANCE)

Line o Description. (Optional if following Function Table).
This section begins with the keyword, “DESCRIPTION.”
The device operation and application are described here.

L,‘,,. y
o= T
/nlﬂ, '.’.l-:'m'“

g
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PAL10L8 PAL DESIGN SPECIFICATION 1)
P00123 VINCENT COLI 07/08/81 2
EXAMPLE 3
MMI SUNNYVALE, CALIFORNIA 4
A B C NC NC NC NC NC NC GND NC NC NC NC NC NC NC /F NC VCC 5
F = A*B + C ;A AND B OR C m
FUNCTION TABLE n
ABCF
; PAL DESIGN
;ABC F COMMENT SPECIFICATION

LLL L ALL LOWS

LHL L TEST AND GATE LOW
HLL L. TEST AND GATE LOW
HHL H TEST AND GATE

XXH H TEST OR GATE HIGH

DESCRIPTION o

THIS EXAMPLE ILLUSTRATES THE FORMAT OF THE PAL DESIGN SPECIFICATION.

EXAMPLE
1 000XXXXXXXXXXXXXXHX1
2 010XXXXXXXXXXXXXXHX1 FUNCTION
3 100XXXXXXXXXXXXXXHX1 ¢ TABLE
4 110XXXXXXXXXXXXXXLX1 SIMULATION

5 XX1XXXXXXXXXXXXXXLX1

PASS SIMULATION

EXAMPLE

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

BRIEF
8 XX~ - - - - -- - -—- A FUSE PLOT
9 === X= == == == o= == -
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1)
NUMBER OF FUSES BLOWN = 61
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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) Vgg TRUE - FUSE BLOWN
Operators COMMENT FOLLOWS

(IN HIERARCHY
OF EVALUATION)

COMPLEMENT,

OR (SUM)

—~ e e

= EQUALITY

: XOR (EXCLUSIVE OR)
: XNOR (EXCLUSIVE NOR)
) CONDITIONAL THREE-STATE (IF STATEMENT) OR FIXED SYMBOL

i
/ PREFIX TO A PIN NAME
* AND (PRODUCT)
+
+
*

:= REPLACED BY AFTER THE LOW TO HIGH TRANSITION OF THE CLOCK -

Equations Standard 01 = Iyl +Myly PALASM 0l = I1*/I2 + /I1*I2
Function Table H = HIGH LEVEL C = TRANSITION FROM LOW TO HIGH
States L = LOW LEVEL Z = OFF (HIGH IMPEDANCE)

X = IRRELEVANT
Test H = TEST HIGH 1l = DRIVE HIGH C = DRIVE INPUT FROM LOW TO HIGH
Conditions L = TEST LOW 0 = DRIVE LOW 2 = TEST FOR HIGH IMPEDANCE

X

= IRRELEVANT

Conventional Symbology

—OD—‘:EDj“ e

PAL Symbology

FUSE BLOWN

n— 1 FUSE NOT BLOWN
A
| -
A
n _w-«

%D o

LOGIC STATE
vee HLLH
INPUT \ PRODUCT WITH ALL FUSES
i / BLOWN REMAINS HIGH
ALWAYS
>
—xeoex—
INPUT 1% AN PRODUCT WITH ALL FUSES
tow = INTACT REMAINS LOW ALWAY!

SHORTHAND NOTATION
FOR ALL FUSES INTACT_&

A

PAL Logic Diagram

INPUT LINE NUMBER

.
01 23

4587

s 90n

121

WIS 0202223 4252627 WWINN RNMI B U N

ACTIVE HIGH
/' THREE-STATE ENABLE
—

cu.ocx*

LINE

2

PRODUCT l "‘
1
3

NUMBER

STANDARD SUM OF PRODUC’

¥

<1 IS EQUATED AT THESE NODE
(BEFORE THE BUBBLE) |

PIN

NUMBER

-]

w
7

d

ouTPUT
< conTroL
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PALASM Flow Chart

(Main Program)

10 [ READ PAL PART NO & TITLE i

20 [ READ PIN LIST AND STORE IN SYMBOL TABLE, ISYM J
T

25 READ NEXT SYMBOL |
I

NO

28

YES
‘ PRODUCT GROUP = MATCH (OUTPUT SYMBOL) ]

[ RESET COLUMN POINTER _|
T

30 [ READ NEXT CHARACTER |

YES
50 READ NEXT SYMBOL I

|

YES
NO
I MATCH SYMBOL WITH SYMBOL TABLE
59
CALL FIXED SYMBOL NO
(PAL20 ONLY)
YES
| SET FUSES (MATCH) AND SAVE SYMBOL FOR PLOT J
T
60
YES
*
64
NO
i ves 66
r PRODUCT = PRODUCT + 1 | READ NEXT CHARACTER
NOY gg
YES @
NO

74
[ READ NEXT SYMBOL |

( YES
OR
<>

TWEEK FUSES FOR NON-EXISTENT FUSE PATTERN !

[ ECHO INPUT PAL DESIGN SPECIFICATION J

L

[ PRINT PINOUT

¥

PERFORM FUNCTION TABLE SIMULATION ,

OPTIONAL
(MUST ENTER
APPROPRIATE

OPERATION CODE)

PRINT ENTIRE FUSE PLOT

OMIT PHANTOM FUSES AND UNUSED PRODUCT LINES

¥

GENERATE HEX OR BINARY PROGRAMMING
FORMAT

¥

r
I ]
[ ’ PRINT BRIEF FUSE PLOT J

|

A SPECIAL DATA /O FORMAT IS PROVIDED FOR SERIES 24 PALs.




PALASM 24 Source Code

PALASM Flow Chart (Simulator)
—

READ FUNCTION TABLE R EXT
PIN LIST. STORE IN LBUF - FALSE
ISYM1. LPHAS1 = FALSE \F INVERTED
IF INVERTED
Y
|_SKIP UNTIL DASH “” ] {cLocR
e ) = TRUE AND -
REGISTERED IVECT = IVECTP
READ FUNCTION TABLE OUTPUT
VECTOR. STORE IN
IVECT.

REGISTERED
PAL

AND IVECT = L
OR LPHAS1 # LBUF
AND IVECT = H

LCLOCK
= TRUE

LENABL =
FALSE FOR
ALL REG
OUTPUTS
|READ LOGIC EQUATION]
Y XORSUM = ISUM
[__LCTRST - TRUE ] XORFND = TRUE
ISUM = L
READ NEXT T
( T PIN NAME
LBUF = FALSE
F/ IF INVERTED

LPHAS1 = LBUF
AND IVECT = L XORFND

= FALSE
?

OR
LPHAS1 # LBUF
AND
VECT = H,
?

T | LCTRST
= FALSE

IF
XORFND
= TRUE

FIND =
SAVE SUTPUT

PIN NUMBER
(IOUTP)
LOUTP = FALSE
IF_INVERTED

CTRST T_ | LouT (1outp)
= TRUE = TRUE

F

XORFND = FALSE :
ISUM = L
Vg - LSAME =

a LOUP + LPHAS1

IPROD = H +/LOUP +/LPHAS1 _
' ©
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ISTATT = L
AND IVECT = L
AND LSAME
= FALSE

ISTATT = H
AND IVECT = H
AND LSAME

AND IVECT = H
AND LSAME

AND IVECT = L
AND LSAME
= TRUE

= TRUE
AND IVECT

FUNCTION TABLE
VECTOR ERROR
EXPECT = H
ACTUAL = L

FUNCTION TABLE
VECTOR ERROR
EXPECT = L
ACTUAL = H

FUNCTION TABLE
VECTOR ERROR
EXPECT = L
ACTUAL = H

FUNCTION TABLE
VECTOR ERROR
EXPECT = H
ACTUAL = L

i

FUNCTION TABLE
VECTOR ERROR
EXPECT OUTPUT ENABLE
ACTUAL = Z

]

FUNCTION TABLE
VECTOR ERROR
EXPECT = Z
ACTUAL = L OR H

IF LCLOCK = TRUE
IVECTP = IVECT

SAVE PREVIOUS VECTORS

[CHANGE ORDER AND POLARITY OF FUNCTION TABLE
VECTORS TO CONFORM WITH THE PIN LIST OF THE PART.
IF GROUND PIN —VECTOR=X
IFVCC PIN —~VECTOR=1
IFIVECT=X —VECTOR=X
IFIVECT=2Z —VECTOR=2
IFIVECT=C —VECTOR=C ::IENSTE
IFIVECT=L ANDLOUT=FALSE —VECTOR=0
IFIVECT=H ANDLOUT=FALSE —VECTOR=1
IFIVECT=L ANDLOUT=TRUE —VECTOR=L
IFIVECT=H ANDLOUT=TRUE —VECTOR=H

NO
FUNCTION «
TABLE WEToR S|  EAINT -pass
ERRORS

RETURN




PALASM 20 Source Code

C**PALASM20 **PALASM20 **PALASM20 **PALASM20 ** PALASM20 **PALASM20 ** PALASM20 *
PALASM 20 - TRANSLATES SYMBOLIC EQUATIONS INTO PAL OBJECT
CODE FORMATTED FOR DIRECT INPUT TO STANDARD
PROM PROGRAMMERS.
INPUT: PAL DESIGN SPECIFICATION ASSIGNED
TO RPD(1). OPERATION CODES ARE
ASSIGNED TO ROP(5).
OUTPUT: ECHO, SIMULATION, AND FUSE PATTERN
ARE ASSIGNED TO POF(6). HEX AND
BINARY PROGRAMMING FORMATS ARE
ASSIGNED TO PDF(6). PROMPTS AND
ERROR MESSAGES ARE ASSIGNED TO
PMS (6) .

PART NUMBER: THE PAL PART NUMBER MUST
APPEAR IN CQLUMN ONE OF LINE ONE

PIN LIST: 20 SYMBOLIC PIN NAMES MUST APPEAR
STARTING ON LINE 5

EQUATIONS: STARTING FIRST LINE AFTER THE
PIN LIST IN THE FOLLOWING FORMS:

A = B*C + D
A := B*C + D
IF( A*B) C=D+ E
A2 := (Al:*:Bl) + /C

ALL CHARACTERS FOLLOWING ';' ARE
IGNORED UNTIL THE NEXT LINE

BLANKS ARE IGNORED
OPERATORS : ( IN HIERARCHY OF EVALUATION )

COMMENT FOLLOWS

/  COMPLEMENT

*  AND, PRODUCT

+ OR, SUM

+:  EXCLUSIVE OR
‘ %*

EXCLUSIVE NOR
CONDITIONAL THREE-STATE
OR FIXED SYMBOL

EQUALITY

REPLACED BY (AFTER CLOCK)

=~ ee oo

o~ s e

FIXED SYMBOLS
FOR PAL16X4

OO0OO0O0O0O00OO0O0O0O000000000000000000000000000O0000O0000O0O00O00O00O000O000O~0n
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AND PAL16A4

ONLY: (AN+/BN) WHERE N = 0,1,2,3
(AN+BN) FOR OUTPUT PINS
(AN) 17,16,15,14, RESP
(/AN+/BN) A IS OUTPUT
(/BN) B IS INPUT
(AN:+:BN)
(AN*/BN)
( /AN+BN)
(AN: *:BN)
(BN)
(AN*BN)
(/AN)
(/AN*/BN)
(/AN*BN)

FUNCTION L,H,X,Z,C ARE VALID FUNCTION
TABLE: TABLE VECTOR ENTRIES

SUBROUTINES: INITLZ,GETSYM, INCR,MATCH,FIXSYM,
IXLATE, ECHO, PINOUT, PLOT, TWEEK, BINR,
HEX, SLIP, FANTOM, IODC2, IODC4, TEST,
FIXTST

REV LEVEL: 07/20/81

FINE PRINT: MONOLITHIC MEMORIES TAKES NO
RESPONSIBILITY FOR THE OPERATION
OR MAINTENANCE OF THIS PROGRAM.
THE SOURCE CODE AS PRINTED HERE
PRODUCED THE OBJECT CODE OF THE
EXAMPLES IN THE APPLICATIONS
SECTION ON A VAX/VMS COMPUTER
AND A NATIONAL CSS IBM SYSTEM/370 !
FORTRAN IV(G).

kkkhhdkdkdhhkhhhkhhhhhhhhhhhhhhhkhhkhhkhkhkhhhkdkdkkdkhhhkhhhhhhhhhhhhdkdhkikhhdkdihhkkk

hhdkkdhkkhkhkdkhkhkdkdkddkdkkhdkhkkhhhkhkhhkhkhkhhkhkhkhkkhhhkhhkhkhkhkkhkhhhhhhkhhhhkikhhkhxk

MAIN PROGRAM

0O0OO0OO00OO0QO00NO0N0N0O0000O00O00N0000000000000000N00O000O0

IMPLICIT INTEGER (A-2)
INTEGER IPAL(4),REST(73),PATNUM(80),TITLE(80) ,COMP(80),

1 ISYM(8,20),IBUF(8,20)

LOGICAL LBLANK,LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR,
1 LFIX,LFIRST, LMATCH, LFUSES(32,64) ,LPHASE(20) ,LBUF(20),
2 LPROD(80) , LSAME, LACT, LOPERR, LINP, LPRD, LHEAD

COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR
COMMON /PGE/ IPAGE(80,200)

COMMON /LUNIT/ PMS,POF,PDF

COMMON /FTEST/ IFUNCT, IDESC, IEND

DATA E/'E'/,0/'0'/,T/'T'/,P/'P'/,B/'B'/,B/'8R'/,S/'S'/,L/'L"/,

3-11
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1 N/'N'/,0/'Q'/,U/'0'/,F/'F'/,C/'C'/,R/'R"/,A/ A"/
DATA BB/'B'/,CC/'C'/,DD/'D'/,EE/'E'/,FF/'F'/,11/'1'/,NN/'N"/,
1 co/'o'/,pp/'P'/,RR/'R'/,S8/'S"'/, TT/'T"'/,UU/'U"/

ASSIGNMENT OF DATA SET REFERENCES
RPD - PAL DESIGN SPECIFICATION (INPUT)
ROC - OPERATION CODE (INPUT)
POF - ECHO, PINOUT, TEST, AND PLOT (OUTPUT)
PDF - HEX AND BINARY FORMAT PROGRAM TAPES (OUTPUT)
PMS - PROMPTS AND ERROR MESSAGES (OUTPUT)
RPD=1
ROC=5
POF=6
PDF=6
PMS=6
IFUNCT=0
IDESC=0
C INITIALIZE LSAME AND LACT TO FALSE (ACTIVE HIGH/LOW ERROR)
LSAME=. FALSE.
LACT=. FALSE.
o] INITIALIZE LOPERR TO FALSE (OUTPUT PIN ERROR)
LOPERR=. FALSE.
C INITIALIZE LINP TO FALSE (INPUT PIN ERROR)
LINP=. FALSE.
C INITIALIZE LPRD TO FALSE (PRODUCT LINE ERROR)
LPRD=. FALSE.
c HEADER WILL BE PRINTED IF LHEAD IS TRUE
C CHANGE THIS STATEMENT SO LHEAD IS FALSE IF NO HEADER IS DESIRED
LHEAD=. FALSE.
c READ IN FIRST 4 LINES OF THE PAL DESIGN SPECIFICATION
READ(RPD,10) IPAL, INOAI, IOT, INOO,REST, PATNUM, TITLE, COMP
10 FORMAT(4Al,Al,Al,Al,73A1,/,80A1,/,80A1,/,80A1)
c READ IN PIN LIST (LINE 5) THROUGH THE END OF THE PAL DESIGN
C SPECIFICATION
DO 15 J=1,200
READ(RPD,11, END=16) (IPAGE(I,J),I=1,80)
11 FORMAT (80Al)
C CHECK FOR 'FUNCTION TABLE' AND SAVE ITS LINE NUMBER
IF( IFUNCT.EQ.Q0 .AND.IPAGE(1,J).EQ.FF.AND.
IPAGE(2,J) . EQ. UU. AND. IPAGE(3,J) . EQ. NN. AND.
IPAGE(4,J).EQ.CC.AND. IPAGE(5,J) . EQ. TT. AND.
IPAGE(6,J) . EQ. IT.AND. IPAGE(7,J) . EQ. 0O. AND.
IPAGE(8,J) . EQ. NN. AND. IPAGE(10,J) . EQ. TT. AND.
IPAGE(12,J) . EQ.BB.AND. IPAGE(14,J) .EQ.EE-) IFUNCT=J
Cc CHECK FOR 'DESCRIPTION' AND SAVE ITS LINE NUMBER
IF( IDESC.EQ.0 .AND.IPAGE(1l,J).EQ.DD.AND.
IPAGE(2,J) . EQ. EE.AND. IPAGE(3,J) . EQ.SS.AND.
IPAGE(4,J) . EQ.CC.AND. IPAGE(5,J) . EQ. RR. AND.
IPAGE(6,J) . EQ.II.AND. IPAGE(7,J) .EQ.PP.AND.
IPAGE(8,J) . EQ. TT.AND. IPAGE(9,J) . EQ. II.AND.
IPAGE(10,J) . EQ.0O.AND. IPAGE(11,J) .EQ.NN ) IDESC=J
15 CONTINUE
C SAVE THE LAST LINE NUMBER OF THE PAL DESIGN SPECIFICATION
16 IEND=J-1

ecNeNeNeoNeNoNeoNe
(S0 SN SR

Ul W+
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CALL INITLZ(INOAI,IOT, INOO, ITYPE,LFUSES, IC, IL, IBLOW,LFIX)
ILE=IL+l
PRINT ERROR MESSAGE FOR INVALID PAL PART TYPE
IF(ITYPE.NE.O) GO TO 17
WRITE (PMS,18) IPAL,INOAI,IOT,INOO
18 FORMAT(/,' PAL PART TYPE ',4Al,Al,Al,Al,' IS INCORRECT')
STOP
GET 20 PIN NAMES
17 po 20 J=1,20

20 CALL GETSYM(LPHASE, ISYM,J, IC, IL, LFIX)
IF(.NOT. (LEQUAL.OR. LLEFT. OR. LAND. OR. LOR. OR. LRIGHT) ) GO TO 24
WRITE (PMS,23)
23 FORMAT(/,' LESS THAN 20 PIN NAMES IN PIN LIST')
STOP
24 ILE=IL
25 CALL GETSYM(LBUF, IBUF,1, IC, IL,LFIX)
28 IF(.NOT.LEQUAL) GO TO 25
COUNT=0
ILL=IL

CALL MATCH(IMATCH, IBUF, ISYM)
IF( IMATCH.EQ.0 ) GO TO 100

IPRD=IMATCH
CHECK FOR VALID POLARITY
LSAME = ( ( LPHASE ( IMATCH) ) . AND. ( LBUF(1)) .OR.

1 (. NOT. LPHASE (IMATCH) ) . AND. (.NOT.LBUF(1)) ) E
IF( IOT.EQ.H.AND. (.NOT.LSAME) ) LACT=. TRUE.

IF( (.NOT. (IOT.EQ.H.OR.IOT.EQ.C)).AND. (LSAME) ) LACT=.TRUE.

CHECK FOR VALID OUTPUT PIN

IF( (ITYPE.EQ.l.OR.ITYPE.EQ.5.0R.ITYPE.EQ.6) .AND.IOT.NE.A.
1 AND. (IMATCH.LT.12.0R. IMATCH.GT.19) ) LOPERR=.TRUE.

IF( ITYPE.EQ.2.AND.(IMATCH.LT.13.0R.IMATCH.GT.18) )

1 LOPERR=. TRUE.
IF( ITYPE.EQ.3.AND. (IMATCH.LT.14.0R.IMATCH.GT.17) )
1 LOPERR=. TRUE.
IF( ITYPE.EQ.4.AND. (IMATCH.LT.1l5.0R.IMATCH.GT.16) )
1 LOPERR=. TRUE.

IF( (LACT).OR. (LOPERR) ) GO TO 100
I88PRO=(19-IMATCH) *8 + 1
START PAL16Cl ON PRODUCT LINE 25
IF (IOT.EQ.C) I88PRO=25
IC=0
30 CALL INCR(IC,IL,LFIX)
IF( .NOT.(LEQUAL.OR.LLEFT) ) GO TO 30
LPROD ( I88 PRO) =. TRUE.
IF(.NOT.LLEFT) CALL SLIP(LFUSES,I88PRO, INOAI, IOT, INOO, IBLOW)
DO 70 I8PRO=1,16
COUNT = COUNT + 1
IPROD = I88PRO + I8PRO - 1
LPROD ( IPROD) =. TRUE.
LFIRST=. TRUE.
50 ILL=IL
CALL GETSYM(LBUF, IBUF,1, IC, IL, LFIX)
IF( (ITYPE.EQ.l.OR.ITYPE.EQ.2.AND.IPRD.GT.13
1 .AND. IPRD.LT.18) . AND. COUNT.GT.2 ) LPRD=.TRUE.
IF( (ITYPE.EQ.3.OR.ITYPE.EQ.2.AND. (IPRD.EQ.13.0R.
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1 IPRD.EQ.18)) .AND.COUNT.GT.4 ) LPRD=.TRUE.
IF( IOT.NE.A.AND. IOT.NE.C.AND. COUNT. GT 8 ) LPRD=.TRUE.
IF( .NOT.LPRD ) GO TO 69
IF(IL.NE. IFUNCT. AND. IL. NE. IDESC) ILL-IL
IPROD = IPROD - 1
GO TO 118
69 IF(LFIX) GO TO 59
CALL MATCH(IMATCH, IBUF, ISYM)
IF( ITYPE.EQ.l.AND.IMATCH.GT.ll ) LINP=.TRUE.
IF( ITYPE.EQ.2.AND. (IMATCH.GT.12.AND.IMATCH.LT.19) )

1 LINP=. TRUE.

IF( ITYPE.EQ.3.AND. (IMATCH.GT.13.AND. IMATCH.LT.18) )
1 LINP=. TRUE.

ILL=IL

IF(LINP) GO TO 100

IF( IMATCH.EQ.0 ) GO TO 100

IF( IMATCH.EQ.10.OR.IMATCH.EQ.99 ) GO TO 64
IF (. NOT.LFIRST) GO TO 58

LFIRST=, FALSE.
DO 56 I=1,32
IBLOW = IBLOW + 1
56 LFUSES (I, IPROD) =. TRUE.
58 CALL IXLATE(IINPUT, IMATCH,LPHASE, LBUF, ITYPE)

IF(IINPUT.LE.O0) GO TO 60

IBLOW = IBLOW - 1 :

LFUSES ( IINPUT, IPROD) =. FALSE.

CALL PLOT(LBUF, IBUF,LFUSES, IPROD, TITLE, . FALSE. , ITYPE,

1 LPROD, IOP, IBLOW)
GO TO 60
59 CALL FIXSYM(LBUF,IBUF,IC,IL,LFIRST,LFUSES, IBLOW,
1 * IPROD,LFIX)
60 IF (LAND) GO TO 50
64 IF (. NOT.LRIGHT) GO TO 68
66 CALL INCR(IC, IL,LFIX)
IF (. NOT.LEQUAL) GO TO 66
68 IF( NOT.(LOR.OR.LEQUAL) ) GO TO 74
70 CONTINUE
74 ILL=IL

CALL GETSYM(LBUF, IBUF,1, IC, IL, LFIX)
IF (LLEFT.OR. LEQUAL) GO TO 28
100 IF( ILL.EQ.IFUNCT.OR.ILL.EQ.IDESC ) GO TO 102
c PRINT AN ERROR MESSAGE IF UNRECOGNIZABLE SYMBOL
ILERR=ILL+4
WRITE(PMS,101) (IBUF(I,1),I=1,8),ILERR, (IPAGE(I,ILL),I=1,80)
101 FORMAT(/,' ERROR SYMBOL = ',8Al," IN LINE NUMBER ', I3,
1 /+' ',80Al)
c PRINT AN ERROR MESSAGE FOR ACTIVE HIGH/LOW PART
IF( (LACT).AND.( LSAME).AND. (.NOT.LOPERR) )
1 WRITE (PMS,103) IPAL,INOAI,IOT, INOO
103 FORMAT(' OUTPUT MUST BE INVERTED SINCE ',4Al,Al,Al,Al, -
1 ' IS AN ACTIVE ‘LOW DEVICE')
IF( (LACT).AND. (.NOT.LSAME) . AND. (. NOT.LOPERR) )
1 WRITE (PMS,109) IPAL, INOAI, IOT, INOO
109 FORMAT(' OUTPUT CANNOT BE INVERTED SINCE ',4Al,Al,Al,Al,
1 ' IS AN ACTIVE HIGH DEVICE')
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C PRINT AN ERROR MESSAGE FOR AN INVALID OUTPUT PIN

IF( (LOPERR).AND.IMATCH.NE.O )

1 WRITE(PMS,105) IMATCH, IPAL, INOAI, IOT, INOO

105 FORMAT(' THIS PIN NUMBER ',I2,' IS AN INVALID OUTPUT PIN',

1 ' FOR ',4Al1,Al,Al,Al)
C PRINT AN ERROR MESSAGE FOR AN INVALID INPUT PIN

IF(LINP) WRITE(PMS,115) IMATCH, IPAL, INOAI, IOT, INOO

115 FORMAT(' THIS PIN NUMBER ',I2,' IS AN INVALID INPUT PIN',

1 ' FOR ',4A1,Al,Al,Al)
C PRINT AN ERROR MESSAGE FOR INVALID PRODUCT LINE
118 ILERR=ILL+4
IF(LPRD) WRITE(PMS,119)

1 (ISYyM(I,IPRD),I=1,8),IPRD,ILERR, (IPAGE(I,ILL),I=1,80) g
119 FORMAT(/,' OUTPUT PIN NAME = ',8Al,' OUTPUT PIN NUMBER = ',6I2,

1 /+' MINTERM IN LINE NUMBER ',I3,/,' ',80Al)

IF( LPRD.AND.COUNT.LT.8 )

1 WRITE (PMS,116) IPROD, IPAL, INOAI, IOT, INOO

116 FORMAT(' THIS PRODUCT LINE NUMBER ',I2,' IS NOT VALID',

1 ' FOR ',4Al1,Al,Al,Al)
IF( LPRD.AND.COUNT.GT.8 )
1 WRITE(PMS,117) IPAL, INOAI, IOT, INOO

i' 117 FORMAT(' MAXIUM OF 8 PRODUCT LINES ARE VALID FOR ',4Al,Al,Al Al,
\ 1 /,' TOO MANY MINTERMS ARE SPECIFIED IN THIS EQUATION')

STOP
102 IF(ITYPE.LE.4) CALL TWEEK(ITYPE, IOT, LFUSES)
C PRINT OPTIONAL HEADER
IF(LHEAD) WRITE(6,104)

‘ 104 FORMAT(/,' THIS PALASM AIDS THE USER IN THE DESIGN AND'
|

1 ' PROGRAMMING OF THE',/,' SERIES 20 PAL FAMILY. THE',
2 ' FOLLOWING OPTIONS ARE PROVIDED:'
3 Y/ ECHO (E) - PRINTS THE PAL DESIGN',

| 4 ' SPECIFICATION',

! 5 I/t PIN OUT (O) - PRINTS THE PIN OUT OF THE PAL',

} 6 /7" SIMULATE (T) - EXERCISES THE FUNCTION TABLE',

| 7 ' VECTORS IN THE LOGIC',/,' EQUATIONS',

! 8 ' AND GENERATES TEST VECTORS', :

| 9 Y/ PLOT (P) - PRINTS THE ENTIRE FUSE PLOT'

‘ A /8 BRIEF (B) - PRINTS ONLY THE USED PRODUCT LINES',
B ' OF THE FUSE PLOT',/,' PHANTOM FUSES',
c ' ARE OMITTED', &
D I/t HEX (H) - GENERATES HEX OUTPUT FOR PAPER TAPE',
E I/t SHORT (S) - GENERATES HEX OUTPUT FOR PAPER TAPE',
F /7" BHLF (L) - GENERATES BHLF OUTPUT FOR PAPER TAPE'
G Y788 BNPF (N) - GENERATES BNPF OUTPUT FOR PAPER TAPE',
H 7 QUIT (0Q) ~ EXIT PALASM')

108 WRITE(PMS,106)
106 FORMAT(/,' OPERATION CODES: ')
WRITE (PMS,107)

WRITE (PMS,110)
110 FORMAT(/,' ENTER OPERATION CODE:')
READ(ROC,120) IOP
120 FORMAT(Al)
c CALL IODC2

107 FORMAT(/,' E=ECHO INPUT O=PIN OUT T=SIMULATE P=PLOT B=BRIEF',
1 /,' B=HEX S=SHORT L=BHLF N=BNPF Q-QUIT')

r
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IF(IOP.EQ.E) CALL ECHO(IPAL, INOAI, IOT, INOO,REST, PATNUM, TITLE,
1 COMP)

IF(IOP.EQ.O) CALL PINOUT(IPAL, INOAI, IOT, INOO, TITLE)

IF(IOP.EQ.T) CALL TEST(LPHASE, LBUF,TITLE, IC, IL, ILE, ISYM, IBUF,
1 ITYPE, INOO, LFIX)

IF(IOP.EQ.P) CALL PLOT(LBUF, IBUF,LFUSES, IPROD, TITLE, . TRUE. , ITYPE,
1 LPROD, IOP, IBLOW)

IF (IOP.EQ.B) CALL PLOT(LBUF, IBUF,LFUSES, IPROD,TITLE, . TRUE. , ITYPE,
1 LPROD, IOP, IBLOW)

IF (IOP.EQ.H) CALL HEX(LFUSES, H)

IF(IOP.EQ.S) CALL HEX(LFUSES,S)

IF(IOP.EQ.L) CALL BINR(LFUSES,H,L)

IF(IOP.EQ.N) CALL BINR(LFUSES,P,N)

C CALL IODC4
IF(IOP.NE.Q ) GO TO 108
STOP
END
o] .
ettt T T T T T 2
C
SUBROUTINE INITLZ(INOAI, IOT, INOO, ITYPE, LFUSES, IC, IL, LFIX)
C THIS SUBROUTINE INITIALIZES VARIABLES AND MATCHES PAL PART
C NUMBER WITH ITYPE

IMPLICIT INTEGER (A-2)

LOGICAL LBLANK,LLEFT,LAND,LOR,LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR,
1 LFIX,LFUSES(32,64)

COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL , LRIGHT, LXOR, LXNOR
COMMON /PGE/ IPAGE(80,200)

DATA H/'H'/,L/'L'/,C/'C'/,R/'R'/,X/'X'/,A/'A'/

1 10/'0'/,12/'2'/,14/'4'/,16/'6'/,18/'8"'/

C INITIALIZE LFUSES ARRAY (FUSE ARRAY)

DO 20 J=1,64

DO 20 I=1,32
20 LFUSES (I,J)=.FALSE.

C. INITIALIZE IBLOW (NUMBER OF FUSES BLOWN)

IBLOW=0
Cc INITIALIZE IC AND IL (COLUMN AND LINE POINTERS)

IC=0

IL=1
C INITIALIZE ITYPE (PAL PART TYPE)

ITYPE=0
(o] ITYPE IS ASSIGNED THE FOLLOWING VALUES FOR THESE PAL TYPES:
C PAL10HS8,PAL10LS ITYPE=1
c PAL12H6,PAL1216 £ ITYPE=2
C PAL14H4,PAL14L4 : ITYPE=3
c PAL16H2,PAL16L2, PAL16Cl ITYPE=4
c PAL16LS ITYPE=5
c PAL16R4,PAL16R6,PAL16R8, PAL16X4,PAL16A4 ITYPE=6
Cc DETERMINE ITYPE

IF( INOAI.EQ.IO ) SR ITYPE=1

IF( INOAI.EQ.I2 ) ITYPE=2

IF( INOAI.EQ.I4 ) ITYPE=3

IF( (INOAI.EQ.I6) ) ITYPE=4

IF( (INOAI.EQ.I6).AND. (INOO.EQ.I8) ) ITYPE=5

IF( (IOT.EQ.R).OR.(IOT.EQ.X).OR.(IOT.EQ.A) ) ITYPE=6
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IF( .NOT. (IOT.EQ.H.OR.IOT.EQ.L.OR.IOT.EQ.C

1 .OR. IOT. EQ. R. OR. IOT. EQ. X.OR. IOT.EQ.A) ) ITYPE=0

CALL INCR(IC,IL,LFIX)
RETURN
END

SUBROUTINE GETSYM(LPHASE, ISYM,J,IC, IL, LFIX)

THIS SUBROUTINE GETS THE PIN NAME, / IF COMPLEMENT LOGIC, AND
THE FOLLOWING OPERATION SYMBOL IF ANY

IMPLICIT INTEGER (A-2)

INTEGER ISYM(8,20)

LOGICAL LBLANK,LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR,

1 LFIX, LPHASE(20)

1

1

COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR
COMMON /PGE/ IPAGE(80,200)
DATA IBLANK/' '/
LFIX=,FALSE.
IF( .NOT.(LLEFT.OR.LAND.OR.LOR.OR. LEQUAL.OR. LRIGHT) ) GO TO 10
CALL INCR(IC,IL,LFIX)
IF (LLEFT) GO TO 60
LPHASE (J) =( .NOT.LSLASH )
IF(LPHASE(J)) GO TO 15
CALL INCR(IC,IL,LFIX)
DO 20 I=1,8
ISYM(I,J)=IBLANK
DO 30 I=1,7
ISYM(I,J)=ISYM(I+1,J)
ISYM(8,J)=IPAGE(IC,IL)
CALL INCR(IC,IL,LFIX)
IF( LLEFT.OR.LBLANK.OR.LAND.OR.LOR.OR. LRIGHT. OR. LEQUAL ) RETURN
GO TO 25
LFIX=. TRUE.
RETURN
END

SUBROUTINE INCR(IC, IL,LFIX)

THIS SUBROUTINE INCREMENTS COLUMN AND LINE POINTERS

BLANKS AND CHARACTERS AFTER ';' ARE IGNORED

IMPLICIT INTEGER (A-2)

LOGICAL LBLANK,LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR,

LFIX,LX1

COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR

COMMON /PGE/ IPAGE(80,200)

COMMON /LUNIT/ PMS,POF,PDF

DATA IBLANK/' '/,ILEFT/'('/,IAND/'*'/,IOR/'+'/,COMENT/';"'/,
ISLASH/'/'/, IEQUAL/'='/, IRIGHT/"') '/, ICOLON/": "'/

LBLANK=. FALSE.

LXOR=. FALSE. -

LXNOR=. FALSE.

LX1=.FALSE.

LRIGHT=. FALSE.

3-17



PALASM 20 Source Code

10 IC=IC+l
IF( IC.LE.79.AND.IPAGE(IC,IL).NE.COMENT ) GO TO 30
IL=IL+1
IF(IL.LE.200) GO TO 20
WRITE (PMS,15)
15 FORMAT(y,' SOURCE FILE SIZE EXCEEDS 200 LINES'‘)
STOP
20 IC=0
GO TO 10

30 IF( IPAGE(IC,IL).EQ.ICOLON.AND. (LFIX) ) RETURN
IF( IPAGE(IC,IL).NE.IBLANK ) GO TO 31
LBLANK=. TRUE.
GO TO 10
31 IF( IPAGE(IC,IL).NE.ICOLON ) GO TO 32
IF( (LXOR).OR.(LXNOR) ) GO TO 33
LX1=, TRUE.
GO TO 10
33 IF(LXOR) LOR=.TRUE.
IF (LXNOR) LAND=.TRUE.
RETURN
32 IF( .NOT.(LX1l.AND. (IPAGE(IC, IL).EQ.IOR.OR.IPAGE(IC,IL).EQ.IAND)) )
1 GO TO 34
IF( IPAGE(IC,IL).EQ.IOR ) LXOR=.TRUE.
IF( IPAGE(IC,IL).EQ.IAND ) LXNOR=.TRUE.
GO TO 10
34 LLEFT =( IPAGE(IC,IL).EQ.ILEFT )
LAND =( IPAGE(IC,IL).EQ.IAND )
LOR =( IPAGE(IC,IL).EQ. IOR )
LSLASH=( IPAGE(IC,IL).EQ.ISLASH )
LEQUAL=( IPAGE(IC, IL).EQ.IEQUAL )
LRIGHT=( IPAGE(IC,IL).EQ.IRIGHT )
RETURN
END
C
e L2 T T e T LT
c
SUBROUTINE MATCH(IMATCH, IBUF, ISYM)
C THIS SUBROUTINE FINDS A MATCH BETWEEN THE PIN NAME IN THE EQUATION
C AND THE PIN NAME IN THE PIN LIST OR FUNCTION TABLE PIN LIST
IMPLICIT INTEGER (A-2)
INTEGER IBUF(8,20),ISYM(8,20)
LOGICAL LMATCH
DATA C/'C'/,A/'A'/,R/'R'/,Y/'Y"/
IMATCH=0
DO 20 J=1,20
LMATCH=. TRUE.
DO 10 I=1,8
10 LMATCH=LMATCH. AND. (IBUF(I,1).EQ.ISYM(I,J))
IF(LMATCH) IMATCH=J
20 CONTINUE
C MATCH CARRY WHICH IS FOUND IN THE PAL16A4
IF( IBUF(3,1).EQ.C.AND.IBUF(4,1).EQ.A.AND. IBUF(5,1).EQ.R.AND.
1 IBUF(6,1) . EQ.R.AND. IBUF(7,1) .EQ.Y ) IMATCH=99
RETURN
END
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C
Tt 2 2 T T e
C
SUBROUTINE IXLATE(IINPUT, IMATCH,LPHASE, LBUF, ITYPE)
Cc THIS SUBROUTINE FINDS A MATCH BETWEEN THE INPUT PIN NUMBER AND
C THE INPUT LINE NUMBER FOR A SPECIFIC PAL. ADD 1 TO THE INPUT
Cc LINE NUMBER IF THE PIN IS A COMPLEMENT
IMPLICIT INTEGER (A-2)
INTEGER ITABLE(20,6)
LOGICAL LPHASE(20),LBUF(20)
DATA ITABLE/
3, 1, 5, 9,13,17,21,25,29,-10,31,-1,-1,-1,-1,-1,-1,-1,-1,-20,
3, 1, 5, 9,13,17,21,25,29,-10,31,27,-1,-1,-1,-1,-1,-1, 7,-20,
5, 9,13,17,21,25,29,-10,31,27,23,-1,-1,-1,-1,11, 7,-20,
3,1, 5, 9,13,17,21,25,29,-10,31,27,23,19,-1,-1,15,11, 7,-20,
3 1, 5, 9,13,17,21,25,29,-10,31,-1,27,23,19,15,11, 7,-1,-20,
-1, 1, 5, 9,13,17,21,25,29,-10,-1,31,27,23,19,15,11, 7, 3,-20/

AU W -
w
-
[
-

IBUBL=0

IF((( LPHASE (IMATCH) ) . AND. (. NOT.LBUF(1))) .OR.
1 ((.NOT. LPHASE ( IMATCH) ) . AND. ( LBUF(1)))) IBUBL=1

IF( ITABLE(IMATCH, ITYPE).GT.0 ) IINPUT=ITABLE(IMATCH, ITYPE)+IBUBL
RETURN

END

c
Chikhhdhhhhhhhhhkhhhhhhhkhhdhhhhhhhhkhkdhhhhhhhhhhhhhhhhhhhhhkhhhhhhkhkkkhhkkhdhs

SUBROUTINE FIXSYM(LBUF, IBUF, IC, IL,LFIRST, LFUSES, IBLOW, IPROD,LFIX)
Cc THIS SUBROUTINE EVALUATES THE FIXED SYMBOLS FOUND IN THE
C PAL16X4 AND PAL16A4

IMPLICIT INTEGER (A-2)

LOGICAL LBUF(20),LFUSES(32,64),LFIRST, LMATCH,LFIX

INTEGER IBUF(8,20),FIXBUF(8),TABLE(5,14)

COMMON /PGE/ IPAGE(80,200)

DATA aA/'A'/,B/'B'/,ISLASH/'/'/,IOR/'+'/,IBLANK/' '/,IRIGHT/')'/,

1 IAND/'*'/,N/'N'/,Q/'Q'/,NO/'0'/,N /1" /,N2/'2"/,N3/"'3"/,
2 ICOLON/':"'/,
3 TABLE / | l'lAl'l+l'i/l’|B|’l l'l l’lAv,l+l'|Bl'
4 ' l'l l’l l'l |’lAl'|/"|AI'I+|,l/',lB',l l,l l,l |'l/',|Bl'
5 lAl,l:l,l+"l=l"Bl'l l,lA',l*l,l/l,!BI" l'l/l'lAl'l.',l'lBl'
6 IAI'I:I l*',l:l'lBl'l I'I |'l l,l l'lBl'l I’I I,lAl,'*l’lBl’
7 ] I'l l'l l'l/l’lAl'I/I,IAI,I*I,I/','BI'I l,l/l,lAl'l*l'lBl/
IINPUT=0
DO 20 I=1,8
IBUF(I,1)=IBLANK

20 FIXBUF(I)=IBLANK

21 CALL INCR(IC,IL,LFIX)
I=IPAGE(IC, IL)

IF(I.EQ.IRIGHT) GO TO 40
IF(I.EQ.NO) IINPUT=8
IF(I.EQ.N1) IINPUT=12
IF(I.EQ.N2) IINPUT=16
IF(I.EQ.N3) IINPUT=20
DO 24 J=1,7

24 IBUF(J,1)=IBUF(J+1,1)
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IBUF(8,1)=1
IF(.NOT. ( (I.EQ.A).OR.(I.EQ.B).OR. (I.EQ.ISLASH).OR. (I.EQ.IOR)
1 .OR. (I.EQ.IAND).OR.(I.EQ.ICOLON) ) ) GO TO 21
DO 30 1I=1,4
30 FIXBUF(I)=FIXBUF(I+l)
FIXBUF(5) =IPAGE(IC, IL)
GO TO 21
40 IMATCH=0
DO 60 J=1,14
LMATCH=. TRUE.
DO 50 I=1,5
50 LMATCH=LMATCH .AND. ( FIXBUF(I).EQ.TABLE(I,J) )
60 IF (LMATCH) IMATCH=J
IF(IMATCH.EQ.0) GO TO 100
IF (. NOT.LFIRST) GO TO 85
LFIRST=. FALSE.
DO 80 I=1,32
LFUSES (I, IPROD) =. TRUE.
80 IBLOW = IBLOW + 1
85 DO 90 I=1,4
IF( (IMATCH-7).LE.0 ) GO TO 90
LFUSES ( IINPUT+I, IPROD) =, FALSE.
IBLOW = IBLOW - 1
IMATCH=IMATCH-8
90 IMATCH=IMATCH+IMATCH
LBUF(1) =. TRUE.
CALL PLOT(LBUF, IBUF, LFUSES, IPROD, TITLE, . FALSE. , ITYPE,
1 LPROD, IOP, IBLOW)
100 LFIX=.FALSE.
CALL INCR(IC,IL,LFIX)
RETURN
END
c
c***********************************************************************
C
SUBROUTINE ECHO(IPAL, INOAI, IOT, INOO,REST, PATNUM, TITLE, COMP)
[ THIS SUBROUTINE PRINTS THE PAL DESIGN SPECIFICATION INPUT FILE
IMPLICIT INTEGER (A-2Z)
INTEGER IPAL(4),REST(73),PATNUM(80),TITLE(80) ,COMP(80)
COMMON . /PGE/ IPAGE(80,200)
COMMON /LUNIT/ PMS,POF,PDF
COMMON /FTEST/ IFUNCT, IDESC, IEND
WRITE(POF,10) IPAL,INOAI, IOT,INOO,REST, PATNUM, TITLE, COMP
10 FORMAT(/,' ',4Al,Al1,Al,A1,73A1,/,' ',80A1,/,' ',80A1,/,' ',80Al)
DO 30 J=1,IEND
WRITE(POF,20) (IPAGE(I,J),I=1,80)
20 FORMAT(' ',80Al)
30 CONTINUE
RETURN
END
C
c**********************************t************************************
C
SUBROUTINE PINOUT(IPAL, INOAI, IOT, INOO, TITLE)
o] THIS SUBROUTINE PRINTS THE PIN OUT OF THE PAL
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10
15

20
25

30

35
40

55
60

- 65

70

75

76

78

1
2
3

IMPLICIT INTEGER (A-2)
INTEGER IPAL(4),TITLE(80),PIN(8,20),IIN(7,2)
COMMON /PGE/ IPAGE(80,200)
COMMON /LUNIT/ PMS,POF,PDF
DATA IBLANK/' '/,ISTAR/'*'/
DO 10 J=1,20
DO 5 I=1,7
PIN(I,J)=IBLANK
CONTINUE
DO 25 J=1,2
DO 20 I=1,7
IIN(I,J)=IBLANK
CONTINUE
IIN(2,1)=IPAL(l)
IIN(4,1)=IPAL(2)
IIN(6,1)=IPAL(3)
IIN(1,2)=IPAL(4)
IIN(3,2)=INOAI
IIN(5,2)=I0T
IIN(7,2)=INOO
J=0
IL=0
IC=0
IL=IL+1
IC=IC+l
IF( IC.GT.80 ) GO TO 30
IF( IPAGE(IC,IL).EQ.IBLANK ) GO TO 35
J=J+1 o
IF(J.GT.20) GO TO 60
Do 55 1=1,8
PIN(I,J)=IPAGE(IC, IL)
IC=IC+1
IF( IC.GT.80 ) GO TO 40
IF( IPAGE(IC,IL).EQ.IBLANK ) GO TO 40
CONTINUE
Do 75 J=1,10
II=0
II=II+1
IF(II.EQ.9) GO TO 75
IF( PIN(II,J).NE.IBLANK ) GO TO 65
I1=9
I=I-1
II=1II-1
PIN(I,J)=PIN(II,J)
PIN(II,J)=IBLANK
IF(II.NE.1) GO TO 70
CONTINUE
WRITE(POF,76) TITLE
FORMAT(/,' ',80Al)
WRITE (POF,78) ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR
FORMAT(/,' ',14X,14A1,3X,14A1,
/.' ',14X%,A1,13X,A1,1X,A1,13X,Al)
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JJ=20
DO 88 J=1,10
WRITE (POF,80) ISTAR, ISTAR,ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR
80 FORMAT(' ',11X,4A1,29X,4Al1)
WRITE (POF,81) (PIN(I,J),I=1,8),ISTAR,J,ISTAR,
1 (IIN(I,1),I=1,7),ISTAR,JJ,ISTAR, (PIN(I,JJ),I=1,8)
81 FORMAT(' ',8A1,3X,Al1,12,A1,11X,7A1,11X,A1,12,A1,3X,8A1)
WRITE (POF,82) ISTAR, ISTAR, ISTAR,ISTAR, ISTAR, ISTAR, ISTAR, ISTAR
82 FORMAT(' ',11X,4Al1,29X,4Al1)
WRITE(POF,84) ISTAR,(IIN(I,2),I=1,7),ISTAR
84 FORMAT(' ',14X,Al1,11X,7A1,11X,Al1)
DO 86 II=1,2
© DO 85 I=1,7
85 IIN(I,II)=IBLANK
86 CONTINUE
JJI=JJ-1
88 CONTINUE

WRITE (POF,90) ISTAR, ISTAR,ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
1 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
2 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
3 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR
90 FORMAT(' ',14X,31Al1)
RETURN
END
C
fei 2 L e L e
C g
SUBROUTINE PLOT(LBUF, IBUF, LFUSES, IPROD, TITLE, LDUMP, ITYPE,
1 LPROD, IOP, IBLOW)
C THIS THIS SUBROUTINE PRODUCES THE FUSE PLOT
IMPLICIT INTEGER (A-2)
INTEGER IBUF(8,20), IOUT(64),ISAVE(64,32),TITLE(80)
LOGICAL LBUF(20),LFUSES(32,64),LDUMP,LPROD(80)
COMMON /LUNIT/ PMS,POF,PDF
DATA ISAVE/2048*' '/,IAND/'*'/,IOR/'+'/,ISLASH/'/'/,
1 IDASH/'~'/,X/'X'/,IBLANK/' '/,P/'P'/,B/'B'/,
2 HIFANT/'O'/
IF(LDUMP) GO TO 60
IF (ISAVE(IPROD,1).NE. IBLANK) RETURN
. IF( LBUF(1) ) GO TO 5
DO 30 J=1,31
30 ISAVE (IPROD,J) =ISAVE(IPROD,J+1)
ISAVE (IPROD,32) =ISLASH
5 po 20 I=1,8
IF( ISAVE(IPROD,1).NE.IBLANK ) RETURN
IF( IBUF(I,1l).EQ.IBLANK ) GO TO 20

Do 10 J=1,31

10 ISAVE(IPROD,J) =ISAVE (IPROD,J+1)
ISAVE (IPROD,32)=IBUF(I,l)

20 CONTINUE

IF(ISAVE(IPROD,1).NE. IBLANK) RETURN
40 DO 50 J=1,31
50 ISAVE (IPROD, J) =ISAVE ( IPROD, J+1)
ISAVE (IPROD, 32) =IAND
RETURN
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C PRINT FUSE PLOT
60 WRITE(POF,62) TITLE
62 FORMAT(/,' ',80Al1,//,
1" 11 1111 1111 2222 2222 2233',/,
2" 0123 4567 8901 2345 6789 0123 4567 8901',/)
DO 100 I88PRO=1,57,8
DO 94 I8PRO=1,8
IPROD=188 PRO+I8PRO-1
ISAVE (IPROD, 32) =IBLANK
DO 70 1=1,32 i
IF( ISAVE(IPROD,1l).NE.IBLANK ) GO TO 70
DO 65 J=1,31
ISAVE (IPROD,J) =ISAVE(IPROD,J+1)
65 CONTINUE
-ISAVE (IPROD, 32) =IBLANK
70 CONTINUE
DO 80 I=1,32
IOUT(I)=X
IF( LFUSES(I,IPROD) ) IOUT(I)=IDASH
IOUT(I+32)=ISAVE(IPROD, I)
80 CONTINUE
IF(ITYPE.LE.4) CALL FANTOM(ITYPE, IOUT, IPROD, I8PRO)
IPROD=IPROD-1
DO 85 J=1,32
IF( IOP.EQ.B.AND.IOUT(J).EQ.HIFANT ) IOUT(J)=IBLANK
85 CONTINUE
IF( (IOP.EQ.P).OR. (IOP.EQ.B.AND. (LPROD(IPROD+1))) )

1 WRITE (POF,90) IPROD, IOUT
90 FORMAT(' ',I2,8(' ',4A1),"' ',32Al1)
94 CONTINUE
WRITE (POF,96)
96 FORMAT (1X)
100 CONTINUE
WRITE (POF,110)
110 FORMAT(/,
1' LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1) ")
IF( IOP.EQ.P.AND.ITYPE.LE.4 ) WRITE(POF,111)
111 FORMAT(
1’ 0 : PHANTOM FUSE (L,N,0) O : PHANTOM FUSE (H,P,1)')

WRITE (POF,112) IBLOW
112 FORMAT(/,' NUMBER OF FUSES BLOWN = ', I4)
WRITE (POF,113)
113 FORMAT(//)
RETURN
END
c N
Qe e % de e de o de o de de e de o e e e e e e o de e Je e de e Je e gk e de e ke de Je e de e Je de de e e de e de Ko e de de de e de e ok e ok de de de e de dede ek K de K
c
SUBROUTINE HEX (LFUSES, IOP)
C THIS SUBROUTINE GENERATES HEX PROGRAMMING FORMATS
IMPLICIT INTEGER (A-32)
INTEGER ITEMP(64)
LOGICAL LFUSES(32,64)
COMMON /LUNIT/ PMS,POF,PDF
DATA STX/Z02000000/,BEL/Z2F000000/,SOH/01000000/,H/'H"'/,S/'S"'/
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IF(IOP.EQ.H) WRITE(PDF,10)

10 FORMAT(//,' /N
C***** NOTE: SOME PROM PROGRAMMERS NEED A START CHARACTER.
Chkxk THIS PROGRAM OUTPUTS AN STX FOR THE DATA I/O MODEL 9
Chihk (USE SOH FOR MODEL 5)

WRITE(PDF,5) BEL,BEL,BEL,BEL,BEL,BEL,BEL,STX, SOH
5 FORMAT(9Al)
DO 40 I=1,33,32
INC=I-1
DO 40 IPROD=1,7,2
DO 20 J=1,2
DO 20 IINPUT=1,32
IHEX=0
IF (LFUSES (IINPUT, IPROD + J-1 + 0+INC)) IHEX=IHEX+l
IF (LFUSES (IINPUT, IPROD + J-1 + 8+INC)) IHEX=IHEX+2
IF (LFUSES (IINPUT, IPROD + J-1 +16+INC)) IHEX=IHEX+4
IF (LFUSES (IINPUT, IPROD + J-1 +24+INC)) IHEX=IHEX+8
20 ITEMP(IINPUT + 32*(J-1) )=IHEX
IF(IOP.EQ.H) WRITE(PDF,60) ITEMP
40 IF(IOP.EQ.S) WRITE(PDF,61) ITEMP
60 FORMAT(' ',32(21,' "),'.'./,' ',32(z1,' "),'.")
61 FORMAT(' ',642Z1)
IF (IOP.EQ.H) WRITE(PDF,70)
70 FORMAT(' ',//,' Y24
RETURN
END
o]

Cledekdede dodededodededede dededodedodededede e e dedo dede de ke e o do de de de de de ke ek e dode dode e de Koo dededede ke dededede ek de e dedede ek ke

c
SUBROUTINE TWEEK (ITYPE, IOT,LFUSES)
Cc THIS SUBROUTINE TWEEKS LFUSES (THE PROGRAMMING FUSE PLOT)
C "FOR HIGH AND LOW PHANTOM FUSES
IMPLICIT INTEGER (A-2Z)
LOGICAL LFUSES(32,64)
DATA L/'L'/,C/'C'/
IF(ITYPE.GE.4) GO TO 20
DO 10 IPROD=1,64
LFUSES (15, IPROD) =. TRUE.
LFUSES (16 , IPROD) =. TRUE.
LFUSES (19, IPROD) =. TRUE.
LFUSES (20, IPROD) =. TRUE.
IF(ITYPE.GE.3) GO TO 10
LFUSES (11, IPROD) =, TRUE.
LFUSES (12, IPROD) =. TRUE.
LFUSES (23, IPROD) =. TRUE.
LFUSES (24, IPROD) =. TRUE.
IF(ITYPE.GE.2) GO TO 10
LFUSES( 7,IPROD)=.TRUE.
LFUSES ( 8, IPROD) =. TRUE.
LFUSES (27, IPROD) =. TRUE.
LFUSES (28, IPROD) =, TRUE.
10 CONTINUE
DO 18 IINPUT=7,28
DO 12 IPROD=1,57,8
LFUSES (IINPUT, IPROD+4) =. FALSE.
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LFUSES ( IINPUT, IPROD+5) =. FALSE.
LFUSES ( IINPUT, IPROD+6) =. FALSE.
12 LFUSES ( IINPUT, IPROD+7) =. FALSE.
IF(ITYPE.GE.3) GO TO 18
DO 14 IPROD=17,41,8
LFUSES ( IINPUT, IPROD+2) =. FALSE.
14 LFUSES ( IINPUT, IPROD+3) =. FALSE.
IF (ITYPE.GE.2) GO TO 18
DO 16 IPROD=1,57,8
LFUSES ( IINPUT, IPROD+2) =. FALSE.
16 LFUSES ( IINPUT, IPROD+3) =. FALSE.
18 CONTINUE
20 IF( (ITYPE.EQ.1l) .OR. ((ITYPE.EQ.4).AND.(IOT.EQ.L)) ) RETURN
DO 99 IINPUT=1,32
DO 30 IPROD=1,8
LFUSES ( IINPUT, IPROD+ 0)= (IOT.NE.L)
30 IF (IOT.NE.C) LFUSES(IINPUT,IPROD+56)= (IOT.NE.L)
IF (ITYPE.LE.2) GO TO 99
DO 40 IPROD=1,8
LFUSES ( IINPUT, IPROD+ 8)= (IOT.NE.L)
40 IF (IOT.NE.C) LFUSES(IINPUT, IPROD+48)= (IOT.NE.L)
IF (ITYPE.LE.3) GO TO 99
DO 50 IPROD=1,8
LFUSES ( IINPUT, IPROD+16) = (IOT.NE.L)
50 IF (IOT.NE.C) LFUSES(IINPUT, IPROD+40)= (IOT.NE.L)
99 CONTINUE
RETURN
END
c
C***********************************************************************
c
SUBROUTINE BINR(LFUSES,H,L)
c THIS SUBROUTINE GENERATES BINARY PROGRAMMING FORMATS
IMPLICIT INTEGER (A-2)
INTEGER ITEMP(4,8)
LOGICAL LFUSES(32,64)
COMMON /LUNIT/ PMS,POF,PDF
WRITE(PDF,10)
10 FORMAT(//,' /)
Do 20 I=1,33,32
INC=I-1
DO 20 IPROD=1,8
Do 20 J=1,25,8
DO 15 K=1,8
IINPUT=J+K-1
ITEMP(1,K) =L
ITEMP(2,K) =L
ITEMP(3,K) =L
ITEMP(4,K)=L
IF (LFUSES (IINPUT, IPROD+ 0+INC)) ITEMP(4,K)=H
IF (LFUSES (IINPUT, IPROD+ 8+INC)) ITEMP(3,K)=H
IF (LFUSES ( IINPUT, IPROD+16+INC)) ITEMP(2,K)=H
IF (LFUSES (IINPUT, IPROD+24+INC)) ITEMP(1,K)=H
15 CONTINUE
20 WRITE (PDF,30) ITEMP
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30 FORMAT(' ',8('B',4Al1,'F "))
WRITE (PDF,10)
RETURN
END

C
Chhhhkhhhkhhhdhhhhkhdhkdhkhhkhhdkhdhdhhtehkddhhkddhhdhdhdhdhhhhhhdhddihtehhthihhihik

C
SUBROUTINE SLIP(LFUSES, I88PRO, INOAI, IOT, INOO, IBLOW)

o] THIS SUBROUTINE WILL BLOW THE ENTIRE CONDITIONAL THREE STATE
c PRODUCT LINE WHEN 'IF(VCC)' CONDITION IS USED FOR THE
c CORRESPONDING OUTPUT PIN P
IMPLICIT INTEGER (A-3Z) W
LOGICAL LFUSES(32,64)
DATA R/'R'/,I1/'1'/,12/'2"'/,14/'4'/,16/'6'/,18/'8"/
IF( (INOAI.NE.I6) .OR. (INOO.EQ.Il) .OR. (INOO.EQ.I2) .OR.
1 ( (IOT.EQ.R).AND. (INOO.EQ.I8) ) .OR.
2 ( (I88PRO.GE. 9).AND. (I88PRO.LE.49).AND. (INOO.EQ.I6) ) .OR.
3 ( (I88PRO.GE.17).AND. (I88PRO.LE.41).AND. (INOO.EQ.I4)) ) RETURN
DO 10 I=1,32
IBLOW = IBLOW + 1
10 LFUSES(I,I88PRO) = .TRUE.
I88PRO = I88PRO + 1
RETURN
END
o]

e e T T Ty T L T LTI T T LT T T P LT T T T T 2
o
SUBROUTINE FANTOM(ITYPE, IOUT, IPROD, I8 PRO)
C THIS SUBROUTINE UPDATES IOUT (THE PRINTED FUSE PLOT)
(¢ FOR HIGH AND LOW PHANTOM FUSES
IMPLICIT INTEGER (A-2)
INTEGER IOUT(64)
DATA X/'X'/,IDASH/'-'/,LOFANT/'0"'/,HIFANT/'0'/

DO 10 I=1,32
IF( IOUT(I).EQ.IDASH ) IOUT(I)=HIFANT
IF( IOUT(I).EQ.X ) IOUT(I)=LOFANT
10 CONTINUE

IF((ITYPE.EQ.4) .AND. ( (IPROD.LE.24) .OR. (IPROD.GE.41))) RETURN
IF((ITYPE.EQ.3) .AND. ( (IPROD.LE.16) .OR. (IPROD.GE.45))) RETURN
IF((ITYPE.EQ.2).AND. ( (IPROD.LE. 8).OR. (IPROD.GE.53))) RETURN
IF((ITYPE.LE.3).AND. (I8PRO.GE.5)) RETURN
IF((ITYPE.LE.2).AND. (IPROD.GE.19) .AND. ( IPROD. LE. 48) . AND.
1 (ISPRO.GE.3)) RETURN
IF((ITYPE.EQ.1l).AND. (I8PRO.GE.3)) RETURN
DO 50 I=1,32
IF(((I.EQ.15).0R. (I.EQ.16).0R. (I.EQ.19).0R. (I.EQ.20)).AND.
1 (ITYPE.LE.3)) GO TO 50
IF(((I.EQ.11).0R.(I.EQ.12).0R. (I.EQ.23).0R. (I.EQ.24)) .AND.
1 (ITYPE.LE.2)) GO TO 50
IF(((I.EQ. 7).0OR.(I.EQ. 8).0OR.(I.EQ.27).0R. (I.EQ.28)).AND.
1 (ITYPE.LE.1)) GO TO 50
IF( IOUT(I).EQ.HIFANT ) IOUT(I)=IDASH
IF( IOUT(I).EQ.LOFANT ) IOUT(I)=X
50 CONTINUE
RETURN
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END
c
Lt L T T T e R L T T
C
SUBROUTINE IODC2
C*****THIS ROUTINE IS OPTIONAL, IT MAY BE USED TO TURN PERIPHERALS ON
IMPLICIT INTEGER (A-2)
COMMON /LUNIT/ PMS,POF,PDF
DATA DC2/212000000/,BEL/Z2F000000/
WRITE(PDF,10) DC2,BEL
10 FORMAT(' ',2Al)
RETURN
END
C
L E Ly T L T )
c
SUBROUTINE IODC4 :
C*****THIS ROUTINE IS OPTIONAL, IT MAY BE USED TO TURN PERIPHERALS OFF
IMPLICIT INTEGER (A-2)
COMMON /LUNIT/ PMS,POF,;PDF
DATA DC3/237000000/,DC4/23C000000/,BEL/22F000000/
WRITE(PDF,10) BEL,DC3,DC4
10 FORMAT(' ',3Al)
RETURN
END
c ' 3
oL L Ty T L T T A
C
SUBROUTINE TEST (LPHASE, LBUF, TITLE, IC, IL, ILE, ISYM, IBUF,

1 ITYPE, INOO, LFIX)
C THIS SUBROUTINE PERFORMS THE FUNCTION TABLE SIMULATION
c AND GENERATES TEST VECTORS

IMPLICIT INTEGER (A-2)
INTEGER ISYM(8,20),ISYMl(8,20),IBUF(8,20),IVECT(20),IVECTP(20),

1 ISTATE(20) , ISTATT(20) , IPIN(20) , TITLE(80)

LOGICAL LBLANK,LLEFT, LAND,LOR,LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR,
1 LFIX, LSAME, XORFND, LERR, LPHASE (20) , LPHAS] (20) , LBUF(20) ,
2 LOUT(20) , LOUTP(20) , LCLOCK, LPTRST, LCTRST, LENABL (20) , NREG

COMMON  LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR
COMMON /PGE/ IPAGE(80,200)

COMMON /LUNIT/ PMS,POF,PDF

COMMON /FTEST/ IFUNCT, IDESC, IEND

DATA IDASH/'-'/,L/'L'/,B/'”'/,X/'X'/,C/'C'/,2/'2'/,NO/'0'/,N1/'1'/,

1 IBLANK/' '/,COMENT/';'/,16/'6'/,18/'8'/
C PRINT AN ERROR MESSAGE IF NO FUNCTION TABLE IS SUPPLIED
IF (IFUNCT.NE.O) GO TO 3
WRITE (PMS,2) i
2 FORMAT(/,' FUNCTION TABLE MUST BE SUPPLIED IN ORDER TO PERFORM',
1 ' SIMULATION')
RETURN
(o] PRINT TITLE

3 WRITE(POF,4) TITLE
4 FORMAT(/,' ',80Al1,/)
C INITIALIZE LERR (ERROR FLAG) TO NO ERROR
LERR=, FALSE.
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Cc INITIALIZE ITRST (THREE STATE ENABLE FUNCTION TABLE PIN NUMBER)
ITRST=0
C SET THE STARTING POINT OF THE FUNCTION TABLE TO COLUMN 0
C AND IFUNCT + 1
IC=0
IL=IFUNCT + 1
Cc MAKE A DUMMY CALL TO INCR
CALL INCR(IC,IL,LFIX)
C GET THE FUNCTION TABLE PIN LIST (UP TO 18)
C GO ONE MORE THAN MAX TO LOOK FOR DASHED LINE
DO 10 1=1,19
CALL GETSYM(LPHAS1,ISYMl,I,IC,IL,LFIX)
DO 5 J=1,8

5 IBUF(J,1)=ISYM1(J,I)
IF(IBUF(8,1).EQ. IDASH) GO TO 12
CALL MATCH(IMATCH, IBUF, ISYM)
IF (IMATCH.NE.O) GO TO 7
WRITE(PMS,6) (IBUF(J,l),J=1,8)
6 FORMAT(/,' FUNCTION TABLE PIN LIST ERROR AT', 8Al)
RETURN !
7 LOUT(I)=.FALSE.
ISTATT(I) =X
IVECTP(I)=X
c IF APPROPIATE PAL TYPE, REMEMBER LOCATION OF CLOCK AND THREE STATE"
Cc ENABLE PIN IN FUNCTION TABLE PIN LIST
IF(ITYPE.NE.6) GO TO 10
IF(IMATCH.EQ.1l) ICLOCK=I
IF(IMATCH.EQ.11) ITRST=I
10 IPIN(I)=IMATCH

c ALL SIGNAL NAMES FOR THE FUNCTIONAL TEST HAVE BEEN READ IN
c ADJUST COUNT
12 IMAX=I-1
NVECT=0
c , e
C*****START OF MAIN LOOP FOR SIMULATION**#*#*
c
90 NVECT=NVECT+1
IC1=0
IL1=ILE
c GO DASSED COMMENT LINES
23 IF(IPAGE(1,IL).NE.COMENT) GO TO 24
IL=IL+l
GO TO 23
24 CONTINUE
c GETS VECTORS FROM FUNCTION TABLE

DO 20 I=1,IMAX
IF (IPAGE(IC, IL).EQ. IBLANK) GO TO 21
GO TO 22
21 1C=ICHl
IF (IPAGE(IC, IL) . EQ. IBLANK) GO TO 21
22 IVECT(I)=IPAGE(IC,IL)
IC=IC+l
20 CONTINUE
c ADVANCE LINE COUNT TO SKIP FUNCTION TABLE COMMENTS
IL=IL+1

3-28



PALASM 20 Source Code

IC=1
IF(IVECT(1l) .EQ. IDASH) GO TO 95
c CHECK FOR VALID FUNCTION TABLE VALUES (L,H,X,Z,C)

DO 11 I=1,IMAX
IF( IVECT(I).EQ.L.OR.IVECT(I).EQ.H.OR.IVECT(I).EQ.X.OR.
1 IVECT(I).EQ.Z.OR.IVECT(I).EQ.C) GO TO 11
WRITE (PMS,8) IVECT(I),NVECT
8 FORMAT(/,' ',Al,' IS NOT AN ALLOWED FUNCTION TABLE ENTRY

1 ' IN VECTOR ',I13) :
RETURN
11 CONTINUE
C INITIALIZE CLOCK AND THREE STATE ENABLE FLAGS

LCLOCK=. FALSE.
LCTRST=. TRUE.
LPTRST=. TRUE.
DO 13 I=1,IMAX

13 LENABL(I) =. TRUE.

c INITIALIZE NREG (NOT REGISTERED OUTPUT) TO FALSE
NREG=., FALSE.
c INITIALIZE ISTATE ARRAY TO ALL X'S
DO 15 I=1,20
15 ISTATE(I)=X
c CHECK IF THIS PAL TYPE HAS REGISTERS
IF (ITYPE.NE.6) GO TO 25
c CHECK CLOCK AND THREE STATE ENABLE PINS AND CHANGE FLAG IF NEEDED
IF (IVECT (ICLOCK) . EQ.C) LCLOCK=.TRUE. E
IF (ITRST.EQ.0) GO TO 25
LSAME=( ( LPHASE(11)) . AND. ( LPHASL (ITRST) ) . OR.
1 (. NOT. LPHASE(11) ) . AND. (. NOT. LPHASL (ITRST)) )
IF( IVECT(ITRST).EQ.L.AND. (.NOT.LSAME).OR.
1 IVECT(ITRST).EQ.H.AND. ( LSAME) ) LPTRST=.FALSE.

|
|
\
| IF (LPTRST) GO TO 25
|
i

c DISABLE REGISTERED OUTPUTS IF APPROPRIATE
DO 46 I=1,IMAX
| J=IPIN(I)
‘ IF (J.EQ.14.0R.J.EQ.15.0R.J.EQ.16.0R.J.EQ.17) LENABL(I)=.FALSE.
| IF( INOO.EQ.I6.AND. (J.EQ.13.0R.J.EQ.18) )  LENABL(I)=.FALSE.
| IF( INOO.EQ. I8.AND. (J.EQ.12.0R.J.EQ.13
\ 1 .OR.J.EQ.18.0R.J.EQ.19) )  LENABL(I)=.FALSE.
46 CONTINUE
c
C*****SCAN THROUGH THE LOGIC EQUATIONS***#+
c
c MAKE A DUMMY CALL TO INCR
25 CALL INCR(ICL,ILl,LFIX)
26 CALL GETSYM(LBUF, IBUF,1,IC1, IL1,LFIX)
IF(LLEFT) GO TO 29
27 IF(.NOT.LEQUAL) GO TO 26
c EVALUATE CONDITIONAL THREE STATE PRODUCT LINE
29 IF(LEQUAL) GO TO 35
NREG=. TRUE.
33 CALL GETSYM(LBUF, IBUF,1,ICl, ILl, LFIX)
CALL MATCH(IINP, IBUF, ISYM1)
c CHECK FOR GND, VCC, /GND, OR /VCC IN CONDITIONAL THREE STATE
c PRODUCT LINE
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IF(IINP.NE.O) GO TO 32
CALL MATCH(IMATCH, IBUF, ISYM)
ILL=IL1
IF( IINP.EQ.O0.AND.IMATCH.NE.10.AND.IMATCH.NE.20 ) GO TO 100
IF( IMATCH.EQ.10.AND. (LBUF(1l)) .OR.
1 IMATCH. EQ. 20 .AND. (.NOT.LBUF(1)) ) LCTRST=.FALSE.

GO TO 34
32 ITEST=IVECT(IINP)

IF( ITEST.EQ.L.AND. ( LPHAS] (IINP)) .AND. ( LBUF(1))
1.0R. ITEST.EQ.H.AND. ( LPHAS1 (IINP) ) . AND. (.NOT.LBUF(1))
2.0R. ITEST.EQ.H.AND. (.NOT.LPHAS] (IINP)).AND. ( LBUF(1))
3.0R. ITEST.EQ.L.AND. (.NOT.LPHAS] (IINP)) .AND. (.NOT.LBUF(1))
4 ) LCTRST=.FALSE.

IF (ITEST. EQ. X.OR. ITEST. EQ. 2) LCTRST=.FALSE.
34 IF(LAND) GO TO 33
GO TO 27

EVALUATE THE LOGIC EQUATION

[e e NoNe]

FIND THE PIN NUMBER OF THE OUTPUT VECTORS
35 CALL MATCH(IOUTP, IBUF, ISYM1)
ILL=IL1
IF (IOUTP.EQ.0) GO TO 100
IF (NREG) LENABL(IOUTP)=LCTRST
LOUT(IOUTP) =. TRUE. E
IF( .NOT.LCTRST ) LOUT(IOUTP)=.FALSE.
LCTRST=. TRUE.
LOUTP ( IOUTP) =LBUF (1)
C DETERMINE PRODUCT TERM AND EVENTUALLY SUM FOR OUTPUT KEEPING
Cc TRACK TO SEE IF AN XOR (EXCLUSIVE OR) HAS BEEN FOUND
XORSUM=H
XORFND=, FALSE.
ISUM=L
28 IPROD=H
30 ILL=ILl
CALL GETSYM(LBUF, IBUF,1,ICl, ILl, LFIX)
IF( .NOT.LFIX ) GO TO 39
C EVALUATE THE FIXED SYMBOLS FOUND IN THE PAL16X4 AND PAL16A4
LFIX=.FALSE.
CALL FIXTST(LPHAS1,LBUF,ICl,ILl,ISYM,ISYM1, IBUF,
1 IVECT, IVECTP, ITEST, LCLOCK, NREG, LFIX)
IF(IPROD.EQ.H) IPROD=ITEST
GO TO 38
39 CALL MATCH(IINP, IBUF, ISYM1)
IF(IINP.NE.O) GO TO 45
CALL MATCH(IMATCH, IBUF, ISYM)
IF (IMATCH.NE.10) GO TO 100

ITEST=L
IINP=19
LPHAS] (19) =. TRUE.
GO TO 37
45 ITEST=IVECT(IINP)
C GET FEED BACK VALUES

IF( (.NOT.LCLOCK).OR. (NREG) ) GO TO 37
CALL MATCH(IIFB, IBUF, ISYM)
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IF( IIFB.EQ.14.0R.IIFB.EQ.15.0R.IIFB.EQ.16.0R.IIFB.EQ.17 )

1 ITEST=IVECTP(IINP)

IF( (INOO.EQ.I6.0R.INOO.EQ.I8).AND. (IIFB.EQ.13.0R.IIFB.EQ.18) )
1 ITEST=IVECTP(IINP)

IF( INOO.EQ.I8.AND. (IIFB.EQ.12.0R.IIFB.EQ.19) )
1 ITEST=IVECTP (IINP)

37 IF( ITEST.EQ.X.OR.ITEST.EQ.Z ) ITEST=L

IF( ITEST.EQ.L.AND. ( LPHAS]1 (IINP)) . AND. ( LBUF(1))
1.0R. ITEST.EQ.H.AND. ( LPHAS1 (IINP)) . AND. (.NOT.LBUF(1))
2.0R. ITEST.EQ.H.AND. (.NOT.LPHAS] (IINP)) .AND. ( LBUF (1))
3.0R. ITEST.EQ.L.AND. (.NOT.LPHAS] (IINP)) .AND. (.NOT.LBUF (1))
4 ) IPROD=L

38 IF(LRIGHT) CALL INCR(IC1,IL1,LFIX)
IF(LAND) GO TO 30
IF (ISUM. EQ.L.AND. IPROD. EQ.X) ISUM=X
IF( (ISUM.NE.H).AND.IPROD.EQ.H ) ISUM=H
CHECK FOR XOR (EXCLUSIVE OR) AND SAVE INTERMEDIATE VALUE
IF(.NOT.LXOR) GO TO 31
XORSUM=ISUM
XORFND=. TRUE.
ISUM=L
GO TO 28
31 IF(LOR) GO TO 28
IF END OF EQUATION HAS BEEN FOUND, DETERMINE FINAL SUM AND SAVE IT
IF (. NOT. XORFND) ISTATT(IOUTP) =ISUM
IF( (XORFND) .AND. ( (ISUM.EQ.L.AND.XORSUM. EQ.L) . OR. E

1 (ISUM.EQ.H.AND. XORSUM.EQ.H)) ) ISTATT(IOUTP)=L
IF( (XORFND) .AND. ( (ISUM. EQ.H. AND. XORSUM. EQ. L) . OR.

1 (ISUM.EQ.L.AND.XORSUM.EQ.H)) ) ISTATT(IOUTP)=H
IF( (XORFND).AND. (ISUM.EQ.X.OR. XORSUM.EQ.X) ) ISTATT(IOUTP)=X
NREG=. FALSE.

CHECK IF ALL EQUATIONS HAVE BEEN PROCESSED BY COMPARING CURRENT
LINE NUMBER WITH FUNCTION TABLE LINE NUMBER
IF(IDESC.NE.O.AND. IL1l.LT. IFUNCT. AND. IL1l.LT. IDESC. OR.
1 IDESC.EQ.0.AND. IL1.LT. IFUNCT) GO TO 27
DETERMINE OUTPUT LOGIC VALUES
COMPARE OUTPUTS TO SEE IF VECTOR AGREES WITH RESULTS
DO 50 I=1,IMAX
IF( .NOT.LOUT(I) ) GO TO 50
IF( ISTATT(I).EQ.X.AND.IVECT(I).EQ.X ) GO TO 50
LSAME = ( ( LOUTP(I)) .AND. ( LPHAS1(I)) .OR.
1 (.NOT.LOUTP(I)) .AND. (.NOT.LPHAS1(I)) )
IMESS=40
IF(ISTATT(I) . EQ.L.AND. IVECT(I).EQ.L.AND. (.NOT.LSAME)) IMESS=41
IF (ISTATT(I) . EQ. H. AND. IVECT(I) . EQ. H. AND. (.NOT.LSAME)) IMESS=42

IF (ISTATT(I).EQ.L.AND. IVECT(I).EQ.H.AND. ( LSAME) ) IMESS=42
IF(ISTATT(I) . EQ.H.AND. IVECT(I) . EQ.L.AND. ( LSAME)) IMESS=41
IF( ( LENABL(I)) .AND. IVECT(I).EQ.Z ) IMESS=43

IF( (.NOT.LENABL(I)).AND. (LOUT(I)).AND.IVECT(I).NE.Z) IMESS=44
IF (IMESS.NE.40) LERR=.TRUE.
IF (IMESS.EQ.41) WRITE(PMS,41) NVECT, (ISYML(J,I),J=1,8)
41 FORMAT(/,' FUNCTION TABLE ERROR IN VECTOR',I3,' PIN =',8Al,
1 ' EXPECT = H ACTUAL = L')
IF (IMESS.EQ.42) WRITE(PMS,42) NVECT, (ISYM1(J,I),J=1,8)
42 FORMAT(/,' FUNCTION TABLE ERROR IN VECTOR',I3,' PIN =',8Al,
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1 ' EXPECT = L ACTUAL = H')

IF (IMESS.EQ.43) WRITE(PMS,43) NVECT,(ISYML(J,I),J=1,8)
43 FORMAT(/,' FUNCTION TABLE ERROR IN VECTOR',I3,' PIN =',8Al,

1 /,' EXPECT = OUTPUT ENABLE ACTUAL = 2')

IF (IMESS.EQ.44) WRITE(PMS,44) NVECT,(ISYML(J,I),J=1,8),IVECT(I)
44 FORMAT(/,' FUNCTION TABLE ERROR IN VECTOR',I3,' PIN =',8Al,

1 ' EXPECT = Z ACTUAL = ',Al)
50 CONTINUE :
c CHANGE THE ORDER OF VECTORS FROM THE ORDER OF APPEARANCE IN THE
c FUNCTION TABLE TO THAT OF THE PIN LIST AND TWEEK FOR OUTPUT
DO 65 I=1,20

DO 55 J=1, IMAX
IF(IPIN(J).NE.I) GO TO 55
IF( IVECT(J).EQ.L.OR.IVECT(J).EQ.H ) GO TO 51

ISTATE(I)=IVECT(J)
GO TO 65
51 LSAME=( ( LPHASE(I)) .AND. ( LPHAS1 (J)) .OR.
1 (. NOT. LPHASE (I)) . AND. (.NOT.LPHAS1 (J)) )
IF( INOO.EQ.N1.AND.(I.EQ.15.0R.I.EQ.16) ) LOUT(J)=.TRUE.
IF( (.NOT.LOUT(J)) .AND. ( LSAME) . AND.
1 IVECT(J).EQ.L ) ISTATE(I) =NO
IF( (.NOT.LOUT(J)) .AND. ( LSAME) .AND.
1 IVECT(J).EQ.H ) ISTATE(I) =Nl
IF( (.NOT.LOUT(J)) .AND. (.NOT.LSAME) . AND.
1 IVECT(J).EQ.L ) ISTATE(I) =Nl
IF( (.NOT.LOUT(J)) .AND. (.NOT.LSAME) . AND.
1 IVECT(J) .EQ.H ) ISTATE(I)=NO
IF( ( LOUT(J)) . AND. ( LSAME) . AND.
1 IVECT(J) . EQ. L. AND. ( LENABL(J)) ) ISTATE(I)=L
IF( ( LOUT(J)) . AND. ( LSAME) . AND.
1 IVECT(J) . EQ. H. AND. ( LENABL(J)) ) ISTATE(I)=H
IF( ( LOUT(J)) . AND. (. NOT.LSAME) . AND.
1 IVECT(J) . EQ. L. AND. ( LENABL(J)) ) ISTATE(I)=H
IF( ( LOUT(J) ) . AND. (.NOT. LSAME) . AND.
1 IVECT(J) . EQ. H. AND. ( LENABL(J)) ) ISTATE(I)=L
GO TO 65
55 CONTINUE
Cc SAVE PRESENT VECTORS FOR FEED BACK USED WITH NEXT SET OF VECTORS
c IF CLOCK PULSE AND NOT Z (Z WOULD BE AN UNREALISTIC VALUE)
65 IF( (LCLOCK).AND.IVECT(J).NE.Z ) IVECTP(J)=IVECT(J)
C ASSIGN X TO GROUND PIN AND 1 TO VCC PIN
ISTATE(10) =X
ISTATE(20)=N1
C PRINT TEST VECTORS

WRITE (POF,60) NVECT, (ISTATE(I),I=1,20)
60 FORMAT(' ',I2,' ',20Al)
GO TO 90
c TERMINATE SIMULATION
95 IF(.NOT.LERR) WRITE(POF,67)
67 FORMAT(/,' PASS SIMULATION')
RETURN
c PRINT AN ERROR MESSAGE FOR AN UNDEFINED PIN NAME
100 ILERR=ILL+4
WRITE(PMS,101) (IBUF(I,1),I=1,8),ILERR, (IPAGE(I,ILL),I=1,80)
101 FORMAT(/,' ERROR SYMBOL = ',8Al,"° IN LINE NUMBER ', I3,
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1 /,' ',80A1,/,' THIS PIN NAME IS NOT DEFINED IN THE',
2 ' FUNCTION TABLE PIN LIST')

END
c
et T I T T e e e T
C
SUBROUTINE FIXTST(LPHAS1,LBUF,ICl,ILl,ISYM,ISYM1, IBUF,
1 IVECT, IVECTP, ITEST, LCLOCK, NREG, LFIX)
THIS SUBROUTINE EVALUATES THE FIXED SYMBOLS FOUND IN THE
PAL16X4 AND PAL16A4 FOR THE FUNCTION TABLE
IMPLICIT INTEGER (A-2Z)
INTEGER ISYM(8,20),ISYM1(8,20),IBUF(8,20),IVECT(20),IVECTP(20)
LOGICAL LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR,
1 LFIX,LPHAS] (20) ,LBUF(20) , LCLOCK, NREG, TOR, TXOR, TXNOR, TAND,
2 LPHASA, LPHASB
COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LXNOR
COMMON /PGE/ IPAGE(80,200)
DATA L/'L'/,H/'R'/,X/'X'/,2/'2"/
(o] GET OUTPUT PIN AN (WHERE N=0,1,2,3)
CALL GETSYM(LBUF, IBUF,1,ICl, ILl,LFIX)
CALL MATCH(IINP, IBUF, ISYM1)
ITESTA=IVECT(IINP)

[elNe]

LPHASA = ( ( LBUF(1)) . AND. ( LPHASL (IINP)) .OR.
1 (.NOT.LBUF(1)) . AND. (. NOT.LPHASL (IINP)) )
Cc GET FEED BACK VALUES

IF( (.NOT.LCLOCK).OR.(NREG) ) GO TO 5
CALL MATCH(IIFB, IBUF, ISYM)
IF( IIFB.EQ.14.0R.IIFB.EQ.15.0R.IIFB.EQ.16.0R.IIFB.EQ.17 )
1 ITESTA=IVECTP (IINP)
5 IF( (.NOT.LPHASA).AND.ITESTA.EQ.L ) GO TO 10
IF( (.NOT.LPHASA) .AND. ITESTA.EQ.H ) GO TO 15

GO TO 20
10 ITESTA=H
GO TO 20
15 ITESTA=L
20 IF( .NOT.LRIGHT ) GO TO 25
ITEST=ITESTA
RETURN
C SAVE THE FIXED SYMBOL OPERATORS
25 TOR = (LOR.AND. (.NOT.LXOR))
TXOR = (LXOR)
TXNOR = (LXNOR)
TAND = (LAND.AND. (.NOT.LXNOR))
Cc GET INPUT BN (WHERE N=0,1,2,3)

CALL GETSYM(LBUF, IBUF,1,ICl, IL1l,LFIX)
CALL MATCH(IINP, IBUF,ISYM1)
ITESTB=IVECT (IINP)

LPHASB = ( ( LBUF(1)) . AND. ( LPHAS1 (IINP)) .OR.
1 (.NOT.LBUF(1)) . AND. (. NOT.LPHASL (IINP)) )
IF( (.NOT.LPHASB) .AND.ITESTB.EQ.L ) GO TO 30
IF( (.NOT.LPHASB) .AND. ITESTB.EQ.H ) GO TO 35
GO TO 40
30 ITESTB=H
GO TO 40
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o ————————————— e e e e

35 ITESTB=L ,
c EVALUATE THE FIXED SYMBOL EXPRESSION

40 ITEST=L
IF(  (TOR).AND. (ITESTA.EQ.H.OR. ITESTB.EQ.H) ) ITEST=H
IF( (TXOR) .AND. ( (ITESTA.EQ. H.AND. ITESTB. NE. H) . OR.
1 (ITESTA. NE. H. AND. ITESTB. EQ. H) )) ITEST=H
IF( (TXNOR).AND. ( ( ITESTA.EQ. ITESTB) .OR.
1 (ITESTA. EQ. X.OR. ITESTB. EQ.X) )). ITEST=H
IF( (TAND) .AND. (ITESTA.NE.L.AND. ITESTB.NE.L) ) ITEST=H
IF( (ITESTA.EQ.X.OR.ITESTA.EQ.Z).AND. (ITESTB.EQ.X) ) ITEST=X
RETURN : :
END



Notes
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C**PALASM24 **PALASM24 **PALASM24 **PALASM24 **PALASM24 **PALASM24 * *PALASM24 *

PALASM 24 - TRANSLATES SYMBOLIC EQUATIONS INTO PAL OBJECT

CODE FORMATTED FOR DIRECT INPUT TO STANDARD
PROM PROGRAMMERS.

INPUT: PAL DESIGN SPECIFICATION ASSIGNED
TO RPD(1l). OPERATION CODES ARE
ASSIGNED TO ROP(5).

OUTPUT: ECHO, SIMULATION, AND FUSE PATTERN
ARE ASSIGNED TO POF(6). HEX AND
BINARY PROGRAMMING FORMATS ARE
ASSIGNED TO PDF(6). PROMPTS AND
ERROR MESSAGES ARE ASSIGNED TO
PMS(6) .

PART NUMBER: THE PAL PART NUMBER MUST
APPEAR IN COLUMN ONE OF LINE ONE

PIN LIST: 24 SYMBOLIC PIN NAMES MUST APPEAR
STARTING ON LINE 5

EQUATIONS: STARTING FIRST LINE AFTER THE
PIN LIST IN THE FOLLOWING FORMS:

A =B*C + D
A := B*C + D
IF( A*B) C=D+ E

ALL CHARACTERS FOLLOWING ';' ARE
IGNORED UNTIL THE NEXT LINE

BLANKS ARE IGNORED
OPERATORS : ( IN HIERARCHY OF EVALUATION )

COMMENT FOLLOWS
COMPLEMENT

AND, PRODUCT

OR, SUM

EXCLUSIVE OR

CONDITIONAL THREE STATE
EQUALITY

REPLACED BY (AFTER CLOCK)

+ + N~

—~ e
~ e

FUNCTION L,H,X,2,C ARE VALID FUNCTION
TABLE: TABLE VECTOR ENTRIES

SUBROUTINES: INITLZ,GETSYM, INCR,MATCH, IXLATE,
ECHO, PINOUT, PLOT, HEX, TWEEK, BINR,

e Ne e ReRe e Re e Re e Re Re e Ko Ne e Ne Ne e Ne e Ne e Ne Ne Ne e NeRe Ne Ne NeReNe Ne Ne e Ne Ne e Ne No oo No o o No e Ne Ne N o N o]
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SLIP,FANTOM, IODC2, IODC4, TEST

REV LEVEL: 07/20/81

FINE PRINT: MONOLITHIC MEMORIES TAKES NO
RESPONSIBILITY FOR THE OPERATION
OR MAINTENANCE OF THIS PROGRAM.
THE SOURCE CODE AS PRINTED HERE
PRODUCED THE OBJECT CODE OF THE
EXAMPLES IN THE APPLICATIONS
SECTION ON A VAX/VMS COMPUTER
AND A NATIONAL CSS IBM SYSTEM/370
FORTRAN IV(G).

OO0 O0n0n00n

C e dede de de e e e de Je ke de e de e e o de e e e o Je e de de.Je Je e de e de e de e de e de Je e e e de e de e e Je e de e de e de de e de e Kk K kK dede Kok kK ek

C

(o]
Chhkkkhkhhhhhhhhhhhkkhhdkhhkhhkhhhhhhkhhdhhhhrhkhhkkhhkhhkkhhkkhkhhkdkhhkhhhkkhhhis

MAIN PROGRAM

naonn

IMPLICIT INTEGER (A-Z)

INTEGER IPAL(3),INAME(5),REST(72),PATNUM(80),TITLE(80),COMP(80),
1 ISYM(8,24), IBUF(8,24) ,JPROD(80)

LOGICAL LBLANK,LLEFT,LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LFIRST,
1 LMATCH, LFUSES (40,80) , LPHASE (24) , LBUF (24) ,LPROD(80) ,

2 LSAME, LACT, LOPERR, LHEAD

COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR

COMMON /PGE/ IPAGE(80,200)

COMMON /FTEST/ IFUNCT, IDESC, IEND

COMMON /LUNIT/ PMS, POF,PDF

DATA E/'E'/,0/'0'/,T/'T'/,P/'P'/,B/'B'/,D/'D'/,B/'B'/,S/'S"/,

1 L/'L'/,N/'N'/,0/'Q'/,U/'0"/,F/'F"/

DATA BB/'B'/,CC/'C'/,DD/'D'/,EE/'E'/,FF/'F'/,11/'1'/,NN/'N"/,

1 oo/'o'/,pp/'P'/,RR/'R'/,88/'S"/,TT/'T"'/,UU/'V"/

ASSIGNMENT OF DATA SET REFERENCES

RPD - PAL DESIGN SPECIFICATION (INPUT)

ROC - OPERATION CODE (INPUT)

POF - ECHO, PINOUT, TEST, AND PLOT (OUTPUT)

PDF - HEX AND BINARY FORMAT PROGRAM TAPES (OUTPUT)
PMS - PROMPTS AND ERROR MESSAGES (OUTPUT)

RPD=1

ROC=5

POF=6

PDF=6

PMS=6

IFUNCT=0

IDESC=0

c INITIALIZE LSAME AND LACT TO FALSE (ACTIVE HIGH/LOW ERROR)
LSAME=. FALSE.

LACT=. FALSE.

e e Ne e NeNeRoNe]
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C INITIALIZE LOPERR TO FALSE (OUTPUT PIN ERROR)
LOPERR=. FALSE.

C HEADER WILL BE PRINTED IF LHEAD IS TRUE

Cc CHANGE THIS STATEMENT SO LHEAD IS FALSE IF NO HEADER IS DESIRED
LHEAD=. FALSE.

C READ IN FIRST 4 LINES OF PAL DESIGN SPECIFICATION

READ(RPD,10) IPAL,INAME,REST,PATNUM, TITLE, COMP
10 FORMAT(3Al,5Al1,72A1,/,80A1,/,80A1,/,80A1)
C READ IN PIN LIST (LINE 5) THROUGH THE END OF THE PAL DESIGN
Cc SPECIFICATION
DO 15 J=1,200
READ(RPD,11,END=16) (IPAGE(I,J),I=1,80)
11 FORMAT (80A1)
(o] CHECK FOR 'FUNCTION TABLE' AND SAVE ITS LINE NUMBER
IF( IFUNCT.EQ.0 .AND.IPAGE(1,J).EQ.FF.AND.
IPAGE(2,J) . EQ. UU. AND. IPAGE(3,J) . EQ. NN. AND.
IPAGE(4,J) . EQ.CC.AND. IPAGE(5,J) . EQ. TT. AND.
IPAGE(6,J) . EQ. II.AND. IPAGE(7,J) . EQ.0O. AND.
IPAGE(8,J) . EQ.NN. AND. IPAGE(10,J) . EQ. TT. AND.
IPAGE(12,J) .EQ.BB.AND. IPAGE(14,J) .EQ.EE ) IFUNCT=J
(o CHECK FOR 'DESCRIPTION' AND SAVE ITS LINE NUMBER
IF( IDESC.EQ.0 .AND.IPAGE(1l,J).EQ.DD.AND.
IPAGE(2,J) . EQ. EE. AND. IPAGE(3,J) . EQ. SS. AND.
IPAGE(4,J) .EQ.CC.AND. IPAGE(5,J) . EQ. RR. AND.
IPAGE(6,J) . EQ. II.AND. IPAGE(7,J) . EQ. PP. AND.
IPAGE(8,J) . EQ. TT. AND. IPAGE(9,J) . EQ. II.AND.
IPAGE(10,J) . EQ.0O.AND. IPAGE(11,J) .EQ.NN ) IDESC=J

G W -

(S 0NV RN S I o

15 CONTINUE
C SAVE THE LAST LINE NUMBER OF THE PAL DESIGN SPECIFICATION
16 IEND=J-1
CALL INITLZ(INAME, ITYPE,LFUSES, IC, IL, IBLOW)
c PRINT ERROR MESSAGE FOR INVALID PAL PART TYPE
IF(ITYPE.NE.O) GO TO 17
WRITE(PMS,18) IPAL,INAME
18 FORMAT(/,' PAL PART TYPE ',3A1,5Al1,' IS INCORRECT')

STOP
C GET 24 PIN NAMES
17 DO 20 J=1,24
20 CALL GETSYM(LPHASE, ISYM,J,IC,IL)
IF(.NOT. (LEQUAL.OR. LLEFT. OR. LAND. OR. LOR. OR. LRIGHT) ) GO TO 24
WRITE (PMS,23)
23 FORMAT(/, ' LESS THAN 24 PIN NAMES IN PIN LIST')
STOP
24 ILE=IL
25 CALL GETSYM(LBUF, IBUF,1, IC, IL)
28 IF(.NOT.LEQUAL) GO TO 25
ILL=IL

CALL MATCH(IMATCH, IBUF, ISYM)
IF( IMATCH.EQ.0 ) GO TO 100

C CHECK FOR VALID POLARITY (ACTIVE LOW)
LSAME = ( ( LPHASE (IMATCH) ) . AND. ( LBUF(1)) .OR.
1 (. NOT. LPHASE (IMATCH) ) . AND. (.NOT.LBUF(1)) )
IF( ITYPE.NE.6.AND. (LSAME) ) LACT=.TRUE.
o] CHECK FOR VALID OUTPUT PIN
29 IF( (ITYPE.EQ.l.OR.ITYPE.EQ.7.0R.ITYPE.EQ.8.0R. ITYPE.EQ.9.0R.
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30

50

56
58

60
66
68
70
74

100

101

1

1 ITYPE.EQ.10) . AND. (IMATCH.LT.14.0R. IMATCH. GT. 23) )
2 LOPERR=. TRUE.
IF( (ITYPE.EQ.2.OR.ITYPE.EQ.11l.OR.ITYPE.EQ.12.0R.ITYPE.EQ.13
1 .OR. ITYPE. EQ.14) . AND. ( IMATCH. LT. 15.0R. IMATCH. GT. 22) )
2 LOPERR=. TRUE.

IF( ITYPE.EQ.3.AND. (IMATCH. LT. 16 . OR. IMATCH. GT.21) )

1 LOPERR=. TRUE.

IF( ITYPE.EQ.4.AND.(IMATCH.LT.17.0R. IMATCH.GT. 20) )

1 LOPERR=. TRUE.

IF( (ITYPE.EQ.5.0R.ITYPE.EQ.6).AND.

1 (IMATCH.LT.18.0R. IMATCH.GT.19) ) LOPERR=.TRUE.

IF( (LACT).OR. (LOPERR) ) GO TO 100
I88PRO=(23-IMATCH) #8 + 1
START PAL20C1 ON PRODUCT LINE 33
IF (INAME(3) .EQ.C) I88PRO=33
1C=0
CALL INCR(IC, IL)
IF( .NOT. (LEQUAL.OR.LLEFT) ) GO TO 30
LPROD ( 188 PRO) =. TRUE.
IF(.NOT.LLEFT) CALL SLIP(LFUSES, I88PRO, ITYPE, IBLOW)
DO 70 I8PRO=1,16
IPROD = ISSPRO + ISPRO - 1
LPROD ( IPROD) =. TRUE.
LFIRST=. TRUE.
ILL=IL
CALL GETSYM(LBUF, IBUF, 1, IC, IL)
CALL MATCH(IMATCH, IBUF, ISYM)
IF (IMATCH.EQ.0) GO TO 100
IF (IMATCH.EQ.12) GO TO 64
IF (. NOT.LFIRST) GO TO 58
LFIRST=. FALSE.
DO 56 I=1,40
IBLOW = IBLOW + 1
LFUSES (I, IPROD) =. TRUE.
CALL IXLATE(IINPUT,LPHASE, IMATCH, LBUF, ITYPE)
IF (IINPUT.LE.0) GO TO 60
IBLOW = IBLOW - 1 '
LFUSES ( IINPUT, IPROD) =. FALSE.
CALL PLOT(LBUF, IBUF, LFUSES, IPROD, TITLE, . FALSE. , ITYPE,

1 LPROD, IOP, IBLOW)

IF(LAND) GO TO 50
IF (.NOT.LRIGHT) GO TO 68
CALL INCR(IC,IL) '
IF (.NOT.LEQUAL) GO TO 66
IF( .NOT. (LOR.OR.LEQUAL) ) GO TO 74 .
CONTINUE
ILL=IL
CALL GETSYM(LBUF, IBUF, 1 1C,IL)
IF (LLEFT.OR. LEQUAL) GO TO 28 ;
IF( ILL.EQ.IFUNCT.OR. ILL.EQ. IDESC.OR. ILL.EQ.IEND ) GO TO 102
PRINT AN ERROR MESSAGE FOR AN UNRECOGNIZABLE SYMBOL
ILERR=ILL+4
WRITE(PMS,101) (IBUF(I,1l),I=1,8), ILERR,(IPAGE(I ILL) ,I=1,80)
FORMAT(/,' ERROR SYMBOL = ',8Al,°' IN LINE NUMBER ',I13,
/+' '.,80Al) : 5




C

C
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PRINT AN ERROR MESSAGE FOR ACTIVE HIGH/LOW ERRORS
IF( (LACT).AND. (.NOT.LOPERR) ) WRITE(PMS,103) IPAL,INAME
103 FORMAT(' OUTPUT MUST BE INVERTED SINCE ',3Al,5Al,
1 ' IS AN ACTIVE LOW DEVICE') ‘
PRINT AN ERROR MESSAGE FOR AN INVALID OUTPUT PIN
IF( (LOPERR).AND.IMATCH.NE.O0 ) WRITE(PMS,105) IMATCH,IPAL,INAME
105 FORMAT(' THIS PIN, NUMBER ',I2,' IS AN INVALID OUTPUT PIN’,
1 ' FOR ',3A1,5A1) :

STOP

102 CALL TWEEK(ITYPE,LFUSES)

PRINT OPTIONAL HEADER

IF(LHEAD) WRITE(PMS,104)

104 FORMAT(/, ' THIS PALASM AIDS THE USER IN THE DESIGN AND'

c

108 WRITE(PMS,106)
106 FORMAT(/,' OPERATION CODES:')

1 PROGRAMMING OF THE',/,' SERIES 24 PAL FAMILY. THE',

2 ' FOLLOWING OPTIONS ARE PROVIDED:',

3 //+'  ECHO (E) - PRINTS THE PAL DESIGN',

4 ' SPECIFICATION',

5 //,'  PIN OUT (0) - PRINTS THE PIN OUT OF THE PAL',

6 //.'  SIMULATE (T) - EXERCISES THE FUNCTION TABLE',

7 ' VECTORS IN THE LOGIC',/,’ EQUATIONS',
8 ' AND GENERATES TEST VECTORS',

9 //+'  PLOT (P) - PRINTS THE ENTIRE FUSE PLOT',

. //,'  BRIEF (B) - PRINTS ONLY THE USED PRODUCT LINES',
B ' OF THE FUSE PLOT',/,' PHANTOM FUSES',
c ' ARE OMITTED',

D //+'  DATA I/O (D) - GENERATES FUSE OUTPUT FOR DATA I/0',
E ' PROGRAMMERS',

F //+'  EHEX (H) - GENERATES HEX OUTPUT FOR PAPER TAPE',
G //+'  SHORT (S) - GENERATES HEX OUTPUT FOR PAPER TAPE',
H //+'  BHLF (L) - GENERATES BHLF OUTPUT FOR PAPER TAPE',
H //+'  BNPF (N) - GENERATES BNPF OUTPUT FOR PAPER TAPE',
J //+'  QUIT (Q) - EXIT PALASM')

WRITE(PMS,107)
107 FORMAT(/,' E=ECHO INPUT O=PIN OUT T=SIMULATE P=PLOT B=BRIEF',
1 /,' D=DATA I/O H=HEX S=SHORT L=BHLF N=BNPF Q-QUIT )

110

120

3-40

WRITE (PMS,110)
FORMAT(/,' ENTER OPERATION CODE:')
READ(ROC,120) IOP

FORMAT (Al)
CALL IODC2
IF (IOP. EQ. E)
IF (IOP. EQ. O)
IF (IOP. EQ.T)
1

IF (IOP. EQ. P)
1

IF (IOP. EQ.B)
1

IF (IOP. EQ. D)
1

IF (IOP. EQ. H)
IF (IOP. EQ. S)
IF (IOP.EQ. L)

CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL
CALL

ECHO ( IPAL, INAME, REST, PATNUM, TITLE, COMP)

PINOUT(IPAL, INAME, TITLE)

TEST (LPHASE, LBUF, TITLE, IC, IL, ILE, ISYM, IBUF,
ITYPE)

PLOT(LBUF, IBUF, LFUSES, IPROD, TITLE, . TRUE. , ITYPE,
LPROD, IOP, IBLOW)

PLOT(LBUF, IBUF, LFUSES, IPROD, TITLE, . TRUE. , ITYPE,
LPROD, IOP, IBLOW)

PLOT(LBUF, IBUF, LFUSES, IPROD, TITLE, . TRUE. , ITYPE,
LPROD, IOP, IBLOW)

'HEX (LFUSES, H)

HEX (LFUSES, S)
BINR(LFUSES,H,L)
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IF(IOP.EQ.N) CALL BINR(LFUSES,P,N)

c CALL IODC4 ‘
IF(IOP.NE.Q ) GO TO 108
STOP
END

C

Chhkkhhhkhhkhrhkhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhrhhhkhhhhhhhkhhhhhhhkkhhkidkrr

Cc
SUBROUTINE INITLZ (INAME, ITYPE,LFUSES, IC, IL, IBLOW)
o] THIS SUBROUTINE INITIALIZIES VARIABLES AND MATCHES PAL PART
Cc NUMBER WITH ITYPE
IMPLICIT INTEGER (A-2Z)
INTEGER INAME(5), INFO(6,14)
LOGICAL LBLANK,LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LFUSES (40,80) ,
1 LMATCH, LXOR
COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR
COMMON /PGE/ IPAGE(80,200)
DATA INFO/
111,020,001, 00,1,
1,040, 0L, 80,0 1,2,
'1Y,'6','LY, 6", "
110,181, 'L, 41, 1,4,
120,107, 'LY, 27, 1,5,
120,107, 1¢Y, 1Y, 1,6,
120,100, 'LY, 10,00, 7,
121,10%,'x",'1','0",8,
121,107, 'x','8"," ',9,
120,007, 'x",'4"," ',10,
121,107, 'L','8",!
121,10, 'R", '8, 1,12,
'
'

lzl'IOI'IRU"SI'
|2l'lol'|Rl,l4|, 1'14/
C INITIALIZE LFUSES ARRAY (FUSE ARRAY)
DO 20 J=1,80
DO 20 I=1,40
20 LFUSES (I,J)=.FALSE.
C INITIALIZE IBLOW (NUMBER OF FUSES BLOWN)
IBLOW=0
Cc INITIALIZE IC AND IL (COLUMN AND LINE POINTERS)
IC=0
IL=1
INITIALIZE ITYPE (PAL PART TYPE)
ITYPE=0
ITYPE IS ASSIGNED THE FOLLOWING VALUES FOR THESE PAL TYPES:
PAL12L10 1 PAL14L8 2 PAL16L6 = 3 PAL18L4
PAL20L2 5 PAL20C1 6 PAL20L10 = 7 PAL20X10
PAL20X8 9 PAL20X4 10 PAL20L8 11 PAL20R8
PAL20R6 12 PAL20R4 14
DO 40 J=1,14
LMATCH=. TRUE.
DO 30 I=1,4
30 IF (INAME(I) .NE. INFO(I,J)) LMATCH=.FALSE.
IF (LMATCH) ITYPE=INFO(6,J)
IF (LMATCH) GO TO 50
40 CONTINUE

HOOWMP»WORIAU &WN

(e}

4
8
12
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C

50

IF (ITYPE.EQ.0) RETURN
CALL INCR(IC,IL)
RETURN

END

Chhhhhhhkhhkhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhkkhkkhhhhkkkhhhkkkkkkhkkk

C

C
C

C

10

15
20

30

SUBROUTINE GETSYM(LPHASE, ISYM,J,IC,IL)
THIS SUBROUTINE GETS THE PIN NAME, / IF COMPLEMENT LOGIC, AND
THE FOLLOWING OPERATION SYMBOL IF ANY
IMPLICIT INTEGER (A-Z)
INTEGER ISYM(8,24)
LOGICAL LBLANK,LLEFT,LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR, LPHASE (24)
COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR
COMMON /PGE/ IPAGE(80,200)
DATA IBLANK/' '/
IF( .NOT. (LLEFT.OR.LAND.OR. LOR.OR. LEQUAL.OR.LRIGHT) ) GO TO 10
CALL INCR(IC,IL)
LPHASE (J) =(. NOT. LSLASH)
IF (LPHASE(J)) GO TO 15
CALL INCR(IC,IL)
DO 20 I=1,8
ISYM(I,J) =IBLANK
DO 30 I=1,7
ISYM(I,J)=ISYM(I+1,J)
ISYM(8,J) =IPAGE(IC, IL)
CALL INCR(IC,IL)
IF( LLEFT.OR.LBLANK.OR.LAND. OR.LOR.OR. LRIGHT.OR. LEQUAL ) RETURN
GO TO 25
END

Chrhkkhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhkhhhhhhhhhhhhkkrkhhhhhhkkhhhk

C

(o]
C

-

10

15

20

SUBROUTINE INCR(IC,IL)
THIS SUBROUTINE INCREMENTS COLUMN AND LINE POINTERS
BLANKS AND CHARACTERS AFTER ';' ARE IGNORED
IMPLICIT INTEGER (A-2)
LOGICAL LBLANK,LLEFT, LAND, LOR,LSLASH, LEQUAL, LRIGHT, LXOR, LXOR1L
COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR
COMMON /PGE/ IPAGE(80,200)
COMMON /LUNIT/ PMS, POF,PDF
DATA IBLANK/' '/,ILEFT/'('/,IAND/'*'/,IOR/'+'/,COMENT/';'/,

1 ISLasH/'/'/,IEQUAL/'='/,IRIGHT/') '/, ICOLON/"':"'/

LBLANK=. FALSE.
LXOR=. FALSE.
LXOR1=. FALSE.
IC=IC+l
IF( IC.LE.79.AND.IPAGE(IC,IL).NE.COMENT ) GO TO 30
IL=IL+1
IF(IL.LE.200) GO TO 20
WRITE(PMS,15)
FORMAT(/,' SOURCE FILE EXCEEDS 200 LINES')
STOP
IC=0
GO TO 10
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30 IF(IPAGE(IC,IL).NE.IBLANK) GO TO 31
LBLANK=. TRUE.
GO TO 10
31 IF(IPAGE(IC,IL).NE.ICOLON) GO TO 32
IF(LXOR) GO TO 33
LXOR1=. TRUE.
GO TO 10
33 LOR=.TRUE.
RETURN
32 IF( .NOT.(IPAGE(IC,IL).EQ.IOR.AND. (LXORl)) ) GO TO 34
LXOR=. TRUE.
GO TO 10
34 LLEFT =(IPAGE(IC,IL).EQ. ILEFT)
LAND =(IPAGE(IC,IL).EQ.IAND)
LOR =(IPAGE(IC,IL).EQ.IOR)
LSLASH= (IPAGE(IC, IL) . EQ. ISLASH)
LEQUAL=(IPAGE(IC, IL) . EQ. IEQUAL)
LRIGHT=(IPAGE(IC, IL) . EQ. IRIGHT)
RETURN
END
C
et I e L L e L L I e e e L
o]
SUBROUTINE MATCH(IMATCH, IBUF, ISYM)
C THIS SUBROUTINE FINDS A MATCH BETWEEN THE PIN NAME IN THE EQUATION
c AND THE PIN NAME IN THE PIN LIST OR FUNCTION TABLE PIN LIST B
IMPLICIT INTEGER (A-2)
INTEGER IBUF(8,24),ISYM(8,24)
LOGICAL LMATCH
IMATCH=0
DO 20 J=1,24
LMATCH=. TRUE.
Do 10 1-1,8
10 LMATCH=LMATCH. AND. (IBUF(I,1l).EQ.ISYM(I,J))
IF (LMATCH) IMATCH=J
20 CONTINUE
RETURN
END
C
et 2 T L T Y T e e T L)
C
SUBROUTINE IXLATE (IINPUT,LPHASE, IMATCH,LBUF, ITYPE)
C THIS SUBROUTINE FINDS A MATCH BETWEEN INPUT PIN NUMBER AND
o] THE INPUT LINE NUMBER FOR A SPECIFIC PAL. ADD 1 TO THE INPUT
C LINE NUMBER IF THE PIN IS A COMPLEMENT
IMPLICIT INTEGER (A-Z)
INTEGER ITABLE(24,14)
LOGICAL LPHASE(24),LBUF(24)
DATA ITABLE/

1l3,1,5,9,13,17,21,25,29,33,37,0,39, 0, 0, 0, O, O, O, O, O, 0,0,0,
2 3,1,5,9,13,17,21,25,29,33,37,0,39,35, o0, O, O, O, O, O, O, O,7,0,
3 3,1,5,9,13,17,21,25,29,33,37,0,39,35,31, 0, O, O, O, O, O,11,7,0,
4 3,1,5,9,13,17,21,25,29,33,37,0,39,35,31,27, 0, O, O, O,15,11,7,0,
5 3,1,5,9,13,17,21,25,29,33,37,0,39,35,31,27,23, 0, 0,19,15,11,7,0,
6 3,1,5,9,13,17,21,25,29,33,37,0,39,35,31,27,23, o0, 0,19,15,11,7,0,
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7 3,1,5,9,13,17,21,25,29,33,37,0,39, 0,35,31,27,23,19,15,11, 7,0,0,
8 0,1,5,9,13,17,21,25,29,33,37,0, 0,39,35,31,27,23,19,15,11, 7,3,0,
9 0,1,5,9,13,17,21,25,29,33,37,0, 0,39,35,31,27,23,19,15,11, 7,3,0,
A0,1,5,9,13,17,2}1,25,29,33,37,0, ©,39,35,31,27,23,19,15,11, 7,3,0,
B 3,1,5,9,13,17,21,25,29,33,37,0,39,35, 0,31,27,23,19,15,11, 0,7,0,
co,1,5,9,13,17,21,25,29,33,37,0, 0,39,35,31,27,23,19,15,11, 7,3,0,
o 0,1,5,9,13,17,21,25,29,33,37,0, 0,39,35,31,27,23,19,15,1%, 7,3,0,
E 0,1,5,9,13,17,21,25,29,33,37,0, ©O,39,35,31,27,23,19,15,11, 7,3,0/
IBUBL=0

IF( (( LPHASE (IMATCH) ) . AND. (.NOT.LBUF(1))).OR.
1 ((.NOT. LPHASE ( IMATCH) ) . AND. ( LBUF(1l))) ) IBUBL=l
IINPUT=ITABLE (IMATCH, ITYPE) +IBUBL

RETURN

END

g***********************************************************************
(o]
SUBROUTINE ECHO(IPAL, INAME, REST, PATNUM, TITLE, COMP)
C THIS SUBROUTINE PRINTS THE PAL DESIGN SPECIFICATION INPUT FILE
IMPLICIT INTEGER (A-2)
INTEGER IPAL(3),INAME(5),REST(72),PATNUM(80),TITLE(80) ,COMP(80)
COMMON /PGE/ IPAGE(80,200)
COMMON /LUNIT/ PMS,POF,PDF
COMMON /FTEST/ IFUNCT,IDESC,IEND
WRITE(POF,10) IPAL,INAME,REST,PATNUM, TITLE,COMP
10 FORMAT(/,' ',3a1,5A1,72a1,/,' ',80a1,/,' ',80A1,/,' ',80Al1)
DO 30 J=1, IEND
WRITE(POF,20) (IPAGE(I,J),I=1,80)
20 FORMAT(' ',80Al)
30 CONTINUE
ETURN
END
Cc
e T R e E L T L LI L T E Lt
C
SUBROUTINE PINOUT (IPAL, INAME, TITLE)
C THIS SUBROUTINE PRINTS THE PIN OUT OF THE PAL
IMPLICIT INTEGER (A-Z)
INTEGER IPAL(3),INAME(5),TITLE(80),PIN(8,24),IIN(8,2)
COMMON /PGE/ IPAGE(80,200)
COMMON /LUNIT/ PMS, POF,PDF
DATA IBLANK/' '/,ISTAR/'*'/
DO 10 J=1,24
po 5 1=1,8
5 PIN(I,J)=IBLANK
10 CONTINUE
15 Do 25 J=1,2
Do 20 I1=1,8
20 IIN(I,J)=IBLANK
25 CONTINUE
IIN(2,1)=IPAL(1)
IIN(4,1)=IPAL(2)
IIN(6,1)=IPAL(3)
IIN(1,2)=INAME(1)
IIN(3,2)=INAME(2)
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IIN(5,2)=INAME(3)
IIN(7,2)=INAME(4)
IIN(8,2)=INAME(5)
J=0
IL=0
30 I1C=0
IL=IL+1
35 IC=IC+l
40 IF( IC.GT.80 ) GO TO 30
IF( IPAGE(IC,IL).EQ.IBLANK ) GO TO 35
J=J+1
IF(J.GT.24) GO TO 60
Do 55 I=1,8
PIN(I,J)=IPAGE(IC,IL)
IC=IC+1
IF( IC.GT.80 ) GO TO 40
IF( IPAGE(IC,IL).EQ.IBLANK ) GO TO 40

55 CONTINUE

60 DO 75 J=1,12
I1=0

65 II=II+1

IF(II.EQ.9) GO TO 75
IF( PIN(II,J).NE.IBLANK ) GO TO 65
I=9
70 I=I-1
II=II-1
PIN(I,J)=PIN(II,J)
PIN(II,J)=IBLANK
IF(II.NE.1l) GO TO 70
75 CONTINUE
'WRITE(POF,76) TITLE
76 FORMAT(/,' ',80Al)
WRITE(POF,78) ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,

1 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
2 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
3 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR

78 FORMAT(/,' ',14X,14Al,3X,14A1,

1 /' ',14X,A1,13X,A1,1X,A1,13X,A1)
JJ=24
DO 88 J=1,12
WRITE (POF,80) ISTAR, ISTAR, ISTAR,ISTAR, ISTAR, ISTAR, ISTAR, ISTAR
80 FORMAT(' ',11X,4Al1,29X,4A1)
WRITE (POF,81) (PIN(I,J),I=1,8),ISTAR,J,ISTAR,
1 (IIN(I,1),I=1,8),ISTAR,JJ,ISTAR, (PIN(I,JJ),I=1,8)
81 FORMAT(' ',8A1,3X,Al,I2,Al1,11X,8A1,10%,A1,I2,Al,3X,8Al)
WRITE (POF,82) ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR
82 FORMAT(' ',11X,4A1,29X,4Al1)
WRITE(POF,84) ISTAR,(IIN(I,2),I=1,8),ISTAR
84 FORMAT(' ',14X,Al1,11X,8A1,10X,Al1)
DO 86 II=1,2
Do 85 I=1,8
85 IIN(I,II)=IBLANK
86 CONTINUE
JJ=JJ-1
88 CONTINUE
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WRITE (POF,90) ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
1 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
2 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,
3 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR
90 FORMAT(' ',14X,31Al)
RETURN
END
c
oL T T e St I e e ST L
Cc
SUBROUTINE PLOT(LBUF, IBUF, LFUSES, IPROD, TITLE, LDUMP, ITYPE, LPROD,
1l IOP, IBLOW)
c THIS SUBROUTINE PRODUCES THE FUSE PLOT
IMPLICIT INTEGER (A-2)
INTEGER IBUF(8,24),I0UT(64),ISAVE(80,40),TITLE(80),IDATA(40)
LOGICAL LBUF(24),LFUSES(40,80),LDUMP, LPROD(80)
COMMON /LUNIT/ PMS, POF, PDF
DATA ISAVE/3200*' '/,IAND/'*'/,IOR/'+'/,ISLASH/'/'/,

1 IDASH/'-'/,X/'X'/,IBLANK/' '/,P/'P'/,B/'B'/,
2 p/'D'/,ZERO/'0'/,ONE/'1'/,FX/'0'/,FIDASH/'0"/,
3 STX/702000000/,ETX/203000000/

IF(LDUMP) GO TO 58
IF (ISAVE (IPROD,1) . NE. IBLANK) RETURN
IF(LBUF(1)) GO TO 5
Do 30 J=1,39
30 ISAVE ( IPROD, J) =ISAVE ( IPROD, J+1)
ISAVE (IPROD, 40) =ISLASH
5 DO 20 I=1,8 .
IF( ISAVE(IPROD,1).NE.IBLANK ) RETURN
IF( IBUF(I,1).EQ.IBLANK ) GO TO 20

DO 10 J=1,39

10 ISAVE (IPROD,J) =ISAVE (IPROD,J+1)
ISAVE (IPROD,40)=IBUF(I,1)

20 CONTINUE

IF (ISAVE(IPROD,1).NE. IBLANK) RETURN
40 DO 50 J=1,39 ; :
50 ISAVE ( IPROD, J) =ISAVE (IPROD, J+1)
ISAVE (IPROD, 40) =IAND
RETURN
c PRINT FUSE PLOT
58 IF(IOP.EQ.D) GO TO 62
WRITE (POF,61) TITLE
61 FORMAT(/,' ',80Al,//,
1 11 1111 1111 2222 2222 2233 3333 3333',/,
2" 0123 4567 8901 2345 6789 0123 4567 8901 2345 6789',/)
GO TO 64 -
c STX DETERMINES THE STARTING CHARACTER FOR DATA I/O FORMAT
62 WRITE(PDF,63) STX
63 FORMAT(' ',Al, '*L0000'/)
64 DO 100 I88PRO=1,73,8
DO 94 I8PRO=1,8
IPROD=188 PRO+I8PRO-1
ISAVE(IPROD, 40) =IBLANK
DO 70 I=1,40
IF( ISAVE(IPROD,1).NE.IBLANK ) GO TO 70
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DO 65 J=1,39
65 ISAVE (IPROD, J) =ISAVE(IPROD,J+1)
ISAVE (IPROD, 40) =IBLANK
70 CONTINUE
DO 75 I=1,24
IOUT(I+40)=ISAVE(IPROD, I)
75 CONTINUE
IF( ISAVE(IPROD,25).NE.IBLANK ) IOUT(64)=IDASH
DO 80 I=1,40
IOUT(I) =X
IF(LFUSES(I,IPROD)) IOUT(I)=IDASH
80 CONTINUE

CALL FANTOM(ITYPE, IOP, IOUT, IPROD, I8 PRO)
IF(IOP.NE.D) GO TO 85
K=0
81 DO 82 I=1,40
IF((IOUT(I).EQ.FX).OR. (IOUT(I).EQ.FIDASH)) GO TO 82
R=K+1
IF(IOUT(I) . EQ.X) IDATA (K) =2ERO
IF(IOUT(I).EQ.IDASH) IDATA(K)=ONE
82 CONTINUE
DO 83 I=1,40 )
IF( (IOUT(I).EQ.X).OR.(IOUT(I).EQ.IDASH) ) GO TO 86
83 CONTINUE

GO TO 94
86 WRITE (PDF,84) IDATA
84 FORMAT(' ',40(Al1,' "))
GO TO 94
85 IPROD=IPROD-1 i
IF( (IOP.EQ.P).OR. (IOP.EQ.B.AND. (LPROD(IPROD+1l))) )
1 WRITE (POF,90) IPROD, IOUT
90 FORMAT(' ',I2,10(' ',4A1),' ',24Al1)
94 CONTINUE
WRITE (POF,96)
96 FORMAT (1X)
100 CONTINUE

IF(IOP.NE.D) GO TO 105
WRITE(PDF,101) ETX
101 FORMAT(' ',Al)
RETURN
105 WRITE(POF,110)
110 FORMAT(/,

1' LEGEND: X : FUSE NOT BLOWN (L,N,O0) - : FUSE BLOWN (H,P,1) ")
IF(IOP.EQ.P) WRITE(POF,111)

111 FORMAT(
1’ 0 : PHANTOM FUSE (L,N,0) O : PHANTOM FUSE (H,P,1)')

WRITE (POF,112) IBLOW
112 FORMAT(/,' NUMBER OF FUSES BLOW = ', I4)
WRITE (POF,113)
113 FORMAT(//)
RETURN
END
c
et T T T T e T e T T P T T T

C
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SUBROUTINE HEX(LFUSES, IOP)
c THIS SUBROUTINE GENERATES HEX PROGRAMMING FORMATS
IMPLICIT INTEGER (A-3Z)
INTEGER ITEMP(80), ITABLE(32)
LOGICAL LFUSES(40,80)
COMMON /LUNIT/PMS,POF, PDF
DATA STX/202000000/,BEL/Z2F000000/, SOH/Z01000000/,
1 H/'H'/,8/'S"/,
2 ITABLE/'00','01','02','03",'04"','05"','06",'07",
3 '08','09"','0A', '0B', '0C", '0D', 'OE', 'OF ",
4 '10','11','12','13",'14"','15','16",'17",
5 '18','19','1A', '1B', '1C', '1D', '1E', '1F'/
IF (IOP.EQ.H) WRITE(PDF,10)
10 FORMAT(//,80(' "),//)
C*+*** NOTE: SOME PROM PROGRAMMERS NEED A START CHARACTER.

Chakrx THIS PROGRAM OUTPUTS AN STX FOR THE DATA I/O MODEL 9
Charwn (USE SOH FOR MODEL 5)
WRITE(PDF,5) BEL,BEL,BEL,BEL,BEL,BEL, BEL, STX, SOH
5 FORMAT(9Al)
DO 40 I=1,41,40
INC=I-1
DO 40 IPROD=1,7,2
DO 20 J=1,2
DO 20 IINPUT=1,40
THEX=0
IF (LFUSES (IINPUT, IPROD + J-1 + 0+INC)) IHEX=IHEX+l
IF (LFUSES (IINPUT, IPROD + J-1 + 8+INC)) IHEX=IHEX+2
IF (LFUSES (IINPUT, IPROD + J-1 +16+INC)) IHEX=THEX+4
IF (LFUSES ( IINPUT, IPROD + J-1 +24+INC)) IHEX=IHEX+8
IF (LFUSES (IINPUT, IPROD + J-1 +32+INC)) IHEX=IHEX+16
20 ITEMP(IINPUT + 40*(J-1) )=ITABLE(IHEX+1)
IF (IOP.EQ.H) WRITE(PDF,60) ITEMP
60 FORMAT(4(' ',20(A2,' "),'.",/))
40 IF (IOP.EQ.S) WRITE(PDF,61) ITEMP
61 FORMAT (4 (' ',20A2,'.',/))

IF (IOP.EQ.H) WRITE(PDF,70)
70 FORMAT(//,80(' "),//)
RETURN
END
c
Chrrd AR AR IAR KA IIERITRI IR IR IR IRR IR IRk F Ao de e de ek
Cc
BLOCK DATA
IMPLICIT INTEGER (A-32)
COMMON /BLK/ PR8X10(10,14),PROD8(8,11),PRODLN(40,7)
DATA PR8X10/
4' 4’ 4' 4' 4' 4' 4' 4' 4' 4'
3’ 6' 5’ 5' 5' 5' 5’ 5' 6' 3'
3,3,7,7,8,8,7,7, 3, 3,
3, 3, 3, 9,10,10, 9, 3, 3, 3,
3, 3, 3, 3, 1, 1, 3, 3, 3, 3,
2’ 2' 2' 2’ 1’ 1' 3’ 3’ 3' 3'
11,11,11,11,11,11,11,11,11,11,
11,11,11,11,11,11,11,11,11,11,
13,11,11,11,11,13,11,11,11,11,

WO ~JAU W
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11,11,11,11,11,11,11,11,11,11,
3,1,1,1,1,1,1,1,1, 3,
1, 1,1, 1, 1, 3,

3,1,1,1,1,1,1,1,1, 3,
_ 3, 1,1,1,1,1,1,1,1, 3/
DATA PRODS/

HoOow »
w
~
[
[
~
-

LI T )
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WHODIOU & W

DATA PRODLN

40*1HN,
6*1HX,2*1HP,2*1HX,2*1HP,2*1HX,2*1HP,2*1HX,
2*1HP,2*1HX,2*1HP,2*1HX,2*1HP,2*1HX,2*1HP,
2*1HX,2*1HP,4*1HX,
10*1HX,2*1HP,2*1HX,2*1HP,2*1HX,2*1HP, 2*1HX,
2*1HP,2*1HX,2*1HP,2*1HX,2*1HP,8*1HX,
14*1HX,2*1HP,2*1HX,2*1HP,2*1HX, 2*1HP, Z*IHX,
2*1HP,12*1HX,
18*1HX,2*1HP,2*1HX,2*1HP,16*1HX/

NaoUuTUbe e W

END
C

Chhdhhhhhhhhhkhkhhhhhhhhkkhhhhhhhkhhhhhhhkhhdhhhhhkhkhhhhhhhhkhhhhkhkhhhhhkrhhhhhrhs

SUBROUTINE TWEEK (ITYPE, LFUSES)
c THIS SUBROUTINE TWEEKS LFUSES (THE PROGRAMMING FUSE PLOT)
o FOR HIGH AND LOW PHANTOM FUSES
IMPLICIT INTEGER (A-Z)
LOGICAL LFUSES (40,80) ,LBLANK,LLEFT, LAND, LOR, LSLASH,
1 LEQUAL, LRIGHT, LXOR ,
COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR
COMMON /BLK/ PR8X10(10,14),PRODS (8,11),PRODLN(40,7)
DATA P/'P'/,N/'N'/
FUSPTR=1
DO 30 OUTPUT=1,10
GRTYPE=PR8X10 (OUTPUT, ITYPE)
DO 30 PRLINE=1,8
LNTYPE=PRODS ( PRLINE, GRTYPE)
DO 20 COL=1,40
IF (PRODLN(COL, LNTYPE) . EQ. P)

1 LFUSES (COL, FUSPTR) =. TRUE.
IF (PRODLN(COL, LNTYPE) . EQ. N)
1 LFUSES (COL, FUSPTR) =. FALSE.
20 CONTINUE
FUSPTR=FUSPTR+1
30 CONTINUE
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RETURN
END
c
c***********************************************************************
c .
SUBROUTINE BINR(LFUSES,H,L)
¢ THIS SUBROUTINE GENERATES BINARY PROGRAMMING FORMATS
IMPLICIT INTEGER (A-32)
INTEGER ITEMP(5,10)
LOGICAL LFUSES(40,80)
COMMON /LUNIT/ PMS,POF,PDF
WRITE(PDF,10)
10 FORMAT(//,' /)
DO 20 I=1,41,40
INC=1I-1
DO 20 IPROD=1,8
DO 20 J=1,49,10
DO 15 R=1,10
TINPUT=J+K-1
ITEMP(1,K)=L
ITEMP(2,K) =L
ITEMP(3,K) =L
ITEMP (4,K) =L
ITEMP(5,K) =L
IF (LFUSES (IINPUT, IPROD+ 0+INC)) ITEMP(5,K)=H
IF (LFUSES ( IINPUT, IPROD+10+INC)) ITEMP(4,K)=H
IF (LFUSES ( IINPUT, IPROD+20+INC)) ITEMP(3,K)=H
IF(LFUSES (IINPUT, IPROD+30+INC)) ITEMP(2,K)=H
1F (LFUSES ( IINPUT, IPROD+40+INC)) ITEMP(1,K)=H
15 CONTINUE
20 WRITE (PDF,30) ITEMP
30 FORMAT(' ',10('B',5A1,'F "))
WRITE (PDF,10)
RETURN
END
c
c***********************************************************************
c
SUBROUTINE SLIP(LFUSES, I88PRO, ITYPE, IBLOW)
c THIS SUBROUTINE WILL BLOW THE ENTIRE CONDITIONAL THREE STATE
c PRODUCT LINE WHEN 'IF(VCC)' CONDITION IS USED FOR THE
o] CORRESPONDING OUTPUT PIN
IMPLICIT INTEGER (A-2)
INTEGER IENABL(10,14)
LOGICAL LFUSES (40,80)
c 1=ENABLED OUTPUT. O0=ANYTHING ELSE FOR THAT OUTPUT
DATA IENABL/

. % % s W~
S % S S S~
LI TR T TR Y

-
. % 8 e s 0w

DI T
OFHOO0OO0OO0OO0OO
.~ ~
oOrHOOOOOO
DR T N R R
OHOOOOOO
-~ -~
OHOOOOOO
~ =
OHOOOOOO
D R )
oOrHOOOOOO
OO O0OO0OO0OO0OO
SR IR
OrHOO0OO0OO0OO0OO
® N N s s v N~
oOrHO0OO0OO0OO0OO0OO
-

@O UbW N
oOrHOOOO0OOO
. W N W e .

-
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HO QWP o

IOUT=(I88PRO-1) /8+1
IF(IENABL(IOUT, ITYPE) . EQ.0) RETURN
DO 10 I=1,40 :

IBLOW =

10 LFUSES(I,

I88PRO =

IBLOW + 1
I88PRO) =
I88PRO + 1

. TRUE.

RETURN
END
c
C***********************************************************************
o A
SUBROUTINE FANTOM(ITYPE, IOP, IOUT, IPROD, I8PRO)
c THIS SUBROUTINE UPDATES IOUT (THE PRINTED FUSE PLOT)
c FOR HIGH AND LOW PHANTOM FUSES
IMPLICIT INTEGER (A-Z)
INTEGER IOUT(64)
LOGICAL LBLANK,LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR
COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR
COMMON /BLK/ PR8X10(10,14),PRODS(8,11),PRODLN(40,7)
DATA B/'B'/,N/'N'/,P/! P'/,LOFANT/'O'/,HIFANT/'O'/,IBLANK/' v
c GET OUTPUT GROUPING
OUTPUT=( IPROD-1) /8+1
GRTYPE=PR8X10 (OUTPUT, ITYPE)
LNTYPE=PRODS ( I8 PRO, GRTYPE)
DO 10 COL=1,40
IF ( PRODLN (COL, LNTYPE) . EQ. P. AND. IOP. EQ.P ) IOUT(COL)=HIFANT
IF( PRODLN (COL,LNTYPE) . EQ. P.AND. IOP.EQ.B ) IOUT(COL)=IBLANK
IF( PRODLN (COL,LNTYPE) .EQ.N ) IOUT (COL) =LOFANT
10 CONTINUE :
RETURN
END

g********************************.***************************************
C

SUBROUTINE IODC2
C*****THIS ROUTINE IS OPTIONAL, IT MAY BE USED TO TURN PERIPHERALS ON

IMPLICIT INTEGER (A-Z)

COMMON /LUNIT/ PMS,POF,PDF .

DATA DC2,/212000000/,BEL/Z2F000000/

‘WRITE(PDF,10) DC2,BEL

10 FORMAT(' ',2Al)

RETURN

END
C y
ChkddedkhdeddddedsdehhhkdehtdhhrhrdhddhhehrrRRRRIAAAAAARARRRERRRRRRRTRAR RS
C

SUBROUTINE IODC4 5 ‘ :
C*****THIS ROUTINE IS OPTIONAL, IT MAY BE USED TO TURN PERIPHERALS OFF

IMPLICIT INTEGER (A-2)
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DATA DC3/237000000/,DC4/23C000000/,BEL/%2F000000/
WRITE (PDF,10) BEL,DC3,DC4
10 FORMAT(' ',3Al)

RETURN

END
c
Chrrhhhhhhhkhhhhhhhhhhhhhhhhdhhhhrrhrhhhhdhihhhbrrrrrrrrrrhhhhhhdhddoddhd
C

SUBROUTINE TEST(LPHASE, LBUF, TITLE, IC, IL, ILE, ISYM, IBUF, ITYPE)
C THIS SUBROUTINE PERFORMS THE FUNCTION TABLE SIMULATION
c AND GENERATES TEST VECTORS

IMPLICIT INTEGER (A-37)

INTEGER ISYM(8,24),1SYM1(8,24),IBUF(8,24), IVECT(24), IVECTP(24),

1 ISTATE(24), ISTATT(24) , IPIN(24) , TITLE(80)

LOGICAL LBLANK,LLEFT,LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOF . LSAME,
1 XORFND, LERR, LPHASE (24) , LPHAS1 (24) ,LBUF (24) , LOUT(24),
2 LOUTP(24) , LCLOCK, LPTRST, LCTRST, LENABL(24) ,NREG

COMMON  LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT, LXOR
COMMON /PGE/ IPAGE(80,200)

COMMON /LUNIT/ PMS,POF,PDF

COMMON /FTEST/ IFUNCT, IDESC, IEND

DATA IDASH/'-'/,L/'L'/,H/'B'/,X/'X'/,C/'C'/,2/'2'/,N0/'0"/,

1 Nl/'l'/,IBLANK/' '/,COMENT/';'/
(o] PRINT AN ERROR MESSAGE IF NO FUNCTION TABLE IS ‘SUPPLIED
IF(IFUNCT.NE.0) GO TO 3
WRITE (PMS,2)
2 FORMAT(/,' FUNCTION TABLE MUST BE SUPPLIED IN ORDER TO PERFORM',
1 ' SIMULATION')
RETURN
Cc PRINT TITLE

3 WRI’I'E(POF,4) TITLE
4 FORMAT(/,"' ',80Al,/)

c INITIALIZE LERR (ERROR FLAG) TO NO ERROR
LERR=. FALSE.
c SET THE STARTING POINT OF THE FUNCTION TABLE TO COLUMN 0
c AND IFUNCT + 1
1C=0
IL=IFUNCT + 1
c INITIALIZE ITRST (THREE STATE ENABLE FUNCTION TABLE PIN NUMBER)
ITRST=0
c MAKE A DUMMY CALL TO INCR
CALL INCR(IC,IL)
c GET THE FUNCTION TABLE PIN LIST (UP TO 22)
c GO ONE MORE THAN MAX TO LOOK FOR DASHED LINE
DO 10 I=1,23
CALL GETSYM(LPHAS1,ISYM1,I,IC,IL)
Do 5 J=1,8

5 IBUF(J,1)=ISYM1(J,I)

IF(IBUF(8,1).EQ.IDASH) GO TO 12

CALL MATCH(IMATCH, IBUF, ISYM)

IF(IMATCH.NE.O) GO TO 7 ‘

WRITE (PMS,6) (IBUF(J,1l),J=1,8)
6 FORMAT(/,' PUNCTION TABLE PIN LIST ERROR AT', 8Al)
7 LOUT(I)=.FALSE.
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ISTATT(I)=X
IVECTP(I)=X

c IF APPROPIATE PAL TYPE, REMEMBER LOCATION OF CLOCK AND THREE STATE
c ENABLE PIN IN FUNCTION TABLE PIN LIST
IF( .NOT. (ITYPE.EQ.8.0R. ITYPE.EQ.9.0R. ITYPE. EQ.10.0R.
1 ITYPE.EQ.12.0R. ITYPE.EQ.13.0R. ITYPE.EQ.14) ) GO TO 10
IF (IMATCH.EQ.1) ICLOCK=I
IF (IMATCH.EQ.13) ITRST=I
10 IPIN(I)=IMATCH
c ALL SIGNAL NAMES FOR THE FUNCTIONAL TEST HAVE BEEN READ IN
c ADJUST COUNT
12 IMAX=I-1
NVECT=0
c
C*****START OF MAIN LOOP FOR SIMULATION**#%*
c
90 NVECT=NVECT+1
IC1=0
IL1=ILE
c GO PASSED COMMENT LINES
23 IF(IPAGE(1,IL).NE.COMENT) GO TO 24
IL=IL+l
GO TO 23
24 CONTINUE
c GETS VECTORS FROM FUNCTION TABLE
DO 20 I=1,IMAX
IF (IPAGE(IC, IL) . EQ. IBLANK) GO TO 21
GO TO 22
21 IC=IC+l
IF (IPAGE(IC, IL) . EQ. IBLANK) GO TO 21
22 IVECT(I)=IPAGE(IC,IL)
IC=IC+l
20 CONTINUE
c ADVANCE LINE COUNT TO SKIP FUNCTION TABLE COMMENTS
IL=IL+1
IC=1
IF (IVECT(1) . EQ. IDASH) GO TO 95
c CHECK FOR VALID FUNCTION TABLE VALUES (L,H,X,Z,C)
DO 11 I=1,IMAX
IF( IVECT(I).EQ.L.OR.IVECT(I).EQ.H.OR.IVECT(I) .EQ.X.OR.
1 IVECT(I) . EQ.Z.OR. IVECT(I).EQ.C) GO TO 11
WRITE (PMS,8) IVECT(I),NVECT
8  FORMAT(/,' ',Al,' IS NOT AN ALLOWED FUNCTION TABLE ENTRY'
1 ' IN VECTOR ',I3)
RETURN
11 CONTINUE
c INITIALIZE CLOCK AND THREE STATE ENABLE FLAGS
LCLOCK=. FALSE.
LCTRST=. TRUE.
LPTRST=. TRUE.
DO 13 I=1,IMAX
13 LENABL(I)=.TRUE. , ‘
c INITIALIZE NREG (NOT REGISTERED OUTPUT) TO FALSE
NREG=. FALSE.
c INITIALIZE ISTATE ARRAY TO ALL X'S

3-53




PALASM 24 Source Code

DO 15 I=1,24
15 ISTATE(I)=X
C CHECK IF THIS PAL TYPE HAS REGISTERS
IF( .NOT. (ITYPE. EQ.8.0R. ITYPE. EQ.9.0R. ITYPE.EQ.10.0R.
1 ITYPE.EQ.12.0R. ITYPE.EQ.13.0R. ITYPE.EQ.14) ) GO TO 25
Cc CHECK CLOCK AND THREE STATE ENABLE PINS AND CHANGE FLAG IF NEEDED
IF(IVECT(ICLOCK).EQ.C) LCLOCK=.TRUE.
IF(ITRST.EQ.0) GO TO 25 !
LSAME=( ( LPHASE(13)) .AND. ( LPHAS1 (ITRST)) .OR.

1l (. NOT. LPHASE (13) ) . AND. (.NOT.LPHAS] (ITRST)) )
IF( IVECT(ITRST).EQ.L.AND. (.NOT.LSAME) .OR.
1 IVECT (ITRST) . EQ. H. AND. ( LSAME) ) LPTRST=.FALSE.
IF(LPTRST) GO TO 25
Cc DISABLE REGISTERED OUTPUTS IF APPROPRIATE
DO 46 I=1,IMAX
J=IPIN(I)

IF(J.EQ.17.0R.J.EQ.18.0R.J.EQ.19.0R. J. EQ. 20) LENABL(I)=.FALSE.
IF( (ITYPE.EQ.8.OR.ITYPE.EQ.9.0R. ITYPE.EQ.12.0R.
1 ITYPE.EQ.13) . AND. (J.EQ.16.0R.J.EQ.21) ) LENABL(I)=.FALSE.
IF( (ITYPE.EQ.8.OR. ITYPE.EQ.9.0R. ITYPE.EQ.12) .AND.
1 (3.EQ.15.0R.J.EQ.22) ) LENABL(I) =. FALSE.
IF( ITYPE.EQ.8.AND.(J.EQ.14.0R.J.EQ.23) ) LENABL(I)=.FALSE.
46 CONTINUE
c
C*****SCAN THROUGH THE LOGIC EQUATIONS**#*#%#
c ,
c MAKE A DUMMY CALL TO INCR
25 CALL INCR(IC1,ILl)
26 CALL GETSYM(LBUF, IBUF,1,ICl,ILl)
IF (LLEFT) GO TO 29
27 IF(.NOT.LEQUAL) GO TO 26
c EVALUATE CONDITIONAL THREE STATE PRODUCT LINE
29 IF(LEQUAL) GO TO 35
NREG=. TRUE.
33 CALL GETSYM(LBUF, IBUF, 1,1€1, ILl)
CALL MATCH(IINP, IBUF,ISYMI)
c CHECK FOR GND, VCC, /GND, OR /vcc IN CONDITIONAL THREE STATE
c PRODUCT LINE
IF (IINP.NE.0) GO TO 32
CALL MATCH(IMATCH, IBUF, ISYM)
ILL=IL1
IF( IMATCH.EQ.12.AND. (LBUF(1)).OR.
1  IMATCH.EQ.24.AND. (.NOT.LBUF(1)) ) LCTRST=.FALSE.
IF( IINP.EQ.O0.AND.IMATCH.NE.12.AND. IMATCH.NE.24 ) GO TO 100
GO TO 34
32 ITEST=IVECT(IINP) .
IF( ITEST.EQ.L.AND. ( LPHAS1 (IINP)) .AND. ( LBUF (1))
1.0R. ITEST.EQ.H.AND. ( LPHAS] (IINP)) . AND. (. NOT.LBUF(1))
2.0R. ITEST.EQ.H.AND. (.NOT.LPHAS] (IINP)).AND. ( LBUF (1))
3.0R. ITEST.EQ.L.AND. (.NOT.LPHAS] (IINP)) .AND. (.NOT.LBUF(1))
4 ) LCTRST=.FALSE.
IF (ITEST. EQ. X.OR. ITEST. EQ.2) LCTRST=.FALSE.
34 IF(LAND) GO TO 33
GO TO 27
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EVALUATE THE LOGIC EQUATION

FIND PIN NUMBER OF THE OUTPUT VECTORS
35 CALL MATCH(IOUTP, IBUF, ISYM1)
ILL=IL1
IF (IOUTP.EQ.0) GO TO 100
IF (NREG) LENABL(IOUTP) =LCTRST
LOUT ( IOUTP) =. TRUE.
IF( .NOT.LCTRST ) LOUT(IOUTP)=.FALSE.
LCTRST=. TRUE.
LOUTP ( IOUTP) =LBUF (1)
DETERMINE PRODUCT TERM AND EVENTUALLY SUM FOR OUTPUT KEEPING
TRACK TO SEE IF AN XOR (EXCLUSIVE OR) HAS BEEN FOUND
XORSUM=H
XORFND=. FALSE.
ISUM=L
28 IPROD=H
30 ILL=IL1
CALL GETSYM(LBUF, IBUF,1,ICl,ILl)
CALL MATCH(IINP, IBUF,ISYM)
IF(IINP.NE.O) GO TO 45
CALL MATCH(IMATCH, IBUF, ISYM)
IF(IMATCH.NE.12) GO TO 100
ITEST=L
IINP=23
LPHAS1 (23) =, TRUE.
GO TO 37 ‘
45 ITEST=IVECT(IINP)
GET FEED BACK VALUES
IF( (.NOT.LCLOCK) .OR. (NREG) ) GO TO 37
CALL MATCH(IIFB, IBUF, ISYM) ‘
IF( (ITYPE.EQ.8.OR.ITYPE.EQ.9.0R. ITYPE.EQ.10.OR. ITYPE. EQ.12.0OR.
1 ITYPE. EQ.13.0R. ITYPE. EQ.14) . AND. (IIFB.EQ.17.0R. IIFB.EQ.18.0R.
2 IIFB.EQ.19.0R. ITFB.EQ.20) ) ITEST=IVECTP(IINP)
IF( (ITYPE.EQ.8.OR.ITYPE.EQ.9.0R. ITYPE.EQ.12.0R. ITYPE. EQ.13) .AND.
1 (IIFB.EQ.16.0R. IIFB.EQ.21) ) ITEST=IVECTP(IINP) :
IF( (ITYPE.EQ.8.OR.ITYPE.EQ.9.OR. ITYPE. EQ.12) .AND.
1 (IIFB.EQ.15.0R. IIFB.EQ.22) ) ITEST=IVECTP(IINP)
IF( ITYPE.EQ.8.AND. (IIFB.EQ.14.0R.IIFB.EQ.23) )

1 ITEST=IVECTP(IINP)
37 IF(ITEST.EQ.X.OR. ITEST.EQ.Z2) ITEST=L
IF( ITEST.EQ.L.AND. ( LPHAS]1 (IINP) ) .AND. ( LBUF(1))
1.0R. ITEST.EQ.H.AND. ( LPHAS]1 (IINP)) . AND. (.NOT.LBUF(1l))
2.0R. ITEST.EQ.H.AND. (.NOT.LPHAS] (IINP)).AND. ( LBUF(1))

3.0R. ITEST.EQ.L.AND. (.NOT.LPHAS] (IINP) ) .AND. (.NOT.LBUF (1))
4 ) TIPROD=L
IF(LAND) GO TO 30
IF (ISUM. EQ. L. AND. IPROD. EQ. X) ISUM=X
IF( (ISUM.NE.H).AND.IPROD.EQ.H ) ISUM=H
CHECK FOR XOR (EXCLUSIVE OR) AND SAVE INTERMEDIATE VALUE
IF(.NOT.LXOR) GO TO 31 ‘
XORSUM=ISUM
XORFND=. TRUE.
ISUM=L
GO TO 28

~ PALASM 24 Source Code
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31 IF(LOR) GO TO 28
Cc IF END OF EQUATION HAS BEEN FOUND, DETERMINE FINAL SUM AND SAVE IT
IF (. NOT. XORFND) ISTATT (IOUTP) =ISUM
IF( (XORFND) .AND. ( (ISUM.EQ. L.AND. XORSUM. EQ. L) . OR.
1 (ISUM. EQ. H. AND. XORSUM. EQ.H) ) ) ISTATT(IOUTP)=L
IF( (XORFND) .AND. ( (ISUM.EQ. H.AND. XORSUM. EQ. L) . OR.
1 (ISUM. EQ. L. AND. XORSUM. EQ.H) ) ) ISTATT(IOUTP)=H
IF( (XORFND).AND. (ISUM.EQ.X.OR. XORSUM.EQ.X) ) ISTATT(IOUTP)=X
NREG=. FALSE.
Cc CHECK IF ALL EQUATIONS HAVE BEEN PROCESSED BY COMPARING CURRENT
c LINE NUMBER WITH FUNCTION TABLE LINE NUMBER
IF(IDESC.NE.0.AND. IL1. LT. IFUNCT. AND. IL1. LT. IDESC. OR.
1 IDESC. EQ.0.AND. IL1. LT. IFUNCT) GO TO 27

c DETERMINE OUTPUT LOGIC VALUES
C COMPARE OUTPUTS TO SEE IF VECTOR AGREES WITH RESULTS
DO 50 I=1,IMAX
IF (. NOT.LOUT(I)) GO TO 50
IF (ISTATT(I) . EQ. X.AND. IVECT(I).EQ.X) GO TO 50
LSAME = ( ( LOUTP(I)) .AND. ( LPHAS1 (I)).OR.
1 (. NOT. LOUTP(I)) .AND. (.NOT.LPHAS1(I)) )
IMESS=40
IF (ISTATT(I) . EQ. L.AND. IVECT(I).EQ.L.AND. (.NOT.LSAME)) IMESS=41
IF (ISTATT(I) . EQ. H.AND. IVECT(I) . EQ. H. AND. (. NOT. LSAME)) IMESS=42
IF(ISTATT(I) . EQ.L.AND. IVECT(I).EQ.H.AND. ( LSAME)) IMESS=42
IF(ISTATT(I).EQ.H.AND. IVECT(I).EQ.L.AND. ( LSAME)) IMESS=41
IF( ( LENABL(I)) . AND. IVECT(I) .EQ.Z ) IMESS=43
IF( (.NOT.LENABL(I)).AND. (LOUT(I)).AND.IVECT(I).NE.Z ) IMESS=44
IF (IMESS.NE.40) LERR=.TRUE.
IF (IMESS.EQ.41) WRITE(PMS,41) NVECT, (I1Ssymi(J,I),J=1,8)
41 FORMAT(/,' FUNCTION TABLE ERROR IN VECTOR',I3,' PIN =',8Al1,
1 ' EXPECT = H ACTUAL = L')
IF (IMESS.EQ.42) WRITE(PMS,42) NVECT,(ISyMml(J,I),J=1,8)
42 FORMAT(/,' FUNCTION TABLE ERROR IN VECTOR',I3,' PIN =',8Al,
1 ' EXPECT = L. ACTUAL = H')
IF(IMESS.EQ.43) WRITE(PMS,43) NVECT,(ISYM1(J,I),J=1,8)
43 FORMAT(/,' FUNCTION TABLE ERROR IN VECTOR',I3,' PIN =',8Al,
1 /:' EXPECT = OUTPUT ENABLE ACTUAL = 2')
IF (IMESS.EQ.44) WRITE(PMS,44) NVECT, (ISYMi(J,I),J=1,8),IVECT(I)
44 FORMAT(/,' FUNCTION TABLE ERROR IN VECTOR',I3,' PIN =',8Al,
1 ' EXPECT = Z ACTUAL = ',Al)
50 CONTINUE
Cc CHANGE THE ORDER OF VECTORS FROM THE ORDER OF APPEARANCE IN THE
c FUNCTION TABLE TO THAT OF THE PIN LIST AND TWEEK FOR OUTPUT
DO 65 I=1,24

DO 55 J=1, IMAX

IF(IPIN(J).NE.I) GO TO 55

IF( IVECT(J).EQ.L.OR.IVECT(J).EQ.H ) GO TO 51
ISTATE(I)=IVECT(J)

GO TO 65
51 LSAME=( ( LPHASE(I)) . AND. ( LPHAS1 (J)) .OR.
1 (. NOT. LPHASE(I)) .AND. (. NOT.LPHAS1 (J)) )
IF( ITYPE.EQ.6.AND. (I.EQ.18.0R.I.EQ.19) ) LOUT(J)=.TRUE.
IF( (.NOT.LOUT(J)).AND. ( LSAME) . AND.
1 IVECT(J) .EQ.L ) ISTATE(I)=NO
IF( (.NOT.LOUT(J)).AND. ( LSAME) . AND.

3-56




PALASM 24 Source Code

1 IVECT(J).EQ.H )
IF( (.NOT.LOUT(J)) .AND. (. NOT.LSAME) AND.
1 IVECT(J).EQ.L )
‘ IF( (.NOT.LOUT(J)).AND. (. NOT.LSAME) AND.
1 IVECT(J).EQ.H ) i
IF( ( LOUT(J) ) . AND. ( LSAME) . AND.
1 IVECT(J) . EQ. L. AND. ( LENABL(J))
IF( ( LOUT(J)) . AND. ( LSAME) . AND.
1 IVECT(J) . EQ. H. AND. ( LENABL(J))
IF( ( LOUT(J)) . AND. (. NOT.LSAME) . AND.
1 IVECT(J) . EQ. L. AND. ( LENABL(J))
IF( ( LOUT(J)) . AND. (. NOT.LSAME) . AND.
1 IVECT(J) . EQ. H. AND. ( LENABL(J) )
GO TO 65 ’
55 CONTINUE

65

60

95
67

SAVE PRESENT VECTORS FOR FEED BACK USED WITH NEXT SET OF VECTORS

)
)
)
)

ISTATE(TI) =N1
ISTATE(I) =N1
ISTATE(T) =NO
ISTATE(I) =L
ISTATE(I) =H
ISTATR() =R

ISTATE(I) =L

IF CLOCK PULSE AND NOT Z (2 WOULD BE AN UNREALISTIC VALUE)
IF( (LCLOCK) .AND.IVECT(J).NE.Z ) IVECTP(J)=IVECT(J)
ASSIGN X TO GROUND PIN AND 1 TO VCC PIN
ISTATE(12) =X

ISTATE(24) =Nl
PRINT TEST VECTORS
WRITE(POF,GO) NVECT, (ISTA'I’E(I) ,I=1,24)
FORMAT('
GO TO 90
TERMINATE ' SIMULATION
IF(.NOT.LERR) WRITE(POF,67)
FORMAT(/, "' PASS SIMULATION')

RETURN

',12,' 24Al)

PRINT AN ERROR MESSAGE FOR AN UNDEFINED PIN NAME
ILERR=ILL+4 ; .
WRITE(PMS,101) (IBUF(I,1l),I=1,8),ILERR, (IPAGE(I, ILL) ,1=1,80)

100°

101 FORMAT(/,' ERROR SYMBOL = ',8al,'
',80Al1,/,' THIS PIN NAME IS NOT DEFINED IN THE',

1
2

RETURN
END

/!

IN LINE NUMBER ‘', 13,

' FUNCTION TABLE PIN LIST')
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500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
1000
1010
1020
1030
1040

PRINTTAB (22) "PALASM-20 IN BASIC"'PRINT’PRIN‘I‘"REVISIQ‘I I.EVEL 2.15";

PRINTTAB (38) "01,/16,/80 DJ" :PRINT

PRINT"WELCOME TO PALASM-20. THE SOURCE CODE FOR THIS PROGRAM"

PRINT"WAS WRITTEN IN BASIC ON AN 8-BIT MICROCOMPUTER. IT IS"

PRINT" INTENDED TO BE USED ON A DISK SYSTEM ONLY. THE OUTPUTS"

PRINT"ARE DUMPED TO DISK FILES NAMED:BY THE OPERATOR. USE YOUR"

PRINT"STANDARD SYSTEM INSTRUCTIONS TO PRINT, LIST, OR ";

PRINT"DUMP - TO AN":PRINT"RS232 PORT."

PRINT"" : PRINT"PLEASE REFERE TO THE PAL INFORMATICN BY MONOLITHIC"

PRINT"MEMORIES, INC. FOR ANY QUESTIONS REGARDING THE FORMAT OR"

PRINT"TESIGN SPECIFICATIONS AS USED BY THIS PROGRAM."

PRINT"" : INPUT"PRESS <RETURN> TO CONTINUE...";A$ '

PRINT"" : PRINT" THIS PROGRAM CAN BE RUN IN EITHER THE"
PRINT"COMPILED OR INTERPRETED MODES. THE ONLY DIFFERENCE"

PRINT"SHOULD BE THE SPEED OF OPERATIQ\I " s PRINT""

PRINT :PRINT"FINE PRINT:"

PRINT"THIS PROGRAM IS DISTR'[BUI'ED ON AN “AS IS” BASIS."

PRINT"IT WAS TRANSLATED FROM A FORTRAN IV P "

PRINT"AND EVERY EFFORT WAS TAKEN TO INSURE ITS ACCURACY."

PRINT"HOWEVER, THE USER SHOULD ALSO VERIFY ITS ACCURACY"

PRINT"AND COMPLETENESS. ":PRINT"" :PRINT""

PRINT: INPUT"PRESS <RETURN> TO BEGIN PROGRAM...";A$

AS$="" : FORX%=1TO16 : PRINT"" :NEXT : CLEAR1000 : DEFINTC,F,H,N,O,T,X,¥Y,2
DIMF (31, 63) :DEFSTRA,D,L,P:DIMA (15) ,P(21) ,L(50) :C=0:X$="":A$=""
X=0:PRINT"ENTER 1 TO CREATE PAL DESIGN SPECIFICATION FILE FROM KEYBOARD"
PRINT"ENTER 2 TO READ EXISTING PAL DESIGN SPECIFICATION FILE ";
INPUTX : X=ABS (X) :ONXGOT01060,1130 k

1050 GOT01000
1060 PRINT:PRINT:PRINT"ENTER DESIGN SPEC FILENAME (FILENAME/EXT:D)"

1070
1080

PRINT"ENTER “END” (WITHOUT QUOTES) AFTER LAST LINE."
PRINT"FILENAME ? ""LINEINPUI‘AS

1090 OPEN"O",1,AS

1100
1110 IF.

LINEINPUTAS
A$-"END"THEN1120EISEPRIN1'#1,A$ GOTO1100

1120 CLOSE:GOT01000
1130 ONERRORGOT02260

1140
1150
1160
1170
1180
1190
1200

PRINT :PRINT : PRINT"ENTER FILENAME (FILENAME/EXT.PASSWORD:D) TO BE ";
PRINT"ASSEMBLED ?":LINEINPUTFS

X=1:0PEN"I",1,F$

INPUT#1,A:L(X) =A:X=X+1 : PRINTA

TIFEOF (1) THEN1190ELSE1170

CLOSE1 :NL=X

ONERRORGOTO0

2000 REM *** VERIFY PART NUMBER AND GET TYPE ***

2010
2020
2030
2040
2050
2060
2070
2080
2090
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A=L(1) :TY=0

X=INSTR(A, "PAL")

OT$=MIDS (A,X+5,1) :P=MIDS (A,X+6,1) : P33=VAL (P)

PN=MIDS (A,X,7) :P=LEFTS (PN, 3) : IFP<>"PAL"THENGOTO2090ELSEP=MIDS (PN, 4,4)
IFP="10H8"ORP="10L8"THENTY=1ELSETFP="12H6"ORP="12L6"THENTY=2
IFP="14H4"ORP="14L4"THENTY=3
IFP="16H2"ORP="16L2"ORP="16C1"THENTY=4ELSEIFP="16L8 "THENTY=5
IFP="16R4"ORP="16R6"ORP="16R8" THENTY=6ELSEIFP="16A4"ORP="16X4"THENTY=7
IFTY=0THENGOSUB7210 : PRINT"INVALID PART NUMBER":END
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2200 REM *** VERIFY PIN LIST ***

2210 LC%=5:Y=1:ONERRORGOT02250

2220 A=L(LC%)+" ":C=LEN(AS) :FORX=1TOC

2230 P$=MIDS (A,X,1) :IFP<>" "THENP (Y)=P(Y)+P ELSEY=Y+1l

2240 NEXT:IFY=21THEN2270ELSEIFY<21THENLC$=LC%+1:GOT02220

2250 GOSUB7210:PRINT"INVALID PIN LIST":END

2260 RESUME1130

2270 IFP(10)<>"GND"THENPRINT"ERROR CORRECTED... PIN 10 IS NOW “GND”":P(10)="&D

2280 IFP(20)<>"VCC"THENPRINT"ERROR CORRECTED... PIN 20 IS NOW “VOC”™":P(20)="VCC

2290 ONERRORGOTO0 : GOSUB5000

2400 REM *** FIND OUTPUT IN EQUATION ***

2410 0U=0:IFTY>4THENNO=8ELSENO=P3%

2420 1C%=IC%+1:A=L(LC%) : IFLC¥>NLTHEN4010

2430 FC=0:FS=0:FR=0:AT="":DL=")/ "

2440 CE=INSTR(A,"=") :IFCE=0THEN2420

2450 OU=0U+1:IFOU>NO THEN3290

2460 AL=LEFTS (A,CE-1) :CT=LEN (A) :CN=CE

2470 CN=CN-1:IFCN=0THENGOT02500

2480 P=MIDS (A,CN,1) :IFP=" "THEN2470ELSEIFP=":"THENFR=1:G0T02470

2490 p=MIDS (A,CN,1) :IFINSTR (DL,P)=0THENAT=P+AT : CN=CN-1 : IFCN<>0THEN2490
2500 FORZ=12TO19:IFAT=P (Z)ORP(Z)=("/"+AT) THENGOSUB4710 : GOTO2520ELSENEXT
2510 GOSUB7210:PRINT"OUTPUT UNLDEFINED BY PIN LIST":PRINT"#",A;"— (";AT;")":END
2520 IFY=0THENGOSUB7210 :PRINT"INVALID OUTPUT PIN":PRINT"#";A;"——(";AT;")":END
2530 IFY>100THENFR=1:Y=Y-100ELSEIFY<0THENFC=1:Y=-YELSEFS=1 B
2540 Y=Y-1:GOSUB4410

2550 Y1=Y+NP

2560 IF(FS=1 OR FR=1)AND INSTR(AL,")")<>0THEN2590

2570 IFFC=1ANDINSTR(AL,")")=0THENY=Y+1 :CN=CE+1:GOSUB4410:G0OT03050

2580 IFFC=1THEN2710ELSECN=CE+1 :GOT03050

2590 GOSUB7210:PRINT"EQUATION INVALID FOR THIS OUTPUT TYPE"

2600 PRINT"#":A;" PIN =";Z0:END

2700 REM **** THREE-STATE ENABLE ONLY ***%*

2710 IFINSTR(AL,"VCC")<>0THENCN=CE+1:Y=Y+1:GOSUB4410:GOTO3050

2720 CON=INSTR(AL," (") :CT=INSTR(AL,") ") : IFCN=00ORCT=0THEN2590

2730 A=AL :ON=CN+1:CT=CT-1

2740 IFINSTR(A,"+")<>0THENGOSUB7210 :PRINT"INVALID CONDITIONAL STATEMENT"
2750 IFINSTR(A,"+")<>0THENPRINT"#";A:END

2760 DL="(:)+*":AT=""

2770 IFCN>CTTHENGOTO2810

2780 pP=MIDS (A,CN,1) :IFP=" "THENCN=CN+1:GOTO2770

2790 IFINSTR(DL,P)=0THENAT=AT+P : IFCN<>CTTHENCN=CN+1 :GOT02770

2800 GOSUB3200 :GOT02760

2810 Y=Y+1:A=L(LC%) :CN=CE+1:CT=LEN (A)

2820 GOSUB4410

2830 GOTO3050

3000 REM *** TNPUT PROCESSING FOR SIMPLE QUTPUTS ***

3010 LC%=LC3%+1:A=L(IC%) :IFLC$>NLTHEN4010 :REM** RE-ENTRY POINT **

3020 IFINSTR(A,"DESCRIPTION")<>0THEN4010 i

3025 IFINSTR(A,"FUNCTION TABLE")<>0THEN4010

3030 CT=LEN(A) :CN=1

3040 IFINSTR(A,"=")<>0THEN2430

3050 DL="(:)+* ":AT=""

3060 IFCN>CTTHEN3010
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3070 P=MIDS (A,CN,1) :IFP=" "THENCN=CN+1:GOT03060

3080 IFP="+"ANDAT<>""THENGOSUB3210:Y=Y+1:IFY>Y1THEN3150ELSEGOSUB4410:GOT03050
3090 IFP="+"ANDAT=""THENCN=CN+1:Y=Y+1:IFY>Y1THEN3150ELSEGOSUB4410 :GOT03060
3100 IFP="*"THENGOSUB3210:G0T03050

3110 IFTY=7AND(P="(" OR P=":")THENS000

3120 IFP="(" OR P=")" OR P=":"THEN2590

3130 AT=AT+P:(N=CN+1

3140 IFCT=CN-1ANDAT<>""THENGOSUB3210 :GOTO3060ELSEGOT03060

3150 GOSUB7210:PRINT"EXCESSIVE NUMBER OF TERMS FOR THIS OUTPUT"

3160 PRINT"MAXIMJM NUMBER OF TERMS IS";NP;"FOR OUTPUT PIN";ZO:END
3200 REM #*** TNPUT MATCH AND SET FUSE ***

3210 FORZ=1T020

3220 IFAT=P (Z)THENGOSUB3310:X=X-1:G0T03280

3230 IFAT="/"+P (Z) THENGOSUB3310:GOT03280

3240 IFASC(P(Z))=47ANDAT=MIDS (P(Z) ,2) THENGOSUB3310:GOT03280

3250 NEXT

3260 GOSUB7210:PRINT"INPUT UNDEFINED BY PIN LIST"

3270 PRINT"#";L(LC%) ;"——(";AT;")":END

3280 F(X,Y)=0:NB=NB~-1:CN=CN+1 :RETURN

3290 GOSUB7210:PRINT"EXCESSIVE NUMBER OF EQUATIONS GIVEN."

3300 PRINT"ONLY THE FIRST";NO;" WILL BE ASSEMBLED.";GOT04010

3310 GOSUB4510 : IFX<>0THENRETURNELSEGOSUB7210 :PRINT"INVALID INPUT PIN"
3320 PRINT"#";A;"— (";AT;")":END

4000 REM **** OPTION SELECT *#***

4010 PRINT"ENTER OPTION AT THIS TIME:"

4020 PRINT"X = X-PLOT (OVERLAY TO LOGIC DIAGRAM)"
4030 PRINT"H = HEX (ASCII HEX PROGRAMMER FORMAT)"
4040 PRINT"N = BPNF (ASCII PROGRAMMER FORMAT)"
4050 PRINT"L = BHLF (ASCII PROGRAMMER FORMAT)"
4060 PRINT"Q = QUIT (END PROGRAM)"

4070 PRINT"" :INPUT"OPTION ";A2

4080 IFA2="X"THENGOSUB6010:GOT04010

4090 IFA2="H"THENGOSUB7010:GOT04010

4100 IFA2="N"THENDO="N":D1="P":GOSUB8010:GOT04010
4110 TFA2="L"THENDO="L":D1="H":GOSUB8010:GOT04010
4120 IFA2="Q"THENENDELSE4010

4400 REM *** INITZL PROD LINE WITH BLOWN FUSES ***
4410 FORX=0TO31:IFF (X,Y)=0THENF (X,Y)=1:NB=NB+1
4420 NEXT :RETURNELSENEXT : RETURN

4500 REM **** INPUT TABLE FUNCTION ****

4510 IFZ>1ANDZ<10THENX=(Z-2)*4+1:RETURN

4520 IFZ=100RZ=20THENX=0:RETURN

4530 IF(TY<6ANDZ=1) OR (TY>5ANDZ=19) THENX=3:RETURN
4540 IF (TY<6ANDZ=11)OR (TY>5ANDZ=12) THENX=31 : RETURN
4550 IFTY=1THENX=0:RETURN

4560 IF (TY<5ANDZ=12)OR (TY>4ANDZ=13)THENX=27 :RETURN
4570 IF(TY<5ANDZ=19)OR (TY>4ANDZ=18) THENX=7 :RETURN
4580 IFTY=2THENX=0:RETURN

4590 IF (TY<5ANDZ=13)OR (TY>4ANDZ=14)THENX=23 :RETURN
4600 TIF (TY<SANDZ=18)OR (TY>4ANDZ=17) THENX=11 :RETURN
4610 IFTY=3THENX=0:RETURN

4620 IFZ=140R(TY>4ANDZ=15)THENX=19 :RETURN

4630 IFZ=170R(TY>4ANDZ=16)THENX=15 :RETURN

4640 X=0:RETURN

4700 REM **** OUTPUT TABLE FUNCTION ****
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Y= (19-2) *8+1 :NP=0:20=2
IFY>570RY<1THENY=0 : RETURN
IFTY=1THENNP=2: RETURN
IFTY>4THENNP=8
IFRIGHTS (PN, 2) ="R8 "THENY=Y+100 : RETURN
IFTY=5THENY=-Y : RETURN
IFTY>4AND (2=120RZ=19) THENY=-Y : RETURN
IFRIGHTS (PN, 2) ="R6 "THENY=Y+100 : RETURN
IFTY>4AND (%=130RZ=18) THENY=-Y : RETURN
IFTY>5THENY=Y+100 :RETURN
IFZ=120RZ=19THENY=0 : RETURN
IFTY=2AND (Z=130RZ=18) THENNP=4 : RETURN
IFTY=2THENNP=2: RETURN
IFZ=130RZ=18THENY=0 : RETURN

= 3THENNP=4 : RETURN
TFZ=140RZ=17THENY=0 : RETURN
IFRIGHTS (PN, 2)="C1"THENY=25 :NP=16 : RETURN
NP=8 : RETURN

REM **** VIRGIN FUSE PATTERN INITIALIZATION **#**

NB=0: ONTYGOT05020, 5060, 5160, 5240, 5320, 5320,5320
FORY=0TO63STEP8 : FORX=0TO3L : F (X, Y) =0:F (X, Y+1) =0:F (X, Y+2) =2:F (X, Y+3) =2
F(X,Y+4)=2:F (X, Y+5)=2:F (X, Y+6) =2:F (X, Y+7) =2 :NEXTX, ¥
FORY=0TO57STEP8:FORX=6TO27STEP4 :F (X, ¥) =3:F (X+1,Y) =3:F (X, ¥+1)=3
F (X+1,Y+1)=3:NEXTX, Y : RETURN
IFOT$="L"THENC=2ELSEC=3
FORY=0TO63STEP56 : FORX=0TO31 : GOSUB5340 :NEXTX , ¥
FORY=8TO55STEPS : FORX=0TO3L :F (X,¥) =0:F (X, ¥+1)=0:F (X, Y+4) =2
F(X,Y+5)=2:F (X, Y+6)=2:F (X, Y+7) =2:NEXTX, ¥
FORX=0TO31 :F (X,10)=0:F (X,11)=0:F (X,50)=0:F (X, 51) =0 :NEXTX
FORY=18TO43STEPS : FORX=0TO31 :F (X, Y) =2:F (X, ¥+1) =2:NEXTX, Y
FORY=8TO49STEPS : FORX=10TO23STEP4 :F (X, Y) =3:F (X, Y+1) =3
F(X+1,Y)=3:F (X+1,Y+1) =3:NEXTX, Y
FORY=10TO51STEP40 : FORX=10TO23STEP4 :F (X,Y) =3:F (X, Y+1)=3
F(X+1,Y)=3:F (X+1,Y+1) =3:NEXTX, Y : RETURN
IFOT$="L"THENC=2FI.SEC=3
FORY=0TO63STEPS : IFY=16THENY=48
FORX=0TO31 : GOSUB5340 :NEXTX,, Y
FORY=16TO47STEP8 : FORX=0TO31:F (X, Y) =0:F (X, Y+1) =0:F (X, Y+2) =0
F(X,Y+3)=0:F (X,Y+4)=2:F (X, Y+5)=2:F (X, Y+6) =2:F (X, Y+7) =2:NEXTX, Y
FORY=16TO43STEP2: FORX=14TOL9STEP4 : TFY=20THENY=24FL SETFY=28THENY= 32
IFY=36THENY=40
F(X,Y)=3:F (X,Y+1)=3:F (X+1,Y)=3:F (x+1 Y+1) =3 :NEXTX, ¥ : RETURN
IFOT$="L"THENC=2ELSEC=3
FORY=0TO23STEPS :FORX=0TO3L :F (X, ¥) =C:F (X, Y+1) =C:F (X, ¥+2) =C
GOSUB5340 :NEXTX, ¥
TFOT$="H"THENC=3ELSEC=2
FORY=40TO6 35TEP8 : FORX=0TO31 : GOSUB5340 :NEXTX,, Y
c=0
FORY=24TO39STEPS : FORX=0TO31 : GOSUB5340 .N'EX'I'X,Y
RETURN
C=0 : FORY=0TO63STEP8 : FORX=0TO31 : GOSUB5340 :NEXTX,, Y
RETURN .
F(X,Y)=C:F (X, Y+1)=C:F (X, Y+2) =C:F (X, Y+3) =C:F (X, Y+4) =C
F(X,Y+5)=C:F (X,Y+6)=C:F (X, Y+7) =C:RETURN

REM **** X-PLOT FUNCTION ***
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6010 Al=" 11 1111 1111 2222 2222 2233"
6020 A2=" 0123 4567 8901 2345 6789 0123 4567 8901"
6030 A3="X = FUSE INTACT (L,N,0) - = FUSE BLOWN (#,p,1)"
6040 A4="0 = PHANTOM FUSE (L,N,0) O = PHANTOM FUSE (H,P,1)"

6050 ONERRORGOTO6900

6060 PRINT"ENTER FILENAME (FILENAME/EXT.PASSWORD:D) FOR X-PLOT OUTPUT 2 "

6070 LINEINPUTXS

6080 OPEN"O",1,X$

6090 C—O.A(O)-"X".A(l)-" -":A(2)="0":A(3)="0":CLS : PRINTL (3) : PRINT""
ONERRORGOTO0

6110 FORX=1TO4:PRINT#1,L (X) :NEXTX

6120 PRINT#1,"":PRINT#1,"NUMBER OF FUSES BLOWN =";NB:PRINT#1,""

6130 PRINT:PRINT"NUMBER OF FUSES BLOWN =";NB:PRINT

6140 PRINT#1,Al:PRINT#1,A2:PRINT#1," "

6150 IFC=64THENPRINT#1," ":PRINT#1,A3:PRINT#1,A4:Al1="":A3="":A4="":CLOSE:RETURN
6160 PRINT:PRINTAL:PRINTAZ2:PRINT

6170 FORY=0TO7:GOSUB6200 :NEXTY

6180 PRINT#1," ":PRINT:PRINT"LEGAND:" :PRINTA3:PRINTA4

6190 FORX=0T0800 :NEXTX:CLS :GOT06150

6200 A=" ":FORX=0TO31STEP4:A=A+A (F (X,C))+A (F (X+1,C) ) +A(F (X+2,C) ) +A(F (X+3,C) ) +"
"

6210 NEXTX:PRINTUSING"##";C; : PRINTA

6220 PRINT#1,USING"##";C; :PRINT#1,AS :C=C+1 :RETURN

6900 GOSUB7210:PRINT"INVALID FILENAME" : RESUME6050

7000 REM **%* HEX FUNCTION ***%

7010 A(0)="0":A(1)="1":A(2)="2":A(3)="3":A(4)="4":A(5)="5"

7020 A(6)="6":A(7)="7":A(8)="8":A(9)="9":A(10)="A":A(11)="B"

7030 A(12)="C":A(13)="D":A(14)="E":A(15)="F"

7040 ONERRORGOT07200

7050 PRINT"ENTER FILENAME (FILENAME/EXT.PASSWORD:D) FOR HEX OUTPUT ? "

LINEINPUTXS$
7070 CPEN"O",1,X$
ONERRORGOTOO

7100 PRINT:PRINT"NUMBER OF FUSES BLOWN =";NB:PRINT

7110 PRINT:PRINTL(3) :PRINT :PRINT#1,CHRS (18) ;CHRS (07) ; CHR$(07)
7120 FORX=1TO4:PRINT#1,L (X) :NEXTX

7130 PRINT#1,"" :PRINT#1, "NUMBER OF FUSES BLOWN -"‘NB PRIN'I‘#l "
7140 PRINT#1,CHRS (01) ;CHRS (02) ;

7150 C=-1:FORY=0T039:C=C+1:A="":IFY=8THENY=32

7160 FORX=0TO31

7170 B=(F(X,Y)AND1)+ (2* (F (X,Y+8)AND1) ) + (4* (F (X,Y+16) AND1) ) + (8* (F (X, Y+24) AND1) )
7180 PRINTA (H)+" ";:A=A+A (H)+" ":NEXTX:PRINT:PRINT#1,A:NEXTY
7190 PRINT#1,CHRS (20) ; CHRS (07) :CLOSE :RETURN

7200 GOSUB7210 :PRINT"INVALID FILENAME" : RESUME7040

7210 PRINT"*** ERROR *** _,, ., ":RETURN

8000 REM *** BHIF AND BPNF FUNCI‘IG.\IS hkk

8010 ONERRORGOT08190

8020 PRINT"ENTER FILENAME (FILENAME/EXT.PASSWORD:D) FOR B"'Dl DO; "F QUTPUT ? "
8030 LINEINPUTXS

8040 OPEN"O",1,XS

8050 ONERRORGOTOO

8060 PRINT:PRINTL (3) :PRINT :PRINT#1,CHRS (18) ; CHRS (07) ;CHRS (07)
8070 FORX=1TO4:PRINT#1,L (X) :NEXTX:PRINT#1,CHRS (01) ; CHRS (02)
8080 FORY=0TO39:IFY=8THENY=32

8090 FORX=0TO3l
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8100 PRINT"B"; :PRINT#1,"B";

8110 C=24:G0SUB8170:C=16 :GOSUB8170

8120 C=8:GOSUB8170:C=0:GOSUB8170

8130 PRINT"F ";:PRINT#1,"F ";

8140 IFX=7 ORX=15 ORX=23 ORX=31 THENPRINT"":PRINT%#1," "
8150 NEXTX,Y

8160 PRINT:PRINT#1,CHRS (20) ; CHRS (07) :CLOSE :RETURN

8170 IF (F(X,Y+C)AND1)=0THENPRINTDO; : PRINT#1,D0; : RETURN
8180 PRINTDI;:PRINT#1,Dl;:RETURN

8190 GOSUB7210:PRINT"INVALID FILENAME":RESUMES010

9000 REM *** FOR 16A4 AND 16X4 PALS ONLY ***

9010 IFY<160RY>47THEN2590

9020 IFP=":"THENA1=MIDS$ (A,CN,3)ELSEGOT09060

9030 IFAl=":+:" =4* (INT ( (Y+4) /4)) :GOSUB4410 : CN=CN+3 : GOT03050
9040 IFAl=":*:"THENGOSUB7210:PRINT" :*:” IS USED INSIDE PARENTHESES ONLY" :END
9050 GOSUB7210:PRINT"”";P;"” IS INVALID AS USED IN:":PRINT"#";A:END
9060 N8=CN:N9=INSTR(CN,A,")") : IFN9=0THEN9050

9070 Al=MIDS$ (A,N8,N9-N8+1)

9080 N=VAL (RIGHTS (A1, 2)) : IFN<OORN>3THEN9090ELSE9100
9090 GOSUB7210:PRINT"INVALID EXPRESSION “";Al;"“":END
9100 X=N*4+8

9110 NO=LEN (Al)-3:IFNO>6THENS090

9120 ONNOGOT09130,9150,9170,9180,9200,9250

9130 C=2:GOSUB9300:IFMIDS (Al,2,1)="A"THENC=3ELSEC=0
9140 GOSUB9300:GOT09290

9150 C=1:GOSUB9300:IFMIDS (Al,3,1)="A"THENC=0ELSEC=3
9160 GOSUB9300:GOT09290

9170 AT=Al:GOTO3260

9180 C=2:GOSUB9300:IFINSTR(AL, "+")<>0THEN9290

9190 C=0:GOSUB9300 :C=3:GOSUB9300 : GOT09290

9200 IFINSTR(Al,"+B")<>0THENC=0:GOSUB9300 :GOT09290

9210 IFINSTR(AL,"+/™)<>0THENC=3:GOSUB9300 :GOT09290

9220 C=1:G0SUB9300 :C=2:GOSUB9300

9230 IFINSTR(AL,"*B")<>O0THENC=0:GOSUB9300 : GOT09290

9240 C=3:GOSUB9300 :G0T09290

9250 IFINSTR(AL,"+/")<>0THENC=1:GOSUB9300 :GOT09290

9260 IFINSTR(AL,"+:")<>0THENC=1:GOSUB9300 :C=2:GOSUB9300:GOT09290
9270 C=0:GOSUB9300 :C=3:GOSUB9300

9280 IFINSTR(AL,"*/")<>0THENC=1:G0SUB9300 :GOT09290

9290 CON=CN+NO+3:GOT03050

9300 F(X+C,Y)=0:NB=NB-1:RETURN
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Iintroduction to PAL Applications

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 complete system designs.

Each example is presented as a complete PAL design. The
required logic function is described, the PAL that best solves the

a.2
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Octal Shift Register.......................ooae
4-Bit Shift Register/Comparator
4-Bit Counter with 2 Input Mux
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Memory Mapped Printer ................. ... .. 4-251
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Traffic Signal Controller ...............oiiiiiiiiiiin, 4-285
32-Bit CRC (Cyclical Redundancy Checking) Error Detection. 4-301
8-Bit Error Detection and Correction ..................... 4-329

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 Gates

MMI SUNNYVALE, CALIFORNIA
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B=/A

E = C*D

H=F +G
L=/I+/3+ /K
0 = fMr/N

R = P*/Q + /P*Q

a.4

; INVERTER

;AND GATE

;OR GATE

iNAND GATE

;NOR GATE

; EXCLUSIVE OR GATE
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Basic Gates

FUNCTION TABLE
ABCDEFGHIJKLMNOPG QR

;AB CDE FGH IJKL. MNO POR COMMENTS

LH XXX XXX XXXX XXX XXX TEST INVERTER

HL XXX XXX XXXX XXX XXX TEST INVERTER

XX LLL XXX  XXXX XXX XXX TEST AND GATE

XX LHL XXX  XXXX XXX XXX TEST AND GATE

XX HLL XXX XXXX XXX XXX TEST AND GATE

XX HHH XXX XXXX XXX XXX TEST AND GATE

XX XXX LLL XXXX XXX XXX TEST OR GATE

XX XXX LHH  XXXX XXX XXX TEST OR GATE

XX XXX HLH  XXXX XXX XXX TEST OR GATE

XX XXX HHH XXXX XXX XXX TEST OR GATE

XX XXX XXX LLLH XXX XXX TEST NAND GATE

XX XXX XXX LLHH XXX XXX TEST NAND GATE

XX XXX XXX  LHLH XXX XXX TEST NAND GATE

XX XXX XXX HLLH XXX XXX TEST NAND GATE

XX XXX XXX  HHHL XXX XXX TEST NAND GATE

XX XXX XXX  XXXX LLH XXX TEST NOR GATE

XX XXX XXX  XXXX LHL XXX TEST NOR GATE

XX XXX XXX XXXX HLL XXX TEST NOR GATE

XX XXX XXX XXXX HHL XXX TEST NOR GATE

XX XXX XXX  XXXX XXX LLL TEST EXCLUSIVE OR GATE
XX XXX XXX  XXXX XXX LHH TEST EXCLUSIVE OR GATE
XX XXX XXX XXXX XXX HLH TEST EXCLUSIVE OR GATE
XX XXX XXX XXXX XXX HHL TEST EXCLUSIVE OR GATE

DESCRIPTION

THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT THE BASIC
GATES; INVERTER, AND GATE, OR GATE, NAND GATE, NOR GATE, AND EXCLUSIVE OR
GATE.

THE FUNCTION TABLE EXERCISES ALL INPUTS AND TESTS BASIC FUNCTION PERFORMANCE.
PALASM EXERCISES THE FUNCTION TABLE TO SIMULATE THE BASIC GATES.




BASIC GATES

WOV WNH

10
11
12
13
14
15
16
17
18
19
20
21
22
23

XXXXXXXXXKXXXXXXKHOL
XXXXXXXXXXXXKXXKXXL1L
00XXXXXXXXXXXXXXLXX1
01XXXXXXXXXXXXXXLXX1
10XXXXXXXXXXXXXXLXX1
11 XXXXXXXXXXXXXXHXX1
XX00XXXXXXXXXXXLXXX1
XX01XXXXXXXXXXXHXXX1
XX10XXXXXXXXXXXHXXX1
XX11 XXX XXXXXXXXHXXX1
XXXXXXXX0X00HXXXXXX1
XXXXXXXX0X01HXXXXXX1
XXXXXXXX0X10HXXXXXX1
XXXXXXXX1X00HXXXXXX1
XXXXXXXX1X11LXXXXXX1
XXXX00XXXXXXXXHXXXX1
XXXX01XXXXXXXXLXXXX1
XXXX10XXXXXXXXLXXXX1
XXXX11XXXXXXXXLXXXX1
XXXXXX00XXXXXLXXXXX1
XXXXXX01XXXXXHXXXXX1
XXXXXX10XXXXXHXXXXX1
XXXXXX11XXXXXLXXXXX1

PASS SIMULATION

Basic Gates

BASIC GATES
11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901
e T /A
16 X-X= ==== == == == == mme— e C*D
24— X = e e an | eme deee F
25 —mmm == X= == == == mmee —eee G
32 mmmm ommm = =X =X == e e /M* /N
40 === —== — = =  X=  =X=— -——= P*/Q
41 == === — = = X X - /P*Q
48 ——om —mmm o= mm e e mmem —X=— /I
49 ——mm —mmm == = e em e —eoX /T
50 === =—==m == == == == ==X -——= /K
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN
NUMBER OF FUSES BLOWN = 306
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Basic Gates

012

4567

1213

1617
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24252627 28293031

Logic Diagram PAL12H6
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Basic Clocked Flip-Flops

PAL16R8 PAL DESIGN SPECIFICATION
BFLIP VINCENT COLI 07/19/81
BASIC CLOCKED FLIP-FLOPS

MMI SUNNYVALE, CALIFORNIA

CLK J KTPRCLRD S R GND

/oC /SRC /SRT /DC /DT /TC /TT /JRC /JKT VCC

JKT := J*/JKT*/CLR ;J-K FLIP-FLOP (TRUE)
+ /K* JKT*/CLR ; (JKT = Q)
+ PR ; PRESET Q

JKC := /J* K */PR ;+J-K FLIP-FLOP (COMPLEMENT)
+ /J*/JKT* /PR : (JRC = /Q)
+ K* JKT*/PR :
+ CLR ;CLEAR /Q

TT := T*/TT*/CLR ;T FLIP-FLOP (TRUE)
+ /T* TT*/CLR : (TT = Q)
+ PR ; PRESET 0

TC := /T*/TT*/PR ;T FLIP-FLOP (COMPLEMENT)
+ T* TT*/PR ; (TC = /Q)
+ CLR ;CLEAR /Q

DT := D*/CLR ;D FLIP-FLOP (TRUE) (DT = Q)
+ PR :PRESET 0

DC := /D*/PR ;D FLIP-FLOP (COMPLEMENT) (DC = /Q)
+ CLR ;CLEAR /Q

SRT := S* /CLR ;SET-RESET FLIP-FLOP (TRUE)
+ /R* SRT*/CLR : (SRT = Q)
+ PR ; PRESET Q

SRC := /S* R */PR : SET-RESET FLIP-FLOP (COMPLEMENT)
+ /S*/SRT* /PR : (SRC = /Q)
+ CLR :CLEAR /Q
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Basic Clocked Flip-Flops

FUNCTION TABLE

CLK /OC PR CLR J K JKT JKC T TT TC D DT DC S R SRT SRC

COMMENT

[~
w o
S
1
POQ
g
FNR
[+ ]
[} n
L]
<1
§e e
W8
(o] (o]
a
bz
= Q
(2]
23
Q o
mT/
&
(o] o
2
RE
)]
& o
=l ~N
b8
[ (o]
-
o
M
| e}
n
=1
g B
E g

88
©N

LESEE TSRS

HI-2Z

4

4

X

X

X H X X

TEST J-K FLIP-FLOP

LTSEF TSN

CLEAR

X

X
L
H
H
L
L
H
X
H
L

X
L
L
H
H
L
L
X
H
H

C L L H

C L L L

C L L L

C L L L

TOGGLE

X

X

C L L L

C L L L

C L L L

PRESET

)&
X

C L H L

C L L L

TOGGLE

C L L L

TEST T FLIP-FLOP

COSET TN TS

CLEAR

X

X

X
X
X
X
X

X
X
X
X
X

C L L H

C L L L
C L L L

o
B
£

m

X X
X
X

X

C L L L

C L BH L

E
)
12}
&
Y

X

TEST D FLIP-FLOP

o en en

CLEAR

X

X

X
X
X
X
X

X
X
X
X
X

C L L H

C L L L

C L L L

C L L L

C L H L

PRESET

X

X

TEST S-R FLIP-FLOP

LTS TNRIN

CLEAR

H

X
X
X
X

C L L H X
C L L L

C L L L

X
X
X

SET

RESET

HOLD

H
H
L

L

C L L L

L
H

X
X
X
X

X
X
X
X

C L L L

PRESET

C L H L

C L L L

C L L L
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Basic Clocked Flip-Flops

DESCRIPTION
THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT THE BASIC
FLIP-FLOPS: J-K FLIP-FLOP, T FLIP-FLOP, D FLIP-FLOP, AND S-R FLIP-FLOP.

NEXT STATE TABLE FOR THE BASIC FLIP-FLOPS:

! 1 ! Q=1L 1 Q=H !
! TYPE OF ! ! ! !
! FLIP-FLOP ! INPUT ! Q+ = L ! O+ = H! Q+= L ! O+ = H !
! ! ! ! ! ! !
1 J-K ! J ! L 1 H ! X 1 X !
! ! K ! X ! X ! H [ L !
! ! ! ! -1 ! !
! T ! T ! L ! H ! H ! L !
1 ! ! ! ! 1 !
! D ! D ! L ! H ! L ! H !
! ! ! ! ! ! !
! SET-RESET ! S ! L ! H ! L ! X !
! : ! R ! X ! L ! H ! L !

NOTE THAT A PAL16L8 MAY BE SUBSTITUTED FOR THIS DESIGN. THEN THE CLOCK INPUT
(CLK) WOULD BE GATED WITH THE DATA INPUTS TO IMPLEMENT THE BASIC FLIP-FLOPS.

THE FUNCTION TABLE EXERCISES ALL INPUTS AND TESTS BASIC FUNCTION PERFORMANCE.
PALASM EXERCISES THE FUNCTION TABLE TO SIMULATE THE BASIC CLOCKED FLIP-FLOPS.

PAL16R8
cLK E—DX

AND |
OR
| GATE
ARRAY|

BEEE

1]
b
O

Py
SlE81E1818)8]8]18]

8l
O

%ﬁ@mmmmmm
SiEE
?J

:

3

ol

IMPLEMENTATION OF THE S-R FLIP-FLOP AS A DIVIDE-BY-N COUNTER
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Basic Clocked Flip-Flops

BASIC CLOCKED FLIP-FLOPS

XXXXXKXXXXX12222Z2221
CXXX01XXXX0XXXXXXLH1
CO0X00XXXX0XXXXXXLH1
CO1X00XXXX0XXXXXXLH1
C11X00XXXX0XXXXXXHL1
C10X00XXXX0XXXXXXHL1
CO0X00XXXXOXXXXXXHL1
CO1X00XXXX0XXXXXXLH1
CXXX10XXXXOXXXXXXHL1
| 10 C1l1X00XXXXO0XXXXXXLH1
; 11 C10X00XXXXO0XXXXXXHL1
| 12 CXXX0lXXXXOXXXXLHXX1
13 CXX000XXXXOXXXXLHXX1
14 CXX100XXXXOXXXXHLXX1
; 15 CXX100XXXXO0XXXXLHXX1
| 16 CXXX10XXXXO0XXXXHLXX1
17 CXXX01XXXXOXXLHXXXX1
18 CXXX000XXXO0XXLHXXXX1
| 19 CXXX001XXXOXXHLXXXX1
| 20 CXXX000XXXOXXLHXXXX1
| 21 CXXX10XXXXOXXHLXXXX1
22 CXXX01XXXXOLHXXXXXX1
23 CXXX00X00XOLHXXXXXX1
24 CXXX00X10XOHLXXXXXX1
25 CXXX00X01XOLHXXXXXX1
26 CXXX00X01XOLHXXXXXX1
27 CXXX10XXXXOHLXXXXXX1
28 CXXX00X00XOHLXXXXXX1
29 CXXX00X10XOHLXXXXXX1

W OooJOU bW

PASS SIMULATION
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BASIC CLOCKED FLIP-FLOPS

0
1
2

8
9
10
11

16
17
18

24
25
26

32
33

40
41

48
49
50

56
57
58

0123

X=X~
—-X

X
-XX-
—=X

4567

11
8901

1111
2345

'

" -
. .
S

! G

" S
" 2o,

X——-

X

X=—

X
—X—

LEGEND:

NUMBER OF FUSES BLOWN =

X :

1111
6789

X
=X

Basic Clocked Flip-Flops

2222
0123

2222
4567

-

2233
8901

. -

. S
~X—-

-

J*/JKT* /CLR
/K*JKT* /CLR
PR

/J*K* /PR
/J*/JKT*/PR
K*JKT* /PR
CLR

T*/TT* /CLR
/T*TT*/CLR
PR

/T*/TT* /PR

R

Y
X

Kommm

-

X
XX~

-

FUSE NOT BLOWN (L,N,0)

686

T*TT* /PR
CLR

D*/CLR
PR

/D*/PR
CLR

S*/CLR
/R*SRT* /CLR
PR

X--- /S*R*/PR
-—-- /S*/SRT* /PR
---—- CLR

.
.

FUSE BLOWN

(4,P,1)



Basic Clocked Flip-Flops

Basic Clocked Flip-Flops

Logic Diagram PAL16R8

ok —>—

6123

4567

891011

12131415 16171819 20212223 24252627

282930 31

1 JKC

5

PR -

cR—s

40
a1
a2
a3
aa
45
a6
a1

a8
ag
50

52
53

55

T T T T

i

w P

0123

456 1

89101

12131415 ° 161718119 20212223 24252627

28293031

’i&o_‘zgﬁ:
q 1
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Memory Mapped 170

PAL16L2
a0 [T}— ~ [20] vee
as1[7H [15] ABF
as2 [TH 18] ABE
a3 [T H [17] aBD
AB4 | 5 é‘:lTﬂE E PORTO

s [T]HaRRAY %),,-E FORTH
ass [TH [1c] aBC

40y ' 13] ABB

ass [T H [12] ABA
eno i)l  T——1] amo
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Memory Mapped 1/0

Memory Mapped 1/0
Functional Description

Memory mapped /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 /0O decoding and
enhances the flexibility of the /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 /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
I/O 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 I/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 /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.

PORTO = 1F78
ABF [ {>¢
ABE [>— Dc
ABD > D&
ABc [O—
ABB >
ABA [O—
ABg >
ABs [ PORTO
aB? > {>¢>
ABs >—
ABs [
ABs [>—
AB3 [>—
AB2
AB1 >
ABO [>- 1'>¢>G

MEMORY MAPPED 10

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

ABO-AB1-AB2-AB3 - AB4- AB5 - AB6 - AB7 -

PORT 1 = \B5 - AB6 - AB7 -
' AB8 - AB9- 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 operatlon the PAL enable outputs wm go hlgh whenever one
of .the programmed addresses:matches the address.on the
system memory address bus. Since the PAL fully decodes the

‘addfess, any two 1/O address may be used.

; Conclusmn

The PAL provndes a single ‘chip decoder for use in memory
mapped /O operations. This technique lowers interface parts
counts ‘and allows ‘users an effective’ way' to interface 1/O
devices to the microcgmputer system.

PORT1 = 1F79

/

ABF [>—
ABE >
ABD >
ABC[>-
ABB >
ABA [O>—
ABY >
fe B
PORT1
=G S
aBe [
AB5 >
AB4 >
AB3 [>—
AB2 >
AB1 >
ABO [>

\

-

Px

MEMORY MAPPED 10




Memory Mapped 1/0

PAL16L2 PAL DESIGN SPECIFICATION
MMAP BIRKNER/COLI 06/29/81
MEMORY MAPPED I/O

MMI SUNNYVALE, CALIFORNIA

ABO ABl AB2 AB3 AB4 AB5 AB6 AB7 AB8 GND

AB9 ABA ABB ABC /PORT1 /PORTO ABD ABE ABF VCC

PORTO = /ABO*/ABl1*/AB2* AB3* AB4* ABS5* AB6*/AB7 ;SELECT PORTO
AB8* AB9* ABA *ABB* ABC*/ABD*/ABE*/ABF ; (1F78)

PORTL = ABO*/ABl*/AB2* AB3* AB4* ABS* AB6*/AB7 ;SELECT PORT1
* AB8* AB9* ABA* ABB* ABC*/ABD*/ABE*/ABF ; (1F79)

FUNCTION TABLE

ABF ABE ABD ABC ABB ABA AB9 AB8 AB7 AB6 ABS5 AB4 AB3 AB2 ABl1 ABO /PORT0 /PORTL

3 ———-INPUTS AB~—-- ---OUTPUTS---
;s FEDCBA9876543210 /PORTO0 /PORT1 COMMENTS
LLLLHHHHELHHHHLLL H H TEST 0F78
LLLHHHHLLHHHHLLL H H TEST 1E78
LLLHHHHHHHHHHLLL H H TEST 1FF8
LLLHHHHHLHHHLLLL H H TEST 1F70
LLLHHHHHLHHHHLLL L H TEST 1F78
LLLHHHHHLHHHHLLH H L TEST 1F79
LLLHHHHHLHHHHLHL H H TEST 1F7A
LLLHHHHHHHHHHLLH H H TEST 1FF9
LLLHHHHLLHHHHLLH H H TEST 1E79
LLHHHHHHLHHHHLLH H H TEST 3F79
LLLLLLLLLLLLLLLL H H TEST ALL L'S
HHHHHHHHHHHHHHHH H H TEST ALL H'S
LHLHLHLHLHLHLHLH H H TEST ODD CHECKERBOARD
HLHLHLHLHLHLHLHL H H TEST EVEN CHECKERBOARD
LLHHLLHHLLHHLLHH H H TEST ODD DOUBLE CHECKERBOARD
HHLLHHLLHHLLHHLL H H TEST EVEN DOUBLE CHECKERBOARD
DESCRIPTION

THIS PAL PROVIDES A SINGLE CHIP DECODER FOR USE IN MEMORY MAPPED I/O
OPERATIONS. EQUATION TERMS CAN BE CHANGED TO ACCOMODATE ANY 16-BIT
ADDRESS.

THE PAL WILL MONITOR THE SYSTEM MEMORY ADDRESS BUS AND DECODE THE
SPECIFIED MEMORY ADDRESS WORD (1F78,1F79) TO PRODUCE A PORT ENABLE
PIN FOR PORTO AND PORTIL.
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MEMORY MAPPED I/O

000111101X1110HH0001
000111100X1111HHO001
000111111X1111HHO001
000011101X1111HH0001
000111101X1111HLO0OL
100111101X1111LHO0001
010111101X1111HHO0001
100111111X1111HHO0001
100111100X1111HHO001
10 100111101X1111HH1001
11 000000000X0000HH0001
12 111111111X1111HH1111
13 101010101X0101HH0101
14 010101010X1010HH1011
15 110011001X1001HH1001
16 001100110X0110HHO0111

O oI UL WNH

PASS SIMULATION

MEMORY MAPPED I/O

11 1111 1111
0123 4567 8901 2345 6789

Memory Mapped 170

2222
0123

2222 2233
4567 8901

24 -X-X -X-X X--X X--X X-X- X-X- -XX- X-X- /ABO*/ABl*/AB2*AB3*AB4*AB5*AB6-—
32 -XX- -X-X X--X X--X X-X- X-X- -XX- X~-X- ABO*/ABl*/AB2*AB3*AB4*AB5*AB6*-
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1)

NUMBER OF FUSES BLOWN = 32

A AN



;

Memory Mapped 170

0123

ABO

4567

Memory Mapped 1/0

8 91011 12131415 16171813 20212223 24252627

28293031

Logic Diagram PAL16L2

¥

AB1

& aeF

AB2 3

.

" aee

AB3

;

K aeD

' PORTO

;

AB5

x| a8c

AB6

;

" es

AB7 &

K——— 2 aBa

AB8

;

< aBg

0123

4567

8 9101 12131415 16171819 20212223 24252627

28283031
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Memory Interface Logic for
6800 Microprocessor Bus

PAL10L8

a0 [1] et 20] vee

a2 [7] ] 1] weoeo

a1 [3] :D-»—E WEOE1
Wil [D>-me
e (-
prase 2 [F]Harrav[ "] Do{7] ne
veHase 2 [7] :D»—E;] NC

aw 3] ] >~{5] csopo

s [5] :Do— [17] csopt

GND E L...--_E 1

|

L 1 | ) I | 1 1
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Memory Interface Logic for 6800 Microprocessor Bus

Memory Interface Logic for 6800 Microprocessor Bus

CE

cSoDg

~

(T

(T C

1

(COeeeeeee

pHase2 [ F

vPHASE2 [}

Figure 1

Logic Schematic

PAL10L8

“‘OE—1 hd E Vee
Agp E— E WEOE,
aa BH D—E WEOE,
| [he
A5 15 AND E > 18] CE,
PHASE 2&-—3‘2}3—% NC
V PHASE 2E— :D°—ENC
rw s :D"'WE csop,
s[BH :D»—E csop,
GND E 1] n




Memory Interface Logic for 6800 Microprocessor Bus

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 (Vphase2) 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 general logic equations for the decoder are as follows:

WEOEO = A10- A12- A13- A14- A15- PHASE2: VPHASE2- RW
WEOET = A10- A12- A13- A14- A15- PHASE2- VPHASE2- RW
CSODO = A10- A12- A13- A14- A15- PHASE2

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

CEO = CSODO

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.

PHASE2 _—__/_x
VPHASE2 —/

ADDRESSW

DATA

HIGH = READ

R/W

LOW = WRITE

M.
D

%4

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

PAL10L8 PAL DESIGN SPECIFICATION
MIL BIRKNER/COLI 07/21/81
MEMORY INTERFACE LOGIC FOR 6800 MICROPROCESSOR BUS

MMI SUNNYVALE, CALIFORNIA

Al0 Al2 Al3 Al4 Al5 PHASE2 VPHASE2 RW 9 GND

11 CSODl CSODO NC NC /CEl1l /CEO0 WEOEl WEOEO VCC

/WEOEO = /Al0*/Al12*/Al13* Al4*/Al5* PHASE2* VPHASE2*/RW ;DEC WRITE ENABLE CHIP 0

/WEOELl = Al0*/Al2*/A13* Al4* Al5* PHASE2* VPHASE2*/RW ;DEC WRITE ENABLE CHIP 1

/CSOD0 = /Al0*/Al2*/A13*/Al4*/A15* PHASE2 ;DECODE OUTPUT DISABLE CHIP 0
/CSOD1 = Al0*/Al2*/Al13* Al4*/Al5* PHASE2 ;DECODE OUTPUT DISABLE CHIP 1
CEO = 9 ;ENABLE CHIP 0 (COMPLEMENT OF CSODO)
CEl = 11 ;ENABLE CHIP 1 (COMPLEMENT OF CSOD1)

FUNCTION TABLE

Al0 Al2 Al3 Al4 Al5 PHASE2 VPHASE2 RW 9 11 WEOEO WEOEl /CEO /CEl CSODO CSODl

;ADD BUS

; 11111 PHASE R PINS WRITE-ENABLE CHIP-ENABLE OUTPUT-DISABLE

; 02345 2 V2wW9 1l 0 1 0 1 0 1 COMMENTS
LLLHL H H LHH L H L L H H WRITE EN 0
HLLHH H H LHH H L L L H H WRITE EN 1
LLLLL H X XLH H H H L L H OUTPUT EN 0
HLLHL H X XHL H H L H H L OUTPUT EN 1
LLLHL H H HHH H H L L H H RW=H
HLLHH H H HHH H H L L H H RW=H
XXXXX L X XHH H H L L H H PHASE2=L
LLLHL H L LHH H H L L H H VPHASE2=L
HLLHH H L LHH H H L L H H VPHASE2=L

DESCRIPTION

THIS DEVICE PROVIDES THE INTERFACE LOGIC BETWEEN A 6800 MICROPRESSOR BUS
AND FOUR STATIC 4k MEMORY CHIPS. ADDRESS BUS (A), READ/WRITE (RW), PHASE 2
CLOCK (PHASE2), AND VALID MEMORY ADDRESS (VPHASE2) ARE DECODED TO PRODUCE
THE PROPER WRITE ENABLE (WEOE), CHIP ENABLE (CE), AND OUTPUT DISABLE (CSOD)
SIGNALS FOR MEMORY DATA TRANSFERS.

NOTE THAT /CEO AND /CEl1 ARE THE COMPLEMENTS OF CSODO AND CSODl, RESPECTIVELY.
THESE FUNCTIONS ARE IMPLEMENTED BY THE EXTERNAL CONNECTIONS CSODO TO PIN 9 AND
CSOD1 TO PIN 1l.
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Memory Interface Logic for 6800 Microprocessor Bus

MEMORY INTERFACE LOGIC FOR 6800 MICROPROCESSOR BUS

000101101 X1HHXXLLHL1
100111101X1HHEXXLLLHL
000001 XX0X1HLXXLHHH1
100101XX1X0LHXXHLHH1
000101111X1HHXXLLHH1
100111111X1HHXXLLHH1
XXXXX0XX1X1HHXXLLHHAL
000101001X1HHXXLLHH1
100111001 X1HHXXLL.HH1

WO ULEdWNKF

PASS SIMULATION
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Memory Interface Logic for 6800 Microprocessor Bus

MEMORY INTERFACE LOGIC FOR 6800 MICROPROCESSOR BUS

f

0123

0 -X-X

16 ——--

24 ———-

48 -X-X

56 -XX-

LEGEND:

11 1111 1111 2222 2222

4567 8901 2345 6789 0123 4567
-X X- -X X- X- -X
-X X- X- X- X- -X

-X X- =X X= == -

X : FUSE NOT BLOWN (L,N,O0)

NUMBER OF FUSES BLOWN = 162

4-28

2233
8901

-——= /Al0*/Al2*%/A13*A1l4*/A15*PHASE2-
———= Al0*/A12*/A13*A14*A15%PHASE2*V-
X-—- 9

--X- 11

—-=-— /Al0*/A12*/A13*/A14*/A15*PHASE~

———= A10*/A12%/A13*A14*/A15*PHASE2

- : FUSE BLOWN (H,P,1)



Memory Interface Logic for 6800 Microprocessor Bus

Memory Interface Logic for 6800 Microprocessor Bus Logic Diagram PAL10L8

0123 45 89 1213 117 200 2425 28293031

A10

B—)] Y———" WEOEO

| A12

B=] J——" weoE!

%l“%&

! A13

| . B] >

A14

g

: B—] »——"TH n

A15 2

;

: B—] >o—"NC

“ N

PHASE2 L“W

o B Do e

'PHASE2 _.ﬁ’
\

0 J@:) Yo————— csoDo

0123 45 839 1213 1617 2021 2425 28293031
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Video Logic

PAL20L10

cB2 E—] > 23] vee
css ZH F—17] LK
ces GH 27] B1
ces 4 21] B0
ces [F}- AND 20] LoaD 0
ce? E- Gg?’i 5] LoaD 1
sLko [T}HarRay 18] x
skt [T 7] s ﬂ
o B o
%] n

w1 [
H2 EJ 14] ent

GND E E H4

il
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Video Logic

Functional Description

Many microcomputer systems use a CRT monitor or con-
ventional television rather than a VDU perhaps because of cost
reduction or because a color display is necessary.

The circuit diagram shows all of the TTL chips used on a video
interface board.

The top portion is the color and blanking drive decoding and the
lower is the enable logic for PROMs and registers containing
driving data. The LS03s are open collector drivers and the two
bank drive decoders are wire-ORed using 2k() resistors.

vce
BLK1———— 1503
cB4
LS20
LS03
CB5

cBs— | B> M \

LS03 F\M-‘

LS03 B
G
R
LS03
LS03 LS04
LSO; o BLK
LS04
Do
EN1
—
LS00 LS00
m= LS20
LOAD 1
H1 -
LS03 x 2
H2 LS20 x 1
H4 LS00 x 1
LS04 x 1
5 CHIPS

AND 4 x 2K RESISTORS

PAL Implementation

All of the logic can be put into one PAL20L10, also eliminating
the pull-up resistors. This provides a dramatic reduction in
component count and board size. The wire-OR configuration is
an obvious candidate for PAL implementation, since the logic
function /F = A* B + C ™ D is exactly in the PAL configuration.

PAL20L10
cez2 . 23] vee
CB3 |2 ‘ 23} BLK
cBa |3 JE B1

ces [a _:‘}_‘:r_E BO

ces CH %—E LOAD O

cer [ G%E E:’—E LOAD1,

siko [T1-arrav2o—0e] x

BLk1 [ &]—E B
o3 il e

mBEH P {de
H2 [ :lo—E EN1
anp [iz [_E H4

ONE PAL20L10
WITH 14 INPUTS
AND 8 OQUTPUTS
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PAL20L10

VIDLOG

VIDEO LOGIC
MMI ENGLAND
CB2 CB3 CB4 CB5 CB6 CB7 BLKO BLK1l Gl H1 H2 GND

H4 EN1 R G B X LOAD1 LOADO BO Bl BLK VCC

IF (vce)

IF (VCC)

IF (VCC)

IF (VCC)

IF (VCC)

IF (VCC)

IF (VCC)

IF (VCC)

FUNCTION

CB2 CB3 CB4 CB5 CB6 CB7 BLKO BLK1 Gl H1 H2 H4 Bl BO EN1 R G

/LOADO

/LOAD1

/EN1

/R

/G

/B

/X

/BLK

TABLE

+

+

ogic

/BO* H1* H2* H4

H1* H2* H4*/Bl
H1* H2* H4* B1l* BO

B1* BO

CB4* BLK1
CB2* BLKO

CB5* BLK1
CB3* BLKO

CB6* BLK1
/CB2*/CB3*

CB7* BLK1

BLKO

/G1*/BLK1*/BLKO
/G1*/BLKO*/CB4*/CB5*/CB6*/CB7

Video L

PAL DESIGN SPECIFICATION
HARRY HUGHES 02/18/81

B X LOAD1 LOADO BLK

;CCccce -BLANK- E
; BBBBBB BLK BLK G HHH BB N RGBX LOAD BLK COMMENTS
;234567 0 1 1 124 10 1 1 0
XXXXXX X X X HHH HL X XX XX H L X LOADO
XXXXXX X X X HHH LL X XX XX L L X LOAD1
XXXXXX X X X HHH HH L XXXX L H X LOAD1
XXXXXX X X X LLL HH L XX XX H H X EN1
XXHXXX X H X XXX XX X LXXX X X X R
HXXXXX H X X XXX XX X LXXX X X X R
XXXHXX X H X XXX XX X XLXX X X X G
XHXXXX H X X XXX XX X XLXX X X X G
XXXXHX X H X XXX XX X XXLX X X X B
LLXXXX H X X XXX XX X XXLX X X X B
XXXXXH X H X XXX XX X XX XL X X X X
XXXXXX L L L XXX XX X XX XX X X L BLK
XXLLLL L X L XXX XX X X XXX X X L BLK
DESCRIPTION

THIS PAL REPLACES ALL OF THE TTL LOGIC USED ON A VIDEO DRIVER BOARD (5 ICs)

TOGETHER WITH 4 PULL-UP RESISTORS.
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Video Logic

VIDEO LOGIC

WO ULbdWNH

10
11
12
13

XXXXXXXXX11XIXXXXXHLO1X1
XXXXXXXXX11X1XXXXXLLOOX1
XXXXXXXXX11X1LXXXXLH11X1
XXXXXXXXX00XOLXXXXHH11X1
XXIXXXX IXXXXXXLXXXXXXXX1
IXXXXX1IXXXXXXXLXXXXXXXX1
XXX IXXX IXXXXXXXLXXXXXXX1
XIXXXX IXXXXXXXXLXXXXXXX1
XXXXIXX1XXXXXXXXLXXXXXX1
0OXXXXIXXXXXXXXXLXXXXXX1
XXXXXIXIXXXXXXXXXLXXXXX1
XXXXXX000XXXXXXXXXXXXXL1
XX00000X0XXXXXXXXXXXXXL1

PASS SIMULATION

VIDEC LOGIC
11 1111 1111 2222 2222 2233 3333 3333
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789

0

1 -X~= -X~= =X== ==== === /G1*/BLK1*/BLKO
2 === —X-= —X== =X== =X== =X== =m== =X-= === -——- /G1*/BLKO*/CB4*/CB5*/CB-
24

25 —mmm ———— ——=X X=== X-X- /BO*HL*H2*H4
32

33 == —-X X=-= X-X- H1*H2*H4*/Bl
34 ———m =X -—X- X=—- X-X- H1*H2*H4*B1*B0
40

41 K== mmmm Kmmm mmmem mmme meee CB7*BLK1

48

49 - o e Xemm mmmm mmem Xmmm mmmm e —eee CB6*BLK1

50 -X-X b /CB2* /CB3*BLKO
56

57 —mm= === Xmmm mmmm mmmm mmmm Xmmm mmee mmee —eee CBS5*BLK1

58 X-—- p CB3*BLKO

64

65 ———- X-—- Kmmm mmmm mmmm mmee CB4*BLK1

66 —X- Xmmm CB2*BLKO

72

73 ——mm ==X~ ==X~ B1*B0O

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN  (H,P,1)

NUMBER OF FUSES BLOW = 801
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Video Logic

Video Logic Replacement

Logic Diagram PAL20L10
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. —2' BoO
AL
4 N
CBS <
2 —~
2 20
26 — LOADO
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A
css >3 <
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7 et
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a9 17
N —B
51
8 ™N A
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56
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01 23 a4 5 67 $ 9 0N 12 13 14 15 16.17 1819 202122 23 24 2526 27 28 29 30 3 323334 35 36 37 3839

4-35



4-36



Binary to BCD Converter

PAL16R8
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Binary to BCD Converter

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.

L
- «—]  BINARY DATA
M 11111
co I ot T S
BCD1000 ~ BCD100 BCD10 BCDO

Figure 1. Conceptual Diagram of Binary to BCD Converter

Couleur’s Technique (BIDEC)

In this conversion technique (Ref. 1), the input binary data is
shifted left (starting with the MSB) into the BCD register. The
beauty of this method is that after each clock pulse, the BCD
output contains correct BCD representation for the “relative”
binary data shifted so far. We illustrate the last statement in
Figure 2. ’

Logic Design

The overall conversion problem can be segmented into four-bit
binary blocks. Each block represents one BCD digit and is
expandable by Cyyy and Coyt: The BCD building block, is
shown in Figure 3 as a state machine.

The combinational network can be designed from a “next-state”
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
the LSB.

In equation form:

BCD (next state): = 2+ BCD (present state) + C|N
Of course, if it were binary it will be simply,

Qn: = Qp_4

However, BCD requires some corrections as will be shown
shortly. For simplicity we analyze the three relevent cases:

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

PR

COMBINATIONAL
NETWORK

Cout<+—

__L’s JD: D1 L’o

EDGE-TRIGGERED
REGISTER

[ «——C|N

GISTE l«—————CLOCK
Q3 Q2 Qp
B3 Bz By By

Figure 3, BCD Converter Building Block.

b) BCD (present state): = 5 — 9
then BCD (next state): = 10 — 18 which are not represent-
able in one BCD digit, and a carry out is generated.
e.g. If BCD (present state): = 6
then BCD (next state): = 2 and Coyt = 1

c) If Cjy = 1then itis simply shifted into the LSB of the BCD
digit (the old LSB was shifted left leaving a zero in its
original position).

Thus, regardless of the BCD (present state) value, the
following is true:
BO (next state): = C|y
Truth Table
The preceding discussion is summarized by Tables 1 and 2.
PRESENT NEXT PRESENT NEXT
STATE STATE cout n STATE STATE Cout
B3-Bg B3-Bg B3 B2 B1 Bg|B3 B2 B1 Bg
04 0-8 0 0[00O0O[0 0 OCHN
5-9 0-8 1 1/0 00 1/0 0 1CN| O
10-15 DON'T CARE | DON'T CARE 2 (001 0[(0 1 O0CN| O
3 (001 1]0 1 1C )
Table 1, General Truth Table. 4j0100[10 oc'.: 0
5 101 0 1/0 0 0ocCpn| 1
6 /01 10/0 0 1CN| 1
7101 1 1|0 1 0CN| 1
8 |1 000(0 1 1CN| 1
9 /100 1|1 0o0oCN| 1
10-15 X X X X X

Table 2: Detailed Truth Table.

)
3
?
W
8
>

1 J <e— RELATIVE WEIGHT BEFORE LAST SHIFT

~=— RELATIVE WEIGHT BEFORE 7TH SHIFT

1 ~e— RELATIVE WEIGHT BEFORE 6TH SHIFT

alnfale
~

e RELATIVE WEIGHT BEFORE STH SHIFT

8

a

N
ETFerYy

~e— RELATIVE WEIGHT BEFORE 4TH SHIFT

<— RELATIVE WEIGHT BEFORE 3RD SHIFT

“(nis

<e= RELATIVE WEIGHT BEFORE 2ND SHIFT

CONVERSION REGISTER

~e— RELATIVE WEIGHT BEFORE 1ST SHIFT

3 10’ 10°

~<=— BINARY INPUT

]

©
°

<+— 1 SHIFTED IN

[
I

~— 2 SHIFTED IN

ololo|e
)

~=— 4 SHIFTED IN

olojo|o|=

-— 9 SHIFTED IN

o|lolo|o|=|o

=18 SHIFTED IN

o|ololo|=|o|e

-

<e—36 SHIFTED IN

olo|ojoj=|o|o|=|=|n|s

S SO S S U A W S 3

|
N

’L

|

T

1

alo|=|olo|-

ofala|=
olo|o|a|=
o|s|slolojo|=

1
1

I

olo|o|o|=|olol=

1

I
1o
1 1

PG S N N

<144 SHIFTED IN

|
}
i
T ~<—72 SHIFTED IN
T
1
I

4

Figure 2: Tabular Representation of the Conversion Cycle.
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Binary to BCD Converter

B s CLR vee
80 80 CIN cLK
B2\ 00 [ 0111 | 10 BN 00 01] 11| 10 PALJGRB
ool o |G| Do oo o] o X1\ 1 ——>— 20
oifojolo /1\ otffo o110 Hg ":_{;*E B00
= - vce = : - __
1 x\ x| x "X\ x| x [/ T 13 1 B“'—:, 801 {gcp
H P e 17] sil °
100 1/] 0 [ X \X 10| 1/] o |Xx/N\X 14} 1 17 B02
5 H A‘;“RD {o} o 1s|.-_—m
[
B1:=B3eB2¢B0+B3eB0+B2eB1eB0 B2:=B19B0+B2eB1+B3¢B0 =1 | GATE ::Q] W 57
ARRAY ]
TH Toa} m! BT
1 B1 g —t =" \scp
B3 B3\ B0 E_ FoH> 3 53 [ 10
B2>] 00 [ 01 |11 | 10 B2\J 00 | 01 [ 11 | 10 |
EH FH{ B13
o0jo|of|ofo oo oo |ofo —
’ 0 1] 2¢
o1 [1\ o|o|o o1f o |71 [/ —_l_
1 \x/|/x | X\| x 1l/x \x X = =
10 o N1 | x/| x 1of\1 | 1| x|x
53:=B20§;0;0¢83080 COUT:=B3+B2¢ B0+B2e¢B1
PAL 16R8
CLK \J
Figure 4. Karnaugh Maps —'E"_D_

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
Couyrt 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 CoyuT 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: = Cyy

whereas in later stages the equation is:

(2) BO: = C43+ C12°Cq0 + 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,
CN is grounded and equation (2) holds.

I
J%J

oM ¥ l}&» BCD
C10 E ___L.—;].l {17 100
___&_E_ AND g'
OR 3|
&z prieate
- ARRAY|
c1s |

EEE

E:

fod

o

B2 I —
B e
B [ D
—<1r»T_|'|£_|°_

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

PAL16RS8 PAL DESIGN SPECIFICATION
BBCD S. WASER/V. COLI 09/14/81
BINARY TO BCD CONVERTER

MMI SUNNYVALE, CALIFORNIA

CLK /CLR CIN /C1l0 /C11l /C1l2 /C1l3 NC NC GND

/oc /B13 /B12 /B1l1 /B10 /BO3 /B02 /BOl /BOO VCC

B00 := /CLR* CIN ;s CONVERT B0O (LSB)
+ /CLR* C13
+ /CLR* Cl2* C10
+ /CLR* Cl2* Cl1

BO1 := /CLR*/B03*/B02* B0O ;CONVERT BO1
+ /CLR* B03*/B00
+ /CLR* B02* BO1*/B0O

B02 := /CLR* BOl* BO0O ;s CONVERT BO02
+ /CLR*/B02* B0l
+ /CLR* B03*/B00

BO3 := /CLR* B02*/B01*/B00 - ;CONVERT BO3
+ /CLR* B03* B00

B10 := /CLR* BO03 ;CONVERT B10
+ /CLR* B02* B0O
+ /CLR* B02* BOl

Bll := /CLR*/B13*/B12* B10 ;CONVERT Bl1l
+ /CLR* B13*/B10
+ /CLR* B12* B11*/B10

Bl2 := /CLR* Bll* Bl0 ;CONVERT B12
+ /CLR*/B12* Bll
+ /CLR* B13*/Bl10

B13 := /CLR* B12*/B11*/B10 ;CONVERT B13 (MSB)
+ /CLR* B13* BI10 :
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Binary to BCD Converter

FUNCTION TABLE
CIN C13 Cl2 Cl1 C10 /CLR CLK /OC B1l3 Bl2 Bll Bl10 B0O3 B02 BOl B0O

INPUTS CONTROL  -OUTPUTS-

’

; CARRY / (BCD)
;:C ccee cc/ BBBB BBBB

;I 1111 LLO 1111 0000

sN 3210 RKC 3210 3210 COMMENTS

X XXXX LCL LLLL LLLL CLEAR (0)

H LLLL HCL LLLL LLLH SERIAL INPUT A H (1)

H LLLL HCL LLLL LLHH SERIAL INPUT A H (3)

L LLLL HCL LLLL LHHL SERIAL INPUT A L (6)

H LLLL HCL LLLHE LLEH SERIAL INPUT A H (13)

X XXXX LCL LLLL LLLL CLEAR (0)

H LLLL HCL LLLL LLLH SERIAL INPUT A H (1)

L LLLL HCL LLLL LLHL SERIAL INPUT A L (2)

L LLLL HCL LLLL LHLL SERIAL INPUT A L (4)

L LLLL HCL LLLL HLLL SERIAL INPUT A L (8)

H LLLL HCL LLLH LHHH SERIAL INPUT A H (17)

L LLLL HCL LLHH LHLL SERIAL INPUT A L (34)

L LLLL HCL LHHL HLLL SERIAL INPUT A L (68)

X XXXX LCL LLLL LLLL CLEAR (0)

H LLLL HCL LLLL LLLH SERIAL INPUT A H (1)

L LLLL HCL LLLL LLHL SERIAL INPUT A L (2)

H LLLL HCL LLLL LHLH SERIAL INPUT A H (5)

H LLLL HCL LLLH LLLH SERTAL INPUT A H (11)

L LLLL HCL LLHL LLHL SERIAL INPUT A L (22)

H LLLL HCL LHLL LHLH SERIAL INPUT A H (45)

L LLLL HCL HLLH LLLL SERIAL INPUT A L (90)

X XXXX LCL LLLL LLLL CLEAR REGISTERS TO TEST CASCADABILITY

L HLLH HCL LLLL LLLH SERIAL INPUT A L (178) (TEST BCD 100, 1000)
L LHHH HCL LLLL LLHH SERIAL INPUT A L (360) (TEST BCD 100, 1000)
L LHHL HCL LLLL LHHH SERIAL INPUT A L (720) (TEST BCD 100, 1000)
L LLHL HCL LLLH LHLL SERIAL INPUT A L (1440) (TEST BCD 100, 1000)
L LHLL HCL LLHL HLLL SERIAL INPUT A L (2880) (TEST BCD 100, 1000)
L HLLL HCL LHLHE LHHH SERIAL INPUT A L (5760) (TEST BCD 100, 1000)
X XXXX LCL LLLL LLLL CLEAR (0)

H LLLL HCL LLLL LLLH SERIAL INPUT A H (1)

H LLLL HCL LLLL LLHH SERIAL INPUT A H (3)

H LLLL HCL LLLL LHHH SERIAL INPUT A H (7)

H LLLL HCL LLLH LHLH SERIAL INPUT A H (15)

H LLLL HCL LLEH LLLH SERIAL INPUT A H (31)

H LLLL HCL LHHL LLHH SERIAL INPUT A H (63)

X XXXX LCL LLLL LLLL CLEAR REGISTERS TO TEST CASCADABILITY

L LHHL HCL LLLL LLLH SERIAL INPUT A H (127) (TEST BCD 100, 1000)
L LLHL HCL LLLL LLHL SERIAL INPUT A H (255) (TEST BCD 100, 1000)
L LHLH HCL LLLL LHLH SERIAL INPUT A H (511) (TEST BCD 100, 1000)
L LLLH HCL LLLH LLLL SERIAL INPUT A H (1023) (TEST BCD 100, 1000)
L LLHL HCL LLHEL LLLL SERIAL INPUT A H (2047) (TEST BCD 100, 1000)
L LHLL HCL LHLL LLLL SERIAL INPUT A H (4097) (TEST BCD 100, 1000)
L HLLH HCL HLLL LLLH SERIAL INPUT A H (8196) (TEST BCD 100, 1000)
X XXXX X X H 2222 2222 TEST HI-2
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Binary to BCD Converter

DESCRIPTION

THE FUNCTION OF THIS PAL IS TO CONVERT A SERIAL STREAM OF BINARY DATA
INTO A PARALLEL BCD REPRESENTATION. AFTER EACH CLOCK PULSE, THE BCD
OUTPUT CONTAINS THE CORRECT BCD REPRESENTATION FOR THE RELATIVE BINARY
DATA SHIFTED SO FAR.

THE INPUT BINARY DATA IS SHIFTED LEFT (STARTING WITH THE MSB) INTO THE
BCD REGISTER. THIS TECHNIQUE IS KNOWN AS COULEUR'S TECHNIQUE (BIDEC).

THE COMBITORIAL NETWORK IS DESIGNED FROM THE FOLLOWING NEXT-STATE TABLE:

! PRESENT ! NEXT ! !
! STATE ! STATE ! couTr !
! B3-BO ! B3-BO ! !
! !
! 0-4 ! 0-8 ! 0 !
! 5-9 ! 0-8 ! 1 !
! 10-15 ! X ! X !
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Binary

BINARY TO BCD CONVERTER

W OooJoOWULbd WNH

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

COXXXXXXXX0HHHHHHHHL
C111111 XXXOHHHHHHHLL
C111111XXX0HHEHHHHLLL
101111 XXX0HHHHHLLHL
111111 XXX0HHHLHHELL1
COXXXXXXXX0HHHHEHHHHL
€111111 XXX0HHHHHHEL1
€101111 XXX0HHHHHHLH1
€101111XXX0HHHHHLHHL
C101111XXX0HHHALHHHL
Cl11111XXXOHHHLHLLL1
C101111 XXX0HHLLHLHHL
C101111XXXO0HLLHLHHAHL
COXXXXXXXX0HHHHHHHHL
111111 XXX0HEHHHEHLL
C101111 XXX0HHHHHHLHL
C111111 XXX0HHHHHLHL1
C111111XXXOHHHLHHHL1
101111 XXX0HHLHHHELHL
C111111 XXXOHLHHHLHLL
€101111XXXOLHHLHHHHAL
COXXXXXXXX0HHHEHHHHL
€100110XXX0HHHHHHALL
C100001 XXX0HHHHHHLL1
C101001 XXX0HHHHHLLLL
€101011 XXX0HHALHLHHL
C101101XXX0HHLHLHHHL
Cl01110XXX0HLHLHLLL1
COXXXXXXXX0HHHHEHHHHL
C111111XXX0HHHHHHHLL
C111111XXX0HHHHHHLL1
C111111XXXOHHHHHLLLL
C111111 XXX0HHHLHLHL1
Cl11111XXXOHHLLHHHL1
C111111XXXOHLLHHALLL
COXXXXXXXX0HHEHHHHH1
C101001XXX0HHHEEHHHALL
€101011XXX0HHHHHHALHL
C100101XXX0HHHHHLALL
€100111 XXX0HHHLHHHHL
€101011 XXX0HHLHHHHHL
Cl101101XXX0HLHHHHHHL
C100110XXXOLHHHHHALL
XXXXXXXXXX1ZZ22Z2221

PASS SIMULATION

to BCD Converter
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BINARY TO BCD CONVERTER

Binary to BCD Converter

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

0 X——= X-—— /CLR*CIN

1 X——- =X== ==== —==— /CLR*C13

2 X=== ——== X== ==== === =me= ——ce= —=e—- /CLR*C12*C10

3 X--- -=—= ==== —X== =X== ==== —==e ——== /CLR*C12*Cll

8 X==X ==== —X- --X- /CLR*/B03*/B02*B00

9 X-X= =——— -=—— --=X /CLR*B03*/B00

10 X-X- ---X --=X /CLR*B02*B01*/B00
16 X—-X -—-X /CLR*B01*B00

17 X=—= —==X —=X- /CLR* /B02*B01

18 X=X~ =—== —=== ——=X /CLR*B03*/B00

24 X-X- —X- —=X /CLR*B02*/B01*/B00
25 X=X ==== ==== —==X /CLR*B03*B00

32 X=== === ——= ==X /CLR*B03

33 X—=X ==== -—- X /CLR*B02*B00

34 X-== -—- X ---X /CLR*B02*B01

40 X=-= —=== ——== === ===X ==== —=%- --X- /CLR*/B13*/B12*B10
41 X=== ==== ==m= —me= ==X~ ==== —==— =—=X /CLR*B13*/B10

42 X=== ===~ —m=e ——ee —=X= ===X ===X -—--- /CLR*B12*Bl1*/B10
48 X—== == == mmmm —eX ==X mmmm —eee /CLR*B11*B10

49 X-—- -==X ==X- =-=--- /CLR*/B12*Bll

50 X=== ==== ==== —=e= —=X- —=== ==—= -—=X /CLR*B13*/B10

56 X=—= —== ——=== ==—== —=X- -—X- ---X ---- /CLR*B12*/Bl1l*/B10
57 X=== ==== =m== —=e= ——=X -=== -=—=- ---X /CLR*B13*B1l0
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,l)

NUMBER OF FUSES BLOWN =

664
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Binary to BCD Converter

Binary to BCD Converter Logic Diagram PAL16R8
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Deglitcher

PAL16R4
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PAL16R4
DEGL
DEGLITCHER
MMI FRANCE

CLK Z PRS CLR NC NC NC NC NC GND /OC ES BS NC Y X ZS ZD A VCC

/2S := /PRS*/Z
+ CLR
/X = /PRS*/X*/Y
+ /PRS*/X */7S
+ /PRS* /Y*/ZS
+ CLR
/Y = /PRS*/ZS
+ CLR
IF(VCC) /BS = X + /Y + /28
IF(VCC) /ES = /X + Y + IS
IF(VCC) /A = /PRS*ZD*/BS*/ES
+ /PRS*ZD */A
+ /PRS * BS */A
+ /PRS * ES*/A
+ CLR
IF(VCC) /ZD = /PRS*/A* BS

+ /PRS*/A* ES
+ /PRS*/A*/ZD
+ /PRS*/BS*/ES* /7D

Deglitcher

PAL DESIGN SPECIFICATION
VINCENT LECLERC 03/03/81

;s CLEAR

;CLEAR

;CLEAR

.- ;BEGINNING OF SIGNAL

;END OF SIGNAL

;CLEAR

+Z DETECTED

+ CLR ;CLEAR
FUNCTION TABLE
CLK /OC Z PRS CLR X Y ZS BS ES 2D A ; COMMENTS
Cc L X L H LL L L L LL CLEAR
C L L L L LL L L L LH INITIAL STATE S00
C L H L L LL HL L LH INPUT Z
C L L L L LH L L L LH STATE S00 TO SO01
C L H L L LL HL L LH STATE S01 TO S00
C L H L L LH H H L HH STATE S00 TO SO1
C L L L L HH L L L HL STATE S01 TO Sl1
C L L L L HL L L H HH STATE S11 TO S10
C L L L L LL L L L LH STATE S10 TO S00
C L X H L HH H L L HH PRESET TEST
X H X X X 22 Z X X XX ENABLE TEST
DESCRIPTION

THE SYSTEM DETECTS THE
DISTURBED BY GLITCHES.
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BEGINNING AND THE END OF A SIGNAL WHICH IS




DEGLITCHER

o

H O WU WNH-

CXO01XXXXXXOLLXLLLLL1
COO00XXXXXXOLLXLLLLHL
Cl00XXXXXXOLLXLLHLH1
CO00XXXXXXOLLXHLLLH1
ClO0XXXXXXOLLXLLHLH1
Cl00XXXXXXOLHXHLHHH1
CO00XXXXXXOLLXHHLHL1
COO00XXXXXXOHLXLHLHH1
CO00XXXXXXOLLXLLLLH1
CX10XXXXXXOLLXHHHHH1
XXXXXXXXXX1XXXZZZXX1

PASS SIMULATION

Deglit

cher
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Deglitcher

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

0
1 - -XX- -=-X ==-X /PRS*ZD*/BS*/ES
2 ——-X -XX- /PRS*ZD* /A
3 ==X -X—- -=X- -=—=- /PRS*BS*/A
4 ——-X -X-- -—X- /PRS*ES*/A
L K- CLR
8
9 ——=X =X—- ~=X- -—-- /PRS*/A*BS
10 —-X =X --X- /PRS*/A*ES
11 -—-X -X-X /PRS* /A* /2D
12 ———- -X-X ---X ---X /PRS*/BS*/ES*/ZD
13 === ———- X--- CLR
16 -X— -X— /PRS* /2
17 === ———m X=—m ‘ CLR
24 —=—= =X== ==== ===X ===X ==== ==== —=-— /PRS*/X*/Y
25 —m== =X== ===X —==X - /PRS* /X* /7S
26 === =X== —==X =——= - X ==== === -——= /PRS*/Y*/7S
27 —m== —m—m Xeme CLR
32 ——=m X~ ---X /PRS*/2S
33 ——mm e X CLR
48
e = X
50 R S /Y
3 B X /28
56
57 =mmm == —mmm —==X /X
58 —mXm = e e ¥
59 ———m ———— ——X- zS
LEGEND: X : FUSE NOT BLOWN (L,N,0) ~- : FUSE BLOWN  (H,P,1)

NUMBER OF FUSES BLOWN = 846
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Deglitcher

Deglitcher Logic Diagram PAL16R4

ck —>

4567 8 91011 12131415 16171819 20212223 24252627 28293031
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Electronic Dice Game

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 flip-flops are labeled Q4-Q4 and the inputs are
labeled Dy-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.

ai

— vee
a2 —M—A/w———o
& - 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;

DI=Q1 2 Q3 D2 =Q1Q3 + Q1 Q4

D3 = Q3 D4=T1Qx+ Q1 Q4

These equations satisfy the requirements for one die. By sub-
stituting Q5-Qg for Q1-Q4 and D5-Dg for D1-D4 we have the
following equations;

D5 = Q5 Qs Q7 De = Q5 Q7 + Q5 Qg

D7 =Q7 Dg=Q5Q7 + Q5 Q8

Looking at the Karnaugh 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—]
D1 D [e] ot
S ] at
D2 o af
—cik @ Qa2
D3 D (o] o
—Jclk Gb———a3
D4 b af-
Lok @ Q4
Figure 2
PRESENT STATE NEXT STATE
o P
STATE| Q, | Q3 | @ | oy | by | Dy | D | D
1 0 1 )] [ 0 ] 1 0
2 0 0 1 0 1 1 0 0
3 1 1 0 0 1 0 1 0
4 1 0 1 ] 1 1 1 0
5 1 1 1 0 1 (] 1 1
6 1 0 1 1 0 1 0 0
Table 1
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Electronic Dice Game

a Dy KARNAUGH MAP o D2 KARNAUGH MAP Q D3 KARNAUGH MAP Q1 D4 KARNAUGH MAP
Q3\ Q2 Q3\Qp Q3\Qy Q3\Q2
Qg 00 ] " 10 Q2 00 o1 1 10 Qg 00 o1 1 10 Q4 00 01 1 10
00 X 0 X X 00 X 0 X X 00 /( 1 X X > 00 X 1 X X
o1 X 0 o X o1 X 1 o X 01\ X 1 1 ) o1 X 1 0 X
1 [} /;\ X X 1 1 1 X X 1 0 ] X X 1 1 1 X X
10 0 W X X 10 1 X X X 10 0 X X X 10 0 X X X
Note: X means Don’t Care .
Figure 3
vee
+5V
ROLL o
J
O o—4

v

2N4402

J

Figure 4

1
D Qs
Q5
D Qg J
G
1 1200
° 1200
D Q7 :|
— 2900
a A ryvial)
7 I IN
i i I ] 1200
D Qg ]
Qg
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Electronic Dice Game

However, since this is a synchronous design the clocks of the
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
die is allowed to go through each of the six states incrementing
with each clock. The second die is inhibited from incrementing
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 Qq 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 = Q1 Q2 Q3
Dp=Q;Q3 + Q1 Q4
D3 = Qg

D4 = 61 Q2 + 6‘ Q4
D5 =01 Q5+ Q1 Q5 Q6 Q7
Dg = Q1 Qs + Q1Q5Q7 + Q1 Q5 Qs
D7=Q1Q7 + Q7
Dg = Qy Qg + Q1 Q5 Qg + Q1 Q5 Qg
From these equations the logic diagram can be drawn.
(Figure 4)

Logic Design Using PALs

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
implementation of these equations. Note that the pinout is
chosen to convenience PC board layout which is shown below.

Vee
+5V
ROLL s

—0 O

2N4402 ' ‘ 2N4402

2K

= PAL16RS

1200

I
il

AAA
W

2900

T A

5 Kt s

:{E: | ] 1200

i» 1200 |
jé | I 1200

(]

3 =
i

200

||=~

Applications
Rules for CRAPS

The following is a set of rules that apply whether you are playing
in Las Vegas with dice or at home with a PAL.

The first roll is called the come-out and you win on a 7 or 11 or
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
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
probabilities in 36 throws:

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
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Electronic Dice Game

PAL16R8 PAL DESIGN SPECIFICATION
EDG VETTER/COLI 07/06/81
ELECTRONIC DICE GAME

MMI SUNYVALE, CALIFORNIA

CK INIT NC NC NC NC NC NC NC GND

/0C /95 /Q8 /Q7 /Q6 /Q1 /Q4 /Q3 /Q2 vCC

Q1 := /Ql1* Q2* Q3
+ INIT

02 := /Ql* Q3*/INIT
+ /Ql* Q4*/INIT

Q3 := /Q3*/INIT

04 := /Q1* Q2*/INIT
+ /Ql* Q4*/INIT

Q5 := Q1*/Q5*% Q6* Q7*/INIT
/Q1l* Q5% /INIT

+

Q1*/Q5* Q7*/INIT
Ql*/Q5* Q8*/INIT
/Q1* Q6% /INIT

06

+ o+

Q7 := Ql*/Q7*/INIT

/Q1* Q7% /INIT

+

08 Q1*/Q5* Q6% /INIT
Q1*/05* Q8% /INIT

/Q1* Q8% /INIT

+ + 0
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FUNCTION TABLE

CK /OC INIT /Q1 /Q2 /Q3 /04 /Q5 /Q6 /Q7 /08

; ~CONTROLS- /OUTPUTS COMMENTS
;C / Q0000000  NUMBER DISPLAYED
;K OC INIT 12345678 DIE 2 DIE 1
CL H LHHHHHHH INITIALIZE COUNTER
CL L HHLHHHLH 1 1
CL L HLHHHHLH 2 1
CL L HHLLHHLH 3 1
CL L HLHLHHLH 4 1
CL L HLLLHHLH 5 1
CL L LLHLHHLH 6 1
CL L HHLHHLHH 1 2
CL L HLHHHLHH 2 2
CL L HHLLHLHH 3 2
cCL L HLHLHLHH 4 2
CL L HLLLHLHH 5 2
CL L LLHLHLHH 6 2
CL L HHLHHHLL 1 3
CL L HLHHHHLL 2 3
CL L HHLLHHLL 3 3
CL L HLHLHHLL 4 3
CL L HLLLHHLL 5 3
cCL L LLHLHHLL 6 3
CL L HHLHHLHL 1 4
CL L HLHHHLHL 2 4
CL L HHLLHLHL 3 4
CL L HLHLHLHL 4 4
CL L HLLLHLHL 5 4
CL L LLHLHLHL 6 4
’

CL L HHLHHLLL 1 5
CL L HLBHHLLL 2 5
CL L HHLLHLLL 3 5
CL L HLHLHLLL 4 5
CL L HLLLHLLL 5 5
CL L LLHLHLLL 6 5
’

CL L HHLHLLHL 1 6
CL L HLHHLLHL 2 6
CL L HHLLLLHL 3 6
CL L HLHLLLHL 4 6
CL L HLLLLLHL 5 6
CL L LLHLLLHL 6 6
’

CH X 222222727 TEST HI-Z
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Electronic Dice Game

DESCRIPTION

THE DUAL MODULO-SIX COUNTER INCREMENTS ON THE RISING EDGE OF THE CLOCK (CK).
THE THREE-STATE OUTPUTS ARE HIGH-Z WHEN THE OUTPUT CONTROL LINE (/0C) IS HIGH
AND ENABLED WHEN THE OUTPUT CONTROL LINE (/0C) IS LOW.

THE "INIT" LINE IS NEEDED TO INITIALIZE THE COUNTER SO THAT THE FUNCTION TABLE
SIMULATION COULD BE PERFORMED AND THE PART COULD BE TESTED AT THE TIME OF FAB-
RICATION. THIS LINE AS WELL AS ALL OTHER UNUSED INPUTS SHOULD BE. TIED TO GND.

THERE ARE 36 DIFFERENT STATES TO THE COUNT SEQUENCE. EACH STATE CORRESPONDS
TO ONE OF THE NUMBER COMBINATIONS TO BE DISPLAYED ON THE DICE.

NOTE THAT THE PINOUT IS CHOSEN TO CONVENIENCE PC BOARD LAYOUT.
ELECTRONIC DICE GAME

C1XXXXXXXXOHHHHLHHH1
COXXXXXXXXOHHLHHHLH1
COXXXXXXXXOHHLHHHHL1
COXXXXXXXXOHHLHHLLH1
COXXXXXXXXOHHLHHLHL1
COXXXXXXXXOHHLHHLLL1
COXXXXXXXXOHHLHLLHL1
COXXXXXXXXOHHHLHHLH1
COXXXXXXXXOHHHLHHHL1
10 COXXXXXXXXOHHHLHLLH1
11 COXXXXXXXXOHHHLHLHL1
12 COXXXXXXXXOHHHLHLLL1
13 COXXXXXXXXOHHHLLLHL1
14 COXXXXXXXXOHLLHHHLH1
15 COXXXXXXXXOHLLHHHHL1
16 COXXXXXXXXOHLLHHLLH1
17 COXXXXXXXXOHLLHHLHL1
18 COXXXXXXXXOHLLHHLLL1
19 COXXXXXXXXOHLLHLLHL1
20 COXXXXXXXXOHLHLHHLH1
21 COXXXXXXXXOHLHLHHHL1
22 COXXXXXXXXOHLHLHLLH1
23 COXXXXXXXXOHLHLHLHL1
24 COXXXXXXXXOHLHLHLLL1
25 COXXXXXXXXOHLHLLLHL1
26 COXXXXXXXXOHLLLHHLH1
27 COXXXXXXXXOHLLLHHHLI
28 COXXXXXXXXOHLLLHLLH1
29 COXXXXXXXXOHLLLHLHL1
30 COXXXXXXXXOHLLLHLLL1
31 COXXXXXXXXOHLLLLLHL1
32 COXXXXXXXXOLLHLHHLH1
33 COXXXXXXXXOLLHLHHHL1
34 COXXXXXXXXOLLHLHLLH1
35 COXXXXXXXXOLLHLHLHL1
36 COXXXXXXXXOLLHLHLLL1
37 COXXXXXXXXOLLHLLLHL1
38 CXXXXXXXXX122Z22227Z1

OO U & W

PASS SIMULATION

N —
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Electronic Dice Game

ELECTRONIC DICE GAME

11 1111 1111 2222 2222 2233
0123 45678901 2345 6789 0123 4567 8901

0 ~Xem —m=X —mmm ——X- /Q1*Q3*/INIT

1 =X== =sm= ===X —=%- - : /Q1*Q4*/INIT

8 -X-- —-X- e /Q3*/INIT
16 —X-X === =mme meXw mmos mmme meee —e—e /Q1%Q2% /INIT
17 =X== ==== ==X -=X- ; - /QL*Q4*/INIT

24 ==X ===X =m== —=X= —=-= Zom— ———— ———= /01%Q2%Q3

25 X—-- INIT

32 =X—= === === —cuX ==m= ==X ———= —=X- Q1*/05%Q7*/INIT
33 —X-= =—== mmmm —eoX —mmm mmme e X ==X~ Ql*/Q5%Q8*/INIT
KR e IR /Q1*Q6*/INIT

40 —X-- === =mm= —eoX mmm= ==X~ —=== ——== Ql%*/Q7*/INIT
41 —X—- === cmm= —oem mmmm wmoX —mmm e /Q1*Q7*/INIT

48 —X—- ——== —=== === ==X === ———= —=X- Ql*/Q5%Q6*/INIT
49 ~X-= ==m= mmme meoX e e oo X -=-X- Ql*/Q5%Q8*/INIT
50 —X-= —=== === === =m== ———= ==X —m== /Q1*Q8%/INIT

56 -X-- -~== —=—== —==X —==X -==X -=== -=X- Q1%/Q5*Q6*Q7*/INIT

57 K= —mm= mmmm X mmmm —mme —mme ——=X /QL*Q5*/INIT

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (#,P,1)

NUMBER OF FUSES BLOWN = 490
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Electronic Dice Game Logic Diagram PAL16R8

ck —>

0123 4567 8 91011 12131415 16171819 20212223 24252627 28293031

0 .
'
2
3 19—
2 D Q Q2
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7

D Q &JE

2
25
26
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z D Q e}

—<—
—+——
ié b a @o—”?ﬁ
% > a .
ﬂ—————]
—

15—

Q6

N
&

° a a7

o @ ’&—nﬁ

[
ol

NC i3 » ~<‘ |o—i”6_c

0123 456 7 89101 12131415 16171818 20212223 24252627 28293031
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9-Bit Register

PAL20X10
Nt
cx[[F—>— 21] vee
(oo ZH I ) : 23] o )
o1 GH H oo 77] 1
o2 [aH f bo171] @2
o3s[GH Aolb:‘D —3o«§] a3 :
D'I"IAJ ps[s H é(:% :l-Bo-E Q4 >%‘S’1‘_‘
os [Harmay g1 os
os [iH ~ gos
or[FH g 6] a7
_3
o8 [T - ~{75] as)
o [TH [12] NC

&

ano [ [13] 6
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9-Bit Register

PAL20X10 PAL DESIGN SPECIFICATION
P8125 BIRKNER/COLI 07/19/81
9-BIT REGISTER

MMI SUNNYVALE, CALIFORNIA

CLK DO D1 D2 D3 D4 D5 D6 D7 D8 /LD GND

/OC NC 08 07 06 Q05 Q4 Q3 Q2 Q1 QO vCC

/Q0 := /Q0*/LD ;HOLD QO
+ /DO* LD ;s LOAD DO
/01 := /Ol*/LD ~ ;HOLD 0l
+ /D1* LD ;s LOAD D1
/02 := /Q2*/LD ;HOLD Q2
+ /D2* LD ;LOAD D2
/03 := /03*/LD ;HOLD 03
+ /D3* LD ; LOAD D3
/Q4 := /Q4*/LD ;HOLD 04
+ /D4* LD ;LOAD D4
/05 := /Q5%*/LD ;HOLD Q5
+ /D5* LD ;LOAD D5
/06 := /06*/LD = ;HOLD 06
+ /D6* LD ; LOAD D6
/Q7 := /Q7*/LD sHOLD Q7
+ /D7* LD ;LOAD D7
/08 := /08*/LD ;HOLD 08
+ /D8* LD ;LOAD D8

FUNCTION TABLE

/0C CLK /LD D8 D7 D6 D5 D4 D3 D2 D1 DO Q8 Q7 Q6 Q5 Q04 Q3 02 Q1 QO

i/ C/ DATA IN DATA OUT

;OL L DDDDDDDDD 000000000

;C KD 876543210 876543210 COMMENT

LCL LLLLLLLLL LLLLLLLLL LOAD ALL ZEROS

LCH XXXXXXXXX LLLLLLLLL HOLD ALL. ZEROS

LCL HHHHHHHHH HHHHHHHHH LOAD ALL ONES

LCH XXXXXXXXX HHHHHHHHH HOLD ALL ONES

LCL LHLHLHLHL LHLHLHLHL LOAD EVEN CHECKERBOARD
LCH XXXXXXXXX LHLHLHLHL HOLD EVEN CHECKERBOARD
LCL HLHLHLHLH HLHLHLHLH LOAD ODD CHECKERBOARD
LCH XXXXXXXXX HLHLHLHLH HOLD ODD CHECKERBOARD
HXX XXXXXXXXX 22272272272 TEST HI-Z
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9-Bit Register

DESCRIPTION

THIS 9-BIT REGISTER LOADS THE DATA (D8-D0) ON THE RISING EDGE OF
THE CLOCK (CLK) IF THE LOAD LINE (/LD) IS ASSERTED (LOW ON PIN 11)
AND OTHERWISE HOLDS THE ORIGINAL VALUE.

THE 9-BIT ARCHITECTURE MAKES THIS REGISTER IDEAL FOR PARITY BUS
INTERFACING IN MICROPROGRAMMED SYSTEMS.

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMMARIZED
IN OPERATIONS TABLE:

/0C CLK /LD D8-D0O Q8-Q0 OPERATION

H X X X Z HI-Z
L C H X Q HOLD
L C L D D LOAD

i

9-BIT
REGISTER j«——CLOCK

LOAD ——(O O<«——OUTPUT CONTROL

&

Q

9-BIT REGISTER

C0000000000X0XLLLLLLLLLL
CXXXXXXXXX1X0XLLLLLLLLL1
C1111111110X0XHHHHHHHHH1
CXXXXXXXXX1XO0XHHHHHHHHH1
C0101010100X0XLHLHLHLHL1
CXXXXXXXXX1X0XLHLHLHLHL1
C1010101010X0XHLHLHLHLH1
CXXXXXXXXX1X0XHLHLHLHLH1
XXXXXXXXXXXX1XZ222222Z2Z21

O oWoJOoU b W+

PASS SIMULATION
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9-Bit Register
]

9-BIT REGISTER

11 1111 1111 2222 2222 2233 3333 3333
0123 4567 8901 2345 6789: 0123 4567 8901 2345 6789

o

—moX mmm= mmem mmmm mmme mmmm e —mmm —ee ¥——— /QO*/LD
1 =Xm= == mmmm mmm mmme mmee e mmee —mee =X—— /DO*LD

B e S e X--- /Ql*/LD
———— —Xe— : -X-- /D1*LD

O ©

16 ~—m= —=m= —==X X--- /Q2*/LD
17 mmme —mem SKmm me meee smme mame mmme —ime =K== /D2RLD

24 mmmm e e e X == X--- /Q3*/LD
25 —mmm mmmm e oK me- -X-- /D3*LD

32 ---X X--- /Q4* /LD
33 -X== ==== ==== —=== ———— —¥-- /D4*LD

40 mome e e e e s X —mmm mmmm —mee X--- /Q5%/LD
41 =—m= —omm mmem —mm —mem X—— === ———— ———— —X—- /D5*LD

T R e R X--- /Q6*/LD
49 ~X== === =m== -X-=- /D6*LD

56 mmm= === mmme cmme mmee e cmee o X ---- X--- /07*/LD
57 . --== —X-- -——- -X-- /D7*LD

64 ——mm = mmmm —mme -—=X X--- /08%*/LD
65 ~=== === —m== mmmm mmmm mmme mmee me—m —X—— —X-- /D8*LD

LEGEND: X : FUSE NOT BLOWN (L,N,O0) - : FUSE BLOWN (H,P,1)

NUMBER OF FUSES BLOW = 684
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9-Bit Register

9-Bit Register

ck—>

Logic Diagram PAL20X10
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Multifunction Octal Register

‘PAL20X8 -
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Multifunction Octal Register

PAL20X8 PAL DESIGN SPECIFICATION
74LS380 BIRKNER/KAZMI/BLASCO 02/16/81
MULTIFUNCTION OCTAL REGISTER

MMI SUNNYVALE, CALIFORNIA

CLK /LD DO D1 D2 D3 D4 DS D6 D7 POL GND

/0C /PR Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 /CLR VCC

/Q0 := CLR ;CLEAR

+ /CLR*/PR*/LD*/Q0 ; HOLD

:+: /CLR*/PR* LD* POL*/D0 ;LOAD DO (TRUE)

+ /CLR*/PR* LD*/POL* DO : ;LOAD /DO (COMP)
/Q1 := CLR ;CLEAR

+ /CLR*/PR*/LD*/Ql ; HOLD

:+: /CLR*/PR* LD* POL*/Dl ;LOAD Dl (TRUE)

+ /CLR*/PR* LD*/POL* Dl V ;LOAD /D1 (COMP)
/Q2 := CLR ' ; CLEAR

+° /CLR*/PR*/LD*/Q2 ; HOLD

:+: /CLR*/PR* LD* POL*/D2 ;LOAD D2 (TRUE)

+ /CLR*/PR* LD*/POL* D2 ‘ ;LOAD /D2 (COMP)
/03 := CLR s

+ /CLR*/PR*/LD*/03 , : s HOLD

:+: /CLR*/PR* LD* POL*/D3 ;LOAD D3 (TRUE)

+ /CLR*/PR* LD*/POL* D3 , ;LOAD /D3 (COMP)
/04 3= CLR ;CLEAR

+ /CLR*/PR*/LD*/Q4 s HOLD

:+: /CLR*/PR* LD* POL*/D4 s - ;LOAD D4 (TRUE)

+ /CLR*/PR* LD*/POL* D4 : :LOAD /D4 (COMP)
/@5 := - CLR ;s CLEAR

+ /CLR*/PR*/LD*/Q5 ; BOLD

1+: /CLR*/PR* LD* POL*/DS ;LOAD D5 (TRUE)

+ /CLR*/PR* LD*/POL* D5 ;LOAD /D5 (COMP)
/06 := CLR s CLEAR

+ /CLR*/PR*/LD*/Q6 ; HOLD

:+: /CLR*/PR* LD* POL*/D6 ;LOAD D6 (TRUE)

+ /CLR*/PR* LD*/POL* D6 ;LOAD /D6 (COMP)
/Q7 := CLR ;CLEAR

+ /CLR*/PR*/LD*/Q7 ; HOLD

:+: /CLR*/PR* LD* POL*/D7 ;LOAD D7 (TRUE)

+ /CLR*/PR* LD*/POL* D7 ;LOAD /D7 (COMP)
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Multifunction Octal Register

FUNCTION TABLE
D7 D6 D5 D4 D3 D2 D1 DO /CLR /PR /LD POL CLK /OC Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0

; INPUTS CONTROL OUTPUTS COMMENTS
; D7——-D0 /CLR /PR /LD POL CLK /OC Q7—--Q0

;CLEAR AND PRESET TESTS

HHHHHHHH L L L H ¢ L LLLLLLLL CLEAR (OVERRIDES PRESET/LOAD)
LLLLLLLL H L L H C L HHHHHHHE PRESET (OVERRIDES LOAD)
LLLLLLLL L L L L C€ L LLLLLLLL CLEAR (POL=L)
HHHHHHHH H L L L C L HHHHHHEH PRESET (POL=L)

; LOAD DATA - WALKING ZEROES (TRUE DATA)
HHHHHHHL H H L H C L HHHHHHHL LOAD HEX(FE)
HHHHHHLH H H L H € L HHHHHELH LOAD HEX(FD)
HHHHHLHH H H L H C L HHHHHLHH LOAD HEX(FB)
HHHHLHHH H H L H ¢ L HHHHLHHH LOAD HEX(F7)
HHEHLHHHH H H L H C L HHHLHHHH LOAD HEX(EF)
HHLHHHHH H H L H C L HHLHHHHHE LOAD HEX(DF)
HLHHEHHH H H L H C L HLHHHHHH LOAD HEX(BF)
LHHHHHHH H H L B C L LHHHHHHH LOAD HEX(7F)
HHHHHHHH H H L H C L HHHHHHHH [LOAD HEX(FF)

; LOAD DATA - WALKING ONES (TRUE DATA)
LLLLLLLH H H L H C L LLLLLLLH LOAD HEX(01l)
LLLLLLHL H H L H C L LLLLLLHL LOAD HEX(02)
LLLLLHLL H H L H C L LLLLLHLL LOAD HEX(04)
LLLLHLLL H H L H C L LLLLHLLL LOAD HEX(08)
LLLHELLLL H H L H ¢ L LLLHLLLL LOAD HEX(10)
LLHLLLLL H H L H C L LLHLLLLL LOAD HEX(20)
LHLLLLLL H H L H C L LHLLLLLL LOAD HEX(40)
HLLLLLLL H H L H C L HLLLLLLL LOAD HEX(80)
LLLLLLLL H H L H C L LLLLLLLL LOAD HEX(00)

; LOAD DATA - WALKING ONES (COMP DATA) WITH HOLD TESTS
LLLLLLLL E H H L ¢ L LLLLLLLL HOLD
LLLLLLLL E H L L C L. HHHHHHHH LOAD HEX(00) (COMP)
LLLLLLLL H H H H C L HHHHHHHH HOLD
LLLLLLLH H H L L C L HHHHHHHL LOAD HEX(0l) (COMP)
LLLLLLLL H H H L C L HHHHHHHL = HOLD
LLLLLLHL H H L L C L HHHHHHLHE LOAD HEX(02) (COMP)
HHHHHHHH H H H H C L HHHHHHLH HOLD
LLLLLHLL H H L L C L HHEHHLHH LOAD HEX(04) (COMP)
LLLLLLLL H H H L € L HHHHHLHH HOLD
LLLLHLLL H H L L C L HHHHLHHH LOAD HEX(80) (COMP)
HHHHHHHH H H H H C L HHHHLHHH HOLD
LLLHLLLL H H L L C L HHHLHHHH LOAD HEX(10) (COMP)
LLLLLLLL H H H L C€ L HHHLHHEH HOLD
LLHELLLLL H H L L C L HHLHHHHH LOAD HEX(20) (COMP)
HHHHHHHH H H H H C L HHLHHHHH HOLD -
LHLLLLLL H H L L C L HLHHEHHE LOAD HEX(40) (COMP)
LLLLLLLL H H H L C L HLHHHHEH HOLD
HLLLLLLL H H L L C L LHEHHHHE LOAD HEX(80) (COMP)
HHHHHHHH H H H H C L LHHHHHHH HOLD
LLLLLLLL H H L L C L EHHHHHHHH [LOAD HEX(00) (COMP)
XXXXXXXX X X X X X H 22222222 TEST HI-Z
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Mulitifunction Octal Register

DESCRIPTION

THIS IS AN 8-BIT SYNCHRONOUS REGISTER WITH PARALLEL LOAD, LOAD COMPLEMENT,

PRESET, CLEAR,

AND HOLD CAPABILITIES.

FOUR CONTROL INPUTS (/LD,POL,/CLR,/PR)

PROVIDE ONE OF FOUR OPERATIONS WHICH OCCUR SYNCHRONOUSLY WITH THE CLOCK (CLK).

THE LOAD OPERATION LOADS THE INPUTS (D7-D0) INTO THE OUTPUT REGISTER (Q7-Q0),

WHEN POL=H OR LOADS THE COMPLEMENT OF THE INPUTS WHEN POL=L. THE CLEAR (/CLR)
OPERATION RESETS THE OUTPUT REGISTERS TO ALL LOWS. THE PRESET (/PR) OPERATION
PRESETS THE OUTPUT REGISTERS TO ALL HIGHS.
PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS.

THE HOLD OPERATION HOLDS THE

CLEAR OVERRIDES PRESET, PRESET OVERRIDES LOAD, AND LOAD OVERRIDES HOLD.

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMMARIZED IN THE
OPERATIONS TABLE:

A.79

/oCc CLK /CLR /PR /LD POL D7-DO Q7-00 OPERATION

[ o ol

X X X X X X Z HI-Z
C L X X X X L CLEAR
C H L L X X H PRESET
C H H H X X Q HOLD
C H H L H D D LOAD TRUE
C H H L L D /D LOAD COMP
D
.
POLARITY ———>| MULTIFUNCTION
PRESET —>g  OCTAL  |«——cLock
CLEAR —>0 o<«——OUTPUT CONTROL

Q



Multifunction Octal Register

MULTIFUNCTION OCTAL REGISTER

WO oo UL WN

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

C0111111111X00LLLLLLLLOL
C0000000001X00HHHHHAHAH11
C0000000000X00LLLLLLLLOL
C0111111110X00HHHHHHHH11
C0011111111X01HHHHHHHL11
C0101111111X01HHHHHHLH11
C0110111111X01HHHHHLHH11
C0111011111X01HHHHLHHH11
C0111101111X01HHHLEHHH11
C0111110111X01HHLHHHHH11
C0111111011X01HLEHHHEH11
C0111111101X01LEEHHHEH11
C0111111111X01HHHHHHEH11
C0100000001X01LLLLLLLALL
C0010000001X01LLLLLLELLL
C0001000001X01LLLLLELL1L
C0000100001X01LLLLHLLL11
C0000010001X01LLLELLLL11
C0000001001X01LLELLLLL11
C0000000101X01LHELLLLLL11
C0000000011X01BLLLLLLL1L
C0000000001X01LLLLLLLL11
C1000000000X01LLLLLLLL1L
C0000000000X01 HHHHHHHH11

C1000000001X01HHHHHEHHH11.

C0100000000X01 HEHHHHEHL11
C1000000000X01 HHHHHHEHL11
C0010000000X01 HHHHEHLH11
Cl111111111X01HHHHHHLH11
C0001000000X01 HHEHHLHH11
C1000000000X01 HHHHHLHH11
C0000100000X01 HHHHLHHH11
C1l111111111X01HHHHLHHH11
C0000010000X01 HHHL.HHEH11
C1000000000X01HHHLHHEH11
C0000001000X01 HALHHHHH11
C1111111111X01HHLHHHHH11
C0000000100X01HLEHHHHEH11
C1000000000X01 HLHHHHHH11
C0000000010X01 LHHHEHAHH11
C1111111111X01LHHHHHHH11
C0000000000X01 HHHHHEHH11
XXXXXXXXXXXX1X72222222X1

PASS SIMULATION
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Multifunction Octal Register

MULTIFUNCTION OCTAL REGISTER

11 1111 1111 2222 2222 2233 3333 3333
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789

8 -—-X ‘ CLR

9 X-X- ——=X --X- /CLR*/PR*/LD*/Q0

10 -XX- =X-- X~-X- /CLR*/PR*LD*POL*/D0
11 -XX- X=—- ~XX- /CLR*/PR*LD*/POL*D0
16 ——-X CLR -

17 X-X= ==== —=-X --X~- /CLR*/PR*/LD*/Q1

18 XX~ ==== =X—- X-X- /CLR*/PR*LD*POL*/D1
19 XX~ ==== X=—m -XX- /CLR*/PR*LD*/POL*D1
24 —-X CLR

25 X=X= ==== —mmm —==X --X- /CLR*/PR*/LD*/Q2

26 -XX= =m== ——m— -X-- X-X- /CLR*/PR*LD*POL*/D2
27 XX~ === —mmm X -XX- /CLR*/PR*LD*/POL*D2
32 —-X CLR

33 X=X~ =mm= mmmm —mee —eoX --X- /CLR*/PR*/LD*/Q3

34 XX~ =m== mmm= mmme =X X-%X- /CLR*/PR*LD*POL*/D3
35 =XX~ =m== mmm= mmme K- - -XX- /CLR*/PR*LD*/POL*D3
40 —-X CLR

41 X-X- ~==X ==== ==m= =mm= -=X- /CLR*/PR*/LD*/Q4

42 -xx- -X-- -=-- -—-= ———- X-X- /CLR*/PR*LD*POL*/D4
43 -xx- X=== =m== =m== =—-— -XX- /CLR*/PR*LD*/POL*D4
48 —-X CLR

49 X-X- ~==X ==== ==== --X- /CLR*/PR*/LD*/Q5

50 -XX- -X== =m== ==== X-X- /CLR*/PR*LD*POL*/D5
51 -XX- X=== ==== ==== -XX- /CLR*/PR*LD*/POL*D5
56 -—-X CLR

57 X-X- +mm= ===X =-== --X- /CLR*/PR*/LD*/Q6

58 -XX- -X== ==-- X~-X- /CLR*/PR*LD*POL*/D6
59 -XX- X=== ==== -XX- /CLR*/PR*LD*/POL*D6
64 —-X CLR

65 X-X- ---X. ==X- /CLR*/PR*/LD*/Q7

66 -XX- -X-- ¥~-X- /CLR*/PR*LD*POL*/D7
67 -XX- X--- -XX- /CLR*/PR*LD*/POL*D7"
LEGEND: X : FUSE NOT BLOWN (L,N,0) .- : FUSE BLOWN  (H,P,1)

NUMBER OF FUSES BLOW = 1160
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Multifunction Octal Register

Muiltifunction Octal Register

Logic Diagram PAL20X 8

CLK >

01 23 4 5 6 7 8 9 101 12 131415 16 17 1819 2021 22 23 24 25 26 27 28 29 30 1 32 334 35 36 37 3839
0
1 23 Pr—
2 CLR
3
w*JPs
. 22
L)
" jl;»—— Qo
"
po : ¥
16 21
17
fl;o— Qa1
| —
19 —-x
4 N
D1 —13®
24
2 20
" $o—— Q2
7
5 -
D2 —|
k3
1 B 19
3
35
6 [ -
03 —%
40
@ 18
o :;o— Q4
43
7 ~N
ps —%
a8 17
ag
» 30__ Qs
51
8 k)
ps —
: oo
57 1
o Q6
59
p6 L
64
(1 15 07
66
67
o7 L iy
3
7
” 4
" “ PR
7%
1IN 1 13
PoL ' [y jE—— -<J}— oc
0T 213 45 67 10 11 12 13 1415 1617 1819 w0020 24 25 26 27 28 29 30 32 33 4 35 36 37 38 39
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Multifunction Octal Register

Application

16-Bit Register

16-BIT
DATA BUS

ouT

BUS OUT ENABLE

E
B
@

1}

@

Qo

LD VCLR

211
on—{z1]
{3
o {3
Q7

Q2

POLOCPR

D7

S

or—{z]
az—{21)
03’—*—3
aaf—{8}
as—{1]
oo

Q7

?_E_‘

POLOCPR

D7

[ (o)
7}—oo

i -

==
l-l-“—“—'D1
=
'_sdr——loz
Ny B
I-l D3
| pg
IJ- oL}
'TE—D5
fer

I.‘-E

=

Lo}
-
10
o
E———Ds
Is}—ps
[iv]

L[] ]

16-BIT
DATA BUS

E

A_TR



8-Bit 170 Priority Interrupt
Encoder With Registers

PAL16R4
A4
ek [—>— ] vee
n[ZH Ei——— 19] NC
2[TH :@—E NC
[ H FafBe{1] o1
14 s—A:: "": 16] Q2
GATE
L2 _ARRAYE:B°E~03
s[TH 3«3 a4
r[eH __:E'__] [13] ne
is[sH _:i] [iZ]ne
ano [0 — Lp[n] 5¢
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PAL16R4

8-Bit 170 Priority Encoder with Registers

8BITENC
8-BIT I/0 PRIORITY INTERRUPT ENCODER WITH REGISTERS

MMI
CLK
/0ocC

/01

/Q2

/Q3

/04

SUNNYVALE, CALIFORNIA
Il 12 13 I4 15 16 17 I8 GND
NC NC Q4 Q3 02 Q1 NC NC VCC

2= /I1% 12

+ JI1*/12%/13*% 14

+ /I1*/12*%/13%/14%/I15*% 16 :

+ /IL*/12%/T3%/T4*/15%/16*/17* 18

2= /Il*/12% 13

+ /Il*/12*%/13* 14

+ JIl*/12%/13%/14*/15%/16* 17

+ /I1l*/12%/13%/14*/15%/16%/17* 18

1= /I1*/12*%/13*/14* 15 ;

+ JIL*/12%/13%/14%/I5*% 16

+ /I1*/12%/13*/14%/15%/16* 17 \
+ /I1%/12%/13%/14%/I5%/16%/17* 18

PAL DESIGN SPECIFICATION

VINCENT COLI 06/28/81

:= Il + 12 +’I3 + I4 + I5 + I6 +I7 + 18 ; INTERRUPT FLAG

FUNCTION TABLE

I8 17 16 I5 I4 I3 I2 Il CLK /OC Q4 03 Q2 Q1

;- INPUTS- CONTROL  OUTPUTS = COMMENTS ’
sITITIIINI CLK /OC 0000

187654321 4321

LXXXXXXH (o4 L LHHH Il INTERRUPT (HIGHEST PRIORITY DEVICE)
LXXXXXHL C L LHHL I2 INTERRUPT

LXXXXHLL C L LHLH I3 INTERRUPT

LXXXHLLL C L LHLL I4 INTERRUPT

LXXHLLLL C L LLHH I5 INTERRUPT

LXHLLLLL Cc L LLHL 16 INTERRUPT

LHLLLLLL C L LLLH 17 INTERRUPT

HLLLLLLL C L LLLL I8 INTERRUPT (LOWEST PRIORITY DEVICE)
LLLLLLLL C L HHHH INTERRUPT FLAG

XXXXXXXX X H 2222 TEST HI-Z
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8-Bit 170 Priority Encoder with Registers

DESCRIPTION

THE I/0 PRIORITY INTERRUPT ENCODER PRIORITIZES 8 I/O LINES (Il THRU IS8)
PRODUCING 111 (Q3, Q2, AND Q1 RESPECTIVELY) FOR THE HIGHEST PRIORITY I/O
DEVICE (Il) AND 000 FOR AN INTERRUPT FROM THE LOWEST PRIORITY I/O DEVICE (I8).

OUTPUT Q4 SERVES AS THE INTERRUPT FLAG AND GOES LOW WHEN ANY OF THE 8 I/O
INPUTS GO HIGH.

THE PRIORITY INTERRUPT ENCODER REGISTERS ARE UPDATED ON THE RISING EDGE OF
THE INTERRUPT CLOCK INPUT (CLK). THE 3-STATE OUTPUTS ARE HIGH-Z WHEN THE
OUTPUT CONTROL LINE (/OC) IS LOW.

8-BIT I/O PRIORITY INTERRUPT ENCODER WITH REGISTERS

CLXXXXXXO0XOXXLHHHXX1
COLXXXXX0XOXXLHHLXX1
CO001XXXX0XOXXLHLHXX1
C0001XXX0XOXXLHLLXX1
C00001XX0X0OXXLLHHXX1
C000001X0X0XXLLHLXX1
C00000010X0XXLLLHXX1
C00000001X0XXLLLLXX1
C00000000X0XXHHHHXX1
XXXXXXXXXX1XXZZZZXX1

CwVwoJdJoauUlLd WK

=

PASS SIMULATION
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8-Bit 170 Priority Encoder with Registers

8-BIT I/O PRIORITY INTERRUPT ENCODER WITH REGISTERS

11 1111 1111 2222 2222 2233

0123 4567 8901 2345 6789 0123 4567 8901
16 ~X== X-—m
17 =X== =X== =X-= X-——
18 =X-= -X== =X== =X=m =X== K=m= —mm= ————
19 =X== =X== =X== =X== =X== =X-= -X=-= X---
24 =X== =X== X=—-
25 =K== =X=m =X== X---
26 ~X== =X== =X== =X== =X== =X== Xmmm ———m
27 =X== ~X=m =X== =K== =X== =X== =X= X--m
32 =K== =X== =K== =X== Kemm= —mem mmmm ——ee
33 ~X== =X-= =X== =X== =K== X=mm —mm= —mem
34 =X== ~X== =X== =X== —X== =X=m X=m= ——mm
35 =X== =X== === =X== =X== === =X== K==
40 X——-
41 == Xemm
42 ——mm e p
43 mmmm e e p R
44 Kmmm —mmm mmmm e
45. Kmmm mmmm e
46 b R
47 p O
LEGEND: X : FUSE NOT BLOWN (L,N,0) - :

NUMBER OF FUSES BLOWN = 564

/I1*12

/I1l*/12%/13*14
/Il*/I2%/13*/14*/15%16
JI1*/12%/13%/TI4*/15%/16*/17*18

/I1*/I2*13

/Il*/12%/13*14
/IL*/12%/13%/T4*/I5%/16*17
/Il*/12*/13*%/14*/I5%/16*/17*18

/I1*/I2%/13%/T4*15
JI1l*/12%/I3%/14%/15%16
JI1%/12%/13%/T4%/15%/16*17
JI1*/12%/13%/T4*/15%/16*%/17*18

Il
I2
I3
I4
I5
I6
I7
I8

FUSE BLOWN (#,P,1)
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8-Bit 170 Priority Encoder With Registers

8-Bit 170 Priority Interrupt Encoder with Registers Logic Diagram PAL16R4

ck —>

0123 4567 8 91011 12131415 16171819 20212223 24252627 28293031

NC

e i
B

A

55—

NC

I

1

—<p—+0oc

0123 4567 8 81011 12131415 16171819 20212223 24252627 28293031
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BCD/Hex Counter

PAL20X8

ok [F—— 2e}vee
o 2H i 73] couT2
nex BH L3122 B3
c[aH ' & 21] B2
ci[sH an K 7 20} B1

s [EH xo B [19] 80

-— GATE L]

&3 [ Harravf 118 42
caisH H 92 EM
H0s s & [16] A1 ‘
m= [75] A0
w@| |y taom
ano [i2] Lae{13] 5C
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BCD/Hex Counter

0 5’}; l DrSPLAY
D7 D6 D5 D4 D3 D2 D1 Do 5082
123 7304
— —
Vee vece vce vece
| E ! I Bl || | l &
2 321
MSB PAL20X8 PAL20X8 PAL20X8 PAL20X8 LSB
CoC1C2C3C4C5Cs CoC1C2C3C4Cs5Cg CpC1C2C3C4Cs5Cq " CpC1C2C3C4C5Cq

CLK PROBE
10
™ ok

+5 x5

——AN——O
- HEX
8-BIT
PB
CLR =
TOGGLE
HEX
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BCD/Hex Counter

PAL20X8 PAL DESIGN SPECIFICATION
BHEX SAEED KAZMI 04/28/81
BCD/HEX COUNTER

MMI SUNNYVALE, CALIFORNIA

CK /CLR HEX /CO /Cl1 /C2 /C3 /C4 /C5 /C6 /CIN GND

/0C /COUT1 A0 Al A2 A3 BO Bl B2 B3 /COUT2 VCC

IF (VCC) COUT2 = /CLR*BO*Bl*B2*B3 ;HEX COUNT CARRY OUT
+ /CLR* /HEX*B0*B3 ;BCD COUNT CARRY OUT

/B3 := CLR ;CLEAR

+ /CLR*/B3 ;HOLD, MSB OF STAGE 2

t+:/CLR*CO*C1*C2*C3*C4*C5*C6*CIN*BO*B1*B2 ; INCREMENT

+ /CLR* /HEX*B0*B3 ;CLEAR IF BCD & COUNT=9
/B2 := CLR

+ /CLR*/B2

:+:/CLR*CO*C1*C2*C3*C4*C5%C6*CIN*BO*B1
/Bl := CLR

+ /CLR*/B1

:+:/CLR* HEX*CO*C1*C2*C3*C4*C5*C6*CIN*BO
+ /CLR* /HEX*CO*C1l*C2*C3*C4*C5*C6*CIN*BO*/B3 ;CLEAR IF BCD & COUNT=9

/B0 := CLR
+ /CLR*/B0 ) ;HOLD, LSB OF STAGE 2
:+:/CLR*CO*C1*C2*C3*C4*C5*C6*CIN
/A3 := CLR
+ /CLR*/A3 sHOLD, MSB OF STAGE 1
:+:/CLR*CO*C1*C2*C3*C4*C5*C6*A0*A1*A2
+ /CLR* /HEX*A0*A3 ;CLEAR IF BCD &TCOUNT=9‘
/A2 := CLR
+ /CLR*/A2
:+:/CLR*CO*C1*C2*C3*C4*C5*C6*A0*Al
/Al := CLR
+ /CLR*/Al
:+:/CLR* HEX*CO*C1l*C2*C3*C4*C5*C6*A0
+ /CLR* /HEX*CO*C1*C2*C3*C4*C5*C6*A0*/A3 sCLEAR IF BCD & COUNT=9
/A0 := CLR
+ /CLR*/A0 : ;HOLD, LSB OF STAGE 1
:+:/CLR*CO*C1*C2*C3*C4*C5*C6
IF (VCC) COUT1 = /CLR* HEX*AO*Al1*A2*A3 ;sHEX COUNT, INT. CARRY
+ /CLR*/HEX*A0*A3 ;sBCD COUNT, INT. CARRY
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BCD/Hex Counter

FUNCTION TABLE

HEX CLR CK OC CO C1 C2 C3 C4 C5 C6

COUT2 B3 B2 Bl BO COUT1 A3 A2 Al A0 CIN
HCCOCCCCCCCCBBBBCAAAAC

N

EL
X R

KC01234560321003210T1
U
T
2

COMMENT

- on en on en

XHCHLLLLLLLLLLLLLLLLLL

CLEAR

HOLD, HEX COUNT 00

HEX COUNT 11

XHCHHHHEHHHHHLLLLLLLLLLHE

HLCHHHHHHHHLLLLHLLLLHH

22

HLCHHHHHHHHLLLHLLLLHLH

33

HLCHHHHHHHHLLLHHLLLHHH

44

HLCHHHHHHHHLLHLLLLHLLH

55

HLCHHHHHHHHLLHLHLLHLHH

66
77

HLCHHHHHEHHHLLHHLLLHHLH

HLCHHHHHHHHLLHHHLLHHHH

88
99

HLCHHHHHHHHLHLLLLHLLLH

HLCHHHHHHHHLHLLHLHLLHH

AA

BB
CcC

HLCHHHHHHHHLHLHLLHLHLH

HLCHHHHHHHHLHLHHLHLHHH

HLCHHHHHHHHLHHLLLHHLLH
HLCHHHHHHHHLHHLHLHHLHH

DD
EE
FF

BCD COUNT 00

HLCHHHHHHHHLHHHLLHHHLH

HLCHHHHHHHHHHHHHHHHHHH

HLCHHHHHHHHLLLLLLLLLLH

11
22
33

LLCHHHHHHHHLLLLHLLLLHH

LLCHHHHHHHHLLLHLLLLHLH

LLCHHHHHHHHLLLHHLLLHHH

44
55

LLCHHHHHEHHHLLHLLLLHLLH

LLCHHHEHHHHHHLLHLHLLHLHH

66

LLCHHHHHHHHLLHHLLLHHLH

77

LLCHHHHHHHHLLHHHLLHHHH

88
929
100

LLCHHHHHHHHLHLLLLHLLLH

LLCHHHHHHHEHHLLEHHLLHH

LLCHHHHHHHHLLLLLLLLLLH
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BCD/Hex Counter

DESCRIPTION

FOUR IDENTICALLY PROGRAMMED PALS ARE USED TO DRIVE EIGHT OF HP'S NUMERIC

AND HEX INDICATORS (5082-7340). EACH PAL CONSISTS OF TWO FOUR BIT COUNTERS.
STAGE 1 IS THE LSB AND STAGE 2 IS THE MSB. CARRYOUT OF STAGE 1 IS CALLED
INTERNAL CARRY (COUT1) AND IS FED EXTERNALLY TO STAGE 2. COUT2 IS FED INTO
THE NEXT PAL. CARRYOUT AND INTERNAL CARRYS FROM THE LOWER PAL ARE CONNECTED
TO ALL OF THE HIGHER PALS TO PERFORM THE CARRY LOOK AHEAD OPERATION.

THESE PALS HAVE TESTABILITY BUILT INTO THEM. COUT1 IS CONNECTED TO CIN -
EXTERNALLY AND CAN FORCE COUT1 TO GO HIGH, THUS STAGE 2 MAY START COUNTING
AT THE SAME TIME AS STAGE 1 WHICH REDUCES THE NUMBER OF TEST VECTORS IN THE
FUNCTION TABLE. *

THIS COUNTER OPERATES AT 10 MHz AND CAN PERFORM THE FOLLOWING OPERATIONS:

HEX CLR OPERATION
X H CLEAR
L L COUNT BCD
H L

COUNT HEX

BCD/HEX COUNTER

C0X11111111XOHLLLLLLLLH1
C0X00000000XOHLLLLLLLLHL
C1100000000X0OHHLLLHLLLH1
C1100000000XOHLHLLLHLLHL -
C1100000000XOHHHLLHHLLHL
C1100000000XOHLLELLLHLHL
C1100000000X0OHHLHLHLHLH1
C1100000000X0HLHHLLHHLH1
C1100000000X0OHHHHLHHHLH1
10 C1100000000X0HLLLHLLLHH1
11 C1100000000X0HHLLHHLLHH1
12 C1100000000X0OHLHLHLHLHH1
13 C1100000000X0OHHHLHHHLHH1
14 C1100000000X0HLLHHLLHHH1
15 C1100000000XOHHLHHHLHHH1
16 C1100000000X0HLHHHLHHHH1
17 C1100000000X0L.HHHHHHHHL1
18 C1100000000X0HLLLLLLLLHL
19 C1000000000X0HHLLLHLLLEL
20 C1000000000X0OHLHLLLHLLH1
21 C1000000000X0HHHLLHHLLHL
22 C1000000000XOHLLHLLLHLH1
23 C1000000000X0OHHLHLHLHLH1
24 C1000000000X0HLHHLLHHLH1
25 C1000000000XOHHHHLHHHLH1
26 C1000000000X0HLLLHLLLHH1
27 C1000000000X0LHLLHHLLHL1
28 C1000000000XOHLLLLLLLLHL

OO UdWN -

PASS SIMULATION
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BCD/Hex Counter

e —
BCD/HEX COUNTER

11 1111 1111 2222 2222 2233 3333 3333
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789

0 ; ——

1 X-—- ——X- ==X~ -—X- —-X- /CLR*BO*BL*B2*B3

2 K== —XX= mmmm mmme X /CLR* /HEX*B0O*B3

8 =Xm= === mmm= mmme e CLR

9 X-—- -—- X ———- - : /CLR*/B3

10 X--= ==== ~XX- =XX- -XX- =X-=- =X-= -X-= =X-— =X-— /CLR*CO*CL*C2*C3*C4*C5*-
11 X--- =XK~ ——== —=-= --X- /CLR* /HEX*BO*B3
16 -X-- , : CLR
17 X--- ===~ —=-X -——- /CLR* /B2
18 X—-- —=== —X-— —XX- -XX- =X== ~X== =X== —X-= =X-= /CLR*CO*C1*C2*C3*C4*C5*-
24 -X-- : CLR

25 Xemmm mmm= mmmm mmmX mmmm mmmm mmmm e e o /CLR*/B1

26 X~== X-== =X-= —X-= =XX- =K== =X-= =X=- -X-= ~X=- /CLR*HEX*CO*C1*C2*C3*C4-
27 X--- -X-X -X== —=X-= -XX- -X=- -X-= -X-- -X-- -X-- /CLR*/HEX*CO*CL*C2*C3*C-
32 -X-- —— CLR

33 Remm === mmmm mmem oo X /CLR* /B0

34 X-m- === -X== -X== -X== =X== =X-= =X-= -X-= -X-- /CLR*CO*Cl*C2*C3*C4*C5*-
40 -X-- CLR
41 X--- -—-X /CLR*/A3 .
42 X-m= —=== ~X== === -X-- -X-- -XX- -XX- -XX- -=-= /CLR*CO*CL*C2*C3*C4*C5*-
43 Xem= —Xm= === mmmm == =¥~ =—mm= —m== —=X- -=== /CLR*/HEX*A0*A3
48 -xX-- CLR

49 X--m X mmmm e e /CLR*/A2

50 X-m= ==== =X== =X-= =X-= =X-= -X-- -XX- =XX- -=-= /CLR*CO*C1l*C2*C3*C4*C5*-
56 -X-- CLR

57 X—=m —meX m—— e /CLR*/Al ‘ ‘
58 X-== X=== =X-= —=X== =X-= =X== =X== =X=- -XX- ---- /CLR*HEX*CO*Cl*C2*C3*C4-
59 X=== =X-= =X=— -X-— —X-- -X-X -X-- ~-X-- -XX- ---- /CLR*/HEX*CO*Cl*C2*C3*C-
64 ~X-- CLR

65 X--- -=-X === /CLR*/A0

66 X=== —==—= =K== =K== =X== =X== =X-= —X=— =K== ==—= /CLR*CO*Cl*C2*C3*C4*C5*-
72
73 X=m= X=m= === mmmm mmmm —oX= —=X= ==X~ —=X- ---- /CLR*HEX*AO*A1*A2#A3
74 Xmmm =X== === mmmm mmm= == —m== —mm= ==X~ —==- /CLR*/HEX*AO*A3
LEGEND: X : FUSE NOT BLOWN (L,N,0) =~ : FUSE BLOWN , (H,P,1)

NUMBER OF FUSES BLOW = 1204



BCD/Hex Counter

BCD/HEX Counter

Logic Diagram PAL20X8
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Notes




64k Dynamic RAM
Refresh Controller

PAL20X4
COUNT E 28] vee
a0 [ZH 23] CARRYIN

22 O0

a1 [3]

Mn! ] o1

A3 E—l A‘;I"D X E co

as EH xor FFBe{T] o1
GATE jIed

ao [THarRay -1 e
=]

a0 [EH 3 B{17] c3

A1l E~ =g E 02

REFEN E” m’y EI o3

rowen [ -’y 1] CaRRYOUT
ano [ L<HE oc
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64k Dynamic RAM Refresh Controller

COUNT REFEN ROWEN

REFEN ROWEN| DATA
CcK CAS IN
Ag-A3 > A3-Ag
PAL20X4 l<—WRITE
03-0p NAoA3
Ag-A11 > A11-Ag
65, 536x1
3 /CARRY RAM
2
a CIN
E
@
@ Ay,
REFENROWEN
. /CARRY
> Sk out i
DATA
_TA-/J> A3-Ag ouT
PAL20X4
03-Op

A11-A15 - )JA11-Ag

:

/CARRY
IN

=

a.92



PAL20X4
DYNRAM

64k Dynamic RAM Refresh Controller

64k DYNAMIC RAM REFRESH CONTROLLER
MMI FIELD APPLICATIONS ENGINEER NEWTON, MASSACHUSETTS
COUNT A0 Al A2 A3 A8 A9 Al0 All REFEN ROWEN GND

/0C /CARRYOUT 03 02 C3 C2 C1l CO O1 00 /CARRYIN VCC

IF (VCC)

IF (VCC)

IF (VCC)

IF (VCC)

IF (VCC)

/C0

/Cl

/C2

/C3

/01

/02

/03

CARRYOUT =

Mo+ EER A+ T+

.

+ 4+ + 0

+ + + +

+ + 0

.
H

/C0 .
REFEN* /ROWEN
CARRYIN
REFEN* /ROWEN

/c1 :
REFEN*/ROWEN
CARRYIN* CO
REFEN* /ROWEN

/C2
REFEN*/ROWEN
CARRYIN* CO* Cl
REFEN*/ROWEN

/C3
REFEN* /ROWEN

CARRYIN* CO* C1* C2

REFEN* /ROWEN

/A0* /REFEN* ROWEN
/A8* /REFEN* /ROWEN
/CO0* REFEN* ROWEN

/Al*/REFEN* ROWEN
/A9* /REFEN* /ROWEN
/Cl* REFEN* ROWEN

/A2* /REFEN* ROWEN
/Al0* /REFEN* /ROWEN
/C2* REFEN* ROWEN

/A3* /REFEN* ROWEN
/All* /REFEN* /ROWEN
/C3* REFEN* ROWEN

CARRYIN* CO* Cl* C2* C3

PAL DESIGN SPECIFICATION
MIKE VOLPIGNO 07/15/81

; INCR REF ADDRESS COUNTER
;SET REF COUNTER
3 INCR REF COUNTER
;SET REF COUNTER

; INCR REF COUNTER
s SET REF COUNTER
3 INCR REF COUNTER
;SET REF COUNTER

; INCR REF COUNTER
3 SET REF COUNTER
; INCR REF COUNTER
;SET REF COUNTER

;s INCR REF COUNTER
;SET REF COUNTER
7 INCR REF COUNTER
;SET REF COUNTER

; SELECT LOWER ADDRESS
3 SELECT UPPER ADDRESS
; SELECT REFRESH ADDRESS

7 SELECT LOWER ADDRESS
; SELECT UPPER ADDRESS
; SELECT REFRESH ADDRESS

;SELECT LOWER ADDRESS
s SELECT UPPER ADDRESS
s SELECT REFRESH ADDRESS

7 SELECT LOWER ADDRESS
; SELECT UPPER ADDRESS
; SELECT REFRESH ADDRESS

;CARRY OUT
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FUNCTION TABLE

64k Dynamic RAM Refresh Controller

A0 Al A2 A3 A8 A9 AlO0 All COUNT /OC REFEN ROWEN /CARRYIN /CARRYOUT

03 02 01 00 C3 C2 C1 CO

;s ——DATA- -~CARRIES--
;AAAAAAAA  —---CONTROLS--- / /
H 11 COU / REF ROW CARRY CARRY 0000 CCCC
$32101098 NT OC EN EN IN OuT 3210 3210 COMMENTS
XXXXXXXX C L H L H H HHHH HHHH SET REF CNTR
XXXXLLLL C L L L H H LLLL HHHH UPPER ADDR LOW
XXXXHHHH C L L L H H HHHH HHHH UPPER ADDR HI
LLLLXXXX C L L H H H LLLL HHHH LOWER ADDR LOW
HHHHLLLL C L L H H H HHHH HHHH LOWER ADDR HI
XXXXXXXX C L H H L H LLLL LLLL INCR REF ADDR
XXXXXXXX C L H H L H LLLH LLLH
XXXXXXXX C L H H L H LLHL LLHL
XXXXXXXX C L H H L H LLHH LLHH
XXXXXXXX C L H H L H LHLL LHLL
XXXXXXXX C L H H L H LHLH LHLH
XXXXXXXX C L H H L H LHHL LHHL
XXXXXXXX C L H H L H LHHH LHHH
XXXXXXXX C L H H L H HLLL HLLL
XXXXXXXX C L H H L H HLLH HLLH
XXXXXXXX C L H H L H HLHL HLHL
XXXXXXXX C L H H L H HLHH HLHH
XXXXXXXX C L H H L H HHLL HHLL
XXXXXXXX C L H H L H HHLH HHLH
XXXXXXXX C L H H L H HHHL HHHL
XXXXXXXX C L H H L L HHHH HHHH CARRY OUT
XXXXXXXX X H X X X X XXXX 2227 TEST HI-2
DESCRIPTION

TWO IDENTICALLY PROGRAMMED PAL20X4 CAN PERFORM THE 64k DYNAMIC RAM

REFRESH CONTROL FUNCTION.

EITHER COLUMN OR ROW ADDRESSES TO THE RAM ARE SELECTED DEPENDING
ON ROW ENABLE (ROWEN).

AN ADDRESS COUNTER (C3-CO) IS SELECTED DURING REFRESH WHEN ROW ENABLE

(ROWEN) IS HIGH.

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMMERIZED IN

THE OPERATIONS TABLE:

/OC COUNT REFEN ROWEN 03-00

OPERATION

[l e

[eReNe e N

mom e X

Bomom e X

Z
A3-A0
All-A8
C3-Co
H

HI-Z

SELECT LOW ADDR BITS
SELECT UPPER ADDR BITS
SELECT REFRESH ADDR BITS
SET REFRESH COUNTER

4-94



64k Dynamic RAM Refresh Controller

64k DYNAMIC RAM REFRESH CONTROLLER

CXXXXXXXX10X0HHHHHHHHH11
CXXXX000000X0HLLHHHHLL11
CXXXX111100X0HHHHHHHHH]1
C0000XXXX01 XOHLLHHHHLL11
C1111000001 X0 HHHHHHHHH11
CXXXXXXXX11XOHLLLLLLLLO1
CXXXXXXXX11XOHLLLLLHLHO1
CXXXXXXXX11 XOHLLLLHLHLO1
CXXXXXXXX11 XOHLLLLHHHHO1
10 CXXXXXXXX11XOHLHLHLLLLOl
11 CXXXXXXXX11XOHLHLHLHLHO1
12 CXXXXXXXX11XOHLHELHHLHLO1
13 CXXXXXXXX11XOHLHLHHHHHEO1
14 CXXXXXXXX11XOHHLHLLLLLOl
15 CXXXXXXXX11XOHHLHLLHLHO1
16 CXXXXXXXX11XOHHELHLHLHLO1
17 CXXXXXXXX11XOHHLHLHHHHO1
18 CXXXXXXXX1l XOHHHHHLLLLO1
19 CXXXXXXXX11X0HHHHHLHLHO1
20 CXXXXXXXX11XOHHHHHHLHLO1
21 CXXXXXXXX11X0LHHHHHHHHO1
22 XXXXXXXXXXXX1XXXZZZZXXX1

WO JdAWLEWN -

PASS SIMULATION




64k Dynamic RAM: Refresh Controller

64k DYNAMIC RAM REFRESH CONTROLLER

11 1111 1111 2222 2222 2233 3333 3333
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789

8 mrme rmm— e ————

9 -X-- S S
10 i e o
) X X==m X--m
16
17 === —X-- “X=m K==
18 e s =
19 —mm= mmmm e e e D R Xmmm X
24 —mmm e e —ooX
25 X=== =X--
26 ---X
27 D e
32 -—-X
33 R S .
34 —==X —mmm mmmm —eX-

35 X=mm =X--
40 —mmm mmmm mmmm e e —eeX

41 e
42 ==X mmmm mmmem —eX- —=X-

43 X=mm =X--
48 —mmm e e e e e —eX e e ——
49 e o
50 —==X ==== =m== ==X~ ==X~ -=X-

51 Xmmm =X=m
56 wmm= —mmm ——ee

57 ==== —=== -X-- e
58 X mmmm =Xmm =X
59 m==X mm== mmm= Xmem Xmee
64

65 mmmm mmmm mmmm —Xee D
66 “Xm= =Xmm =Xe-m
67 —m=X mmm= Xmmm Xmee
72

73 ==X === —mmm —=Xm ==Xm === mmXm mmmm mme— e
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN

NUMBER OF FUSES BLOW = 1289
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/AO* /REFEN*ROWEN -
/A8* /REFEN* /ROWEN
/CO*REFEN*ROWEN -

/Al*/REFEN*ROWEN -
/A9* /REFEN* /ROWEN -
/CL*REFEN*ROWEN

/C0 BTN
REFEN*/ROWEN
CARRYIN
REFEN* /ROWEN

/c1 .
REFEN* /ROWEN
CARRYIN*CO
REFEN* /ROWEN

/C2

REFEN* /ROWEN
CARRYIN*CO*C1
REFEN* /ROWEN

/C3

REFEN* /ROWEN
CARRYIN*CO*C1*C2
REFEN* /ROWEN

/A2* /REFEN*ROWEN
/A10*/REFEN* /ROWEN
/C2*REFEN*ROWEN

/A3*/REFEN*ROWEN
/All*/REFEN* /ROWEN
/C3*REFEN*ROWEN

CARRYIN*CO*C1*C2*C3

(H,P,1)



64k Dynamic RAM Refresh Controller

64k Dynamic RAM Refresh Controller Logic Diagram PAL20X4
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Notes




State Counter for
Multiplier/Divider

PAL16R4

12 E__ 17] Q1
NC |5 H 161 Q2
ne [s H 15] Q3
ne [T - 18] Q4
NC | 8 H 131 13
Nc [sH 5 12] 12
GND |10 Lp{n}oc
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State Counter for Multiplier/Divider

Transition Flow Chart Multiplier/Divider

l

X ()X X @
/
~ %Loop 3 times for muitiplication.

*%Loop 6 times for fractional division,
or 7 times for integer division.

(s)
N

State Co_un_ter Ufing PAL16R4 = LK
for Multiplier/Divider P
INSTRUCTION
L »
e
INSTRUCTION | o1\pTING STATE | NEXT STATE
CODE
0,123 0, 8,10 4
4 0.8 10 5
5 0 1
57 8, 10 0
6 0,8 10 1
7 0.8 10 0

Figure 1 Transition Table Multiplier/Divider
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STATUS
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State Counter for Multiplier/Divider

PAL16R4 PAL DESIGN SPECIFICATION
STCNT WILLY VOLDAN 01/27/81
STATE COUNTER FOR MULTIPLIER/DIVIDER

MMI MUNICH GmbH

CLK I0 I1 I2 NC NC NC NC NC GND

/0C 12 13 Q4 03 Q2 Q1 18 19 vCC

IF(VCC) /19 /12*%/11*/10
/I2%/I1* I0
/I2% I1*/10

/I2% I1* 10

+ 4+

IF(VCC) /18 = Ql1* Q2% Q3*/04
+ Ql* Q2* Q3* o4
+ QLl*/Q2* 03*/04
+ /QLl* Q2% o3* o4
+ /Ql*/Q2* Q3* o4
+ /Ql*/Q2* Q3*/04

/04 := Ql* Q2*/Q3*/04
+ Ql*/Q2*/Q3*/04
+ /Q1*/Q2%* Q3* Q4* I2* I1*/I0
+ Ql* Q2%/03* 04
+ /QL* Q2*/Q3* o4
+ QL*/Q2*/Q3* 04
+ /Ql* Q2*/Q3*/04

/03 := 19* 18
+ 18 * T2%/T1%/10

+ /QLl* Q2% Q3* Q4+
+ /QL*/Q2* Q3* Q4%
+ /QL*/Q2* Q3*/Q4*
+ /Ql*/Q2*/Q3* 04
+ /QL*/Q2*/Q3*/Q4
+ /13

/Q2 = /QLl* Q2% Q3* Q4%
+ /QL*/Q2*/Q3* Q4
+ /QL*/Q2*/Q3* /04
+ Ql*/Q2*/Q3*/04
+ /QL*/Q2* Q3* Q4*
+ Ql*/Q2*/Q3* 04
+ /Ql* Q2*/Q3*/Q4

/QL := QL* Q2* Q3*/Q4*
+ Ql*Qz* Q3* Q4*
+ QL* Q2* Q3* o4*
+ QL*/Q2* Q3*/Q4*
+ /QL*/Q2* Q3*/Q4*
+ /Ql* Q2* Q3% Q4*
+ 18 *
+ /12

I2*/11* 10
I2*/I1* 10
I2*/I1* I0

I2* I1*/10

I2* I1*/10

I2* I1*/10
I2*/I1* 10
I2% I1*/10
I2* I1*/10
I2* I1*/10
I2* 11*/10
I2*/I1*/10
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State Counter for Multiplier/Divider

IF(VCC) /13 := Ql* Q2*/Q3* 04
' + /QL* Q2*/Q3* Q4

+ QL*/Q2%/Q3* Q4

+ /Ql* Q2*/Q3*/04

IF(VCC) /12 := /QLl* Q2* Q3* Q4* I2*/Il* IO
+ /QL*/Q2% Q3* Q4* I2*/Il* I0
+ /QL*/Q2% Q3%/Q4* I2*/Il* I0
+ /Q1*/Q2*/Q3* /04
+ /QL*/Q2% Q3% Q4% I2* I1*/I0
+ /QL* Q2*/Q3* 04
+ /Q1* Q2*/Q3*/04

FUNCTION TABLE

/OC CLK I0 I1 I2 12 13 18 19 04 Q03 Q2 Q1

; INST  STATE
;CONTROL IITI 1111 0000
;/0CCLK 012 2389 4321 COMMENTS
L C HHL X XXX HHEH
L C HH XXXX HEHL
L C LHE X XXX HHLL
L C HEH X XXX HHEH
L C HH XXXZX HHHL
L C LHH XXXJX HHLL
L C HEH LXXX HLHL
L C XXX LLXX LLHL
L C XXX XXXX LHH
L C HH XHXX HEHH
H X XXX XXXX 2222 DISABLED
DESCRIPTION

IN MANY SEQUENTIAL CIRCUITS IT IS DESIRABLE TO KNOW THE STATE OF THE
SYSTEM. THIS PAL16R4 APPLICATION IS AN EXAMPLE OF A STATE COUNTER FOR
THE MMI SEQUENTIAL MULTIPLIER/DIVIDER.

THE STATES ARE REPRESENTED BY A FOUR BIT COUNTER WHERE Ql IS THE LEAST
SIGNIFICANT BIT AND Q4 IS THE MOST SIGNIFICANT BIT.

THE NEXT-STATE OF THE COUNTER AND THE MULTIPLIER/DIVIDER IS A FUNCTION
THE PRESENT STATE AND THE INSTRUCTION LINES I2-I0. FOR EXAMPLE IF THE
MACHINE IS AT STATE 0 AND THE INSTRUCTION IS 0,1,2 OR 3 THEN THE NEXT
STATE IS 4 (MULTIPLY INSTRUCTION), IF THE INSTRUCTION IS 5 (DIVIDE
INSTRUCTION), ETC.

4-102



State Counter for Multiplier/Divider

STATE COUNTER FOR MULTIPLIER/DIVIDER

C110 XXXXXX0XXHHHHXX1
C101XXXXXX0XXHHHLXX1
CO11XXXXXXO0XXHHLLXX1
Cl1l1XXXXXX0XXHHHHXX1
Cl01XXXXXXO0XXHHHLXX1
CO11XXXXXX0XXHHLLXX1
C101 XXXXXX0LXHLHLXX1
CXXXXXXXXX0LLLLHLXX1
CXXXXXXXXX0XXLHLHXX1
Cl01XXXXXXO0XHHHHHXX1
XXXXXXXXXX1XXZZZ2ZXX1

HOWVWONAULEWNH

o

PASS SIMULATION

STATE COUNTER FOR MULTIPLIER/DIVIDER
11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

0

1 -X— -X— -X— /12*/I1*/10

2 X=—m —X-= —X-- /12%/11*10

3 =X== X-== =X-- /I2*I1*/10

4 Xmmm Xmm= =X— /I2*I1*10

8

9 mmmm —mm= —mX= ==X~ —=X- ===X =m== ———= QL*Q2%Q3*/04

10 ==== =mmm ==X~ === ==X~ ==X- ===— -——= Q1*Q2%Q3*04

11 === === ==X~ ===X ==X~ ===X ==== ——=— Ql*/02%Q3*/04

12 === === ==X ==X~ ==X~ mmXm == ———- /QLl*Q2*Q3*Q4

13 === === ===} ==X ==~ ==X~ === ———— /Q1*/Q2*Q3*Q4
14 === mmmm —eoX ==X m=X= =—==X === ———— /Q1*/02*03*/04

16 ~X-= X=—= X-X= =X~ ==X~ ===X =—=— ———= QL*Q2%Q3%*/Q4*I2*I1*/I0
17 X——— -X—— X-X— ——X— ——X= =—=X= === ———— QL*Q2%Q3*Q4*I2*/I1*I0
18 ~X— X=== X=X~ ==X= ==X= ==X= === ———— Ql*Q2*Q3*Q4*I2*I1*/I0
19 —X=— X=== X-X= ===X ==X~ ===X =—== ———— Q1*/Q2*Q3*/Q4*I2*I1*/10
20 ~X== X=== X=X ===X ==X~ ===X =—== ——=— /Q1*/02%Q3*%/Q4*I2*I1*/10
21 =X Xm== X==X === ==X~ —=X= =mm— ———— /Ql*Q2*Q3*Q4*I2*I1*/I0
22 -X~— -XX- X——— 18*12%/I1%/10
-—-X /12
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State Counter for Multiplier/Divider

STATE COUNTER FOR

MULTIPLIER/DIVIDER (CONTINUED)

11 1111 1111 2222 2222 2233

0123 4567 8901 2345 6789 0123 4567 8901
24 -X—— X—== X==X ==X~ ==X~ ——X~ ———— ——=— /QL*Q2*Q3*Q4*I2*T1*/I0
25 ——== —mm= ===X ==X ==X —X~ —==— ——=— /Ql*/02%*/03*Q4
26 ——= mm== ===X ==X ==X ==X ———— ———e /QL*/02* /03 * /04
27 === —mmm ==X= ===X ===X ——=X ———= ———— Ql*/Q2*/03*/04
28 —X—— X=—= X==X ===X ==X~ ——X— === -=—— /Ql*/Q2%Q3*Q4*I2*T1*/10
29 ——= mm—m ==X~ ===X ===X =X~ ———— —=—— QL*/Q2%/Q3%*Q4
30 ———= —=== ===X —=X= ==X —=X ———= ——— /QLl*Q2%*/Q3*/04
32 —X- —X- 19+18
33 -X-- -XX- X-— 18*I2%/I1*/10
34 X-—= =X== X==X ==X= ==X- ==X= =——e ———— /Ql*Q2*Q3*Q4*I2*/I1*I0
35 X——— =X~= X==X ==X ==X~ ==X- === ——— /Ql*/Q2*%Q3*Q4*I2%/I1*I0
36 X~== =X== X=X ===X ==X= ===X === ——=— /QLl*/Q2*Q3*/Q4*I2%/I1*I0
37 —mmm mmmm emeX ==X ==X —=X= === ——=— /Ql*/Q2%/03*04
38 ——= ———— e X —==X ===X ——=X =—== ———— /Ql*/Q2%/Q3*/04
39 ——=X ——= /13
40 ———— === ==X~ ==X~ ==X ==X === ———= Q1*Q2%/Q3*/04
4] e —mee =X~ ==X ==X =—=X === ———— Ql*/02*/Q3*/04
42 X~ X=== X==X ==X ==X= ==X= ==== ——=e /Ql*/Q2%Q3*Q4*I2*TI1*/I0
43 —mmm meem —oX~ ==X~ ==X ==X~ ———— QL*Q2*/03*04 :
44 ——mm mmmm comX —=Xm ==X ==X =mm= ———— /QL*Q2%/Q3*Q4
45 —mem —mme —mX= ==X === =X~ ===~ ——=— Ql*/Q2%/Q3*04
46 ——— ———— ——=X —X- —=X —-X ———= —=—— /Q1*Q2%*/03*/04
48
49 ——m= e —oX~ ==X~ ===X —X~ =——=— ———— Q1*Q2%/Q3*04
50 ——== === ==X ==X~ ==X ==X~ ==== ———— /O1*Q2%*/Q3%*04
5] === —mm= ==X~ ==X =——=X =X~ —=—= ———— Ql*/02%/Q3*04
52 —mem —mme ==X —=X~ ===X -==X -=== —=== /Ql*Q2*/03*/Q4
56
57 X——= -X—= X—-X ——X- ——X- ==X= === ———— /Ql*Q2*Q3*Q4*I2%/I1*I0
58 X-—= -X-= X—-X =—=X ==X~ -=X= =—=e= —=—= /Ql*/Q2%Q3*Q4*I2%*/I1*I0
59 X——= -X-—- X—=X ——=X —=X- —==X ——=— —=—= /Ql*/Q2%Q3*/Q4*I2*/I1*I0
60 ~—=m ——me - X ==X ===X ===X ==== —=== /Ql*/Q2%*/Q3* /04
61 —X-— X-—— X—-X ——=X -=X~ ==X= ==== ———=— /Ql*/02*%Q3*Q4*I2*I1*/I0
62 ——== ——== ——=X ==X~ ——=X ——X- =——= ———— /QL*Q2%/03*04
[ - X ——X= ===X ===X ==—= —=—= /Q1*Q2%*/Q3* /04
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1)

NUMBER OF FUSES BLOWN = 1520
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State Counter for Multiplier/Divider Logic Diagram PAL16R4
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ALU/ Accumulator

PAL16A4
ALU

ALU/ACCUMULATOR

MMI SUNNYVALE, CALIFORNIA

CLK I0 Il BO Bl B2 B3 I2 I3 GND
/OC LIO /P A3 A2 Al A0 /G CIN VCC

CARRYO .EQU

CARRY1 .EQU

/I3*/12*/I1* /10 * CIN

PAL DESIGN SPECIFICATION
BIRKNER/COLI 07/15/81

/I3*/12*/I1*/I0 * (AO0*BO)

+ /I3%/I2*%/I1*/10 * (AO0+B0) *CIN

CARRY2 .EQU

*

+ /I3*/12*%/I1*/I0

/I3*/12%/I1* /10 * (A1*Bl)
(Al+Bl) *(A0*B0)

+ /I3*/I2*%/I1*/10 * (Al+Bl) *(A0+BO) *CIN

CARRY3 .EQU  /I3*/I2*/I1*/I0
+ /I3*/12*/11*/10
+ /I3*/I12%/11*/10

+ /13%/I2%/11*/10

* % * *

/A0 :=
+ /I3*%/I2*% 10*(/A0):
+ /I3*/12*% I1*(/BO)
+ /I3*% I2*%/I1*/10%(BO)

t+: /I3% I2*%/I1* 10*(/A0*/BO)-

+ /I3* I2* I1*/I0*/CIN
+ /I3* 12* I1* I0*(/Al)

+  I3%(/A0)
+  CARRY0
/Al = /I3*/I2%/I1%/I0%(Al:*:Bl)

+ /I3*/I2* 1I0*(/Al)

+ /I3*/I2* I1%*(/Bl)

+ /I3* I2*/I1*/I0%*(Bl)

t+: /I3* I2*%/I1* 10*(/Al*/Bl)
+ /I3* I2* I1*/I0%*(/A0)

+ /I3* I2*% Il* 10*(/A2)

+  I3*(/Al)
+ CARRY1
/A2 ;= /13*/12*/11*/10*(Az:*:az)

+ /I3%/I2% I0*(/A2)

+ /I3%/I2*% I1*(/B2)

+ /I3* 12%/I1%/10%(B2)

s+3 /I3* I2*%/I1* I0*(/A2*/B2)
+ /I3* I2*% I1%*/I0%*(/Al)

+ /I3* I2% I1* I0*(/A3)

+  I3%(/A2) ’

+ CARRY2

/I3%/12%/T1*/10% (AQ:*:B0) -

(A2+B2)

(A2+B2) * (AL*B1)

(A2+B2) * (AL+B1) * (A0*B0)
(A2+B2) *(AL+B1) * (AO*BO) *CIN

;A0 PLUS BO v
;sHOLD A0 (A0 AND)
; LOAD BO ( BO )
s LOAD /B0 i

;A0 OR BO

~ 3 SHIFT LEFT A0

$SHIFT RIGHT AQ

';HOLD A0 (LSB)
;A0 PLUS BO PLUS 1

;Al PLUS Bl

;HOLD Al (Al AND)
; LOAD Bl ( Bl )
; LOAD /Bl

+Al OR Bl

; SHIFT LEFT Al
;SHIFT RIGHT Al
;HOLD Al

;Al PLUS Bl PLUS 1

;A2 PLUS B2

;sHOLD A2 (A2 AND)
; LOAD B2 ( B2 )
;:LOAD /B2

;A2 OR B2

;s SHIFT LEFT A2

;s SHIFT RIGHT A2
sHOLD A2

;A2 PLUS B2 PLUS 1
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/A3 := /I3*/I2%/I1%/I0*(A3:*:B3) ;A3 PLUS B3
+ /I3%/12* 10*(/A3) ;HOLD A3 (A3 AND)
+ /I3%/12*% I1*(/B3) ;LOAD B3 ( B3 )
+ /I3* I2*/I1%/I0*(B3) ;LOAD /B3
t+: /I3*% I2*%/I1* I0*(/A3*/B3) ;A3 OR B3
+ /I3% I2*% I1*/I0%(/A2) s SHIFT LEFT A3
+ /I3* I2* Il* I0*/LIO ;SHIFT RIGHT A3
+ I3%(/A3) sHOLD A3 (MSB)
+ CARRY3 ;A3 PLUS B3 PLUS 1
IF(VCC) G = /I3*/12*%/I1*/I0 * (A3*B3)
+ /I3*/I2*%/I1*/I0 * (A3+B3) *(A2*B2)
+ /I3*/12%/I1*/I0 * (A3+B3) *(A2+B2) *(A1*Bl)
+ JI3%/I2%/I1*/I0 * (A3+B3) *(A2+B2) * (Al1+Bl) * (A0*B0)
IF(VCC) P /I3*/12*/11*/10 (A3+B3) * (A2+B2) * (AL+Bl) * (A0+B0)

*
/I3%/12*%/I1* 10 * (/A3)*(/A2)*(/Al) *(/A0)
/I3*/12% I1*/10 * (/B3)*(/B2) *(/Bl) *(/B0)
/I3*/12% I1* 10 * (/A3+/B3) *(/A2+/B2) *(/Al+/Bl) *(/A0+/B0)
/I3* 12%/I1* 10 * (/A3*/B3)*(/A2*/B2) *(/Al*/Bl) *(/A0*/BO0)
/I3* I2*% I1*/I0 * (/A2)*(/Al) *(/A0O) */CIN
/I3* I2% I1* I0 * /LIO*(/A3)*(/A2)*(/Al)

+ A+

IF (/I3* I2* 11*/10) /LIO = (/A3) ;SHIFT LEFT OUT

IF (/13* 12* 11* 10) /CIN = (/AO) s SHIFT RIGHT OUT

DESCRIPTION

THE ALU ACCUMULATOR LOADS THE A-REGISTER WITH ONE OF EIGHT OPERANDS ON
THE RISING EDGE OF THE CLOCK. G AND P OUTPUT GENERATE AND PROPAGATE

ON THE ADD INSTRUCTION. P OUTPUTS OP = ZERO ON INSTRUCTIONS 1,2,3,5,6,7.

OPERATIONS TABLE:

/0C CLK I3 I2 I1 10 LIO CIN A3-A0 OPERATION

H X X X X X X X 4 HI-Z A=

L c L L L L X L A PLUS B ADD A:=A PLUS B
L Cc L L L L X '"H APLBPL1 ADD A:=A PLUS B PLUS 1
L C L L L H X X A HOLD :=

L c L L H L X X B LOAD A:=B

L C L L H H X X A AND B AND A:=A*B

L Cc L H L L X X /B LOAD COMP  A:=/B

L C L H L H X X AORB OR A:=A+B

L C L H H L X LI SL(A) SHIFT LEFT

L Cc L H H H RI X SR(A) SHIFT RIGHT

L Cc H X X X X X A HOLD A:=A
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ALU/ACCUMULATOR

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

0 X--- X-—- X-—= =X-- /I3*I2*I1*I0
1 - - XX-- /A0
.

9 —X== =X== ==== —=== ==-= X-XX -X-- -X-- /I3*%/I2%/I1*/I0*A3*B3
10 -X-= =X== ==== —=== X-XX ==X~ -X-- -X-- /I3*/I2%/I1%/I0*A3+B3*A2*B2
11 -X== =X== ==== X-XX ==X- ==X~ =X-- -X-- /I3%*/I2*/I1%/I0*A3+B3*A2+B2*Al-
12 -X-= =X-= X~XX ==X~ ==X- ==X- -X-- -X-- /I3%*/I2%/I1*/I0*A3+B3*A2+B2*Al-
16 =X== =X== X==X ==== ==== —m== —X-= —X-- /I3%*/I2%/I1%*/I0*A0:*:B0
17 Xe== ==== XX== ==== === —om= —X-= —X-- /I3*/I2*I0*/A0
18 === X=== =X=X ==== === —mm= —X-= -X-- /I3*/I2*I1*/B0
19 =X-== =X-= X=X= ==== —=== === X=m= -X-- /I3*I2%/I1*/I0*BO
20 X-—= =X== XX-X =m== —m== —mm= X=—= -X-- /I3*I2%/I1*I0*/A0*/B0

21 -X-X X--- X=-= =X-=- /I3*I2*I1*/I0*/CIN
22 X-== X=== ==== XX== =mm= —m== X=—- -X-- /I3*I2*I1*I0*/Al
23 === —mmm XX-- X—=- I3*/R0

24 =X-= =X== =m== X==X ==== ==== =X== =X-=- /I3%/I2%/I1%/I0*Al:*:Bl
25 X=m= === =mm= XX== —mm= =mm= =X== =X=— /I3%/I2*I0*/Al

26 ——== X=== === -X~-X ——== ===— —X-= -X-- /I3%*/I2*I1*/Bl

27 =X== =X== ==== X=X= =m== ==== X=== -X-- /I3*I2%/I1*/I0*Bl

28 Xm== =X== =m== XX~X =m== ——m- X=-= =X-- /I3*I2%/I1*I0*/Al*/Bl
29 ~X-= X=== XX== ==== === =m== X-—= -X-— /I3*I2*I1%*/I0*/A0

30 X=== Xm=m ——m= ———— XK== === X=== =X-- /I3*I2*I1*I0*/A2

31 == —mm e XX== === mm== mmme X=—= I3%/A1

32 =X-= =X== =m== === X==X =m== =X== -X-- /I3%/I2%/I1%*/I0*A2:*:B2
33 Xmm= =mm= mmmm mmem XX== mm== =X== =X-- /I3%*/I2*I0%/A2

34 mmo= X=m= === mmem —X~X =m== =X== -X-- /I3%/I2*I1*/B2

35 =X== =X== ==== ==== X=X= —=== X-== -X-- /I3*I2*%/I1*/I0*B2

36 X=m= =X-= ==== ==== XX=X ==== X-—- =X-- /I3*I2%/I1*I0*/A2%*/B2

37 -X-m Xmmm ——ee X mmi Ll X-—= -X-— /I3*I2*I1*/I0*/Al

38 X=m= Xmm= =m== =m=m =mm= XX== X==- -X-- /I3*I2*I1*I0*/A3

39 XX== —m== —mm= X-—= I3*/A2

40 =X-= -X== ——== ==== === X==X =X-- -X-- /I3%/I2%/I1%/I0*A3:*:B3
41 X--- XX-- -X-- -X-- /I3%/I2*I0*/A3

42 —mmm Xmm= —oom —mmm —meo —X-X -X-- =X-— /I3%/I2*I1*/B3

43 =X-= =X== =m== —m== ———= X=X~ X--- =X-- /I3*I2%/I1*/I0*B3
44 X-m= -X== === —m== ——-= XX-X X-—- -X-- /I3*I2%/I1*I0*/A3*/B3
45 K== X==m ==== —m== XX== =—=== X-—= -X-- /I3*I2*I1*/I0%*/A2

46 X-== X——m X-=- -X-X /I3*I2*I1*I0*/LIO
47 XX== ==== X--- I3*/A3
48

49 -X-- -X~= —X- ==X~ ==X~ —=X- -X-- -X-- /I3*/I2%/I1*/I0*A3+B3*A2+B2*Al-
50 X—-— -X-= XX-— XX-= XX-- XX-— -X-- -X-- /I3*/I2%/I1*I0*/A3*/A2*/Al*/A0
51 -X—— X--- -X-X -X-X -X-X -X-X -X-- -X-- /I3*/I2*I1*/I0*/B3*/B2*/Bl*/B0
52 X-—= X=== =X-= -X-= -X-- -X-— -X-— -X-— /I3*/I2*I1*I0*/A3+/B3*/A2+/B2*-
53 X=—= =X== XX-X XX-X XX~X XX=X X-== =X-- /I3*I2%/I1*10%*/A3*/B3*/A2%/B2%*-
54 -X-X X--- XX-- XX-- XX-— —-—= X——- -X-— /I3*I2*I1*/I0*/A2*/Al*/A0*/CIN
55 X-—= X-=— —=-= XX-- XX-- XX-— X-—— -X-X /I3*I2*I1*I0*/LIO*/A3*/A2*/Al
56 —X=— X-=- X-—- -X-— /I3*I2*I1*/I0

57 XX-- --—- -——— /A3

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1)

NUMBER OF FUSES BLOWN = 1270
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Logic Diagram PAL16A4
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Stepper Motor Controller

Functional Description

Stepper motors and linear actuators are used in a variety of
applications requiring precise rotational and/or linear move-
ment. Examples are printers, floppy disc drives, mechanical
valves, etc. Stepper motors are two-phase permanent magnet
motors which provide discrete angular movement every time the
polarity of a winding is changed. In the case of linear actuators,

Qo Q2

has
Il

the angular movement is converted to a linear movement via a |
load screw. In essence, they are dc motors without brushes,
where the user provides commutation with external logic: v T T
Circuit Operation
One type of drive circuit, unipolar drive, is shown in Figure 1
below. Two drive sequences are given in Tables 1A and 1B.
Angular rotation is achieved by saturating the transistor drivers Qo a1 Q2 Q3
in the sequence shown in the appropriate table (full or half step).
Now, assume the circuit of Figure 1 is connected to a stepper
motor designed for 7.5° steps. By following the step sequence
of Table 1A (full step), the shaft will rotate 7.5° each time the Figure 1
state is changed. If the sequence of Table 1B is followed, a 3.75°
(half step) rotation will result for each change of state. For both
step sequences, the direction can be reversed by stepping
backwards through the table (step 4-3-2-1-4-etc.).’
Table 1A
FULL STEP SEQUENCE
STEP Qo0 Q1 Q2 - Q3
1 1 0 1 0
2 1 0 0 1 _
CLOCKWISE . COUNTER:
ROTATION 3 0 1 0 1. QLOCKWlSE
4 0 1 1 0 ROTATION
1 1 0 1 0
Table 1B
HALF STEP SEQUENCE
STEP Qo Q1 Q2 Q3
1 1 0 1 0
2 1 0 0 0
3 1 0 0 1
CLOCKWISE 4 0 0 0 1 COUNTER-
ROTATION 5 0 1 0 1 CLOCKWISE
6 0 1 0 0 ROTATION
7 0 1 1 0
8 0 0 1 0
1 1 0 1 0

PAL Implementation

In this application, one PAL16R4 can be used to provide the
logic levels required to drive two stepper motors in the full
step mode. Due to the high current drive required (100-400
mA/phase), external inverting high current buffers wouid be
used (ULN 2001 or equivalent). In the design, the. following
features are provided within the PAL:

e Enable/Disable inputs to enable stepping of either section. (/E
inputs).

e Select clockwise or counter-clockwise rotation.

e Set the motor to logic state step 1.

A block diagram/pinout is shown in Figure 2.

S —
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Figure 2

A function table for each motor control section is given below.

CLOCK | Ei E2 S D FUNCTION
X 1 X X X Hold motor in current position
X X 1 X X Hold motor in current position
t 0 0 1 X Set outputs to step 1 levels
t 0 0 0 0 Step motor clockwise
t 0 0 0 1 Step motor counter-clockwise

The full step sequence (Table 1A) can be  simplified from
4 outputs to 2 outputs since Q1 = Q0 and Q3 = Q2. The
sequences can then be expressed as follows:

D=0 D=1 = .
STEP Qo Q2 Qo Q2 Q1=0Qo0 Q3 = Q2
1 1 1 1 1 when S = 1:
2 1 0 0 1 Q=1 Q1=0 Q2=1 Q3=0
3 0 0 0 0 when E1 =1 or E2 = 1
4 0 1 1 0 Q0=q0 Q1=q1 Q2=0g2 Q3 =qg3
1 1 1 1 1
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The step sequences can be converted to equations by use of a Conclusion

Karnaugh map. Although this example could be used “as is” in a stepper motor

application, the programmability of PAL’s could allow for any
desired modifications. Changes to the circuit might include:

/—" )
1. Drive only one stepper motor, using a PAL16R6. The other
flip-flops could be used as a programmable counter, allowing
Q2 1 0 0 1 + for different speed settings.
) 2. Drive only one stepper motor, using the extra inputs and
outputs to handle other circuit functions.
3. Drive only one stepper motor, using a PAL16R6. The other
0 () 0 flip-flops could be used as a 4-bit position counter.
4. The substitution of a PAL16R8, and another inverting buffer
would allow the driving and control of four stepper motors.
. e’ 5. Re-program for half-step operation.
D o
Q=Q-D+Q2:D
Qo
“
Q2 0 1 0 1
0 1 0 1
“
D
Q2=Q0-D+ Q0D
Factor in E1 and E2:
Q=E1-E2-Q2-D+E1-E2-Q2+D
Q2=E1-E2-Q-D+El-E2-Q0 D
Express the set function as an equation:
Q=El-E2-8 Q@=E-E-S

Express the hold function (when E1 or E2 = 1)
Q0 =q0-E1+q0-E2 Q2=qg2E1+q2-E2

Combining all the above:
Q:=E1 E2-S+Q0-E1+Q0-E2+El-E2-Q2-D+ET-E2-Q2-D

Q1 = Q0
Q:=FE1 E2-S+Q2-E1+Q2-E2+E1-E2-Q0-D+E1-E2-Q0D
Q3 = Q2
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PAL16R4 PAL DESIGN SPECIFICATION
sMC : DAVE SACRETT 02/23/81
STEPPER MOTOR CONTROLLER '

DEVOE COMPANY, INDIANAPOLIS, INDIANA

CLK /E1A /E2A SA DA /EIB /E2B SB DB GND ;

/0C /Q3B /QIB /Q2B /QOB /Q2A /QOA /Q3A /QlA VCC

QO0A := QOA*/ElA ;HOLD IF NOT El
+ QOA*/E2A ;HOLD IF NOT E2
+ SA * El1A* E2A ;STEP 1 IF SET
+ /Q2A* E1A* E2A* DA ;LOAD /Q2A IF COUNTER-CLOCKWISE
+ Q2A* ElA* E2A*/DA ;LOAD 0Q2A IF CLOCRWISE

IF (VCC) QlA = /QO0A

023 := Q2A*/ElA ;HOLD IF NOT El
+ Q2A*/E2A ;HOLD IF NOT E2
+ SA * E1A* E2A ;STEP 1 IF SET
+ QOA* ElA* E2A* DA ;LOAD QOA IF COUNTER-CLOCKWISE
+ /QOA* E1A* E2A*/DA ;LOAD /QOA IF CLOCKWISE

IF (VCC) Q3A = /Q2A

Q0B := QOB*/ElB ;HOLD IF NOT El1
+ QOB*/E2B ;HOLD IF NOT E2
+ SB * E1B* E2B :STEP 1 IF SET
+ /Q2B* E1B* E2B* DB ;LOAD /Q2B IF COUNTER-CLOCKWISE
+ Q2B* E1B* E2B*/DB . ;LOAD Q2B IF CLOCKWISE

IF (VCC) Q1B = /Q0B

Q2B := (Q2B*/ElB ;HOLD IF NOT E1
+ Q2B*/E2B . ;HOLD IF NOT E2
+ SB * E1B* E2B ;STEP 1 IF SET
+ QOB* E1B* E2B* DB ;LOAD QOB IF COUNTER-CLOCKWISE
+ /Q0B* E1B* E2B*/DB ’ ;LOAD /QOB IF CLOCKWISE

IF (VCC) Q3B = /Q2B
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FUNCTION TABLE
CLK /OC /E1A /E2A SA DA QOA QlA Q2A Q3A /E1B /E2B SB DB QOB Q1B Q2B Q3B

;CHIP STEPPER MOTOR A STEPPER MOTOR B

H / CONTROL STEP CONTROL  STEP

;L O EESD QOQQ EESD 0000

H c 12aa 0123 12a2a 0123 COMMENTS

C L LLHZX HLHL L LHX HLHL SET TO STEP 1
C L HH X X HLHL HEHE XX HLHL HOLD

cC L LLLL HLLE LLLH LHHL STEP A CW, B CCW
CcC L LLLL LHLE LLLE LHLH STEP A CW, B CCW
cC L LLLL LHEL LLLH HLLH STEP A CW, B CCW
C L LLLL HLHL LLLH HLHL STEP A CW, B CCW
cC L LLLL HLLH LLLE LHHL STEP A CW, B CCW
cC L LLLL LHLH LLLHE LHLH STEP A CW, B CCW
C L LLLH HLLE LLLL LHHL STEP A CCW, B CW
C L HLLH EHLLH HLLL LHHL HOLD

cC L LHELH HLLH LHEHLL LHEHL HOLD

C L LHEHH HLLH LHEHL LHHL HOLD
DESCRIPTION

THIS PAL16R4 PROVIDES THE LOGIC LEVELS REQUIRED TO DRIVE TWO STEPPER MOTORS
IN THE FULL STEP MODE.

THE FOLLOWING OPERATIONS MAY BE PERFORMED FOR EACH STEPPER MOTOR CONTROLLER
INDIVIDUALLY:

o

CLkK /E1 /E2 S OPERATION

HOLD MOTOR IN CURRENT POSITION
HOLD MOTOR IN CURRENT POSITION
SET OUTPUTS TO STEP 1 LEVELS
STEP MOTOR CLOCKWISE

STEP MOTOR COUNTER-CLOCRWISE

000X X
[l o o R
e em o
[l B < -]
moe XX K
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STEPPER MOTOR CONTROLLER

C001X001XXOHHLLLLHH1
Cl1XX11XXXOHHLLLLHH1
C00000001X0HLLEHLLHL
C00000001X0LLEHHHLLL
C00000001X0LHHLLEBELL
C00000001X0HHLLLLHEHL
C00000001X0HLLHHLLHL
C00000001XOLLEHHEHLL1
C00010000X0HLLHHLLHL
10 C10011000XOHLLEHLLH1
11 C01010100XOHLLHHLLH1
12 C01110110X0HLLHEHLLHE1

WUt &N

PASS SIMULATION
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STEPPER MOTOR CONTROLLER

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

0

1 === ——- =X~ —- /QO0A

8

L i = /Q2A

16 X-—m === —=X QOA*/E1A

17 === X ——e X QO0A*/E2A

18 ~X== =X-= X-—- SA*ELA*E2A

19 —X—= —X-= ———— X-%X— /O2A*E1A*E2A*DA
20 ~X== =X-= m=—— =X-X Q2A*E1A*E2A* /DA
24 K== === ———— —-X Q2a*/E1A

25 —mme Xmmm —mee —emX Q2a* /E2A

26 =X== ~X-= X-—- SA*ELA*E2A

27 —X—= X ——=X X——o QOA*E1A*E2A*DA
28 =X== =X-= ==X~ =X-- /QOA*E1A*E2A* /DA
32 X==X ==== === --—= Q0B*/ElB

33 X Xmmm e Q0B* /E2B

34 ~X== =X== X=—= —==- SB*E1B*E2B

35 ~X~= =XX- ==== X--- /Q2B*E1B*E2B*DB
36 ~X-- -X-X ==-- -X-- Q2B*E1B*E2B*/DB
40 Xmmm X ==-= -=-- Q2B*/E1B

41 X-=X ==== —-—=— Q2B*/E2B

42 ~X== =X== X=== —=—- SB*E1B*E2B

43 ~-X~-X =X-- ===- X--- QOB*ELB*E2B*DB
44 ~XX- =X=-- ==—= -X-- /QOB*E1B*E2B*/DB
48

49 “mX= === emm= —e—— /OO0B

56

57 --X- ---- ---- /02B

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1)

NUMBER OF FUSES BLOWN = 832
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Stepper Motor Controller

Stepper Motor Controller Logic Diagram PAL16R4

CLK ‘——p

0123 4567 891011 12131415 16171819 20212223 24252627 28293031

~o v bLN o

]
v
\

N

8

8

10 -

n —
12 £ Q3A
13

1"

15

s

I

pA ¥

3
v
I

Ll

w0 14

43 m——
“ b Q Q2B

J

[o]
ot
-]

sB L ¥

1

- Q3B

os Py

Z*r
%

01 3 48567 898101 12131415 16171819 20212223 24252627 28293031




Notes
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Shaft Encoder

PAL16R4

cik [0
siaNaLa [Z]
sianaLs 3]

ne [
ne [E]
ne [5] ARRAY

ne TH P Be{1] G4

ne [H [13] erROR “
ne[EH =y 7] Ne

ano [ig] Lw{1] oc
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Shaft Encoder

PAL16R4 PAL DESIGN SPECIFICATION

SHEN WILLY VOLDAN 03/03/81
SHAFT ENCODER

MMI MUNICH GmbH
CLK SIGNALA SIGNALB NC NC NC NC NC NC GND
/OC NC ERROR /Q4 /Q3 /Q2 /Ql DOWN UP VCC

IF(VCC) /UP = Ql*/Q2*/SIGNALB
+ /Ql* Q2* SIGNALB
+ Q3*/Q4* SIGNALA
+ /Q3* Q4*/SIGNALA

IF(VCC) /DOWN = Ql*/Q2* SIGNALB
+ /Ql* Q2*/SIGNALB
+ Q3*/Q04*/SIGNALA
+ /Q3* Q4* SIGNALA

Ql := SIGNALA

Q2 := Q1

Q3 := SIGNALB

Q04 := Q3

IF(VCC) /ERROR = /Ql* Q2*/Q3* Q4
+ /Q1* Q2* Q3*/04
+ Q1*/Q2*/03* o4
+ Ql*/Q2* Q3*/04

FUNCTION TABLE

/0C CLK SIGNALA SIGNALB ERROR Q4 Q3 Q2 Ql DOWN UP

H SIGNAL Q000

;/0C CLK A B ERROR 4321 DOWN UP  COMMENTS
L Cc H L H XLLE H L COUNT UP
L (o] L H H XHHL H L COUNT UP
L C H H H XHLH L H COUNT DOWN
L (o] L L H XLHL L H COUNT DOWN
L C H H H LHXH H L COUNT UP
L (o] L L H HLXL H L COUNT UP
L C L H H LHXL L H COUNT DOWN
L C H L H HIXH L H COUNT DOWN
L Cc L H L LHHL X X ERROR FLAG
L c H L L HLLH X X ERROR FLAG
H X X X X 2222 X X DISABLED

A_4DA




Shaft Encoder
R —

DESCRIPTION

THE PAL CONTROLS A 4-BIT UP/DOWN COUNTER WITH THE OUTPUTS "UP" AND
"DOWN". (UP=H MEANS COUNT UP; DOWN=H MEANS COUNT DOWN)

THIS DESIGN WITH GLITCHLESS OUTPUTS WILL SERVE WELL IN ELECTRICALLY
NOISY INDUSTRIAL ENVIRONMENTS. :

THE PINNING AND THE OUTPUT POLARITY ARE GIVEN AS A FIRST PROPOSAL AND
CAN BE CHANGED ACCORDING TO THE PC BOARD LAYOUT.

BLOCK DIAGRAM:

A - 4-BIT
B COUNTER
/DOWN /DOWN
SENSOR,
DIGIPOT
OR SIMILAR

CARRY BORROW

SIGNALS TO ADDITIONAL
COUNTERS

SHAFT ENCODER

C10XXXXXXX0XHXHHLHL1
CO1XXXXXXXO0XHXLLHHL1
Cl1XXXXXXX0XHXLHLLH1
CO0 XXXXXXXO0XHXHLHLH]
Cl1XXXXXXXO0XHHLXLHL1
CO0 XXXXXXXO0XHLHXHHL1
CO1XXXXXXX0XHHLXHLH1
ClOXXXXXXXO0XHLHXLLH1
CO1XXXXXXX0XLHLLHXX1
C10XXXXXXX0XLLHHLXX1
XXXXXXXXXX1XX22ZZXX1

HOWONAUEE WN -

e

PASS SIMULATION
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SHAFT ENCODER

Shaft Encoder

NUMBER OF FUSES BLOWN =

4-126

564

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901
0 E .
1 ——= —X-= ==X ==X~ QL*/02* /SIGNALB
2 === X=m= —=X- —=X /CL*Q2*SIGNALB
3 Xm=m —mmm e e mm=X ==X= === === Q3%/Q4*SIGNALA
4 X ==m= mmmm mmme eoXe ===X === === /Q3*Q4*/SIGNALA
8
I S e o Ql*/Q2*SIGNALB
10 —== =X== ==X~ ==X /QL*Q2*/SIGNALB
11 =X== ==== —mm= —mme —ouX ==X~ ———= ——== Q3*/04*/SIGNALA
12 Xmm= =me= mmmm mmem emX= ==X ——<e ——== /Q3*Q4*SIGNALA
16 X——- SIGNALA
b R o1
32 ———e X SIGNALB
40 e ——— |
48
R i I Sy Sy————'y) € Yo" Lo LY
50 ~m== —mm= ==X~ ——=X === ==X= —=== ——=— /Q1*Q2*Q3*/04
Bl mmmm mmmm eoX ==X ==X= ===X —mmm ———— Ql*/Q2%/03*Q4
52 === mmm= —m=X ==X~ —==X —=X= ==== ——== Ql*/02*%Q3*/Q4
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1)



Shaft Encoder

Shaft Encoder ~ Logic Diagram PAL16R4

CLK

NC

NC

NC

NC

NC

NC

—>-

0123 4567 8 81011 12131415 16171819 20212223 24252627 28293031

19

up

2 DOWN

b Q _&—Qa

b a '_Bo—is-o—i

12 NC

1]

oc

Nilkdsisayngids:

3 4567 881011 12131415 16171819 20212223 24252627 28293031
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Shaft Encoder

Truthtable:
SIG::AL SIG:AL a1 o1 Q3 Q4 | COUNT
0 0 0 0 0 0 chZ:ge
0 ' 0 0 0 1 down
0 | 0 0 1 0 up
0 1 0 0 1 1 ch:zge
t 0 0 | 1 0 0 i
; ' 0 1 0 1 error
; | 0 1 1 0 error
' 1 0 1 1 1 down
! 0 1 0 0 0 down
) | 1 0 0 1 error
! ! 1 0 1 0 error
| 1 1 0 1 1 up
1 0 1 1 0 0 chZ:ge
1 | 1 1 0 1 up
1 | 1 1 1 0 down
1 1 1 1 1 ! chz:ge

e st ettt E———— e ——————————S——————— oo eeeeeeeremerereee e eseereeerereneeeerererreeereeeenereee)
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Quad 4:1 Mux

PAL18L4

A4

1co[i}— e vee

231 A
1C213 4 221 B

-
(2]
-
~
T

ica[lH 21] aca
2co[5|H §:>—’z__u|1v
2c1 s H G‘}\"}‘é D_Ezv

2c2 1_A"RAV§>.,_Esv
2cas DE ay

sco s [16] 4c2
ac1 [ [15] ac1
sc2 [nH Eaco

onofizl L— {Facs
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Quad 4:1 Mux

PAL18L4 PAL DESIGN SPECIFICATION
7415453 BIRKNER/KAZMI/BLASCO 03/10/81
QUAD 4:1 MULTIPLEXER

MMI SUNNYVALE, CALIFORNIA

1CO0 1C1 1C2 1C3 2C0 2C1 2C2 2C3 3CO0 3Cl 3C2 GND

3C3 4C0 4C1 4C2 4y 3y 2y 1Y 4C3 B A VCC

/1y = /B*/A * /1CO ; SELECT INPUT 1CO
+ /B* A * /1Cl ;SELECT INPUT 1C1
+ B*/A * /1C2 ; SELECT INPUT. 1C2
+ B* A * /1C3 ;SELECT INPUT 1C3
J2Y = /B/A * /2C0 ;SELECT INPUT 2C0
+ /B* A * /2C1 sSELECT INPUT 2C1
+ B*/A * /2C2 :SELECT INPUT 2C2
+ B* A * /2C3 +SELECT INPUT 2C3
/3Y = /B*/A * /3CO ; SELECT INPUT 3CO
+ /B* A * /3C1 ; SELECT INPUT 3Cl
+ B*/A * /3C2 ;SELECT INPUT 3C2
+ B* A * /3C3 ; SELECT INPUT 3C3
/4Y = /B*/A * /4CO : SELECT INPUT 4CO0
+ /B* A * /4Cl ~_;SELECT INPUT 4Cl
+ B*/A * /4C2 ;SELECT INPUT 4C2
+ B* A * /4C3 ‘ ; SELECT INPUT 4C3

nCo—»1 4

4 Jact— TO0

DATA 1 - nY
INPUTS | NC2——> MUX
nC3 ———»|

11

A B
2 SELECT LINES

WHERE n =1,2,3,0r4

4-130




FUNCTION TABLE

Quad 4:1 Mux

B A 1C0 1C1 1C2 1C3 2C0 2C1 2C2 2C3 3CO 3C1l 3C2 3C3 4C0 4Cl 4C2 4C3 1Y 2Y 3Y 4y

; SEL INPUTS --QUTPUTS-- COMMENTS
7 1Cc 2C 3C 4C
; BA 0123 0123 0123 0123 1Yy 2Y 3Y 4Y
LL LHEH HHHH HHEHH HHHE L H H H 1C0=0
LL HEHH LHHH HHHH HEHH H L H H 2C0=0
LL HHHHE HHHH LHHH HEHHE H H L H 3C0=0
LL HHHH HHHH HHHH LHHH H H H L 4C0=0
LL HLLL LLLL LLLL LLLL H L L L 1C0=1
L L LLLL HLLL LLLL LLLL L H L L 2C0=1
LL LLLL LLLL HLLL LLLL L L H L 3C0=1
LL LLLL LLLL LLLL HLLL L L L H 4C0=1
LL HEHH HEHEH HHHH HHHH H H H H TOGGLE LINES
L H HLHH HHHH HHHH HHHH L H H H 1C1=0
LH HHHH HLHH HHHH HHHH H L H H 2C1=0
LH HHHH HHHH HLHH HHEH H H L H 3C1=0
LE HHHH HHHH HHHHE HLHE H H H L 4C1=0
LHE LELL LLLL LLLL LLLL H L L L 1C1=1
LH LLLL LHLL LLLL LLLL L H L L 2Cl=1
LH LLLL LLLL LHLL LLLL L L H L 3C1=1
LE LLLL LLLL LLLL LHLL L L L H 4Cl=1
LH HEHH HHHH HHHE HHHH H H H H TOGGLE LINES
HL HHLH HHHHE HHHH HHEH L H H H 1C2=0
HL HEHHE HHLH HHHH HEEH H L H H 2C2=0
HL HHHH HEHH HHLH HHHH H H L H 3C2=0
HL HHHH HHHH HHHH HELH H H H L 4C2=0
HL LLHL LLLL LLLL LLLL H L L L 1C2=1
HL LLLL LLHL LLLL LLLL L H L L 2C2=1
HL LLLL LLLL LLEL LLLL L L H L 3C2=1
HL LLLL LLLL LLLL LLHL L L L H 4C2=1
HL HHHH HHHH HHEH HHHH H H H H TOGGLE LINES
HH HHHL HHHE HHEH HHHH L H H H 1C3=0
HH HEHH HHEL HHHH HEHH H L H H 2C3=0
HH HHHH HHHHE HHHL HHHH H H L H 3C3=0
HH HHEHH HHHH HHHH HHHL H H R L 4C3=0
HH LLLE LLLL LLLL LLLL H L L 1C3=1
HH LLLL LLLH LLLL LLLL L H L L 2C3=1
HH LLLL LLLL LLLH LLLL L L H L 3C3=1
HH LLLL LLLL LLLL LLLH L L L H 4C3=1
HH HEHE HHHH HHHH EHEH H H H H TOGGLE LINES
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DESCRIPTION

THIS IS AN EXAMPLE OF A QUAD 4-TO-1 MULTIPLEXER USING A PAL18L4.
LINES A,B ARE ENCODED IN BINARY, WITH A REPRESENTING THE LSB.

4-132

OPERATIONS TABLE:

INPUT OUTPUTS
SELECT

B A Y

L L co

L H cl
H L c2

H H c3

Quad 4:1 Mux

SELECT



Quad 4:1 Mux

QUAD 4:1 MULTIPLEXER

WoOoONAWUMdWNH

01111111111X1111HHHL1001
11110111111X1111HALE1001
11111111011X1111HLHH1001
11111111111X1011LEEH1001
10000000000X0000LLLHEO001
00001000000X0000LLEL0001
00000000100X0000LHLLO001
00000000000X0100HLLL0001
11111111111X1111HHEH1001
10111111111X1111HHHL1O011
11111011111X1111HHLH1O011
11111111101X1111HLEH1011
11111111111X1101LHEH1011
01000000000X0000LLLHO011
00000100000X0000LLELOOL1
00000000010X0000LHELLO011
00000000000X0010HLLLO011
11111111111X1111HAHA1011
11011111111X1111HHHEL1101
11111101111X1111HHLE1101
11111111110X1111HLHH1101
11111111111X1110LHEH1101
00100000000X0000LLLHEO101
00000010000X0000LLHL0101
00000000001X0000LHLL0101
00000000000X0001HLLL0101
11111111111X1111HAHA1101
11101111111X1111HHHL1111
11111110111X1111HHLH1111
11111111111X0111HLEH1111
11111111111X1111LHAHO111
00010000000X0000LLLHO111
00000001000X0000LLAL0111
00000000000X1000LHLLO111
00000000000X0000HLLL1111
11111111111X1111HHHH1111

PASS SIMULATION
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QUAD 4:1 MULTIPLEXER

0123

24 —-X
25 -%X--
26 ——m
Py J—

k p J—
. J—
34 ——-
35 ——m

40 ——-
41 ——-
42 ——-
43 —-

48 ———-
49 ——-
50 ——-
3 R—

LEGEND:

4567

--=X
—X-
-X-X
—_—X-

11
8901

—=X

-—-
-XX-

-—=X
-—-X
—X—
——X—

-—-X
-—=X
—X-
——-

-—-X
-—=X
—X-
—X—

1111
2345

~ X

-

1111
6789

X : FUSE NOT BLOWN

NUMBER OF FUSES BLOW =

4-134

592

Quad 4:1 Mux

2222 2222 2233 3333 3333

0123 4567 8901 2345 6789

- /B*/A*/1C0O
- /B*A*/1C1
- B*/A*/1C2
- B*A*/1C3
- /B* /A% /2C0
- /B*A*/2C1
-x B*/A*/2C2
= —X-— === ———= ———= B*A*/2C3
m=  memm —Xe= =m== === /B*/A%*/3C0
mm  mmmm mmem === === /B¥A*/3Cl
o= mmem meee emee -X-— B*/A*/3C2
== m=m= —mem —mem ==X B*A*/3C3
mm  mmmm mmmm m=X =m== /B*/A*/4C0
= mm———— ) SR /B*A*/4C1
[ —— ~— B*/A*/4C2
- B*A*/4C3

(L,N,0) -

FUSE BLOWN (1,P,1)



Quad 4:1 Mux

Quad 4:1 Multiplexer Logic Diagram PAL18L4

012 4.5 6.7 8 9101 12131415 1617 2 20252627 28 2930 31 32333435 36373839

10 —Px

1c1 Z—-D—*

1c2i _Jy ‘ <—A

10N i '
1Sy & aco

N 13
szl Py ‘ &——3c3

01 23 4567 893N 12131415 38 17 2021 26 252627 28 2830 31 - 323334 35 36373839




Quad 4:1

Application
N 4:1 Bus Select BUS
BUS SELECT ouT
D B A 20 2t BUS
BITO \J
s a | |
BITO 7Co
L~ 1—1c1'" A E
BITO
Al |3
BITO
- —[a}—jics  acsp— 'ﬁ_"ﬁ
BIT1 BIT 0
o H e o J
IT 1 BIT 1
= i E | lcr 2y E —~
BIT1 = BIT 2
1—2c2  av|— E ~
r BIT1 - USRI I =1 BIT 3
- | d ™
BIT2
: sh—sco sce—{}——
BIT2
— o}—3sct  act —i——
— BIT2 T}—{3c2,  goo}—fu}——
gt
BIT2
( BIT3
‘ BIT3 i
a4 BIT3
BIT3
—
BIT4 — “\J
e L ] m »
BIT4 JT c11co ] -2-3-'
r BIT4 = | A
Gl o
BIT4
— [—ics scs 2}
BITS ~ BIT 4
5 —]2co v |— E ~
BITS — K BITS
2 20 2v}— E ~
BITS BIT 6
E —f2c2  av|—Tig} —~
BITS - - BIT 7
@ BITG e T E )
/—E —{aco ac2f—{}——
I
= BiTe 10 3¢t act |— E———T
BIT 6 ~
m 3cz, 4cof E___
12 L )
BIT 6
/ BIT7
BIT 7
éa BIT 7
BIT7
.
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" Dual 8:1 Mux

PAL20L2
molz:--——L ~ 21]vee
101[2] 23] A
102[FH G ) I
13} 71} c
1D4E>—- 20§ S

1D5Er- t?ANTIé gﬂw
ARRAY

s [TH 18] 2

17[EH [77] 207

200[TH [75] 206

* 201 [7%] 205

202+ 12] 204

anofil —— {5208

]
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Dual 8:1 Mux

PAL20L2 PAL DESIGN SPECIFICATION
74LS451 BIRKNER/KAZMI/BLASCO 03/10/81
DUAL 8:1 MULTIPLEXER

MMI SUNNYVALE, CALIFORNIA

1p0 1pl 1p2 1D3 1D4 1D5 1D6 1D7 2D0 2D1 2D2 GND

2D3 2D4 2p5 2p6 2D7 2Y 1y S C B A vCC

/1Y = /s*/Cx/B*/A * /1D0O . s SELECT INPUT 1DO
+ /S*/C*/B* A * /1Dl ; SELECT INPUT 1D1
+ /S*/C* B*/A * /1D2 s SELECT INPUT 1D2
+ /S*/C* B* A * /1D3 ;SELECT INPUT 1D3
+ /S* C*/B*/A * /1D4 ;SELECT INPUT 1D4
+ /S* C*/B* A * /1DS ; SELECT INPUT 1D5S
+ /S* C* B*/A * /1D6 ;SELECT INPUT 1D6
+ /S* C* B* A * /1D7 ;SELECT INPUT 1D7

/2Y = /S*/C*/B*/A * /2D0 s SELECT INPUT 2DO
+ /S*/C*/B* A * /2Dl ;SELECT INPUT 2D1
+ /S*/C* B*/A * /2D2 ; SELECT INPUT 2D2
+ /S*/C* B* p * /2D3 s SELECT  INPUT 2D3
+ /S* C*/B*/A * /2D4 ;SELECT INPUT 2D4
+ /S* C*/B* A * /2D5 sSELECT INPUT 2D5
+ /S* C* B*/A * /2D6 +SELECT INPUT 2D6
+ /S* C* B* A * /2D7 #SELECT INPUT 2D7

nD0——>|
nD{———>
s nD2———>] 8
DATA ND3 ———» TO  any
INPUTS | nD4——>| 1
nD5———»| Mux
nD6———>]
nD7———>
1]
STROBE LINE—/ L— 3 SELECT LINES

WHERE n =1 OR 2

a4.4128




Dual 8:1 Mux

FUNCTION TABLE

C B A 1D0 1Dl 1D2 1D3 1D4 1D5 1p6 1D7 2D0 2D1 2D2 2D3 2D4 2D5 2D6 2D7 S 1Y 2Y

s SELECT INPUTS INPUTS OUTPUTS COMMENTS
H 1D- 2D~
: CB A 01234567 01234567 S 1y 2y
L L . LHHHHHHH LHHHHHHE L L L 1D0=0 2p0=0
L L L. HLLLLLLL LHHHHHHH L H L 1p0=1 2p0=0
L L L, LHHHHHHH HLLLLLLL L L H 1D0=0 2p0=1
L L L. HLLLLLLL HLLLLLLL L H H 1p0=1 2p0=1
L L L. HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
L L H HLHHHHHH HLHHHHHH L L L 1p1=0 2p1=0
L L H LHLLLLLL HLHHHHHH L H L 1pl=1 2p1=0
L L H HLHHHHHH LHLLLLLL L L H 1p1=0 2p1l=1
L L H LHLLLLLL LHLLLLLL L H H 1p1=1 2pl=1
L L H HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
L H L HHLHHHHH HHLHHHHH L L L 1p2=0 2p2=0
L HL LLHLLLLL HHLHHHHH L H L 1D2=1 2Dp2=0
L HL HHLHHHHH LLHLLLLL L L H 1D2=0 2p2=1
L HL LLHLLLLL LLHLLLLL L H H 1D2=1 2p2=1
L H L HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
L HH HHHLHHHH HHHLHHHH L L L 1D3=0 2D3=0
L HH LLLHLLLL HHHLHHHH L H L 1D3=1 2Dp3=0
L H'H HHHLHHHH LLLHLLLL L L H 1D3=0 2p3=1
L HH LLLHLLLL LLLHLLLL L H H 1D3=1 2p3=1
L HH HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
H L L. HHHHLHHH HHHHLHHH L L L 1D4=0 2p4=0
H L L LLLLHLLL HHHHLHHH L H L 1D4=1 2p4=0
H L L. HHHHLHHH LLLLHLLL L L H 1D4=0 2p4=1
HLL LLLLHLLL LLLLHLLL L H H 1p4=1 2p4=1
H L L. HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
H L H HHHHHLHH HHHHHLHH L L L 1D5=0 2Dp5=0
H L H LLLLLHLL HHHHHLHH L H L 1D5=1 2Dp5=0
H L H HHHHHLHH LLLLLHLL L L H 1D5=0 2p5=1
HLH LLLLLHLL LLLLLHLL L H H 1D5=1 2Dp5=1
H L H HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
H H L. HHHHHHLH HHHHHHLH L L L 1D6=0 2D6=0
HH L LLLLLLHL HHHHHHLH L H L 1D6=1 2D6=0
H H L. HHHHHHLH LLLLLLHL L L H 1D6=0 2p6=1
HHL LLLLLLHL LLLLLLHL L H H 1D6=1 2D6=1
H H L. HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
H H H HHHHHHHL HHHHHHHL L L L 1D7=0 2D7=0
HHH LLLLLLLH HHHHHHHL L H L 1D7=1 2p7=0
H H H HHHHHHHL LLLLLLLH L L H 1D7=0 2Dp7=1
HHH LLLLLLLH LLLLLLLH L H H 1D7=1 2p7=1
H HH HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
X X' X LLLLLLLL LLLLLLLL H H H STROBE TEST 0
X X X HHHHHHHH HHHHHHHH H H H STROBE TEST 1

4-139



Dual 8:1 Mux

DESCRIPTION

THIS IS AN EXAMPLE OF A DUAL 8-TO-1 MULTIPLEXER USING A PAL20L2. A STROBE
LINE (S) IS PROVIDED TO GATE THE OUTPUTS OFF (Y=H) WHEN THE STROBE INPUT IS
HIGH. THE SELECT LINES A,B,C ARE ENCODED IN BINARY, WITH A REPRESENTING THE
LSB.

OPERATIONS TABLE:

————— INPUTS——--- OUTPUTS
SELECT STROBE

C B A S Y
X X X H H
L L L L DO
L L H L Dl
L H L L D2
L H H L D3
H L L L D4
H L H L D5
H H L L D6
H H H L D7
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DUAL 8:1 MULTIPLEXER

WooNOULEWNM

01111111011X11111LL00001
10000000011X11111LE00001
01111111100X00000HL000OL
10000000100X00000HH00001
11111111111X11111HHO00001
10111111101xX11111L1.00011
01000000101X11111LH00011
10111111010X00000HL00011

01000000010X00000HE00011

11111111111X11111HHO0011
11011111110X11111LL00101
00100000110X11111LH00101
11011111001X00000H1.00101
00100000001X00000HHE00101
11111111111X11111HHO00101
11101111111X01111LL0O0111
00010000111X01111L.H00111
11101111000X10000H1,00111
00010000000X10000HH00111
11111111111X11111HH00111
11110111111X10111L101001
00001000111X10111LH01001
11110111000X01000HL.01001
00001000000X01000HHE01001
11111111111X11111HH01001
11111011111X11011L1.01011
00000100111X11011L.HO01011
11111011000X00100HL.01011
00000100000X00100HH01011
11111111111X11111HH01011
11111101111X11101L1.01101
00000010111X111011.H01101
11111101000X00010HL.01101
00000010000X00010HH01101
11111111111X11111HH01101
11111110111X11110LL.01111
00000001111X111101.H01111
11111110000X00001HL01111
00000001000X00001HH01111
11111111111X11111HHO1111
00000000000X00000HH1XXX1
11111111111X11111HHIXXX1

PASS SIMULATION -

Dual 8:1 Mux
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DUAL 8:1 MULTIPLEXER

11

0123 4567 8901

LEGEND:

——=X

X s

-—-X
-—=X
—3

-—-X
-—-X

_—X—

FUSE

1111
2345

-—=X
-—-X
-—-X
-—X

Dual 8:1 Mux

1111 2222 2222 2233 3333 3333
0123 4567 8901 2345 6789

6789

NOT BLOWN

NUMBER OF FUSES BLOW =

4-142

560

i -
s mXmm e m—— ——
——— mmee =X me—— ———
———— e e X ———
.
-—=X
———— e e X ———
———— m——— X ——— ———
——— X mmmm m—— ———
-—=X
(L,N,0) - : FUSE BLOWN

/S*/C*/B*/A*/1D0

/S*/C*/B*A*/1D1
/S*/C*B* /A% /1D2
/S*/C*B*A*/1D3
/S*C*/B*/A*/1D4
/S*C*/B*A*/1D5
/S*C*B*/A*/1D6
/S*C*B*A*/1D7

/S*/C*/B*/A*/2D0

' /S*/C* /B*A* /2D1

/S*/C*B*/A*/2D2
/S*/C*B*A*/2D3
/S*C*/B* /A* /2D4
/S*C* /B*A* /2D5
/S*C*B*/A*/2D6
/S*C*B*A* /2D7

(H,P,1)



Dual 8:1 Mux

Dual 8:1 Multiplexer Logic Diagram PAL20L2

01t 23 45 67 8 9 0N 12 131415 16 17 1819 202222 24 252627 28 29 30 31 32 33 34 35 36 37 3839

1D0 -

101 P51 & —2a

102 —Px ; g8

S

2y

2
3 Ny
) \ 19
. 1Y
n
38
" 4
% 18
1 17

2D7

107> K— s

9 N 15

o1 23 45 67 890N 12131415 1617 1818 wn220 25221 28230 323U 3% 37383




Dual 8:1 Mux

S ———

Application 8:1 Bus Select \
BUS
IN SELECT
BUS T""z BUS OUT
A B E F G H 2% 2' 2% strose Bus
BIT 0 r
- o
BIT 0 '
a K4
BIT 0 r
| &=
BITO E {03 c— E
— BIT 0 E —11pa s|— E
BT o I5}—wos  1v(—i9 BIro
| S8
P BIT 0 E——-ws ZV—E BIT1\
- BIT 0 E— 107 207k E
~ BIT 1 [} {200 206}
BIT 1
- ] 101 205— o
BIT 1 1202 2ps ‘
- L1 T2psT E—
||2I [ 13
BIT 1
BIT 1 ; i
4 BIT 1 -
BIT 1
4 BIT 1
L~
BIT 2 D
— — @
BIT 2 r— 100
L~ ]}- 1D1 A E
- BIT 2 E | lo2 sl E
BIT 2 e B L
- e oy
- BIT 2 E r__ 104 sl E
BIT 2 —wos  w L BIT N
BIT 2 1] ; BIT 3
[ BIT 2 :7 = E )
- —e {107 wr—{i}—
‘ BIT 3 ™ ]
— . [}—{200 206 E
- = [io}—201 205 E———
BIT. 3 = 202 2p4)
~ 1) e ™ E—
12 :—— 13 '
BIT 3 7
BIT 3
4 BIT 3
BIT 3
4 BIT 3
-
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16:1 Mux

PAL20C1
EO0 E—j had 28] vee

et [zH — 73] A
e GH 22] 8
ESEH 21jC
ea[5H aND ED
&5 [5] cAte 19 Y
ARRAY|
es [H gjcﬂw
er[sH [17] €15
e[ [i6] £14
EQE [15] £13

E10 E 73] £12
ano [ EiEE

1

1
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16:1 Mux

PAL20C1 PAL DESIGN SPECIFICATION
7418450 BIRKNER/KAZMI/BLASCO 02/19/81
16:1 MULTIPLEXER

MMI SUNNYVALE, CALIFORNIA

E0O E1 E2 E3 E4 E5 E6 E7 E8 E9 ELO GND
Ell E12 E13 EM4 E1I5W Y D C B A VC

[e]

Y = /D*/C*/B*/A * EO ;SELECT INPUT EO
+ /D*/C*/B* A * E1 | +SELECT INPUT El
+ /D*/C* B*/A * E2 ;SELECT INPUT E2
+ /D*/C* B* A * E3 +SELECT INPUT E3
+ /D* C*/B*/A * E4 s SELECT INPUT E4
+ /D* C*/B* A * E5 sSELECT INPUT ES
+ /D* C* B*/A * E§ s SELECT INPUT E6
+ /D* C* B* A * E7 s SELECT INPUT E7
+ D*/C*/B*/A * E8 ;SELECT INPUT E8
+ D*/C*/B* A * E9 : SELECT INPUT E9
+  D*/C* B*/A * E10 ;SELECT INPUT E10
+ D*/C* B* A * El1 +SELECT INPUT Ell
+ D* C*/B*/A * El12 +SELECT INPUT E12
+ D* C*/B* A * El13 ;SELECT INPUT E13
+ D* C* B*/A * El4 sSELECT INPUT E14
4+ D* C* B* A * E15 :SELECT INPUT E15

EO———;
El—>
E2——>
E3————>
E4——>
E5 —]
6 | oo T ——>Y
E7——»1 TO —
DATA 1 WHERE Y = W
NpUTS | BB L W
E9Q—»1
E10——>
E1l——>1
E12————»
E13———>§
E14—>
E15———>

Lill

e
4 CONTROL LINES

4A.14A4




16:1 Mux

FUNCTION TABLE
DCBAREOEL E2 E3 E4 ES E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 Y W

; SELECT INPUTS OUTPUTS COMMENTS

; 111111 ‘

; DCBA 0123456789012345 Y W

LLLL L H INPUT EO = 0
LLLL H L INPUT EO = 1
LLLL H L TOGGLE OTHER LINES
LLLH L H INPUT E1 = 0
LLLH H L INPUT E1 =1
LLLE H L TOGGLE OTHER LINES
LLHL L H INPUT E2 = 0
LLHL H L INPUT E2 = 1
LLHL H L TOGGLE OTHER LINES
LLHEH L H INPUT E3 = 0 '
LLHH H L INPUT E3 =1
LLHH H L TOGGLE OTHER LINES
LHLL L H INPUT E4 = 0
LHEHLL H L INPUT E4 =1
LHLL H L TOGGLE OTHER LINES
LELH L H INPUT E5 = 0 k
LHLH H L INPUT ES5 =1
LEHLEH H L TOGGLE OTHER LINES
LEHHL L H INPUT E6 = 0 )
LEHL H L INPUT E6 =1
LEHL H L TOGGLE OTHER LINES
LHHH L H INPUT E7 = 0
LEHHH H L INPUT E7 =1
LHHEH H L TOGGLE OTHER LINES
HLLL L H INPUT E8 = 0
HLLL H L INPUT E8 = 1
HLLL H L TOGGLE OTHER LINES
HLLH L H INPUT E9 = 0
HLLH H L INPUT E9 =1
HLLH H L TOGGLE OTHER LINES
HLHL L H INPUT E10 = 0
HLHL H L INPUT E10 = 1
HLHL H L TOGGLE OTHER LINES
HLHH L H INPUT E11 = O
HLHH H L INPUT El11 = 1
HLHH H L TOGGLE OTHER LINES
HHLL L H INPUT E12 = 0
HELL H L INPUT E12 =1
HHLL H L TOGGLE OTHER LINES
HHLH L H INPUT E13 = 0
HHLH H L INPUT E13 =1
HHLH H L TOGGLE OTHER LINES
HHHL L H INPUT E14 = 0
BEHHL H L INPUT El4 =1
HHHL H L TOGGLE OTHER LINES
HHHH L H INPUT E15 = 0
HHHH H L INPUT E15 = 1
HHEHEEH H L TOGGLE OTHER LINES
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16:1 Mux

DESCRIPTION

THIS IS AN EXAMPLE OF A 16-TO-1 MULTIPLEXER USING A PAL20Cl. BOTH TRUE
(Y) AND COMPLIMENT (W) OUTPUTS ARE PROVIDED. THE SELECT LINES A,B,C,D
ARE ENCODED IN BINARY, WITH A REPRESENTING THE LSB AND D REPRESENTING
THE MSB.

OPERATIONS TABLE:
INPUTS OUTPUTS

SELECT LINES
D C B

[

HERNERE RN RRRRY | .

mEmmmmEnmm e R D
MMM b b D e e
MR E MR R W e
M E M R M e W e

BRASBEEBRES
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16:1 Mux

16:1 MULTIPLEXER

01111111111X11111HL00001
10000000000X00000LHE00001
11111111111X11111LHO0001
10111111111X11111HL00011
01000000000X00000LH00011
11111111111X11111LH00011
11011111111X11111HL00101
00100000000X00000LH00101
11111111111X11111LHO0101
10 11101111111X11111HL00111
11 00010000000X00000LH00111
12 11111111111X11111LHOO0111
13 11110111111X11111HL01001
14 00001000000X00000LH01001
15 11111111111X11111LH01001
16 11111011111x11111HL01011
17 00000100000X00000LH01011
18 11111111111X11111LHO1011
19 11111101111X11111HL01101
20 00000010000X00000LH01101
21 11111111111X11111LH01101
22 11111110111X11111HLO1111
23 00000001000X00000LHO1111
24 11111111111X11111LHO1111
25 11111111011X11111HL10001
26 00000000100X00000LH10001
27 11111111111X11111LH10001
28 11111111101X11111HL10011
29 00000000010X00000LH10011
30 11111111111X11111LH10011
31 11111111110X11111HL10101
32 00000000001X00000LH10101
33 11111111111X11111LH10101
34 11111111111X01111H1.10111
35 00000000000X10000LH10111
36 11111111111X11111LH10111
37 11111111111X10111HL11001
38 00000000000X01000L.H11001
39 11111111111X11111LH11001
40 11111111111X11011HL11011
41 00000000000X00100.H11011
42 11111111111X11111LH11011
43 11111111111X11101HL11101
44 00000000000X00010LH11101
45 11111111111X11111LH11101
46 11111111111X11110HL11111
47 00000000000X00001L.H11111
48 11111111111X11111LH11111l

WOV &WwNE

PASS SIMULATION
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16:1 Mux

16:1 MULTIPLEXER

11
0123 4567 8901

32 ==X~ =—==X =-=-X
33 X=m= —=X- -=-X
34 === X=X —=X-
35 === -=X- X-X-
36 ———= ——- X =-=-X
37 == ==X~ -—-X
38 === ==X --X-
39 === —=X- --X-

4] ——me ¥ ==X
42 ——me —moX ==X~
43 —— =X —=X-
44 ——me —mmX ===X
45 ———e —mX= —==X
46 ———- ——-X ——%-
47 == X=X~

1111
2345

-—X
-—X
-——X
-—=X
X=X-
- -
. x—
. &

-—-X
—-X
-—-X
-—=X
-
-—X
—X-
—X-

1111 2222 2222 2233 3333 3333
6789 0123 4567 8901 2345 6789

—X
-—X
-—=X
-—X
-——X
X--X
-—-X
-—=X

—X-
——-
—X—-
—X
—X—
—X
X
—X-

LEGEND: X : FUSE NOT BLOWN

NUMBER OF FUSES BLOW =

560

h; S—

X

. G

—X~

(L,N,

-—X—

—X-

—X— ———

0)

FUSE BLOWN

/D* /C* /B* /A*EQ
/D* /C* /B*A*El
/D* /C*B* /A*E2
/D* /C*B*A*E3
/D*C*/B*/A*E4
/D*C* /B*A*ES
/D*C*B* /A*E6
/D*C*B*A*E7

D*/C*/B*/A*ES
D* /C* /B*A*E9
D*/C*B* /A*E10
D*/C*B*A*E1l
D*C*/B*/A*E12
D*C*/B*A*E13
D*C*B* /A*E14
D*C*B*A*EL1S5

(,P,1)
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16:1 Mux

16:1 Multiplexer ‘ Logic Diagram PAL20C1

0123 45 67 8§ 9101 1213115 1617 1818 202122 23 24 252627 28 2930 31 323334 35 36 37 3839

19

R — €5

8 N— > 16
E7T— 1% S Eu4

10 N _ 14
E9—1L% ————€En2

1 N
E10— L N En

01 21 45 6 1 8 9 1011 12131415 1617 1819 202122 23 24 252627 28 2930 31 323334 35 36 37 3839




Application

TEST

23

SELECT ) 4

4-152

TEST 0

TEST 1

TEST 2

TEST 3

TEST 4

TEST §

TEST 6

TEST 7

TEST 8

TEST 9

TEST 10

TEST 11

TEST 12

TEST 13

TEST 14

TEST 15

16:1 Mux

Test Condition Mux

B HE

[

r o/ -
g Al ] 1]
[ e ] |
I-Z- E1‘ A E’_‘
B e B——E———
' S - B
e p|—]20
Rl— ]
e Y E
71— ||
3 W 1
s l— 15 =
hﬂ E7 E1 '1_“
o} gt ———
B 7Y ] I.——-————
19 E9 E13 15
[i}—{e10g,,E12 E
13}

TEST

TEST



Octal Shift Register

PAL20X8
CLK E‘_D_Y 24] vee

10 2 I 73] Liro

oo GH ] Hbo127] Qo
o1 GH : po]21] a1
L anp P
o2 [§] b _t&,'z__u] Q2
DATA ) os [(}- ol 1] as  DATA

E Q4 out
:Z] as
] as

N ) os [[HarravH
ps [
os [TH
o7 [WH [15] o7

n [T 7] RiLO

Gno [ L{13] oC

BT

Eifa]
¥
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Octal Shi

PAL20X8

7415498

OCTAL SHIFT REGISTER

MMI SUNNYVALE, CALIFORNIA

CLK I0 DO D1 D2 D3 D4 D5 D6 D7 Il
/0C RILO Q7 06 05 Q04 03 Q2 Q1 Q0 LIRO

+ %+

/Q0 /I1*/10%/Q0
/I1* 10*/Q1
I1*/10*/LIRO

I1* 10*/DO

/01

+ o+

/I1*/10* /01
JIl* 10*/Q2
I1*/10*/Q0
I1* I0*/Dl

/92

+F 4+

/I1*/10% /02
/I1* 10*/03
I1*/10*/Q1
I1* 10*/D2

/03

+ o+

/I1*/10*/03
/I1* 10*/04
I1*/10*/Q2
I1* 10*/D3

/04

o

+F o+

/IL*/10*/04
/I1* 10*/Q5
I1*/10*/03
I1* 10*/D4

++ + 1

/Q5 /I1*/10*/Q5
/I1* 10*/06
I1*/10*/Q4
I1* 10*/D5
/Q6 /I1*/10*/Q6
/I1% 10%*/Q7
I1*/10*/Q5
I1* I0*/D6

o

+ %+

/Q7 = /I1*/10%*/Q7

+ /Il* I0*/RILO
:+: I1*/I0*/06
+

I1* I0*/D7
IF(/I1*10) /LIRO = /QO0
IF(I1*/10) /RILO = /Q7

4-154

ft Register

PAL DESIGN SPECIFICATION

GND
vcc

s HOLD Q0

s SHIFT RIGHT
s SHIFT LEFT
;s LOAD DO

;sHOLD Q1

;s SHIFT RIGHT
;s SHIFT LEFT
;s LOAD D1

s HOLD Q2

;s SHIFT RIGHT
;+SHIFT LEFT
;s LOAD D2

;HOLD 03
;SHIFT RIGHT

- ;SHIFT LEFT
;s LOAD D3

;HOLD 04
;SHIFT RIGHT
s SHIFT LEFT

;s LOAD D4

FHOLD Q5
$SHIFT RIGHT
; SHIFT LEFT
; LOAD D5

; HOLD Q6

;s SHIFT RIGHT
3 SHIFT LEFT
;s LOAD D6

;HOLD Q7
:SHIFT RIGHT
;SHIFT LEFT
;s LOAD D7

UDI GORDON 02/20/81

;LEFT IN RIGHT OUT

;sRIGHT IN LEFT OUT




FUNCTION TABLE

Octal Shift Register

I1 I0 D7 D6 D5 D4 D3 D2 D1 DO CLK /OC RILO LIRO Q7 Q06 Q5 04 Q3 02 Q1 QO

H DATA 1IN Q our

;INST D7----DO CLK /OC RILO LIRO Q7----Q0 COMMENTS
HH LLLLLLLL C L Z 2 LLLLLLLL LOAD ZEROS
LL XXXXXXXX C L 2 Z LLLLLLLL HOLD
HL XXXXXXXX C L L H LLLLLLLH SHIFT LEFT IN A H
HL  XXXXXXXX C L L L LLLLLLHL SHIFT LEFT INA L
HL XXXXXXXX C L L L LLLLLHLL SHIFT LEFT IN A L
HL  XXXXXXXX C L L L LLLLHLLL SHIFT LEFT INA L
EL  XXXXXXXX C L L L LLLHLLLL SHIFT LEFT IN A L
HL  XXXXXXXX C L L L LLHLLLLL SHIFT LEFT IN A L
HL XXXXXXXX C L L L LHLLLLLL SHIFT LEFT INA L
HL  XXXXXXXX C L H L HLLLLLLL SHIFT LEFT INA L
HL XXXXXXXX C L L L LLLLLLLL SHIFT LEFT INA L
LL XXXXXXXX X H 2 Z 22727222727 TEST HI-Z
HH HHHHHHHH C L Z Z HHHHHHHH LOAD ONES
LL XXXXXXXX C L Z Z HHHHHHHH HOLD
LH  XXXXXXXX C L L H LHHHHHHH SHIFT RIGHT IN A L
LH XXXXXXXX C L H H HLHHHHHH SHIFT RIGHT IN A H
LH XXXXXXXX C L H H HHLHHHHH SHIFT RIGHT IN A H
LH XXXXXXXX C L H H HHHLHHHH SHIFT RIGHT IN A H
LH XXXXXXXX C L H H HHHHLHHH SHIFT RIGHT IN A H
LH  XXXXXXXX C L H H HHHHHLHH SHIFT RIGHT IN A H
LH  XXXXXXXX C L H H HHHHHHLH SHIFT RIGHT IN A H
LH XXXXXXXX C L H L HHHHHHHL SHIFT RIGHT IN A H
LH  XXXXXXXX C L H H HHHHHHHH SHIFT RIGHT IN A H
LL XXXXXXXX X H 4 4 22222722 TEST HI-Z
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Octal Shift Register

DESCRIPTION

THIS PAL IS AN 8-BIT SHIFT REGISTER WITH PARALLEL LOAD AND HOLD CAPABILITY.
TWO FUNCTION SELECT INPUTS (I0,Il) PROVIDE ONE OF FOUR OPERATIONS WHICH OCCUR
SYNCHRONOUSLY ON THE RISING EDGE OF THE CLOCK (CLK). THESE OPERATIONS ARE:

/OC CLK I1 1I0 D7-D0O Q7-Q0 OPERATION
H X X X X 2 HI-Z
L C L L X L HOLD
L cC L H X SR(Q) ~ SHIFT RIGHT
L C H L X SL(Q) SHIFT LEFT
L ¢C H H D D LOAD

TWO OR MORE OCTAL SHIFT REGISTERS MAY BE CASCADED TO PROVIDE LARGER SHIFT
REGISTERS. RILO AND LIRO ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY, WHICH
PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR MORE OCTAL SHIFT REGISTERS
ARE CASCADED TO IMPLEMENT LARGER SHIFT REGISTERS.

D

@

MSB SHIFT I/0 <——» [«—>LSB SHIFT I/O
8-BIT SHIFT

REGISTER <——CLOCK
OPSELECT _2 R jo«———OUTPUT CONTROL

{s}

Q
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Octal Shift Register

OCTAL SHIFT REGISTER

WO~ bW

C1000000001X0ZLLLLLLLLZ1
COXXXXXXXX0X0ZLLLLLLLLZ1
COXXXXXXXX1XOLLLLLLLLH11
COXXXXXXXX1XOLLLLLLLHLO1
COXXXXXXXX1XOLLLLLLHLLOL
COXXXXXXXX1XOLLLLLHLLLO1
COXXXXXXXX1XOLLLLHLLLLO1
COXXXXXXXX1XOLLLHLLLLLO1
COXXXXXXXX1XOLLHLLLLLLO1
COXXXXXXXX1XOHALLLLLLLO1
COXXXXXXXX1XOLLLLLLLLLO1
XOXXXXXXXX0X122222222221
C1l111111111X0ZHEHHHHHHZ1
COXXXXXXXX0X0ZHHHHHHHHZ 1
ClXXXXXXXX0X00LHHHHHHHH1
C1XXXXXXXX0X01HLHHHHHHH1
ClXXXXXXXX0X01HHLHHHHHH1
C1XXXXXXXX0X01HHHLHHHHH1
C1XXXXXXXX0X01HHHHLHHHH1
ClXXXXXXXX0X01HHHHHLHHH1
C1XXXXXXXX0X01HHHHHHLHH1
ClXXXXXXXX0X01HHHHHHHLL1
C1XXXXXXXX0X01 HEHHHHHHH1
XOXXXXXXXX0X122222222221

PASS SIMULATION
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Octal Shift Register

e —
OCTAL SHIFT REGISTER

11 1111 1111 2222 2222 2233 3333 3333
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789

0 X——v _— -X-- /I1*I0
1 ---X /00

8 —X-= —==X === —m== —mm= —mmm ———m —mm ———— —X-= /I1%/10%/Q0
9 Kmmm —mmm ——e X === -X-- /I1*I0%*/Q1
10 -X-X —--- — X--- I1*/I0*/LIRO

11 X—-- -X-- —— _— X--- I1%*I10*/D0

16 —X== —m== —==X === — -X-- /I1%*/10%/Q1
17 X=m= === mmmm ==X e -X-=- /I1*I0%*/Q2
18 -X—- ---X —— X--— I1*/I0%/Q0
19 X=mm —mmm =X —— X--- I1*I0*/D1

24 X —mmm ammm —meX e -X-- /I1%/10%/Q2
25 Xem= mmmm mmme mmem e X ==== === === —=== -X—- /I1*I0%/03
26 —X-= === —==X —m== X--=- I1%/10%/Q1
27 Xemm === mmmm =Xmm ——ee X--- I1*I0%/D2

32 —X-m —mm= —mm= oo —ooX —Smm —mmm mmem —mem —X—— /I1%/10%/03
33 X-——- ———- X —mm= —mmm —mem —X—— /I1*I0%/Q4
34 —X-m —mmm mmme —eeX —mee _— X--= I1l*/I0%/Q2
35 X-—- -X-- X--- I1*I0%/D3

40 -X-- —— —omX —mmm mmmm —mem —X—= /I1%/10%/04
4] Xemm - —==X === —m== —X—= /I1*I0%/Q5

42 -xX-- -—X X-—- I1*/I0%/Q3

43 X-== ;== mmme e e oXem e meee e X——— I1%I10%*/D4

48 —X—= mmm= e mmee e e oo X ==m= === -X-— /I1*/I0*/Q5
49 X-—m mmmm mmmm e —=X -X-- /I1*I0%*/Q6
50 =X== === mmmm mmmm mmmm mmoX mmmm e e X--- I1%/I0%*/Q4
51 X-—- — === =Xm= =mm= === X--= I1*10%*/D5

56 —X-- ==X === ~X-— /I1*/10%*/Q6
57 X-m= —m== —m== mmm= —mmm mmom cmme —mee ==X -X-— /I1*I0%/Q7
58 -X-- —— X —mmm —meo X-—- I1*/10%/Q5
59 X-—- — —X—- X--- I1*I0%*/D6

64 —X=m === —mm= —mme mmm= —me —mee —mme —==X =X—— /I1%/I0%/Q7
65 X-—- —— -X-X /I1*I0*/RILO
66 —X-— ———= ——m= ——m= ———= ——m= —m== —==X —=== X-—= I1*/I0%/06
67 X-—- - Loz -X-= X--= I1*I0*/D7

72 -X-—- EF X--= I1*/10
73 mmem ool e e loie Zaze —==X /07

LEGEND: X : FUSE NOT BLOWN (L,N,0) - ¢ FUSE BLOWN (H,P,1)

NUMBER OF FUSES BLOW = 1338
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Octal Shift Register

Octal Shift Register

ck >

Logic Diagram PAL20X8

3 LIRO

17

[=]
a

e 213 4 5 6 7 8 3 0N 12 131415 16 17 18 19 202122 23 24 25 26 27 28 2030 3 32 33 3 35 36 37 3839
0 ™).
‘ TSRS
; J
A
10 2_%—4 “
8
,: D
" »
po*{% F (S
16
. |
19 >
4 N A
o1 —P% =N
25
" S0
7 D Q
5 IN A
D2 —1% &
32
: B
3 k.
03t {x <
40
41
43 D>
7 N
04 % E(u
a8 R
: > E
51 » Q
8 N 4
D5 —1% N
56
) >
58 -~ > Q
9 N A
pe —% &
84
67 » Q
10 N 4
o7 —% %l
n )
” Ep->-
b3
%
1 [ - -
nJ¥ =
01 2 45 67 s 9 0N 12 13 1415 16 17 1819 2021 2223 242526 27 293N 32 33 % 35 1637 38 39




Octal Shift Register

Application

16-Bit Shift Register

BUSOUT ENABLE

o o L L L L

ElLE

CLK
INSTR l 0
"
16-BIT
DATA BUS
IN

N

N

A\

A

N-

N

A

N

N\

N~

.

N

N

N

mmmmmmng

1

NOTE: f B —————
{TMAX =Y +1

: PDoLkTOLIRO SV

4-160

\J
2] .
l —
0 LRe | b=
DO Qo 22
- 1b1 at—faf—
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4-Bit Shift Register/Comparator

Functional Description

Frequently it is necessary to take a serial bit stream and convert
it to a parallel form for storage. It is also necessary, in some
cases, to monitor the same bit stream for certain patterns
e.g. floppy disk file headers, RS232 ASCII characters, etc.

Using a PAL it is possible to combine these two functions.

Circuit Description

The circuit shows a 16 bit serial/parallel convertor, with three-
state outputs and a compare true output (EQ). Four PAL16R4s
are cascaded for this design. There is also a synchronous preset
(PR) pin available. The circuit takes positive true Non-Return-
To-Zero (NRZ) data with a central positive edge clock and
converts it into parallel data. When the A and B inputs are equal,
a negative going clock is output, with the negative (leading)
edge in the center of the output data.

PAL Implementation

A PAL16R4 is used, the four flip-flops comprising the shift
register and the other gates are used to compare the data and
output on appropriate pulse if the compare is true. For the shift
register the equations are:

B0 := /SERIN*/PR

B1 := /B0*/PR
B2 := /B1*/PR
B3 := /B2*/PR

The inputs are inverted because of the inverting output buffer
on each stage. To compare two inputs A and B, the boolean
equivalence operator is A = B (or A :*: B).

The equations using AND-OR-INVERT logic are:

A1, A2 = B1, B2 = (/A1*/B1)*(/A2*/B2) + (A1*B1)*(/A2*/B2)
+ (/A1*/B1)*(A2*B2) + (A1"B1)*(A2"B2)

So for 3 inputs we require 8 sum of products and so on. This
means that we have to cascade 2 stages in the 16R4 as there
are only 7 product terms available per output. Hence, compare
1 (CO1) is:

= A0*B0*A1*B1*/CI

+ A0*BO*/A1*B1*/Cl
+ /A0*/B0*A1*B1*/Cl
+ /A0*/B0*/A1*/B1*/Cl

Compare Output 2 (CO2) is:
= A2*B2*A3"B3*/C*1 and so on.

On the final stage, the clock is inverted and gated with CO2.
This causes a negative going pulse to be output when the A
and B inputs are equal, the leading edge being at data center.
This pulse is the EQ output. For a 16 bit register, the final CO2
output can have a maximum delay of 4x2x25ns = 200ns, so for
a EQ pulse at data center the maximum clock frequency would
be 5 MHz.

/Cl = COMPARE IN FROM
PREVIOUS STAGE

But, by using a carry-look-ahead technique, this could be
increased to 7.2 MHz. In practice clock frequencies of greater
than 10 MHz could be used (causing the EQ puise leading edge
to shift off center).

Conclusion

By feeding the outputs of the shift register into a bank of FIFOs
(67401 or similar) a practical serial communication channel can
be buffered into a microcomputer system. Using PALs the
design can be tailored for use in different communication
systems.

16-BIT
DATA IN
4 4 4
CK A CK A cK A J
SERIN CLK|-NC —>{SERIN CLK|-NC —>{SERIN CLK
(] co2 (] co2 ci coz2f—
PR OC B PR OC 8 PR OC B EQ
.83 1,183
: 2
4 a 3
o¢ | i ] DATA EQU
16-BIT DATA OUT 1
1 Tek
i

4-BIT SERIAL/PARALLEL SHIFT REGISTER/COMPARATOR WITH PRESET
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4-Bit Shift Register/Comparator

PAL16R4
SHFT4

PAL DESIGN SPECIFICATION
HARRY HUGHES 02/18/81

4-BIT SHIFT REGISTER/COMPARATOR

MMI ENGLAND
CK CLK PR A0
/0C CO2 COl1 B3

Al A2 A3 SERIN NC GND
B2 Bl B0 EQ CI vCC

/B0 := /SERIN*/PR ;SHIFT LEFT (SERIAL IN)

/Bl := /BO*/PR ; SHIFT LEFT

/B2 := /Bl*/PR ;SHIFT LEFT

/B3 := /B2*/PR ; SHIFT LEFT

IF (VCC) /COl = AO* BO* Al* Bl*/CI ;COMPARE AO= BO AND Al= Bl
+ AO* BO*/Al*/Bl*/CI ;COMPARE AO= BO AND /Al=/Bl
+ /AO*/BO* Al* Bl*/CI ;COMPARE /AO=/B0 AND Al= Bl
+ /A0*/BO*/Al*/B1*/CI ;s COMPARE /AO=/B0 AND /Al=/Bl

IF (VCC) /CO02

IF (VCC) /EQ

FUNCTION TABLE

SERIN A3 A2 Al

A2% B2* A3* B3*/COl  ;COMPARE A2= B2 AND A3= B3
A2* B2*/A3*/B3*/COl  ;COMPARE A2= B2 AND /A3=/B3
/A2%/B2* A3* B3*/COl ;COMPARE /A2=/B2 AND A3= B3
/A2%/B2* /A3*/B3*/CO1  ;COMPARE /A2=/B2 AND /A3=/B3

+ 4+ + 0

/CLK*/CO2 ;COMPARE TRUE PULSE

A0 CK /OC PR CI COl CO2 CLK EQ B3 B2 Bl BO

;-INPUTS-  ——————- CONTROL~-—~~~~~ OUTPUTS
;SER AAAA cC/ P C C C C E BBBB
;IN 3210 KOCR I 01 021LKQ 3210 COMMENTS
X XXXX CL B X X X X X HHHH PRESET
L HHHL CL L L L L L L HHHL SHIFT LEFT IN A L (A=B)
L HHLL CL L L L L L L HHLL SHIFT LEFT IN A L (A=B)
L HLLL CL L L L L L L HLLL SHIFT LEFT IN A L (A=B)
L LLLL CL L L L L L L LLLL SHIFT LEFT IN A L (A=B)
H LLLH CL L L L L L L LLLH SHIFT LEFT IN A H (A=B)
H LLHH CL L L L L L L LLHH SHIFT LEFT IN A H (A=B)
H LHHH CL L L L L L L LHHH SHIFT LEFT IN A H (A=B)
H HHHH CL L L L L L L HHHH SHIFT LEFT IN A H (A=B)
X XXXX LL X HHH X H XXXX PREVIOUS STAGE COMPARE NOT TRUE
X XXXX LL X X X X H H XXXX COMPARE TRUE PULSE INACTIVE
H HHHH LL L L L L L L HHHH COMPARE TRUE
X XXXX XH X X X X X X 272227 TEST HI-Z
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4-Bit Shift Register/Comparator

DESCRIPTION

THIS 4-BIT SHIFT REGISTER/COMPARATOR ACCEPTS POSITIVE NRZ INPUT DATA ON THE
RISING EDGE OF THE CLOCK (CK) AND PRODUCES A PARALLEL OUTPUT (B) WITH A
'COMPARE TRUE PULSE' ON THE NEGATIVE EDGE OF THE CLOCK (CLK) .

THE THREE-STATE OUTPUTS (B) ARE HIGH-Z WHEN THE OUTPUT CONTROL LINE (/OC) IS
HIGH AND ENABLED WHEN THE OUTPUT CONTROL LINE (/0C) IS LOW.

: . X ) i L
4a.1R4




4-BIT SHIFT REGISTER/COMPARATOR

0 JOH UL WN -

o

10
11
12
13

CX1XXXXXXXO0XXHHHHXX1
C0001110XXOLLHHHLLO1
C0000110XX0LLHHLLLO1
C0000010XXOLLHLLLLO1
C0000000XX0LLLLLLLO1
C0010001XXOLLLLLHLO1
C0011001XXOLLLLHHLO1
C0011101XXOLLLHHHLO1
C0011111XXOLLHHHHLO1
OXXXXXXXXXOHHXXXXH11l
01XXXXXXXX0XXXXXXHX1
00011111XXOLLHHHHLO1
XXXXXXXXXX1XXZZ2Z27ZXX1

PASS SIMULATION

4-Bit Shift Register/Comparator
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4-Bit Shift Register/Comparator

4-BIT SHIFT REGISTER/COMPARATOR

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

9 —X-= —=-= === mmme —emo Seem —mee —=oX /CLK*/CO2

16 === =X-= ==== —m== —m—= —me= —X-- —-——— /SERIN*/PR

R e /BO* /PR

Y I e G /Bl*/PR

40 —omm =K== mmmm mmmm monX mmem —mem oo /B2* /PR

48 —mmm e e e e e e e

49 -=-X =--- X-X~- X-X- AO*BO*A1*Bl*/CI

50 ===X mm== X=X= =X=X =m== —m== emm— emee AO*BO*/Al*/B1*/CI
51 ==X ==== =X-X X+X= ==== === —=== —=—= /AQ*/BO*A1*B1%*/CI
52 ==X =m== =X=X =X=X === mmm= meme —eee /A0*/B0O*/Al*/Bl*/CI
56 mmm= mmmm mmmm mmmm e e e e

57 mmmm mmmm mmmm oo X-X- X~-X- -=-X —--- A2*¥B2*A3*B3*/COl
58 mmmm mmmm e oo X=X~ -X-X ==-X -—-= A2¥B2%/A3*/B3*/COL

59 mmme —mmm momm —mmm —X-X X-X- -==X --—= /A2%/B2*A3*B3*/COl
60 ——== === ——mm ——mee —¥-X ~X-X ===X -=== /A2%/B2%/A3%/B3*/COLl

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (#,P,1)

NUMBER OF FUSES BLOWN = - 462

4-166



4-Bit Shift Register/Comparator

4-Bit Shift Register/Comparator Logic Diagram PAL16R4

ck —>

0123 4567 8 91011 12131415 16171813 20212223 24252627 28293031

0
1
2
3
H 5ci
5
6
7

18 EQ

D Q BO

15 B2

7

a2

A lPx

Ccot

serRIN ¥~

2 co2

s TR ﬁf@ﬁ%%

Ne Py L oc
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4-Bit Counter
with 2 Input Mux

PAL16R4
cik [ bvef 20] vee
ao[ZH ms
A |a[GH Em
o P 1 =
A3lsH Aé‘: ’ tB*Em DATA
ol o
B 51[-_7_'- °2'3«Eos
DATA
w | s2[tH g [13] 1
ss[EH ;J [17] co
ano 9] L) oc

1 e | | 4-169



4-Bit Co

unter with 2 Input Mux

PAL16R4

CNT4M

4-BIT COUNTER WITH 2 INPUT MUX
MMI SUNNYVALE, CALIFORNIA

CLK A0 Al A2 A3 BO Bl B2 B3 GND
/0C CO 11 Q3 Q2 Q1 Q0 10 CI VCC

/Q0 := /Il*/10%/Q0

+ /I1l* 10*/A0

+ I1%/I0*/BO

+ TI1* I0*/CI*/Q0
+ I1l* 1I0* CI* QO
/0Ol := /I1l*/10*/01

+ /I1* T0*/Al

+ I1*/10*/Bl

+ Il* 10*/CIi*/Q1

+ I1* I0*/Q0%*/01

+ Il* I0* CI* QO0* Q1

/92

.

+ 4+ 4+ 4

I1%/10%/Q2

I1* 10%*/A2

I1%/10%/B2

I1* 10%/CI*/Q2

I1* 10%/Q0%/Q2

I1* 10%/Q1%/02

I1* I0* CI* Q0* Ql* Q2

/
/

/03 := /I1*/10%*/03

+ /I1%* 10%/A3

11*/10%/B3

I1%* 10%/CI*/Q3

I1* 10%/00%/03

I1* 10%/01%/03

I1* 10%/02%/03

I1* I0* CI* QO0* Ql* Q2* 03

+ + ++ + +

IF(VCC) /CO = /CI+/Q0+/Q1+/02+/03

sHOLD

PAL DESIGN SPECIFICATION
BIRKNER/COLI 07/22/81

;HOLD Q0 (LSB)

;LOAD A0

;LOAD BO

;HOLD IF NO CARRY IN

;COUNT IF CARRY IN AND QO=H

;HOLD Q1

;LOAD Al

;s LOAD Bl

sHOLD IF NO CARRY IN
sHOLD IF Q0,01=L

~;COUNT IF CARRY IN AND QO0,Ql=H

;HOLD 02

;LOAD A2

;LOAD B2

:HOLD IF NO CARRY IN
;HOLD IF Q0,02=%

- ;HOLD IF Q1,02=L

;COUNT IF CARRY IN AND 00,01,02=H

Q3
A3
B3
IF
IF

(MSB)
+ LOAD .
;s LOAD
;s HOLD
;HOLD

NO CARRY IN

00,03=L

sHOLD IF 01,Q3=L

sHOLD IF Q2,03=L

;COUNT IF CARRY IN AND Q0,01,02,03=H

;CARRY OUT IF CARRY IN AND Q0,Q1,02,03=H

CARRY IN ——»

OP SELECT _ 2

4-BIT COUNTER [ > CARRY OUT

WITH

2-INPUT MUX cLocK

JO<«——OUTPUT CONTROL

R

Q
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4-Bit Counter with 2 Input Mux

FUNCTION TABLE
CLK /OC Il I0 A3 A2 Al A0 B3 B2 Bl BO CI CO Q3 02 Q1 Q0

; -~INPUTS-- OUTPUT

;CONTROL INSTR AAAA BBBB CARRY Q000 COMMENTS
;CLK /OC Il 10 3210 3210 CI CO 3210 (HEX VALUES)
C L L H LLLL HHHH X X LLLL LOAD A (0)
C L H L LLLL HHHH X X HHHH LOAD B (F)
C L L H LLLH LHHH X X LLLH LOAD A (1)
C L H L LLLH LHHH X X LHHH LOAD B (7)
(o] L L H LLHL HLHH X X LLHL LOAD A (3)
C L H L LLHL HLHH X X HLHH LOAD B (B)
C L L H LHLL HHLH X X LHLL LOAD A (4)
C L H L LHLL HHLH X X HHLH LOAD B (D)
C L L H HLLL HHHL X X HLLL LOAD A (8)
C L H L HLLL HHHL X X HHHL LOAD B (E)
C L L H LLLL HHHH X X LLLL LOAD A (0)
C L H L LLLL HHHH X X HHHH LOAD B (F)
C L H L XXXX LLLH X X LLLH LOAD B (1)
C L H H XXXX XXXX H L LLHL INCREMENT
C L H L XXXX LLHH X X LLHH LOAD B (3)
C L H H XXXX XXXX H L LHLL INCREMENT
Cc L L H LHHH XXXX X X LHHH LOAD A (7)
C L H H XXXX XXXX H L HLLL INCREMENT
C L L H HHHH XXXX X X HHHH LOAD A (F)
C L H H XXXX XXXX H L LLLL INCREMENT (ROLL OVER)
Cc L H L XXXX HHLL X X HHLL LOAD B (C)
C L H H XXXX XXXX H L HHLH INCREMENT (D)
C L L L XXXX XXXX H L HHLH HOLD (D)
C L H H XXXX XXXX H L HHHL INCREMENT (E)
C L H H XXXX XXXX H H  HHHH INCREMENT (F) (CARRY OUT)
Cc L H H XXXX XXXX H L LLLL INCREMENT (0) (ROLL OVER)
C L H H XXXX XXXX H L LLLH INCREMENT (1)
C L H H XXXX XXXX L L LLLH HOLD (NO CARRY IN)
C L H H XXXX - XXXX H L LLHL INCREMENT (2)
X H X X XXXX XXXX X X 2222 TEST HI-Z
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4-Bit Counter with 2 Input Mux

DESCRIPTION

THE 4-BIT COUNTER LOADS A OR B FROM THE MUX, INCREMENTS, OR HOLDS
ON THE RISING EDGE OF THE CLOCK.

/O0C CLK Il I0 CI A3-A0 B3-BO Q3-Q0 OPERATION

HI-2
HOLD
LOAD A
LOAD B
HOLD

Q PLUS 1 INCREMENT

| B B o A o]
QOO0 00Xx
mmm e e X
mom e om e X
=3 o - -
XXX P XX
X X W XX

O wP»onN

——
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4-Bit Counter with 2 Input Mux

4-BIT COUNTER WITH 2 INPUT MUX

WOl WwN -

C00001111X0XOLLLL1X1
C00001111X0X1HHHHOX1
C10001110X0XOLLLH1X1
C10001110X0X1LHHHOX1
C01001101X0XOLLHL1X1
C01001101X0X1HLHHOX1
C00101011X0XOLHLL1X1
C00101011X0X1HHLHOX1
C00010111X0X0HLLL1X1
C00010111X0X1HHHLOX1
C00001111X0XOLLLL1X1
C00001111X0X1HHHHOX1
CXXXX1000X0X1LLLHOX1
CXXXXXXXXXOL1LLHL111
CXXXX1100X0X1LLHHOX1
CXXXXXXXXXOL1LELL111l
Cl110XXXXX0XOLEHH1X1
CXXXXXXXXXOL1HLLL11l1
Cll11XXXXX0XOHHHH1X1
CXXXXXXXXXOL1LLLL11l1
CXXXX0011X0XOHHLL1X1
CXXXXXXXXXOL1HHLH111
CXXXXXXXXXOLOHHLHO11l
CXXXXXXXXXOL1HHHL111
CXXXXXXXXXOH1HHHH111
CXXXXXXXXXOL1LLLL11ll
CXXXXXXXXXOL1LLLH11l
CXXXXXXXXXOL1LLLH101
CXXXXXXXXXOL1LLHL11l
XXXXXXXXXX1XXZZZZXX1

PASS SIMULATION
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4-Bit Counter with 2 Input Mux

4-BIT COUNTER WITH 2 INPUT MUX

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

16 ——m= —o=X ==X —mmm mmmm mmem o X —-—— /I1*/10%*/00
17 -X—- —-X- ——=X —=== /I1*I0%/A0
18 ——m- ——- X —=== —=== -X-= —=== —=X- ———= I1%/I0%*/B0

19 ===X ==X= ==X ==== ==== mm== —=X=- ———= I1*I0%/CI*/Q0
20 —=X- ==X~ ==X~ ==== —mm= —m—— =X ———— I1*I0*CI*Q0

24 —mme —meX e e b X ==—= /I1%/I0%/Q1
25 ———m -XX- -==X ==== /I1*I0%/Al
26 ———m ——- X =m== —m== —mmm =X== —=X- -——— I1*/I0%/Bl

27 ===X === —m== ===X =m== —mm= —=X=- ———= I1*I0%/CI*/Ql
28 === === === ===X ==== —m== —=%X- —-== I1*I0%/Q0*/Ql
29 ==X~ —=X= ==X= ==X~ ==== ==== ==X~ —=== I1*I0*CI*Q0*Ql

32 mmmm X e e e X —mmm X —--= /I1*/I0%/02
33 mmmm =X =K== mm== —mmm mmmm —ooX ———— /I1*10%/A2
34 - - X —mmm e e e -XX- -=—- I1*/I0*/B2

35 ==X ==X= —=== === ==X === —=X~ ———= I1*I0%*/CI*/Q2
36 === —=X= —==X —=== ==X —m—= —=X- ——== I1*I0*/00*/02
37 === —=X= =mm= —==X ==X =m—= —=X- ——== I1*I0*/Q]*/Q2
38 —=X= ==X~ ==X ==X~ ==X~ =m== —=X= ——== I1*¥I0*CI*Q0*Q1*Q2

40 ——me ——c X —mmm mmmm mmam e X —==X —-—= /I1*/10%/Q3
41 === —=X= =m== —Xm= === ——m= ==X === /TI1*I0*/A3
I R X --X- -X-- I1*/I0%*/B3
43 ==-X —=X~ === ——ee ——em —o-X -=X- —-——— I1*I0*/CI*/0Q3
L Sl S X —=X- —--- I1*I0*/Q0*/03
45 ——-m =X —mmm mmoX mmme e X —=X- —-=- I1*I0*/01*/03

46 —=== —=X= —m== ——o= —=cX ——=X --X- -——= I1*I0%/Q2*/03
47 -—X- —=X- ==X= —=X- —=X~ ==X- —=X- —-—== I1*I0*CI*Q0*Q1*Q2*Q3

56 ———= ——== ———m

57 ===X —=m= Smmm e e e e oo /CI
58 ——=m —mem ——- X —=-- /90
59 ———= —mmm e oo X /01
60 e S e R /02
6l ——-- mmmm e mem e oo G /93

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1)

NUMBER OF FUSES BLOWN = 921

4-174



4-Bit Counter with 2 Input Mux

4-Bit Counter with 2 Input Mux Logic Diagram PAL16R4

CLK ‘—{>

0123 4567 8 91011 12131415 16171819 20212223 24252627 28293031

ﬂmwbww-a
z
Qo

L
SRR

Q3

535888828
[
V. o
o 0
=

:
’r

J

e 1 co

_40_"63

;
[

0 3 4567 891011 12131415 16171819 20212223 1‘i52827 2829303
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Octal Counter

- PAL20X8
0

o[z
oo [3]
o1 2]
p2[¢ ' 0
DATA >[4 GATE u ' DATA
IN D4 E“‘ARRAY" 18jas [ out )

os [TH - 7] as ﬂ
D6 E- - 18] Qs
o7 [l EE»« 18] a7

n[irH e co
ano 7] Le{13] oc
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Octal Counter

PAL20X8
7415461

OCTAL COUNTER
MMI SUNNYVALE, CALIFORNIA

CLK
/oc

I0

/Q0

o

+ 4

/01

+ 4+ 4+

/Q2

.

+ 4+ 40

/93 :

+ 4+

/04

+F +

/95

+ 0o+

/Q6

.

+ + + 0

/97

.

+ 4+ + 0

IF (VCC)

4-178

DO D1 D2 D3 D4 D5 D6 D7 Il GND

/CO Q7 Q06 05 Q4 03 02 Q1 Q0 /CI VCC

/I1*/10
10*/Q0
I1*/10*/D0
Il* I0* CI

/I1*/10
I0*/Q1
I1*/10*/D1
I1l* 10* CI*QO0

/I1*/10
10*/Q2
I1*/10*/D2
Il* 10* CI*Q0*Ql

/I1*/10
10*/03
I1*/10*/D3
I1* I0* CI*Q0*Q1*Q2

/I1*/10
I0*/04
I1*/10*/D4
Il* I0* CI*Q0*Q1*Q2*Q3

/I1*/10
10%/05
I1*/10*/D5
I1* I0* CI*Q0*Q1*Q2%03*Q4

/I1*/10
I0*/Q6
I1*/10*/D6
I1* 1I0* CI*Q0*Q1l*Q2*Q3*Q4*Q5

/I1*/10
I0*/Q7
I1*/10*/D7
I1* I0* CI*Q0*Ql*Q2*Q3*Q4*Q5*06

CO = CI*Q0*Q1*Q2*Q3*Q4*Q5*Q6*Q7

PAL DESIGN SPECIFICATION
BIRKNER/KAZMI/BLASCO 02/10/81

;CLEAR LSB

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

;CLEAR

; COUNT /HOLD
;s LOAD D1

; COUNT

;s CLEAR

; COUNT /HOLD
sLOAD D2

; COUNT

;CLEAR

; COUNT /HOLD
;LOAD D3

;s COUNT

:CLEAR

; COUNT/HOLD
; LOAD D4

s COUNT

;CLEAR

; COUNT /HOLD
; LOAD D5

; COUNT

;CLEAR

; COUNT /HOLD
; LOAD D6

; COUNT

;CLEAR MSB

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

;CARRY OUT




Octal Counter
M

FUNCTION TABLE
CLK /OC Il I0 D7 D6 D5 D4 D3 D2 D1 DO /CI /CO Q7 Q6 05 04 03 02 01 00

=INPUT-- -OUTPUT~
ONTROL INSTR DDDDDDDD CARRY 00000000 COMMENTS

C
CLK /OC I1 10 76543210 /CI /CO 76543210 (HEX VALUES)

~e No e

C L H L LLLLLLLH X H LLLLLLLH LOAD (01)

cC L H H  XXXXXXXX L H LLLLLLHL  INCREMENT

c 1 H L LLLLLLHH X H LLLLLLHH LOAD (03)

cC L H H  XXXXXXXX L H LLLLLHLL  INCREMENT

C L H L LLLLLHHH X H LLLLLHHH LOAD (07)

C L H H  XXXXXXXX L H LLLLHLLL  INCREMENT

C L H L LLLLHHHH X H LLLLHHHH LOAD (OF)

cC L H H  XXXXXXXX L H LLLHLLLL  INCREMENT

C L H L  LLLHHHHH X H LLLHHHHH LOAD (1F)

C L H H  XXXXXXXX L. H LLHLLLLL  INCREMENT

cC L H L  LLHHHHHH X H LLHHHHHH LOAD (3F)

cC L H H XXXXXXXX L H LHLLLLLL  INCREMENT

C L H L  LHHHHHHH X H LHHHHHHH LOAD (7F)

cC L H H  XXXXXXXX L H HLLLLLLL  INCREMENT

C L H L  HHHHHHHH L L HHHHHHHH LOAD (FF)

cC L H H  XXXXXXXX L H LLLLLLLL  INCREMENT (ROLL OVER)
cC L H L  HHHHHHHH L L HHHHHHHH  LOAD (FF)"

cC L H L  HHHHHHHL X H HHHHHHHL = LOAD (FE)

C L H L  HHHHHHLH X H HHHHHHLH  LOAD (FD)

C L H L  HHHHHLHH X H HHHHHLHH LOAD (FB)

cC L H L  HHHHLHHH X H HHHHLHHH LOAD (F7)

C L H L  HHHLHHHH X H HHHLHHHH LOAD (EF)

C L H L  HHLHHHHH X H HHLHHHHH LOAD (DF)

C L H L  HLHHHHHH X H HLHHHHHH LOAD (BF)

cC L H L  LHHHHHHH X H LHHHHHHH LOAD (7F)

C L H L  HHHHHHHH L L HHHHHHHH LOAD (FF)

cC L L L  XXXXXXXX X H LLLLLLLL  CLEAR

c L H H  XXXXXXXX L H LLLLLLLH  INCREMENT TO (01)
c L H H  XXXXXXXX L H LLLLLLHL  INCREMENT TO (02)
C L H H  XXXXXXXX L H LLLLLLHH  INCREMENT TO (03)
cC L H H XXXXXXXX L H LLLLLHLL  INCREMENT TO (04)
cC L H H  XXXXXXXX L H LLLLLHLH  INCREMENT TO (05)
cC L H H  XXXXXXXX L H LLLLLHHL  INCREMENT TO (06)
cC L H H  XXXXXXXX IL. H LLLLLHHH  INCREMENT TO (07)
cC L H H  XXXXXXXX L H LLLLHLLL  INCREMENT TO (08)
C L H H  XXXXXXXX L H LLLLHLLH  INCREMENT TO (09)
cC L H H  XXXXXXXX L H LLLLHLHL  INCREMENT TO (OA)
cC L H H  XXXXXXXX L H LLLLHLHH  INCREMENT TO (OB)
cC L H H  XXXXXXXX L H LLLLHHLL  INCREMENT TO (0C)
cC L H L  HHHHHHHL X H HHHHHHHL  LOAD (FE)

C L H H  XXXXXXXX L L HHHHHHHH  INCREMENT TO (FF) /CO=L
C L H H  XXXXXXXX H H HHHHHHHH CI INHIBITS COUNT AND CO
C L L H LLLLLLLL L L HHHHHHHH  HOLD SEL INHIBITS COUNT ONLY
cC L H H  HHHHHHHH L H LLLLLLLL  INCREMENT TO (00)
X H X X  XXXXXXXX X X 22222227  TEST HI-Z

4-179



Octal Counter

DESCRIPTION

THIS IS AN 8-BIT SYNCHRONOUS COUNTER WITH PARALLEL LOAD, CLEAR, AND HOLD
CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS (D7-D0) INTO THE OUTPUT
REGISTER (Q7-00). THE CLEAR OPERATION RESETS THE OUTPUT REGISTER TO ALL LOWS.
THE HOLD OPERATION HOLDS THE PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS.
THE INCREMENT OPERATION ADDS ONE TO THE OUTPUT REGISTER WHEN THE CARRY-IN IS
TRUE (/CI=L), OTHERWISE THE OPERATION IS A HOLD. THE CARRY-OUT (/CO) IS TRUE
(/CO=L) WHEN THE OUTPUT REGISTER (Q7-Q0) IS ALL HIGHS, OTHERWISE FALSE (/CO=H).

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMMARIZED IN THE
OPERATIONS TABLE:

/0C CLK I1 10 /CI D7-DO Q7-Q0 OPERATION
H X X X X X Z HI-2Z

L Cc L L X X L CLEAR

L Cc L H X X Q HOLD

L (o H L X D D LOAD

L C H H H X o HOLD

L C H H L X Q PLUS 1 INCREMENT

TWO OR MORE OCTAL COUNTERS MAY BE CASCADED TO PROVIDE LARGER COUNTERS. THE
OPERATION CODES WERE CHOSEN SUCH THAT WHEN Il IS HIGH, I0 MAY BE USED TO SELECT
BETWEEN LOAD AND INCREMENT AS IN A PROGRAM COUNTER (JUMP/INCREMENT).. ALSO,
CARRY-OUT (/CO) AND CARRY-IN (/CI) ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY,
WHICH PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR MORE OCTAL COUNTERS
ARE CASCADED TO IMPLEMENT LARGER COUNTERS.

D

\/8
CARRY IN —»0 8-BIT o—— CARRY OUT

SYNCHRONOUS |, . ok
OPSELECT _2 » ~ COUNTER L, = UTPUT CONTROL

&

Q
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Octal Counter

OCTAL COUNTER

W oo U W

C0100000001X0HLLLLLLLHX1
CLXXXXXXXX1X0HLLLLLLHLO1l
C0110000001X0HLLLLLLHHX1
C1XXXXXXXX1XOHLLLLLHLLO1
C0111000001X0HLLLLLHEHX1
CIXXXXXXXX1XOHLLLLHLLLO1
C0111100001X0HLLLLHHHHX1
ClXXXXXXXX1XOHLLLHLLLLO1l
C0111110001X0HLLLHHHHHX1
C1XXXXXXXX1XOHLLHLLLLLO1
C0111111001XOHLLHHHHHHX1
C1XXXXXXXX1XOHLHLLLLLLO1
C0111111101XOHLHHHHHHHX1
C1XXXXXXXX1XOHHLLLLLLLO1
C0111111111X0OLHHHHHHHHO1
CLXXXXXXXX1XOHLLLLLLLLO1
C0111111111XOLHHHHHHHHO1
C0011111111XOHHHHHHHHLX1
C0101111111XOHHHHHHHLHEX1
C0110111111XOHHHHHHLHHX1
C0111011111XOHHHHHLHHHX1
C0111101111XOHHHHLHHHHX1
C0111110111XOHHHLHHHHHX1
C0111111011X0HHLHHHHHHX1
C0111111101XOHLHHHHHHHX1
C0111111111XOLHHHHHHHHO1
COXXXXXXXX0XO0HLLLLLLLLX1
C1XXXXXXXX1XOHLLLLLLLHO1
CIXXXXXXXX1XOHLLLLLLHLO1
C1XXXXXXXX1XOHLLLLLLHHO1
C1XXXXXXXX1XOHLLLLLHLLO1
C1XXXXXXXX1XOHLLLLLHLHO1
CLXXXXXXXX1XOHLLLLLHHLO1l
CIXXXXXXXX1XOHLLLLLHHHO1
C1XXXXXXXX1XOHLLLLHLLLO1l
C1XXXXXXXX1XO0HLLLLHLLHO1
C1XXXXXXXX1XOHLLLLHLHLO1
ClXXXXXXXX1XOHLLLLHLHHO1
C1XXXXXXXX1XOHLLLLHHLLO1
C0011111111X0OHHHHHHHHLX1
C1XXXXXXXX1XOLHHHHHHHHO1
CLXXXXXXXX1XOHHHHHHHHH11
C1000000000X0LHHHHHHHHAO1
C1111111111XOHLLLLLLLLO1
XXXXXXXXXXXX1XZ2222Z2222X1

PASS SIMULATION
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Octal Counter

OCTAL COUNTER

8
9
10
11

16
17
18
19

24
25
26
27

32
33
34
35

40
41
42
43

48
49
50
51

56
57
58
59

64
65
66
67

72
73

11 1111 1111 2222 2222 2233 3333 3333
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789
—x-— ———— ._x__
O X
~X-= —Xm= = e pE
X=mX ——mm K==
P - ———— e et R
K== mmmm e X === mmmm mmmm o o e e
e o K==
Km=X —=Km —mmm mmem )
—x.—._ ———— ————— -——— o ——— _x__
Kmmm e mmmm o X mmmm e e o e e
B e o p S
K==X ==X= ==X~ =mm- PO
-Y—— ——— X
D e S
“Xmm mmmm mmmm o X p S
X==X —=X= —=X- —-X- p S
_x__ ———— o ———— ———— _X__
D el T, e
B L S
D R S S G
=X—- —X—-
D T . S
B T il SIS S
X==X ==X= ==X~ ==X~ === ==X= —=—= —o—— —coe X—ee
_x..... - — _X__
p e St
-X-- —Xmm mmmm Xmmm
X==X —=K= ==X~ ==X- ==K~ ==X= —=K= mmmm —mm= X—mm
Y —X—
Kmmm R
X e e Sl GEt
X==K ==X- ==X= ==X= =<K= ==X= —=X= —=X= ———m X—mm
—==X ==X= ==X- ==X= ==K~ ==X- ==X~ ==X~ ==X ——m-
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN

NUMBER OF FUSES BLOW = 1243

/I1%/10
10*/00
I1*/10%/DO
I1*J0*CI

/11*/10
10*/01
I1*/10%/D1
I1*I0*CI*Q0

/11*/10

T0*/02
11%/10%/D2
I1*I0*CI*Q0*01

/I1%/10

10%/03

11%/10*/D3
TI1*I0*CI*Q0*Q1*Q2

/I1%/10

10*/04

I1*/10%/D4
I1*T0*CI*Q0*¥Q1*Q2*Q3

/I1*/10

10*/05

I1*/I0*/D5
I1*I0*CI*Q0*Q1*02*03*04

/I1*/10
10*/06

I1*/10*/D6 S
T1*T0*CI*Q0*Q1*02*Q3*04-

/I1*/10
I10*/07

I1*/10*/D7 ‘
I1*I0*CI*Q0*Q1*Q2*Q3*Q4~

CI*00*Q1%02%Q3%Q4*05*06~

(H,P,1)

4-182



Octal Counter

Octal Counter Logic Diagram PAL20X8

ck —>

01 23 4567 89101 12131815 1617 1819 20212223 24 252627 28293031 32333 35 36 37 3830

0 R )
: w : ¥
3
A
ok b
8
22
3 N A
po ¥ F 4

Dé

]

7 183 163 0 (0 (6 (8 |63

10 N A
o7 —% N
y

niJy < ~<}—oc

01 23 &5 67 849101 121318415 16121819 20212223 24 252627 28293031 32333435 36 37 3839
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Octal Counter

Application .
16-Bit Counter
BUS OUT ENABLE
COUNT ENABLE
CLK
INSTR { 10
"
16-BIT
DATA BUS J
r
0— | — 3
- G0 o7} —
N 1 || L
L2] D1 al 21|———
N | gy . N | N
a2 D2 Q2 20}
8
- E i - g
\ i Y /
N 1 I N
18] D5 Qs 17}
N |y ] I
1] D6 Q6 E—
N Mml—lor  o7l—IT J
= 110cco =
E [y
CARRY
\J ‘
— | —
10 Cl
\ E DO QO E
N E —D1 Q1f— E.—-——/
- iy B o
5] D2 Q2 20}
8 N
N~ E?——— D3 BIT Q3| E——
CNTR
m! N
N o+ o1
N |y 5 m! N
L8] Ds Qs 17}
N E e Q6 — 16|~————’
. ol—p7 Q7}—| : }_____/
L 110cco L
‘m |
el
1
NOTE: fpmax =

'PD cLk Toco *'su

16-BIT
DATA BUS
out

ALL HIGH
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Octal Up/Down Counter

PAL20X8

cuk 1]
ib |2
oo [3]
o1 [4]

D2 |5

para ) 03 [E]
N ) o ]
os [
os [2]
o7 [@

w0

ano [12]
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Octal Up/Down Counter

PAL20X8

P800S

OCTAL UP/DOWN COUNTER
MMI SUNNYVALE, CALIFORNIA

PAL DESIGN SPECIFICATION
VINCENT COLI 07/24/81

CLK /LD DO D1 D2 D3 D4 D5 D6 D7 /UD GND
/O0C /CBO Q7 06 05 04 03 02 Q1 Q0 /CBI VCC

/Q0 := /LD*/Q0 sHOLD QO
+ LD*/DO ;LOAD DO (LSB)
t+: /LD* UD* CBI ; INCREMENT
+ /LD*/UD* CBI ; DECREMENT
/901 := /LD*/Q1 sHOLD Q1
+ LD*/Dl ;LOAD D1
t+: /LD* UD* CBI* Q0 : INCREMENT
+ /LD*/UD* CBI*/Q0 ; DECREMENT
/Q2 := /LD*/Q2 ;HOLD Q2
+ LD*/D2 ; LOAD D2
:+: /LD* UD* CBI* QO0* Q1 ; INCREMENT
+ /LD*/UD* CBI*/Q0%*/01 . ; DECREMENT
/Q3 := /LD*/Q3 sHOLD Q3.
+ LD*/D3 ; LOAD D3
:+: /LD* UD* CBI* Q0* Ql* Q2 ; INCREMENT
+ /LD*/UD* CBI*/Q0*/Ql1*/02 ; DECREMENT
/04 := /LD*/Q4 +HOLD Q4
+ LD*/D4 ;LOAD D4
:+: /LD* UD* CBI* QO0* Ql* Q2% 03 ; INCREMENT
+ /LD*/UD* CBI*/Q0*/Q1*/02*%/03 ; DECREMENT
/05 := /LD*/Q5 s HOLD Q5
+ LD*/D5 "+ LOAD D5
:+: /LD* UD* CBI* QO* Ql* Q2* Q3* Q4 ; INCREMENT
+ /LD*/UD* CBI*/QO0*/Ql*/Q2*/0Q3* /04 ;s DECREMENT
/Q6 := /LD*/Q6 ;HOLD Q6
+ LD*/D6 . ;LOAD D6
:+: /LD* UD* CBI* QO* Q1l* Q2* Q3* Q4* Q5 : INCREMENT
+ /LD*/UD* CBI*/Q0*/Q1*/Q2*/03*/04*/Q5 ; DECREMENT
/Q7 := /LD*/Q7 ;HOLD Q7
+ LD*/D7 ;LOAD D7 (MSB)
:+: /LD* UD* CBI* QO0* Ql* Q2* Q3* Q4* QO5* Q6 ; INCREMENT
+ /LD*/UD* CBI*/Q0%*/Ql*/Q2*/Q3*/04*/Q5%/06 ; DECREMENT

IF(VCC) CBO = UD* CBI* QO* Ql* Q2* Q3* Q4* Q5* Q6* Q7 ;CARRY OUT
+ /UD* CBI*/Q0*/Q1*/Q2*/Q3*/Q4*/Q5*/06*/Q7 ;BORROW OUT
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Octal Up/Down Counter

FUNCTION TABLE

CLK /OC /LD /UD D7 D6 D5 D4 D3 D2 D1 DO /CBI /CBO 07 06 05 Q04 03 02 Q1 QO

; -INPUTS- OUTPUTS
; ——--CONTROL~---- DDDDDDDD CARR/BORR 00000000 COMMENTS
;CLK /OC /LD /UD 76543210 /CBI /CBO 76543210 (HEX VALUES)

C L L X LLLLLLLH X X LLLLLLLH LOAD (01)

C L H L XXXXXXXX L H LLLLLLHL INCREMENT

C L H H XXXXXXXX L H LLLLLLLH DECREMENT

Cc L L X LLLLLLHH X X LLLLLLHH LOAD (03)

C L H L XXXXXXXX L H LLLLLHLL INCREMENT

C L H H XXXXXXXX L H LLLLLLHH DECREMENT

C L L X LLLLLHHH X X LLLLLHHH LOAD (07)

C L H L XXXXXXXX L H LLLLHLLL INCREMENT

C L H H XXXXXXXX L H LLLLLHHH DECREMENT

C L L X LLLLHHHH X X  LLLLHHHH LOAD (OF)

C L H L XXXXXXXX L H LLLHLLLL INCREMENT

C L H H XXXXXXXX L H LLLLHHHH DECREMENT

cC L L X LLLHHHHH X X LLLHHHHH LOAD (1F)

Cc L H L XXXXXXXX L H LLHLLLLL INCREMENT

C L H H XXXXXXXX L H LLLHHHHH DECREMENT

Cc L L X LLHHHHHH X X LLHHHHHH LOAD (3F)

C L H L XXXXXXXX L H LHLLLLLL INCREMENT

C L H H XXXXXXXX L H LLHHHHHH DECREMENT

C L L X LHHHHHHH X X LHHHHHHH LOAD (7F)

C L H L XXXXXXXX L H HLLLLLLL INCREMENT

Cc L H H XXXXXXXX L H LHHHHHHH DECREMENT

C L L X HHHHHHHH X X HHHHHHHH LOAD (FF)

Cc L L X LHHHHHHH X X LHHHHHHH LOAD (7F)

C L L X HLHHHHHH X X HLHHHHHH LOAD (BF)

C L L X HHLHHHHH X X HHLHHHHH LOAD (DF)

Cc L L X HHHLHHHH X X HHHLHHHH LOAD (EF)

C L L X HHHHLHHH X X HHHHLHHH LOAD (F7)

C L L X HHHHHLHH X X HHHHHLHH LOAD (FB)

C L L X HHHHHHLH X X HHHHHHLH LOAD (FD)

C L L X HHHHHHHL X X HHHHHHHL LOAD (FE)

C L H L XXXXXXXX L L HHHHHHHH INCREMENT TO (FF) (/CBO=L)
C L H L XXXXXXXX L H LLLLLLLL INCREMENT TO (00) (ROLL OVER)
C L H L XXXXXXXX L H LLLLLLLH INCREMENT TO (01)
C L H L XXXXXXXX L H LLLLLLHL INCREMENT TO (02)
C L H L XXXXXXXX H H LLLLLLHL HOLD

C L H L XXXXXXXX L H LLLLLLHH INCREMENT TO (03)
C L H H XXXXXXXX L H LLLLLLHL DECREMENT TO (02)
C L H H XXXXXXXX L H LLLLLLLH DECREMENT TO (01)
C L H H XXXXXXXX L L LLLLLLLL DECREMENT TO (00) (/CBO=L)
Cc L H H XXXXXXXX L H HHHHHHHH DECREMENT TO (FF) (ROLL UNDER)
C L H H XXXXXXXX L H HHHHHHHL DECREMENT TO (FE)
Cc L H H XXXXXXXX L H HHHHHHLH DECREMENT TO (FD)
C L H H XXXXXXXX H H HHHHHHLH HOLD :

C L H H XXXXXXXX L H HHHHHHLL DECREMENT TO (FC)
X H X X XXXXXXXX X X 22227727 TEST HI-Z
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Octal Up/Down Counter

DESCRIPTION

THIS PAL IS AN 8-BIT SYNCHRONOUS UP/DOWN COUNTER WITH PARALLEL LOAD AND HOLD
CAPABILITY. THREE FUNCTION SELECT INPUTS (/LD,/UD,/CBI) PROVIDE ONE OF FOUR
OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON THE RISING EDGE OF THE CLOCK (CLK).
THE LOAD OPERATION LOADS THE INPUTS (D7-DO) INTO THE OUTPUT REGISTERS (Q7-00).
THE HOLD OPERATION HOLDS THE PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS.
THE INCREMENT OPERATION ADDS ONE TO THE OUTPUT REGISTER WHEN CARRY-IN INPUT
IS TRUE (/CBI=L), OTHERWISE THE OPERATION IS A HOLD. THE CARRY-OUT (/CBO) IS
TRUE (/CBO=L) WHEN THE OUTPUT REGISTER (Q7-Q0) IS ALL HIGHS, OTHERWISE FALSE
(/CBO=H). THE DECREMENT OPERATION SUBTRACTS ONE FROM THE OUTPUT REGISTER
WHEN THE BORROW-IN INPUT IS TRUE (/CBI=L), OTHERWISE THE OPERATION IS A HOLD.
THE BORROW-OUT (/CBO) IS TRUE (/CBO=L) WHEN THE OUTPUT REGISTER (Q7-00) IS ALL
LOWS, OTHERWISE FALSE (/CBO=H).

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMMARIZED IN THE
OPERATIONS TABLE:

/0C CLK /LD /UD /CBI D7-DO Q7-Q0 OPERATION
H X X X X X Z HI-Z
L c L X X D L LOAD
L c H L H X o} HOLD
L [¢ H L L X QPLUS 1 INCREMENT
L c H H H X 0 HOLD
L c H H L X 0 MINUS 1 DECREMENT

THIS OCTAL COUNTER IS IMPLEMENTED WITH A SINGLE PAL20X8. CARRY/BORROW-OUT
(/CBO) AND CARRY/BORROW-IN (/CBI) ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY,
WHICH PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR MORE OCTAL UP/DOWN
COUNTERS ARE CASCADED TO IMPLEMENT LARGER COUNTERS.

D

v

CARRY IN —0) S-BIT o——» CARRY OUT

UP/DOWN l«———cLOCK
OPSELECT _2 ) COUNTER = L. oytpyrcONTROL.

&

Q
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Octal Up/Down Counter

T e ———
OCTAL UP/DOWN COUNTER

WO oOodOUL & WN -

C010000000XX0XLLLLLLLHX1
C1XXXXXXXX0XOHLLLLLLHLO1
CLXXXXXXXX1XOHLLLLLLLHO1l
C011000000XX0XLLLLLLHHX1
C1XXXXXXXX0XOHLLLLLHLLO1
CIXXXXXXXX1XOHLLLLLLHHO1l
C011100000XX0XLLLLLHHHX1
CLXXXXXXXX0XOHLLLLHLLLOl
C1XXXXXXXX1XOHLLLLLHHHO1
C011110000XX0XLLLLHHHHX1
CIXXXXXXXXO0XOHLLLHLLLLO1
CLlXXXXXXXX1XOHLLLLHHHHO1
C011111000XXOXLLLHHHHHX1
CIXXXXXXXX0XOHLLHLLLLLO1
CIXXXXXXXX1XOHLLLHHHHHO1
C011111100XX0XLLHHHHHHX1
C1XXXXXXXX0XOHLHLLLLLLO1
C1XXXXXXXX1XOHLLHHHHHHO1
C011111110XX0XLHHHHHHHX1
CLXXXXXXXX0XOHHLLLLLLLO1
CIXXXXXXXX1X0HLHHHHHHHO1
C011111111XXO0XHHHHHHHHX1
C011111110XX0XLHHHHHHHX1
C011111101XX0XHLHHHHHHX1
C011111011XX0XHHLHHHHHX1
C011110111XXOXHHHLHHHHX1
C011101111XX0XHHHHLHHHX1
C011011111XX0XHHHHHLHHX1
C010111111XX0OXHHHHHHLHX1
C001111111XX0XHHHHHHHLX1
CLXXXXXXXXO0XOLHHHHHHHHO1
C1XXXXXXXXO0XOHLLLLLLLLO1
CIXXXXXXXX0XOHLLLLLLLHOl
C1XXXXXXXX0XOHLLLLLLHLO1l
C1XXXXXXXX0XOHLLLLLLHL11
C1XXXXXXXX0XOHLLLLLLHHO1
CIXXXXXXXX1XOHLLLLLLHLOl
CIXXXXXXXX1XOHLLLLLLLHO1l
CIXXXXXXXX1XOLLLLLLLLLO1l
C1XXXXXXXX1XOHHHHHHHHHO1
C1XXXXXXXX1XOHHHHHHHHLO1
CIXXXXXXXX1XOHHHHHHHLHO1
CIXXXXXXXX1X0OHHHHHHHLH11
C1XXXXXXXX1X0OHHHHHHHLLO1
XXXXXXXXXXXX1XZZZ2222ZX1

PASS SIMULATION
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OCTAL UP/DOWN COUNTER

10
11

16
17
18
19

24
25
26
27

32
33
34
35

40
41
42
- 43

48
49
50
51

LEGEND: X : FUSE NOT BLOWN

11
0123 4567 8901

1111
2345

Octal Up/Down Counter

1111
6789

2222
0123

2222
4567

2233
8901

3333
2345

3333
6789

X
X=—-

———— - ———— o

X=—-

——X-
-—-X

X--X
X-=-X

.
-—-X

—_—X-
-—=X

_._X_
-—-X

——X_
——-X

.
-—-X

.
-—-X

—X
-—-X

__x_
-—-X

—X—
-—-X

_X__
X=—

—X-
-—-X

__X_
-—X

—X—-
-—=X

R
-—-X

(LINIO) -

NUMBER OF FUSES BLOW = 1244

4-190

X
; G-

FUSE BLOWN

/LD* /00

LD* /D0
/LD*UD*CBI
/LD* /UD*CBI

/LD*/Q1

LD*/D1
/LD*UD*CBI*00
/LD* /UD*CBI*/Q0

/LD*/Q2

LD*/D2
/LD*UD*CBI*Q0*Q1
/LD* /UD*CBI*/Q0* /01

/LD*/03

LD*/D3
/LD*UD*CBI*Q0*Q1*Q2
/LD* /UD*CBI*/Q0*/01* /02

/LD* /04

LD*/D4
/LD*UD*CBI*Q0*Q1*Q2*03
/LD* /UD*CBI*/Q0* /Q1* /02~

/LD*/Q5
LD*/D5
/LD*UD*CBI*Q0*Q1*Q2%(Q3 %~
/LD* /UD*CBI*/Q0% /Q1* /02

/LD* /06

LD* /D6
/LD*UD*CBI*Q0*Q1*Q2*Q3*-
/LD* /UD*CBI*/Q0*/Q1*%/Q2~

/LD*/Q7
LD*/D7
/LD*UD*CBI*Q0*Q1*02%03%-
/LD* /UD*CBI*/Q0%*/Q1*/Q2~-

UD*CBI*Q0*0Q1*Q2*03*Q4*0~
/UD*CBI*/Q0%*/Q1l*/Q2* /03~

(8,P,1)



Octal Up/Down Counter

Octal Up/Down Counter Logic Diagram PAL20X8
cLk L P>—
01 23 45 687 8 910N 12131415 16 17 1819 wn 220 24 25 26 27 28 29 30 31 32334 35 36 37 38 39
0
; @:}_H; - % i
3
L—D 2 » QJ
¢ ——
. - E 280
3 N A
Do i F A
" vy
; %B]JD&— &
19 D
o1 Py ——
24
25 20 —
. > E &"— Q2
7 D Q
p2 % <
2
33
: %’D
p3*{x <—
40
:: %D
7 N
pa —3 <
a8
& 17 ==
: S DI
ps % &K
56 16
" A E a6
59 > Q
9 N A
D6 —‘—lr) (‘l._____
. 15
=: & DD
67 >
o7 2P <
n D)
: D> s
5
01 23 45 7 1] 0N 12 13 1415 1617 1819 wn2n l“$ 6 27 28 29 30 3 3233 %4 35 3 1738
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Octal Up/Down Counter

Application

BUS OUT ENABLE
COUNT ENABLE

CLK

INSTR { o
0D
16-BIT

DATA BUS
IN

16-Bit Up/Down Counter

\J
—{] 4]
—
o — |
LD CBI b
N 1 o R o FF)
5 mr o f
N L2 oo {E——
8
\ [ oty ool
CNTR
\ E—oe ™ oo —ta——
N [y - 1
La—°s s
N iy _—
{s1—os Q6 16
N Im D7 a7—1Is
L8 ubocceo]
im 7711
i ] [ —
E 13
CARRY
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10-Bit Counter

PAL20X10
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10-Bit Counter

PAL20X10

PAL DESIGN SPECIFICATION
74LS491 JOHN BIRKNER 04/01/81
10-BIT COUNTER
MMI SUNNYVALE, CALIFORNIA

CLK
/0C

/Q0

/Q1

/92

/03

/04

/95

/Q6

/97

/908

/99

D0 D1 D2-7 D8 D9 /LD /CNT /UP SET /CIN GND
09 08 Q7 Q6 05 04 03 02 01 Q0 VvCC

.

+ 4+ + 0

+ + o+ N

/SET* LD*/D0
/SET* /LD* /00
/SET*/LD* CNT*
/SET*/LD* CNT*

/SET* LD*/D1
/SET*/LD*/Q1
/SET*/LD* CNT*
/SET*/LD* CNT*

/SET* LD*/D2-7
/SET*/LD* /02

/SET*/LD* CNT*
/SET*/LD* CNT*

/SET* LD*/D2-7
/SET*/LD*/Q3

/SET*/LD* CNT*
/SET* /LD* CNT*

/SET* LD*/D2-7
/SET* /LD* /04

/SET*/LD* CNT*
/SET*/LD* CNT*

/SET* LD*/D2-7
/SET* /LD* /05

/SET*/LD* CNT*
/SET*/LD* CNT*

/SET* LD*/D2-7
/SET* /LD* /Q6

/SET*/LD* CNT*
/SET*/LD* CNT*

/SET* LD*/D2-7
/SET* /LD* /Q7

: /SET*/LD* CNT*

/SET* /LD* CNT*

/SET* LD*/D8
/SET*/LD*/Q8
/SET*/LD* CNT*
/SET*/LD* CNT*

/SET* LD*/D9
/SET* /LD* /09
/SET*/LD* CNT*
/SET*/LD* CNT*

CIN* UP
CIN*/UP

CIN* UP* QO
CIN*/UP*/Q0

CIN* UP* Q0* Q1
CIN*/UP*/Q0% /01

CIN* UP* QO0* QOl* Q2
CIN*/UP*/Q0%*/Q1* /02

CIN* UP* QO0* Ql* 02* 03
CIN*/UP*/Q0*/Q1*/02* /03

CIN* UP* Q0* Ol* Q2% Q3* 04
CIN*/UP*/Q0*/Q1*/Q2*/Q3*/Q4

CIN* UP* Q0* Ql* Q2* Q3% Q4* Q5
CIN*/UP*/Q0* /Q1* /Q2*/Q3* /Q4* /Q5

CIN* UP* QO* Ql* Q2% Q3* Q4* QO5* Q6
CIN*/UP*/Q0*/Q1*/Q2* /Q3*/Q4* /Q5%/Q6

CIN* UP* Q0* Ql* Q2* Q3* Q4* Q5* Q6* Q7
CIN*/UP*/Q0%* /Q1* /Q2* /Q3* /Q4* /Q5* /Q6* /Q7

CIN* UP* QO0* Q1% Q2* Q3* Q4% Q5% Q6% Q7* 08
CIN*/UP*/Q0%/Q1* /Q2*/Q3* /Q4* /Q5*/06*/Q7* /08
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:LOAD DO

;HOLD (LSB)
; INCREMENT
; DECREMENT

;LOAD D1

;s HOLD

;s INCREMENT
;s DECREMENT

;LOAD D2-7
;HOLD

; INCREMENT
; DECREMENT

;;LOAD D2-7
; HOLD

3 INCREMENT
; DECREMENT

;LOAD D2-7
; HOLD

; INCREMENT
; DECREMENT

;LOAD D2-7
;s HOLD

; INCREMENT
; DECREMENT

;s LOAD D2-7
; HOLD

;s INCREMENT
;s DECREMENT

;LOAD D2-7
;s HOLD

;s INCREMENT
; DECREMENT

;LOAD D8
;HOLD

7 INCREMENT
; DECREMENT

;LOAD D9

;HOLD (MSB)
; INCREMENT
; DECREMENT



10-Bit Counter

A —
FUNCTION TABLE

CLK /OC SET /LD /CNT /CIN /UP D9 D8 D2-7 D1 DO 09 08 Q7 Q6 Q5 04 03 02 Q1 Q0

: // ;

;:c /S /CC/ -DATA IN- -DATA OUT-

;:LOELNTIU DD D DD  Q000Q00000

;KCTDTNP 98 2-7 10 9876543210 COMMENT
CLHXXXX XX X XX HHHHHHHHHH SET (SET=H)
CLLLXXZX LL L LL LLLLLLLLLL CLEAR (D=L)
CLLLXXX HH H HH HHHHHHHHHH SET (D=H)
CLLHHXX LL L LL HHHHHHHHHH HOLD (/CNT=H)
CLLLXXZX LL L LL LLLLLLLLLL CLEAR (D=L)
CLLHHXX XX X XX LLLLLLLLLL HOLD (/CNT=H)
CLLHLHZX XX X XX - LLLLLLLLLL HOLD (/CIN=H)
CLLHLLL XX X XX LLLLLLLLLH COUNT UP (NOTE 5 CNTRLS LOW NEAR GND)
CLLHLLTL XX X XX LLLLLLLLHL COUNT UP
CLLHLLL XX X XX LLLLLLLLHH COUNT UP
CLLHLLL XX X XX LLLLLLLHLL COUNT UP
CLLHLLH XX X XX LLLLLLLLHH COUNT DOWN
CLLHLLH XX X XX LLLLLLLLHL COUNT DOWN
CLLHLLH XX X XX LLLLLLLLLH COUNT DOWN
CLLHLLH XX X XX LLLLLLLLLL COUNT DOWN
CLLHLLH XX X XX HHHHHHHHHH COUNT DOWN (ROLL UNDER)
CLLHLLH XX X XX HHHHHHHHHL COUNT DOWN
CLLHLLH XX X XX HHHHHHHHLH COUNT DOWN
CLLHLLH XX X XX HHHHHHHHLL COUNT DOWN
CLLHLLH XX X XX HHHHHHHLHH COUNT DOWN
CLLHLLH XX X XX HHHHHHHLHL COUNT DOWN
CLLHLLH XX X XX HHHHHHHLLH COUNT DOWN
CLLHLLH XX X XX HHHHHHHLLL COUNT DOWN
CLLLXXX LL L LL LLLLLLLLLL LOAD
CLLHLLL XX X XX LLLLLLLLLH COUNT UP
CLLHHXZX XX X XX LLLLLLLLLH HOLD (/CNT=H)
CLLHLLH XX X XX LLLLLLLLLL COUNT DOWN
CLLLXXX LL H LL LLHHHHHHLL LOAD
CLLHLLIL XX X XX LLHHHHHHLH COUNT UP
CLLHHXZX XX X XX LLHHHHHHLH HOLD (/CNT=H)
CLLHLLH XX X XX LLHHHHHHLL  COUNT DOWN
CLLLXXX HH L HH HHLLLLLLHH LOAD
CLLHLLTL XX X XX HHLLLLLHLL COUNT UP
CLLHHXZX XX X XX HHLLLLLHLL HOLD (/CNT=H)
CLLHLLH XX X XX HHLLLLLLHH COUNT DOWN
CLLLXXX LH L HL LHLLLLLLHL LOAD
CLLHLLTL XX X XX LHLLLLLLHH COUNT UP
CLLHHXX XX X XX LHLLLLLLHH HOLD (/CNT=H)
CLLHLLH XX X XX LHLLLLLLHL COUNT DOWN
CLLLXXZX HL H LH HLHHHHHHLH LOAD
CLLHLLIL XX X XX HLHHHHHHHL COUNT UP
CLLHHXZX XX X XX HLHHHHHHHL HOLD (/CNT=H)
CLLHLLH XX X XX HLHHHHHHLH COUNT DOWN
CLLLXXX HHI H HH HHHHHHHHHH LOAD
CLLHLLIL HI H HH = LLLLLLLLLL COUNT UP (ROLL OVER)
XHXXXXX XX X XX 22222222%% TEST HI-Z
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10-Bit Counter

DESCRIPTION

THE 10-BIT COUNTER CAN COUNT UP, COUNT DOWN, SET, AND LOAD 2 LSB'S (DO,Dl),
2 MSB'S (D8,D9) AND 6 MIDDLE BITS (D2-7) HIGH OR LOW AS A GROUP.

SET OVERRIDES LOAD (/LD), COUNT (/CNT), AND HOLD. LOAD OVERRIDES COUNT.
COUNT IS CONDITIONAL ON CARRY IN (/CIN), OTHERWISE IT HOLDS.

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMMARIZED IN THE
OPERATIONS TABLE:

/0C CLK SET /LD /CNT /CIN /UP D9-DO 09-00 OPERATION
H X X X X X X X Z HI-Z
L C H X X X X X H SET ALL HIGH
L C L L X X X D D LOAD D
L C L H H X X X Q HOLD (/CNT=H)
L C L H L H X X Q HOLD (/CIN=H)
L C L H L L L X QO PLUS 1 INCREMENT
L C L H L L H X 0 MINUS 1 DECREMENT
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10-

00O U WM

o

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

BIT COUNTER

CXXXXXXXX1XX OHHHHHHHHHH1
C000000XX0XXOLLLLLLLLLL1
C111110XX0XX OHHHHHHHHHH1
C0000011X0XX OHHHHHHHHHH 1
C000000XX0XXOLLLLLLLLLLL
CXXXXX11X0XXOLLLLLLLLLL1
CXXXXX10X01XOLLLLLLLLLL1
CXXXXX10000XOLLLLLLLLLHL
CXXXXX10000XOLLLLLLLLHL1
CXXXXX10000XOLLLLLLLLHH1
CXXXXX10000XOLLLLLLLHELLL
CXXXXX10100XOLLLLLLLLHH1
CXXXXX10100XOLLLLLLLLHL1
CXXXXX10100XOLLLLLLLLLH1
CXXXXX10100XOLLLLLLLLLLL
CXXXXX10100XOHHHHHHHHHH1
CXXXXX10100X0OHHHHHHHHHL1
CXXXXX10100XOHHHHHHHHLH1
CXXXXX10100XOHHHHHHHHLL1
CXXXXX10100XOHHHHHHHLHH1
CXXXXX10100XOHHHHHHHLHL1
CXXXXX10100XOHHHHHHHLLH1
CXXXXX10100XOHHHHHHHLLL1
C000000XX0XXOLLLLLLLLLL1
CXXXXX10000XOLLLLLLLLLH1
CXXXXX11X0XXOLLLLLLLLLH1
CXXXXX10100XOLLLLLLLLLL1
C001000XX0XXOLLHHHHHHLL1
CXXXXX10000X0LLHHHHHHLH1
CXXXXX11X0XXOLLHHHHHHLH1
CXXXXX10100XOLLHHHHHHLL1
C110110XX0XXOHHLLLLLLHH1
CXXXXX10000XOHHLLLLLHLL1
CXXXXX11X0XXOHHLLLLLHLL1
CXXXXX10100XOHHLLLLLLHH1
C010100XX0XXOLHLLLLLLHL1
CXXXXX10000XOLHLLLLLLHH1
CXXXXX11X0XXOLHLLLLLLHH1
CXXXXX10100X0LHLLLLLLHL1
C101010XX0XXOHLHHHHHHLH1
CXXXXX10000XOHLHHHHHHHL1
CXXXXX11X0XXOHLHHHHHHHL1
CXXXXX10100XOHLHHHHHHLH1
C111110xXX0XXOHHHHHHHHHH1
C1111110000X0LLLLLLLLLLL
XXXXXXXXXXXX122222222221

PASS SIMULATION

10-Bit Counter
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10-BIT COUNTER

75

0123

—X——
—=X

4567

11
8901

1111
2345

1111
6789

-

——Y-
-—=X

—X-
-—-X

—X-

-
-—-X

-

—X-
-—-X

-X——

——X=-
-—-X

—-—X-
-—X

-—X-
-—-X

—X-
-——X

—X—-
-—-X

-—X-
-——X

—X
—X

LEGEND:

2222
0123

. G-
p, -
, Co—

—X—-

X=X~
X-=X

-
p, QI
X=X~
X--X

i
h: G
X=X~
X-=X

10-Bit Counter

2222
4567

2233
8901

3333
2345

3333
6789

/SET*LD* /D0

X

/SET*/LD*/Q0

X
—-X——

—-X——
K==

Y=
—X==
" S

=X-- /SET*/LD*CNT*CIN*UP
-X-- /SET*/LD*CNT*CIN*/UP

—X——

/SET*LD* /D1

X
X

X
p, O

" 2N
) S
-X--

/SET*/LD*/Q1
-X-- /SET*/LD*CNT*CIN*UP*Q0
-X~-= /SET*/LD*CNT*CIN*/UP*/Q0

—X——

/SET*LD*/D2-7

X
X

-X——
b, G

-X—
X
-X——

/SET*/LD*/Q2
~X-= /SET*/LD*CNT*CIN*UP*Q0*~
-X==- /SET*/LD*CNT*CIN*/UP* /0O~

=X

/SET*LD*/D2-7

Y
X

-
X
-X——

/SET*/LD*/Q3
-X-- /SET*/LD*CNT*CIN*UP*Q0*-
-X-- /SET*/LD*CNT*CIN*/UP*/Q-

-X-—

/SET*LD*/D2-7

X
-
—-X——

/SET*/LD*/Q4
-X-- /SET*/LD*CNT*CIN*UP*Q0*-
-X=- /SET*/LD*CNT*CIN*/UP*/Q-

X

/SET*LD*/D2-7

-
-X--
. S

/SET* /LD* /Q5
-X-- /SET*/LD*CNT*CIN*UP*Q0*-
-X-- /SET*/LD*CNT*CIN*/UP* /O~

—X=—
. C—

-X-—
-X——
—-X——
X

/SET*LD*/D2-7

-=== /SET*/LD*/Q6

-X== /SET*/LD*CNT*CIN*UP*Q0*-
-X-- /SET*/LD*CNT*CIN*/UP*/Q-

--=X
X
S

-X——
X
X
I S

/SET*LD*/D2-7
-——- /SET*/LD*/Q7
-X== /SET*/LD*CNT*CIN*UP*Q0*-
~X== /SET*/LD*CNT*CIN*/UP<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>