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The PAL® Concept

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

Rapid advances in large scale integration technology
have led to larger and larger standard logic functions;
single 1.C.s now perform functions that formerly required
complete circuit cards. While LSI offers many advan-
tages, advances have been made at the expense of
device flexibility. Most LSI 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. PAL circuits are a conceptually
unified group of devices which combine programmable
flexibility with high speed and an extensive selection of
interface options. PAL devices can lower inventory, cut
design cycles and provide high complexity with maxi-
mum flexibility. These features, combined with lower
package count and high reliability, truly make the PAL a
circuit designer’s best friend.

PAL® s a registered trademark of Monolithic Memories. i



PAL Introduction

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 PAL circuits the designer can quickly and effec-
tively implement custom logic varying in complexity from ran-
dom 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 circuit uses are only limited by the
number of terms available in the AND - OR arrays. PAL devices
come in different sizes to allow for effective logic optimization.

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

Output = (I1+f7)(y +i)(I+Ta)(Ip+T4) +
(4+5) (I +Tg)2+17) (ip+Tg)

where the “f” terms represent the state of the fusible links in the
PAL 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.

Fg OUTPUT

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 PAL circuits. The two input - one out-
put example from Figure 1 redrawn using the new logic con-
vention is shown in Figure 3.

1-5
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ABC
A —q
B—D—A~a-c A-B-C
Cc —

Figure 2

OUTPUT

)

Figure 3
As a simple PAL example, consider the implementation of the
transfer function:
Output = l4i5 + I4lp
The normal combinatorial logic diagram for this function is

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

i

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 ! “OR” ARRAY
3 2 ! 0 (PROGRAMMABLE)
—

)

L/

)

|

L/

)

L/

™M)

—/

/)

|

m

L/

|

L/
)
j

m

L/

™)

L/

)

| -

“AND” ARRAY
(FIXED) 03 02 01 O
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 programmability
of the PROM. Table 1 summarizes the characteristics of the
PROM, PLA, and PAL logic families.

e e c——————————erii—————— S ——oee ettt ——E—tteeeee A et i————temm————
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FPLA PAL
4 Ine4 Out+16 Products 4 ine4 Out«16 Products
1 1 1 “OR” ARRAY | 1 | 1 “OR” ARRAY
's 2 1 0 (PROGRAMMABLE) :I’ i" I‘ 0 (FIXED)
———e—— ———— e e
M M M
m) )
L) x | )
m\ )
m) m
/ L/
L/
) M)
M)
|
M
L/
L/
M) )
| — L/
1) m
L/ |
) )
/ L/
M / L/
¥—X—K—% D,
L/ L/
)
L/
) |
L/ |
“AND” ARRAY “AND” ARRAY
(PROGRAMMABLE) O3 02 ©1 Og (PROGRAMMABLE) 03 02 04 O
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/0
PAL Prog Fixed | TS, Registered Feedback, I/O
Table 1
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PAL Input/Output/Function/Performance Chart

PART PROGRAMMABLE | FEEDBACK | OUTPUT PERFORMANCE
NO. INPUT | OUTPUT Vo'S REGISTER | POLARITY FUNCTIONS STolA 2 =
10H8 10 8 AND-OR | AND-OR Gate Array X X
12H6 12 6 AND-OR | AND-OR Gate Array X X
14H4 14 4 AND-OR | AND-OR Gate Array X X
16H2 16 2 AND-OR | AND-OR Gate Array X X
16C1 | 16 2 BOTH! | AND-OR Gate Array X X
20C1 20 2 BOTH! |AND-OR Gate Array X
10L8 10 8 AND-NOR | AND-OR Invert Gate Array X X
12L6 12 6 AND-NOR | AND-OR Invert Gate Array X X
14L4 14 4 AND-NOR | AND-OR Invert Gate Array X X
16L2 16 2 AND-NOR | AND-OR Invert Gate Array X X
12L10| 12 10 AND-NOR | AND-OR Invert Gate Array X
14L8 14 8 AND-NOR | AND-OR Invert Gate Array X
16L6 16 6 AND-NOR | AND-OR Invert Gate Array X
18L4 18 4 AND-NOR | AND-OR Invert Gate Array X
20L2 20 2 AND-NOR | AND-OR Invert Gate Array X
16L8 10 2 6 AND-NOR | AND-OR Invert Gate Array X IX[X]| X
20L8 14 2 6 AND-NOR | AND-OR Invert Gate Array X
20L10| 12 2 8 AND-NOR | AND-OR Invert Gate Array X
16R8 8 8 8 AND-NOR | AND-OR Invert Gate Array w/Reg’s X |X|X]| X
16R6 8 6 2 6 AND-NOR | AND-OR Invert Array w/Reg’s X [X|X]| X
16R4 8 4 4 4 AND-NOR | AND-OR Invert Array w/Reg'’s X |IX|X]| X
20R8 12 8 8 AND-NOR | AND-OR Invert w/Reg’s X
20R6 12 6 2 6 AND-NOR | AND-OR Invert w/Reg’s X
20R4 12 4 4 4 AND-NOR | AND-OR Invert w/Reg’s X
20X10| 10 10 10 AND-NOR | AND-OR-XOR Invert w/Reg'’s X
20X8 10 8 2 8 AND-NOR | AND-OR-XOR Invert w/Reg'’s X
20X4 10 4 6 4 AND-NOR | AND-OR-XOR Invert w/Reg'’s X
16X4 8 4 4 4 AND-NOR | AND-OR-XOR Invert w/Reg’s X
16A4 8 4 4 4 AND-NOR | AND-CARRY-OR-XOR Invert w/Reg’s| X
Table 2 1Simultaneous AND-OR and AND-NOR outputs

PAL Circuits For Every Task

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

INPUTS AND OUTPUTS

A

Gate Arrays

PAL gate arrays are available in sizes from 12x 10 (12input terms,
10 output terms) to 20x 2, with both active high and active low
output configurations available (figure 9). This wide variety of
input/output formats allows the PAL to replace many different
sized blocks of combinatorial logic with single packages.

=D

Figure 9
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Programmable 1/0

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
term is used to enable the three-state buffer, which in turn gates
the summation term to the output pin. The output is also fed

back into the PAL array as an input. Thus the PAL drives the I/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 1/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 25 MHz.

CLOCK oc

Figure 11

XOR PALs

These PAL devices 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

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

INPUTS, FEEDBACK AND I/0

- CLOCK  0OC
DaQ Q
]
1 —%
Flgure 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 PAL device. 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 Q output is fed back to be gated with input terms A
INPUTS, FEEDBACK AND 1/0

(Figure 13). This gated feedback provides any one of the 16
possible Boolean combinations which are mapped in the Kar-
naugh 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

D1

1
o
0
>|

1
ol
S

Figure 13
A
B
™) 1
1/
w“ A+B @
M) A IO
X u D A ‘0>J'fq‘“
—ll ) A+B r“'xoo/ - -x xx x-
M) B 7 . -
| - 1 A+B A A+B
_.
2D, A8 _
% Iy A:+:B -x | A+B | A:+:B| A*B B
/)
L/ A+B x| A A+B 0 |A+*B
M) A
L/ _ S
™\ AB x- | A+B B A*B | A:«:B
|
|
X ) 0
) .
D; A::B Figure 15
imn" T
1) A+B
s
)
) A+B
A+B A+B A+B A+B
(AB) (AB) (AB) (AB)
Figure 14
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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

PAL devices can be programmed in most standard PROM pro-
grammers 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
PAL units. 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 PAL
devices. PALASM is available upon request for many computers
and is documented in the PAL Design Concepts section.

HAL (Hard Array Logic)

The HAL family is the mask programmed version of a PAL. The
HAL is to a PAL just as 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. HMS|
PAL designs are given in the Applications section with their
industry standard 74LS part number in line 2 of the PAL Design
Specification.

PMSI (PAL Medium Scale Integration)

The PMSI family is derived in a similar fashion to HMSI except
this product is produced entirely from a PAL circuit. A HAL
circuit mask is not generated and an industry standard 74LS
part number is not assigned unless sales warrant it.

PAL Technology

PAL circuits 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®@ packages.

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




PAL Introduction

LK

Figure 16
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PAL Introduction

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.

PAL = PROGRAMMABLE FAMILY
HAL = HARD ARRAY FAMILY

NUMBER OF ARRAY INPUTS
OUTPUT TYPE

H= ACTIVE HIGH

L= ACTIVE LOW

C = COMPLEMENTARY

R= REGISTERED

X = EXCLUSIVE-OR REGISTERED

A= ARITHMETIC REGISTERED
—————————— NUMBER OF OUTPUTS

————————————— SPEED/POWER

A = HIGH SPEED

-2 = 1/2 POWER

-4 = 1/4 POWER
A-2 = HIGH SPEED AND 1/2 POWER
TEMPERATURE RANGE

C= 0C TO +75C

M=-55C TO +125C

(CASE TEMPERATURE)

PACKAGE
N=PLASTIC DIP
J = CERAMIC DIP
F = FLAT PACK
L = LEADLESS CHIP CARRIER

OPTIONAL HI-REL PROCESSING
8838 = 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
BIT PATTERN NUMBER

<-|

Y YVYYVYVY
PAL 16 L8 -2MJ 883BP01234

PAL Logic Symbols

The logic symbols for each of the individual PAL devices gives a
concise functional description of the PAL 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.

PAL10H8
o=

al

TEETE

E- AND

GATE

[E}Harrar

VIO

THEHEHEHE

Figure 18

A PAL Example

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

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

A conventional logic diagram for the dice game is shown in
Figure 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 |.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.

Vee
+5V
o
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PAL Introduction

Advantages of Using PALs

T

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: 15ns 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 PAL units save money.

Direct Logic Replacement

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

Design Flexibility

The PAL offers the systems logic designer a whole new world of
options. Until now, the decision on logic system implementation
was usually between SSI/MSI logic functions on one hand and
microprocessors on the other. In many cases the function
required is too awkward to implement the first way and too
simple to justify the second. Now the PAL offers the designer
high functional density, high speed, and low cost. Even better,
PAL devices 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 space saving 20-pin and 24-pin “SKINNYDIP”
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 difference 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 29 parts. This considerably
lowers both shelving and in-
ventory cataloging require-
ments. Even better, small
custom modifications to the
standard functions are easy
for PAL users, not so easy for
standard TTL users.

1-14



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 handie 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 data integrity must be carefully guarded.

Summary

The 29 member PAL family of logic devices offer 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!/

T
A\t
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%
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PAL Family

Logic Symbols
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Logic Symbols

With Complementary Output
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PAL Family
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Logic Symbols
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Logic Symbols

With Feedback
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PAL Family

Logic Symbols

With Registered Outputs
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Logic Symbols

With Exclusive OR
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PAL®-Programmable Array Logic
HALRHard Array Logic

Features/Benefits

e Reduces SSI/MSI chip count greater than 5to 1

o Saves space with SKINNYDIP® packages

® Reduces IC inventories substantially

¢ Expedites and simplifies prototyping and board layout

o PALASM™ silicon compiler provides auto routing and test
vectors

¢ Security fuse reduces possibility of copying by competitors
Description

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

The HAL family utilizes standard Low-Power Schottky TTL
process and automated mask pattern generation directly from
logic equations to provide a semi-custom gate array for
replacing conventional SSI/MSI gates and flip-flops at reduced
chip count.

There are four different speed/power families offered. Choose
from either the standard, high speed, half power, or quarter
power family to maximize design performance.

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

The PAL transfer function is the familiar sum of products. Like

the PROM, the PAL has a single array of fusible links. Unlike the

PROM, the PAL is a programmable AND array driving a fixed

OR array (the PROM is a fixed AND array driving a pro-
" grammable OR array).

The HAL transfer function is the familiar sum of products. Like
the ROM, the HAL has a single array of selectable gates. Unlike
the ROM, the HAL is a selectable AND array driving a fixed OR
array (the ROM is a fixed AND array driving a selectable OR
array).

In addition the PAL/HAL provides these options:

® Variable input/output pin ratio

¢ Programmable three-state outputs

o Registers with feedback

o Arithmetic capability

® Exclusive-OR gates

PAL®, (Programmable Array Logic), PALASM®, HAL®, and SKINNYDIP®
are registered trademarks and PMSI, and HMSI are trademarks of
Monolithic Memories Inc.

Unused inputs are tied directly to Vo or GND. Product terms
with all fuses blown assume the logical high state, and product
terms connected to both true and complement of any single
input assume the logical low state. Registers consist of D type
flip-flops which are loaded on the low-to-high transition of the
clock. PAL/HAL Logic Diagrams are shown with all fuses blown,
enabling the designer to use the diagrams as coding sheets.

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

To design a HAL, the user first programs and debugs a PAL
using PALASM and the “PAL DESIGN SPECIFICATION”
standard format. This specification is submitted to Monolithic
Memories where it is computer processed and assigned a bit
pattern number, e.g., P01234.

Monolithic Memories will provide a PAL sample for customer
qualification. The user then submits a purchase order for a HAL
of the specified bit pattern number, e.g., HAL18L4 P01234. See
Ordering Information below.

Ordering Information

. PAL = PROGRAMMABLE FAMILY
HAL = HARD ARRAY FAMILY

NUMBER OF ARRAY INPUTS
OUTPUT TYPE

H=ACTIVE HIGH

L=ACTIVE LOW

C = COMPLEMENTARY

R = REGISTERED

X = EXCLUSIVE-OR REGISTERED

A= ARITHMETIC REGISTERED
NUMBER OF OUTPUTS

——————————— SPEED/POWER

A = HIGH SPEED

-2 = 1/2 POWER

-4 = 1/4 POWER
A-2 = HIGH SPEED AND 1/2 POWER
TEMPERATURE RANGE

C= 0C TO +75C

M=-55C TO +125C

(CASE TEMPERATURE)

PACKAGE

N =PLASTIC DIP

J = CERAMIC DIP

F=FLAT PACK

L = LEADLESS CHIP CARRIER
NS = MOLDED SKINNYDIP
JS = CERAMIC SKINNYDIP

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

; BIT PATTERN NUMBER

Y oY WwYYYy

PAL 16 L8 -2MJ 883B P01234

Monolithic
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20/24-Pin PAL/HAL

CENERIC PART NUMBER
Loaic | PINS | PACKAGE DESCRIPTION STANDARD | HIGH SPEED | 1/2 POWER | 1/4 POWER
Octal 10 Input And-Or PAL10HS PAL10HE-2
10H8 20 | N.JF L Gate Array HAL10H8 HAL10H8-2
Hex 12 Input And-Or PAL12H6 PAL12H6-2
12H6 20 | N F L Gate Array HAL12H6 HAL12H6-2
Quad 14 Input And-Or PAL14H4 PAL14H4-2
14H4 20 | NJF L Gate Array HAL14H4 HAL14H4-2
Dual 16 Input And-Or PAL16H2 PAL16H2-2
16H2 20 | N F L Gate Array HAL16H2 HAL16H2-2
16 Input And-Or/And-Or- PAL16C1 PAL16C1-2
16C1 2 | NJF L et Gate Array HAL16C1 PAL16C1-2
Octal 10 Input And-Or- PALIOLB PALIOLE2
10L8 2 | NJF L nier Gate Array HAL10L8 HAL10L8-2
Hex 12 Input And-Or-Invert PAL12L6 PAL12L6-2
12L6 20 | N F L Gate Array HAL12L6 HAL12L6-2
Quad 14 Input And-Or-Invert | PAL14L4 PAL14L4-2
14L4 20 | NJF L Gate Array HAL14L4 HAL14L4-2
Dual 16 Input And-Or-Invert | PAL16L2 PAL16L2-2
16L2 20 | NJF L Gate Array HAL16L2 HAL16L2-2
o8 2 | Mo F L | Octal 16 Input And-Or-invert | PALT6LB PALT6LBA | PAL16L8-2/A-2 |PALI6LG-4/A-4
4 F L Gate Array HAL16L8 HAL16LBA | HAL16L8-2/A-2| HAL16L8-4/A-4
Py 2 | N F L |Octal 16 Input Registered PAL16R8 PALT6R8A | PAL16R8-2/A-2|PALI6RE-4/A-4
» 4 F L | And-Or Gate Array HAL16R8 HAL16R8A | HAL16R8-2/A-2| HAL16R8-4/A-4
o 2 | N0 F L | Fex 16 input Registered PAL16R6 PALI6R6A | PAL16R6-2/A-2 | PAL16R6-6/A-4
+J Fo L | And-Or Gate Array HAL16R6 HAL16R6A | HAL 16R6-2/A-2| HAL16R6-6/A-4
p, 2 | N9 F L |Quad 16 Input Registered PAL16R4 PALI6R4A | PAL16R4-2/A-2 | PAL16RA-4/A-4
B L | And-Or Gate Array HAL16R4 HAL16R4A |HAL16R4-2/A-2| HAL16R4-4/A-4
Quad 16 Input Registered PAL16X4
16X4 2 N, J And-Or-Xor Gate Array HAL16X4
Quad 16 Input Registered PAL16A4
16A4 20 N.J | And-Carry-Or-Xor Gate Array| HAL16A4
Deca 12 Input And-Or-Invert | PAL12L10
12110 | 24 [NS,JS,FL| et A 0 AL
Octal 14 Input And-Or-invert | PAL14L8
14L8 24 NS, JUS,FL| Gate Array HAL14L8
Hex 16 Input And-Or-Invert PAL16L6
16L6 24 NS, JSFL Gate Array HAL16L6
Quad 18 Input And-Or-Invert | PAL18L4
1814 24 NS, JS,F.L| Gate Array HAL18L4
Dual 20 Input And-Or-Invert PAL20L2
20L.2 24 INS,JS,F.L| Gate Array HAL20L2
20 Input And-Or/And-Or PAL20CT
20C1 24 INS,JSFL Invert Gate Array HAL20C1
Deca 20 Input And-Or-invert | PAL20L10
20L10 | 24 INSUSF LI cote Array HAL20L10
Deca 20 Input Registered PAL20X10
20X10 | 24 NS, JS,F.L| AngOr-Xor Gate Array HAL20X10
Octal 20 Input Registered PAL20X8
208 24 |NS,JS,F.L| Arq Or-Xor Gate Array HAL20X8
Quad 20 Input Registered PAL20X4
20X4 24 INS,JS,F. Lt And-Or-Xor Gate Array HAL20X4
Octal 20 Input And-Or-Invert PAL20L8A
20L8 24 INS,US,F.L| Gate Array HAL20L8A
Octal 20 Input Registered PAL20R8A
20R8 24 INS,US,F,L| And-Or Gate Array HAL20R8A
Hex 20 Input Registered PAL20R6A
20R6 24 INS,JS,F.L| Anq.Or Gate Array HAL20R6A
Quad 20 Input Registered PAL20R4A
20R4 24 INS,JS,F.L| Ang-Or Gate Array HAL20R4A
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PAL/HAL

Absolute Maximum Ratings
Supply Voltage, Vo
Input Voltage
Off-state output Voltage
Storage temperature

Schematic of Inputs and Outputs

EQUIVALENT INPUT TYPICAL OUTPUT
Vec O - OVee

% 8k NOM éwn NOM

:
INPUT --

ouTPUT
_ e
L

Operating Programming
......... -05t070V.............coiue..... 0.5 to 12.0V
......... -15t055V........cciiiienenn.... -1.0t022V®
......... BBV e 120V

......................................... -65° to +150°C

@ Pins 1and 11 may be raised to 20V

Test Load

OUTPUT +—®) TEST POINT

~ 50pF

Other loads may be used.

Typical notes for all the following specifications (pages 3-8 — 3-18)

Notes: Apply to electrical and switching characteristics

t I/0 pin leakage is the worst case of Igzy or I|x e.g., l;._and Igzp.

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

** Only one output shorted at a time.
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10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX|MIN TYP MAX UNIT
Vee Supply voltage 45 5 55| 4.75 5 5.25 Vv
Ta Operating free-air temperature -55 0 75| °C
Tc Operating case temperature 125 °C
Electrical Characteristics Over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level input voltage 038
VIH* High-level input voltage 2
Vic Input clamp voltage Vce = MIN I} = -18mA -08 -15
I Low-level input current 1 Voo = MAX V| = 0.4V -0.02 -025 | mA
hH High-level input current T Voo = MAX V| = 24V 25 | pA
h Maximum input current Voe = MAX V) = 55V 1| mA
MiL I = A
VoL Low-level output voltage Vee = MIN oL bm 03 05| V
COM loL = 8mA
MiL loH = -2mA
VoH High-level output voltage Vece = MIN 24 238 Vv
COM IoH = -3.2mA
oS Output short-circuit current**| Vo = 5v Vo =0V -30 -70 -130 | mA
lcc Supply current Voo = MAX 55 90| ma
Switching Characteristics Over Operating Conditions
SYMBOL PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS |MIN TYP MAX |MIN TYP MAX
¢ Input or feed- Except 16C1 R1 = 5600 25 45 25 35
PD back to output 16CT R2 = 1.1kQ 2% 45 25 a0 | ™
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Stanaara PAL/ NAL Series 24
12L10, 14L8, 16L6, 18L4, 20L2, 20C1

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX | MIN TYP MAX UNIT
Vee Supply voltage 45 5 55475 5 525 V
Ta Operating free-air temperature -55 0 75| °C
Tc Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level input voltage 08
V|H* High-level input voltage 2
Vic Input clamp voltage Vece = MIN | = -18mA -08 -15 Vv
i Low-level input current Voo = MAX V| = 04V -0.02 -025 | mA
™ High-level input current T Voo = MAX V) = 24V 25 | wA
] Maximum input current Voe = MAX V| = 55V 1] mA
MIL loL = 8mA
VoL Low-level output voltage Ve = MIN 03 05| Vv
COM loL = 8mA
MiL 'OH = -2mA
VoH | High-level output voltage Vee = MIN 24 2.8 v
COM IOH = =3.2mA
los Output short-circuit current**| Vo = 5V Vo =0V -30 -70 -130 | mA
lcc Supply current Voe = MAX 60 100 | mA
Switching Characteristics over Operating Conditions
TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS |MIN TYP maAX |min_Tvp max|YUNT
R1 = 5600
tpD Input or feedback to output R2 = 1.1kQ 25 45 25 40 | ns




dSranaara FAL/ NAL DeEries <v
16L8, 16R8, 16R6, 16R4, 16X4, 16A4

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX | MIN TYP MAX UNIT
Vce Supply voitage 4.5 5 55| 475 5 525| V
Low 25 10 25 10
Width of clock S
tw idth of cloc High 25 10 2% 10 "
Set up time from 16R8 16R6 16R4 45 25 35 25
tsy ; ns
input or feedback to clock 16X4 16A4 55 30 45 30
th Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -55 0 75| °C
Tc Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIL* | Low-level input voltage os| v
Viy* | High-level input voltage 2 v
Vic Input clamp voltage Voe = MIN | = -18mA -08 -15| vV
I Low-level input current T Vo = MAX V) = 04V -0.02 -0.25 | mA
H High-level input current T Voo = MAX V| = 24V 25 | uA
o ‘Maximum input current Voo = MAX V| = 55V 1| mA
VoL - | Low-level output voltage Voo = MIN 03 05| v
CcoM loL = 24mA
MIL IoH = —2mA
VoH High-level output voltage Voe = MIN 24 28 Vv
COM loH = -3.2mA
lozL Vo = 04V -100 | uA
Off-state output current T Voo = MAX
lozH Vo = 24V 100 | wA
l0s Output short-circuit current**| Voo = 5V Vo = OV -30 -70 -130 | mA
16R4 16R6 16R8 16L8 120 180
Icc Supply current Voe = MAX 16X4 160 225 | mA
16A4 170 240
SWitthng Characteristics Over Operating Conditions
¥ TEST MILITARY COMMERCIAL
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX UNIT
nput or feed- 16R6 16R4 168 2% 45 25 3| ns
bagk to output 16X4_16R4 0 45 30 40 ns
Clbok to output or feedback 15 25 15 25| ns
P11 to output enable except 16L8 15 25 15 25| ns
#Pin 11 to output disable except 16L8 Ry = 2000 15 25 15 25| ns
"Input to 16R6 16R4 16L8 R, = 3900 25 45 25 35| ns
output enable 16X4_ 16A4 30 45 30 40| ns
t Input to 16R6 16R4 16L8 25 45 25 35 ns
PXZ | output disable 16X4 16A4 30 45 30 40| ns
£ Maximum 16R8 16R6 16R4 14 25 16 25 MHz
MAX | frequency 16X4  16A4 12 22 14 22




dwanuarg rak/ NAk JSrivs v

20X10, 20X8, 20X4, 20L10

Operating Conditions

MILITARY COMMERCIAL
P
SYMBOL ARAMETER MIN TYP MAX|MIN TYP MAX UNIT
Vce Supply voltage 45 5 55) 475 5 525 V
Low
tw Width of clock n 40 20 35 20 ns
High 30 10 25 10
Set up time from
tsu input or feedback to clock 6 38 %0 8 ns
th Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -55 0 75| °C
Tc Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions e
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT
ViL* | Low-level inputvoltage R ')0..8 v
Vi* | High-level input voltage 2 =y
Vic | Inputclamp voltage Vee = MIN I = -18mA 08 15| Vv
e Low-level input current Vce = MAX V) = 04V -0.02 —02§ - mA
H High-level input current T Voo = MAX V) = 24V 25 | pA
h Maximum input current Vce = MAX V| = 55V 1| mA
v Low-level output volt MiIL loL = 12mA
oL ow-level output voltage Vee = MIN 03 05| Vv
coM loL = 24mA
MIL loH = -2mA
VoH High-level output voltage Vce = MIN 24 2.8 v
com IoH = -3.2mA
ozt Vo = 04V -100 | uA
Off-state output current T Voo = MAX
lozH Vo = 24V 100 | uA
los Output short-circuit current**| Voo = 5V Vo =0V -30 -70 -130 | mA
lcc Supply current Vee = MAX 20X10 20X8 20X4 120 180 | mA
Icc Supply current Voo = MAX 20L10 90 165 | mA
Switching Characteristics Over Operating Conditions
. TEST MILITARY COMMERCIAL. - | -
SymBoL PARAMETER CONDITIONS |MIN TYP MAX|MIN TYP max|“NT
Input or feed- o
35 60 ' ns
tPD back to output % 50
toLk Clock to output or feedback 20 35 20 30| ns
tpxz/zXx | Pin 13 to output disable/enable except 20L10 R4 = 2000 20 45 20 3| ns
tpzx | Input to output enable except 20X10 Ro = 3900 35 55 35 45| ns
tpxz Input to output disable except 20X10 55 45| ns
Maximum
105 1 125 16 MHz
fMAX frequency 0 6




16L8A, 16R8A, 16R6A, 16R4A

Operating Conditions

MILITARY COMMERCIAL
PARAMETER
SYMBOL MIN TP MAX|MIN TP max |"N'T
Vee Supply voltage 45 5 551475 5 5§25 V
Low 20 10 15 10
t Width of clock -
w High 20 10 5 10 "
Set up time from
16R8A 16R R t
tsu input or feedback to clock 6R8 BREA 16R4A 80 1 s 15 ns
th Hold time 0 -10 0 -10 ns
Ta Operating free-air temperature -55 0 75| °C
Tc Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions fCan select 20ns upon customer request.
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level input voltage 08| v
V|H* High-level input voltage 2 v
Vic Input clamp voltage Ve = MIN I = -18mA -08 -15| V
e Low-level input current T Voe = MAX V| = 04V -0.02 -0.25 | mA
R High-level input current T Voo = MAX V| = 24V 25 | pA
| Maximum input current Voo = MAX V| = 55V 1| mA
) MIL loL = 12mA
VoL Low-level output voltage Voo = MIN 03 ' 05 Y,
COoM loL = 24mA
MIL IoH = -2mA
VoH High-level output voltage Vce = MIN 24 2.8 '
COM IOH = -3.2mA
lozL Vo =04V -100 | uA
Off-state output current T Ve = MAX
lozH Vo = 24V 100 | wA
los Output shortcircuit current**| Voo = 5V Vo = OV =30 -70 -130 | mA
lcc Supply current , Ve = MAX 120 180 | mA
Switching Characteristics Over Operating Conditions
TEST | - MILITARY - COMMERCIAL
SYmMBOL PARAMETER CONDITIONS |MIN TvP max |miN_Tvp max |UN'T
Input or feed- :
4A 16L ns
tpp back to output 16R6A 16R4A 16L8A 15 30 15 25
toLk | Clock to output or feedback 10 20 10 15| ns
tpzx | Pin 11 to output enable except 16L8A 10 25 10 20| ns
tpxz IPin 1t 1tto output disable except 16L8A Ry = 2000 1 25 LAl 20| ns
nput to R, = 39002 ns
PZX | output enable 16R6A 16R4A 16L8A 2 10 30 0 25
Input to )
1 30 13 2 ns
tPXZ | output disable 16RBA 16R4A 16L8A 3 5
Maximum
. MH.
fMAX | frequency 16R8A 16R6A 16R4A 20 40 285 40 z
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Fast Series 24A
20L8A, 20R8A, 20R6A, 20R4A

Operating Conditions

' MILITARY COMMERCIAL
SYMBOL PARAMETER
MIN TYP MAX | MIN TYP MAX UNIT
Vce Supply voltage 45 5 55| 475 5 525| V
Lo
ty Width of clock ad 20 7 L7 ns
High 20 7 15 7
Set up time from
20R8A 20R6A 20R4A 15
tsu input or feedback to clock %0 % 15 ns
th Hold time 0 -10 0 -10 ns
Ta Operating free-air temperature -55 0 751 °C
Tc Operating case temperature 125 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level input voltage 08| Vv
ViH® | High-level input voltage 2 v
Vic Input clamp voltage Vcoe = MIN Ip = -18mA -08 -15| v
e Low-level input current Voo = MAX V) = 04V -0.02 -025 | mA
H High-level input current T Voo = MAX V) = 24V 25 | pA
l) Maximum input current Vce = MAX V| = 55V 1] mA
MIL loL = 12mA
VoL Low-level output voltage Vee = MIN 0.3 05 Vv
CoM loL = 24mA
MIL IoH = -2mA
VoH High-level output voltage Voe = MIN 24 2.8 Y
COM loH = -3.2mA
ozt Vo =04V -100 | wA
Off-state output current T Voo = MAX
lozH Vo = 24V 100 | uA
los Output shortcircuit current**| Vo = 5V Vo =0V -30 -90 -130 | mA
lcc Supply current Vee = MAX 160 210 | mA
Switching Characteristics over Operating Conditions
TEST MILITARY COMMERCIAL
SymeoL PARAMETER CONDITIONS |MIN TYP max |miN_ TvP max | YNT
Input or feed-
15 30 15 25| ns
D | pack to output 20R6A 20R4A 20L8A
toLk Clock to output or feedback 10 20 10 15| ns
tpzx | Pin 13 to output enable except 20L8A 10 25 10 20| ns
tpxz IPin 1ts to output disable except 20L8A R4 = 2000 " 25 n 20| ns
nput to Ro = 3900 10 30 10 25| ns
tpzx output enable 20R6A 20R4A 20L8A 2
Input to
13 30 13 25| ns
'PXZ | output disable 20R6A 20R4A 20L8A
Maximum
20 . 40 MHz
fMAX frequency 20R8A 20R6A 20R4A 40 285
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10H8-2, 12H6-2, 14H4-2,

Opéraf}!:ng Conditions

Half Power Series 20-2
16H2-2,16C1-2, 10L8-2, 12L6-2, 14L4-2, 16L2-2

MILITARY COMMERCIAL
) PARAMETER MIN TYP MAX | MIN. TYP MAX UNIT
Supply voltage 4.5 5 55| 475 5 5.25 v
- Operating free-air temperature -55 125( 0 75| °C
-Electrical Characteristics oOver Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIL* | Low-level input voltage 08| Vv
Vi® | High-level input voltage 2
Vic Input clamp voltage Voo = MIN I = -18mA -08 -15| v
L Low-level input current Voo = MAX V| = 04V 0.02 -0.25 | mA
hH High-level input current T Voo = MAX V) = 24V 25 | uA
Iy Maximum input current Voo = MAX V| = 55V 1| mA
MIL loL = 4mA
VoL Low-level output voltage Voo = MIN 03 05| v
CoM loL = 4mA
MiL loH = -1mA
VoH High-level output voltage VCC = MIN 24 2.8 \Yj
COM lon = -1mA.
los | Output shortcircuit current**| Voo = 5V Vo = OV 30 70 -130 | mA
Icc Supply current Voo = MAX 30 5| ma
vait,chjr;Q Characteristics over Operating Conditions
3R ’ MILITARY COMMERCIAL
SYI A PARAMETER 1)
N TES MIN TYP MAX |MIN TYP MAX UNIT
Wi or feedback to output A1 = 1120 45 8 45 60| ns
u
fannyt or feedback fo outp R2 = 2.2k ! \
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Half Power Series 20-2
16L8-2, 16R8-2, 16R6-2, 16R4-2

Operating Conditions

MILITARY conms‘: |
SYMBOL PARAMETER MIN TYP MAX|MIN TYP NIT
Vee Supply voltage 45 5 565|475 5 5261 V
Low 50 25 40 R
t Width of clock .
w : High 50 25 0 25 - .| "™
Set up time from DN
1 . 16R6-2 16R4- 5 40 .« .
tsu input or feedback to clock 6R&-2 2 7 40 5 T, ,“rgs
th Hold time 0 -15 0 -15 *  .] ns
Ta Operating free-air temperature -55 125 | 0 . 75| °C

Electrical Characteristics Over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

ViL* | Low-level input voltage 08

V|H* High-level input voltage 2

Vic Input clamp voltage Vee = MIN I = -18mA -08 -15

I Low-level input current Voo = MAX Vi =04V —0.02”—0.25; “mA

hH High-level input current T Ve = MAX V) = 24V 25 | ‘uA

Iy Maximum input current Vee = MAX V| = 55V ’ 1] mA

v Low-level output volt MIL lop = 4mA

oL ow-level output voltage Ve = MIN 03 0..5 SV
COM loL = 8mA
MIL loH = -1mA

VoH High-level output voltage Vee = MIN 24 28 v
COM 'OH = -1mA

oz Vo =04V -100 | A

Off-state output current T Voo = MAX
lozH Vo = 24V 100 | wA
los Output short-circuit current**| Voo = 5V Vo = OV -30

lcc Supply current Vce = MAX

Switching Characteristics over Operating Conditions

TEST MILITARY e
nppll T
SymsoL PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNI
tp Input or feed- | 1626 5 16R4-2 16L8-2 30 65 0 so| ns
D back to output _
toLk | Clock to output or feedback 20 50 20 51‘ i« ‘t vlns
tpxz/zx | Pin 11 to output disable/enable Ry = 4000 15 40 15‘5 % ns
Input to Ry = % 5 I B
- - - 0 65 3¢ S
tpzx output enable 16R6-2 16R4-2 16L8-2 27 7800 3 }fxﬁ"f ¥
Input to S e B
- - - 5 ns
tPXZ | output disable | 16R6-2 16R4-2 16L8-2 3 6 3@ ‘
Maximum S i T
. . . 8 20 1 20 P 75 s "MHzZ
fMAX | frequency 16R8-2 16R6-2 16R4-2 Il
e




Quarter Power Series 20-4
16L8-4, 16R8-4, 16R6-4, 16R4-4

O&rﬂing:f:’ccnditions

MILITARY COMMERCIAL
PARAMET
ARAMETER MIN TYP MAX | MIN TYP MAX UNIT
Vee Supply voltage 45 5 55| 475 5 525| V
. Low 70 25 50 25
t Width of clock
w High 70 25 50 25 ns
Set up time from
1 45 45
tsu input or feedback to clock 16R8-4 16R6-4 16R4-4 20 100 ns
th Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -55 125 75| °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level inputvoltage 08| v
VIH* High-level input voltage 2 v
Vic Input clamp voltage Vee = MIN | = -18mA -08 -15 \
L Low-level input current T Voe = MAX V) = 0.4V -0.02 -025 | mA
IiH High-level input current 1 Voo = MAX V| = 24V 25 | uA
I Maximum input current Vce = MAX V| = 55V 11 mA
VoL Low-level output voltage Ve = MIN 0.3 05 Vv
COM loL = 4mA
MiL loH = -400uA
Von | High-level output voltage Vce = MIN 24 28 v
coM lon = -400uA
ozt Vo = 04v -100 | wA
Off-state output current t Voe = MAX
lozH Vo = 2.4V 100 | uA
los Output short-circuit current**| Vo = 5V Vo = OV -30 -70 -130 | mA
lcc Supply current Voo = MAX 30 50 | mA
Switching Characteristics Over Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER
TEST MIN TYP MAX |MIN TYP MAX UNIT
Input or feed-
tpD 16R6-4 16R4-4 16L8-4 55 100 55 80| ns
back to output
toLk Clock to output or feedback 40 80 40 60| ns
tpxz/zx | Pin 11 to output disable/enable except 16L8A Ry = 8000 25 50 25 40 | ns
Input to
tpzx 16R6-4 16R4-4 16L8-4 Ro = 1.56kQ 50 100 50 75| ns
output enable
Input to
tpxz . X 16R6-4 16R4-4 16L8-4 50 100 50 75| ns
output disable
Maximum
fMAX 16R8-4 16R6-4 16R4-4 5 10 7 10 MHz
frequency
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Half Power Series 20A-2

16L8A-2, 16R8A-2, 16R6A-2, 16R4A-2

e

Operating Conditions

SYMBOL PARAMETER Mm”“:l',::":‘ Ax M‘.’S"’:S:C"::x UNIT
Vee Supply voltage 45 5 55| 4.75 5 525( V
Low 1
tw Width of clock High 2: :g Zg 12 ns
Set up time from
-2 16R4A-2 16R8A-2 50 25 35 25
tsu input or feedback to clock 16R6A-2 16 &R ns
th Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -56 125 (0 75| °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL* | Low-level input voltage 08| Vv
Vin* | High-level input voltage 2
Vic Input clamp voltage Vce = MIN I} = -18mA -08 -15 \
L Low-level input current T Voo = MAX V| = 04V -002 -025 | mA
I+ High-level input current T Voo = MAX V| = 24V 25 | pA
] Maximum input current Vo = MAX V) = 55V 11 mA
MiL = 12mA
VoL Low-level output voltage Voo = MIN lo m 03 05 Vv
CoM loL = 24mA
MiL loH = -2mA
VoH High-level output voltage Vece = MIN 24 2.8 Vv
COM loH =-3.2mA
ozt Vo = 04v -100 | wA
Off-state output current T Voe = MAX
lozH Vo = 24V 100 | wA
los Output short-circuit current**| Voo = 5V Vo =0V -30 -70 -130 | mA
lcc Supply current Voo = MAX 60 0 | mA
Switching Characteristics over Operating Conditions
TEST MILITARY COMMERCIAL
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT
¢ Input or feed- | 1) ga_> 16REA-2 16RIA-2 25 50 25 35| ns
PD back to output
toLk Clock to output or feedback 15 25 15 25| ns
tpxz/zx | Pin 11 to output disable/enable except 16L8A-2 R4 = 2000 15 25 15 25| ns
Input to - - - Ry = 3900 25 45 25 35| ns
tpzx output enable 16L8A-2 16R6A-2 16R4A-2 2
Input to
-2 - - 25 45 25 35| ns
PXZ | output disable | 1BREA-2 16RBA-2 16R4A-2
Maximum
- - - 14 25 16 25 MHz
MAX | trequency 16R8A-2 16R6A-2 16R4A-2

O —
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Quarter Power Series 20A-4
16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4

S —

Operating Conditions

MILITARY COMMERCIAL
PARA|
SYMBOL ARAMETER MIN TYP MAX | MIN TYP MAX UNIT
Vee Supply voltage 45 5 55| 4.75 5 525 V
Low | 40 20 30 20
t Width of clock
w idth of clo 16R8A-4 16R6A-4 16R4A-4 High | 40 20 20 20 ns
Set up time from
90 45 60 45
tsu input or feedback to clock 16R8A-4 16R6A-4 T6RAA-4 ns
th Hold time 0 -15 0 -15 ns
Ta Operating free-air temperature -55 125| 0 751 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL Low-level input voltage o8| Vv
Vii" | High-level input voltage 2 v
Vic Input clamp voltage Vee = MIN I} = -18mA 08 -15| v
L Low-level input current Vce = MAX V) = 04V 002 -025 | mA
hH High-level input current 1 Vg = MAX V| = 24V 25 | uA
Iy Maximum input current Voo = MAX V) = 5.5V 1 mA
MIL [ =
VoL Low-level output voltage Ve = MIN oL 4mA 03 05 v
COM loL = 8mA
MIL loH = —1mA
VoH High-level output voltage Vee = MIN 24 2.8 Vv
COM IOH ==1mA
lozL Vo = 04V -100 | pA
Output short-circuit current** | Voo = MAX
lozH Vo = 24V 100 | wA
los Output short-circuit current Veg = 5V Vo = OV -30 -70 -130 | mA
Icc Supply current Voo = MAX 16R4A-4 16R6A-4 16R8A-4 16L8A-4 30 50 [ mA
Switching Characteristics over Operating Conditions
MILITARY COMMERCIAL
YMBOL PARAMETER TEST UNIT
§ S MIN TYP MAX [MIN TYP MAX
t Input or feed- 16R6A-4 16R4A-4 16L8A-4 35 75 35 55
- - ns
PD back to output
toLk Clock to output or feedback 20 45 20 35| ns
tPXz/ZX | Pin 11tooutputdisable/enable—except 16L8A-4 | g 4 = 8000 15 40 15 30| ns
Input to
tpzx P 16R6A-4 16R4A-4 16L8A-4 Rgo = 1.56kQ 30 65 30 .50| ns
output enable
t input to 16R6A-4 16R4A-4 16L8A-4 30 65 30 50| ns
Pxz output disable
Maximum
fMAX 16R8A-4 16R6A-4 16R4A-4 8 18 11 18 MHz
frequency




PAL Programming

Programming/Verifying Procedure

NOTES: For programming purposes many PAL pins have double functions

For The PAL 20:

As long as Pin 1 is at HH, Pin 11 is at ground, and Pin 12 is
either at HH or Z (as defined in Table 1) — Pins 16, 17, 18, and
19 are outputs. The other pin functions are: 10 (Pin 2) through
17 (Pin 9) plus Pin 12 address the proper row; A0 (Pin 15), A1
(Pin 14), and A2 (Pin 13) address the proper product lines.

When Pin 11 is at HH, Pin 1 is at ground and Pin 19 is either at
HH or Z — Pins 12, 13, 14, and 15 are outputs. The other pin
functions are: 10 (Pin 2) through 17 (Pin 9) plus Pin 19 address
the proper row; A0 (now Pin 18), A1 (now Pin 17), and A2 (now
Pin 16) address the proper product lines.

For The PAL 24:

As long as Pin 1is at HH, Pin 13is at ground and Pin 14 s either
at HH or Z (as defined in Table 1) — Pins 19, 20, 21, 22, and 23
are outputs. The other pin functions are: 10 (Pin 2) through 19
(Pin 11) plus Pin 14 address the proper row; A0 (Pin 15), A1
(Pin 16), and A2 (Pin 17) address the proper product lines.

As long as Pin 13 is at HH, Pin 1 is at ground, and Pin 23 is
either at HH or Z (as defined in Table 1) — Pins 14, 15, 16, 17,
and 18 are outputs. The other pin functions are: 10 (Pin 2)
through 19 (Pin 11) plus Pin 23 address the proper row; A0 (Pin
22), A1 (Pin 21), and A2 (Pin 20) address the proper product
lines.

For The PAL 24A:

As long as Pin 1 is at HH, Pin 13 is at ground, and Pin 14 is
either at HH or Z (as defined in Table 1) — Pins 19, 20, 21, and
22 are outputs. The other pin functions are: 10 (Pin 2) through
19 (Pin 11) plus Pin 14 address the proper row; A0 (Pin 15), A1
(Pin 16), and A2 (Pin 17) address the proper product lines.

As long as Pin 13 is at HH, Pin 1 is at ground, and Pin 23 is
either at HH or Z (as defined in Table 1) — pins 15, 16, 17, and
18 are outputs. The other Pin functions are: 10 (Pin 2) through
19 (Pin 11) plus Pin 23 address the proper row; A0 (Pin 22), A1
(Pin 21), and A2 (Pin 20) address the proper product lines.

Pre-Verification
5.1.1 Raise Vg to 5.0 volts.
5.1.2 Raise Output Disable pin, OD, to VIHH.
5.1.3 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.

5.1.4 Select a product line by specifying A0, A1,
and A2 one-of-eight select as shown in Table
3, Table 4 or Table 5.

5.1.5 Pulse the CLOCK pin and verify (with CLOCK
at VIL) that the output pin, O, is in the state
corresponding to an unblown fuse.

— For verified unblown condition, continue
procedure from 5.1.3 through 5.1.5.

— For verified blown condition, stop procedure
and reject part.

Programming Algorithm

5.2.1 Raise Output Disable pin, OD, to VIHH
5.2.2 Programming pass. For all fuses to be blown:
5.2.2.1 Lower CLOCK pin to ground.
5.2.2.2 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.
5.2.2.3 Select a product line by specifying A0, A1, and
A2 one-of-eight select as shown in Table 3,
Table 4 or Table 5.
5.2.2.4 Raise Vg to VIHH.
5225 Prog‘ram the fuse by pulsing the output pins of
the selected product group -one at a time- to
VIHH (as shown in the Programming Waveforms,
Section 5.5).
5.2.2.6 Lower V to 5.0 volts.

5.2.2.7 Repeat this procedure from 5.2.2.2 until pattern
is complete.

5.2.3 First verification pass. For all fuse locations:

5.2.3.1 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.

5.2.3.2 Select a product line by specifying A0, A1, and
A2 one-of-eight select as shown in Table 3,
Table 4 or Table 5.

5.2.3.3 Pulse the CLOCK pin and verify (with CLOCK
at VIL) that the output pin, O, is in the correct
state.

— For verified output state, continue procedure

— For overblow condition, stop procedure and
reject part.

— For underblow condition, reexecute steps
5.2.2.4through 5.2.2.6 and 5.2.2.3. If success-
ful, continue procedure. After three attempts
to blow fuse without success, reject part but
continue procedure.

5.2.3.4 Repeat this procedure from 5.2.3.1 until the
entire array is exercised.

5.2.4 High Voltage Verify. For all fuse locations:
5.2.4.1 Raise Vo to 5.5 volts.
5.2.4.2 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.
5.2.4.3 Select a product line by specifying A0, A1, and

A2 one-of-eight select as shown in Table 3,
Table 4 or Table 5.

5.2.4.4 Pulse the CLOCK pin and verify (with CLOCK
at VIL) that the output pin, O, is in the correct
state.
— For verified output state, continue procedure
— For invalid output state, stop procedure and

reject part.

5.2.4.5 Repeat this procedure from 5.2.4.1 until the

entire array is exercised.
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5.2.5 Low Voltage Verify. For all fuse locations:
5.25.1 Lower Vi to 4.5 volts.

5.2.5.2 Select an input line by specifying Inputs and
L/R as shown in Table 1 or Table 2.

5.2.5.3 Select a product line by specifying AQ, A1, and
A2, one-of-eight select as shown in Table 3,
Table 4 or Table 5.

5.2.5.4 Pulse the CLOCK pin and verify (with CLOCK
at VIL) that the output pin, O, is in the correct
state.

— For verified output state, continue procedure.

— For invalid output state, continue procedure
and reject part.

5.4 Programming Parameters

Programming the Security Fuses
5.3.1 Verify per Section 5.2.4 and 5.2.5.
5.3.2 Raise Vg to 6 volts.
5.3.3 For PAL 20:

— Program the first fuse by pulsing Pin 1to VP. ’
(From 1 to 5 pulses is acceptable.)

— Program the second fuse by pulsing Pin 11 to VP.
(From 1 to 5 pulses is acceptable.)
5.3.4 For PAL 24 and PAL 24A:

— Program the first fuse by pulsing Pin 1to VP.
(From 1 to 5 pulses is acceptable.)

— Program the second fuse by pulsing Pin 13 to VP.
(From 1 to 5 puises is acceptable.)

5.3.5 Verify per Section 5.2.4 and 5.2.5:
— A device is “secure” if either half fails to verify.

SYMBOL PARAMETER MIN Lw;s _ MAX UNIT
VIHH Program-level input voltage 11.5 11.75 12 \
Output Program Pulse 50
liHH Program-level input current oD, L/R 50 mA
All other inputs 10
lccH Program Supply Current 900 mA
tvcep Pulse Width of Vo @ ViHH 60 uS
Tp Program Pulse Width 10 20 50 uS
'} Delay Time 100 ns
Delay Time after L/R Pin 10 uS
D2 Vcep Duty Cycle 20 %
Vp Security Fuse Programming Voltage 18 18.5 19 \Y%
Ip Security Fuse Programming Supply Current 400 mA
Security Fuse Programming Pulse Width 10 40 70 uS
Tep Security Fuse Programming Duty Cycle 50 %
trp Rise time of output programming and address pulses 1 15 10" | V/uS
trp Rise Time of security fuse programming pulses 1 . 1.5 10 | V/uS
Ve value during security fuse programming 5.75 6.0 6.25
Vvalue for first verify 4.75 5.0 5.25
Veeep v
Vg value for High Vg verify 54 55 5.6
Vg value for Low Vg verify 44 45 46
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5.5 ARRAY PROGRAMMING
VIHH VIHH
oD oD
VIL VL
vce —»| |«—tD
—>| [t viL
VIHH CLOCK o
! VIH \t —>| |=tD
viL VIHH
VIHH ] VIH —
ALR \_ viL |-
z REPEAT UNTIL
> |«—1D2 ARRAY IS VIHH
| VERIFY | VERIFIED ALR \
VOH K z
o] ! D2
voL |«——tveeP—| REPEAT UNTIL
VIHH PATTERN IS
— |<— D vee PROGRAMMED
—>| |«—tD 5.0V
crock VM
vIL —»| |«tD <tD
NOTE: VCC (Low Voltage Verity) = 4.5 volts |<—TP——->
VCC (High Voltage Verify) = 5.5 volts VIHH
VCC (First Verify) = 5.0 volts o
A Delay (tD2) must always precede the Positive VOH ————
Clock Transition. (e.g see section 5.2.3.3 for condition) VoL
5.6 SECURITY FUSE PROGRAMMING
VCCPP
vce o
TPP
vp — 2] ‘L:' ’I
/ —»| |«—1tD
PIN 1 \
o —_—
t_rpp->
tD—>
vP
PIN 11
0
Programmer/Development Systems
VENDOR PAL 20s (ALL) PAL 24s (STD) PAL 24s (FAST)
— LogicPak (Rev-010) . . _ . -
Data 1/0 — 1427 Card Set LogicPak (Rev-010) LogicPak (Rev-010)
i — SD 20/24 — SD 20/24 — SD 20/24
Structured Design — PAL Burner * — PAL Burner* — PAL Burner*
STAG — PM202 (Rev 3) — PM202 (Rev 3) — PM202 (Rev)
— PM2200 * — PM2200* — PM2200*
DIGELEC — UP803 (FAM51) — UP803 (FAM51) — UP803 (FAM51)
or (FAM52) or (FAM52) or (FAM52)
— M980
PROLOG PM9068
— MPP80S
KONTRON MOD 21

*Means that this version Is being qualified.
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PAL Series 20, 20A, 20-2, 20-4

Programming Pin Configurations

PRODUCTS 0 THRU 31 PRODUCTS 32 THRU 63
oo ~ Ve E & cLock vee[Z]
(2 0 {] w tr[s]
Eu o[ Glu Ag E
(8 [ o [7] 1 P M 1]
v 05[] & A []
o Ao [5] Elw % %]
af @ g. @
s nfm G o,f]
o wr ] 1y oy72]
[cleno crock fii] [ic] ano op E
Voltage Legend L = Low-level input voltage, V_ HH = High-level program voltage, V|
H = High-level input voltage, V|4 Z = High impedance (e.g., 10k} to 5.0V)
INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION
LINE LINE
NUMBER (17|l | 15| 14|13 | 12| 11| 10 |L/R NUMBER | O3 | O2 | O1 | Og | A2 | A1 | Ap
0 HH{HH|HH|HH|HH [HH [ HH | L z 0, 32 z Z V4 HH z z z
1 HHHH|HH|HH|HH|HH | HH| H z 1,33 V4 zZ z HH z z HH
2 HH|{HH|HH|HH|HH|HH| HH| L | HH 2,34 Z zZ z HH V4 HH z
3 HH|HH|{HH|HH|HH|HH| HH| H | HH 3,35 Z A z HH Zz HH [ HH
4 HH|HH{HH|HH!HH|HH| L |HH| Z 4, 36 z z z HH | HH z z
5 HH{HH|HHI/HH|HH|HH| H |HH]| Z 5,37 Z 4 Z HH | HH z HH
6 HH{HH|{HHIHHIHH|HH| L | HH| HH 6, 38 z z z HH [ HH | HH z
7 HH|HH{HH|{HH|HH|HH] H | HH | HH 7,39 z z z HH | HH | HH HH
8 HH{HH{HH{HHIHH] L |HH|{HH| Z 8, 40 z z HH z z z 4
9 HH{HH{HH{HHIHH| H |HH | HH| Z 9, 41 Z z HH V4 z z HH
10 HH{HH|HHIHH|{HH| L | HH | HH | HH 10, 42 Z z HH z z HH z
11 HH{HH|HH{HH|{HH|{ H | HH | HH | HH 11, 43 z z HH z 4 HH HH
12 HH{HH|HH[{HH| L ([HH|HH | HH| Z 12, 44 V4 z HH V4 HH V4 z
13 HH{HH|HH|{HH|{ H fHH|HH | HH| Z 13, 45 4 Z HH V4 HH 4 HH
14 HH{HH|{HH|{HH| L [HH|(HH | HH | HH 14, 46 z z HH 4 HH | HH z
15 HH{HH|HH{HH| H {HH | HH | HH | HH 15, 47 z Z HH z HH | HH HH
16 HH{HH|{HH| L [HH{HH|HH | HH | Z 16, 48 Z HH V4 V4 z z z
17 HH{HH{HH| H |HH{HH [HH [HH | Z 17, 49 Z HH z z z z HH
18 HH|HH|{HH| L |HH|HH[HH [ HH [ HH 18, 50 z HH Z z z HH z
19 HH{HH|HH| H [HH|HH | HH | HH | HH 19, 51 z HH z z z HH HH
20 HH|{HH| L [HH|HH|HH|HH | HH | Z 20, 52 z HH V4 z HH Z z
21 HH{HH| H [HH|HH|HH|{HH | HH | Z 21, 53 z HH z 4 HH z HH
22 HH{HH| L [HH|HH|HH | HH | HH | HH 22, 54 z HH z z HH | HH V4
23 HH|HH| H |[HH|HH |HH |HH [ HH [ HH 23, 55 z HH 4 z HH | HH | HH
24 HH| L |[HH|HH{HH|HH|[HH [HH | Z 24, 56 HH z V4 VA z z z
25 HH|{H |HH{HH|HH|HH |HH | HH | Z 25, 57 HH 4 z z z V4 HH
26 HH| L |HH|[{HH|{HH |HH | HH [ HH | HH 26, 58 HH z V4 z z HH z
27 HH| H |HH[{HH|HH |HH | HH [ HH | HH 27, 59 HH z z z z HH | HH
28 L |HH|HH|{HH|HH|HH |HH [HH | Z 28, 60 HH z z z HH z z
29 H{HH|HH|HH|HH |HH |HH |HH | Z 29, 61 HH VA z z HH 4 HH
30 L|HH{HH|HH|HH|HH | HH [ HH | HH 30, 62 HH z z z HH | HH z
31 H|HH|{HH|HH|{HH |HH | HH | HH | HH 31, 63 HH Z z V4 HH | HH | HH
Table 1 Input Line Select Table 2 Product Line Select
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Programming Pin Configurations

PRODUCTS 0 THRU 39

PAL Series 24, 24A

A —————————————————————————————
[ ——

O
B
:
(B
[0
G
O
]
i

= Low-level input voltage, V|
= High-level input voltage, V|4

PRODUCTS 40 THRU 79

= High-level program voltage, ViHH
Z = High impedance (eg. 10K Q) to 5.0V)

Voltage Legend L
H

INPUT PIN IDENTIFICATION

LINE

NUMBER | lg{lg {I7]|lg|{ 15| 1g[t3 |12 14| lo]|L/R
0 HH|HH|HH|HH|HH|{HH|HH|HH|HH| L | Z
1 HH{HHHHIHH{HH|HH|HH|HH|HH| H | Z
2 HH|HH |HH|HH|HH|HH|HH|HH[HH| L |HH
3 HH|HH |HH|HH|HH|HH[HH|HH|[HH| H |HH
4 HH|HH |HH|HH|HH|HH|HH|HH| L |HH| Z
5 HH|HH |HH|HH|{HH|HH|HH|HH| H |HH| Z
6 HH|HH [HH|HH|HH|HH|HH{HH| L |{HH[HH
7 HH|HH |HH[HH[HH|{HH|[HH|HH| H |HH|HH
8 HH|HH |HH|HH|HH|HH|HH| L [HH|[HH| Z
9 HH|{HH [HH{HH[HH{HH|HH| H [HH|HH| Z
10 HH{HH |HH{HH|HHHH|{HH| L {HH{HH|HH
11 HH|HH |HH|HH|HH[HH|HH| H |HH|HH|HH
12 HH|HHIHH|HH|HH|HH|{ L |HH[HH|HH| Z
13 HH{HH[HH{HH|HH|HH| H |HH|HH|HH| Z
14 HH[HH[HH[HH|HH|HH| L {HHIHH|HH[HH
15 HH|HH [HH|HH|HH|HH| H |HH[HH|HH |[HH
16 HH|HH[HH|HH|HH| L |HH|HH|{HH|HH| Z
17 HH{HH|HH|HH|HH| H |HH|HH|HH|HH| Z
18 HH{HH{HH|HH|HH| L {HH|HH{HH|HH|HH
19 HH{HH|HH|HH|HH| H |HH|HH|HH|[HH[HH
20 HH|HH{HH|HH| L |HH|HH|HH|HH|HH| Z
21 HH{HH|HH|HH| H |HH|HH|HH|HH|HH]| Z
22 HH|HH |HH|HH| L [HH|HH|HH|HH|HH | HH
23 HH{HH|[HH|{HH| H |HH{HH|HH|HH|HH|HH
24 HH|HH|HH| L |HH|HH|HH|HH|HH|HH| Z
25 HH|HH|HH| H |HH|HH|HH | HH{HH|HH| Z
26 HH|HH|HH| L [HH|HH[HH|HH{HH|HH|HH
27 HH{HH[HH| H |HH|HH |HH|HH|[HH|HH [HH
28 HH{HH| L |HH|HH|HH|HH|HH|HH|HH| Z
29 HH|HH}{ H |HH|HH|{HH}HH|HH|HH|HH| Z
30 HH[{HH| L |HH[HH[HH|HH|HH{HH|HH|HH
31 HH{HH| H |HH|HH|HH|HH|HH|HH|HH HH
32 HH| L [HH|HH|{HH|HH|HH|HH|HH[HH| Z
33 HH] H |{HH|HH{HH|HH|HH|HH|HH|HH]| Z
34 HH| L |HH|HH|HH[HH|HH{HH|HH|HH|HH
35 HH| H |HH|{HH|HH|HH|[HH|HH|HH|HH | HH
36 L |HH|{HH|HH|HH|HH[HH[HH|HH|HH| Z
37 H |HH|HH|HH|HH|HH|HH|HH|HH|HH]| Z
38 L {HH|HH{HH|HH{HH{HH|HH{HH[HH|HH
39 H|HH|HH|HH|HH|HH|HH|HH|HH| HH|HH

Table 1 Input Line Select

PRODUCT PIN IDENTIFICATION
LINE
NUMBER| O4 | O3 | O2 | O1| Og | A2 | A1 | Ao
0, 40 z Z|Z|z|HH|Z]|2Z]|2Z
1,41 z z z Z |HH | 2z Z |HH
2,42 Zz z z Z|HH| Z |HH| Z
3,43 z z z Z |HH | Z | HH |HH
4, 44 z z z z HH | HH z V4
5,45 z Z | Z | Z]|HH|HH| Z |HH
6, 46 z Z | Z )| Z|HH|HH|HH| Z
7,47 z 4 z Z | HH | HH | HH | HH
8,48 z Z | Z|HH]| Z zZ |z |2z
9, 49 Z z Z |HH| Z z Z |HH
10, 50 z Z| Z|HH| Z Z |HH| Z
11, 61 4 z Z |HH| Z Z | HH | HH
12, 52 z Z | Z|HH| Z |HH| Zz | Z
13,53 4 4 Z |HH| Z |HH| Z |HH
14, 54 4 Z Z |HH| Z |HH|HH | Z
15, 55 z z Z |HH| Z |[HH | HH |HH
16, 56 b4 Z|HH| Z2 | Z | Z z |z
17,57 4 Z |HH| Z 4 z Z |[HH
18, 58 z Z |HH| Z z Z |HH| Z
19, 59 z Z |HH| Z z Z | HH | HH
20, 60 z Z |HH| Z Z |HH| Z Z
21, 61 b4 Z |HH| Z | Z |HH]| Z |HH
22,62 P4 Z |HH| Z | Z |HH|HH| Z
23, 63 P4 Z [HH| Z | Z [HH|HH|HH
24,64 z HH | Z z 4 Z z Z
25, 65 Z |HH| Z | z | z Z | Z |HH
26, 66 z HH | Z z z Z |HH| Z
27,67 z HH | Z z 4 Z | HH | HH
28, 68 Z |HH| Z Z| Z |HH}| Z2 | Z
29, 69 z HH | Z z Z |HH| Z |HH
30, 70 z HH | Z z Z |HH|HH | Z
31,7 Z |HH| Z | Z | Z |HH | HH|HH
32,72 |HH | Z2 | Z | Z | Z z|Z |2
33,73 HH | Z z z Zz z Z | HH
34,74 |HH| Z | Z | Z | Z | Z |HH| Z
35,75 HH | Z Zz z 4 Z | HH [ HH
36,76 |HH | Z2 | 2 | Z| Z |HH}| Z | Z
37,77 |HH | Z | Z | Z | Z |HH| Z |HH
38,78 HH | Z z z Z |HH|HH| Z
39,79 |(HH | Z | Z | Z | Z [HH|HH|HH

Table 2 Product Line Select
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PAL/HAL Logic Diagram
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PAL/HAL Logic Diagram
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PAL/HAL Logic Diagram
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PAL/HAL Logic Diagram
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PAL/HAL Logic Diagram
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PAL/HAL Logic Diagram
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PAL/HAL Logic Diagram
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PAL/HAL Logic Diagram
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PAL Concepts

Selecting the Right PAL

The 29-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 PAL circuits 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 (I ) 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 I/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 1/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 PAL devices unused inputs should be tied to either Vo or
GND. The series resistor required for unused inputs on standard
TTL is NOT required for PAL units, 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

PAL10L8

ato 1] ___Lv [20] vee
a2 [7] 5] weoeo
as[GH 18] weoen
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Figure 1. Using PAL to replace random logic in 6800 Microprocessor Bus
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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 PAL devices have predominately active low outputs, it
may be necessary to apply DeMorgan’s Law to change the out-
put 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=H1 o=1n
o=0-12 O=1+1I
o=1n+12 O=H-12
O=1+i2-13 O=T-2+01-13
O=H:+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 Documentation

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 PAL 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 PAL circuits have phantom fuses:

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

PALASM

PALASM is the key tool used in automating the process of
“designing your own chip.” PALASM is a FORTRAN IV 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.

4-3
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I. Boolean Algebra Review

Commutative Property: A*‘B=B*A
A+B=B+A
Associative Property: A*(B*C) = (A*B)*C
A+B+C)=(A+B)+C
Distributive Property A*B+C)=A'B+A*C
A+B*C=(A+B)*(A+C)
Postulates:
0*0=0 1*0=0 0
1+1=1 0+1=1 1*1=1
0=1 1=0
Theorems:
A+0=A A*A=A A+A=A
A*1=A A=A A+A=1
A+1= (A) =A
A*0=0 A*A=0
A+B+C+.)= A*B*C".. — DeMorgan
A+B+C+.. =(A*B*C*.)
(A*B*C*.)=A+B+C+.. — DeMorgan
A*B*C*. =A+B+C+.)

A*A+B)=A+A'B=A
A+A'B=A'A+B)=A

Il. Karnaugh Map Matrix Labels
Top to bottom or left to right:

2-Variable 3-Variable 4-Variable

00 000 Add a ‘0’ MSB and

01 001 use the 3-variable

1 o011 chart for the first

10 010 half. For the second
110 half, add a '’ MSB
11 and repeat the same
101 chart in reverse order.
100

This same technique may be used for any number of variables
that may be desired per axis. For any axis greater than one
variable, the second-half is a mirror image of the first-half with
the MSB equal to a one (1). This can be seen above when
comparing the 3-variable list to the 2-variable list.

Note: *=AND +=0R /=NOT

2-Bit Counter Example

A=LSB B =MSB
For Up Count: For Down Count:
B A B A
00 11
01 10
10 01
11 00
00 11

Using the verbal logic language, equations can actually be
written directly from the function tables.

The equation for A is fairly obvious.
thus:

A always toggles.

A=A ; Toggle
The equation for B has only two general functions. They are
hold (B := B) and toggle (B := B). We also have two modes of
count (Up and Down). By inspection of the function tables the
following equation is written for B.

B=B*A*UP ; Hold on Up
+B*A*UP ; Hold on Down
+B*A*UP ; Toggle Up
+B*A*UP ; Toggle Down

Please note that the output pins are assumed to be called A and
B. Thus, the equations must be written for A and B. If you use A
Karnaugh Map to solve the above problem, merely write your
equations for the zero’s. This will result in exactly the same
solution as shown above.

To demonstrate the flexibility of PAL we will now ‘factor in’ a
preset and clear (both active high).

B=B*A*UP*PRS ; Hold on Up
+B*A*UP~*PRS ; Hold on Down
+B*A*UP*PRS ; Toggle Up
+B*A*UP*PRS ; Toggle Down
+CLR ; Clear

To add a load function merely requires another product line.

B=D1"* *LD ;Load

+B*A*UP*PRS*LD ;Holdon Up
+B*A*UP*PRS *LD ; Hold on Down
+B*A*UP*PRS*LD ;Toggle Up
+B*A*UP*PRS *LD ; Toggle Down
+CLR ; Clear
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Verbal Logic Language
Symbol  Operator Pronounced
= Equality Replaced by
= Equality Equals
/ Not Not
+ Or Or
* And First — If
Others — And
+ XOR Unless — XOR PALS Only
* And After Unless — And
Q3:= D3*LD ; Load
+ Q3*LD ; Hold
+UP*LD*Q2*Q1*Q0 ; Toggle Up
+Up*LD*Q2*Q1*Q0 ; Toggle Down

The above equation can be read easier by most people using a
verbal approach as opposed to a Boolean approach.

This happens to be the PAL equation for the three-bit of a 10-bit
up/down counter with load.

Q3is replaced by D3 (load function) if load (LD) is asserted. Or
Q3 is replaced by Q3 (hold function) if load is not asserted
unless all lesser significant bits are high and we are counting
up or all lesser significant bits are low and we are counting
down.

This equation was written for a PAL 20X10. The XOR actually
transforms the D-register into a toggle Flip-Flop.

This same function could be written without the aid of the XOR
gate. However, it would require more product terms. More on
this when we get to the power of the XOR gate.

To include a preset function in this counter, merely ‘and’ each
term with PRS for an active high preset, or with PRS for an
active low preset.

In general a preset costs an input line and a clear costs a
product line.

The Power of the Exclusive-OR

Shown below is the Karnaugh Map of the forth bit of a ten-
bit up/down counter.
EDCBA
00000

E 00001
E 00010
B D 00011
00100

A Cc 00101
uP 000 | 001 | 011 | 010 | 110 | 111 | 101 | 100 go110
1 01000

000 /E)\ 0 0 1 1 1 (:) 01001
— 01010
01011

oot1f/0 [folfoffo\] 1| 1] 1]1 01100
01101

01110

onnN\ojofofof 1| 1|1]1 01111
— / 10000
oof/o fofNofof 1[1]1]1 oo
10011

10100

110 |X0 } ofof 1|11]1 1010
10110

10111

mfjojof 1ol 111 10111
11001

1010 lof o oY 1 [1] 1] 11010
11011

11100

100 |\O0 0, o ) 1 1 1 1 11101
11110

11111

On the right are the outputs of the five low order bits, These
have been mapped as shown above.

To solve this not using the XOR gate requires nine product
terms. This is due to the “exceptions” scattered throughout
the map.

The equation for this output is as follows:

E=E*B*UP ; 1 (7 Holds)

+E.A.E—P )

+E*B*A ;3

+E*D*B ;4

+E*D'B ;5

+E*D*C ; 6

+E*D*C 0 7
+E*D*C*B*A*UP ; 8 (Toggle Up)
+E*D*C*B*A*UP ; 9 (Toggle Down)

Now let’s look at the same Karnaugh Map in a different light.
Note that the entire left half is zeros with two exceptions.
And that the right half is all ones with two exceptions.

Also note that this is the value of E. Thus this entire Map — with
four exceptions — reduces to:

E=E ; Hold State
The exclusive or operator is the “exception” operator. Using our
verbal logic language, we could state that we want the value of E
to hold unless we are in one of the four exception cells.
Closer examination reveals that the four cells actually reduce to
two pairs of cells. These pairs are:

D*C*B*A*UP AND

D*C*B*A*UP
Hence our entire equation that was nine product terms is now
reduced to three product terms as follows:

E=E ; Hold
+D*C*B*A*UP ; Toggle Up
+D*C*B*A*UP ; Toggle Down

This can be read as follows:
Not E is replaced by Not E unless all lesser significant bits are
high and we are counting up or all lesser significant bits are low
and we are counting down.

001|011 | 010 | 110 | 111 | 101 | 100

000
ooo[>000111<]
0

001

o1t} 0 0|00 |1 1 1 1

010} 0 f 0 | O [ O 1 1 1 1

110/ 0o {0 O (O 1 1 1 1

111oo[>o CIRRE

101 0 | 0|0 0 1 1 1 1

100, 0 f 0|0 |O |1 1 1 1
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PAL Design Specification

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

Line2 User's part number followed by originator's name and
the date

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

Line5 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 iIs 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

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 is 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.
AND (product)

+ OR (sum)

+ XOR (exclusive OR)
XNOR (exclusive NOR)

() Conditional three-state (IF STATE-
MENT) or fixed symbol

= Equality
= Replaced by after the low to high
transition of the clock.

Line n Function Table. (optional)
The function table begins with the keyward, “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 inturn
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

(¢} TRANSITION FROM LOW TO HIGH LEVEL

4 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.
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PAL10LS8 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 ;F EQUALS A AND B OR C m

FUNCTION TABLE n

ABCF
3 PAL DESIGN
: F COMMENT SPECIFICATIO

ALL LOWS

TEST AND GATE LOW
TEST AND GATE LOW
TEST AND GATE
TEST OR GATE HIGH

mme e

DESCRIPTION o

THIS EXAMPLE ILLUSTRATES THE FORMAT OF THE PAL DESIGN SPECIFICATION.

EXAMPLE )

1 000 XXXXXXXXXXXXXXHX1
2 01O0XXXXXXXXXXXXXXHX1 FUNCTION
3 100XXXXXXXXXXXXXXHX1 ¢ TABLE

4 110XXXXXXXXXXXXXXLX1 SIMULATION
5 XX1XXXXXXXXXXXXXXLX1

PASS SIMULATION 7

EXAMPLE

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

BRIEF

S0 S — — — —_— — ———— >
8 X-X A*B FUSE PLOT

9 === = == == == e= am e C

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

NUMBER OF FUSES BLOWN = 61

4-7



pAL16R6<—?AL PART NUMBER (MUST START ON LINE 1, COLUMN 1)
PART NO XXX <€———USER'S PART NUMBER (LINE 2)

PAL Concepts

DEVICE APPLICATION NAME-<——NAME OF DEVICE (LINE 3)
COMPANY, CITY, STATE--«——USER'S COMPANY NAME, CITY, STATE (LINE 4)

CLK

I0 DO D1 D2 D3 D4 DS

/0C RILO Q5 Q4 Q03 02 Q1 Q0

/Q0
/Q1
/Q2
/Q3
/Q4
/95

IF(/I1*10) /LIRO

IF(I1*/10) /RILO
—— —

I1*/I10*/Q0 + /I1*
I1*/I0*/Q1 + /Il*

1*/10*/Q2 + /Il*

/
/
1
/IL*/10*/Q3 + /I1*
/I1*/10%/Q4 + /I1*
/

I1*/I0*/Q5 + /Il*

/Q0

/Q5

Il GND
LIRO VCC

TO PINS 1 THRU 20 (24)
I0*%/Q1 + Il*/I0*/LIRO + Il* IO0*/DO
I0%/Q2 + I1*/I0%*/Q0 + Il* I0*/Dl
I10*/Q3 + I1*/10*/Ql1 + I1* I0*/D2
I0*/Q4 + I1*/10*/Q2 + Il* I0*/D3
I0*/Q5 + I1*/I0%/Q3 + Il* I0*/D4
I0*/RILO + I1*/I0*/Q4 + Il* I0*/D5

;LEFT IN RIGHT OUT

PIN LIST (MUST START ON LINE 5)
CONSISTS OF 20 (24) SYMBOLIC NAMES
WHICH ARE CONSECUTIVELY ASSIGNED

sRIGHT IN LEFT OUT

\CONDlTIONAL THREE-STATE

FUNCTION TABLE-<——KEYWORD (MUST START IN COLUMN 1)

PAL DESIGN SPECIFICATION
AUTHOR'S NAME DATE

r EQUATIONS

I1 I0 D5 D4 D3 D2 D1 DO CLK /OC RILO LIRO Q5 Q4 Q3 Q2 Q1 QO-<«—— FUNCTION TABLE PIN LIST

; D IN Q our

; INST D5--D0 CLK /0C RILO LIRO Q5--Q0 COMMENTS
HH LLLLLL C L Z Z LLLLLL LOAD ZEROS
LL XXXXXX Cc L Z 2 LLLLLL HOLD
HL XXXXXX C L L H LLLLLH SHIFT LEFT IN A H
HL XXXXXX Cc L L L LLLLHL SHIFT LEFT IN A L
HL XXXXXX C L L L LLLHLL SHIFT LEFT IN A L
HL XXXXXX (¢ L L L LLHLLL SHIFT LEFT IN A L
HL XXXXXX C L L L LHLLLL SHIFT LEFT INA L
HL XXXXXX C L H L HLLLLL SHIFT LEFT INA L
HL XXXXXX C L L L LLLLLL SHIFT LEFT IN A L
HH HHHHHH C L Z Z HHHHHH LOAD ONES
LL XXXXXX C L Z Z HHHHHH HOLD
LL XXXXXX X H Z Z 22727222 TEST HI-Z

OPTIONAL COMMENTS

DASHED LINE
(LENGTH OPTIONAL)

FUNCTION TABLE VECTORS
ONE VECTOR PER

LINE FOLLOWED BY
OPTIONAL COMMENTS.
THE STATES (H, L, X, C, 2)
CORRESPOND TO THE
ORDER AND POLARITY

OF THE FUNCTION

TABLE PINLIST.

DASHED LINE
(LENGTH OPTIONAL)

DESCRIPTION <«——KEYWORD, OPTIONAL IF FOLLOWING FUNCTION TABLE (MUST START COLUMN 1)

THIS PARAGRAPH DESCRIBES THE OPERATION AND APPLICATION OF THE DEVICE.

PAL Design Specification Example
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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 { E%PnggTéTpRme TO A PIN NAME
OF EVALUATION) ( UCT)
+ OR (SUM)
+: XOR (EXCLUSIVE OR)
*

XNOR (EXCLUSIVE NOR)

—~ v e
~ e oo

CONDITIONAL THREE-STATE (IF STATEMENT) OR FIXED SYMBOL

= EQUALITY
:= REPLACED BY AFTER THE LOW TO HIGH TRANSITION OF THE CLOCK
Equations Standard 01 = 4+l 1y PALASM Ol = I1*/I12 + /Il*I2
Function Table E = EIGH LEVEL C = TRANSITION FROM LOW TO HIGH
States L = LOW LEVEL Z = OFF (HIGH IMPEDANCE)
X = IRRELEVANT
Test H = TEST BIGH 1 = DRIVE HIGHE C = DRIVE INPUT FROM LOW TO HIGH
Conditions L = TEST LOW 0 = DRIVE LOW Z = TEST FOR HIGH IMPEDANCE
X = IRRELEVANT

Conventional Symbology

—°=,E: D—n Be i

PAL Symbology

LOGIC STATE
PRODUCT WITH ALL FUSES ﬂ

BLOWN REMAINS HIGH

puning
l HLLH

ALWAYS

| >

FUSE BLOWN vee

| INPUT
,1_{r‘ FUSE NOT BLOWN HIGH

A
D } Hiz+ 112
12 ——|‘% ‘ INPUT
Low =

1

£Bo-

PRODUCT WITH ALL FUSES

INTACT REMAINS LOW ALWAYS

SHORTHAND NOTATION
FOR ALL FUSES INTACT

N

PAL Logic Diagram

INPUT LINE NUMBER

ACTIVE HIGH
THREE-STATE ENABLE

-
0123 45 &7 830N 121 RN NN WBWD 930 3234

wuny

:

CLOCK *

PRODUCT (®
LINE {, 23
NUMBER | —
STANDARD SUM OF PRODUCTS
z_w < IS EQUATED AT THESE NODES
2 N (BEFORE THE BUBBLE)
.
PIN N
uumaenz " D
3N <} OUTPUT

X

CONTROL

4-9
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Using PAL16L8 for Flip-Flops

There are two kinds which are normally discussed — the
conventional 3-latch flip-flop and the master-slave 2-latch flip-
flop. If PAL circuits are used for designing flip-flops, we need
one output for every latch. A conventional 3-latch DFF is typi-
cally constructed as in Figure 1, whereas a master-slave DDF is
shown in Figure 2.

The PAL equations for a design using 16L8 modified from
Figure 1 are:

IF(WC) A = /PRE*/D* A
+ /PRE*/B* A
+ /CIK
+ CLR

IF(WCC) B = /A

+ /CLK

+ /CLR* D* B

IF (VWCC) /Q = A*/PRE*/Q
+ /B
+ CLR

and that of the design as modified from Figure 2 are:

IF(WC) Y = /PRE*/CLK* D
+ /PRE* D* Y
+ /PRE* Y* CLK

+ CLR

IF(VCC) /Q = /PRE* CLK*/Y
+ /PRE*/Y*/Q
+ /PRE*/Q* /CLK
+ CLR

For JKFFF, we can replace D by J*Q + K*Qand D by J*Q +K*Q
to get the corresponding equations:

3-latch solution:
IF(VCC) A = /PRE* A*/J*/Q

+ /PRE* A* K* Q

+ /PRE* A*/B

+ /CLK

+ CLR

IF(WC) B = /A

+ J*%/Q*/CLR* B

+ /K* Q*/CLR* B

+ /CLK

IF (VCC) /Q = A*/PRE*/Q
| + /B
+ CIR

4-10

2-latch solution:

IF(WCC) Y

IF (VCC) /Q

For TFF, we can replace Dby T*Q + T*Qand Dby T*Q + T*Q
to get the corresponding equations:

= /PRE*/CLK* J*/Q
+ /PRE*/CLK*/K* Q
+ /PRE* CLK* Y
+ /PRE* J*/Q* Y
+ /PRE*/K* Q* Y
+ CLR

= /PRE* CLK*/Y
+ /PRE*/Y*/Q
+ /PRE*/Q* /CLK
+ CLR

3-latch solution:

IF(VCC) A

IF (VCC) B

= /PRE* A*/T*/Q
+ /PRE* A* T* Q
+ /PRE* A*/B

+ /CLK

+ CLR

= /A '

+ T*/Q*/CLR* B
+ /T* Q*/CLR* B
+ /CLK

IF(VOC) /Q = A*/PRE*/Q
+ /B

+ CLR

2~-latch solution:

IF (VCC) Y

= /PRE*/CLK* T*/Q
+ /PRE*/CLK*/T* Q
+ /PRE* CLK* Y
+ /PRE* T*/QF Y
+ /PRE*/T* Q% Y
+ CIR

IF (WC) /Q = /PRE* CLK*/Y

The corresponding diagrams of these equations are Figures 3-8.

+ /PRE*/Y*/Q
+ /PRE*/Q* /CLK
+ CLR
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E PRE
D —
’ |
Q
CLR . Q
. |
CLK
CLR
CLK ————Do——
D
) Figure 2
Figure 1
PRE
PRE
it
1 L‘ Q
CLR
D ——
CLK CLR :
Figure 3 Figure 4
I PRE —
==
J
= —
% |
K — _ CLK
A -
J —1 K — Y
L]
=1 5
=] —Q
o =] ) Gr
CLK
Figure 5 Figure 6
PRE PRE __@_
={—
cLk —
= [
T— T — Q
-
=
CLR
cLK CLR
Figure 7 Figure 8
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Cell Library for PAL Components

AlB A AlBC A A|B|C
c c
A B B ! Yo— LiL|H B ! — LiL|L
P HiL NoR HiL|L on H{L|H
B=A LiH GATE LIH|L GATE Nrn
T-a+B HIHIL C=A+B HI{H|L
A|B|C —
A c LlL|L — GATE
B ’D— — WITH
HiL|H
XOR — 7
GATE LIH|H - INPUTS
HiH|L
C=AB
ENABLE ENABLE | DATA | OUT ENABLE | DATA | OUT
DATA ouT
3"— L L z L X z
ACTIVE LOW H L H H L H
- THREE-STATE
ENABLING 'l_" : E H H L
CIRCUIT OR EQUIVALENTLY
IF (ENABLE) OUT = DATA
ENABLE outpur ENABLE | DATA | OUTPUT | LINE STATE | INPUT
DATA LINE
L X z L L
INPUT STATE L X z H H
ACTIVE LOW THREE-STATE H L H H H
ENABLING CIRCUIT WITH H H L L L
FEEDBACK ,
ENABLE | DATA | CLOCK ouT FEEDBACK | Q
DATA out L X L z Qp Qq
] L H 1(C) z H H
L L 1(C) z L L
L X H VA Qp Qo
FEEDBACK ’ X ‘ z Qo %
” H X L NOT Qg Qq Qp
REGISTERED OUTPUT
CIRCUIT WITH FEEDBACK H H 1(C) L H H
AND THREE-STATE ENABLING H L 1(C) H L L
H X H NOT Qo QO Qo
H X | NOT Qg Qo Qp
A .
A EQUIVALENT CIRCUIT
> — IN TTL SYMBOLS
> B [ E
}
THE SYMBOLS -
AND-OR PLANE OF PAL DIAGRAMS
WITH TWO INPUTS
AND ONE OUTPUT
IN PAL NOTATION

4-12
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PALASM Filow Chart START
(Main Program)

L

10 READ PAL PART NO & TITLE ]

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

25 READNEXTSYMBOL |
1

NO 2

YES
[ PRODUCT GROUP = MATCH (OUTPUT SYMBOL) ]

[ RESET COLUMN POINTER _|
- |

30 [ READ NEXT CHARACTER |

‘ NO ‘ ‘
Y YES
50 | READ NEXT SYMBOL ]
YES
NO
[ MATCH SYMBOL WITH SYMBOL TABLE 1
59 /
CALL FIXED SYMBOL NO
(PAL20 ONLY)
YES
[ SET FUSES (MATCH) AND SAVE SYMBOL FORPLOT |
1
60
YES
*
64

70
[ PRoDUCT = PRODUCT + 1|

READ NEXT CHARACTER

[ READ NEXT SYMBOL ]

( YES

[ TWEEK FUSES FOR NON-EXISTENT FUSE PATTERN

[ ECHO INPUT PAL DESIGN SPECIFICATION

| PRINT PINOUT 1
[ PERFORM FUNCTION TABLE SIMULATION ]
OPTIONAL

(MUST ENTER

[ PRINT ENTIRE FUSE PLOT ] { APPROPRIATE

OPERATION CODE)
PRINT BRIEF FUSE PLOT
OMIT PHANTOM FUSES AND UNUSED PRODUCT LINES

]

GENERATE JEDEC HEX, OR BINARY PROGRAMMING
FORMAT




PALASM Flow Chart (Simulator)

READ FUNCTION TABLE
PIN LIST. STORE IN
ISYM1. LPHAS1 = FALSE
IF INVERTED

v
|_SKIP UNTIL DASH “* |

READ FUNCTION TABLE
VECTOR. STORE IN
IVECT.

REGISTERED
PAL

LCLOCK
= TRUE

LENABL =
FALSE FOR
ALL REG

OUTPUTS

]

PAL Concepts

3

READ NEXT
PIN NAME
LBUF = FALSE
IF INVERTED

{READ LOGIC EQUATION|

Y
LCTRST = TRUE

READ NEXT
T PIN NAME
A LBUF = FALSE
IF INVERTED

PHAS1 = LBUF
AND IVECT = L

OR
LPHAS1 # LBUF

PIN NUMBER
(louTP)
LOUTP = FALSE
IF_INVERTED

CTRST
= TRUE

XORFND = FALSE
ISUM = L

T

LOUT (I0UTP)
= TRUE

LCLOCK
= TRUE AND
REGISTERED
OUTPUT

IVECT = IVECTP

AND IVECT = L

OR LPHAS1 # LBUF

AND IVECT = H

XORSUM = ISUM
XORFND = TRUE
ISUM = L

XORFND

IF
XORFND
= TRUE

| IPROD = H I

LSAME =
LOUP + LPHAS1
+/LOUP +/LPHAS1

4-14
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FUNCTION TABLE
VECTOR ERROR
EXPECT = H
ACTUAL = L

ISTATT = L
AND IVECT = L
AND LSAME

FUNCTION TABLE
VECTOR ERROR
EXPECT = L
ACTUAL = H

AND IVECT = H
AND LSAME

FUNCTION TABLE
VECTOR ERROR
EXPECT = L
ACTUAL = H

]

FUNCTION TABLE
VECTOR ERROR
EXPECT = H
ACTUAL = L

AND IVECT = H
AND LSAME

AND IVECT = L
AND LSAME
= TRUE

FUNCTION TABLE
VECTOR ERROR
EXPECT OUTPUT ENABLE
ACTUAL = Z

|

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

= TRUE
AND IVECT

[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
IF IVECT =X —~VECTOR=X
IFIVECT=2 ~VECTOR=2

- “Z \ PRINT
IFIVECT=C ~VECTOR=C poooo

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 VECTOR
ERRORS

PRINT “PASS
SIMULATION”

IF LCLOCK = TRUE
IVECTP = IVECT

&

RETURN

lSAVE PREVIOUS VECTORS
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PMSI - PAL®Medium Scale Integration.

PAL devices have revolutionized logic design. No longer do logic
designers have to wait on that chip they have been looking for.
Now, any desired function, standard or non-standard, can be
created by simply programming a PAL. Taking advantage of the
Instant Programmability of PALs. Monolithic Memories intro-
duces a new concept in logic design called PMSI.

Definition:

The PMSI family is a group of circuit designs derived by pro-
gramming PALs. These devices perform predetermined logic
functions which are not available in the TTL family, which
Monolithic Memories believes, have the potential of becoming
standard products.

Description:

Table | shows a list of PMSIs presently offered by Monolithic
Memories. It, also, describes the function and the PAL, from
which each PMS| has been derived. A PMSI datasheet contains:
1) Introduction and Ordering Information, 2) PMSI Logic
Symbols, 3) PMSI Specifications, 4) PMSI Applications. A
customer can use this information to program a standard
unprogrammed PAL to obtain a PMSI. In addition, if a change
in design has to be made to suit particular needs, it can simply
be achieved by modifying the PAL design specification.

A system designer can take advantage of using a PMSI as a
building block, because each PMSI design has been tested and
characterized thoroughly.

PMSI PART
NUMBER ki TYPE
PMSI001 | 3-to-8 Demultiplexer with Control 16R6

Storage
PMSI002 | Octal Addressable Register and 16R8
Demultiplexer
PMSI003 | Octal Comparator 16C1
PMSI401 | Octal Up/Down Counter 20X8
PMSI402 | Octal Down Counter 20X8
PMSI403 | 2-Digit BCD Counter 20X8
PMSI404 | 9-Bit Counter 20X10
PMSI405 | 9-Bit Register 20X10
PMSI406 | 10-Bit Register 20X10
PMSI407 | 10-Bit Addressable Register 20X10
PMSI408 | Interface Controller for 20X10
68000 to Zilog 8500 Family

Table 1

Customer Benefits:

The PMSI family offers all the advantages and benefits of the
PAL family. Listed below are some additional advantages:
PMSI can be used as a logic building block.

® In high volume, PMSI costs less than PALs.

® PMSI inherently has PAL as a second source.

e Easy to modify the design to suit one’s own needs.

Electricals:
This brochure does not contain the electrical specifications.

Table | shows the PAL part number from which each PMSI has
been derived. For electrical specification of each PMSI, refer to
the corresponding PAL in Monolothic Memories’ Bipolar LSI
Databook or section 3 of the PAL Handbook.

Further Information:

PMSI can be obtained in the following different ways:
A) From unprogrammed PAL units. A customer who wishes to
utilize a PMSI function can do so by programming standard
off-th-shelf PAL units. Small quantities of PAL units can be
purchased at any distribution location. PAL devices can be
programmed:
a) at customer location
b) by local distributors
c) by our field applications engineers
The necessary inputs for programming PAL units are given
in the PMSI datasheets. When ordering, use the corres-
ponding PMSI number shown in Table 1.

B

-~

Pre-programmed PMSI: Small quantities of pre-pro-
grammed PMSI can be obtained directly from Monolithic
Memories, by special arrangements via your FAE or Reps.
The pre-programmed PMSIs are not available through
distribution.

Once the volume of a particular PMSI gets high enough, it is
converted into an HMSI (Hard Array Logic MSI). When this
happens, it is offered as a standard product and is available
through our distributors as off-the-shelf product. HMSI
products include:

FUNCTION PART NUMBER
Multifunction register SN54/74LS380
16:1 Mux SN54/74L.S450
Dual 8:1 Mux SN54/74L.S451
Quad 4:1 Mux SN54/74L.S453
10-bit comparator SN54/74L.S460
Octal counter SN54/74L.S461
8-bit up/down counter SN54/74L.S469
10-bit counter SN54/74L.S491
Octal shift register SN54/74L.S498

Programming Support:

A) Software support: Monolithic Memories provides the
necessary development software called PALASM, which
converts logic equations as shown in the PMS| data sheets
into a desired fuse pattern. This software is available from
Monolithic Memories in several different formats. For more
details, call our local representative or the factory.

B) Hardware support: Here is a list of few major programmer
manufacturers:
1) Data l/O 4) Pro-Log
2) Digilec 5) Stag
3) Kontron 6) Structured Design

Some of these programmers support Monolithic Memories’
PALASM software as well.
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PMSI Logic Symbols

3-to-8 Demultiplexer with
Control Storage

PMSIO01

PAL16R8

e [T

e[z} —ctr a0

R} —lr  ar—{ig]or
A [ A 5000217 02
DEMUX
SELECT || v
wrovs § BEf—e © % (oata
c EL_ c asf—Telas | OV
ol Lo LD Qs _EQS
poL] 8 |_|poL 05..__EQG
o6 [3}—{7°%, 97—z o7
ano 1o 1___3'0—6

\J
|

vcc
E Qo

Octal Addressable Register
and Demultiplexer
PMSI002
PAL16R8 °
see page 5-10

A4
CLKE—j 20 vee
ClR 2} —jctr  ao—{1s] ao
PR[3}—pr a1t i o

AlR}a a7tv°2—ﬂoz

ADDR
8 [E]—® ‘rec @3 |—{18] a3 | oara
REG out

CE——C mb——-an

MODf E; MopE 05 7] as
EE E as |—{13] a8
|

on B} oy 97 {17] o7

anp 1o E o¢

INPUT
ADDRESS

Octal Comparator

PMSIO003
PAL16C1
see page 5-12
\J
A7 E ) 20jvee
no[z}—ao A7 o7 ({157
BO| 3 BO B6 —E B6
a7 a1 A6 —117] As
-,
82[5}—{e1 BIT NE)—-—E NE
comP COMPARISON
az[5 a2 eql—{5]eq) STATUS
s2[7}—{e2 Bs[—14] 85
as[s}—as as—T13) as
B3[o}—{83 ,, aa——Em
GND[TS | 7] A4

Octal Up/Down Counter
PMSI401
PAL20X8

see page 5-14

A

CLK] 1 24}vee

wl2}— E—calcmnwaonnow IN
Q
LD VCBI

Do} 3 DO ﬁﬂoo

p1fa}—o1 at—{2]] o1

p2f5s}—p2 8 oz——Eoz
BIT

| 103 U/ q3l—Is
DATA o3[[§] 03 UP/ a3 (9] | oara
out

IN DA} 7 D4CNTRQ4 —1 EQ4

D5 E s as—{17]as
D6 E - —ose  as|— Eos

10 D7 Q7
o7 Uoocch ] Em

EE if ECBO CARRY/BORROW OUT

GND E

13]0C
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Octal Down Counter
PMSI402
PAL20X8
see page 5-16

?
CLKE 2] vee

'OE_‘j 1 Eﬁ BORROW IN

10
DO E DO B‘:u 221 Q0

mE———m ail—{21]as

o[}z az—{7]e2

ir oot
DATA DsE Phown ™| A% | oata
T
N | oaT}—psNaa {5 s ou
os[f}—pos  ast—{Tos
os[}—ps  as|—{15]as
o710 D7 Q7—1
7 E 11.0C BO o7
n E — EE BORROW OUT

GND E Eﬁ

2-Digit BCD Counter

PMSI403
PAL20X8
see page 5-18
A 4
ckllf— Evcc

—_ \4
cei[z}—ce1  ceaf—{23] ce2

o1a[3 —p1a om»——:zzom
sco | ois[s o8 013—_3015 BCD

DIGIT DIGIT
N} pic[5{pic 2 o1c—Eo1c out

DIGIT
D"-"E——Dw ao|—{T e
SNTR
p2al 7 |—{p2a ozA——JEQu

BCD D2B| 8 |—{D2B Q2B|—] E Q2B BCD

DIGIT DIGIT

N ) p2c[s}—{p2c  azct— E azc | out
pzofio}—{020  @20p—{7] 020

EEL_q LD o €O Za] CO CARRY OUT

aNo[1Z _____Inloc

9-Bit Counter
PMSI404
PAL20X10
see page 5-20

A4
ek [1] — 28] vee

po[2 oo aof—{z3] @0
orE}—or o127 o
p2fa4 }—{D2 Q2 "JE‘”
ps[E}—pos  asf—{z]as
Df‘JA‘ pa[s ——Dacl'!:l.'rl‘noa——qu L%AJ:
osf7 os  as|—igas
D6 8 [—D6 os\—Eos
o7[s }—{o7 Q7—EQ7
psfic]l—{ps  «as Aan
B oc cop—{]ec cammvouT
ano[iZ] T———EUE

9-Bit Register
PMSI405
PAL20X10
see page 5-22

\J
CLK E 1 24jvec

DOE—‘DO Qo —EQD
o1[3}—b1 a1 —{zz] o

oA}z e2f7]a2

D3} 5 F—1D3 03’—303

9
oaged ou[Ef—{os tr ool {248
REG

DSE——‘DS os“—-Eos

os[z}—{oe as—{17] as
o7[s |—{o7 o7__Eo7
ps[10}—{oe oab—goa

-LBEr—-oLD oc 14 NC

ano iz} T—E%




PMSI Logic Symbols

10-Bit Register

PMSI406
PAL20X10
see page 5-24
cLK E———\r 2] vee
DOE Do v Qo V—'E Qo
o1 Z}or a1—27] a1
mE_— D2 az—71] a2
DSE-—Ds ” 03.._20]03
DATA | pa [0+ 2o @104 | para
N1 os[THos ast{os | °7
os [5}—{oe ast—{77] as
D7E_ D7 a7 _E a7
ps [io}—{os osi—is] as
po[ir}oe o Qo] @0
GNo 7] I P

10-Bit Addressable Register

PMSI407
PAL20X10
see page 5-26
CLK ~ 24
T vee
— A\
e[z |—|cLr oo_.goo
PR3 }—|Pr a1—t]a1
Alaba Q2f—21]Q2
s en =
weyr | B[—e BT asi—Talas
ADDRESS
clll. REG g4}
e Q4 Em DATA
oo osf—fHas [ 7
oo ol {Tos
EzE—J B2 Q7 —-Em
ST R
DlNE““‘ DIN ;. Q9[—]14] Q9
GNDE i [13] 5¢

interface Controller for 68000
to Zilog 8500 Family

PMSI408
PAL20X10
see page 5-28

ek [
=[]
Ne 3]
Test[4]
=[]
rw 5]
rez[1]
rc1[E]
rco[[3]
AeseT [1]
ne 1]
GNDE

A

A\
’—e

cs ACK
WR
TEST RD

|-—o)

AS DTK

RW

F—
L]
r:—

24jvce

23] ACK
Ew—n
s
7 57¢
Euc

FC2 CYC

— FC1 co

— FCO c1

—|RESET C2

o C3

L

18] cve
17] €0
) &
5] ¢z
144 C3

Eb_e
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3 - to - 8 Demultiplexer
with Control Storage
PAL16R8

PMSIOO1

Features/Benefits

¢ |deal for memory chip select decoding Logic Diagram
* 8 bits match byte boundaries

e Bus-structured pinout u

e 20 pin SKINNYDIP™ saves space CLK 1 D

o 3-state outputs drive bus lines

e Low current PNP iputs reduce loading r ﬂ;
@l 2 | i

e Expandable in 8-bit increments

Ly

Description

The PMSI001 is a 3-to-8 demultiplexer with control storage. PR 3
Five control inputs (LD, CLR, PR, POL, TOG) select one of six

T

o)
:

operations which occur synchronously on the rising edge of

the clock (CLK).

The LOAD true operation loads the decoded binary inputs (A, 4 VHH———
B, C) into the output register (Q7-Q0) when polarity is TRUE

T

f

(POL = HIGH). The complement of the binary inputs is decoded
and loaded into the output register when polarity is FALSE
(POL = LOW). B 5 <= DI

The HOLD operation holds the previous value in the register

when toggle is FALSE (TOG=LOW) regardless of clock

transitions. The TOGGLE POLARITY operation toggles the
polarity of the data in the output register when toggle is TRUE
(TOG=HIGH).

-

The CLEAR operation resets the output register to all LOWSs.
The PRESET operation presets the output register to all ‘g_.

T

HIGHSs. CLEAR overrides PRESET, PRESET overrides LOAD, 1D 7 I
and LOAD overrides HOLD.

T

The output register (Q7-Qq) is enabled when output control

S A A A A

HHTHT il e e e L e

ol

(OC) is LOW, and disabled (HI-Z) when OC is HIGH. The 8 LY TTH oo
output drivers will sink the 24 mA required for many bus poL g &
interface standards.
F_u_nctnou:l’ aile_ | o 8 e h

C|CLK|CLR|PR|LD|POL|TOG|C-A|Q7-Q0| OPERATION = p

(== ]

Hf X | X | X[X] X | XX Z [HI-Z

L t LIX|X| X X X L |[CLEAR

Clorlmlolx] x| x| x| x |preser |ee] 10

L 1 HIiH|L| H X I | MUX |LOAD TRUE

L t HiH|{L|] L X I | MUX |LOAD COMP

Lt |H|H|[H] X L | X Q |HOLD

Lt | H|H|H]| X | H]|X Q |TOGGLE

POLARITY




PAL16R8

PMSI001

3-TO-8 DEMULTIPLEXER WITH CONTROL STORAGE
MMI SUNNYVALE, CALIFORNIA

CLK /CLR /PR A B C /LD POL TOG GND

PAL DESIGN SPECIFICATION
BIRKNER/COLI 04/07/82

/0C Q7 06 05 04 03 Q2 Q1 QO VCC
/Q0 := CLR ;CLEAR Q0
+ /PR* LD*/POL*/C*/B*/A ;LOAD COMPLEMENT (DECODE 000)
+ /PR* LD* POL* A ;LOAD TRUE ’
+ /PR* LD* POL* B ;LOAD TRUE
+ /BR* LD* POL* C ;LOAD TRUE
+ /PR*/LD*/TOG*/Q0 7HOLD

+ /PR*/LD* TOG* QO ; TOGGLE POLARITY

/01 := CLR ;CLEAR Q1
+ /PR* LD*/POL*/C*/B* A ;LOAD COMPLEMENT (DECODE 001)
+ /PR* LD* POL* /A ;LOAD TRUE
+ /PR* LD* POL* B ;LOAD TRUE
+ /PR* LD* POL* C ;LOAD TRUE
+ /PR*/LD*/TOG*/Q1 ;HOLD

+ /PR*/LD* TOG* QL ; TOGGLE POLARITY

/Q2 := CLR ;CLEAR Q2
+ /PR* LD*/POL*/C* B*/A ; LOAD COMPLEMENT (DECODE 010)
+ /PR* LD* POL* A ;LOAD TRUE
+ /PR* LD* POL* /B ;LOAD TRUE
+ /PR* LD* POL* C ; LOAD TRUE
+ /PR*/LD*/TOG*/Q2 ;HOLD

+ /PR*/LD* TOG* Q2 ; TOGGLE POLARITY

/Q3 := CLR ;CLEAR 03
+ /PR* LD*/POL*/C* B* A ;LOAD COMPLEMENT (DECODE 011)
+ /PR* LD* POL* /A ;LOAD TRUE
+ /PR* LD* POL* /B ;LOAD TRUE
+ /PR* LD* POL* C ;LOAD TRUE
+ /PR*/LD*/TOG*/Q3 HOLD

+ /PR*/LD* TOG* Q3 ; TOGGLE POLARITY

/04 := CLR ;CLEAR Q4
+ /PR* LD*/POL* C*/B*/A ;LOAD COMPLEMENT (DECODE 100)
+ /PR* LD* POL* A ;LOAD TRUE
+ /PR* LD* POL* B ;LOAD TRUE
+ /PR* LD* POL*/C ;LOAD TRUE
+ /PR*/LD*/TOG*/Q4 ; HOLD

+ /PR*/LD* TOG* Q4 s TOGGLE POLARITY

/Q5 := CLR ;CLEAR Q5
+ /PR* LD*/POL* C*/B* A ;LOAD COMPLEMENT (DECODE 101)
+ /PR* LD* POL* /A ;LOAD TRUE
+ /PR* LD* POL* B ;LOAD TRUE
+ /PR* LD* POL*/C ;LOAD TRUE
+ /PR*/LD*/TOG*/Q5 HOLD

+ /PR*/LD* TOG* Q5 3 TOGGLE POLARITY

/96

/97

:= CLR
+ /PR*

LD*/POL* C* B*/A
LD* POL* A
LD* POL* /B
LD* POL*/C

+ /PR*/LD*/TOG*/Q6
+ /PR*/LD* TOG* Q6

LD*/POL* C* B* A
LD* POL* /A
LD* POL* /B
LD* POL*/C

+ /PR*/LD*/TOG*/Q7
+ /PR*/LD* TOG* Q7

;CLEAR Q6

; LOAD COMPLEMENT (DECODE 110)

;LOAD TRU!

E

;s LOAD TRUE
;LOAD TRUE

;HOLD

; TOGGLE POLARITY

;CLEAR Q7

;LOAD COMPLEMENT (DECODE 111)
;LOAD TRUE

;LOAD TRU:!
; LOAD TRU:!
;HOLD

E
E

; TOGGLE POLARITY

FUNCTION TABLE

/0C CLK /CLR /PR /LD POL TOG C B A Q7 Q6 05 Q4 03 Q2 Ol QO

; CONTROL FUNCTIONS POLARITY INPUT OUTPUT
:/0C CLK /CLR /PR /LD POL TOG CBA Q7----00 COMMENTS

L C L L L H L XXX LLLLLLLL CLEAR (OVERRIDES /PR)
L C H L L H L XXX HHHHHHHH PRESET (OVERRIDES /LD)
L C H H L H X LLL LLLLLLLH LOAD 0 (TRUE INPUT)

L C H H L H X LLH LLLLLLHL LOAD 1 (TRUE INPUT)

L ¢C H H L H X LHL LLLLLHLL LOAD 2 (TRUE INPUT)

L C H H L H X LHH LLLLHLLL LOAD 3 (TRUE INPUT)

L C H H L H X HLL LLLHLLLL LOAD 4 (TRUE INPUT)

L ¢ H H L H X HLH LLHLLLLL LOAD 5 (TRUE INPUT)

L ¢C H H L H X HHL LHLLLLLL LOAD 6 (TRUE INPUT)

L ¢ H H L H X HHH HLLLLLLL LOAD 7 (TRUE INPUT)

L C H H H X L XXX HLLLLLLL HOLD 7 (TRUE POLARITY)
L C H H H X H XXX LHHHHHHH HOLD (TOGGLE POLARITY)
L ¢C H H H X H XXX HLLLLLLL HOLD (TOGGLE POLARITY)
L C H H L L X LLL HHHHHHHL LOAD 0 (COMP INPUT)

L C H H L L X LLH HHHHHHLH LOAD 1 (COMP INPUT)

L C H H L L X LHL HHHHHLHH LOAD 2 (COMP INPUT)

L C H H L L X LHH HHHHLHHH LOAD 3 (COMP INPUT)

L C H H L L X HLL HHHLHHHH LOAD 4 (COMP INPUT)

L ¢ H H L L X HLH HHLHHHHH LOAD 5 (COMP INPUT)

L ¢ H H L L X HHL HLHHHHHH LOAD 6 (COMP INPUT)

L ¢ H H L L X HHH LHHHHHHH LOAD 7 (COMP INPUT)

L ¢ H H H X L XXX LHHHHHHH HOLD 7 (TRUE POLARITY)
L ¢ H H H X H XXX HLLLLLLL HOLD (TOGGLE POLARITY)
L ¢ H H H X H XXX LHHHHHHH HOLD (TOGGLE POLARITY)
H X X X X X X XXX 22222222 TEST HI-Z

LOOISKHNd



Octal Addressable Register

and Demultiplexer
PAL16R8

PMSI002

Features/Benefits
e 8-bit addressable register

® 3 to 8 demuiltiplexer
¢ Preset, clear, enable, and mode control gives added versatility CLK
© 8 bits match byte boundaries

e Bus structured pinout

CLR
e 24-pin SKINNYDIP™ saves space
o 3-state outputs drive bus lines
e Low current PNP inputs reduce loading PR
A

Description

The octal addressable register and demultiplexer performs one
of two MSI functions depending on the state of the mode select
pin. (MODE = HIGH) Performs the function of an addressable B
register with 8 outputs (Q7-Q0) and one data input (DIN). The
registered output is selected by three input address pins (A, B, C).
(MODE = LOW) converts this chip into an active low demulti-
plexer, where the addressed output is low all others remain
high.

CLEAR and PRESET are active low pins which set all outputs to
low or high respectively. When ENABLE (E) is high the chip is
disabled and the outputs retain their previous states. CLEAR mope
overrides PRESET and ENABLE. PRESET overrides ENABLE.
The output register (Q7-Q0) is enabled when OC is LOW and
disabled (Hi-Z) when OC is HIGH. The output drivers will sink
the 24 mA required for many bus interfaces standards.

E
Function Table DIN
OC|CLK|CLR|PR|E|MODE|C|B|A | DIN | Q7-Q0| OPERATION
Hi X | x [x|x| x |x|x{x| x Z |H-Z
Lo xx x Ix{x|x] x L |CLEAR GND
Lt H|LX x [x|[x|x] x H |PRESET
L{t | H|H[L L |c|B[A| X | MUX |Addressed output = LOW
all other outputs = HIGH
L|{ 1t |{H]|H[L| H |C|BJA|DIN| REG |Addressed output = DIN,
all other outputs hold state
Lt | H|HH X X X Q |HoLD

5-10

Logic Diagram
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PAL16R8 PAL DESIGN SPECIFICATION

PMSI002 DANESH TAVANA 04/27/82 /06 := CLR +CLEAR
. ’
aﬁ?gugzﬁingz“%gﬁn AND DEMULTIPLEXER + /PR* E*/MODE* C* B*/A ;DEMULTIPLEX OUTPUT /Q6=H
CLK /CLR /PR A B C MODE /E DIN GND + /PR* E* MODE* C* B*/A*/DIN ;REGISTER OUTPUT /Q5=/DIN
joc Q7 060508 g3 02 o1 g0 wvee + /PR* E* MODE* A*/06 ;LOAD PREVIOUS STATE (/Q6) OR A LOW
+ /PR* E* MODE* /B  */06 ;LOAD PREVIOUS STATE (/Q6) OR A LOW
+ /PR* E* MODE*/C /06 ;LOAD PREVIOUS STATE (/06) OR A LOW
/00 := CILR ;CLEAR (LSB) + /PR*/E */Q6 ;HOLD IF NOT LOADING (/E=H)
i= ;
+ /PR* E*/MODE*/C*/B*/A ;DEMULTIPLEX OUTPUT /Q0=H /07 1= CIR -
= ;CLEAR (MSB)
+ /PR* E* MODE*/C*/B*/A*/DIN ;REGISTER OUTPUT /Q0=/DIN - . o me ‘ -
+ /PR* E* MODE* a*/Q0 ;LOAD PREVIOUS STATE (/00) OR A LOW N ;i;, E*/ M”ggg, g* :* :* - j%éﬁ?ﬁﬁﬁ?“rmhﬂ
+ /PR* E* MODE* B  */Q0 ;LOAD PREVIOUS STATE (/Q0) OR A LOW . o . . i /Q7=/DIN
+ /PR* E* MODE* C */00 ;LOAD PREVIOUS STATE (/Q0) OR A LOW *+ /PR* E* MODE /A*/Q7 ;LOAD PREVIOUS STATE (/Q7) OR A LOW
+ /PR*/E /00 :HOLD IF NOT LOADING (/E=H) + /PR* E* MODE* /B */Q7 ;LOAD PREVIOUS STATE (/Q7) OR A LOW
! + /PR* E¥ MODE*/C */Q7 ;LOAD PREVIOUS STATE (/Q7) OR A LOW
/ol 1= CLR s CLEAR + /PR*/E */Q7 ;HOLD IF NOT LOADING (/E=H)
= H
+ /PR* E*/MODE*/C*/B* A ;DEMULTIPLEX OUTPUT /Ql=H
+ /BR* E* MODE*/C*/B* A*/DIN REGISTER OUTPUT /Ql=/DIN
+ /PR* E* MODE* /A% /01 ;LOAD PREVIOUS STATE (/Q1) OR A LOW
+ /PR* E* MODE* B */0l ;LOAD PREVIOUS STATE (/01) OR A LOW
+ /PR* E* MODE* C */01 ;LOAD PREVIOUS STATE (/1) OR A LOW
+ /PRH/E */01 ;HOLD IF NOT LOADING (/E=H) FUNCTION TABLE
/02 1= CIR CLEAR /0C CLK /CLR /PR /E MODE C B A DIN Q7 Q6 05 04 03 02 Q1 Q0
= H
+ /PR* E*/MODE*/C* B*/A ;DEMULTIPLEX OUTPUT /Q2=H . e OUTPUTS——e-
+ /PR* E* MODE*/C* B*/A*/DIN ;REGISTER OUTPUT /02=/DIN P . o -
+ /PR* E* MODE* A*/02 JLOAD PREVIOUS STATE (/Q2) OR A Low | 7GonToom “o-FUNCRIONS--~-  -INEUTS— 0 ggoge0e b
+ /PR* E* MODE* /B  */Q2 ;LOAD PREVIOUS STATE (/02) OR A Low | '/" /CLR /PR /. B A DIN 543 MMENTS 2
+ /PR* E* MODE* C */02 ;LOAD PREVIOUS STATE (/Q2) OR A LOW
M jpn* /e *jgz oD 10 NOT LORDING Zgﬂ)i) L C L L X X XXX X LLLLLLLL CLEAR (OVERRD /PR) (7}
; L C H L X X XXX X HHHHHHHH PRESET (OVERRD ENABLES) o
P . CLEAR L ¢ H H L H LLL L HHHHHHHL LOAD Q0 WITH DIN o
:= ;
Ll s S s e Leoprironirnoammin mwlimma R
+ /PR* E* MODEX/C* B* A*/DIN iREGISTER OUTPUT /03=/DIN L C H H L H LHH L HHHHLLLL LOAD O3 WITH DIN
+ /PR* E* MODE* /A*/03 ;LOAD PREVIOUS STATE (/03) OR A LOW L 6 B R LA HLL L HHHLLLLL LOD 08 wiTH DIN
+ /PR* E* MODE* /B  */Q3 7LOAD PREVIOUS STATE (/03) OR A LOW L ¢C H H L H HLH L HHLLLLLL LOAD 05 WITH DIN
+ /PR* E* MODE* C */03 ;LOAD PREVIOUS STATE (/Q3) OR A LOW L 6 R H L MEL L RLLLLLLL vomd e wim oin
+ /PR*/E */Q3 JHOLD IF NOT LOADING (/E=H) L C H H L H HHH L LLLLLLLL LOAD Q7 WITH DIN
L C H H L H HHH H HLLLLLLL LOAD Q7 WITH DIN
/04 := CIR ;CLEAR
L A2 e oo e st LeopbbE MEDEGNITIY BREEAL
+ /PR* E* MODE* C*/B*/A*/DIN REGISTER OUTPUT /Q4=/DIN L C H H L H HLL H HHHHLLLL LOAD 04 WITH DIN
+ /PR* E* MODEW A*/04 :LOAD PREVIOUS STATE (/04) OR A LOW L ¢ H H L H LHH H HHRHHLLEL LOAD 03 WITH DIN
+ /PR* E* MODE* B  */Q4 ;LOAD PREVIOUS STATE (/Q4) OR A LOW L ¢ H H L H LHL H HHHHHHLL LOAD 02 WITH DIN
+ /PR* E* MODE*/C */04 ;LOAD PREVIOUS STATE (/Q4) OR A LOW I ¢ ¥ H L H LLR H HHHHHHHL LOAD QI WITH DIN
+ /PR*/E */04 JHOLD IF NOT LOADING (/E=H) L ¢ H H L H LLL H HHHHHHHH LOAD Q0 WITH DIN
/o5 1= CLR . crEAR L ¢ H H L L LLL X HHHHHHHL DECODE ADDRESS LINE 0
"+ /PR® B4/MODEY C+/B¥ A JDEMULTIPLEX OUTPUT /Q5=H t ¢ 8 8 LL LEL X RERERLER DECODE AODRESS oNE 2
+ /PR* E* MODE™ C*/B* A%/DIN iREGISTER OUTPUT /05=/DIN L C H H L L LHH X HHHHLHHH DECODE ADDRESS LINE 3
+ /PR* E* MODEX /h*/Q5 sLOAD PREVIOUS STATE (/Q5) OR A LOW L C H H L L HLL X HHHLHHHH DECODE ADDRESS LINE 4
+ /PR* E* MODE* B */Q5 +LOAD PREVIOUS STATE (/Q5) OR A LOW L ¢ H H L L HLH X HHLHHHHH DECODE ADDRESS LINE 5
+ /PR E* MODE*/C */Q5 sLORD PREVIOUS STATE (/05) OR A LOW L C H H L L HHL X HLHHHHHH DECODE ADDRESS LINE 6
*/E */Q5 ;HOLD IF NOT LOADING (/E=H)
+ /PR ; L C H H L L HHHE X LHHHHHHH DECODE ADDRESS LINE 7
L C H H H X XXX X LHHHHHHEH HOLD PREVIOUS STATE
H X X X X X XXX X 2222223232 TETHI-Z




Octal Comparator
PAL16C1

PMSIO03

Features/Benefits
* 8 bits match byte boundaries

® True and complement comparison status outputs

Logic Diagram

-/

——

© 20-pin SKINNYDIP™ saves space ar] 1
® Low current PNP inputs reduce loading
e Expandable in 8-bit increments
af 2
Description
The PMSI003 is an 8-bit comparator with true and comple-
ment comparison status outputs. The device compares two 8-bit B0 3
data strings (A7-Ag and B7-By) to establish if this data is Equiv-
alent (EQ = HIGH and NE = LOW) or Not Equivalent (EQ = LOW
and NE = HIGH).
Qutputs conform to the standard 8mA LS totem pole drive al 4
standard.
s1] 5
a2l 6
s2] 7
a]l 8
Function Table
A7-A0 | B7-B0O | EQ | NE OPERATION ss| 9
A A H L } Equivalent (A = B
uiv n =
B B H| L . )
A B L H Not Equivalent (A #B) anol 10

19

18

17

16

15

14

13

12

n

vC

B7

B6

A8

NE

EQ

BS

A5

B4

A4

5-12
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PAL16C1 PAL DESIGN SPECIFICATION FUNCTION TABLE

PMSI003 BIRKNER/COLI 07/21/81
OCTAL COMPARATOR A7 A6 AS A4 A3 A2 Al A0 B7 B6 BS B4 B3 B2 Bl BO NE EQ
MMI SUNNYVALE, CALIFORNIA
A7 A0 BO Al Bl A2 B2 A3 B3 GND ;INPUT A INPUT B OUTPUTS
A4 B4 A5 B5 EQ NE A6 B6 B7 VCC ;76543210 76543210 NE EQ COMMENTS
HLLLLLLL LLLLLLLL H L A7=H, B7=L
NE = A0*/BO + /AO* BO LHLLLLLL LLLLLLLL H L A6=H, B6=L
+ Al*/Bl + /Al* Bl LLHLLLLL LLLLLLLL H L A5=H, B5=L
+ A2*/B2 + /A2* B2 LLLHLLLL LLLLLLLL H L A4=H, A5=L
+ A3*/B3 + /A3* B3 LLLLHLLL LLLLLLLL H L A3=H, B3=L
+ A4*/B4 + /A4* B4 LLLLLHLL LLLLLLLL H L A2=H, B2=L
+ A5*/B5 + /AS5* BS LLLLLLHL LLLLLLLL H L Al=H, Bl=L
+ A6*/B6 + /A6* B6 LLLLLLLH LLLLLLLL H L A0=H, BO=L
+ A7*/B7 + /A7* B7 LLLLLLLL HLLLLLLL H L A7=L, B7=H
LLLLLLLL LHLLLLLL H L A6=L, B6=H
LLLLLLLL LLHLLLLL H L A5=L, B5=H
LLLLLLLL LLLHLLLL H L A4=L, B4=H
LLLLLLLL LLLLHLLL H L A3=L, B3=H
LLLLLLLL LLLLLHLL H L A2=L, B2=H
LLLLLLLL LLLLLLHL H L Al=L, Bl=H
LLLLLLLL LLLLLLLH H L AO0=L, BO=H
LLLLLLLL LLLLLLLL L H TEST ALL L'S
HHHHHHHH HHHHHHHH L H TEST ALL H'S
HLHLHLHL HLHLHLHL L H TEST EVEN CHECKERBOARD
LHLHLHLH LHLHLHLH L H TEST ODD CHECKERBOARD
HHLLHHLL HHLLHHLL L H TEST EVEN DOUBLE CHECKERBOARD
LLHHLLHH LLHHLLHH L H TEST ODD DOUBLE CHECKERBOARD

€00ISNd




Octal Up/Down Counter

PAL20X8
PMSI401

Features/Benefits

e Octal up/down counter for microprogram-counter, DMA
controller and general purpose counting applications

* 8 bits match byte boundaries
® Bus-structured pinout
24-pin SKINNYDIP™ saves space

® 3-state outputs drive bus lines
* Low current PNP inputs reduce loading

e Expandable in 8-bit increments

Description

The PMSI401 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 (D 7-Dg) into the output
register (Q7-Qp). The HOLD operation holds the previous
value regardless of clock transitions. The INCREMENT opera-
tion adds one to the output register when the carry-in input is
TRUE (CBI = LOW), otherwise the operation is a HOLD. The
carry-out (CBO) is TRUE (CBO = LOW) when the output
register (Q7-Qq) is all HIGHs, otherwise FALSE (CBO = HIGH)
The DECREMENT operation subtracts one from the output
register when the borrow-in input 1s TRUE (CBI = LOW), other-
wise the operation i1s a HOLD The borrow-out (CBO) 1s TRUE
(CBO = LOW) when the output register (Q7-Qq) 1s all LOWS,
otherwise FALSE (CBO = HIGH)

The output register (Q7-Qpg) is enabled when OC is LOW, and
disabled (HI-Z) when OC is HIGH The output drivers will sink
the 24 mA required for many bus interface standards Two or
More PMSI401 octal up/down counters may be cascaded to
provide larger counters.

Function Table

OC |CLK | LD | UD | CBI | D7-D0| Q7-Q0 | OPERATION
Hl x | x| x| X X Z |H-Z
L| 1+ L] Xx]| X D D |LOAD
L| t|H|L]|H X Q |HOLD
L| 1t |H|L]|L X |Q plus 1|INCREMENT
Ly t |HIH]|H X Q |HOLD
L t H| H L X |Qminus1{DECREMENT

Logic Diagram

*%

ax| 1 24
o 2 s ~<H 2
L2 o[
of 4 [P D~?— 2
g LS e[
»| 6 dj D ] 19
Jlicics
oal 7 D? 18
N g Ll D? -
[+]° = sl
o7] 10 j : Dg- 15
w| 11— l > 14
o] 12 < 13

vC

Qo

Q1

Q2

Q3

Q4

Qs

Qe

Q7
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PAL20X8
PMSI401
OCTAL UP/DOWN COUNTER

MMI SUNNYVALE, CALIFORNIA

/LD DO D1 D2 D3 D4 D5 D6 D7 /UD GND
/CBO Q7 Q6 Q5 Q4 03 Q2 Q1 Q0 /CBI VCC

CLK
/oc

/Q0 :

/92

/7

= /LD*/Q0
+  LD*/DO
:+: /LD* UD*
+ /LD*/UD*

= /LD*/Ql
+ LD*/Dl

s+: /LD* UD*
+ /LD*/UD*

= /LD*/Q2
+ LD*/D2
:+: /LD* UD*
+ /LD*/UD*

= /LD*/Q3
+ LD*/D3

:+: /LD* UD*
+ /LD*/UD*

:= /LD*/Q4
+ LD*/D4
:+: /LD* UD*
+ /LD*/UD*

= /LD*/Q5
+ LD*/D5
:+: /LD* UD*
+ /LD*/UD*

= /LD*/Q6
+ LD*/D6
:+: /LD* UD*
+ /LD*/UD*

= /LD*/Q7
+ LD*/D7
:+: /LD* UD*
+

/LD*/UD*

CBI
CBI

CBI* Q0
CBI*/Q0

CBI* Q0* Q1
CBI*/Q0*/Q1

CBI* QO* Q1* Q2
CBI*/Q0*/Q1*/Q2

CBI* Q0* Ql* Q2* Q3
CBI*/Q0*/Q1*/Q2*/Q3

CBI* Q0% Q1% Q2* 03* 04
CBI*/Q0*/Q1*/02*/Q3*/04

CBI* QO* Q1* Q2% Q3* Q4% Q5
CBI*/Q0*/QL*/Q2*/Q3*/Q4* /05

PAL DESIGN
VINCENT

CBI* Q0* Ql* Q2* Q3* Q4* Q5* Q6
CBI*/Q0*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6

IF(VCC) CBO = UD* CBI* QO* Ql* Q2% Q3* Q4* Q5% Q6* Q7
+ /UD* CBI*/Q0*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6*/Q7

SPECIFICATION
COLI 07/24/81

;HOLD Q0
;LOAD DO (LSB)
; INCREMENT

; DECREMENT

sHOLD Q1
;LOAD D1
; INCREMENT
3 DECREMENT

;HOLD Q2
;LOAD D2
; INCREMENT
; DECREMENT

;HOLD Q3
;LOAD D3
; INCREMENT
; DECREMENT

;HOLD 04
;LOAD D4
; INCREMENT
; DECREMENT

sHOLD Q5
;LOAD D5
; INCREMENT
; DECREMENT

;HOLD Q6
;LOAD D6
; INCREMENT
; DECREMENT

;HOLD Q7
;LOAD D7 (MSB)
7 INCREMENT
; DECREMENT

;CARRY OUT
3 BORROW OUT

FUNCTION TABLE

CLK /OC /LD /UD D7 D6 D5 D4 D3 D2 Dl DO /CBI /CBO Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO

i ~INPUTS- OUTPUTS
3 ====CONTROL---~ DDDDDDDD CARR/BORR Q0000000 COMMENTS
;CLK /OC /LD /UD 76543210 /CBI /CBO 76543210 (HEX VALUES)
cC 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
C L L X LLLLLLHH X X LLLLLLHH LOAD (03)
o L H L XXXXXXXX L H LLLLLHLL INCREMENT
C L H H XXXXXXXX L H LLLLLLHH  DECREMENT
C L L X LLLLLHHH X X LLLLLEHH 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 LLLLHHHE  LOAD (OF)
C L H L XXXXXXXX L H LLLHLLLL INCREMENT
Cc L H H  XXXXXXXX L H LLLLEHHH  DECREMENT
C L L X LLLHHHHH X X LLLHHHHH LOAD (1F)
C L H L  XXXXXXXX L H LLHLLLLL INCREMENT
[ L H H  XXXXXXXX L H LLLHHHHE  DECREMENT
o L L X LLHHHHHH X X LLHHHHEH LOAD (3F)
(o] 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)
Cc L H L XXXXXXXX L H HLLLLLLL INCREMENT
C L H H  XXXXXXXX L H LHHHHHHH  DECREMENT
Cc L L X HHHHHHHH X X  HHHHHHHH LOAD (FF)
C L L X LHHHHHHH X X LHHHHHHH LOAD (7F)
o] L L X HLHHHHHH X X HLHHHHHH  LOAD (BF)
C L L X HHLHHHHH X X HHLHHHHH LOAD (DF)
C L L X HHHLHHHH X X HHHLHHHH  LOAD (EF)
C L L X HHHHLHHH X X HHHHLHEH  LOAD (F7)
C L L X  HHHHHLHH X X HHHHHLHH LOAD (FB)
C L L X  HHHHHHLH X X HHHHHHLE  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)
o] L H L XXXXXXXX L H LLLLLLLL INCREMENT TO (00) (ROLL OVER)
(o] L H L XXXXXXXX L H LLLLLLLH INCREMENT TO (01)
C L H L XXXXXXXX L H LLLLLLHL INCREMENT TO (02)
o] L H L XXXXXXXX H H LLLLLLHL HOLD
C L H L  XXXXXXXX L H  LLLLLLHH INCREMENT TO (03)
(o] L H H  XXXXXXXX L H LLLLLLHL DECREMENT TO (02)
[+ L H H XXXXXXXX L H LLLLLLLH DECREMENT TO (01)
C L H H XXXXXXXX L L LLLLLLLL DECREMENT TO (00) (/CBO=L)
C L H H XXXXXXXX L H HHHHHHHH = DECREMENT TO (FF) (ROLL UNDER)
C L H H XXXXXXXX L H HHHHHHHL  DECREMENT TO (FE)
C L H H XXXXXXXX L H HHHHHHLH DECREMENT TO (FD)
[ L H H  XXXXXXXX H H HHHHHHLE  HOLD
C L H H  XXXXXXXX L H  HHHHHHLL  DECREMENT TO (FC)
X H X X XXXXXXXX X X 22222222 TEST HI-Z
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Octal Down Counter

PAL20X8
PMSI402

Features/Benefits

e Octal counter for microprogram-counter, DMA controller
and general purpose counting applications

8 bits match byte boundaries
® Bus-structured pinou!'

24-pin SKINNYDIP™ saves space

e 3-state outputs drive bus lines
e Low current PNP inputs reduce loading

e Expandable in 8-bit increments

Description

The PMSI402 is an 8-bit synchronous down counter with
parallel load, preset, and hold capability. Two function select
inputs (lg. 1) provide one of four operations which occur
synchronously on the rising edge of the clock (CLK).

The LOAD operation loads the inputs (D7-Dg) into the output
register (Q7-Qq) The PRESET operation presets the output
register to all Highs. The HOLD operation holds the previous
value regardless of clock transitions. The DECREMENT opera-
tion subtracts one from the output register when the borrow-in
input is TRUE (Bl = LOW), otherwise the operation is a HOLD.
The borrow-out (BO) is TRUE (BO = LOW) when the output
register (Q7-Qq) is all HIGHSs, otherwise FALSE (OC = HIGH).

The output register (QLQO) is enabled whén OCis LOW, and
disabled (HI-Z) when OC is HIGH. The output drivers will sink
the 24 mA required for many bus interface standards.

Two or more PMSI402 octal down counters may be cascaded
to provide larger counters. The operation codes were chosen
such that when 14 is HIGH. Iy may be used to select between
LOAD and DECREMENT.

Function Table

C|CLK| 11|10

D7-D0| Q7-Q0 | OPERATION

CLK

Do

D1

D2

D3

D4

D5

D6

D7

Logic Diagram
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LS

PAL20X8
PMSI402

OCTAL DOWN COUNTER
MMI SUNNYVALE, CALIFORNIA

CLK 10 DO D1 D2 D3 D4 D5 D6 D7 Il GND
/OC /BO Q7 06 Q5 Q4 Q3 02 Q1 Q0 /BI VCC

/90

N
o
<}
T k4

~N
Le)
(]
o+

~
Le)
@
:'+II

/04

T4

/95

+ + "

/96

+ + 0

/97

+ + W

IF (VeC)

I1*/10%/D0
I1%* I0* BI
10%/00

I1%/10%/D1
I1* I0* BI*/Q0
10%/01

I1*/10*/D2
Il* 10* BI*/Q0*/Q1
10*/Q2

I1%/10%/D3
Il* I0* BI*/Q0*/Ql*/02
10%/03

I1*/10*/D4
I1* I0* BI*/Q0*/Q1*/Q2*/Q3
10*/04

I1*/10%*/D5
Il* I0* BI*/Q0*/Q1*/Q2*/Q3*/04
I0*/Q5

I1*/I10*/D6

Il* IO* BI*/Q0*/Q1*/Q2*/Q3*/Q4*/Q5

10%/06

I1*/10*/D7

I1* I0* BI*/Q0*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6

10%/Q7

BO = BI*/Q0*/QL*/Q2%/Q3*/Qd*/Q5*/Q6*/Q7

PAL DESIGN SPECIFICATION
COLI/MITCHELL 09/09/82

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

;COUNT DOWN/HOLD

; LOAD D2
;COUNT DOWN
;COUNT DOWN/HOLD

;LOAD D3
;COUNT DOWN
;COUNT DOWN/HOLD

;LOAD D4
;COUNT DOWN
; COUNT DOWN/HOLD

;LOAD D5
;COUNT DOWN
;COUNT DOWN/HOLD

; LOAD D6
;COUNT DOWN
; COUNT DOWN/HOLD

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

$ BORROW OUT

FUNCTION TABLE

CLK /OC Il I0 D7 D6 D5 D4 D3 D2 D1 DO /BI /BO Q7 Q6 Q5 Q4 03 Q2 QL Q0

H ~INPUT-- -OUTPUT-

3 CONTROL INSTR  DDDDDDDD BORROW Q0000000 COMMENTS

;CLK /OC I1 10 76543210 /BI /BO 76543210 (HEX VALUES)
C L H L  HHHHHHHL X H HHHHHHHL LOAD (FE)
C L H H  XXXXXXXX L H HHHHHHLH = DECREMENT
C L H L HHHHHHLL X H HHHHHHLL LOAD (FC)
Cc L H H  XXXXXXXX L H HHHHHLHH = DECREMENT
C L H L  HHHHHLLL X H HHHHHLLL  LOAD (F8)
(o] L H H XXXXXXXX L H HHHHLHHH  DECREMENT
C L H L HHHHLLLL X H HHHHLLLL LOAD (FO0)
Cc L H H  XXXXXXXX L H HHHLHHHH = DECREMENT
C L H L HHHLLLLL X H HHHLLLLL  LOAD (EO)
Cc L H H  XXXXXXXX L H HHLHHHHH  DECREMENT
C L H L HHLLLLLL X H HHLLLLLL  LOAD (CO0)
C L H H  XXXXXXXX L H HLHHHHHH = DECREMENT
cC L H L  HLLLLLLL X H HLLLLLLL LOAD (80)
C L H H  XXXXXXXX L H LHHHHHHH = DECREMENT
C L H L LLLLLLLL L L LLLLLLLL LOAD (00)
C L H H  XXXXXXXX L H HHHHHHHH  DECREMENT (ROLL UNDER)
cC L H L LLLLLLLL L L LLLLLLLL LOAD (00)
[ L H L LLLLLLLH X H LLLLLLLH LOAD (01)
C L H L LLLLLLHL X H LLLLLLEL  LOAD (02)
C L H L LLLLLHLL X H LLLLLELL  LOAD (04)
Cc L H L LLLLHLLL X H LLLLHLLL LOAD (08)
[o] L H L LLLHLLLL X H LLLHLLLL LOAD (10)
(o} L H L LLHLLLLL X H LLHLLLLL LOAD (20)
C L H L LHLLLLLL X H LHLLLLLL  LOAD (40)
C L H L HLLLLLLL X H HLLLLLLL LOAD (80)
C L H L LLLLLLLL L L LLLLLLLL LOAD (00)
c L L L  XXXXXXXX X H HHHHHHHH  PRESET
(o] L H H  XXXXXXXX L H HHHHHHHL  DECREMENT TO (FE)
[ L H H  XXXXXXXX L H HHHHHHLH  DECREMENT TO (FD)
c L H H  XXXXXXXX L H HHHHHHLL  DECREMENT TO (FC)
C L H H  XXXXXXXX L H HHHHHLHH  DECREMENT TO (FB)
Cc L H H  XXXXXXXX L H HHHHHLHL  DECREMENT TO (FA)
C L H H  XXXXXXXX L H HHHHHLLH  DECREMENT TO (F9)
(o] L H H  XXXXXXXX L H HHHHHLLL  DECREMENT TO (F8)
Cc L H H  XXXXXXXX L H HHHHLHHH  DECREMENT TO (F7)
cC L H H XXXXXXXX L H HHHHLHHL  DECREMENT TO (F6)
C L H H  XXXXXXXX L H HHHHLHLH  DECREMENT TO (F5)
C L H H  XXXXXXXX L H HHHHLHLL  DECREMENT TO (F4)
cC L H H  XXXXXXXX L H HHHHLLHH  DECREMENT TO (F3)
C L H H  XXXXXXXX L H HHHHLLHL  DECREMENT TO (F2)
C L H H  XXXXXXXX L H HHHHLLLH  DECREMENT TO (Fl)
Cc L H H  XXXXXXXX L H HHHHLLLL DECREMENT TO (F0)
(o] L H L LLLLLLLH X H LLLLLLLH LOAD (01)
C L H H  XXXXXXXX L L LLLLLLLL  DECREMENT TO (00) /BO=L
CcC L H H  XXXXXXXX H H LLLLLLLL BI INHIBITS COUNT AND BO
C L L H HHHHHHHH L L LLLLLLLL HOLD SEL INHIBITS COUNT ONLY
C L H H LLLLLLLL L H HHHHHHHH = DECREMENT TO (FF)
X H X X XXXXXXXX X X 22222222 TEST HI-2
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2-Digit BCD Counter

PAL20X8
PMSI403

Features/Benefits
® Drive numeric displays

e Carry out provides expansion in 2-digit increments
® Bus structured pinout

24-Pin SKINNYDIP™ saves space

e 3-State outputs drive bus lines

e Low current PNP inputs reduce loading

Description

The 2-digit BCD (Binary Coded Decimal) counter is a synchro-
nous counter with complementary count enables, parallel load,
and carry out. Three control inputs (LD, CET, CE2) provide one
of three operations which occur synchronously on the rising
edge of the clock.

The LOAD operation loads the inputs (D1x, D2x) into the output

register (Q1x, Q2x) when load is true (LD = L). Note that load
overrides increment.

When LOAD is false (LD = H), the counter will increment in a
BCD sequence if both count enables are asserted (CE1 = L,
CE2 = H), otherwise it holds. Also, two or more BCD counters
can be cascaded to_implement larger BCD counters by con-
necting carry out (CO) of one stage to count enable (CE1) of
the next stage.

Parallel loading is provided for PAL and numeric indicator
testibility. Load (LD) can be changed to a clear function (CLR)
by tying the BCD parallel inputs (D1x, D2x) to ground.

This design is ideal in an industrial control application where an
event counter is needed to drive numeric displays. The PAL can
receive one count enable in the form of strobes from a motor or
other device. The second count enable can receive the period
signal. The PAL will provide two active high BCD outputs
(Q1x, Q2x) to drive two numeric indicators, such as the
Hewlett-Packard 5082-7300 which features on-board Decoder/
Driver and Latch Enable.

Function Table

CLK CE2|BCD-IN{BCD-OUT| OPERATION

CLK

Di1A

D1B

DiC

D1D

Logic Diagram
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61-S

PAL20X8

PMS1403

2-DIGIT BCD COUNTER

MMI SUNNYVALE, CALIFORNIA

CLK /CEl Dl1A D1B DIC D1D D2A D2B D2C D2D /LD GND
/0C /CO Q2D Q2C Q2B Q2A Q1D Q1C Q1B QlA CE2 VCC

/LD*/Q1A
LD*/D1A
: /LD* CEl* CE2
/Q1B := /LD*/Q1lB
+ LD*/D1B
+: /LD* CEl* CE2* QlA*/QlD
/Q1C := /LD*/Q1C
+  LD*/D1C
+: /LD* CEl* CE2* QlA* Q1B
/Q1D := /LD*/QlD
+  LD*/D1D
:+: /LD* CELl* QlA* Q1B* QIC
+ /LD* CE1* CE2* QlA* Q1D
/Q2A := /LD*/Q2A
+ LD*/D2A
+: /LD* CEl* CE2* QlA* Q1D
/Q2B := /LD*/Q2B
+ LD*/D2B
+: /LD* CEl* CE2* QlA* QlD* Q2A*/Q2D
/Q2C := /LD*/Q2C
+ LD*/D2C
+: /LD* CEl* CE2* QlA* QlD* Q2A* Q2B
/Q2D := /LD*/Q2D
+  LD*/D2D
:+: /LD* CEl* CE2* QlA* QlD* Q2A* Q2B* Q2C
+ /LD* CEl* CE2* QlA* QlD* Q2A* Q2D

CO = QIA* QID* Q2A* Q2D

PAL DESIGN SPECIFICATION
VINCENT COLI 06/21/82

;HOLD FIRST BIT OF 1 DECIMAL
;LOAD D1A
; COUNT

;HOLD SECOND BIT OF 1 DECIMAL
;LOAD D1B
; COUNT

;HOLD THIRD BIT OF 1 DECIMAL
;LOAD D1C
; COUNT

;HOLD FOURTH BIT OF 1 DECIMAL
;LOAD D1D

; COUNT

sROLL OVER

sHOLD FIRST BIT OF 10 DECIMAL
;LOAD D2A
; COUNT

;HOLD SECOND BIT OF 10 DECIMAL
;LOAD D2B
; COUNT

sHOLD THIRD BIT OF 10 DECIMAL
;LOAD D2C
3 COUNT

;HOLD FOURTH BIT OF 10 DECIMAL
;LOAD D2D

; COUNT

;ROLL OVER

;CARRY OUT (10 DECIMAL)

FUNCTION TABLE

CLK /OC /LD /CEl CE2 D2D D2C D2B D2A D1D DIC D1B D1A /CO
02D Q2C Q2B Q2A Q1D QIC Q1B QlA

3 CHIP -=INPUTS--- -~OUTPUTS--
; CONTROL INSTRUCTIONS BCD 2 BCD 1 BCD 2 BCD 1 COMMENT
;CLK /OC /LD /CEl CE2 DCBA DCBA /CO DCBA DCBA (DECIMAL VALUE)
C L L L H LLLL LLLL H LLLL LLLL LOAD (00) /LD=L
cC L H H H XXXX XXXX H LLLL LLLL HOLD (00) /CEl=H
C L H L H XXXX XXXX H LLLL LLLH COUNT (01)
(o] L H L H XXXX XXXX H LLLL LLHL COUNT (02)
C L H L H XXXX XXXX H LLLL LLHH COUNT (03)
C L H L H XXXX XXXX H LLLL LHLL COUNT (04)
Cc L H L H XXXX XXXX H LLLL LHLH COUNT (05)
(o] L H L H XXXX XXXX H LLLL LHHL COUNT (06)
C L H L H XXXX XXXX H LLLL LHHH COUNT (07)
cC L H L H XXXX XXXX H LLLL HLLL COUNT (08)
C L H L H XXXX XXXX H LLLL HLLH COUNT (09)
C L H L H XXXX XXXX H LLLH LLLL COUNT (10)
[o] L H L H XXXX XXXX H LLLH LLLH COUNT (11)
C L L H L LLLH HLLH H LLLH HLLH LOAD (19)
C L H L H XXXX XXXX H LLHL LLLL COUNT (20)
C L L H L LLHL HLLH H LLHL HLLH LOAD (29)
o L H L H XXXX XXXX H LLHH LLLL COUNT (30)
c L L H L LLHH HLLH H LLHH HLLH LOAD (39)
[ L H L H XXXX XXXX H LHLL LLLL COUNT (40)
C L L H L LHLL HLLH H LHLL HLLH LOAD (49)
C L H L H XXXX XXXX H LHLH LLLL COUNT (50)
C L L H L LHLH HLLH H LHLH HLLH LOAD (59)
C L H L H XXXX XXXX H LHHL LLLL COUNT (60)
Cc L L H L LHHL HLLH H LHHL HLLH LOAD (69)
[ L H L H XXXX XXXX H LHHH LLLL COUNT (70)
C L L H L LHHH HLLH H LHHH HLLH LOAD (79)
C L H L H XXXX XXXX H HLLL LLLL COUNT (80)
C L L H L HLLL HLLH H HLLL HLLH LOAD (89)
(o] L H L H XKXXX XXXX H HLLH LLLL COUNT (90)
c L L H L HLLH HLLH L HLLH HLLH LOAD (99) /CO=L
C L H L H XXXX XXXX H LLLL LLLL COUNT (00)
[ L H L L XXXX XXXX H LLLL LLLL HOLD (00) CE2=L
X H X X X XXXX XXXX X 2227 72222 TEST HI-2
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9-Bit Counter
PAL 20X10

PMSI404

Features/Benefits

® 9 bits is ideal for parity in/out application
® Bus-structured pinout

e 24-pin SKINNYDIP™ saves space

e 3-state outputs drive bus lines

® Low current PNP inputs reduce loading

Description

The PMSI404 is a 9-bit synchronous counter with parallel load,
increment, and hold capability.

The LOAD operation loads the inputs (D8-D0) into the output
register (Q8-Q0) when load is TRUE (LD=LOW) and a positive
edge pulse is received on the clock pin (CLK). The
INCREMENT operation adds one to the output register when
load is FALSE (LD=HIGH) and a positive edge clock pulse is
received. The HOLD operation holds the previous value in the
output register if no clock pulse i1s received regardless of any
other inputs.

A registered active low carry out is provided. Carry out will be
TRUE (CO=LOW) when the output register (Q8-QO) is all
HIGHS, otherwise FALSE (CO=HIGH).

The output register (Q8-QO) and carry out ((_3__0) are enabled
when OC is LOW, and disabled (HI-Z) when OC is HIGH. The
output drivers will sink the 24 mA required for many bus
interface standards.

Function Table

C| CLK | LD | D8-DO Q8-Qo OPERATION

H X X X Y4 HI-Z

L L X X Q HOLD

L t L D D LOAD

L t H X Q PLUS 1| INCREMENT

Logic Diagram
_—\j_
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PAL20X10 PAL DESIGN SPECIFICATION FUNCTION TABLE
PMST404 BIRKNER/COLI 05/07/82
9-BIT COUNTER CLK /OC /LD D8 D7 D6 D5 D4 D3 D2 D1 DO /CO Q8 Q7 Q6 Q5 Q4 03 Q2 Q1 QO
MMI SUNNYVALE, CALIFORNIA
CLK DO D1 D2 D3 D4 D5 D6 D7 D8 /LD GND ; DATA IN DATA OUT
/0C /CO 08 Q7 Q6 Q5 Q4 Q3 02 Q1 Q0 VCC ; CONTROL DDDDDDDDD 000000000

;CLK /OC /LD 876543210 876543210 COMMENT

3
o

/Q0 := /LD*/Q0 ;HOLD Q0 cC L L LLLLLLLLL H  LLLLLLLLL LOAD
+  LD*/DO ;LOAD DO (LSB) c L H XXXXXXXXX H LLLLLLLLH INCREMENT
t+: /LD ; COUNT cC L L LLLLLLLLE H  LLLLLLLLH LOAD
cC L H XXXXXXXXX H LLLLLLLHL INCREMENT
/Ql := /LD*/Q1 ;HOLD Q1 cC L L LLLLLLLHH H LLLLLLLHH LOAD
+ LD*/Dl ;LOAD D1 ¢ L H XXXXXXXXX H LLLLLLHLL INCREMENT
:+: /LD* Q0 ; COUNT cC L L LLLLLLEEH H  LLLLLLHHH LOAD
C L H XXXXXXXXX H LLLLLHLLL INCREMENT
/Q2 := /LD*/Q2 7HOLD Q2 cC L L LLLLLHHHH H  LLLLLHHHH LOAD
+  LD*/D2 ;LOAD D2 cC L H XXXXXXXXX H LLLLHLLLL INCREMENT
:+: /LD* QO* Q1 . ; COUNT C L L LLLLHHEHH H  LLLLHHHHH LOAD
cC L H XXXXXXXXX H LLLHLLLLL INCREMENT
/Q3 := /LD*/Q3 ;HOLD Q3 ¢c L L LLLHHHEHH H  LLLHHHHHH LOAD
+  LD*/D3 ;LOAD D3 cC L H XXXXXXXXX H LLHLLLLLL INCREMENT
:+: /LD* QO* Ql* Q2 ; COUNT cC L L LLHHHHHHH H  LLHHHHHHH LOAD
cC L H XXXXXXXXX H LHLLLLLLL INCREMENT
/04 := /LD*/Q4 ;HOLD 04 cC L L LHHHHHEHH H  LHHHHHHHH LOAD
+ LD*/D4 ;LOAD D4 ¢C L H XXXXXXXXX H  HLLLLLLLL INCREMENT
:+: /LD* QO* Ql* Q2% Q3 ;COUNT cC L L HHHHHHHHH L  HHHHHHHHH LOAD (CARRY OUT)
c L H XXXXXXXXX H LLLLLLLLL INCREMENT (ROLL OVER)
/Q5 := /LD*/Q5 sHOLD Q5 cC L H XXXXXXXXX H LLLLLLLLH INCREMENT
+  LD*/D5 ;LOAD D5 C L H XXXXXXXXX H LLLLLLLHL INCREMENT
t+: /LD* QO* QLl* Q2* Q3* Q4 ; COUNT cC L H XXXXXXXXX H LLLLLLLHH INCREMENT
cC L L HHHHHHHLL H  HHHHHHHLL LOAD
/Q6 := /LD*/Q6 FHOLD Q6 C L H XXXXXXXXX H  HHHHHHHLH INCREMENT
+  LD*/D6 ;LOAD D6 L L H XXXXXXXXX H  HHHHHHHLH HOLD
:+: /LD* QO* Q1l* Q2% Q3* Q4* Q5 ; COUNT ¢C L H XXXXXXXXX H  HHHHHHHHL INCREMENT
cC L H XXXXXXXXX L  HHHHHHHHH INCREMENT (CARRY OUT)
/Q7 = /LD*/Q7 ;HOLD Q7 ¢C L H XXXXXXXXX H LLLLLLLLL INCREMENT (ROLL OVER)
+  LD*/D7 ;LOAD D7 X H X XXXXXXXXX 2 222222222 TEST HI-2
t+: /LD* Q0% Ql* Q2% Q3% Q4* Q5* Q6 ; COUNT
/Q8 := /LD*/Q8 ;HOLD 08
+ LD*/D8 :LOAD D8 (MSB)
:+: /LD* QO0* Ql* Q2% Q3* Qd4* Q5% Q6* Q7 ; COUNT
CO := /LD*/QO* Ql* Q2% Q3* Q4* Q5* Q6* Q7* 08 ;CARRY OUT (ANTICIPATE COUNT)

+ LD* DO* D1* D2* D3* D4* D5*% D6* D7* D8 ;CARRY OUT (ANTICIPATE LOAD)
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9-Bit Register
PAL 20X10
PMSI405

Features/Benefits
® 9 bits is ideal for parity bus interfacing

e Bus-structured pinout

e 24-pin SKINNYDIP™ saves space

¢ 3-state outputs drive bus lines

e Low current PNP inputs reduce loading

e Expandable in 9-bit increments

Description

The PMSI405 is a 9-bit synchronous register with parailel load
and hold capability.

LOAD operation loads the inputs (Dg-D) into the output
register (Qg-Qq). The HOLD operation holds the previous
value regardless of clock transitions.

The output register (Qg-Qg) is enabled when OC is LOW,
and disabled (HI-Z) when OC is HIGH. The output drivers will
sink the 24 mA required for many bus interface standards.

Function Table

OC | CLK | LD | D8-DO | Q8-Q0 | OPERATION

H X X X 4 HI-Z
L t H X Q HOLD
L t L D D LOAD

CLK

' Do

D1

D2

D3

D4

D5

D6

D7

D8

GND

Logic Diagram
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PAL20X10 PAL DESIGN SPECIFICATION FUNCTION TABLE

PMSI405 BIRKNER/COLI 07/19/81
9-BIT REGISTER /0C CLK /LD D8 D7 D6 D5 D4 D3 D2 D1 DO Q8 Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0
MMI SUNNYVALE, CALIFORNIA ,
CLK DO D1 D2 D3 D4 D5 D6 D7 D8 /LD GND i/ C/ DATA IN DATA OUT
/0C NC 08 07 06 05 04 Q3 Q2 Q1 Q0 VcC ;0 L L DDDDDDDDD  QQQQ00000
;C KD 876543210 876543210 COMMENT
/Q0 := /Q0*/LD ;HOLD Q0 LCL LLLLLLLLL LLLLLLLLL LOAD ALL ZEROS
+ /DO* LD ; LOAD DO L CH XXXXXXXXX LLLLLLLLL HOLD ALL ZEROS
LCL HHHHHHHHH HHHHHHHHH LOAD ALL ONES
/0L := /Q1*/LD ;HOLD Q1 L CH XXXXXXXXX  HHHHHHHHH HOLD ALL ONES
+ /D1* LD ; LOAD D1 L C L LHLHLALHL LHLHLHLHL LOAD EVEN CHECKERBOARD
L CH XXXXXXXXX  LHLHLHLHL HOLD EVEN CHECKERBOARD
/Q2 := /Q2*/LD ;HOLD Q2 L CL HLHLHLHLH HLHLHLHLH LOAD ODD CHECKERBOARD
+ /D2* LD ; LOAD D2 L CH XXXXXXXXX  HLHLHLHLH HOLD ODD CHECKERBOARD
H X X  XXXXXXXXX 222222222 TEST HI-Z
/Q3 := /Q3*/LD ;HOLD 03
+ /D3* LD ;LOAD D3
/Q4 := /Q4*/LD ;HOLD 04
+ /D4* LD ; LOAD D4
/Q5 := /Q5*/LD ;HOLD Q5
+ /D5* LD ;LOAD D5
/Q6 := /Q6*/LD ;HOLD Q6
+ /D6* LD ; LOAD D6

/Q7 := /Q7*/1LD ;HOLD Q7
+ /D7* LD ;LOAD D7

/08 := /Q8*/LD ;HOLD Q8
+ /D8* LD ;LOAD D8
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10-Bit Register

PAL 20X10
PMSI406

Features/Benefits

o Bus-structured pinout

3-state outputs drive bus lines

e Low current PNP inputs reduce loading

Description

The PMSI406 is a 10-bit synchronous register with parallel

load and hold capability.

The LOAD operation loads the inputs (Dg-Dy) into the output
register (Qg-Qq) synchronous with the positive edge of the
clock. The HOLD operation holds the data until the next

clock pulse.

The output register(Qg;C_)o) is enabled when OC is LOW, and
disabled (HI-Z) when OC is HIGH. The output drivers will sink

24-pin SKINNYDIP™ saves space

Expandable in 10-bit increments

the 24 mA required for many bus interface standards.

Function Table
ocC CLK D9-Q0 Q9-Q0 OPERATION
H X X z HI-Z
L L X Q HOLD
L H X Q HOLD
L 1 D D LOAD

5-24

Logic Diagram
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PAL20X10 PAL DESIGN SPECIFICATION FUNCTION TABLE

PMSI406 VINCENT COLI 07/27/82
10-BIT REGISTER /0C CLK D9 D8 D7 D6 D5 D4 D3 D2 D1 DO Q9 Q8 07 Q6 Q5 04 03 02 Q1 Q0
MMI SUNNYVALE, CALIFORNIA
CLK DO D1 D2 D3 D4 D5 D6 D7 D8 D9 GND ; DATA IN DATA OUT
/0C Q9 Q8 Q7 Q6 05 Q4 Q3 Q2 Q1 Q0 VCC ; CONTROL DDDDDDDDDD Q000000000
;/0C CLK 9876543210 9876543210 COMMENT
/Q0 := /DO ; LOAD DO
L C LLLLLLLLLL LLLLLLLLLL LOAD ALL ZEROS
/01 := /D1 ;LOAD D1 L L XXXXXXXXXX LLLLLLLLLL HOLD ALL ZEROS
L C HHHHHHHHHH  HHHHHHHHHH LOAD ALL ONES
/Q2 := /D2 ; LOAD D2 L L XXXXXXXXXX HHHHHHHHHH HOLD ALL ONES
L c HLHLHLHLHL HLHLHLHLHL LOAD EVEN CHECKERBOARD
/Q3 := /D3 ;LOAD D3 L L XXXXXXXXXX HLHLHLHLHL HOLD EVEN CHECKERBOARD
L C LHLHLHLHLH LHLHLHLHLH LOAD ODD CHECKERBOARD
/Q4 := /D4 ;LOAD D4 L L XXXXXXXXXX LHLHLHLHLH HOLD ODD CHECKERBOARD
H X XXXXXXXXXX 2222222222 TEST HI-Z
/Q5 := /D5 ;LOAD D5
/Q6 := /D6 H D6
/Q7 := /D7 ; LOAD D7
/08 := /D8 ;LOAD D8
/Q9 := /D9 ;LOAD D9
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10-Bit Addressable Register

PAL20X10
PMSI407

Logic Diagram

Features/Benefits u
e 10-bit addressable register with clear, preset and enable for > 2
general purpose applications CLK 1
e 10-bits exceed byte boundaries to give 2 additional bits %
® 24-pin SKINNYDIP™ saves space | .
cm| 2 e By E [>1 23
e 3-state outputs for bus line >
o Low current PNP input reduces loading o <
= _g= 1 NN D
Description m| 3 ~%§ﬁ 1 22
The 10-bit addressable register is a synchronous general 7%
purpose addressable register with clear, preset and enable. The
output is selected by the input address pins (A, B, C, D). The }- L[ e
selected output loads the data (DIN) on the rising edge of the A 4 [ g e i [ 21
clock if the chip is enabled (E1 = HIGH, E2 = HIGH, E3 = LOW); <
all other outputs hold their previous states. Any other combination
of enable pins (E1, E2, E3) will disable the register and all "‘JE
outputs will hold their previous states. Clear (CLR) and preset B 5 ‘[%_ I & St D— E ?*’- 20
(PR) are active low pins which set all outputs to low or high —4 £
respectively. Clear overrides preset and enable Preset overrides <
enable. OC = HIGH puts all outputs into a high impedance state. — Iz
T T+ D
Output Select Table c|] 6 H% ::31 E 19
D|C|B|A|DIN|Q9|( Q8|(Q7|Q6|Q5({Q4( Q3| Q2| Q1| Qo
L|{L|L|L|DIN|Q9|Q8|Q7|Q6|Q5|Q4|Q3|Q2| Q1|DIN - -
L|L|L|H|DIN|Q9| Q8| Q7| Q6| Q5| Q4| Q3| Q2 |DIN| QO 7 —ﬁl_"ﬁ E bD— ? 18
LILIH|L|DIN|Q9| Q8| Q7| Q6| Q5({Q4|Q3(DIN| Q1| Q0 D O >
L{L|H|H|DIN[Q9| Q8] Q7| Q6| Q5| Q4 |DIN| Q2| Q1| Q0 —1
L|H|L|L|DIN|Q9| Q8| Q7|Q6|Q5|DIN| Q3| Q2] Q1| Q0 {
L|H|L|H|DIN|Q9| Q8 | Q7 |Q6|DIN| Q4| Q3| Q2| Q1| Q0 i 1
L{H|H|L|DIN|a9| @8 | a7 |DiN| @5 | Qa | Q3| 2| Q1| o al 8 ol 5= > Eo- 17
L{H|H|H|DIN|Q9| Q8 [DIN|Q6[Q5{Q4(Q3| Q2| Q1| Q0 B p
H|L|L|L|DIN|Q9|DIN|Q7|Q6|Q5|Q4]Q3|Q2| Q1| Q0 “ﬁ
H|L|L|H|DIN|DIN] Q8| Q7| Q6| Q5|Q4|Q3| Q2| Q1| Qo0
H|L|H|L|DIN|Q9| Q8 |Q7|Q6|Q5|Q4| Q3| Q2| Q1| QD L L o
H|L|H|H|DIN|Q9| @8 |Q7|Q6|Q5|Q4} Q3| Q2| Q1| Qo e2f 9 | ] TR ?° 16
H|H|X|X[DIN|Q9| Q8 |Q7|Q6|Q5|Q4|Q3[Q2| Q1| Q0
— 1=
S X ol Miimticct =G
Function Table °]
OC| CLK|CLR| PR| E3] €2 E1] D] C|B] A]DIN[QS-Q0 OPERATION
H] x [ X XX XTXTXIXIX[X] x| z [z Lod .
Clelulo]x] x| x|x|x|xIx| x| € |cear oin] 11 = - 14
Ll c | H{L|X|x]|Xx|x|[x|X|X| X| H [Preset D |’
L| C HIH|L|L|L[{X|X[X]XfX Q |[Hold previous states
L C HIH|L]L|H[X|XIX]X] X Q |Hold previous states <
L C HIH|[L|H]L[X[X[X|{X]| X Q |Hold previous states
L| C|H|H|L|H|H|D|C|B|A|DIN| DIN |Load DIN to addressed output
L C|H|H|H|L|L[x|X]|X|X|X| Q [Hold
Ll c|nlu|n|lclr|x|x|x|x| x| a H&dﬂiiil?,ﬂiiiiﬁii anof 12 < 13
L C HIHIH|H]L[X|X[X|X]| X Q |Hold previous states
L| C HI{H[H|H|[H[X|X[X|X]| X Q |Hold previous states
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PAL20X10
PMSI407
10-BIT ADDRESSABLE REGISTER
MMI SUNNYVALE, CALIFORNIA
CLK /CLR /PRA B C D El E2 /E3 DIN GND
08 07 Q06 Q5 04 Q3 02 Q1 Q0 WVCcC

/oc Q9

/90

CLR
/PR*/Q0
/PR*/CLR*
/PR* /CLR*

CLR
/PR*/Q1
/PR* /CLR*
/PR*/CLR*

CLR
/PR*/Q2

/PR*/CLR*
/PR*/CLR*

CLR
/PR*/Q3
/PR* /CLR*
/PR* /CLR*

CLR
/PR*/04
/PR*/CLR*
/PR* /CLR*

CLR
/PR*/Q5
/PR*/CLR*
/PR*/CLR*

CLR
/PR*/Q6
/PR*/CLR*
/PR* /CLR*

CLR
/PR*/Q7

/PR*/CLR*
/PR*/CLR*

CLR
/PR*/Q8
/PR*/CLR*
/PR*/CLR*

CLR
/PR*/Q9
/PR*/CLR*
/PR* /CLR*

El*
El*

El*
E1*

El*
El*

El*
El*

El*
El*

El*
El*

E1l*
El*

E1l*
El*

El*
El*

El*
El*

E2*
E2*

E2*
E2*

E2*
E2*

E2*
E2*

E2*
E2*

E2*
E2*

E2*
E2*

E2*
E2*

E2*
E2*

E2*
E2%

E3*/D*/C*/B* /A% /Q0* DIN
E3*/D*/C*/B* /A* Q0*/DIN

E3*/D*/C*/B* A*/0l* DIN
E3*/D*/C*/B* A* Ql*/DIN

E3*/D*/C*
E3*/D*/C*

E3*/D*/C*
E3%/D*/C*

E3*/D*
E3*/D*

E3*/D*
E3*/D*

E3*%/D*
E3*/D*

E3*/D*
E3*/D*

B*/A*/Q2* DIN
B*/A* Q2*/DIN

B* A*/Q3* DIN
B* A* Q3*/DIN

C*/B*/A*/Q4* DIN
C*/B*/A* Q4*/DIN

C*/B* A*/Q5* DIN
C*/B* A* Q5*/DIN

C* B*/A*/Q6* DIN
C* B*/A* 06%/DIN

C* B* A*/Q7* DIN
C* B* A* Q7*/DIN

E3* D*/C*/B*/A*/Q8* DIN
E3* D*/C*/B*/A* Q8*/DIN

E3* D*/C*/B* A*/Q9* DIN
E3%* D*/C*/B* A* Q9*/DIN

PAL DESIGN SPECIFICATION
DANESH TAVANA 04/05/82

;CLEAR (LSB)
;HOLD (/Q0)
;LOAD ( DIN:+:/Q0)
;LOAD ( DIN:+:/Q0)

;CLEAR

7HOLD (/Q1)

;LOAD ( DIN:+:/0l)
;LOAD (/DIN:+:/Q1)

;s CLEAR

;HOLD (/Q2)

;LOAD ( DIN:+:/Q2)
sLOAD (/DIN:+:/Q2)

;s CLEAR

sHOLD (/Q3)

;LOAD ( DIN:+:/Q3)
;LOAD (/DIN:+:/0Q3)

;CLEAR

sHOLD (/04)

;LOAD ( DIN:+:/04)
;LOAD (/DIN:+:/04)

;CLEAR

sHOLD (/Q5)

;LOAD ( DIN:+:/Q5)
;s LOAD (/DIN:+:/0Q5)

CLEAR

HOLD (/Q6)

LOAD ( DIN:+:/06)
LOAD (/DIN:+:/Q6)

s CLEAR

;HOLD (/Q7)

;LOAD ( DIN:+:/Q7)
;LOAD (/DIN:+:/0Q7)

;CLEAR

sHOLD (/Q8)

;LOAD ( DIN:+:/08)
;LOAD (/DIN:+:/08)

CLEAR (MSB)
HOLD (/Q9)
LOAD ( DIN:+:/Q9)
LOAD (/DIN:+:/Q9)

v we e v

IF /Q0=H
IF /QO0=L

IF /Ql=H
IF /Q1=L

IF /Q2=H
IF /Q2=L

IF /Q3=H
IF /Q3=L

IF /Q4=H
IF /Q4=L

IF /Q5=H
IF /Q5=L

IF /Q6=H
IF /Q6=L

IF /Q7=H
IF /Q7=L

IF /08=H
IF /Q8=L

IF /Q9=H
IF /Q9=L

FUNCTION TABLE

/OC CLK /CLR /PR /E3 E2 E1 D C B A DIN Q9 08 Q7 Q6 Q5 04 03 02 Q1 QO

H
; CONTROL -—---~-FUNCTIONS----
;/0C CLK /CLR /PR /E3 E2 El

-~-INPUTS--

>
o
2

-----OUTPUTS

000Q0QQ

9

8

7

6

5

Q
4

COMMENTS

B S A S o N o ol o o o B o ol - o o B S o AN

TOOOOONOOOAOOONON0O00000000000O00O0000

R

D¢ Iy oim i imom oo oimoim f Mmoo Mmoimoim o imoMmoimim it otm ottt

Ll ol o I o o o o B o o o

D¢ Mmoo M ohm b b Mot oo m X

D¢ Mo omd oMb Bt MMM i oMmoim o im o omm o otmofmoimimotdmoiimommm X

M MM PN OXEX DD DD DD mm e e XX
XXpxmXXmXpoXpoXorrororoomomoooomomomme oe e XX
XXpXxomXpXxoXpoXoroomooRmeoeoomneemme o XX
XXX XPOXOXOXOOomo Do mo R memememe X

DX XOoXDOXOXOoHnomDnooomonoOoooereeee e XX

NnoDDnmDnooiimomDmilNn oD mmmmmmme
03 B b o i i im b oimmMm oM oMm oM im o obd b b b oim oMo oim ke
NomoDomomo@omIon N OommEnEED e e e e X dmmmmm e
03K B b b DDt Mmoo oMm b bbb om oo
DR Rl o o R R B
S S B R N N N Al N
ORIl R ol o N N R - B I Y
NI I NN mmme
RN - B - B Nl o B B B o o o B o - - I o
C NNl i N a2l ol o oIl B B ol o B o B 2 - I

/CLR OVRRD /PR
/PR OVRRD ENABLE
LOAD QO WITH DIN
LOAD Q1 WITH DIN
LOAD Q2 WITH DIN
LOAD Q3 WITH DIN
LOAD 04 WITH DIN
LOAD Q5 WITH DIN
LOAD 06 WITH DIN
LOAD Q7 WITH DIN
LOAD 08 WITH DIN
LOAD Q9 WITH DIN
LOAD 09 WITH DIN
LOAD 08 WITH DIN
LOAD 07 WITH DIN
LOAD Q6 WITH DIN
LOAD Q5 WITH DIN
LOAD 04 WITH DIN
LOAD Q3 WITH DIN
LOAD Q2 WITH DIN
LOAD Q1 WITH DIN
LOAD Q0 WITH DIN
HOLD STATE
LOAD Q0 WITH
HOLD STATE
02 WITH
STATE
Q4 WITH
STATE
06 WITH
STATE
08 WITH
STATE
HI-Z
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Interface Controller for

68000 to Zilog 8500 Famnly
PAL 20X10

PMSI408

Logic Diagram

Features/Benefits ‘ \_J

e Flexible programmable control logic replacenient for TTL

Msi cxl 1

e 24-pin SKINNYDIP™ saves space

e Low current PNP inputs reduce loading

>|

=I

s| 2 prEEE=RD
Fe NC A
Description 8
The interface controller is used to interface an 8 MHz
microprocessor (68000) to Zilogs 4 MHz Z8500 peripherals with
the capability of controlling read, write, and interrupt. test|] 4 B> il
Timing for processing of data transfer is controlled with an
internal down counter. A count decoder controls timing of i
DTK signal (Data Transfer Acknowledge) to the microprocessor — __ Hts
so that valid operations are allowed between the micro- AS 3 P> —'

processor and the peripheral.

During a read cycle, the microprocessor reads data from the
peripheral. During a write cycle, the microprocessor writes 6 l{>.
data to the peripheral. During an interrupt cycle, the
microprocessor reads interrupt vectors from the peripheral. All

85 8k
A

cycles synchronous with the clock (CLK).

ol

re2) 7
Function Table
. el 8 {O—

OE| CLK|R|AS|CS|RW|FC2|FC1|FCO| WR|RD|DTK|CYC|ACK|OPERATION

H| X |[X|X|{X|X| X|X|X|Z|Z]| Z Z Z |HI-Z

L i L»_)ﬂ )f X| X | X|X|L|L|H H H [INITIALIZATION

L tJHIL|L|H|L LIL|H|L|H L H |READ H

L tJHL|L]| L L L L|L{H|H L H |WRITE FCo g :ng—
L t HHLIH|H|H|H]|H|H|LIH L L |[READ DURING INTERRUPT W

ol

Y Y ¥

ol

ol

5 e ) B

s
LH—
nel 1 = D
ano| 12

S A

ol
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PAL20X10
PMSI408

MMI SUNNYVALE, CALIFORNIA
CLK /CS NC TEST /AS RW FC2 FCl FCO /RESET NC GND

/oc /c3 /C2 /C1  /CO /CYC NC /DTK /RD /WR

CO0 := /CO*/TEST
Cl := /RESET* AS* Cl
+: /RESET* AS* CO
C2 := /RESET* AS* C2
:+: /RESET* AS* CO* Cl
C3 := /RESET* AS* C3
:+: /RESET* AS* CO* Cl* C2
DTK := /RESET*/ACK* CYC* C3*/C2*/Cl* CO* CS
+ /RESET* ACK* CYC* C3*/C2* Cl*/CO
CYC := /RESET* AS*/CYC* CO
+ /RESET* AS* CYC
:+: /RESET* CYC* DTK
RD := /RESET* CYC*/ACK* RW* C3*/C2* CS
+ /RESET* CYC*/ACK* RW*/C3* C2* Cl* CO* CS
:+: /RESET* CYC* ACK* RW* C3
+ RESET
WR := /RESET* CYC*/ACK*/RW* C3*/C2* CS
+ /RESET* CYC*/ACK*/RW*/C3* C2* Cl* CO* CS
s+: RESET
ACK : /RESET* FCO* FCl* FC2* AS* CYC*/CO

+ 0

/RESET*

FCO* FCl* FC2* CYC

/ACK VCC

PAL DESIGN SPECIFICATION

JANE LEE(MMI)/KEN THOMAS (ZILOG)
INTERFACE CONTROLLER FOR 68000 uP TO ZILOG 8500 FAMILY

;COUNT/HOLD (LSB)

;s HOLD
; DECREMENT

;HOLD
; DECREMENT

;s HOLD
; DECREMENT

;DTACK FOR RD/WR CYCLE
;DTACK FOR INTERRUPT
;CYCLE

;START NEW CYCLE
;HOLD PROCESS OF CYCLE
;END OF CYCLE

;NORMAL READ OPERATION
;NORMAL READ OPERATION
sREAD DURING INTERRUPT
;RESET

sWRITE
sWRITE
; RESET

;START OF INTERRUPT ACK
;HOLDS INTERRUPT

FUNCTION TABLE

CLK /OC /RESET /C3 /C2
/ACK

/Cl /CO TEST /CS FC2 FCl FCO RW /AS /CYC /RD /WR /DTK

: / //

i€/ T/ FFF / ¢€// DA

;L O/ CCCC SC CCC R A YRW TC

;K ER 3210 TS 210 W S CDR KK CYCLE COMMENTS

C LL HHHH HE LLL H H HLL HH 1 INITIALIZATION

C LH HHHL LH LLL H H HHH HH 2

C LH HHHH LH LLL H H HHH HH 3

C LH HHHL LL LLL H H HHH HH 4

C LH HHLH LL LLL H L LHH HH 5  BEGINNING OF WAIT FOR READ CYCLE
C LH HHLL LL LLL H L LHH HH 6

C LH HLHH LL LLL H L LHH HH 7

C LH HLHL LL LLL H L LHH HH 8

C LH HLLH LL LLL H L LHH HH 9

C LE HLLL LL LLL H L LHH HH 10

C LH LHHH LL LLL H L LLH HHE 11  /RD GOES ACTIVE

C LH LHHL LL LLL H L LLE HE 12

C LH LHLH LL LLL H L LLH LE 13  ACKNOWLEDGE END OF DATA TRANSFER
C LH LHLL LL LLL H L HLH HH 14 END OF READ CYCLE

C LH HHHH LH LLL H H HHHE HH 15 INITIALIZATION

C LH HHHL LH LLL H H HHH HH 16

C LH HHLE LL LLL L L LHH HH 17  BEGINNING OF WAIT FOR WRITE CYCLE
C LH HHLL LL LLL L L LHH HH 18

C LH HLHE LL LLL L L LHH HE 19

C LH HIHL LL LLL L L LHH HH 20

C LH HLLH LL LLL L L LEHH HE 21

C LH HLLL LL LLL L L LHH HH 22

C LH LHHH LL LLL L L LHL HH 23  /WR GOES ACTIVE

C LH LHHL LL LLL L L LHL HH 24

C LHE LHLH LL LLL L L LHL LH 25  ACKNOWLEDGE END OF DATA TRANSFER
C LH LHLL LL LLL L L HHL HH 26 END OF WRITE CYLE

C LH HHHE LH LLL H H HEH HH 27 INITIALIZATION

C LH HHHL LH LLL H H HHH HH 28

C LH HHLH LH HHH H L LHH HH 29 INTERRUPT CYCLE (WAITS RD SIGNAL)
C LH HHLL LH HHH H L LHH HL 30

C LH HLHH LH HHH H L LHH HL 31

C LH HLHL LH HEH H L LHH HL 32

C LH HLLH LH HHE H L LHE HL 33

C LH HLLL LH HHE H L LHHE HL 34

C LH LHHH LE HEH H L LHE HL 35

C LH LHHL LH HHH H L LLE HL 36  /RD GOES ACTIVE

C LH LHLH LH HEH H L LLH HL 37

C LH LHLL LE HHE H L LLH LL 38

C LH LLHH LE HHE H L HLH HL 39

C LH HHHL LH LLL H H HHHE HHE 40 END OF CYCLE
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Application

PMSIOO1

Pipeline Demux for Microprogram

HOLD

State Machine

—04

CLK —

PMSI1001

o}

1

|—o

CLR Qo0 -El

1T (1) S

U -
DEMUX

R N T I

c Q4 E-———-——o

o as}— E[-—————o

pOL a6} | E—————o

TOG__ Q7 m!

T LT

*Monolithic Memories 6351681 (2048x8 PROM)

NEXT ADDRESS
—ole 2Kx8 PROM*
E 2Kx8 PROM*
E 2Kx8 PROM*
E  2Kx8 PROM*
E  2Kx8 PROM*
E 2Kx8 PROM*
E  2Kx8 PROM*
—OlE 2Kx8 PROM*
CONTROLS
N\ 8-BIT REGISTER
8D - 1D
CKEN
74L8377
cK
8Q-1Q
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PMSI002

SEVEN
ADDITIONAL
CHIP
ENABLES

Application
Octal Addressable Register as a PIA
ADDRESS
DECODER
PAL10L8
A7 \J
— 4
—= >
—— D
GATE
———— e Hamaar[ ] O fi———
A15
m { "
mss/ > LYy _l
E
ENABLE
A0-A15 _T/
6802
MICROPROCESSOR
PMSI002
asB|
Pe g I—
o
—7}dcr @ [ p—
D1 "—E_o PR a1 _E___—__
Do k A0 E —1A Q21— E——_
= 0 o R
\_ A2 E c Qs ’_‘E
—E MODE Q5173
—
L
5]
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PMSIO003

Application
Octal Counter/Register Comparator
COUNT ENABLE
'LS461 +5V
A
ok —eo—1] E_E
COUNT B— | —E—
LOAD - —E D!l)o v cnl.lu E——
8-BIT DATA — Lo o2
BUSIN

cb—E—— D3 B?T Qa3
"—E —D4 Q4

?—E — D2 Q2 [——
-

D—E —1D5 Qs

T LR G

PMSI003 +5V

1>—E 1o as|—|

L—E_m a7l

11 OC CO

~
o

BB

E———I T Fanc

-
T
T

o

—[2]

BO B6 _LSJ
jm o A6 —E——
181 BIT Nel—{T6)
B1COMPNE '2'
REGISTER a2 eal—]15]
'LS380 +5V

|
I
TEIT

[
@
[+ ]
&
I

|
'“'T”ﬂ\)

1

|
[=]
-1
[)
S
N

Ila'llr V‘I-]ﬂ FEFFFRE
I
B

l:

=] I

—-0D1 Q11—

8
—Wna BIT 93—
4 REG

sisioipisioiaioininial

I
El

P_IZTJELIEIEIL‘JIEILF-;IEIL

COMPARATOR
STATUS
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PMSI401

Application
16-Bit Up/Down Counter
BUS OUT ENABLE
COUNT ENABLE
CLK
INSTR { X}
0D
16-BIT PMSI401 16-BIT
DATA BUS ——— " (——————DATA BUS
IN ,_E E out
gt I— E—J
- r— LD V CBI — N
13 —po Qo122
\- Lo a1f—| ?r /
N- E D2 8 Q2}— } -
BIT
N s 1—1os Up/ g3l—] ——4
\- —E D4CNTR04 '-——E'—_—'—/
\- E»—— D5 as—{17} )
N E D6 Q6— E————J
N ' D7 a7 _j_____,j
LU {Upocceo L
Gy -
CARRY
PMSI401
\J
- Gl %3 /
N 1o atll—{21 I
N Jhs b2 s aQ2— 20},__—./
BIT
A I 1—1o3 up/ qal—1T9 N
[e]—{os uPr as E____
CNTR
N E [ aa—] 18} /
Ne E——— D5 Qs [ |
e [1—os Q6— E‘r M
D7 a7— 1Tl _/
N [l UDOCCBO R
1 CARRY/
NOTE fpaxy T—————— BORROW

t +t
PD cLkTocBo SV
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PMSI402

Application .
16-Bit Down Counter
BUS OUT ENABLE
COUNT ENABLE
CLK
INSTR 10
"
16-BIT PMSI402 16-BIT
DATA BUS ——— U, — —— DATA BUS
N ’_’E E out
~
L | — B
- o I A
N~ E;—J Dt Q11— E—‘——'—J
N o2 . oo A
8
N— [F}—os BT ast—is I
DOWN
. E__mcmnm__E______)
N i - _
Gl—os  os{F—vb—
N [}—s  os—{} -
N 'm D7 Q7 m )
L 110CBO L_h
o [
E @
BORROW
PMSI402
\J
=
q— | —f
- G o3 /
N- E——{m Qi -—E————J
N Is m A
ez , oo}
N e BIT o3l—I75 L
1 03 BIT 03 j——
N oV Raa———
Ne nl— I J
[e}—ps as—{17}
Ne |y e | v
ﬁ D6 Qs : ]
\. D7 Q7 5
L 11.0C BO y
~
] [ —
1 BORROW
NOTE fpmax

t
PDcLk To BO' 'SV
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PMSI403

Application
Motor Revolution Per Second Indicator

MOTOR REVOLUTION

MAGNET PICKUP COIL

MOTOR
PMSI403 o
o
m
— ]
A4
COUNTERWEIGHT r o
Lzfj—cer  ce 23k NUMERIC INDICATOR
3—{b1a o1A———E 8 1a veclH,
1o b 1 pec| 4
—Laj—o1e  aB—a B POINT
2 LATCH| §
f'_E oic 2 arcl—2d] ¢ ENABLE
DIGIT 3 R
s—[5}{ow__awl—I7] D GND
CNTR
->—E—02A QzA\——E LI o vecH-
4
e f I ’ —[E}{o2s oza——E 11s P:Ifg
_—
OR % PICKUP COIL 4>—E—— pc  azc|—fs}- 2 e LATCH | S
PULSE WIDTH ;'L : s enasLe[
b [ol—{o20 Q20 D ND
‘ E > - NUMERIC INDICATGOR
| vy LD co ]
Y CLR PULSE LU—"° oc 1)
LATCH
ENABLE
I<-1-->|
Numeric Indicator Truth Table*
PMSI403
TRUTH TABLE S
BCD DATA HP-5082-7300/ a 1 24 4
p| ¢ A 7302 > I
Tlclo] ¢ 0 L jeet cE2 ELP s MNUMERIC INDICATOR
4 ] -
NN P —[1—{on  aa|—27} A vee
L L H L 2 ) DEC
L L|H|H 3 ‘ E [—P® 98 .2-11 : B POINT 4
i 2 LATCH] 5
LMWL y >—-| - c
——T : ) 5 1722 T ENABLE
P ] __1 3 D GND 6
LlwH|H]|L b .—-E mc::a'ﬁ_é: 10 L
LR ? o—T}oea" cea—{i5} LI py vec - -4
H L L L 8 1 pec| 4
HlL|L]|H 9 ¢ Ea D28 Q2B E B POINT
T 5 u . 2 LaTcH] s
T o —s}—o2c {1 ¢ ENABLE
6
o—1ol— 20| __[751 31p GND
Hln| L] L (BLANK) E o0 @ 5]
NUMERIC INDICATOR
HlH|L]|H — E_OLD oc © ENC
H H H L (BLANK)
HlH|H]|H (BLANK) L 4 [‘2 | ‘3|
ON V, =L
DECIMAL PT oP
OFF Vpp =H
LOADDATA V. =L ——
E
NABLE —
ENABL LATCHDATA Vg =H - Numeric Indicator Pinlist*
BLANKING DISPLAY-ON VB =L PIN # 1 2 3 4 5 6 7
DISPLAY-OFF Vg =H FUNCTION B c D | Dgamal ) Lateh | anp | vee

*Consult the Hewlett-Packard “Optoelectronics Designer’s Catalog” for more details.
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PMSI404/PMSI405

Application

cLK
[
8-BIT
WITH PARITY

DATA BUS
IN

(rerrer(e

9-Bit Counter with Registered Load

|0

1

12

PMSI405 PJM\SII404
— B _EF’_
— Do Qo [—123 2 DO Qo]
o1 arf{——— [ 01—
L {p2 Qz—E__—___E—Dz (7] .
—os  as—{——— 503 L %

9
| Ips :E,-;m_E.—E——mc:l;RmL—-
. . QS_E__—_E—Ds a5}
—os  as— 11— [E}—{os as|—
_‘m 07—E——E-——-m ar|—
—ps °”_E——E‘—°° a8}l |
—o[LD o m [—[° oc cop—]

I - ]

8-BIT

WITH PARITY
DATA BUS
ouT
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PMSI405

Application

Parity Bus Interface

PARITY BUS ENABLE

cLK
ip
PARITY BIT
8-BIT DATA i
BUS IN PMSI405 8-BIT DATA BUS
J © —— WITH PARITY
.__E I 2 BIT OUT
A\ r- v I
12 DO Qo—18

\- o o {g—F———

\- [z o {o}—F—

- EHos o3 E—————J

9
N\ —6}—{o+ &rr oa——E———/
REG

N [ —J D5  Q5{— E——————)

N Gtos o f—F—

AN EHor o7 f——+—

o} —os 08— E———————/

—}fto oc 7] ne
T m|
2 [i5}
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PMSI406

Application

10-Bit Up Counter/Down Counter Comparator

COMPARATOR

STATUS

UP COUNTER
’LS491

+5V
2 |

]
A9‘—-_2£]

B8 -—1E—-

COMPARATOR
’LS460

ﬁ

el

AB'—_ZID

10

A3

eal—]1s}

s7—{17]

Ad

L]
—
L4
—
1
[

g -
L5 f—1A2

- m
[ B2 BIT NE| 19
L2 ome e R

a

Is]
[}

E

E_l

a7 |—{1§]

Q8 —

SET

v—E-— D27 Q2 —-E

'm
L9

F—Er—dcm osP—E*
D—E—-—aup

E_"C'N oc @ 0]

+5V

DOWN COUNTER

’LS491

ped

E—l

—

a1 ——E——

|
az—{21

SET a8 —E

— 01
—D2-7

| oCINgc Q0 —14]

1l

A\
oo a0 —4@——-

&

—0]
u
&

<
<

CLK

COUNT —

SET -
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PMSI407

Application
10-Bit Addressable Register
+5V
0
A5
10RQ A6
A7 PMfI:W
E l 24
\%4
280 l———E—o CLR Qo}—] 23|.___
CPU —[5}—er or—l——
1A az|—o]——
Do ::: " “
D1 t1—Is BIT a3 __320
= ADDR
p2 [E}—c REC aa| —
- > TO OUTPUT DEVICE
D3 'l g 3 as|— 1s|.__\
" pa L [H= as—1T}——
g ) (4 [ —
E-—-o E3 as|— 15|___
[ (o g 00—
__|1Z IKI.__
——
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PMSI408

Application

Zilog 8500 Interface with the 68000 Microprocessor

veaz |2 w5V
o
20
At6-A23 N 2 vee
PAL12L6 18
. v2
wh?
W £ " vl
M E il 8 8. 102
2 " 10 ) EXTRA
A A PERIPHERALS
—Jano A
a2 7 N ~
Yy K
BTACK
68000
PMSI408 0 - ©
xS r g ] Vee Vee Vee
= - - P scc 2 » cio 3 ) PoRT
L —lcs  ackp—{zl 28530 SERIAL Xce  ze538 PARALLEL 28538 A
PORT s PORTS
;—E WR ____/ N—1rD
i }—{rest nop7] - NYRE wa
— ACK2s| _____ 38
msle {s}—|as  orxt—{a] TNTACK N— iNTack [
- I} cote 2
AW {e}—aw [75] ne NG P 8
) — A1 —
Fe2 2 O IO I 7 o CE] e s (L
2
FC1 Elret  cop{—— po-07 f— Lt Y 00-07— o0-07}—
reo 2 E— Fco  C1 ._E GND IE0 IEl GND IE0 GND IEO
ol _Jreser c2bt 7| mf e w7 e 9] 2| sf
5 T &l TO NEXT
._E o €3 3 PERIPHERAL
i Lo T
—
" =
D0-D7 ¢ L 2 J/
2
1PLO
2
PLY j-MN—o +5V
1PL2
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Applications

Table of Contents
PAL APPLICATIONS ..................ccoiieinee. 6-1 10-Bit COUNEr . \.vevnieieeeenniieeeerineeaieneenas 6-155
Contents of PAL Applications Section . 6-2 10-Bit Addressable Register .. 6-161
Introduction to PAL Applications .. . 6-2 4-Bit Up/Down Counter with
Basic Gates ................ .. 63 and Comparator ..... .. 6-167
Basic Clocked Flip-Flops .. 69 Binaryto BCD Converter .............cccoevvnen. .. 6-173
Clean Octal Latch ....... .. 6-15 BCD to Decimal Decoder/Bargraph Display Driver .. 6-181
Memory Mapped I/0 ..........ooiviiiiiiiiinnnnn. .. 621 BCP{Hex Counter ........oiiiiiiiiiiiiiiiiiens .. 6-187
Memory Interface Logic for 6800 Microprocessor Bus .... 6-27 2-Digit BCD Counter ............... 6-193
MC6800 Microprocessor Interface ................. .. 6-33 64K Dynamic RAM Refresh Controller .. 6-199
Video LOgiC ......iiiiniiiiiinnn, .. 6-41 Refresh Clock Generator ............covvvnnnnn. .. 6-205
PAL/FIFO Performs UART Output Functions .. 6-47 8-Bit 1/0 Priority Interrupt Encoder with Registers .. 6-211
Electronic Dice Game ............cccvveuenn .. 6-55 15-Input Registered Priority Encoder ............. .. 6-215
4-Bit Serial Switch .. 6-65 68000 Interrupt Controller .......... .. 6-221
9-Bit Register .............. .. 671 State Counter for Multiplier/Divider .. 6-231
Multifunction Octal Register . .. 677 4-Bit Flash Gray A/D Converter ... .. 6-241
Quad 41 Mux ............. .. 6-83 Stepper Motor Controller ..... .. 6-247
Dual 8:1 Mux . 6-89 ShaftEncoder ..........coviiiiiiiiiiiiiiiiiiiiiine, 6-255
16:1MUX ....... 6-95 Interface Controller for 68000 uP
3-to-8 Demultiplexe .. 6-101 to Zilog 8500 Peripherals  ................oo0iienn 6-273
4-Bit Shifter ..........cocovvivenennnnn. .. 6-107 ALU/Accumulator e - 6279
6-Bit Right Shifter .... .. 6-113 Octal Comparator .......... 6-285
Octal Shift Register .......... .. 6119 Between Limits Comparator . 6-289
Octal Registered Barrel Shifter 6-125 Memory Mapped Printer ... .. 6297
4-Bit Shift Register/Comparator 6-131 Traffic Signal Controller ............. EETREREERTREPRTS 6-305
4-Bit Counter with 2 Input Mux .. 6-137 32-Bit CRC (Cyclical Redundancy Checking)
Octal Counter ............... .. 6-143 . Error Detection ........... REREREE PR R PR TR PP PP 6-319
Octal Up/DOWN COUNET «..vveneeneeneeneannennenns. 6-149 8-Bit Error Detection and Correction ................... 6-339

Introduction to PAL Applications

The PAL family brings a unique flexibility to the field of logic
design. Using PAL circuits, designers can both replace con-
ventional logic in existing products and optimize the design of
new products. Previous sections discussed the PAL concept
and provided information ont he advantages gained and the
techniques used when designing with PAL. This section shows
PAL circuit 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

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.




Basic Gates

PAL12H6
c 1———1v 20] vee
o[ZH 1] A
FGH %%B
e EH ] > e
<[ >
n [EHarsa[ ] O o
o o
EH [i7] «
ano 0] ——1] v




PAL12H6
P7000
BASIC GATES

MMI SUNNYVALE, CALIFORNIA
CDFGMNPQIGNDJKLROHEBAVC

B=/A

E = C*D

H=F +G

L=/I+/J3+/K

0 = /M*/N

R = P*/Q + /P*Q

6-4

s INVERTER

;AND GATE

;sOR GATE

¢NAND GATE

;NOR GATE

Basic Gates

PAL DESIGN SPECIFICATION
VINCENT COLI 03/12/82

c
D

;EXCLUSIVE OR GATE

[¢]

- 0 v 2 2 0 = ©
ELEE B AR EEFE

]
z
[~}

F—d )
6—

m—0 o
N—Q :




FUNCTION TABLE

ABCDEFGHIJKLMNOPQR

Basic Gates

;: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 HHHL XXX XXX TEST NAND GATE

XX XXX XXX LHHH XXX XXX TEST NAND GATE

XX XXX XXX  HLHH XXX XXX TEST NAND GATE

XX XXX XXX HHLH 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
]

BASIC GATES

XXXXXXXXXXXXXXXXXHOL
XXXXXXXXXXXXXXXXXL11
OOXXXXXXXXXXXXXXLXX1
OLXXXXXXXXXXXXXXLXX1
LOXXXXXXXXXXXXXXLXX1
11XXXXXXXXXXXXXXHXX1
XX00XXXXXXXXXXXLXXX1
XXO0LXXXXXXXXXXXHXXX1
XX10XXXXXXXXXXXHXXX1
10 XX11XXXXXXXXXXXHXXX1
11 XXXXXXXX0XO00HXXXXXX1
12 XXXXXXXX1X11LXXXXXX1
13 XXXXXXXX0X11HXXXXXX1
14 XXXXXXXX1X01HXXXXXX1
15 XXXXXXXX1X10HXXXXXX1
16 XXXX00XXXXXXXXHXXXX1
17 XXXX01XXXXXXXXLXXXX1
18 XXXX10XXXXXXXXLXXXX1
19 XXXX11XXXXXXXXLXXXX1
20 XXXXXXO00XXXXXLXXXXX1
21 XXXXXXO01XXXXXHXXXXX1
22 XXXXXX10XXXXXHXXXXX1
23 XXXXXX11XXXXXLXXXXX1

WO & W

PASS SIMULATION
BASIC GATES

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

. S — e T —— /A

T B T e — C*D
24 —mm Xemm - T p— F

25 —mem —ee ) S G

32— e e e A S /M* /N
40 —=-= —mmm = e em X~ =X== —=m= P*/Q
S —= == =X X=== === /P*Q
48 —mmm e - N S |

49 —mme e - R X /3

50 —mmm —mmm - TS QU J
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1)

NUMBER OF FUSES BLOWN = 306



Basic Gates

Basic Gates

Logic Diagram PAL12H6

1 4 1213 1617 021 24252627 28293031
~N
q 19
A
4 18
9
10 B
n"
@ 17
1%
17 E
16
22
25 Bﬁ >“—“"—‘ H
32
33
N
41
a8
43
50
51
K‘l 12 K
n gy
0123 4567 89 1213 1617 20 24252627 28293031
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Basic Clocked Flip-Flops

PAL16R8

CLK E—D-Y E vce
gl Jgrp=
k[FH HB«E JKC
_Jf;éh_& _

T [a & E T
AND —E}l Tn

er 5 08 1T 6] Tc
|| GATE 155 I~

o [5 ARRAY {t2h =] o
o [H -Eh 4] oc
s B -L_'_G}‘, 3] sAT
R[S H . ':‘ B*E SRC
anp [ig ~<r{11] G¢




Basic Clocked Flip-Flops

PAL16R8

BFLIP

BASIC CLOCKED FLIP-FLOPS

MMI SUNNYVALE, CALIFORNIA

CLK J K TPRCLRD S R GND

/0C /SRC /SRT /DC /DT /TC /TT /JRC /JKT VCC

PAL DESIGN SPECIFICATION
VINCENT COLI 07/19/81

JKT := J*/JKT*/CLR ;J-K FLIP-FLOP (TRUE)
+ /K* JKT*/CLR ; (JKT = Q)
+ PR ; PRESET Q
JKC := /J* K */PR 7J-K FLIP-FLOP (COMPLEMENT)
+ /J*/JKT* /PR : (JRC = /Q)
+ K* JKT*/PR H
+ CLR ;sCLEAR /Q
TT := T*/TT*/CLR ;T FLIP-FLOP (TRUE)
+ /T* TT*/CLR ;(TT =9Q)
+ PR s PRESET Q
TC := /T*/TT*/PR ;T FLIP-FLOP (COMPLEMENT)
+ T* TT*/PR ; (IC = /Q)
+ CLR ;CLEAR /Q
DT := D*/CLR 7D FLIP-FLOP (TRUE) (DT = Q)
+ PR ;PRESET Q |
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

IN  OUT
S R Q0 /Q

ouT
Q /0

IN
D

ouT
Q /9

IN
T

ouT
J K Q0 /0

J-K FLIP-FLOP T FLIP-FLOP D FLIP-FLOP S-R FLIP-FLOP
IN

NTROL
PR CLR

co!
c /
LK OC

o~ on o

HI-Z

Z

X X

X H X X

TEST J-K FLIP-FLOP

o~ on o

CLEAR

X

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

X

C L L L

C L L L
C L L L

C L L L

PRESET

X
X

X
X

C L H L

TOGGLE

C L L L

C L L L

TEST T FLIP-FLOP

LT TN

CLEAR

X

X

X

X
X
X

X
X
X

C L L H
C L L L
C L L L

X

X

TOGGLE

X
X

L

L

PRESET

X

TEST D FLIP-FLOP

o~ en o

m

X

X
X

X
X

C L L H

C L L L

PRESET

X

X

X

C L H L

TEST S-R FLIP-FLOP

o o o

CLEAR

H
H
L
H

L
L

X
L
L
H

L
L

L
L

SET

X
X
X

X
X
X
X

C L L L

RESET

L

C L L L

HOLD

C L L L

PRESET

L

H

X

C L H L

L
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:

! ! ! Q=1L ! Q=H !
! TYPE OF ! ! ! !
! FLIP-FLOP ! INPUT ! Q+ = L ! Q+= H! Q+= L ! Q+= H!
! ! ! ! ! ! !
! J-K ! J ! L ! H ! X ! X !
! ! K ! X ! X ! H ! L !
! ! ! ! ! ! !
! T 1 T ! L ! H ! H ! L !
! ! ! ! i ! !
! D i D ! L ! H ! L ! H !
! ! ! ! ! ! 1
! 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
ok [F—>—r 20]
d| |lgrm
g [
CH -
EH % EEE
E“fﬁff& B
7 & 14
gl fgem
R [:s | H ,_;Bo_‘:z}snc o
EE g {1 oc

Y 3

llaal

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 Logic Diagram PAL16R8

ck —>
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Clean Octal Latch

PAL20L10

EE 28] vec
il
oo[3]
o1[s]
o2 2 AND

p3fe}{ OR
DATA‘ E GATE

IN ) ps[7}HarRAY
DsE._
nsE-
LD7EL.

ano[i2]

23] NC

221 Q0
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20] Q2

EN DATA
E as [ OUT

[17] as
6] a6
7] a7
5] ne
i3] ¢
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PAL20L10

P7096

CLEAN OCTAL LATCH

MMI SUNNYVALE, CALIFORNIA
/LE /PR DO D1 D2 D3 D4 D5
/OC NC Q7 Q6 Q5 Q4 Q3 Q2

IF(OC) /Q0 = /PR*/LE*/DO
+ /PR* LE*/Q0
+ /PR*/D0*/Q0
IF(OC) /Ql1 = /PR*/LE*/Dl
+ /PR* LE*/Ql
+ /PR*/D1*/Ql
IF(OC) /Q2 = /PR*/LE*/D2
+ /PR* LE*/Q2
+ /PR*/D2*/Q2
IF(OC) /Q3 = /PR*/LE*/D3
+ /PR* LE*/Q3
+ /PR*/D3*/0Q3

/Q4 = /PR*/LE*/D4
+ /PR* LE*/04
+ /PR*/D4*/Q4

IF(OC)

IF(OC) /Q5 = /PR*/LE*/D5
+ /PR* LE*/Q5

+ /PR*/D5*/Q5

/Q6 = /PR*/LE*/D6
+ /PR* LE*/QG
+ /PR*/D6*/Q6

IF (0C)

IF(OC) /Q7 = /PR*/LE*/D7
+ /PR* LE*/Q7

+ /PR*/D7*/Q7

6-16

Clean Octal Latch

D6 D7 NC GND
0l Q0 NC vcC

;LOAD LATCH (QO0)
; LATCH OUTPUT
;COVER ALWAYS HIGH

;LOAD LATCH (Q1)
; LATCH OUTPUT
;COVER ALWAYS HIGH

;LOAD LATCH (Q2)
; LATCH OUTPUT
;COVER ALWAYS HIGH

; LOAD LATCH (Q3)
; LATCH OUTPUT

PAL DESIGN SPECIFICATION
VINCENT COLI 10/05/82

HAZARD

HAZARD

HAZARD

;COVER ALWAYS HIGH HAZARD

;LOAD LATCH (Q4)
; LATCH OUTPUT

;COVER ALWAYS HIGH HAZARD

; LOAD LATCH (Q5)
; LATCH OUTPUT
;COVER ALWAYS HIGH

;LOAD LATCH (Q6)
; LATCH OUTPUT
;COVER ALWAYS HIGH

;LOAD LATCH (Q7)

; LATCH OUTPUT
;COVER ALWAYS HIGH

i

PRESET —> LATCH

&

Q

OCTAL [p+— LATCH ENABLE
o<<— OUTPUT CONTROL

HAZARD
HAZARD

HAZARD



Clean Octal Latch

FUNCTION TABLE
/0C /PR /LE D7 D6 D5 D4 D3 D2 D1 DO Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO

;CHIP CONTROLS  DDDDDDDD  QQOQQQ0Q

;/0C /PR /LE 76543210 76543210 COMMENTS
L L X XXXXXXXX HHHHHHHH PRESET
L H H LLLLLLLL LLLLLLLL LOAD ALL ZEROS
L H L XXXXXXXX LLLLLLLL LATCH ALL ZEROS
L H H HHHHHHHH HHHHHHHH LOAD ALL ONES
L H L XXXXXXXX HHHHHHHH LATCH ALL ONES
L H H HLHLHLHL HLHLHLHL LOAD EVEN CHECKERBOARD
L H L XXXXXXXX HLHLHLHL LATCH EVEN CHECKERBOARD
L H H LHLHLHLH LHLHLHLH LOAD ODD CHECKERBOARD
L H L XXXXXXXX LHLHLHLH LATCH ODD CHECKERBOARD
H X X XXXXXXXX 22222222 TEST HI-2

DESCRIPTION

THIS PAL20L10 IMPLEMENTS AN OCTAL LATCH WITH PRESET AND THREE-STATE OUTPUTS.
THE LATCH PASSES EIGHT BITS OF DATA (D7-D0) TO THE OUTPUTS (Q7-Q0) WHEN LATCH
ENABLE IS FALSE (/LE=HIGH) AND PRESET IS FALSE (/PR=HIGH). THE DATA IS LATCHED
WHEN LATCH ENABLE IS TRUE (/LE=LOW) AND PRESET IS FALSE (/PR=HIGH). THE
OUTPUTS WILL BE ALL HIGH WHEN PRESET IS TRUE (/PR=LOW) REGARDLESS OF LATCH
ENABLE. THE OUTPUTS WILL BE DISABLED (HI-Z) WHEN OUTPUT CONTROL IS TRUE
(/0C=HIGH) REGARDLESS OF ANY OTHER INPUTS.

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

/OE /PR /LE D7-D0 Q7-Q0 COMMENTS

HI-Z

PRESET

LOAD LATCH
LATCH OUTPUT

[N 3l 2N}
oom e X
£eom X
L -]
oomN

THIS DESIGN SHOWS HOW TO IMPLEMENT A "CLEAN" LATCH SINCE THERE ARE NO OUTPUT
GLITCHES AS THE DEVICE CHANGES STATE. THE KARNAUGH MAP BELOW FOR O+

ILLUSTRATES THIS. THE TWO HORIZONTAL CIRCLES REPRESENT THE "LOAD LATCH" AND
"LATCH OUTPUT" PRODUCT LINES. THE VERTICAL CIRCLE LINKS TOGETHER THE OTHER

CIRCLES IN ORDER TO COVER A POTENTIAL SWITCHING HAZARD WHICH WOULD OCCUR WHEN
THE OUTPUTS ARE ALWAYS HIGH.

Q*D (LOAD LATCH)
o |
iE 00|01 711110 | [E+D (COVER ALWAYS HIGH HAZARD)
oo d )| o
L —LE*Q (LATCH OUTPUTS)
nGE
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Clean Octal Latch

How to do a ‘““Clean’” Latch in a PAL Conditional Three-State Output:

LEN
0

1

LEN*D

a-p /
00 o1/11 10
o |G [/1d o]l _—ap
o | o G D &N
LEN Q D
L D D
H Q X

ACTIVE HIGH LOGIC

Q=LEN*D ; LOAD LATCH
+LEN*Q ; LATCH OUTPUT
+D*Q ; COVER HAZARD

ACTIVE LOW LOGIC

Q=LEN'D : LOAD LATCH
+LEN*Q ; LATCH OUTPUT
+D*Q ; COVER HAZARD

See page 8-80 for Latch Testability information.



Clean Octal Latch

Clean Octal Latch Logic Diagram PAL20L10
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Memory Mapped 170

PAL16L2
A4

aso [T— [20] vee
as [7H [15] ABF
AB2 E 2 18] ABE
as3 [T [17] aBD

! AND PORTO
a4 5] AN gﬂ PORTO
as [E]HARRAY [15] FoRT
ass [TH [14] ABC

ing 13] BB
ass [T+ 7] ABa

GND E l—‘m AB9
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Memory Mapped 1/0

Memory Mapped I/0
Functional Description

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

Circuit Opefation

The circuits shown in Figure 1 are typical of those found in
memory mapped 1/O applications. The inputs to the decode
logic are the system memory address lines, AO-AF. The logic
compares the address on the memory bus with the programmed
comparison address. When an address on the bus matches, the
1/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 1/O addresses for two ports can be accompllshed usmg the
PAL 16L2. Partial decoding for a larger numbér of ports can be
performed by other members of the PAL family.

PORTO = 1F78
ABF > 'l>‘
ABE [>- Dc
ABD > De
Asc[D>—
ABB >
ABA >
AB9 [>-
AB8 [
AB7 > % PORTO
ass >
ABS [>—
AB4 [>-
AB3 [>—
AB2 [>— Jl>&
AB1 [>— Jl>c>°
ABO >

MEMORY MAPPED 1/0

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

PORT 0 = ABO- AB1-AB2- AB3- AB4- AB5 - AB6 - AB7 -
AB8 - AB9 - ABA - ABB - ABC - ABD - ABE - ABF

PORT 1 = AB0-AB1-AB2-AB3-AB4- ABS - 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 operation, the PAL enable outputs will go high whenever one
of the programmed addresses matches the address on the
system memory address bus. Since the PAL fully decodes the
address, any two 1/O address may be used.

Conclusion

The PAL provides a single chip decoder for use in memory
mapped 1/O operations. This technique lowers interface parts
counts and ‘allows users an effective way to interface 1/0. &
devices to the. microcomputer system.

PORT1 = 1F79

b

ABF >
ABE >
ABD [
ABC[>
ABB [>
ABA [
ABY >
= Be
PORT1
AB7 D————-D"—————
ABs >
AB5 >~
AB4 >
AB3 >
AB2 [
AB1 [>
ABO [>

>

MEMORY MAPPED 1/0




Memory Mapped 170

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

ABY9 ABA ABB ABC /PORT1l /PORTO ABD ABE ABF VCC

PORT0 = /ABO*/ABl1*/AB2* AB3* AB4* ABS5* AB6*/AB7 ;SELECT PORTO
AB8* AB9* ABA *ABB* ABC*/ABD*/ABE*/ABF ; (1F78)

*

PORT1

ABO*/AB1*/AB2* AB3* AB4* AB5* AB6*/AB7 ;SELECT PORT1
ABS* ABO* ABA* ABB* ABC*/ABD*/ABE*/ABF ; (1F79)

*

FUNCTION TABLE

ABF ABE ABD ABC ABB ABA AB9 AB8 AB7 AB6 AB5 AB4 AB3 AB2 ABl ABO /PORT0 /PORT1

3 »==INPUTS AB-~-- ---OUTPUTS---

:FEDCBA9876543210 /PORTO /PORT1 COMMENTS

LLLLHHHHLHHHBLLL H H TEST .0F78

LLLHHHHLLHHHHLLL H H TEST 1E78

LLLHBHHHHHHHHLLL H H TEST 1FF8

LLLHHHHHLHHHLLLL H H TEST 1F70

LLLHHHHHLHHHHLLL L H TEST1F78

LLLHHHHHLHHHHLLH H L TEST '1F79

LLLHHHHHLHHHHLHL H B TEST 1F7A

LLLHHHHHHHHHHLLH H H TEST 1FF9

LLLHHHHLLHHHHLLH H H TEST 1E79

LLHHHHHHLHHHHLLH H H TEST 3F79

LLLLLLLLLLLLLLLL H H TEST ALL L'S

HHHHHHHHHHHHHHEH 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
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Memory Mapped 1/0

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 PORT1.

MEMORY
ADDRESS BUS 7%» MAPPED —72L> PORT ENABLE
o
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Memory Mapped 170

Memory Mapped 170 Logic Diagram PAL16L2
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Memory Interface Logic for
6800 Microprocessor Bus

PAL10LS
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Memory Interface Logic for 6800 Microprocessor Bus

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

PAL Implementation

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

The general logic equations for the decoder are as follows:

WEOEO= A10-Ai2- 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 = CSODO0

CE1 = CSOD1

The above equations show the decoder set for page 0 (0-800H),
but this could be easily changed by modifying the address
terms. Note that the CEO and CE1 terms can either be derived
directly or by feeding the CSODO0 and CSOD1 terms back into
the PAL as inputs.

sz ——— /" N\—
verasez —/ N—
o 722K

aooress 772 YO,
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.

HIGH = READ B
-/

LOW = WRITE



Memory Interface Logic for 6800 Microprocessor Bus

PAL10LS8 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 CsSOD1l CSOD0 NC NC /CEl /CEO WEOEl WEOEO VCC

/WEOEO = /Al0*/Al12%/A13* Al4*/Al5* PHASE2* VPHASE2*/RW ;DEC WRITE ENABLE CHIP 0

/WEOELl = Al0*/Al12%/Al3* Al4* Al5* PHASE2* VPHASE2*/RW ;DEC WRITE ENABLE CHIP 1
/CSOD0 = /Al0*/Al12*/A13*/Al4*/Al5*% PHASE2 ;DECODE OUTPUT DISABLE CHIP 0
/CSOD1 = Al0*/Al2*/A13* 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 CSOD1l

;ADD ‘Bus

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

; 02345 2 V2 w9 1l 0 1 0 1 0 1 COMMENTS
LLLHL H H LHEH L H L L H H WRITE EN 0
HLLBEH 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
LLLEL H H HHH E H L L H H RW=H
HLLEH H H HHH H H L L H H RW=H
XXXXX L X XHH E H L L H H PHASE2=L
LLIHL H L LHH H H L L B H VPHASE2=L
HLLEH 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 /CEl ARE THE COMPLEMENTS OF CSOD0 AND CSODl, RESPECTIVELY.

THESE FUNCTIONS ARE IMPLEMENTED BY THE EXTERNAL CONNECTIONS CSODO TO PIN 9 AND
CSOD1 TO PIN 11l.
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Memory Interface Logic for 6800 Microprocessor Bus

Memory Interface Logic for 6800 Microprocessor Bus Logic Diagram PAL10L8
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MC6800 Microprocessor
Interface

PAL20L10
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MC6800 Microprocessor Interface

16,384 MEMORY DEVICES
(2Kx8 PROM and RAM)

11LSB,
4

+5v A0-A10
0 PROM 1 D0-D7

PAL20L10

OjCcs

A0-A10
PROM 2 D0-D7

A0-A15
RESET

Ccs

A0-A10 ,
RAM 1 DO-D7|——@

MC6800
MICROPROCESSOR

—{ Ao-at0 . v
RAM 2 DO-D7|—
dcs , .

A0-A10

¢2

VMA

RAM 3 DO-D7 —

A0-A10

RAM 4 D0-D7—@

2 LsB
A0, A1
17,
+—{cs DO-D7
QI CS 1/O ADAPTORS

aj
D0-D7 7.

Figure 1. PAL Implementation
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MC6800 Microprocessor Interface

Functional Description

This application describes the use of a PAL20L10 as the inter-
face element between an MC6800 microprocessor and it's
system components on a single board computer. The functicns
it performs, previously done with random logic, are address
decoding and memory/I-O select, reset signal generation and
control of the buffer which interfaces the data bus to other
boards in the system.

Circuit Operation

In addition to an MC6800 microprocessor, the Micromodule™
contains the following system components:

2 EPROM — either 2716 (2Kx8) or 2732 (4Kx8)

4 Static RAM — either 4108 (1Kx8) or 2016 (2Kx8)

2 PIA — MC6821 type 20 parallel I/O port adaptor

2 ACIA — MCB6850 type 1 serial /O port adaptor

1 PTM — MC6840 type 3 programmable timer modules

™ Micromodule is a trademark of Motorola
o Interface to bottom edge connector, interfaces this
board to other boards in the system.

. Auto-reset function
. Pushbutton controlled reset function

An implementation of this system using TTL is shown in
Figure 2.

Part counts for the TTL implementation:

1 74L.S00 Quad 2-input NAND
4 74LS30 Single 8-input NAND
1 74LS04 Hex inverter

1 7415133 Single 13-input NAND
1 7415138 3-to-8 decoder

8 chips total

All functions could be accomplished by the use of a
single PAL20L10:

PAL20L10

A5

A4 %o 23] —— vua

A13
+5V +5V 4o

.,

—0 O—i¢
——

——

-

AUTO RESET

RESET SIGNAL GENERATION CIRCUIT

AT
|
g

The logic equations for all interface signals can be expressed as
follows: .

PROMI = A15:A14-A13-A12:-VMA-¢2-RESET
PROM2'= A15:A14-A13-A12-VMA-¢2-RESET

RAM3 =AT5-A14-A13-A12-AT1-VMA-¢2-RESET
RAM4 =A15-A14-A13-A12:-A11-VMA-¢2-RESET
70 =A15-A14-A13-A12-A11-VMA-¢2-RESET

EN= PROM1-PROM2-RAM1-RAM2-RAM3-RAM4
I/O-VMA-RESET

VUA=EN

This corresponds to the desired memory map:

DEVICE HEX ADDRESS
PROM1  FOOO-FFFF
PROM2  E000-EFFF
RAM1  0000-07FF
RAM2  0800-OFFF
RAM3  1000-17FF
RAM4  1800-1FFF
1/o* DB800-DFFF

*Decoding between the five I/O devices is provided by routing the appropriate
address signal to the extra CS input on the I/O device

The logic circuit for the reset signal generation is as follows:

wi

Conclusion

The PAL implementation as shown in Figure 1 has the following
advantages over the TTL version:

e Lowers chip count by a factor of 8 to 1

e Allows movement of system components through the
memory space with only a program change. The TTL
version could require a board change.t

Allows the freeing up of address space should all the listed
memory and/or 1/0 not be required (or desired) on the
microcomputer board. This space would then be available
for use by other boards in the system. Again, to do this on
the TTL version could require a board change. With the PAL,
only a program change is required.

e Unused input pin (pin #8) can be used for additional address
decoding in an upgraded system.

tFor additional information on this topic consult “Programmable Array Logic
Leads to Flexible Applications of 8-Bit Wide Memories” by Bernard Brafman,
Monolithic Memories Article Reprint AR-114 or page 8-40 in the PAL Handbook.

6-35



MC6800 Microprocessor Interface
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MC6800 Microprocessor Interface

PAL20L10 PAL DESIGN SPECIFICATION
P7073 COLI/SACKETT 09/14/82
MC6800 MICROPROCESSOR INTERFACE

MMI SUNNYVALE, CALIFORNIA

Al5 Al4 Al3 Al2 All NC /s /R PH2 VMA /AR GND

ENIN EN /IO /RAM4 /RAM3 /RAM2 /RAM1 /PROM2 /PROM1 /RESET VUA VCC

IF(VCC) PROM1 Al5% Al4* Al3* Al2 * VMA* PH2*/RESET :PROM1, FO00-FFFF

IF(VCC) PROM2

Al5*% Al4* Al13*/Al12 * VMA* PH2*/RESET :PROM2, E000-EFFF

IF(VCC) RAM1

/A15*%/A14* /A13*/A12%/A11* VMA* PH2*/RESET ;RAM1, 0000-07FF

IF(VCC) RAM2 /A15%/A14*/A13*%/A12% All* UMA* PH2*/RESET sRAM2, 0800-0OFFF

IF(VCC) RAM3

/A15%/A14* /A13* Al12*/Al1* VMA* PH2*/RESET sRAM3, 1000-17FF

IF(VCC) RAM4

/A15%/A14%/A13*% Al2*% All* VMA®* PH2*/RESET ;RAM4, 1800~1FFF

IF(VWC) 10 Al5* Al4*/A13*% Al2* All* VMA* PH2*/RESET :1/0, D800-DFFF
IF(VCC) /EN = /PROM] */PROM2* /RAM1*/RAM2* /RAM3* /RAM4 * /IO* VMA*/RESET ; EN=/VUA
IF(VCC) /VUA = ENIN ;ASSERTIVE HIGH VUA SIGNAL (INVERT EN FEEDBACK)
IF(VCC) RESET = S ; SET

+ /R * RESET ; RESET

+ /AR* RESET ;AUTO RESET
FUNCTION TABLE

Al5 Al4 Al3 Al2 All /S /R /AR /RESET PH2 VMA /PROMl /PROM2 /RAM1 /RAM2 /RAM3
/RAM4 /IO EN ENIN VUA

;ADDR1L S-R /RE PROM --RAM-- ENABLE

;54321 /S /R /AR SET PH2 VMA 1 2 1234 I/O OUT IN VUA COMMENT

HHHHEX L H L L L H H H HHHH H H H L RESET (/S=L)
HHHHX H L H L L H H H HHHH H H H L AUTO-RESET
HHHHX H L L H L H H H HHHH H L L H NO SELECT PH2=L
HHHHX H L L H H L H H HHHH H H H L NO SELECT VMA=L
HHHHEX H L L H H H L H HHHH H H H L SELECT PROM1
HHHLX H L L H H H H L HHHH H H H L SELECT PROM2
LLLLL H L L H H H H H LHHH H H H L SELECT RAM1
LLLLH H L L H H H H H HLHH H H H L SELECT RAM2
LLLHL H L L H H H H H HHLH H H H L SELECT RAM3
LLLHH H L L H H H H H HHHL H H H L SELECT RAM4
HHLHH H L L H H H H H HHHH L H H L SELECT I/O PORT
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MC6800 Microprocessor Interface

S —

DESCRIPTION

THIS PAL20L10 INTERFACES BETWEEN THE MOTOROLA MC6800 MICROPROCESSOR AND ITS
SYSTEM COMPONENTS ON A SINGLE BOARD COMPUTER. THE FUNCTIONS IT PERFORMS,
PREVIOUSLY DONE WITH RANDOM LOGIC ARE: ADDRESS DECODING, MEMORY AND I/O
SELECT, RESET SIGNAL GENERATION, AND CONTROL OF THE BUFFER WHICH INTERFACES
THE DATA BUS TO OTHER BOARDS IN THE SYSTEM.

PAL20L10

5MSB
ADDRESS
LINES

) FRow
[19] RAw
Em_uz
s
[16] RAMA
73] 0
[12] en
[13] eNiN

DEVICE
ENABLES
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MC6800 Microprocessor Interface

MC6800 Microprocessor Interface Logic Diagram PAL20L10
A15 1
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Video Logic

CB2
cB3
CB4
CB5
CcB6
CcB7
BLKO
BLK1
G1
H1
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GND

@f {oof 1] [aof ] (=] 1] 1) 1—

-1 =
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-
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PAL20L10

23] vee
23] BLK
22] B1
21] BO
70] LoD 0
[1] LoaD 1

18] x
M
:o]e
[iF] &
13] EN1
i3] Ha
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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.

vee
2K
BLK1 LS03 [
cB4 )|

]
LS20

cBs ___i%crww

LS20

o LS03 x 2

LS20 x 1
Ha LS00 x 1
LS04 x 1

'5 CHIPS
AND 4 x 2K RESISTORS
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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

7] LoaD 0
[19] LoAD 1
i3] x

E B

[16] &
B

[12] et
73] Ha

Ll

{

GND

ONE PAL20L10
WITH 14 INPUTS
AND 8 OUTPUTS



Video Logic

PAL20L10 PAL DESIGN SPECIFICATION
VIDLOG HARRY HUGHES 02/18/81
VIDEO LOGIC
MMI ENGLAND

CB2 CB3 CB4 CB5 CB6 CB7 BLKO BLK1 Gl H1 H2 GND
H4 EN1 R G B X LOAD1 LOADO BO Bl BLK VCC

IF (VCC) /LOADO = /BO* H1* H2* H4

IF (VCC) /LOADl

H1* H2* H4*/Bl
+ H1* H2* H4* Bl* BO

IF (VCC) /EN1 = Bl* BO
IF (VcC) /R = CB4* BLK1
+ CB2* BLKO
IF (VCC) /G = CB5* BLK1
+ CB3* BLKO
IF (VCC) /B = CB6* BLK1
+ /CB2*/CB3* BLKO
IF (VCC) /X = CB7* BLK1
IF (VCC) /BLK = /Gl*/BLK1*/BLKO

+ /Gl*/BLKO*/CB4*/CB5*/CB6*/CB7
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Video Logic

FUNCTION TABLE

CB2 CB3 CB4 CB5 CB6 CB7 BLKO BLK1 Gl H1 H2 H4 Bl BO EN1 R G B X LOAD1 LOADO BLK

;CCCCCC -BLANK- E

;BBBBBB BLK BLK G HHH BB N RGBX LOAD BLK COMMENTS
1234567 0 1 1 124 10 1 1 0

XXXXXX X X X HHH HL X X XXX H L X LOADO
XXXXXX X X X HHH LL X X XXX L L X LOADL
XXXXXX X X X HHH HH L X XXX L H X LOAD1
XXXXXX X X X LLL HH L XXXX 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 XXXL X X X X
XXXXXX L L L XXX XX X XX XX X X L BLK
XXLLLL L X L XXX XX X XX XX 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 Logic Diagram PAL20L10
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PAL/FIFO Performs UART
Output Functions

PAL16R6

ek 1] e 20] vee
o1 [2H [15] couT
oz O H & 18] S0
2 = AND D; E f:
5 EH "or (] 18] S2
o5 [ f:g:y s 5] 53
psl7H “ 14) F__
or [ H & 13] ouT
or[FH e [17] co

ano o] Le{11] oC
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PAL Design Specification for PUART

A PAL 16R6 and a FIFO Perform UART
Output Functions

Features:
B Simple X1 clocking requirements.

B Automatic Parity generation (can be
programmed to provide odd, even, mark,
space parity or 8 data bit).

| Interfaces directly with MMI 67401 FIFO
memory and automatically handles
control handshake.

B Operates in single byte or burst mode.
B Automatic reset to ‘Idie’ mode on error.
Operation

The clock input (pin 1) is the baud rate clock. Serial output data
is centered on the negative edge of this same clock.

UART operation commences when the GO (pin 12) line is
asserted (H1) and the FIFO is not empty (OR=HlI).

The parallel input data is clocked out of the FIFO by the
UART 83 output (pin 15) and held valid on the D1-D7 inputs
(pins 2-8).

The UART generates a start bit (MARK = HI = 1) and than shifts

out the data word, LSB first (pin 13). During this operation the
parity bit is generated and appended to the data word.

The UART then generates a stop bit (SPACE = LO = O).

If the GO bit is still set, the UART continues by clocking the
next byte out of the FIFO. This continues untill either the GO is
low or OR (FIFO Output Ready, pin 9) is low, indicating the
FIFO is empty.

If the UART is not being used with a FIFO, OR must be held HI
to operate correctly.

The PAL16R6 may be reprogrammed (i.e. Design specification
modified) to accept 8 data bits and no parity. The data bits may
be output as mark = 1 or space = 1 (by design).

During normal operation the UART will transmit a complete
character before sampling the GO line. The UART may be reset
to ‘Idle’ at any time, however, by taking both the GO and the OR

inputs low.
DATA IN

MMI 67401
FIFO MEMORY

DATA SO0 OR

BAUD RATE
CLOCK

DATA S3OR

PAL16R6
UART

SERIAL OUTPUT
——————
GQ——>(GO

Fig. 1. UART Connection to FIFO

Go=1 GO=0or

OUT=STARTBIT (1) OR=1

S$3 GOEST HI,
SHIFTING OUT DATA OUT = STOP BIT (0)
FROM FIFO

OUT = D1 (LSB) =

P=D7 e OUT = PARITY BIT
OuUT =D2 ouT=D7
P=P+D1 P=P+D6
ouUT=D3 OUT =D6
P=P+D2 P=P+D5
ouT=D4 OUT =D5
P=P+D3 P=P+D4

Fig. 2. State Diagram

The State Transition Table
Yields the Following Equations:

S0- GO"S0'S1 *$2*83+ GO*OR*S0"S1*52*S3 + 50*S1*52*S3
+50*51*52*53 + 50*S1"52*S3 + S0*S1*52*S3
+ GO*S0"51*52*S3 + GO*OR*S0"S1*52*S3

81= GO*S0"S1*S2*S3 + S0*51*52"S3 + §0"S1*52*S3
+50*51*52"S3 + 50*S1*52*S3 + S0*S1°52°S3
+ GO*OR*S0*S1"52*S3 + GO*S0"S1*52*S3

S2= GO*S0*S1*52*S3 + S0°S1*S2*S3 + S0"51*52"S3
+50*51*52"S3 + 50*S1*S2*S3 + GO*S0°S1*52*S3

S3= GO*S0"S1*S2"S3 + S0*S1*52*S3 + S0*S1*52"S3
+GO*S0*S1*52*S3

Minimise by inspection and add reset term.

S0= GO*SO*S1 *82*83 + GO*OR*S0*S1*S2*S3 + 80*82 s3
+ 50‘81'82*83 + SO“S1 *$2*83 + GO*S0*S1*52*S3
+ GO*OR*S0*$1*52*S3 + GO*OR

81= GO*S0*S1*S2*S3 + S0*S1*S3 + S0*S1*S3
+50*51*S2 + GO*S0*S1*S2*S3 + GO*OR

S2= GO*S0*S1 *§2*83 + S0*St1* *52*S3 + SO*S2‘SS
+51*52*S3 + GO*S0*S1*S2*S3 + GO*OR

83= GO*S0*S1*S2*S3 + S0*S1*52*S3 + S0*S1*52*S3
+GO*S0*S1*S2*S3 + GO*OR

Note. S3is SO (shift out) input to FIFO memory
P1s parity bit giving even parity on 8 bits total.
Parity 1s accumulated during the time D1 - D7 are shifted out
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PAL Design Specification for PUART

Inputs Present State Next State Outputs Comments
OR GO SO S1 Ss2 s3 SO S1 Ss2 s3 ouT P
X O 1 1 1 1 1 1 1 1 o X Reset, Idle, Marking
1 1 1 1 1 1 1 O O O 1 X Start Bit Out. LO, Space
X X 1 [e] (o] (@] (o] 1 (o] (o] D1 D7 Shift Out D1 (LSB)
X X (e} 1 o O 1 1 O O D2 PO/OUT Shift Out D2
X X 1 1 O O O O 1 (o} D3  PO/OUT Shift Out D3
X X o O 1 o 1 (o} 1 o D4 PO/OUT Shift Out D4
X X 1 o 1 (o} (o} 1 1 (o} D5 PO/OUT Shift Out DS
X X o 1 1 (o} 1 1 1 o D6  PO/OUT Shift Out D6
X X 1 1 1 o O O O o D7 PO/OUT Shift Out D7 (MSB)
X X O O O o 1 o O 1 P X Shift Out P (Parity)
X X 1 o O 1 o 1 (o} 1 o X Stop Bit Out, HI, MARK
1 o o 1 (o} 1 1 1 1 1 o X Idle (Reset) If GO = LO
1 1 o 1 o 1 1 O O O X Get Next Byte If GO = HI
O O X X X X 1 1 1 1 o X Reset
State Transition Table Data Inputs = D1 - D7
S3is the Shift Out (SO) control for the FIFO. X = Don't Care
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PAL Design Specification for PUART

S —

Serial Output Bits and
Parity Bit Equations

COUT = $0*51*82"83 + S0*$1*52*S3 + P*50°51*52*S3
OUT = COUT + 50°81*52"53*D1 + S0*S1*52'S3'D2
+80"51*52"53"D3 + $0*S1*52*53"D4 + §0*$1*S2"S3*D5
+80*81*5253*D6 + 50*S1*52S3"D7
P = §0*5152"S3'D7
+80"81*52*83* (P + OUT)
+80"§1*52*83* (P + OUT)
+80°51*52°53* (P+ OUT) M
+50*51752*S3* (P + OUT)
+50"81'52'S3" (P+ OUT)
+80"§1"52'83" (P + OUT)
P=82"S3" (P+0OUT) )
+80*81"52*83" (P + OUT) )
+850*51*52*83* (P + OUT)
+80"51*§2"S3'D7
P=80"S1"52'S3'D7 _
+82'83* (P*OUT +P*OUT) __
+80"81*§2*83* (P*OUT + P*OUT)
+80*51*52*88" (P*OUT + P*OUT)
P=80'S1"§2'S3'D7 __ _
+*S82'S3'P*OUT +S2'S3"P*OUT_
+80"81*§2"§3"P*OUT + §0*81*S2'S3"P*OUT

+80781*82*S3*P*OUT + S0*S1*S2*S3*P*OUT
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PAL Design Specification for PUART

PAL16R6 PAL DESIGN SPECIFICATION
P7099 HARRY HUGHES, JERRY GREINER 12/08/82
PUART (PROGRAMMABLE UART WITH X1 CLOCK I/P AND AUTO FIFO INTERFACE)

MMI HAMPSHIRE, UNITED KINGDOM/ SUNNYVALE, CALIFORNIA

CIK /D1 /D2 /D3 /D4 /D5 /D6 /D7 OR GND

/oCc Go /ouT /P /S3 /S2 /S1 /SO /COUT VCC

S0 := /GO* S0* S1l* S2* S3
+ GO* SO0* S1* S2* S3* OR
+ /S0* /S2*/83
+ /S0%*/S1* S2*/S3
+. /S0* S1* S2+*/S3
+ /GO*/S0* S1*/S2* S3
+ GO*/S0* S1*/S2* S3* OR
+ /GO* /OR

S1 := /GO* S0* S1* S2* S3
+ /S0* S1* /83
+ S0*/S1* /83
+ S0*/S1*/S2
+ /GO*/S0* S1*/S2* S3
+ /GO* /OR
S2 := /GO* S0* S1* S2* S3
S0* S1*/S2*%/S3
/S0* S2*/S3
/S1l* S2%*/853
+ /GO*/S0* S1*/S2* S3
+ /GO* /OR

+ + 4+ 0

S3 := /GO* SO0* Sl* S2* S3
+ /S0%*/S1*/S2%/S3
+ S0*/S1*/s2* S3
+ /GO*/S0* S1*/S2* S3
+ /GO* /OR

OUT := /COUT
+ /S0* S1*/S2*/s3* D1
+ S0* S1*/S2*/S3* D2
+ /S0*/S1* S2*/S3* D3
+ SO0*/S1* S2*/S3* D4
+ /S0* S1* S2*/S3* D5
+ SO0* S1* S2*/S3* D6
+ /S0*/S1*/S2*/s3* D7

P := /S0* S1*/S2*/S3* D7
+ SO0* S1*/s2*/S3*/pP* OUT
+ S0* s1*/s2*/s3* p*/OUT
+ /S0*/S1*/S2*/S2* /P* OUT
+ /S0*/s1*/S2*/S3* P*/OUT
+ S2*/83*/p* OUT
+ S2*/83* p*/OUT

IF(VCC) COUT := SO0* S1* S2* S3
+ /S0* S1*/S2* S3
+ SO0*/Sl*/s2* s3* p




PAL Design Specification for PUART

FUNCTION TABLE

/oC CILK GO OR /D7 /D6 /D5 /D4 /D3 /D2 /D1 /S3 /S2 /Sl /SO /P /OUT /COUT

H INPUTS OUTPUTS-----—--~

i 1771117 111/

; DDDDDDD Ssss

3/0C CLK GO OR 7654321 3210 /P /OUT /COUT COMMENTS
L C L X XXXXXXX LLLL X H L RESET, IDLE, MARKING
L C H H HLHLHLH HHHL X H X START BIT OUT
L C H H HLHLHLH HHLH X H X PREPARE TO SHIFT D1
L C H H HLHLHLH HHLL H H X SHIFT OUT D1,D2 READY TO SHIFT
L C H H HLHLHLH HLHH H L X SHIFT OUT D2,D3 READY TO SHIFT
L C H H HLHLHLH HLHL L H X SHIFT OUT D3,D4 READY TO SHIFT
L C H H HLHLHLH HLLH L L X SHIFT OUT D4,D5 READY TO SHIFT
L C H H HLHLHLH HLLL H H X SHIFT OUT D5,D6 READY TO SHIFT
L C H H HLHLHLH HHHH H L X SHIFT OUT D6,D7 READY TO SHIFT
L C H H HLHLHLH LHHL L H L SHIFT OUT D7,PARITY BIT READY
L C H H HLHLHLH LHLH X H L SHIFT OUT PARITY (P)
L C L H XXXXXXX LLLL X H L STOP BIT OUT
L C L H XXXXXXX LLLL X H L IDLE (RESET) IF GO=LOW
L C L H XXXXXXX LLLL X H L IDLE
L C H H LHLHLHL HHHL X H X START BIT
L C H H LHLHLHL HHLH X H X PREPARE TO SHIFT D1
L C H H LHLHLHL HHLL L L X SHIFT OUT D1,D2 READY TO SHIFT
L C H H LHLHLHL HLHH H H X SHIFT OUT D2,D3 READY TO SHIFT
L C H H LHLHLHL HLHL H L X SHIFT OUT D3,D4 READY TO SHIFT
L C H H LHLHLHL HLLH L H X SHIFT OUT D4,D5 READT TO SHIFT
L C H H LHLHLHL HLLL L L X SHIFT OUT D5,D6 READY TO SHIFT
L C H H LHLHLHL HHHH H H X SHIFT OUT D6,D7 READY TO SHIFT
L C H H LHLHLHL LHHL H L H SHIFT OUT D7,PARITY BIT READY
L C H H XXXXXXX LHLH X H L SHIFT OUT PARITY (P) k
L C H H LLLLLLL HHHL X H X STOP BIT OUT;START BIT,NO IDLE
L C H H LLLLLLL HHLH X H X PREPARE TO SHIFT D1
L C H H LLLLLLL HHLL L L X SHIFT OUT D1,D2 READY TO SHIFT
L C L L XXXXXXX LLLL X L L RESET
H X X X XXXXXXX 22727 2% Z L HI-2

DESCRIPTION

SEE TEXT.




PAL Design Specification for PUART

Programable UART Logic Diagram PAL16R6
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Electronic Dice Game
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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 D1-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.

= I AAA

Q3 N VVv

= — T
Figure 1

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

D1=01 2 Q3 D2=Q1Q3+ Q1 Q4

D3 = Q3 D4 =01 Qp + Q7 Q4

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

D5 = Q5 Qg Q7 De = Q5 Q7 + Q5 Q8

D7=07 Dg = Q5 Q7 + 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 () o

}b—Jok @ b———0ai
D2 D —

—cLk a Q2
D3 D [¢] ot

—{cik GF———a3
D4 p af

L—Jcik @ Qa4

Figure 2

PRESENT STATE NEXT iTATE
STATE| O, | Q3 | G | O | D | Dy | D, | Dy
1 0 1 [} [} [} 0 1 ]
2 0 [} 1 [} 1 1 [} 0
3 1 1 [} 0 1 0 1 [}
4 1 0 1 0 1 1 1 0
5 1 1 1 0 1 0 1 1
6 1 0 1 1 ] 1 [} ]
Table 1
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Electronic Dice Game

Qo Dy KARNAUGH MAP Q4 D2 KARNAUGH MAP Q1 D3 KARNAUGH MAP Qq D4 KARNAUGH MAP
Q3\Q2 a3\ Q2 Q3\Q2 Q3\Q2
a~| 00 o.| n 10 an] o0 | o 1n | 10 an] o | o | n 10 an] % | o " 10
gum——
00 X 0 X X 0 | x [} X X 00 /K 1 X X > 00 X 1 x X
o1 X 0 0 X 01 X 1 0 X m\ X 1 1 y 01 X 1 [} X
i
1 0 m X x 1 1 1 X X 1 0 0 X x | " 1 1 X X
10 0 X X X 10 { 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
i
~O o4
2N4402
2N4402
I } D O .
O1uf Otuf
-y |
Qq | H
T Sk S2k S20k 2K
S $ bS
—TO—H1> | L
D Q2 =
1>
O 8,
1200
I I 1 l 1 1200
—{D Q3
- i 2900
a3 ] Iq-———'vw—<
I > D 04—-|
aa
| = |
‘ D Qs
35
)- D QG—J
G
__:D* 1200
- I 1200
D Q7 I I
- 2900
Q; I 1‘4———%—
1200
l — rM-—‘VW*
D Qg
0g
Figure 4




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 Q4 is high, the next clock should increment the
second die. Whenever Qq is low the second die should remain
the same. From this we now write all the equations.

Dy =Q; Q2Q3
Dz=6;03+6104
D3 = Qg

Dg=0Q1Q2+ Q1 Q4

D5 =01 Q5 + Q; 05 Qs Q7

Dg = 01 Qg + Q1 Q5 Q7 + Q1 05 Q8
D7=01Q7+ Q07
DB=_Q—108+Q1_Q—506+Q1Q—503

From these equations the logic diagram can be drawn.
(Figure 4)

Logic Design Using PAL Devices

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.

Vec
ROLL +5V

2N4402

X

= PAL16RS

~AAA

2900

2900

i

20,

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

gy

—_

5
8 5
5 4
9 4
4 3
0 3
3 2
1 2
2 1

1




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 /Q5 /08 /Q7 /Q6 /Q1 /Q4 /Q3 /Q2 vCC

QL := /Ql* 02* 03
+ INIT

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

Q3 := /Q3*%/INIT

04 := /Q1* Q2*%/INIT
+ /Ol* Q4*/INIT

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

Q5

+

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

06

+ + 1

Q1*/Q7*/INIT
/Q1* Q7*/INIT

Q7 :

+

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

08

+ 4+
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Electronic Dice Game

FUNCTION TABLE

CK /OC INIT /Q1 /Q2 /Q3 /Q4 /Q5 /Q6 /Q7 /Q8

/OUTPUTS

00000000
12345678

COMMENTS

NUMBER DISPLAYED
DIE 2 DIE 1

~e

~

~

~

eNe NN EeNe Ke!
[ o

[eEeNeNeoNe Ne]
(a =l ol 2N 2 3

eNoNeNeNeNe]
[

eNeNeNeNeKe!

[eNeNeNe e Ne!
[ B

eNeNeNeoNeoNe]
[ a5

Q
m

[ o 2 o

ol ol -0 [ B B ] [l ol N o [ =l = o ol o

e e

tad

LHHHHHHH
HHLHHHLH
HLHHHHLH
HHLLHHLH
HLHLHHLH
HLLLHHLH
LLHLHHLH

HHLHHLHH
HLHHHLHH
HHLLHLHH
HLHLHLHH
HLLLHLHH
LLHLHLHH

HHLHHHLL
HLHHHHLL
HHLLHHLL
HLHLHHLL
HLLLHHLL
LLHLHHLL

HHLHHLHL
HLHHHLHL
HHLLHLHL
HLHLHLHL
HLLLHLHL
LLHLHLHL

HHLHHLLL
HLHHHLLL
HHLLHLLL
HLHLHLLL
HLLLHLLL
LLHLHLLL

HHLHLLHL
HLHHLLHL
HHLLLLHL
HLHLLLHL
HLLLLLHL
LLHLLLHL

22222222

INITIALIZE COUNTER

AU WN AU W+ AU eWN - AU wWN -

Ul W

A wWwN -

TEST HI-Z

oo un L WWwwwww MO N Ll o o el

A Oy W OV
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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 (/OC) IS HIGH
AND ENABLED WHEN THE OUTPUT CONTROL LINE (/OC) 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 INPUPS 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

Electronic Dice Game Logic Diagram PAL16R8

ck —>

0123 4567 8 91011 12131415 16171819 20212223 24252627 28293031

L]
1
2
3 19 ==
N D Q @o—-qz
5
6
7

;
L
[

'z 18 o
2 o Q Q3

L
;

i b —
2 o a Q4

1
[

2
2 6 &7
2
2 D Qa Qi

L
E

NC5——§

15—

L
E

a 0 —

a b a Q7

L
¢

L
¢

Ne ¥

57

58 ,

59 [Ppp—
60 D a Q5
61

62 _

63 > a

Ne Py L <p—oc

0123 4567 8 91011 12131415 16171819 20212223 20252627 28293031
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4-Bit Serial Switch

PAL14L4

A
ne[[— 20]vee
soo [ZH [15] s10

= 18] s11
oo [T @o— [17] vo
DATA{ D1 E B AND a Yo— E Y1 }DATA

™ Y o [ annay = 7] v out
ol  Eo-{mw
s3o 2] [13] s20
s31 3] [i7] s21

anofi)] T—]s

|

L
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4-Bit Serial Switch

PAL14L4 PAL DESIGN SPECIFICATION
PD-100 N.SACHS/V.COLI 10/14/81
4-BIT SERIAL SWITCH

MMI SUNNYVALE, CALIFORNIA

NC s00 s01 DO D1 D2 D3 S30 S31 GND

S s21 s20 ¥3 Y2 Yl Y0 Sl1l s10 vcC

/¥3 = /S*/D3* S31* S30 sSWITCH D3 TO OUTPUT Y3 (S3=3)
+ /S*/D2* S31*/s30 ;SWITCH D2 TO OUTPUT ¥3 (S3=2)
+ /S*/D1*/S31* S30 7SWITCH D1 TO OUTPUT ¥3 (S3=1)
+ /S*/D0*/S31*/S30 ;SWITCH DO TO OUTPUT ¥3 (S3=0)
/Y2 = /S*/D3* S21* 520 ;SWITCH D3 TO OUTPUT Y2 (S2=3)
+ /S*/D2* S21*/520 ;SWITCH D2 TO OUTPUT Y2 (S2=2)
+ /S*/Dl*/S21* S20 ?SWITCH D1 TO OUTPUT Y2 (S2=1)
+ /S*/D0*/S21*/S20 ;SWITCH DO TO OUTPUT Y2 (S2=0)
/Y1l = /S*/D3* S11* S10 ;SWITCH D3 TO OUTPUT Y1 (S1=3)
+ /S*/D2* s11*/s10 ;SWITCH D2 TO OUTPUT Y1 (S1=2)
+ /S*/Dl*/S1ll* S10 ;SWITCH D1 TO OUTPUT Y1l (Sl=1)
+ /S*/D0*/S11*/S10 sSWITCH DO TO OUTPUT Y1 (S1=0)
/Y0 = /S*/D3* S01* SO0 ;SWITCH D3 TO OUTPUT YO0 (S0=3)
+ /S*/D2* S01*/s00 :SWITCH D2 TO OUTPUT YO (S0=2)
+ /S*/D1*/S01* S00 sSWITCH D1 TO OUTPUT YO0 (S0=1)
+ /S*/DO*/S01*/S00 ;SWITCH DO TO OUTPUT YO (S0=0)



FUNCTION TABLE

4-Bit Serial Switch

S s31 S30 S21 S20 S11 S10 SO1 S00 D3 D2 D1 DO ¥3 Y2 Y1 YO

H SWITCH CONTROL INPUTS OUTPUTS

H S3 s2 sl sO DDDD YYyYy

;S 10 10 10 10 3210 3210 COMMENTS

L HH HL LH LL LHLH LHLH D3=Y3, D2=Y2, Dl=Yl, DO=YO0
L LL LH HL HH LHLH HLHL D3=Y0, D2=Yl, Dl=Y2, D0=Y¥3
L LL HL LH HH LHLH HHLL Dp3=Y0, D2=Y2, Dl=Yl, DO=¥3
L LL LH HL HH LHLH HLHL D3=Y3, D2=Yl, Dl=¥2, DO=Y0
L LL LL HH HH HHLL LLHH D3=Y1,Y0 DO=¥3,Y¥2

L LL HH HH HH HLLL LHHH D3=Y2,Y¥1,Y0 DO=Y3

L LL LL LL LL HHHL LLLL D0=Y3,Y2,Y1,Y0

L LH LH LH LH HHLH LLLL D1=¥3,Y2,Y1,Y0

L HL HL HL HL HLHH LLLL D2=Y3,Y2,Y1,Y0

L HH HH HH HH LHHH LLLL D3=Y3,Y2,Y1,Y0

L LL LL LL LL LLLH HHHH D0=Y3,Y¥2,Y1,Y0

L LH LH LH LH LLHL HHHH Dl=Y3,Y2,Y1,Y0

L HL HL HL HL LHLL HHHH D2=Y¥3,Y2,Y1,Y0

L HH HH HH HH HLLL HHHH D3=Y3,Y2,Y1,Y0

H XX XX XX XX LLLL HHHH TEST STROBE WITH-D=L

H XX XX XX XX HHHH HHHH TEST STROBE WITH D=H
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4-Bit Serial Switch

DESCRIPTION

THIS IS A 4-BIT SERIAL SWITCH WHICH CONNECTS ANY INPUT (D) TO ANY OR ALL
OUTPUTS (Y) IN ANY COMBINATION. A STROBE LINE (S) IS PROVIDED TO GATE
THE OUTPUTS OFF (Y=H) WHEN THE STROBE INPUT IS HIGH. THE SWITCH LINES
(S3-0) ARE-ENCODED IN BINARY WITH S-0 REPRESENTING THE LSB.

PAL 14L4
A4
ne[F— 20]vee
switcH conTrot | 5% H Esw] SWITCH CONTROL
FOR OUTPUT Y0 | goq E | Esﬁ R OUTPUT Y1
oo[aH @.,_ [7]vo
o1[TH ano 5 o]
4BITINPUTS GATE 4BIT OUTPUTS
o2[FHarravE) DTy,
os [T} 5 il
30 -
swiren contro [ [ (0 E N ———
FOR OUTPUT 3 {531 [T 2] s21 | FOROUTPUT Y2
— ]
ano [ig] [M]s stroBE LINE




4-Bit Serial Switch

4-Bit Serial Switch

Logic Diagram PAL14L4
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Notes

6-70



9-Bit Register

PAL20X10
ck [ 24] vee
(oo [2 HE 23] o )
o[z & & 22] Q1
p2[a F ¥ 21] a2
o3[TH ano [ 70] @3
DATA OR |t DATA
w4 04 LeH xor - 19] Q4 ’ou*r
os |7 ::ny r— 18] Qs
D6 |8 H 17] Q6
or[s 6] 7
\Da 10 H ﬂ; 15] Q8
o n [ 18] NC
GND |12 13] OC
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9-Bit Register

PAL20X10 PAL DESIGN SPECIFICATION
PMST405 BIRKNER/COLI 07/19/81
9-BIT REGISTER

MMI SUNNYVALE, CALIFORNIA

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

/0C NC 08 Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 vcC

/Q0 := /Q0*/LD s HOLD Q0
+ /DO* LD ; LOAD DO
/Q1l := /Q1*/LD s HOLD Q1
+ /D1l* LD ; LOAD D1
/02 := /Q2*/LD ;HOLD Q2
+ /D2* LD ; LOAD D2
/Q3 := /Q3*/LD ;HOLD Q3
+ /D3* LD ; LOAD D3
/Q4 := /Q4*/LD ;HOLD Q4
+ /D4* LD ;LOAD D4
/Q5 := /Q5*/LD +HOLD Q5
+ /D5* LD ; LOAD D5
/Q6 := /Q6*/LD ;HOLD Q6
+ /D6* LD ; LOAD D6
/Q7 := /Q7*/LD sHOLD Q7
+ /D7* 1D ;LOAD D7
/08 := /08*/LD ;HOLD 08
+ /D8* LD ; LOAD D8
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FUNCTION TABLE

/0C CLK /LD D8 D7 D6 D5 D4 D3 D2 D1 DO Q8 Q7 06 Q5 04 03 02 Q1 QO

9-Bit Register

i/ C/ DATA IN DATA OUT

;OLL DDDDDDDDD QQQQQO00Q0

;CKD 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 2222272222 TEST HI-Z
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9-Bit Register

DESCRIPTION

THIS 9-BIT REGISTER LOADS THE DATA (D8-DO) 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-DO Q8-Q0 OPERATION

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

D
Vs
9-BIT

REGISTER [<«——CLOCK
LOAD ——»-O o<——OUTPUT CONTROL

&

Q
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9-Bit Register

9-Bit Register

ck—>

Logic Diagram PAL20X10
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9-Bit Register

—_ ]

Application

Parity Bus Interface

PARITY BUS ENABLE

cLK
o
PARITY BIT
+5V
8-BIT DATA
BUS IN PMSI405 8-BIT DATA BUS
S —— WITH PARITY
_E — 24 BIT OUT
L E DO v QH—2 ———/
N o oHa—1—
N 0 az}—| E——j
- {512 s O o}p—
N Epm BIT Q4 —igp——F——————~
REG
N [Hos os| E——/
- e oo -f——
~ E o7 a7} E———/
‘Il_-o' L—Ips  as|—{5 S
——E—dm oc 14] NC
T m
12 &
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Multifunction Octal Register

PAL20X8

cwk [1]
D |2
oo 3]
D1 j4
p2 [

D3 |6
DATA

ouTt

DATA y
IN D4 |7

ps [3]
D6 |9
\o7 [
POL E
ano [2]
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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 D5 D6 D7 POL GND

/0C /PR Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 /CLR VCC

/Q0 := CLR ;s CLEAR

+ /CLR*/PR*/LD*/Q0 s HOLD

:+: /CLR*/PR* LD* POL*/D0 ;LOAD DO (TRUE)

+ /CLR*/PR* LD*/POL* DO ;LOAD /D0 (COMP)
/01 := CLR ;CLEAR

+ /CLR*/PR*/LD*/Ql s HOLD

:+: /CLR*/PR* LD* POL*/Dl ;LOAD D1 (TRUE)

+ /CLR*/PR* LD*/POL* Dl ;LOAD /D1 (COMP)
/02 := CLR ;CLEAR

+ /CLR*/PR*/LD*/Q2 ; HOLD

:+: /CLR*/PR* LD* POL*/D2 ;LOAD D2 (TRUE)

+ /CLR*/PR* LD*/POL* D2 ;sLOAD /D2 (COMP)
/03 := CLR ;sCLEAR

+ /CLR*/PR*/LD*/Q3 ; HOLD

:+: /CLR*/PR* LD* POL*/D3 sLOAD B3 (TRUE)

+ /CLR*/PR* LD*/POL* D3 ;LOAD /D3 (COMP)
/04 := CLR ;CLEAR

+ /CLR*/PR*/LD*/Q4 s HOLD

:+: /CLR*/PR* LD* POL*/D4 sLOAD D4 (TRUE)

+ /CLR*/PR* LD*/POL* D4 :LOAD /D4 (COMP)
/Q5 := CLR ;sCLEAR

+ /CLR*/PR*/LD*/Q5 ; HOLD

:+: /CLR*/PR* LD* POL*/DS sLOAD DS (TRUE)

+ /CLR*/PR* LD*/POL* DS ; LOAD /D5 (COMP)
/Q6 := CLR ;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 ;s HOLD

s+: /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 DS D4 D3 D2 D1 DO /CLR /PR /LD POL CLK /OC Q7 06 Q5 04 Q3 Q2 Q1 QO

; 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 HE L L H C L HHHAHHEH PRESET (OVERRIDES LOAD)
LLLLLLLL L L L L € L LLLLLLLL CLEAR (POL=L)
HHHHHHHH H L L L C L HHHHHHHHE PRESET (POL=L)

;LOAD DATA - WALKING ZEROES (TRUE DATA)
HHHHHHHL H H L H C L HHHEHHHL LOAD HEX(FE)
HHHHHHLH H H L H C L HHHHHHLH LOAD HEX(FD)
HHHHHLHH H H L H C L HHHHELHH LOAD HEX(FB)
HHHHLHHH H H L H C L HHHHLHHH LOAD HEX(F7)
HHHLHHHH H H L H C L HHHLHHHHE LOAD HEX(EF)
HHLHHHHH H H L H C L HHLHHHHE LOAD HEX(DF)
HLHHHHHH H H L H C L HLHHHHHH LOAD HEX(BF)
LHHHHHHH H H L H 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(0l)
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)
LLLHLLLL H H L H C L LLLHLLLL LOAD HEX(10)
LLHLLLLL H H L H C L LLHLLLLL LOAD HEX(20)
LALLLLLL 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 H H H L ¢ L LLLLLLLL HOLD
LLLLLLLL H H L L C L HHEHHHHH 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 HHHHHHLH LOAD HEX(02) (COMP)
HHHHHHHH H H H H C L HHHHHHLH HOLD
LLLLLELL H H L L C L HHHHHLHHE LOAD HEX(04) (COMP)
LLLLLLLL H H H L C L HHHHHLEH HOLD
LLLLHLLL H H L L C L HHHHLHHH LOAD HEX(80) (COMP)
HHHHHHHH H H H H C L HHHHLHEH HOLD
LLLHLLLL H H L L C L HHHLHHHH LOAD HEX(10) (COMP)
LLLLLLLL H H H L C L HHHLHHEH HOLD
LLELLLLL HE H L L C L HHLHHHHH LOAD HEX(20) (COMP)
HHHHHHHH H H H H C L HHLHHHHH HOLD
LHLLLLLL H H L L € L HLEHHHHHE LOAD HEX(40) (COMP)
LLLLLLLL H H H L C€ L HLHHHHHH HOLD
HLLLLLLL H H L L C€ L LHHHHHHE LOAD HEX(80) (COMP)
HHHHHHHH H H H H C L LHHHHHHH HOLD
LLLLLLLL H H L L C L HHHHHEHH [LOAD HEX(00) (COMP)
XXXXXXXX X X X X X H 2222222Z  TEST HI-2
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Multifunction 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 (CIK).

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. THE HOLD OPERATION HOLDS THE
PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS.

CLEAR OVERRIDES PRESET, PRESET OVERRIDES LOAD, AND LOAD OVERRIDES HOLD.

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

/0C CLK /CLR /PR /LD POL D7-DO Q7-Q0 OPERATION

H X X X X X X Z HI-Z
L C L X X X X L CLEAR
L C H L X X X H PRESET
L C H H H X X Q HOLD
L C H H L H D D LOAD TRUE
L [} H H L L D /D LOAD COMP
D
I
POLARITY ———» MULTIFUNCTION
PRESET — > Ao [——ctock
CLEAR —>0) O<——OUTPUT CONTROL

Y

Q
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Multifunction Octal Register

Multifunction Octal Register Logic Diagram PAL20X 8
oK >
e 21 458 s 9 101 1213415 117 1818 w2020 24 2528627 293N 32334 35 36 3 3839
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Multifunction Octal Register

Application

16-Bit Register

16-BIT
DATA BUS
our

OUT ENABLE

el

13

]

—
2]

0

A4

B o |
o1—{ai]

BIT

aal—{15}

Q5

I

Qo

A 4

LD VCLR

D0

. o |
o1 —fai]

os-——E
as—{1]
as—{17)

osf—fE—

BIT
REG

Q7

D7
POLOCPR

7

]

|y ||

iy -
{e+—os pec oo

| gy
Liy—oe
e t—os

]
'

|

[y |

| gy
a D1

I5
Ii D3

T
1 7}—p4

B
i DS

51—
18] D6

o
[}
[i7

16-BIT
DATA BUS
IN

T



Quad 4:1 Mux

PAL18L4

S
1Cco ! — 24 veC

n 3] A

1c2[GH 77] B

1cs[AH 71] aca
2co[5H §:>o_a 1v
2c1 [6H G’}\% D._E 2y
sc2 E_ARRAV DR
2c3[TH 539_27] ay
aco [T [16] 4c2
ac1 [ [75] ac1

sc2 i [12] aco
ool L—J7]scs
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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

1C0 1C1 1C2 1C3 2C0 2C1 2C2 2C3 3CO0 3Cl 3C2 GND

3C3 4C0 4C1 4C2 4y 3Y 2y 1Y 4C3 B A VCC

/ly = /B*/A * /1CO s SELECT INPUT 1CO
+ /B* A * /1C1l ;s SELECT INPUT 1C1l
+ B*/A * /1C2 ;s SELECT INPUT 1C2
+ B* A * /1C3 ;s SELECT INPUT 1C3
/2Y = /B*/A * /2C0 ;s SELECT INPUT 2CO
+ /B* A * /2C1 s SELECT INPUT 2Cl
+ B*/A * /2C2 ;s SELECT INPUT 2C2
+ B* A * /2C3 s SELECT INPUT 2C3
/3Y = /B*/A * /3CO ;SEI/.ECT INPUT 3CO
+ /B* A * /3Cl ;s SELECT INPUT 3Cl
+ B*/A * /3C2 s SELECT INPUT 3C2
+ B* A * /3C3 s SELECT INPUT 3C3
/4Y = /B*/A * /4CO . s SELECT INPUT 4CO0
+ /B* A * /4Cl . s SELECT INPUT 4Cl
+ B*/A * /4C2 ;s SELECT INPUT 4C2
+ B* A * /4C3 s SELECT INPUT 4C3
nCo—> 4
paa |"C! o L .y
INPUTS | nC2—> MUX
nC3——|
§

2 SELECT LINES
WHERE n=1,2, 3, 0r 4
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FUNCTION TABLE

B A 1C0 1C1 1C2 1C3 2C0 2C1l 2C2 2C3 3CO 3Cl 3C2 3C3 4CO 4Cl 4C2 4C3 1Y 2Y 3Y 4y

Quad 4:1 Mux

; SEL INPUTS --OUTPUTS— COMMENTS
i 1C 2C 3C 4C
; BA 0123 0123 0123 0123 1Y 2Y 3Y 4y
LL LHHE HHHH HHHHE HHHH L H H H 1C0=0
LL HHHH LHHH HHHE HHHH H L H H 2C0=0
LL HHHH HHHH LHHH HHHH H H L H 3C0=0
LL HHHH HHHH HHHHE LHHH H H H L 4C0=0
L L HLLL LLLL LLLL LLLL H L L L 1Co=1
LL 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 HHHH HHHH HHEH HHHH H H H H TOGGLE LINES
L H HLHHE HHEH HHHH HHHH L H H H 1C1=0
LH HHHHE HLEH HHHH HEHH H L H H 2C1=0
LH HHHH HEHHH HLHHE HHHH H H L H 3C1=0
LHE HEHH HHHH HHHH HLHH H H H L 4C1=0
LH LHLL LLLL LLLL LLLL H L L L 1C1=1
LHE LLLL LHLL LLLL LLLL L H L L 2C1=1
L H LLLL LLLL LEHLL LLLL L L H L 3Cl=1
LH LLLL LLLL LLLL LHLL L L L H 4Cl=1
LH HHHH HHHH HHEH HEHE H H H H TOGGLE LINES
HL HHLH HHHH HHHH HHHH L H H H 1C2=0
HL HHHH HHLH HHHHE HHHH H L H H 2C2=0
HL HHHH HHHH HHLH HHHH H H L H 3C2=0
HL HHHH HHHH HHHH HHLH 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
HEL LLLL LLLL LLLL LLHL L L L H 4C2=1
HL HHHH HHHH HEEH HHHH H H H H TOGGLE LINES
HH HHHL HHHH HHHH HHHH L H H H 1C3=0
HH HHHH HHHL HHHHE HHHH H L H H 2C3=0
HH HHHH HHHH HHHL HHHH H H L H 3C3=0
HH HHHH HHHH HHHH HHHL H H H L 4C3=0
HEH LLLH LLLL LLLL LLLL H L L L 1C3=1
HH LLLL LLLHE LLLL LLLL L H L L 2C3=1
HH LLLL LLLL LLLH LLLL L L H L 3C3=1
HHE LLLL LLLL LLLL LLLH L L L H 4C3=1
HH HHHE HHEH HHHH HEHH H H H H TOGGLE LINES




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.

OPERATIONS TABLE:

INPUT OUTPUTS
SELECT

B A Y

L L co

L H Cl

H L Cc2

H H Cc3

Quad 4:1 Mux

SELECT



Quad 4:1 Mux

Quad 4:1 Multiplexer Logic Diagram PAL18L4

01 23 45 67 8 9 w0 121314 15 16 17 2020 24 2526 27 282930 3 3233343 36 37 3839

100 —{%

1C1 2-[}'*

1C2 3_|> <+——a

21
2c0 >3 " 4c3
k3
20
n 1Y
2
2c1&L B
2
19
" 2A
35
. ®
M ﬁo——- 3y
a3
2c27__p
a8
a9
B T av
51
52
53

9 N — 15 1
sco—J% —4c

sc1 Iy K——— 4co

1 N A 13
sc2—x K——3c3

01 23 45867 89w 12131815 1617 02 26252627 28293031 3233343 36373839
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Quad 4:1

Application
N 4:1 Bus Select BUS
BUS SELECT ouT
D c A 20 2! BUS
BITO —\J
] 2%
r To = l
BI co
L' aaH
BITO
I3 L B
~ Gl s
BITO
= [}—ics  acs|— Z,L
BIT1
5}—{2c0 1y }—] E BT o N
BIT1 BIT 1
S -y . —_—
I e EL I E ~
BIT1  ped BIT 2
— 122 avi— E} ~
BITH s ol _fm BIT 3
r BIT2 - — A
/———E —{3co ac2|—] E—————
BIT2
ol | ]
[io}—sc1 ac E-———-—
BIT2
2
- E_ 362 40— E—
E ] 3
BIT2
4 BIT3
a BIT3
BIT3
- BIT3
L~
BIT4 —\J
=
e A8 | =]
BIT4 1C0
Ty I e I
BIT4
— (0 o Y S P71
BIT4
- ez scs| 21}
BITS BIT 4
5 |—{2co 1Y |—] z__gk w
BITS BIT5
E L——12c1 2y }— E N
BITS - BIT 6
By B ||
- ez o E» ~
BITS Gl s oLt BIT 7
@ BIT6 = — A
9 }—3co ac2 ——13————
BITE
—[13 —{3c1  act1|—] E————
BIT 6 —
- L‘-h _— 3c23c34co - ul———
||zi L In
BIT 6
- BIT7
r BIT7
BIT 7
4 BIT7
-




Dual 8:1 Mux

AND
105 [5]H cate
[RRAY
ws[TH

w7

PAL20L2
moE-—] ~ 2avee
o1zZH 23] A
2[5 22| B
13[aH 21 ¢
104[F}H 20 s

Ew
18] 2v
Ezm

00T H
201[g]

16] 206
[75] 205

20211}

anofg] L—

1

14} 2D4

[13] 203




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 1p3 1p4 1D5 1D6 1D7 2D0 2D1 2D2 GND

2D3 2p4 2p5 2p6 2D7 2¥ 1y S C B A VCC

/1Y = /S*/C*/B*/A * /1D0 s SELECT INPUT 1DO
+ /S*/C*/B* A * /1Dl s SELECT INPUT 1Dl
+ /S*/C* B*/A * /1D2 s SELECT INPUT 1D2
+ /S*/C* B* A * /1D3 s SELECT INPUT 1D3
+ /S* C*/B*/A * /1D4 s SELECT INPUT 1D4
+ /S* C*/B* A * /1D5 s SELECT INPUT 1D5
+ /S* C* B*/A * /1D6 ;s SELECT INPUT 1D6
+ /S* C* B* A * /1D7 s SELECT INPUT 1D7

/2Y = /S*/C*/B*/A * /2D0 3 SELECT INPUT 2D0
+ /S*/C*/B* A * /2D1 s SELECT INPUT 2D1
+ /S*/C* B*/A * /2D2 ; SELECT INPUT 2D2
+ /S*/C* B* A * /2D3 s SELECT INPUT 2D3
+ /S* C*/B*/A * /2D4 s SELECT INPUT 2D4
+ /S* C*/B* A * /2D5 s SELECT INPUT 2D5
+ /S* C* B*/A * /2D6 s SELECT INPUT 2D6
+ /S* C* B* A * /2D7 ;s SELECT INPUT 2D7

nD0———>

nD1———>

nD2———»| 8
paTA | D3—> T0 I
INPUTS | ND4————> 1

nD5——» Mux

nD6——>|

np7 ———|

S ABC
STROBE LINE—! L— 3 SELECT LINES

WHERE n =1 OR 2
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Dual 8:1 Mux

FUNCTION TABLE

C B A 1p0 1p1 1p2 1p3 1p4 1D5 1D6 1D7 2D0 2D1 2D2 2D3 2D4 2D5 2D6 2D7 S 1y 2Y

s SELECT INPUTS INPUTS OUTPUTS COMMENTS
; 1D~ 2D~
; CBA 01234567 01234567 S 1ly 2y
L L L. LHHHHHHH LHHHHHHH L L L 1D0=0 2p0=0
L L L. HLLLLLLL LHHHHHHH L H L 1p0=1 2D0=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 1D1=1 2p1=0
L L H HLHHHHHH LHLLLLLL L L H 1p1=0 2pl=1
L L H LHLLLLLL LHLLLLLL L H H 1D1=1 2p1l=1
L L H HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
L H L HHLHHHHH HHLHHHHH L L L 1D2=0 2D2=0
L HL LLHLLLLL HHLHHHHH L H L 1p2=1 2p2=0
L HL HHLHHHHH LLHLLLLL L L H 1D2=0 2Dp2=1
L HL LLHLLLLL LLHLLLLL L H H 1D2=1 2p2=1
L HL 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 2D3=0
L HH HHHLHHHH LLLHLLLL L L  H 1D3=0 2Dp3=1
L HH LLLHLLLL LLLHLLLL L H H 1p3=1 2p3=1
L HH HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
H L L. HHHHLHHH HHHHLHHH L L L 1D4=0 2D4=0
H L L LLLLHLLL HHHHLHHH L H L 1D4=1 2D4=0
H L L. HHHHLHHH LLLLHLLL L L H 1D4=0 2p4=1
HLL LLLLHLLL LLLLHLLL L H H 1D4=1 2p4=1
H L L. HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
H L H HHHHHLHH HHHHHLHH L L L 1D5=0 2D5=0
H L H LLLLLHLL HHHHHLHH L H L 1D5=1 2D5=0
H L H HHHHHLHH LLLLLHLL L L H 1D5=0 2D5=1
HLH LLLLLHLL LLLLLHLL L H H 1D5=1 2p5=1
H L H HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
H H I. HHHHHHLH HHHHHHLH L L L 1D6=0 2D6=0
H H L LLLLLLHL HHHHHHLH L H L 1D6=1 2D6=0
H H . HHHHHHLH LLLLLLHL L L H 1D6=0 2D6=1
HHL LLLLLLHL LLLLLLHL L H H 1D6=1 2Dp6=1
H H L. HHHHHHHH HHHHHHHH L H H TOGGLE OTHER LINES
H H H HHHHHHHL HHHHHHHL L L L 1p7=0 2D7=0
HHH LLLLLLLH HHHHHHHL L H L 1p7=1 2D7=0
H HH HHHHHHHL LLLLLLLH L L H 1D7=0 2Dp7=1
HHH LLLLLLLH LLLLLLLH L H H 1D7=1 2D7=1
H H H 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
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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




Dual 8:1 Mux

Dual 8:1 Multiplexer Logic Diagram PAL20L2

01 213 45 6 7 890N 12131415 16 17 1819 w220 24 25 26 27 2930 32334 3 3% 373

1 N
100 -—P%

101 —Ps1| ——2a

102 —P —%8

«a 18
“ ¥ 2y
s

106 -—x o7

17—y &S 206

20025 ———— 205

D10 N j“l—————li 2D4
" ~N .
w2l_Ppy — S L L
1 3 45 910N 12 131415 16 17 1819 w0220 24 25 26 27 28 29 38 3 32 334 35 N HN
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Dual 8:1 Mux

Application 8:1 Bus Select
BUS
IN SELECT
BUS ’—o"’r'? BUS OUT
A B E F G H 2% 2' 22 strRoBe Bus
BIT 0 r el
s 1] 24]
BIT 0 r LU B
r BIT 0 =
[y -
L~ G ez
BIT 0 - -
,— a}—wos  cf—21]
( BIT 0 ‘-5“_ 104 s E
BIT 0 E_ms w___JE arro\
- BIT 0 EL—ms 2”—3 an'%
BIT 0 =
|~ w7 worfp{}—
BIT 1 -
- [o}—200 208 —1}—
BIT 1 -
- [o}—201 20s—if—
BIT 1 ™ 2D2 2D4 )
g o
[z B
BIT 1 |
4 BIT 1
4 BIT 1
BIT 1
4 BIT 1
-
BIT 2 r—
I~ L
BIT 2 r
r L
BIT 2 -
~ L
- BIT 2 E L s o Z'l
- BIT 2 o s} E
BIT 2 E___ 105 1y __E BIT 2
BIT 2 1 . BIT 3
- : - s 2v—{i5} N
1107 - :___._______
- J:a 207 —{17]
BIT 3
9]—{200 206}— E——
4 BIT 3 o
= , fio}—201 2055} ——
BIT 3 ~Iml_lw2 2
- —LU— 2%3 04—
|szl 13
BIT 3
- : J
BIT 3
4 BIT 3
BIT 3
4 BIT 3
-
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16:1 Mux

PAL20C1
A e

ofil— 2a] vee
&1 [ZH 23] A
e2 3] 2] 8
e [2] 71] ¢

E4 |51 20] D

ND
es [s GAATE ?E %
ARRAY|
es [T H E w
er - [17] E15
E8 E— E E14
E9 E E E13

E10 E 13] 12
ool L— i en

1

T

L

]
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16:1 Mux

PAL20C1 PAL DESIGN SPECIFICATION
7418450 BIRKNER/KAZMI/BLASCO 02/19/81
16:1 MULTIPLEXER

MMI SUNNYVALE, CALIFORNIA

EO El1 E2 E3 E4 E5 E6 E7 E8 E9 EIO GND

Ell E12 ElI3 El4 E1I5W Y D C B A VvCC

Y = /D*/C*/B*/A * EO s SELECT INPUT EO
+ /D*/C*/B* A * El #SELECT INPUT El
+ /D*/C* B*/A * E2 s SELECT INPUT E2
+ /D*/C* B* A * E3 :SELECT INPUT E3
+ /D* C*/B*/A * E4 ;SELECT INPUT E4
+ /D* C*/B* A * E5 ;SELECT INPUT ES
+ /D* C* B*/A * E6 s SELECT INPUT E6
+ /D* C* B* A * E7 7SELECT INPUT E7
+ D*/C*/B*/A * E8 :SELECT INPUT E8
+ D*/C*/B* A * E9 ;SELECT INPUT E9
+ D*/C* B*/A * El10 3 SELECT INPUT El10
+ D*/C* B* A * Ell ;SELECT INPUT Ell
+ D* C*/B*/A * El2 +SELECT INPUT El12
+ D* C*/B* A * El13 ;SELECT INPUT E13
+ D* C* B*/A * El4 sSELECT INPUT El14
+ D* C* B* A * E15 s SELECT INPUT E15

EQ——
El——>»]
E2——>
E3——>
E4——>
E5 ——|
E6———> 16

16 »

DATA :: T1° WHERE Y = W
INPUTS | E8—™ MUX -wW

E9———>

E10——»1
E1l————>
E12———»
E13———>
E14——>
E15——»

Ll

—_———
4 SELECT LINES



16:1 Mux

FUNCTION TABLE
DCBAEOEL E2 E3 E4 E5 E6 E7 E8 E9 E10 E11l E12 E13 El4 E15 Y W

; SELECT INPUTS OUTPUTS COMMENTS

; 111111

;s 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
LLLEH 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
LLHE H L TOGGLE OTHER LINES
LHLL L H INPUT E4 = 0
LEHLL H L INPUT E4 = 1
LHLL H L TOGGLE OTHER LINES
LHLEH L H INPUT E5 = 0
LHLEH H L INPUT E5 = 1
LHLEH H L TOGGLE OTHER LINES
LHHL L H INPUT E6 = 0
LEHL H L INPUT E6 = 1
LHHL H L TOGGLE OTHER LINES
LHHH L H INPUT E7 = 0
LEHH H L INPUT E7 =1
LHHE 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 = 0
HLHH H L INPUT El11 =1
HLHEH H L TOGGLE OTHER LINES
HHLL L H INPUT E12 = 0
HHLL H L INPUT E12 =1
HHLL H L TOGGLE OTHER LINES
HHLH L H INPUT E13 = 0
HHLEH H L INPUT E13 =1
HHLH H L TOGGLE OTHER LINES
HHHL L H INPUT E14 = 0
HHHL H L INPUT El4 = 1
HHHL H L TOGGLE OTHER LINES
HHHH L H INPUT E15 = 0
HHHH H L INPUT E15 =1
HHHEH H L TOGGLE OTHER LINES
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16:1 Mux

e ————————

DESCRIPTION

THIS IS AN EXAMPLE OF A 16-TO-1 MULTIPLEXER USING A PAL20Cl. BOTH TRUE
(Y) AND COMPLEMENT (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 A W Y
L L L L /EO EO
L L L H /El El
L L H L /E2 E2
L L H H /E3 E3
L HL L /E4 E4
L HL H /E5 E5
L HH L /E6 E6
L H HH /E7 E7
H L L L /E8 E8
H L L H /E9 E9
H L H L /E10 E10
H L H H /E11 Ell
HHL L /E12 El12
H H L H /E13 E13
H H H L /El4 El4
H H H H /E15 E15




16:1 Mux

16:1 Multiplexer Logic Diagram PAL20C1

01 23 4 5 6 7 8 90N 121314 15 16 17 1819 w2 20 252627 28 2930 N 323334 35 36 37 38 39

SR
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4 N 21
B —x ¢

B 1% Ve

8 [ > 16
E7 1% N Eua

s> <}——FEn

E9 KF—— 2

1 N 13
er0—P% K—"en

01 23 45 6 7 8 91011 12131815 1617 1819 202122 23 24 252627 28 2930 31 323334 35 36 37 3839




Application

TEST
SELECT

6-100

TEST 0

TEST 1

TEST 2

TEST 3

TEST 4

TEST 5

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

3
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e I e B
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[ cf—
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| gy B 15
e e
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e e
[o}—es e
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F
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TEST

TEST



3-t0-8 Demultiplexer with
Control Storage

PAL16R8
e [T—=— 23] vee
PR3 H 3 a1
NOs "f@olmm
s o 0 55l Lo
:EL::J:V"@&SM
(] K & 14} @5
poL[s L 'FQ@,EN
| HEh
TOG|[ 9 j 307
anofio o 1 S

6-101



3-to-8 Demultiplexer with Control Storage

PAL16RS
PMSIOO01
3-T0-8 DEMULTIPLEXER WITH CONTROL STORAGE
MMI SUNNYVALE, CALIFORNIA
CIK /CLR /PRA B C /LD POL TOG GND
Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 vcC

/oC

/90

/Q1

/Q2

/Q3

/4

/Q5

:= CLR

+ /PR* LD*/POL*/C*/B*/A
+ /PR* LD* POL* A
+ /PR* LD* POL* B

+ /PR* LD* POL* C

+ /PR*/LD*/TOG*/Q0

+ /PR*/LD* TOG* QO

¢= CLR
+ /PR* LD*/POL*/C*/B* A
+ /PR* LD* POL* /A

+ /PR* LD* POL* B
+ /PR* LD* POL* C
+ /PR*/LD*/TOG*/Ql
+ /PR*/LD* TOG* Q1

s= CLR
+ /PR* LD*/POL*/C* B*/A
+ /PR* LD* POL* A

+ /PR* LD* POL* /B
+ /PR* LD* POL* C
+ /PR*/LD*/TOG*/Q2
+ /PR*/LD* TOG* Q2

¢= CLR
+ /PR* LD*/POL*/C* B* A
+ /PR* LD* POL* /A

+ /PR* LD* POL* /B
+ /PR* LD* POL* C
+ /PR*/LD*/TOG*/Q3
+ /PR*/LD* TOG* Q3

:= CLR
+ /PR* LD*/POL* C*/B*/A
+ /PR* LD* POL* A

+ /PR* LD* POL* B
+ /PR* LD* POL*/C
+ /PR*/LD*/TOG*/Q4
+ /PR*/LD* TOG* Q4

¢= CLR
+ /PR* LD*/POL* C*/B* A
+ /PR* LD* POL* /A

+ /PR* LD* POL* B
+ /PR* LD* POL*/C
+ /PR*/LD*/TOG*/Q5
+ /PR*/LD* TOG* Q5
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PAL DESIGN SPECIFICATION
BIRKNER/COLI 04/07/82

;sCLEAR Q0

;s LOAD COMPLEMENT
;s LOAD TRUE

;s LOAD TRUE

;s LOAD TRUE

s HOLD

; TOGGLE POLARITY

;CLEAR Q1

;s LOAD COMPLEMENT
; LOAD TRUE

; LOAD TRUE

; LOAD TRUE

s HOLD

; TOGGLE POLARITY

;CLEAR Q2

: LOAD COMPLEMENT
;LOAD TRUE

:LOAD TRUE

;LOAD TRUE

;s HOLD

: TOGGLE POLARITY

;sCLEAR Q3

; LOAD COMPLEMENT
;s LOAD TRUE

;s LOAD TRUE

; LOAD TRUE

s HOLD

;s TOGGLE POLARITY

;CLEAR Q4

; LOAD COMPLEMENT
; LOAD TRUE

; LOAD TRUE

;s LOAD TRUE

s HOLD

; TOGGLE POLARITY

sCLEAR Q5

; LOAD COMPLEMENT
;s LOAD TRUE

;s LOAD TRUE

; LOAD TRUE

;s HOLD

;s TOGGLE POLARITY

(DECODE 000)

(DECODE 001)

(DECODE 010)

(DECODE 011)

(DECODE 100)

(DECODE 101)



/Q6

/Q7

3-to-8 Demulitiplexer with Control Storage

s= CLR

+ /PR* LD*/POL* C* B*/A
+ /PR* LD* POL* A
+ /PR* LD* POL* /B

+ /PR* LD* POL*/C

+ /PR*/LD*/TOG*/Q6

+ /PR*/LD* TOG* Q6

:= CLR

+ /PR* LD*/POL* C* B* A
+ /PR* LD* POL* /A
+ /PR* LD* POL* /B

+ /PR* LD* POL*/C

+ /PR*/LD*/TOG*/Q7

+ /PR*/LD* TOG* Q7

FUNCTION TABLE

;CLEAR Q6

; LOAD COMPLEMENT (DECODE 110)
;s LOAD TRUE
; LOAD TRUE
;s LOAD TRUE

s HOLD

; TOGGLE POLARITY

;CLEAR Q7

; LOAD COMPLEMENT (DECODE 111)
; LOAD TRUE
; LOAD TRUE
;s LOAD TRUE

s HOLD

; TOGGLE POLARITY

/0C CLK /CLR /PR /LD POL TOG C B A Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0

7 CONTROL FUNCTIONS POLARITY INPUT OUTPUT
;/0C CLK /CLR /PR /LD POL TOG CBA Q7----Q0 COMMENTS

L C L L L H L XXX LLLLLLLL CLEAR (OVERRIDES /PR)
L C H L L H L XXX HHHHHHHH PRESET (OVERRIDES /LD)
L ¢ H H L H X LLL LLLLLLLH LOAD 0 (TRUE INPUT)

L C H H L H X LLH LLLLLLHL LOAD 1 (TRUE INPUT)

L C H H L H X LHL LLLLLHLL LOAD 2 (TRUE INPUT)

L C H H L H X LHH LLLLHLLL LOAD 3 (TRUE INPUT)

L C H H L H X HLL LLLHLLLL LOAD 4 (TRUE INPUT)

L C H H L H X HLH LLHLLLLL LOAD 5 (TRUE INPUT)

L ¢ H H L H X HHL LELLLLLL LOAD 6 (TRUE INPUT)

L C H H L H X HHH HLLLLLLL LOAD 7 (TRUE INPUT)

L C H H H X L XXX HLLLLLLL HOLD 7 (TRUE POLARITY)
L C H H H X H XXX LHHHHHHH HOLD (TOGGLE POLARITY)
L C H H H X H XXX HLLLLLLL HOLD (TOGGLE POLARITY)
L C H H L L X LLL HHHHHHHL LOAD 0 (COMP INPUT)

L C H H L L X LLH HHHHHHLH LOAD 1 (COMP INPUT)

L ¢ H H L L X LHL HHHHHLHH LOAD 2 (COMP INPUT)

L C H H L L X LHH HHHHLHHH LOAD 3 (COMP INPUT)

L C H H L L X HLL HHHLHHHH LOAD 4 (COMP INPUT)

L C H H L L X HLH HHLHHHHH LOAD 5 (COMP INPUT)

L C H H L L X HHL HLHHHHHH LOAD 6 (COMP INPUT)

L C H H L L X HHH LHHHHHHH LOAD 7 (COMP INPUT)

L C H H H X L XXX LHHHHHHH HOLD 7 (TRUE POLARITY)
L C H H H X H XXX HLLLLLLL HOLD ' (TOGGLE POLARITY)
L ¢C H H H X H XXX LHHHHHHH HOLD (TOGGLE POLARITY)
H X X X X X X XXX 222222727 TEST HI-Z
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3-to-8 Demultiplexer with Control Storage

DESCRIPTION

THE 3-T0-8 DEMULTIPLEXER WITH CONTROL STORAGE PROVIDES A CONVENTIONAL 8-BIT
DEMUX FUNCTION COMBINED WITH CONTROL STORAGE FUNCTIONS: LOAD TRUE, LOAD COMPLE-
MENT, HOLD, TOGGLE POLARITY, CLEAR, AND PRESET. FIVE INPUTS (/LD, /CLR, /PR,
POL, TOG) SELECT ONE OF SIX OPERATIONS WHICH OCCUR SYNCHRONOUSLY WITH THE
RISING EDGE OF THE CLOCK (CIK).

THE LOAD TRUE OPERATION LOADS THE DECODED BINARY INPUTS (A,B,C) INTO THE OUTPUT
REGISTER (Q7-Q0) WHEN POLARITY IS TRUE (POL=H). THE COMPLEMENT OF THE BINARY
INPUTS IS DECODED AND LOADED INTO THE OUTPUT REGISTER WHEN POLARITY IS FALSE
(POL=L) . '

THE HOLD OPERATION HOLDS THE PREVIOUS VALUE IN THE REGISTER WHEN TOGGLE IS
FALSE (TOG=L) REGARDLESS OF CLOCK TRANSITIONS. THE TOGGLE POLARITY OPERATION
TOGGLES THE POLARITY OF THE DATA IN THE OUTPUT REGISTER WHEN TOGGLE IS TRUE
(TOG=H) .

THE CLEAR (/CLR) OPERATION RESETS THE OUTPUT REGISTER TO ALL LOWS. THE PRESET
(/PR) OPERATION PRESETS THE OUTPUT REGISTER TO ALL HIGHS. NOTE THAT CLEAR
OVERRIDES PRESET, PRESET OVERRIDES LOAD, AND LOAD OVERRIDES HOLD.

THE POLARITY OF "POL" MAY BE CHANGED IN THE LOGIC EQUATIONS TO SUIT SPECIFIC
APPLICATIONS SO THAT CERTAIN OUTPUT POLARITIES ARE ASSERTIVE HIGH WHILE OTHERS
ARE ASSERTIVE LOW.

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

CONTROL FUNCTIONS  POLARITY INPUTS OUTPUTS
/0C CLK /CIR /PR /LD POL TOG  ABC Q7-Q0 OPERATION
E X X X X X X X 2 HI-Z
L C L X X X X X L CLEAR
L ¢ H L X X X X H PRESET
L ¢ H H L H X I MUX LOAD TRUE
L C H H L L X I /MUX LOAD COMP
L C H H H X L X o) HOLD
L C H H H X = X /9 TOGGLE POLARITY
ABC
&
TOGGLE —>|
POLARITY ~————3 3-TO-8 |-«—— CLOCK

LOAD —>d  DEMUX WITH
PRESET ——»0l CONTROL STORAGE b<«—— OUTPUT CONTROL

CLEAR —»0
8V

Q
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3-to-8 Demultiplexer with Control Storage

Logic Diagram PAL16R8
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3-to-8 Demultiplexer with Control Storage

NEXT ADDRESS

2Kx8 PROM*

2Kx8 PROM*

2Kx8 PROM*

2Kx8 PROM*

2Kx8 PROM*

2Kx8 PROM*

2Kx8 PROM*

2Kx8 PROM*

'\} 8-BIT REGISTER

CONTROLS

*Monolithic Memories 6351681
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4-Bit Shifter

PAL14L4
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PAL1414
PD-101
4-BIT SHIFTER

MMI SUNNYVALE, CALIFORNIA

D-3 D-2 D-1 DO D1 D2 D3 NC NC GND
S I0 Il ¥3 Y2 Yl YO NC NC wcC

/Y0 = /s*/I11*/10* /DO
+ /S*/Il* 10*/D-1
+ /S* I1*/10*/D-2
+ /S* Il* 10*/D-3

/Yl = /s*/I1*/10*/D1
+ /S*/I1* 10*/DO
+ /S* I1*/10*/D-1
+ /S* I1* 10*/D-2

/Y2 = /S*/I1*/10%*/D2
+ /S*/Il* 1I0*/Dl
+ /S* I1l*/10*/DO
+ /S* Il* 1I0*/D-1

/Y3 = /S*/11*/10%/D3
+ /S*/Il* 10*/D2
+ /S* I1*/10%*/D1
+ /S* I1* 1I0*/DO

FUNCTION TABLE

4-Bit Shifter

PAL DESIGN SPECIFICATION
VINCENT COLI 10/05/81

;NO SHIFT (DO)

;SHIFT 1 PLACE (D-1)
3 SHIFT 2 PLACES (D-2)
;SHIFT 3 PLACES (D-3)

;NO SHIFT (D1)

;SHIFT 1 PLACE (DO)
;SHIFT 2 PLACES (D-1)
;SHIFT 3 PLACES (D-2)

:NO SHIFT (D2)

;SHIFT 1 PLACE (D1)
;SHIFT 2 PLACES (DO)
:SHIFT 3 PLACES (D-1)

;NO SHIFT (D3)
;SHIFT 1 PLACE (D2)
s SHIFT 2 PLACES (D1)
;SHIFT 3 PLACES (DO)

S I1 10 D3 D2 D1 DO D-1 D-2 D-3 ¥3 Y2 Y1 YO

; CONTROL INPUTS OUTPUTS

H II DDDD D- yyy

; S10 3210 123 3210 COMMENTS
LLL HHHL HHH HHHL NO SHIFT L (I=0)
LLH HHHL HHH HHLH SHIFT L 1 PLACE (I=1)
LHL HHHL HHH HLHH SHIFT L 2 PLACES (I=2)
LHH HHHL HHH LHHH SHIFT L 3 PLACES (I=3)
LLL LLLH LLL LLLH NO SHIFT H (I=0)
LLH LLLH LLL LLHL SHIFT H 1 PLACE (I=1)
LHL LLLH LLL LHLL SHIFT H 2 PLACES (I=2)
LHH LLLH LLL HLLL SHIFT H 3 PLACES (I=3)
LLL LLLL HHH LLLL NO SHIFT L's (I=0)
LLH HLLL LHH LLLL SHIFT L's 1 PLACE (I=1)
LHL HHLL LLH LLLL SHIFT L's 2 PLACES (I=2)
LHH HHHL LLL LLLL SHIFT L's 3 PLACES (I=3)
LLL HHHH LLL HHHH NO SHIFT H's (I=0)
LLH LHHH HLL HHHH SHIFT H's 1 PLACE (I=1)
LHL LLHH HHL HHHH SHIFT H's 2 PLACES (I=2)
LHH LLLH HHH HHHH SHIFT H's 3 PLACES (I=3)
HXX LLLL LLL HHHH STROBE TEST WITH S=L
HXX HHHH HHH HHHH STROBE TEST WITH S=H
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4-Bit Shifter

DESCRIPTION

THE 4-BIT SHIFTER ACCEPTS A 4-BIT DATA WORD (D) AND SHIFTS THE WORD 0,

1, 2, OR 3 PLACES TO OUTPUTS (Y). THE NUMBER OF PLACES TO BE SHIFTED IS
DETERMINED BY TWO CONTROL LINES (Il,I0) WHICH ARE ENCODED IN BINARY WITH

I0 REPRESENTING THE LSB. A STROBE LINE (S) IS PROVIDED TO GATE THE OUTPUTS
OFF (Y=H) WHEN THE STROBE INPUT IS HIGH.

OPERATIONS TABLE:

S I1 10 D3-D-3 Y3-Y0 OPERATION

H STROBE HIGH

D NO SHIFT
S(D)1 SHIFT 1 PLACE
s(p)2 SHIFT 2 PLACES
s(p)3 SHIFT 3 PLACES

[ ol ]
mom e e
| e e
DoooX

TWO OR MORE 4-BIT SHIFTERS MAY BE CONNECTED TO IMPLEMENT LARGER SHIFTERS.
SHIFTING CAN BE LOGICAL, WITH ZEROES PULLED IN AT EITHER OR BOTH ENDS OF
THE SHIFTING FIELD; ARITHMETIC, WHERE THE SIGN BIT IS REPEATED DURING A
SHIFT DOWN; OR END AROUND, WHERE THE DATA WORD FORMS A CONTINUOUS LOOP.

D-3 —|
D-2 —»
7 D-1 —>]
DATA { Do —>] s»:;g‘lrER > Yo .
INPUTS | D1 —>] Y1 DATA
D2 —» Y2 | outpuTs
D3 Y3

t

s 10N
STROBE LINE—— ~ T—— 2 SHIFT CONTROL LINES
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PAL14L4
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4-Bit Shifter

~ oz2[]

PAL14L4
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4-Bit Shifter
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4-Bit Shifter
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Logic Diagram PAL14L4
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6-Bit Right Shifter

PAL20L8

24]jvcc

23] im1
22] 05
[21] 04
[20] 03
o
18] 1
[17] 02
[16] 01
[5] 00
lojn Eso
EE

AND
OR
GATE
ARRAY

>
wof [ I~] =] [=] =] fef I~] -

(SELETY |

7]
z
O
S

6-113



6-Bit Right Shifter

PAL20LS8 PAL DESIGN SPECIFICATION
SHIFT6 FRANK LEE 03/10/83
6-BIT RIGHT SHIFTER

MMI SUNNYVALE, CALIFORNIA

I10 19 I8 17 16 I5 I4 I3 I2 I1 I0 GND

/0C s0 00 01 02 S1 S2 03 04 05 Ill vcC

IF(OC) /05 =  S2*% S1*/S0*/Ill ;SHIFT 6 BITS
+ 82*%/sl* S0*/110 ;SHIFT 5 BITS
+  82*%/S1*/s0*/19 $SHIFT 4 BITS
+ /82*% gl* S0*/18 ;SHIFT 3 BITS
+ /S2* S1*/S0*/17 ;SHIFT 2 BITS
+ /S2%/S1* S0*/16 $SHIFT 1 BIT
+ /S2*/S1*/S0*/15 ;SHIFT 0 BIT
IF(OC) /04 =  S2* S1*/S0*/I10 ;SHIFT 6 BITS
+  S2*/s1l* S0*/19 s SHIFT 5 BITS
+  S2*/S1*/s0*/18 ;SHIFT 4 BITS
+ /S2* Sl* S0*/17 :SHIFT 3 BITS
+ /S2*% S1*/S0*/16 ;SHIFT 2 BITS
+ /S2%/Sl* s0*/I5 $SHIFT 1 BIT
+ /S2%/S1l*/S0*/I4 ;SHIFT 0 BIT
IF(OC) /O3 = S2* S1*/S0*/I9 sSHIFT 6 BITS
+  S2*%/S1l* s50*/18 ;SHIFT 5 BITS
+  82%/S1*/S0*/I7 3 SHIFT 4 BITS
+ /S2* gl* S0*/I6 :SHIFT 3 BITS
+ /S2* Sl*/s0*/15 $SHIFT 2 BITS
+ /S2*/S1l* S0*/I4 $SHIFT 1 BIT
+ /S2%/S1*/S0*/13 $SHIFT 0 BIT
IF(OC) /02 =  S2*% S1*/S0*/18 ;SHIFT 6 BITS
+  82%/Sl* s0*/17 $SHIFT 5 BITS
+ S2%/S1*/S0*/16 ;SHIFT 4 BITS
+ /S2* Sl* S0*/1I5 ;SHIFT 3 BITS
+ /S2% S1*/S0*/I4 ;SHIFT 2 BITS
+ /S2*/Sl* s0*/13 ;SHIFT 1 BIT
+ /S2%/S1%*/S0%/12 ;SHIFT 0 BIT
IF(OC) /Ol = S2* S1*/S0*/17 ;SHIFT 6 BITS
+ S2*/Sl* sS0*/I6 ;SHIFT 5 BITS
+  82*%/S1*/s0*/15 ;SHIFT 4 BITS
+ /S2*% Sl* S0*/I4 s SHIFT 3 BITS
+ /S2*% S1*/S0*/13 $SHIFT 2 BITS
+ /S2%/S1* S0*/I2 ;SHIFT 1 BIT
+ /82*%/S1*/S0*/I1 $SHIFT 0 BIT
IF(OC) /00 = S2* S1*/S0*/16 3 SHIFT 6 BITS
+  S2*/Sl* sS0*/15 ;SHIFT 5 BITS
+ 82%/S1*/S0*/14 ;SHIFT 4 BITS
+ /S2*% gl* S0*/1I3 s SHIFT 3 BITS
+ /S2% g1*/S0*/12 3 SHIFT 2 BITS
+ /82%/S1* S0*/I1 ;SHIFT 1 BIT
+ /S2*/S1*/sS0*/I0 $ SHIFT 0 BIT
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6-Bit Right Shifter

FUNCTION TABLE

/O0C s2 sl sO0 I1l I10 I9 I8 I7 I6 I5 I4 I3 I2 I1 I0 O5 04 03 02 O1 00

i/ II
30 8SS 11IIITI IIIIII OOOO0O0
;C 210 109876 543210 543210 COMMENTS
H XXX XXXXXX XXXXXX 222Z222Z HI-Z2 TEST
L LLL LLHLLH HLLHHH HLLHHH SHIFT COUNT = 0
L LLL HHLHHL LHHLLL LHHLLL SHIFT COUNT = 0
L LLH LLHLLH HLLHHH HHLLHH SHIFT COUNT = 1
L LLH HHLHHL LHHLLL LLHHLL SHIFT COUNT = 1
L LHL LLHLLH HLLHHH LHHLLH SHIFT COUNT = 2
L. LHL, HHLHHL LHHLLL HLLHHL SHIFT COUNT = 2
LI LHH LLHLLH HLLHHH LLHHLL SHIFT COUNT = 3
L LHH HHLHHL LHHLLL HHLLHH SHIFT COUNT = 3
L HLL LLHLLH HLLHHH HLLHHL SHIFT COUNT = 4
L HLL HHLHHL LHHLLL LHHLLH SHIFT COUNT = 4
L HLH LLHLLH HLLHHH LHLLHH SHIFT COUNT = 5
L HLH HHLHHL LHHLLL HLHHLL SHIFT COUNT = 5
L HHL LLHLLH HLLHHH LLHLLH SHIFT COUNT = 6
L HHL HHLHHL LHHLLL HHLHHL SHIFT COUNT = 6
L HHH LLHLLH HLLHHH HHHHHH SHIFT COUNT = 7
L HHH HHLHHL LHHLLL HHHHHH SHIFT COUNT = 7
10—
—>]
12—
13—
—|
e |i—] gom
INPUTS | 18——>] SHIFTER |00
17— o1
18— ———02 6
19— —— 03 (o 0rpurs
Ho——>] L > 04
11— —— 05
sTo s1 82
‘l:s SHIFT CONTROL LINES
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DESCRIPTION

6-Bit Right Shifter

THE 6-BIT RIGHT SHIFTER IS A SHIFTER WHICH CAN ONLY SHIFT RIGHT TO
A MAXIMUM OF 6 BITS AT A TIME. THERE ARE 12 INPUTS (I11-10) WHICH

SHIFT INTO 6 POSITIONS (05-00).

SHIFTING IS CONTROLLED BY A 3-BIT

CONTROL (S2-S0). THERE IS ALSO AN OUTPUT ENABLE (/0OC) FOR ALL
OUTPUTS. ALL OUTPUTS ARE ACTIVE LOWS.

IN ADDITION, THE ABOVE TEST VECTORS (IN THE FUNCTION TABLE) ARE

FOR 100% FAULT GRADING.

10 LSB
DATA
INPUTS
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6-Bit Right Shifter

6-Bit Right Shifter Logic Diagram PAL20L8
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Octal Shift Register

PAL20X8
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23} LIRO
221 Q0 )
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Octal Shift Register

PAL20X8

7415498

OCTAL SHIFT REGISTER

MMI SUNNYVALE, CALIFORNIA

CLK I0 DO D1 D2 D3 D4 D5 D6 D7 Il GND
/0C RILO Q7 06 Q5 04 03 02 Q1 Q0 LIRO VCC

PAL DESIGN SPECIFICATION
UDI GORDON 02/20/81

/Q0 := /I1*/1I0*/Q0 s HOLD Q0
+ /I1% 10*/Q1 ;s SHIFT RIGHT
:+: Il*/I0*/LIRO s SHIFT LEFT
+ Il* I0*/DO ; LOAD DO

/01 := /I1l*/I0*%/Q1 ;HOLD Q1
+ /I1* 10%/Q2 s SHIFT RIGHT
:s+:  I1*/10*/Q0 s SHIFT LEFT
+ Il* 10*/Dl1 s LOAD D1

/Q2 := /I1l*/10*/Q2 ;HOLD Q2
+ /I1* 10*/03 s SHIFT RIGHT
s+: I1*/10*%/Q1 s SHIFT LEFT
+ Il* I0*/D2 ; LOAD D2

/03 := /I1*/10%/Q3 s HOLD Q3
+ /I1* 10*/Q4 ;s SHIFT RIGHT
s+:  I1*/10*/Q2 s SHIFT LEFT
+ Il1* 10*/D3 ; LOAD D3

/04 1= /IL*/I0%*/04 ;HOLD 04
+ /Il* 10*/Q5 s SHIFT RIGHT
s+: I1*/I0*/Q3 s SHIFT LEFT
+ I1* 10*/D4 ;s LOAD D4

/Q5 := /I1*/10*/Q5 s HOLD Q5
+ /I1* I0*/Q6 ; SHIFT RIGHT
s+: I1l*/I0*/0Q4 s SHIFT LEFT
+ I1* 1I0*/D5 ;s LOAD D5

/Q6 := /Il*/10%*/Q6 s HOLD Q6
+ /Il* 10*/Q7 s SHIFT RIGHT
:+: I1*/I0*%/Q5 s SHIFT LEFT
+ Il* I0*/Dé6 ; LOAD D6

/Q7 := /I1l*/10*/Q7 s HOLD Q7
+ /I1* I0*/RILO s SHIFT RIGHT
s+:  I1l*/10*/Q6 ;s SHIFT LEFT
+ I1* 10*/D7 ; LOAD D7

IF(/11*10) /LIRO = /QO0

IF(I1*/10) /RILO = /Q7
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FUNCTION TABLE

I1 I0 D7 D6 D5 D4 D3 D2 D1 DO CLK /OC RILO LIRO Q7 Q06 Q5 04 Q3 Q2 Q1 Q0

Octal Shift Register

; DATA 1IN Q ouT

;INST D7----DO0 CLK /OC RILO LIRO Q7----Q0 COMMENTS
HH LLLLLLLL C L 4 2 LLLLLLLL LOAD ZEROS
LL XXXXXXXX C L Z Z LLLLLLLL HOLD
HL  XXXXXXXX C L L H LLLLLLLH SHIFT LEFT IN A H
HL  XXXXXXXX C L L L LLLLLLHL SHIFT LEFT IN A L
HL  XXXXXXXX C L L L LLLLLHLL SHIFT LEFT IN A L
HL  XXXXXXXX C L L L LLLLHLLL SHIFT LEFT IN A L
HL  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 Z Z 222222727 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 EHHHHHLH 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 Z Z 222272227 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:

/0C CLK I1 10 D7-DO Q7-Q0 OPERATION
H X X X X 2 HI-Z
L Cc L L X L HOLD
L C L H X SR(Q) SHIFT RIGHT
L C H L X SL(Q) SHIFT LEFT
L cC 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
Va
8-BIT SHIFT cLock
REGISTER [
OPSELECT _2 > Jo«——OUTPUT CONTROL

MSB SHIFT I/O <—> [<—>LSB SHIFT I/0
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Octal Shift Register

Octal Shift Register

Logic Diagram PAL20X8

CLK !
01 23 45 6 7 8 9 101 12 1314 15 16 17 1819 0212223 24 25 26 27 28 2930 N 32 33 34 35 36 37 3839
0
: 2 LIRo
3
o 2P E4
. 22
i D$°_ ;
po % =+
" 21
'- SRIDf e
19 D
4 N A
D1 ——'L) ‘J____
%
25 20
" S Pl
k1 >
5 ~N
p2>1Ts &1
2 19
2 D )
3 X
D3 *{x <
40 ! 18
; D )
a3 >
LYREE ) <
48
HESDg B
51 o o)
os>{Ps <—
56
7 16
a EBD
59 D>
o6 s K
(1} 15
. s E a7
67 D Q
10 N — '
D7 —L% N
7 1)
n W " RiLO
75
n7J — L<—2oc
[ B} 4 7 9 10N 12 131415 16 17 1919 w220 24 2526 27 28 29 30 N 12 33 34 35 7 38 39
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Octal Shift Register

Application
16-Bit Shift Register
BUS OUT ENABLE
LSB /0
cLK
INSTR ( 10
"
16-BIT 1681
DATA BUS ————— (———————DATA BUS
IN : ~ ] out
—z—y B —
N ‘e 10V LIRO ey N
L3 DO Qo 22
\ B MR /
N\ E L 12 Q2— E——————/
8
N [—os alTos——E—-———-—/
SHFT
- —E b4 REG Qa}—] E A
B s o7} /
N Ls- —pe as— E——————/
N Iol—lo7 a7l—ITk M
L ocrie] I
0 a1
[z B
SHIFT 1/0
\J
N
N B y
N o1 oz |
\- o2 o E._______/
8
- E+—ps err os—g}—A—
SHFT
N E—Dtl REG Q4|— lﬂl———-——/
N G5 os 1
N~ E1—os as— E.______/
D7 Q7]
- L0 11 OCRILO E_——‘)
{
g | {E
[ 13
! MSB 1/0
NOTE: fpmax =

+t
PDcikToLIRO SY
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Octal Registered Barrel Shifter

PAL20R8
CLKE——-—D: vcc
o[z 23] 12
olBH e
o1[aH ] {7 a1
o2EH anp : 20] 02
DATA os[iH G?\?E :3"”303 [ DATA
IN \ paf71JARRAY - 18]Qa | OUT
os[EH :&Eos
DGEF Ea-fElos
o7[io}- 3«307
Hme 1] 1

ano[iz] LJT5] 5C
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Octal Registered Barrel Shifter

PAL20RS PAL DESIGN SPECIFICATION
P7095 VINCENT COLI 09/10/82
OCTAL REGISTERED BARREL SHIFTER

MMI SUNNYVALE, CALIFORNIA

CLK I0 DO D1 D2 D3 D4 D5 D6 D7 /E GND

/0C I1 Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 I2 VCC

/Q0 := /E*/I2%/I1*/I0*/DO ;SHIFT 0 PLACES
+ /E*/I2%/I1* I0*/Dl ;SHIFT 1 PLACES
+ /E*/I2*% I1*/I0*/D2 ;SHIFT 2 PLACES
+ /E*/I2% I1* I0*/D3 ;SHIFT 3 PLACES
+ /E* I2*%/I1*/I0*/D4 ;SHIFT 4 PLACES
+ /E* I2%/I1* I0*/D5 ;SHIFT 5 PLACES
+ /E* I2* I1*/I0*/D6 ; SHIFT 6 PLACES
+ /E* I2% Il* I0*/D7 ;SHIFT 7 PLACES
/Ql := /E*/I2%/I1*/I0*/D1 ; SHIFT 0 PLACES
+ /E*/I2%/I1* I0*/D2 ;SHIFT 1 PLACES
+ /E*/I2* I1*/I0*/D3 ;SHIFT 2 PLACES
+ /E*/I2* I1* I0*/D4 ;SHIFT 3 PLACES
+ /E* I2%/I1*/I0*/D5 ; SHIFT 4 PLACES
+ /E* I2%/I1* I0*/D6 ;SHIFT 5 PLACES
+ /E* I2% I1*/I0*/D7 ;SHIFT 6 PLACES
+ /E* I2* Il* I0*/DO ;SHIFT 7 PLACES
/Q2 1= /E*/I2%/I1*/I0%*/D2 ;SHIFT 0 PLACES
+ /E*/I2%/I1* I0*/D3 ' ;SHIFT 1 PLACES
+ /E*/I2% T1*/I0*/D4 ;SHIFT 2 PLACES
+ /E*/I2% I1* I0*/D5 ;SHIFT 3 PLACES
+ /E* I2%/I1*/I0*/D6 ;SHIFT 4 PLACES
+ /E* I2%/I1* I0*/D7 ;SHIFT 5 PLACES
+ /E* I2% I1*/I0*/DO ;SHIFT 6 PLACES
+ /E* I2* I1* I0*/Dl1 ;SHIFT 7 PLACES
/Q3 := /E*/I2%/I1*/10*/D3 ;SHIFT 0 PLACES
+ /E*/I2%/I1* I0*/D4 ;SHIFT 1 PLACES
+ /E*/I2% I1*/I0*/DS ;SHIFT 2 PLACES
+ /E*/I2% I1* I0*/D6 ;SHIFT 3 PLACES
+ /E* I2*/I1*/I0*/D7 ; SHIFT 4 PLACES
+ /E* I2%/I1* I0*/DO ;SHIFT 5 PLACES
+ /E* I2*% I1*/I0*/Dl ;SHIFT 6 PLACES
+ /E* I2% I1* I0*/D2 ;SHIFT 7 PLACES
/04 1= /E*/I2%/I1*/I0*/D4 ;SHIFT 0 PLACES
+ /E*/I2*/I1* I0*/D5 ;SHIFT 1 PLACES
+ /E*/I2%* I1*/I0*/D6 ;SHIFT 2 PLACES
+ /E*/I2*% Il* I0*/D7 ;SHIFT 3 PLACES
+ /E* I2%/I1*/I0*/DO ;SHIFT 4 PLACES
+ /E* I2#%/I1* I0*/D1 ; SHIFT 5 PLACES
+ /E* I2*% I1*/I0%/D2 ' ;SHIFT 6 PLACES
+ /E* I2* Il* I0*/D3 ;SHIFT 7 PLACES
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Octal Registered Barrel Shifter

/Q5 := /E*/I2%/I1*/I0*/D5 ;SHIFT 0 PLACES
+ /E*/I2%/I1* I0*/D6 ;SHIFT 1 PLACES
+ /E*/I2% I1*/10*/D7 ;SHIFT 2 PLACES
+ /E*/I2% I1* I0*/DO ;SHIFT 3 PLACES
+ /E* I2%/I1*/I0*/D1 ;SHIFT 4 PLACES
+ /E* I2%/I1* I0*/D2 ;SHIFT 5 PLACES
+ /E* I2* I1*/I0*/D3 ;SHIFT 6 PLACES
+ /E* I2% I1* I0*/D4 ; SHIFT 7 PLACES
/Q6 := /E*/I2*/I1*/I0*/D6 ;SHIFT 0 PLACES
+ /E*/I2%/I1* I0*/D7 ;SHIFT 1 PLACES
+ /E*/I2% I1*/10*/DO0 ;SHIFT 2 PLACES
+ /E*/I2*% I1* I0*/D1 ;SHIFT 3 PLACES
+ /E* I2%/I1*/I0*/D2 ;SHIFT 4 PLACES
+ /E* I2*/I1* I0*/D3 ;SHIFT 5 PLACES
+ /E* I2% I1*/I0*/D4 ;SHIFT 6 PLACES
+ /E* I2* Il* I0*/D5 ;SHIFT 7 PLACES
/Q7 := /E*/I2%/I1*/10*/D7 ;SHIFT 0 PLACES
+ /E*/I2%/I1* I0*/DO ;SHIFT 1 PLACES
+ /E*/I2% I1*/10%/D1 ;SHIFT 2 PLACES
+ /E*/I2* I1* 10*/D2 ;SHIFT 3 PLACES
+ /E* I2%/I1*/I0*/D3 ;SHIFT 4 PLACES
+ /E* I2*/I1* I0*/D4 ;SHIFT 5 PLACES
+ /E* I2* I1*/I0*/D5 ;SHIFT 6 PLACES
+ /E* I2* I1* I0*/D6 ;SHIFT 7 PLACES

FUNCTION TABLE
CLK /OC E I2 Il IO D7 D6 D5 D4 D3 D2 D1 DO Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO

;CHIP CONTROL III DDDDDDDD Q0000000

;CLK /OC /E 210 76543210 76543210 COMMENTS
cC L L LLL HLLLLLLL HLLLLLLL BARREL SHIFT ONE H 0 PLACES
cC L L LLH HLLLLLLL LHLLLLLE BARREL SHIFT ONE H 1 PLACES
cC L L LHL HLLLLLLL LLHLLLLL BARREL SHIFT ONE H 2 PLACES
C L L LHH HLLLLLLL LLLHLLLL BARREL SHIFT ONE H 3 PLACES
cC L L HLL HLLLLLLL LLLLHLLL BARREL SHIFT ONE H 4 PLACES
cC L L HLH HLLLLLLL LLLLLHLL BARREL SHIFT ONE H 5 PLACES
cC L L HHL HLLLLLLL LLLLLLHL BARREL SHIFT ONE H 6 PLACES
cC L L HHH HLLLLLLL LLLLLLLH BARREL SHIFT ONE H 7 PLACES
cC L L LLL LHHHHHHH LHHHHHHH BARREL SHIFT ONE L 0 PLACES
cC L L LLH LHHHHHHH HLHHHHHH BARREL SHIFT ONE L 1 PLACES
cC L L LHL LHHHHHHH HHLHHHHH BARREL SHIFT ONE L 2 PLACES
cC L L LHH LHHHHHHH HHHLHHHH BARREL SHIFT ONE L 3 PLACES
cC L L HLL LHHHHHHH HHHHLHHH BARREL SHIFT ONE L 4 PLACES
cC L L HLH LHHHHHHH HHHHHLHH BARREL SHIFT ONE L 5 PLACES
cC L L HHL LHHHHHHH HHHHHHLH BARREL SHIFT ONE L 6 PLACES
cC L L HHH LHHHHHHH HHHHHHHL BARREL SHIFT ONE L 7 PLACES
¢cC L H XXX XXXXXXXX HHHHHHHH PRESET (/E=H)
X H X XXX XXXXXXXX 22222222 TEST HI-2
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Octal Registered Barrel Shifter

DESCRIPTION

THE OCTAL REGISTERED BARREL SHIFTER WILL SHIFT EIGHT BITS OF DATA (D7-D0) A
NUMBER OF LOCATIONS INTO THE OUTPUT REGISTER (Q7-Q0) AS SPECIFIED BY THE BINARY
ENCODED INPUT (I2-I0) SYNCHRONOUS WITH THE CLOCK INPUT (CLK) AND PROVIDING THE
ENABLE PIN IS TRUE (/E=LOW). THE OUTPUT REGISTER WILL BE PRESET TO ALL HIGHS
WHEN ENABLE IS FALSE (/E=HIGH). THE THREE-STATE OUTPUTS ARE HIGH-Z WHEN THE
OQUTPUT CONTROL LINE (/0C) IS LOW.

D

Vs
ENABLE —>0 5 g7 REGISTERED [ CLOCK
OPSELECT _3 | BARREL SHIFTER |ho — QUTPUT CONTROL

v

Q
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Octal Registered Barrel Shifter

Octal Registered Barrel Shifter

Logic Diagram PAL20R8

CLK I—D
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4-Bit
Shift Register/Comparator

PAL16R4

CK |1

CLK E

PR3

ao [4]
DATA {‘“ E

W) ae [T
as 7]

serin 8]

NC E

ano ]
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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

1 := /BO*/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*BO*A1*B1*/Cl /Cl = COMPARE IN FROM
+ A0*BO*/A1*B1*/Cl PREVIOUS STAGE

+ /A0*/B0*A1*B1*/Cl

+ /A0*/B0*/A1*/B1*/ClI

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. -

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 pulse 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 PAL units the
design can be tailored for-use in different communication
systems.

16-BIT
DATA IN
cLock 4 4 4 4
SERIAL I A4 ] A I
G [ % Y
DATA__lserIN cLkl-Nc —={sERIN cLk|-Nc —>{serIN cikl-ne —{serin CLK
o co2 cl coz2 = I co2 o co2
PR OC_ B PR OC__ B PR OC__ B PR 6C B __EQ
— B3 ,|B3 B3 ]
-— < < €
PRESE s ‘ s 4
oc 1 1 I DATA EQU
16-BIT DATA OUT 1
1 Tck
i

4-BIT SERIAL/PARALLEL SHIFT REGISTER/COMPARATOR WITH PRESET
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4-Bit Shift Register/Comparator

PAL16R4 PAL DESIGN SPECIFICATION
SHFT4 HARRY HUGHES 02/18/81
4-BIT SHIFT REGISTER/COMPARATOR

MMI ENGLAND

CK CLK PR A0 Al A2 A3 SERIN NC GND
/OC CO2 COl1 B3 B2 B1 BO 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
+ /A0*/BO* Al* Bl*/CI ;COMPARE /AO=/B0 AND Al= Bl
+ /AO*/BO*/Al*/Bl*/C1 ;COMPARE /A0=/B0O AND /Al=/Bl

IF (VCC) /CO2 = 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*/CO1l ;COMPARE /A2=/B2 AND /A3=/B3

IF (VCC) /EQ = /CLK*/CO2 ;COMPARE TRUE PULSE

FUNCTION TABLE

SERIN A3 A2 Al A0 CK /OC PR CI COl CO2 CLK EQ B3 B2 Bl BO

;-INPUTS- = -——————- CONTROL---—-—- OUTPUTS
;SER AAAA c/ P C CC C E BBBB
;IN 3210 KOCR I 01 021LKQ 3210 COMMENTS
X XXXX CL H 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 H HH 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 2222 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.

PAL16R4

GND [10 Lge{n1]0C

6-134



4-Bit Shift Register/Comparator

4-Bit Shift Register/Comparator Logic Diagram PAL16R4
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Notes




4-Bit Counter
with 2 Input Mux

PAL16R4

16] @1 { pata
out

| 1 | 1 1 | 1 |

:
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4-Bit Counter with 2 Input Mux

PAL16R4

P7022

4-BIT COUNTER WITH 2 INPUT MUX
MMI SUNNYVALE, CALIFORNIA

CLK A0 Al A2 A3 BO Bl B2 B3 GND
/0C CO I1 Q3 Q2 Q1 Q0 I0 CI VCC

/Q0 := /I1*/I0*/Q0
+ /I1* 10*/A0
+ I1*/I0%/BO
+ Il* I0*/CI*/Q0
+ I1* I0* CI* QO

+ 4+ N

/0Ll := /I1*/10*/Q1
/I1* 10%*/Al
I1*/10*/Bl
I1* I0*/CI*/QL
I1* I0*/Q0*/Ql
Il* I0* CI* QO* Q1

/92

o

+ + A+ +

/I1*/10%*/02
/I1* I0%/A2
I1*/I0*/B2
I1* I0*/CI*/Q2
I1* I0*/Q0*/Q2
I1* I0*/Q1*/Q2
I1* I0* CI* QO* Ql* Q2
/03 := /I1*/10*/Q3
/Il* TI0%/A3
I1*/10*/B3
I1* I0*/CI*/Q3
I1* I0*/Q0*/Q3
I1* I0*/Q1*/03
I1* I0*/Q2*/03
I1* I0* CI* QO* Ql* Q2* Q3

+ 4+

IF(VCC) /CO = /CI+/Q0+/Q1+/Q2+/Q3
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PAL DESIGN SPECIFICATION
BIRKNER/COLI 07/22/81

;HOLD Q0 (LSB)

;s LOAD AOQ

: LOAD B0

sHOLD Q0 IF NO CARRY IN

;s COUNT IF CARRY IN AND QO=H

;HOLD Ol

; LOAD Al

; LOAD Bl

sHOLD Q1 IF NO CARRY IN

;HOLD Q1 IF QO0=L

;COUNT IF CARRY IN AND Q0,Ql=H

;sHOLD Q2

;s LOAD A2

; LOAD B2 -

;HOLD Q2 IF NO CARRY IN

;HOLD Q2 IF QO0=L

;sHOLD Q2 IF Ql=L

;COUNT IF CARRY IN AND Q0,0Q1,02=H

s HOLD Q3
; LOAD A3
; LOAD B3
s HOLD Q3
;HOLD Q3
;HOLD 03 IF Ql=L

;HOLD Q3 IF Q2=L

;COUNT IF CARRY IN AND Q0,0Q1,02,03=H

(MSB)

IF NO CARRY IN
IF Q0=L

;CARRY OUT IF CARRY IN AND Q0,0Q1,02,Q03=H



4-Bit Counter with 2 Input Mux

FUNCTION TABLE

CLK /OC Il 10 A3 A2 Al A0 B3 B2 Bl BO CI CO Q3 02 Q1 Q0

H --INPUTS-- OUTPUT
;CONTROL INSTR AAAA BBBB CARRY  QQQQ COMMENTS
;CLK /OC Il 10 3210 3210 CI CO 3210 (HEX VALUES)
cC 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)
C L L H LLHL HLHH X X LLHL LOAD A (3)
Cc 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)
cC L H L XXXX LLLH X X LLLH LOAD B (1)
C L H H XXXX XXXX H L LLHL INCREMENT
cC L H L XXXX LLHH X X LLHH LOAD B (3)
C L H H XXXX XXXX H L LHLL INCREMENT
C L L H LHHH XXXX X X LHHH LOAD A (7)
C L H H XXXX XXXX H L HLLL INCREMENT
cC L L H HHHH XXXX X X HHHH LOAD A (F)
Cc L H H XXXX XXXX H L LLLL INCREMENT (ROLL OVER)
C L H L XXXX HHLL X X HHLL LOAD B (C)
cC L H H XXXX XXXX H L HHLH INCREMENT (D)
cC L L L XXXX XXXX H L HHLH HOLD (D)
cC L H H XXXX XXXX H L HHHL INCREMENT (E)
(o] 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)
cC L H H XXXX XXXX H L LLHL INCREMENT (2)
X H X X XXXX XXXX X X 2227 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.

/0C CLK Il 10 CI A3-a0 B3-B0O 03-00 OPERATION

HI-2

HOLD

LOAD A
LOAD B
HOLD

Q PLUS 1 INCREMENT

[l B B B < o]
ON00O000O %
oo e e
oo e e
ooE X X XX
MMM P XN
LR

0 W POoN

A :
4 4!
CARRY IN — | 4 51T COUNTER |———> CARRY OUT
IT

> 2-INPUT MUX cLock
OP SELECT _ 2 3 [O«——O0UTPUT CONTROL

Y

Q
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4-Bit Counter with 2 Input Mux

4-Bit Counter with 2 Input Mux

Logic Diagram PAL16R4

CLK '_>

~onawn o

A0 3-{?-

0123

4567

8 91011 12131415 16171819 20212223 24252627 28293031

19 cl

18 Io

A1’—-[:3

Y

-

1

[=]]

sV e Vel

Y

317_§

[=]]

Y

Qo

16 01

! Q2

1 Q3

13 1]

Bz"—ﬁ

I

12 co

4567

8 91011 12131415 16171819 20212223 24252627 28293031

Z\r

_qoi'é'é
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Notes




Octal Counter

DATA
IN

CLK

DO
D1
D2
D3
D4
DS
D6

D7

n

GND

PAL20X8

AND

XOR
GATE
JARRAY|

oollle_eo o ellle ollle o

o offle o

2]vce
23] C1
22] a0
Z1] a1
20] 2

[19] a3
18] s %ﬁ:

[77] as
18] s
[15] o7

<o

4] co
L
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Octal Counter

PAL20X8

741.8461

OCTAL COUNTER

MMI SUNNYVALE, CALIFORNIA

CLK 1I0 DO D1 D2 D3 D4 D5 D6 D7 Il GND
/0C /CO Q7 Q6 05 04 Q3 Q2 Q1 Q0 /CI VCC

/Q0 /I1*/10
I0*/00
I1*/10*/DO

Il* 10* CI

o

++ 40

/01 /11%/10
10%/01
I1*/I0*/D1

Il* 10* CI*Q0

oo

"
+ 0

+F 40

/02 /11*%/10
I10*/Q2
I1*/10*/D2

I1* I0* CI*Q0*Ql

/I1%/10 ,‘
10%/03"
11*/10%/D3

CIl* I0* CI*Q0*Q1*Q2

/Q3 ;

“
++ 40

/04

+ 40

/I1*/10
10*/04
I1*/10*/D4 .
I1* I0* CI*Q0*Q1*Q2*Q3

/Il*/10
10%/05
11%/I0%/D5
I1* I0* CI*Q0*Q1*Q2*Q3*Q4

/Q5

"
+ 4+

/06 := /I1*/10

+ 10*/Q6
:+: Il*/I10*/D6
+ Il* I0* CI*Q0*Ql*Q2*Q3*Q4*Q5

= /I1*/10
+ 10%*/Q7
1+:  I1%/I10%/D7
+  I1* I0% CI*QO*Q1*Q2*Q3*Q4*Q5%Q6

/07 =

IF (VCC) CO = CI*Q0*Q1*Q2*Q3*Q4*Q5*06*Q7

PAL DESIGN SPECIFICATION

BIRKNER/KAZMI/BLASCO 02/10/81

;CLEAR LSB

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

;CLEAR

; COUNT /HOLD
;LOAD D1

s COUNT

;CLEAR

; COUNT /HOLD
;s LOAD D2

; COUNT

;CLEAR

; COUNT/HOLD
sLOAD D3

3 COUNT

;CLEAR

; COUNT /HOLD
;LOAD D4
;COUNT,

; CLEAR

3 COUNT /HOLD

;s LOAD D5
; COUNT

;CLEAR

; COUNT /HOLD
;LOAD D6

; COUNT

;CLEAR MSB

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

sCARRY OUT
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Octal Counter

FUNCTION TABLE

CLK /OC Il 10 D7 D6 D5 D4 D3 D2 D1 DO /CI /CO Q7 Q6 Q5 04 Q3 02 01 QO

; -INPUT-- ~-OUTPUT-

;CONTROL, INSTR DDDDDDDD CARRY 00000000 COMMENTS

;CLK /0OC Il 10 76543210 /CI /CO 76543210 (HEX VALUES)
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 IL. H LLLLLHLL  INCREMENT
C L H L LLLLLHHH X H LLLLLHHH LOAD (07)
C L H H  XXXXXXXX L H LLLLHLLL  INCREMENT
cC L H L LLLLHHHH X H LLLLHHHH LOAD (OF)
cC L H H  XXXXXXXX L H LLLHLLLL.  INCREMENT
cC L H L  LLLHHHHH X H LLLHHHHH LOAD (1F)
C L H H  XXXXXXXX L H LLHLLLLL  INCREMENT
C L H L  LLHHHHHH X H LLHHHHHH LOAD (3F)
C 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)
C L H H  XXXXXXXX L H LLLLLLLL  INCREMENT (ROLL OVER)
cC L H L  HHHHHHHH L L HHHHHHHH LOAD (FF)
C L H L  HHHHHHHL X H HHHHHHHL LOAD (FE)
cC L H L  HHHHHHLH X H HHHHHHLH LOAD (FD)
cC L H L  HHHHHLHH X H HHHHHLHH LOAD (FB)
C L H L  HHHHLHHH X H ‘HHHHLHHH LOAD (F7)
cC L H L  HHHLHHHH X H HHHLHHHH LOAD (EF)
cC L H L  HHLHHHHH X H HHLHHHHH LOAD (DF)
cC L H L  HLHHHHHH X H HLHHEHHH LOAD (BF)
C L H L  LHHHHHHH X H LHHHHHHH LOAD (7F)
cC 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)
C 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 L. 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 HHHHHHEL  LOAD (FE)
C L H H XXXXXXXX L L HHHHHHHH  INCREMENT TO (FF) /CO=L
cC 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 72222227  TEST HI-Z
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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-DO0 Q7-00 OPERATION
H X X X X X 2 HI-2Z
L C L L X X L CLEAR
L Cc L H X X Q HOLD
L C H L X D D LOAD
L C H H H X Q 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

v

CARRY IN 8-BIT o——> CARRY OUT
SYNCHRONOUS | cLoCK
OP SELECT _ 2 COUNTER jo<«——OUTPUT CONTROL

Q
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Octal Counter

Octal Counter Logic Diagram PAL20X8

cLk —P>-

01 213 45 67 8 90N 12131415 16 17 1818 w220 24 25 26 27 28 29 30 31 3233 4 35 36 37 3838
0 )
: , 2Ci
3
10+ <
8 !
': D -
" D
Do <
1%
. 21
-: 5 DI B
19 3 b
D1 % <—
u
25 20
“ D "
2 D
D2 1% &
. 19
- D— Q3
3 >
03 =% F
a0
a
a3 D
psa % <
a8
a 17
: s
51 * D Q
8 N A
D5 <—
. - “ a6
5. Ehie
59 > Q
pe s &
[ D_ 30_‘5 07
: ¢
67 >
10 N A
o7 — N
7 M)
; > “ &
%
N - 13—
nilJPs 7 L <F—Loc
1 3 67 s an 12 131415 16 17 1819 0 21 22 23 24 2526 21 8 29 30 31 323334 35 36 37 3839

3o



Octal Counter

Application
16-Bit Counter
BUS OUT ENABLE
COUNT ENABLE
CLK
INSTR ‘ :‘1’
16-8IT 5 A1‘I§.BlBTUS
DATA BUS ————— A
IN ,__E ~ E ouTt
=
0— | —
- i y
N~ [} a1l— @——————J
\ e ot
8
N~ o e os——E—-———r————j
CNTR
N- E —IDa Qaf— E———-—-——j
N— E —os as E‘r J
N— E —pe Q6— E———————/
N m D7 a7—T75l N
LY 11.0C cO 5
r
[ — 14
CARRY
\J
o |
N —E—p0 ez — o
N E L Ip1 Q1l— ZII——————-—’
A o ot
8 J
N— E ——D3 BT Q3| E———
CNTR
N~ E —1pa Qa - wl-——-————/
N— Er——— os  as—{17} >
N~ E —os  as|—] 1} _
\_ 'm D7 a7b—TeL J
— 110Ccco e
______E I ] r__In
E 5
! ALL HIGH

NOTE: fpmax = _——'PD cxToco” S0
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Octal Up/Down Counter

PAL20X8
CLK |1 24] vCC
o2 23] cB1
oo 3 ~HB 2] o)
0 Fice KL
p2[3 A';VRD FHBef20] a2
o o e Sl T
o4 [HarravHT 511 os
ps|8 g 171 Q5
os 3 FHBo]ie] a6
o7 [0 P11 a7)
o[ —o—] 8o
GND |12 Lae{13] OC
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Octal Up/Down Counter

PAL20X8
PMSI401

PAL DESIGN SPECIFICATION
VINCENT COLI 07/24/81

OCTAL UP/DOWN COUNTER

MMI SUNNYVALE, CALIFORNIA

CLK /LD DO D1 D2 D3 D4 D5 D6 D7 /UD GND
/0C /CBO Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 /CBI VCC

/00 := /LD*/Q0 ;s HOLD Q0
+ LD*/D0 sLOAD DO (LSB)
:+: /LD* UD* CBI ;s INCREMENT
+ /LD*/UD* CBI ;s DECREMENT
/0l := /LD*/Q1 ;HOLD Q1
+ LD*/Dl ; LOAD D1
s+: /LD* UD* CBI* Q0 ;s INCREMENT
+ /LD*/UD* CBI*/Q0 s DECREMENT
/02 := /LD*/Q2 ;s HOLD Q2
+ LD*/D2 s LOAD D2
s+: /LD* UD* CBI* Q0% Q1 ;s INCREMENT
+ /LD*/UD* CBI*/Q0%*/Q1 ;s DECREMENT
/03 := /LD*/03 ;HOLD Q3
+ LD*/D3 ;s LOAD D3
:+: /LD* UD* CBI* QO0* Q1l* Q2 ;s INCREMENT
+ /LD*/UD* CBI*/Q0%*/Q1*/02 s DECREMENT
/04 := /LD*/Q4 sHOLD Q4
+ LD*/D4 ;s LOAD D4
:+: /LD* UD* CBI* Q0% Q1l* Q2* Q3 ;s INCREMENT
+ /LD*/UD* CBI*/QO*/Ql*/QZ*/Q3 ;s DECREMENT
/Q5 := /LD*/Q5 sHOLD Q5
+ LD* /D5 ;s LOAD D5
:+: /LD* UD* CBI* QO0* Ql* Q2* Q3* 04 ;s INCREMENT
+ /LD*/UD* CBI*/Q0*/Q1*/Q2*/Q3*/0Q4 ;s DECREMENT
/Q6 := /LD*/Q6 ;s HOLD Q6
+ LD* /D6 ;s LOAD D6
:+: /LD* UD* CBI* Q0* Q1* Q2* Q3* Q4* Q5 ;s INCREMENT
+ /LD*/UD* CBI*/QO*/Ql*/QZ*/Q3*/Q4*/Q5 s DECREMENT
/Q7 := /LD*/Q7 ;s HOLD Q7
+  LD*/D7 ;LOAD D7 (MSB)
:+: /LD* UD* CBI* QO* Ql* Q2% Q3* Q4* Q5* Q6 s INCREMENT
+ /LD*/UD* CBI*/Q0*/Q1%*/Q2*/03*/Q4*/05*/06 s DECREMENT
IF(VCC) CBO = UD* CBI* Q0* Ql* 02* Q3* Q4* Q5% Q6* 07 ;CARRY OUT

6-150

+ /UD* CBI*/QO0*/Q1l*/Q2*/Q3*/Q4*/Q5*/Q6*/Q7

; BORROW OUT



Octal Up/Down Counter

FUNCTION TABLE
CLK /OC /LD /UD D7 D6 D5 D4 D3 D2 D1 DO /CBI /CBO Q7 Q06 05 Q4 Q3 02 Q1 QO
-INPUTS- OUTPUTS

——==CONTROL---- DDDDDDDD CARR/BORR Q0000000 COMMENTS
LK /OC /LD /UD 76543210 /CBI /CBO 76543210 (HEX VALUES)

~e wo ~e

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

C 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

Cc 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

C 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

C 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)

(o L