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BACKGROUND

The end results of a design effort for a piece of electronic
equipment are two : A piece of hardware and a documentation
package . The documentation is more valuable than the hardware
since it is from the documentation tha t all producti on of the
equipment is done . Currentl y, however , the desi gn of the equi p-
ment and the production of the documentation are done separatel y
with the effort applied in producing the documentation hein~
i minimum , usuall y only enough to meet contractual obi  i g z l t i o n s .
The documentation supp lied at the end of the development ~s
usually done by a drafting department from sketches developed
during the desi gn process , with the result tha t some of the
documentation does not describe adequatel y the equi pment.

The production of documentation as an integral part of the
design process will eliminate the problem of inadequate docu—
merotation since both the equipment and the documentation come
concurrently out as two output s from one process.

I~ TRODUCTION

The cost of designing electronic equipment can be reduced 1w
integrating the documentation process into the desi gn process.
In order to effect this desi gn cost savings and improve the
quality of the documentation of electronic equipment , an appro ach
was conceived which would make use of a standard symboIs librar y
and an automated drafting system. The use of the desi gn sym-
bols as design tools rather than just documentation tools
results in the equipment being fabricated from the desi gn docu-
mentation rather than the documentation being copied from t h e
equipment. This assures that the documentation is adequate for
product ion .

Since this project was for the purpose of development and
demonstration of the design method , its scope was limited to
the desi gn of printed circuit boards (PCB) but the method i s
generally valid.

SYMBOLS LIBRARY

The Symbols Library is a desi gn and documentation tool
consisting of an open—ended catalog collection of named symbols .
The symbols are manipulated by the designer to produce a piece
of documentation . Each symbol is allowed multiple definitions
so as to allow different types of documentation to  he produced
from the same input.

A symbol is a collection of line segments which can he
log icall y grouped and used as a group more than once. All that
is required is that each line segment ma intain its position
relative to the other line segments which make up the group .
and that there be a potential re—use of the group.

I 
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A symbol may be as simple as a circle or an arrow or as
comp licated as an entire assembl y. Symbols may be moved ,
rotated , scaled , repeated , etc., along with other symbols
and lines to make up a final drawing.

A symbo l may also be made up of other symbols , i.e.,
“ihols may be ‘nested ’. Nesting is the normal method of

n’~~ducing all symbols above the primitive set , as shown inAn. ’~nn d ix  2, which illustrates some samp le symbols and their
definitions.

The Symbols Library concept modifies the simp le definition
of a :“~‘hol to allow a given symbol to be multip ly defined
(see Appendix 2 for a sample) so that , for example , the
as~ vmbl y drawing and artwork for a printed circuit board are
.ible to be produced from the same drafting program by simp ly

~h.’ini~in g  the symbol set.

The result of allowing multip le definitions of symbols is
tha t the designer can think of symbols representing logical
i tems rather than a collection of lines. Thus , he would think

a symbol called 5420 as a 14 pin IC containing two four
input Nand gates knowing that the system would draw the
schematic symbol , package symbol or artwork symbol as re—
quired , but the designer would always refer to it as 5420 at
location such and such”.

The symbols are cataloged into a library which is open—
ended allowing for growth. The printed circuit board (PCB)
Library consists of symbols with four definitions ; namely, the
artwork symbol , the package outline , the internal schematic ,
and the alphanumeric label symbol . (An initial library is
included in Appendix 3).

The Symbols Library is intended for use as an integral part
of the design process , as will be seen in the next section ,
thus providing the dual benefits of simp lifying the documen-
tation of a design and guaranteeing the adequacy of the docu-
mentation. There is an additional benefit that occurs after
the design is complete in that engineering changes are vastl y
more simp le to document since only that portion of the drafting
program which is affected by the change need be redone and new
drawings can he immediately produced on the drafting system.

PCB Design Using Symbols Library

The starting point of the design process assumes that a
valid schematic of the circuit to be designed is available.
Note that design is the discipline which produces a PCB from
a schematic as opposed to engineering which produces a proto-
type and schematic from a specification .
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The design process (FIG I) is begun by the designer
reviewing the design symbol catalog and a d d i n g  new sy m b o l s
sising the library maintenance software if necessary . When
the library contains all of the symbols (usually there is
one symbol [or one component), the desi gner prepares a desi gn
input deck which contains all symbols (components) that he
uses and their location and orientation.

The des i gn input is run through the desi gn assist ance soft-
w a re . The de si gner gets out of this program a parts li s t  and
a magnetic tape for the drafting system with the component
layout on it and information for the routing software .

If the PCB is a one or two—sided board , it is uneconomical
to use a computer routing program to provide the interconnec-
tion. The desi gner usuall y routes the interconnection
manuall y. This process follows the dotted line path on
Fi gu re  1 as f ol lows :

• The des i gner receive s a two or four times blowup of t he
artwork upon which he sketches or draws the interconnec-
tion pattern . This pattern is di gitized by the drafting
machine and run through the computer post—processing
program to produce the interconnection pattern of the
correct width.

• If the PCB is a multilayer board the interconnection
data is sent to a routing program which routes the
connect ion s and returns a magnetic tape.

• The component layout tape and the routing tape arc then
processed by the symbol resolving system and drawn usine,
an automated drafting system. The end results of this
process are the artwork , a numer ical con trol (NC ’
dr i lling tape , an assembl y drawing and a schematic.

The artwork is used to fabricate a PCB which is drilled
us ing the NC tape . The components are then inserted usine,
the assembl y draw ing as a guide. If automatic assembl y
mach ines are used , the da ta for the program is already
ava ilable since the location of all components is already in
the Data Base. After solder ing, the finished board is tested
and after successful completion of the tests , the des ign i s
comp lete.

Since the documentation has been used to fabricate the
PCB, the fact that the testing proved that the PCB dcsi~~n
is correct, also insures that the documen tation is adequate.

3
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IMPlEMENTATION OF THE DESIGN SYMBOL LIBRARY SYSTEM

The Dcs~ gn Symbo l Library has been imp lemen ted a t LCOM
by the use of a combination of computer programs on a Large
com puter (Burrough B5700) and a computer controlled automated
drafting system (TRIDEA).

A descri ption of the structure of the software and hard-
ware components of the Desi gn Symbols system follows.

LI BRARY

The Design Symbols Library is stored in two parts. The
first part contains the data which allow s translation from
part number or component type to symbol name and the second
part contains data which allows translation from symbo l name
to drafting commands for the drafting system. Ibis division
of the library into two parts is due to mans’ different
electronic components having the same symbol ; e.g., the many
components tha t are housed in 14 pin dua l in line packages
(DIP). The two—stage revolv ing of the component or part
allows only one copy of each symbol to be stored.

The first part of the library is the part which inter-
faces the system to the desi gner. The da ta contained in this
par t for each component includes: component type , component
descri ption , schematic symbol name , package symbol name ,
power diss ipa ti on , component number , pad s ize , loca tion of
componen t center and component orientation. This part of the
library is stored on magnetic tape located with the large
computer system (85700). In addition to providing the dat~i
for the component layout symbol tape this part of the library
supp lies the data for parts lists.

The second part of the library is the part which inter-
faces to the drafting system . It is located on the disc
storage system which is part of the TRIDEA automated draft ing /
digitizing system. The library is maintained in two sections;
one section contains the fixed disc which has the unchangeable
symbols , and the other contains the removable disc which has
the changeable symbols , i.e , the assembl y drawing symbols and
the artwork symbols where the same symbol call produces a
different configuration on line segments depending upon the
symbol set that is on the removable disc at the time . This
part of the library is comprised of files whose name s arc
equ ivalent to the symbol name s which are output from the
design assistance program . Each file contains a combin ation
of draf ting commands and calls to subfiles , also draftin g
commands , which produce the required symbol when ca lled by
the drafting program.

C)
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Tac Des i gn A s s :~~t .~n c e  S o f t w a r e  se t  of ~~ n n u t e r
programs ...ih ich allo.~s the ~esign~~ to layout a nr .tnted circuit
hoard using the design symbols librar y . These programs are
w r i t t e n  i.n F’OR~l~~.~ to run an the  l a r g e  cc oputer s y s t e m
( B 3 7 0 0  in  c en j un c t i ~~i~ w i t h ~~t i e  d a t a  in  t b ’  f i r s t  pa r t  of

b L h I s  h~-a i  I ~e ~~~~ r it ~on a th e  Desi~~o
A s s i st a r ~cc S o f t w a r e  is  as f e l l o w s :

• ~Ih o  ~e s i gner  prepar ’~s and s~~h m i  cs a d e c k  of 2~~mp u t e r
c a r d s to t h o  P r a g c o~:. f o c h  c~~r° of t h i s  deck  con ta in s
a cono~~nent  id0nr I f ic a  t ion t h e  component runhor , a
component type , the nosit ion of p i n  1. the oriortrition
of the conporcnC and a o ~rc 

(
~escr~ ptI o~

• The software cearl s t h i s  ca rd  deck an~l s o r t s  t h e  d a t a
into order by ccmnoncr.t t:\rne

• T!- c s o ft w . u - ’ s t a rt s  at  the  beg i a P i  no cf  the sorted
cards and s e a r c h e s  t h e  f i r s t  n ar t  of  t h e  d a t a  base
f o r  a m a r c h i n g  c o m n e n e n t  type . I t  e x t r a c t s  f r o m  t h i s
l i H- er v  the  d a t a  t t  needs. It then writes the  symbol
f o r  t h a t  conn~~n c r t on to  L h e  A r t w o r k :/ , .\ ss~~m h L y  d rawing
taco and , L f cccuos tr~i , writes t±a sch~ n~otic 

c~~obol to
the  s c h e m a t i c  t a n o .

• Thc~ software neat ~en~ nts that ornc~~ss fo r all cards
in the input  deck , and when i t  has  f in i s h e d  t h e  inpu t
deck it writes out the r~art list, power description
l ist and pin/voltage list as requested and terminates.

• A f t e r  a l l  of the  a r oc e s s i n g  t s  comp l e t e d , ~he p rogram
t e r m i n a t e s  the  ou tpu t  of da ta  to the  t ap e s  and w r i te s
a ad  end of f i l e  on t h e  r o p e s .  The cenprnent l ay o ut
tapes are sent to ph0 automated d ”-afting sv ctem and the
lists are riven to ‘aic dosi ’ner ce”mlenng The
operat~~on of the Design Assist ance

LIBRARY MA INTENANCE SOFTWARE

The Library Maintenance Software is a set of computer
programs  wh ich  a l lows  the  f i r s t  pa r t  of t he  symbol  l i b r a r y
to be initiall y bu ilt and thea updated as needed. The pro—
crams are written in FORTRAN and run on the RC ) 7 00  (‘n : pu t e r .

• The innut s to thc program are ~he current sg

Li b r a ry  Pa r t  1 t ap e  and ~a i nput  l i b r a ry  up l at e  card
deck.

• The outputs are a new vrr hoLs 1 h r i : -v ~~a t  1 t ape , a
listing of the changes , end i f rr ques t ed . a comp l e te
listing of t b p  new svn ,hnls i brai~~ 
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the program opera tes in three phases: First the inpu t
da ta is read and sor ted by componen t type : second , the input
dat a is merged with the old symbols library and a r e  w symbol
l ibrary type is generated; and third , a listin g of the new
symbols library is generated .

Library records can be added , rep laced or deleted. An
i npu t record whose component type i s not in the old p r o g r a m
l ibrary is added to the new program library . Input records
whose component type is alread y def ined will replace the old
program library reference on the new program library. If ,
howeve r , the input record contains the characters “*DEL”
af ter the component name , the 1ibrary entry with that com-
ponent name is deleted from the new symbols library tape .

Af ter the comp let ion of the processing of all input cards .
a listing is made of all the change s which were made in the
symbols library tape . After the new symbols library tape is
comp leted , a list ing is made of the entire symbols library if
that option was requested and the program terminates.

DESIGN SYMBOLS CATALOG

The Catalog is composed of the latest listing of the
contents of the Part 1 tape in the symbols library which is
produced by the library maintenance software along with a
drawing of the symbol(s) produced by the automated drafting
system which corresponds to that component .

The Design Symbols Library catalog is the document that
al lows the designer to know what components are presentl y
available in the symbols library . The designer uses the
components which are in the catalog in designing the circuit.
If a particular component does not exist in the catalog ,
the desi gner or someone else can add it to the library by
using the library maintenance software to upda te the catalog
and library. If the drafting symbol tha t corresponds to that
component does not ex ist , it is prepared by the opera tor of
the automated draf ting system. Thus the library and catalog
grow as the library is used.

AUTOMATED DRAFTING SYSTEM

The draft ing system is an ACTRON/TRIDEA Automated
Drafting/Digitizing System. It is a flat bet computerized
system with the following major components:

7
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i able — The drafting surface is a 4 foot by 5 foo t

~J.-i thed table. The drafting/di gitizing he ad , wh ich has a
~‘ po siti on turre t and a telev i s ion came ra , is pos iti oned to
within .001 inches by feedback controlled XY gan try. The
drafting system is controlled by a Var ian 6201 Minico mput er
which reads the drafting dat a from an input dev ice and
p o s i t i o n s  t he  d r a f t in g  head u s i n g  f e e d b a c k  d a t a  f r o m  the
coordinate measurement system. In the di gitizing mode , da ta
f r o m  the  coord ina te  measu remen t  s y s t e m  is w r i t t e n  to an ou t—
cut device.

Input/Output Devices — The TRIDEA Sys tem accep ts input
da ta from paper tape , 7 track magnetic tape or from the
operator ’s console and outputs data to either paper tape or

truck nagnetic tape . Data is also kept on a magnetic disc
storage device.

Drafting Software — The drafting software , wh ich i s
known as Al—draf t , is a computer program which reads the
drafting data , wh ich is in a spec ial purpose draf ti ng
l anguage , translates this data into movement command s for the
table and controls the movement of the drafting head from
feedback from the coordinate measurement unit.

Drafting Language (Appendix 1) — The syntax in which
draf ting programs are written is simp le. Each input record
descr ibes one m •ement of the drafting head. One record
tell s it where the head is to move to and from its current
position , whe ther the pen is d own or up, or whether the
moveme nt i s in a s t r a ight line , an arc , or part of a para-
bola. There are also auxiliary commands to tell which pen
to use . whether the lines are dashed , whe ther to draw alpha-
numer ic symbols , etc. The language also allows geometry
commands such as mirroring , rotat ing , etc.

Digitizing Software — The digiti zed sof tware accep ts
positional information from the coordinate measurement system
and outputs data in the drafting language to an output device.
The l ines on the drawing to be digiti zed are fo l lowed by the
television camera under control of either the operator or the
automa tic line following hardware and output record describ-
ing each line or are written on the output device.

SYMBOL RESOLVING SYSTEM

The Symbols Resolv ing System is imp le men ted by i combin-
at ion of software and hardware enhancements to the Automated
Draf ting System. In order to provide storage for the symb ols.
a disc storage system was added to the hardware . In ~rder
to provide access to the symbols or the disc system , .i d i sc
r p er ;it ing system and a revision of the inpu t sect i n 01
A idr a ft were added to the software .
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The d isc provides space for five million characters to
he used for symbol definitions and app lication drafting
program storage . The disc operat ing system provides the
means to build and access named data files. These data files
are treated as symbol names of Aidraft and which starts
reading instructions from a data file rather than the inpu t
program whenever a data file ’s (symbols) name i s encountered
i n  the  input  d r a f t i ng  p r o g r a m .

ALTERNATIVE IMPLEMENTATION

The symbols l ibrary concept can be imp lemented in a
number of ways. The system described above is the one which
was implemented at ECOM . Its design took advantage of the
availability of an on—site large computer (B5700 ) and the
availability of a disc operating system for the automated
draft ing system.

An alternative is to imp lement the symbol resolving
system as well as the design assistance software on a general
purpose computer. In this case the symbol resolving system
would be a language pre—processor which would read the input
drafting program , look for symbol calls and insert the proper
set of drafting commands to produce that symbol on the
destinat ion drafting machine . This imp lementation would
allow a desi gner to implement the symbols library without
owning a drafting machine by renting time on a remote draft-
ing machine and using a software symbols resolver to produce
the drafting programs for that machine .

Other feasible imp lementations exist which would provide
the symbol library function equally as well. The essence
of the function is not in the implementation but rather is
provid ing the designer with a catalog of standard symbols
and requiring that he use these symbols in the combined
desi gn/documentation effort and that the end produc t be made
from the documentation produced by this effort .

CONCLUS IONS

The Design Symbol Library has been desi gned as a solu-
tion to both the problem of the high cost of design and docu-
menta t ion and the problem of adequacy of documentation for
production .

As a test of this system , an interface board was de-
signed using the symbol library (Appendix 4). During the
design process the following advantages over the standard
desi gn method s were noted :

9



• Ihe current revision of the design was always
available to the designer.

• No sketches were used in the design process.

• The accuracy of the final artwork was .001 inch
i ndependent of minor deviation in the desi gners
i npu t  s i nce  the D r a f t i n g  Sy s t e m  gr idded  the  f i n a l
artwork .

• The artwork to produce the board was immediatel y
available at the end of the desi gn effort .

• The assembl y drawing and the logic diagram were
produced by merely changing symbol set and re—running
the same drawing tape on the drafting system.

• The parts list was a computer listing from the
Design Assistance Program and was , therefore ,
available without any extra effort .

The Design Symbols Library thus demonstrated that it
does indeed solve the problem of inadequate documentation
while reducing the cost of the design documentation process.
The combining of design and documentation into an integral
process results in a more efficient process through elimina-
tion of steps as well as insuring the adequacy of documen-
tation.
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APPEI’J!)IX I

l i i  T O N _ OF_ A_ SUlg;I i__(0__THE_ AL1)HAF’l A F I J A L t __g I N  
_______
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A P P E N D I X  11

SYMBOL D E F I N I T I O N  AND EXAMPLES

I l y I a I ) O 1 S  arm ’ f i l e s  on the Disc Storage u n i t  w h i c h  c o n t a in
( ‘ nor ’ Ip t to r i ; ; in Aidraft of’ the desired figure . The description
1:-; al lowe ! to re fe r’ to o t h e r  sy m b o l s  in order  to d ef i n e  t h a t
fj,’ mr r.r , ora l , in fact , tha t  is the normal  mode of d ef i n i t i o n .
‘ t t t i i , - , it ’ I A D 075 is d e f i n e d  as:

‘0 1

1K . ) 7’ .

a’ j \ ~~
- 1 ~ O YO

1K— .o 0 , ;

u I i  [)ifl DIP (DIP14) would be defined as:

P01; 0 0 0 U 0 0 0

XOYO;

( I )  !P AD O 7 5;

• X. l

( ) I I AD075

~~~ ~~~

(0) 0/0;

(‘m ) ! I’A UO7N ;

( i i )  ! I ’ A D 0 7 5 ;

‘(—.3;

Note t h a t  symbol  cal is are denoted  by I symbol and the

t r i i j  (ii ’ a . ;ymb o l d e f i n i t i o n  by a record c o n t a i n in g  onl y a r r

‘ o I r ( = ; ) . 
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SY M R 0 1 ,  D F I ” t N l ’ l ’ i O I J  API ) l - ’ ~ ”0 L1 - 0

A l a y o u t  ol  1.1 p in  I C p a d s  r-~’ould he ( l on e  r ih e , t  an C o I l  n\- ,’ : -

LIl A

‘00C r ;

( I )  I l l P1 ~1;
1K 2 ;

(2) !DIPI’l ;

~~ 
.

‘D1Pl 4~- , —---4+-•.v.., • ..~ ‘~~~ .i~~-I’

f a new set o I’ syr : h o  I in  1 c ’aded onto the- D i s c  oh .-

DIN— i produces the t’ol lowing symbol

I ‘

~uv q~ w
Then the  above l ayou t  p ro gram w o u l d  r i r o d u c e :

L . .

This is how assembly drawings arc’ produced t’r’on tO - o ; u ! o ’

program r u t ;  the rurtt’;o rk

13
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Al’1’ENDIX Ill

1 1-H I M  [ ! F I R A R Y

‘ i t c It J u l  1 ilrary is in two parts. The f i rst is
a ( ; ~~~~~~~~~! 1 V J e  to :;yr ;hol ) library which is used by the

, ri •‘~ :~~jst ~ricc ~ ) lt ware and is in Par t  1 of A p p e n d i x

( ‘ L i ’ o c i u rd  is the ( syrnh o 1 to d ral’ti ng patte ta r ) 1 ii; no r’v
- - - Fr in u co i l  by the  N y m b o l  R e s o lv i ng  S y s t em  and is in
i !  ‘ C I’ .- -.[ [‘or;~l L X  I I I
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0
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FILE NAME-
SYMBOL SET-
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SYMBOL SET-
SCALE - ~~DATE- ~~~~~~~~ 7c
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FILE NAME- E P,4D
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L
C TH IS F’F C GPAI•I IS THE HEART OF THE (‘ESIGNERS DATA BASE

‘TH C us~
p INPUTS HIS c ’:’l~1PoNEuT LIST WI TH

C COMPONENT IDENTIFIER (~~.PHA > ~ COLUMN I
c cc’IIF” :’PIENT I-lI,IIIFEP = COLUMN 2 THPU S

CO~iPE *l~~lT PA~’T P&III6FP = (I:LI,IIt N 9 THRU 20
~ F”:’r5 I T I C I N  IN fl-ICHE S = COLUMN 21 THPU ~O SP I N ~ )

C Y POSITIO N IN INCHE S If C’LU?’I N ~I THRU 4~~ 
-

C C ’P IE UTA TI ON IN  c-•E GP EES COLUMN 41 THRU 45
C D ES CR IPTI ON OR C OMMENTS = COLUMN 46 THP~ 73
C -  PAD SIZE FOR COMPONENT — COLUMN 74 THRU $0
C
C A MA~:IMUt1 OF 200 C OMPONENTS MA Y BE ENTERE D
C
C THE PROGRAM SORTS THE DATA IN ASCENDING OR~~R B,’ COMPONENT PA ~T
C NUM BER .

C
C A SEARCH IS THEN MAC’E THROUGH TH E LIBRARY TO LOCATE THE COMPO,siENT
C PART NUMBER IF THE PAR T IS FOUND THE SYMBOL NAME FOR THE TRI.)EA
C (‘RAW I HG SYMBOL L IBRAPI I S HR I TTEN ON THE OUTPUT TAPE. IF THE
C COMPONENT IS NOT FC$JNCs A DEFALT SYMBOL IS DRAWN ANT THE APPROPRIATE
C MESSAGE IS PRINT ED
C -

C
C LUN 18 IS THE PPC’GRAII LIBRARY TAPE
C LUN 19 IS THE TR I DEA TAPE FOR PACKAGE AND PAD DATA,
C- LUW 20 IS THE COMPONENT POWER FILE
C LUN 21 IS THE COMPONENT PIN FILE
C LUN 22 IS THE PARTS FILE BY T~~’E.
C LUN 23 IS THE TR IDEA TAPE FOR LETTER ING AND SCHEMATIC DRAWING:;. oisseio
C
C ***‘P* ,********************************4’**9.****’*****’*****’p******, *‘•****
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‘V ,,~~‘ .  - ‘ ‘ ,• “ ,‘, !“ ., ‘ ‘

C

- 
L C’G t ~~~ 4’ ~~~~ ~~~~ - N FCI I p,I- :F F

I PIN’ I S Ft F,u FAR PIN It’ ~•‘AI TPflF I 1 ST

~‘PWFP IS Ft A ’, FAR PAWFR ( 151
C’ ~~ w I S A F 1.A(~ cFT TRIIE FOP FArH P*W 4 YRPAfrY
C r (‘Re. 1*4 1 (H T c PFAr.
- 

I AfT FC I’ A Ft Au SET TO I ABEt rI~ul Atj c N’r.~
C t i : ’~~t CI’IIIF-CSNFNT t.iA OR f~PAW IP4TFPNAI cu~~pa~~r

D~~
5
~~~~~~ -~~ ON R L I E ’  ~4 , , P I 4F’ - 2 I iA -17 ) ,T FMP(1~~

)
C
C ~~~ IE~ IS THE L ~P4’~~~-~ RFC”i~D RI.CFFFR.

I. , ,CL C ’ l Ni: I T h I 4 T F V I T ” ..
C’- . 1, It’ ~~ I

’I~~J F P J
’J T , ’ C - l-’ ~~~~~

C ‘I TC- iS ( ‘ C - F  ‘- ‘  - •~ i. f.FCI’F .TFT~~()N (‘i 5Fs’1)
C ~~~‘ TO 20 f c~~F~~H1 J :  ~~FN ’~~~FN ’2E FOR TRIOFA L IBRA RY .~?A4 )
C ~

‘I2 23 C A~-E ~‘,‘?iFrq FOP T RIDEA LIBR AR Y (2A4 A~~)
C ~‘4 F’III’IEF - IF~ “
C ‘ ‘ CENTER FOR LE T TER I t1c ~ X (Fi0- 5)
C 2’~ CENTE R FOR LETT E RING Y (F10 5)

27 . 29. 71- 33 FIN i~: F2 ‘~~. i:~::C Ss~ ~ 02 22 . 3 4  P OI4 F P ON F I N  - F ~ 1”
C
C RC.MP IS THE COt’IPCINFNT RFCORC’
C
2 WORD CONTENTS.
C I AL F’HA C flMPOr* NT ID. (IRI)
‘2 2 CCIIIPONFNT N&IMP.ER..F4, 0)
C 2 TO S C(’MF’ Cu t4EN T TYPE ( 3A4 )
C 6 ~5 P O SITION PIN I ‘~F1~ 5
C 7 ? P O SITION PIN I (FIB. 5)
C 8 CIRIFNTATION TN r~FuRFE S (F 5 B)
C’ 9 10 15 COMPONENT DESCRIPTION (7R4 )
C 16 COMP ONENT PAD SIZE

SPARE -

C.
C *******t***3*3***$*433~~4*3-*4****VI3-44~~ *P1~*.p4.VI**3-~~~ *33-4VI*p3’$’D’44,*.p44*,,.
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• . 44**.4 *~~~3*+4334*4’4**’p3*4p3*443*,***43**4*3$**.*3*3’p ’044.3,’. *400 F

COM MO N /TPPE.’ IPACK. ILE TE P
- 10/ LUN. LL ’NER

~C C C r  CT N -
‘: tic ’ ,’ :~:.

T’~~- F  C~ ’ 7 t ! I ’ 4  AFEFI PASS INFORMATION TO THE SUPPOLI’T J NFS W HICH
4P 1 ”E Ot J TPIr-FH TAPE

~RTR LPW R,” ?€1/ , LPIN.’21.’, LCMP/22/
:‘R”F ~ LPL/12 ,~. LLP/6. ” , LCR/S.’2 EOF .’4H99*.~2A LL T IMEC’ P4(6) -
I~~RCv = 19
IL E T E R 22 I 5 ’ ’ ’ ’~~~-’
L*JFP~6

.PL - PROGRAM LIBRARY
LP = LINE PRINTER -‘

.CP II ~~~~ READER

.CJN = TP IDEA CI’.I TP’J T TAPE

.‘INEF’— ERROR OUTRI.IT ‘L I N E  P R I N T E R )
LPI-IF’ = C0I- 1POtIEN T POWER FILE
L P I N  = COMPr iN FN T P IN. ”VOLT F I L E
LCMP = COMPONENT PAF’T5 LIST F ILE

• TPIt’EA TAPE FOR PACKAGE DRAWING AND PAD CONFTGURRTION r’~~~’i~~.”~
ILETE P= TFIf-EA TAPE FOR PACKAGE LETTERING CR SCHEMATIC DPPWTU’~ “-~-“ 

‘- 4 ’ -

ALL CARr TODI’;~
THIS SUBROUT INE PEAt ’S THE DATA CA RDS AND
PUTS THEM ON THE BUPPOUGHS DIS-V

‘FWTND LP L
‘EWI ND TRA CK
‘EWIrJD IL E TE R ci~vs 7I 1’ri

SET UP TAPES

UN = TRACK
PEN — I 1112 ’ , ’ .” 7C~

SELECT TRID ER PACKAGE TAPE W ITH P1R~K PEN ~PFN I) “ - “ ‘- ‘

“ I L  BFCI IN  (I F’ EN )
UN = ILET EP “~~ ‘ ‘  - ‘~ 

- - -  -

PEN 2 c’~”~ ‘ “

SELECT TRIDEA LE TT ERI’~I(, TAPE WI TH RED PEN “PEN 2)
ALL BE G IN.I P EN : ’  c,’~~~~~~.

I N I TA L I Z E  BOTH TPIC)EA TAPES •“i”• , ‘ - s

PITE<LLP .140)
TOP OF FORM

P I T E ( L U N ER, 140 ’
TOP OF FOPU

• 4 * *

4
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4 . + , , . + t* t . + t ‘ 5 * 4 4 * t V o t , 6 1 + + t

-:~~E:-~~’- C I’- ’~’U~ 
‘ C— ~~~~~~~ C- : T~ -)~.

L
CHt~~ :~~ .~~

‘ —
~ - -“ - L r F  SF1FF, KF’L.1EP,~ :PINS LI I?J FP.I~~5F’F~ )

C
‘~ F” 5 CP~I~ ~ ~~ s ’ T1IF’
B-F:= &ASE 4” ( i T+ .T ION

C ~ FWF4 ’ ~- L I ST P(’II4F’F ~FCI TPFFIFNTc
-- K F I N S  LIST YOL , TA ( -E ~ Owl- FINS
CE
C
CE :E GI , DRAW CPFiC,IN

- Us , I~~~~~~
’ ’

‘K L ~~- ‘ )  ‘ ‘~~‘

= I. E’ E~~’
~~~~ ‘U4 ” - ’ — ~F’

A SCAL ED ~PAG1N ON 80TH TAPES

- ~i~~
-, : t ,  .,

~~~ ~~~~~~ SORT
C

C ’-s : ,L, ~ “RT tT  - RCr-iP. LCFU LUNER- LENGTH .’

~~~~~~~~ ~~- : E~~~~ L F~~~~N~~ ~~~~ SOR T T~ E INFCCT CARD RECC#Pt> INTO ARRAY
~~~~~~~~ ~~~1~~- STCIPE THE NUMB-ER OF COMPONENTS IN LEPJG TH

C
C ENT ’

C~~E~~ TN TEST OF RE~~LILT OF CRLL TO SORT IT
C

IF(LENGTH GT 0) GO TE . 10
C
C EL SE
C

WR ITE ~.LuNER ~ 100)
C WRI TE ERROR MESSAGE *ABCIRT.

CALL EXIT
C **ARORT.**EXIT*.

i~i CONTINUE

C ‘~ ‘I~~54I**3********************3***********’ 

~~~~--~~ - --
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1-t - ,, t -t * -t++ ‘ *t t + t * # t , t + t + tt * . t  * . . i. 4 . t t ., . , ,. .. . , . ,* . +

EEC~T rI -:E,~F,2 k - - ‘F F i~~r~,~r-i ~. IBRAF -~ ~~- -F ~~~~~ PE~~ C F f -  ~~~ r, ~ - 4 4 T - - ,
~,‘, -‘~~~- -

-: ThE- ’-? 
-

C
NE W = TRUE
(‘0 80 1 1. LENGTH

C SEAP’: s-i FI F  EAC #4 FE- ) F r -  IN  F - 1 ’ ? F
C

IF  ( NOT NEW) GO IC’ 0
C 

- DONT FE~ C - A NEW L TF:PARY FF~~EPF?l” F ‘N~ F~-
C cC’MP’:’NENT TE CT I-JAPI T i~ JT  r - - ’NF
C

20 R’EAD (LPL~ 11@’ , FL !E’  J ’~, J=1, 34~
C ~fA (’ ~‘ FF~~~~- f-  F~~ i ’C - ’

NEW TRUE
C ~ r ,E~ ~E - C ~~ ’ H~ S EE E ?J  FF~~1- ~~~~r” 

T ,_ F

IF RLIB ’ : I) NE EOF ’ GO Tç 30
C’ IF NOT iT t . 1 E F ’~F’~’ END
C GO TO ’?0
C ELSE

WRITE (LUNER. 12(~;’
C l’~R I T E E 4 ’F~:fr ME ~SA1,F ON

DO 25 J=I  LENGTH
C LIS T THE COMPONENTS NOT FC!C . FID

- WRIT E (LUNEP. 130) (RCMP(J, K).. K-I. ~~
C

CONTINI IE
C

GO TO 81
C COMPLETE THE JOB AND CIIJTPIJT PEOU1PED LI~~~ S
C

38 CONTINUE
C NOT AT END OF LIBRA RY
C
C ** #44 **************************** ’ 3*4* * * * * * * * *3*4*#3’ *33* * *++* ’V ’V* ’V
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C
C B EGIN TEST OF :ONPONENT VS L IBRARY
L

DC 60 J - 1.. 3
C TEST 3 WORDS OF EAC H RECOR D

- K J’P2
C TEST 1—3 OF LIBR ARY A(,AINST “— s ‘‘F r,’,r.~pr~J~ pj ~
C

IF(RLIB(J)—RCMP(I, K) )  20- ~ A . 4A
C 

. IF C CMPC’NFtJT GT I I F:~APY PEAt’
C ANOTHER ’ I - lB-PAR’? RFCAF’t’ ‘.2(~~
C 

‘ 
IF CO MPO NE NT FO L TF~ APV r,F’At.J

C -  THE c i :r t PC”NFNT A’ -~F-FrTF1Fr , (60)
C IF CC’MRONENT I T I IP.PAPY WRITE
C MESSA GE fIN I C I t IE7  ANt’ To” NE.-:”
C RECORD— RCMP— (4€ ’ )
C

40 CONTINUE
C
C BEGIN ERROR MESSAGE FOP CCIMPONEHT NOT FOUND IN I BRY
C

WPITE(LLtNER,.1~ O) RCM P C1~~KC - : ’- K~,=1.5
C
C END
C . BEGIN SET LIP TO CHECK NEXT CCIMPC’NFNT AGATN c.T I TPRRP~

1=1+1
C INCREMENT TO NEXT COMPONENT OF PCf’fF’ ARRAY
C

IF (I—LENG TH) 30. 30~ 80
C CHECI~ IF Al I Cf”MPONFNTS HAVE
C BEEN PROCESSED ‘?FS THEN ~i0
C NC’ THEN CHECK NF:~T COMPONENT
C AGAINST LIBRARY(78)
C END
L

6$ CONTINUE
C A MATCH OF COMPONENT TCt LIBRAR~’ HAS BEEN FOUND
C END
C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
,
~ ~~
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C E.EC,IrI I-JR ITE AF’F’P-:’F’R lATE ~-A ’~ -. F:~ - PP~~sUr 1,1 T~~~~.,

- 

CENTX = RLIB - <2~~:’ +RCF ’ tP . ’ I .~~ ” ““ ‘

CENTY=RLIB ~ 2’~)+RCMP(I 7 ’  -“~

C’OIIF’C.C TE AB-Slul - “F C’~~?, ’F~ c~~ ‘ ‘ - i (CF I - 1”-
C

W RIT E( LPW R. 160) ~R - :MF- ~ I -  J T  ‘ , ,T J = j .  5” ‘F ’ d ~ - Cl - N ’ ”  “ ' 5 -.- -
+ RLIP”24 ’

L

C W R I T E  DA TA TI- THE PI PER ~ t i E  ‘F~~~~P!~ ’T
C I C-MO . TYPE C EN ~~E F ~~ ‘. , F’I-t. -~
C

- WRI TE (LPIN . 170) (RCI’ IF-( I. T T ” . 1J~ -~. ~~~
‘ , ~ R: . , . -

C
C W R I T E  ~‘A TA IC ‘ : ‘ M E C N !N ” ‘, ‘ -~ ‘~~ - ‘ ‘ , F
C NOTE FORMAT ,
C

IF ( NOT NEW ) GO TO 70
C CHE

:I IF j&~~~~-. ~~ - .~~~r ,

C AL R EA DY OI T~ I “ FS ~~~~~
C ELSE

(-J~~ I T E’ LCI’IP. 10) ç,, - . - - ‘- - ‘

W R I T E s  LCI-1P- :i.:’.~ +Ts~t . ’  - . -

WR I TE(LCI-1F- . :-10)
C WRITE 2 B-LANK kECC~~[-~

WR ITE<LCMP, 1C~0~ ( P L I E - C L ” - C - ~ ”-1 18)
L

C W RITE L IEF~~~ Y CAT R TO I -)‘ - r~~CNFN”  ~~~i E
NEW . FALSE

C’ SET FLAG IC INDICATE LIBRARY RE~ ERFNCE
C HAS BEE N PROCESSED
L

WR ITE (LLP2 190) ‘R LI E ”Kl ” 1 KK=15 18)
C
C DISPLAY L IBRARY C OMPONENT A Nf ’ DESCR- IPT Il-N
C ON L I N E  PRINTER
C

70 CONTINUE 
-

C
W RITE(LLPI 200) (RCMF’ I.JJ),JJ=3 5” RCMP ’.I.C - - I’ ” KKr’9. 1~ . ’- .

+
C
C DISPLAY COMPONENT DESCRIPTION ON LINE PRINT EF~
C

WR I TECL~~~~S 21B) ( R CM P ( I . J J ) . JJ - 6 . 7u . R CM P ( I , i 6 ) .
• (RCMP( I,KK) .KK=1,2)

C
C WR ITE COMPONENT ID ON COMPONENT F I L E -  AND
C PIN I POSITION
C END
C
C ***** ‘ ************W***t*****************~~***********’u’*** *~~~

49 

—- — - - -  - ---~~~~ ‘ .--



~

4 * 6 4 * 4 + ” ’  * 4 ’

C BEGIN T PIC ’ EA SETLIP
L

[ ‘C ‘5 .Tj = 1. 17 I s , i - p c ’  .11

T F r - 1 F - ” J J ) = R CMP ’. I, Jj
C PUT ACTIVE COMPONENT DAT A INTO ARRAY FOR ~~~~~~~~~~~~
C TRANSFER TO TRIDEF, SUBROUTINE

C-OPJT INIIE

CALL TRIDER (TEMP~ RLIB. SF.. BP~ LABEL )

C DRAW IC ON TH~ TRIDER WITH APPROPRIATE LABEL
C

~‘C” C I -N i ’ I ril E
COF iT I rJ ’ _ IE

C F’ l [-  PROCESS OF COt’IPCINENTS AND LIBRARY

C + + - -.‘ + ‘,

C
C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C
CB E G I N  TEF!i Ir-JFiT ICIN hF FILES

I-I R I T E - - LP N R - :-�o’ EOF
C- : F !TE .LF- IN~ 220j ECE
L-~~ITE” LCMF~ 230) EOF

C WRI TE EM) OF FILE TAG ON EACH FILE
LL CN = IF-A’: K
:A LL THEEN C ’
1, N II.ETEF: 000.SA C;~’n

C’.PLL THEEND
C CLOSE THE FI LES
CEllO TERMINATION OF FILES
C
C ,*4.************************************t******************************

- - - _ , ~~~~~ -

4 -



E - E C , I N  [-( p I p - i  LIS~~:.
C

EU N[- LP.j F
R E L J I N -  LF IN
REWIN D LC -MF

C REWIND FILES FOR- LISTS
C

IF( NOT I~P WE R ) GO TO 85
C - CHECK IF POWER DISS IPATION LST F-Fr’
C NO — GO TO BS

C ELSE
WR I TE (LLP .  240)

C TOP OF FORM ON LINE PRINTER ANt’ HFA -EP
C

83 READ (LPWR .160- (TEMP (JJ” .J3 1.S)
C PEAC ’ A RECORD FF’OM BOIlER FILE
C

IF(TEMP(3). EQ EOF) GO TO 85
C CHE C K FOP END OF FILE MRF’V
C YES THEN
C ELSE

WRITE(LLP. 250) TEI’IF-’:- - TEMC~~4~~, TEC-1F ~:5) ,TEMP” 1) ,TEMP~ 2.’ .
1 TEMP(6~ , T E M P 7 - ,TEl-lP~~~)

C
C - PRINT TYPES COMPCiNEN TNO. CENT-X~ CENT -’?. PCiWFR

GO TO 83
C GET NEXT REC:ORC)
C

85 CONTI NUE
C FINISHED WITH POWER LIST
C
C **************** ************* *******~~.******************* ~~~***‘V*4’V~~~~~4’**~~

I

51
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. t * t 4 ~* t t . ,* t t ,* 4 * , 6 +* t , tt t + tt * t 4 t t t tt ’ t t* t * *6 t*  4

j E c  ~~~~~~ ~P l N S~ o: TO 90
(HE’D IF PIN VOl TAGF I 151 IS P~~C
NO THFN 90

C’ EL CU
(CF ITE( LLP.  260)

C TOP OF FORM AND HEAC-’ I N G
C

S7 RFP-’C” LPIN. 17€’ ) (TE II P (JJ ’ . J J = 1 . 1 3 )
C REAC’ VOLTAGE DATA

IF’( TEI-IP(2) EQ EOF ’ GO TO 90
C 

‘ 
CHECK FOR END OF FILE

C YES THEN 90
C ELSE

BEGIN COMPUT E THE INDEX OF THE LAST VOLT/PIN PAIR
C

I E N D=5
C Ir-4ITA LI3E INDEX
C

00 89 IX=6.125 2
C CHECK EACH OF FOUR PIN NI.IMBER S TO FIND L AST
- 

IF (TEMP (IX). NE . 8. $) IEND~ IX+1
C IF PIN NO OS NOT ZERO THEN
C IT IS CONNECTED TO VOL TAGE

89 CONT INUE
C EN D
C

W PITE(LLP, 2?B)(TEMP.[JJ). J j —I ,  lEN D )
C PRINT COMF’ NO, TVPE~ PIN .
C VOLT.PIN.VOLT. - -

GO TO 87
C READ THE NEXT RECORD
C

9€’ CONTINU E
C FINISHED WITH VOLTAGE/GROUND LIST
C
C •*.,~*******************************1~ ,~~~

5’ -)



C
C PARTS LIST ALWAYS GENERATED

WRIT E<LLP. 280)
C TOP OF FORM AND HEAD I NG
C

9~ READ (LCMP. 290)(TELIP<JJ). JJ I. 19)
C READ A RECORD FROM COMPO1-IFIIT 1 1ST
C

IF(TEMP (I) EQ. EOF) GO TO 99
C 

- 
END OF FILE THEN 99

C ELSE
WP ITE (LLP . 300)(TEMP(JJ). JJ~1. 19) WRITE DATA ON LINE PRINTE R
GO TO 95

C GO TO READ NEXT RECORD
99 CONTINUE

REWIND IPAC K
REWIND ILETER ~4~~s ’-:

C REWIND BOTH TRIDEP TAPES - 000 4~~ - ’OI~

C
REWIND LPL

C REW I ND PROGRAM FILE
C

CALL TIMEOFF (6)
CALL EXIT-

C
C ************************************** ********************* += l’ * 4 ’* *-4 *

53
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~ “~- ‘ 5 A T - - l  I-(C” ’F F n  FFCC’Rf S FF : ‘ : F- ~- S F r -  ~ F !-1 I?IF ’j T DE’-:’ICE /.‘

I . + + F-Rf ’GF’At-t  OF- CRI Er’ +-‘ .- ~ .-‘/:

1::’ FI~~ ’-l”[ ’. - : A 4 -  1504 . 204 - 204- 102. ES 4. 2F 10. 5.’ 4 ’1X. F3 B. IX. F5 1”)
E’~~M~)T’42 HOFN0 (CF FILE pEAi:HF’r, 011 COMPCINENTS LIBRRR~I’/ / /

:EH THE FOLLOW ING COMPONENTS NOT FOUND // )
~ ‘ C - l ( p T 1H 101. ES A. :— ‘

~~. 304/’
~~ ;c. F’ ( p P-[l ) T j~~ j )

F - - ~~ ’ C- ~~~~~~~H0 1A1.F5 A 3X , 304 ,5- . 22H4N0 LIBRARY REFEPENCE’//)
~~~~c’ R-~ P ’ ~~~~(j (p~~,~~~4 A. :~A4- 2F12 4.F12 5 )

F - ”F~~C A - T I i A -1..F4  ~I- :A4 4~ 2F10 ~~
~ - . ‘C(CI’ :5-14 .)/- 150-1”

19.: F-~ R~~ -i~~-:IHO. - . ‘ . 1H . 304. 5~~- 1504/ @0051300
F : - F~~

:-
~~~’1H .~~~~~4 .  ~~. -t, 704 . :‘2’:. 101, F5 0- 5~., SHPACr - FI€ ’ 4)
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