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USER NOTES ON PALASM/PLEASM - 8/1/84

This memo is designed to clarify some issues relating
to new releases of PALASM programs. Version 1.7D 1is the
latest release of PALASM designed to support all small & medium
PAL devices including the programable polarity series (16P8).
It has been extensively modified from its parent V1.6C program
and offers many benefits. It 1is '30% smaller in size and
25% faster running on benchmark circuits, The 1.7D version also
corrects several bugs which have been noted:

1. Unconnected inputs & Don't care outputs were (1.7B)
assigned a logic zero in the JEDEC output. V1,7C & V1.7D provide
a X state & allow the programmers to ignore those pins.

2, Product terms in the 16P8 PAL device for the enable
pin had all fuses blown on that pin. This has been corrected,

Recent improvements - V1,7D:

1. Printing of periods during parts of the program where
little or no activity is normally visible. (This allerts the
user the computer is busy thinking and not lost.) The periods
are generated when the user is sending output to a disk file,

2. Acceptance of TAB (CTRL-I) and FORM-FEED (CTRL-L)
characters in PALASM design files. These characters are treated
as spaces & ignored in processing design file. The user may find
it more convenient to use them for creating presentable 1listing

files.

3. Acceptance of UPPER & lower case letters in menu
commands in PALASM. Commands will have the same effect
regardless of the caps 1lock key position or shift key use.
(Exception - File names must be entered in the correct case for

their name.)

4, CPM versions have been modified to ignore & not read
comments from input design files. This makes maximum use of the
limited RAM space for design file storage. Echo of design file
text will produce a listing with multiple spaces squeezed down
to one & comments removed., This should not affect other
processing functions.



PALASM V1.8C is the latest release of the software
designed to support the MegaPALs (32R16 & 64R32), It is
designed to provide programming support only - no simulation &
test generation, It also has the same 4 improvements 1listed
for V1.7D. Currently it is only available for VAX & IBM-PC
computers, There are no plans to make it available for
Intel or CPM machines, due to memory constraints,
Simulation & test generation will only be provided on PALASM2
when it becomes available. All the usual commands of the menu
driven PALASM are present. No special documentation is necessary
to run the V1.8C software - follow directions from the V1.7
manual. ‘

PALASM Vl1.9A 1is an early release of 20RA10 & 20RP10
programming support. No simulation facilities are provided. The
program is written in Pascal & is quite different than the
earlier Fortran programs., It is written in the format of PALASM2
- a compiled language. The first thing users will notice is its
speed of action. The speed comes at the expense of error messages
pin-pointing syntax problem in the design file, This will be
corrected in future releases. V1.9A is only available for VAX &
IBM-PC computers, Future versions should be available for
8-bit machines. A short wuser's manual has been written
for each of the programs.
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Check-sum calculation functions have been removed
from all versions of PALASM, This was done for two particular
reasons: first - it makes the program smaller & easier to
implement without overlays on 8 bit machines, second - problems
were noted in how the checksum worked on some machines & files
- it needed major rework. This may cause the programmers to
show error messages when these files are down-loaded. (New
revision firmware on DATA-IO & other programmers will accept
the NULL-98008 check-sum used & properly continue.) Xmit checksum
(the only one previously used) is not an accurate gauge of
proper file transfer & can lead to problems on some operating
systems.,

JED.COM 1is a program that specifically calculates the
proper checksums (fuse & xmit varieties) & places them in the
JEDEC file, Use of both = checksums insure a higher
confidence in the accuracy of the processing. It is used by
first creating a JEDEC output file by assigning the
output to the disk & then executing the JED program. It will
prompt for the names of the input & output files to use. Versions
of JED.COM are available for all machines we distribute PALASM
for.
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COPYRIGHT

(C) Copyright 1984 Monolithic Memories 1Inc. The copying and
distribution of this manual or the PALASM software is encouraged
for the private use of the original purchaser provided this notice
is included in all copies. No commercial resale or outside distri
-bution rights are allowed are allowed by this notice. This material
remainsthe property of Monolithic Memories 1Inc. Allother rights
reserved by Monolithic Memories 1Inc., 2175 Mission College Blvd.,
Santa Clara, CA 95050. ‘ ‘

TRADEMARKS

The following are registered trademarks of MMI: PAL, HAL, PLE.
MMI also has the trademarks: PALASM, PLEASM,

The following are registered trademarks of Digital Equipment
Corporation: VAX, VMS, PDP, RSX.

IBM Corporation has the trademark: IBM PC, PC DOS.

The Osborne PC is a trademark of the Osborne Computer Corporation.
UNIX is a trademark of AT & T.

Intel/MDS is a registered trademark of Intel Corporation.

Cp/M is a trademark of Digital Resarch, Ihc.

MS-DOS is a trademark of Microsoft.

SSFORTRAN is a trademark of Supersoft Inc.
DISCLAIMER

Monolithic Memories Inc. makes no representations or warranties
with respect to the contents within and specifically disclaims any
implied warranties of merchantability or fitness for any particular
purpose. Further, Monolithic Memories Inc. reserves the right to
revise this publication and the product it describes and to otherwise
make changes to the product without obligation of Monolithic Memories
Inc. to notify any person or organization of such revision or changes.
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What is PALASM?

PALASM is a key tool used in automating the process of
"designing your own chip". PALASM assembles and simulates PAL
Design Specifications; it generates PAL fuse patterns in formats
compatible with a variety of Monolithic Memories approved
programmers,

PALASM provides designers a vital design tool which

minimizes the "time to market®” for new products by allowing
designers to quickly and easily modify PAL designs.,

Key Features :

Assembles PAL Design Specifications.
- Simulates and verifies the Function Table.

- Tests each product term for stuck-at-zero (SA0) and
"stuck-at-one (SAl) faults.

- Generates PAL fuse patterns in various programmer
formats.

- Reports assembly and Function Table errors.

Appendix A lists the computers upon which PALASM has been
implemented, while Appendix B lists all MMI approved programmers,

PALASM reads from an external data file which contains the
PAL Design Specification. The syntax for this file is given in
Section 3.

Designing with PALsS and PALASM requires the following steps:

l. Specifying the design using Boolean equations in sum
of products form,

2. Assembling the Boolean equations.

3. Simulating the design.

4. Generating programmer compatible outputs,

PALASM assembles the design specification and reports any

syntax errors to the user, It provides the user with a list of
menu driven options including Simulation, Fault Grading,
generation of fuse plot patterns in multiple formats, etc.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



1. Introduction page 1-2

Figure 1.1: The PALASM Flowchart.

From: J. Birkner, V. Coli, D. Sackett, Programming Logic Chips on
Personal Computers, Machine Design, July 1983, p.81
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PALASM should run with minimal modifications on the following
CPU’s provided the minimum system requirements mentioned later in this
section are satisfied. ‘

Mainframe Computers
VAXVMS, VAXUNIX, or IBM

Minicomputers
PDP11/RSX or PDP11l/RT11

Microcomputers
IBMPC/MSDOS or the CPM system on the Radio Shack, Apple,
Kaypro, Osborne, or Zenith computers

Other requirements are:
Removable Media: 5.25" or 8" disks, or tape.
Memory : 64K bytes minimum,
One EIA 232 port.

PAL programmers suggested: DATA I/0 Model 19 Programmer with LogicPak
DATA I/0 Model 29A with LogicPak
STRUCTURED DESIGN 20/24
STRUCTURED DESIGN PAL Burner
STAG PM202
STAG PM2200
DIGELEC (FAMS1 or FAMS52)

PROLOG M980
PROLOG 9068
KONTRON MPP80S
KONTRON MOD21
VARIX

For software development and user customization of the pro-
gram, a FORTRAN compiler/linker and another disk drive are
necessary to create the executable version of the program. The
recommended compiler is the Supersoft FORTRAN compiler which was
used to develop and test the programs on microcomputers at
Monolithic Memories Inc.

PALASM is compatible with both FORTRAN IV LEVEL G and

FORTRAN 77 standards., Only standard FORTRAN constructs are used
to ensure portability to many computer systems.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



2. Minimum Equipment Required page 2-2

When you receive your package, to protect your PALASM from
accidental clobbering, please BACK IT UP on a second disk. The
importance of this cannot be overemphasized.

To verify that the package works on your system, run each of
the executable files to see if you get the correct starting prompts.
Then run a few example design files to verify basic assembly. .

If you are unable to execute the program or if the design
examples do not assemble, the following are possible explanations for
this:

1. Faulty interfacing to your operating system. The most
probable cause is a non-standard implementation of the operating
system on your machine,

2. Inadequate memory capacity in your system. For instance,
having only 64K on an IBM PC, when you need at least 128K,

3. The medium upon which you received the PALASM system has
become corrupted.

4. The files may be in the wrong place, so that the opera-
ting system cannot find them.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



2. Minimum Bquipment Required page 2-3

Figure 2.1: The PALASM Syntax

From: J. Birkner, V. Coli, D. Sackett, Programming Logic Chips on
Personal Computers, Machine Design, July 1983, p.84

PALIOLS —PAL part number PAL DESING SPECIFICATION
P00123 —Designer's part number Designer— VINCENT COU 07/08/81
EXAMPLE —Name of appiication

MMI SUNNYVALE, CALIFORNIA ——Designer's company

A B C NC NC NC NC NC NC GND NC NC NC NC NC NC NC /F NC VCC —Piniist.
Symboiic names

, designer assions
FeAB+C :AAND BORC —Equations defining PAL "
transfer function. 1o chip pins.
FUNCTION TABLE
ABCF —Pinist

/ABC F COMMENT —Tabie headings

ool

LLL L ALLLOWS

LML L TESTAND GATE LOW
MLL L TESTAND GATE LOW
HHL H TEST AND GATE
XXH H TEST OR GATE HIGH

‘&wmmwmm
iUt leveis specifying state to be simulated.
DESCRIPTION

I R SR

Nl

THIS EXAMPLE ILLUSTRATES THE FORMAT OF THE PAL DESIGN SPECIFICATION,

1._._____1- 0.1 denote levels on inputs.
1 000X XOXXXINXXXXXXHXT X denotes iTelevant connections
2 010XO0OXXXXXXXHX for this state.
3 1005000000 XXXHX 1 H, L denote cutput levels produced

4 110000 Dy designated input ievels.
5§ XX T X0000XNKXXKLX T

{
N
[N
x.
-

PASS SIMULATION

EXAMPLE

11 1191 1111 2222 2222 2233 | Column headings. comrespond
0123 4567 8901 2345 8780 0123 4887 8901 1o NPt e numbers.

:mm.mmmhm. ’_:‘mmmmhrmm.
BXX- = = = = = = =B
Qo Xo = = = = i —C
%me Denotes opened fuses.
LEGEND: X : FUSENOTBLOWN (LN.O) - : FUSEBLOWN (H.p.ﬂ}mw
NUMBER OF FUSES BLOWN = 81 ) "

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



3.0 The Syntax of PALASM , page 3-1

3.0 The Syntax of PALASM

Overview

PALASM requires an input file to generate a PAL program-
ming pattern. This section describes the syntax for a PAL design
specification file.

Notational Conventions:

{ ... } indicates that whatever is inside the { ]} brackets is
optional.

< ... > indicates that the naﬁe enclosed in the < > brackets
will be discussed later.

( ... denotes a comment. Comments begin with the ( mark and
continue till the end of the line.

One limitation that varies from one system to another is
the acceptable maximum length of a PALASM Specification file.

PALASM Syntax

<pal type line>
<pal pattern line>
<application description line>
<company address line>
<pin list>
<equation list>
( the following is optional:
FUNCTION TABLE ( this must start in column 1 and have 1 space betwee
( FUNCTION and TABLE '
<function table pin list> :
<function table list>

( the following is optional if following FUNCTION TABLE.
DESCRIPTION ( this must start in column 1
Descriptive commentary lines follow till end of file.

Note: a PALASM specification must have either a FUNCTION TABLE line or a
DESCRIPTION line to terminate the PALASM <equation list>. PALASM
will fail otherwise.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



3.0 The Syntax of PALASM page 3-2

A Closer Look at the PALASM Syntax

<pal type line>:
Starting in line 1, column 1, this specifies the PAL type,
Any text following is treated as a comment,

<pal pattern line>:
Documents the specified PAL pattern for future
reference.

<application description line> and <company address line>:
These lines are without formal rules, they are provided for
the convenience of our customers.

<pin list>:

For PALASM to work successfully, all device pins must be named
in this list. These names do not have to start in column 1 however the
list must be in numerical pin order and MUST beginon line 5. Pin names
may be up to eight characters long and must be separated by at least
one blank., PALs are available with either active high or active low
outputs. To specify an active low output. To use active low PALs, use
opposite polarities for that pin name in the pin list and in the left
hand side of the PAL output equations.

Comments may be included in the lines of the pin 1list,
equations and function table as follows:

<comments>:

A comment begins with a semicolon ";” and continues to the
end of the current line. This same convention is used for commentary
in the following parts of a PALASM specification:

<pin list>

<equation list>

<function table pin list> g
-<function table list>

<equation list>:
This is a sequence of <pal output equations>. The <pal
output equation> will have one of the following forms:
<SYMBOL>=<EXPRESSION>
IF (<PRODUCT>) <SYMBOL>=<EXPRESSION>
<SYMBOL>:=<EXPRESSION>

NOTE: Equations are not limited to just one line!!! To
continue an equation, go to the next line, just as you would in
PASCAL and similar languages. AVOID writing in column 80, as PALASM
continues to scan in the next line in column 1, and this can get you
into trouble, :

<SYMBOL>:

This is a pin name. If preceeded by a slash "/", the state of
the pin name is logically complemented.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



3.0 The Syntax of PALASM page 3-3

IF( )
This tells PALASM that the output pin within the parentheses
is to be an output only when the PRODUCT is true. Otherwise, the
output will be put in high impedance mode (high-2).

<PRODUCT>:
This is a sequence of SYMBOLs separated by the AND operator "#+",

<EXPRESSION>:
A sequence of SYMBOLS separated by the following:
AND (product)
OR (logical sum)
XOR (exclusive OR)
XNOR (exclusive NOR)

e o0
* 4+ + ®
e o0

Discussion of <pal output equations>:

Each of the three equation forms have different functions.

The first form indicates that the expression directly deter-
mines the state of the output.

The second says that when the product specified within the
() is true the pin will output the expression.

The third form says that the pin changes state to equal the
expression only on the rising edge of the clock.

<function table list>:

The function table pin list specifies the sequence of ent-
ries in the function table. The function table itself begins with
a dashed line and terminates with a dashed line. The length of
the dashed lines is not significant. Each line or vector in the
function table records the input and output pins of the function
table pin list., There must be as many states per vector as there
are pin names in the function table pin list. Any line in the
function table may consist of a vector or a comment or both,

An input may have one of 4 states:

Force a low on the input pin.

H Force a high on the input pin. .
X Although specified as a don“t care, PALASM
c

c

defaults to a low signal onthispin. ,
This input pin is being used as a clock, drive
the logic signal from low to high state.

NOTE: PALASM will report inputs as 1 for H and 0
for L in its generated test vector list.

An output may have one of 4 states:

Expect a logic 0 on this pin,

Expect a logic 1 on this pin,

Do not test this output.

Test for high impedance on this pin,

8 imt

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



3.0 The Syntax of PALASM page 3-4

A brief example of the PAL input spec follows:

PAL12H6 PAL DESIGN SPECIFICATION
P7000 JANE ENGINEER 03/12/82
SIMPLE EXAMPLE

MMI SANTA CLARA, CALIFORNIA
A B C NC NC NC NC NC NC GND NC NC F NC NC NC NC NC NC VCC

F = A + B*C ;SIMPLE TRANSFER FUNCTION

FUNCTION TABLE

A B Cc P
; INPUTS OUTPUT
;41 $2 $3

mmEmmerce
R Balal--N- Nl
merEmememe
EmEmmEaEe e

DESCRIPTION

THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT A
SIMPLE BOOLEAN TRANSFER FUNCTION,

PALASM EXERCISES THE PUNCTION TABLE TO SIMULATE THE TRANSFER

- A Great Performer!/

FUNCTION.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



3.0 The Syntax of PALASM page 3-5

Introducing: Programmable Polarity PALs

l. The architecture tor these PALs are shown on the pages
that follow. With the polarity fuses intact, these PALs are
active low; when blown, the outputs are active high.

For example, if output 1, OuT1, is specified as
uncomplemented in the pin list, and in the eqguations, it is also
specitied 1in the uncomplemented torm, the polarity fuse WILL be
blown because the output is specified as active high.

The converse is also true. It OUT1l is complemented in the
pin 1list and also complemented in the equation, the tuse will
also be blown,

2, To specity a register preload during simulation, enter a
"P" for the preload pin in the ftunction table. The registers will
then be preloaded with the pin information supplied with that
P-vector.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved:
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20P10
AN ENHANCED VERSION OF 20 AND 24 PIN

PAL CIRCUITS THAT PROVIDE "P" FEATURES

¥

© PROGRAMMABLE POLARITY

© REGISTER PRELOAD -

© COMPLETELY TESTABLE

¥

Illn‘lihlll“inll-uunri.....a
16P8
o
L x
' ' ' L) iy ‘
- it R AN
lllu.llhili“illl-nm-r‘-o-.—a -

ﬂlll‘llill'“nnlill'llllli-i

a. ———— : ) _ )
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4. Running PALASM page 4-1

4.0 Running PALASM

To start, check Appendix A to verify that you have all the
necessary files to run PALASM on your particular computer and
operating system., To gain some insight into the nature of PALASM,
we suggest trying to run one of the several examples that are
included in your package. P7000.DAT is the classic basic gates
example we suggest you try first. Once the basic capabilities of
the program are understood and once you have established a
certain degree of comfort, work with some of the other examples
or create your own designs,

Type in your system’s execute command to run PALASM, you
should see the following response on the screen, if PAL20 was
chosen:

MONOLITHIC MEMORIES 20-PIN PALASM (tm) VERSION 1.7A
(C) COPYRIGHT 1983, 1984 MONOLITHIC MEMORIES

WHAT IS THE SOURCE FILENAME (d:filename.ext) ?: P7030.DAT

Enter the name of the input file containing the PAL design
Specification in response to the above prompt. In the above
example, the P7030.DAT example has been chosen.

OUTPUT FILERAME - PRESS <ENTER> FOR NO OUTPUT FILE ?: <CR>

If <CR> is pressed, the output from this PALASM run will be
sent to the console. Otherwise, if a filename is specified, all
output will be channelled to that file,

After reading the input specification file, PALASM returns
with a menu of the following form:

E=ECBO INPUT O=PINOUT S=SIMULATE P=PLOT

B=BRIEF H=HEX I=INTEL HEX D=DOCUMENT
J=JEDEC PORMAT P=FAULT TESTING
C=CATALOG Q=QUIT

ENTER OPERATION CODE:

The _ mark designates the cursor. Any selection you enter
must be in UPPER CASE!!! A brief discussion and sample ouput from
each of the options follows:

R R L T Y s Ty R T Y
ENTER OPERATION CODE: D

Documents the entire PAL design by executing the echo,
pinoat and plot options on the menu. Sample output from running
each of these options follow. '

L2 A R Y Y Y R Y SR 2 2R 22 R XY IR 2222

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



4. Running PALASM page 4-2

ENTER OPERATION CODE: E

Echos the PAL Design Specification sending it to the display
device and helping verify that the input file has been read
properly.

PAL16C1

P7030 (PMSI003)

OCTAL COMPARATOR

MMI SUNNYVALE, CALIFORNIA

A7 A0 BO Al Bl A2 B2 A3 B3 GND
A4 B4 A5 BS5 BQ NE A6 B6 B7 VCC

BIRKNER/COLI 07/21/81

NE = AO0*/BO0 + /AO* BO sA0 :+: BO
+ Al*/Bl + /Al* Bl sAl :+: Bl
+ A2*/B2 + /A2* B2 ;A2 :4+: B2
+ A3*/B3 + /A3* B3 :A3 :+: B3
+ A4*/B4 + /A4* B4 :A4 :+: B4
+ AS*/BS + /AS* BS sAS :+: BS
+ A6*/B6 + /A6* B6 ;A6 :4+: B6
+ A7*/B7 + /A7* B? sA7 :4: B?7

FUNCTION TABLE
A7 A6 A5 A4 A3 A2 Al A0 B7 B6 B5 B4 B3 B2 Bl BO NE EQ

;INPUT A INPUT B OUTPUTS
76543210 76543210 NE EQ  COMMENTS

HLLLLLLL LLLLLLLL H L  A7=H, B7=L

LELLLLLL LLLLLLLL H L  AG=H, Bé=L

LLELLLLL LLLLLLLL B L  AS=H, BS=L

LELALHLE LELBLELE L H  TEST ODD CHECKERBOARD
HELLEELL HELLEELL L H  TEST EVEN DOUBLE CHECKERBOARD
LLEELLEE LLHHLLEHE L B  TEST ODD DOUBLE CHECKERBOARD
DESCRIPTION

THE OCTAL COMPARATOR ESTABLISHES WHEN TWO 8-BIT DATA STRINGS
(A7-A0 AND B7-BO) ARE EQUIVALENT (EQ=H) OR NOT EQUIVALENT (NE=H).

LA AR AR AR s 2222 2 222222 X222 222222222 222X X222 22 2222 222222222222 2]

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



4. Running PALASM page 4-3

ENTER OPERATION CODE: O

Upon commanding a pinout, PALASM displays the location and
names of all pins on the specified PAL.

OCTAL COMPARATOR

(2132322132222 2] (231222312222 2X2]
* . ® ]
1 2 2 24 [ 1 234
A7+ 1* PAL *20* vCC
E 2 2 2 1 2 3 £ ]
. 16C1 *
1 2124 1 2 2 %
AG  * 2¢* *19* B7
[ 2 3 2] [ 2 22
* *
E 2 224 L2 12
BO * 3¢ *18* B6
*hd® [ 2 2 1]
* ’ *
L2 2 1] 1 1 214
AL * 4* *17* A6
L2 2 2] 121 1]
® *
t 2 114 12 3 1
Bl * S5* *16* NE
L2 2 1] 1 2 2 24
* *
L2 2 £ 4 1 2 2 1]
A2 * 6* *15¢+ EQ
L2 3 14 . L 2 2 2]
® *
t 3 2 2] 1 2 3 1 ]
B2 * 7* *14* BS
t 2 2 2 t 2 2 £ ]
* *®
L 2 2 14 (X X1 ]
A3+ g* *13* AS
L 12 2] L2 2 2 ]
* ®
tees . ke
B3 * 9* *12* B4
L2 1 34 : 1 2 2 1]
*® ®
E 12 1 1 2 2 %]
GND  *10% *11* A4
L 2 3 1] L2224
® ]

i i3 222 222222222222 222222222222 F)

LA AR AR 2222 22 R R s 2 2 X2 2 22 2 2 2 222 2 2222 22 22222222222 222222222222 2]

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



4. Running PALASM page 4-4

ENTER OPERATION CODE: S

In executing this command, PALASM examines the Function
Table entries and determines if the PAL performs as the entries
indicate. These entries are checked against the equations thereby
verifying the design. Test engineering can then use the
resulting simulation vectors as seed vectors in generating
functional test vectors.

All inputs in the logic equations are given the values
specified in the Function Table vector and the equations are
exercised. The evaluated outputs and those specified in the test
vectors are checked and any inconsistencies between the two
values are flagged as errors,

In evaluating the logic equations, three types of inputs
are present: primary inputs, feedback inputs from registered
outputs, and feedback inputs from combinatorial outputs. The
values for primary inputs and the combinatorial feedback outputs
are taken from the present vector under consideration. The
values for registered feedback inputs are taken from the
registered outputs of the previous vector. It is therefore
essential that the first vector in the Function Table put the
PAL state machine in a valid starting state and not "wake" the
machine in an undefined state.

The Function Table allows the following as valid input states.

High level

Low level

Transition from low to high

Irrelevant (defaults to logic 0 for input)
High impedance

N O :T

The following test vector states are output:

Test for high state
Test for low state
Drive to high state
Drive to low state
Irrelevant (do not test if output)
Drive input from low to high state

OXxXomrix

An important point to note is that all "don"t care"
conditions are treated as LOW signals. This option can be invoked
only when a function table exists in the input specifications.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



4. Running PALASM page 4-5

OCTAL COMPARATOR

1 100000000X0000LH0001
2 000000000X0000LH1001
3 000000000X0010LHO0001

20 01i001100x11003L1101

21 100001111X0000H8L1111

22 011110000X1111HL00O1
PASS SIMULATION
Y 22 2222222222222 X223 X2 2 X2 2222222 22222 222222 2R 2222222222 X222 2222 X 22 ayyl
ENTER OPERATION CODE: P

Displays complete fuse plot.

OCTAL COMPARATOR

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

0 0000 0000 0000 0000 0000 0000 0000 0000

1 0000 0000 0000 0000 0000 0000 0000 0000

2 0000 0000 0000 0000 0000 0000 0000 0000
21 0000 0000 0000 0000 0000 0000 0000 0000

22 0000 0000 0000 0000 0000 0000 0000 0000

23 0000 0000 0000 0000 0000 0000 0000 Q000
24 X=~— =X== AO*/BO
2§ ~X== X - /A0*B0
26 ---- === X=—= —X=-- Al*/Bl
27 -=== —=== -X--= X /Al1*Bl
28 - X —X== === ——== A2%*/B2
29 -X-- X /A2*B2
30 ---- X -X-- A3*/B3
31 -X-- X--- /A3*B3
32 —=== —=-- X --X- A4*/B4
33 ~=-= e —ee- . -=X- ---X /A4*B4
34 X —=X- -=== —-=-- AS5*/BS
35 - -=X- X /AS*BS
36 -=== -=== ===X —=X- A6*/B6
37 === === ==X~ X ' /A6*B6
38 --X- X A7*/B7
39 ——-X —X- /A7*B7
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40
41
42

61
62
63

4. Running PALASHM

0000
0000
0000

3

.

0000
0000
0000

LEGEND:

NUMBER OF FUSES BLOWN =

0000
0000
0000

0000
0000
0000

X
0

0000
0000
0000

0000
0000
0000

0000
0000

0000

0000
0000
0000

0000
0000
0000

0000
0000
0000

FUSE NOT BLOWN
PHANTOM FUSE

480

0000
0000
0000

0000
0000
0000

(L,N,

0000
0000
0000

0000
0000
0000

0)

(L,N,0)

0000
0000
0000

0000
0000
0000

o

page 4-6

FUSE BLOWN
PHANTOM FUSE (H,P,l)

(1,P,1)

[ Z 2 XXX R R R R R SRR RS A2 R X222 2222222222222 2222222222222 2222222222222 X

ENTER OPERATION CODE:

Displays only product terms containing

OCTAL COMPARATOR

0123

) -
-X——

4567

X
p, S

11
8901

1111
2345

1111
6789

2222
0123

2222
4567

2233
8901

L L R e

) -
X

-——X-

——

LEGEND:

NUMBER OF FUSES BLOWN =

—X-

—X-

- -

" J—
), S

—X-
-—-X

X :

PUSE NOT BLOWN

SECURITY FUSE = XX

(L,N,

480

0)

blown fuses.

AO0*/BO
/A0*BO
Al*/Bl
/A1*Bl
A2*/B2
/A2*B2
A3*/B3
/A3*B3

A4*/B4
/A4*B4
A5*/BS
/AS*BS
A6*/B6
/A6*B6
A7*/B7
/A7*B7

FUSE BLOWN

(1,P,1)

AR E R SRRl 22 22 22 2 X2 222222 2222222222222 X222 22X 22 2 X 2 2
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4. Running PALASM page 4-7
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4. Running PALASM page 4-8

ENTER OPERATION CODE: H

This format which is directly compatible with the DATA 1/0
909-1427 20-pin Generic card set, is shown below.

A

BB BB BB BB BB BB BB BB BB

C

A --> Record start character (STX)

BB --> Data byte
c -=-> End of text character (ETX)

Data is sent in streams of 16 8-bit bytes separated by
spaces. An execute character, the ASCII period ".", is sent at
the end of each stream of data. 4-bit data is padded up with
zeros in the most significant 4 places. In addition, a hex
checksum is passed at the end of the transmission.

7FFFFIT7FPFFFFFFFFFFFFFFFFFPFFFFFFPFPF.
P7FFI7FPFPFFFFFPFPFFFFFPFFPFFFFPFPFFFFPFFPF,
FFFFPFFPIFFFFITFFFPFFFFFFFFFFFFPPFPPF.
11171111111:1011110121111111111111111.
1101111011112111111111111111111111.
11101101111111111111111111111111.

HEX CHECK SUM = F70

I R Ry T P T Y e T
ENTER OPERATION CODE: I

Generates the Intel Hex format for both 4- and 8-bit data
downloading; the format is as follows:

:AABBBB00CCCCCCCCCCCCCCCCCCCCCCCccccccenDp

: --> Starting colon marker

AA --> Record length in hex

BBBB --> Record starting address in hex
C..C =--> Data

DD --> Hex checksum

All data is sent in streams of 16 8-bit bytes starting at
000H., 4-bit data is padded with zeros in the most significant 4
bits. The checksum is the negative of the sum of all 8-bit bytes
starting at "AA" to "DD", modulo 256. Transmission is terminated
by the bit stream ":00000001FF".

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



4. Running PALASM , page 4-9

£ 2000000007 OF OF OF OF 07 OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OFOF OF 10
:200020000F070FOF070FOF OFOF OF OFOFOFOFOFOFOF OFOFOFOFOFOFOFOFOFOFOFOFOFOFOFF0
:200040000F OF OF OF OF OF OF OF 07 OF OF OF OF 07 OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OFDO

:2001&000010101010101010101010001010101000101010101010101010101010101010121
£2001€000010100010101010001010101010101010101010101010101010101010101010101
:2001E0000101010001010001010101010101010101010101010101010101010101010101E1
:00000001FF

(X2 X222 X2 X222 22222222 2222222222222 22222222222 2222222222222 2222222222222 22

ENTER OPERATION CODE: J

Provides JEDEC formatted fuse plot.

*D2221*FO0*

L0000 01111011111111111111111111111111+%
L0032 10110111111111111111111111111111*
L0064 11111111011110111111111111111111*

L0416 11111111110111101111111111111111*
L0448 11011110111111111111111111111111*
L0480 11101101111111111111111111111111+%
v0001 100000000X0000LHO001 *
v0002 000000000X0000LH1001 *
V0003 000000000X0010LEO00Y *

V0026 011001100X1100HL1101 *
v0021 100001111X0000BL1111 *
V0022 011110000X1111BL0001 *
F998

LA AR AR S 2 222222222222 222 22 2 22 2 22 X2 2 2 22 2 2 R 2222 22 X222 2222222222222 2 X X
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4. Running PALASHM , page 4-10

ENTER OPERATION CODE: F

Assuming product lines can fail by being stuck-at-1l or
stuck-at-0, the fault testing procedure determines those
failures that the ( function table entries can detect and
identifies each product term ( that cannot be detected.

Product term coverage is computed as follows:

- Total number of detected SAl faults
- Total number of detected SAQ0 faults
- Product Term Coverage

SA1 faults + SAO faults
PTC = =-—==———=-—-=—mcmeee—eccecm—cee—oo * 100 (%)
2 * Total number of Product Terms

PALASM notifies the user which product terms and what type’
of faults were not detected. For example,

" PRODUCT 2 OF EQUATION\I UNTESTED (SAQ) FAULT "

This means that the product term number 2 of equation 1
cannot be tested for (SAQ0) fault.

OCTAL COMPARATOR
1 100000000X0000LH0001

2 000000000X0000LH1001
3 000000000X0010LHO001

20 011001100X1100EL1101

21 100001111X0000EL1111

22 011110000X1111HL0001
PASS SIMULATION
NUMBER OF STUCK AT ONE (SAl) FAULTS ARE = 16
NUMBER OF STUCK AT ZERO (SAO) FAULTS ARE = 16

PRODUCT TERM COVERAGE =100%

(22222222222 2222222222222 X2 X2 2222222 2222222 2222222222222 2222222 22 X2 22222222t 2R
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4. Running PALASM page 4-11

ENTER OPERATION CODE: C

Catalog of available options.

MONOLITHIC MEMORIES 20-PIN PALASM VERSION 1.7
(C) COPYRIGHT 1983 MONOLITHIC MEMORIES

DOCUMENT (D)

BCHO

PINOUT (O)
SIMULATE (S)

PLOT

BRIEF (B)

(E)

(P)

HEX (H)

INTEL (I)
JEDEC (J)
FAULT (F)
CATALOG (C)

QUIT

Q)

PRINTS THE PAL DESIGN DOCUMENTATION

PRINTS THE PAL DESIGN SPECIFICATION

PRINTS THE PINOUT OF THE PAL

EXERCISES THE FUNCTION TABLE VECTORS IN THE LOGIC
EQUATIONS AND GENERATES TEST VECTORS

PRINTS THE ENTIRE FUSE PLOT

PRINTS ONLY THE USED PRODUCT LINES OF THE FUSE PLOT
PHANTOM FUSES ARE OMITTED

GENERATES HEX PROGRAMMING FORMAT

INTEL HEX PROGRAMMING FORMAT

JEDEC FORMAT FOR DATA I/0 PROGRAMMER

FAULT TESTING

PRINTS THE PALASM CATALOG

EXIT PALASM

L2222 2222222222222 22222222222 222 222222222222 222222 2222222222222 X222 22222 R]
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A.l PALASM on the VAX-11/VMS page A.1-1

The following files should be on the tape if you
ordered the load/go version.,

PAL20.EXE and PAL24.EXE - Executable file for 20- and 24-pin PALSs
respectively.

P7000.DAT through P7099.DAT - Example PAL design specification

files. These are useful for demonstrating how the input
file should be formatted or for verifying that the
assembler is indeed working correctly.

BITPN.TXT - A directory of the example design specification
files. This cross-reference is repeated in Appendix D.

IOINIT.FOR - User customization package for array dimensions and
1/0.

If you ordered the development version, you will have the
following additional files on your tape.

PAL20.FOR and PAL24.FOR - FORTRAN source files for the 20- and
24-pin modules. The programs were developed using
FORTRAN77 however you should be able to compile under
FORTRAN IV with minor changes.

TOLIB.FOR .o RN} BF QXARST hpaliR1EePRr 2Ra b Rk fart LS

This module must be linked in with the main program.

Unloading Your Mag Tape under VAX/VMS

Helpful Hints:

- The volume is labelled PALASM and is recorded in Files-11
format, 1600 BPI and 9-track mag tape.

- For the neophytes who wish to learn everything there is to
learn about mag tapes and more, Digital Equipment
Corporation has published The Magnetic Tape Users” Guide
{Order No. AA-MS39A-TE).

- Your tape drive goes by many different names. For example,
MTAQ: or MSAQO:. To list all devices on your 1nsta11at10n,
type SH DEV M<cr> when you see the $§ prompt.

After loading your tape on the drive, when you see the §
prompt, type the following:

$ ALL MTAO: TAPE
- Allocates space for TAPE on device MTAO:
$MOUNT /OVER=IDENT TAPE

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



A.l PALASM on the VAX-11/VMS page A.l1-2

This mounts the tape and overrides any tape labels. Operator
privileges are required to do this.

$CREATE/DIR (.PALASM]
SSET/DEFAULT [ .PALASH]

Sets up the appropriate default directory.
$COPY TAPE:* *;* []*

This copies the tape files to your directory.
$DISMOUNT TAPE

Dismounts tape and wraps things up.

DISREGARD THE SECTION BELOW IF YOU HAVE THE LOAD/GO VERSION
R T R Ry T Ty

Compiie and link the source program using the following sequence
of commands to create the executable version. You may substitute
PAL24 for PAL20 as appropriate,

$ FORTRAN PAL20,IOLIB
$ LINK PAL20,IOLIB

(22222222222 222222222222 2222222222 222222222 2222222282 22222222 )

After creating your PAL design Specification files using one
of your system editors, type the following to run PALASM:

$ RON PAL20

At this point, refer to section 4 for step-by-step
instructions on how to use the program.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



A.l PALASHM on the VAX~11/VMS page A.1-3

Dumping a File From the VAX to the Data I/0:

Cable Connections:

The RS-232C cable that connects the VAX-11 to the Data 1/0
has lines 2 and 3 reversed. The only other pins that must be
connected are pins 1 and 7.

Operating Procedures:
1. Turn Data I/O power off.

2. Connect the Data I/0 programmer to the modem and VT100 terminal as shown
in Fig., A.1-1.

3. Turn the Data I/0 programmer on.

4. Press the "SELECT" (Data 1/0).

5. Enter "EB" (Data I/0)

6. Press the "START" (Data 1/0).

7. Type "TY FILENAME.DAT" (VT100). The file should be in the JEDEC format,

8. Press RETURN on the VT100.

9. Disconnect VT-100 terminal from the modem and Data I1/0.
10. Reconnect Data I/O to VT-100 as shown in Fig. A.1-2.
11. Press the "SELECT" (Data I/0).

12. Press the "SELECT" (Data 1/0).
13. Enter "E1" (Data 1/0).
14. Press "START" (Data 1/0).

15. Use VT~-100 keyboard in order to communicate with the Data I/O.

(c) Copyright Monolithic uenotiés Inc. 1984 All Rights Reserved.



A.l1 PALASM on the VAX-11/VMS

PROGRAMMER

PROTECTIVE GND. ! 1
SEND DATA 1 2

RECEIVE DATA 13

RTS !4

crs 5 o
DSR ;'E"'
SIGNAL GND. 17 0

Fig. A.1l-1:

PROTECTIVE GND.
SEND DATA
RECEIVE DATA
RTS

CTs

DSR

SIGNAL GND.

page A.l1-4
MODEM VT100

-1 lemme——— R £ el !

lemmm e 1010 l-mmomemmme 0 1 ! PROTECTIVE GND,
--1 lomm———— L !

lemmmm e 1020 l==c—mmeam- ! SEND DATA
-1 lmm—m——— L ! A

s 1030 l=meeeeeem- ! RECEIVE DATA
-1 lemmemea ! leemeeee !

lomree e ! 040 lomceoeonn- 0 4 !
-1 lom————— ! leeeee—a s

lomme e 1050 l-memecemnme 0o 5 !
--1 lommem—— e !

lommmmm e 1 06 0 |=-——cememen 0 6 !
--1 jem————- L !

| me— 1 07 0 l-=recew——— 0 7 ! SIGNAL GND,

Downloading from host (VAX-11) to Programmer.

(VAX talking to Programmer and VT100).

PROGRAMMER
| T T, 1
11 0 !
R ]
12 0 !
fmmmm e !
13 0 !
R !
14 0 !
jmmmm—m- !
15 0 !
I !
16 0 !
I !
17 0 !

- s w w» --—--

0o 1
-a--;--
-a--;--
-a_,;--
-8--;_-
-6-_;--
-5_-;__

PROTECTIVE GND.
SEND DATA

RECEIVE DATA

SIGNAL GND.
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A.2 PALASM on the VAX-11/O0NIX page A.2-1

If you ordered the load/go version, the following files
should be on your TAR tape.

pals.mmi'- A preprocessor that identifies the input file as a 20-
or 24-pin PAL and invokes pal20 or pal24 as is
necessary.

pal20 and pal24 - Executable file for 20- and 24-pin PALSs
respectively. .

p7000.dat through p7099.dat - Example PAL design specification
files. These are useful for demonstrating how the input
file should be formatted or for verifying that the
assembler is indeed working correctly.

bitpn.txt - A directory of the example design specification
files. This cross-reference is repeated in Appendix D.

ioinit - User customization package for array dimensions and
1/0.

If you ordered the development vérsion, you will have the
following additional files on your tape.

pal20.f and pal24.f - FORTRAN source files for the 20~ and 24-pin
modules. The programs were developed using FORTRAN77 .

iolib.f - This provides the I/0 features that make this version
' of PALASM compatible with that on the IBM PC. This
module must be linked in with the main program.

DISREGARD THE SECTION BELOW IF YOU HAVE THE LOAD/GO VERSION
Ly L R T e T T ey

Compile and link the source program using the following sequence
of commands to create the executable version. You may substitute
pal24 for pal20 as appropriate.

t £77 -w pal20.f -o pal20
¢ £77 -w iolib.f -o iolib
$ link pal20,iolib

(2222 2222222222222 222X 22X 22X 222 2 X222 222 R Ria 2t il 2 2 22X 222 2222 222 2 ]

Create your PAL design Specification files using one of your
system editors, then type the following to run PALASM:

% pals.mmi

At this point, refer to section 4 for step-by-step
instructions on how to use the program. The program pals.mmi

invokes pal20 or pal24 depending on which pal type is specified
in line 1 of the input file.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



A.2 PALASM on the VAX-11/UNIX page A.2-2

An important point to note is that the input file should be
available in the data file "pal.in", The appropriate data file

should therefore be copied into "pal.in" using a command similar
to the one below:

% cp pixxx.dat pal.in

W
hasth

-

1
‘Y .
4/154)

&

Please Find Us a Home !
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A.3 PALASM on the IBM PC DOS 1.10 page A, 3-1

For the IBM PC, system requirements are as follows:

- 8088 based microprocessor system

128K bytes minimum of memory

- MS-DOS (PC~DOS) operating system

Optional text printer

1 disk drive,

The IBM PC version comes with three diskettes which contain the
following files:

Disk #1:PAL20.EXE, PAL24.EXE, PALSETUP.EXE, PALCOMM.EXE,
PALCOMM . DAT

Disk $#2: P7000.DAT - P7049.DAT

Disk #3: P7050.DAT - P7099.DAT

- PAL20.EXE processes 20-pin PALs while PAL24.EXE
handles 24-pin PALs. Both programs are written in
FORTRAN77, however, each program is independent of the
other during execution.

~ PALSETBP.EXE allows the user to set up the baud rate,
parity, data bits and stop bits for communication.
This information is passed to the communications
program, PALCOMM.EXE, through PALCOMM.DAT.

- Files P7000.DAT through P7099.DAT are example PAL
- Design Specifications taken from designs in the PAL
Handbook.
To use PALASM on the IBM PC, two steps are necessary:

1. Create and edit the PAL Specification File.
2. Run PALASM.

Assuming that you are working with a 20-pin PAL, to

start PALASM, with Disk $#1 in drive A, type the
following when you see the A> prompt:

(c) Copyright Monolithic Memories Inc. 1984 All Rights Resé:ved.



A.3 PALASM on the IBM PC DOS 1.10 page A, .3-2

A>PAL20

Respond by typing the name of your source file and the drive
on which it resides. If your input design spec cannot be found,
the following error prompt is screened:

DISK I/O ERROR - MAYBE WRONG FILENAME ???
RESTART PALASM (Y/N)?

If the input file can be located, the user can then specify
the output filename. Otherwise, pressing the carriage return key
sends the output to the screen, N

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



A.3 PALASM on the IBM PC DOS 1.10 page A.3-3

Programmer Communications

Before PALCOMM can be used, run PALSETUP to set up the baud
rate, parity data bits and stop bits. This information is stored
in PALCOMM.DAT and used by PALCOMM. To run the set up program,
type:

A>PALSETUP

The current default data is displayed. On the screen, the
current parameters (baud rate, etc.) are highlighted, and the
user can select an input value by pressing any key on the
keyboard. Press the return key to select another parameter. When
the last parameter value (stop bits) has been selected, the user
is asked to confirm the information. If confirmed, the data is
saved in PALCOMM.DAT.

SETUF FROGRAM FOR PALASM COMMUNICATON...

Baud rate ..... 200

FaritV «cecce... * Even

Data bits ... 7

Stop bits ... 3 1

?

New values ok (v/n)

(c) Copyright 1983 Monolithic Memories
All Riaghts Reserved.

(c) Copyright Monolithic Memories Inc. 1984 All Rights neaervéd.



A.3 PALASH on the IBM PC DOS 1.10 page A.3-4

PALCOMM.EXE uses the data in PALCOMM.,DAT to establish
communications with the programmers. It then displays the
following screen:

PALASM COMMUNICATION PROGRAM...

Enter filename of file to transmit during cémmunication
with Programmer :7 OUTFUT.DAT

(c) Copvright 1983 Monolithic Memories
All Rights Reserved.

Once the name of the file to be transmitted has been keyed
in, the program responds with "Proceed...". The message shown
below will be on line 25 of the screen. WARNING: All data is
transmitted to the serial device. If no such device is available,
‘the programs goes into time-out.

Press <Fl> to send file ... Press <F10> to exit communications

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



A.3 PALASM on the IBM PC DOS 1.10 page A.3-5

Caveats, Restrictions and Other Gotchas

General

1. Do NOT terminate the program abnormally by pressing
CTRL-C, BREAK, etc. when you are sending the output to a file
rather than the screen. Use instead the QUIT option to terminate
your session. If the session is terminated using CTRL-C, this may
result in lost files on your disk. This is because your output
file will not have been properly closed.

Supposingyour output file on B: drive is called
OUTPUT.PRN, then if you abort your program using CTRL-C, when you
look at the directory, it will indicate that your output file
contains zero blocks:

A>DIR
OUTPUT.PRN 0 09-15-83 1:47p
Your disk however will contain lost files. To recover
any lost files or clusters, run CHKDSK with the /F switch using
the IBM 2.0 boot disk. Type:
A>CHKDSK B:/F

1 lost clusters in 1 chain
Convert lost chains to files (Y/N)?Y

362496 bytes total disk space
0 bytes in 1 hidden files
216064 bytes in 2 user files
1024 bytes in 1 recovered files
145408 bytes available on disk
327680 bytes total memory
303104 bytes free

MS-DOS names the recovered file, FILEQ0O.CHK. You can
then delete OUTPUT.PRN and rename FILEQ0O0.CHK as you please.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



A.4 PALASM for CP/M-80 Systems page A.4-1

For CP/M-80 systems, the minimum configuration is:

- 280 based microprocessor system

64K bytes minimum of memory

Cp/M-80 operating system

Optional text printer

1 disk drive,.

The three diskettes you receive will contain the following
files:

Disk #1:PAL20.EXE, PAL24.EXE, PALSETUP.EXE, PALCOMM.EXE,
PALCOMM,DAT

Disk #2: P7000.DAT - P7049.DAT

Disk #3: P7050.DAT - P7099.DAT

- PAL20.EXE processes 20-pin PALsS while PAL24.EXE
handles 24-pin PALs. Both programs are written in
FORTRAN77. Each, however, is independent of the other
during execution,

- PALSETUP.EXE sets up the baud rate, parity, data bits
and stop bits for communication. This information is
passed to the communications program, PALCOMM.EXE,
through PALCOMM.DAT.

- Files P7000.DAT through P7099.DAT are example PAL
Specifications taken from designs inthe PALHandbook.
To use PALASM on the IBM PC, two steps are necessary:

1. Create and edit the PAL Specification File,.
2. Run PALASM,

Assuming that you are working with a 20-pin PAL, to start

PALASM, with Disk #1 in drive A, type the following when you see
the A> prompt:

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



A.4 PALASH for CP/M-80 Systems page A.4-2

A>PAL20

Type the name of your source file and the drive on which it
resides. If the input file does not exist, the following error

prompt is screened:
DISK I/0 ERROR - MAYBE WRONG FILENAME ?2??

RESTART PALASM (Y/N)?

If the input file is located, the user can then specify the
output filename. Otherwise, pressing carriage return sends the

output to the screen.

The PAL~-Teaching Oid PROMs
Tricks

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



A.S PALASM for the Intel/MDS ISIS-II

page A,.S5-1

The Intel/MDS version of PALASM is written in FORTRAN IV and
is divided into four program segments:

ISIS-II Preliminaries

PAL20 assembles and generates fuse plots for 20-pin PALSs
PAL24 assembles and generates fuse plots for 24-pin PALs
PAL20S simulates Function Table of 20-pin PALS

PAL24S simulates Function Table of 24-pin PALS

Under ISIS-I11, the general format for naming a file is:

device name
1-6 alphanumeric chars I

:DEVICE:FILENAME .EXTENS ION

I
I

1-3 alphanumeric chars

The following device names can be
the line above:

:F0: thru
:TI:
:TO:
:TP:
:TR:
sVI:
:VO:
:HP:

:HR:
:LP:

:F5:

Disk Drives %0
Teletypewriter
Teletypewriter
Teletypewriter
Teletypewriter
Video terminal
Video terminal

substituted for :DEVICE: in

thru #5
keyboard
printer
punch
reader
keyboard
screen

High speed paper tape punch
High speed paper tape reader

Line printer

Since the console terminal may either be teletype or CRT, in
order to input or output from the terminal, the following are

also supported:

:CO:
:CI:

‘Console output, and
Console input

In addition, ISIS-II supports a number of user definable 1/0
devices (see ISIS-II User Guide, page 2-5 of manual arder number:

9800306D) .

(c) Copyright Monolithic Memories Inc; 1984 All Rights Reserved.



A.S PALASM for the Intel/MDS ISIS-I1I page A.5-2

Running the PALASM Assembler under ISIS-II

A typical session at a terminal is shown below. The PALASM
disk is assumed to be in drive $0 and the Design Specification
filename is P7000.DAT.

I1S18-11
-:FO:PAL20

The ISIS-II system prompt is a dash (-). Typing PAL20
invokes the PAL assembler.

PAL20 ASSEMBLER V2.4 MONOLITHIC MEMORIES

ENTER PAL PROGRAM >>>
:FO:P7000.DAT

Our Design Specification is in drive $0

OPERATION CODES
P=PLOT B=BRIEF H=HEX D=JEDEC-PORHAT E=ECHO Q=QUIT
ENTER OPERATION CODE: P

Each operation code is described below:

P - Generates complete PAL fuse plot, where
"X" - fuse not blown
"-" ~ fuse blown
"0" - low phantom fuse
"0" - high phantom fuse
B - Generates brief fuse plot displaying only those fuse lines
which are essential to describe the function,
H - Generates PAL fuse pattern in hexadecimal (HEX) programming

format.

D - Generates JEDEC programming format. PALASM will ask for the
interface to which the JEDEC format is to be downloaded.
The Intel/MDS specifies every interface with a label: :
:CO: Console output
:LP: Line printer, etc.

Although PALASM handles most interface labels,
nevertheless, different series of the MDS often have
different label names for the same interface. Check the
Intel/MDS users” manual for the interface to be driven.

Before down-loading data, put the Data I/O in receive mode
by pressing <SELECT><E><B>.

E - Echos the PAL Design Specifications input file to the
selected logical device number.

'Q - Exits PALASM assembler.
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PAL® Training
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Caveats, Restrictions and Other Gotchas

General

1. PAL Design Specifications may be written using the ISIS-
II Edit or Credit, but special invisible control characters like
TAB, TOP OF FORM, etc. are not supported by PALASM. They can lead
to unidentifiable errors.

2. PALASM is not foolproof. If you mistype the user data
filename, PALASM complains with a FORTRAN I/0 error (e.g. 156);
or, if you try to open an already existing file during the PALASM
output procedure, another FORTRAN I/0 error is flagged (e.g. 155).

Assembler

1. PAL20 and PAL24 can only read up to 80 lines., Any file
longer than 80 lines is truncated. Therefore, if your equations
are longer than 80 lines, reformat them and reduce the number of
lines in your input file. For example, instead of writing:

A

B
C

OuTPUT

++ 0

change to
OUTPUT = A + B + C

2. Function Table values for GND and VCC should not be
specified; nor should GND and VCC be ANDed (*) with other inputs.

3. /GND and /VCC are recognized as complements.

4. GND allows the user to skip product lines and VCC

provides for upper implementation of open collector functions in
a PAL16L8 or PAL 20L10.

5. The assembler automatically skips to the third product
line if an exclusive or operator :+: is encountered after the
first minterm of an equation. This eliminates possible confusion
when the PAL20X10, PAL20X8 and PAL20X4 are designed.

6. Many users write their equations with a feedback
connection specified for pins 12 and 19 for PAL16L8 and pins 14
and 23 for PAL20L10. Since these pins have no internal feedback,
the assembler flags this as an error,

7. The user should be aware that "active low" PALS will
invert at the output even if the inversion is not specified in
the equation. PALASM will flag an error,

8. The JEDEC format generated by this version of PALASM

can be used with the Data I/0 Model 19. In the next release, the
JEDEC format will be modified to be compatible with the Model 29A.
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Simulator

1. PAL20S and PAL24S, can read up to 140 lines, including
logic equations and Function Table entries.

2. GND can be written in the product lines. If GND is
specified in the logic equation, this product line is simulated
as being always low. When VCC is specified, PALASM will blow all
fuses for that product line. This product line is simulated as
being always high.

3. Note that IF(VCC) is optional (default) for conditional
three-state outputs. The assembler automatically blows all fuses
in this product line and simulates the output as being always
enabled if no three-state line is specified.

4. The simulator assumes that registered outputs are
enabled if the output control pin is excluded from the Function
Table pin list. Many users prefer this when the output control
pin is tied to GND.

5. Simulation of asynchronous outputs provides the ability
to write a Function Table vector for a registered PAL without
applying a clock pulse., Users are thus able to simulate
asynchronous occurences in the PAL between clock pulses,
Registered outputs can be tested or used as feedback with no
change of state occuring.

6. The simulator bypasses the fuse plot. This enables the
user to write and simulate more general Boolean equatxons which
may not fit into the PAL architecture. Thus it is possible to
simulate non-minimized Boolean equations.

7. The Intel/MDS version of PALASM is available in either
single or double density 8-inch disks.
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Following is a list of MMI approved programmer vendors.
Although the list below is mostly for San Francisco Bay Area
offices, you should be able to obtain information about their
regional sales offices by calling the telephone numbers listed.

1. Data I/0
473 Sapena Court/Suite 4
Santa Clara, CA 95050 - (408)727-0641

2. Structured Design
1700 Wyatt Drive/Suite 3
Santa Clara, CA 95054 (408)988-0725

3. Kontron
630 Price Avenue

Redwood City, CA 94063 (415)361-1012
4. Stag

528-5 Weddell ‘

Sunnyvale, CA 94029 (408) 745-1991
5. Digelec

7335 E. Acoma Drive/Suite 103

Scottsdale, AZ 85260 (602)991-7268

6. Storey Systems
3213 N, Hwy 67/Suite 103

Mesquite, TX 75150 (214) 270-4135
7. Varix :

122 Spanish Village #608

Dallas, TX 75248 (214)620-0925
8. Citel

3060 Raymond Street

Santa Clara, CA 95050 (408)727-6562
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PAL Programmer Information

DATA I/0 Model 29A PLDS Programmer:
Key Features:

- Uses JEDEC PAL programming format together with a
"family & pin code” which uniquely identifies each PAL
type.

- Capable of programming security fuse.
- Uses an RS-232C communications interface.
A Helpful Hint

- The latest DATA 1I/0 E-PROM revision changes MMI's
manufacturer code from "95" to "22" in the JEDEC "family
code"., Please check that the configuration code for your

- E-PROM is ECSC.

Using the DATA I/0 Model 29A

Turn on the DATA I/0 PLDS programmer. After it finishes its
self testing procedure, hit the following key sequence on the
DATA 1/0 keyboard:

<SELECT>
<E>

<B>
<START>
<START>

If you are programming a PAL, rather than just running
tests, you will see a sequence of lines starting with L,

If test vectoré are to be sent to the DATA I/0, a seguence
of lines beginning with V now appears,

The check sum data is displayed as it is transmitted to the
DATA I/0.

The DATA 1/0 should now display a hexadecimal number on the
left side of the display window and the LED on the proper socket
should be on. If these conditions have not been met, something is
wrong, probably the RS-232 interface.
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SD20/24 PAL Programmer
Helpful Hints:
- Has 4K bytes of RAM,
- Uses an RS232 full-duplex serial interface.
- All units are shipped with 9600 BAUD rate.

- Data format is asynchronous bit serial with no parity, 1
start, 8 data and 1 stop bit,

- The SD20/24 prompts with "+" character.
Using the SD20/24 Programmer

1. To program a PAL, the equations must be downloaded from
your computer to the SD20/24. Set the computer to the BAUD rate
you desire. Make certain that the BAUD rate setting on the SD
matches that of the computer!! To set the BAUD rate on the SD,
remove the bottom metal cover, and select the desired BAUD rate
using the jumper connector provided.

If you are using the PALCOMM program to communicate with
the SD, put the SD into receive mode first by typing an L when
you see the "+" prompt. Then press the "Fl" key to begin
transmission and Wwhen you see the end transmission prompt,
press control-z to end it.

2. Insert the PAL device to be programmed in the socket and
press the PROG key. If the RED LED flashes, this indicates that
the PAL failed to program correctly or that the PAL failed
functional testing.

3. The GREEN PASS LED will flash if programming is
successful.

4., To verify the PAL against the fuse pattern in the RAM,
insert the PAL in the socket and press the VERIFY switch. The
SD20/24 performs a "smart verify"; it ignores all phantom fuse
locations and unused products thereby decreasing program/verify
times and increasing programming yields.
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DIGELEC: sells a programmer for 20- and 24-pin PALs. It also uses
an RS-232 interface, They have a unique programming format that is not
presently supported by MMI. They are planning to produce a JEDEC format

machine soon.

PROLOG: sells a 20-pin PAL programmer, on the RS-232 HEX format
interface.

STAG: this RS-232 device uses the HEX format and can program
20- and 24-pin PALS.

High Speed
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This section begins with a simple list of all error messages
that each version of PALASM can generate on any system, This is followed
by examples showing how these errors can be encountered.

1. A non-existent file has been specified as the source file
or invalid filename specified as the output file,

DISK I/0 ERROR - MAYBE WRONG FILENAME ???

222222222222 22222 X222 2222222222222 X222 222222222222 222222222}

2. The number of characters in the input file exceeds the
maximum allowed. This should result in a run time error mess-
age. The message will vary depending on your particular opera-
ting system. The CP/M version allows up to 8000 characters in
the input file. For the other versions, the maximum is 12000

characters.

TOO MANY CHARACTERS IN THE INPUT FILE

(2222222222222 2222222222222t Rt i 2 i 2222222222 222222 22222 2]

3. An invalid PAL part type has been specified in line 1l of
the input file,

PAL PART TYPE $$$$$$$ IS INCORRECT

(A2 222222222 222222222222 s 2R 2 22 2R 222 22 2222222 2222 2 ]

4, More than 20 pin names have been specified for a 20-pin
part. The following message flags this error for 24-pin parts.

LESS THAN 20 PIN NAMES IN PIN LIST
LESS THAN 24 PIN NAMES IN PIN LIST

(AR R 222222222222 2222222222 22222222222 22222222222 X

5. A pin name specified in the function table does not match
any of the names specified in the device pin list.

ERROR SYMBOL = $$$$$$$$ IN LINE NUMBER $$§$

RRRRRE R R AR R R RN R AR RN RN R AR RRRRRRRRARAR AR R AR AR R R R RN

6. An active low PAL has been selected therefore the output
Pin name in the Boolean equations should be the complement of the
corresponding pin name in the device pin list,

OUTPUT MUST BE INVERTED SINCE PAL$$SS IS AN ACTIVE LOW DEVICE

R R R AR R R R R R R AR R R R R RN R R AN R RN AR R AR R AR R R RN R RN RN RN RN RANR
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7. For an active high PAL, the output pin name should be the
same as the pin name in the pin list,

OUTPUT CANNOT BE INVERTED SINCE PALS$$$ IS AN ACTIVE RIGH DEVICE

(X222 R X222 22222222 22 222 22 22222222 2222 222 222 22222 X222 2 X

8. Invalid output pin specified, please refer to the PAL
handbook for device pinouts,

THIS PIN NUMBER $$ IS AN INVALID OUTPUT PIN FOR PALSSSS
********i***t**ﬁ*ti*t****i**itl***tﬁ****ttttt**t**ﬁt***ﬁ*it*it
9. Problem minterm in the flagged output equation.

OUTPUT PIN NAME = $3$$$$$S$$ OUTPUT PIN NUMBER = $$
MINTERM IN LINE NUMBER $$$

2222222 X222 RRR2R2R2 2222222222 2222 l2 22 2 222222 22222 222222

10. This product line is non-existent for this PAL type.

THIS PRODUCT LINE NUMBER $$ IS NOT VALID FOR PALSS$SS$S

I Z3XXZXE2R22 X222 222222 X222 2222222 aR 2R 2al X 22 X2 22 82222 222Z ]

11. This PAL type has a maximum of 8 product lines; too many
product terms have been specified.

MAXIMUM OF 8 PRODUCT LINES ARE VALID FOR PALSS$SS
TOO MANY MINTERMS ARE SPECIFIED

I ZXXZXEEZZS22222222 22222222 222222222 ttl 222222 2 i b 222l

12. Invoking the SIMULATE option requires that the function
table be present in the input specification.

FUNCTION TABLE MUST BE SUPPLIED IN ORDER TO PERFORM SIMULATION

*t**i*t******ti*t*****tt*tt******ﬁfﬁt***ﬁ****i**********t*****

13. The function table pin list does not correspond with the
device pin list specified earlier.

FUNCTION TABLE PIN LIST ERROR AT $$$$$$S$

L2222 R RS2 SRRl s i 2 2222222222222 22222 XX 2222222222}
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14. The symbol flagged is not a valid entry in the function
table.

$ IS NOT AN ALLOWED FUNCTION TABLE ENTRY AT VECTOR $$$

[TTXZ2 22X 2X2X2XX222X22 X222 2222 2R 22222222222 222222 2 222 22 22

15. The expected value for this output in the function table
does not agree with that computed from the Boolean equations,
The various forms of this error message are shown below:

FUNCTION TABLE ERROR AT VECTOR $$$ PIN = $$$$5S$$
EXPECT = H ACTUAL = L

FUNCTION TABLE ERROR AT VECTOR $$$ PIN = $$$$$S$S$S
EXPECT = L ACTUAL = H

PUNCTION TABLE ERROR AT VECTOR $$$ PIN = $$$$$$S$$
EXPECT = OUTPUT ENABLE ACTUAL = 2

FUNCTION TABLE ERROR AT VECTOR $$$ PIN = $$$$$$$$
EXPECT = Zz ACTUAL = §

The offending line in the function table is then printed out with
a question mark in place of the incorrect entry.

**************’t***tt****tt**t**ﬁt*t**i*i****t**t*****i*******
16. Provides a count of errors detected in the function table.
NUMBER OF FUNCTION TABLE ERRORS = $$$$

(2222222222222 22222222222 222 2222222222222 2222222222 22222 )

17. A symbol other than H(high), L(low), or X(don“t care) has
been entered in the function table.

ERROR SYMBOL = $$$$$$$$ IN LINE NUMBER $$$$

RERRRRAERRRE R RN RN R RRR AR R R RR R R RN RN RRRRR R AR SR AR R

18. - The number of entries in the vector does not match the
number of pins defined in the function table pin list.

PIN NAME IS NOT DEFINED IN THE FUNCTION TABLE PIN LIST

ERRRAR R R R RRARR AR AR R A AR RN R RN R R AR RS R R AR RN RN R R R AR AN AR RN R
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Appendix D: PAL Design File Library page D-2

1. Open Tooled Bit Patterns | P7019 | PH-4-145 | 1631 Mux (SN54/74LS450) - | PAL20C1 |

by Vincent Coli i | DB-8-20 | |
PAT § ; - et " T T T T T T T T T T T T s e e s l-———-—-l.;-_--.._. ............................... R BRI I
| PAT 0 | AT ID | TITLE | EAL TYFE | | P7020 | PU-4-153 | Octal Shift Regleter (SNS4/74LS498) | PAL20%D |

T TIIITIITIITTTIITIIIIIIIIITIIIIIIIIIIIIIIIIIIIIIILILIIIIII i } | pe-0-0 | I
F7000 | PH-4- i ame | U nieoy -BIt Shift Realstes/Compacator 7T (o
J F7000 1 Bu-A-y  Bamic Gates e\ Emua2ee | | F1021 | eu- 4161 | 4-mit Shift Reglster/Compatator | PALI6R4 |
- SO Sy s USSR PUpiouou Y |
| 17001 1 Bi-4-9 | Basic Clocked Flip- RS ....|./fhaees | | £7022 | Pu-4-169 | 4-pit Counter with 2 Input Mux | FALI6R4 |
ey Ve Bitere R T e e ] My
. rjffj,:_ff_f_}?__}_??T“'VAﬂf??ff_f{?_-h__-____>_.__‘___,,____,___‘_T?Plfff__' | £7023 | PH-4-177 | Octal Counter (SNS4/74LS461) | FAL20X8 |
| F7003 | PU-4-23 | Memory Interface Logic for 6800 Microprocessor| PALIOLB | :,______‘,?P_F_f___'________________,________, ,.,...-...._' .......... !
S AR O R USSR | P7024 | PH-4-185 | Octal Up/Down Counter (SNS4/7415490) | eAL20X¢ |
| P7004 | PH-4-31 | Video Loglc | PAL20L1O | :____,‘-t-fffff?}_,l ............................................... : __________ :
| P1005 | pu-4-37 | Binacy to BCD Converter | PALI6RC | | TT07s L Sile} | 107pit Counter (SNS4/74LS4O) | pAL20x10 1

....... ‘....-A.-.. f e e e m e e e et et st ee et e eat e e e .. _.»...,...'

Cal e e 1
'_ff??f_'_f?_f;f?_;'_P??}f????? ____________________________________ ',?PF}???._' | P7026 | PH-4-201 | 4-Bit Up/Down Counter with Shift Regieter | PAL16X4 |
: P7007 } PU-4-53 | Electionic Dice Game | PALICRS | b Voo b and Comparater . ' e eeeeny
.................. e P i .
| P7008 | PH-4-6) | 9-Rit Register | PAL20X10 | ) F1027 | BH-47209 1 4-BAt Flash Gray A/D Convester o oo......)/ThZRR A
S o | £7026 | Po4-217 | 4-Dit Gray D/A Converter | PALIGKA |
| P7C09 | PH-4-69 | Multifunction Octal Register (SNS4/74LS380) | PAL20x8 | 177 ° 19 1 PH-3-226 1 B-Bit D/A Convertesr oot D
! (1 vo-s-12 | ] | b A2l L R Ot e} M08
T T T | IR R
| P7010 | Pu-4-77 | 8-Bit Pijority Interrupt Encoder with Register| PALI6RA | | r1030 : etoes” : Octal Comparator : FALISCT
B R T T T U [ '

e ) [ R Y F |
:-SZ?}}.:.F?.f-?}..:.P?PZPFF.F???f?f ............................. :_?PF?9¥?N,| | P703) | PH-4-241 | Botwoon leitﬁ Compalator/chirter | PALIEXSE |
I ri012 : Pi-4-9] : 64K Dynamic RAM Refresh/Contioller : PAL20X4 | :';;;;;'{';h;;'é;;':'h;;;;;;’L;;};;'&;;b;;;;;;)i;g;g """"""" : PALIGCL ‘!
| P7013 | PU-4-99 | SNS4/745516 (16-Rit Multiplier/Divider/ | PALIGRE | Nt A A mareed Primter Decoder b e '

I AN-114 | hccumn]nlur) tato Counto: | | :_?Z?}}.‘.Fy_f.??].'.?f??f!.???!f?,?ff?for PPTOde‘ e '.?f??fff..{
1-een- D T Voo e [ - .
| £7014 | PH-4-107 | ALU/Accumulator [ PAleA4 | 1 P1034 1 TN-47256 | Printer Data Register/Mox L. | raaoxe
D e - ) . . . )
| P7015 | PH-4-113 | Stepper Motor Coutmllﬂ b l‘l\lle4 ! }_‘_“Z‘_”S l.?!‘. ‘263 lss““"“hmcmd Wintloese Decoder : FALIERS }
[P S S O T ot s !
| £7016 | PH-4-123 | shaft Encodes | PALIGRA | | vree :ff'__', 28 stte Mac e }.f‘f‘f.‘f.r?_;
'_—_-_,-'_-_-_....,l,... T T
| P7017 | PU-4-129 + Guad 4:] Mux (SNS4/T4LSA53) | PALIBLA | | PT037 ) RU-4-274 ) Rice Recoder L j FaIsLe
:_-,,...:.?PT?fzs I : A : | P7038 | PN-4-200 | Stere Point /2, /7, and ,11 Decode | FALI6R4 |
S i A . ""“""“' |=mmmmen |- . e m e e e e . B P, -
| w7018 | Fu-4-137 | Dual B:1 Mux (SNS4/74LS4S1) Lmzerz | | vr039 | e 2,0 ] T‘af(‘c s,g"a, c““,,o|,o, No. 1 eaiere
R T S S P | R Moy R S !
\ 1 - - R | it | | P7040 | Pu-4- 296 | T:afflc Signal Controllc( Nn. 2 I FAL1CRE
| i‘](ll] | PL-4-305 | 32-Rit CRC (Cyclical Re dmul.:my Checking) | anz2cxs .
| Error Dctoctlon, Chip 1 | |
| ....... | .......... | .................... A.,_._,,,.,........l,._-_--..-_l
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PI0a2 | P10 | 2B O A e ion, corp g Y Checking) FAL20XD _P7068 | NONE | Wultifunction s-Bit Butfer | PAL20LIO
"P7043 | Pli-4-316 | 32-Bit CRC (Cyclical Redundancy Checking) “pAL20xe 7069 1 _NORE 1 M0-BAt Buffer __| paL20n10
R | Error Detection, Chip3 ~ 1 F7070 NONE 10-Bit Open Collector Buffer PAL20L10

S R R h e e I e Fom L bow | 10-ie open Collector Inverting borter [T o

7045 | PI-4-332 | Check Bit Generator 7 “PALIGRS _F1072 | PMSIA07 | 10-Bit Addressable Register | PAL20x10
P7046 | PI-4-336 | Syndrome Bit Gnerator ) “PALI6XS oo T | NONE | MOSE00 Microprocessor Imterface . _..) PAL20L10
7047 | PH-4-342 | Error Detection Unit No. 1 | PALIELE | P7074 | _NONE 1 Quad 3:1 Multiplexer L AL
TP7048 | PU-4-346 | Error Detection Uit No. 2 | PALIGLD Frois ) wowe | "??F.F????ff.?ff?-ff?iff?f? oo | PAL20x8
o705 | pnoao17 | Dot Gemermtor Tl aoke | _F7076 | _NONE | 9-Bit Down Counter . | ®azoxi0
"P7050 | PH-5-25 | CHAR/CURS Gemerator | pat2ox10 [.J7077 | NONE | Refresh Clock Gemerator ...\ rac2oxio
"P7051 | PH-5-33 | SCAN/LINE Gemerator | pat2cx10 | F7078 | BONE | Octal Addressable Register | PALI6RS
TP7052 | Pl-5-43 | LINES/SCROL Generator | PAL20X10 _F1079 | _NOME | Octal Addressable Register with Demux/Enables | PALIGRE
7053 | PH-5-51 | Composite Video/Baud Rate Generator | PAL20X10 _F7080_|.PMS1002 | Octal Addressable Register with Demux/Clear | PALIGRS
TP7054 | PU-5-59 | UART Shift Register and Control Key Detect | PAL20XE |.F7081 | MONE | Rounding-Control Logic | PALLEC]
prerrrel S Ab v Bttt T PAL20X10 | F7082 1 MONE ] 4-Bit Counter with Terminal Count Lack _PALLeRe
T R e R 1083 ) MONE ) Memory MaBOSd X/O i, j.Paveu
TP7057 | NONE | 4-Bit Serial switen 7y FALISLE _F7084 | _NONE_ ] 9-Bit Counter with Terminal Count Lock | PAL20X10
rrene b wone Vamit Enitres T e _F7085 | __NONE | 5508 Memory Map Interface with the Intel 8085| PALIGR4
rrone N rmereor ) oetet Down Ceunrer T e e owe 7008 | _MOME_ | 18508 1/0 bevice Interface with the Intel 8085] PALIGRA
7060 | NONE ';:;1;'5;;;;;;‘;;;;';;;;;;;;;;:';;;;;"""""' T PAL20XE _P7087 | pus1403 | 2-Digit BCD Counter | PALZ0XS _
oo Venseos 1 yoceie megtoter T L paL20x10 F7088 1 WONE .?TF??.F?P???F.Y?F?.?F?f?.F????f?f .............. PAL20X10.
“oroes  ems1oor | 3-to.d Demaltipleser with Comtrol Storage | PALIGKE | _F7069 | PMSI408 | Interface Controller for 68000 to Zilog 8500 | PAL20X10™
T e A R JTI0%0 | NOME 1S Ireut Prlority Encoder .. _{-ThLaord
TP7064 | NONE | 10-Bit Comparator (SNSA/74LSA60) | PAL20C1 F7091 1 NONE 1 16 Input Priority Encoder Interrupt Flag _FaLiscy
Troes | wowe | e-mie smite meatorer {eaaens | 57092 | MONE_ | 15 Ineut Reglstered Priority fncoder | PMLZORY
Tp7066 | mowe | 6-pit cownter TN pmaene (F7083 | NONE | © Input Priority Encoder with (Ivtetupt Flag | PALIGRM
“pr067 ) hone T | eobit multifunction Reaister | PALICRG T7054 | BOME | Dual stepper Motor Controller FaLiems
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| P7095 | NONE | Octal Registered Barrel Shifter | PAL20RS
V57056 | howe | Clean octal Laten TV pavzone.
A rr00r | Thone | shate Encoder wo. 1T asiena
67098 | W | snart Emeoder Mo. 2 TN pavaere
| 57099 | Nome | Snaft Fncoder We. 3 (with Intermal A-Bit | PALZONIO
| | | Up/Down Counter) |

/

LCGERD  (Note: current MMI publications only)

PH-m-n = PAL Handbook Second Edition, section m, page n
pB-m-n = 1982 LSI Data Book, section m, page n {also referenced appendicces)

FHSIxxx = PMSI - PAL Medium Scale Integration Book (xxx is the part number)

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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PAL10L8
PAL12H6
PAL14L4
PAL16AS
PAL16C1
PAL16H2
PAL16L2
PAL16LS8

PAL16R4

PAL16R6
PAL16R8

PAL16X4
PAL18L4
PAL20C1
PAL20L2
PAL20L10O
PAL20R4
PAL20R8
PAL20X4
PAL20X8

PAL20X10

.

1

P7003
P7000
P7057,
P7014
P7030,
P7033
P7002
P7029,

P7006,
P7039,

P7036,

P7001,
P7094,

P7026,
P7017,
P7019,
P7018

P7004,
P7090,
P7095

P7012,

P7009,
P7044,

P7008,
P7063,

P7058,

P7032,

P7037,

P7010,
P7085,

P7065,

P7005,
P7098

P7031,
P7083
P7064

P7068,
P7092

p7027,

P7011,
P7049,

P7025,
P7072,

page D-6

2. Bit Pattern Cross-Referance

P7074

P7081,

P7047,

P7015,
P7086,

P7066,
P7007,

P7045,

P7069,

P7060

P7020,
P7054,

P7050,
P7076,

P7091

P7048

P7016,
P7093,

P7067,
P7013,

P7046

Pl070,

P7023,
P7059,

P7051,
P7077,

P7021,
P7097

P7082
P7040,

P7071,

P7024,
P7075,

P7052,
P7084,

P7022,

P7062,

P7073,

P7034,
P7087

P7053,
P7088,

P7028, P7035, P7038,

P7078, P707%, P1080,

P7096

P7041, P7042, P7043,

P7055, P7056, Pl061,
P7089, P7099
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3. Bit Pattern Descriptions ENABLE PIN FOR PORTO AND PORT],
ottt.aotautt:‘atan.ccantnaattn.attattt.antnat'nttattao.aaaato‘.u-.u-aaaaatttt-
P7ooo ! ;;:];;ana.tQnnt'Qattl'ttiﬁtlﬁtt.tﬂlttt.ﬁ.tnt.nitnnttt‘!l..‘lt'llttil.'..l!ttt.
THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT THIS  DEVICE PROVIDES THE INTERFACE LOGIC BETWEEN A 68
THE BASIC GATES) INVERTEQ. AND GATE, OR GATE, NAND GATE, NOR MICROPRESSOR BUS AND FOUR STATIC 4k MEMORY CHIPS. ' ADDRESS ngg
GATE, AND EXCLUSIVE OR GATE. , &355552”73432115 (kW) , PHASE 2 CLOCK (PHASE2), BAND VALID MEMORY
THE FUNCTION TABLE EXERCISES ALL INPUTS AND TESYTS BASIC FUNCTION (WEOE) , cn:p‘énia€§“(gff°°52n§°05¥33$65 ::E PROPER WRITE  ENABLE
PERFORMANCE, PALASM EXERCISES THE FUNCTION TABLE TG SIMULATE THE MEMORY DATA TRANSFERS. JSABLE (CSOD) SIGNALS FOR

BAS1C GATES.
NOTE THAT /CEO AND /CEl ARE THE COMPLEMENTS CF CSODO AND CSOD1,

.i.ﬁ"ﬁl.ﬁ..i.““.‘ﬁ."....t..‘ﬁ‘."‘.!t.“tﬁ“‘.‘l...t‘...t.!.."‘....'li.t'ﬁ.. s DL .

e RESPECTIVELY. THESE FUNCTIONS ARE IMPLEMENTED BY THE EXTERNAL
CONNECTIONS CSODO TO PIN 9 AND CSODl 70 PIN 11,

THIS EXAMPLE 1LLUSTRATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT ARRE R ARARAAGERARSARRRARIRNARERRERRERANS

T e FL!P—FLOPS, e FLlP-FLOP' s FLIP-FLOP, ° FLIP—}I.OP' 7004 AEAAAAERRAABARARANEARANCARSRNRORERAASEY

AND S-R FLIP-FLOP,
. THIS PAL REPLACES ALL OF THE 1TL LOGIC USED ON A VIDEO DRIVER

NEXT STATE TABLE FOR THE BASIC FLIP-FLOPS: BOARD (S5 ICs) TOGETHER WITH 4 PULL-UP RESISTORS, :
:_-_----_-__.;__-.-- -—-.---—-—-—Q-;- }‘--—-——--;———’-——-Q';-;x""""' ;;;;;"'“‘.‘.'"Q...‘Ql."ﬁliﬂﬁttt.tltl.Qtil.ﬁ.lit‘lt.tttn.'tt.t.l...o....tn
I TYPE OF 1 e L R 1
: FLIP-FLOP :.}FPyT :.?+ ‘__f_:,?’.f_,?_:.9f,f-.?.;-9?-?--?.:‘ THE FUNCTION OF THIS PAL IS TO CONVERT A SERIAL STREAM OF BINARY
Al I P P I .DATA INTO A PARALLEL BCD REPRESENTATION, AFTER EACH CLOCK PULSE,

| THE BCD OUTPUT CONTAINS THE CORRECT BCD REPRESENTATION FOR THE
' R S S ,,....._,.:.---f-..-:,---f_-__: RELATIVE BINARY DATA SHIFTED SO FAR,
:-----T----v:—~-f—--:—---E--~-i-—-—ﬁ----:----!----l----f----l THE 1NPUT  BINARY DATA 1S SHIFTED LEFT (STAKTING WITH 1HE MSB)
1ooeee i vt S R INTO THE BCD REGISTER., THIS TECHNIQUE IS KNOWN AS COULEUR'S
! l l ! x ! ! zgiﬁg;?gg (gxan). THE COMBITOKIAL NETWORK 1S DESIGNED FROM THE
------ -- - --1- --- - : NEXT-STATE TABLE:
I SET-RESET | S | L 1 Wt L 1 x | ABLE
1 1 R I x [ L ' H ! L L et e B et e e R

| PRESENT | 1 1
| STATE A
NCTE THAT A PAL1GL8 MAY BE SUBSTITUTED FOR THIS DESIGN. THEN THE I B3-BO : §§~§g : cout :
CLOCK INPUT(CLK) WOULD BE GATED WITH THE DATA INPUTS 70 IMPLEMENT Lot e e e}
THE BASIC FLIP-PLOPS. I 0-4 I o0-8 1 O 1
1 5-9 1 0-
TUE FUNCTION TABLE EXERCISES ALL INPUTS AND TESTS BASIC FUNCTION 1 10-15 | oxa : i :

PERFORMANCE, PALASM EXERCISES THE FUNCTION TABLE TO SIMULATE THE o vk
BASIC CLOCKED FLIP-FLOPS.
..‘..‘“t‘.ll‘\"..ﬁ......l'..."..‘...'lll"‘l.."‘.“.‘l'..Ql.‘.......l“.ﬁ‘.ﬁt’ .;;;;;.‘“......‘.................‘..".......-..........“...'.'...‘.."'..‘.t
P7002
- THE SYSTEM DETECTS THE DEGINNING AND THE END -
THIS PAL PROVIDES i SINGLE CHIP DECODER FOR USE IN MEMORY MAPPED DISTURBED BY GLITCHES. END OF A SIGKAL WHICH 1S
1/0 OPERATIONS. ELUATION TERMS CAN BE CHANGED 7O ACCOMMODATE ANY
16-BIT ADDRLESS. ARAARGARRARARRRERAARAAARRAC AR ERRARAAREENIRARRRAAERNARRARANRERRARNEACROORERENS
P7007

ZHE PAL WILI. MONITUR THE SYSTEM MEMORY ADDRESS BUS AND DECODE THE
SPECIFIED MEMORY ADDRESS WORD (1F78,1F79) TO PRODUCE A FOKY THE DUAL MODULO-SIX COUNTER INCREMENTS ON THE RI1SING ENGE OF THE

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. (c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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CLOCK (CK). THE THREE-STATE OUTPUTS ARE HIGH-Z WHEN THE OUTPUT
CONTROL LINE (/0C) 1S HWIGH AND ENABLED WHEN THE OUTPUT CONTHOL
LINE {/0C) IS LOW.

THE "INIT®" LINE IS NEEDED 710 INITIALIZE THE COUNTER SO THAT THE
FUNCTION TABLE SIMULATION COULD BE PERFORMED AND THE PART COULD
BE TESTED AT THE TIME OF FABRICATION. THIS LINE AS WELL AS ALL
OTHER UNUSED INPUTS SHOULD BE TIED TO GND,.

THERE ARE 36 DIFFERENT STATES TO THE COUNT SEQUENCE, FACH STATE
CORRESPONDS TO ONE OF THE NUMBER COMBINATIONS 70 BE DISPLAYED ON
THE DICE.

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

BERRARRR AR AR ARRAS RN RNARAR AR AR R RARAREARRARR AR AR AR RRIARAARAAARRRRAAARRORARARGARR
P7008

‘THIS 9-BIT REGISTER LOADS THE DATA (D8-D0) ON THE RISING EDGE OF
THE CLOCK (CLK) 1F THE LOAD LINE (/LD) IS ASSERTED {LOW ON PIN
11) AND OTHERWISE HOLDS THE ORIGINAL VALUE.

THE  9-RIT 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
u X X X z HI-2
L C H X Q HOLD
L c L D D LOAD

PP FPRAAR AR AR SR AR SR C A AR RN A SR C AR A SRR AR R AR R R A AR R AR AR AR O ANCR R AN SRR RS SR RASRRRRRRAY
r7009

THIS 15 AN 8-BIT SYNCHRONOUS REGISTER wWlTh PARALLEL LOAD, LOAD
COMPLEMENT, PRESET, CLEAR, AND HOLD CAPABILITIES. FOUR CONTROL
INPUTS (/LD,POL,/CLR,/PR) PROVIDE ONE OF FOUR OPERATIONS WHICH
OCCUR SYNCHRONOUSLY WITH THE CLOCK (CLK).

THE LOAD OPERA™IGN LOADS THE INPUTS (D7-DO) INTO THE OUTPUT
REGISTER (Q7-0({,, WHIEN POL=H OR LOADS THE COMPLEMENT OF THE
INPUTS WHEN POL-L, THE CLEAR (/CLR) OPERATION RESETS THE OUTPUT
REGISTERS 70 ALL LOWS. THE PRESET (/PR) OPENATION PRESETS THE
OUTPUT REGISTEKS T0 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 1IN THE

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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OPERATIONS TABLE:

/oC CLK /CLR /PR /LD POL D7-D0 Q7-Q0 OPERATION
il 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 1] 1} L H D D LOAD TRUE
L C n L L L D

/0 LOAD COMP

PRARRARRRRARR A ARRSA RS AR ARAERRARRNAAARRARENRRRRARAARRACIRRASAAASaRbbasdatAddny

P7010

THE 1/0 PRIORITY INTERRUPT ENCODER PRIORITIZES 8 1/0 LINES (11
THRU 18) PRODUCING 111 (Q3, Q2, AND Q1 RESPECTIVELY) FOR THE
HIGHEST PRIORITY 1/0 DEVICE (I1) AND 000 FOR AN INTERRUPT FROM
THE LOWEST PRIORITY 1/0 DEVICE (18).

OUTPUT Q4 SERVES AS THE INTERRUPT FLAG AND GOES LOW WHEN ANY OF
THE 8 1/0 INPUTS GO HIGH.

THE PRIORITY INTERRUPT ENCODER REGISTERS ARE UPDATED ON THE
RISING EDGE OF THE INTERRUPT CLOCK INPUT (CLK). THE 3-STATE
OUTPUTS ARE HIGH-2Z WHEN THE OUTPUT CONTROL LINE (/0OC) IS LOW.

ARRAAARARR R AR R AR AR AR AR AR SRR AAAR R R R R AR AR R A AN AR AR B R AARR AR R SRR R SARRR R AN RANSSY
P7011

FOUR IDENTICALLY PROGRAMMED PAL DEVICES ARE USED TO DRIVE EIGHT
OF HP'S NUMERIC AND HEX INDICATORS (5082-7340). EACH PAL
CONSISTS OF TWO FOUR BIT COUNTERS. STAGE 1 IS THE LSB AND STAGE 2
1S THE MSH, CARRYOUT OF STAGE 1 1S CALLED INTERNAL CARRY (COUT1)
AND 1S FED EXTERNALLY 70 STAGE 2. COUT2 1S FED IKTO  THE NEXT
PAL. CARRYOUT AND INTERNAL CARRYS FROM THE LOWER PAL ARE
CONNECTED T0 ALL OF THE HIGHER PAL DEVICES T0 PERFORM THE CAKRRY
LOOK AHEAD OPERATION.

THE BCD/HEX COUNTER HAS BUILT IN TESTABILITY. COUT1 IS CONNECTED
T0 CIN EXTERNALLY AND CAN FORCE COUT1 70 GO HIGH, THUS STAGE 2
MAY STAKT COUNTING AT THE SAME TIME AS STAGE 1 WHICH REDUCES THE
NUMBER OF TEST VECTORS IN THE FUNCTION TABLE.

THIS COUNTER OPERATES AT 10 MHz AND CAN PERFORM THE FOLLOWING
OPERATIONS ¢

HEX CLR OPERATION
X | H CLEAR

L L COUNT BCD
H L COUNT HEX

AAPRANAARARBARRRRAREARRRANARARERGARRARERARARRRARARRARAARRRAARAAAGRAANAGASANS

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



Appendix D3 PAL Design File Library page D-11
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P7012
101 : L C L X H X s HOLD STATE 0, 1, 3, 8, 10, OR
TWO IDENTICALLY PROGRAMMED PAL20X4 CAN PERFORM THE 64K DYNAMIC L c L X L 1 §+ STATE TRANSITION
RAM REFRESH CONTROL FUNC®ION. ==smcosoooooo—oesoooomooe AR AR
EITHE DRESSES TO THE RAM ARE SELECTED DEPENDING
ON HOU ERARLE (Roubmy T Coas TO THE R SELECTED DEPENDIN * THIS PAL TRACKS THE 'S516 EXACTLY UNDER ALL CONDITIONS EXCEPT
WIIEN summ:o INTEGER DIVSION IS TO BE PERFORMED. IN THIS CASE,
AN ADDRE TER (C3-CO ELECTED DURING REFRESH WHEN THE /MODE PIN IS CONNECTED TO AN EXTERNAL REGISTER WHICH IS SET
BUADLE. (Rowew 18 Hie ) 18 KL s Row WHEN ~THE 'S516 PASSES THROUGH STATE 1 WITH INSTRUCTION CODE 6
: _ AND  CLEMRED WHEN THE 'S516 PASSES THROUGH STATE 1 WITH
: . S INSTRUCTION CODE 5. IF YOU DO NOT REQUIRE CHAINED INTEGER
THESE  OPE S ARE EXERCISED THE F
suun&:ulng ';:1.}3: OPBRM‘!ONgRl‘:Is!LB: N UNCTION TABLE AND DIVISION,  THEN S1MPLY CONNECT THE /MODE PIN TO GROUND AND THE '
PAL STATE COUNTER WILL AUTOMATICALLY KEEP TRACK OF THE REQUIRED
. _ NUMBER OF DIVISION LOOPS FOR THE INTEGER AND FRACTIONAL MODES.
{f)?-”C?EJPT.ECE)EE-f.-S?EIEZEC’—??—??_’~—?BE§{\T10N . CONSULT THE SN54/74S516 DATA SHEET FOR MORE INFORMATION ON THE
i X x x 2 Hi-2 INTEGER AND FRACTIONAL ARITHMETIC MODES,
: g ' : ; A:;::g ggrgg: bg:ﬂanxgnsl:iTs ARAAARNCORRARRARARARARRRAAAARADRAARAARAARSAACARASARARACARNORARARORRRAARRSRRREAR,
L C 0 B C3-C0  SELECT REFRESH ADDR BITS P7014
L..c...n L U SET REFRESH COUNTER =~ THE ALU ACCUMULATOR LOADS THE A-REGISTER WITH ONE OF EIGHT
OPERANDS ON THE RISING EDGE OF THE CLOCK. G AND P OUTPUT
SRR A E AR AR R R AR R R AR R R A ARG R AR AR SR AR R RS AR AR AP R AR AR A ARG RS R ARRRASRARARARRARARRSRAR GENERATE AND PROPAGATE ON THE ADD INSTRUCTION, P OUTPUTS OP =
P7013 ZERO ON INSTRUCTIONS 1,2,3,5,6,7.
THIS PAL TRACKS ALL 14 OF THE VALID STATE TRANSITIONS FOR THE OPERATIONS TABLE:
SN54/74S516, 16-BIT SEQUENTIAL MULTIPLIER/DIVIDER/ACCUMULATOR, . o
THE PAL MONITORS THE 3-BIT INSTRUCTION LINE (I2-I0) AND CHIP /0c CLk 13 12 11 10 LI CIN M-A0 = OPEKAYION e e———
ACTIVATION INPUT (/GO) TO THE 'S516 IN ORDER TO PROVIDE THE 4-RIT N N N Y Y TN T T Ty T T R T N -
A Mg T ] - -
7'(1::':5 OF THE MACHINE (D,C,B,A) SYNCHRONOUS WITH THE 'S16 CLOCK » - - S 2op N ox PLUS B
°. L € L L L L X H APLBPL1 ADD A:=A PLUS B PLUS
THE PAL IS INITIALIZED TO STATE 0 BY DRIVING IN1% HIGH (INIT=H) poep b o2 A oL Ai=d
FOLLOWED BY A CLOCK PULSE. HOWEVER IN A SYSTEM WITH THE 'S516, L L L e oh %X oo B w e
THE PAL CAN BE INITIALIZED TO STATE 0 ALONG WITH THE ‘'S516 BY t g : {; : '; x ?:D LOAD CONP  Bie/B
RECEIVING 23 CLOCK PULSES WITH INSTRUCTION CODE 7. A S - - S . o A
IN ADDITION 10 THE INITIALIZATION PIN (INIT), TWO OTHER PINS ARE : g L : : :; :1 ;‘1 g;(:) g:}:‘:’ :?f;:r
INCLUDED TO MAKE IT EASIER TO FUNCTIONAL TEST THE DEVICE: LSy oy O (M) s AeA

.

SET8 - WHEN SE'8=HIGH, THE MACHINE WILL BE SET TO STATE 8 -
SETIO = WHEN SET10=“IGH' THE "ACH]NE WILL BE SET TO STATE 10 CPRREPEARRRRR AR R AR R AARAARRR AR R AR RR AR AR R AR CARCRARRARACRARAAERAARAARARARSARANADAS
NOTICE THAT INIT, SETB, AND SET10 CAN BE CONVENIENTLY TIED TO ?7015

GROUND FOR NURMAZ, (RCUIT OPERATION. ALSO SET10 OVERRIDES SETS. " HIS PALIGR4 PROVIDES THE LOGIC LEVELS REQUIRED T0 DRIVE TwO

OPERATIONS tAéLe FOR THE '§516 STATE COUNTER: STEPPER MOTORS IN THE FULL STEP MODE.
: : - - . THE FOLLOWING OPERATIONS MAY BE PERFORMED FOR EACH STEPPER MOTOR
foR G TMT /MGDE [Go N0 [o/h | OPBMHON .. Cowhelisk ToIviLLY:
5 X X X X X z HI-2 i
L ¢ H X X X H INITIALIZATION CLK /El /E2 S D OPERATION
‘ TONL PHITHMEIIC MODE ®  meeeeeeaeeeceemeeens A e
t S ﬁ ﬁ § ;‘( ’; iﬁ;ﬁé{f} Mlu'ruus'x'xc MODE * X n X X X HOLD MOTOR IN CURRENT POSITION
X X H X X HOLD MOTOR IN CURRENT POSITION

(c) Copyright Monolithic Memories Inc.vl984 All Rights Reserved. (c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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H X SET OUTPUTS TO STEP 1 LEVELS
L L STEP MOTOR CLOCKWISE
L H STEP MOTOR COUNTER-CLOCKWISE

00
[ a8 2 )
[ 28 2 2

PRRERRARANRACENCRARRE AR RN RANRAA NG R RAR R RO R AR A AR R RARRARARRAAANANASRARRERARARAARRA R
P7016

REARRACEARARRAAANRRRAAAAREROARABRAA AN R AR R KR ARRRRRRR AR R AR RRAARRAREAARRANRARRANG:
P7017

THIS 1S AN EXAMPLE OF A QUAD 4-TO-1 MULTIPLEXER USING A PAL1BL4.
SELECT LINES A,B ARE ENCODED IN BINARY, WI1TH A REPRESENTING THE
LSB. ’ .

OPERATIONS TABLE:

INPUT OUTPUTS

SELECT
B A Y
L L Cco
L 8 C1
H L Cc2
H B c3

RRAREAGRARACAAAERARR R R AR RRRAKASRARARRRRRARAREARKARARRRNARAARRNAANARARANRRARARS
p7018

THIS 1S AN EXAMPLE OF A DUAL 6-TO-1 MULTIPLEXER USING A PAL20L2.
A STRORE LINE (S) 1S PROVIDED TO GATE THE OUTPUTS OFF (Y=H) WHEN
THE STROHBE INPUT IS BIGH. THE SELECT LINES A,B,C ARE ENCODED IN
BINARY, WITH A REPRESENTING THE LSH.

OPERATIONS TABLE:

----- INPUTS—-~-~ OUTPUTS
SELECT STROBE

C b A s Y
X X X 1 H
L L L L Do
L L H L Dl
L H L L D2
L W W [ D3
oL L [T
H L M L DS
H H L L D6
H R H L D7

PNSPRRARARANRAAP AR AARCASARARARARARNARSRRARNARARAR BRI AR AR AAAARARARNAANNRARRARARARS

P7019
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THIS IS AN EXAMPLE OF A 16-TO-1 MULTIPLEXER USING A PAL20C1.
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
B A WY
L L L L /E0O EO
L L L B /E1 El
L L H L /E2 B2
L L H B /E3 E3
L B L L /E4 E4
L H L H /E5 ES
L H H L /E6  E6
L HH B /81 E7
H L L L /E8 EB8
H L L H /E9 E9
H L H L /E10 E10
H L H B /E11 Ell
H HL L /E12 El2
H H L H /E13 E13
H H H L /E14 El4
H HHH /E15 E15

KRARRERARARRAAANNR ARG R A ARG AARAREANRARRARAR SR AARSARARARERARROAASAAAARAARRARARGY
P7020

THIS PAL IS AN 8-BIT SHIFT REGISTER WITH PARALLEL LOAD AND HOLD
CAPABILITY. TWO FUNCTION SELECT INPUTS (10,I1) PROVIDE ONE OF
FOUR OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON THE RISING EDGE OF
THE CLOCK (CLK). THESE OPERATIONS ARE:

/oC CLK 11 10 D7-DO Q7-Q0 OPERATI1ON
1] X X X X 1 HI-2
L ¢ L L X L HOLD
L C L BH X SR(Q) SHIFT RIGHT
L C H L X SL{Q) SHIFT LEFT
L C H H D D LOAD

TWO OR MORE OCTAL SHIFT REGISTERS MAY BE CASCADED T0 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.

KRARERARRARKARANANARRRRRRARARARSARAAARARRARAARANRIREGARERAAARRANARRRAARAREASS
P7021
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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 (/0C) IS HIGH AND ENABLED WHEN THE OUTPUT CONTROL LINE (/0C)
1S LOW,

ARKERERRRRAREARBRRRARERAAGAARARAARRAAAAARARECARARRANRAARARRARARARAARARARARARNRY
P7022

THE 4-BIT COUNTER LOADS A OR B FROM THE MUX, INCREMENTS, OR HOLDS
ON THE RISING EDGE OF THE CLOCK.

/OC CLK I1 10 CI A3-A0 B3-B0 Q3-Q0 OPERATION

H X X X X X X 2 H1-2

L C L B X R X [ ] BOAD A

L C B L X X B B LOAD B

L C H H L X X Q HOLD

L C B B H X X Q PLUS 1 INCREMENT

FRARRRACBRRNRBAERARRRRAARRARARRACAEREARRARANAAARERRARARRACARRAARARAEARRAANARAASY
P7023

THIS IS AN 8-BIT SYNCHRONOUS COUNTER WITH PARALLEL LOAD, CLEAR,
AND HOLD CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS (D7-DO)
INTO THE OUTPUT REGISTER (Q7-Q0). 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) 1S TRUE (/CO=L) WHEN THE OUTPUT REGISTER (Q7-Q0) IS ALL
BIGHS, OTHERWISE PALSE (/CO=H).

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

/oc CLK I1 10 /CI D7-D0 Q7-Q0 OPERATION

H X X X X X ] RI-2
L € L L X X L CLEAR
L c L d X X Q HOLD
L T o L X D D LOAD
L C ® B H X Q HO1D
L C H H L X QPLUS 1  INCREMENT

TWO OR MCRE CCTAL COUNTERS MAY BE CASCADED TO PROVIDE LARGER
COUNTERS . THE OPERATION CODES WERE CHOSEN SUCH THAT WHEN 11 1§
HIGH, I0 MAY BE USED TO SELECT BETWEEN LOAD AND INCREMENT AS IN A
PROGRAM COUNTER (JUMP/INCREMENT) . ALSO, CARRY-OUT (/CO) AND

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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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.

SREEACARRAARRARRARSAASEAAGARREARARRARAARAGRRAANACORORAGEANACRAGANNRORGROOAS

P7024

THIS PAL IS AN B-BIT SYNCHRONOUS UP/DOWN COUNTER WITH PARALLEL
LOAD AND HOLD CAPABILITY. THREE FUNCTION SELECT INPUTS
(/Lb,/UD,/CBI) PROVIDE ONE OF FOUR OPERATIONS WHICH OCCUR
SYNCHRONOUSLY ON THE RISING EDGE OF THE CLOCK (CLK). THE LOAD-
OPERATION LOADS THE INPUTS (D7-D0) INTO THE OUTPUT REGISTERS (Q7-
Q0). THE HOLD OPERATION HOLDS THE PREVIOUS VALUE REGARDLESS OF
CLOCK TRANSITIONS. THE INCREMENT OPERATION ADDS ONE 2C THE OUTPUT
REGISTER WHEN CARRY-IN INPUT 1§ TRUE (/CBI=L), OTPERWISE THE
OPERATION IS A HOLD. THE CARRY-OUT (/CBO) IS TRUE (/CBOsL) WHEN
THE OUTPUT REGISTER (Q7-Q0) IS ALL HIGHS, OTHERWISE FALSE
(/CBO=H) . THE DECREMENT OPERATION SUBTRACTS ONE FROM THE OUTPUT
REGISTER WHEN THE BORROW-IN INPUT IS TRUE (/CBI=L), OTHERWISE THE
OPERATION IS5 A HOLD, THE BORROW-OUT (/CBO) IS TRUE (/CBO=L) WHEN
':‘;!g OUTPUT REGISTER (Q7-Q0) IS ALL LOWS, OTHERWISE FPALSE
BO=H) .

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

/oC CLK /LD /uDP /CBI D7-DO Q7-Q0 OPERATION
H X X X x X 2 RI-2
L C L X X D L LOAD
L C H L B X 0 HOLD
L C H L L X QPLUS 1 INCREMENT
L C ] ] H X Q HOLD
L Cc H H L X Q MINUS 1 DECREMENT

THIS OCTAL COUNTER IS IMPLEMENTED WITH A SINGLE PAL20X8,
CARRY/BORROW-OUT (/CBO) AND CARRY/BORROW-IN (/CBI) ARE LOCATED ON
PINS 14 AND 23 RESPECTIVELY, WHICH PROVIDES FOR CONVENIENT
INTERCONNECTIONS WHEN TWO OR MORE OCTAL UP/DOWN COUNTERS ARE
CASCADED TO IMPLEMENT LARGER COUNTERS.

ERARRBARAAGERNSARRRABARAARAARAORARSANOBRAARBRARNAARAERRAARACORRERBARAARARAORAGS

P7025

THE 10-BIT COUNTER CAN COUNT UP, COUNT DOWN, SET, AND LOAD 2
LsB's (DO,Dl), 2 MSB'S (D8,D9) AND 6 MIDDLE BITS (D2-7) HIGH OR
LOW AS A GROUP.

SET OVERRIDES LOAD (/LD), COUNT (/CNT), AND HOLD., LOAD OVERRIDES
COUNT. COUNT IS CONDITIONAL ON CARRY IN (/CIN), OTHERWISE IT
HOLDS.

THESE  OPERATIONS ARE EXERCISED IN THE FPUNCTION TABLE AND
SUMMARIZED IN THE OPERATIONS TABLE:
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/0C  CLK SET /LD /CNT  /CIN /UP D9-DO Q9-Q0 OPERATION

n X X X X X X X Z HI-2

L C H X X X X X H SET ALL HIGH
L C L L X X X D D LOAD D

L C L H H X X X Q HOLD (/CNT=H)
L C L H L H X X Q HOLD (/CIN=H)
L [ L H L L L X Q PLUS 1 INCREMENT

L C L H L L H X Q MINUS 1 DECREMENT

CARRRAANSRARARRARARARAARRRAANRRARRARARANARARARRARRRRRARAARARARAARRRARAARAANRARANARR

P7026

THE 4-BIT UP/DOWN COUNTER WITH SHIFT REGISTER AND COMPARATOR WILL
COUNT UP, COUNT DOWN, SHIFT RIGHT, SHIFT LEFT, COMPARE GREATER
THAN OR EQUAL TO, COMPARE LESS THAN OR EQUAL TO, CLEAR, SET,
1.OAD, OR HOLD AS SPECIFIED BY THE INSTRUCTION LINES (12,11,10)
AND CLEAR (CLR). ALL OPERATIONS OCCUR SYNCHRONOUSLY ON THE
RISING EDGE OF THE CLOCK (CLK) EXCEPT FOR THE COMPARISION
OPERATIONS WHICH ARE PERFORMED ASYNCHRONOUSLY AND WITH NO
INSTRUCTON LINES REQUIRED.

THE COMPARISION OPERATIONS (/GE AND /LE) WILL COMPARE THE INPUT

DATA (B) WIPH THE DATA IN THE REGISTERS (A) AND SUPPLY THE
FOLLOWING OUTPUTS:

| COMPARISION '\ /GE t /LE 1
| Rttt etttk o | Redutedadatied |
| B IS GREATER THAN A ! L 1 H !
1 B IS EQUAL TO A 1 L ! L i
{ B IS NOT EQUAL TO A I H | H !
{ B IS LESS THAT A 1 H ! L !

NOTE THAT BORROW, CARRY, AND SHIFT LEFT AND RIGHT INPUT/OUTPUTS
SHARE THE SAME I/0 LINES (/LIO AND /RIO) AND THESE LINES ARE
INVERTED (ACTIVE LOW).

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

/O0C CLK CLR 12 1) 10 B3-BO /GE /LE /LIO /RIC A3-A0 OPERATION
H X X X X X X STATUS X X 2 HI-2
L C H X X X X X X X X L CLEAR
L C L L L L X STATUS X X A HOLD
L C L L L H B X X X X B LOAD B
L C L L H 3 X STATUS RI A SR(RIO) SHIFT RIGHT
L C L L H H X X X 2 z H SET
L [of L H L L X STATUS Al LI SL(LIO) SHIFT LEFT
L C L H L d X X X H 4 H SET
L C L H H L X STATUS CouT CIN A PLUS 1 INCREMENT IF CIN

(c) Copyright Monolithir Memories Inc. 1984 All Rights Reserved.
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STATUS BOUT BIN A MINUS 1 DECREMENT IF BIN

FRARARARARRAR AN RN AR AR AR AR R R AR R A AR AR R R A AR R ARA A AR NS R RN AN PR RERARORASRARRRARRENS
P7027 '

THE 4-BIT FLASH ANALOG-TO~-DIGITAL CONVERTER CONVERTS AN ANALOG
SIGNAL INTO A 4-BIT GRAY CODE. GRAY CODE IS CHOSEN TO ELIMINATE
GLITCHES AT BINARY ROLL OVER POINTS,

THE MAXIUM SAMPLE RATE IS EQUAL TO 1/tpd OF THE PAL20X4, NOTE
THAT NO FEEDBACK PROPAGATION DELAY IS INTRODUCED.

AARARAAARAAARAAARAAAARRRARRAARARRARARARNAS A AR A ARAELIRREAARRRARRERRRRRPRREARRARRSBER

P7028

THE 4-BIT FLASH DIGITAL-TO-ANALOG CONVERTER CONVERTS A 4-BIT GRAY
CODE (G) INTO A 4-BIT BINARY CODE (B), WHICH IS THEN CONVERTED
INTO ANALOG OUTPUTS (A).

ANALOG OUTPUTS (A) ARE EITHER LOW OR HI-Z WHICH ALLOWS THE
CONDITIONAL THREE-STATE OUTPUTS TO PERFORM THE OPEN COLLECTOR
FUNCTION THAT IS NEEDED TO DRIVE THE RESISTOR NHETWORK.

RARRAAAASRERAARNAR R AR ARARRAAAARA SR ANRAARRAAR AN RARSNdRRdaARARAtRtddsatddaadnten

P7029

THIS PAL PERFORMS THE LOGIC NEEDED TO CONVERT AN B-~BIT DIGITAL
SIGNAL INTO A 256 INCREMENT ANALOG SIGHNAL.

OUTPUTS ARE EITHER LOW OR HI-2 WHICH ALLOWS THE CONDITIONAL
THREE-STATE OUTPUTS TO PERFORM THE OPEN COLLECTOR FUNCTION THAT
IS NEEDED 70 DRIVE THE RESISTOR NETWORK,

C'ﬁ'ﬁit.‘ﬁt.t..t.'ﬁtﬁﬁ"...ii.!‘.lﬂ.'.it'.....ii';.t't..tt..tt!.l'...tt.t.ll'ﬁ.

P7030

THE OCTAL COMPARATOR ESTABLISHES WHEN TWO 8-BIT DATA STRINGS (A7-
A0 AND B7-BO) ARE EQUIVALENT (EQ=H) OR NOT EQUIVALENT (NE=H).

RARRAARRBARNARRRARAAAARARRARAARARAARARSIRAAARRARRA SRS A AN R RAARBRAERARNRASARNGAARSS

P7031

THE DEVICE CONTINUOUSLY COMPARES THE VALUE OF BUS (B3-B0) WITH
THE VALUE OF THE REGISTER (A3-A0) AND REPORTS THE STATUS ON
OUTPUTS LT, EQ, NE, AND GT:

LT INDICATES THAT B IS LESS THAN A
EQ INDICATES THAT B 1S EQUAL T0 A
NE INDICATES THAT B 1S NOT EQUAL TO A
GT INDICATES THAT B IS GREATER THAN A

»» %

STATUS BUS REG

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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H X X X X X X X X X 2 REG HI-Z
X H X X X 2 2 2z 2 X X STATUS HI-2
L X X L L X X X X X A READ REG
X X C H L X X X X B B LOAD REG
X X C L L X X X X X A HOLD
X X C X H X X X X X L CLEAR REG
X L X L L STATUS B A COMPARE

AR AR R AR AR AR R AR R A SRR AR N AR AR R AR R AR R AR R AR R AR AR R AR N A R AR R AR AR R AR AR ARG AR RARA NS

P7032

THE BETWEEN LIMITS LOGIC CHECKS THE LT, EQ, AND GT STATUS FROM
THE COMPARATOR REGISTERS TO DETERMINE IF THE DATA 1S BETWEEN THE
UPPER AND LOWER LIMITS LOADED IN THE COMPARATOR REGISTERS. BOTH
BETWEEN LIMITS (BTWL) AND OUT OF LIMITS (OUTL) OUTPUTS ARE
PROVIDED,

RARAARARAR R AR A R AR AR R AN R AR AR R A AR R AR AR ARRRSR AR R AR N AR A AN R AR RRARARRRARAANARNARAAR
P7033

THIS 1S A MEMORY DECODER FOR A PRINTER. THE PRINTER 1S MAPPED TO
HEX ADDRESS 37EB. THE WRITE OR READ LINES GO HIGH WHEN ADDRESS
LINES ARE CORRECT AND A WRITE OR READ STROBE RESPECTIVELY IS
PRESENT.

THIS 1S THE FIRST IC OF A 2-PAL PRINTER INTERFACE FOR THE
STANDARD CENTRONICS-TYPE PRINTER.
AAREAORRARRAANAGAARAAAAARAAS AR RRRRARARARASRARARAARARRERRARRRAAARAARSRAARRARRERS

P7034

REGISTERED DATA FROM THE SYSTEM BUSS IS PRESENTED TO THE PRINTER
WHEN A WRITE STROBE FROM THE DECODER 1S PRESENT (DJPR1).

PRINTER STATUS DATA (PRINTER BUSY AND OUT OF PAPER) IS TRANSFERED
TO THE SYSTEM DATA BUSS WHEN A READ STROBE FROM THE DECODER IS
PRESENT.

THIS 1S THE SECOND IC OF THE 2-PAL PRINTER INTERFACE FOR THE
STANDARD CENTRONICS-TYFE PRINTER.

AR RRR AR R RN R R AR KRR A AR AR AR AR R AN AR AR AR R AR R AR AR AR AR A AR A AN AR AR AR R R AR RO KRR AR R A AN
P7035
THIS PAL SERVES AS THE MAIN LOGIC UNIT. IT IS THE 8 STATE
~ MACHINE WHICH CONTROLS WHERE WE ARE IN THE GAME. IT ALSO DETECTS

THE WIN AND LOSE STATES. PIN /T 1S USED TO INITIATE THE GAME TO
STATE 000 FOR 1.C. TEST EQUIPMENT.
T P T Y TT T T
P7036

THIS PAL 1S A 36 STATE MACHINE USED TO SIMULATE THE EXACT ROLL OF
THE DICE. THE STATE MACHINE IS SIMILAR TO THE "ELECTRONIC DICE

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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GAME" .

SRAEAARRRNARRAARARARRARRAAAAARCRARAACAENARRNAARAAARRAAARACAAAARSAARGCANSSAAAAEARASR
P7037

THIS PAL DECODES THE 36 STATE MACHINE INTO A BINARY
REPRESENTATION OF THE ROLL OF THE DICE (2 THRU 12). THERE ARE 36

POSSIBLE COMBINATIONS FOR THE TWO DICE. THE NUMBERS ARE DECODED

SO THAT THE PROPER ODDS ARE MAINTAINED FOR THE ROLL OF EACH

NUMBER,

BARARARARR RN AR A AR RN ARAASAARAAREANARRAARSARARBARASARAIGAEPIAaNAcaadbaatatabngds
P7038 \

THIS PAL IS USED TO STORE THE POINT IN THE GAME. IT ALSO DECODES
THE NUMBERS 2, 7, AND 11 TO BE USED IN DETERMINING WIN OR LOST.

SRRARRRARRARARRRRARARREAAGERAAARAMARRASAARAACAAACAAMARARNUARARCRARARERSERRRANGS

P7039

THIS PAL IMPLEMENTS A SIMPLE 2 CHANNEL TRAFFIC SIGNAL CONTROLLER.
IT IS INTENDED AS AN EXAMPLE IN STATE MACHINE SYNTHESIS.

CRARRRARANRARARARERRARARARAANRAMARASRAAAANARNASRARCRANRARAERACARREAAROAGARNSARRNS
P7040

‘THIS PAL 1S THE SECOND PASS AT THE TRAFFIC SIGNAL CONTROLLER

IMPLEMENTATION, THE FOLLOWING SUBSTITUTIONS ARE MADE FOR STATE
VARIABLES Q7-Q0:

Q7 = REDA = /REDB Q5 = GRNA Q3 = GRRB

06 = YELA Q4 = YELB 02,01,Q0 = COUNTER

ARRNEAKARARAR RN R AR RARRARAGARAARRARAR AR AN RASARAARARAARARARAGAMARERASRARAARARRARY
P7041

FIRST B8-BIT SHIFT REGISTER AND CHECK.

BARRRRRRARARRRRAARRARRARRRARASARAAREARARRARERAARARAAREARRRAARACARAAGAREARRANAY
P7042 ’

SECOND B-BIT SHIFT REGISTER AND CHECK,

RRAARRRARRRAAARRARRAARRARRERACERRACRAARAASAAARAARRAANRARRARAARRRRAARARGERREGSY
P7043

THIRD 8-BIT SHIFT REGISTER AND CHECK,

ERARRARRARRAAREARRRARRAARRARRRCRRRRAAR AN AR ARAROAAREARARARARARRAANAARANARGRARSY

P7044
FOURTH 8-BIT SHIFT REGISTER, CHECK, AND SERIAL OUT.

RARARREARSRARRARARAARAANNSREAARARRAARARACAARERRSAARRRARAAROARAAAARRARRARARARAREy
P7045
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THIS PAL GENERATES THE 4 CHECK BITS IN A 12 BIT HAMMING CODE WORD
TO PROVIDE ERROR DETECTION AND CORRECTION ON AN 8 BIT DATA WORD.

BANARRERBARERABRARARAANAARRACAARRARARRRRREARARARNARAANRARAAAR AN R A ARG A ARAAARNRRANRARARRR N

P7046

THIS PAL GENERATES THE SYNDROME BITS FOR A 12 BIT HAMMING CODE

WORD AS A FUNCTION OF THE 8 DATA BITS AND THE 4 CHECK BITS 170

POINT TO ANY SINGLE BIT IN ERROR.

R AR R AR AR AR AR R A AR AR A AR AR AR R R R AR R AR AR R AR R R AR R AR AR AR SR AR S C AR ARR A AR R R R R AR AR AR

P1047

THIS PAL PERFORMS ERROR CORRECTION ON BITS B2-B7 BASED ON THE 4-
BIT ERROR SYNDROME S0-S3.

ARRARARRARRARAARARARARARRAARNARRARARARRARRARRARARAAAARAARRAARRARARRAARRARARARARAARS
P7048

THIS PAL PERFORMS ERROR CORRECTION ON BITS BO-Bl AND CHECKS BITS
C0-C3 BASED ON THE 4 BIT ERROR SYNDROME S0-S3.

AR RS R AR AR AR N AR R R AR R AR R AR R AR R AN AR R AR A SRR A SRR R AR R AR AR AR ISR A AR AR AR KRR R RN AL
P7049

THE DOT GENERATOR PROVIDES THE OSCILLATOR/CLOCK DRIVER, THE DOT
SHIFT REGISTER AND THE 3-BIT DOT COUNTER. IT 1S LOADED WITH THE 5
DOTS GENERATED BY THE CHARACTER GENERATOR. THESE DOTS ARE SHIFTED
OUT THROUGH A SHIFT REGISTER, ONE DOT AT A TIME AND DISPLAYED ON
THE SCREEN. ®DTCNT" COUNTS UNTIL 8: 5 COUNTS FOR THE CHARACTER
AND 3 COUNTS FOR SPACE BETWEEN CHARACTERS.

THE 20X8 IS A REGISTERED PAL. DATA SHOULD BE VALID AND STABLE ON
THE INPUT PINS ONE CYCLE BEFORE 1T APPEARS ON THE OUTPUT PINS.
THE REGISTER 1S TRIGGERED ON THE RISING EDGE OF THE CLOCK AND THE
DATA IS AVAILABLE ON THE OUTPUT PINS DURING THE NEXT CLOCK CYCLE.
"DTCNT®" CAN BE INITJALIZED, CAN COUNT AND CAN HOLD.

"HBLANK® IS A SIGNAL FOR THE END OF ONE DOT LINE (48 CHARACTERS).
“LINE4" IS SET WHEN 16 LINES ARE DISPLAYED ON THE SCREEN.

"SCAN3" IS SET Wiliiid 7 DOT LINES ARE DISPLAYED.

"DOT"™ IS A SHIFT REGISTER, IT CAN BE LOADED OR CAN SHIFT LEFT.
WHEN "LINE4"™ AND/COR "SCAN3"® ARE SET, "DOT" SENDS BLANK DOTS TO
THE SCREEN FOR GENERATING SPACES BETWEEN CHARACTER LINES AND FOR

THE MARGINS OF THE SCREEN, THE OUTPUT FROM THE REGISTER TO THE
SCREEN IS THROUGH "DOT4".

Q.i.t.....‘itﬁi‘.""‘tl".l‘.ﬁ.l‘...t‘.!t.Q.I“.Qﬁﬁt.t‘ﬁ..‘it‘liﬁiﬂﬁﬂﬁllﬂﬁl!‘h
P7050

{c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.

Appendix D: PAL Design File Library page D-22

"CHAR® AND "CURS" COUNT THE NUMBER OF CHARACTERS PER LINE. THEY
ARE  ALSO USED AS POINTERS TO THE RAM, "CURS" IS USED WHEN A
CHARACTER 15 WRITTEN INTO THE RAM AND “"CHAR"™ WHEN A CHARACTER 1S
READ FROM THE RAM. "CURS®" IS ALWAYS POINTED TO THE NEXT AVAILABLE
LOCATION IN THE RAM WHERE A NEW CHARACTER CAN BE STORED.

"CHAR"™ IS INCREMENTED AT THE END OF 8 PIXELS MEANING IT COUNTS
AFTER EACH  CHARACTER, IT COUNTS FROM 0 TO 63 ALTHOUGH ONLY 48
CHARACTERS ARE VISIBLE. THE HORIZONTAL SYNC PULSE IS GIVEN
BETWEEN CHARACTERS 56 AND 59, DUKING THE COUNTS OF CHAR FROM 48
170 63, BLACK SIGNALS ARE TRANSMITTED TO THE SCREEN. “CURS" 1S
INCREMENTED FOR ANY OPERATION ON THE KEY BOARD, THE TWO POINTERS
USE THE RAM IN INTERLIVED FASHION. READ IS DONE EVERY CYCLE, BUT
WRITE IS DONE ONLY WHEN A WRITE SIGNAL IS GIVEN, THE WRITE SIGNAL
IS SET WHEN A NEW CHARACTER ENTERS THE SYSTEM THROUGH THE RS232
PORT,

THE . FUNCTION TABLE ABOVE DESCRIBES OPERATIONS OF READ AND WRITE
FOR A CERTAIN LINE. WHEN THIS LINE WAS PRINTED, 64 CHARACTERS
WERE READ AND 15 CHARACTERS WERE WRITTEN.

SIGNALS CHARO, CURSO, SWAPC, WRITE AND INCSCR ARE DERIVED IN PAL
VP8,

RAARRARGR AR R AN AR A RN AR AN R AR RO ANS A RARR AR R A AN RRRRRARARARRAARAREEOEACEREEREAARS

P7051

EACH CHARACTER ON THE SCREEN CONSISTS OF 12 DOT LINES: 7 LIMNES
FOR THE CHARACTER AND 5 LINES FOR SPACE BETWEEN CHARACTERS. THE
FOLLOWING FIGURE SHOWS THE LETTER "U" AND THE SPACE WITH ALL THE
PIXELS ‘AROUND IT AS IT 1S DISPLAYED BY THE VIDEO CONTROLLER.

"SCAN" IS A MODULE 12 COUNTER THAT COUNTS THE NUMBER OF THE DOT
LINES FOR EACH CHARACTER.

"LINE" COUNTS THE NUMBER OF THE CHARACTER LINES. EACH CHARACTER
LINE 18 12 SCAN LIKES. THE COUNTER COUNTS UNTIL 21 ALTHOUGH ONLY
16 LINES ARE VISIBLE ON THE SCREEN,

THE HORIZONTAL SYNC PULSES ARE GIVEN IN EVERY SCANNED LINE
BETWEEN CHAR 52 AND 55, THE VERTICAL SYNC PULSE IS GIVEN WHEN THE
LINE COUNT IS 19, SCAN IS BETWEEN 0 AND 3, AND CHAR IS BETWEEN 48
AND 51.

THE NEXT FIGURE SHOWS THE SCREEN WITH THE CORRESPONDING LINE AND
CHAR COUNTERS, AND THE SYNC PULSES.

REARRARARAARNRAARRARERARR AR RARNRERAR RS R A RS RARRSARREARRNSRERARRAARRANRRRANARERR

P7052.

"SCROL"™ AND "LINES" ARE COUNTERS AND POINTERS TO THE RAM. "LINES"
1S A POINTER TO THE LINE THAT IS READ FROM THE RAM, "SCROL® IS A
POINTER TO THE LOCATION IN THE RAM WHERE A NEW LINE CAN BE
STORED, BOTH OF THEM COUNT UP TO A MAXIMUM OF 16 LINES.

(c) Copyright Monolithic Memories Inc., 1984 All Rights Reserved.
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THE BIT "SWAP" ENABLES THE TWO COUNTERS TO TALK TO THE SAME
ADDRESS LINES OF THE RAM.

THE NEXT PIGURE SHOWS ALL THE POINTERS THAT HAVE BEEN DESCRIBED.

»w® MEANS WRITING INTO THE RAM, "“R" MEANS READING FROM THE RAM
AND "C" IS A TEMPORARY POINTER.

.Q!Qtttltt....ttttlt.ﬁ..‘Ci..l.t.l...‘t!ﬁ...tlﬁt.ﬁttt“ttt.itﬁ‘tﬁlt.tlttttﬁ.‘t

P7053

THIS PAL GENERATES THE BAUD RATE, THE VIDEO AND THE SYNC SIGNALS
WHICH ARE COMBINED AT THE OUTPUTS TO FORM THE COMPOSITE VIDEO
SIGNAL, AND THE "UEN" SIGNAL WHICH ENABLE THE "UART".

EVERY ~CHARACTER CONSISTS OF 10 BITS: 1 START BIT, 7 ASCII CODE
BITS, 1 PARITY BIT, AND 1 STOP BIT. THE CHARACTER RATE IS 9600
Hz. EACH BIT IS DIVIDED INTO 8 SMALL BITS SO THE NUMBER OF BITS

PER SECOND REQUIRED FOR OUR SYSTEM IS 9600*8 = 76800 OR 76800 Hz.

T = 1/76800 = 13 MICROSECOND

THE CLOCK FREQUENCY IS 8000000 Hz.

WE NEED TO DIVIDE THE CLOCK FREQUENCY BY 104 TO GENERATE A
FREQUENCY OF 76800 Hz.

8000000/76800 = 104 = 13*8

*DTCNT" COUNTS 8, AND "BAUD® COUNTS 13. TO GET 104 COUNTS WE NEED
TO COUNT FROM 0 TO 103. - BECAUSE THERE IS ONE CLOCK CYCLE DELAY
UNTIL THE DATA IS AVAILABLE ON THE OUTPUT PINS (REGISTERED PAL),
MODULE 104 1S DETECTED BY COUNT 102 WHICH 1S EQUAL TO 102/8 = 12
6/8. -

l.0..‘0..‘1.tt.ttt-.ttttt.'.it.l‘....'.tt.!ltttt.ﬂ.tt‘tlﬁi.t.t.Oitliﬁﬁttttatﬁ.

P7054

THE “UART® SHIFT REGISTER 1S A SEVEN BIT REGISTER FOR THE SEVEN
BIT ASCI] CODE. TIHE INFORMATION ENTERS THE SHIFT REGISTER IN D6,
ONE BIT AT A TIMS. IT COMES THROUGH RXD PIN WHICH IS THE TRANSMIT
OR THE RECEIVE LINE OF THE RS232. THE OUTPUTS ARE TRANSFERED IN
PARALLEL 70 THE RAM. °“UEN" ENABLES TREE STATE FOR THESE OUTPUTS.
WHEN BITS D6 AND DS TOGETHER IN THE ASCIT CODE ARE ZEROES OR WHEN
THE “CLRLIN® 11T IS SET, A *SPACE™ CODE 15 SHIFTED INTO THE
“UAKT® REGISTER. THE SPACE CODE PRINTS A BLANK SPACE ON THE
SCREEN. "SPACE® 1M ASC1]1 CODE 1S 0100000 = 20 HEX.

t.t‘tﬁ.ﬂﬁ'l5.ltitttQt‘tﬁ.ttt.l..tﬂtﬁtil.‘..tttttﬁi..ttﬁ‘ttttﬁtltttt!tttiitttti

P7055

*BC® IS A COUNTER FOR THE ASCII CODE BITS. A SAMPLE FROM EACH
ASCII BIT IS TAKEN WHEN "DET" = 3.

THE "START® SIGNAL IS SET WHEN A START BIT IS DETECTED ON THE RXD
LINE AND REMAINS SET UNTIL THE LAST ASCII BIT OF THE CHARACTER
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THAT 1S SAMPLED. AFTER ALL THE 7 BITS OF THE ASCIi CODE WERE
SAMPLED, A WRITE SIGNAL IS SENT TO THE RAM AND THE 7 BITS (A CODE
FOR A CHARACTER) ARE WRITTEN IN PARALLEL INTO THE RAM.

WHEN *BC" COUNTS 8 THE "READY" SIGNAL GOES HIGH, "ST "

ART" GOES LOW
AND READY TO BE SET AGAIN IF A NEW START BIT Ié DETECTED. A NEW
CODE FOR A NEW CHARACTER WILL START TO BE SAMPLED.

BUT . ASSUME THAT A NOISE OCCURS ON THE RX
S TARTS 8 TGNAL E RXD LINE WHICh SET THE

TO DETERMINE IF THIS 1S A TRUE OR PALSE START, WE CHECK THE RX
3 C s D
LINE. 1IF THE RXD LINE 1S NOT SET, WE KNOW TéAT NO CHARACTER WAS

SENT ON THE RS232 LINE; THEREFORE -
DETECTED. + A NOISE/FALSE SISNAL WAS

ERROR ANALYSIS FOR SAMPLING

EEECREEECCECCERECEEREECEEERR

SINCE BOTH A TRANSMITTER AND A RECEIVER ARE USED 1IN OBTA
INFORMATION, AN ERROR CAN OCCUR THAT INVOLVES BOTH OgT ;:égg
COMPONENTS. ASSUME: ERROR IN TRANSMITTING FREQUENCY = EX

ERROR IN RECEIVING FREQUENCY = ER '
THEN THE TOTAL ERROR FOR ONE BIT OF INFORMATION IS (EX + ER) AND
THE TOTAL ERROR FOR THE N'TH BIT OF INFORMATION IS N*(EX + ER).

WHEN COUNTER “DET" IS EQUAL 3, WE HAVE THE IDEAL BIT FOR

" SAMPLING, THE MAXIMUM ERROR THAT 1S ALLOWED DUE TO THE TOLERANCES

IN THE FREQUENCIES IN BOTH TRANSMITTER AND RECEIVER, WILL BE WHE
THE SAMPLE IS TAKEN AT "DET® = 0 OR AT "DET" = 6, Aé SHOWN HERE:N

THE FREQUENCY FOR EACH BIT OF INFORMATION IS 1/9600 Hz 104
::gggSECOND). EACH BIT OF INFORMATION IS DIVIDED INTO EIGHT 4["5
THE TOTAL ERROR ALLOWED FOR THE 7°'TH BIT OF INFORMATION IS:

7 * (EX + ER) = (1/9600) * (3/8)

THE TOTAL ERROR ALLOWED FOR ONE BIT OF INFORMATION 1S:

(EX + ER) = 104 * (3/8) * (1/7) = 5.5 MICROSECOND

THE FREQUENCY RATE BETWEEN RS232 AND THE RXD LINE FOR EVERY
OF INFORMATION SHOULD BE BETWEEN 10150 Hz AND 9130 Hz. £ o

RARARAABAAARAAREBARAAARERAAAARAARARCACARRRAARARARAAAARAABARRARRAARACRACRANSRANA

P7056

THIS PAL CONTROLS BOTH THE TIMING FOR WRITING A CHARACTER
THE RAM AND THE TIMING FOR READING A CHARACTER FROM THE RAM. 1nTo

"WRITE"™ IS A SIGNAL THAT DATA IS AVAILABLE AND CAN BE WRITY
INTO THE RAM WHEN ®DTCNT® IS BETWEEN O AND 5. e

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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"SWAP" AND "SWAPC"™ SWAP POINTERS TO ENABLE WRITING AND READING BY P7059
ADDRESSING THE RAM THROUGH THE SAME ADDRESS LINES,
THIS IS AN B-BIT SYNCHRONOUS DOWN COUNTER WITH PARALLEL LOAD,

"UEN" ENABLES THE UART, PRESET, AND HOLD CAPABILITY, THE LOAD OPERATION LOADS THE INPUTS
. (b7-D0) INTO THE OUTPUT REGISTER (Q7-Q0). THE PRESET OPERATION
*WE" WRITES TO THE RAM THE DATA THAT IS IN THE UART REGISTER. SETS THE OUTPUT REGISTER TO ALL HIGHS. THE HOLD OPERATION HOLDS
THE PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS. THE DECREMENT
®"INCSCR" IS A SIGNAL THAT DETECT LINEFEED AND 48 CHARACTERS PER . OPERATION SUBTRACTS ONE FROM THE OUTPUT REGISTER WHEN THE BORKROW
LINE, IN 1S TRUE (/BI=L), OTHERWISE THE OPERATION IS A HOLD, THE
’ BORROW-OUT (/BO) 1S TRUE (/BO=L) WHEN THE OUTPUT REGISTER (Q7-Q0)

"CLRLIN" ERASES EARLIER INFORMATION AND ALLOWS TO WRITE TO THAT IS ALL LOWS, OTHERWISE FALSE (/BO=H).

LOCATION. WHEN THE "LF" KEY IS PUSHED, THE CLRLIN SIGNAL IS SET.

1T REMAINS SET AS LONG AS A WRITE 1S DONE TO THIS LOCATION. THESE OPERATIONS ARE EXERCISED 1IN THE FUNCTION TABLE AND

SUMMARIZED IN THE OPERATIONS TABLE:
*H255" DETECTS END OF LINE.

/oC CLK I1 10 /BI D7-DO Q7-Q0 OPERATION
"HBLANK® BLANK OUT THE SCREEN WHEN "CHAR® IS BETWEEN 48 AND 63. = e mccccmec e e e -
: i X X X X X z HI-2
RRAARNARRACARARRRAAARARRARARCARRARARRRARARARARRRARARARAARARRAARARRRRARRARAARARAARGRS L C L L X X H PRESET
P7057 L C L H X X Q HOLD
L C H L X D D LOAD
THIS 1S A 4-BIT SERIAL SWITCH WHICH CONNECTS ANY INPUT (D) TO ANY L € H H H X Q HOLD
OR ALL OUTPUTS (Y) IN ANY COMBINATION. A STROBE LINE (S) IS L C H H L X Q MINUS 1 DECREMENT
PROVIDED TO GATE THE OUTPUTS OFF (Y=H) WHEN THE STROBE INPUT IS S GO O R
HIGH, THE SWITCH LINES (S3-0) ARE ENCODED IN BINARY WITH §-0
REPRESENTING THE LSB. TWO OR MORE OCTAL DOWN COUNTERS MAY BE CASCADED TO PROVIDE LARGER
COUNTEFS. THE OPERATION CODES WERE CHOSEN SUCH THAT WHEN Il IS
RRARRRARARR ARG REARRARARRAARARARARARRRRRARARNARRRARASRRRARARRARRNRRRAARAARARARAARAKNRARRA "lGH, 10 MAY BE USLD 'I'O SELECT BETNEEN LOAD AND DECFLMENT AS IN A
P7058 BUS ADDRESSER (JUMP/DECREMENT). ALSO BORROW-OUT (/BO) AND BORROW-
IN (/BI) ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY WHICH'
THE 4-BIT SHIFTER ACCEPTS A 4-BIT DATA WORD (D) AND SHIFTS THE PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR MORE OCTAL
WORD 0, 1, 2, OR 3 PLACES TO OUTPUTS (Y). THE NUMBER OF PLACES DOWN COUNTERS ARE CASCADED TO IMPLEMENT LAKGER DOWN COUNTERS.
TO BE SHIFTED 1S DETEKMINED BY TWO CONTROL LINES (11,10) WHICH
AFE ENCODED IN BINARY WITH 10 REPRESENTING THE LSB. A  STROBE AR AR AR AR R AN R R R A R R AR R RN R A AN RN AR AR S AR A AR AR RSN AR AR AR AN OREEARRNRSAN
LINE (S) IS PROVIDED TO GATE THE OUTPUTS OFF (Y¥=H) WHEN THE P7060

STROBE INPUT IS HIGH.
THIS PAL DESIGN SPECIFICATION DESCRIBES A 4-BIT COUNTER WITH A 4-

OPERATIONS TABLE: BIT TRANS-PARENT LATCH., THE LATCH OUTPUTS (Y3-YC) WiLL FOLLOW
EITHER THE DATA INPUTS (D3-DO) OR THE COUNTER STATES (Q3-Q0),
S 11 10 D3-D-3 Y¥Y3-Y0 OPERATION DEPENDING ON THE SELECT LINE (SEL), PPOVIDING THE LATCH ENABLE 1S
------------- - - TRUE (/LEN=L). THE OUTPUTS WILL BE LATCHED AT THE LEVEL OF THE
B X X X H STROBE HIGH INPUTS WHICH WERE SELECTED WHEN THE LATCH ENABLE IS FALSE
L L L D D NO SHIFT (/LEN=H) .
L L H D s(D)1 SHIFT 1 PLACE
L H L D s({p)2 SHIFT 2 PLACES THE COUNTER IS PULLY SYNCHRONOUS WITH THE RISING EDGE OF THE
L H H D s(p)3 SHIFT 3 PLACES CLOCK (CLK) AND CAN BE SYNCHRONOUSLY LOADED FROM THE LATCH
------- B ittt OUTPUTS. A SYNCHROHOUS OVERRIDING CLEAR (/CLR) IS ALSO PROVIDED,
1WO OR MORE 4-BIT SHIFTERS MAY BE CONNECTED TO IMPLEMENT LARGER OPERATIONS TABLE:
SWIFTERS. SHIFTING CAN BE LOGICAL, WITH ZEROES PULLED 1IN AT
EITHER OR BOTH END3 OF THE SHIFTING FIELD; ARITHMETIC, WHERE THE -COUNTER CONTROL- ~--LATCH CONTROL-- DATA CNTR LATCH
SIGN BIT IS REPFATED DURING A SHIFT DOWN; OR END AROUND, WHERE CLK /0C /CLR /LD /CNT /LOC /LEN SEL /CI D3-D0 Q3-Q0 Y3-Y0 OPERATION
THE DATA WORD FORMS A CONTINUOUS LOOP. e e e oo e
: X H X X X X X X X X H X HI-Z (COUNTER
ABNRRRARAANDARAARRARKRAARARADRARR AR RRARRA AR ARRRRARRAAARRAARRRARKANARAAARARARARSARAA c L L X x X x X X X L X CLBAR
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LOAD FROM DATA
HOLD

[<2- 5

LOAD FROM DATA

=

HAMIRIL petere
™

XX T T e
>

-
U ERXXNK N

HOLD

INCREMENT
HOLD

HI-Z (LATCH)
LATCH OUTPUT
SELECT DATA
SELECT COUNTER

Q PLUS 1

I XEXXOOOOANNON
XXX T T =
MIMIMRE I XN
[ a2k B 5 S 3N
o B B 3 & 2-5 S8 ]
MRXXTN XX
LA R B R R A-E 3-8
DUKNXXX XU

DX XXO

1

RRRARARRRRARRAARAARRRRARRANRRARRRAARRARAAANARE AR RRANRARRRAAR SR AARRSARARSRARRANRAY

P7061

THIS 10-BIT REGISTER LOADS THE DATA (D9-D0) ON THE RISING EDGE OF
THE CLOCK (CLK) INTO THE REGISTER (Q9-00). THE DATA IS HELD IN
THE REGISTER UNTIL THE NEXT POSITIVE EDGE OF THE CLOCK.

OPERATIONS TABLE:

/0C CLK D9-DO Q9-00 OPERATION
H X X 2 HI-2
L C D D LOAD
L 'L X Q HOLD

SARRNANBEARRERBANBAABARARARRARRRARCARARRACRRRAARRRARARRAAARRAAAARRASAAARRAAARARARY

P7062

THE '3-TO-8 DEMULTIPLEXER WITH CONTROL. STORAGE PROVIDES A
CONVENTIONAL 8-BIT DEMUX FUNCTION COMBINED WITH CONTROL STORAGE
FUNCTIONSs LOAD TRUE, LOAD COMPLEMENT, HOLD, TOGGLE POLARITY,
CLEAR, AND PRESET. FIVE INPUTS (/LD, /CLR, /PR, POL, TOG) SELECT
ONE OF S1X OPERATIONS WHICH OCCUR SYNCHRONOUSLY WITH THE RISING
EDGE OF THE CLOCK (CLK).

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 1S FALSE (POL=L).

THE WOLD OPFRATION HOLDS THE PREVIOUS VALUE IN THE REGISTER WHEN
TOGCLE 1S FALSE (70G=L) REGARDLESS OF CLOCK TRANSITIONS. THE
TOGGLE POLAR11Y CPLIRATION TOGGLES THE POLAKRITY 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 PRESFT (/PR) OPERATION PRESETS THE OUTPUT REGISTER TO
ALL HIGHS,. NOTE THAT CLEAK OVERRIDES PRESET, PRESET OVERRIDES
LOAD, AND LOAD OYERRIDES HOLD.

THE POLARITY OF "POL® MAY BE CHANGED IM THE LOGIC EQUATIONS TO -

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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SUIT SPECIFIC APPLICATIONS SO THAT CERTAIN OUTPUT POLARITIES ARE
ASSERTIVE HIGH WHILE OTHERS ARE ASSERTIVE LOW.

THESE ~ OPERATIONS ARE EXERCISED IN THE PUNCTION TABLE AND
SUMMARIZED IN THE OPERATIONS TABLE:

CONTROL FUNCTIONS POLARITY INPUTS OUTPUTS
/0C CLK /CLR /PR /LD POL T70G ABC Q7-00 OPERATION
H X X X x X X X i nI-z
L C L X X X X X L CLEAR
L C H L X X X X n PRESETY
L C H H L H X 1 MUX LOAD TRUE
L C H H L L X 1 /MUX LOAD COMP
L C H H H X L X Q HOLD
L C H R L} X H X /Q TOGGLE POLARITY

BRREAR AR AR AORE AR AR AR AR AR AN AR SR ARN AR AR AR ERRARARAAARRIRARARNARARASGRORARRAREES
P7063

THE 9-BIT SYNCHRONOUS COUNTER HAS PARALLEL LOAD, INCREMENT, AND
HOLD CAPABILITIES. DATA (D8-DO) 1S LOADED INTO THE OUTPUT
REGISTER (Q8-Q0) WHEN THE LOAD INPUT IS TRUE (/LD=L) AND A
POSITIVE EDGE PULSE IS RECEIVED ON THE CLOCK PIN (CLK). THE
COUNTER WILL, INCREMENT IF A CLOCK PULSE 1S RECEIVED WITH THE LOAD
INPUT BEING FALSE (/LD=H). THE OPERATION 1S A HOLD IF NO CLOCK

" PULSE 1S RECEIVED REGARDLESS OF ANY OTHER INPUTS.

THE CARRY OUT PIN (/CO) SHOWS HOW TO IMPLEMENT A CARRY OUT USING
A REGISTER BY ANTICIPATED ONE COUNT BEFORE THE TERMINAL COUNT IF
COUNTING AND THE TERMINAL COUNT IF LOADING.

OPERATIONS TABLE:

/0C CLK /LD D8-DO Q8-Q0 OPERATION
z HI-2
Q HOLD

D LOAD
Q PLUS 1 INCREMENT

[ a2 -
anr x
= %X
0 x X

L T LTIy
P7064

THE 10-BIT COMPARATOR ESTABLISHES WHEN TWO 10-BIT DATA STRINGS
(A9-BO AND B9-BO) ARE EQUIVALENT (EQ=H) OR NOT EQUIVALENT (NE=H).

BARARRARAN AR R AR R AN R AR AR AR AR SRR SR AR R R RS R A AR NS A R A AR AR ARARAAANGNRERAOARARA
P7065

'THIS PAL IS A 6-BIT SHIFT REGISTER WITH PARALLEL LOAD AND HOLD

CAPABILITY, TWO FUNCTION SELECT INPUT (10,11) PROVIDE ONE OF FOUR
OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON THE RISING ELGE OF THE

(c) Copyright Monolithic Memories Inc, 1984 All Rights Reserved.
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CLOCK (CLK). THESE OPERATIONS ARE:
/0C CLK I} I0 D5-DO Q5-Q0 - OPERATION

Z HI-2
L HOLD
SR({Q) SHIFT RIGHT
SL(Q) SHIFT LEFT
D LOAD

T
[-A-2 & B 4

TWO OR MORE 6-BIT SHIFT REGISTERS MAY BE CASCADED TO PROVIDE
LARGER SHIFT REGISTERS. RILO AND LIRO ARE LOCATED ON PINS 12 AND
19 RESPECTIVELY, WHICH PROVIDES FOR CONVENIENT INTERCONNECTIONS
WHEN TWO OR MORE 6-BIT SHIFT REGISTERS ARE CASCADED 70 IMPLEMENT
LARGER SHIFT REGISTERS.

AEABR R ERAR SRR RCAARCA RS RN RARNRRARARRAARNAARRRBARRRRASRRAARRARARARRRARAAASANNRAR

P7066

THIS 1S AN 6-BIT SYNCHRONOUS COUNTER WITH PARALLEL 1.OAD, PRESET,
AND HOLD CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS (D5-DO)
INTO THE OUTPUT REGISTER (Q5-Q0). THE PRESET OPERATION SETS THE
OUTPUT REGISTER TO ALL HIGHS, THE WOLD OPERATION HOLDS TIE
PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS., THE INCREMENT
OPERATION ADDS ONE 70 THE OUTPUT REGISTER WHEN THE CARRY-IN 1S
TRUE (/CI=L), OTHERWISE THE OPERATION IS A HOLD. THE CARRY-OUT
(/CO) 1S TRUE (/CO=L) WHEN THE*OUTPUT REGISTER (Q5-Q0) IS ALL
HIGHS, OTHERWISE FALSE (/CO=H),

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND
SUMMAR1IZED IN THE OPERATIONS TABLE:

/0C CLK I1 I0 /CI D5-DO (Q5-Q0 OPERATION
H X X X X X Z HI-2

L C L L X X H PRESET

L C L B X X Q HOLD

L C H L X D D LOAD

L Cc H B H X Q HOLD

L c H [ L X Q PLUS 1 INCREMENY

TWO OR MORE 6-BIT COUNTERS MAY BE CASCADED -TO PROVIDE LARGER
COUNTERS. THE OPCRATION CODES WERE CHOSEN SUCH THAT WHEN I1 1S
HIGE, YO MAY BE USED TO SELECT BETWEEN LOAD AND INCREMENT AS IN A
PROGRAM COUNTER (JUMP/INCREMENT) . ALSO, CARRY-OUT (/CO) AND
CARRY-IN (/CI) AKRE LOCATED ON PINS 12 AND 19 RESPECTIVELY, WHICH
PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR MORE 6-BIT
COUNTERS ARE CASCADED 70 IMPLEMENT LARGER COUNTERS.

EARAAAGARSRRABE A AAN R AR RARE R AN AR R A AR R ARARSA AR ARARRARNRARARRANEAARARARAARARRRRANY

P7067
THIS 1S AN 6-BI1T SYNCHRONOUS REGISTER WITH PARALLEL LOAD, LOAD

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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COMPLEMENT, PRESET, CLEAR, AND HOLD CAPABILITIES., POUR CONTROL
INPUTS (/LD,POL,/CLR,/PR) PROVIDE ONE OF FOUR OPERATIONS WHICH
OCCUR SYNCHRONOUSLY WITH THE CLOCK (CLK). THE LOAD OPERATION
LOADS THE INPUTS (D5-D0) INTO THE OUTPUT REGISTER (Q5-Q0), WHEN
POL=H OR LOADS TMPE 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:

/oC CLK /CLR /PR /LD POL DS5-DO '65-00 OPERATION

- -—— e, e ————————

il X X X X X X 2 HI-2

L C L X X X X L CLEAR

L C H L L X X H PRESET

L [ H H H X X Q HOLD

L C H H L H D D LOAD TRUE
L Cc H H L L D /D LOAD COMP

FESRRRARARRRARBARBEB AR RARREAARAREARAREARRARRARRAARRRARAREARSRAGARARENARBRERAS

P7068

THIS IS A 9-BIT MULTIFUNCTION BUFFER WITH PARALLEL TRUE OUTPUT,
COMPLEMENTARY OUTPUT, CLEAR, AND PRESET CAPABILITIES, THREE
CONTROL INPUTS (POL,/CLR,/PR) PROVIDE ONE OF THREE OPERATIONS.

THE TRUE DATA WILL BE AVAILABLE AT THE OUTPUTS (Y=D) WHEN THE
POLARITY LINE IS HIGH (POL=H). THE INPUT DATA WILL BE INVERTED
(Y=/D) WHEN THE POLARITY LINE IS LOW (POL=L).

THE OUTPUTS WILL BE LOW (Y=L) WHEN THE CLEAR LINE IS LOW (/CLR=L)‘
AND HIGH (Y=H) WHEN THE PRESET LINE IS LOW (/PR=L). NOTE THAT
THESE OPERATIONS OVERRIDE DATA INPUTS. ALSO CLEAR OVERRIDES
PRESET.

THE NINE OUTPUTS WILL BE HI-Z (Y=Z) IF THE OUTPUT CONTROL LINE 1S
HIGH (/OC=H) REGARDLESS OF OTHER CONTROL LINES AND INPUTS,

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

/oc /CLR /PR POL D8-DO ¥8-Y0 OPERATION

[} X X X X Z HI-2

L L X X X L CLEAR

L H L X X H PRESEY

L H H H D D OUTPUT TRUE
L H H L D /D OUTPUT COMP

{c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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BANG AR AR SRR A A AN GAN AR AN AR AR N AR S E R AR AR R RN RN AR AR SR ARRRAARAR R AR RS EAR R AN AR
P7069 ‘

THE 10-BIT BUFFER CAN OUTPUT TRUE DATA, COMPLEMENTARY DATA, OR BE
HIGH INPEDANCE, THE TRUE DATA WILL BE AVAILABLE AT THE OUTPUTS
(Y=D) WHEN THE POLAKITY LINE IS HIGH (POL=H). THE INPUT DATA
WILL BE INVERTED (Y¥=/D) WHEN TUE POLARITY LINE IS LOW (POL=L).

THE TEN OUTPUTS WILL BE HI1-Z (Y=Z) IF THE OUTPUT CONTROL LINE IS
HIGH (/0C=H) REGARDLESS OF OTHER INPUTS.

IN THE FUNCTION TABLE AND

THESE OPERATIONS ARE EXERCISED
SUMMARIZED IN THE OPERATIONS TABLE:
/0C POL D9-DO Y9-¥Y0 OPERATION
1} X X 2 HI-Z
L H D D OUTPUT TRUE
L L D /D OUTPUT COMP

RERAEARANDERRARARR AR R RARAACRARRARARAARRAAACARAACAAERARRRAARARARRRARNARARARAORAR,Y
P7070

THE 10-BIT OPEN COLLECTOR BUFFER WILL OUTPUT THE INPUT DATA
THE OUTPUTS (Y) WILL BE EITHER L OR HI-Z.

CERTAIN OUTPUTS WILL BE MIGH-Z (Y=Z) IF EITHER OUTPUT CONTROL
LINE IS HIGH (/0C=H) REGARDLESS OF OTHER INPUTS. NOTE THAT OC2
CONTROLS OUTPUTS Y9-Y5 AND OCl CONTROLS OUTPUTS Y4-¥O0. 0C2 AND

©0C1 CONTROL INDEPENDENTLY.

(D).

OPERATIONS TABLE:
/0C2 /0Cl D9-DO Y9-Y5 Y4-Y0

OPERATION

H X X 2 X HI-Z FOR UPPER 5 BITS
X H X X 2 HI-2 FOR LOWER 5 BITS
L L D D D OUTPUT TRUE (L or HI-2)

CRRRRARERARSRRRRAURSARRAAAAARRRA AR D AARSARARANRA KBS ARRARARNARARRARANRAARARARRRASS

P7071
THE 10-BIT INVCRTING OPEN
COMFLEMENT OF Y“HL IKPUT DATA (D).

L OR HI-Z.

COLLECTOR BUFFER WILL OUTPUT THE
THE OUTPUTS (Y) WILL BE EITHER

Wikl BE MIGH-2Z (¥=Z) IF EITHER OUTPUT CONTROL
NOTE THAT OC2
0C2 AND

CERTAIN OUTPUTE
LINE 1S HIGH (/0C=H) REGARDLESS OF OTUER INPUTS,
CONTROLS OUTPUTS Y9-YS5 AND OCl CONTROLS OUTPUTS Y4-YO,

OC1 CONTROL INDEPENDENTLY.

OPERATIONS TABLE:

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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/0C2  /OCl D9-DO Y9-YS Y4-¥0  OPERATION

g : : z X HI-Z FOR UPPER 5 BITS
by L b X 2 HI-Z FOR LOWER 5 BITS
/D /D OUTPUT COMP (L or HY¥-2)

-
-----tl:tt-lt.tultut'ltllltt.tn.tt..ttn..ttait.t-ntttt--n--n---t-tl'tltt'lttl.l

P7072

THE 10-BIT ADDRESSABLE REGISTER IS A SYNCH RE 3
AQQRESSABLB REGISTER WITH CLEAR, PRESET, ﬁ:goggag::anguﬁPzﬁiggg
REGISTER (Q) IS SELECTED BY THE INPUT ADDRESS PINS (A,B,C b)
THE DATA (DIN) 1S LOADED INTO THE SELECTED OUTPUT REGISiEé 6N.Tﬂé
RISING EDGE  OF THE CLOCK (CLK) IF THE CHIP 1S ENABLED
(E)=NIGH,E2=UIGH,/E3=LOW). ALL OTHER OUTPUYTS HOLD THEIK PREVIOUS
STATES DURING THE LOAD OPERATION, ANY OTHER COMBINATION OF THE
ENABLE PINS (E1,E2,/E3) WILL DISABLE THE REGISTER AND ALL oUTPUTS
:;EL gg:?V:N££SHP§§:;OUS STATES. CLEAR (/CLR) AND PRESET (/PR)
RESPEOSTVELY . WHICH SET THE REGISTERS TO ALL HIGH OR LOW

CLEAR OVERRIDES PRESET AND ENABLE, PRESET OVERRIDES ENABLE.,

THESE FUNCTIONS ARE EXERCISED 1IN THE "
SUQHABIZHD IN THE OPERATIONS TABLE: FUNCTION TABLE Ane
{OC CLK /CLR /PR /E3 E2 El DCB A DIN QY-QU OPERATION
] X X X X X X ~;-;-;-;---x z H;:;- )
L C L L X X X X XXX X L CLEAR
t g H L X X x X XXX X H PRESET
- g s : L L XX Xx X. Q HOLD PREVIOUS STATES
v < . " L 5 H X X X Xx X Q HOLD PREVIOUS STATES
coS " " ch L XX XX X Q HOLD PREVIOUS STATES
vo§ " b v H DCBA DIN DIN LOAD DIN TO ADDRESSED OUTPUT
: " ! | L XXXx X Q HOLD PREVIOUS STATES
s c p i ; L H XXX x X Q HOLD PREVIOUS STATES
pos ; H L X XXX X Q HOLD PREVIOUS STATES
-_______,-_----?--_?-_f--f-_-f_x X X X Q HOLD PREVIOUS STATES
OUTPUT SELECT TABLE
DCBA DIN Q9 Q8 07 Q6 05 Q4 Q3 Q2 QI Qo
LLLL DIN QY 08 Q7 06-—8;’-6;--8;-.5;—-6;--;;;-
LLLH DIN Q9 08 Q7 Q6 Q5 Q04 Q3 02 DIN [\]
L LWL DIN Q9 08 Q7 Q6 05 Q4 Q3 DIN QL Qo
L LHH DIN Q9 08 Q7 06 Q5 Q4 DIN 02 Q1 Qo
LHLL DIN Q9 08 Q7 06 Q5 DIN Q3 02 Q1 Qo
LHLH DIN Q9 08 Q7 Q6 DIN Q4 Q3 Q2 Q1 Qo
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LHHL DIN Q9 Q8 Q7 DINQS Q4 Q3 Q2 Q1 QO REGISTER (Q8-Q0) WHEN THE LOAD INPUT IS TRUE (/LD=L) AND A
LHHH DIN 09 (08 DINOQ6 Q5 Q4 Q3 Q2 Q1 Qo0 . POSITIVE EDGE PULSE 1S RECEIVED ON THE CLOCK PIN (CLK). THE
HLLL DIN 09 DINQ7 Q6 Q5 Q4 03 Q2 Q1 Qv COUNTER WILL DECREMENT IF A CLOCK PULSE IS RECEIVED WITH THE LOAD
HLLH DIN DIN 08 Q7 Q6 Q5 Q4 Q3 Q2 QI QU INPUT BEING. FALSE (/LD=H),. THE OPERATION 1S A HOLD IF NO CLOCK
HLHL DIN Q9 08 Q7 06 Q5 Q4 Q3 Q2 Q1 QU PULSE IS RECEIVED REGARDLESS OF ANY OTHER 1NPUTS.

HLHH DIN 09 Q8 Q7 Q06 Q5 Q4 03 02 Q1 @

HHXX DIN Q%9 Q8 Q7 06 Q5 Q4 0 Q2 Q1 QO THE BORROW OUT PIN (/BO) SHOWS HOW TO IMPLEMENT A BORROW OUT

TTTTETTE s == e e e USING A REGISTER BY ANTICIPATED ONE COUNT BEFORE THE TERMINAL
COUNT IF COUNTING AND THE TERMINAL COUNT IF LOADING.

.-..t‘."..I‘.".‘ﬁ.t“.‘l.il..‘ﬁl.l.ﬁltlul.t‘.lti.'ﬂ-tt".l.."llﬁ‘Qtt!“".!l.

P7073 OPLKRAT1ONS TABLE:
THIS  PAL20L1O INTERFACES  BETWEEN  THE  MOTOROLA MC6U00 . /0C CLK /LD D8-DO  Q8-Q0 OPERAT1ON
MICROPROCESSOR AND 1TSS SYSTEM COMPONENTS OM A SINGLE BOARD = e e e e e
CUMPUTER. THE FUNCTIONS 1T PERFORMS, PREVIOUSLY DONE WITH RANDOM i X X X Z HI-2
LOGIC ARE: ADDRESS DECODING, MEMORY AND 1/0 SELECT, RESET SIGNAL L L X X /Q HOLD
GENERATION, AND CONTROL OF THE BUFFER WHICH INTERFACES THE DATA L C L D D LOAD
BUS TO OTHER BOARDS IN THE SYSTEM, L C H X Q MINUS 1  DECREMENT
tl.l!l't..lt'.!...tltl'ltll‘tlltltllﬁ.tﬁ.!tﬂ.lttitt.'!ﬁitl‘ttﬁ“‘t'tlitu'tllttt!
P7074 ’ AR AR A AR AR R AR SRR AR R SRR AR R R AR A AR A A RN AR AR AR S AR R A A A A AR R AR A AR RANA RS SRR RAGRNERD
. P07
THIS 1S AN EXAMPLE OF A QUAD 3-TO-1 MULTIPLEXER USING A PAL1S8LA4.
SELECT LINES A,B ARE ENCODED IN BINARY, WITH A REPRESENTING THE THE REFRESH CLOCK GENERATOR CAN GENERATE REFRESH CLOCK (RFCK) FOR
LSB.  THE OUTPUTS (Y) ARE ALL HIGH IF THE SELECT LINES ARE BOTH THE DYNAMIC RAM CONTROLLERS. THE PERIOD OF RFCK DEPENDS ON F3-F0
HIGH (B,A=H). WHILE THE DURATION OF RFCK BEING LOW DEPENDS ON M3-MO.,
OPERATIONS TABLE: FFFF RFCK PERIOD MMMM RFCK LOW DURATION
3210 (CYCLES) 3210 (CYCLES)
INPUT OUTPUTS e o B T T IR UP
SELECT : ' 0000 12 0000 ¢
B A Y 0001 28 0001 4
memmececrer e 0010 44 oulo 8
L L co : 0011 60 0011 12
L H 1 0100 76 0100 16
H L c2 . , 0101 92 0101 20*
H H H 0110 108 0110 24
________________ 0111 124 0111 28
1000 140 . 1000 32
AR R E AR R R AR AR AR R R A A AP AR N R A A RN R R AN NS AR A N AR N AR AN AR R A AR R AR NN R AR R AR AR AR ANARKNARAARRA R 1001 156 1001 16>
P7075 1010 172 1010 40*
] 1011 188 1011 a3
THIS FAL DESIGN SPECIFICATION DESCRIBES A 4-BIT SYNCHRONOUS 1100 204 1100 4y
COUNTER WITH 4-BIT RI'GISTER. DATA CAN BE LOADED 70 THE COUNTER 1101 220 1101 S22
FROM THE REGISTER, IT CAN ALSO BE SYNCHRONOUSLY CLEARED,  THE 1110 236 1110 56
REGISTER CAN BE LOADLD FKCM EITHER THE COUNTER OR THE DATA INPUTS 1111 252 1111 60
UNDER CONTROL 'O THE SEL INPUT, THE REGISTER CAN ALSO BE  eceeeeeee— m—memee | meemeceeeecce e
SYNCHRONOUSLY CLEARED. THE COUNTER AND REGISTER HAVE A COMMON
CLOCK FOR SYNCHRONOUS OPERATION, . *NOT ALLOWED DUE TO BAD WAVEFORMS
tﬂ‘.““..‘l.tlu'll!lu"lln..'lll]'ttl-'illtll..ﬁ.l"ﬂ't.!‘.ll'ﬁt“t'.llOatﬂ.tiltt tttlt"l.i‘tl.tlllllllll'lllt.-.ll't"!lll!l!tt!.ill-.'l"t'..lllatﬂt.ttill!.‘
P7076 P7078
THE 9-BIT SYNCHRONOUS COUNTER HAS PARALLEL LOAD, DECREMENT, AND THE 8-BIT ADDRESSABLE REGISTER LOADS THE DATA (DIN) INTO THE
HOLD CAPABILITIES. DATA (D8-D0) 1S LOADED INTO THE OUTPUT APPROPRIATE ADDRESS LINE REGISTER (Q) ON THE RISING EDGE OF THE
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DIN QY Q8 Q7 DINQS Q4 Q3 Q2 QI Q0
DIN Q9 08 DINQ6 Q5 Q4 Q3 Q2 Q1 Qo
DIN Q09 DINQ7 Q6 Q5 Q4 Q3 Q2 Q1 QO
DIN DINQB Q7 Q6 Q5 Q4 Q3 Q2 QI Qo
DIN Q9 (08 Q7 Q6 Q5 Q4 Q3 Q2 Q1 Qo
DIN Q9 08 Q7 Q06 Q05 Q4 Q3 02 Q1
DIN Q9 (8 Q7 Q6 Q5 Q4 03 Q2 Q1 Qo0

XErzpexme

VA RRAS AR A AR RS R RS R A RS A A R AR AR S A R AR R R AN AN SR AR R AN AR R AR N NS R AR R AR AR AN RAAAANARD

27073

RIS PAL20L.10 INTERFACES BETWEEN THE MOTOROLA MC6800
AJCROPROCESSOR AND ITS SYSTEM COMPONENTS ON A SINGLE BOARD
OMPUTER. THE FUNCTIONS IT PERFORMS, PREVIOUSLY DONE WITH RANDOM
WOGIC ARE: ADDRESS DECODING, MEMORY AND 1/0 SELECT, RESEY SIGHAL
JENERATION, AND CONTROL OF THE BUFFER WHICH INTERFACES THE DATA
US 70 OTHER BOARDS IN THE SYSTEM.

IR AR NS RN R RS A AN AN AR SRR RN R AR SR A AN NN AR E SR AR AR AR AR AR AAN AR SRR RAARANRAS R
7074

'HIS IS AN EXAMPLE OF A QUAD 3-TO-1 MULTIPLEXER USING A PAL1BL4.

JELECT LINES A,B ARE ENCODED IN BINARY, WITH A REPRESENTING THE

SB. THE OUTPUTS (Y) ARE ALL HIGH IF THE SELECT LINES ARE BOTH

I1IGH (B,A=H).

)PERATIONS TABLE:

INPUT OUTPUTS

SELECT
B A Y
L L co
L H cl
H L c2
H H n

RERRRBRRAR AR R AR S A AR AN E LR AR RN RN AN N SRS AN R AR R AN AR AR R A AR R AR AN AR ARRR RN A AR ANRR AR AR

7075

'HIS FAL 'DESIGN SPECIFICATION DESCRIBES A 4-BIT SYNCHRONOUS
OUNTER WITH 4-BIT RI'GISTER. DATA CAN BE LOADED 70 THE COUNTER
ROM THE REGISTER, IT CAN ALSO BE SYNCHRONOUSLY CLEARED. THE
EGISTER CAN BE LOADLD FKCM EITHER THE COUNTER OR THE DATA INPUTS
NDER CONTROL 'O& THE SEL INPUT. THE REGISTER CAN ALSO BE
YNCHRONOUSLY CLEARED, THE COUNTER AND REGISTER HAVE A COMMON
'LOCK FOR SYNCHRONOUS OPERATION. .

SRR A AR A A AR AR RS AR AN Y P A AN RSN R AN A RN AR A A AN RN AR S ANSARAR AR AR AR R A A AN KRR AR AARRARRAAR

7076

'HE 9-BIT SYNCHRONOUS COUNTER HAS PARALLEL LOAD, DECREMENT, AND
IOLD CAPABILITIES, DATA (D8-DO) 1S LOADED INTO THE OUTPUT

c) Copyright Monolithic-Memories Inc., 1984 All Rights Reserved.
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REGISTER (Q8-Q0) WHEN THE LOAD INPUT IS TRUE (/LD=L) AND A
POSITIVE EDGE PULSE IS RECEIVED ON THE CLOCK PIN (CLK). THE
COUNTER WILL DECREMENT IF A CLOCK PULSE IS RECEIVED WITH THE LOAD
INPUT BEING. FALSE (/LD=H). THE OPERATION IS A HOLD IF NO CLOCK
PULSE IS RECEIVED REGARDLESS OF ANY OTHER INPUTS.

THE BORROW OUT PIN (/BO) SHOWS HOW TO IMPLEMENT A BORROW OUT
USING A REGISTER BY ANTICIPATED ONE COUNT BEFORE THE TERMINAL
COUNT IF COUNTING AND THE TERMINAL COUNT I1F LOADING.

OPERATIONS TABLE:

/0C CLK /LD D8-DO Q8-Q0 OPERATION
H X X X KA HI-2
L L X X /Q HOLD.
L C L D D LOAD
L C H X Q MINUS 1 DECREMENT

AR R NS R R AN R A AR AN SRR SR AR AR AR R A AR AR SRR NS AR A S RN A A A A S AR R AR E R A RN R RN E AN N AR ARER S

P7071

THE REFRESH CLOCK GENERATOR CAN GENERATE REFRESH CLOCK (RFCK) FOR
THE DYNAMIC RAM CONTROLLERS, THE PERIOD OF RFCK DEPENDS ON F3-F0
WHILE THE DURATION OF RFCK BEING LOW DEPLNDS ON M3-MO.

FFFF  RFCK PERIOD MMMM RFCK LOW DURATION

3210 (CYCLES) 3210 (CYCLES)
0000 12 0000 (]
0001 28 0001 4
0010 44 0010 8
0011 60 0011 12
0100 76 0100 16
0101 92 0101 20+
0110 108 0110 24
0111 124 0111 28
1000 140 1000 32
1001 156 1001 36"
1010 172 1010 40*
1011 188 1011 44"
1100 204 1100 48
1101 220 1101 52¢
1110 236 1110 56
1111 252 1111 60

*NOT ALLOWED DUE TO BAD WAVEFORMS

AR R A AR A RAA R R AR E R AN RN AR R A AR A RN E AR AR R RA AT ARRAA SRR AAR A AN A AR ARAR SR AR RARANANERARARRSY

P7078

THE 8-BIT ADDRESSABLE REGISTER LOADS THE DATA -~ (DIN) INTO THE
APPROPRIATE ADDRESS LINE REGISTER (Q) ON THE RISING EDGE OF THE

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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e nImnmmmmmmmmmmIImm M MM I InmMmMTaTIMTe I I I IImmMmMmnmIImmMmIIInmnmMm MmO IS LOADED INTO THE REGISTER. THE OPERATION IS A HOLD 1P NO CLOCK
7082 PULSE 15 RECEIVED REGARDLESS OF ANY OTHER INPUTS.
THE 4-BIT COUNTER LOADS DATA, INCREMENTS, OR HOLDS ON THE RISING THE = CARRY OUT PIN (/CO) SHOWS HOW TO IMPLEMENT A CARRY OUT USING
EDGE OF THE CLOCK (CLK). A REGISTER BY ANTICIPATED ONE COUNT BEFORE THE TERMINAL COUNT 1P
COUNTING AND THE TERMINAL COUNT IF LOADING.  ALSO THE REGISTERED
. gy . . . . o CARRY OUT WILL REMEMBER THE TERMINAL COUNT STATE IN ORDER TO
THE COUNTER WILL HOLD WHEN THE TERMINAL COUNT IS REACHED UNTIL RRY = OUT WILL REMEMDE :
NEW DATA IS LOADED OR THE REGISTERS ARE CLEARED. DISABLE “thE COUNTER AT THE TERMINAL COUNY.
THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE  AND OFERATIONS TABLE:
SUMMARI 2K ‘HE IN THE OPERATIONS TABLE
ARIZED IN THE IN THE OPER S : /OC  CLK /LD DB8-DO  Q8-Q0 OPERATION
¢ EAR P D3-DO Q3-Q0  OPERATION TS memoeoooeooooeoocoono o oooooooo
_/0C_CLK CLEAR /LOAD /EP DI-D0_03-Q0 _ OPERATION Wox X X 2 HI-2
noX e X x X 2 HI-2 L L X X Q HOLD
L C H X X L L CLEAR L c L b 0 LOAL D
L ¢ L L X A I LOAD L c H X Q PLUS 1  coubt up
L C L i H X HOLD it tet A ettt
;E____S___-_E-—-,--E_-_-_E _____ {-_,?-EE??_}_-{?SHETE?T- RARBRARRARNARAAANECREARARRASRARARNRARRARRRRRAREBRAANRRARARARSAACAN RS ASRARGCOANCRBRRDR
P7085
RRRABARERER R AR R AR ARRRAANNRRR R AR KA AR R AR AR AR AARSERNARANRAARRARARR R AR KRR A RARRAARAARRRARRR
7083 , THIS PAL PROVIDES THE DECODE LOGIC FOR INTERFACING THE NMI
SN54/745508, B-BIT SEQUENTIAL MULTIPLIER/DIVIDER, WITH THE INTEL
THIS PAL PROVIDES A SINGLE CHIP DECODER FOR USE IN MEMORY MAPPED 8085 MICROPROCESSOR, THE PALI6R4 MONITOKS THE LOWER 8 BIT
1/0 OPERATIONS REQUIRING FOUR ACTIVE LOW PORT ENABLES AND FULL ADDRESS/DATA BUS (ADO-AD7), THE ADDRESS LATCH ENABLE (ALE), AND
" . . P . ' oo . . . THREE OF THE UPPER 8 BIT ADDRESS BUS (AB-A15) WHICH 1s
16-BIT DECODE WiTH TWO TWO STKOBE LINES (/RD AND /WR).  EQUATION : ’ BU
TERRS CAN BE CHANGED 10 ACCOMMODATE ANY 16-BIT ADDRESS. LABELED/E]1,E2,E3 FROM THE B085 IN ORDER TO DECODE AN ACTIVE LOW
CHIP-ACTIVATION SIGNAL (/GO) FOR THE MULTIPLIER/DIVIDFR.,  THE
e S . _ INSTRUCTION LINES AND CHIP-ACTIVATION SIGNAL ARE KEGISTERED IN
THE PAL WILL MONITOR THE SYSTEM MEMORY ADDRESS BUS (A15-A0) AND
DECOD: THE SPECI1FIED MEMORY ADDRESS WORD (1F76,1F77,§F7B,1F%9) 70 ORDER TO INSURE THAT INSTRUCTION INPUTS WILL NOT CHANGE WHEN THE
PRODUCE A PORT ENARLE FOR READ, WRITE, AUXILAKY UNIT 1 (AUX1), CLOCK 15 LOW (CLK=L).

AUXILARY UNIT 2 (AUX2) AS SHOWN IN THE FOLLOWING TADLE: FOR THIS PARTICULAR DESIGN, THE THREE INSTRUCTION INPUTS TO THE

745508 (10-12) ARE ASSIGHED 70 THE THRLE LSB ADDRESS/DATA BUS

: THROBES 1| PORT (ADO-AD2), WHILE THE REMAINING ADDWESS BITS (AD3-AD7) RKE DECODED
: ?:gg;gs : ;;L >wR | ERRBLE | BY THE PAL T0 DETERMINE 1F THE 745508 1S SELECTED. ALSO, ADDKESS
oo mmem Lo amm e PR 100 TO 107 1S RESERVED FOR THE 745508,  TWE ADDRESS SPACE CAN BE
I\ 1F76 1 L X | READ 1 CHANGE BY EDITING THE LOGIC EQUATIONS.
: i;;; : § x : Xﬁ;{a | THIS PAL DESIGN CORRESPONDS TO FIGURE 6 ON PAGE 7 OF THE
P IF79 1 X X 1 AUX2 | FOLLOWING APPLICATION NOTE:

AN-103 "A DEDICATED MULTIPLIER/DIVIDER SPEEDS UF MULTIPLICATION AND DIVISIO
FOR B8-BIT MICROPROCESSORS" by Ehud Gordon

AP RANABRAANABR R RAANAP R P A A RARARRRAANRA R R R A A A AR AR AN ARAAAAR A AN AANARAARRSARARRARAARARRARS

P7084 .

KARARARRSRAARANAR R AR RA RS AR AR AR AR R RRA S AR R R AN AR A CAR AR RN ARNANRASRRGAANARAARERSEANS
P7086

THE 9-BIT COUNTER HAS INCREMENT, LOAD, AND HOLD CAPABILITIES. R ) , ot . -
DATA (D) 1S LOADED YNPO PHE OUTPUT REGISTER (Q) WHEN THE LOAD TI11S PAL  PROVIDES  THE DECODE LOGIC FCR INTERFACING THE = MMI
LINE I8 TRUE (/LC=L) AND A POSITIVE EDGE BULSE 1S RECEIVED ON THE SN54/745508, 8-B1T SEQUENTIAL MULTIPLIER/DIVIDEK, WITH THE INTEL
CLOCK PIN (CLK). TuE COUMTER W1LI, INCREMENT IF A CLOCK PULSE 18 “3§SES"ICR°§“°§§§i?§' I:E A$35§§§‘1A?331:3§§13"?A;?Pyhknng ng
RECEIVED WITH THE LOAD LIME BEING FALSE (/LD=H). THE COUNTLR WILL ADDRESS  BUS ( )y g ! 8 E), HE

v mdie M . e . . THREE MACHINE CYCLE STATUS LINES (10M,S1,S50) FKCOM THE B80BS 1IN
LOCK AT THE TERMINAL COUNT REGARDLESS OF CLOCK PULSES UNTIL DATA ORDEF 70 DECODE AN ACTIVE LOW CHIP-ACTIVATION SIGNAL (/GO) FOR

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. {c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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THE 74S508. THE INSTRUCTION LINES AND CHIP-ACTIVATION SIGNAL ARE
REGISTERED IN ORDER TO INSURE THAT INSTRUCTION INPUTS WILL NOT
CHANGE WHEN THE CLOCK 1S LOW (CLK=L). BY MONITORING THE MACHINE
STATUS CYCLE, THE 74S508 CAN BE ADDRESS MAPPED BY THE 8085 AS IF
IT WERE AN I/0 DEVICE, THUS NOT USING ANY MEMORY MAP ADDRESS
SPACE, THE MACHINE CYCLE STATUS FROM THE 8085 IS AVAILABLE ON THE
FALLING EDGE OF ALE.

FOR THIS PARTICULAR DESIGN, THE THREE INSTRUCTION INPUTS TO THE
745508 (10-12) ARE ASSIGNED TO THE THREE LSB BITS OF ADDRESS BUS
(A8-A10), WHILE THE REMAINING ADDRESS BITS (All-AlS) ARE DECODED
BY THE PAL TO DETERMINE IF THE 745508 1S SELECTED. ALSO, ADDRLSS
100 TO 107 1S RESERVED FOR THE 745508. THE ADDRESS SPACE CAN BE
CHANGED BY SIMPLY EDITING THE LOGIC EQUATIONS.

AARSEARBRRAAARRRARKE R AR RN R NARR AR AR RAR A ARRSRBA AR R AR R R AR R A RARARARARRARARRAARAARARD

pP7087

THE 2-DIGIT BCD (BINARY CODED DECIMAL) SYNCHRONOUS COUNTER WITH
COMPLEMENTARY COUNT ENABLES, PARALLEL LOAD, AND CARRY OUT 1S
IMPLEMENTED 1IN A PAL20X8. THREE CONTROL INPUTS (/LD,/CEl,CF2)
PROVIDE ONE OF THREE OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON THE
RISING EDGE OF THE CLOCK (CLK). .

THE COUNTER WILL INCREMENT IN A BINARY-CODED-DECIMAL SEQUENCE
WHEN BOTH COUNT ENABLES ARE TRUE (/CEl=L AND CE2=H) AND LOAD 18§
FALSE (/LD=H). THE COUNTER WILL HOLD IF ONE COUNT ENABLE IS
FALSE (/CEl=H OR CE2=L).

THF. LOAD OPERATION LOADS THE INPUTS (Dl- AND D2-) INTO THE OUTPUT
REGISTER (Ql- AND Q2-) WHEN LOAD 1S TRUE (/LD=L). NOTE THAT LOAD
OVERRIDES INCREMENT.

TWO OR MORE BCD COUNTERS CAN BE CASCADED TO JMPLEMENT LAKGER BCD
COUNTERS = BY CONNECTING CARRY OUT (/CO) OF THE FIRST STAGE 70
COUNT- ENABLE (/CEl) OF THE SECOND STAGE,

THIS DESIGN IS IDEAL IMN 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 SFECOND COUNT ENABLE CAN RECEIVE THE PERIOD
SIGNAL. THE PAL WILL PROVIDE TWO ACTIVE HIGH BCD OUTPUTS (Q1-
AND Q2-) 10 DRIVE TWO NUMERIC INDICATORS, SUCH AS THE HEWLETT
PACKARD 5082-7300 WHICH FEATURES AN ON-BOARD DECODER/DRIVER AND
LATCH ENARBLFE.

PARALLEL. LOADING 1S PROVIDED FOR PAL AND NUMERIC INDICATOR
TESTIBILITY, HOWEVER, /LD CAN HBE CHANGED 170 A CLEAR FUNCTION
(/CLR) BY TYING THE BCD PARALLEL INPUTS (Dl- AND D2-) TO GROUND
(GND) . ‘

THUESE OPERATIONS AKE EXERCISED IN THE FUNCTION TABLE AND
SUMMARIZED IN THE OPERATIONS TABLE:

/0C CLK /LD /CE1l CE2 BCD-IN BCD-OUT OPERATION

{c) Copyright Monolithic Memories Inc., 1984 All Rights Reserved.
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HOLD (/CEl=H)
HOLD (CE2=L)
Q PLUS 1 INCREMENT

T X X
DM XD X
OO0~

AR RRN
ll.lllll.lI.I't.l‘l.l'l.l'l'l.l'llllIl'l'll.....I.'.....l........'.m

Plubt

THE 9-BIT COUNTER WITH SHIFT REGISTER MAS LOAD, SHIFT MEN
hﬂq HOLD CAPABILITIES. DATA (D) 1S LOAD(:Di 1170 'T:SCPSSE?S+
REGISTER  (Q) WHEN THE LOAD 1S TRUE (/LC=L} AKD A PO5ICIVE EDGE'
PULSE 1S RECEIVED ON THE CLOCK PIN (CLK). THE COUNTER W1LL SHIFT
DATA TOWARD THE MSB IF SHIFT IS TRUE (/SH=L) AND A CLOCK PULSE 1S
RECEIVED WITH LOAD BEING FALSE (/LD=H). THE CCUNTER WILL
INCREMENT IF COUNT IS TRUE (/CNT=L) AND A CLOCK PULSE IS RECEIVED
WITH LOAD AND SHIFT BEING FALSE (/LD,/SH=H). THE OPERATICGN 1S5 A
HOLD 1F LOAD, SHIFT, AND COUNT ARE FALSE (/LD,/SRE,/CNT=H)
REGARDLESS OF CLOCK TRANSITIONS.

LOAD OVERRIDES SHIFT AND INCREMENT, SHIFT OVERRIDES INCREMENT.

THE  FOLLOWING OPERATIONS ARE SIMULATED USING THE FULCTION T 1
AND SUMMARIZED IN THE OPERATIONS TABLE: ABLE

/0C CLK /LD /SH /CNT D8-DO Q8-Q0 GPERATION
H X X X X X Z HI-2Z

L C L X X D D LOAD D

L C H L X X SHIFT Q SUIFT

L C H H L X Q PLUS ] COUNT UP
L C H H H X Q HOLD

Illl'itlll.‘ﬂ..l'!‘.'..'.l."..Il..'.!t.'...‘ll-'.Il..lllll.li..l.l.'.l..'.-

P7089

THE  PAL PROVIDES A SINGLE CHIP INTERFACE CONTROLLER  FOR
INTERFACING MOTOROLA'S 8MHz 6800 MICROPROCESSCF 10 ZILOG'S 4MHz
Z85XX PERIPHERAL.  THE INTERFACE CONTROLLEK GEMERAVES ALL THE
REQUIRED CONTROL SIGNALS, OF WHICH FOUR |/RD, /WR, PCLK(=/C0)

AND /ACK] GO TO THE 285XX AMD /DTK GUES TO THE 6BUUG. '

IN ADDITION TO GENERATING CONTRUI. SIGMNALYG, THE  TNTERFACE
CONTROLLER  HAS THE CAPABILITY OF CONVROLLING THREE TYPES OF BUS
CYCLES; READ, WRITE, AND INTERRUPT ACKNOWLEDGE,

TIMING FOR PROCESSING OF DATA TRANSFER IS CONTROLLED WITH AN
INTERNAL  DOWN COUNTER. A COUNTER DECODER CONTROLS TIMING OF
/DTK(DATA TKANSFLR ACKNOWLEDGE) TO THE 6BULUU TO 1LFORM A COUMPLETE
DATA TRANSFER CYCLE.

THESE OPERATIONS ARE EXFRCISED IN THE FUNCTION 1ABLE AND

(c) Copyright Monolithic Memories Inc. 1984 All Rignts Reserved.
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THESE OPERATIONS ARE EXERCISED 1IN THE FUNCTION TABLE AND LLLL IN THE OUTPUT REGISTER.
SUMMARIZED IN THEOPERATION TABLE:

OPERATIONS TABLE

///
/ C ///7 EFF //DCaA /0C CLK 1I15-1I0D 03-Q0 OPERATION
OL/ ACR CCC WRTYC e e et e —————— -
CKR SSW 210 RDKCK OPERATION I X X 3 HI-2
R st ittt L C 10 =H 15 I0 INTERRUPT (HIGHEST PRICRITY INPUT)
XX XXX XXX 222212 HI-2 L C 11 =H a4 I1  INTERRUPT
LCL XXX XXX LLHHBH INITIALIZATION L C 11 =H 13 12 INTERRUPT
LCH LLH LLL HLHLH READ L C I1 =H 12 13  INTERRUPT
LCH LLL LLL LHHLH WRITE L C 11 =H 11 14 INTERRUPT
LCH LHH HHH HLHLL READ DURING INTERRUPT L Cc 11 =H 10 IS INTERRUPT
bbbt el naiade - - L c 11 =H 9 I6 INTERRUPT
L C Il =H 8 17 INTERRUPY
L C 11 =H 7 I8 INTERRUPT
FUKRCTIONAL DESCRIPTION L (o 11 =H 6 19 INTERRUPY
L C 11 =H S 110 INTERRUPT
THE PAL GENERATES FIVE CONTROL SIGNALS AT WHICH [(/RD, /WR, L C 11 =4 4 111 INTERRUPT
PCLK(=/C0), AND /ACK] 10 THE 285XX AND /DTK GOES TO THE 68000, L ' 11 =H 3 112 INTERRUPT
/RD, /WR, AND /ACK ARE THREE TYPES OF 285XX CYCLES, WHICH ARE L Cc Il =H 2 113 INTERRUPT
CONTKOLLED BY THE PAL: L C 11 =H 1 I14 INTERRUPT
L Cc 11 =H ] I15 INTERRUPT (LOWEST PRIORITY INPUT)
/RD - READ CYCLE e e e e et e eee et —————
/WR - WRITE CYCLE
/ACK - INTERRUPT ACKNOWLEDGE CYCLE R RE R AR R AR AR R AR R R AR R AR AR R R R A A AR A AR AR RS AR SN RN A AR A AN NS AR SR ARRERNSARERRRRARNANGSS
P7091
/co, /Cl, /C2, AND /C3 ARE PART OF A 4-BIT SYNCHRONOUS DOWN THE 16 INPUT PRIORITY ENCODER INTERRUPT FLAG ACCEPTS SIXTEEN
COUNTER WHERE /C3 1$ THE MSB AND /CO IS THE LSB. /CO0 IS SIMPLY A ACTIVE-LOW INPUTS (10-115) IN ORDEK 10 GENERATE AN ACTIVE LOW
DIVIDE BY 2 OF THE 68000 CLOCK USED ‘BY THE PERIPHERAL FOR PCLK. (NEG_INT) AMD ACTIVE HIGH (POS_INT) INTERRUPT FLAG,
THE OTHER THREE SIGHALS, Cl, C2, C3 WITH /CYC ARE USED INTERNAL
T0 THE PAL FOR GENERATING THE ABOVE CONTROL S1GNALS. ) UP TO. FOUR INTERRUPT ENABLE PINS OF ANY POLARITY CAN BE ADDED IF

A PAL20C1 IS SUBSTITUTED.
THE COUNTER TO0GGLES EETWEEN 14 AND 15 UNTIL /CYC(=CYCLE) GOES

ACTIVE LOW AND THEN WILL BEGIN COUNTING DOwWN, THE COUNTER WILL AR R AR AR R AR R AR A AR A R AR SRR AR A AR AR AN AR R AR R AR A AR N A AR R RS AR AR AR RS AR ARARAARANGRS
CONTINUE  COUNTING LOWN UNT1L /AS GOES INACTIVE HIGH, SIGNALING P7092
THE END OF CYCLE. AT THIS TIME THE COUNTER WILL GO BACK 70
TOGGLING BETWEEN COUNT 14 AND 15. REFER TO THE FUNCTION TABLE, THE 15 INPUT REGISTERED PRIORITY ENCODER ACCEPTS FIFTELN ACTIVE-
LOW INPUTS (I0-114) T0 LOAD THE BINARY WEIGHTED CODE OF THE
THE CONTROL SIGMALS, /RD, /WR, /ACK, AND /DTK ARE GENEREATED PRI1OKITY ORDER INTO THE OUTPUT REGISTER (03-Q0) ON THE RISING
THROUGH THE PAL AND QUALIFIED WITH THE COUNTER TO GENERATE EDGES EDGE OF THE CLOCK (CLK), A PRIORITY IS ASSIGNED 170 EACH INPUT &0
THAT MEET TIME RESTRAITS. THAT WHEN TWO INPUTS ARE SIMULTANEOUSLY ACTIVE, THE INPUT WITH
TUE  HIGHEST PRIORITY 1S LOADED INTO THE OUTPUT  REGISTER.
AR SRR R R AR R AR R AR AR R AR R A AR AR R A R A AR R A R R R AR AN A R A AR AR AR AR AN AR R R AR AN RARRRRRAANRKARR R THERFORE THE HIGHEST PRIOKITY INPUT (10=H) PRODUCES HHHH IN THE
P7090 ’ OUTPUT KEGISTER AND THE LOWEST PRIORITY INPUT (Il14=H) PRODUCES
LLLI IN THE OUTPUT REGISTER.,  THE NON-KEGISTEKRED INTERKUPT  FLAG
THE 16 INPUT REGISTERED PRIOKITY ENCODER ACCEPTS SIXTEEN ACTIVE- (FLAG) GOES HIGH WHEN AN INTERRUPT IS PRESENT AND REMAINS LOW
LOW INPUTS (10-115) 70 LOAD THE BINARY WEIGHTED CODE OF THE VHEN THERE 1S NO INTERRUPT PRESENT.
PRIORITY ORDER INTO THE OUTPUT REGISTER (Q3-Q0) ON THE RISING
EDGE OF THE CLOCK (CLK). A PRIORITY IS ASSIGHED T0 EACH INPUT S0 OPERATIONS TABLE
THAT  WHEN TWO 1NPUTS AKE SIMULYTANEOUSLY ACTIVE, THE INPUT WiTH
THE  HIGHEST PRIORITY 1S LOADED INTO THE OUTPUT KEGISTER. /0C CLK 114-10 03-00 FLAG OPERAT1ON
THERFORE THE NIGHEST PRIORITY INPUT (10=H) PRODUCES HIIBH IN THE B S
OUTPUT REGISTER AND THE LOWEST PRIORITY IKPUT (I15=H) PRODUCES " X X 7 X HI-2Z
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L C L 0 L NO INTERRUPT

L C 10 =H 15 B 10 INTERRUPT (HIGHEST PRIORITY INPUT)
L C 11 =H 14 H I1 INTERRUPT

L C 12 =H 13 H 12 INTERRUPY

L C 13 =H 12 H I3 INTERRUPT

L C 14 =H 11 H 14 INTERRUPY

L C 15 =H 10 H I5 INTERRUPT

L C 16 =H 9 H 16 INTERRUPY

L C 17 =H 8 B I7 INTERRUPT

L C 18 =H 7 H 18 INTERRUPT

L C 19 =H 6 H I9 INTERRUPT

L C 110=H S H 110 INTERRUPT

L C I11=H 4 H 111 INTERRUPT

L C 112=H 3 R 112 INTERRUPT

L C I13=H 2 H 113 INTERRUPT

L C 114=H 1 H 114 INTERRUPT (LOWEST PRIORITY INPUT)

PORRN AN AR R AR A AR AR R R AR A AR S AR AR AR AR ER AR BASRAANRARRARRENRRR AR RAKKARRAKBARACARASRAY

P7093

THE 8 INPUT REGISTERED PRIORITY ENCODER ACCEPTS SIXTEEN ACTIVE-
LOW INPUTS (I0-I7) TO LOAD THE BINARY WEIGHTED CODE OF THE
PRIOKITY ORDER INTO THE OUTPUT REGISTER (Q2-Q0) ON THE RISING
EDGE OF THE CLOCK (CLK) PROVIDING THE FOUR ENABLE INPUTS ARE TRUE
(El=H,E2=H,/E3=L,/E4=L) . A PRIORITY IS ASSIGNED TO EACH INPUT S0
THAT WHEN TWO INPUTS ARE SIMULTANEOUSLY ACTIVE, THE INPUT WITH
THE HIGHEST PRIORITY IS LOADED INT0O THE OUTPUT REGISTER. THERE
FORE THE HIGHEST PRIORITY INPUT (10=H) PRODUCES HHH IN THE OUTPUT
REGISTER AND THE LOWEST PRIORITY INPUT (17=H) PRODUCES LLL IN THE
OUTPUT REGISTER.

THE PRIORITY INTERRUPT ENCODER REGISTERS (Q3-Q0) ARE UPDATED ON
THE RISING EDGE OF THE CLOCK (CLK) PROVIDING THE FOUR ENABLE
INPUTS AKRE TRUE (El=H,E2=H,/E3=L,/E4=L). THE PREVIOUS DATA 1S
HELD IN THE PRIORITY ENCODER REGISTERS IF ANY OF THE ENABLE
INPUTS AKE FALSE (El=L,E2=L,/E3=H,/E4=H) REGARDLESS OF CLOCK
TRANSITIONS. NOTE THAT THE POLARITY OF THE ENABLES CAN BE
CHANGED BY MERELY EDITING THE LOGIC EQUATIONS.

OUTPUT Q4 SERVES AS THE INTERRUPT FLAG AND IS TRUE (Q4=L) WHEN
ANY OF THE B INPUTS ARE ACTIVE (I=H) ON THE RISING EDGE OF THE
CLOCK (CLK) PROVIDING THE FOUR ENABLE INPUTS ARE TRUE
(El=H,E2=H,/E3=L,/E4=L) . THE INTERRUPT FLAG IS FALSE (Q4=H) WHLN
ALL INPUTS ARE 1MACTIVE (I=L) OR WHEN ANY ONE OF THE FOUR ENAKLE
INPUYTS ARE FALSE (FleL,k2=L,/E}=H,/E4=H).

OPERATIONS TABLE

JOC CLK El E2 /E3 /E4 1I7-10 Q4 Q3-Q0 OPERATION
n X X X X X X Z Z HI-2
L C L X X X X H Q NOT ENABLED (El=L)
L C X L X X X H Q NOT ENABLED (E2=L)
L C X X H X X H Q NOT ENABLED (/E3=H)

(c) Copyright Monolithic Memories Inc., 1984 All Rights Reserved.
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L cC X X X H X H Q NOT ENABLED (/E4=H)
L C HH L L L H X NO INTERRUPT FLAG
L C HH L L J0=H L 7 10 INTERRUPT (HIGHEST PRIORITY
L C H H L L I1l=H L 6 11  INTERRUPT
L C H H L L Il=H L 5 12 INTERRUPT
L C H H L L Il=H L 4 13 INTERRUPT
L C HH L L 1l=H L 3 14 INTERRUPT
L C HH L L Jl=H L 2 15 INTERRUPT
L- ¢C HH L L Ti=H L 1 16 INTERRUPT
L C H H L L 1Il=H L 0

17 INTERRUPT (LOWEST PRIORITY)

—————-

ARBARRARAEARRAREAREARAAEANAR S AR AR S ARAAANSEERERACAARENENEIPIRREBRERERAERREERRES

P7094
CLK /0C /EN SET ROT MODE  Swl-SWd COMMENTS
z H1-2
HOLD HOLD MOTCOR PUSITION
1 SET MOTOR 20SITION TO STEP 1

[ a8 2l 28 2l 2 f 2
[ 3B 2 28 o ol 3
XX
[l af-X-E % X ]
[o-H - A &

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 INPUY (12-10) 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 1S FALSE (/E=HIGH). THE THREE-STATE OUTPUTS ARE HIGH-2Z
WHEN THE OUTPUT CONTROL LINE (/0C) IS LOW.

SW PLUS 1 HALF-STEP MCTOR CLOCKWISE
SW PLUS 2 FULL-STEP MCTOR CLOCKWISE
SW MINUS 1 HALF-STEP MOTOR COUNTERCLOCKWISE
SW MINUS 2 FULL-STEP MOTOR COUNTERCLOCKWISE

f et et e r e, f e r R E e E e, e, .t R e et e et e e . m-——

FPERPRRAR R R AR AR N AR ARG SR A ARSI A N R A AN R AR AR AR R R AR ARE R AR A ARANEARERAARAARERARARASR

. P7095

REARSARRARARREARRA RN AR AR R A AR R A AR AR R A AR A R AR R SNBSS SRR A NN AR AN RAR AR SR ARNAARERRANRRR

P7096

THIS PAL16L8 IMPLEMENTS AN 8-BIT LATCH FUNCTION WITH THREE-STATE
OUTPUTS. THE LATCH PASSES EIGHT BITS OF DATA (D7-DO) TO THE
EIGHT OUTPUTS (Q7-Q0) WHEN LATCH ENABLE IS TRUE (G=HIGH). THE
DATA IS LATCHED WHEN LATCH ENABLE 1S FALSE (G=LOW). THE OUTPUTS
WILL, BE DISABLED (HI-Z) WHEN OUTPUT ENABLE 1S 7TKUE (/0OC=TRUE)
REGARDLESS OF ANY OTHER INPUTS,

/0C G D7-DO0 Q7-Q0 COMMENTS

i X X Z HI-2

L L X Q LATCH OUTPUT
L H D D LOAD LATChH

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved,
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THIS DESIGN SHOWS HOW TO IMPLEMENT A “CLEAN® LATCH SINCE THERE . .
ARE NO OUTPUT GLITCHES AS THE DEVICE CHANGES SYATE. THE KARNAUGH TO DRIVE AN 745697 TYPE UP/DOWN COUNTER.
MAP BELOW FOR O+ ILLUSTRATES THIS. —¥NE TWO HORIZONTAL CIRCLES THIS DESIGN WITH GLITCHFREE OUTPUTS WILL BE EXTREMELY USEFUL IN
. SN " " . . . . .
5;:2:3::“ 2¥5CL20521::;C"Toggguakhzgg gngg’c153339°1 bINES.  ThE ELECTRICALLY NOISY ENVIRONMENTS. THE PINNING IS GIVEN AS A FIRST
: . X . a Scun ORDER PROFOSAL AND CAN BE CHANGED ACCORDING TO THE PC-BOARD LAYOUT.
COVER A POTENT1AL SWITCHING HAZARD WHICH WOULD OCCUR WHEN THE
OUTPUTS ARE ALWAYS HIGH. R R I mnmmMmMmMImmMmMmmIITmMmMmMmMMII I ImmMmI I
G 1_ P7099 i
'-l_ 00 o1 11 10 : THIS PAL20X10 IMPLEMENTS A TWO CPANMEL SHAFT ENCODER WITH AN
INTERNAL 4-BIT UP/DOWN COUNTER.
Ry (N (o
° :__?_f__f_:__f_l__?_: BOTH THE “UP* AND "DOWN® OUTPUTS OF THE PAL ARE NORMALLY AT HIGH.
1 :__f_:__f_:__f_:__}_: WHEN THE SIGNAL AT THE "PHIO® INPUT LEADS THE SIGNAL AT THE
: “PIII90" INPUT, THE "DOWN® OUTPUT ALTERNATES BETWEEN HIGH AND LOW

LEVELS AND THE COUNTER WILL COUNT DOWN. WHEN THE S1GNAL AT THE
"PH10" INPUT LEADS THE SIGNAL AT THE “PH1Y0" INPUT, THE “UP"

RERR A AR AR AR R A AR R R AR A R A AN R R A AR AR R AR A R AN R AR AR RN AR AR R AR R AR R AR R RN AR R AR AARA R AR ARRRY

P7097 . OUTPUT ALTERNATES BETWEEN HIGH AND LOW LEVELS AND THE COUNTER
THIS PAL16R4 IMPLEMENTS A TWO CHANNEL SUAFT ENCODER OF 9NME TYPE WILL COUNT UF,
USED IN SPEED CONTROLLERS AND OPYICAL DEVICES. INPUT “X4* SELECTS BETWEEN HALF (X4=H) OR QUARTER (X4=L) CLK

BOTH THE *UP* AND "DOWN"™ OUTPUTS OF THE PAL ARE NORMALLY HIGH. FREQUENCY OF TUE COUNTER OUTPUTS.

THE INTERNAL 4-BIT SYNCHRONOUS COUNTER HAS COUNT UP, COUNT DOWN

WHEN = THE SIGNAL AT THE "PHIO® INPUT LEADS THE SIGNAL AT THE CAPABILITIES. ALSO, THE COUNTER CAN FZI'RLLEL LOAD AND HOLD DATA
PHI90" INPUT, THE "DOWN" OUTPUT ALTERNATES BETWEEN HIGH AND LOW \B1 : S0 Lou Chn b1 ; .
hroo® 1 THE TDOWN® OUTP R . MHIGH AND INDEPENDENTLY OF ¥ME SHAFT ENCODER SECTION,  THE REGISTERS ARE
LEVELS AT HALF THE "CLK™ FREQUENCY RATE. ALS0, WHEN THE SIGNAL SYNGHRONOUSLY 1NITIALIZED WHEN JSET 16 WELD LOW
AT THE "PHIO" INPUT LAGS THE SIGNAL AT THE “PHI9O0" INPUT, ThE : L .
- - o I g s AT} 4 3 <3 YIS B 0 S T
_gix. ggégﬂzuceLzzﬁﬁ““ts BETWEEN HIGH AND LOW LEVELS AT BALF THE THE  CONTROL 1NPUTS PROVIDE THESE OPERATIONS WHICH  OCCUR
o SYNCHKONOUSLY AT THE RISING EDGE OF THE CLOCK.

THE SHAFT LNCODER FEATURES THE CONFIGURATION AND OUTPUT POLARITY
10 DRIVE AN 745193 TYPE UP/DOWN COUNTER.

THIS DESIGN WITH GLITCHFREE OUTPUTS WILL BE EXTREMELY USEFUL IN
ELECTRICALLY NOISY ENVIRONMENTS. THE PINNING 1S GIVEN AS A FIRST
PROPOSAL AND CAN BE CHANGED ACCORDING 710 T'HE PC-BOARD LAYOUT,

RARRRR N AR A AR AR R B AR R AR ARG S AN RS ANAN AR S SRR RANA NN AN AR R R AR R A AR AR AR ARARAARRARRARAARRRR

P7098

THIS PAL16R8 IMPLEMENTS A TWO CHANNEL SHAFT ENCODER OF THE TYPE
USED IN SPEED CONTROLLERS AND OPTICAL DEVICES.

THE  “COUNT® OUTPUY OF THE PAL IS NORMALLY HIGH, DURING SHAFT
ENCODING TH1IS OUTPUT ALTERNATES BETWEEN HIGH AND LOW,

INPUT  "X4" SELECTS BEIWEEN BALF (X4=H) OR QUARYTER (X4=L) CLK
FREQUENCY OF THE “"COUNTER" OUTPUT.

OUTPUT “UD"” DLTERMINES WHETHER S1GNAL PHIO LEADS (UD=H) OR LAGS
{(UD=L) SIGNAL PHIYO.

THE SHAFT ENCODER FEATURES THE CONFIGURATION AND OUTPUT POLAR1TY

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. (c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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IBM PC

1. Version 1.6C released on September 15, 1983. This version is
conpatible with the VAX11l version.

2. Version 1.7A released March 15, 1984 to handle the 20AP PAL
tamily.

INTEL/MDS

1. Version 2.40 released September 15, 1983.

CP/M

1. Version 1.00 releaced September 15, 1983,

2. Version 1.7A released March 15, 1984 to handle the 20AP PAL
tamily.

VAX11/1BM MAINFRAMES

1, Version 1,6C released September 15, 1983,

2, Version 1.7A released March 15, - 1984 to handle the 20AP PAL
tamily.

(c) Copyright Monolithic Memories Inc., 1984 All Rights Reserved.
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PAL’ Training

Monolithic ﬁﬁﬂ Memories

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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7,
5

f

f
.

Monolithic ﬁlﬁﬂ Memories .../

{c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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PAL BENEFITS AND FEATURES

.- PAL — BENEFITS AND FEATURES
MhnoﬂuuoEEnnﬁnnmﬂas_a

o Reduce chip count 12 o 1 or greater

\ o 25 ns typical delay

o Low cost with hard mask options (HAL)

0, AL
N"“ o 15 parts replace 90% of conventions! TTL Logic

SMaLL HAL

=—> i T

{c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. f{c) Copyright Monolithic Memories Inc. 1984 All Kiguts Hesecved.

o Second source avallable
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PROM

v V v v NO”&:A“I

——tp b
——e——

FPLA

sROORANMARE

A\vAvavavj or

+¢0sesree -
PAOGRAMMANLE
AND

Fil

PAL

R R e
s00000 00 —_—

----_J

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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GATE ARRAY

Advantages:
¢ Higher number of gates avallable, good for VLSI function

o Availsble in ditferent technologies i.e., CMOS, NMOS,
CML, 12L, Bipolar TTL

Disadvantages:
o Takes three (3) months betore one sees the sample
prototype
« Initial cost very high (35,000 1o $10,000)

« Higher number of pinouts (40-pin typical)
o Chip layout — ineficlent

o Loose design lolerances

« No second source

mmm_

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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PAL VS GATE ARRAY )
PAL GATE ARRAY HALS
PROTOTYPES INSTANT 12-16 WEEKS Hard Amray Logic
a
DE(;’QESL,? PM’ENT NONE %0-60 ks o HALS are atype of Gale array and are mask programmable.
SECOND SOURCE THREE NONE o In addilion to all the advanlages of PALs, the HALs are
very cost effeclive In larger volume.
DENSITY 250 GATES | UP TO 1000 GATES
e [nitial development cost Is very low as compared to the
Gale arrays. :
FUSE PROGRAMMABLE LOGIC o UsePALsfor protolyping and HALs for volume production.
DEVICES .
Tl PTIONS "
ano o QuTPuT opion : Monolllhlcﬁﬁﬂﬂcmorks__a
PROM | FIXED PROG | TS, OC
FPLA | PROG PROG | TS, OC, FUSIBLE POLARITY
FPéA PROG NONE | TS, OC, FUSIBLE POLARITY
pmux | Fi/PROG | Fixeo | 18 PROGRAMMABILITY MASK vs FUSE?
PAL i’ROG FIXED | 7S, REGISTERED, FEEDBACK, I/O MASK FUSE
: SOFTWARE EXTENSIVE SIMPLE EQUATIONS
‘ - _J YO _FUSE PATTERN |
- FLEXIBILITY FIXED-CHANGE IS
Monollthia WL semeories st EASILY CHANGED
DESIGNCYCLE | 4-6 months INSTANT
PROTOTYPING | BREADBOARD AND SIMPLE SOFTWARE
THE PROGRAMMABLE SOLUTION SOFTWARE REQUIRE AND LOW COST
AN ELABORATE PROGRAMMER AT

DEVELOPMENT SYSTEM. | CuSTOMER OR
TRANSFERRED TO MASK | DISTRIBUTOR
AT VENDOR

¢ FILLING THE GAP BETWEEN SSI/MSI AND CUSTOM cosTt | LONG TEAM COST IMPROVEMENT OVER
.~ EFFECTIVE SSLMSI TTL
* SSUMSI HAS LIMITED INTEGRATION CAPABILITY T T | opANiEs o | Avone
: 2ND SOURCE | GENERALLY NONE [ LicEnSED 2nD

SOURCES

e CUSTOM REQUIRES LARGE VOLUME AND LONG
DESIGN CYCLE

{c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. {c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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: PAL Training
Seminar
Supplement

1. Boolean Algebra Review

Commutative Property A'BaBA
A-BsB-A
Associative Property A"(B°C} = (A"B)°C
A-B-C)*(A-B)-C
Drsindutive Property A'B-C)*A'B-AC
A-BC*IA-B)(A-C)
Postutates
0°0+0 1°0=0 0-0:0
1o 0-131 1T
[ER N 1s0
Theorems.
A-0:A AsAsA
A“VsA A+As
A-ysy
A°0*0
A+*B+C- — Do Morgan
A+B+C-~
a““8°‘Cc* ~ De Morgan
" A*B D"
A'A-B)*A-ABsA
A*ABsAA-B)s A

iI. Karnaugh Map Matrix Lables

Top 10 bottom of left 10 nght:
2-Vanabie 3-Vanable 4Vanable

[+ ] 000 Add 3 'O MSB and

o 00 use ihe Jvarable

1 on chan for the first

10 010 hall For the second
10 hall, 300 8 'Y’ MSB
m ond repest the same
101 Chart n reverse order.
100

This same lechrique may De used for any number of vanables
hat May be desired per axis For eny aus grester than one
vanable. the second-hatl i3 8 muTor image of the hrst-half with

- the MSB equal 10 8 one (1) This can be seen sbove when
companng the J-vanabdie iist 10 the 2-vansbie ist

Note * = AND +sOR 1= NOT

2-Bit Counter Example

AsLSB B = MSB
. For Up Count For Down Count
B A B A
00 11
01 10
10 0
11 00
00 11

Using the verbsl fogiC language. equations can sctuaily be
writen duectly irom the funcuon tables
The equation for A i3 fairly obvious. A siways toggies.
s _

A=A . Toggle -—
The equation for B has only two gensral lunctions They sre
hoid (B » B) ana toggte (B = B). We as0 have two modes of
count (Up and Down). By inspection of the function tadles the
following equation 13 wntien for B.

8=8"A-up : Hold on Up
«8°AUP : Hold on Down
*+B AUP . Toggle Up
«8 A 0P ; Toggle Down

Piease note that the oulput ping 8re assumed 10 be called A snd
B. Thus. the equaticns must bs wiitten for Aand B. i you use A
Karnaugh Map to 3oive the above problem, merely write your
equations for the zero’s. This will result in exaclly the same
solution as shown above

To demonsirate the tiexdility of PAL we will now Tactor in' 8
Presel and clear (both sctive high).

B8+8°A'upPPRS ; Hold on Up
+B°A° 0P PRS ; Hold on Down
© «B°A°UP"PRS . Toggle Up
«B°A°UP PRS . Toggie Down
+CLR : Clear
To add & load t maerely another product line.
8-01 LD :Load

*B°A°uUP*PRS LD :Moldonup
«B'A TP PAS “LD :Mold on Down
*B8°A°UP PRS LD . Toggie Up
+«B°A°UP°PRS " (D . Yoggle Down
+CLR : Clear

{c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.

Appendix F: A PAL Primer
Verbal Logic Language

Symbol  Operalor Pronouncad
. Equahty Replacea by
: Equahty Equais
Not Not
. o]} Or
. Ang First — ¥
Others — Ang
. XOR Uniess — XOR PALS Only
. Ana Aher Uniess — And
03: 0310 . Loaa
- Q30 . Mol
«UP-LD"QZ2°Q1° Q0 . Toggle Up -
+Up-1D°Q2°Q1°00 . Toggie Down

The above equation can e read eas:e/ Dy MOt peopie using 3
verbal as 102 B
This happens 1o be Ine PAL equalion for the three-bit of 3 10-bit
up/down counter with losd
Q35 reptaced by D3 (load 1t10ad ILD) 18 Or
Qs by Q3 (hotd | o 10ad 13 not asserted
uniess atl lesser signihicant bitg are high and we are counting
up or all lesser sigmlicant Dils are low and we are Counting
down

- This equalion was wntten for 8 PAL 20X10 The XOR actually
transtorms the D-register into a loggte F £
This same tunction coulc te written without the aid of the XOR
gate rHowever, it would require more product termy More on
this when we get 10 the pawer of the XOR gate.
To include a preset tunction in this counter merely ang each
term with PRS for an active high preset. or with PRS for an
active iow preset
In general a preset costs an inpul hne and & Clear Costs a
product ne

The Power of the Exclusive-OR

Shown below i3 the Karnaugh Map of the four-bit of a ten-tet
up down counter

w 000 ' 001 | 7Y | 830 | 18| 19 108 ) 100

page F-1)
On tne rignt are 1t e outputs of tne ive 10w Order Bits Thase
have been mapped as SNOwN ADOve

To soive thig not using tne XOR gaie requwes mine Product
terms Trus s Oue 10 Ine  eaceplons $CITEre INOUGNOUL
the map

The equation lor trus oulput +$ as 10liows

E:E B UP - V(7 Hoios)y

~ECATUP .2

IR 3

-€'0'8 .4

-E'D'8 .8

- -6

“E'D°C 1
~E'D°C'B*AUP . 8 (Toggle Up)
-E:D°C B A UP . 9 {Toggle Down)

Now let’s look at the same Karnaugn Map in a Gifferent hight
Note that 1he entire ieft hait 13 2e103 with two excephions
And N3t the nght haif is 3il Ones with two exceplions
Also note that ths 13 Ine value of € Thus this entire Map — with
four excepuions — reauces 0

E-E . Hola State
The exclusive Of Operator is the "exception’ operator Using our
verbal 10giC 1anguage. we could state Inat we want the value of €
10 hola uniass we ace 1 one of the Iour exceplion cells
Closer examination reveals that tne four ceils aciusily recucs (o
two pars of cells These pairs are

0'crara-up AND

D°'C'B-A-UP
HeNce our entire €Q.Jat0N NI was Nine PIOJUCT LeIMS 1§ NOW
reduced 10 Ihree pIocGuCt terms a3 foliows

E-€E . Hola
+D°C B A"UP - Toggie Up
+D°C'BA"UP . Toggle Down

Thuis can be read as lollows
Not € 13 replacea by Not E unless all lesser signiticant bits are
high and we are COuNiNG uP OF 8l 18S38r $IGMICANT bits are low
and we are couning down

010 418 1 130 | vor | 108

ojojofelelafvtalfy

omfofolelo|rvfefs]n

g b
m;l‘olo (R R

|
|
nl]lll:D. l!Q] IFI

wie|ofefel vl

—ll70|.:cll it

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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Appendix F: A PAL Primer page F-12

—— QUTPUT TYPE
H = ACTIVE HIGH
L = ACTIVE LOW

A = REGISTERED
X = EXCLUSIVE-OR

clocx g

ORDERING INFORMATION

AND-OR ARRAY
—— PROGRAMMABLE ARRAY LOGIC FAMILY
———— NUMBER OF ARRAY INPUTS

C » COMPLEMENTARY

A = ARITHMETIC REGISTERED

NUMBER OF OUTPUT TYPE
TEMPERATURE RANGE

m C=0°CT0 +75°C
M = .55°C TO +125°C
PACKAGE
. N = PLASTIC DIP
REGISTER WITH FEEDBACK CELL _t v [ 4 = CERAMIC DIP
PAL14L4CN

mmm_

REGISTERED

PAL TECHNOLOGY

PT - SI SCHOTTXY
Ti-W FUSE

REGISTERED ARITHMETIC CELL

—

BIPOLAR TTL SCHOTTKY PROCESS

SINGLE LAYER AND DUAL LAYER METAL
EMITTER FOLLOWER ARRAY
20 PIN SKINNY DIP (0.3" WIDE) PACKAGE

(c) Copyright Monolithic Memocries Inc. 1984 All Rights Resecved,
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—H s LOGIC DIAGRAM PAL12L6
"CL\_ "<‘~ NPUTS (8-21)
S B U = e b
b L - —
—c (OJO)

'——-—i:)
FUSIBLE LINKS
. N
o
L] 8 .
-
|
=
[ > ¢
&
2 w -
o
t ~N
UNPROGRAMMED FUSE PROGRAMMED FUSE !—.——.7)

R —BJ >t

Monolithic m Memories..J/

&3
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PAL INPUT/OUTPUT/FUNCTION CHART

N

PAL input/oulputitunction chert
oat [PROGRAMMABL S| FREORACKT OVIPUT T
momesa: wout § cureut 100 ropeiet | puiay l Lo 02 0vo] 25| a o
oot 10r8y 0 . AND R 1an0 OR Gaik snney n | 8] w
ol o2 ] ANDOR 1440 OR GAIE anmsy s lel »
P sos s o0 . MOOR |anD O Gatk anmar o o]
o swzs 8 2 O gare nie u
I s 40 HOM AN OF WvERT GalE ashay B lel »
ow onsy 12 . AN SR | SO OR wVERT GatE ARALY Bl w
ows rmey 10 . AlD HOR 1 43D OF SvERT GATE ARRAY LE I
m-u' " ] 4D NOR |4NO OR MvERT GATE ammar LR EI
aaioci| 1 80T 1440 OR GATE anmar n s wu
s st 0 . . 040 MOR lanG) O wevimy Gart ammav B fref -
. . 8 a0 u0m 1000 O et s anner w ot 3 B laul ™
? ] ] ® ] and O 1an0 OR eivERT smias 4 MG 3 n jal
. . . 4 a0 40N las OR mvi AT anasy w ng0 3 n jal
. . . € | 50O 1450 0% KO nevERT w 4G $ B |6l -
. ] . 4 | wowon juo cannvon sonmvint m mcs] 13 {1¢] we
Semonwons A0 OF ane M NOA ot

Mmmm-q

SCHEMATIC OF INPUTS AND OUTPUTS

SORVALENT Ut

¥EE Oy

TVICAL OUTPUT
—n g

Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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PAL SYMBOLOGY

ABC
-*H"*I'—D-""‘

PAL LOGIC CONVERSION

T XY )
— L i.i!._-._J

({c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.




PAL Concepts
Appendix F: A PAL Primer PAL Legend page F-18

Appendix F: A PAL Primer page F-19
Constants LOW (L} NEGATIVE (N) Z2ERO {0) GND FALSE « ——§— FUSE NOT BLOWN
HIGH (1) POSITVE (P} ONE 1) Vgc TRUE - | ryse BLown STANDARD PAL LOGIC EQUATION
3 COMMENT FOLLOWS
?::l';:::c"ﬂv / COMPLEMENT, PREFIX TO A PIN NAME
OF EVALUATION) ® AND (PRODUCT)
+ OR (SUM) Lh eae seen mpen seen e aman aman
141 XOR (EXCLUSIVE OR) . +
1%; ANOR (EXCLUSIVE NOR) : 1 19
( ) CONDITIONAL THREE-STATE (IF STATEMENT) OR FIXED SYMBOL : T
=  EQUALITY 2 A
1= REPLACED BY AFTER THE LOW TO HIGH TRANSITION OF THE CLOCK > == —&
Equations Standarg oy * iz eii PALASM Ol = 11%/12 + /11*12 H
qQ 12 hip B
Function Table 8 = BIGH LEVEL C = TRANSITION FROM LOW TO HIGH
States : : ?n:m.mm LEVEL 2 = OFF (HIGE IMPEDANCE) »} 3_9 ! 1[ <
Test Be TESTHIGE ) » DRIVE BIGE C = DRIVE INPUT PROM LOW TO HIGH
Conditions L » TEST LOW 0 = DRIVE LOW 2 = TEST POR HIGE IMPEDANCE
_ X = IRRELEVANT STANDARD SUM OF PRODUCTS
n N " v IS EQUATED AT THESE NODES
Conventional Symbology (BEFORE THE BUBBLE)
nizeiinz
hd wlhbﬁﬁnmo_

PAL Symbology LoaIC STATE
g Fuse sLowN vee e
PRODUCT WITH ALL FUSES
w—e 1 )/@ FUSE NOT BLOWN o Lw_ /_ SLowN AtuANE Wiak

)
] ”’QD 1302 l'l—'( ) >_“
‘ D——D— wouy > LJ\ WITH ALL FUSES -
iy Low rl' INTACT REMAING LOW ALWAYS BUBBLE THEORY
" —w[‘ SHORTMAND NOTATION D— D :D

. FOR ALL FUSES I’"AC‘I“\

_., i ”l"H’{‘_’D‘ A _}.H_@ Jo-ood >

A
. = -
PAL Logic Diagram ACTIVE HiaN c
INPUT LINE NUMBER [ THAEE-STATE ENABLE
et at: tien wasm auas mnmn saen anE T P A
wouwer 1+ -HEEHH-HIE{HT{ 2 f . =
une {1 s n pd
wusen |\
I STANDARD SUM OF PRODUCTS c
) " 13 EQUATED AT THESE NODES
b > 28 N SEFORE THE SUSELE) A A
. ()
o s ¢ :
mun7 M i I c °
v T | | | ]
Lpyer T+ 13 1 ¥
» - T T ¥

{c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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COMBINATORIAL PAL |
# - (k- @d) - (8coy
NAND-NAND -
F:RedrcrmeTedy #:as0E.dCO
¢ ]
‘ c
OR-NAND i —— . .

g [ |
c
H

F:A @ Cle B D) AND-OR

2 (A) ACTIVE HIGH PAL

NOR-OR a ’
mlhbmmﬂct._d

COMBINATORIAL PAL Il
# - {KBE) - ikac) - (ATB)

NAND-AND & < )—[)—+
n.

FiAe8eCIAsBeTIA+E D) i"‘“"”"""a’

A

NED ED
onans § OO — | O—Iwr

Y A

[ § 1)

FrjtAeBoC)eiAcBe e AND.NOR

X A1

: (B) ACTIVE LOW PAL
nou-uoaék

. A

H

(c) Copyright Monolithic Memocries Inc. ‘1984 Anﬁnigﬁi‘s Reserved.
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SEQUENTIAL LOGIC/STATE MACHINE

COvsmatiDmaL
went TwoRe

it

coce

SECTION OF PAL16R6
LOGIC DIAGRAM

MULTI-LEVEL LOGIC REDUCTION

Fr:a becidoa)ely shijon

:
1
1

Network H

of AND snd

OR gates :9 :
'

-

" - elF - BA® GAm

NAND P
Network []
v
]
AND/OR NETWORK
(PAL 16M2)
B R

~»
{c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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PROGRAMMIN
R

PALASM OPERATORS

EOUAL, .EQ.

REPLACED BY FOLLOWING |
/ COMPLEMENT
&  AND, PRODUCT
+ OR,SUM
+

*®

L

XOR, .NE. (FOR PAL16A4, 16X4 ONLY)
XNOR, .EQ. (FOR PAL16A4, 16X4 ONLY)
() CONDITIONAL THREE STATE, ARITHMETIC

PAL PROGRAMMING

Monolithic EEE Merrories )

l_mémumulymdnmmm‘

' Paasw SAMPLE PAL DESIGN SPECIFICATION
N MANUAL CODING PAL PARY NO. (MUST START AT LINE 1, COLUMN 1)
/ PATTERN NO.
PALXXX /—NAIIE OF DEVICE (MUST START ON LINE 3) PAL DESIGN SPECLFICATION
PAT NO XXX /— AUTHOR'S NAME, PATE
NAME OF DEVICI -
CK SR 00 DI DI D} 04 D5 SL GND /€ RiLO Q5 Q4 Q) Q2 O €O LIRO vCC
[ P PIN LIST (MUST START ON LINE §}
WFASN/SLY  /LEIRO = QD CONSISTS OF 20 SYMBOLIC NAMES
WHICH ARE CONSECUTIVELY
‘Q0  iw  /SR®/SL®‘Q0 ¢ SR®/SL®/Ql + SROSL*/LIRO + SR*SL*/p0 | ASSIGNED TO PINS 1 THRU 20.
/QU te /SRSSLe/QL o SRO/SLO/Q ¢ SR°SL®/Q0 ¢ SReSL® Dl
‘Q2 t= /SR®/SLe/QY ¢ SRe/SLe’Q) ¢ SROSLe/Ql + SReSLe D2
,Q) ie /SR*/5Le/Q) » SA/SLe/Q4 » SROSLO/Q2 ¢ SReSLe/D) EQUATIONS
/Q4 ie /SRO/SLe/QE o SRO/SLO/QS & SAOSLe/Q) ¢ SReSLe/D4
PALASM FEATURES /QS  re /SR*/SL®/QS ¢ SRE/SLO/AILO o /SR®SL®/Q4 o SR®SL®/DS
B IFL/SReSLY  ‘RILO = /QS <e— CONDITIONAL THREE STATE
© PALASM ls 8 FORTRAN IV program. function vasce «— (OPTIONAL)
SL SR DS D4 D) D2 O DO CK E RILO LIRO Q3 Q¢ Q) 02 Q1 CO
. Logic ond fusepattems. | e e e e e M mC e as S e e e st eceeeeescececssecaccecacecane
W WL LLLLLCK 2 2 L ¢t L L L L LOADZEROS
* Logc equstions sre entered in the form shawn in 8 PAL L L X X K x X X CH 2 T L L LLL L TESTNOOP
devign speciiication Lt L x x x x X X Xt 2 T 1 t T 1T T T TESY Mi-2
H H H H N % W K CH 1 1 # M H N N K LOAD ONES
. "us“w”m“hlﬂyﬂlmlﬂm. lorme L L X X x X X X CH b3 1 M A A H K N TEST KO COP
1. HEX (PROM Programmer Format) L L X X Xx x X x Xt 2z 2z 1 g T t 2 T TEST Wi-1
3 s (PROM Progismmer Formal) W L XK X X X X X CN N L K H KHMNL LTSITINAL
3 eonE (PROM Progismmer Formal) M L XK X x X X X CH W N H N H H L N LTSHT IN AN
S fusePt X ) e eee e eeeeeecceeseeeeeseeseeceeec-sceececcececcccceccssueccvose
/—PAusu STOPS COMPILING AT FIRST UNDEFINED SYMBOL
* MW 0938 CUNOMITS In generaiing the fuse patiem DESCRIPTION
Using PALASM. THIS PARAGRAPM DESCRIBES THE OPLRATION OF THE DEVICE.
APPLICATION [NFORMATION MAY ALSO BE PROVIDCD.
Mllhkmm"orh.

{c) Copyright Monolithic Memories Inc. 1984 All Rights Resectved. {c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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MANUAL CODING

Procedure l;rgmllngﬂuupamm

o Write logic equations in the sum of product form.
® Select a PAL.

® Fill out the Logic diagram.

o Transter information from the logic diagram to the
programming formst.

® Load the data from programming format Into a PAL
programmer and program the PALs.

Appendix F: A PAL Primer
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PHANTOM FUSE LEGEND

PAL10H8  PAL16H2 PAL12L6

PAL12H6 PAL16C1 PAL14L4

PAL14H4  PAL10LS PAL16L2

ACTIVE HIGH LOGIC ACTIVE LOW LOGIC

_ [ o [P e oo
1) Missing output H (P) * L (NO) <+
2) Missing product L (NO) * L (NO) *
3) Missing input knes H (P 1) & H .1 &

NOts 1 Misning Droduct 1erm Overndes missing input king
Note 2 For PALIECT first nait of the array (product terms O-31) acis 88
ot 32-

andihe y

ectsas l:l-vi tow logic device

PRODUCT TERMS (0-8)

LOGIC DIAGRAM CONTAINING
"PHANTOM FUSES

B110 4367 809N UMK GINN BAND NARR BABN

b p
k g 43
0" e
S |
—x T l
= . "
N
—x
Ti - S 889 o4
| % *
N
—s 1§

4
il
=

s P 3008 1

I

I

mmm__a
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BASIC GATES
PIN-OUT
EE3

1

2

3

4
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APPLICATIONS
EXAMPLE — BASIC GATES
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LOGIC DIAGRAM-BASIC GATES

INPUTS (0-21)
=T =t ‘A
Fo—
F'—TJx
) H—F
G—1%

PAODUCT TERMS (0-43)
T
M

siea aver ws

N—1L%
2 Bf O —¢
i
P —ix l
H :: FHo—
- g §
a—ip— rq) + K
I—1x «] -J

P A T
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DESIGN SPECIFICATION —
PALASM OUTPUT: BASIC GATES

#0032
YOUR PAL DESICH SPEC 15 ACCIPTED AS MONOLITNIC WENOPIES 81T
PATTERN NUMBLR POO2LL . TOUR PASSWORD IS POOSSA .
PLEASE CONFIAM THAT THESE {QUATIONS ARE CORRECT. WONOLITMIC
AEMORIES WILL NOT PROCESS A PRODUCTION ORDZP WITHOU™ PROPER
APPROVAL. USE NP NO. POO2LL WHEN PLACING A PROCRANMING DADER .

CUSTORER CONPIRNATION
1 WAVE AZVIEWED THIS PAL DESIGH SPZCIFICATION AND UNDERSTAND
THAT PALS ORDEPED OF BIT PATTERN NUMBEA POO21L wiLL BE
PROCRAMNED AS SPECIFIED SELOW.

CUSTORER COMPANY NANE CITY. STATE -
AUTHORISED SICNATURL OATE e
Tine

PAL OESICH SPECIFICATION
FAZRD 1120/

PALIZNG

P00SSA
SASIC GATES EXANPLE
$.v. CA
COFCAN PQIGNDIRLAOKESAWC
A
Qe/P0Q

Rep:
Lezls/desm
OESCAIPTION: THIS TIAMPLE ILLUSTPATCS THE USE OF FUSIBLE LOGIC 20

INPLENENT THE SASIC CATES.
ﬂlnno”ﬂucﬁﬂinll.nnuﬂ..-—-J

BOAM M ————s

BB BBOAM ™ -0

PR BENAM M-~ ——0y

WO -0

PALASM OUTPUT
HEX FORMAT PAL12HG

Mmoo

AMOrmmwmmwwoy
P RBBRAM M e e m

MM ————o

F
9
t
1
1
i
1
1
[
€
c
(3

F
9
1
1
1
1
1
1
r
£
c
[
L]
e
]

BAM M~ ———om
LT ey P
LT K K TR R Ay
BOM M ————on
BOAMM - ——em
L L L Yy ¥ Y
BN NN wwy
BOMMer oo
LR LT TP Ruy
BB RONOAM A - —wny
NOM A wwmm
BANAM e ———

7 F
9 1
1 i
1 1
1 1
1 1
1 t
3 1
(4 14
3 E
c c
8 (]

LY T L T T T Y

BRBIDOIMQ e oo D W
BEBBBON N o
BRRBNNMMN————ww
LI L Bt ]
R ERBOAM M= ———0m
PR BBOAP N ————Om

o
9
]
1
i
1
3
1
r
€
c
8
1
[
(3
L]

wﬂﬁﬂmﬂﬂﬁoﬁﬁnliunonb--_J
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INPUTS (0-31)

BASIC GATES

Monolithic ﬁﬁﬂ Momorlea_J
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PROGRAMMING FORMAT
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A

Ay~ fol usa
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O

r<

(@]

®)

&)

-

) ..
mm
MG s
_Cmm pe
So i
<2 :
Cm : _ ¥
g s TEEL
(=) & T .L MMWW atats - * MMMu = mm
O

G o Jad . e
o 3
: SRR
L {co-0) SWUIL LONAONS
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PALASM OUTPUT: BASIC GATES
FUSE PLOT PAL12H6

00U BENL 2222 222 1))
O1I) 4367 098) 2348 4789 G12) %4 8901

-

.
34 “ so08
4 8008 0006 .OM .l.l

32 ceen aeee =200 -300
3) S2E1 TREZ 2300 EROO
34 0600 0000 €000 S006

- mesm

- pesQ
/00

1800 0800
1800 €080 3000 9M0Q
900 0088 8008 0000

T
T

LESENO: 8 'LSI w‘l oMM ¢L,0.01 = 1 FUSE BLOWN LA Y]
°: TOm FUSE  (L.B.0) O : GWANTOM FUSE IN,P,1)

Monolithic m Memories../
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MEMORY INTERFACE LOGIC FOR
6800 MICROPROCESSOR BUS

DESIGN SPECIFICATION PALIOLS

L e L oestcn uum:nw-
PAT %G 101 uln satn
nEwiny IWTERTACE LOGIC FOR 4008 MICROPROCESSOD WE
A10 ALY AIT ALD ALG A1 Pw PRASED VONASED CRE

wC /C3) .wkY JCST swED /CBL /WY /CI8 /KO VEC

o ALBe/aLEe A
Ay

oeseRivtion;

THIS DEVICE PBOVIORS THE (NTEAZACE LOGIC SETWEEN A 808 RIRCOPIOCEISOR
841 4e0 €ICUT STATIC Laot MEMOOY CHIPD. ABOALSS M3, Paitl Ane

3 ARE LECTOED TO PROCLCE TNE PAOPES WRLTE LBADLE AND CWIP SELECT
TICNALE 0B REFOBY DATA TAANLEDS:

MEMORY INTERFACE LOGIC FOR
h 6800 MICROPROCESSOR BUS

MEMORY INTERFACE LOGIC FOR
6800 MICROPROCESSON SUS

PN OUT

o 90 )
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MICROPROGRAMMING
PROCESSOR CONTROL

MEMORY INTERFACE LOGIC FOR DESIGN SPECIFICATION — PALIGR4 |

Appendix F: A PAL Primer page F-34

6800 MICROPROCESSOR BUS . RN

ELER € DWFISR T €
SENDELE il DOT FEONETL

LOGIC DIAGRAM PAL10LS LR

MICROPROGRAMMING PROCESSOR
ST TGNES SO TSmTION CONTROL
) e € CELTEUED Tui fow EEIL S BECEE LLATION il e Al

Ag —Ps Tnt b GEEASEU bo BUT SATTERN wmlED 6ot Wi
v . eQ bmnnEl B, PECIFIEE BELOS.

PRI UL i S

B:{Dn "
WEO ~tOEl BG GamTSE

—g EBRT

[] N~—1
A" Lt ST A 1O Al bieT €. e e m€e LA eaeee miTH

B={ Do——* CSo

Agg Py

3 Q—Do__" WE,

A3 —{x

¥}

a4t B Jo————= CS4

Aty —Is - RO rt ks et ot 6 O 1t
] 13

' Cokiiim wik OplimiObtm LS00 fckmtne,

B 2 Wez mmmﬁf.ﬂmmoﬂn_.

Ayg e py—ri|
15 >
"
: = g CSz
N PALASM OUTPUT
’
RW —ix i HEX FORMAT PALISRS
»
Qé)o—— WE; FRESE “FFEFEFEFFE S FYFEF
FEFEFFFFFFEFFEEFTF FOFE
FEEFFFFFRFELEBNFESr T FIFF
- Prirrrriafidiiiiieeiies
JPHASE 2 3 IEEREREEEE RN RN 93
M MNP wan
) “ L N L R BT woeow w e
H 19— 18— = gunn B CS, FEFEFFFCEERFROFIF Fie
FFEFDSEFFEFSEFTFFED FFF
’T‘_‘f[l‘f"f"" FIF LY
N 1 ‘, " l:ff“!l‘l’"ll’"‘ ';"D!
-—l"i" &{——— NC ;:-)35;;;:22;3)-: v:;l;
5ot 321232 " '
VPHASE 2 3133355030303 LR R EE N
- - 22iridriaaniatei wawsd
Monoll!hlcm Memories ./ -
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LOGIC DIAGRAM — PAL16R4

=

S
el

3

\
b= pisqgie

INPUTS (8-31)
CR
= ' ED*j 0
Ay 1
1] -
: : ED—(L *82
PR T :._J

(s R

(&« Rt

-y N
AS [l | WU
& S H - ] %__1 Rz
SS2 :
1 - | «
M 1181531515118l .

E ::t!i ] N Rj

. 1= [TH 1t ¥ H R A

I‘—-Il ll ' : ™ ~
.- 1 2%—4 * 81

Il '--i:x : ! ‘:'_l
3 HEHS . 80
gy Al - fe
Motnmhlcmm:noﬂo:_J
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ELECTRONIC DICE GAME
SSI/MSI
IMPLEMENTATIONS

wanaino EE) mermories_)

ELECTRONIC DICE GAME
DESIGN SPECIFICATION PAL16RS

HR
- Bd e him bl t 18 @ Gttt o el e

e e a4 e

(4]
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ELECTRONIC DICE GAME
LOGIC DIAGRAM PAL16R8

ox >
SRR e N
- ‘ =
i 4 )
e e I i} Tiiiisit .
" o HIRILAIN *
e i i il "
- NIRRT N
ey [T [ A e
'f: i [ 11 1 T N
; : T
nc'—-%_. { : <}
= T <
sl st * &
- il LTI
;':' ;g TR U~
et T T
g 1 1111 B BB S
: : : t —(>—;'u:
nc‘——i‘x;1 ]r a IILIL ! r! Hi ‘- -~ Lgp—t
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CLOCKED MASTER SLAVE
JK FLIP FLOP

J 1 3 Y
L 7 Q
viTe [ ]

3 2 4 :

cp 9
mﬁﬂm-_

CLOCKED MASTER SLAVE JK FLIP FLOP
DESIGN SPECIFICATION PAL16L8

Brng g

GO PRLODEC LS CFEC BD RCCEFT @, MOMOLITHIC RENMDFIE: BIT
FATTERN NONEER FONZSL . JOUF FRTLORD |2 Fimndn

FLEFNIE COMFIEN THAT THEZE EanTl FEE CORFECT. NONOLITHIC
PENDMLET WILL 1OT FROCESS A FROMN TION DFLER Wl THOOT E60FER
WEEEQVRL. UIE BP NO. FunZiat weEN FLAW B0 @ EFOGEARNLIe: OFLER, |

CUZTORER COUF EPReTI0H
I He€ PEVIEVED THIZ FRL DETLGH FECTFICATION seh wniDESR Tl
THAT FraL . OFDERED B¢ BIT FRITEPN IanbER Fouial vitL BE
FROCPrED @ TFECIFIED BELOW.

CUITOMER CONPAING WAME ool CAVeeIVATE L. ___
FOITHOREED BGIMVISE . WRIE .

IRE BFINT, o eieaieae TIME  oeeeoe.
FETURIE TO Ml $1% €, rl i (UIMGVALE. DR Sanam Tt
(LTS AL LEBGN CFECIFICATION
Fuaindn ledee 32V My

oAl
CLOCPED MR TEF _LAVE » FLIF FLOF
HNIVRE (R
DO T T R Lo TR 1 ST R U S T D T [ I W T e

A e deie-ibe-FBI & 3e.ie Fe FRI o tee-ihe FR o
boys-me-bB. o mese bkl ¢ 1Lk

D s Reche-FRI » Re-De PRI ¢ e b ekl e (LK

DEZCRIFTIONS
THEZ 12 fie E-RnPLE OF # CLOCPED e TER LAE . FLIF FLODF.

Monolithic ﬁﬁﬂ Mamorlos._J
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LOGIC CONVERSION |

J 1

K 4 A Q

cK

th.nﬁﬁﬂmm.~
LOGIC CONVERSION Il

K : | | D~ - Q
cK

PhEser

mmﬁmm.
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[ CLOCKED MASTER
SLAVE JK FLIP FLOP

LOGIC DIAGRAM PAL16L8

ek . PUTS (8-31)

R e
$ ey :
HeE =t L ne
1 T ‘Y

L Jre—— HRINEIHEEE

11 ]

+ 1T - o b gt A
K K I RITIEN

- TiijinlE 1
g :‘ = ne
?‘.‘ [ : ! ; il .
g Ne T T | HIRLIEI
g : 1 tH 1 ve
N i 1]
ne  PA— i HELIN

b3
~
& Sy gl

Ne M I | 1
e 1 + 1 Ne
RS ° T i | I,
ot Harrrithem i ] e
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' OUTPUT TABLE
STATE GRAPH
Present State Next State Ouput
COMBINATIONAL LOCK Xy X @ A Ovl L3 2z
o 0 0 0 o ° °
o0 0 % o 1 ]
o0 1 6 1 ° ]
o0 1t 1 1 ]
ot o 0 @ ° °
o1 8 v 8 ° »
e v 1t 0 . °
e v 1 1 ® ] 1
1 00 0 ¢ [ °
1001 O ° ]
1061 0 ' °
[ N B | 1 1
11 00 0 1 °
LI I I T ] .
11y e @ ° .
11 ] 1 ] 1
Rl 31 _J
KARNAUGH MAP
STATE TABLE (3l
oRn80011110
Present Nest Sate ]
"“"v"o'"zls?‘ eofofojofe
S % % 8 % s ot sjejejo
L 1) St 83 89 % [] tijrfeloj
% 83 33 83 8¢ (] 10§1j1]0}
2] 3 8¢ 8 % 1 .
Q1D /M1-/X2-Q-Me/X1-/2-Q-Re
/B1-%X2-/Q-ReM1-22-Q-Me
X1-/K2-Q-/ReMY-/52-OQ-A
3l . (¥1] o)
QUTPUT EQUATIONS
TRANSITION TABLE
oo-Ki-B-o-A-NI MM ow-K1 23N
Provent S Nost Siate Ouwt fissof-s@ol-xon
#F: QA X1XXZ 00 81 10 10 z on Kl F3.3.A-M.F3-0-M-xt x2-0 A
00 90 00 00 O ° midon-x28R-11 238
o1 01 16 00 01 []
10 10 10 11 00 ° z  N-N-onr-Aixzon-x-fan
" 11 00 11 00 ' X1-22-Q-R
£l -
E?JMO-—
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LOGIC DIAGRAM PAL16R4
PAL DESIGN SPECIFICATIONS PAL16R4 :
ex g NPUTS (-3
PINSTA " wines aven @
VOUF AL DEZIGH IFEC 12 ACCEPTED M1 MONDLETHIC MEMORIES KT
ERTTERN ILMEER FOUSTD . (OURF PRIZWOFD 81 Flisn . 2 ne
FLEAZE CONFIRM THAT THEIE ECUATION: WFE COFPECT. MOMOLITHIC l
MEMORIE: WILL 1OT PROCEID f PRODVCTION OFFER WITHOUT FROFER
REPROVAL. UIE BP N0, PO02TR MHEN PLACING & FROSRANMING OFDER, NC Py 4
CUITOMER COIF IRMATION Hat$tH Y
1 HAVE SEVIEWED THIT PAL DEZI6M PECIFICATION AID LHDERSTAND . s
THAT PALI ORDERED K¢ BIT PATTERN HOMBER POUZT® WILL BE (N, <)
FROSFAMED A3 IPECIFIED BELDW. v
"“g:: %D .
CUITONER COMPARIY IAME oo emeecm———— CATOrITATE  ememmmemme S R
FUTHOFIZED CIGURTUPE oo oo [ ) { S | L - “
WHIE PPINT. oo TITE coececmmann- i I
3 %"’ Q
PETUFN TO MMI 1155 E. APOUET TUIMIVALEs R %403 RTTME _oooo .. H
we b% =
PR 15 PAL DEZ1GH FECIFICATION S
FE) CHEED PRINML 10 @5. 73 ne
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LOGIC DIAGRAM PAL16A4

&

WNPUTS (8-31)
c.,oc_fb Tits S561 Seun wume wouw NRES waen Saw
Io-tx : ' ﬂ‘ L3
H —4
) (3 L'b—,,— - &

2Cw

=

s un

ret

...u
s
tatyes

o

(=Y
-
-

+
+t
-l!ﬂ-—h-q-

e

PAODUCT TERMS (0-63)

288t s srEe susa

bl

H 1. Bi]
H [jisailem
) . i
Ll -
H
H :
.
r,._'-) had poe!

Do M Suw

lllh:crc:llllbli:liiﬁil]lllh3411¢:4~lhw:s....J

Y]

L7

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



Appendix F: A PAL Primer page F-50

Appendix F: A PAL Primer page F-51
EXERCISE 2 IMPLEMENT AN ACTIVE HIGH PAL

MULTI-LEVEL LOGIC REDUCTION
PAL EXERCISE ;

MonolithioP] Mamories

EXERCISE
IMPLEMENT THE FOLLOWING
‘ LOGIC USING
(a) ACTIVE HIGH PAL
EXERCISE t: (b) ACTIVE LOW PAL
IMPLEMENT AN ACTIVE LOW PAL . )
A ue

: b ;
o
Ta
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EXERCISE &:
FILL. OUT PAL LOGIC DIAGRAM USING TH
FOLLOWING EQUATIONS

PIN LIST: CK RGT 10 I1 12 1) LFT NC NC GND
/T NC RILO R3 R2 Rl RO LIRO NC VCC

IF(RGT*/LIT) /LIRO = /RO

/ROt = /RGT®/LFT®/RO+RGT*/LITORI4/RCTCLFTS/LIROSRGTLIT® /10
/Ri: ® /RGT*/LFT*/R1SRCT*/LET*RI+/RGTLIT /ROSRCTOLET/IL
/R @ /RGT®/LET®/RIARCT*/LIT RIS/RCTOLFTS/R1+RCTOLIT/12
/R3: = /RGT*/LET®/RISAGTS/LETS/RILOS/RGTLIT®/R+RCTOLFT/T)

1F (/RGTOLFT) /RILO=/R)

el R)
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Appendix G: Submitting a HAL Design to MMI page G-1

1. When submitting a HAL design to MMI, logic equations which
conform to MMI“s PAL Design Specification are required. These
logic equations may be provided through the following means:

1.1 Direct input to the "MMI User"” account on the VAX at MMI,

1.2Senda legible, signed and dated print-out of the
equations of a PALASM run to the inside sales
representative or customer sales representative.

1.3 Floppy diék or magnetic tape in formats acceptable by
MMI“s computer system, '

2. Except for small PALs, a Function Table must be provided. This
requirement can be waived for programmed PAL samples only.

3. This Function Table should describe the operation of the
device and the number of vectors should be sufficient to
guarantee the functionality of the device. Normally, the Function
Table vectors should test a minimum of 50% of the "stuck at"
faults as measured by the fault grading of TEGAS.

4. The Function Table vectors should initialize the device to a
known state within a specified number of clocks.

5. Should the simulation by PALASM differ from the simulation by
TEGAS, the TEGAS simulation will be used.

6. Any problems that arise shall be handled through the Product
Marketing Engineer.

7. MMI will send the LOGIC DESIGN/SAMPLE APPROVAL form to the
customer for signoff and confirmation. The customer will, at this
time, have the option of using TGEN, MMI“s test generation
software, to generate additional test vectors. If the customer
elects this option, his/her approval of this TGEN generated test
pattern is solicited using the CUSTOMER TEST PATTERN APPROVAL
form. The signoff loop ‘is now complete.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



Appendix G: Submitting a HAL Design to MMI page G-2

LOGIC DESIGN/SAMPLE APPROVAL

Dear Customer:

Your PAL Design Specification has been accepted as Pattern No.
on (Date) .

Please confirm these logic equations (attached) and refer to
the pattern number when placing your order. Please be advised
that any samples delivered were programmed but not functionally
tested.

Confirmation:

I have reviewed the attached PAL/HAL Design Specification and
understand that devices ordered with this pattern number will be
programmed and functionally tested according to the information
submitted. I also understand that the functional test sequence
submitted to MMI will first be reviewed by MMI and may require
further clarification and refinement (with respect to
initialization and general testability) prior to actual
implementation by MMI.

Customer

Company

Address
Authorized Signature Date
Name (Please Print) Title

Initial 1----—- ]

I am exercising the option of using the MMI
expansion of my submitted functional test sequence
as the basis for the test specification. I
understand that this expansion will be done using
TGEN, MMI“s test generation software and that an
additional formal approval, via the Customer Test
Pattern Approval, is necessary once this expanded
functional test sequence has been prepared. Until
this final approval is accomplished, it is
understood that all production delivery commitments
are conditional upon a timely approval.

{c) Copyvright Monolithic Memories Inc. 1984 All Rights Reserved.



Appendix G: Submitting a HAL Design to MMI page G-3

Customer Test Pattern Approval Date:

The attached functional test sequence has been prepared for
Pattern No. by MMI from your design input
utilizing TGEN, the MMI test generation software.

This functional test sequence, combined with MMI“s data sheet
parameters of the is the basis of the
electrical test specification for the pattern when delivered as a
ProPAL or a HAL.

Acknowledged by: Name

Company

Title

Date

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



Appendix H: Typical Questions and Answers pagde H-1

Q1. PALASM DOESN'T WORK!!!!

Al. Please don't call us with just this message but before you
call us, try running one or two design examples you received in
your package. Pick an example that uses the same part type. It
this doesn't work, when you call, tell us what specifically was
output from your computer. It it is a problem in interfacing with
your programmer, verify that you have established communications
with the programmer. More often than not, the problem lies in the
RS232 connection.

Q2. What is the relationship between the polarity of the pin
list, the output pin equations, and the polarity of the tunction
table pin list?

A2, The tunction table list vector components are evaluated
using the polarity specified in the function table pin 1list.
When PALASM actually gets to simulation, it evaluates the output
values in terms of the following table:

Pin List Polarity Output Pin Polarity Interpreted Output Polarity

H H H
H L L
L H L
L L H
By the same reasoning:
Function Pin Vector Component Internal Evaluation
List Polarity Polarity
' H ' H H
H L L
L H L
L L H

Q3. How does PALASM deal with "X" tor simulation purposes?

A3, An "X" entered as an input is treated as a LOW signal.
Similarly, an "X" on an output 1s LOW, even as a feedback.

Q4. BHow do you specify always enabling a tri-state output pin?
A4, In the specification file, use the form:
IF (VCC) OUTPUT=WHATEVER.EXPRESSION

e5. How do you disable the output of a pin with teedback tor
use as an input?

A5, In the specification file, do not write an output equation
using that pin, and it will detault to putting the output in high
impedance, so the feedback part of the circuit will input
directly from the pin.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.,



Appendix H: Typical Questions and Answers page H-2

Q6. How do you determine the next state for a registered PAL?

A6. The PALASM simulator initializes the state of the simulated
component with the first vector of the function table. It
remembers the states of the wvarious output pins ¢till the
simulation of the next function table vector is calculated, at
which point, it updates the pin states.

Q7. Can 100% fault testing be achieved for all PAL designs?

A7. Sorry, no., Not all logic circuits can be fully tested.
PERIOD, However, PALs with the "P" features allow 100% fault
testing because they can be pre-loaded. Earlier generation PALs
do not have this pre-load feature therefore they may not be fully
testable. There are techniques for obtaining greater fault
coverage but none guarantee 100% coverage. :

Q8. How does somebody know when they have built the best
possible set of test vectors?

A8, No absolute method exists for determining that you have the
best possible set of test vectors. You may be able to achieve
100% fault coverage for simple designs, but this is not always
possible. If you are using redundant product term techniques, you
will not be able to fully test each product term.

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.



Appendix I: Where to get help page I-1

Should you encounter any problems with PALs or PALASM, write or call:

The IdeaLogic Exchange
Mail-Stop (08-26)
Monolithic Memories Inc.
4250 Burton Drive

Santa Clara, CA 95050

Tel: (408)970-9700 extension §130

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved.
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PALASM FOR 20RA10 PAL

Der_Haur Hsieh
Imtiyaz Bengali
Monolithic Memories

This program is written in Pascal for IBM PC/XT but it uses
standard Pascal features to be portable on different computer
systems. It enables the user to translate his set of equations
into fusepattern for 20RA10 PAL. The equations have to be written
in a specific format which will be described 1later in the
section. :

The program asks the user for the file in which he has his
design specification. If he does not specify any file name, then
the program takes the default file 'specs.dat'. The file name can
be specified as follows :

[drive:] filename [.ext]

The [drive:] and [.ext] are optional. If no drive is mentioned
than the default drive is assumed. The filename together with
drive cannot be more than 8 characters.

default file : specs.dat

The program generates XPLOT and JEDEC format fusepattern and
stores them in two files:

Xplot is stored in [drive:] filename .xpt
Jedec is stored in [drive:] filename .jed

The filename and [drive:] are the same as specified by the user
for his design specification file. If the default file is assumed
then these two files will also be defaulted to

default files specs.xpt and specs.jed.

For <clarifiction, the program informs the user where the xplot
and jedec format are stored.

The program detects most of errors and reports them to the
user in a useful way. The errors reported are :
1) If there is any signal used in the equations and not
specified in the pinlist declaration.

<signal name>
message explaining the error.

2) If there are excess number of product terms used for a
particular function. For e.g., the data function can
have maximum of four product terms. If there are more

than four product terms, then an error will be reported
as follows:



3)

4)

<equation will be written>
message expalining the error.

There are five of these types of errors for TRST, SET
RESET, CLK and DATA functions.

If there is a contradiction in an application. For e.g.
a particular output is used as a combinatorial output
and the user specifies either a SET, RESET or a CLK
function, then this is an error and will be reported

as follows:

<Output name >
message explaining the error.

Pin numbers 1 and 13 are special pins and cannot used
in the equations. If they are found in any equations
then they will be reported as a an error as follows:

<signal name>
message expalining the error.

Total of nine type of errors are detected and reported to
the user. The messages are self expanatory and will be
illustrated through examples.



CHIP <example_name> <pal type> example_name and pal type are

optional

~o “o

<pinl>,<pin2>,...,<pin 11>,GND,
<pin 13>,<pin 14>,..,<pin 23>,VCC

pinl are signal names and can
be true or complemented e.q.
(A or /A). GND, VCC are used
for pin 12 and pin 24 resp.
Any pin that is not used is
-given NC. The signal names
cannot be more than 12 chars.

w8 We N “e w8 “we “o

EQU Key word for start of

equations.

-e wo

output (i) := input (j) * /input(k) * output (1)
+ input (m) * foutput—(m)

+ input (a)

sum of product
terms in terms
of inputs and
outputs . The
output (i) can
be true or
inverted

Ne Ne wWe Ne “e wp wo

output (i) .trst = <product term> for tri-state control.
defaults to high

(always enabled)

we wo we

output (i) .set = <product term> for set control.

defaults to low

“e we

for reset control.
defaults to low

output (i) .reset = <produc term>

e “e

for clock control.

-

output (i) .clk = <product term>
‘ defaults to low

“e weo

The following equation is for combinatorial output.
The RESET and SET product terms are all HIGH i.e.
all the fuses:are blown. ~

~e wo wo

<product term 1> ; combinatorial output
<product term 2>
<product term 3>
<product term 4>

output (b)

+++ 1

output (b) .trst = <product termd>



CHIP :
This the key word for start of the design specification.

There are two optional fields :
i) Design name and
ii) PAL type.

There are twenty four pins to this device and hence 24
signals can be named. All the signals should be ordered in the
order of the pins. Pin 12 and Pin 24 have key words GND and VCC
respectively. Each signal name should not be more than 12
characters. Each signal name can be true or complemented. The

signal names are separated by commas. Unused pins are given NC as
the pin name.

e.g. ABCD, Q1 , NC,NC,NC, /CD,RESET,/INT,D1,D2,D3,GND,
/OE, Q2, @3, CAS, /RAS, MEMWR, /MEMRD, NC ,NC, CNT, VCC -

Eguations

EQU indicates the start of equations. It is a key word which has
to be specified before the eguations are written.

output := f (inputs,outputs)

Each output can be specified as sum of product terms. Each
product term can be made up of input and output signals in true

or complemented form, There has to be maximum of four product
terms.

Associated with each output are four control product terms viz:

TRST for tri state control

CLK for clock control

RESET for reset of the register
SET for set of the register.

Each of this control functions can be specified as a produc terms
in the following manner: .

output .TRST product term

output .SET = product term
output .RESET = product term
output .CLK = product term

If any of these conrtrol functions are not specified than they
are defaulted to the following states:

TRST is defaulted to HIGH RESET is defaulted to LOW
SET 1is defaulted to LOW CLK is defaulted to LOW



If the output is a combipatorial then it hasto be specified as

= <product terml>
+ <product term 2>
+ <product term 3>
+ <product term 4>

output

In case of combinatorial output, no SET , RESET or CLK product
terms have to be specified. If they are specified then the
program will report an error. The SET and RESET product terms are
defaulted to HIGH and CLK is defaulted to LOW. One can specify
TRST control.

The output can be specified as a function of GND or VCC as
follows:
output := VCC the input to this register is hooked
to VCC
the input to this register is hooked
to GND. B

or
output := GND

“e we “e o



C>RAPAL

C>PARSER .
Enter input file[specs.dat] : mmi.exm

C>20RA10
The xplot is saved in file ==> mmi.xpt

The jedec is saved in file ==> mmi.jed

c>
c>

C>RAPAL

C>PARSER
Enter input file[specs.dat] : mmi

C>20RA10
The xplot is saved in file ==> mmi.xpt

The jedec is saved in file ==> mmi.jed

c>
c>

C>RAPAL

C>PARSER
Enter input file[specs.dat] : a:20ral0O.pal

6



CP20RA10
The xplot is saved in file ==> a:20rall.xpt

The jedec is saved in file ==> a:20rall.jed

c>
C>

rename mmi specs.dat

C>RAPAL

C>PARSER
Enter input file[specs.dat] :

C>20RA10
The xplot is saved in file ==> specs.xpt

The jedec is saved in file ==> specs.jed

C>



CHIP
/ALE, A20, Al9, Al8, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND,
/OE, START,PHASEO, PHASEl, PO,P1,P2,/DTCK,/RAS,/CAS,PHASEOA,VCC

EQU

START := VCC
"START.CLK = A20 *Al9 * Al8
START.RESET = DTCK

PHASEQ:=VCC
PHASEO .CLK = START * /PO
PHASEO .RESET=INPHASEOA

PHASEOA = PHASEO + INPHASEOA ; combinatorial output
PO := PHASEl + INPO

Pl := /P1
P1.CLK = /PO
P1.RESET = /START

P2 1= /P2
P2.CLK = /Pl
P2 .RESET = /START

DTCK := VCC ; Gifferent polarity
/DTCK.CLK = P2 * P1 * PO
/DTCK.RESET = /START

/RAS := VCC

/RAS.CLK = /P2 * Pl * PO
/RAS ,RESET= P2 * Pl * PO
/RAS.SET = DTCK

/CAS := VCC

/CAS.CLK = /P2 * P1 * PO
/CAS.RESET = P2 * P1 * /PO
/CAS.SET = DTCK
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40 ==== mmmm cmer =
4] === mmem cmem e
42 === e e e
43 XXXX XXXX XXXX XXXX
44 —cee cmee mree e
45 XXXX XXXX XXXX XXXX
46 XXXX XXXX XXXX XXXX
47 XXXX XXXX XXXX XXXX

48 =—-= mme meee —ean

49 XXXX XXXX XXXX XXXX
50 XXXX XXXX XXXX XXXX
5] XXXX XXXX XXXX XXXX

52 =mmm mmmm mmmm emee

53 === mmm= mme= ge--

54 XXXX XXXX XXXX XXXX
55 XXXX XXXX XXXX XXXX

56 XXXX XXXX XXXX XXXX
57 XXXX XXXX XXXX XXXX
58 XXXX XXXX XXXX XXXX
59 XXXX XXXX XXXX XXXX
60 XXXX XXXX XXXX XXXX
61 XXXX XXXX XXXX XXXX
$2 XXXX XXXX XXXX XXXX
63 XXXX XXXX XXXX XXXX

64 ~=== ——ee ,eee —eee
65 ==== mmmm cmee ———-
66 ==== mmm= ——ee ———-
67 XXXX XXXX XXXX XXXX
68 =—== ~me= e ———-
69 XXXX XXXX XXXX XXXX
70 XXXX XXXX XXXX XXXX
71 XXXX XXXX XXXX XXXX

72 =—mme mmmm —mme —e

73 X=== X=== X=== —=--

74 === cmmm mmem —eeg

75 XXXX XXXX XXXX XXXX

R —

77 XXXX XXXX XXXX XXXX
78 XXXX XXXX XXXX XXXX
79 XXXX XXXX XXXX XXXX

Polarity Fuses

Output pin: 1111112222
4567890123

Legend: fuse blown: -

Fuses Blown : 1493
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*

QP24*Q3210*
LO0O 1111 1111

LO8

L16

L24

L32

L40

L48

0000 0000
1111 1111
1111 1111
1111 1111
1111 1111
0000 0000
0000 0000
1111 1111
1111 1111
1111 1111
1111 1111
1111 1111
0000 0000
0000 0000
0000 0000
1111 1111
1111 1111
1111 1111
1111 1111
1111 1111
0000 0000
0000 0000
0000 0000
1111 1111
1111 1111
1111 1111
0000 0000
1111 1111
0000 0000
0000 0000
0000 0000
1111 1111
1111 1111
1111 1111
0000 0000
11311 1111
00000000
0000 0000
0000 0000
1111 1111
1111 1111
1111 1111
0000 0000
1111 1111
0000 0000
0000 0000
0000 0000
1111 1111
0000 0000
0000 0000
0000 0000
1111 1111

1111
0000
1111
1111
1111
1111
0000
0000
1111
1111
1111
1111
1111
0000
0000
0000
1111
1111
1111
1111
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
0000
0000
0000
1111

1111
0000
1111
1111
1111
1111
0000
0000
1111
1111
1111
1110
1111
0000
0000
0000
1111
1111
1111
1110
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
0000
0000
0000
1111

1111 1111
0000 0000
1111 1111
1111 1111
1111 1111
0111 1111
0000 -0000
0000 0000
1111 1111
1110 1101
1101 1101
1111 1111
1111 1111
0000 0000
0000 0000
0000 0000
1111 1111
1110 1101
1101 1101
1111 1111
1111 1111
0000 0000
0000 0000
0000 0000
1111 1111
1101 1101
1111 1111
0000 0000
1111 1111
0000 0000
0000 0000
0000 0000
1111 1111
1111 1110
1111 1111
0000 0000
1110 1111
0000 0000
0000 0000
0000 0000
1111 1111
1111 1111
1111 1111
0000 0000
1111 1110
0000 0000
0000 0000
0000 0000
1111 1111
0000 0000
0000 0000
0000 0000
1111 1111

1111
0000
1111
1111
1111
1111
0000
0000
1111
1101
1110
1111
1111
0000
0000
0000
1111
1101
1101
1111
1111
0000
0000
0000
1111
1101
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1110
1111
0000
1111
0000
0000
0000
1111
0000
0000
0000
1111

1111
0000
1111
1111
1111
1111
0000
0000
1111
1111
1111
1111
1111
0000
0000
0000
1111
1111
1111
1111
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
0000
0000
0000
1101

1111
0000
1111
1111
1101
1111
0000
0000
1111
1111
1111
1111
1111
0000
0000
0000
1111
1111
1111
1111
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
0000
0000
0000
1111

1111
0000
1111
1111
1111
1111
0000
0000*
1111
1111
1111
1111
1111
0000
0000
0000*
1111
1111
1111
1111
1111
0000
0000
0000*
1111
1111
1110
0000
1111
0000
0000
0000*
1111
1111
1110
0000
1111
0000
0000
0000*
1111
1111
1110
0000
1111
0000
0000
0000*
1111
0000
0000
0000
1111



L56

L64

L72

L80

1111
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
0111
1111
0000
1111
0000
0000
0000

1110111011*402E

1111
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
0111
1111
0000
1111
0000
0000
0000

1111
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
0111
1111
0000
1111
0000
0000
0000

0111
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1110
0000
1111
0000
0000
0000

1111
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1111
1111
0111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
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1111
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000

1111
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1111
1110
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000

1111
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000

1111
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000
1111
1111
1111
0000
1111
0000
0000
0000

1111
0000
0000*
0000
0000
0000
0000
0000
0000
0000
0000*
1111
1101
1111
0000
1111
0000
0000
0000* -
1111
1111
1111
0000
1111
0000
0000
0000*



CHIP
JALE, A20, Al9, Al8, INPO, INPHASEOA
NC, NC, NC, NC
/OE, START,PHASEO, PHASEl, PO,Pl,PZ,;DTCé,/RAS,/éAS,éHggéogNgéC
14

EQU
START := VCC

START.CLK = A220 *A19 * AlS8 : i
START RESET = DTCK s A220 is undeclared

C>RAPAL

C>PARSER
Enter input file[specs.dat] :

C>20RA10

kkk%k%k* ERROR 111 ***kk*k*
a220 : UNDEFINED SIGNAL NAME

c>
c>

13



CHIP ,
/OE, START,PHASE0O, PHASEl, PO,P1,P2,/DTCK,/RAS,/CAS,PHASEOA,VCC

EQU
START := VCC

START.CLK = A20 *Al9 * AlS8
'START .RESET = DTCK + A20 * Al9

C>RAPAL

C>PARSER

Enter input file[specs.dat] : specsl.dat
C>20RA10

* %k % k% ERROR !'I!I't d o g de ke kK

start.reset =dtck
+ a20 * al?9

RESET HAS MORE THAN ONE PRODUCT TERM

c>
c>

14



CHIP

JALE, A20, Al9, Al8, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND,
/OE, START,PHASEO0, PHASEl, PO,P1,P2,/DTCK,/RAS,/CAS,PHASEOA,VCC
EQU

START := VCC

. START.CLK = A20 *Al19 * AlS8
START.RESET = DTCK * ALE s pin 1 used in a product term

C>RAPAL

C>PARSER -
Enter input file[specs.dat] : specs2.dat

C>20RA10

kkk*kk* ERROR |11 **kkkkk

ale

THIS SIGNAL IS PIN 1 AND CANNOT BE USED AS
A SIGNAL IN AN EQUATION

c>
c>

15



CHIP
/ALE, A20, Al9, Al8, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND,
/OE, START,PHASEO, PHASE], pPO,P1,P2,/DTCK,/RAS,/CAS,PHASEQA,VCC

EQU

. PHASEQOA = PHASEQ + INPHASEOA

combinatorial output
PHASEQA.RESET = /START

having a reset ??

«s “e

C>RAPAL

C>PARSER
Enter input file[specs.dat] : specs3.dat

C>20RA10

kkk*k* ERROR |11 *%kkkkk

phase0la

THIS OUTPUT IS COMBINATORIAL AND CANNOT
HAVE SET/RESET/CLOCK PRODUCT TERM

c>
c>

16



CHIP
/ALE, A20, Al9, Al8, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND,
/OE, START,PHASEO, PHASEl, PO,P1,P2,/DTCK,/RAS,/CAS,PHASEOA,VCC

EQU
PO := PHASEl + INPO ; more than four product terns
+ /Pl * P2

+ Pl * /P2
+ /START

C>RAPAL

C>PARSER
Enter input file([specs.dat] : specsd.dat

C>20RA10

tkkkk%x ERROR 1!} % ke de kK Kk k

p0 :=phasel
+ inp0
+/pl * p2
+pl * /p2
+/start

OUTPUT HAS MORE THAN 4 PRODUCT TERMS

c>
c>

17



CHIP EXAMPLE, 20RP10,
CL, A3, A2, Al, A0, DO, D1, IO, Il, DATA, P ,GND,
/OE, Q0, o1, Q2, Q3, /Q4, Q5, Q6, Q7, 08, Q9, VCC

EQU
Qo

:t= A3
+ A2
+ Al
+ A0
+/A3
+/A3

*
*
*
*
*
*

Q0 * I0 *
Q0 * I0 *
Q0 * I0 *
Q0 * IO *
/A2 * /Al
/A2 * /Al

+ /I0 * /I1 * P
+ /A3 * DO * I0 * /Il

CL

Il

Il -

il

* /A0 * DATA */I0 * I1 * /P
* /A0 * /DATA * /IO * I1 * P

18



PALASM FOR 20RP10 PAL

Der_Haur Hsieh
Imtiyaz Bengali
Monolithic Memories

This program is written in Pascal for IBM PC/XT but it uses
standard Pascal features to be portable on different computer
systems. It enables the user to translate his set of equations
into fusepattern for 20RP10 PAL. The equations have to be written
in a specific format which will be described later in the
section. '

To start the program type : RPPAL <CR>

The program asks the user for the file in which he has his
design specification. If he does not specify any file name, then
the program takes the default file 'specs.dat'. The file name can
be specified as follows : :

[drive:] filename [.ext]
The [drive:] and [.ext] are optional. If no drive is mentioned
than the default drive is assumed. The filename together with
drive cannot be more than 8 characters.
default file : specs.dat

The program generates XPLOT and JEDEC format fusepattern and
stores them in two files:

Xplot is stored in ([drive:] filename .xpt
Jedec is stored in [drive:] filename .jed

The filename and [drive:] are the same as specified by the user
" for his design specification file. If the default file is assumed
then these two files will also be defaulted to

default files specs.xpt and specs.jed.

For clarifiction, the program informs the user where the xplot
and jedec format are stored.

The program detects most of errors and reports them to the
user in a useful way. The errors reported are :

1) If there is any signal used in the equations and not
specified in the pinlist declaration.

<signal name>
message explaining the error.

2) If there are excess number of product terms used for
particular outputs, For e.g. pin 14 and pin 23 can



have maximum of eight product terms and output pairs
15-16, 17-18, 19-20, 21-22 can share 16 product terms
exclusively. If any of these conditions are violated
then an error is reported as follows:

<output (s) will be written>
message expalining the error.

3) Pin numbers 1 and 13 are special pins and cannot used
in the equations. If they are found in any equations
then they will be reported as a an error as follows:

<signal name>
message expalining the error.

Total of nine type of errors are detected and reported to
the user. The messages are self expanatory and will be-
illustrated through examples.



Desicn Specification Formak

CHIP <example_name> <pal type>

<pinl>,<pin2>,...,<pin 11>,GND,
<pin 13> ,<pin 14>,..,<pin 23>,VCC

EQU

output (i)

+ + 0

WO WO WE We N6 “e e we “weo

e “e

input (j) * /input(k) * output (1)

input (m) * /output (n)
input (a)

example_name and pal type are
optional

pinl are signal names and can
be true or complemented e.g.
(A or /A). GND, VCC are used
for pin 12 and pin 24 resp.
Any pin that is not used is
given NC. The signal names
cannot be more than 12 chars.

Key word for start of
equations.

sum of product
terms in terms
of inputs and
outputs . The
output (i) can
be true or
inverted

e e Ne mg we we o



CHIP
This the key word for start of the design specification.

There are three optional fields :
i) Design name and ’
ii) PAL type.
iii) Pin 1list

Rin List

There are twenty four pins to this device and hence 24
signals can be named. All the signals should be ordered in the
order of the pins. Pin 12 and Pin 24 have key words GND and VCC
respectively. Each signal name should not be more than 12
characters. Each signal name can be true or complemented. The
signal names are separated by commas. Unused pins are given NC as
the pin name,

e.g. ABCD, Q1 , NC,NC,NC, /CD,RESET,/INT,D1,D2,D3,GND, .
/OE, Q2, 03, CAS, /RAS, MEMWR, /MEMRD, NC ,NC, CNT, VCC

Equations

EQU indicates the start of equations. It is a key word which
to be specified before the equations are written,

output := £ (inputs,outputs)

Each output can be specified as sum of product terms. Each
product term can be made up of input and output signals in true

or complemented form. There has to be maximum of four product
terms.

The output can be specified as a function of GND or VCC as
follows:

output := VCC : the input to this register is hooked
or : to VCC
output := GND ;the input to this register is hooked
; to GND.



CHIP EXAMPLE 20RP1l0
CL, A3, A2, Al, a0, DO, D1, 10, I1, DATA, P ,GND,
/OE, Q0, Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, VCC

EQU

Q0 := A3 * Q0 * IO
+ A2 * Q0 * 10 * Il
+ Al * Q0 * I0 * I1
+ A0 * Q0 * I0 * il
+/A3 * /A2 * /A1 * /AQO * DATA */I0 * Il * /P
+/A3 * /A2 * /Al * /AO * /DATA * /I0 * I1 * P

+ /I0 * /I1 * P
+ /A3 * DO * I0 * /Il

Q1 := A3 * Q1 * 10
+ A2 * Q1 * I0 * Il
+ Al * Q1 * 10 * Il
+ A0 * Q1 * I0 * Il
+/A3 * /A2 * /Al * /A0 * DATA * /I0 * I1 * /P
+/A3 * /A2 * /Al * /AQ * /DATA * /I0 * I1 * P
+/I0 * /I1 * P
+/A3 * D1 * I0 * /Il

Q2 := A3 * Q2 * IO

+ A2 * Q2 * 10 * Il
+ Al * Q2 * 10 * I1
+ A0 * Q2 * I0 * Il
+ /A3 * /A2 * /Al * /A0 * DATA * /IO * I1 * /P
+ /A3 * /A2 * /Al * /A0 * /DATA * /I0 * I1 * P
+ /I0 * /I1 * P
+ /A3 * DO * I0 * /Il
Q3 := A3 * Q3 * 10
+ A2 * Q3 * I0 *I1
+ Al * Q3 * I0 *Il
+ A0 * Q3 * I0 *I1
+ /A3 * /A2 * /Al * /AQ * DATA * /I0 * I1 * /P
+ /A3 * /A2 * /Al * /A0 * /DATA * /IQ * I1 * P
+ /I0 * /I1 * P
+ /A3 * D1 * 10 * /Il
Q4 := A3 * Q4 * 10
+ A2 * Q4 * 10 * Il
+ Al * Q4 * 10 * Il
+ A0 * Q4 * I0 * Il
+/A3 * /A2 * /Al * /AQ * DATA * /I0 * I1 * /P
+/A3 * /A2 * /Al * /AQ * /DATA * /I0 * I1 * P
+/1I0 * /11 * P
+/A3 * DO * I0 * /Il



Q5

Q6

Q7

Q8

Q9

A0

/A3
/10
/A3

+H++++ 4

+= A3
+ A2
+ Al
+ AQ
+ /A3
+ /A3
+ /10
+ /A3

* * ¥ XN N

Q5 *
Q5 *
Qs *
Q5 *

Dl *

Q6 *
Q6 *
Q6 *
Q6 *

* * ¥ * ¥ ¥ *

I0
I0
10
I0

I0

10
I0
I0
IO

* Il
* Il
* Il

/A2 * /Al * /AQ
/A2 * /Al * /AO
/Il * p

* /Il

* Il
* Il
* Il

/A2 * /Al * /AO
/A2 * /Al * /AQ
/I1 * P

* DO * I0 * /Il

Q7
Q7
Q7
Q7

* % * ¥ ¥ ¥ *
* ¥ * *

I0
I0

I0

I0

*Il
* Il
*I1

/a2 * /Al * /AQ
/A2 * /Al * /AQ
/I1 * P

* D1 * 10 * /Il

Q8 *
Q8 *
Q8 *
Q8 *

* * * *

* *

DO *

Q9
Q9
Q9
Q9 *

* & * %
* ¥ *»

* ¥ * *

I0
10
I0
I0

10

10
I0
I0
I0

*I1
* Il
* Il

/A3 * /A2 * /Al * /AO
*//?2**P/A1 * /A0
I

* /11

* Il
* Il
* Il

/A2 * /Al * /AQ
/A2 * /Al * /AQ
/Il * P

D1 * I0 *Il

* *

* *

* *

%

DATA * /I0 * Il * /P
/DATA * /I0 * Il * p

DATA * /I0 * I1 * /P
/DATA * /I0 * I1 * P

DATA * /10 * I1 * /P
/DATA * /I0 * I1 * P

DATA * /I0 * I1 * /P
/DATA * /I0 * I1 *P

DATA * /I0 * I1 * /P
/DATA * /I0 * I1 * P



example
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1111
1011
1011
1111
1011
1011
1111
1011
1011
1111
1111
1111
0111
0111
1111
1111
1111
1011
1011
1111
1011
1011
1111
1011
1011
1111
1111
1111
0111
0111
1111
1111
1111
1011
1011
1111
1011

1111111111*8031

1111
1011
1011
1111
1111
1111
1111
1011
1011
1111
1111
0111
1111
1111
0111
1111
1111
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1111
1111
1111
1111
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1011
1111
1111
0111
1111
1111
0111
1111
1111
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1111
1111

1111
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0111
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1111
1111
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1111
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1111
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1111
1111
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1101
1111
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1111
1111
1111

0111
1011
1011
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0111
0111
1011
1011
1011
0101
0101
0101
0101
0111
0111
0111
0111
1011
1011
1011
0111
0111
1011
1011
1011
0111
0111
0111
0111
0111
0111
0111
0111
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1011
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0111
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0101
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0111
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0111
0111
1111
1111
0111
0111
0111
0111
0111
1011
1011

1111
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1111
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1111
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example
QP24*Q3290*

L00 0101
1101
1101
1101
1011
1011
1111
1011
0111
1111
1111
1111
1011
1011
1111
1011
1011
1111
1011
1011
1111
1111
1111
0111
0111
1111
1111
1111
1011
1011
1111
1011
1011
1111
1011
1011
1111
1111
1111
0111
0111
1111

1111
0l1ll
1111
1111
1011
1011
1111
1111
1101
0101
1101
1101
1011
1011
1111
1111
1111
1111
1011
1011
1111
1111
0111
1111
1111
0111
1111
1111
1011
1011
1111
1111
1111
1111
1011
1011
1111
1111
0111
1111
1111
0111

rpl0

1111
1111
0111
1111
1011
1011
1111
1111
1111
1111
0111
1111
1011
1011
1111
1111
1111
1111
1011
1011
1101
0101
1101
1101
1111
1111
0111
1111
1011
1011
1111
1111
1111
1111
1011
1011
1111
0111
1111
1111
1111
1111

1111
1111
1111
0111
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1011
1111
1111
1111
1111
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0111
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1111
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0111
1111
1111
1111
1111
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1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
0111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
0111
1111
1111
1111
1111
1101
1101
1101
1101
1111
1111
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1111
1111
1111
1111
1111
1111
1111
0111
1111
1111
1111
1111
1111
1111
1111
1111
0111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
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1111
0111
1111
1111
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1111
1111
1111
1111
1101
1101
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0111
0111
0111
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0111
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1011
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0111
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1011
1011
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0111
0111
0111
0111
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0111
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1011
1011
0111
0111
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1011
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0111
0111
0111
0111
0111
0111
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0111
0111
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0111
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0111
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0111
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1111
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1111
1111
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0111
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1111
1111
1111
1111
1111
1111
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CHIP EXAMPLE 20RP10
CL, A3, A2, Al, AO, DO, D1, 10, I1l, DATA, P ,GND,
/OE, Q0, Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, VCC

EQU
Q0 := A3 * Q0 * 10
+ A2 * Q0 * I0 * Il
+ Al * Q0 * I0 * Il
+ A0 * Q0 * 10 * il
+/A3 * /A2 * /Al * /AQ *
+/A3 * /A2 * /Al * /AQ *
+ /I0 * /I1 * P
+ /A3 * DO * I0 * /Il
Ql := A3 * Q1 * IO
+ A2 * Q1 * 10 * 11
+ Al * Q1 * 10 * Il
+ A0 * Q1 * 10 * Il
+/A3 * /A2 * /Al * /AQ *
+/A3 * /A2 * /Al * /AQ *
+/I10 * /I1 * P
+/A3 * D1 * I0 * /Il
Q2 := A3 * Q2 * I0
+ A2 * Q2 * 10 * Il
+ Al * Q2 * I0 * Il
+ A0 * Q2 * IO * I1
+ /A3 * /A2 * /Al * /AQ
+ /A3 * /A2 * /Al * /AOQ
+ /I0 * /I1 * P
+ /A3 * DO * 10 * /Il
Q3 := A3 * Q3 * 10
+ A2 * Q3 * I0 *I1
+ Al * Q3 * I0 *Il
+ A0 * Q3 * I0 *Il
+ /A3 * /A2 * /Al * /AQ
+ /A3 * /A2 * /Al * /AQ
+ /10 * /I1 * P
Q4 := A3 * Q4 * I0
+ A2 * Q4 * I0 * Il
+ Al * Q4 * 10 * Il
+ A0 * Q4 * 10 * I1

DATA */I0 * I1 * /P
/DATA * /I0 * I1 * P

DATA * /IO * I1 * /P
/DATA * /I0 * I1 * P

* DATA * /I0 * I1 * /P
* /DATA * /I0 * I1 * P

* DATA * /I0 * I1 * /P
* /DATA * /IO * I1 * P

+/A3 * /A2 * /Al * /AQ * DATA * /I0 * I1 * /P
+/A3 * /A2 * /Al * /AO * /DATA * /I0 * I1 * P

11



Q5

Q6

Q7

Q8 :

/A3 * /A2 * /Al * /AO
* /A2 * /Al * /AO

+
+
+ A0
+
+

* Q5 * I0
* Q5 * I0
* Q5 * 10
* Q5 * I0
* /A2 * /A
* /A2 * /A
* /I1 * P
* D1 * I0
* Q6 * I0
* Q6 * I0
* Q6 * I0
* Q6 * IO
* /A2 * /A
* /A2 * /A
* /I1 * P
* DO * IO
* Q7 * 10
* Q7 * I0
* Q7 * 10
* Q7 * I0
* /A2 * /A
* /A2 * /A
* /JI1 * P
* D1 * IO
* Q8 * I0
* Q8 * I0
* Q8 * I0
* Q8 * I0

*

/Il * P
DO * IO

Q9
Q9 I0
Q9 I0
Q9 * I0

*

I0

* ¥ ¥ ¥
* * ¥

* /A2 * /Al * /AQ
* /A2 * /Al * /AO
*
*

/I1 * P
D1 * I0

* 11
* I1
* I1
1 * /A0
1 * /A0

* /Il

* Il
* Il
* I1
1 * /A0
1 * /A0

* /I1

*I1
* Il
*11
1 * /A0
1 * /A0

* /11

*11
* Il
* I1

* /11

* Il
* Il
* Il

*I1

* DATA * /I0 * Il * /P
* /DATA * /10 * Il * P

* DATA * /I0 * Il * /P
* /DATA * /I0 * I1 * P

* DATA * /I0 * I1 * /P
* /DATA * /I0 * I1 * P

* DATA * /I0 * Il * /P
* /DATA * /I0 * Il *P

* DATA * /I0 * I1 * /P
* /DATA * /IO * I1 * P

12



example rp

O Noubh WO

0123

X-X-
-—x— x ———————
--x-
-—x-
-x—-—
-x--

-3 - -

x—-—
—x--
—x——
—x--—
-x——
- -
_x——
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Yoo ocame cwem=
-an ep e x--- - an e -
e esEapEn  @» e e en x---

Polarity Fuses

Output pin: 1111112222
4567890123

Legend:

Fuses Blown :

fuse blown: -

2772

14

fuse intact:

X

I ]



C>RPPAL

C>PARSER
Enter input file[specs.dat] : SPECS41.DAT
C>20RP10
kkkk%k% FRROR !!] *kkkkkik
q0

OUTPUT HAS MORE THAN 8 PRODUCT TERMS

c>
c>

C>RPPAL

C>PARSER
Enter input file[specs.dat] : SPECS42.DAT

C>20RP10

kkkkk* ERROR ! 1| **kkkkk

ql and g2
HAS MORE THAN 16 PRODUCT TERMS

c>
c>

C>RPPAL

C>PARSER
Enter input file(specs.dat] : SPECS43,DAT

C>20RP10 15



q9
OUTPUT HAS MORE THAN 8 PRODUCT TERMS

c>

c>

C>RPPAL

C>PARSER
Enter input file([specs.dat] : SPECS45.DAT

C>20RP10

kkkkk% ERROR ! 1! **k%kkkxk

a32 UNDEFINED SIGNAL NAME

c>

c>

C>RPPAL

C>PARSER
Enter input file[specs.dat] : SPECS44,DAT

C>20RP10

kkkkk* ERROR (1] Ahkkkk%

cl

THIS SIGNAL IS PIN 1 AND CANNOT BE USED AS
A SIGNAL IN AN EQUATION

e 16



CHIP EXAMPLE 20RP10

CL, A3, A2, Al, A0, DO, D1, I0, I1, DATA, P ,GND,
/OE, Q0, Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, vCC
EQU

Q0 := A3 * Q0 * IO

+ A2 * Q0 * I0 * Il

+ Al * Q0 * I0 * Il

+ A0 * Q0 * IO * il

+/A3 * /A2 * /Al * /AQO * DATA */I0 * I1 * /p
+/A3 * /A2 * /A1 * /A0 * /DATA * /I0 * I]1 * P

+ /I0 * /I1 * P
+ /A3 * DO * I0 * /Il
+ A3 * Q0 * /IO

17



CHIP EXAMPLE 20RP10
CL, A3, A2, Al, AO, DO, D1, I0, I1, DATA, P ,GND,
/OE, Q0, Q1, Q2, Q3, Q4, Q5, Q6, Q7, 08, Q9, VvCC

EQU
Ql := A3 * Q1 * IO
+ A2 * Q1 * I0 * Il
+ Al * Q1 * 10 * Il
+ A0 * Q1 * I0 * Il
+/A3 * /A2 * /Al * /AO * DATA * /10 * 11 * /P
+/A3 * /A2 * /Al * /A0 * /DATA * /IO * 11 * P
+/I0 * /I1 * P
+/A3 * D1 * 10 * /Il
+ A3 * /Q1 * /10 * Il
Q2 := A3 * Q2 * IO
+ A2 * Q2 * I0 * Il
+ Al * Q2 * 10 * Il
+ A0 * Q2 * 10 * 11
+ /A3 * /A2 * /Al * /JAO * DATA * /I0 * I1 * /P
+ /A3 * /A2 * /Al * /JAO * /DATA * /I0 * I1 * P
+ /I 0 * /I1 * P
+ /A3 * DO * 10 * /Il

18



CHIP EXAMPLE 20RP10
cL, A3, A2, Al, A0, DO, D1, IO, Il, DATA, P ,GND,
/OE, Q0, Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, vCC

EQU

A3 * Q9 * IO

A2 * Q9 * IO * Il

Al * Q9 * I0 * Il

A0 * Q9 * IO * Il

/A3 * /A2 * /Al * /AQ * DATA * /I0 * I1 * /P
+ /A3 * /A2 * /Al * /AO * /DATA * /IO * I1 * P
+ /I0 * /I1 * P

+ /A3 * D1 * I0 *Il

+ A3 * /Q9 * /IO

Q9 :

+ 4+ + 0

19






A.3 PALASM for CP/M Systems A.3-1

To run CP/M PALASM, the follo?ing are minimum system requirements:
- 64K bytes of memory E
- 2 disk drives
- CP/M operating system

- Optional text pri?ter

Key Features
- Assembles PAL Design Specifications for both 20= dnd'24-pin FALS.
- PAL fuse patterns generated in various programmer formats.

- Available in industry standard 8-inch single-siéed single—-density
CF/M format. Special requests are necessary for 5.25-inch disks.
This is because of the various permutations of disk formats for such
disks. 'wa,, :

- This version of FALASM should run on all standard CP/M systems.
These include: Altos, Heath with Magnolia, TRS-80 Model 2,

Osborne 1, etc. o

g "

The CF/M version of FALASM is written in M1crosc+t BASIC. It has two
program segments and a data table.

- PALl is the driver program which assembles the edﬁations and
qenerates the fuse plot and puts i1t into a temporary work file
called FALTEMF.DAT. Unlike other versions of PALASM.,this one
module handles BOTH 20- and 24-pin PALs. ‘

- FALL uses PALTEMF.DAT to generate the various programmer formats.
- FALTABLE.DAT is a data table which describes the structure of each
FALL type.
The CF/M package you receive should have three B-xnch dzsks. Eelow is a
directory of each disk.
Disk #1: PAL1.COM. FALZ2.COM, PALTABLE.DAT and F7000.DAT-F7039.DAT

Disk #2: P7040.DAT-P707%9.DAT
Disk #3: P7080.DAT-F7098.DAT

s

P7000.DAT-F7098.DAT are are design examples from the FAL hanaboolk.

(e) Coplyright Monolithic Memories Inc. 1983 All Rights Reserved.



A.3 PALASM For” CP/M Systems A.3-2

As with other versians of PALASM, two steps are necessary:

1. Generate the PALASM specxf:cat1on file using your
favorite editor.
2. Run PALASM itself, which is what we will discuss here.

To start. when,yoqzsee the A> prompt, type the following:
A PALi
4

(c) Copyright 1983 Monolithic Memoriés Inc. All Rights Reserved"

§ mifg iR [l PALASM=2Q/24 :in Basic: T .
Revision Level 2.0
07/13/81 D. Jones -
06/22/83 U. Mueller & C.B. Lee

Note: When using the 20%—PALs:rin: the series 24
family, the XOR operator: ’m+e’ should etart a new
line. Thus, /Q1 := AXB + CXD-1+2 EAF <+ GiH

is an error ; SFer o
It should read: )
/01 2= A%XB + C¥xD " or /Q1:= AxB
s+: EXF + GxH ' - + CxD
t+3 EXF
The second format is recommended + GxH

for ease of reading and commenting.
‘Note also a space is required before and after
the >+* in the first format.

E

O oseIanT ¢ as i
Presshqfkey~to contxnue...~;tm-
LA A L
Pressing any key clears the screen and prov1des the next prompt
( at the bottom of the screen. The exchange shown below assumes that
( the data file is called FP7000.DAT and is located in drive A together
with PAL1.COM and PAL2.COM:.

What is your input filename?P7000.DAT

You will then see a series of prompts which indicate the tvpe of
( processing being performed.

ASSEMBLING. . .PLEASE WAIT !!!
PART NUMBER ... OK !!!
© PIN LIST ...... OK !!!

As each” equation is assembled. PALASM prompts with a message
for each output, the general form of which is shown below. Each
output is identified by name and the correspondxng product line is
given. You should see a number incrementing at the bottom left hand
corner of the screen. This is the current product line being processed.
For 20-pin FALs, this number should count from O to 63 while for 24-pin
FALs the count is from O to 79.

P e e e e

(c) Copyright Monoljithic Memorigs Inc. 1983 QIL*RL' ~ erved., -
WmENEEER Jr0 i L g’ Sl b e %'?XE’% Pﬁ’?’ -



A.3 PALASM for CP/M Systems @ 2w PROE: Ay IS o

—~

—~

(c)

SSEMELING QUTPUT: Bs PL

A 4 = 8
ASSEMBLING OUTPUT: s PL = 16
ASSEMBLING OUTPUT: s PL = 24
ASSEMBLING OUTPUT: Ls PL = 48
ASSEMELING OUTPUT: s PL = 32
ASSEMELING OUTPUT: Ry PL = 40

_17
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When assembly is &dmplete, vyou will see the following options

men
(4% 4
is

u on the screen. Either lower or upper case letters ci&n be used.
this time, PALZ is automatically loaded and executed. As FPALTEMF.DAT
being read, the product line gount-is Fepeated. ward %

(c) Copyright 1983 Monolithic Memoridés ilmcé“All Rights Reserved

Enter option at this t1me=

DDIMGOTIrZIWx

0

the

bel

E
B:

I3

Co

- Xplot

- Brief Xplot

- Hex (Ascii Hex .programmer.<fFormat)
- BPNF (Ascii programmerz format) .
- BHLF (Ascii programmer fdirmat) - <¢
- Program PAL (SD20/24 format)

- Pinout

- Jedec format

- Echo (Reprints PAL design spec. )
- Restart PAL-assembler

- @Quit (End program)

PTION (without Return) ?

For each of these options, the user has the choice of d1rect1ng
output to the screen or creating ‘a new outpuﬁeﬁlﬁe' The example
ow directs the output to the new flle Bhbl «GAT.

)
&

nter 4xlename for output (return for none)

BASIC GAT w: &
f3enerates complete FAL tuse plot, where

"X" - unblown fuse ™

"= = fuse blown

"o" - low phantom fuse

"J* = high pharmtom fuse
Generates brief fuse plot displaving onl%ﬂ%h ‘”IQ}e lines
which are essential to describe the +unrtibn. TET :

v A B oW &

Generates FAL fuse pattern 19 Q xadecimal (HEX)_ programming
tormat. FE e

Frovides BFNF proqqamming #oémi@;

Gives EHLF programming ¥ormat.
i S : F

-

aM Fhp Feved
pyrighE ﬁdﬁ%lzthxc Memories 'IAE. 1983 A1l" Ri%hts R;;erved.



A.3 PALASM for CP/M Systems page A.3-4

f Ki

P - Downloads the FAL Desxan Spec1f1cat1on into the SDZO/24 PAL programn
When this option is picked. PALASM responds with:

I1s programmer *0ON° and *RESET®

- LfcthesShee /24~ s now turned on, PALASM starts sending the FAL
,&aﬁnnn25pec3fiaa®man 411@&to thﬁARSZIE port; You will then see:

g

NAIT - LOADING ..."

~heny doadiswgndis: mﬁmpimted the ne prbmptW4s dlsplayad-

R e ol 1"".~‘"

On yellow light Programmer is busy - Don t
Touch anything !!!

On green light : Insert your PAL and press
' <FROG> on the programmer

On red light : Assembling Error - Your FAL
. Design Spec. is wrong.

0 - Provides a pinout of the input spec.
J - JEDEC format. This is the format used bv most DATA [/0 programmers,

You have the choice of sending the output to the cerial port (DATA l
or to the output file vou specified. The program prampts with: )

Press 1 for DATA 1/0
‘2 for File or

<return:> for none of both
After vou respond, you will see the next screen:
FPower on Data I/0.
For information about how to setup the Data I/0
to receive mode, look in the FPALASM manual under
Appendix H:
Press <return:> when ready...
After this press <RETURN> on the computer.
As the JEDEC +ile is being down~loaded, the next prompt is:

Please Wait !
You are now down-loadzng to the Data I1/0.

R - fRestarts the FAL assembler.
E =~ Echos the FAL Design Specification file.

a - #its the program and returns to the operating system.



A.> PALASM for CP/M Systems page A.3=5

Caveats, Restrictions and Other Gotchas

General

1. At present, the simulator -and +ault gridding:options have not vet
been implemented oq*&he’GﬁﬁMuvensianrmwhawathsuaﬁbatmmeﬁavailable,
an update will be sent out to vou.

i

-+ For communigationswith. your: RO programmeess mak@2@artain that the
L3T: device for your svstem is a serial port.

(c) Copyright Monolithic Memories Inc. 1983 All Rights Reserved.



