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1. INTRODUCTION

WREPCL - ~ iring Routine for !‘rinted circuit ~ayouts

WREPCL has been written to suit DI~CS design and manufacturing techniques
for printed circuit boards and is run on the ORCS 1BM370/168 computer.
Incorporated within WREPCL is the program PCPATH(ref.1). WREPCL uses the
Vertical/Horizontal method of conductor routing in conjunction with plated
through-holes, while PCPATh uses a variation of the Lee algorithm (ref.2). The
Vertical/Horizontal method is particularly suitable for board layouts containing
“dual in-line” packages (DIPs). The Lee algorithm method is used when multi-
layer boards are required.

In laying-out an average complexity two-layer board (e.g. twenty 16 pin DIPs
on a 203,2 nun x 152,4 nun (8 in x 6 in) board) , WRE PCL will route approximately
95% of the wiring of the interconnections required. Completion of the board is
then carried out using the DRCS Graphics Terminal(ref.3) of the DRCS CAPART
Printed Circuit System which incorporates a Digitizing Plotting Table(ref.4).

On completion of the layout, photographic etching masters are produced by a
photo plotter.

Coordinate and drill size information for plated through-holes and component
pins is generated automatically. This information is in a format compatible
with numerically controlled drilling machines.

This Technical Report describes WREPCL (Version 1.3). However, the documenta-
tion may be read in conjunction with other versions of WREPCL except that
capabilities and data preparation techniques may vary slightly. Appendix I
describes the WREPCL Output Data format .

A WREPCL Users Guide(ref.5) is available for DRCS personnel wishing to use
the WREPCL system for the production of printed circuit boards. The WREPCL
Users Guide will be updated as necessary so that users may know the capabilities,
data preparation techniques and running procedures for the latest version of
WREPCL that is available.

2. CAPABILITIES OF WREPCL (VERSION 1.3)

(1) Multi-layer board up to a total of 10 layers.

(2) Choice of routing algorithms.

(3) Maximum board size - nominal 381 mm x 381 nun (15 in x 15 in)
(4) Grid spacing - 2 ,54 ass (0.1 in) , 1,27 mm (0.05 in) or 0,64 mm (0.025 in).
(5) Double sided connectors on one or all four edges of board.

(6) Automatic edge connector pin assignment (optional).

(7) Library of up to2O packages (e.g. DIP) as well as provisions for discrete
points. Each package may contain from 2 to 100 pins. Packages may be
orientated in any of four directions (i.e. 0,90,180 or 2700).

* (8) Flexibility in placement of packages.

(9) Maxiu of 150 packages per board.

(10) Maximum number of interconnected points allowable is 2000.
(11) Maximum number of interconnections (point pairs) allowable is 1500.

(12) Number of interconnected points in a single branch may vary, from 2 to 10.
(13) Priority factor for some interconnections.

(14) Provision for forced conductor routing.

(15) Provision for prohibited areas.

(16) Line printer pictures of layers.

_ _ _ _— - ‘-5 —.-..- ~- .--~~~-—- ~~~~- - - - -~~~ ~~~~~~~~~~~ - - 
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(17) Graphical pictures of layers on Calcoinp Plotter.

(18) Graphical pictures may be actual size or twice size.

(19) Easy preparation of data since the majority of points need only be
referenced by a circuit diagram code and a pin number.

(20) Choice of layout characteristics. The precision of manufacturing
technology will determine which class of layout should be selected.

Characteristic Class 1 Class 2 Class 3
(inches) (inches) (inches)

Ci) Grid used 0.100 0.050 0.025
(ii) Conductor Widths:

Standard 0.030 0.024 0.016
Power 0.060 0.060 0.040

(iii) Pad (Land) size:

Plated through-holes (standard) 0.060 0.060 0.040
Plated through-holes (power) 0.080 0.080 0.066

Discrete component 0.080 0.080 0.080
Code 5 package (e.g. DI P) 0.080 0.060 0.060
Code 6 package (e.g. T074) 0.060 0.060 0.060

(iv) Spacing:

Mm between conductors 0.040 0.020 0.009

Mm between pads 0.020 0.010 0.009

Mm between conductors and
pads 0.030 0.008 0.008

Cv) Interconnections routed for
a two-layer board (approx.) 75% 95% 95%

Future versions of WREPCL could employ modifications or additions to the above
list, including such items as component placement and labelling, inclusion of
diagonal lines in the routing algorithm and interactive capabilities.

3. STRUCTURE OF PROGRAM

The basic structure of the program is shown by the flowchart in figure 1.
WREPCL has been written in Fortran IV and contains approximately 5000 source
instructions. An explanation of the basic operations of the major routines
follows: -

(a) Main routine
This routine reads and tests the input data, calls the major sub-

routines, determines the routing paths by the Vertical/Horizontal method,
and transfers control to the main routine for path routing by the
modified Lee algorithm (PCPATh) when required. This routine also prints
the line printer pictures of the front and rear matrix for the Vertical/
Horizontal layers. The front and rear of a board are each considered a
matrix of points at 2,54 am (0.1 in) spacing, or at 1,27 am (0.05 in)
spacing, or at 0.65 mm (0.025 in) spacing, depending on the grid that is

- -  -~~~~ - - ------- — - -- — — - --- —--- - - -  - -•  • — - — — 
—~--—---—-—- - — - — -———~~~~~~~~~~~ -~~
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selected. A point not occupied has the value 0 and a point that is
occupied has the value 1. Considerable computer storage is saved by
having each point assigned to a “bit” in computer memory.

(b) Subroutine BLOP
This routine sets the matrix points to 1 for the area occupied by the

edge connector. If a Calcomp plot has been requested, it draws the
board outline, edge connector pins and associated pads.

(c) Subroutine CONEDG

This routine determines the actual position of edge connector pins
used .

(d) Subroutine FINDER

This routine determines the position of a pin (or point) on the circui~board. Initially the code of an interconnected point is decoded. If
the coordinates are supplied an exit is made from the subroutine. For
a library package, the package type is first determined, then the
position of its logical centre, and f inally the position of the actual
pin concerned.

(e) Subroutine FLIP

This routine is associated with PCPATH and is used by subroutine PUSH
to flip a conductor corner.

(f) Subroutine GRAPHS

The first part of this routine optimizes the paths for Vertical/
Horizontal method so that the number of plated through-holes needed is
reduced. The second part of the routine supplies the data for the
Calcomp plotter for plotting the Front and Rear, and the data for the
routines that convert information to a form suitable for input to the
Graphics Terminal or CAPART system (see Appendix I).

(g) Subroutine PATh

This routine is associated with PCPATH and is the central routine in
the path-laying part of the program. It recognises only one side of a
board.

(h) Subroutine PCPATh

This is the main routine for determining paths by the Modified Lee
algorithm method. PCPATh has been documented in WRE-TN-112(AP)(ref .2).

Ci) Subroutine PGRID

This routine is associated with PCPATh and prints the line printer
picture of a layer.

(j ) Subroutine PINPT
This routine sets the appropriate matrix point to 1 for each pin point,

• forced point or prohibited point. If a Calcomp plot has been requested
a pad is drawn at this point if it is a pin point. In some circumstances
multiple matrix points are set to 1 (i.e. prohibited areas created around
a pin point).

(k) Subroutine PLAYER
This routine supplies data for the Calcomp plotter for plotting each

layer associated with PCPATh and the data for the routines that convert
information to a form suitable for input to the Graphics Terminal or
CAPART system (see Appendix I).

• 
- —5— -- —5-—- -5 ~~~~~~ __~~~~~~ ~~~_ _ ~~_ —=•
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(1) Subroutine PUSH
This routine is associated with PCPATh and moves existing conductors

clear of a grid point so that a specified adjacent unoccupied grid point
remains unoccupied.

Cm) Subroutine SCAN

This routine clears paths of previously connected point pairs of a
branch. Hence, some paths connecting point pairs in a single branch may
be coincidental (i.e. a “T” junction will occur). These paths are sub-
sequently reset in the MAIN routine.

(n) Subroutine SEQ

This routine sequences the order in which interconnections are to be
made. The basic sequence is: order of increasing distance between
point pairs. The first part of the routine performs edge connector pin
assignment (if necessary) and minimizes the lengths of interconnections
between points in each single branch. The second part of the routine
sequences i.Uterconnections in the order: prohibited points, power
conductors, short connections (12,7 mm or less) , standard conductor edge
connector connections and then standard conductor pin to pin inter-
connections. The sequence of a sub-group may be altered if a priority
(or weight) factor has been specified.

(o) Subroutine SETEQ

This routine clears path points (setting to 0) or sets path points
(setting to 1). For power conductors, multiple rows or columns of
points are set or cleared.

(p) Subroutine WANDP
This routine supplies data for the Càlcomp plotter for plotting the

paths for the composite picture associated with the Vertical/Horizontal
method. It also prints the list of interconnections not completed and
makes these available for input to subsequent layers in multi-layer
applications. -

(q) Subroutine WDATA

This routine lists the wiring data and makes this data available for
PCPATh if the modified Lee algorithm method alone option is selected.

4. METhOD OF OPERATION

WREPCL permits flexibility in the positioning of components on a board. The
user assigns a circuit diagram code to a library package and then places the
package in any location on the layout merely by defining the coordinates of the
logical centre of the package at that location. As the centre is defined by a
data card, a package location can be easily changed by merely redefining the
centre.

The FRONT of the board is the side containing predominantly vertical conductors.
The REAR contains predominantly horizontal conductors. It is up to the WREPCL
user to decide on which side the components will be placed and on which edge(s)
the edge connector(s) will be placed.

When using the Vertical/Horizontal method interconnections are completed in
the order: prohibited points, power conductors, short connections (12,7 am or
less) , edge connector connections then standard conductor pin to pin inter-
connections, in order of increasing distance between pin pairs (unless a priority
factor has been specified).

When using the modified Lee algorithm, only the standard conductor is avil-
able and interconnections are first a~tempted in an order that depends on the

~ 1

-
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order in which the wirina data is submitted. With this option , multiple target
points are available for interconnections in any one branch. The Lee algorithm
assigns the path between two poiz~ s to one layer only, and hence plated through-
holes are not used.

When requesting a multi-layer board, the Vertical/Horizontal method is
normally used for the first two layers and the Lee algor~.tbm for subsequentlayers. WREPCL assumes that the majority of interconnections will be on the
first two layers (i.e. Front and Rear).

For a multi-layer board, connections not made on the first two layers are
passed on for routing on subsequent layers. The user is informed of any
connections unable to be made. With the Vertical/Horizontal method eight
attempts are made to connect two points, four in each direction. With each
attempt the initial starting direction is altered. With the modified Lee
algorithm method any path to connect a branch will, be found; if previously
fitted branches block the way, up to 4 earlier branches will be removed and the
program will attempt to fit the branches in another order before deferring one
or more to the next layer pair.

In the Vertical/Horizontal method, plated through-holes are not established
if the length of a conductor in a changed direction does not exceed “one” grid
unit. In this situation, the conductor path “changes direction while on the
same side of the board”. A similar situation arises if no “cross-overs” occur
in any section of the board.

A re-tries option in the Vertical/Horizontal method allows further attempts to
be made to complete connections not made on the first pass.

Depending on user options, the results are transformed into a form which can
be read directly as input data for the Graphics Terminal or CAPART system.

- S. INPUT DATA

WREPCL comprises of six types of data cards:
Label and Options card

Board outline card

Library card for creating library of packages
Locate card for positioning a package on the board
Branch Group card
Branch Interconnections card

With changes in computer technology the method of inputting data to WREPCL
could take various forms. This could be by punched cards, visual display units,
typewriters or partly by graphical methods.

6. USAGE

WREPCL requires a considerable amount of computer storage (500 k bytes for a
2-layer board, 2 M bytes for a multi-layer board) and hence can only ~..e run on
large computers. Although data preparation for WREPCL is easy, experience in
component layout methods is desirable. The WREPCL Users Guide(ref.5) describes
data preparation techniques, component layout methods and program execution .

_ _ _ _  5- - - --5— , -55- — —~~~ — ___  -5-
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7. LIMITATIONS

(1) For an average complexity tw~-layer board (e.g. twenty 16 pin DIPs on a
203,2 mm x 158,4 mm (8 in x 6 in) board) the main limitation is the
percentage of interconnections not completed. This may be about 5% when
using the 127 nun (0.05 in) grid or up to 25% when using the 2,54 nun
(0.1 in) grid. Whcn using the 0,64 mm (0.025 in) grid, the
probability of all interconnections being made on two layers is close to
100%.

If onl y a small number of interconnections are not completed , a user could
complete these by:-

(a) Repositioning components (re-LOCATE) and then rerunning job .
(b) Modifying layout using the Graphics Terminal or CAPART system .
(c) Jumper wiring.

(d) Using a multi-layer board.

(2) In multi-layer applications when using the modified Lee algorithw only,
considerable computer execution time may be required to obtain a result
when using the 1,27 mm (0.05 in) grid or the 0,64 (0.025 in) grid.

8. SAMPLE RUNS

The output for two sample runs is given in Appendix II, and Appendix III and
figures 6 and 7. Sample 1 shows how to use the capabilities of WREPCL for a
two layer board using the Vertical/Horizontal method. Sample 2 uses the
modified Lee algorithm method, but as mentioned earlier not all the capabilities
of WR E PCL can be used.

Sample 1 shows how to code data for prohibited points , power conductor s
(including forced routing points) edge connector connections, library package
pins and discrete component pins . Execution time was approximately six seconds
on the 1BM370/l68 . -

Figure 8 shows onl y the Composite of a more complicated board using the 1 2 7  mm
(0.05 in) grid and the Vertical/Horizontal method. Execution time for this
sample was approximately forty five seconds.

Figures 9 through 12 show the plotter output of a multi-layer board using the
254 mm (0.1 in) grid and the combined algorithms. The various changes in
direction of paths on layers 3 and 4 are due to the paths avoiding plated through-
holes connecting paths on the front and rear. Execution time for this multi-
layer board was approximately two minutes.

Figure 13 shows a copy of photographic etching masters produced from WREPCL
via CAPART system.
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APPENDIX I

WREPCL OiTFPUT DATA FORMAT

Record 1: Header record - Up to 50 alpha-
numeric characters

Record 2: Overall layout dimensions (‘ength and height) - 317
and number of layers

Then may follow any combination of the following:
General Form : I J F to format 317, where F is function code

(1) Rectangle 
-

LYR 0 16
(x1 yi (-1 or -2) -l Absolute
(X2 y2 (-1 or -2) -2 Incremental

(x~ y (-1 or -2)

(x~~1 ~
‘n+1 (-1 or -2)

When LYR is non-zero it overrides the value set by the LAYER function.

If (Xi ,yi ) and (X2 ,y2) are both absolute - treated as two opposite
corners of a rectangle
If (x2,y2) are incremental - interpreted as length and height
respectively

If (xi ,yj) are incremental - treated as displacements from last (x y)
specified

(2) Track
LYR TWIDTh 17

x1 yi (-1 or -2) -1 Absolute
x2 y2 . -2 Incremental

x
i’

Specifies a track TWIDTh units wide between (x1 ,y~), (x2 ,y2 ) 
(x~ ,y~) .

If LYR is non-zero it overrides value set by LAYER function.

(3) Pad

LYR PSIZE 18

Xi yi (-1 or -2) -1 Absolute
-2 Incremental

X~ y~
Specified ‘n’ pads of PSIZE centred on points (xi ,ya) , (x~,y~)

If LYR is non-zero it overrides value set by LAYER function.

a . —  ~~~~d .



AEL-0012-TR - 10

(4) Layer
o LAYER 19

All items following are considered to be on layer No. LAYER.
(All layers code : LAYER = 146)

(5) Group

IDENT 0 20 
- 

(start of a group)

Up to 20 RECTANGLE,PAD ,TRACK or
GROUP SELECT elements
IDENT 1 20 (end of a group)

IDENT is a unique number assigned sequentially to each group defined.
Up to 32 such groups may be defined.

(6) Grid

0 GRID 21 (not used)
(7) Group select

IDENT ORIENT’N 22

xi yi (-1 or -2) -1 Absolute
-2 Incremental

xn yn
Specifies ‘n ’ occurrances of the GROUP indicated by IDENT

ORIENT’N (Mx + My + R) Mx = 2 if mirror X-axis
My = 1 if mirror Y-axis

R =  0 00
4 90°
8 180°

12 270°
anit-clockwise rotation

(8) End of data

1 1 31

~

-- - — - - — - 5  —-5- —-- —~~ ~~~~~~~ -~~~~—— - - , 
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APPENDIX II

LINE PRINTER OUTPUT FOR SAMPLE NO.1

• 4 RAPC L 1.1 1 1109 77) •

TITLE: .AMPLF 4u.I 0AT~~ 10/04/70
LAYOU T c L A S S  £
LAYtE CUOR : U
P*INTtR PICILIA E CUDR -1
PLO P ~f lOE:
PL OT SCAI.~ I
OUT PUT ,!)3E:
110011 01Sf  ID IU.u l : u.,OU PEA T 0 1 S T  TO (0 .0 ) :  U.~ 0U

MOAII D DL” .M S I UNS—— ~17.GIH: 2. 500
IFIcIIT ; 2.500

10 CIJNNELIOE °IN~ PP.1 ~IL)F 0,, .OOE t ,SI~ .tTj ~j ç, 0.9*0 Is. UP
o CIINIIECTOR PINS PF. T o t  ON LOG’ 2 , S T A K T I N O  0.0 IN. OVEK
0 CoSI.EC?U* PINS PT. ~T i F  05 ,-. D E  3, ST A K T ING 0. 13 I.p. UP
0 CUN9ELTIIR P19 , P(K SPOT ON LOGT 4 .S T * * T 1 1 1 , .  0.0 111. OV PK

SPACU ,& F,JR ALL Cu’U(I.TUR FINS
WI D T H OF LOG E CONNE .T(JR ‘INTl U.OPO
OIEE CT IU N OF P13 , UUI4dLRI’16 AIII3 SlOP OF PI~, ~: —l

L IEKA R Y ~0uE~ 11 T0.P4’TT~ te- P~.fl Pu NTS - 4 —4 7. 3 —~~ 2. 5 — 2 2. 3 —I ~. 5 0 2. S I 2. 3 2 2. 3 3 2
LLPK ** Y  COUE U 90 .PA OS .  P A )  P I I N T T  — I .  5 2 — 1 .  S — I ,  3 0 —1.  5 — — 1.  3 — z •~~ • 5 .~~ — I .  s -~~ — ,
LUCAT R CIP C uIT C) u F .  I 115.1*89 Co Ot ’ II (fluR ~) I4 A f E S  OF PAC KA (. E LOGICAL C LN TR E . I 0.3. 1.3
LOCAT A CIiR C~~IT l O O T .  2 1 138*89 COO p . It CI’I)RUTNAT FS OF PACKAG E l O G I CA L  CENT R,~ I 0.3. 0.3
LOCAIL CIRCUU , Oo( ’ ~~~ *A *Y C ut’,~ ii CO1iROINATES OF PACKAGE LOGICA L CENTS, . I 1.3. 1.3
L1JCATt CI.CuIT L )OE. 4 L ISRAR Y CUD ,. IL COURU TP.AIES OF PACK A GE LO G ICAL CLN TRL . 1.5. 0.3)

BEANC H WIRI NG DATA- -
PROHIR 9014010 9~~I IO1O 9uI~~’)lfl 9019010 90150 17 9017’ )12 90)8012 9019012 90 190 11 9016011

0V 3 00,0 310 1320 4130116 40J21 .S 40 0R16 400416 1002000 20101309 2005003
.39 31000 1 $10 0 11 400105 4002(15 -.130303 4004 25 2015015 7020010 2013003 1009017
S IGA 311.010 215
5108 310003 103
Sl Ot 3 00I5 115
SIGo 110005 4(2
5164 310004 313
Sl OP 310017 2ul

2113 40~ tU t$0U ’
112 l u O pO l ’

• 3I~ 1U110j)
4 1 1 211 406
2u5 LuOSOUR

M O R R A  l’ p ’1~~T1R OuTPUI PRUOu CEO A R I A R

Th EsE A * F  53 O A T A .‘ O I N T S
THE RE A.. E 14 R4A NC,4T5
TH(,(F AlI T $9 P019? PAIN S

THE rot pu,ING PA T ,sS USE PUWR R CUNLIUCT UP—
1— PATH FOR P0191 P A I R  ~ut ~ Ot ’) 1301 jO in W A S C0~ F1tT l f l .
2— F A T H  FOR PO ST P A I R  4016010 0011.13 11  WAS ( I I M P L L T L 3 .
3- PATH 10.1 P0141 p A I R  °u1 7I~ 1’) 001,010 W~ S (IJ PL,.ItP.
..- PATH FOR *1)141 pA l 3  Q UleolA 9UI~~f lj ’ ) W A S  (UNPLL T CI3 .
5- P*T .i TOs POINt P A I R  QUI9~ IO ~O1 #OhI  W AS Cu ” PL ATp D .
4 BAT H I-ON P0191 P A I R  9UIRIIIZ 901 1012 W A S CO~~PUTLT ~.1— PA lM IDA P0)91 PA IR S la tO l?  00)uOll WAS CO~ PLtTpr) . ‘9
~~- PAI,i FO, R0191 FA I R  9,17012 901o1 )12 W.. S (.uNpLt T pf l .  ‘9
#- PI TH FOR PO INT l A I ~ 9018012 90I 3O 1~ w ..c CuMPLIT,’ ) . 1

10 - PATH I-Cl P014 F A I R  310 ’ ) IO 3 0020 WAS CuNF L ITCO .
11— FAT I TO). P0191 P A I R  jIU O~ 0 4007*4 W AS CU” PLtTLO .
12— PATH FOR .3 INT  PA I R  400216 100201)5 wAS COR PLITEIl .
I i— PA TH FOR P0111 FAIR  40 ,2214 2009001 W A S (UMPL LT4O .
14 PATH FOR POINT P A I R  400,16 20101309 WA S Co M IHtYs f l .
15 - PATH FOR P0191 PA 1 R 400415 ? ut ,,0 Y) W~ S ( ,J MPLL T LP.
t o— PATH FOR *014 PAIR ..Ov Ij S  100iOhJR W .S C IJ O P IL T I l).
U— PATH P0.1 POINT PA I R  400416 7,206003 WA S CUA PLI Tt O.
Lo - PATH 10* P019 F A I R  A LU I3uI 31,2011 WAS (U PL1 ,TLfl .
19— PAT H FOR POINT PAI R 40QIu5 1,2139017 WA S CJ PLE T PO.
20 - PATH FOR P0191 1-AIR 4003Q5 20150 5 WA S COIRPL LT.O . 4.
21— PAT IR P0k P0141 *A I q  ,00405 20190)5 8.15 (UNPLt TRI’ .
22 - PAIN FOR .‘() IIT l A I R  4ll04u~ ‘U?J~~I’~ W A S  (U P1,TPh ’.73 — PATH FOil P11141 , A & R  20 19115 I0’)3OI ’ W.S (0 , ’ LR T LT ) .
2 .— PAT H FO* P0191 l A I R  40U ’UR 201,fl.’ W A S  10 P117l ’’ .
25 - FAIN FOIl PO INT F A I R  ‘.fIOI(j5 2020-’ Ihl W ..S Cu~ PLL T e f l .
21.— PA TH FOR P019 FRil l  ilOlul 40,1 10 8.5 CuFPl L T L13.T I E FUL LOAINO PAT HS UsC SISAI A R U (_)~ fl,(I i l~ —
21- PAT., 1PM P0191 p A j A  60* lot ,0,iq WA S (U #t RTL ” .
2.1— PATH FOR PU(’I I P A L l  IL?  100101’ .1*5 CUNPl~~RtTT .
29— PAEII FOs .‘OINI p A I R  611 4:16 8..S (JN PLLTp) ’.
3,,— PAT,) #0 .1 POINT P1111 ?,,5 luOsO ll W A S  (,J~ * LkT Lf I.
3 1 - PATH P0k *0191 p A I R  110015 1i~ W %  CJ~ l’t4T L ’1.
34 - PATH P01. P0191 FAI R  ,100o’ 11 W .5 (..IN P L K T . fl .
33— PATH FOR *0191 PAIR  310015 II’ W .’ S ( u MP IETFO .
44- PATH FOR P0191 PAI R AI O~Q5 4 b ~ . 1 5  (,1$Pl,ETLH.
35- PATH FOR PO INt PAI l ’ j10004 Ii ’) WAS (U P1# T1”.
3~ — PATH FOR P0111 1 PA IN TI’) 10)60 )9 W.,S (,P PLI TI’ ).
37- PATH FOR P014 PA iR 210 A .~ WA S (,

~~PL t t t P .
30— PATH FOR P0151 PA IR 411 211 WA S (.PLLT,fl .

PATHS COULD NUT Et F’)u4O I-’).. 1.44 FOLI .iW19.. IRI’ w( jNNTLT II3SS
5J~ P 1 0017 20)

70 PATH SEGNtNTS ARR USRIA IN 7,40 SoLull ’) .

— 5-—~~-- - - - - -  - -~~~~~~~~~-~~~~~~~~~~ 5-~~~~~~~~ - — ~~~~~~-5~~~~~~~~~~~~~~~~~~ -- - - - • - -  -•~~~~~~~~~ - - -
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APPENDIX III

LINE PRINTER OUTPUT P0K SAMPLE NO.?
• IS S* *R M S R S* S S S . P I 5~~ R* MSS
S 110L5(I, 1. 3 (sOy 17 1 S
5*5  5*5*0  ReM MS 55*0  5 .1*

TITL E: .AMPLE NO. 2 OAT p: 10/04/71
LAY , UT CL *SS :  I
LAY RR COOL : S
PIRIIiT RE ~ 1C7U).E (00,1 0
PLOT LOU’ ; 2
Pl OT SCAL , :  1
OuTPUT COD E: 0
HURl ? 0151 I,) I ,,OI; tl.SOU V TR T ‘3I5T TO (0.0): 0.400

RUA RO O1~~,N,IU4T- - L 1 NGTH 4.13013
.1110.41 : 3.201

O CL,NIECIO R P15 ,, PIN Sl O E 09 201.1 l ,SIA* IINt.  0.7013 TN. UP
O CU NI E CTO S P119 5 PC. sIDE ON KD61 7 .S7ART INO 0.0 TN. OYTK
4 CuNSE(.TOA P19, PER 51u1 31. ROGE 3,53*111140 L .tO* IN. tIP
3 CUNIE,. IUR PISS *1* Sl oE 34 201.1 4, ST A MTIN,2  0.1) p. OVER

se*~~i.,*
-. T ,.* *1.1. CON.~ L TUR P j SS : 0.2130

8*01,4 (II 1000 Cu9;.(~~T.,j5 ‘INs : 0.030
OI RE C II ,.I9 OF FIr. uJ IRApR INC. AND SIDE OF PIN ~: —Z

LIB RA RY CODE. 11 1.3.pA’)$. 14 PA’) PoI NTS . 5 3 —I ~ S —2 —1 . S —
~ — i •  ~ 0 —1. ‘ 1 —1.  3 2 — 1 .  3 3 —1 , 3 3 2

tISIS*RY (OuT. It NO.3*05 . 34 PAD POINTS. ~ 2 2. 3 I 2. 3 0 2. 3 — I 2’ 3 —z 2. 3 — )  2.
L~ CATt  111.1011 p ) ~,E. 2 L IRR ARY CUOt 12 COtI R OINAT EA OP PACKA GE LOGICAL CENTAl,. I 2.2, 2.21
LOCAT, CIiR CI.IT 020. 4 11911189 COOk . 14 C.OUR OIN AT ES OF PACKAG E LOGICAL CENTR E’ I (‘.7~ 2.21
LUCAT S CI R CuIT 1.31.0’ 1 t10~.AsR COOt~ I’. CI3000T NA TES OF PAC KA GE LOGICAL CENT*E . I 2.2, 0.7)
L ,ICA Tt C IR CUI t ,.100. 3 L I R R AK Y COOt. 1 4 C01I EOTN A TE S OP PACKA GE LOGICAL CENTRE . I 0.7. 0.71

PRANC I4 814151. )M TA ~~
DV 31o0,1 114 214 414 314
.39 39 ,31’ 1)7 2.37 407 307

3011 JIO005
6,2 $10037
4.~’. ,I0004
4 4 2  310002
Lta ) 20.’
LII 1.)? 241 1
1 ,21 104
2 ,)  2,39 2,14
21~ 214 213
2114 130004
206 $1000 1
2u$ 307 309
21*  305
liZ 311
114 3,21 *04 33u003
12 1 212 3 1 5  I I ?
3,34 401 4,3 405 409 411 413

R 0 0 0 R  P L 1 T T t R  ‘I.uTPUI FRIjOUCLO *R RM

N O R M  IRE 5 ,00W1Tn ’ 141151))

‘ 900€’ .,‘ 8t ELF,-l s Ii £4. 1 Tp.f PIJT~~T T T HA I A RE RIJT UA L L!
C T’INFLTr ’ WY .15,. 4 “054 Lfl Ri1T.,C111K P 9 J 1 )5

9)OA £ - J300uI 114 214 414 314 210 213 3,21 004 3)0003

902K A - 3’ 03~ 2 I.j7 2)1 407 307 
-

NOOt 3 - ~0I 1100,10

9004 4 - 402 330003

N,IOK 9 - 4u4 310004

11,10, e - 4j7 11u0u;

4004 1 - IjQ ZuZ

9002 ‘1 — III 102 2u1 
—

- lot Lu 5

4,102 Li - •‘oI ?J9 2 04,

‘lOOt II - 2)5  3300,24

NUOt 12 - 204 $10001

‘loot I 1 - 2,I6 31.2 *1)3

‘41)04 14 — lit 3~3S

‘,UO& IS — Ill’ III

‘loOt I, - 101 212 T I )  II?

9304 II - 1.3* 4 ,2% 441 9 433 4119 41 1 4 13

33 P . S  J UINEo ..V T p~E *M0.c 9~ l4%

SOLgTION Ffl~40.

~~~~~~~~)rI

-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Figure 1

START

READ AND 
-PRINT DAT

TEST DATA — — —  —EEEE~DETERMINE POSITION
OF CONNECTOR .

DRAW BOARD OUTLINE —

AND CONNECTOR FOR
COIIPOSITE (IF REQ’D)

DETERMINE PIN POINTS.

C0.IPOSITE (IF REQ’D) 
.4~~

’).___4
\~NDERDRAW PADS FOR —

Modified Lee Al gorithm
Vertical /Horizontal Algo rit ha No Layer.l Yes (PC PATH)

Or
yer>

I SET PAl) POINTS. I
POINT PAIRS CONNECTOR POINTS

SEQU ENCE 

<SE) 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

AND PROHIBITED POINTS

IDETERMINE 

~~ ~ 1WIRING DATA
REAl) IPAThS

.%

~ I DETERMINE I
I POSITION OF

PLOT PATHS FOR ~ ~ 
RIN G POINTS 1 (III)

CORPOSITE . LIST -

PATHS NOT FOUND 1
IDETER MI NE 1

PAThSPRINT PICTURE

_____________________________

OF FRONT AND
REAR MATRIX ‘47~EEE) PR

OF LAYER
INT PIC’WREl

OPTIMIZE PATHS .
PLOT FRONT ~~~~~ REAR . 

— (II::::Ei—’(III) 
I

WRITE DATA FOR C
GRAPHiCS TERMI NA L

OR CAPART SYSTEN I PLOT LAYER .I WR ITE DATA FOR\ )~;;~ OR CAPART SYSTEN

Yes 

( jj) 
GRAPHICS TERMINAL 

~~~~~~~~~~~~~ INPT_ _F

*

LAYER. 3 N 
PATHS
FOUNO

No Yes

STOP STOP

Figure 1. Flowchart of WREPCL
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Figures 2, 3 and 4

Connector edge 2

0) 0)
00 +(xxx,yyy) .~~~o 0)

LAYOUT 
~~ 

FRONT - Vertical conductors0
GRIDo u REAR - Horizontal conductors

0) 0)§
o u

Connector edge 4(o,o)
Figure 2. Orientation of layout

(Board viewed from FRONT)

Col s.75 —-- 

-

Card 2 
______

____ 
— Direction of’ pin

~ 78 
____ 

,~ numbering
_____ Card 2, Col.79
_____ + = Clockwise

- = AnticlockwiseCard 2 _ _ _  —
Cols. 71 _L- U

____ ISide of pin Ito 74 
_____ Card 2, Col.80 

1 =  front
2 =  rear

Card 2
Cols. 22 —

~~ 
—

~~to 28
k~.3 I Card 2 - Cols. 1 to 7
~*in Th

Figure 3. Board outline

(Viewed from FRONT)
LAYOUT
GRID

I~
(i7Vi AA

I,F ,

I
‘ SHorizontal distance 1

to point (o,o) I
l
l

(as shown: 0.4 ‘)
‘
F, ~

P.’-,

c Vertical distance
point (0,0)

(as shown: 0.2 in)

Figure 4. Locating board with respect to layout grid

_____________________________________________________________________________________ _________________ 

$
________________________________________ 

_ _ _ _ _ _ _ _  .4. -
a ~~~ ~ 

,- — ,-—- — —--,-- — — —-
~ ~~~

, — —., — -,- — -_
I ‘ 

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ —



AEL-0012-TR
Figure 5

Basic orientation Anti-clockwise rotation

00 90° 180° 2700

11

pin DIP 12 13 14

21 NOTES

40 pin DIP 22 23 
1. Basic orientation only

24 specified on LIBRARY
card.

31 Bypass capacitor 
2. Any of four orienta

~ 
pad points ~ tions of a package

i selected by quoting

[ 14 pin DIP I 01S 32 33 34 appropriate number

14 
code on LOCATE card.

______________________ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
3. A package is “LOCATED”

41 A transistor on the board by
indicating the

43 44 of the “logical”3e1 42 
position on the board

o centre of the package.

51 A circular package

52 53 54

61 A miniature relay

F0 0  o o l
1 1 0 o o l  62 63 64
I~~o 001

71

72 73 74

81 

_ _ _ _  _ _ _ _  _ _ _ _

Figure 5. A sample library
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Figure 6

SC A LE 1 T O 1

0 0

COMPOSIT E

I__I Forced point

___________________________ Prohibited area

0 08 0—0 0
0 0  0 0
0 0  0 0o 00 0 0
0 0  0 0
0—00 0 0
0 ~~~ 0 0
4

~~~ 0 0 0
0 0~~~-0 0 0
0 0—0 0 0
0 0  0
0 0  0
0—C O 0 0
0 0  0 0
0 s~~~ 0 ~~~
4—I

R EAR H

°‘ ?~
[
~i

c f t f ~
Figure 6. Plotter output for sample No.1

a — - —--- — -——-—-——
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Figure 7

LLLLLLW SCAL E 1 10 1

LAT ER 1

r°rft .
__  ITI T 11~~0 0J ~0~~0,~0~~0 0L0 LATER 2

• H
• L~;:~ =°~

Lfl 1r
Figure 7. Plotter output for sample No.2
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Figure 8

WREP~L - 7.8.78
SCALE 1 TO 1 .15x1 5  Board

142 DIPS
14 Transistors

1259 SignaL point pars
95% Cotmected

COMPOSITE

I t.. .

Fi gure 8. Composite plotter output using 1,27 nun (0.05 in) grid
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Figure 9

SCALE ~ TO 1.
FRONT

I .!1IItI1 I1it1IiII IQ 1I !IIIIIII 1II1 III IUhIIIII IID i—
_______  

- 

—O 0 0
0~~- 0 0— -0 Q -

~ 0

~i

4~ i 0 a—.’; 10
~~~~~~~~~~~~~~~ i TTr

ooceoô$ç - ooÔ~ooo 0 ..u..~ oooÔq ,- eooooooo
4 I10— 0I 

_ _ _ _ _ _ _ _ _ _  
4

0- —0

- ~~~~~~ 
0 

._~_!~i;;~;•° ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0

0000000 S 
• 

i•i~~~~~~OO

C 
___________  __________

_____ •~ 
0

-

,

• 0 0  
•
0 0

~ 
0 0  Z1_I, ° 0090y90 ~~~~~~~~~

Figure 9. Multi-layer board using the 2.54 i~~ (0.1 in) grid - front
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Fi gure 10

REAR

‘~‘Z L~ I~Y ~F
0

0000000 ó000000 c~oóoo~ I 00000

00

0 00 000~~

•••,,,, ~ ot0000 .o!~
oooo

0 0 0 -0 
_ _ _ _  ____

9 9 ?  ~~0O00O0 p0000900
6 J 0 0

Figure 10. Multi-layer board using tho 2.54 mm (0.1 in) grid - rear
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Figure 11

LATER 3

-

0 0 0 0 0 0
0000000 0000000 ~~~00000

~~~~~~~~~__
____ ____

_ F 0:-go:..

00000000 0 0004000 ~o o

0 • 0 • :
0 0 Ji

~~ 
o ..a 0

0 0 0
~~~~

0 S
~ 

0 0
11J8 1 .0 0 0 0 

C~ 00000 
0 Z3o o ~J

0 0 0  IS00~~~~~~~~
0 0 0 0 0 0  0 0 0 0  •

Figure 11. Multi-layer board using the 2.54 mm (0.1 in) grid - layer 3
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Figure 12

L A Y E R  q

_ I 
- ~‘1_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-. 

- 

~~ 0
•
O

0 0 0 0  0

00000 00 
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0000~~~~ 

0 0 ;;~4l~L? O
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‘0 0 J
0000000 0000000 0000000 O C C  300
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0 : _ 0 _:.
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000C 300 0 0 
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~ 0000O0 
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Figure 12. Multi-layer board using the 2.54 isin (0.1 in) grid - layer 4
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Fi gure 13
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