


MonolIthIc ~~n 
MemorIes Ln.IlW 

2175 Mission College Boulevard 
Santa Clara, California 95050 
408-970-9700 
TWX 9103382374 
TWX 910 338 2376 

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 is the 
latest release of PALASM designed to support all small & medium 
PAL devices including the programable porarity series (16P8). 
It has been extensively modified from its parent Vl.6C program 
and offers many benefits. It is 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. VI.7C & Vl.7D provide 
a X state & allow the programmers to ignore those pins. 

2. Product terms in the l6P8 PAL device for the enable 
pin had all fuses blown on that pin. This has been corrected. 

Recent improvements - Vl.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 listing 
files. 

3. Acceptance of UPPER & lower case letters in menu 
commands in PALASM. Commands will have the same effect 
regardless of the caps lock 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 
comments from input design files. This makes maximum use of 
limited RAM space for design file storage. Echo of design 
text will produce a listing with multiple spaces squeezed 
to one & comments removed. This should not affect 
processing functions. 

read 
the 

file 
down 

other 



PALASM VI.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 listed 
for VI.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 VI.8C software - follow directions from the VI.7 
manual. 

PALASM VI.9A is an early release of 20RAl0 & 20RPl0 
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. VI.9A is only available for VAX & 
IBM-PC computers. Future versions should be available for 
a-bit machines. A short user's manual has been written 
for each of the programs. 

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 & eaS1er 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-0000 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 is 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 Memor ies Inc. The cop.ying 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 
remains the property of Monolithic Memories Inc. Allother rights 
reserved by Monolithic Memories Inc., 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, Inc. 

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. 

(c) Copyright Monolithic Me.cries Inc. 1984 All Rights Reserved. 
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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 SpecificationsJ 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 (SAO) 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 PALs and PALASM requires the following steps: 

1. 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 .e.aries Inc. 1984 All Rights Reserved. 
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Pigure 1.1: The PALASM Plowchart. 

From: J. Birkner, V. Coli, D. Sackett, Programming Logic Chips on 
Personal Computers, Machine Design, July 1983, p.8l 
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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 
PDPlI/RSX or PDPll/RTll 

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/O Model 19 Programmer with Logicpak 
DATA I/O Model 29A with LogicPak 
STRUCTURED DESIGN 20/24 
STRUCTURED DESIGN PAL Burner 
STAG PM202 
STAG PM2200 
DIGELEC(FAMSl or FAMS2) 
PROLOG M980 
PROLOG 9068 
KONTRON HPP80S 
KONTRON HOD2l 
VARIX 

For software development and user customization of the pro
gram, a FORTRAN compi ler / linker and another di sk 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 MelaOries Inc. 1984 All Rights Reserved. 
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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 l28K. 

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. 
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Pigure 2.1: The PALASM Syntax 

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

PAL 10&.8 -PAL _ rutIDW 
P00123 -0 .. 111 ..... -' rUftbIt 
EXAMPl.E -NIrN d IIPPICatlon 
MMI SUNNYVALE. CALIFORNIA --o.qw's CCIfTIPMY 
A a C He He He He He He GND He He He He He He He "'He vee -PIn'" 

Symbalc ".,... .... ..,. 
F - A-a + C ;A AND a OR C -Equd:Ina defIMg PAL to chip piN. 

trINfW Mctian. 

FUNCTION TA8I.£ 

A 8 C F -PIn" 
;A8C F COMMENT -Table hMdIngs 

LLL L ALL LONS 
L.HL L TEST AND GATE LDN 
HLL L TEST AND GATE LDN 
HHL. H TEST AND GATE 
XXH H TEST OR GATE HIGH 

y~ 0U'PUt proclad by spec:ifted inputI. 
L.......tnput .. ~ _ to besmutat.d. 

OESCRIPTION 

THIS EXAMPU ILWS'TRATES THE FORMAT OF THE PAL OESIGN SPeCIFICATION. 

EXAMPLI 

,..( :: "" 
~::==~ 
3 100xvvvvxxxXxxXXXHX1 

0.1 denote .. an inputI. L Lx __ 
coo

• __ 
far __ • 

H. L dInote 0U'PUt .... proclad 
• 110XXXxxxXXXXxxXXUC1 
5 XX1 xxxxxxxXXXXXXXLX1 

PASS SlMULAT10N 

by~input .... . 

11 1111 1111 2222 2222 2233} COlumn '-dIngI. oarr.oco Id 
0123 ~ _1 234 1711 0123 ~ 8901 to .... INruntIerI. 

,.c;-......... CDiwpGild to praduct line runber. ~"'*"" IymtIOIa far product IN. 

8 X-X- - - - - - - A" 
I-~ - - - - 0 -C 

~fulenatoplnlld '-o...CIPINd~. 
LEGEND: X: FUSE NOT BLOWN (L.N.O) 

NUMIIR OF FUSES BLOWN - 11 

• : FIIsaaLCIWN (It. P. 1) } "== 

PAL 
speciAcaIkll i 
~by 
dIIigIW. 

(c) Copyright Monolithic lIe.,riea Inc. 1984 All Rights Reserved. 



3.0 ~he 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 name 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 

( FUNCTION 'and TABLE 
<function table pin list> 
<function table list> 

column 1 and have 1 space betweE 

I ( 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 Me.aries Inc. 1984 All Rights Reserved. 



3~O ~he Syntax of PALASM 

A Closer Look at the PALASM Syntax 

<pal type line>: 

page 3-2 

Starting in line 1, column 1, this specifies the PAL typ~ 
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 begin on line S. 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 list, 
equations and function table as follows: 

<comments>: 
A comment begins with a semicolon "I" and continues to the 

end of the current line. This same convention is used for commentary 
in the following parts of a PALASM specification: 

<equation list>: 

<pin list> 
<equation list> 
<function table pin list> 
<function table list> 

This is a sequen.ce 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!l! 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 "I", the state of 

the pin name is logically complemented. 

(c) Copyright Monolithic Me.:>rieslnc. 1984 All Rights Reserved. 



3.0 ~he Syntax of PALASM page 3-3 

IF ( ): 
This tells PALASM that the output pin within the parentheses 

is to be an output on ly when the PRODUCT is true. Otherwise, the 
output will be put in high impedance mode (high-Z). 

<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) 

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: 
L Force a low on the input pin. 
H Force a high on the input pin. 
X Although specified as a don"'t care, PALASM 

defaults to a low signal onthispin. 
C 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 Hand 0 
for L in its generated test vector list. 

An output may have one of 4 states: 
L Expect a logic 0 on this pin. 
H Expect a logic 1 on this pin. 
X Do not test this output. 
Z Test for high impedance on this pin. 

(c) Copyright Monolithic Me.aries Inc. 1984 All Rights Reserved. 



3.0 ~he Syntax of PALASK page 3-4 

A brief example of the PAL input spec follows: 

PALl2B6 PAL DESIGN SPBCIPICATION 
P7000 JANE BBGIHBBR 03/12/82 
SIMPLE EXAMPLE 
MIll SANTA CLARA, CALIFORNIA 
ABC NC He He HC HC He GND HC HC P HC NC NC tiC He He vec 

P - A + B*C 

FUNCTION TABLE 

. , A B C 

;SIMPLB ~RAHSFBR PUMCTIOH 

F 

; IIiPDrS OO'l'Ptrr 
;'1 '2 '3 

L 
L 
L 
L 
a 
H 
B 
B 

L 
L 
a 
B 
L 
L 
a 
B 

DBSCRI Pl' ION 

L 
a 
L 
B 
L 
B 
L 
B 

L 
L 
L 
a 
a 
a 
B 
a 

TBIS EXAMPLE ILLOSTRATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT A 
SIMPLE BOOLEAN TRANSFER PUHC'l'IOIi. 

PALASM EXERCISES THE FONCTION TABLE TO SIMULATE TaB TRAIISFER 
FUNCTION. 

A G,-eat Performer! 

./ 
<:)' •. 

/,/' 
0"", /" .' I 

o' II". ' , I ~ \ / /. \';:, "I .\, <:) 

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



3.0 The Syntax ot PALASM page 3-5 

1. The arChitecture tor these PALs are Shown on the pages 
that tollow. With the polarity fuses intact, these PALs are 
active low; when blown, the outputs are active high. 

For example, if output 1, OUT1, is specitied as 
uncomplemented in the pin list, and in the equations, it is also 
specitied in the uncomplemented torm, the polarity tuse WILL be 
blown because the output is specified as active high. 

The converse is also true. It OUTI is complemented in the 
pin list 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 tunction table. The registers will 
then be preloaded with the pin information supplied with that 
P-vector. 

(c) Copyright Monolithic Memories Inc. 1984 All R1ghts Reserved. 
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AN ENHANCED VERSION OF 20 AND 24 PIN 
PAL CIRCUITS THAT PROVIDE .p. FEATURES 

• CO_LUlL' TIITAILI 

16P8 

~I •• 11111111lJrt2r 

L _______________ ......... Mb ... III ...... ... 
Ie) copyright Ronol1thle "e~~l •• Inc. It •• All Right. Re.erved. 

1.0 The Bynt •• of PALAB. peg. 1-1 

2OP10 

.~ 

t 1= - J 0 
~ ",-&oJ .. 
~ -- .. 0 

~ , J I ... 

L-________________ ~ __ ~EU __ ~~ 

'-__ ..... _________ .... _ ..... _J ............. WI .. W.. • .... . 
eel Copyright Ronolltblc ".~rl.' the. 1". All Right. R ••• r •• d. 



4. Running PALASR 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: 

IIOIIOLI'1'IIIC MBIIORIES 20-PIII PALASII (ta) ¥BRSIOR 1.7A 
(C) COP~GBT 1983, 1984 MOBOLITSIC MEMORIBS 

WHAT IS THE SOURCE PILENAME (d:fi1ename.ext) 1: P7030.DA~ 

Enter th~ 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 FILBIIAD - PRESS <EII'1'ER> FOR NO OU'l'PUT FILE ?: ~ 

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-BCBO IRPU'l' 
B-BRIEF 
J -JBDBC FORMA'!' 
C-CATALOG 

o-PIlIOUT 
s-ax 
P-PAUL'! 
Q-OUIT 

ERTBR OPERATION CODS: 

S-SIlIULAft 
I-IftBL BBX 
TESTING 

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

*****************************************************************************~ 

BftBR OPBRATIOII CODB: D 

Documents the entire PAL design by executing the echo, 
pine:l t and plot options on the menu. Sample output from running 
each of these options follow. 

*****************************************************************************, 

(c) CoPyri9bt Monolitbic lle80ries Inc. 1984 All Rights Reserved. 
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BHTBR OPERATION CODE: B 

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) 
acrAL COMPARATOR 
MIll SUNIIYV'ALB, CALIFORNIA 
A7 AO BO A1 B1 A2 B2 A1 B1 GIlD 
A4 B4 AS B5 EO lIE A6 B6 B7 vec 

MB- AO*/BO + /AO* BO JAO 
+ A1*/B1 + /A1* B1 JAl 
+ A2*/B2 + /A2* B2 JA2 
+ A3*/B3 + /A3* B3 JA1 
+ A4*/B4 + /A4* B4 JA4 
+ AS*/BS + IAS* BS JAS 
+ A6*/B6 + /A6* B6 ;A6 
+ A7*/B7 + /A7* B7 ;A7 

PUIICT ION TABLE 

BIRKRBB/COLI 07/21/81 

:+: BO 
:+: B1 
:+: B2 
:+: B3 
:+: B4 
:+: BS 
:+: B6 
:+: B7 

A7 A6 AS A4 A3 A2 Al AO B7 B6 BS B4 B3 B2 B1 BO MB BO 

: INPUT A IRPD'l' B OUTPO'l'S 
;76543210 76543210 MB EO COMMBlI'l'S 
------------------------------------------------~------------

BLLLLLLL LLLLLLLL B L A7-B, B7-L 
LBLLLLLL .LLLLLLLL B L A6-B, B6-L 
LLHLLLLL LLLLLLLL B L AS-B, BS-L 

. 
I.BI.Br.BLB LBLBLBLB L B TEST ODD CBBCDRBOARD 
BBLLBBLL BBLLBBLL L B TEST EVEN DOUBLE CBBCDRBOAIm 
LLBBLLBB LLBBLLBB L B TBs-r ODD DOUBLE CBBCKBRBOARD 

DESCRIPTION 

TBB OCTAL COMPARATOR BSTABLISBBS WBBR TWO 8-BIT DATA STRINGS 
(A7-AO AND B7-BO) ARE EQUIVALBlft' (Bo-B) OR NOT EQUIVALBIft' (RE-B). 

******************************************************************************** 

(c) Copyright Monolithic Re.aries Inc. 1984 All Rights Reserved. 
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BIft'BR OPBRAIfIOR CODB: 0 

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

A7 

AO 

80 

A1 

81 

A2 

B2 

A3 

B3 

************** 
* **** 

* * 
************** 

* **** 
* 1* PAL *20* 
**** **** 

* 1 6 C 1 * 
**** **** 
* 2* *19* 
**** **** 

* * 
**** **** 
* 3* *18* 
**** **** 

* * 
**** **** 
* 4* *17* 
**** **** 

* * 
**** **** 
* 5* *16* 
**** **** 

* * 
**** **** 
* 6* *15* 
**** **** 

* * 
**** **** 
* 7* *14* 
**** **** 

* *' 
**** **** 
• 8* *13· 
.*** **** 

• * 
**** **** 
• 9* *12* 
**** **** 

* * 
**** **** 
*10* *11* 
**** **** 

* * 
*** •••••••• **.***************** 

87 

B6 

A6 

BO 

BS 

A5 

B4 

A4 

******************************************************************************' 
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4. Running PALASII page 4-4· 

BHTBR OPERA~IOH ODDE: 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 
val ues for reg is tered feedback inpu ts 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 state& 

H High level 
L Low level 
C Transition from low to high 
X Irrelevant (defaults to logic 0 for input) 
Z High impedance 

The following test vector states are output: 

H Test for high state 
L Test for low state 
1 Drive to high state 
o Drive to low state 
X Irrelevant (do not test if output) 
C Drive input from low to high state 

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 lIe.ories Inc. 1984 All Rights Reserved. 



4. Running PALASM 

OC!'AL COMPARAmR 

1 100000000XOOOOLBOOOl 
2 OOOOOOOOOXOOOOLBIOOI 
3 OOOOOOOOOXOOIOLBOOOI 

. 
20 01100l100XllOOBL1101 
21 100001111XOOOOBL1111 
22 011110000Xl1l1BL0001 

PASS SIMULATIOli 

page 4-5 

******************************************************************************~ 

BRTBR OPERATIOli CODE: P 

Displays complete fuse plot. 

OCTAL COMPARATOR 

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

o 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 0000 

24 X--- -x--
25 -X-- x---
26 
27 
28 ----
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 --x- ---x 
39 ---x --x-

x--- -x-
-X-- x---

---- AO*/BO 
---- /AO*BO 
---- Al*/B1 
---- /Al.*B1 

--- x--- -x-- ---- A2*/B2 
-x-- x--- ---- /A2*B2 

--- x--- -x-- A3*/B3 
-x-- x--- /A3*B3 

---- ---x --x- A4*/B4 
---- --X- ---x /A4*B4 

---x --x- ---- ---- AS*/BS 
--x- ---x ---- ---- /AS*BS 

~--x --x- ---- A6*/86 
--x- ---x ---- ---- ---- /A6*B6 

---- A7*/B7 
---- ---- ---- /A7*B7 

(e) Copyright MODolithic Memories Inc. 1984 All Rights Reserved. 



4. RUDD inC) PALASII 

40 0000 0000 0000 0000 0000 0000 0000 0000 
41 0000 0000 0000 0000 0000 0000 0000 0000 
42 0000 0000 0000 ~OOO 0000 0000 0000 0000 

61 0000 0000 0000 0000 0000 0000 0000 0000 
62 0000 0000 0000 0000 0000 0000 0000 0000 
63 0000 0000 0000 0000 0000 0000 0000 0000 

LBGBRD: X : POSE NOT BLOWN (L.N .0) - : 
o : PBAMTOM PUSE (L,II,O) 0 

IIOMBER OF roSBS BLOWN • 480 

page 4-6 

PUSE BLOW (B.P,l) 
PIIAII'l'OM PUSE (B,P,I) 

*****************************************************************************~ 

BllTER OPERATION ODDE: B 

Displays only product terms containing blown fuses. 

oc-I'AL COMPARATOR 

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

24 x--- -x-- AO*/BO 
25 -x-- x--- /AO*BO 
26 x--- -x-- A1*/B1 
27 -x-- x--- /Al*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 --x- ---x /A4*B4 
34 ---x --x- A5*/B5 
35 --x- ---x /A5*B5 
36 ---x -x- A6*/B6 
37 --x- --x /A6*B6 
38 --x- ---x A7*/B7 
39 ---x --x- /A7*B7 

LBGEIID: X : FUSB NOT BLOWN (L,II,O) - . . FUSB BLOWN (B,P,l) 

IIOMBBR OP PUSES BLOWN • 480 

SBCURITY PUSE • XX 

***************************************************************************~ 

(c) Copyright Monolithic Me.ori •• Inc. 1984 All Rights Reserved. 



4. Running PALASM page 4-7 

Veti 

, 1M V,:2 

.. 30 

I t .. -= ISO F .. 
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4. Running PALASR page 4-8 

BNTBR OPBRA'fIOIi CODB: B 

This format which is directly compatible with the DATA I/O 
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. 

7 P P F P 7 P F F F F F F F F F F F P F P F F F F P P P P F P P • 
P 7 P F 7 P F P P F F F F F F F F P F F F F P P P F P P F FP P • 
FF F F P P P P 7 F P P P 7 F F P P P F P F P F P P P P P P P P • 

1 111 1 1 1 1 1 1 0 1 1 110 1 1 1 1 111 1 1 111 1 1 11. 
110 111 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 • 
1 1 1 0 1 1 0 1 1 1'1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 • 

HEX CBBCK SOlI· P70 

******************************************************************************** 

ENTER OPERATION CODE: I 

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

:AABBBBOOCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOO 

--> Starting colon marker 
AA --> Record length in hex 
BBBB --> Record starting address in hex 
C ... C --> Data 
DO --> Hex checksum 

All data is sent in streams of 16 8-bit bytes starting at 
OOOH. 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 "M" to "DO" ,modulo 256. Transmission is terminated 
by the bit stream ":OOOOOOOlFF". 

(c) Copyright Monolithic Me.ories Inc. 1984 All Rights Reserved. 



4. RunninCJ PALASII page 4-9 

:20000000070POPOPOP070POPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOFOFOPI0 
:200020000P070POP070POPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOFOPOPFO 
:200040000POPOPOPOPOPOPOP070POPOPOP070POPOPOPOPOPOPOPOPOPOPOPOPOFOFOFOPOPDO 

. 
:200lAOOOOI0I0I0I0I0I010101010001010101000101010101010101010101010101010121 
:2001C000010100010101010001010101010101010101010101010101010101010101010101 
:200lE000010101000101000101010101010101010101010101010101010101010101010lB1 
:OOOOOOOlFP . 

******************************************************************************* 

Bft£R OPBRATIOli CODE: J 

Provides JEDEC formatted fuse plot. 

*D2221*PO* 
LOOOO 01111011111111111111111111111111* 
L0032 10110111111111111111111111111111* 
L0064 11111111011110111111111111111111* 

. 
L0416 11111111110111101111111111111111* 
L0448 11011110111111111111111111111111* 
L0480 11101101111111111111111111111111* 
V0001 100000000XOOOOLBOOOl * 
V0002 000000000XOOOOLB100l * 
V0003 000000000XOOI0LB0001 * 

. 
V0020 011001100X1100BL1101 * 
V0021 100001111XOOOOBL1111 * 
V0022 01l110000X1111BLOOOl * 
P998 

******************************************************************************, 

(c) Copyright Monolithic lIe80ries Inc. 1984 All RiCJhts Reserved. 



4. Running PALASM 

BNTER OPBRATIO. CODB: F 

Assuming product lines can fail by being stuck-at-l or 
stuck-at-O, 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 SAO faults 
- Product Term Coverage 

SAl faults + SAO faults 
PTe = ---------------------------------- * 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 1 UNTESTED (SAO) FAULT • 

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

OCTAL COMPARATOR 

1 lOOOOOOOOXOOOOLBOOOl 
2 OOOOOOOOOXOOOOLB1001 
3 OOOOOOOOOX0010LBOOOl 

20 Oll001100X1I00BL1I01 
21 100001lllXOOOOBL1lll 
22 011ll0000Xlll1BL0001 

PASS SIMULA'l'IOIi 

NOIIBER OP STUCK A'l' ONE (SAl) PAULTS ARE • 16 

HUMBER OP STUCK AT IB.:) (SAO) PAULTS ARE • 16 

PaoDUCT TERM COVERAGE -lOOt 

******************************************************************************** 

(c) Copyright Monolithic Me.aries Inc. 1984 All Rights Reserved. 



4. Running PALASK page 4-11 

ENTER OPERATION CODE: C 

Catalog of available options. 

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

DOCtJMD'.i' (D) 
BCBO (8) 
PINOUT (0) 
SIMULA'l'E (S) 

PLOT (P) 
BRIEF (8) 

BBZ (8) 
II1TEL (I) 
JBDBC (J) 
PAULT (P) 
CATALOG (C) 
QUIT (Q) 

- PRItrrS '!'lIB PAL DESIGN DOCtJMD'.i'ATION 
- PRINTS THE PAL DESIGN SPECIPICATION 
- PRIN'l'S '!'lIB PIROU'l' OP -rBB PAL 
- EXERCISES TBE FUNCTION TABLE VECTORS IN TBB LOGIC 

8QOA'lIORS AIID GBRBRATBS TEST VBC'l'ORS 
- PRIN'l'S TBE D'l'IRB FUSB PLOT 
- PRIftS ONLY 'l'BB USED PRODUCT LIlIES OP -mE FUSE PLOT 

plIAIft'OM PUSES ARB OMITTED 
- GDlBRATBS BBX PROGRAMMIlIG POBMAIJI 
- III'l'BL BEX PIOGRAMIlIIiG FORMA'!' 
- JBDEC PORMAT FOR DATA I/O PROGRAMMER 
- PAUL!' TESTING 
- PRIN'l'S THE PALASM CATALOG 
- BXI'!' PALASM 

******************************************************************************-

(c) Copyrigbt Monolithic Me80ries Inc. 1984 All Rights Reserved. 



A.l PALASM on the VAX-ll/VMS page A.l-l 

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 PALs 
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 
I/O. 

If you ordered the development ve'rsion, 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. 

IOLIB .FOR ver~q,b~ 8f~XtRH cblftti>a\AC6lteli\lbriHa!ho~t t~lkfBr.ftp~ 
This module must be linked in with the main program. 

Unloading ~ Mag !!E! under VAX/VMS 

Helpful Hints: 

The vol ume is labelled PALASM and is recorded in F i les-ll 
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, 
MTAO: or MSAO:. To list all devices on your installat.ion, 
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 II!'AO: !f'APB 

Allocates space for TAPE on device MTAO: 

$MDUft/OVBR-IDBIIT !f'APB 

(c) Copyright Monolithic Re80ries Inc. 1984 All Rights Reserved. 



A.l PALASM Oft the vax-1l/VMS page A.1-2 

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

$CRBA~/DIR [.PALASM] 
$S~/DBPAUL~ [.PALASM] 

Sets up the appropriate default directory. 

$COPY ~APB:*.*'* []* 

This copies the tape files to your directory. 

$DISMOORT ~APB 

Dismounts tape and wraps things up. 

DISREGARD THE SECTION BELOW IF YOU HAVE THE LOAD/GO VERSION •••••••••••••••••••••••••••••••••••••••••••••••••• * ••••••••••••••••• *. 

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. 

S FORTRAN PAL20,IOLIB 
$ LINK PAL20,IOLIB 

•••••••••••••••••••••••••••••••••••••••••••••••••••• * ••••••••••••••••• 

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. 
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A.l PALASK on the vax-ll/VMS page A.l-3 

Dumping! File ~ the VAX to the Data I/O: 

Cable Connections: 

The RS-232C cable that connects the VAX-ll to the Data I/O 
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/O programmer to the modem and VT100 terminal as shown 
in Fig. A.l-1. 

3. Turn the Data I/O programmer on. 

4. Press the "SELECT" (Data I/O). 

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

6. Press the "START" (Data I/O). 

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 I/O. 

10. Reconnect Data I/O to VT-100 as shown in Fig. A.1-2. 

11. Press the "SELECT" (Data I/O). 

12. Press the "SELECT" (Data I/O). 

13. Enter "E1" (Data I/O). 

14. Press "START" (Data I/O). 

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

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



A.I PALASK on the vax-ll/VMS page A.1-4 

P~G~R MODEM VT100 

1-------1 1-------1 1-------1 
PROTECTIVE GND. 1 1 0 1----------1 0 1 0 1----------1 0 1 PROTECTIVE GND. 

1-------1 1-------1 1-------1 
SEND DATA 1 2 0 1----------1 0 2 0 1----------1 0 2 SEND DATA 

1-------1 1-------1 1-------1 
RECEIVE DATA 1 3 0 1----------1 0 3 0 1----------1 0 3 RECEIVE DATA 

1-------1 1-------1 1-------1 
~S 1 4 0 1----------1 0 4 0 1----------1 0 4 1 

1-------1 1-------1 1-------1 
CTS 1 5 0 1----------1 0 5 0 1----------1 0 5 1 

1-------1 1-------1 1-------1 
DSR 1 6 0 !----------1 0 6 0 1---~------1 0 6 

1-------1 1-------1 1-------1 
SIGNAL GND. 1 7 0 1----------1 0 7 0 1----------1 0 7 SIGNAL GND. 

1-------1 1-------1 1-------1 

Fig. A.l-l: Downloading from host (VAX-ll) to Programmer. 
(VAX talking to Programmer and VT100). 

P~G~R VT100 
1-------1 1-------! 

PROTECTIVE GND. 1 1 0 1-----------1 0 1 1 PROTECTIVE GND. 
1-------1 1-------1 

SEND DATA 1 2 0 1-----------1 0 2 SEND DATA 
1-------1 1-------1 

RECEIVE DATA 1 3 0 1-----------1 0 3 RECEIVE DATA 
1-------1 1-------1 

RTS 1 4 0 1-----------1 0 4 
1-------1 1-------

CTS 1 5 0 1-----------1 0 5 
1-------1 1-------

DSR 1 6 0 1-----------1 0 6 
1-------1 1-------

SIGNAL GND. 1 7 0 1-----------1 0 7 SIGNAL GND. 
1-------1 1-------

Fig. A.1-2: Using Programmer as host. 
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A.2 PALASK on the v.&X-ll/URIZ page A.2-l 

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

pals.mmi - A prep~ocessor that identifies the input file as a 20-
or 24-pin PAL and invokes pa120 or pal24 as is 
necessary. 

pa120 and pa124 - Executable file 
respectively. 

for 20- and 24-pin PALs 

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 
I/O. 

If you ordered the development version, 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/O 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 
********************************************************************** 

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. 

, f77 -w pal20.f -0 pa120 
, f77 -w iolib.f -0 iolib 
, link pa120,iolib 

********************************************************************** 

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

, pals ... i 

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 Me.orie. Inc. 1984 All Rights Reserved. 



A.2 p~ Oft tbe vax-Il/URIS 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 p7xxx.dat pal.in 

Please Find Us a J-Iorne , 
• 

(c) Copyrigbt Monolitbic .e~ries Inc. 1984 All Rigbts Reserved. 



A.3 PALASK OD the IBM PC DOS 1.10 paCJe A.3-l 

For the IBM PC, system requirements are as follows: 

- 8088 based microprocessor system 

- l28K 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 'l: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 dur ing execution. 

- PALSETeJ>.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 
pr.ogram, 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 Ke~ries Inc. 1984 All Rights Reserved. 



A • 3 pALM. on the 1811 PC DOS 1.10 pac)e A.3-2 

A> PAL 20 

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 BJUK)R - MADB wmRG rILDAIIB ?11 

RBS'I'ART PALASII (Y/R)? 

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. 

(c) Copyright Monolithic lIe.ories Inc. 1984 All Rights Reserved. 



A. 1 PALM. on the IBII PC DOS 1.10 paCJe A.l-l 

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>PALSftOP 

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. 

SETUP PROGRAM FOR PALASM COMMUNICATON ••• 

Baud rate · .... · 1200 · 
Paritv ........ : Even 

Data bits · 7 · .... · 
Stop bits · .... · 1 · 
New values ok ('lIn) ? 

(c) Copvriqht 1983 Monolithic Memories 
All Rights Reserved. 
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A.3 PALUK on the 1M PC DOS 1.10 page A.3-4 

PALCOMM.EXE uses 
communications with 
following screen: 

the data in PALCOMM.DAT to establ ish 
the programmers. I t then displays the 

PALASM COMMUNICATION PROGRAM ••• 

Enter filename of file to transmit during communication 
with Programmer :7 OUTF'UT. OAT 

( c ) CopYright 1983 Monoilthic 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 <Pl> to send file ••• Press <P10> to exit co .. unications 

(c) Copyright Monolithic Ke80ries Inc. 1984 All Rights Reserved. 



A.3 PALASII on the 1811 PC DOS 1.10 

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>Dla 

OU'1'POT.PRlI o 09-15-83 1:47p 

Your disk however will contain lost files. To recover 
any lost files or clusters, run CHKDSK with the IF switch using 
the IBM 2.0 boot disk. Type: 

A>CBKDSl[ B:/P 

1 lost clusters in 1 chain 
Convert lost chains to files (Y/R)?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 aeaory 
303104 bytes free 

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

............ of \181 ... ItALa 
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A.4 PALASR for CP/R-SO Systeas page A.4-1 

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

- ZSO based microprocessor" system 

- 64K bytes minimum of memory 

- CP/M-SO operating system 

- Optional text printer 

- 1 disk drive. 

The three diskettes you receive will contain the following 
files: 

Disk Il:PAL20.EXE, PAL24.EXE, PALSETUP.EXE, PALCOMM.EXE, 
PALCOMM.DAT 

Disk 12: P7000.DAT - P7049.DAT 
Disk '3: P70S0.DAT - P7099.DAT 

- PAL20.EXE processes 20-pin PALs while PAL24.EXE 
handles 24-pin PALs. Both programs are written in 
FORTRAN77. Each, however, is independent of the other 
dur ing 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: 
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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/O ERROR - MAYBE .aDRG PILERAME ??? 

RBft'AR'l' PALASM (Y/R)? 

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

r , 
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The Intel/MDS version of PALASM is written in FORTRAN IV and 
is divided into four pro9ram segments: 

- PAL20 assembles and generates fuse plots for 20-pin PALs 

- 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 

ISIS-II Preliminaries 

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

:DEVICE:FILENAME.EXTENSION 

I I I 
device name I I 

1-6 alphanumeric chars I 
1-3 alphanumeric chars 

The following device names can be substituted for : DEVICE: in 
the line above: 

:FO: thru :F5: 
:TI: 
:TO: 
:TP: 
:TR: 
:VI: 
:VO: 
:HP: 
:HR: 
:LP: 

Disk Drives 10 thru 15 
Teletypewriter keyboard 
Teletypewriter printer 
Teletypewriter punch 
Teletypewriter reader 
Video terminal keyboard 
Video terminal 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 I/O 
devices (see ISIS-II User Guide, page 2-5 of manual order number: 
98003060). 
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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. 

ISIS-II 
-:PO:PAL20 

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

PAL20 ASSBllBLBR V2. 4 
BN'l'ER PAL PmGRAII > > > 
:PO:P7000.DA'I' 

Our Design Specification is in drive to 

OPERATION CODES 

MONOLITHIC MEMORIES 

P-PLOT a-BRIEF a-HEX D=JEDEC-PORMAT E=BCBO a-OOIT 
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 ser ies 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><~><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 Specificatio~s 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/O error (e.g. l56)~ 
or, if you try to open an already existing file during the PALASM 
output procedure, another FORTRAN I/O error is flagged (e.g. 155). 

Assembler 

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

change to 

OUTPUT = A 
+ B 
+ C 

OUTPUT a A + B + e 
2. Function Table values for GND and VCC should not be 

specified1 nor should GND and vee be ANDed (*) with other inputs. 

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

4. GND allows the user to skip product lines and vce 
provides for upper implementation of open collector functions in 
a PAL16LS or PAL 20LlO. 

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, PAL20XS and PAL20X4 are designed. 

6. Many users write their equations with a feedback 
connection specified for pins 12 and 19 for PAL16LS and pins 14 
and 23 for PAL20LlO. 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. 

S. The JEDEC format generated by this version of PALASM 
can be used with the Data I/O 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. G~D 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 vee is specified, PALASM will blow all 
fuses for that product line. This product line is simulated as 
being al ways high. 

3. Note that IF (Vee) is optional (defaul~ 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 equations 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 a-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/O 
473 Sapena Court/Suite 4 
Santa Clara, CA 95050 

2. Structured Design 
1700 Wyatt Drive/Suite 3 
Santa Clara, CA 95054 

3. Kontron 

4. 

5. 

6. 

7 • 

8. 

630 Price Avenue 
Redwood City, CA 94063 

Stag 
528-5 Weddell 
Sunnyvale, CA 94029 

Digelec 
7335 E. Acoma Drive/Suite 
Scottsdale, AZ 85260 

Storey Systems 
3213 N. Hwy 67/Suite 103 
Mesquite, TX 75150 

Varix 
122 Spanish Village '608 
Dallas, TX 75248 

Citel 
3060 Raymond Street 
Santa Clara, CA 95050 

(408)727-0641 

(408)988-0725 

(415)361-1012 

(408)745-1991 

103 
(602)991-7268 

(214)270-4135 

(214) 620-0925 

(408)727-6562 
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PAL programmer Information 

DATA I/O 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 I/O 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 EC8C. 

Using the DATA I/O Model 29A 

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

<SELECT> 
<E> 
<B> 
<START> 
<START> 

I f you are programming a PAL, r ather than just running 
tests, you will see a sequence of lines starting with L. 

If test vectors are to be sent to the DATA I/O, a sequence 
of lines beginning with V now appears. 

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

The DATA I/O 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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S020/24 PAL Programmer 

Helpful Hints: 

- Has 4K bytes of RAM. 

page B-3 

- 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 5020/24 prompts with -+- character. 

Using the 5020/24 Programmer 

1. To program a PAL, the equations must be downloaded from 
your computer to the 5020/24. Set the computer to the BAUD rate 
you desire. Make certain that the BAUD rate setting on the SO 
matches that of the computer!! To set the BAUD rate on the SO, 
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 SO, put the SO into receive mode first by typing an L when 
you see the "+n 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 
5020/24 performs a "s,mart verifY"J it ignores all phantom fuse 
locations and unused products thereby decreasing program/ver ify 
times and increasing programming yielcF.. 
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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. 
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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/O ERROR - MAYBE WRDRG FILBRAMB 1?? 

************************************************************** 
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 MAllY CBARAC'l'ERS IN THE INP1J'1' FILE 

************************************************************** 

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

PAL P~ TYPE $$$$$$$ IS INCORRECT 

************************************************************** 
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 TSAR 20 PI. NAMES IN PIN LIS~ 

LESS THAN 24 PIN NAMES IN PIN LIST 

************************************************************** 

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

BRROR SY.MBOL • $$$$$$$$ IN LIRE NUMBBR $$$ 

************************************************************** 

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. 

01JTPU'l' lIDS'!' BB IRVBRTED SINCE PAL$$$$ IS AN ACTIVE LOW DEVICE 

************************************************************** 
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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 CAID10T BE INVERTED SINCE PAL$$$$ IS AN ACTIVE BIGB DEVICE 

************************************************************** 

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

THIS PIN HUMBER $$ IS AR INVALID OUTPUT PIN FOR PAL$$$$ 

************************************************************** 

9. Problem minterm in the flagged output equation. 

OUTPUT PIN RAME • $$$$$$$$ 
MIH'l'ERM IN LINE NUMBER $$$ 

OUTPUT PIN HUMBER - $$ 

************************************************************** 

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

THIS PRDDOCT LIRE MORBER $$ IS HOT VALID FORPAL$$$$ 

************************************************************** 

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 POR PAL$$$$ 
TOO MANY MIMTBRMS ARE SPECIPIED 

************************************************************** 

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

FUIICTION TABLE MUST BE SUPPLIED IN ORDER TO PERFORM SIMULATIOR 

************************************************************** 

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

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

************************************************************** 
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14. The symbol flagged is not a valid entry in the function 
table. 

$ IS NOT All ALLOIIBD PONC'rIOR TABLE mrrRY A~ VBC'1'OR $$$ 

************************************************************** 

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: 

POlICT lOR -rULE E1lIOR AT VBCTOR $$$ PIli • $$$$$$$$ 
EXPBc.l' • B AC'l'UAL • L 

PUller ION TABLE ERROR AT VECTOR $$$ PIli - $$$$$$$$ 
EXPBC'l' • L AcrDAL • B 

FOlICTION TABLE ERROR AT VBC'1'OR $$$ PIli • $$$$$$$$ 
EXPBCT • OtJ'l'POT DABLB AC'fUAL • Z 

FUNC'l'ION TABLE ERROR AT VBC'l'OR $$$ PIlI - $$$$$$$$ 
EXPBCT • Z ACrUAL • $ 

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

************************************************************** 

16. Provides a count of errors detected in the function table. 

NUMBER OF FUNC'l'IOR TABLB ERRORS. $$$$ 

************************************************************** 

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

ERROR SYMBOL • $$$$$$$$ 1M LIRE NUMBER $$$$ 

************************************************************** 

18. The number of entries in tbe vector does Dot aatch tbe 
nu.ber of pins defined in the function table pin list. 

PIN NAME IS NOT DEFINED IN THE FUNCTION TABLE PIN LIST 

************************************************************** 
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1. Open Tooled Bit Patterns 
by Vincent ColI 

1 PAT • 1 M.T 10 1 TITl.E 1 PAL THE 1 

I~:-: ~~:- .1:-::::-: ::-: ~ .':-:-:-:- ~.~ : : ~~::-:: : ~: ~ : : ~: ~: -: : -: -:: : : : : : : : : :,:,:,._:,,:,,:, : : : !: : :..:.. :.. ~:..:..:..:..: 
1 1'1000 1 PU-4-3 1 Banic Gate~ \ I'A(.12"6 1 
1-- - - .. - I· . -- - --- - - \ ....... - ... - .. - ............ - ... - - - - .. - - - - --- -- -1- ----- ----
1 1'1001 1 PU-4-9 1 BasIc Clocked Flip-Flops 1 PAL16R8 
, ...... ·1···· ···----1-······················ ···-·····-·-··--------·-1----------
1 nCC2 1 1'11-4-17 I Memory MlIpPt'd I/O 1 1'1\1.161.2 
I· ... - - -- 1----- - - - .. I· ........ - - --- - - - - - - - - - - -.-- - - - - - - - - - .. - . - - - -- - - I· .. - -. - ---
I rlOO) 1 PII-4-21 1 Melllol y Int er foce I.ogie (or 6600 Minop[OCE'300[ \ I'A(.IO(.O 
1 \ 1 Dus 1 
\------ - 1-,- - - - - ..•. \ ..•. - .......... - - ------- -'-'- - - - ------ - --- -- -.-- - - \-.- - - --. -. - . 
1 P1004 1 PII-4-3l 1 Video Logic 1 PAL20LI0 
1-- - - - - -. I· - ... - . . . . \- .. - - . - ....... - ... - .... - .. - . - - - - - - - - - - - - - - - - - - - \- - - - . - - - - . 
1 PlODS 1 1'11-4-37 1 nillary to nco Converter \ I'A('16RC 
1------ - \ .... - ..... \. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... -. \.-' - .... - .. 
1 P1006 \ PII-4",:47 1 Degliteher 1 PA('16R~ 
1-------\-_·_--_··_-\·· .................. -.-- ...................... \ ......... . 
\ P7001 \ PII-4-!)3 \ EIN°la on Ie Diet' GamE' \ "AI.1(.I:II 
\-- ----- \- _ .. - . --. -- \- ------- .. -' - - . . .. - - . - - - -. - -.. - . - . . . . . . . . . . . . . . . . \. . --. . . . - . 

\ 1'7008 \ PII-4-63 I 9-l\1t Regioter \ PA('20XIO 
\ \ PMS1405 1 1 
1----···1···--·····\················ ······-···--····--·······------\····-·----1 
1 1'7e09 1 PH-4-69 1 Multifunction Octal Reglote[ (SN54/74LS]RO) \ I'AL20XR \ 
\ 1 00-8-12 , 1 1 
1----·· . I· ......... I· . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . ..... I· ....... " 1 
\ P7010 1 rll-4-77 1 8-Bit PI lor ity Interr upt Encode[ with Register 1 1'1\1,161,4 \ 
1---·---1·-----·-··\··············· . ····-·\········---1 
1 1'7011 1 1'11-4-83 1 DCIl/IIEX Countt'r 1 I'A(.20XO 1 
1-------1-·------··1··········· ............. - ..... , ············-1-·····--··-1 
1 1'/012 1 1'11-4-91 1 641< Oynallde RAM Rl'fresh/Cont 1011E'( \ I'At.20X4 \ 
1-----··1····------1--·-------_·········_--_·_·····················1········--1 
\ 1'7013 1 1'11-4-99 1 SN54/14S")16 (16-l\it Hult IpIIN/Dlvlder/ \ PA('16RB 1 
\ 1 AN-lie 1 I\cClIl"ul lit (ll ) Stat(' COllntl'l \ \ 
\. "-' . \ .. ······1··· .-----... ···1· .. --\ 
\ r7014 1 PII-4-107 \ AI.lI/AcClIlllu18tOl ,I'Al.lbJ1.4 \ 
1---····-1------··_--\··_···· ................ -.... . ........ \ " .... ---\ 
\ P70lS \ PII-4-113 I Sl"l'111'(,1 .'otor Contlollf'l II'Al.lbF4 \ 
\·------1-·---·----1--·---·-···--·-···········-········ ........... \ ..... -----\ 
1 nOl6 1 1'11-4-121 1 Sh"U En('(ldf'1 1 I'JI,I.lt>R4 1 
1-------1------··· -1·-··········· - ............. ---- ....... ··-·-··-1······· ---I 
1 P7017 1 PII-4-l29 I Guad 411 Mux (SN54/14LS453)' 1 I'Al.}t1(.4 1 
1 1 On-8-28 , \ 1 
\---·_··1····.. \. ..1 .. ·· .. ·\ 
\ "7018 1 1'11-4-137 \ Ollal 8:1 Mux (SN54/14LS451) \ l'AI.2CI.2 \ 
1 1 00- 8· ~ 4 , 1 , 
\---····1····· .... \ .......... ..----- .... \ ... --.----\ 
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1 P7019 \ PII-4-145 1 1611 Mux (SN54/74LS450) 1 PAL20Cl 1 
1 1 OB-8-20 1 1 \ 
1-------1---------·1· ....................... """ : ... -.-.\-- ........ \ 
1 P7020 \ PII-4-153 1 Octal Shift Regist~r (SN54/74LS49B) \ PAL20~6 1 
1 \ DB-8-0 \ \ 1 
1··· .. ··1 ······ .. 1 .......... ······-··\·-·-------1 
\ rlC21 1 PH-4-16l \ 4-0it Shift Register/Co~palatpl 1 FAL16R4 \ 
1-------\----------1----- - ..... - - - .. - .... ---------- .... - ... - --- .. ----\- ---------\ 
\ P7022 1 PII-4-l69 1 4-Dit Counter with 2 Input Mux \ fAL16R4 1 
1-······1··--·_· .. ·1 . .......... .. .. ···--\·---------1 
\ rl0]] \ 1'11-4-177 I Octal Counter (SN54/HLS461) \ r"L20x8 \ 
\ \ Dll- 8 - 4 \ I \ 
\---_···\·····-----1-----------------------_···· .... -- .. - ... -.\.- ........ \ 
1 1'7024 1 rll-4-185 1 Octal Up/Down Counter (SN54/Hl.S490) \ !'Al.20XC \ 
1 I PMs1401 \ 1 \ 
1-------1----··--·· - \ ......................................... - ------1-· --------\ 
\ r707~ 1 1'11-4-193 I IO-Dit lountt'( (SN54/HLS491) \ PAL20xI0 \ 
1 1 OD-8-16 1 \ I 
\------·.1····--·_·_-1-·--················· .. ······ .......... ··· .. 1-------·· \ 
\ Pl026 1 1'11-4-201 \ 4-Bit IIp/Dl)wn Counter with Shift Rt'gil:tt'l 1 I'ALI6X~ I 
1 1 1 and CO~r.lti't (11 1 \ 
\ ..... 1 1 ......... ........... . ......... \ .. -------1 
\ r1027 \ 1'"-4-209 \ 4-Dlt Fla~h Gray AID C(lnVeltel \ PAl.20X4 , 
\ ....... , .... -- .... \ ................................. _----_ ... \ ..... _---, 
\ r70211 1 1'11-4-217 I 4-Bit Gray D/A ConVt'lto \ 1'1\11(11;4 1 
\· .. ····1··-----_···\ .................... -- ................. - ........ -------, 
, rlC29 \ 1'"-4-225 \ a-Bit [)/A (onveltE'1 FAl.l~18 , 
\ .... ' ... \- - - . - . - - - - \. - ....... -. - - - ... - - - - - .. - _.- - . - - - - - ...... - - - - -- - ... - -- - --, 
\ 1'10]0 \ 1'11-4-233 \ Octal Conpillator PAL16(1 
1 \ I'MSI003 \ 
1---· .... I· ..... - - .. , .......... . 
, P'/O]l 1 1'11-4-241 1 (\('tWf'en Linlits lon'1'8tator/RtO'Jir:ter 
1------·\··········\··········· ..... " ......................... . 
\ Plll];! , rll-4-246 \ (\etween 1.1ndts Cl)P'1'8IiltOt/Loqic l'AL)tel 
\---··---1------····\············· ........... . 
\ 1'70J] \ 1'11-4-25] 1 Memol y ~Iilpl'ed p( illt ('( [lel-'oder rAl.161:2 
1-- - - - - . \ .. - - - ..... \. - -' - - - - - -. - -' - . - - ............... . 
\ P7034 \ rll-4-256 \ PI inl ('I [llitn Rt·gif.t('[/Mux I l'A1.20XC 
\-- -- - .. I· ... - .... -. \ ..... - - - - ...................................... I· ... - - - - .. 
1 1'7035 1 1'11-4-263 , 8-State Machine and Will-t(l:'(' O~~oder \ rAL16~~ 
\----- .. I .. · ... -.-.\ ... --....... 1 
1 1'7C.lb \ rll-4-2{,8 36-State Hachint' , I'At.H.r-C. 
\---_._ ............. -_ ..... _........... .. .. \ .... _ ... . 
1 1'7037 1'11-4-274 [lic(' [lecoder \ PAL16LC 
1-----·· ... -..... . .... \-.--- ... -. 
'1'70.Hl rll-4-280 StOll' Point /2, /7, and /11 O('n)Je , rAt.16R4 
\ - - .. - . . . . . - . - . . .. . ... - - - - -. . . . . I· ....... . 
\ 1'7039 1'11-4-290 TlaB ic Signal C(lllt rol1('( No. \ rA(.I(,r-~ 
\--_ .... ------_ ..... _---_.... .\ ....... .. 
11'7040 1'11-4-296 Traffic Signal Controlle( No. 1 rl\(.H.r.c 
\--_ ........ _--_. \. 
\ "1041 rll-4-305 32-llit eRC (Cyellcnl Rl·,)III1.lJIIl'Y Cht,,'killlJl I l'A(,~CXa 
1 E[ror [l('tr~tion, Chil'l " 
\ ....... \ ... -...... . ......... '" .. -- ... \ .. --------1 

(c) Copyright Monolithic Memo[le6 Inc. 1984 All Rights RE'sf'(ved. 
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I Pl042 I PH-4-3l0 I 32-Bit CRC (Cyclical Reaundancy Checking) I PAL20X8 I 
, , 'Error Detection, Chip 2 I I 
�-------�- -. -...... I· ........................ - -------............... ,- - - -------1 
I P7043 , PII-4-3l6 , 32-Bit CRC (Cyclical Redundancy Checking) I PAL20X8 I 
I .' 'Error Detection, Chip 3 I I 
,----- --,- --. - --- --,- --- -. - -- -.-.--------------- -. -- --. -. - - -- --- --... , ..... ··-----1 
, Pl044 , PH-4-322 , 32-Bit CRC (Cyclical Redundancy Checking) 'PAL20X8 I 
, , 'Error Detection, Chip 4 'I 1-------,----------,-------_·_-_·····_·_-_· __ ·····_···-··············1--·---··--·, 
, P7045 , PII-4-332 , Check Bit Generator 1 PAL16X4 I 
.,-------,---------··1·-------_·_· __ ··_------------------------------,------:---, 
1 P7046 1 PII-4-336 , Sy."hOllle Bit Gnerator ,PALl6X4 I 
I-------I-·-----~--I--·---··-··-·-·--·······-·······················1··········1 
, P7047 , PII-4-342 , Error Detection Unit No.1' PALl6LO I ,-------1·· .... --.. -, ....................................... -.- ------1--·--------1 
1 P7048 1 PII-4-346 1 Error Detection Unit No. 2 I PAL16LO I 
,-------,-.-----••. -, ••••••••••••••.•••••••••••••.••.••••••••••••••• , •••••••• -. 1 
, P7049 , PII-5-11I Dot Generator I PAL20X8 I 
,-------1-· -.- -. ---. , .... -----------.--. -- ------ -.-....... -........... " ,- ----- .... I 
1 P7050 ,PII-5-25 'CHAR/CURS Generator , PAL20XlO , 
,-------1----------,-·---------······ -.. -...... -. -. -' -........... ~ .. I··· --- --. -1 
, Pl051 ,PH-5-33 'SCAN/LINE Generator 1 PAI.2CXlO 1 ,-------1--- --. --.. , ........ -...... -........ -. --. --.. -------------. , ..... -----I 
I Pl052 'PII-5-43 I LINi:S/SCROL Generator I PAL20XlO I 
1-----:---1----------,--- ----- -. - -... -. - -..... -- ----- --............. - -. , ..... -- -- - I 
I P7053 I PII-5-51 'Composite Video/Baud Rate Generator I PAL20XlO I 
1-------1----------,---------_··_·_---_· __ ··_·_-_·_---------------- 1",--'--" 1 
I P7054 ,PII-5-59 'UART Shift Register and Control ley Detect I PAL20X8 I 
1-------1· - .. - .. - - .. I· ...... - - - - . - ........ - - ... - • - - -' .. - - - - -- -------,- • - - --.- - - ··1 
, P7055 1 PII-5-61 'UART Control , PAL20X10 1 
,------··1············ I······· --'" ----------------.. ---.-- ----. "-" --.. I· ---------1 
1 P7056 I PH-5-11 1 RAM Control I PAL20X10 I 
,-------.,-.- .•..•.... I· ..•..•...................•... _ •............... , ....•..... 1 
, Pl051 , . NONE ,4-Bit Serial Switch I r~L14L4 I 
1-------,---- - -' - -. I· .. -' _ ......... - - - ....... - - - -. - - -. -..... - - -.-- ---I'" - ..... - I 
, Pl058 I NONE 1 4-Bit shifter I PAL14L4 , 
1-------,----------,----------------------_·_--_·· __ ·- .. ~-.-------- 1----------1 
, 1'7059 ,PM5I402 I OCtal Down Counter I PAL20Xn , 
,-------1-·- - - . - - - .. 1-" - - - - -' -- - ... -.- ------------ ----- - -- --- - .... - . - 1- - - - - . - - .. , 
, P1060 1 NONE '4-Bit Counter with Transparent Latch 'PAL20X4 1 
,-----·-.. 1--·_· - ---- - 1-- - - - -- -•.• _ ............... -. -----------------.- ,- -. - -- ----
, Pl06l 'P~S1406 'lO-Bit Register I PAL20XIO 
,-------,- - ........ , ............................................... I· ........ . 
I Pl062 ,PMSIOOI I l-to-8 DemultipleXE'r with <;ontrol Storage I PAJ,Hr.C 
1-------1------· - -. I· -. -. - -.---- ... -------.. ----- -- -.-- -- _. - ----------1--- -..... -
1 Pl063 'PMSI404 I 9-'Bit Counter 1 PAL20XIO 
1-------1· .. -- - - .... I············ -. - _. _ .. _ ..... _ ............. -- -----,--- ------. 
, Pl064 , NONE I 10-Bit Comparator (SN54/74LS460) " PAL20Cl 
,-------,--------_.,----------_._-_._--------_._--_._- ..... _------- ,----------
1 P7065 I tlONE I 6-Bit Shift Register I PALl6R6 1-------1--- ----- -- 1--,- -- ----.......... -.. -........................ , ......... . 
, P7066 I . NONE I 6-Bit Counter I I't.I.lGJ:fi 
1------- 1--' - - - - - -. - I· .. - ........................................... I··· .... - .. 
, Pl061'1 NONE I 6-Bit Multifunction Register I rAl,Hmfi 
1-------1-··--- -. - -- I· . -. - - - - - -. - . - .. - . - - - . : - . - . - ................. - -. I·· . - .. - - - . 

I P1068 , NONE I Multifunction 9-Bit Buffer' 1 PAL20LIO ,- -- -----,----------1------------ -. -----...... ---............. -. -. -... ,-- --------
, Fl069 I NONE 'IO-Bit Buffer 1 PAL20LlO , .. -.... I .. --.----- -. ,. -........... -. ------ ....... ---. -.... ··-----------1----------
I P7010 I NONE 'lO-Bit Open Collector Buffer , PAL20LlO 
1-' -- .. -1----- -.-- -- I· -.... -.......... --. -- -- ---.-- ----' -.. ----------,--.-------. 
I-~~~?~-I---~~~~---I-~~=~~~-~~~~-~~~~~~~~~-~~~~~~~~?-~~~~~~--~-----I-!~~~~~~~-
, Pl072 I PMSI401 I 10-Bit Addressable Register , PAL20XIO 
1--- - - . ··1-----------,· - -.--- - . - - - .. - - - - .. - - . - - - - .. - . - - .... - . - .. - -.- - -- -- -,-.-.--------
1 P7073 1 NONE I MC6800 Microl'locessor Interface I PAL201.10 
1--' ----1------- -·--1------···· -- .......... - - ........ - -_ ... --. ----·-1--
I_~~~~~ 1_ NONE 'Quad 3:1 Multiplexer I P~'~i4;'4-' 
I -I ---------1--···-··---·-······· ................. -------- .... , .... :-----. 
I Pl015 I NONE I 4-Bit Counter with Registers , PAL20X8 
1---' - -. I· ----- ---·-1·· .. - - --. - - ... -. -- --------- ........... -.. ----. -. - I· . -.. -----. 
I F1016 I NONE I 9-Bit Down Counter . . I PAL20XIO 
,---- ... I· ---------, ....... -...... ------.. ----.- -.. ------···----------1· --------. 
I Pl071 , NONE 'Refresh Clock Generator I PAL20XIO 
1-------1---------- -------------------------------- .. --.---------- ,----------
I P7018 I NONE Octal Addressable Register , PALl6R8 
I·-~····I·-----···· ···_·····_········· __ ················_·_-------1 
I_~~~~~_I---~~~~--- oc~~~. ~~~~~~~~~~~.~egister with Demux/Enables ,-;~~i6;;-' 
I P7080 I PMSI002 Octal Addressable Re~i~~~~' ~ith ~~~~~i~i~~~·· '1' ~~~i;;;-' 
1-------1---------- ....... -.. -.... ------ ................. ------, 

,I P7081 1 IIONE Rounding-Control Logic -. I" ~~~i6~i--
1-······ I········· . . .. - ...... , ---- -. - - - - .......... - - - - -.----------'--.-------. 
I r7C82 , IIONE .-Bit Counter with Terminal Count Lock , PAL16R6 
, ....... I· - - - - --·-·-·-1------ --............................ -. ---------1- ---------
I r7Ce3 I NONE I Memory tlapped I/O I PAL18L4 
1- - - •• - - 1--- -- - - - . - , ...................................... - . - - - - - . -I 
1 P7084 I IIONE I 9-Bit Counter wJth Tt!rJloinal Count Lock ,. ~~~;~;i~' 
1-' - - -. -,---------.- , ... - - --. -. -.- ---------.----- ---- - .......... -..... I 
I r1CCS I NONE "5508 Memory Map Interface ",Hl. HIt' Intel 80851' ~~~1~;4--
1-------1----------1·-············ -.......................... I 
, P7086 I IIONE "S508 I/O Device Interface with the Intei' ~~851' ~~~1;;4--
1-------1----------1----------------_··_------_······--------------,----------
, Pl087 1 PMSI403 I 2-Digit BCD Counter , PAL20X8 
,---_···,·_-_······1·····------_········_·_·_-_······· .. ----- , 
1 F7C88 I NONE '9-Bit Counter with Shift Register -----··I-;~~2~;i~-
1-----·-1------···· I·· ...................................... ---.-.- I I F7CC9 'PMSI.08 I Interface Controller for 68000 to Zilog 8500 - I';i~;~;i~~ 
1---···_,··_-----_·_,··_-_·······_···········_········ ...... -. I 
I F7090, NONE '16 Input Pr ior Jty Encoder - ... -.- I' ;~~;~;4--
1-------,----------1---------------------------_·····-------- . 1 I P7091 I NONE I 16 Input Prior it y Encoder Inh·rrupt Flag ------I-;~~i;~i--
1-------,----------1-------------_·_------------------ .. ---------- I . 
I P1092 , NONE '15 Input Registered Priority Encoder -,-;i~2~;;--
I······· I· ··-·····-1········ .... - ........... - .......... ---------- , 
I F70!'3' NONE I 0 Input Priority Ellcodt'l wHl. I"lt'lllpt Flag---,';~~i;;;-:-
I·· - - - .. ,.---------- I··· ..... " .................... ........... , 
I F7CS4 I NONE 1 Dual Stel>per Motor Controller .... " ~~~i6;8--
1- - - ... -.,- -- -.---- - - , ••.......•.. -. ----- - - •.............•. - ------ -. -.,. ------.--:-

(c) Copyright Monolithi~ Memories Inc. 1984 All Right8 Reserved. (c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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1 P7095 1 NONE 1 Octal Registered Barrei Shifter 1 PAL20RS 1 
1- •• - • - - 1- - - ..••••• 1- .. - - - - - - - - - - . - - - - . - - - --------••......•• _.-- -'·'·--1- - -. - -----1 
1 F7CS6 1 NONE 1 Clean Octal Latch 1 PAL20LIO 1 
1------· 1-----------1- •. - -. - . - .~ .••.•......• - .. - . - - . - - . - - - - - •• - •.• _. I· - - - . -·----1 

·1 P7097 I NONE 1 Shaft Encoder No.1 1 PAL16R4 I 
1- • - .... 1- - . - - - ... - , ... - . - - - _. - ••••. - - . - . - • - •••... - . - . - - - - - - - - - • - ---,1- - - - -·------1 
1 f7098 I NONE 1 Shaft Encoder No. 2 1 PAL16R8 1 
I-------I----------I-----·~-----·-·--------------------------------1----------1 
1 F7099 1 NONE 'Shaft Encoder No. 3 (with Internal 4-Bit 1 _PAL20XIO I 1 1 1 Up/Down Counter) 1 1 

. 1--------7-··· - ----- - - .... - -........ - .. - - .. -.- ... - . - . - . - . - .. - - - - - .......... - ... 1 

LCGttm (Note: current MIU publications only) 

PH-m-n = PAL Handbook Second Edition, section RI, page n 

DD-m-n = 19B2 LSI Data Book, section ID, page n (also referenced appendic~s) 

HISIxxx ... PMSl - PAL Medium Scale Integration Book (xxx is the part nunlber) 

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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2. Bit Pattern Cross-Referance 

PALlOL8 I P700) 

PAL12H6 I P7000 

PAL14L4 P7057, P7058, P7074 

I'J\L16A4 I P7014 

PI\I.16Cl P7030, P7032, P708l, P7091 

I'AL16H2 P70n 

PAL16L2 : P7002 

PAL16L8 I P7029, P10)7, P7047, P7048 

PI\L16R4 P7006, P7010, P1015, P7016, P7021, P7022, P7028, P1035, Pl0)8, 
Pl0)9, Pl085, P70B6, P709), P7091 

PAL16R6 I Pl0)6, Pl065, Pl066, P7061, Pl082 

PALl6R8 P700l, P1005, Pl00l, Pl013, Pl040, P1062, Pl018, Pl019, Pl080, 
Pl094, P1098 

PI\L16X4 Pl026, Pl031, P7045, Pl046 

PALIBL4 : Pl01l, Pl0B3 

PAL20Cl P1019, P7064 

PAL20L2 : Pl018 

PAL20LIO I P1004, Pl068, Pl069, P7010, P1071, f7073, f7096 

PAl.20R4 I Pl090, f7092 

PAL20R8 I Pl095 

PAL20X4 I Pl0l2, Pl021, P7060 

PAL20X8 I Pl009, Pl011 , Pl020, P702), Pl024 , Pl0H, Pl041 , P7042, Pl043, 
Pl0U, Pl049, P1054, P7059, Pl01S, Fl087 

PAL20XIO I P7008, P7025, P7050, P7051, P7052, P705), P7055, Pl056, P10n, 
Pl063, Pl072, Pl076, P7071, P7084, P70BB, Pl0B9, P7099 

(c) Copyright MonoHtbic Memories Inc. 1984 All Rights Reserved. 
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1. Bit Pattern DescrJptions 

• *""", •••• ,""""""""", ••••••••••• , •• , ••• ,.,."." ••• " •• ,., ••• , •••• ,. 
P7000 

THIS EXMIPLF. ILLUS'I'RATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT 
TilE BASIC GATES, INVERTER, AND GATE, OR GATE, NAND GATE, NOR 
GATE, AND EXCJ,US I Vr. OR GA'I'E. 

TilE ,,'UNC'I'ION TABLE EXERCISES ALL INPUTS AND 'I'I:;S'I'S BASIC f'lINCTION 
Pt:R"'Of~"ANCF.. PALASH EXf:NCISES TilE FUNCTION TABl.E '1'0 SIHULA'I'I: 'I'HE 
llASlC GA'I'(;S. ... , ............. , ......................... , ... ".".,", ... ".,.,', .. ,"""',. 
P700l 

THIS EXAMPf •• : 1l.1,USTRATES THE USE OF FUSIBLE LOGIC TO IHPLEMf:N'I' 
TilE BASIC FLIP-nOPS: J-K FLIP-FLOP, T FLIP-FLOP, 0 FI.II'-i'·J,OJ>, 
AND S-R FLIP-FLOP. 

NEXT STATE TABLE FOR THE BASIC FLIP-FLOPS: 

-------------------------------------------------------------Q • L 0 = n I 
I TnE OJo' I 1--------·-··· ...... 1···-----·········· I 
I FLIP-FI~P I INPUT I Q+ ~ L I Q+ cHI Oi = L I 01 = n I 
1------ --.- -. 1· . ----- I' - - - ---- - 1-'- -------1· . -------1-' - - -- - -. I 
I 'J-It I J I L I H I X I X I 
I I K I X I X I II I L I 1 ___________ 1 ______ -1-- -- ---" I· . ------- 1- ------ --1- --------1 
I TIT I L I H I H I L I 
1.----------1-------1--------. 1---------1---------1---------1 
I -D I D I L I II I L I H I 
1-----------1-------1---------1---------1---------1---------1 
I SET-RESE'I' lSI L I H I L I X 1 
I 1 R I X I L I H I L I 

--------------------------------------------------------'--'-
r:CT£ THAT A I'AI.16(,8 HAY BE SUBSTI'l'U'J'f:D FOR THIS DESIGN. ,]'liF:N TlIt; 
CLOCK INPUT(CLt:) ~OUI,D BE GATED WITH THE DA'I'A INPUTS ')'0 HH'LUU:N'I' 
'1'IIE "ASIC f'LIP-FLC!')S. 

TilE .'UNCTION TABl,E f:XERCISES ALL ItlPlI'I'5 AND 'I''':8,]'S BASIC FUNCTION 
PERfo'ORMANCf:. PA'~flSH EXt:RCISt:S TliE FUNCTION TABLE '1'0 SIMULATE TilE 
BASIC CI,OCKED FLlI'-"LOl'S. 

•• " •••••••••• w ••••••••• " ••••••• , •• ·············,····., ••• *,.********* •• ,."". 
P7002 

TillS PAL PROVIDES ~ SINGLE CHIP D~CODf:R fOR USE IN MEMORY MAPPED 
I/O OVUM'IOf'tl. E~VM' JOtl TERMS CAN HE CIIANGED '1'0 ACCOMMODM'I:; ANY 
16-IlIT ADDIIl::SS. 

')'flf. P~L WI 1-1. tlONITOR THE SYSTEM MEMORY ADDRt:SS 8US AND DECOllt: 'I'Ht: 
snCJt'HD Mt:MORY ADDRESS WORD (lF78,lF79) TO PRODUCE A "Oll'l' 

(cl Copyright Monolithic Me~orie8 Inc. 1984 All Rights Reserved. 
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ENABLE PIN FOR POR,}'O AND POR'}'l • 

'*'*"""""""'-""",.,"',.,.,.,""',.,', •• ,., ••••• ,""',.,"',.,'" 
P100) 

Till S DI-:V]CE PROVIDES TilE INTERFACE LOGIC ElE-'n/EEN A 6800 
MICROPRESSOR BUS AND FOUR STATIC 4k Mt:MORY CIlIPS. ADDRESS nus 
(A), R~All/wRlTE (RW), PHAS~ 2 (IA~~ (PHASE2), ~ND VALID MEMORY 
ADDRt:SS (VPHASE2) ARE DECODED TO PRODUCE TilE PROPER WRITE ENAhLE 
(tilDE), CHIP t;NABLt: (0:), AtlD OUTPUT 1l1SA[iU. «(SOD) SIGNALS t'OR 
Mt;MORY DA,}'A TRANSFEPS. 

tlOTE THAT /CEO AND ICEI ARE THE COMPLHIIM!'S ('.f eSODO AND CSOD} , 
IIESPECTIVELY. THESE FUNCTIONS ARE IMPLEMENTED BY THE EXT[P~AL 
Cot~Nf:C,}'IONS CSODO '1'0 PIN 9 AND eSODI ')'0 PIN 11. 

"-""',.,., •• ,., •• " •• ,.,', •• ,"',.,.,_.*', •• ,"-'" ••••• , •• " ••••••• , ••••• 
P1004 

THIS VAL REPLACES ALL Of' '}'HE '}'TL LOGIC USED ON A VIDEO DRIVER 
BOARD (5 ICs) 'I'OGETHER WITH 4 PULL-UP RESISTORS. 

"""""""",.,",.,.,.*'*,.,.".,",._"-,.,"'""""".,._." •• "" •• 
P1005 

THt: FUNCTION OF TillS PAL IS '1'0 CONVERT A SlRIAl. 5,}'REAM OF BINARY 
.DA,)'I\ INTO A PARALLEL BCD RU'Nt:St:NTATION. AFTER EACH CLOCK PU(.~E, 
'I'Ht: IiCD OU'l'PU'}' CON,}'AItI5 'litE eORRlC'I' BCD REPRESENTATION fOR 'I'HE 
~t.l./,·J'l"t; lUNARY DATA SHIFTED SO FAR. 

'l'lIt: lIJPlIT lUNARY DA'I'A IS StUFTt:D LEFT (S'I'AR'I'INC, "'n'H 'IHE HSn) 
INTO TilE BCD REGISTf.R. 'I'IIIS '}'ECtINIQUE IS KNOwU AS COULEUR'S 
'l't:CHNIQUE (BIDI-:C). THE CmIBI'l'Ol<lAL NETWORk IS Dt.SIGtJt[) f'ROM THE 
fOLLOWING NEXT-STATE TABLE: 

I PRESENT NEXT 
I STATE STATE COUT 
I B3-BO I 8)-BO I I 
1--------------_·--------_·· __ · I 
I 0-4 I 0-8 I 0 I 
I 5-9 I 0-8 I I I 
I 10-15 I X I X I 

• •••••• ,*"', •• ,""', •• ,",.".,"""""""', •• ,"",.,.".,.,._"._,--"-
·P7006 

THE SYS'J'f:M DETEC'l'S ,)'IIt: lit-GINNING AND THE END OF A SIG~AL WHICH IS 
DISTURBED BY GLITCHES. 

'*"'*"""'--"',._*', •• "._"'-.,""*',.,"-"-'*''*--,-",.,""""""-
1'7007 

THE IlUAL HODULO-SIX COUNTER INCREMENTS ON 'I'tIt; RISU.G HlGE 0 .. 'lltf. 

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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CLOCK (CIC). THE TIIIU;J:;-STATE OUTPUTS ARE HIGH-Z WHEN THE OUTPUT 
CONTROL LINE (fOC) IS IIIGH AND ENABLED WHEN TilE OUTPU'l' CON'l'HOL 
(,WE (/OC) IS LOW. 

THE RINIT- LINE IS NEEDf:D '1'0 INITIALIZE THE COUN'l'J:;R SO THAT TilE 
FUNCTION TABLE SIMULATION COULD 8E PJ:;HFORMt:D AND THE PART COli I,D 
DE TESTED AT THE TIME OF FABRICA'l'ION. TillS 1,INE AS WI:;I,L AS A[,L 
01'Ht:R UNlISt:D INPUTS SHOULD Bt: TIED TO GND. 

'l'HE:I~t: Am: 36 ll1t'f't:IU:NT STATES TO TUE COllNT St:OUENCE. t:I\CII STATE 
CORRESPONDS '1'0 ON 1-: Ot' Tllf: NUMnER COM8INM'IONS ')'0 lIt: mSPI,I\Yf:D ON 
TilE I>lCt:. 

t-40TE THAT THE PINOUT IS CHOSEN TO CONVENIENCE PC BOARD LAYOUT. 

*********************************************************************.********* 
P7008 

TillS 9-BIT REGISTER LOADS 'I'm: DA'1'A (08-00) ON 'l'HE RISING EDGt: Ot' 
TUE CLOCK (CLI<) IF 'l'HE LOAD LINE (/1,0) IS ASSERTED (LOW ON PIN 
11) AND OTHE:RWISt; IIOI.DS 'I'IIE ORWINAL VALUE. 

,)'lIt: 9-1'1'1' AJ:CHl'1't:CTURE .tAKES '1'HIS REGISTER Illt:AL .'OR PARITY aus 
INTERFACING IN MICROPROGRAMMED SYSTEMS. 

'1'tlJ:;St: OPt;RA'J'l(I~S MIt: t:XERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN OPERATIONS TABLE: 

/oe CLK /LD D8-DO 08-00 

II 
L 
L 

x 
C 
C 

X 
H 
L 

x 
X 
D 

z 
o 
D 

OPERATION 

HI-Z 
HOLD 
LOAD 

••••• **.***** •• ********************************************.*.********.*.*****. 
"1009 

TtIlS ]S AN 8-nJ'l' SYNCHRONOUS REGl~'J't;~ WJ'J'II I'AI/At.Lt:L LOAD, LOAD 
COMPLEMENT, PRf.SP.T, C(.t:AR, AND HOLD CAPABIl,ITIES. f'OUR CONTROL 
INPUTS (fLD,POI,,/Cl,R,/PR) PROVIut; ONE OF I'OUR OPI.;I/1\'I'IONS WHICH 
OCCUR SYNCHROIIIOUSLY WITH TUE CLOCk (CLK). 

'1'IIE LOAD OPt:RA',"lliN WAllS 'l'UE INPU'I'S (111-00) ItI'l'O 'I'UE OU'l'PU'l' 
REGIS1'ER (01-('(.,. Jlllt:N POL"H OR LOADS THE COMPLEMENT OF THE 
INPU'I'S WIIt;N 1'01,'·1,. 'l'I't: C ... :AI/ (fCLR) OPt:UI\'l'ION Iu::m-:')'s ,)'tlE OU'I'PU'l' 
Rt:GISTERS '1'0 AI,L I.OWS. THE PHt:SET (fPR) OPa:;"I\'l'ION PRESE'l'S 'l'ut: 
OUTPUT Rt:GISTE:f:S '1'0 ~LL InGHS. Ttlf. 110W Ol't;RI\'1'ION HOLDS THE 
PFt:VIOUS VALUE REGARDLESS OF CLOCt< '1'I/At-ISITIONS. 

C"':/\" OVf:PRIDES }>IU:st;1', PRESt:'1' OVERHIDES I,{)AD, MID LOAU OVt:lIIIllJt:S 
HOLD. 

'1'IIESE OPERA'1'lONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN THE 
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OPERATIOIIIS 'I'ABLEs 

/oe CLK /CLR /PR /LD POL D1-DO 01-(}0 OPlRA'l'ION 
-.... -._------------------- --_ ........................................... -------

II 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 0 flOW 
I, C II II L II D D LOAD 'lRUE 
L C II II L I, D /Il I,OAIl COMP 

--------_ ..... _-----_._-----_.-----_._----_ ••••• -_ .......... oo .... 

* •• *****************************.********************.**.**.******.********-
P10l0 

TilE I/O PRIONI'l'Y IN'1'ERRUP'I' ENCODt:R I'IIIOH},.Ut:S 8 I/O LINES (11 
TIIRU 10) PRODUCING III (03, (}2, AIIID 01 RESPECTIVE:LY) FOR THE 
HIGHEST PRH*I'l'~ I/O DE:VICE (11) AND 000 FOP AI~ INTf.RHlJI''I' nOM 
'l'UE I.OWEST PRIORITY I/O DEVICE (18). 

OUTPUT 04 SERVES AS THE INTERRUP'l' FLAG AND GOES LOW WHEN ANY OF 
TtlE 8 I/O INPU'I'S GO HIGH. 

THE P~IOF)TY INTERRUPT ENCODER REGISTERS ARE UPDATED ON THE 
FISING EDGE OF THE IN'I'ERRUPT CLOCK WPUT (CLK). THE 3-STATE 
OUTPUTS ARE HIGH-Z WHEN THE OU'1'PUT CONTROL LINE (fOC) IS LOW. 

******************************************************.********************. 
P7011 

FOUR IDE:N'l'ICA).LY PROGRAMMED PAL IJt;VICES ARE USED TO DRIVE EIGHT 
OF HP'S NU.U:IUC AND HEX INDICATORS (5082-7340). EACH PAL 
CONSIS1'S OF 'I'WO FOUR BI'1' COUNTENS. STAGE 1 IS 'I'HE LSD AND STAGE 2 
IS THE HSH. CARRYOUT OF STAGE 1 IS CALLt:D IN'l'ERNAL CARRY (COUTI) 
AM) IS f'ED t:X'l't:RNALLY '1'0 S1'AGE 2. COUT2 IS n:() ] N'J'(1 ')'lIt; tlUT 
PI\I,. CARNYOUT AND INTERNAL CARRYS FROM 'l'UE LOWER PAL ARE 
CONNECUD '1'0 M,L OF THE HIGHER PAL DEVICES '1'0 Pt;RFORM 'l'I\E CARRY 
LOOK AHEAD OPERATION. 

1'IIE BCD/IIEX COUN'I'ER HAS BUILT IN 1'ESTABILITY. COU'l'l IS C(l~NECTED 
'1'0 CIN f:XTERNAI,LY AND CAN .·OHCE COUTI '1'0 GO HIGH, THUS S'rAGE 2 
MAY STAF'l' COUN'l'UIG AT 'l'HE SAME; TIME AS S'l'AGE 1 tlHICH REDUCES THE 
NUMBER OF Tt:ST Vf:C'1'OFS IN THE FUNCTION TABLE. 

THIS COUNTt.:R OI'E:RATES AT 10 MHz AND CAN PERFORI' TtlE t'OI,LOWIIllG 
OPt:RA'l'IONS: 

HEX 

X 
L 
H 

CLR 

11 
L 
L 

OPERA'l'ION 

Cl,t;J\R 
COUNT BCD 
COUN'r m:x 

****.************ ••• **************.*.******** ••• ***.*** •• ******** ••• ** ••••• 
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Pl012 

TWO IDf:N'I'ICAl,LY PROGRAMMED PAL20U CAN PERFORM THE 641< DYNAMIC 
RAM REFRESH COm'ROL FUNC'I'ION. 

EITHER COLUMN OR ROW ADDRESSES TO THE RAM ARE SELECTED OEP~NDING 
ON ROW ENABLE (ROWEN). 

AN ADDRESS COUNTER (C3-CO) IS SELECTED DURING REFRESH WHEN ROW 
ENABLE (ROWEN) IS HIGH. 

TIIESE OPf:RA'1'IONS ARE EXERCISED IN TilE FUNCTION TABLE AND 
SUMMt:IU ~t:D IN THE OPERA'I'lONS TABLE: 

/OC COUNT REt'f;N ROWEN 03-00 

II 
L 
L 
L 
L 

x 
C 
C 
C 
C 

X 
L 
L 
H 
H 

x Z 
L A1-AO 
II 1.11-1.8 
H C1-CO 
L H 

OPERATIO., 

HI-Z 
SEI,F.CT LOW AOOR SITS 
SEI.ECT UPPEN AVOR BITS 
SELECT REFRESII AOOR BITS 
SET REFRESH COUNTER 

•••• * •••••••••••••••••• * ••••••••••• * •• * ••••• * ••••••••••• ** •• *.** •• ** •• * •• * ••• **. 
Pl0ll 

Tins I'AL TRACKS ALL 14 OF THE VALID 5'l'A1'E TRANSITIONS FOR 'l'ttE 
SN54/14S516, 16-BIT SEQUEN1'IAL MUI.TI PM ER/DIVIDER/ACCUMULM'OR. 
THE PAL MONITORS TilE 3-BIT INSTRUCTION LINE (12-10) AND CHIP 
ACTIVATION INPUT (lGO) '1'0 THE 'S516 IN ORDER TO PROVIDE TilE 4-81'1' 
S'1'A'I'£ OF THE MACHINE (D,C,8,A) SYNCHRONOUS WITH THE '516 CLOCI 
(CIC) • 

TilE PAL IS INITIALIZED TO S'I'ATE 0 1:\1 DRIVU~(: nil,}' ttlGH (INITeH) 
t·O .... OWED BY A CLOCI PULSE. HOWEVER IN A SYSTEM WITH THE 'SS16, 
')·t.E PAL CAN BE INITIALIZED TO STATE 0 ALONG 'UTH THE 'S516 BY 
RECEIVING 21 CLOCIC PUI.5ES WITH INSTRUCTION CODE 1. 

IN ADDl'I'ION '1'0 TilE INI'l'IALIZA'I'ION PIN (INIT), TWO OTHER PINS ARE 
INCLUDED TO MAn IT EASlER TO FUNC'I'IONAL 'I'EST THE DEVICE: 

SE'I'8 - tilJEU SI:;"'8=HIGII, 'l'HE MACHINE WII.L BE SET TO STATE 8 
SET10 - WHF.N SETI0=HIGH, THE MACHINE tllLL BE SET TO STATE 10 

NOTICt: ')'HAT INI,)', SETS, AND SETlO CAN BE CONVENIENTLY TUD 1'0 
GROUND t'OR NORHA~. f;lRCUIT OPERATION. ALSO SET10 OVERRIDES SETS. 

OPERATIONS. Tf.BLE FOR TilE 'SS16 STATE COUNTER: 

/OE CIC INIT /MODE /GO 12-10 /0-/1. OPERA'l'ION 

n x x x x x Z HI-Z 
L C H X X X H I Nl'I'lALIZATION 
L C ·L L X X X FRAC'I'IONJIIL. AUl'l'lIf'lt;nC It,ODE • 
L C L H X X X INTEGER ARITHMETIC MODE * 
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L C L X H X S HOLD STATE 0, 1, 3, 8, 10, OR 
L C L X L I S+ S'l'A'!'t: TIfANSITION ----------------------------- ................................................ 

" TillS PAL TRACKS THE '5516 EXACTLY UNDER ALL CONDITIONS EXCEPT 
WilEN CHAINED INTEGER DIVSION IS TO BE PERFORMt:D. IN THIS CASE, 
TilE /MODt: PIN IS CONNECTED 'J'O AN EXTERNAL REGIS'I'U WHICH IS SET 
WilEN THE '5516 PASSES THROUGH STATE 1 WITH INS'l'latCTION CODE , 
AUD CLf:ARI::D WHEN 'I'HE 'SS16 PASSES THROUGH STATE 1 WITH 
) t-IS1'IHlC'J'JON CODE 5. IF YOU DO NOT REQUIRt: CHAINf:D ItITEGER 
UJV)~Wt-l, 'I'III-:t~ HUn'I,Y CONNf:C')' '1'111:: /J'Ollt: I'HI ,)'0 GROUND AND TtlE 
)'AL S1'A'I'E COUN1'ER WILL AUTOMATICALLY nt:p 'l'J(ACK OF TilE Ifl::QUIRED 
NUMBER OF DIVISION LOOPS FOR TilE INTEGER AND FRACTIONAL MODES. 
CONSULT ,'UE SNS4/74SS16 DATA SHEt:T FOR MORE INFORMATION ON THE 
JN1·F.C,t:1f AND FRACTIONAL AIU,)'ttMETIC MODES. 

.,** •••••••• * •••••••••••••• * ••••••••• *"* •••• "*"".,,,, •••••••••••••••••••••••••• 
P7014 

THE ALU ACCUMULATOR LOADS TtlE A-REGISTER WI'I'" ONE OF EIGHT 
OPt:RANDS ON TilE RISING EDGE OF THE CLOCI. e AND P OUTPUT 
(:.;NE""'1'E AND PROI'AGATE ON THE ADD ItIS')·RUCTION • P OUTI'U,)'S OP 
ZERO ON INS,)'RUCTIONS 1,2,3,5,6,1. 

OPERA'l'IONS TABLE: 

/oe eLK Il I2 11 10 LIO CIN 1.1-1.0 OPERA'I'ION 
......................... --_ .... ---------- .. ---------------- -- .-- _ ....... -...................................... ----"---

II X X X X X X X Z HI-Z A ·z 
L C L L L L X L A PLUS B ADD 1.:-1. PLUS B 
L C L L L L X H A PL B PL 1 ADD A:CA PLUS B PLUS 
L C L L L H X X A HOLD 1.:"'1. 
L C L L H L X X B LOAD 1':"'8 
L C L L H H X X A AND B AND A:=A*B 
L C L H L L X X /B LOAD COMP A:c/B 
L C L H L H X X A OR B OR A:-A+B 
L C L H H L X LI SL(A) SHIFT LEFT 
L C L H H H RI X SR(A) SHlf"I' RIGHT 
L C H X X X X X A HOLD 1.:"'1. 

----_ ..... __ ._ .. __ ... _--------------------------_._-.- ... -------------------. 
.***.** ••••••••••••• * ••••••• *.*.***.*.**.* ••• " •••••• *** •• *** •• * •••• *.* ••••• * 
Pl015 

THIS I'AL16R4 PROVIDES THE LOGIC LEVELS REQUIRED TO DRIVE TWO 
STEPPER MOTORS IN THE FULL STEP MODE. 

'l'HE FOLLOWING OPERA'i'IONS MAY BE PERFORMED FOR t:ACH STEPPER MOTOR 
CONTROLLER INDIVIDUALLY: 

CLI /E1 /E2 S 

x 
X 

II 
X 

X 
H 

x 
x 

D 

x 
X 

OPERA'I'ION 

HOLD MOTOR IN CURRENT POSITION 
HOLD MO'l'OR IN CUIfREI~T POSITION 
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C 
C 
C 

L 
L 
L 

L 
L 
L 

H 
L 
L 

X 
L 
H 

SET OUTPUTS TO STEP 1 LEVELS 
STEP ,OTOR CLOCKWISE 
STEP MOTOR COUNTER-CLOCKWISE 

••••••••••••••••••••••• * ••••••••••••••••••••• ** •• ****.*.* ••••• *.**.*.***** ••••• 
Pl016 

**** •• **.*.******.***** ••• *.*********.*.*** •••• *.***** •• * ••• ***.**************. 
Pl0l1 

TillS IS AN EXAMPLt: 0(0' A OUAD 4-TO-1 MULTIPI,EXt:R USING A PAI.18L4. 
sta,ECT I.INES 1'1,11 ARt: t:NCODED IN BINARY, Wl'l'1I A REPRESENTING TilE 
1,s8. . 

OPERATIONS TABLEs 

INPUT OU')'PU'l'S 
SELt:CT 
BAY 

L L CO 
L H C1 
H L C2 
H H C3 

* ••••• *************************.******************.******************* •••••••• 
Pl0lB 

THIS IS AN EXAMPLt: 0.' A DUAL 8-'1'0-1 MULTIPl.EXER USING A PAL20L2. 
A S'l'ROJ\E LINE (S) IS PROVIDED TO GATE THE OUTPUTS OFF (Y=H) WilEN 
THE S'l'R08t: It~PUT IS IUGH. THE SELECT LINES A,B,C ARE ENCODED IN 
BINARY, WITH A REPRESENTING THE 1$11. 

OPERATIONS TABLEs 

-----INPUTS----- OUTPUTS 
st:Lt:C'l' S'l'NOBE 
C .. A S Y 

-_.-------------------------
X X X 1\ H 
L L L L DO 
L L H L D1 
L H L L D2 
I. tt H I. D1 
II I •. I. 10 04 
H L H 10 05 
H H ·L L 06 
H IJ H L 01 

....•.••. _._ ... -... _---------
••••••••••• *.,.~ •••• **.*.*.**.***.**.****** •• *.* ••• ** •• * •• * •• **.** ••••••• * •••• 
Pl019 
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THIS IS AN EXAMPLE Ot' A 16-'1'0-1 MULTIPLEXER USING A PAL20C1. 
BOTH TRUE (Y) AND COMPLEMENT (W) OUTPUTS ARE I'ROVIDED. THE 
SELECT LINES A,B,e,D ARE ENCODED IN 
THE LSB AND 0 REPRESENTING THE MSB • 

BINARY, WITH A REPRESENTING 

OPERATIONS TABLEI 

INPUTS OUTPUTS 
SELECT LINES 

D C B A W Y 
------------------------L L 10 L /EO EO 

L L 10 H /E1 El 
L L H L /E2 E2 
L L H H /£3 £3 
L H L L /£4 E4 
L H L H /E5 E5 
L H H L /E6 £6 
L H H B /El El 
H L L L /E8 E8 
H L L H /E9 E9 
H L H L /E10 £10 
H L H H /£11 £11 
H H L L /E12 E12 
H H L H /Ell £11 
H H H L /E14 E14 
H H H H /E15 £15 

-------------------------
•• ***.********** •• *****.***.**.**************.************.**********.***.* 
P7020 

TillS PAL IS AN 8-BIT SHIFT REGISTER WITH PARALLEl. LOAD AND HOLD 
CAPABILITY. TWO FUNCTION SELECT INPUTS (10,11) PROVIDE ONE or 
FOUR OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON THE RISING EDGE OF 
TilE CLOCK (CLIt). THESE OPERATIONS AREI 

/oe CLK 11 10 D1-DO 01-00 OPERATION 

II X X X X I HI-Z 
L C L L X L HOLD 
L C L H x SR(O) SHIFT RIGHT 
L C H L x SL(O) SH If''l' LEFT 
L C H H D D LOAD 

-----------------------------------------------
TWO ON MONE OC,)'AL SIIIFT REGISTERS MAY BE CASCADt;D '1'0 PROVIDE 
LARGER SHIFT REGISTERS. R1LO AND LIRO ARE LOCATED ON PINS 14 AND 
21 RESPECTIVELY, WHICH PROVIDES FOR CONVENIENT INTERCONNECTIONS 
WHEN TWO OR MORE OCTAL SHIFT REGISTERS ARE CASCADED TO IMPLEMENT 
!.AItGER SIlIFT REGISTERS • 

* •••••• *****************.*****.********* •• *****.*.*._*****.*******.***-***
Pl021 
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THIS 4-BIT SHIFT REGISTERICOMPARATOR ACCEPTS POSITIVE NRZ INPUT 
DATA ON THE RISING EDGE OF THE CLOCK (CKr AND PRODUCES A PARALLEL 
OUTPUT (B) WITH A 'COMPARB TRUE PULSE' ON THE NEGATIVE EDGE OF 
TilE CLOCK (CLK). 

THE THREE-STATE OUTPUTS (B) ARE HIGH-I WHEN THE OUTPUT CONTROL 
LINE (/OC) IS HIGH AND ENABLED WHEN THE OUTPUT CONTROL LINE (/OC) 
IS LOW. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Pl022 

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

IOC CLK 11 10 CI A3-AO B3-BO 03-00 OPERATION 

H X X X X X X I HI-I 
L C L B X • X • B06D A 
L C H L X X B B LOAD B 
L C H H L X X 0 HOLD 
L C H H H X X o PLUS 1 INCREMENT 

------------------------------------------------------
............................................................................. , 
Pl023 

THIS IS AN 8-BIT SYNCHRONOUS COUNTER WITH P~RALLEL LOAD, CLEAR, 
AND HOLD CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS (D7-DO) 
INTO THB OUTPUT REGISTER (01-00). THE CLEAR OPERATION RESETS THE 
OUTPUT REGISTER TO ALL LOWS. THE HOLD OPERATION HOLDS THE 
PREVIOUS VALUE REGARDLESS OF CLOC. TRANSI'l'IONS. THE INCREMENT 
OPERATION ADDS ONE TO TilE OUTPUT REGIS1'ER WHEN THE CARRY-IN IS 
TRUE (/CI-L), OTHERWISE THE OPERATION IS A HOLD. THE CARRY-OUT 
(/CO) IS TRUE (/CO-L) WHEN THB OUTPUT REGISTER (07-00) IS ALL 
BIGHS, OTHERWISE rALSE (/CO-H). 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIIED IN ToHB OPERATIONS TABLE. 

IOC CLI 11 10 ICI D7-DO 07-00 OPERATION ---------_ ... _--------------------------------------
H X X X X X Z HI-I 
L C L L X X L ~LEAR 
L r. !. H X X 0 HOLD 
L C tI L X 0 D LOAD 
L C It II H X 0 1101.0 
L C H H L X o PLUS 1 INCREMENT 

--------------------------------------------------
TWO OR MCRE eCTAl. COUNTERS MAY BE CASCADED TO PROVIDE LARGER 
COUN'l'EPS. TilE OPERATION CODES Wt:RE CHOSEN SUCH THAT WHEN J 1 IS 
HIGH, 10 MAY B~ USED TO SELECT BETWEEN LOAD AND INCREMENT AS IN A 
PROGRAM COUNTBi' (JuMP/INCREMENT). ALSO, CARRy-oUT (/CO) AND 
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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 ARB CASCADED TO IMPLEMENT LARGER COUNTERS. 

• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Pl024 

THIS PAL IS AN 8-BIT SYNCHRONOUS UPlDOWN COUNTER WITH PARALLEL 
LOAD AND HOLD CAPABILITY. THREE FUNCTION SELECT INPUTS 
(/LD,/UD,/CBI) PROVIDB ONE OF FOUR OPERATIONS WHICH OCCUR 
SYNCHRONOUSLY ON THE RISING EDGE or THE CLOCK (CLK). THE LOAD· 
OPf:RA'l'ION LOADS THE INPUTS (D7-DO) INTO THE OUTPUT REGtSTERS (01-
00). THE HOLD OPERATION IIOLDS THE PREVIOUS VALUE UC;ARDi.ESS or 
CLOCK TRANSITIONS. THE INCREMENT OPERATION ADDS ONE ~( THE OUTPUT 
REGISTER WHEN CARRY-IN INPUT IS TRUE (/CBI-L), OTPERWISE THB 
OPERATION IS A HOLD. THE CARRY-OUT (/CBO) IS TRUE (/CBO-L) WHEN 
TilE OUTPUT REGISTER (01-00) IS ALL HIGHS, OTHERWISE FAI.sE 
(/CBO=H). THE DECREMENT OPERATION SUBTRACTS ONE fROM ThE OUTPUT 
RtGISTER WHEN THE BORROW-IN INPUT IS TRUE (/CBlaL), O'tHERWISE TilE 
OPERATION IS A HOLD. THE BORROW-OUT (/CBO) IS TRUE (/CBO-L) WHEN 
THE OUTPUT REGISTBR (07-00) IS ALL LOWS, ~HER"ISE rALSE 
(/CBO-H) • 

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

IOC CLK ILD IUD ICBI D1-DO 01-00 OPERATION 
-------------------------------------------------------H X X X X X I HI-Z 

L C L X X D L LOAD 
L C H L H X 0 HOLD 
L C H L L X o PLUS 1 INCREMENT 
L C H H H X 0 HOLD 
L C H H L X o 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 
ItITERCONNECTIONS WHEN TWO OR MORE OCTAL UP lDOWN COUNTERS ARE 
CASCADED TO IMPLEMENT LARGER COUNTERS. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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THE 10-BIT COUNTER CAN COUNT UP, COUNT DOWN, SET, AND LOAD 2 
LSB'S (00,D1), 2 MSB'S (08,09) AND 6 MIDDLE BITS (D2-1) HIGH OR 
LOW AS A GROUP. 

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

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN THB OPERATIONS TABLEI 
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loe CLK SET ILD ICNT ICIN IUP O9-DO 09-00 OPERATION 
--------------------------------------------------------------------------

II X X X X X X X Z HI-Z 
L C H X X X X X H SET ALL HIGH 
L C L L X X X D D LOAD D 
L C L H H X X X 0 HOLD (lCNT=t!) 
L C L It L H X X 0 HOW (lCIN=II) 
L C L It L L L X 0 PLUS INCREMENT 
L C L H L L H X 0 MINUS DECREMENT 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •••••••••• 
Pl026 

TUE 4-BIT UpIDOWN COUNTER WITH StlIFT REGISTER AND COMPARATOR WILL 
COUNT UP, COllNT DOWN, SHIFT RIGHT, SHIFT LEFT, COMPARE GREATER 
THAN OR EOUAL TO, COMPARE LESS THAN OR EOUAL TO, CLEAR, SET, 
I.OAD, OR HOLD AS SPECIFIED BY THE INSTRUCTION LINES (12,11,10) 
AND CLEAR (C~R). ALL OPERATIONS OCCUR SYNCHRONOUSLY ON THE 
RISING EDGE OF THE CLOCK (CLK) EXCEPT FOR THE COMPARISION 
OPERA'I'IONS WtllCH ARE PERFORMED ASYNCHRONOUSLY AND WITH NO 
INSTRUCTON LINES REQUIRED. 

,'HE COMPARISION OPERATIONS (/GE AND ILE) WILL COMPARE TUE INPUT 
DATA (8) WITH THE DATA IN THE REGISTERS (A) AND SUPPLY THE 
FOLLOWING OUTPUTSI 

I COMPARISION 1 IGE 1 ILE 1 
1---------------------1-------1-------1 
I B IS GREATER TUAN A I L I H I 
I 8 IS EOUAL TO A ILl L I 
I B IS NOT EOUAL TO A 1 H I H I 
I B IS LESS THAT A 1 H I L I 

NOTE THAT BORROW, CARRY, AND StlIFT LEFT AND RIGHT INPUT/OUTPUTS 
'SHAPE TilE SAM.: I/O I,INES (lLIO AND IRIO) AND TtlESE LINES ARE 
INVERTf:D (ACTIVE 1.(\10;). 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE 
SUMMARIZED IN TilE OPERATIONS 'I'ABLE BELOW: 

loe CLK CLR 12 IJ JP B3-80 IGE ILE ILIO IRIO A3-AO 

II X X X 'X X X STATUS X X Z 
L C H X X X X X X X X L 
L C L L L L X STATlIS X X A 
L C L L L H B X X X X B 

AND 

OPERATION 

tlI-Z 
CLEAR 
110[,0 
LOAD B 

L C L L H .... X STATUS RI AD SR(RIO) SHIFT RIGIIT 
L C L L H I. X X X Z Z H SET 
L C L fl L. L X STATUS A3 LI SL(LIO) SIUFT LEFT 
L C L H L if X X X H Z H SET 
L C L tI H L X STATUS COUT CIN A PLUS INCREMENT IF 
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L C L tI H H X STATUS BOUT BIN A HINUS DECREMENT IF BIN 

••••••••••• * •••••••••••• * ••••••••••••••••••• * ••• * •••••••••••••••••••••••••••••• 
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TilE 4-BIT FLASH ANALOG-TO-DIGITAL CONVERTER CONVERTS AN ANALOG 
S]GtJAL INTO A 4-B]1' GFAY CODE. GRAY CODE IS CHOSEN TO ELIHINA1'E 
GLITCHES AT BINARY ROLL OVER POINTS. 

TilE MAXlUM SAMPLE FA'l'E IS EOUAL TO I/tpd OF TilE PAL20X4. 
TIIAT NO FEEDBACK PROPAGATION DELAY IS INTRODUCED • 

NOTE 

•• *** •• ,,* ••••••••••••••••••••••••••••••••••••••••• * ••••••••••••••••••••••••••• 
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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 (AI 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 NETWORK. 

* •••••••••••••••• __ ._ ••• -.---_ ••••••••••••• *._.-................. * ••••••• _ ••••• 
Pl029 

THIS PAL PERFORMS THE LOGIC NEEDED TO CONVERT AN 8-BIT DIGITAL 
SIGNAL INTO A 256 INCREMENT ANALOG SIGNAL. 

OUTPUTS ARE EITHER LOW OR HI-Z WHICH ALLOWS TilE CONDITIONAL 
THREE-STATE OUTPUTS TO PERFORM THE OPEN COLLECTOR FU~CTION THAT 
IS NEEIl~D ')'0 DR I VE THE RlS ISTOR NETWORK. 

.** ••••••••••••••••••••••••••••••••••••••••••• _ •••••••••••••••••••••••••••••••• 
P7030 

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

• ••••••••••••••• * •••••••••••••••••••••• _ ••• _ ••••••••••••••••••••••••••••••••••• 
Pl0n 

THE DEVICE CONTINUOUSLY COMPARES THE VALUE OF BUS (B3-BO) WITH 
TtlE VALlIE OF THE REGISTER (A3-AO) AND REPORTS THE STATUS ON 
OUTPUTS LT, EO, NE, AND GTI 

• LT INDICATES THAT B IS LESS THAN A 
• EO INDICATES THAT B IS EQUAL 10 A 
• NE INDICATES THAT B IS NOT EQUAL TO A 
* GT INDICATES THAT B IS GRE:A1't'R THAN A 

STATllS BUS REG 
lOCI /Oe2 cr :i LOAD CLEAR LT EO NE GT B3-SO A3-1\O OPERATION 

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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H X X X X X X X X X Z REG HI-Z 
X H X X X Z Z Z Z X X STATUS III-Z 
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 HOI.D 
X X C X H X X X X X L CLEAR REG 
X L X L L STATUS B A COMPARE 

-----------------------------------------------------------------------
......................................•............................. -- .......... 
Pl0)2 

THE BETWEEN LIMITS LOGIC CHECKS THE LT, EO, AND GT STATUS 
TilE COMPARATOR REGISTERS '1'0 DETERMINE IF THE DATA IS BETWEEN 
UPPER AND LOWER LIMITS LOADED IN THE COMPARATOR REGISTERS. 
BE'l~EEN LIMITS (BTWL) AND OUT OF LIMITS (OUTL) OUTPUTS 
PROVIDED. 

FROM 
THE 

BOTH 
ARE 

•••• t ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Pl0)) 

THIS IS A MEMORY DECODER FOR A PRINTER. THE PRINTER IS MAPPED TO 
HEX ADDRESS 31E8. THE WRITE OR READ LINES GO HIGH WHEN ADDRESS 
LINES ARE CORRECT AND A WRITE OR READ STROBE RESPECTIVELY IS 
PRESENT. 

THIS IS THE, FIRST IC OF A 2-PAL PRINTER INTERFACE FOR THE 
STANDARD CENTRONICS-TYPE PRINTER. 

......................•....... , ... ,., ...... " ..... ,', ... " ..................... . 
Pl034 

REGISTERED DATA FROM THE SYSTEM BUSS IS PRESENTED TO THE PRINTER 
WHEN A WRITE STROBE FROM THE DECODER IS 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 IS THE SECOND IC OF THE 2-PAL PRINTER INTERFACE FOR THE 
STANDARD CENTRONICS-TYfE PRINTER. 

, .............................................. ,', ...... , .... , ................. . 
pl03S 

'I'HIS PAl. SERVES AS 'l'HE MAIN LOGIC UNIT. IT IS THE 8 STATE 
M.1\CHINE WHICH·CONT£,.OJ.S WIIERE WE ARE IN THE GAME. IT ALSO DETEC'l'S 
THE WIN AND LOSE STATES. PIN IT IS USED TO INITIATE THE GAME TO 
STATE 000 FOR I.C. TEST EOUIPMENT. 

•••••••••••••••••• *a~ •••••••••••••••••••• * •••••• * •••••••••• * •••••••••••••••••••• 
pl0)' 

THIS PAL IS A 36 STATE MACHINE USED TO SIMULATE THE EXACT ROLL OF 
TilE DICE. THE STATE MACIIINE IS SIMILAR TO THE -ELECTRONIC DICE 

(c) Copyright Mono 11 tMc Memories Inc. 1984 All Rights Reserved. 
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GAME-. 

•••••••••••••••••• * •••••••••••••••••••••••••••••••••••••••• , •••••••••••••••••• 
P7031 

TillS PAL DECODES THE 36 STATE MACHINE IN'I'O A BINARY 
REPRESENTATION OF TilE ROLL OF THE DICE (2 THRU 12). THERE ARE 36 
POSSIBLE COMBINATIONS FOR THE TWO DICE. THE NUMBERS ARE DECODED 
SO TIIM' THE PROPER ODDS ARE MAINTAINED FOR THE ROLL Of' EACH 
NliMIlER. .... _ ................. ,., .. , .............. , ...... , ............. , ..........• , .. . 
Pl038 

THIS PAL IS USED TO STORE THE POINT IN THE GAME. IT ALSO DECODeS 
TilE NUMBERS 2, 1, AND 11 TO BE USED IN DETERMINING WIN OR I,oST. 

, •••••••••••••••••••••••••••••••••••••••••••••••••••••• *v ••••••••••••••••••••• 
Pl039 

THIS PAL IMPLEMENTS A SIMPLE 2 CHANNEL TRAFFIC SIGNAL CON'l'ROLLER. 
IT IS INTENDED AS AN EXAMPLE IN STATE MACHINE SYNTUESIS. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •••••••••••••• ,. 
P7040 

.THIS PAL IS THE SECOND PASS AT THE TRAFFIC SIGNAL CONTROLLER 
UWLt:MENTATION. THE fOLLOWING SUBSTITUTIONS ARE MADE FOR STATE 
VAlUABLES 01-00: 

01 c REDA - IREDB 
06 c YELA 

05 .. GRNA 
04 - YELB 

03 .. GRnB 
02,01,00 • COUNTER 

• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Pl0n 

FIRST 8-BIT SHIFT REGISTER AND CHECK. 

• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
P7042 

SECOND 8-BIT SHIFT REGIS'l'ER AND CHECK. . ....... , .....................................•.............................. , 
Pl0n 

THIRD 8-BIT SHIFT REGISTER AND CHECK. . ............................ , ............•..............•................... , 
P70U 

FOllRTH 8-BIT SHIFT REGIS'l'ER, CHECK, AND SERIAL OUT. 

•••••••••••••••••••••••••••••••••••• , ••••••••• , •••••• ,*.".'." .• "'*".*"'.'-
P7045 
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THIS PAL G~NERATES THE 4 C"EC~ BITS IN A 12 BIT HAHMING CODE WORD 
'1'0 PROVIDE ERROR DI::'I'EC'I'lON AND CORRECTION ON AN 8 BIT DATA WORD. 

-----------------_ •• -._- •••• _ ••••• -_.--*-**--**************-**-*-*********""" 
1'1046 

TillS PAl, Gf:NERATt:S THE SYNDROHE 1H'l'S FOR A 12 BIT HAMHING CODE 
WORD AS A t'UNCTION OF TilE 8 DATA BITS AND THE 4 CHEC~ BITS "0 
POINT TO ANY SINGLE BIT IN ERROR. 

----_. __ ._.--,--_._------------------_ ••• _--------_.,----,---*-**', ••••••••••••• 
1'1041 

TillS PAL PERFORHS ERROR CORRECTION ON BITS B2-B1 BASED ON THE 4-
BIT ERROR SYNDROHE SO-53. 

• _---_ ••• -.- •• _., ••••• _ •••••••• _ •• _- •••••••••• _ ••••••••••••••••• -•• ".,.,*"***' 
P1048 

THIS PAL PERFORHS ERROR CORRECTION ON BITS BO-B1 AND CHECKS BITS 
CO-C3 BASED ON THE 4 BIT ERROR SYNDROME SO-53. 

.*, •• _ •••••••••••••••• __ ._ •••• -_.***_." •• , ••••••••• , •••• ----,_.--,.*-****"**** 
P1049 

THE DOT GENERA'l'OR PROVIDES THE OSCI LLATOR/CLOCK DRIVER, THE DOT 
SIIU'T REGISTER AND THE 3-BIT DOT COUNTER. IT IS LOADED WITH THE 5 
D01'S GENERA'l'ED BY THE CHARACTER GENERA'l'OR. THESE DOTS ARE SHIFTED 
OUT Til ROUGH A SHIFT REGISTER, ONE DOT AT A TIMt: AND OISI'LAYED ON 
THE SCREEN. -DTCNT" COUNTS UNTIL 8: 5 COUNTS .'OR THE CHARACTER 
AND 3 COUNTS FOR SPACE BETWEEN CHARACTERS. 

'I'Ht: 20X8 IS A REGIS'I'ERED PAL. DATA SHOULD BE VALID AND S'I'ABLE ON 
TilE INPUT PINS ONE CYCLE BEFORE IT APPEARS ON THE OU'l'PUT PINS. 
THE REGISTER IS TRIGGERED ON THE RISING EOGt: ot' 'I'IIE CLOCK AND THE 
DJ\TA IS AVAILABLE ON TilE OUTPUT PINS DURING THE NEXT CLOCR CYCLE. 

-DTCNT- CAN BE INITIALIZED, CAN COUNT AND CAN HOLD. 

-HBLANK- IS A SIGNAl. FOR THE END OF ONE DOT LINE (48 CHARACTERS) • 

-LINE4- I~ SET WHlN 16 LINES ARE DISPLAYED ON THE SCREEN. 

-SCAN)- IS SET WIIo::i' 1 DOT LINES ARE DISPLAYED. 

"OQ'l'· IS A SIIIFT REGISTER. IT CAN BE LOADED OR CAN SHIFT U:t','. 

WilEN -LINE4· AND/0R "SCAN3- ARE SET, ·DOT- SENDS BLANK DOTS TO 
TilE SCREEN FOR GEt-'HA."ING SPACES BETWEEN CHARACTER LINES AND FOR 
'l'HE MARGIt.S OF THE SCREEN. THE OUTPUT F~OH TilE REGISTER TO TilE 
SCREEN IS THROUG~ -DOT4·. 

**-*.*'-*_.-'*'*-_ •• -'*',.,---'*-**--*'*.***-,-*--,-",--*,.-,._.,-,-*'**.,*"_. 
P1050 
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"CHAR" AND "CURS" COUNT THE NUMBER OF CHARACTEPS PER LINE. THEY 
ARE A[SO USED AS POINTERS TO THE RAM. "CURS- IS USED WHEN A 
CIIA~AC,['ER IS WRITTEN INTO THE RAM AtlD "CHAR" \O;HW A CHARACTER IS 
R~AD fROM THE RAM. -CURS- IS ALWAYS POINTED TO THE NEXT AVAILABLE 
LOCATION IN THE RAM WIIERE A NEW CHARACTER CAN BE STORED. 

"CIIAR" IS INCREMENTED AT THE [UD Of 8 PIXELS MEAtilNG IT COUNTS 
AfTF:R EACII CHA~ACTER. IT COUNTS fROM 0 TO 6) ALTHOUGH ONLY 48 
ClIl\l~I\CTEIIS AilE VISIBl.E. THE 1I0RIZONTAL SYNC PULSE IS GIVEN 
lIt:'1'WHN CIIARACTERS 56 AND 59. I)U~I NG TilE COUN,['S OF CIIAR FROM 48 
1'0 63, BLAC~ SIGNALS ARE TRANSMITTED TO TilE SCREEN. ·CURS- IS 
INC~UIENTED FOR ANY OPERATION ON '['liE KEY BOAIW. 'l'lIE TWO POINTERS 
USE THE RAH IN INTERLIVED FASHION. READ IS DONE EVERY CYCLE, BUT 
~RITE IS DONE ONLY WHEN A hRITE SIGNAL IS GIVfN. THE hRI1E SIG~AL 
IS SET WHEN A NEW CHARACTER ENTERS THE SYST~H THROUGH THE RS232 
PORT • 

TilE, 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. 

-*"*'-_.*._-,_.****-*--**'*****-"**'-"'-*.--*'-'*-,".,*-,_.,*.-**.,.-"* 
P7051 

EACH CHARACTER ON THE SCREEN CONSISTS OF 12 DOT LItlES: 7 LItiES 
FOR TilE CIIARl<C,['ER AND 5 LINES FOR SPACE BEThEEN CHARACTERS. THE 
fOLLOWING .'}GlJPE SHOWS THE LETTER "U· !\tID THE SPACE WITH ALL TllE 
PIXELS AROUND IT AS IT IS DISPLAYED BY TilE 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 CHARACTE~ 
LINE IS 12 SCAN LIM'S. TilE COUIl'l'ER COUNTS UNTIL 21 ALTHOUGH ONLY 
16 LINES ARE VISIBLE ON THE SCREEN. 

THE HORI ZONTAL SYNC Pll['SlS ARE GIVEN IN EVE~Y SCANIlED LI NE 
BETWEEN CHAR 52 AND 55. THE VERTICAL SYNC PULSE IS GIVEN hHEN 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 LIIlE A~D 
CIIAR COUNTERS, AND '['HE SYNC PULSES. 

*.***-****'**-,----*---,.**'*-'**'***'****-*.,*-****_ •• *-*,***** •• *****-_.*-
P7052 

"SCROL" AND "LINES· ARE COUNTERS AND POINTERS TO THE RAM. -LINES" 
IS A POINTER TO THE LINE THAT IS READ FROM THE R~M. "SCROL" IS A 
POINTER TO THE LOCATION IN THE RAH WHERE A NEW LINE CAll BE 
STORED. BOTH OF THEM COUNT UP TO A MAXIMUM OF 16 LINES. 

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



Appendix D. PAL Design File LibrAry pAge D-23 

THE BIT -SWAP- ENABLES 'l'HE TWO COUNTERS TO TALK TO THE SAME 
ADDRESS LIN~S OF THE RAM. 

THE NEXT FIGURE SIIOWS 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. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Pl0S3 

THIS PAL GENERATES THE BAUD RATE, THE VIDEO AND THE SYNC SWNALS 
WHICH ARE COMBINED AT THE OUTPUTS '1'0 FORM THE COMPOSITE VIDEO 
SIGNAL, AND TilE -UEN- SIGNAL WHICH ENABLE THE -UART-. 

EVERY 'CHARACTER CONSISTS OF 10 BITS: 1 START BIT, 1 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 
PtR SECOND REQUIRED FOR OUR SYSTEM IS 9600'8 • 16800 OR 16800 Hz. 

T a 1/16800 • 13 MICROSECOND 
TUE CLOCK FREQUENCY IS 8000000 Hz. 
WE NEED TO DIVIDE THE CLOCK FREQUENCY BY 104 TO GENERATE A 
FREQUENCY OF 16800 Hz. 

8000000/J6800 • 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 '1'HE DATA IS AVAILABLE ON THE OUTPUT PINS (REGISTERED PAL), 
MODULE 104 IS DETECTED BY COUNT 102 WHICH IS EQUAL TO 102/8 • 12 
6/8 • 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Pl0S4 

THE ·UART- SHIFT REGISTER IS A SEVEN BIT REGISTER FOR THE SEVEN 
BIT ASCII CODE. TilE: INFORMATION ENTERS TtlE SHIFT REGISTER IN 06, 
ONE BIT AT A TIM~. IT COMES THROUGH RXD PIN WHICH IS THE TRANSMIT 
OR THE RFCEIVE LIN~ OF THE RS232. THE OUTPUTS ARE TRANSFERED IN 
PARALLEl. '1'0 'J'HE: RAM. -UEN- ENABLES TREE STATE FOR THESE OUTPUTS. 
WHEN BI'I'S U6 ANIl DS 'J'OGf:TIlt:R IN TtlE ASCII COD I:: ARE ZEROES OR WliEN 
TtlE -CLRr.IN- til'!' IS SET, A -SPACE- COD~ IS SIlIt'1'El> IN1'O '1'UE 
-UI',1<1'- Rt:GIS1't.~:. 'l'UE SPACE CODE PRINTS A BLANK SPACE ON THE 
SCIU:t:N. -SI'ACE- Itl ASC)) CODE IS 0100000 • 20 m:x. 
* •• * •••••• ~ ••• * •••••••• *.*.* •••••••••••••••••••••••••••• * •••••••••••••••••••• -

P10SS 

-BC- IS A COUNTER FOR THE ASCII CODE DI'l'S. A SAMPLE FROM EACH 
ASCII BIT IS TAl<E~ WilEN -DET- • 3. 

THE ·START- SIGNAL IS SET WHEN A START BIT IS DETECTED ON 'l'UE RXD 
J.INt: AND RE.MAINS SET UN'l'IL THE LAST ASCII BIT OF TilE CHARACTER 
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THAT IS SAMPLED. AFTER ALL THE 1 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, -START- GOES LOW 
AND READY TO BE SET AGAIN IF A NEW START BIT IS DETECTED. A NEW 
~ODE FOR A NEW CHARACTER WILL START TO BE SAMPLED. 

BUT . ASSUME THAT A NOISE OCCURS ON THE RXD LINE WHICh SET 1HE 
-START- SIGNAL • 

TO DETERMINE IF THIS IS A TRUE OR FALSE START, WE CHECI( THt: RXD 
LINE. IF THE RXD LINE IS NOT SET, WE KNOW THAT NO CH~R~rTER WAS 
SENT ON THE RS232 LINEI THEREFORE, A NOISE/FALSE SI,1NAL WAS 
DETECTED. 

ERROR ANALYSIS FOR SAMPLING 

SINCE BOTH A TRANSMITTER AND A RECEIVER ARE USED IN OBTAINING 
INFORMATION, AN ERROR CAN OCCUR THAT INVOLVES BOTH OP THESE 
COMPONENTS. ASSUMEI 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'T" BIT OF INFORMATION IS N*(EX + ER). 

WHEN COUNTER -DET- IS EQUAL 3, WE HAVE THE IDEAL BIT FOR 
. SAMPLING. THE MAXIMUM ERROR THAT IS ALLOWED DUE TO TilE TOLERANCES 

IN THE FREQUENCIES IN BOTH TRANSMITTER AND RECEIVER, WILL BE WHEN 
THE SAMPLE IS TAKEN AT -DET- • 0 OR AT -DET- • 6, AS SHOWN HEREI 

THE FREQUENCY FOR EACH BIT OF INFORMATION IS I/960U Hz (104 
MICROSECOND). EACH BIT OF INFORMATION IS DIVIDED INTO EIGHT TIME 
SLOTS. 

THE T01'AL ERROR ALLOWED FOR THE 1'TH BIT OF INFORMATION IS: 

1 • (EX + ER) • (1/9600) • (3/8) 

THE TOTAL ERROR ALLOWED FOR ONE BIT OF INFORMATION lSI 

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

TilE FREQUENCY RATE BETWEEN RS232 AND THE RXD LINE FOR EVERY BIT 
OF INf'ORMATION SHOULD BE BETWEEN 10150 Hz AND 9130 liz. 

• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
P1056 

THIS PAL CONTROLS BOTH THE TIMING FOR WRITING A CHARACTER INTO 
TilE RAM AND TilE TIMING FOR READING A CHARACTER FROM THE RAM. 

-WIUTE- IS A SIGNAL TIIAT DATA IS AVAILABLE AND CAN BE WRIT1'EN 
INTO THE RAM WHEN -DTCNT- IS BETWEEN 0 AND 5. 

(c) Copyright Monolithic Memorie. Inc. 1984 All Rights Reserved. 
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·SWAI'· AND ·SWAPC· SWAP POINTERS 1'0 ENABLE WRI'1'ING AND READING BY 
AIHWI-:SSING TIIf: HAM TIlROUGH THE SAME ADDRESS LINES. 

·UEN· ENABLES 1'IIE UAR'l'. 

·WE· WRI'ft:S TO TilE RAM THE DATA THAT IS IN THE UART REGISTER. 

-INCSCR· IS A SIGNAL TIIAT DE'1't:C1' I.INEFEED AND 48 CHARACTERS PER 
LINE. 

·CLRLIN- ERASES EARLIER INFOtmATlON AND ALLOWS TO WlUTt: TO 'l'HAT 
I.OCM'ION. WilEN TilE "lot'" ICEY IS PUSIlED, '1'IIE CLRLIN SIGNAL IS SET. 
1'1' f(!::MAINS 5£'1' AS LONG AS A WRl'l'E IS DONE TO TillS LOCATION. 

-H255- DETECTS END OF LINE. 

-HOI.ANI<- BLANK OUT THE SCREEN WHEN ·CHAR- IS BETWEEN 48 AND 63. 

************************************************************************ •• ** •••• 
P7057 

THIS IS A 4-BIT SERIAL SWITCH WHICH CONNECTS ANY INPUT (D) TO ANY 
OR Al.L OUTPUTS (Y) IN ANY COMBINATION. A STROBE LINE (S) IS 
PROVIDED '1'0 GA'I'E THE OlJ'I'PU'I'S OFF (Y=H) WHEN TilE STROBE INPUT IS 
IIIGH. TilE SWITCH LINES (83-0) ARE ENCODED IN BINARY WITIl S-O 
REPRESENTING THE LSB. 

*** •• ****************** •• *********.*** •••• **.* •• * •••••••••••••••••••••••••••••• * 
P7058 

'1'IIE 4-BIT SHIFTER ACCEPTS A 4-BIT DATA WORD (D) AND SIIIFTS THE 
WORD 0, 1, 2, OR 3 PLACES TO OUTPUTS (Y). THE NUMBER OF PLACES 
TO BE SHIFTED IS Dt;·H~MINED BY TWO CONTROL LINES (11,10) WHICH 
A~E ENCODED IN BINARY WITH 10 REPRESENTING THE LSB. A STROBE 
I,INE (S) IS PROVIDED TO GA'l'E THE OUTPUTS OFF (Y"H) WHEN THE 
51'ROBE It-lPUT IS IIIGH. 

OPERATIONS TABLE: 

S 11 10 D3-D-) Y3-YO 

H X 
L L 
L L 
L tI 
L H 

X 
L 
H 
L 
H 

X 
D 
D 
D 
D 

H 
D 

S(D)l 
5(0)2 
S(D)3 

OPERATION 

STROBE HIGH 
NO SHIFT 
StlIFT 1 PLACE 
SHIFT 2 PLACES 
SHIFT ) PLACES 

'lWO OR HORE 4-BIT SltIFTERS HAY BE CONNEC'I't:D TO UIPLEMENT LARGER 
SIIIFTERS. SIIIFTING CAN BE LOGICAL, WITH ZEIWES PULLED IN A'1' 
EITHER OR BOTH EtlD:> OF TilE SIIIFTHIG FIELD, ARITHMETIC, WHERE THE 
SIGN BIT 15 RE;PfATED DURING A SHIFT DOWN, OR END AlI.OUND, WHJ:;RE 
'l'IIE DA1'A WORD FO~MS A CONTINUOUS LOOP. 

**.******~.***~*.*.*****.**************************'.*.,'***'****** ••••••••••••• 
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P7059 

TllIS IS AN 8-BIT SYNCHIWIlOUS DOWN COUNTER WITH PARALLEL LOAD, 
PIlESET, AND 1I0LD CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS 
(D7-DO) INTO TilE OUTPUT REGISTER (07-00). THE PR~SJ:;T OPERATION 
SETS TilE OUTPUT REGISTER TO ALL HIGlIS. TilE HOLD OPERATIOU HOLDS 
TilE PREVIOUS VALUE REGARDLESS OF CLOCK TRAtlSITIONS. THE DECREMEtlT 
OPERATION SUBTRACTS ONE FROM THE OUTPUT REGISTER WlIEN THE BORROW 
IN IS TRUE (/BI=L), OTHERWISE 'lllE OPERATION IS A HOLD. THE 
BORHOW-OUT (/BO) IS TRUE (/BO=L) ~IIlEtl TilE OUTPUT REGISTER (07-00) 
IS AI.(' LOWS, 01'HEI<WISE FALSE (/80=H). 

TIIESJ:; OPERATIONS ARE EXERCISlD IN THE FUNCTION 1'ABLE AND 
SUMMARIZED IN THE OPERATIONS TABLE: 

/OC CLK Il 10 /BI D7-DO 07-00 OPERATION 
---------------------------------------------------

\I X X X X X Z HI-Z 
L C L L X X H PRESET 
L C L H X X 0 HOLD 
L C H L X D 0 LOAD 
L C H H H X 0 HOLD 
L C H H L X 0 MINUS DECRlHEtlT 

---------------------------------------------------
TWO OR MORE OCTAL DOWN COUNTERS MAY BE CASCADED 1'0 PROVIDE LARGER 
COUN'l'El-'S. ')'HE OPERATION CODES WERE CHOSEt! SUCH THAT WHEN 11 IS 
IIICH, 10 MAY BE USI::D '1'0 SELECT BETWEEN LOAD At;D DECRU1[tIT AS IN A 
BUS ADDRESSER (JUMP/DECREMENT). ALSO BORROW-OUT (jBO) AND BORRml-
IN (/BI) ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY WHICH' 
PI<OVIDES FOR CONVENIENT !t1'l'ERCOtlNEC1'IOtIS I/HEN TWO OR MORE OCTAL 
DOWN COUNTERS ARE CASCADED TO IMPLEMENT I.ARGER .DOwN COUNTERS. 

••••• _ ••• **.*******.-._-" •• "., •••••••• ,*_ •• * ••••••••••• _ ••••••••• * ••••••••• 
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THIS PAL Dt;SIGN SPECIFICATION DESCRIBES A 4-BIT COUNTER WITH A 4-
BIT TRANS-PARENT LATCH. THE LATCH OUTPUTS (Y3-yC) \111.1. FOLLOW 
EITHER THE DATA INPUTS (03-00) OR TlIE COUNTER STATES (03-00), 
DEPENDING ON THE SELECT LINE (SEL), PPOVIDING THE LATCH ENABLE IS 
1'RUE (/LEN=L). THE OUTPU'l'S WILL BE LA'1'CHED A1' TIlE LEVEL OF THE 
INPUTS WHICH WERE SELECTED WHEN THE LATCH ENABLE IS FALSE 
(/[,EN=H) • 

THE COUNTER IS FULLY SYNCHRONOUS WITH THE RISIIIG EDGE OF TilE 
CLOCK (CLK) AND CAN BE SYNCIIROtlOUSl.Y LOADED FIlOM THE lATCII 
OUTPUTS. A SYNCHRotlOUS OVERRIDING CLEAR (/CLR) IS ALSO PROVIDED. 

OPERATIONS TABLE: 

-COUNTER CONTROL- --LATCH CONTROL-- DATA CNTR LATCH 
CLK /OC /CLR /LD /CNT /LOC /LEN SEL /CI 03-00 Q3-QO Y3-YO 

X 
C 

H 
L 

X X 
L X 

X 
X 

X 
X 

x 
X 

X 
X 

X 
X 

X 
X 

Z 
L 

X 
X 
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HI-Z (COUNTER 
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C L H L X L H X X X Y Y LOAD FROM LATCH 
C L H L X L L L X D D D LOAD FROM DATA 
C L H H H X X X X X 0 X HOLD 
C L L L X D D D LOAD FROM DATA 
C L H H H X X X X X 0 X HOLD 
C L H H L X X X L X o PLUS 1 X INCREMENT 
C L H II L X X X H X 0 X HOW 
X X X X X H X X X X X Z III-Z (LA'I'CH) 
X X X X X L H X X X X Y LATCH OUTPUT 
X X X X X L L L X D X D SEI,t:C'I' DM'A 
X X X X X L L II X X 0 0 SEI,ECT COUNTER 

------------------------------------------------------------_._-----------------
*******************************************************************************. 
P1061 

TillS 10-BIT REGISTER LOADS THE DATA (D9-DO) ON THE RISING f:l>GE OF 
TilE CLOCK (eLK) IN'l'O 'l'UE REGISTER (09-QO). 'l'ltE DATA IS Itt:r.D IN 
THE REGISTER UNTIL'l'HE NEXT POSITIVE EDGE OF THE CLOCK. 

OPERATIONS TABLE. 

IOC CLK D9-DO 09-00 

H X 
L C 
L 'L 

X 
D 
X 

I 
D 
o 

OPERATION 

HI-Z 
LOAD 
HOLD 

*******************************************************************************. 
P1062 

THE '1-TO-8 DEMULTIPLEXER WITH CONTROl. STORAGE PROVIDES A 
CONVENTIONAL 8-BIT DEMUX FUNCTION COMBINED WITH CONTROL STORAGE 
.'UNCTIONSr LOAD TRUE, LOAD COMPLEMENT, HOLD, TOGGLE POLAIU'1'Y, 
CLEAR, AND PRESET. FIVE INPUTS (/LD, ICLR, IPR, POL, TOG) SELECT 
ONE Ot' SIX· OPt:IfA'I'IONS WHICH OCCUR SYNCHRONOUSLY WITH TilE RISING 
EDGE OF THE CLOCI (CLK). 

THE LOAD TRUE 0l'ERAT10N LOADS THE DECODED BINARY INPUTS (A,B,C) 
INTO TilE OUTPUT REGISTER (07-00) WilEN POLARITY IS TRUE (POL-H). 
'1'HE COMPLf:Mf;N'r OF 'I'lIE BINARY INPU'I'S IS DECODED AND LOADED INTO 
TilE OU'I'PUT REGIS'l't;1f Wllt:N POLARI1'Y IS FALSE (POL=L). 

TilE II~I,D OPFRATHlN 1I0LDS THE PREVIOUS VALUE IN 'I'IIE REGISTER WilEN 
'1'(1(:(:",: l~ .'I\I,5E ,°1'00".,) Rf:GANDI,ESS OF CLOCK 1'RANSI1'JONS. THE 
'J'OGGLE POLAlCl1 Y l'.'UII\1'JON TOGGLES 'I'IIE POI.AlCl1'Y 0 .. '1'111:: lJA'J'A IN Tilt: 
OUTPUT REGIS'l'ER WilEN 'l'OGGLE IS TRUE (TOG-H). 

'l'HE CI,EAR (/CLR) OPERATION RESETS THE OUTPUT REGISTER TO ALL 
LOWS. TilE PRt:Sf.T (/PR) OPERATION PRESETS TilE OUTPUT REGISTER TO 
ALL HIGHS. NO'l'[ 'I'UA'!' CLEAt« OVEIUfllJt;S PREst:')', PRt;sE1' OVERRIlJES 
IDAD, AND LOAD OVERqIDES HOLD. 

THE POLARl'I'Y Ot' ·POL· MAY BE CHANGED It' 'l'ltE LOGIC EOUATIONS TO 
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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 FUNCTION TABLE AND 
SmtHARIZED IN THE OPERATIONS TABLE: 

CONTROL (o'UNCTIONS POLARITY INPUTS OUTPUTS 
IOC CLK ICLR IPR ILD POL ')'OG ABC Q7-QO OPERATION 
-----------------------------------------------_ .. _---------------------H X X X X X X X I 111-1 

L C L X X X X X J. CLEAR 
L C H L X X X X II P .. I-:5t:1' 
L C H H L H X I NUX LOAD TI\UE 
L C H H L L X I IMIJJI LOAD COMP 
L C H H H X L X 0 HOLD 
L C H H H X H X 10 TQ('GJ.f; POLARIT~ 

-----------------------------------------------------------------------
.*****-***********************-**********************.**.*******************
P106) 

THE 9-BIT SYNCHRONOUS COUNTER HAS PARALLEL LOAD, INCREMENT, AND 
HOLD CAPABILITIES. DATA (D8-DO) IS LOADED INTO THE OUTPUT 
REGISTER (08-00) WHEN THE LOAD INPUT IS TRUE (/LD-L) AND A 
POSITIVE EDGE PULSE IS RECEIVED ON THE CLOCK PIN (CLK). THE 
COUNTER WILl. INCIlEMENT IF A CLOCK PULSE )S RECEIVED WITH THE LOAD 
INPUT BEING FALSE (lLD-H). THE OPERA'l'ION IS A HOLD IF NO CLOCK 

. PUloSE )S 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 BEt'ORE THE TElUUt~AL COUNT IF 
COUNTHIG AND THE TERMINAL COUNT IF LOADING. 

OPERA1'IONS TABLE: 

I~ CLK ILD D8-DO 08-QO OPERATION 

----------------------------------------------
H X X X Z HI-Z 
L L X X 0 HOLD 
L C L D D LOAD 
L C H X o PLUS INCREMENT 

***************************************************************************** 
P1064 

'l'IIt: 10-OIT COMPAItA,)'OR ESTABLISHES WilEN TWO 10-DIT DA'l'A 5')'RINGS 
(A9-BO AND 89-BO) ARE EOUIVALENT (EO-H) OR NO'!' EQUIVALENT (NE-H). 

***************-****-********************************************.*********** 
P1065 

TillS PAL IS A 6-BIT SHIFT REGISTER WITH PARALLEl, WAD AND HOLD 
CAPABILITY. TWO FUNCTION SEU:CT I NPU'l' (10,11) PROVIDE ONE OF FOUR 
OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON THE RISIM; .:IJ(~t; (If' 'I'HE 

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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CLOCK (CLK). T"£S~ OPERATIONS AREI 

loe CLK 11 10 D5-DO 05-00 OPERATION 

----------------------------------------------
II X X X X Z HI-Z 
L C L L X L HOLD 
L C L H X SR(O) SIlIFT RIGH'l' 
L C H L D SL(O) SItU'T LEt''l' 
L C H H D D LOAD 

----------------------------------------------
TWO OR MORE 6-01'1' SlIlFT REGISTERS MAY BE CASCADEIl TO P({OVIDE 
LARGUe SItU'T REGISTERS. RILO AND LIRO ARE LOCATED ON PINS 12 AND 
19 RESPt:C'l'IVt:LY, WHICH PROVIDES FOR CONVENIENT I N'l't:NCONNECT IONS 
WHEN TWO OR MORE 6-BIT SHIFT REGISTERS ARE CASCADED 'l'OIMPLEHENT 
LARGER SUIF'I' REGISTERS. 

•• ** •••••••••••••••••••••••••••• ,." ••• , •• , •••• ", •• """"""",.,.,.,""" 
P7066 

THIS IS AN 6-01'1' SYNCHRONOUS COUNTER WITH PARALLEL I.OAD, PRESET, 
AND HOLD CAPABIL1TY. THE LOAD OPERA'l'ION LOADS THE INPUTS (DS-DO) 
INTO THE OU'l'PUT REGIS'l'ER (05-00). THE PRESET OPERATION SETS TUE 
OUTPUT REGISTER TO ALL HIGHS. 'l'ut: &tOLD OPt;RA'l'ION HOLDS TilE 
PREVIOUS VALUE REGARDLESS OF CLOCK TRANSI'l'IONS. THE INCR~.IENT 
OPERATION ADDS ONE '1'0 THE OU'l'PUT REGISTER WilEN TilE CARRY-IN IS 
TRUE (lCI"'L), OTHERWISE 'l'UE OI'ERA'l'ION 15 A 1101.0. TilE CARRY-OUT 
(lCO) IS 'I'RUE (lCO"'L) tlHEN TilE ·OUTPUT REGISTER (05-00) IS ALL 
HIGHS, OTHERWISE FALSE (/CO~H). 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMM~RlnD IN THE OPERATIONS 'I'ABLE,: 

loe CLK Il 10 ICI DS-DO 05-00 OPERATION 

----------------------------------------_._-------
H X X X X X Z HI-Z 
L C L L X X H PRESE'l' 
L C L II X X 0 HOLD 
L C H L X D D LOAD 
L C H Ii H X 0 HOLD 
L C H H L X 0 PLUS 1 I NCREMEN'l' 

--------------------------------------------------
TWO OR MORE 6"01'1' COUNTERS MAY BE CASCADED· TO PROVIDE LARGER 
COUNT£PS. TilE ('I'CRA'l'ION CODES WERE CHOSEl. SUCH TIIAT WilEN 11 IS 
HIGH, 10 MAY BE (tbED TO S£LECT BE:'l'WE£N I.OAP AND INCnJ::Ht:NT AS IN A 
PROGRAM COUNfEk (JUMP/INCREMENT). ALSO, CARRY-OUT (/CO) ANO 
CARRY-IN (/CI) ARE LOCATED ON PINS 12 AND 19 RESPECTIVELY, WHICII 
PROVIDES FOR CONVENI U~'l' IU'J'E.:RCOUNECTIONS WHEN TWO OR MORE 6-BIT 
COUNTERS ARE CASCADEI) 'l'O UIPLEMEtlT LAkGER COUN'tENS. 

"**.* •• *,.".,.,._"""""""""*.*,*.,,.,,---,, •• _-,-,._""". __ .-._._-. 
P7067 

THIS IS AN 6-01'1' SYNCHRONOUS REGISTER WITII PA~ALLEL LOAD, LOAD 
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COMPLEMENT, PRESET, CLEAR, AND HOLD CAPABILITIES. rOUR CONTROL 
UWUTS (lLD,POL,/CLR ,/PR) PROVIDE ONE OF FOUR OPERA'l'IONS WHICH 
OCCUR SYNCIIRONOUSLY WITH THE CLOCK (CLK). THE LOAD OPERATION 
LOADS THE INPUTS (DS-DO) INTO TilE OUTPUT REGISTER (05-00), WHEN 
POI.=H OR LOADS T"E COMPLt~HENT OF TilE INPUTS WHEN POL-L. THE 
CLEAR (lCLR) OPERATION R(O;St:'l'S 'J'Ut; OUTPUT REGISTERS TO ALL LOWS. 
TliE PRESET (lPR) OPERATION PRESETS THE OUTPUT REGISTERS TO .AL& 
HIGHS. THE HOLD OPERATIOt' HOLDS THE PREVIOUS VALUE REGARDLESS or 
CI,OCK 'J'RANSITIONS. 

CLt::AU OVERNIDES PRESET, PRESET OVERRIDES LOAD, AND LOAD OVERRIDES 
lIOI,D. 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARl~ED IN TilE OPERATIONS TABLE: 

loe CLK ICLR IPR ILD POL DS-DO '05-00 OPERA'l'ION 

II X X X X X X Z HI-% 
L C L X X X X L CI.nR 
L C H L L X X H PRESET 
L C H H H X X 0 HOLD 
L C H H L H D D LOAD TRUE 
L C H H L L 0 ID LOAD COMP 

---,--------**.*"*.,_.,*"'-".-'*._'*-",.,._, •• *._,*"'**--, ••• ,._*'*_.,. 
P7068 

THIS IS A 9-BIT MULTIFUNCTION BUFFER WITH PARALLEL TRUE OUTPUT, 
COMPI.EHENTARY OUTPUT, CLEAR, AND PRESET CAPAlU LI '1'1 ES. THREE 
CONTROL INPUTS (POL,/CLR,/PR) PROVIDE ONE OF THRt:~ OPERATIONS. 

THE TRUE DATA WILL BE AVAILABLE AT THE OUTPUTS (Y~D) WHEN THE 
POLARITY LINE IS HIGII (POL=H). THE INPUT DATA WILL BE INVERTED 
(Y"/D) WHEN 'l'UE POLARl'l'Y LINE IS LOW (POLaL). 

THE OUTPUTS WILL BE ·LOW (yeL) WilEN TUE Cl.EAR LINE IS LOW (lCLR=L) 
AND HIGH (Y=H) WHEN THE PRESET LINE IS LOW (/PR=L). NOTE THAT 
TtlESE OPERATIONS OVERRIDE DATA INPUTS. ALSO CLEAR OVERRIDES 
PRESET. 

THE NINE OUTPUTS WILL BE HI-Z (Y"Z) IF TilE OUTPUT CONTROL LINE IS 
HIGH (lOCell) REGARDLESS OF OTHER CONTROL LINES AND UIPUTS. 

TUESE OPERATIONS ARE EXERCISED IN TtiE FUNCTION TABLE AND 
SUMMARIZED IN THE OPERATIONS TABLE: 

10C ICLR IPR POL D8-DO Y8-YO OPERATION 

--------------------------------------------------
II X X X X Z HI-Z 
L L X X X L Cl.EAR 
L H L X X H PREst:'}' 
L II H H D D OU'l'PUT TRUE 
L H H L D ID OUTPUT COMP 

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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TilE 10-0J'l' BUFFER CAN OUTPUT TRUE DATA, COMPLEMENTARY DATA, OR DE 
IIlGH INPEDANCE. TilE TRUE DATA WILL BE AVAILAOLE AT TilE OU'1'PU'1'S 
(Y=D) WHEN THE POLAIH'1'Y I,] NE IS HIGH (POL-II). THE INPUT DI\'1'A 
WILL BE INVERTED (Y=/D) "tlt:tI ,'1": POLAlU'l'Y LINE IS LOW (POL=L). 

THE 'J'EN OUTPUTS WII,L at; III-Z (Y"'Z) IF TilE OU'J'PUT CONTROl. LINE IS 
HIGH (/OC=II) REGARDLESS OF OTHER INPUTS. 

TIIESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARUt:D IN TilE OPEnATIONS TADI.E: 

/OC POL 09-00 Y9-YO 

II 
L 
L 

X 
H 
L 

X 
D 
D 

Z 
o 

/D 

OPERA'l'ION 

HI-Z 
OU'1'PU'1' TRUE 
OUTPUT COMP 

* ••••••• *.* ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
P1010 

THE 10-BIT OPEl' COLl,ECTOR BUFFER WILL OUTPUT THE INPUT DATA (D). 
THE OU1'PUTS (Y) WILL BE EITIIER L OR HI-Z. 

CERTAIN OUTPUTS WILL BE HIGH-Z (Y=Z) IF EI'1'HER OUTPU'1' CON'1'R01. 
I,INE IS HIGH (/OC-II) REGARDLESS OF OTHER INPUTS. NOTE THAT OC2 
CONTROLS OUTPUTS Y9-YS AND OC1 CONTROLS OUTPUTS Y4-YO. OC2 AND 

'OC! CONTROL INDEPENDENTLY. 

OPEltA'l'IONS TABLEa 

IOC2 IOCl D9-DO Y9-YS Y4-YO OPERATION 

-----------------------------------------------------------
H X X Z X HI-Z FOR UPP~R 5 BITS 
X H X X Z HI-Z FOR I.OWER 5 BI'1'S 
L L D D D OUTPUT TRUE (L or HI-Z) 

-----------------------------------------------------------
••••••••••••••••• w ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

P1011 
'I'IIE 10-01'1' HNCa'l'ltIG Ol't:14 COI.LEC'1'OR BUt'n;R WILL OUTPUT THE 
COHI'LUIU.I'l' OF '\'lIt; INPUT DATA (D). 'l'UE OU'1'PUTS (Y) WILL BE EITHER 
L OR HI-I. 

CEIt'!'AIN OlI'l'PU'rs WJl.I. ut: IIlC;H-Z (Y=Z) IF EJ'l'UER OUTPUT CON'1'ROI. 
I.INE IS IIIGH (/OC;I!) REGI\NDJ,I:;SS ut, (t1'III':R 1 Nl'UTS • Nun: 'l'U A '1' OC2 
CON'1'ROloS OU'l'PlJTS Y9-YS AND OC1 CONTROloS OUTPUTS Y4-YO. OC2 AND 
OC1 COm'ROL INDt:PENDENTLY. 

OPEItA!!' lOtoS 'I'ABLE: 

(c) Copyright Monoiithlc Memories Inc. 1984 All Ri9hta Reserved. 

Appendix DI PAL Deslgn Flle Library page D-32 

IOC2 IOC1 D9-DO Y9-Y5 Y4-YO OPERATION 

--~-----;-----;------;------;------;i:;-;~;-~;;~;-;-;i;;---
X H X X Z HI-Z FOR LOWER 5 BITS 
L L 0 ID ID OUTPU'l' COMP (L or IIJ-Z) . 

-----------------------------------------------------------
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• P1012 

THE 10-01'1' ADDRESSABLE REGISTER IS A SYNCHRONOUS GEt~ERAL Pt':!(POSE 
ADDRESSABLE REGI S'I'ER WITH CLEAR, PRESET, AND ENABI,E. ':.'Uf; f,:,'l'PU'J' 
RI::GlSTER (0) IS SELECTED BY THE I NPU'l' ADDRESS PINS (A,O,C,D). 
TilE DATA (DIN) IS LOADt:D IN'l'O THE SELECTED OUTPUT REGIS')'ER O,~ THE 
RISING Eoca: Qt' '1'IIE CLOCK (CLK) IF '1'IIE CIUP IS U~ABf,I::D 
(El~IIIGII,E2"IIIGII'/E3=LOW). AI,L O'l'IIER OUTPU'J'S HOLD ,'IIt:lk PRt;VIOUS 
STATt:S DURINe 'I'HE LOAD OPERA'l'WN. ANY O'l'HER COMBINATION m' '1'IIE 
ENABLE PINS (El ,E2 ,/E3) WILL DISAOLE THE REGISTER AND ALL OU'rpUl'S 
WILL IIOI.D THEIR I'RE:VIOUS STATES. CLEAR (lCLR) AND PRI::SET (lPR) 
ARE ACTIVE LOW PINS WHICH SET TilE REGISTERS TO ALL IIlGH OR LOW 
Rt:SPECTI Vt:LY • 

CLEAR OVERRIDES PRESET AND ENABLE, PRESET OVERRIDES ENABLE. 

THESE FUNCTIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMHAP-UU) IN 1'IIE OPI::RATIONS TABLE: 

10C CLK ICLR /PR /E3 E2 El D C B A DIN U!:I-(}U OPt:RA'l'ION 
------------------------------------------------------------------------------II X X X X X X X X X X X Z HI-Z L C L L X X X X X X X X L CLEAR L C II L X X X X X X X X H PRESET L C H H L L L X X X X X, 0 HOLD PREVIOUS STATES L C H II L L H X X X X X 0 HOJ.D PREVIOUS STATES L C H II L H L X X X X X 0 HOl.D I'HEVIOUS S'l'ATES L C H II L If If D C B A DIN DIN LOAD DIN TO ADDRESSED OUTPUT L C II H II L L X X X X X 0 1101.1> I'REVIOUS S'l'ATES L C H II H L II X X X X X 0 HOLD PREVIOUS S'1'ATES L C H H H H L X X X X X 0 HOLD PREVIOUS STA'1'ES L C H H H H H X X X X X 0 HOLD PREVIOUS STATES 
--------_._--------------------------------------------------------------------

OUTPUT SELECT TABLE 

o C B A DIN o !:I QH 01 Qb 05 04 03 02 01 00 

--------------------------------------------------------L L L L DIN o !:I (}H 01 06 05 04 01 02 01 DIN I. J, J. If 11IN 09 08 01 06 Q5 04 OJ 02 DIN CO (. 1. II L DIN 09 08 01 06 05 04 01 DIN 01 00 I. L II H DIN 09 08 01 Q6 05 04 DIN 02 01 00 L It L L DIN 09 08 01 06 OS DIN 03 02 01 00 L H L H DIN 09 08 01 06 DIN 04 0] 02 01 00 

(c) Copyright Monolithic Memories Inc. 1984 All Ri9hts Reserved. 
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L " " L DIN O!l Oat 01 DIN 05 04 01 02 Ql 00 
L 

II " " DIN 09 08 DIN 06 05 04 01 02 Ql 00 
II L L L DIN 09 DIN 01 Q6 O!) 04 Qj O:.! 01 OU 
II L L II DIN DIN 08 01 06 05 04 03 02 01 OU 
II L II L DIN 09 08 01 06 05 04 03 02 01 OU 
II L II " DIN 09 08 01 06 05 04 03 02 01 QU 
II II X X DIN 09 08 01 06 05 04 03 02 01 00 
-------------------------------------------------------~ 

•••••••••••• *.* ••• **.****.****.* •••••••••••••••••••••••••••••• * ••••••••••••••••• 
P1013 

'!'IIIS 1>1\1.201.10 INTERFACES BETWEEN 'l'IIE t'OTOROl.A MCbUOO 
M)CI!OP~OCE;SSOIt AND I'l'S SYSTEM COMPONEt;')'S ON A SINGLE flOI\UD 
{'('MPU1'1:H. 'I'tlE t'UNC1'JONS ITPERFOHI1S, PREVIOUSLY DONE WITH RANDOM 
WGIC ARE: ADI)~J:!>S ()~:COOING, Mt:MORY AND I/O SELECT, JH::Sl:'I' S IGt/AL 
GI:Nt:HA'l'lON, AND CONTHOI. OF TilE BlJFFl:R WIIlC" INTEHFAClS 'I'UE DA'l'A 
nus '1'0 O'rIIER bOAHDS IN TtiE SYSTEM. 

•••••••••••••••••••••••••••••••••••••••••••••••••• **.***.*.*.*.* •••••••••••••••• 
P10H 

1'IIlS IS AN EXAHPI.E OF A QUAD 3-TO-l MULTll'LEXER USING A PAL18L4. 
SELECT LINES A,b AilE ENCODED IN flit/ARY, WITH A REPRESENTING TilE 
1$0. THE OUTPUTS (Y) ARE ALL IIIGH IF TilE SELECT LINES ARE BOTH 
IIIG" (B,A="). 

OPERATIONS TABLE: 

INPUT 
SELEC1' 

B A 

01l'l'I'U1'S 

Y 

L L CO 
L II Cl 
"L C2 
H H II 

** ••••• * ••• **.* ••• **.*.~ •••••••••••••••••••••••• * ••••••••••••••••••••••••••••••• 
P1015 

TillS f'AL ·DESIGN SPECH'ICATION DESCRIBES A 4-BIT SYNCHRONOUS 
COUN1'ER WIT" 4-BIT RI'GI S'!'ER. DM'A CAN BE LOADED TO 'I'IIE COUN'I'EH 
t'ROM TilE Rt::(jlS'I't:R. !T CAN ALSO BE SYtlCHIWllOllSJ,Y Cl.EARED. 1'/IE 
IH:GIS1'U' CAN lit: J,OAD[:fJ fl<C:-1 t:ITIIt:H 'I'IIE COUNTER OR 'filE DM'A INPU'l'S 
UNDER CONTROL 0'-;' 'flU: 5EL INPUT. 'l'tlE RI::GIS'l'f:R CAN ALSO BE 
SYNCIIIWNOUSLY CI.EARf:D. 'I'HE COUN1'1:RAND REGISTER HAVE A COMMON 
CI.OCI< FON SYNCIIIWNOllS OPf:RA'l'ION. 

; .. 
• * ••• * •• *** •••••••••• ,,'P •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
P1016 

TilE !I-8IT SYNCHROUOUS COUNTER liAS PARALI.EL LOAD, DECRf:lll::tlT, AND 
lIOLD CAPAbILITIE&. DATA (D8-DO) IS LOADED INTO 'I'IIE OUTPUT 

(c) Copyright Monolithic·Memories Inc. 1984 All Rights Reserved. 
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REGISTER (08-00) WHEN THE LOAD INPUT IS TRUE (/LD=L) AND A 
POSITIVE EDGE PULSE IS RECEIVED ON TilE CLOCK PIN (CLK). THE 
COUNTER WILl. DECREMENT IF A CLOCK PULSE IS RECEIVED WITH TilE LOIID 
IUPUT BEING. FALSE (/LD=H). 'I'HE OPERATION IS A HOLD IF NO CLOCI< 
PIILSE IS RECEIVED REGARDLESS OF ANY OTHER INPUT!). 

'I'IIE BORROW OUT PIN (/BO) SIIOWS \lOW '1'0 IMPLEMENT A BORROW OUT 
USING A REGISTER BY ANTICIPATED ONE COUNT 8EfORE THE TERMINAL 
COUIIT IF COUNTING AND TilE 'I't:RMltlAI. COUt-I'l' H' LOADHIG • 

OPI::HA'l'IOMi ')'ABLE: 

JOC CLI< /LD Dat-DU QU-QO OPERA'I'ION 

II X X X Z "I-Z 
L L X X /0 HOLD 
L C L 0 D LOAD 
L C " X 0 MINUS 1 DECREMENT 

----------------------------------------------
••••••••••••••••••••••••••••••••••••••••• ** •••• ** ••••••••••••••••••••••••••••• 
P1U11 

TilE REFRESH CLOCK GENERATOR CAN GENERA'I'E REFRESH CLOCK (RFCK) FOR 
TilE DYNAMIC RAM CONTROLLERS. THE PERIOD OF RFCK DEPENDS ON F1-FO 
WIIII.E THE DURA'l'ION OF RFCK BEING LOW DEPl:tlDS ON t13-MO. 

FFFF RFCK PERIOD MMlotM RFCI< LOW DURATION 
3210 (CYCLES) 3210 (CYCLES) 

----------------- ------------.-_ .... _---
0000 12 0000 C 
0001 28 OOUI 4 
0010 44 OUI0 U 
0011 60 0011 12 
0100 16 0100 16 
0101 92 0101 20* 
0110 108 0110 24 
0111 124 0111 2H 
1000 140 1000 32 
1001 156 1001 36 • 
1010 112 1010 40· 
1011 UU lUll 44· 
1100 204 }}UO 4tl 
1101 220 1101 52· 
1110 236 1110 56 
1111 252 1111 60 

----------------- -----------------------
·tWT ALLOWED DUE TO BAD WAVEFORMS 

• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
P1018 

TilE H-BIT ADDRESSABLE REGISTER LOADS TilE DATA (DIN) INTO TilE 
I\I'PROPRIATE ADDRESS LINE REGISTER (0) ON THE RISING EDGE OF THE 

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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L H H L DIN O!l 06 07 DIN OS 04 03 02 01 00 
L H " H DIN 09 08 DIN 06 OS 04 03 02 01 00 
H L L L DIN 09 DIN 01 06 O~ 04 01 02 01 00 
H L L H DIN DIN 08 01 06 OS 04 03 02 01 00 
II L H L DIN 09 08 07 06 05 04 03 02 01 00 
II L " H DIN 09 08 01 06 05 04 03 02 01 QO 
" II X X DIN 09 08 01 06 05 04 03 02 01 00 
--------------------------------------------------------

1********************************** ••••••••••••••••••••••••••••••••••••••••••••• 
non 
l'IIIS .. AI,20UO INTERFACES BETWEEn '1'IIE "10TOROLA MC6UOO 
UCltOPROCESSOR AND ITS SYSTEM COMPONEN1'S ON A SINGLE HOARD 
~uMPUTtR. ,'HE FUNCTIONS IT PERFORMS, PREVIOUSLY DONE WIT" RANDOM 
.OGIC ARE: ADURJ~!>S m;CODING, 'U:MORY AND I/O SELECT, RES1:'1' SIGNAL 
mNt:flA'l'lON, AND CONTROL OF THE DUFFt:R WHICH INTERFACtS TilE DA'1'A 
lUS "0 OTHER 80ARDS IN TlIE SYSTEM. 

, •••••••••••••••••••••••••••••••••• * ••• * •••••• *.**.*********.**** ••••••••••••••• 
'7074 

~lllS IS AN EXAHPI.E OF A OUAD 3-'1'0-1 MULTIPLEXER USING A PAL18L4. 
;ELECT LINES A,8 AN~ ~NCOD~D IN BINARY, WITH A REPRESENTING THE 
.S8. THE OU'l'PU'l'S (y) ARE ALL HIGH IF 'l'HE SELECT LINES ARE BOTH 
IIGH (B,A"H). ' 

)PERATIONS TABLE: 

INPUT 
SELEC'I' 

B A 

OU'l'''U'l'S 

y 

L L CO 
L" Cl 
H L C2 
H H " 

••••• *.* •• * ••• * ••••• ***.* •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
'1015 

~IS ~AL DESIGN SPECIFICATION DESCRIBES A 4-81'1' SYNCHRONOUS 
OUNTER WITH 4-BIT RI'GIS'!'ER. DA'l'A CAN HE LOADED '1'0 '1'IIE COUN'l'ER 
ROM THE RtGI S'l'f:R. IT CAN ALSO BE SYNCHHOUOUSI,Y CLEAR£D. TilE 
.;GIS'l'U~ CAN bE I.OADUJ FI<CM t;I'l'Ut;R 'l'UE COUNTER OR TUE DA'I'A INPU'l'S 
NDER CONTROL 'Ol 'l'm; StL INPUT. 'l'HE REG I S,]'f:R CAN ALSO BE 
YNCflRONOUSLY CLEARED. 'l'HE COUN'1'ER AND REGISTER HAVE A COMMON 
'I,OCl( FOR SYNCIIRONOUS OPERA'1'lOt-l. 

••••• ***.* •••••••••• ,,~ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
'1016 

'HE !I-BIT SYNCHRONOUS COUNTER liAS PARALLEL LOAD, DECRf:'1EtlT, AND 
tOLD CAPAlHLITIEb. DATA (D8-DO) 1S LOADED IN'1'O 'l'UE OU'I'PUT 

c) Copyr1ght Monolithic,Memor1es Inc. 1984 All Rights Reserved. 
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REGISTER (08-00) WHEN THE LOAD INPUT IS 'I'RUE (/LD"L) AND A 
POSITIVE EDGE PULSE IS RECEIVED ON TilE CLOClC PIN (CLlC). THE 
COUNTER WILL DECREMENT IF A CLOCK PULSE IS REC&IVED WITH TilE LOAD 
INPUT BEING, FALSE (/LD:H). THE OPERATION IS A HOLD IF NO CLOCK 
PUI.SE IS RECEIVED REGARDLESS OF ANY OTHER INPUTS. 

'I'UE DORROW OUT PIN (fBO) SIIOWS IJOW '1'0 IMPLEMENT A BORROW OUT 
USING A REGISTER BY ANTICIPA'l'ED ONE COUNT BEfORE THE TERMINAL 
COUNT IF COUNTIt-lG AND TilE Tt:RMItlAi. COUNT U' LOADltIG. 

OPl::HA'l'IONS '1'ABLE: 

10C CLK ILD D8-DO 06-00 OPERATION 

II X X X Z HI-Z 
L L X X 10 HOLD. 
L C L D D LOAD 
L C H X Q MINUS 1 DECREMENT 

----------------------------------------------
•••••••••••••••••••••••• * •••••••••••••• _-**-**--* •• * •••••••••••••••••••••••••• : 
P1011 

THE REFRESH CLOCl( GENERATOR CAN GENERATE REFRESH CLOCK (RFCK) FOR 
THE DYNAMIC RAM CON'l'ROLLERS. THE PtRIOD OF RFCK DEPENDS ON Fl-fO 
WIIILE THE DURA'l'ION Of RFCl( BEING LOW DEPI::NDS ON .13-MO. 

FFFF RFCK PERIOD MMKM RFCK LOW DURATION 
3210 (CYCLES) 3210 (CYCLES) 
----------------- ---------------_._._---
0000 12 0000 C 
0001 28 0001 4 
0010 U 0010 8 
0011 60 0011 12 
0100 16 0100 16 
0101 92 0101 20* 
0110 108 0110 24 
0111 124 0111 28 
}OOO 140 1000 32 
}001 156 1001 36· 
1010 112 }010 40· 
1011 lUll 1011 44· 
1100 204 1100 4U 
1101 220 1101 52· 
1110 236 1110 56 
1111 252 1111 60 
----------------- -----------------------

·NOT ALLOWED DUE TO BAD WAVEFORMS 

•••••••••••••••••••••••••••••••••••• * •••••••••••••••••••••• * •• * •• _* •• ** •••••••• 
P1078 

TilE 8-BIT ADDRESSABLE REGISTER LOADS THE DATA (DIN) INTO TilE 
APPROPRIATE ADDRESS LINE REGISTER (0) ON TilE RISING EDGE OF THE 

(c) Copyright Mono11thic Memories Inc. 1984 All Ri9hts Reserved. 
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............................................................. _ ............ -... _. 
P7082 

TtiE 4-BIT COUNTER I.OADS DATA, INCREMENTS, OR HOLDS ON THE RISING 
t:DGE OF TilE CLOCK (CU). 

'l'IIr. COUN'!'I::R WII.L 1101.0 .WHEN TtiE TERMINAL COUNT IS Rt:ACHE:D urnI L 
Nt~W DATA IS 1,OADt:D OR TilE REGISTERS ARE CLEARED. 

TIIt:St: OPERA'l'IONS ARE EXI-~RCJ St:D IN 'l'IIE .'UNCTION TAIH.E AND 
SllMMAIU Zt:U IN 'l'IIt: IN Till:: OPt:RATIONS 'I'AUl.E: 

10C Cl.K CLEAR lLOAD IEP 03-00 03-00 OPERATION 

--------------------------------------------------------
II X X X X X Z HI-Z 
L C H X X L L C(.EAR 
L C L L X A A LOAD 
L C L II H X 0 HOLD 
L C L H L X 0 PLUS 1 INcnEMENT 

.. _ ... -..... ---_ .. -._ ... __ ................ -._-_ .............. _ ................. . 
P7083 

TliIS PAL PROVIDt:SA SING(,.: CHIP DECODt:U FOR USE IN MEMORY ,.lAPPED 
I/O OPt;RA'l'IOt~s UEQUIRING FOUR ACTIVI': l.o\oJ PORT ENAlH,rs AND FIII,I, 
16-Bl'f m:CODI:: \-11'1'11 'l'WO 'l'WO S'1'ROBE LINES (fRD AND /\,IR) • EOUA'l'WN 
'l'U~MS CAN m: CHANGED '1'0 ACCOMMODA'l'E ANY 16-BIT ADDRESS. 

'l~F PAL WILl. MONITOR THE SYSTEM MEMORY ADDRt:SS BUS (AI5-1\0) AND 
Dt;CODt: '1'IIE SPt:CIFH:D ME:MORY ADDRt:SS WORD (lF76,lF77,1F78,lF79) 'l'O 
PHOIlUO: A POR'l' ENABLE FOR READ, WFITt:, AUXILAlCi UNl'l' 1 (AUX}), 
AUXILARY UNIT 2 (AUX2) AS SHOWN IN TilE FOLLOWING TABLE: 

1 ALlDIlESS 1 S'l'HOllt:S I 1'0I:T 1 
1 INPUTS 1 IRD /WR 1 ENAHLt: 1 

. 1---------1---------1--------1 
1 lF76 1 L X I READ 1 
1 11-'77 1 X L I WIUTE I 
1 IF78 1 X X I AUXl 1 
I IF79 1 X X I AUX2 I 

••••• _ ••••• _. ___ ••••• _ •••••• _ ••• _ •••••••••• __ ••••••••••••••••••••••••• a •• a •••••• 

P7084 . 

TilE 9-DIT COllN1'f:R liAS INCRI::HENT, LOAD, AND HOLD CAPABIl.lnt:s. 
IJA'l'A (Il) IS 1.O/\Ur,D !lno '1'111:: OUTPUT Ht:GI S'I'ER (0) WilEN TilE LOAD 
(.HU: )5 'UHlt: (/I.I:=L) AND A 1'0Sl'l'IVE t::DGE I'UI.SI:; IS (u:Ct:JVt:D ON 'J'IIt:: 
CI,OCI< PHI (CU). "lIt: COUtI1'f:R \'IlI.I, INCUI::MENT IF A CWCI< PULSE: IS 
tn;Ct:lvt:D Wl'l'U 'l'IIt: LOAll Lltll:: 8t:ItIG f'ALSt; (/LD=II). THE CUlIN'j'I:H WIJ.I, 
(.OCI< A'l' 'l'ln: 'l'Et{~IlUAL COUNT REGARDLESS OF CLOCI< PUI.Sa:;S UN'l'Il. DA'l'A 

(e) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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IS LOADED IN'l'O 'J'UE RE:GISTER. THE OPt:RA'l'ION IS A HOLD IF NO CLOCI 
PULSE IS RECEIVED REGARDLESS OF ANY OTHER INPUTS. 

'1'IIE CARRY OUT PIN (fCO) SItOWS 1t0W TO IMPLEMENT A CARRY OUT USING 
A Ilt:GIS'I'E:R BY AN'I'ICIPATED ONE COUUT BEFORE TilE Tt.:RMItIAL COUNT If' 
COUNTitiG AND TilE 'l'ERMINAL COUNT It' LOM>JtlG. AI,SO 'l'UE REGIS'IERED 
CAHHY OUT WIl.I, REMEMUER 'I'llt: n:HHlUAL COUNT S'I'ATt; IN ullDER 'ro 
DJ ~;AIH,t: 'j'm: COllN'l'EN A'I' 'l'HF TERMINAL cuum'. 

(IU:/lA'I'IONS 'l'ABLE: 

/OC 

II 
l. 
l. 
L 

C[.J( 

X 
L 
C 
C 

/LD 

X 
X 
L 
H 

D8-DO 

x 
X 
D 
X 

08-00 

Z 
o 
D 

onus 

OPlHA'J'HJN 

III-Z 
HOLD 
l.OAlJ D 
courl'!, 1J1> 

..........•... -.. -._ ..... _ ....... -..................... -... -........ _-_ .... . 
P7085 

'I'll IS PAL PROVIDES TilE DECODE LOGIC t'OR HI'l'ERf'ACI NG TilE tUn 
SN54/74S508, 8-BIT SEOUEN'l'lAL MULTIPLIER/DIVIDER, \'1I1'H 'I'HE INH:L 
8085 MICROPROCt:SSOR. THE PAL16R4 MONI'l'ORS THE LOWER 8 BIT 
AIII>RI::SS/DATA BUS (ADO-AD7), TilE ADDRESS LATCH EUARU: (ALE), AND 
'1'llIlU: Ot' 'l'IIE UPpEl1 8 BIT ADDkESS BUS (A8-A}5) WHICH IS 
['AIIELED/El, E2, E3 HOM TilE 8085 IN OflDt;R '1'0 Dt;CODE AU ACTIVE LOW 
CIII P-ACTI VA'l'ION SIGNAL (fGO) t'OR TilE MULTI 1'1.I lfl/DIVI D'-R. TilE 
INSTHUCTION LINI::S AND CIIIP-ACTIVATION SIGUAL APE fllGIS'l'I::RED IN 
OIWf.H TO INSURE TIIA'l' INSTRUCTION ltIPU'J'S WIl.L NOT CHAUGt: \,lltt.t1 'l'ttE 
C('oCI< IS LOW (CLI<=L). 

fOR TillS PAR'J'ICULAR DESIGN, THE TIlREl:: INSTRUCTION ltlPU1'S TO TilE 
74S508 (10-12) AUE ASSIGNED '1'0 TilE 'l'IIRI:E LSB ADDRt:SS/DATA BUS 
(ALlO-AD2), WIIlI.E 'I'lIt: l~nlAltllNG AJ)DIIE~S Bl1'S (ADJ-ALl7) A~l DECOntl> 
BY TilE PAL 'l'O Dl'l't:RMINE If' TilE 74S!lOO lS ~a;LECTED. Al.SO, ADl~f1I:!;S 

tOO TO 101 IS RESERVED FOR TilE 745508. TilE ALJDI<ESS SPACE CAN BE 
CIiANGl:: BY l:DI'J'ING TliE LOGIC EQUATIONS. 

'I'IIIS l'AL DESIGN CORRESPONDS TO FIGURE 6 ON PAGE 7 OF TilE 
FOLLOWING APPLICATION NOTE: 

AU-I03 -A DWICA'l't:D JolUL'J'll'L.IER/DIVIDI::R SPEWS UP I1UJ.'l'll'l.)CATION AND DIV1SIO 
FOR 8-BIT MICROPROCESSORS· by Ehud Gordon . .... -..... _-_._-_ .. _ .. _ ... _ .. _- •..••.....•..........................•...... 

P7086 

'rillS 1>AI. PROVIDES "IIE DECODE [.(lC;]C tCIl ltl1'n~f'ACING 'l'ltt: Mfoll 
SN54/14S508, 8-IH'I' ~t:OUI::N1'IAL MUL'l'lP[.It:R/DIVJDlH, l-1J'l'U 'l'II1:: IN'l't:J. 
8085 MICROPHOCESSOR. TtiE PAL16R4 MONITORS 'I'Hf. Ul'pt:R b lilT 
AI)(lHESS BUS (A8-A15), 1'1IE: ADDRESS (,I\'1'ell ltlABU, (A/.f), AIm THE 
'I'IiHEf: MACIIINE CYCLE STATUS LINES (10M,S} ,SO) fJ<OM 1'111:: 80bS IN 
ORUt:~ ')'0 Dt:CODE AN AC'l')VE LOW CUIP-ACTIVATJON SIGNAL (JGO) fOR 

(c) Copyright Monolithic Memories Inc. 1984 Al! RIghts Reseeved. 
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THE 14S508. THE INSTRUCTION LINES AND CHIP-ACTIVATION SIGNAL ARE 
Rt;GIS'l'EJU:D IN ORDER TO INSURE THAT INSTRUCTION INPUTS WILL NOT 
CIIANGE kllf:N 'I'Ut: CI.OCI< IS LOW (CLK"L). BY MONITORING Ttlt: tiACHINE 
STATUS CYCLE, THE 14S500 CAN BE ADDRESS MAPPED BY TilE 8085 AS IF 
IT WERE AN I/O DEVICE, THUS NOT USING ANY .'EMORY MAP ADDRt;SS 
SPACE. TilE MACHINE CYCLE S'l'ATUS FROM TilE 0005 IS AVAILABLE ON 'l'IIE 
FALLING EDGE Of' Al,E. 

FOR TillS PAR'I'ICULAR DESIGN, THE THREE INSTRUCTION INPUTS TO THE 
14S500 (10-12) ARE ASSIGNED TO THE THREE LSB flU'S OF ADDRESS BUS 
(AO-Al0), WHILE THE Rt:MAINING ADDRESS BITS (A11-AI5) ARE DECODED 
1\1 TilE PAL TO DE'l'ERMINE IF THE 14S500 IS SELf:CTED. ALSO, ADDI:I:!)!) 
100 TO 101 IS RESERVED f'OR 'l'UE 145500. THE ADDRESS SPACE CAN BE 
CIIANGED BY SIMPLY EDITING TilE LOGIC EQUATIONS. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Pl081 

TilE 2-DIGIT BCD (BINARY COm:D Ilt:CHI/.I,) SYNCHRONOUS COUNTER WITH 
COMPLEMENTARY COUNT ENABLES, PAIlALLEL LOAD, AND CARRY OUT IS 
IMPLEMENTED IN A PAI.20XO. TIIREE CONTROL U'PlI'l'S (fLD,/cn ,CF2) 
PROVIDE ONE OF THREE OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON 'l'UE 
RISING EDGE Of' TilE C(,OCI< (CLK). 

THE COUNT Ell WILL INCREMENT IN A BINARY-CODf;D-DI~CHIAL SEQUENCE 
WliEN BO'l'H COUt'T ENABJ.f;S ARE TRUE (fCEl "'L AND CE2=1I) AND LOAD 1 S 
FAl,sE (lLD"H). THE COUN'rER WILl. I.OLD IF ONE COUNT ENABLE IS 
FALSE (/CE1"H OR CE2=L). 

'l'UF. LOAD OPF.RA'l'ION LOADS THE INPU'J'S (Dl- AND D2-) INTO THE OU'1'PUT 
REGISTER (01- AND 02-) WHEN LOAD IS TRUE (/LD=L). NOTE THAT LOAD 
OVERRIDES n,CRE,-tEU1'. 

')'WO OR MORE BCD COUNTERS CAN BE CASCADED TO J "'PLEMENT LA)<(jU< IICD 
COUNTERS BY COUNt:CTING CARRY OUT (lCO) OF THE FIRST STAGE '}'O 
COUN'l" I:UAIH.E (lCE1) OF TilE SECOND STAGF.. 

TlilS ot:SIGN IS IDE:AL Itl AN INDlIS'l'RIAL CONTHOL APPLICATION WIIEHI:: 
AN EVEN'l' COlltl1't:R IS rn:EDED TO DIUVE NUMt:IHC DISPJ.AYS. T/If: I'AJ. 
CAN RECEIVE ONE COUNT ENABLE IN TilE FORti Ot' S'l'ROIif:S FROM A ,.10TOR 
OR OTHER DEVICE. ')'IIE St:COND COUNT ENABLE CAN RECEIVt: '1'UE PERIOD 
SIGNAL. THE PAL WILL PROVIDE TWO ACTIVE IIlGH nCD OU'1'PUTS (Ol
AND Q2-) '1'0 D1UVE 'tWO Nm1UHC INDICATORS, SUCII AS '1'IIE III::WU:TT 
PhCI<ARD 50U2-7300 WIlICH FEA'l'URt:S AN ON-DOAI<D DECOm:H/UlU \/t:R AND 
I,I\'I'C.II t;NhJ'I,f,. 

I'I\I/AI."':I. I,OhDlt1Co IS I'ROVIDt;I) t'OI< 1'1\1. AND NUMI::HIC INDICA'l'OR 
'I't:S'1'I1HLITY, HOWEVER, ILD CAN liE CUANGED '1'0 A CLEAR t'UNC1'ION 
C1CLR) BY TYING 'l'HE nCD PARALUa, INPUTS (Dl- AND D2-) TO GROUND 
(GND) • 

'l'IIE:~t: OPf;~A'l'lONS AUE t:XERCISED IN THE FUNCTION TABLE AND 
SUfolMAJU l.t:D IN TilE OPERA1'IONS '1'ABLE: 

IOC CLK ILD ICEI CE2 BCD-IN BCD-OUT OPI::RATION 

(e) Copyrl9ht Monollthic Memories Inc. 1904 All Rights Reserved. 
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-~----;----;-----;----;------;-------;-------;I~=;----------
L C L X X D D LOAD 
L C H H X X Q HOLD (/CE1ell) 
L C H X L X 0 HOLD (CE2eL) 
L C H L H X 0 PLUS 1 INCREMENT ---------_ ............ ----- ...................... --- --_ .......... --- .. _----------

........................ , ....................................•.....•........ 
P-/Utiti 

T/l1:: !I-BIT COUNTER WITH Sill .'1' flEGISTER liAS LOAfl, ~Hlt''J', INCPEMENT, 
J\t~~ IIOLD CAPABI LITI ES. DATA (D) 1 S tOADW' 1 r,'Jo 'l'~1:: OU'1'PUT 
kL<.ISTER (Q)WHEN THE LOAU IS 'UWE (fLC=L) I\t;n ,.. P03I rJVE tOG£;' 
PULSE IS RECEIVED ON TilE CLOCK PU~ (CLI<). TilE COUNTLR ~lLL SHltT 
DATA TOWARD THE HSB If SIlItT IS '1RUE (/SH=L) AND A CLOCK PULSE IS 
Rf:Ct.:IVED WITH LOAD BEING FALSE (fLD=H). TilE CCUNIER WILL 
ItI~REt1EN'l' IF COUNT I~ TIWE (fCNT"L) Mm A CLOCK PULSE: !S Rt-Ct;JVED 
1'41'1 H tOAD AND SHIFT BEING FALSE (fLD,/SH=H). 'l'UE OPt.:RATHIN IS A 
HOLD U' I.OAU, SHIFT, AND COUNT ARE fALSE (fLO ISH ICNT"H) 
Rt.GANDLESS OF CLOCI< TRANSITIONS. ' , 

LOAD OVfo,kRWt;S SIIIFT AND lUCREMENT, SHlt"l' O"r,~~lOtS INt:IH::nU~T. 

'1'111:: fOLLOWHIG 01't:J~A1'IONS ARE SIMULATED USING THE t'ur.C'l'lON TABU: 
AND SUMMARIZED IN TilE OPERATIONS TABLE: 

10C CLK ILD ISH ICNT Dtt-DO Otl-QO OPERATION 

-~-----;-----;----.~----.. ;------~ ....... ~.- ... -.~~:~------
L C L X X 0 0 LOAD D 
L C H L X X SHIFT Q SIIIFT 
L C H H L X Q PLIIS 1 COUNT UP 
L C H H II X Q HOLD 

---------------------------------------------------------~-. ........•.................................................................. 
P7089 

TilE PAL PROVIDt:S A SltlGI.E CHIP IWHtACl CONTFOll.lR FOR 
IN'1'ERf'ACING MO'1'OROLA'S llfolHz 6t1UO ,.IlCROPROCESSOJ.' 10 ZILOG'S 4HHz 
Zll5XX Pt;k I PHERAL. I)'HE W'l'll{f ACE: CON'l'JWlI t Ii (jl t,t FJ\'d.S ALL THE 
IH:()lIIRED CON'1'ROJ. SIGNALS, OF "'HICH fOUR IIRD, /WP, Pt:LK(=/CO), 
AtlO I ACI<) GO TO THE Z85XX Atm ID11< Gut:!) TO THE b tluou. 

IN ADDl'l'J(IN TO GENERII'l'lt-;G CON1'IIUJ. !'](;"'AI~, '!tIt' lU1't.HfAD: 
CON'l'I{OJ,J,f;H liAS TilE CAPABll.l TY Ot' COt4'l}llll.1. J t>G TIIIH l TYPk.S Ot' [HI~ 
CYCLf:S; READ, WRITE, AND lU'l'rl{l{lIPT ACKt:OI'LEDGl. 

'l'IHING FOR PROCt:SSING OF 1>111'11 1'RAl\SFU~ IS COUTROLLED WITH AN 
ItI')'f;RrJAl. DOIoJN COUNTFR. A COUN'l'ER Dt:CODER CON1~0I.S TUU NG ot' 
/1)')'1< (lIA'1'1I '1'I<A~S"'I:.H ACI<NOWLEDGE) TO TilE b UIJOO TO nfORM A C('HPLl'l'l 
DATA TRANSFER CYCLE. 

'1'tW~E OPE:RA1'IONS ARE t;Xf.FCI SED IN 'I'HF. t'llt.CllOfli 'J Abl.E At>D 

(e) Copyr19ht Monolithic Memories Inc. 19t14 All Rlgnts Reserved. 
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THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN TIlEOPERATlON TABLE: 

I C 
o L I 
C l< R 

11 X X 
L C L 
L C H 
L C H 
L C H 

I I IFF F 
A C R C C C 
SSW 210 

X X X X X X 
X X X X X X 
L L H L L L 
L L L L L L 
L H H H H II 

I I I 
I I DCA 
W R '!' Y C 
R D l< C I< 

Z Z Z Z Z 
L L II H H 
II L H L H 
L H H L II 
II L H L L 

OPERATION 

HI-Z 
INl'l'IALIZATlON 
READ 
WRITE 
READ DURING INTERRUPT 

-----_ .. -------------------------------------------------------

FUNCTIONAL DI::SCIHPTION 

'1'IIE PAL Gt:NERA'I'ES FIVE CONTROL SIGNALS AT WHICH l/RD, /WR, 
PCJ,.K(=/CO), AND IACKl '1'0 THE Z85XX AND IDTK GOES TO TilE 68000. 
IRD, IWR, AND lACK ARE THREE TYPES Qt' Z85XX CYCLES, WHICH ARE 
Cotl'l'ROI.LED IW TItE PAL: 

IRD 
IWR 
IACl< 

READ CYCLE 
WRITE CYCLE 
INTERRUP'I' ACKNOWLEDGE CYCI,E 

ICO, IC1, IC2, AND IC3 ARE PART OF A 4-BIT SYNCHRONOUS DOWN 
COll~I'I'ER WilER£. /e3 IS 'I'IIE MSB AND /CO IS TilE LSD. /CO IS SIMPI.Y A 
DIVIDE BY 2 Qt' TIlE: 68000 CLOCI< USEDDY THE PI::RII'Itt:RAI. FOR P(;1.I<. 
'I'lIt: 01'lIt:R TIIHt:E S)GUA(,S, C1, C2, C3 WITII /CYC ARf: USt:D IN'J'ERNAl. 
'1'0 'I'ItE PAL f'OR Gt:Nt:RA'l'ING 'l'H& AbOVt: CON1'HOI. SlGNI\LS. 

')'IIE COUNTER 'l'O(;C,(,E:S Cf:')'WEEN 14 AND 15 UNTI L /CYC (=CYCLE) GOES 
AC1']VE LOW AND 'I'IIEN WlI.L Bt:GIN COUN1'ING DOWN. TilE COUN'l'ER WII,L 
CON1'lflllt: COllN"'JfI(; COWN IJU'J' 11 , IllS GOI':S INAC'l'IVt: II1GII, SIGNI\LItJG 
Tlit END OF CYClot:. 111' 'l'HIS 'I'IME TilE COUNTI::R WH.L GO 131\<.:1< '1'0 
'I'OGGLING aE1''''t:l::N COUN'r 14 AND IS. REf'ER TO 'l'UE l-'UNC1'JON TABU:. 

TilE CON'I'ROl. SIGNALS, 11m, IWR, lACK, AND 10'1'K ARE Gt:NE:IlEA'I'E:D 
'l'IIROUGH THl-: PAL AND QUAI,IFIED WITH TilE COUNTER '1'0 GENERA'I'E EDGES 
'I'IIAT I-IEE'I' TIME Rt:STRAI 'J'S • 

••••••••••••••••••••••••••••••••••• * •••••••••••••••••••••••••••••••••••••••••••• 
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'1'111:: 16 INPu'r Rt:GlS'1'l:1U:V 1'IH(lkJ'l'Y J:;NCOllEU IICCI::P1'S SIXTt:I':N I\C1'IVl::
LOW INPUTS (10-115) 'l'O LOAD 'l'1I1:: DINARY Wt;IGII'I't;D cout; OF TilE 
PIUOIH'l'Y OPOER INTO THE OUTPU'I' REGIS'I't:R (01-00) ON TilE RISINC, 
E:DGI:: OF TItE CLOCK (CLI<). A PRIO~ITY IS ASSIGNED '1'0 I::ACH 1 NPlI,)' SO 
'filA''' WUt:N 'I'WO ltll'lJ'J'S II II t; SIMlJr.'!'I\Nf:OUSI.¥ P.CTIVE, '1'IIr:; INPUT Wl'J'1I 
TilE IIIGUH;1' l'~]{)RI'n 15 I.OIIDt;V IN'l'O 'I'IIE OU')'PU'I' kt::GlS1'tH. 
'I'UENFORE 'I'UE IIWut;!)')' PI.:lONI,]'Y INPUT (10::") PRODUCJ:;S 11111111 IN TilE 
OU'I'PUT REGIS'l't:R AND 'I'UE LOht:!)'l' l'RlOtH'l'Y INPUT (115=11) PRODUCES 

(c) Copyri9ht Monol1thic Memor1es Inc. 19U4 All R19hts Reserved. 
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LLI.L IN THE OU'I'PUT RI::GISTER. 

OPERATIONS TABLE 

jOe CLK llS-IO 03-QO OPERATION 

------------------------------------------------.---~-------~------
11 X X Z HI-Z 
L C 10 "H 15 10 INTERRUPT ( III GUfSl' PRleRI'!'! INPUT) 
L C 11 =H .:14 11 IN'I'ERIWP'r 
L c 11 :H 13 J2 INTERRUPT 
L C 11 "H 12 13 INTERRUP1' 
L C 11 "H 11 I4 INTERRUPT 
L C 11 "H 10 15 Im'ERRUP'}' 
L C 11 =11 9 16 INTERIWPT 
L C 11 "H 8 17 INTERRlI1'1' 
L C 11 =11 1 I8 INTERRUPT 
L C 11 "H 6 I9 I NTERRUP'l' 
L C 11 "'H 5 110 IN'I'I::~IWPT 
L C 11 "II 4 III ltl'l'ERNUPT 
L C 11 =" 3 112 INTENIWP'I' 
L C 11 =H 2 III INTERRUPT 
L C 11 "'H 1 114 INTERNUPT 
L C 11 =H 0 115 INTERRUPT (LOwt:ST PRIORITY INPUT) 

-------------------------------------------------------------------
._-_ ••• * ••••••••••••••••••• *** ••••••••••••••••••••••••••••••••••••••••••••••• 
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'I'IIE 16 INPUT PRIORITY ENCODER IN'I'ENRUPT Fl.AG t.(:Cf:P'I'S 5 IX'I'U:N 
AC'l'IVE-I.OW INPUTS (10-115) IN ORDt;R 'l'O Gt:NI::FA1'E AN ACTIVE LOW 
OU:G_IN'I') AtlU AC'I'IVE HIGH (POS_INT) 1tI'l't:HHUl'T t'I.AG. 

UP TO fo'OUR W'l'I::I<NUPT t:NABLE PINS OF ANY POLANl'l'Y CJ\N bE ADDU) It' 
A PAL20C1 IS SUBSTITU'1'~D. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * ••••••• *. 
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'I'IIt~ I!> INPUT Nt:GISTERED PRIOR),]'Y ENCOOEH ACct:PT!.i nt·']'U.H ACTIVE-
LOW INPUTS (10-114) '1'0 I.OAO 'I'IIE fHNARY WI::ICII'I'ED CODE OF TilE 
PHlUkl'1'Y O~DER INTO 'l'HE OUTPUT RI::GIS'I'ER (03-QO) ON TilE NISHlC; 
EDGE OF 'I'HE CLOCK (CLK). A PRIORITY IS ASSIGNED '1'0 EACH I NPlJ'l' ~O 
'l'1I A 'I' "JHEN '}'WO INl'U'I'S ANI:: SIMULTANEOUSLY AC'I'IVE, 'I'IIE INPUT WITH 
'1'111: ltlc,m:!;')' PRIORITY IS LOADED INTO ,]'flE; OU'J'PUT REGISTER • 
'l'II~:j(f'ORE THE (UGliEST PRJOkJ'l'Y INPUT (10=11) PRODUCES 11111111 IN TilE 
OU'J'PU'I' Nt;GI5')'t:1< Mill 'J'II~: r,OW.;~T PIU()H lTV INPUT (II4=tl) I'I~ODlICt:S 
1.1.1,11 IN 'l'm: OU,)'I'U',' m:C) ~'l'I,H • Tilt: '''ON-I\l:(; 1 ~;'n;l(I.1l J h1't;kl<UP'r .·J.AG 
(fLAG) GOES HIGH W"~N AN INTERNUYT IS PNESlNT AND REMAINS LOW 
MIEN 'I'HERI:: IS NO INTERRUPT PRESENT. 

OPFHI\'l'}OtJS 'l'IIDI.E 

/OC Cl.K 114-10 Q3-00 FLAG OPERA1'lON 
--------------------------_ .. _------_ ......... _._-------------- .. ----~--

II x X z x HI-Z 

(c) Copyr1ght Monolith1c Memories Inc. 1984 All R19ht8 Reserved. 
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L C L 0 L NO INTERRUP1' 
L C 10 "H 15 H 10 IN1'ERRUPT (HIGH~ST ~RIORITY INPUT) 
L C Il aH 14 H 11 INTERRUPT 
L C 12 aH 13 H 12 INTERRUI'1' 
L C J3 eH 12 H J3 INTERRUPT 
L C J4 aH 11 H J4 INTERRU~1' 

L C 15 aH 10 H IS INTERRUPT 
L C 16 ell 9 H 16 INTERRUP1' 
L C I7 aH 8 H 17 INTERRUP1' 
L C 18 aH 7 H J8 INTERRU~T 

L C J9 =H 6 H I9 INTERRUPT 
L C JlO"'H S H 110 IN1'ERRUPT 
L C 111=H 4 H III INTERRUPT 
L C 112=H 1 H 112 IN1'ERRUPT 
L C Ill"H 2 H III INTERRUP1' 
L C 114-H 1 H Jl4 IN1'ERRUPT (LOWES1' PIUORITY INPUT) 

---------_ .... __ ._--------------------------------------------------------
.** ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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TilE 8 INPUT REGISTERED PRIORITY ENCODER ACCEPTS SIXTEEN ACTIVE
LOW INPUTS (10-17) '1'0 LOAD TilE BINARY WEIGIITED CODE OF THE 
PRIOJ<J'1'~ OIH>l::R IN'l'O 'I'HE OU'l'PliT .. EGISTER (02-00) ON TilE RISING 
EDGE OF THE CLOCK (CLK) PROVIDING TilE FOUR ENABLE INPUTS ARE 'l'IUlE 
(E1aH,E2-H,/E3"L,/E4-L). A PRIORITY IS ASSIGNED TO EACH INPUT SO 

THAT WilEN 'I'WO INPUTS ARE SIMULTANEOUSLY AC'I'IVE, '1'UE INPUT Wl'l'H 
THE HIGHEST PRIORl'l'Y IS LOADED ItI'l'O '1'HE OUTPUT Rt:GISTER. THEIU': 
.'ORE 'I'UE HIGlIEST PRIO .. I1'Y INPUT (IO=H) PRODUCES IIHH Itl 1'UE OUTPUT 
REGISTER AND THE LOWEST PRIORl'l'Y I NPU'!' (I7 .. tl) PRODUCES LLL IN ,'"E 
OUTPUT REGISTER. 

THE PRIORITY INTERRUPT ENCODER REGISTERS (03-00) ARE UPDATED ON 
TilE RISING EDGE OF TilE CLOCK (CLK) PROVIDING TilE t'OUR ENABLE 
INPU'l'S ARE 'l'J.:lIE (E1 c H,E2 c H,/E3c:L,/E4=L). THE PIU:VIOlIS DA1'A IS 
II t:l ,0 IN TilE PIUORJ'I'Y ENCODER REGISTERS IF ANY OF 'l'lIt: t;NAUU; 
INPU'J'S' AICE f'ALSt: U:l=L,E2 c L,/E3=n,/E4"'H) Rt:(;ARDU:SS OF Cl.0CK 
'1'RANSI'l'IONS. NO'l'E THU' 'l'HE POLARITY OF THE ENABLES CAN BE 
CIiANGEIl IiY Mt:Rt:LY EDl'l'IN9 'I'IIt: I.oGIC EOUATIONS. 

OUTPUT 04 SERVES AS THE INTERRUPT FLAG AND IS TRUE (04;L) WHEN 
ANY OF THE 8 INPU1'S Ant: ACTIVE (I=H) ON TilE RISltlG EDGE OF 1'IIE 
CI,OCK (CLK) PROVIDING THE FOUR f:tlARLf: I NPU'l'S AUt:; 'l'I-:UE 
(E1:H E2=H,/El=L,/E4=L). THE INTER1WP'l' ,"(.AG IS f'ALSE (04=11) WIIW 
ALL iNPUTS AlCt: ltlAC'l'1 \It: (J ~L) OR WilEN ANY ONE Qt' 'I'tlE FOUR EUAULE 
1I-WU'I'S Alit: t'M.st: (t:) ""1.,t:2=-L,/E)=H,/E4 .. H) • 

Ol'ERATIONS TABLE 

10C Cl,K E1 E2 IE3 IE4 I7-IO 04 03-00 OPERATION 
•• 6 ....................... ........ -- ............................... ----_ ....... --_._-----

11 X X X X X X Z Z HI-Z 
L C L X X X X H 0 NO'}' t.:NAULEO (El=L) 

L C X L X X X H 0 NOT f:NAULt:D (E2=L) 

L C X X H X X H Q NOT ENAUI.ED (/E)~II) 

tc) Copyright Monolithic Memories Inc. 1984 All Rlghts Reserved. 
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L C X X X H X H Q NOT ENABLED (/E4-H) 
L C H H L L L H X NO INTERRUPT FLAG 
L C H H L L 10-H L 7 10 INTERRUPT (IlIGHEST PRIORl'l'Y 
L C H H L L Ilz:H L 6 11 IN'I'ERRUPT 
L C H H L L U"H L S 12 INTERRUPT 
L C II H L L Il=H L 4 I3 INTERRl'PT 
L C H H L L ll=H L 3 14 INTERRU~T 
L C II H L L llaH L 2 IS 1 N1'ERRUl'T 
L C H H L L 'Il.:H L 1 16 ItlTERICUPT 
L C H II L L 11=11 L 0 I7 INTERRUl'T (I.oWEST PRIORITY) 

------~---------------------------------------------------------------------
••••••••••••••••••••••••••••••••••••••••••••••••••••••• ~r ••••••••••••••••••• 
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CLl< IOC lEN SET ROT MODE Stll-SW4 COMMENTS 

--------~-------------------------------------------------------------------
X II X X X X Z HI-Z 
C L H X X X IIOLD HOLD MO'i'vR V()SITION 
C L L H X X 1 SET MO'l'OR ?OSlTION TO STEP 1 
C L L L H H SW PLUS 1 HALF-STEP MC'i'OR CLOCKWISE 
C L L L H L SW PLUS 2 FULL-STEP MOTOR CLOCI<''HSE 
C L L L L H SW MINUS 1 HALf-S'l'EP MOTOR COUNTERCLOCI<WIS1-: 
C L L L L L SW MUIUS 2 FUI.L-S'I'EP MOTOR COUNTERCLOCl<WISl 

....••...... _--------_.---------------------------------------_ ........ -------

................................................................... ~ ....... . 
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'1'IIE OC'l'Al. llLGISTt:REO BARREL SIIIF'l'ER WILL SIlIFT EIGHT BITS OF DATA 
(D1-DO) A NUMBER Of LOCATIONS IN1'O THE OUTPUT REGISTER (07-00) AS 
SPECIt'Ul> BY THE BINARY ttlCOOED lUPU'J' (l2-:IO) SYNCHROl~OllS \'4I'1'H 
'l'IIE CLOCK I NPU'l' (CLlO AND P .. OVIDING 'I'UE t:NABLI:: PIN IS '1'RUE 
(/E==LOW) • THE OUTPUT REGISTER WILl. BE PRESET TO ALL IIIGHS WHEN 
UJAUI.E IS FALSE (/E=HIGH). THE TIIRtE-S'l'A1'E OU1'PU'l'S ARE HIGH-Z 
Wllt:U 'l'HE Oll'l'~U'J' CONTROL LWt: (lOC) IS LOW. 

............•......................••............................. ~ ........ . 
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'l'UIS PAL16L8 IMPLEMENTS AN 8-BIT LATCH FUNCTION WITH THREE-STATE 
OU'l'PlI'l'S. 'J'UE LATCH PASSES EIGHT BITS OF DATA (D7-DO) TO TilE 
lIGHT OUTPUTS (07-00) WHEU LA'J'CH ENABLE IS TRUE (G==HIGH). THE 
DATA IS "A'I'CIIED tJlJ1-:U LA'I'CII UIAUI.t: IS FALSE (G=LOt/). THE OUTPUTS 
1'411.1. rtE DISABLED (UI-Z) WUEN OUTPU'l' U.,ABLE IS 'l'~UI:: (jOC=TRUE) 
~U;ARnr,f:SS OF ANY O'l'UER INPUTS. 

10C G D7-DO 07-00 

II X 
L L 
L H 

X 
X 
D 

Z 
o 
D 

COMttENTS 

HI-Z 
[,M'CIt OU'J'PUT 
LOAl> LA'l'Ctl 

(c) Copyright Monolithic Memories Inc. 1984 All Rlghts Reserved. 
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THIS DESIGN SIIOWS HOW TO IMPLEMENT A MCLEAN" LATCH SINCE TIlt:HE 
ARE NO OUTPU1' GLITCIII::S AS 1'HE DEVICE CUANGES S1'ATE. TilE KARNAUGII 
MAP BU,OW .'OU 0+ I Ll.US'l'NATES '1'I1lS. 'J'm: 'J'WO 1I0N1 ZONTAL CIRCLt:S 
RI:l"Hl::S.:N1' 1'HE "LOAD LA1'CH" AND "LATCH OUTPU'I''' PRODUC1' J,INES. 1'IIE 
VEN'l'ICAL CIRCLE L)NKS 1'OGt:'l'UER THE 01'IIER CIRCLES IN ORDI::R 1'0 
COVER A 1'0'J'UI'1'IAL SWI1'CHING HA~ARD WIlICIl WOULD OCCUR WilEN 'I'UE 
OU'I'PU'I'S ARE: ALWAYS lIIGH. 

G 
I_ 

I- 00 01 11 10 
1----1----1----1----1 

0101111101 
1-------------------1 

1101111111 
1----1----1----1----1 

•• * ••• _-.-----_. __ ••••••••••••••••••••••••••• _ •••••• _ ••••••••••••••••• ** •••••• , 
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'J'IIIS PAL16R4 IMPLEMENTS A TWO CHAIUl(;L SliM',}' t:NCODt:H Ot' ')'lIt: 1'HE 
lI~t:D ) N SI>.:t:D CON;'NOl,J.lRS AND OP1'ICAL DEVICES. 

1\01'" TilE "UP" AND ·DO~N" OU'l'PUTS Of' 'I'IIE PAL ARE NORMALI.Y HIGH. 

~mEN 'I'IIE SIGNAl, A'l' 'l'IIE "PHIO" INPUT l,t:AVS 'I'IIE SIGNAl. A '1' 'I'HE 
"PII190· INPUT, 1'IIE "DOWN" OUTPUT ALTERNATES BETWEEN HIGII AND I,OW 
Lf:;Vt:LS A1' HALF 1'1It: "CJ.I<" fRlQUENCY J{A'l't:. ALSO, WtiEN 'I'm: S l(;NAL 
1.1' THE "PIIlO· INPUT l,AGS 'l'UE SIGNAL AT TilE "PHI90" INPU,)" ')'111:: 
MUp· Oll1'PU1' AL'l'I::RNA'I'l:;S BE1'WEEN HIGH AND LO"I LEVt:LS A1' IIAU' 'I'IIE 
·CLK" FREQUENCY RATE. 

'l'IIE SIIM''l' Iot'CODlR .'EA'l'URES THE CONf'lGlIRATION AND OUTPUT POLAlU1'Y 
'1'0 DNIVE AN 74s193 TYPE UP/DOWN COUN'l't:I~. 

'l'UIS DESIGN WITH GLITCHFREE OU'J'PU'l'S WILL DE EX'l'RlMEl.Y US El-'UI. IN 
ELECTRICALLY NOISY Et/VIRONMENTS. 'J'1Il:: I>INNING IS GIVEN AS A FIRST 
1'1l01'O!>Al, AND CAN BE CHANGED ACCOFDING '}'O 'J'HE PC-BOARD LAYOU'J'. 

_ ... -----.--.... -_._._. __ ._ •.•.•........................................ _ ..... 
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THIS l'AL16F8 HIPLEMt:NTS A 'n'IO CHAUtlEL SUAt'T ENCODER Of' 'l'UE 'I'n/:: 
USf:D IN SPl::t:D CON'l'ROl,l.t;RS AND OP1'ICAL DEVICES. 

'1'111': -COUNT- OU'I'I'U'l' Ol-' '1'/11:: 1'1\1, IS NORMALLY IIIGlI. DURING !>IIAF'I' 
t.hCODltlG ,'U1S OU1'l'UT AL1'I::RNA'l't;S llE'l'WEI::N IIlGH AND LOW. 

lIH'll'l' -X4" SELEC'l'S 8l-:'j'wt:t:N IIAI.I-' (X4==H) OR QUAN'l'I::H (X4:::[.) CI.K 
t'HE:QUENCYOF 1'IIE ·COUN1'ER· OUTPU1'. 

OU1'PUT "liD" DI:.'J't,RMltlt~S WIlETtll::H SIGNAL PIIlO l.t:AUS (UD:::H) OR LAGS 
(UD~L) SIGNAL PU190. 

TilE SIIAl-'T E:NCODER t'EA'l'URES 'I'HE CONF IGURATION AND OUTPU'l' POI.AR 1 'I'Y 

(c) Copy(ight Monol1thic Memo(1es Inc. 1984 All Rights Reserved. 
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TO DRIVE AN 14S697 TYPE UP/DOWN COUN'I'ER. 

'I'UIS Dt:SIGN WITII GLITCHFREE OUTPUTS WILl. BE t:X1'REMELY USEFUL iN 
t:U:C'I'RICAI.LY NOISY t:NVINONHENTS. THE PWNING IS GIVEN AS A FIRST 
1'1I()I'(J~Al, AI~D CAN BE CHANGED AC<.:ONUUIG '1'0 1'liE PC-BOARD LAYOUT. 

** •••••••••••• * •••••• * ••••••••• -._ •••• _-.-.--- •• _ ••••••••••••••••••••••••• , 
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TillS PAL20XIO IMPLEMENTS A '1''''0 CtlANUf.:L SIIAFT ENCODER WITH AN 
INTERNAL 4-BIT UP/DOWN COUNTER. 

110'1'11 TilE "UP- AND -DOWN" OU1'PUTS OF 'I'IIE PAL A~E NO~MALLY AT HIGH. 

miEN TilE SIGNAL A'l' 'I'm: nl'tHO· INPUT 1.t:AVS 'l'IIE SIGNAL AT 'I'HE 
"PIII90" INPUT, THE "DOhN- OU'J'I'UT AI.TERNA'l'l::S Bl::TWEEN HIGH AND LOW 
LEVELS AND THE COUNTf.I! WILl. COUNT DOwN. .'IIE'II 'flit: SIGhAL AT TtiE 
"1'11)0- INPUT LI::ADS TlIE SIGtlAL AT 'I'IIE -PIIl90" IUPUT, TUE "UP· 
OU'l'PUT AL1'ERNATES BE,}'Wl::l::N UIGII AND LOW l.J:;Vl::LS AND TilE COUhTER 
.11 LL COUNT UP. 

I~PlIT "X4- SELECTS BETWEEN HALF (X4=H) OR QUART~R (X4=L) CLK 
FHl::QUl::NCY OF 'l'Ul:: COutl'l't:R OUTPUTS. 

1'tlE INTERNAL 4-01'1' SYNClmONOUS COUNTER HAS com~')' LIP, COUNT DO~N 
CAPABILITIt:S. I\I.~O, 'l'Ut: COUIlH;R CAtI HI'/\I,U:I. UJAD AND HOLD DATA 
INDEPt:tHlt.N'l .... 1' ot" '1111:: SIIM'T ENCOl.lt:}{ SlC'l'lON. THE REGISTERS ARE 
SYNCIIRONOUSLY lNI'l']ALlZt::D WilEN /SF:T IS 1I.:1.D LOW. 

TilE CON'l'ROL INPUTS l'ROVIDE Til ESE OPERATIONS WHICH OCCUR 
SYNCIlIiONOUSLY AT '}'/I(; IiJSING t:DGE OF TlIE CLOCK. 

(c) Copyright Monolithic Memor1es Inc. 1984 All Rlghts Reserved. 
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IBM PC 

1. Version 1.6C released on Septe~er 15, 1983. This version is 
cOII'llatible with the VAXn version. 

2. VerBlO" 1.7A released March 15, 1984 to handle the 20AP PAL 
tamUy. 

INTEL/MDS 

1. Version 2.40 released September 15, 1983. 

CP/M 

1. Version 1.00 released September IS, 1983. 

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

VAX11/IBM MAINFRAMES 

1. Version 1.6C released September 15, 1983. 

2. Version 1.7A released March 15, )~H. to handle the 20AP PAL 
lallUy. 

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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PAL'~I Training 

Monolithic m IfIIemorles 

'-____________________ A�onoUlhic~Ale""ories 

ec) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. (c) Copyright Monolithic M • .aries Inc. 1984 All Rights Reserved. 
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PAL BENEFITS AND FEATURES 

PAL - BENEFITS AND FEATURES 

I. 

• Reduce eNp count 12 10 1 or gre ... ' 

• 25 ne Iyplcel."Y 

• Low COl' with hard m.lk OpUonl (HAL) 

• 15 peril replece IO'fI 01 convenlionel nL logic 

• Second lource .,.Baille 

TIME :> 
~ ________________________ F;j ____ • '-______ ~"!"-------, ................. NI,...w ... ...... 

Ie) CoPyri9ht Monolithic Me.ories Inc. 1984 All Rights Reserved. Ie) Copyr ight Monolithic MelDOries Inc. 1984 All lugut-It aceserved. 
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tH.:l'\4Q 
1::---..... , 
..-....-. .... --..-
-e-• .-.·.-
-...+-.+---~ - . ...-..• -----...-..- ..... -

-..... ...... ......... 
.•• 1-'-

- .... --.--+-- .... ... 
~-~ .. -... . .. .... -.--......... -
~ .. ---.~ ... ..-
.~~.. . .. .. --- ~.~-
. .,-. ---......-...
-.-+--1>--

"IID f;JJC1J 
AND 

~-------------------..... ~~ 
FPLA 

.. · .... ····I·· .... ~ imIH~ ~~ 
-.... .......... --+-.. ... -.-. -..... - -... ...-............ - ... .... 
-4-e ........ .- .... . .............. ... .... ..-NO............ f;JJC1J 

AND 

~------------------------~~ ...... 
PAL 

, ••• 0 

~~~~~Il~ ......... -...
.......... -e---.......... _ -4---...
............... --+-.... -......... - --.-........ - --.-

~ _____________________ ..... me~ 
(c) Copyright Monolithic Me.ariea Inc. 1984 All Rights Reserved. 
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GATE ARRAY 

AdY.nblgel: 

e Higher number of g.t •• "'llIlble, good 'or YLSI function 

• A •• llible In dlHe,.nt technologl •• I. ... CMOS, HMOS, 
CML, 12L, Blpoblr TTL 

DllldY.nblgel: 

• T.ke. three (3) month. before on ..... the IImpl. 
prolotype 

• Inldal COlt v.ry high ($5,000 to $10,000) 

• Higher number of plnoula (40-pln typal) 

• Chip blyout - 'neHlclenl 

• Loo .. "'gn tolerances 

• No IICOnci IOUICI 

'------_____________ ......... _ ..... ~INIII~ ... W .. ,iiOII '"_ 

Ic) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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PAL VS GATE ARRAY 

PAL GATE ARRAY 

PROTOTYPES INSTANT 12-16 WEEKS 

DEVELOPMENT NONE 30-60 K$ 
COST 

SECOND SOURCE THREE NONE 

DENSITY 250 GATES UP TO 1000 GATES 

FUSE PROGRAMMABLE LOGIC 
DEVICES 

AND OR OUTPUT OPTIONS 

PROM fiXED PROG TS,OC 

fPLA PROO PROO TS, DC, fUSIBLE POLARITY 

fPGA PROG NONE TS, DC, fUSIBLE POLARITY 

PMUX flXIPROG fiXED TS 

PAL PROG fiXED TS, REGISTERED, fEEDBACK, 110 

THE PROGRAMMABLE SOLUTION 

• FILLING THE GAP BETWEEN SSIIMSI AND CUSTOM 

• SSI/MS. HAS LIMITED INTEGRATION CAPABILITY 

• CUSTOM REOUIRES LARGE VOLUME AND LONG 
DESIGN CYCLE 

Ic) Copyright Monolithic Memories Inc. 1,84 All Rights Reserved. 
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IiALS 

Hard Array Logic 

• HALs .re a Iypeol Gale array and are mask programmable. 

• In addlllon 10 all Ihe advantages o' PALs, the HAll are 
very cosl ellecUve In larger wolume. 

• Initial development cost II very low as compared 10 Ihe 
Gale .rrays. . 

• Use PALs .or prolotyplng and HAll lor volume producUon. 

...... ________________ Monollll.'oWMemorle. 

PROGRAMMABILITY MASK vs FUSE? 

MASK ~l)~L_ 
SOFTWARE EXTENSIVE SIMPLE EOUATIONS 

TO FUSE PATTERN - - . _._----- -.-..:.-
FLEXIBILITY fiXED-CHANGE IS EASILY CHANGED 

DIFFICULT 

DESIGN CYCLE 4-6 monlhs INSTANT 
PROTOTYPItIG BREADBOARD AND SIMPLE SOFTWARE 

SOFTWARE REOUIRE AND LOW COST 
AN ELABORATE PROGRAMMER AT 
DEVELOPMENT SYSTEM. CUSTOMER OR 
TRANSFERRED TO MASK DISTRIBUTOR 
AT VENDOR --

COST LONG TERM COST IMPROVEMENT OVER 
._- EFFECTIVE 

f- - -. ---- SSI:MSI_ TJ:L ____ 

CUSTOMER FIT MEDIUM TO LARGE ANYONE 

--- .. -- .. - ... COM~A.NI~~ ___ - ._-----
2ND SOURCE GENERALLY NONE PCENSED 2ND 

SOURCES 

ec) Copyright Monolithic Meacries Inc. 1984 All Rights Reserved. 
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PAL Training 
Seminar 

Supplement 
I. Bool.an Algebra R.view 

PostullllS 
0-0 0 0 ,.,., 

0·'. 
Tl1eor.ms. 

1"0·0 
o. 1 0 1 

; ·.0 

A-OoA A"A-A 
A-,oA (A1.i 
A·,.' CAloA 
A-OoO A"loO 

A-a 0 a-A 
Aoaoa-A 

"-(a-c) 0 ("-arc 
A - (8 - C) • IA - al - C 

A-(a - Clo A-a- A-C 
A - a -C • IA· anA· &1 

(A • a • C • ·,.1 - A" a " C " ... 
A • a • Co... - (A " B " C " _.1 

-OIMDfgan 

IA " a " C " ... 1 • A 0 i 0 C • . -De Morgan 
• A " B " 0 "... 0 (A 0 B 0 C 0 •• 1 

"-(AOaIOAoA-aoA 
A 0 A-B. A"CA. II 0 A 

IL Karnaugh Map Matrlx Labl.s 
Top 10 tIOnOlft or .. " 10 ngnl: 

2-Va"lIb1e 3-varlllble 
00 000 
01 001 
11 011 
'0 010 

110 
111 
101 
100 

4-vanaOle 
Adel a V MSB and 
use Ina ).yallallle 

chart lor Ina lil'Sl 
hall For \he MCOnCI 
hall, add a'" MSB 
and repeal \he urna 
Chart ... ~rsa order. 

Thll ume lecnnoQut may be used lor any number 01 "a,.aOIIS 
NI .,.y be CIesored per .. IS For any .. IS grular ~an one 
"a"aOIe. Ina MCond-nall II a """or image 01 the IIr"-halI w.lh 

. Ina MSB IQUlII 10 a one \11 Th.I can be _ abO., when 
compalong IRa ).~anaOle lost 10 Ina 2"~an.bI. 1.11 

toto" - - AND 0 0 OA I • NOT 

2·8lt Counter Exampl. 
"0 LSB 

" For Up Counl' 
810 
00 
01 
10 
11 
00 

B' MSB 

For Down Counl 
110 
11 
10 
01 
00 
11 

USing IRa ;"rtIal Io9lc languaga. lQualloni can aclually be 
.,.n.n cSttaclly from IRa luncllOn labln 

The Iqualion 10' A " IllIly oOvioui. A Ilwlyi loggllS 
thus. 

A:aA ; Togglt 

Th. lQull,on lor 8 hiS only two g,nerll luncloonl Thay III 
hold 18 .0 81 and loggl. Iii •• BI. WI also hive two modn 01 
c.ount CUp and Oownl· 8y IIIIP1CI,on 01 IRa lunctlOft 1a0l., tna 
Io\IowJng eqU11lOn II wnttan tor 8. 

i:- e" A "UP 
oi-" -UP 
·B-A"UP 
·a"l-up 

: Hold on Up 
; Hold on Down 
; Toggle UP 
: Toggi. Down 

Please nota thlt Iht oulpul pons .11 aslumed to be Clilled " and 
8. ThuI" tna lQuallons musl be WI,nen lor A and 8. II yOU Uti A 
!(arnlugh Mlp 10 solv. tnt abOve plobl.m, mellly *111. yOUr 

IQUIloons lor Ih. IIro'l Thil w,1I result in allactly Ih. lime 
solul,on ulhOwn .tIOve 

To demon,Irl" Ih. lIe.'O,hl)' 01 PAL WI Will now 11Clor in' I 
pi_I and cl.ar (bolh lCI.v' heghl. 

i.oi-l"Up-PRi 
·t-,,-UP-PAS 
·a"""UP-PRS 
·a"l-up"PRS 
oCLA 

: Haldon Up 
: Hold on Down 
: Toggle UP 
; Toggle Down 
:C .. ar 

To aCId lloid luncl.on mer.ly rlqU'''' anolnar product line. 

B '" 01 " "LO : LOId 
oi"i"UP"PRS"CO : Hold on Up 

• I -A - UP " PRS - CO ; Hold on Down 
• 8 - " - UP - PAS - LD ,Toggi' Up 
oa-i-up-PRS-CO "ToggllDown 
• eLA ;Clelr 

ec) Copy[iqht Monolithic Me.aries Inc. 1984 All Rlqhts Rese[ved. 
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Verbal Logic Language 

Symbol Ope,.Ior 

Eaulhly 
Eaulhly 
NOI 
Or 
Ano 

XOR 
And 

Pronounced 

Replaced Dy 
EQUIlIS 
Nol 
Or 
F"SI-II 
OlhrrS - Ano 
Unl.SS - XOR PALS Only 
Allel unit" - Anel 

. LOid 

. Hold 
" Toggl, Up' 
" Togg'e Down 

Th. aDove eQuillon c:an 01 rlld IIS.,r Oy most peOpll us,ng I 
.e'DII approac:" AS opposed 10 I SooI.ln IpproaCh 

Th.s "apP£ns 10 blln. PAL eQuallOn Ipr In'lhree-O,1 OIl 10-0,1 
up,eown counle' w,lh 10Id 

03.s repliceo Oy 03 lIoadlunCI'O"1 ,'loadILOI'1 lueneG Or 
03 'S leplac.e by OJ Ihold luncl'onl ,I lO.d ,s nol assened 
unless all lesser Slgn,l,canl 0011111 hegh anes WI III counl,ng 
up or all Ins.r s,gn,locllnl 0'11 Irl lOw and WI II. counl,ng 
OOwn 

Th'I eQull.on was wflnen lor I PAL 20X 10 rna lOR AClually 
lranslOlms :h. D-rlO'S!" ,nlO II loggll F F 
Th,s same lunel,on could te wron,n w,lnoullh. I,d olIn. XOR 
glle I'1Oweve" ,I wOulo 'eQu'" more product lerm1 Mor, on 
I".s ,,"en wI gil 10 the power 01 Ina XOR gil •. 

To ,neluet a presellunel'on ,n Ih,S COunter m"ely ·.nd eacn 
.erm w,'h PAS 10' I" ICI,v' h'gh PIIIII. or WlIIl PAS lor In 
.elove lOw pr.sel 

In gene'al a presel COils lin ,npul Ion. and I Clla, coslS , 
prDOuel lone 

The Power of the Excluslv .. OR 

Snown bllow .1 I"e Klrn'ugh MlP 01 Ifle lour-bll 01 I """blI 
up:opwn counll, 

• a .. C 
UfO 

_ .• , 
'" It. -, 1(0\ 'il ~ 

•• V. I I .' 011 .~ 
, I ~ 

,,- y ... II I ~ 

noVo ""0\ , )--

.11 I , , , 
10. l" Ii' I ~ 

•• ~ • '-!I I I '-JJ 

"' '" 10' '. , , t~ 
I , , t 

t , t , 
t t I , 
t , t t 

'@' , 
, , t t 

t t J' I' 

uc .. ..... ..... 
::::: ..... .., .. .... , .... , ..... ..... ..... .', .. ..... 
::::: ..... .... ' ..... 
"'It 'I'" ::::: 
::::: .... ' 
::::: 
" ... .... ' ..... 
"'t, 

page F-I I 

On In. "gnl i't Ir, O"lp .. I$ at I'" t.v' 10* oroer 11.\1 Th ... 
nay. Deln m,opee is snow" iDO .. 

To SOIVI In·s "01 .. s.ng Inl _OA glle ,ea ..... ' fttftt ptDOuct 
lerms Tn.,.s 0 ... 10 Int 'aCIOIoOl\S SCIr..,.o Inlougnoul 
Ine map 

Th. eQullllon lOr In.s oulput .s " 101l0wi 

tot"S"UP 
-t'''"UP 
·i-B'A 
-i"0"8 
-i"6"B 
-i"O"C 
-t"O'C 
-E-O-C-S""'UP 
-E:o-C"a-i-up 

" I 17 HOIOlt 

"2 
1 .. 

.$ 

"I 
" 7 
" • (Toggl, UPI 
" I (ToggII Downl 

Now I.U lOOk III tn. sam. IUrnlugn Map ,n I d,tterenl Ioghl 
Nolllhil Ina .nl," len hall,s 1I10S w.lh two •• cepllOni 
And Inll In. "gnl "III,s all ones w'lh \We) '.Upl'onl 

Also nOle Ihllln.s '5 I". '1Iu, 01 E Thus Ih,S .nlol, Map - .,Ih 
Io",r •• cePIIOftI - 'eouC.s :0 

The .. elus.ve pr operaIO"$ IR. -eae'Ollon" ooerllor us'ng our 
verballog'c Ilinguag'. w. COuld $III. 1"11 w. wlnllne .,IUlI 01 E 
10 hOIO unltS5 w, il' .n on. 01 "" lOur 'acepl,on ceU. 

Closel ,.am,nlllOn r'VIIIS In.lln. IOUI CtllllClually r.ouc. 10 
two PI,I'S 01 c.IIS Th.se pa'l'S .,. 

O-C-S-A"UP AND 
D-C-B-i'up 

Henc. our enl'" la.llllOn Ihll was n,ne prOOuCl .. ,ms .1 now 
reduCed 10 Inree prCOuCI IIrm, iii '0110.1 

E • E . Hold 
• 0 - C " B " " - uP 
• C"C"a"i-up 

. Toggla Up 

, Toggi. Down 

Th,s Clln be rrad as 10110'"" 
Nol E IS r,placeo by Nol E unlnl alilesSlr I'gn",canl bllS I" 
h,gh .nd w. Ire counl,ng up or allleu.r I'gn,"c.nl Oil. IrllOw 
anes WI II. counl,ng oown 

• I 0 .. C 
UfO !-, •. .,. 

.. ,' 11O .11 tI. ,. 
-~[» I • I , , t ~ 
.'i 0 • I I , , I , 
It. I I I I I , • . , · . ..... , ! ' I ,! ' · , 110;'1 1 ,1 • , , • I, 
'''1 ' I , I (3) I I 

, <tl · . .. ,il'·"I':'~' I I' , 
.at. , I I : I I ' • i' '1' I -

ee) Copyright Monolithic Me.a[ies Inc. 1984 Ail Rights Reserved. 



Appendix F: A PAL Pri.er page F-12 

MDORMRAY 

:III~IIIIIIIIIII III111I1 
Dp~ 

---C. 

AND-NOR ARRAY 

i 111111111111111111111111 
al~ 

---c. 

II 

REGISTER WITH FEEDBACK CELL 

PROGRAMMABLE 110 

• ----I. 1I111111 I1I1III1111111111I11111 I ~::r" 
~ ________________ ~ ... lDi ____ .J 

REGISTERED ARITHMETIC CELL 

~ ____________________ ~ml" __ ~ 

Ie) Copyright Monolithic Me.acies Inc. 1984 All Rights Reserved. 
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ORDERING INFORMATION 

~ PROGRA .... ABLE ARRAY LOGIC FA .. ILY 

r--- NU .. BER OF ARRAY INPUTS 

.-OUTPUT TYPE 
H • ACTIVE HIGH 
L • ACTIVE LOW 
C· COMPLEMENTARY 
R • REGIITERED 
•• EXCLUSIVE-OR REGISTERED 
A • ARITHMETIC REGISTERED 

~ 
NUMBER OF OUTPUT TYPE 

~ 
TEMPERATURE RANGE 

c a O·C TO .,S·C 
M· -U·C TO +1U·C 

I 
PACKAGE 

N • 'LAS TIC 01' 
--1_ • ..1-.1. " • CERAMIC DIP 

PAL14L4CN 
~----------------------____ ... ~ .. ~ .. ~wa~iiD~ __ 

PAL TECHNOLOGY 

BIPOLAR TTL SCHOnKY PROCESS 

PT - 51 SCHOnKY 

TI-W FUSE 

SINGLE LAYER AND DUAL LAYER "£TAL 

EMITTER FOLLOWER ARRAY 

20 PIN SKINNY DIP (OY WIDE) PACKAGE 

'---------______________________ .J ........ ~~wa. mIB.. ... __ _ 
(c) Copyright Monolithic Meaorles Inc. 1984-AII-Rights"Reserved. 
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AND·OII 
LOGIC DIAGRAM 

PAL ARRAY FORMAT 

A 

• 

AHO-OII 
CIllCUlTDIAGIIAM 

~--------------------------~~ 

FUSIBLE LINKS 

PAL 

page F-14 

C 

~ _______________________ ~l~ _____ • 

ec) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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LOGIC DIAGRAM PAL 12L6 

••••••• II 

~~=tm 

--
I --• a c 
~ 

~ 

t -;) 
a -0 
f 

-

'-_________ Monoll'hIOWllllemorie. 

ec) Copyright Monolithic Me.aries Inc. 1984 All Rights Reserved. 
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r----------------------------

PAL BASICS 

PAL INPUT/OUTPUT/FUNCTION CHART 

.... ... _, _ . 
"':=-1=_1 -- .;.'1t. ~ .. ~fY ............ .•. 

1::::1 . , : ... atl ... O"GaI ...... .. , II . , ..... a-I ... OIIGM ..... 

E 
, :: ........ 1 .. · MIOOA MlDa-GMI ..... · .... ...,. .. I ......OA ~OIto-rt ...... · :: ......... :: • ........ , .... OI'.,..'GAI ..... · _''''1 · oIItIO"'I...oOlt""'·'Ga·'~ .. · " ::::;1 .. I 

MID""" I'" OA 1Mf_' 0--,...., :: : :! ...1IIQlIII1_OII ..... 'GA' ..... ..... ee·' .. , .::;.. 1::::::1 
.. = ...... .. · .. :::.:: .. · · .. .. .. 

• • · ...... ...- ..... 011""" .. '.,....." .. G. :: ,I .• 
.... -. • · I · == t:=::::::::: ::: II .• ... _. · · · · .. .. .. ~-------------------~mm~ 
-"'·'1 : , · · =~1;::.."!"::::.:;~! "GS 

.. '" .. 
......... 1 · · · .. II .. 
~IofrIIIOOI ... .fIIrG~..,.... 

PAL SYMBOLOGY '-__________________________ .... MMiiD~ •• 

A • C 

SCHEMATIC OF INPUTS AND OUTPUTS 
-f+t-o--..... 

.cc~..:·=-::::; ... = ... :.:..::-:;:.:..- ~--------------_____ ~mu~ 

PAL LOGIC CONVERSION 

~
" . . . 

c:. - '...:., 

• ..... ,: CA •• , CD 

......... iilI ..... _ ...... ,_.J 

~--~~~--________ ..... mu ____ ~ 
ec) Copyright Monolithic Me.aries Inc. 1984 All Rights Reserved. ec) Copyright Konolithic Meaories Inc. 1984 All Rights Reserved. 
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PAL Concepts 

PAL Legend 

Constants LOW III 

HIGH tHI 

NEGATIVE INI 

POSITIVE tPI 

, COMMENT FOLLOWS 

ZERO 101 

ONE til 

page F-IB 

GND FALSE 

VCC TRUE 

. -t- FUSE NOT BLOWN 

- -4- FUSE BLOWN 

Operators 
lIN HIERARCfiY 
OF EVAlUATION) 

/ COHPLE."lENT. PREFIX 1'0 A PIN NAME 
• AND (PRODUCT) 
+ OR (SUM) 

:+: XOR (EXCLUSIVE OR) 
: .: XNCR (EXCLUS IVE NDR) 
( I CONDITIONAL THREE-STATE (IF STATEMENT) OR FIXED SYMBOL 

8 EQUALITY 
:8 REPLACED BY AFTER THE LOW 1'0 HICR TRANSITION OF THE CLOCK 

Equations 

Function Table 
States 

Sialldafd 

8 • BIGB LEVEl. 
L 8 toW lZVEL 
X 8 IRRELEVANT 

PALAS" 01 a 11*/12 + /11*12 

C • TRANSITION FROH LOW 1'0 BIGB 
Z .' OFF (BIGB IMPEDANCE) 

Test 
Conditions 

8 • TEST 81GB 1. DRIVE 81GB C • DRIVE INPUT FROM LOW 1'0 BIGB 
Z • TZST POR BIGB IMPEDANCE L • TEST LOW 0 • DRIVE LOW 

X • 11UlELZVANT 

Conventie»nal Swmbolog, 

PAL S,mbolO;, ..G 

":l!~~_k-. r 8 D-.•. ;;. 

; Dtt:.:Q "p .. 
12 

I 

PAL Logic Diagram 

· r II • 

'OQUCT 

~UIIII 

4i 
I'IN 

'111111 7: 
! ~ -

-, ..... 
.. 

d_ 

'" r-~I· 

_T LlNI NUMIIII 

i 

U 

II [1 

"----r,:::::D..---
rI ::t=D~_--1C,--,.,r"ii.iilJ 

vee 

'"NT 
HIGH 

INI'UT 
LOW T 

LOGIC STATI 

"lL"it 

~ 

",OOUCT WITH AU. fUlII r ILOWN IlIMAINI HIO" 
JJ ALWAn 

'- ",DOUCT WITH .. u. fUSES 
INTACT IlIMAlNI LOW ALWAY. 

lHOIIT14ANO NOTAnON, 
'011 AU. fUSIl '"TACT 1 

A III 0-

(

ACTtyIHla" 

T1411r1-;TATI lIMA ... 

CLOCK 

J n 

~l IT nANOAII 
IIIOUA 

o IUM 0' '1I00UCTI 
TID AT ntlSl NODII 
T14IIUIIU) 

~}?D~ 
--- - e~ 0 

'-CO 

ecl Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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2 

3 

STANDARD PAL LOGIC EQUATION 

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

~ ________________________ ~,~m;]~. 

BUBBLE THEORY 

=D-O=O
=D- 0=0-

•A=f),C'-----;--l.....)- Qiv-

:%--Q~ 

:%-C):!SD-. 
~----------------------... - .... ~~~jB~ 

ec) Copyright Monolithic Me.ories Inc. 1984 All Rights Reserved. 
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COMBINATORIAL PAL I 

i'~ 
__ D.! - 0 i 0 '\ ,-_____ ---, 

OR_O;'~ !'~ 
I·

i 

• '/"-'1." ., 
;.~ (AI~:'GHPAJ. 

NOR-oR "., . 

I .. 
'-----------------------___________ ~,~mmB .... orl •• 

COMBINATORIAL PAL II 
•. em,·j1iCi • cSt 

!~ 
~ANDigF'\ 

• .... 0"\ r-:,-. ;ci:;.e;: .. =l;.::;C:=.:;:i;CP;:" 

OR.AND 'i~ oN I~. 
AND·NOII ,t.':'CI'~ 'j'- i · i • iA.FoIil ... CS-)-A-C-T-.-V-E-L-O-W-P-,. ...... L 

NOR-NOR a 
e ." f 

~ ___________ o ______________ ...... iiD~ 

(c) Copyright Monolithic Memoriea Inc. 1984 AU-Rights Reserved. 
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SEQUENTIAL LOGIC/STATE MACHINE 

'.-.• -'-
It 

ff 

SECTION OF PAL 16R6 
LOGIC DIAGRAM 

-t>---, -.----.-------" .. " .. '" I 
~fi~i~~, . 

I)=-. - .~ 
~==:::--~ - . 
:=..::2 ==-==--====- . 

I) ::.:::::::.-;. .-. ...•• =-.:1--

'-______ MonoII,,,,,,~j.!J.......,.. 

page F-21 

MULTI·LEVEL LOGIC REDUCTION 

'1' ... ··c, .... ·,.,·.· ,",.,,'' 

AND/OR NETWOR" 
CPAlllH2, 

'1 

________________ ~~~~J---.. 
Ie) Copyright Monolithic Me.aiies'lnc. 1984 All Rights Reserved. 
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PROGRAMMING 

PAL PROGRAMMING 

I PALAS .. 

• MANUAL COOING 

~---------------------~~~ 

PALASM FEATURES 

• PioUS .. It. 'O"'''AH IV ........... . 

• --... LogIC eII-' en ... _ ..... _ pell.ml. 
, Lovocoqua·_ ...... _ ... ___ .... PAL _ ... _ .. ou ..... 

• PioUS .. 001 .... un be ... any of I"" 10110 ...... _" 

I. "£I (PIIOM P'OI'-' '0_11 
J 'HLf (PliO" p ..... _ ' ...... 1/ 
I • ...., IPIlO .. p .... _ ....... 11 .,_ ...... ....... -.~ ... ...-. .... --P'

-.PAUS ... 

page F- 22 

~--~~~~------.~~~--~ __ ~JJ~. 
lc) Copyright Monolithic "cmoues t'nc, 1984 All Rights ReselVed, 
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PA~ASM OPERATORS 

= EQUAL, .EO. 

= REPLACED BY FOLLOWING t 
/ COMPLEMENT 

* AND, PRODUCT 

+ OR, SUM 

+: lOR, .NE. (FOR PAL 16A4, 16X4 ONLY) 

* : XNOR, .EQ. (FOR PAL16A4, 16X4 ONLY) 

() CONDITIONAL THREE STATE, ARITHMETIC 

'--____________ IItfonoI"hlo~J.nItflentolW. 

SAMPLE PAL DESIGN SPECIFICATION 

~ 
PAL PART NO. (MUST STAAT AT LINE 1. COLUMN 1a 
P""lANNO. 

P ... LXXX ~t! NAME OF DEVICE (MUST START ON LINE 3t 
P ... T NO xxx 
NJ<t<t: or D[VIC -

n 511 DO 01 01 DJ 04 D~ SL CIID IE IlLO o~ 04 OJ 02 01 CO LlRO VCC 

PIlL OUICN SPEClrlClITlON 
"UTHO.·S NAIll:. "An 

~ PIN LIST (MUST START ON LINE 5a 
HIS~'/SLI ILlIlO' 100 1;~~~~S!:lO~:..::~~~~~~:AMII 
;~~ :: ~~:: :~~: :~~ : ~::~~~:~~; : ~::~~:~~~~~ ;II~:~~~~~DO A$SIONlO TO PINI 1THAU a. 

;~~ ;: ~~:: ;~t:;g~ : ~::;~t:;g! : ~::~t:~~~ : ~::~t:;~~ lOUATlONS 
104 :. /SII'/SL'/O.' SI'''SL''O\ • S.'SL'/O) • SII'SL"D. 
'O~ :. ISJI"SL'/O~' S.'/SL'/IIILO • ,SII'SL'/OI • SR'SL·'O~ 

Ir I 'S~'SLI'IIILO • 10~ - CONDITIONAL THRU S'ATE 
n'NCTIOII T ... IIL£- (OPTIONAL.) 
SL SR OS O. DJ Dl Dl DO n [ RILO L1RO Q~ O. QJ Ol 01 CO 

H H L L L C H L L LOAD l[~OS 

L x • x C H L L nST NO OP 
L x • • l- I 1 T[ST HI·Z 
H H H C H H H LOAD 0'" 5 
L • X C " " " T[ST NO oP 
L x X X L I Z HST HI·I 

H L X X C" H I. LT SUrf IN A L 
H L X X X X C H H H H LT SHrT I" " N 

.,,- PALASM STOPS COMPILINO AT FlAST UNDlflNlD SYMBOL 
o£SCRI fTlOl.--
THIS PA ..... CI\APH D[SCAllts TH£ OP[IIIITlOII or TH[ DlVIC[. 
ArPLlCATIOII INrOMATIOIi flAY ALSO I[ "OVID[O. r:r:n '-___________________________________ ~/'hlO~~or{ •• 

(c) Copyclght Monolithic Memories Inc, 1984 All Rights Resetved, 
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MANUAL CODING 

Procedure lor ......... _ fuM ,. ....... 

• Wrlle logic equaUon. In Ih •• um 01 producllorm. 

• S.'ecl a PAL. 

• fill oul the Logic dlagtam. 

• Tran.fer Inlonnallon Irom .... logic dlagr_m 10 Ihe 
progtammlng Iormat 

• Load Ihe da .. Irom programming formal Inlo _ PAL 
programmer _nd progr_m the PAll. 

PHANTOM FUSE LEGEND 

PAL10H8 
PAL12H6 
PAL14H4 

PAL16H2 
PAL16C1 
PAL10L8 

PAL12L6 
PAL14L4 
PAL16l2 

ACTIVE HIGH LOGIC ACTIVE LOW LOGIC 

(PAL 'OHa. '2H6. l£GEND tpAL IOL8. 12L6. LEGEND - '4H4. '6H21 '4l4.16L21 

'1 Missmg aulpul H (P.') • L (N.OI .. 
21 Missmg product l (N.O) + L IN. 0) .. 
31 MiSStng input Itnes H (P.') • H (P.') .. 

No .. I .......... prOdUCI ... '" .,.."..,.. .......... tIIpuI hne 

No .. 2 'Of PAL IICI ,,,,, "." of III •• rr., 'IIfOCluCII.r",. 0.)11 KIS II 
KI ... II.O" .... C_ .... HC ..... to .. lof ...... r.'lpro<lUCl ....... »· 
~I Kit II K"" _ IOgoC .... "'. 

~--------------___________ ... ~ __ ~~~~~mi8~ 
(ct Copyright Monolithic MelIOr ; .• a Inc. 1984 AU Rights Reserved. 
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LOGIC DIAGRAM CONTAINING 
-PHANTOM FUSES 

• "I • I •• • .... ........ ...'.. "'''11 ... "" ..... 

· -
1-

~A. !~ 
f= ~ 

1 

J Jt3:> a-J- ~ 
I 

~- :R::l 

i~ ~ 
~ 

~ 
I 

I~ 
R::::i 

~ 
~ , 

b ~ 

~ i_ . 
lIP != I:. , 

i~ ~ 
~ -• I 

if 
• I ~ 

~ .. 
., ... ' • "" !,t!! II.' ........... ." •••• 

UGlNO: • : __ ' •• ,L HOI O:~fu"I"~ I • ft., -fIOI .. .., 

.. 

.. 

" 

" 

., 

" 

" 

., 

II 

'-~~~~~-___ lIIIonollthlcmMemor/e. 
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1 

PROGRAMMING FORMAT CONTAINING 
. PHANTOM FUSES 

,"""TI ,.1' • 
• I r't •• , ...... " •• 1 •• ' •• U'.I ••• Inn •• " .. "" ... al 

I • If ., I •• I , I' I I .1 I I I I •• 

ec) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 

Appendix Fz A PAL Pri.er 

APPLICATIONS 

~\ ~ 

~~I 
~~/ 
$r~r 

page F-27 

~--------------______ ~ID ____ ~ 

EXAMPLE - BASIC GATES 

.-{>-. 

:=0-. 

,· •• u-; • 

....... 

...... ,. ..... 
- -- W-___ _ 

BASIC GATES 
PlN-oUT 

ec) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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LOGIC DIAGRAM-BASIC GATES 

c . .k-'-- 'Ii ... 

1L1 I I I ... 
I! ... f-- .. D A 

~ 8 
., 

F I 
I .. 

- .. .. .-
G ~ 

- . : ---! 
= M .. 

- .. : ....... i o 

'- ...... H 

:: 
I 0....; 

~ - I I I 
p 

.. ~ 

-. " .. Q 

,- .. I J 

'----------Mono"'hlo IftJftlI Memorle. 
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DESIGN SPECIFICATION -
PALASM OUTPUT: BASIC GATES 

•••••••••••••••••••••••••••• '001" ••••••••••••••••••••••••••••• 
to .... 'AL DCSIGJII ,pre IS ACcePTeo AS ...o.otITN,C "[MaPlES liT 
'An,.,. ....... [11 '00111 • 'OU' ,ASSWOIIO IS 'OO'U_ . 
'UASE co.., ..... 'MAT 'MrSI [QUATlotIS .... e Co.lI"'. MOMOLnlflC 
lIIp"oaUS "ILL MOT flIIOCI\'I a PltOOUCTIOII OItDr. """OU· ",o"a 

:~~:~::~~.~!~.~:.:~~.~:!!~!.~:~~.:~~!~:.:.:~?::~!:<;.~~:~~ .... 
CUSTOMP (011,.11"'''011 

I "AVE ',vlrwID 'NI5 ,AL orslc" SPICUICATIOW ."0 ""0'.5' .... 0 
'''.-T PALS 0.0['[0 It lIT P&TTI'" MUMIII '00111 WILL I' 
'''OCII:~ED A.S S'IC.Plto Itl.C*. 
CUSTON,,, COM ...... ..... 1 _____ ClTr.STaTI __ _ 

.UT~15tO SICMaTL'.t DATI _. __ _ 
...... 1 ,","fa TITLI __ _ 

'ITUII:" "'0 ..... ,,' t. UOUIS SUMMIYALI, CA UO" .,.,..., ...................................................... ~ 
'ALlZ", PAL OISIC. $'ICIfICATtOil 
'00,\,\. .A, ... 11/1"". 
I"SlC CATIS lUll ... ' 
S.Y. ca 
CD' C ... • 0 I CleD J • L • 0 .. I • a vee 

,_/A 
t·e·o .. -,·e 
0-/111·/ • • ·.·,0·/.·0 
L.,I·/J-I' 

DtSC • .,TIOIiI: TillS raM.LI ILLUS .... ,ts TMt usr or rUS'ILf LOGIC ~ 
.... lD" .. T Ttl! USIC CATIS. 

'--------______ lIIIonoIIlhlcfJIl .......... 

PALASM OUTPUT 

HEX FORMAT PAL12H6 

arar7rrorrrrrrrrrrrrrrrrrrrrrrrr. 
99999.991.rr9.rr9"r99rr99'9'99' 
1111111111))'llllll)II))'1111111 
1IIIIIIIll))lll)II))ll))llllllll 
I 1 I I I I I I I 1 I I I \ I I I I I I I I I I J I I I I I I I 
I I I I 1 1. I I I I I I 1 I I I I I I I J I I I I \ J I I I I I 
1 I I 1 I I I 1 I 1 I I III I I I 1 I 1 I I I I I I I I I I I 
I I I I 1 I I I I I I I \ I I I I \ I I I I 1 I , I I I I I 1 I . 
rrrrrrrrrrrrrErrrErrorrrrorrrarr. 
EEEEEEEEEErrEErlEErrECrrCEEEEEEA 
CCCCCCCCCCCCCCCCCCCCCCCCCCCICCCC 
•••••••••• CC •• CC •• CC •• CC •••••••• 
• ••••••••••••••••••• " •••••••••• I 
• ••••••••••••••••••••••• I ••••••• · .................... , ......... . 
• •••••••••••••••••••• I ••••••• I •• 

Ic) Copyright Monolithic He.aries Inc. 1984 All Rights Reserved. 
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LOGIC DIAGRAM - MANUAL CODING: 
BASIC GATES 

. ' "A 

"I 

" '. L "f. l!: 
II: 

"'~ .. tt 
~ B=--* "/I It .-
I S-
e HI ... 
U 

I '10 

•• 
"}j 

. r :: 
Sl~~~~~~~~~I~~~======~ 

.,. ; "'1"" •• , ..... ,.nn ,.""" "" ... 
LIGEND 

"'-__________ Monolllhio W Memories 
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PROGRAMMING FORMAT - MANUAL CODING 
BASIC GATES 

f 
I 

INPUTS 1c..311 
.1. I I I • , I J I I .. II ., -, " , .J " ..... ,.. " n ,. " " " " " ... . 0-. • I I. I •• I I ., 'I '. •• ,'.. •• 

~~ ~ ~lt~ !:~:!f~lEt~~t~ !11~ s:~ ~~:~li:~ I~l£:i 
:'0-: t ~ ~. ~ : " II .• I ~ H.; ; I: .; :. ~: .! ~ ~ : ~:- ~ . ~ I : -:-:: ,=,; ~ ~ ! 
o. u t. L ... ... ~ ..... ~. ~ L.". ~ . H\.. ~ ~ ~ H '" ... ~ " L L t4 H r \. .. L. L L L L L 

:: : tl~ ~.~ ::.-~~ ';. ~,~.~ ~ ~.~ :.: ~ ~~: tts: ~~'~ ~ ~ ~.~~ 
i:

OO

: ::t t rt:t.tt'ILiif Lf:f tl~'t.·:t 1 tiLt t tit r t t t t t t ., I' t.. t. ~ L , l ~.. L L. ~ ." 1. ~. ~ . H _.I.!4." r. L M H L L ... ... L L: L L 
D. • It M M M M M M M 'M M M M .. M ...... M M M " of M M .. " .. " " io .... 
• oee • ,. II &J .. • • .' • • II • • • • I' 'I I 'J""\ ,." 'f 'J 'C - 'I " 

:: ::t.:t P ~:t~·.'~tttttIH-t tit t·t,t,tJ,t tit t tt,t tt t 
:: '; H M M ~ ~ M ~ M M ~ W W ~.~=~ ~ ~ ~ ~ ; ~.= : :. ~ ~ :. ~ ~ ~ ~ _0-. • I II II. I'.. It • • • • " • • • a " • • t' • • II • • • ~ • 

:: : t t t t t t t t t H t t· t tt t t t t t t t t t t t t t t t t 
D, " l l l l l l L l l. ~ . ~ . L ~ ~ L l L ~ ~ L l l L L L L \, l l l l l 
O. • H H H H .. H H .. .. M .. .. H H H H H H H H H .. H H H .. tot H .. H H M 

., U" II "... at AI at .. .. .. • " If IJ .... I' .... " • • • " 

leI Copyright Monolithic MeftOries Inc. 1984 All Rights Reserved. 
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PALASM OUTPUT: BASIC GATES 
FUSE PLOT PAL12H6 

LC'='.O: 

Il 1111 1111 uu un UII 
.111 n ..... 1 ·nn ..... IU n.· ... 1 

• 0000 0000 0000 _ 0000 0000 0000 _ 

I 0000 0000 0000 0000 0000 0000 I)QQO 0000 
J 0000 _ 0000 0000 0000 0000 0000 0000 ) 0000 0000 ____ 0000 0000 

I 0000 0000 __ 0000 0000 _ 0000 ' ____ 00000000_ 0000 

. --------• _______ 0000 

• •••• • •• I '·00 ··00 ··00 ··00 •••. •.•• '" 
t •••••••• lNO 1100 1100 1.00 .. I. "'1 

.1 "'1 ..... '00 1100 .'00 1.00 ........ 
Il IIII 1"1 •• 00 .... 1100 .100 '11. 1"1 II '00' ......... _ ............... . 
I) ............. _ ............... . 
u ............ _ ... a ........... . 
1\ ............................... . 

,. I~I" .......... 00 --00 .. -00 .... 00 .............. c·. 
" II ...... "00 1'00 1100 .'00 •••• , ... I' ............................... . 19'_ ........................... . 
II .... ........ _ ............... . u. __ ...... _ ............... . 

n :;:: = := :: = :::: :::: :::: 
u .... I··· ··00 ··00 ··00 ··00 •••• • ••• r 
n .... .... 1·00 '·00 '·00 ··00 •••• • ••• II , ................................ .. 
u ............. _ .............. .. 21"" .......................... .. 
Jt ......... __ ................ . ........... -................... . ... -..... __ ............. ... 
IJ ............ "·00 -100 ·100 .. ·00 .......... - .. /III~/II 

II 11.1 .... 1100 1100 1100 1100 1 .. 1 ... . 
• f ............. H ................ . 
n ............................... . 
) .............. -.............. .. 
)' ..... H •• H .................... . ... -._ ..... _ .............. .. It. ___ ._ ............... . 

•• ... _ ........ --00 .... 00 .... 00 a-oo ............... '-'0 t, ....... _ .. -.. --00 .. -00 ...... 00 -100 ............. 1'-0 
U ..... H' ..................... '0' 
OJ ............................... ~ 
.. 00 ............................ .. 
n ............................... . 
•• •••• '1" 'HI ........ CI ••••••• " •• 
I' _ ..... _ .................. .. 

.. •••• •••• ··00 ··00 ··00 ··00 •••• . ••• /I 
It ..••.••• '·00 ··00 ··00 ··00 ••.•.•.• IJ 
, •• _-- ........... 00 --00 .. -00 .... 00 ..... - .... ,I 
SI ,"1 .1.1 •• 00 1100 •• 00 1100 '11' .11 •• 
U ...................... 0 ........ . .................................. 
u ......... 0 .............. 10 •••••• 
n .... I'" ...................... .. 
.. , 0000 0000 0fX)C) 0000 0000 0000 OQOO 0000 
,. 0000 0000 0000 0000 0000 0000 0000 OOCO 
,. 0000 _ 0000 _ 0000 0000 0000 0000 
" 0000 _ 0000 0000 0000 0000 0000 0000 
I' 0000 0000 0000 0000 0000 0000 0000 0000 
II 0000 0000 0000 0000 0000 0000 0000 0000 ., __ 0000 0000 -. 0000 0000 OOIIQ 
., 0000 0000 0000 0000 ___ 0000 

• : rtu IIOT ".,... .L..... ..: ruse ILowtI ••••• 1. 
• , ..... 1QII run .~ .•. " 0, ..... _ rull ••••• 1. 

~ _________ ""onoll'hlcm"".morl •• 

Ic) Copyright Monolithic Meaories Inc. 1984 All Rights Reserved. 
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MEMORY INTERfACE LOGIC fOR 
6800 MICROPROCESSOR BUS 

DESIGN SPECIFICATION PAL 1OL. 

'a&. DUIGII".CIIlCAfIOlt 
.. , "10 101 ... " """. .·a ..... 
"'.) •• Itf!larac'1 &.oGIC ~''''"IC""IOCI''O.'''' 

'I(' ICI' .• IIICIII"U !C.a ,...,(" ,.'\iCC 
.... , • 1 ... •• .... ·'&U·:."·' ... ·'.I1·' •• I1'· .... III·' .. 
Cit. ' ..... ·, ••• ··.11·.· •• ,·' ... ·'.,,· ...... . .. , ..... ·' ... ··.u·· •.• ·, ... ·· • .,·, ••• " ...... .,·, .. 
CII ....... u··.u··.u·· ... ·'.,,· ••• O • 
.. u· ... ·.u •• u·· ••• •· ... ·' ... • ••• 'I1·"' ••• ".· ..... 
cs,. A"-."· aU· .... · ••• ·'.U ... asll ...... ll·.,,··.U·· •• ,·' ••• •· •• '· .... SI.·v .... 'I'·'. 
CI' • ••• ·.,.·· ••• ·'.'1·1 ••• ·1 ••• • ..... . 

"'" D,v", '~V'OII fM. IIIfINKI 'OGIC ""'''M ...... IKOIIIOCItICMl 
.... , ."D 11(11' n."c ........ , C.'PI. ...NII tul. , •• ," ... 
• .... ua .11& "IC<'OIl ro • ....,.." ,tIC pllOtl ••• 111 '''&.I .... ut. tlun 
'h~!'I"U '08 .. ac" DAta , .... " ..... 

page F-33 

~ ______________________ ~mu~ 

~ __________________ ~ ____ mm~ 

MEMORY INTERFACE LOGIC FOil 
... MlCIIOPROCISSOR IUS 

IIINOUT 

Ic) C~pyright Monolithic MeMOtles Inc. 1984 All Rights Resetved. 



Appendix F: A PAL priaer page F-H 

MEMORY INTERFACE LOGIC FOR 
6800 MICROPROCESSOR BUS 

LOGIC DIAGRAM PAL 10L8 

.-. ., WEo .,... 

An' -
.-. .. eso -

A12 I 
r 

- .. WEl 
~ 

A13 • 

.-. .. eSl 

A14 ' 

...... .. WE2 

A15 ' 
r 

... - .. eS2 --
RW' 

r 

........ ., WE3 --
PHASE 2 

" - I-- f-- f-" Do .. CS3 

.. He 

VPHASE2 

Monollthlo W Memories 
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MICROPROGRAMMING 
PROCESSOR CONTROL 

DESIGN SPECIFICATION - PAL16R4 
............................ """.:: .• ~ ............................ . 
0' ,"'- '·1.1·· .. :"1': I; ... :':1"1(( ... : ItQtoDLtfMIo: u'''o''lI: U' 

, ... rTf"" ' .. · .. tE. ~" .. ~:'";, •. D'." •• ' :'..0&" I: , ...... , .•. 
'tl" ( 0"'1"" r_' ' .... ·1 (,"'''''1011: ..." • :1.1((1. t~II:lLll"I'= 
'I("~"II' • .. ILL. /I~' '.00:1., ..... ')1 ..... ,.0'. 0""'. y.I..a-.. , 15QJ(. 
_"'0 .-\.. " ( ... 't!]. ''''';, -; ."""',, "L-' IfI',: ..... 'l:-'.....,.IIt·~ OJI"', ... -........................................................... . 
I .... ( ,( .. h'Il' "'fl: 'M\. "E:"'" .'(0:1"':"'1011 ..cll' '."It·'" h.It" 
' .... r " ....... O'U'lil t •• 1' '"''l''''' '.'l1ll' ...... .; .• : '''ILL I' 
HO:J."'-'l"": JlO:" 1£1' tlLO· ... 

;(t "" '0 .... ' 11-- t .............. ""'-10 ." .......... " ............ _ ......... _._ .................................................. . 
J ..... ,_t.. 
" ". •• J:).'O·._ .. ,· .. · .'0 I: 0)lIo • QoI"ar.. 

•. ~. -..1 ... 
• ...... , - ... I·' II I.;. I' ...... 
! ...... ",,:,,"'1,,1. " 

.- '.1.: 
•• 1'1,: 

• - I -. ~ 
Ir '.1; 

.. 
F~ 

....... , - 1t.1··· .. ·'1 
••• 1· ... :· II.' ........ . ".", ........... ·1.· ... 
• ........... _ .•• I •• '" 
• • '... 1.·1··... • I .• 1.:. ••• ,... • ~ _ 
1·1 .... • ••• 1 ...... ·• 
: : :~:::: :::: : :.~! : .. ! • 1.:*". I', ••• " •• 

1· ... ·11·1·· ..... : .. , .... 
1·,.·,,'1 .. - .. -, ., .•• , ••..•• .;.. 
1 .• , .... '.: ............. I: •• ,;· ... , .. ··.;..· ... '.1 ... 1'.'·· .. .; ....... · '.1.:.1' .... ·." .. ,.· .. 
• • L •••• , ...... - I ..... , •• I" •• , •••• ~. 10 1 • .......... ,., ..... '···'1.· .. · , ................ .. ,., ....... · ....... '.1 ....... ' .... ··· 
... ,,, ..... II.'".''''' •• I •• " ••. _" 

, .. , ,-"I h ... · .. ",,'c' ' .... "& OI" ..... ~ .... 
,· ... :' .. '1 .......... oP' •• I_IOI-I ...... e:..·. I .. ' ....... . 

________ MonoII'hIoU.D/tIIem",., •• 

PALASM OUTPUT 
HEX FORMAT 'AL11Rt 

page F-35 

MICROPROGRAMMING PROCESSOR 
CONTROL 

~--~ _______________ ~u~~ 
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LOGIC DIAGRAM - PAL 16R4 

••• I •• t', • 14" ............................. . 

___ ~.,J~'.BJ 
~"~~~~~~~~m=~~ 

11=, .1, III, I: I: e ...... ;=t1l..1J--~ .. B2 

A.~~~~~l~~~~~~~~====~-1 
I " • T, '.: 

~"iI, -I: I D--1tn~~ 
Al~·~==~~t~~~~~~==~--t--1 I . 'i" ,I. I! I :B::l r.t .. ~J 

I ", a=u--rt j -y 
.. I,' I. r1:...:TJ 

lAS 

l~ .. 

1" . ., 

~~IIII~IISlIF~1~--+-~"8J I II" I 
Il·~~~~**~~~~·~#===~~ 

illllllll;=1~1-~' B~ 
lJ 'Y:I~~*=lt~#:fItt=tt#=tt~tt===*--l ~ k .......... -...................... _ .. 

'-_________ ..."thloWllllemori •• 

ecl Copyright Monolithic Me~rie. Inc. 1984 All Rights Reserved. 
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ELECTRONIC DICE GAME 
SSIIMSI 

IMPLEMENTATIONS 

page F-37 

.. .. :.: ,. .. .. .. 
: : 
" " II ., 

.., . . .". :!: : 
• ( C C :::: 
"" .'! •• -.,, .... 
: : r : ... , 

~------------------_____ [D~ 

ELECTRONIC DICE GAME 
DESIGN SPECIFICATION PAL1iRI 

~--------------------..... mu--.n-
Ic) Copyrlgnt Monolithic Me.ories Inc. 1984 All Rights Reserved. 
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ELECTRONIC DICE GAME 

LOGIC DIAGRAM PAL 16R8 

,·,1 .... I ..... ·t· .... ~ ......... ,1 ................. 

"t ~ P1~ ~ 
-

1 .. 

.r fDl~ .. 
II I I II 

I I Il! 1 11'1 

~~ .. 
[I I I !I 

It I I 

~ 0- -- .JD-t )--

.0' I 

Lb-- I ,l I .- .!....U if-. .A 

I I , Ii 
B=1 . :if=frr-

~ ~ -
trt tIT I;' ..... 

IIC 

:. ~ jl~. II! I 
:: t!~- • :J-
:tt·-~ 

tt::-~ ~;fuJ1~1m ·,t ~.- • ~l- I~dl rh¥ :&:l-T -- ---l -;-i j'-: - nlT • 11 

"~r-h~ 
1 

1 1 II ,r !! '·IL At- 'I 
I I " I . ~~~ + l . 

T II ~ l;t~ ~ 'I~' 

'-__________ ltIIono"'hlcW"'l#morles 
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J 

K 

CLOCKED MASTER SLAVE 
JK FLIP FLOP 

Cp-4-----f 

CLOCKED MASTER SLAVE JK FLIP FLOP 
DESIGN SPECIFICATION PAL16L8 

............................ Fltll.:.itl ............................ . 

'_01.'" f'o1L 0(;1-;11 :f'EC I: "':(Ef'TU": "OUOLII"I'; n("lIF'110 tIT 
f"lll'E"" "' ........ £" ,.r'I'~il •• 01."" FoM: :'~I' I: ,. .. 111 .... " * 

Fl.''':E (CIt"'I"" T .... ' 'ME;E (';".'"TlOII, "E ';1l""EO. "OIlOLITHI( 
ME"D"I£, ... ILL roOT ""Qo:[~: ...... 0[ ..... 1101.0.[0(" ""HOI .. , ""OJE" 
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LOGIC CONVERSION I 
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CLOCKED MASTER 
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OUTPUT TABLE 
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6-BIT SHIFT REGISTER WITH 
THREE-STATE OUTPUTS 
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PAL EXERCISE 

EXERCISE 1: 

IMPLEMENT AN ACTIVE LOW PAL 

A,o----1------~ 9O--------------~N 

Dto---~==~r:~~------~ 

Ho---------..J 

"-____________ lIonoIIlhlGlAr,n ......... 
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EXERCISE 2: IMPLEMENT AN ACTIVE HIGH PAL 

MULTI·LEVEL LOGIC REDUCTION 

A>---~----------------~ £0 
' .... 10 .. 
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,-'" u .. SOt 
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EXERCISE 3: 

IMPLEMENT THE FOLLOWING 
LOGIC USING 

(a) ACTIVE HIGH PAL 
(b) ACTIVE LOW PAL 
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EXERCISE 4: 

FILL OUT PAL LOGIC DIAGRAM USING THE 
FOLLOWING EQUATIONS 

PIN LIST. ca IIGT 10 II 12 II LFT \tC \tC CND 

Ir. \tC IlILO III 112 111 110 LIllO \tC III:C 

!FIIICT"/LFTI ILlIIO • 1110 

1110. • 11ICT"/LFT"/IIO'"CT"/LFTo .. l"IICr°LFT"/LJlIOolICToLFTo/JO 
1111: • 11ICT"/LFTo/1l1 oIlCT"/LrT"1I2o/IICr"LFTo/IIO'IICT"LFT/U 
/112 I • IIIGTo/LFT"/1I2oIlCT"/LFT"II)'/IIGT"LFT"/1I1'IICT"LFT/U 
1111: • 11ICT"/LFTo/II).IICTo/LFTo/IlILO'/IICr°LFTo/U.IIGToLFTo/J) 

'-________________ .... __ .... ____ .... ___ ... ~.~ ...... ~~miD~. 

l1onollthlc ~~n 
,..,emor/e. InJlW 
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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 disk 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 program.ed 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 SOt 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 siaulation by 
TEGAS, the TEGAS simulation will be used. 

6. Any problems that arise shall be handled through the Product 
Marketing Engineer. 

7. MMI viII 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 custo.er 
elects this option, his/her approval of this TGER generated test 
pattern is solicited using the CUSTOMER TEST PATTERN APPROVAL 
form. The signoff loop -is now complete. 
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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 
submi tted to ~1MI wi 11 first be rev iewed 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 
Title-----------------------Name (Please Print) 

Initial !------! 
! ! 
!------! 

-----------------------------

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 for.al 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 c01llJllitJDents 
are conditional upon a timely approval. 
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Customer Test Pattern Approval Date: ----------------

The attached functional test sequence has been prepared for 
Pattern No. by MMI fro. 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 spec1f1cation for the pattern when delivered as a 
ProPAL or a HAL. 

Acknowledged by: Name 
Company ________________________________ __ 

Title 
Date 
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Ql. PALASM DOESN'T WORK1!11 

AI. Please don't call us w1th just this message but betore 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 trom your computer. It it is a problem in interfacing with 
your programmer, verity 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 ot 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 list. 
When PALASM actually gets to simulation, it evaluates the output 
values in terms of the following table: 

Pln L1st Polarity 
H 
H 
L 
L 

Output Pln POlarity 
H 
L 
H 
L 

By the same reasoning: 

Function Pln 
List Polarity 

H 
H 
L 
L 

Vector Component 
Polarity 

H 
L 
H 
L 

Interpreted Output POlarity 
H 
L 
L 
H 

Internal Evaluation 

H 
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 s1gnal. 
Similarly, an "X" on an output 1S LOW, even as a feedback. 

Q4. How do you specify always enabling a tri-state output pin? 

A4. In the specification file, use the form: 

IF (VCC) OUTPUT=W8ATEVER.EXPRESSION 

Q5. How do you disable the output of a pin with teedback tor 
use as an input? 

AS. 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 ot the circuit will input 
directly from the pin. 
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06. 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 various output pins till the 
simulation of the next function table vector is calculated, at 
which pOint, it updates the pin states. 

07. Can 100% tault 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 tully 
testable. There are techniques for obtaining greater fault 
coverage but none guarantee 100% coverage. 

08. 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. 
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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 8130 

(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 
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PALASM FOR 20RAlO 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 20RAlO PAL. The equations have to be written 
in a specific format which will be described later 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 
Jedec is stored in 

[drive:] filename .xpt 
[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 us~fu~"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: 
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<equation will be written> 
message expalining the error. 

There are five of these types of errors for TRST, SET 
RESET, eLK and DATA functions. 

3) 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 eLK 
function, then this is an error and will be reported 
as follows: 

<Output name > 
message explaining the ~rror. 

4) 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. 
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Design Specification fg~ 

CHIP <example_name> <pal type> 

<pinl>,<pin2>, ••• ,<pin ll>,GND, 
<pin 13>,<pin l4>, •• ,<pin 23>,VCC 

EQU 

example_name and pal type are 
; optional 

; pinl are signal names and can 
be true or complemented e.g. 
(A or /A). GNP, vee 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. 

output(i) := input (j) * /input(k) * output (1) 
+ input (m) * /OlltPllt (n)· 

; sum of product 
, terms in terms 
; of inputs and 
; outputs • The 

+ input (a) 

output(i) .trst = <product term> 

output(i) .set = <product term> 

output(i) .reset = <produc term> 

output(i) .clk = <product term> 

output (i) c·an 
; be true or 

inverted 

; for tri-state control. 
; defaults to high 
; (always enabled) 

for set control. 
defaults to low 

for reset control. 
; defaults to low 

; for clock control. 
defaults to low 

; The following .quation is for combinatorial output. 
; The RESET and SET product terms are all HIGH i.e. 

all the fuses~are blown • . 
output (b) = <product teim 1> 

+ <product term 2> 
+ <product term 3> 
+ <product term 4> 

output(b) .trst = <product term> 

; combinatorial output 
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~ 
This the key word for start of the design specification. 

There· are two optional fields: 
i) Design name and 

ii) PAL type. 

f.ill. liE. 
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 
re~pectively. 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,Dl,D2,D3,GND, 
IOE, Q2, Q3, CAS, IRAS, MEMWR, /MEMRD, NC ,NC, CNT, VCC 

Eoua tJ...QI1,S 

EQU indicates the start of equations. It is a key word which has 
to be specified before the equations 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 ~et of the register. 

Each of this control functions can be specified as a produc terms 
in the following manner: _ 

If 
are 

output.TRST = proGuct term 
output.SET = product term 
output.RESET = product term 
output.CLK = product term 

any of these conrtrol functions are not specified than 
defaulted to the following states: 

TRST is defaulted to HIGH 
SET is defaulted to LOW 

RESET is defaulted to LOW 
eLK is defaulted to LOW 
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If the output is a combinatorial then it hasto be specified as 

output = <product,terml> 
+ <product term 2> 
+ <product term 3> 
+ <product term 4> 

In case of combinatorial output, nQ ~ ~ RESET ~ ~K Qroduc~ 
.t.e.tID~ h~ t..Q. b.e. ~12~cified. If. they are specified then the 
program will report an error. The SET and RESET product terms are 
defaulted to HIGH and eLK is defaulted to LOW. One can specify 
TRST control. 

The output can be specified as a function of GND or vee as 
follows: 

output : = vee i the input to this register is hooked 
or . to vee , 

output := GND ithe input to this register is hooked 
; to GND. 
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C)RAPAL 

C)PARSER 
Enter input 

C)20RAlO 
The 

The 

C) 
C) 

xplot 

jedec 

C>RAPAL 

C>PARSER 

is 

is 

Enter input 

C)20RAlO 
The 

The 

C) 
c> 

xplot 

jedec 

C)RAPAL 

C)PARSER 

is 

is 

file[specs.dat] : mmi.exm 

saved in file ==) mmi.xpt 

saved in file ==> mmi. jed 

file(specs.dat] . mmi . 

saved in file ==> mmi.xpt 

saved in file ==> mmi.jed 

Enter input file[specs.datj : a:20ralO.pal 
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c)20RA10 
The xplot is saved in file ==) a:20ralO.xpt 

The jedec is saved in file ==) a:20ralO.jed 

C) 
C) 

rename mmi specs.dat 

C)RAPAL 

C)PARSER 
Enter input file[specs.dat] : 

C)20RAIO 
The xplot is saved in file ==) specs.xpt 

The jedec is saved in file ==) specs.jed 

C) 
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CHIP 
/ALE, A20, A19, AlB, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND, 
fOE, START,PHASEO, PHASEI, PO,PI,P2,/DTCK,/RAS,/CAS,PHASEOA,vce 

EQU 

START : = VCC 
-START.CLK = A20 *A19 * AlB 
START.RESET = DTCK 

PHASEO:=VCC 
PHASEO.CLK = START * /PO 
PHASEO.RESET=INPHASEOA 

PHASEOA = PHASEO + INPHASEOA 

PO := PHASEI + INPO 

PI := /PI 
PI.CLK = /PO 
PI.RESET = /START 

P2 := /P2 
P2. CL_K = /PI 
P2.RESET = /START 

DTCK := VCC 
/DTCK.CLK = P2 * PI * PO 
/DTCK.RESET = /START 

/RAS := vec 
/RAS.CLK = /P2 * PI * PO 
/RAS.RESET= P2 * PI * PO 
/RAS.SET = DTCK 

/CAS := VCC 
/CAS.CLK = /P2 * PI * PO 
/CAS.RESET = P2 * PI * /PO 
/CAS.SET = DTCK 

combinatorial output 

different polarity 
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a20 
11 1111 1111 2222 2222 2233 3333 3333 

0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

0 
1 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
2 
3 
4 --x-
5 x---
6 xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 
7 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

8 
9 ---x --x- --x-

10 --x- --x- ---x 
11 ---x 
12 
13 xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 
14 xxxx xxxx xxx x xxxx xxx x xxxx xxx x xxxx xxxx xxxx 
15 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx 

16 
17 ---x --x- --x-
18 --x- --x- --x-
19 ---x 
20 
21 xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 
22 xxxx xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
23 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

24 
25 --x- --x- --x-
26 ---x 
27 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
28 
29 xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 
30 xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 
31 xxxx xx¥x xxxx xxxx HXX xxxx xxxx xxxx xxxx xxxx 

32 
33 ---x 
34 ---x 
35 xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 
36 ---x 
37 xxxx xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
38 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
39 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
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40 
41 ---x 
42 ---x 
43 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
44 ---x 
45 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
46 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
47 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxx x xxxx 

48 
49 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
50 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
51 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
52 --x-
53 x---
54 xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
55 xxxx xxx x xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

56 xxxx xxxx xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
57 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
58 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
59 xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxx x xxxx xxxx 
60 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
61 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
62 xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 
63 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

64 
65 ---x --x-
66 x---
67 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
68 
69 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
70 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
71 xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 

72 
73 x--- x--- x---
74 ---- ---x -75 xxxx .xx~x xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
76 
77 xxxx xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
78 xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
79 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

Polarity Fuses 

Output pin: 1111112222 
4567890123 

--x---x---

Legend: fuse blown: fuse intact: x 

Fuses Blown . 1493 . 
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* 
QP24*Q3210* 
LOa 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1101 1111 
1111 1111 1111 1111 0111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 ·0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L08 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1110 1101 1101 1111 1111 1111 
1111 1111 1111 1111 1101 1101 1110 1111 1111 1111 
1111 1111 1111 1110 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L16 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1110 1101 1101 1111 1111 1111 
1111 1111 1111 1111 1101 1101 1101 1111 1111 1111 
1111 1111 1111 1110 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L24 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1101 1101 1101 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1110 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L32 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1110 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1110 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1110 1111 1111 1111 1111 1111 
0000"'0000 0000 0060 0000 0000 0000 0000 0000 0000 
0000 00'00 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L40 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1110 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1110 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1111 1110 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L48 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 oooo~ 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1111 1111 1111 1101 1111 1111 



1111 1111 1111 0111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L56 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000- 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L64 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1110 1111 1111 1101 
1111 1111 1111 1111 0111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000*' . 

L72 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
0111 0111 0111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1110 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

LBO 1110111011*402E 
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CHIP 
IALE, A20, A19, AlB, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND, 
IOE, START,PHASEO, PHASEl, PO,Pl,P2,/DTCK,/RAS,/CAS,PHASEOA,VCC 

EQU 

START := VCC 
START.CLK = A220 *Al9 * AlB 
START.RESET = DTCK 

C)RAPAL 

C)PARSER 
Enter input file[specs.dat] 

C)20RAIO 

****** ERROR 111 ******* 

; A220 is undeclared 

a220 UNDEFINED SIGNAL NAME 

C) 
C) 
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CHIP 
/ALE, A20, A19, A18, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND, 
JOE, START,PHASEO, PHASEI, PO,PI,P2,/DTCK,/RAS,/CAS,PHASEOA,VCC 

EQU 

START := VCC 
START.CLK = A20 *A19 * Al8 

·START.RESET = DTCK + A20 * Al9 

C>RAPAL 

C>PARSER 
Enter input file[specs.dat] 

C>20RAIO 

****** ERROR !11 ******* 

start.reset =dtck 
+ a20 * a19 

specsl.dat 

RESET HAS MORE THAN ONE PRODUCT TERM 

c> 
C> 
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CHIP 
IALE, A20, A19, A18, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND, 
IOE, START,PHASEO, PHASEl, PO,Pl,P2,/DTCK,/RAS,/CAS,PHASEOA,VCC 

EQU 

START := VCC 
. START.CLK = A20 *A19 * Al8 

START.RESET = DTCK * ALE 

C)RAPAL 

C)PARSER 
Enter input file[specs.dat] 

C)20RAIO 

****** ERROR 111 ******* 

ale 

pin 1 used in a product term 

specs2.dat 

THIS SIGNAL IS PIN 1 AND CANNOT BE USED AS 
A SIGNAL IN AN EQUATION 

C) 
C) 
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CHIP 
/ALE, A20, Al9, A18, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND, 
JOE, START,PHASEO, PHASEl, PO,Pl,P2,/DTCK,/RAS,/CAS,PHASEOA,VCC 

EQU 

·PHASEOA = PHASEO + INPHASEOA 
PHASEOA.RESET = /START 

C>RAPAL 

C>PARSER 
Enter input file[specs.dat] 

C>20RAIO 

****** ERROR I!! ******* 

phaseOa 

combinatorial output 
having a reset 11 

specs3.dat 

THIS OUTPUT IS COMBINATORIAL AND CANNOT 
HAVE SET/RESET/CLOCK PRODUCT TERM 

C> 
C> 
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CHIP 
IALE, A20, Al9, A18, INPO, INPHASEOA, NC, NC, NC, NC, NC, GND, 
IOE, START,PHASEO, PHASEl, PO,Pl,P2,/DTCK,/RAS,ICAS,PHASEOA,VCC 

EQU 

~o := PHASEl + INPO 
+ /PI * P2 
+ PI * /P2 
+ /START 

C)RAPAL 

C)PARSER 
Enter input file[specs.dat] 

C)20RAIO 

~***** ERROR 111 ******* 

pO :=phasel 
+ inpO 
+/pl * p2 
+pl * /p2 
+/start 

; more than four product terns 

specs4.dat 

OUTPUT HAS MORE THAN 4 PRODUCT TERMS 

C) 
C) 
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CHIP EXAMPLE, 20RPIO, 
CL, A3, A2, AI, AO, DO, Dl, IO, II, DATA, P ,GND, 
IOE, 00, 01, Q2, 03,/04, Q5, Q6, Q7, Q8, Q9, VCC 

EQU 

QO := A3 * QO * IO * CL 
+ A2 * QO * 10 * II 
+ Al * QO * 10 * II 
+ AO * QO * 10 * il 
+/A3 * lA'';. * IAI * lAO * DATA ·*/IO * II * Ip 
+/A3 * IA2 * IAI * lAO * IDATA * IIO * II * P 
+ IIO * III * P 
+ IA3 * DO *IO * III 
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PALASM FOR 20RPIO 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 20RPlO 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 pinli~t 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 
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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. 
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pes ion Sgecific~tiQD f2rIDat 

CHIP <example_name> <pal type> 

<pin1>,<pin2>, ••• ,<pin ll>,GND, 
<pin 13>,<pin l4>, •• ,<pin 23>,Vee 

EQU 

7 example_name and pal type are 
optional 

: pinl are signal names and can 
: be true or complemented e.g. 
; (A or /A). GND, vee are used 
: for pin 12 and pin 24 resp. 

Any pin that is not used is 
: given Ne. The signal names 
: cannot be more than 12 chars. 

; Key word for start of 
; equations. 

output(i) := input (j) * /input(k) * output (1) 
+ input (m) * /output (n) 

sum of product 
terms in tert'ls 

; of inputs and 
; outputs • The 

output(i) can 

+ input (a) 

3 
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This the key word for start of the design specification. 

There are three optional fields 
i) Design name and 

ii) PAL type. 
iii) Pin list 

fin Lin 
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, Ql , NC,NC,NC, /CD,RESET,/INT,Dl,D2,D3,GND, . 
JOE, 02, Q3, CAS, /RAS, r.1EMWR, /r1EMRD, NC ,NC, CNT, vce 

Eguati9I1~ 

EQU indicates the start of equations. It is a key word which 
to be specified before the equations 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. 

The output can be specified as a function of GND or vee as 
follows: 

or 
output := vee 
output := GND 

: the input to this register is hooked 
: to vee 
:the input to this register is hooked 
: to GND. 
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CHIP EXAMPLE 20RP10 
CL, A3, A2, AI, AO, DO, 01, la, II, DATA, P ,GND, 
/OE, 00, 01, 02, 03, 04, os, 06, 07, 08, 09, vee 
EOU 

00 := A3 * 00 * IO 
+ A2 * 00 * IO * II 
+ Al * 00 * IO * II 
+ AO * 00 * IO * i1 
+/A3 * /A2 * /A1 * /AO * DATA */IO * II * Ip 
+/A3 * IA2 * /A1 * /AO * IDATA * /10 * II * P 
+ /10 * III * P 
+ IA3 * DO * IO * III 

01 := A3 * 01 * IO 
+ A2 * 01 * IO * II 
+ A1 * 01 * 10 * 11 
+ AD * 01 * 10 * II 
+/A3 * IA2 * IA1 * lAO * DATA * lID * II * IP 
+/A3 * IA2 * IA1 * lAO * 10ATA * lID * II * P 
+/IO * III * P 
+/A3 * 01 * IO * III 

Q2 := A3 * 02 * 10 
+ A2 * 02 * 10 * 11 
+ A1 * 02 * 10 * II 
+ AO * 02 * 10 * II 
+ IA3 * IA2 * IA1 * lAO * DATA * /10 * II * IP 
+ IA3 * IA2 * IA1 * lAO * 10ATA * /10 * II * P 
+ /IO * III * P 
+ /A3 * DO * IO * III 

03 := A3 * 03 * 10 
+ A2 * 03 * 10 *I1 
+ Al * Q3 * IO *11 
+ AO * Q3 * IO *11 
+ IA3 * IA2 * IA1 * lAO * DATA * lID * I1 * IP 
+ /A3 * /A2 * /A1 * lAO * IDATA * /10 * I1 * P 
+ /IO * III * P 
+ IA3 * 01 * 10 * /I1 

Q4 := A3 * 04 * 10 
+ A2 * Q4 * IO * II 
+ Al * Q4 * IO * II 
+ AO * Q4 * IO * II 
+/A3 * IA2 * IA1 * lAO * DATA * IIO * II * IP 
+/A3 * IA2 * IA1 * lAO * IDATA * IIO * II * P 
+/IO * III * P 
+/A3 * DO * IO * III 
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OS := A3 
+ A2 
+ Al 
+ AO 
+ IA3 
+ IA3 
+ IIO 
+ IA3 

06 : = A3 
+ A2 
+ Al 
+ AO 
+ IA3 
+ IA3 
+ IIO 
+ IA3 

Q7 := A3 
+ A2 
+ Al 
+ AO 
+ IA3 
+ IA3 
+ IIO 
+ IA3 

* OS * IO 
* OS * IO * II 
* OS * IO * II 
* QS * IO * II 
* IA2 * IAI * lAO 
* IA2 * IA1 * lAO 
* III * P 
* Dl * IO * /I1 

* Q6 * IO 
* Q6 * IO * I1 
* Q6 * IO * II 
* Q6 * IO * II 
* IA2 * IAI * lAO 
* IA2 * IA1 * lAO 
* III * P 

* DO * IO * III 

* Q7 * IO 
* Q7 * IO *I1 
* Q7 * IO * II 
* Q7 * IO *I1 
* IA2 * IA1 * lAO 
* IA2 * IA1 * lAO 
* III * P 

* D1 * IO * III 

Q8 := A3 * Q8 * IO 
+ A2 * Q8 * IO *I1 
+ A1 * Q8 * IO * II 
+ AO * Q8 * IO * II 

* DATA * IIO * 11 * IP 
* IDATA * IIO * I1 * P 

* DATA * IIO * 11 * IP 
* IDATA * IIO * II * P 

* DATA * /IO * II * IP 
* IDATA * IIO * II * P 

+ IA3 * IA2 * IA1 * lAO * DATA * IIO * 11 * IP 
+ IA3 * IA2 * IA1 * lAO * IDATA * IIO * II *p 
+ IIO * III * P 
+ IA3 * DO * IO * /I1 

Q9 := A3 * Q9 * IO 
+ A2 * Q9 * IO * I1 
+ Al * Q9 * IO * I1 
+ AO * Q9 * IO * II 
+ IA3 * IA2 * IA1 * lAO * DATA * IIO * II * IP 
+ IA3 * IA2 * IA1 * lAO * IDATA * IIO * II * P 
+ IIO * /I1 * P 
+ IA3 * 01 * IO *I1 
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example rp10 
11 1111 1111 2222 2222 2233 3333 3333 

0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 01 

0 x-x- x--- x 
1 --x- x--- x--- x--- x 
2 --x- x--- x--- x--- x 
3 --x- x--- x--- x--- x 
4 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x 
5 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x 
6 -x-- -x-- x--- x 
7 -x-- x--- x--- x--- x 

8 x--- --x- ---; x--- x-
9 x-x- x--- x--- x-

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

24 x--- --x- x--- x-
25 x--- --x- x--- x--- x-
26 x--- --x- x--- x--- x-
27 x-x- x--- x--- x-
28 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x-
29 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x-
30 -x-- -x-- x--- x-
31 -x-- x--- x--- -x-- x-
32 -x-- x--- x--- -x-- -x 
33 -x-- -x-- x--- -x 
34 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- -x 
35 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- -x 
36 x--- --x- x--- x--- -x 
37 x--- --x- x--- x--- -x 
38 x--- --x- x--- x--- -x 
39 x--- --x- x--- -x 
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40 x--- --x- x--- x-
41 x--- --x- x--- x--- x-
42 x--- --x- x--- x--- x-
43 x--- --x- x--- x--- x-
44 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x-
45 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x-
46 -x-- -x-- x--- x-
47 -x-- x--- x--- -x-- x-
48 -x-- x--- x--- -x-- -x 
49 -x-- -x-- x--- -x 
50 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- -x 
51 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- -x 
52 x--- x-x- x--- -x 
53 x--- x-x- x--- -x 
54 x--- x-x- x--- -x 
55 x--- I-x- -x 

56 x--- x--- --x- x-
57 x--- x--- x-x- x-
58 x--- x--- x-x- x-
59 x--- x--- x-x- x-
60 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x-
61 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x-
62 -x-- -x-- x--- x-
63 -x-- x--- x--- -x-- x-
64 -x-- x--- x--- -x-- -x 
65 -x-- -x-- x--- -x 
66 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- -x 
67 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- -x 
68 x--- x--- x--- --x- -x 
69 x--- x--- x--- --x- -x 
70 x--- x--- x--- --x- -x 
71 x--- x--- --x- -x 

72 x--- x--- --x- x 
73 x--- x--- x--- --x- x 
74 x--- x--- x--- --x- x 
75 x--- x--- x--- --x- x 
76 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x 
77 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x 
78 -x-- -x-- x--- x 
79 -x-- x--- x--- -x-- x 

Polarity Fuses 

Output pin: 1111112222 
4567890123 

----------
Legend: fuse blown: fuse intact: x 

Fuses Blown 2884 
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1111 1111 1111 0111 1111 1101 0111 0111 1111 1111 01 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 01 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 01 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 01 
1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 01 
1011 1111 1111 1111 1111 0111 0111 1011 1111 1111 10 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 10 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 10 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 10 
1111 1111 1111 0111 1111 1111 0101 0111 1111 1111 10 
1111 1111 0111 1111 1111 1111 0101 0111 1111 1111 10 
1111 0111 1111 1111 1111 1111 0101 0111 1111 1111 10 
0111 1111 1111 1111 1111 1111 0101 1111 1111 1111 10 
0111 1111 1111 1111 1111 1111 0111 1101 1111 1111 01 
1111 0111 1111 1111 1111 1111 0111 0101 1111 1111 01 
1111 1111 0111 1111 1111 1111 0111 0101 1111 1111 01 
1111 1111 1111 0111 1111 1111 0111 0101 1111 1111 01 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 01 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 01 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 01 
1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 01 
1011 1111 1111 1111 1111 0111 0111 1011 1111 1111 10 . 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 10 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 10 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 10 
1111 1111 1111 0111 1111 1111 0111 0111 1101 1111 10 
1111 1111 0111 1111 1111 1111 0111 0111 1101 1111 10 
1111 0111 1111 1111 1111 1111 0111 0111 1101 1111 10 
0111 1111 1111 1111 1111 1111 0111 1111 1101 1111 10 
0111 1111 1111 1111 1111 1111 0111 1111 1111 1101 0 
1111 0111 1111 1111 1111 1111 0111 0111 1111 1101 0 
1111 1111 0111 1111 1111 1111 0111 0111 1111 1101 0 
1111 1111 1111 0111 1111 1111 0111 0111 1111 1101 0 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 a 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 0 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 a 
1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 a 

1111111111*8031 
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example rplO * 
QP24*Q3290* 
LOO 0101 1111 1111 1111 1111 1111 0111 1111 1111 1111 0 

1101 0111 1111 1111 1111 1111 0111 0111 1111 1111 a 
1101 1111 0111 1111 1111 1111 0111 0111 1111 1111 a 
1101 1111 1111 0111 1111 1111 0111 0111 1111 1111 a 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 0 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 0 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 0 
1011 1111 1111 1111 1111 0111 0111 0111 1111 1111 0 
0111 1101 1111 1111 1111 1111 0111 1111 1111 1111 01 
1111 0101 1111 1111 1111 1111 0111 0111 1111 1111 01 
1111 1101 0111 1111 1111 1111 0111 0111 1111 1111 01 
1111 1101 1111 0111 1111 1111 0111 0111 1111 1111 01 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 01 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 01 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 01 
1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 01 
1011 1111 1111 1111 1111 0111 0111 1011 1111 1111 10 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 10 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 10 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 10 
1111 1111 1101 0111 1111 1111 0111 0111- 1111 1111 10 
1111 1111 0101 1111 1111 1111 0111 0111 1111 1111 10 
1111 0111 1101 1111 1111 1111 0111 0111 1111 1111 10 
0111 1111 1101 1111 1111 1111 0111 1111 1111 1111 10 
0111 1111 1111 1101 1111 1111 0111 1111 1111 1111 01 
1111 0111 1111 1101 1111 1111 0111 0111 1111 1111 01 
1111 1111 0111 1101 1111 1111 0111 0111 1111 1111 01 
1111 1111 1111 0101 1111 1111 0111 0111 1111 1111 01 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 01 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 01 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 01 
1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 01 
1011 1111 1111 1111 1111 0111 0111 1011 1111 1111 10 
1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 10 
1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 10 
1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 10 
1111 1111 1111 0111 1101 1111 0111 0111 1111 1111 10 
1111 1111 0111 1111 1101 1111 0111 0111 1111 1111 10 
1111 0111 1111 1111 1101 1111 0111 0111 1111 1111 10 
0111 1111 1111 1111 1101 1111 0111 1111 1111 1111 10 
0111 1111 1111 1111 1111 1101 0111 1111 1111 1111 01 
1111 0111 1111 1111 1111 1101 0111 0111 1111 1111 01 
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CHIP EXAMPLE 20RP10 
CL, A3, A2, A1, AO, DO, 01, IO, I1, DATA, P ,GNO, 
JOE, 00, 01, 02, 03, Q4, OS, 06, Q7, 08, 09, VCC 

EOU 

QO .-.- A3 * 00 * IO 
+ A2 * 00 * IO * I1 
+ Al * 00 * IO * I1 
+ AO * QO * IO * il 
+/A3 * /A2 * /AI * /AO * DATA */IO * II * /P 
+/A3 * /A2 * /A1 * /AO * /DATA * /IO * II * P 
+ /IO * /I1 * P 
+ /A3 * DO * IO * /II 

01 . -.- A3 * 01 * IO 
+ A2 * 01 * IO * I1 
+ Al * 01 * IO * I1 
+ AO * 01 * IO * II 
+/A3 * /A2 * /AI * /AO * DATA * /IO * II * /p 
+/A3 * /A2 * /AI * /AO * /DATA * /IO * I1 * P 
+/IO * III * P 
+/A3 * 01 * IO * /I1 

02 := A3 * 02 * IO 
+ A2 * 02 * IO * I1 
+ Al * Q2 * IO * I1 
+ AO * Q2 * IO * II 
+ IA3 * IA2 * IAI * lAO * DATA * IIO * II * /p 
+ IA3 * /A2 * IAI * lAO * /DATA * IIO * II * P 
+ IIO * /II * P 
+ IA3 * DO * IO * /II 

03 := A3 * Q3 * IO 

04 

+ A2 * 03 * IO *II 
+ Al * Q3 * IO *I1 
+ AO * Q3 * IO *II 
+ /A3 * /A2 * /AI * /AO * DATA * /IO * II * Ip 
+ /A3 * IA2 * /A1 * /AO * IDATA * IIO * II * P 
+ /IO * /II * P 

:= A3 * 04 * IO 
+ A2 * 04 * IO * II 
+ A1 * 04 * IO * II 
+ AO * 04 * IO * II 
+/A3 * /A2 * IAI * lAO * DATA * IIO * II * IP 
+/A3 * /A2 * /AI * lAO * /OATA * IIO * II * P 
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05 := A3 • 05 • 10 
+ A2· 05 • 10 • II 
+ AI· 05 • 10 • II 
+ AO· 05 • 10 * II 
+ IA3 • IA2 • IA1 * lAO * DATA * 110 * II * Ip 
+ IA3 * IA2 * IA1 * lAO * IDATA * 110 * II * p 
+ 110 * III * P 
+ IA3 * D1 * 10 * III 

06 := A3 
+ A2 
+ Al 
+ AO 
+ IA3 
+ IA3 
+ 110 
+ IA3 

07 := A3 
+ A2 
+ Al 
+ AO 
+ IA3 
+ IA3 
+ 110 
+ IA3 

• 06 • 10 
* 06 * 10 • II 
* 06 * 10 * II 
* 06 * 10 * II 
* IA2 * IA1 • lAO 
* IA2 * IA1 * lAO 
* III * P 
* DO * 10 * III 

* 07 * 10 
* 07 * 10 *11 
* 07 * 10 • II 
* Q7 *·10 *11 
* IA2 * IA1 * lAO 
* IA2 * IA1 * lAO 
* III * P 
* D1 * 10 * III 

08 := A3 * 08 * 10 
+ A2 * 08 * 10 *11 
+ Al * Q8 * 10 * II 
+ AO * 08 * 10 * II 

• DATA * 110 * II * Ip 
* IDATA * 110 * II * P 

* DATA * 110 * II * Ip 
* IDATA • 110 * II * P 

+ IA3 * IA2 * IA1 * lAO * DATA * 110 * II * IP 
+ IA3 * IA2 * IA1 * lAO * IDATA * 110 * II *p 
+ 110 * III * P 
+ IA3 * DO * 10 * III 

09 := A3 * 09 * 10 
+ A2 * 09 * 10 • II 
+ Al * 09 * 10 * II 
+ AO * 09 * 10 * II 
+ IA3 * IA2 * IA1 * lAO * DATA * 110 * II * IP 
+ IA3 * IA2 * IA1 * lAO * IDATA * 110 * II * P 
+ 110 * III * P 
+ IA3 * D1 * 10 *11 
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example rplO 
11 1111 1111 2222 2222 2233 3333 3333 

0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 01 

0 x-x- x--- x 
1 --x- x--- x--- x--- x 
2 --x- x--- x--- x--- x 
3 --x- x--- x--- x--- x 
4 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x 
5 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x 
6 -x-- -x-- x--- x 
7 -x-- x--- x--- x--- x 

8 x--- --x- x--- x-
9 x-x- x--- x--- x-

10 --x- x--- x--- x--- x-
II --x- x--- x--- x--- x-
12 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x-
13 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x-
14 -x-- -x-- x--- x-
IS -x-- x--- x--- -x-- x-' 
16 -x-- x--- x--- -x-- -x 
17 -x-- -x-- .x--- -x 
18 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- -x 
19 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- -x 
20 --x- x--- x--- x--- -x 
21 x-x- x--- x--- -x 
22 x--- --x- x--- x--- -x 
23 x--- --x- x--- -x 

24 x--- --x- x--- x-
25 x--- --x- x--- x--- x-
26 x--- --x- x--- x--- x-
27 x-x- x--- x--- x-
28 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x-
29 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x-
30 -x-- -x-- x--- x-
31 -x-- x--- x--- -x-- x-
32 -x-- x--- x--- -x-- -x 
33 -x-- -x-- x--- -x 
34 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- -x 
35 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- -x 
36 x--- --x- x--- x--- -x 
37 x--- --x- x--- x--- -x 
38 x--- --x- x--- x--- -x 
39 x--- --x- x--- -x 
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40 x--- ---- ---x- x--- ---- x-
41 x--- ---- --x- x--- x--- ---- x-
42 x--- ----- --x- x--- x--- x-
43 x--- --x- x--- x--- x-
44 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x-
4S -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x-
46 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xx 
47 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xx 
48 xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxx x xxxx xx 
49 -x-- -x-- x--- -x 
50 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- -x 
Sl -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- -x 
52 x--- x-x- x--- -x 
53 x--- x-x- x--- -x 
54 x--- x-x- x--- -x 
S5 x--- x-x- -x 

56 x--- x--- --x- x-
57 x--- x--- x-x- x-
58 x--- x--- x-x- x-
59 x--- x--- x-x- x-
60 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x-
61 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- x-
62 -x-- -x-- x--- x-
63 -x-- x--- x--- -x-- x-
64 -x-- x--- x--- -x-- -x 
65 -x-- -x-- x--- -x 
66 -x-- -x-- -x-- -x-- -x-- x--- -x-- x--- -x 
67 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- -x 
68 x--- x--- x--- --x- -x 
69 x--- x--- x--- --x- -x 
70 x--- x--- x--- --x- -x 
71 x--- x--- --x- -x 

72 x--- x--- --x- x 
73 x--- x--- x--- --x- x 
74 x--- x--- x--- --x- x 
7S x--- x--- x--- --x- x 
76 -x-- -x-- -x-- -x-- -x-- x--- x--- -x-- x 
77 -x-- -x-- -x-- -x"" -x-- x--- -x-- x--- x 
78 -x-- -x-- x--- x 
79 -x-- x--- x--- -x-- x 

Polarity Fuses 

Output pin: 1111112222 
4567890123 

----------
Legend: fuse blown: fuse intact: x 

Fuses Blown • 2772 . 
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C>RPPAL 

C>PARSER 
Enter input file[specs.dat] SPECS41.DAT 

C>20RPIO 

****** ERROR 111 ******* 

qO 

OUTPUT HAS MORE THAN 8 PRODUCT TERMS 

C> 

C> 

C>RPPAL 

C>PARSER 
Enter input file[specs.dat] SPECS42.DAT 

C>20RPIO 

****** ERROR II! ******* 

ql and q2 

HAS MORE THAN 16 PRODUCT TERMS 

C> 

C> 

C>RPPAL 

C)PARSER 
Enter input file[specs.dat] : SPECS43.DAT 

C)20RPIO 
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q9 

OUTPUT HAS MORE THAN 8 PRODUCT TERMS 

C) 

C) 

C)RPPAL 

C>PARSER 
Enter input file[specs.dat] SPECS45.DAT 

C>20RPIO 

****** ERROR II! ******* 

a32 UNDEFINED SIGNAL NAf.1E 

C) 

C) 

C>RPPAL 

C>PARSER 
Enter input file[specs.dat] SPECS44.DAT 

C>20RPIO 

****** ERROR 111 ******* 

cl 

THIS SIGNAL IS PIN 1 AND CANNOT BE USED AS 
A SIGNAL IN AN EQUATION 

C> 16 



eHIP EXAMPLE 20RP10 
eL, A3, A2, AI, AO, DO, 01, 10, II, DATA, P ,GNO, 
IOE, QO, Q1, Q2, Q3, Q4, Qs, Q6, Q7, Q8, Q9, vee 

EQU 

QO . -.- A3 * QO * 10 
+ A2 * QO * 10 * II 
+ Al * QO * 10 * II 
+ AO * QO * 10 * il 
+/A3 * IA2 * IAl * lAO * DATA */10 * II * IP 
+/A3 * IA2 * IA1 * lAO * IDATA * /10 * II * P 
+ /10 * III * P 
+ IA3 * DO * 10 * III 
+ A3 * QO * /10 
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eHIP EXAMPLE 20RP10 
eL, A3, A2, AI, AO, DO, 01, IO, II, DATA, P ,GND, 
/OE, 00, 01, 02, 03, 04, OS, 06, 01, Q8, Q9, vee 

EOU 

01 := A3 * 01 * IO 
+ A2 * Q1 * IO * II 
+ Al * 01 * IO * II 
+ AO * 01 * IO * II 
+/A3 * /A2 * /A1 * /AO * DATA * IIO * II * /P 
+/A3 * /A2 * /Al * /AO * /DATA * /IO * II * P 
+/IO * /Il * P 
+/A3 * Dl * IO * /11 
+ A3 * /01 * /IO * II 

02 := A3 * 02 * IO 
+ A2 * Q2 * IO * II 
+ Al * 02 * IO * II 
+ AO * 02 * 10 * II 
+ /A3 * /A2 * /A1 * /AO * DATA * /IO * II * /P 
+ /A3 * /A2 * /A1 * lAO * IDATA * IIO * II * P 
+ /IO * /I1 * P 
+ /A3 * DO * IO * /I1 

18 



CHIP EXAMPLE 20RP10 
eL, A3, A2, Al, AO, DO, 01, IO, II, DATA, P ,GNO, 
IOE, 00, 01, 02, Q3, 04, OS, 06, 07, 08, 09, vee 

EOU 

Q9 . -.- A3 * 09 * IO 
+ A2 * Q9 * IO * II 
+ Al * Q9 * IO * II 
+ AO * 09 * IO * II 
+ IA3 * IA2 * IA1 * lAO * DATA * IIO * II * IP 
+ IA3 * IA2 * IA1 * lAO * 10ATA * IIO * II * P 
+ IIO * III * P 
+ IA3 * Dl * IO *I1 
+ A3 * 109 * IIO 
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A.3 PALASM fo~ CP/M Systems 

'To run CP/M PALASM, the following are minimum system requirements: 

64K byte. of memory 

- 2 disk drives 

- CP/M operating system 

- Optional text pri~ter 
! 

~~ey Features 

- Assembles PAL Design Specifications for both 20~ and 24-pin PALS. 

- PAL fuse patterns generated in various programmer formats. -r 

- Available in industry standard a-inch single-sided Single-density 
CP/M format. Special requests are necessary for 5.25-inch disks. 
This is because of the various permutations of qisk formats for such 
disks. J~ 

- This version of PALASM should run on all standard CP/M systems. 
These inclLlde: Altos" Heath with Magnolia!' TR$-SO Model 2!' 
Osborne 1" etc. 

The CP/M version of PALASM is written 
program segments and a data table. 

in Microsoft BASIC. It has two 
: ~-l~. 

-::.: -..: 

- PALl is the driver program which assembles the equations and 
generates the fuse plot and puts it into a temporary work file 
called PALTEMF'.DAT. Unlike other versions of F'ALA_~!,.!t. this one 
module handles BoiH 20- and 24-pin PALs. 

- PAL2 uses PALTEMP.DAT to generate the various programmer formats. 

- PALTABLE.DAT is a data table which describes the structure of each 
F'AL type. 

The CP/M package you receive should have three 8-inch disks. Below is a 
directory of each disk. 

Disk *1: PAL1.COM. F'AL2.COM. PALtABLE.DAT and P7000.DAT-P7039.DAT 
Disk #2: P7040.0AT-P7079.DAT 
Disk #3: P7080.DAT-P7098.DAT 

P7000.DAT-P7098.DAT are are design examples from the PAL handbook. 

(c:) Copy,.ight Monolithic Memories Inc:. 1983 All Rights R ••• "ved. 



A.3-2 

A. with other versions ofP~LASM~ two steps are necessary: 

1. Generate the PALASM specification file using your 
favorite editor. 

2. Run PALASM itself, which is what we will disCLlSS here. 

To start, when yoU ;see the A} prompt, type the following: 

<; fE j' M ~ j; "1 : 1 ~~PAa..ASM~2Q~4 ":'i'n,B":i.e. z:. ,1"; 

Revision Leval 2.0 
07/15/81 D. Jones 
06/22/83 U. Mueller Ie C.B. Lee 

Note,: When usi ng the 2()X~:AAL"S?Irifn;, the seri es 24 
family, theXOR operator:,II~tt~'" snculd start a new 
1 i nee Thus, 1&11 : - A*B ~'HG*'D-, '1 +:'!c: E*F + G*H 
is an error 
It should read: 

leu :- A*B + C'O 
1+: E*F + 6*H 

. j., 

or IQ1:- A*e 
+ C*O 

I+i E*F 
+G*H T~e second format is recommended 

for ease of reading and commenting. 
-Note also a space is required before and after 
the '+' in the first format. 

; 0 5~;oM: e~ ~ 
~res~ siP! j~e't- .t~~ con,ti nue ••. ~ . 

1\ ""'l .. :?:! t:~ " ",. ~ __..,. f Vli~. 

Pressing any key clears the screen and provides the next prompt 
at the bottom of the .screen. The exchange shown; below a$s~mes that 
the data file is called P7000.DAT and is located in drive A together 
with PALl.COM and PAL2.COM:. 

What is your input Tilename?P7000.0AT 

You will then see a series of prompts which indicate the type of 
processing being performed. 

'; .... -tit f'''''; t )..1", '.:..:! -..,.~ ," \ ., ;~.'. ; .. ,.; r-,;... . 
As eaC:'ti'" equ-at'i on is assemb 1 ed. PALASM prompt s wi th a message 

for each output, the general form of which is shown below. Each 
output is identified .by name an~ the ~o~responding product line is 
given. You should see a number incrementing at the bottom left hand 
corner oT the screen. This is tbe curre~t.product line being processed. 
For 20-pin PALs~ this number should co~nt from 0 to 63 while for 24-pin 
PALs the count is from 0 to 79. 



x 

A.3 PALASM for CP/M Systems 

ASSEMBLING OUTPUT: 8-!I PL = 8 
ASSEMBLING OUTPUT: E· , PL = 16 
ASSEMBLING OUTPUT: H· !' PL = 24 
ASSEMBLING OUTPUT: L· !' PL = 48 
ASSEMBLING OUTPUT: 0-!I PL = 32 
ASSEMBLING OUTPUT: R-, PL = 40 

17 
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When assembly is ~omplete~ you will see the following options 
menu on the screen. Either lower or upper case letters c~n be used. 
At this time~ PAL2 is automatically loaded and e>:ecuted. As PALTEMF'.DAT 
~ 5 being read ,the prQ.~L\ct line. ~\JJtt ,r.~ r:::e,seatSQ'; 'lVq~:; ':: 

(c) Copyri ght 1983 Monoki.t.hid: fMefJkir.i.s"1rPfct~~All Ri ghts Reserved 

Enter option at this time: 
X Xplot 
B - Brief Xplot 
H He>e (Asci i Hex ,programnu!!r~!AFonnat) 
N BPNF (Asc i i P r og r amnte1!e format)"'~: • 
L BHLF (Asci i programmer .fd~t·) :';; t 
P Program PAL <SD20/24 format) 
a Pinout 
J Jedec format 
E Echo (Reprints PAL design spec.) 
R Restart PAL-assembler 
Q Quit (End program) 

OPTION (without Return) ? 

For each of these options~ the user has the choice of d~recting 
the output to the screen or crea.ting 'a newoLltp"Lrt:(~i 1&ef The e,:a.mple 
below directs the output to the new file BASIC. GAT. 

Enter filename for output (return fo~ rione) 
8: BASIC. GAT ,." 

Generates complete PAL +use plot~ where 
"XII unblown fuse 
II_II fuse blown 
"Oil 1 ow ph~'ntom fuse 
"0" - hi ';lh phar.tom fuse 

8 Generates bri ef fLlse plot di spl avi n9, on1¥I"Jlr.bA~r:~~~e 1 i..nes 
which are essential to describe the +urctl~h •. ~~~. I 

,,"p. ,.,,,... I c:; "" "., 

H Gener~.tes PAL fuse patt~~rn ~,!:.' .~.e~~,~decimal,"., 5t:"i'!~~ ... t", pr.9t'9ra~.ming 
+orlnat. :_,:-= .: '~~~ "',,:;·,e: 

N ~'rovi des BF'NF proqr~rnmi ryq format:~ ", , 

L Gives BHLF progra~~tn~ ~~ormat. 
::; :. ;·t' 



A.3 pALASM for CPIM Systems page A.3-4 

P Downloads the PAL Design Specification into the 5020/24 PAL programa 
When thi s opti on is pi cked!, PALASM responds' wi th: 

Is programmer ~ON~ and ~RESET' 

r Uf·lcthai{SD.i."f.)/~-4-;ds.: ,n,QW tur:ned on!, PALASM stat'-ts sendin,;) the PAL 
, ,.DES"fi~<Sp.e.csi~f~i Ct'4\-tci.~¢)n. rf,l le·'~.to tha RS2:32 port. You wi 11 then see: 

WAIT - LOADINS ••• 11 

On yellow light: Programmer is busy - Don~t 

Touch anything !!! 

On green light 

On red light 

Insert your PAL and press 
<PROS> on the programmer 

Assembling Error - Your PAL 
Design Spec. is wrong. 

o Provides a pinout of the input spec. 

. J JEDEC format. This is the format Llsed bv most DATA rio programmers • 
You have the choice of sending the output to the serial port (DATA 
or to the output file you specified. The program prompts with: 

Press 1· for DATA 1/0 
·2 for F i I e or 

<return> for none of both 

After you respond. you will see the next screen: 

Power on Data 1/0. 
Far infarmationabout how to setup the Data 1/0 
to receive mode. look in the PALASM manual under 
Appendi x B: . 

Press <return> when ready ••• 

After this press <RETURN} on the computer. 

As the JEDEC file is being down-loaded~ the next prompt is: 

Please Wait I I I 

You are now down-loading to the Data 1/0. 

R Restarts the PAL assembler. 

E Echos the PAL Design Specification file. 

Q Exits the program and returns to the operating system. 



A.3 PALASM +or CP/M Systems page A.3-5 

Caveats, Restrictions and Other Gotchas 

General 

1. At present ~ the si>mLll ator ·am.d +·au1 t gr~i,n..g:·.'tOp:t"1.ons. have not yet 
been imp 1 emented or.f ·fths" GP lMver·sion .-1iaJhsrn::} t'he-Ss.1tCelc;c)Jrf.E!E"<avai 1 abl e!, 
an update will be ~ent out to YOLl • 

. ~~;,. For comm.'-ln.t!"~-t:.on-s<-=with your;·"R:A.L:{ip.rlDgl.""'am~rq.~.1'n~kll!;?:f(fertain that the 
LST: device +or your system is a serial port. 

(c) Copyright Monolithic Memories Inc. 1993 All Rights Reserved. 


