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SUMMARY e

This publication describes a program which will route
wiring paths for multi-layer printed circuit boards. The
results can be passed to the DRCS GRAPHICS TERMINAL or
the DRCS CAPART PRINTED CIRCUIT SYSTEM where final
additions or modifications may be carried out, and from
which data can then be passed to a photo plotter and a
numerically controlled drilling nachinQ for board
manufacture.
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1. INTRODUCTION

WREPCL - Wiring Routine for Printed Circuit Layouts

WREPCL has been written to suit DRCS design and manufacturing techniques
for printed circuit boards and is run on the DRCS IBM370/168 computer.
Incorporated within WREPCL is the program PCPATH(ref.l). 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 mm x 152,4 mm (8 in x 6 in) board), WREPCL 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.S5) 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 mm (15 in x 15 in)

(4) Grid spacing - 2,54 mm (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 to20 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 270°).

(8) Flexibility in placement of packages.
(9) Maximum of 150 packages per board.
(10) Maximum nmumber 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.

P
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(17) Graphical pictures of layers on Calcomp 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)

(i) Grid used 0.100 0.050 0.025 ‘

(ii) Conductor Widths: !
Standard 0.030 0.024 0.016 y
Power 0.060 0.060 0.040 ‘

(iii) Pad (Land) size:
Plated through-holes (standard)
Plated through-holes (power)

.060  0.060  0.040
.080  0.080  0.066 |
.080  0.080  0.080 {
.080  0.060  0.060
.060  0.060  0.060

Discrete component

Code 5 package (e.g. DIP)

Code 6 package (e.g. TO74)
(iv) Spacing:

Qo 0 0 O e

Min between conductors 0.040 0.020 0.009

Min between pads 0.020 0.010 0.009

Min between conductors and

pads 0.030 0.008 0.008
(v) Intercomnections 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 mm (0.1 in) spacing, or at 1,27 mm (0.05 in)
spacing, or at 0.65 mm (0.025 in) spacing, depending on the grid that is




(®)

(c)

(@)

(e)

(£)

(g)

(h)

(1)

6))

(k)

<% - AEL-0012-TR

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.

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.

Subroutine CONEDG

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

Subroutine FINDER

This routine determines the position of a pin (or point) on the circuit
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 finally the position of the actual
pin concerned.

Subroutine FLIP

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

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).

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.

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).

Subroutine PGRID

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

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).

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).

. A e A s 3 i
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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.

(m) Subroutine SCAN

This routine clears paths of previously connected point pairs of a
branch. Hence, some paths comnecting 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 ibterconnections 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 Calcomp 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 commections (12,7 mm 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 attempted in an order that depends on the

R
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order in which the wiring data ubmj . With this option, multiple target
points are available for interconnections in any one branch. = The Lee algorithm
assigns the path between two poin: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 algorithm for subsequent
layers. 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 preyiously
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.

5. 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 ce 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.
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7. LIMITATIONS

(1) For an average complexity twn-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 1,27 mm (0.05 in) grid or up to 25% when using the 2,54 mm
(0.1 in) grid. When using the 0,64 mm (0.025 in) grid, the
probability of all interconnections being made on two layers is close to
100%.

If only 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 algoriths 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 WREPCL can be used.

Sample 1 shows how to code data for prohibited points, power conductors
(including forced routing points) edge connector connections, library package
pins and discrete component pins. EXecution time was approximately six seconds
on the IBM370/168. '

Figure 8 shows only the Composite of a more complicated board using the 1,27 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
2,54 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 OUTPUT DATA FORMAT

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

Record 2: Overall layout dimensions (‘ength and height) - 3I7
and number of layers

Then may follow any combination of the following:
General Form: I J F to format 3I7, where F is function code
(1) Rectangle
LYR 0 " 16

(x3 Y1 (-1 or -2) -1 Absolute
(x2 Y2 (-1 or -2) : -2 Incremental
(xn ¥ (-1 or -2)

(xn+1 Ynal (-1 or -2)

When LYR is non-zero it overrides the value set by the LAYER function.
If (x1,y1) 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 (x1,y1) are incremental - treated as displacements from last (x,y)
specified
(2) Track
LYR TWIDTH 17
X1 Y1 (-1 or -2) -1 Absclute
X2 Y2 . -2 Incremental
*n Yn
Specifies a track TWIDTH units wide between (X;,y:), (X2,y2), ..... §
(xps¥p) -
If LYR is non-zero it overrides value set by LAYER function.
(3) Pad
LYR PSIZE 18
X1 Y1 -1 or -2) -1 Absolute
. . . -2 Incremental
*n Yn

Specified 'n' pads of PSIZE centred on points (X1,y1) ......, (xn,yn)
If LYR is non-zero it overrides value set by LAYER function.

B e e e e ey
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(4) Layer
0 LAYER 19

All items following are considered to be on layer No. LAYER.
(A1l 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
X1 Y1 (-1 or -2) -1 Absolute
] c . -2 Incremental
X, - 1 c
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°
4 90°
8 1809
12 270°

anit-clockwise rotation

(8) End of data
1 1 31
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TITLE:

LAYJUT CLASS:

LAYeR Cuhg:

PRINTeR PICIUKE CUDk:
PLOT LODE:

PLOT SCALg:

OUTPUT LOVE:

JAMPLE Nyol
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APPENDIX II
PRINTER OUTPUT FOR SAMPLE NO.1

CONJOVCQOE OO LT UYOLL OO
®  JREPCL 1) (NNy T7) =
0030000000000 000000 0000

HORLZ DIST 10 (0Qsu): Ued0U vERT DIST TO (002 Va0V
ROARD DIMeNSIUNS== (ENGIM: 2.R00
AFIGHT: 2,500
L0 CUNNELTOR SIN5 PER SIVF ON cDLE 1ySTARTING 04390 INe UP
0 CUNNECTOR PINS PFik STUF ON EDGE 2+STARTING 0.0  INe NVER
0 CUNWECTUR PINS PEx 2TUE ON EDGE 3¢STAKTING 0.0  In:z UP
O CUNNECTUR PIN3 PER STUF ON EDGF 4oSTARTING 0e0  INe OVER
SPACING FUR ALL CUNNECTUR PINSE 0sl5¢
WIOTH OF EDGE CONNELTUR PIN>: 0.0f0

DIRECTIUN OF PIN HUABERING ANO STOF

OF PIN |: -2

THE FULLORING PATHS USE STANDARD (INN.C TR~

21- PATn FOR POINI #AIR 4ud 1Vl 3009
2d- PATH FOx POLMT paALR 112 100045
29~ PATH FOx vOINI ¢AIR 411 406
3u- PATH KOk P20INT PAIR 205 1u0%00R
31- PATH FOK POINT ¢AIR 310018 218
32~ PATH FOR POINI vALK  31U0UY 103
33~ PATH FOR PNINI PALR 310015 ns
34~ PATH FOR POINI PALIR 310708 402
35~ PATH FOR POINI PALR 310004 n
36~ PATH FOR POLNT PALR 319 10160)9
37- PATH FOx POINI PAR 210 LX)
38~ PATH FOR POINT PAIR 1" 21

L
PATHS COULD NUT 2¢ FOUNY FOn THE
>I16F 310017 20

TO PATH SEGMeNTS ARE USFL [N THE SuLuT

WaS CuMpLeTLn.
WAS CUMPLETLO,
AaS CUMPLETEN.
WAS CuvPLETED,
WAS CUMPLETEN.
WaS CuMpLeTens
WAS CUMPLETED,
WiS CUMPLETLN.
WAS CuvPLETLE",
WaS CUMPLETEN.
was CuMbrLeTene
WAS CuvPLETED,

FOLLUWING INTEWCUNNELT [ONS

n.
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DATE: 10/04/78

LIBRARY COULE= 11 NO«PANS= & PaD POINTS= & =4 29 5 =3 24 5 =2 20 5 =1 <9 S 0 205 1 2¢09% 2 2.5% 1y 2
LIRRARY COpE= 11 NOL.PANSE lo PAD PUINTS= & 3 <14 5 2 -1¢ 5 1 =195 0 =le S =1 =1y % =2 =14y 5 =3 ~1¢ 5 -4 -]
LUCATe CIRCUIT LJuEs 1 LINKARY CuDe= 11 COURDINATES UF PACKAGE LOGICAL CENTRE= ( 0eS¢ Lo5)
LOCATE CIRCUIT (WwE= 2 LINRARY CuDe= 11 COURDINATES UF PACKAGE LOGICAL CENTRE= ( 0.5¢ 0.5)
LOCATE CIKCUIT (QuE= 1 LIRRARY Culc= 11 COURDINATES OF PACKAGE LUGICAL CENTRi= ( 145y le5)
LOCATe CIKCUIT LNVE= 4 LIRKARY CUDc= 11 COURDTINATES OF PACKAGE LUGICAL CENTRc= ( 1e5e 0.5)
BRANCH WIRING LATA--
PROMID 9016010 90l /010 0lENLN 9019010 9ULEN12 9017712 9018012 9019012 9019011 9UL60LL
ov 310049 310029 «0011ls  40J216 4N0AL6  4O0U416 1002008 2010009 2005003
*5V 310001 310011 400108 400208 400302 40049A8 2015018 2020010 2015008 1009017
SiGa 310018 215
S1Gs 310003 103
SIGC 310015 s
’ SiGu 310005 492
SIGE 310004 33
SIGF Juour 2ul
219 40Y LUl 30u?
112 1un90Ls
310 1vlenu9
’ 411 211 4u6
2us 1005008
seees PLNTTLR OUTPUT PRUNDUCED «otss
THERE ARE 53 DATA POINTS
THERE AxE 14 BRANCHES
THERE AKF 39 POINT PAIKS
THE FULLUWING PATHS USE PUWeR CUNDUCTUR-
L= PATH FOR POINT PAIR 9016010 9017010 WAS COMPLETED,
2- PATH FOR POINT PAIR 9016010 9Ul6N]1l WAS (UMPLETEN. S
3- PATH FOR POINI PAIR 9017010 9918010 WaS CuMpLLTeR.
4= PATH FOR POINI PALR Q0189710 9019010 WAS CUMPLETED.
5= PATH FOK POINT AR 9019010 9019011 WAS CUMPLETLD. 3
6= OATH FOK POINI PAIR FuleNl2 VL1012 WAS (UMPLETED, a s
1= PATH FOR PODINT PAIR 901e012 90106011 WAS CUMPLETED. 5 S
b= PATH FOn POINT PAIR 9017012 010012 WaS CuMPLETED. hJ
9- PATH FOK POINT PAIR 9ULB0L2 9019012 WaS CUMPLETEN. !7
10- PATH FCK POINT FAIR 310710 310020 WaS CUMPLETED. ) e
11- PATH FOk POINI PAIR  3100¢0 40U216& wAS CUMPLETED, >
12- PATH FOK POINT PALR 400216 1002008 WaS CUMPLETED. ¥
13- PATA FOx POINT PAIR 400216 2005003 was CuMpLETED. #’
l4= PATA FOR POINT PAIR 400316 2010009 wWAS CuvPleTeDe
15- PATH FOK POINT PAIR 400415 20lu0u? WaS CUMPLETED. 9
16~ PATH FOR POINI PALR  40Ullé 1002008 WaS CUMPLETLD, N
17- PATH FOR POINT PAIR  40U41l6 2005003 WAS CUMPLET N,
lo- PATH FOR POINT PAIR  31Unul 310011 was CUMPLETEDS gi
19= PATH FOR POINT PAIR 490109 1009017 WAS CIMPLETEN. \
20- PATH FOK POINT PAIR 400309 2015018 WasS CuMPLLTeD. Q,
21- PATH FOK POINI PAIR 400409 201509 WAS CuMpPLeTel, )
22- PATH FOR POINT PALR 400408 2020010 WAS (UMPLeTEl. i~
23- PATH FOK POINI VAIR 2015018 1UD0L7 Was CUMPLETLD. &
29= PATH FO/ POINI FALR 490708 201500°% WAS (UMPLETED.
25- FATH FOR FOINT PALF  400%WY 2020710 WLS Cu¥PLETED.
26~ PATH FOK POINI PAIR 31071 40uluB Was curpt eTEN,

T GPAAID, o8 sk N e s

«
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TiTLE:

LAYUUT CLASS:

LAYeR CUDE:

PRINTER PLCTURE CuDy:
PLOT LJOF:

PLOT SCAle:

OuTPUT (IUE:
HURLZ DLST 19 (uyu): veb00

w1 -

APPENDIX III

LINE PRINTER OUTPUT FOR SAMPLE NO.2

SAMPLE Nu. 7

C-rnOd~

AUAKD DIMeN>TUNS== LINGTH:

8 CUNNECTOR PN,
0 COUNNELTOR PINS
4 CUNNECTQOR PN
O CUNNELTUR PNy
SPACING FUR ALL CUNIECTUR PINS:
WIDTH NF cDGE CUNMELTUR PIN>:
DIRECTIUN OF PIN iWJM3ERING AND SITUE

LIBRARY
LIBRARY
LuCATE
LOCATe
LUCATE
LUCATe

BRANCH
uv
*5v

COUE= 11
COOE= 1
(R LISV R
CIxCulT
ClrCult
CIwCuli

HF 16T :

PER STUE
Pcn >IDE
YER S1uf
rfr SIVE

vExT

“eNUN
31.200
0N EDGF
N eDGF
N cDGE
IN EDGE

WJePaDSE 14
KD PADSE 14

LIUE=
OuE=
COLE=
CIVE=

e i ]

WIRING DATA--

330001
330702
3ua
g2
4Gua
4i2
a9
11t
103
2ul
210
208
2uh
2uR
211
32
114
1l
lge

l1i4
197
310008
310007
3100v4
310002
202
192
1v4
299
214
330004
31v001
302
ws
31
EDNAY
212
4!

LIRKAKRY CUDe= 12
LI%RARY CUDe= g
Lifnany CU0c=: 1o

214
207

201
204
213

303

306
31

0004000000000 0ICOOLCUOOY

¢ WRLPCL 1.3 (WOv IT7) »
Co000C0eeto0000E0A 020000

NIST 10 (0s0): Ve200

1oSTART NG
2+STAKTING
3.STARTING
4oSTARTING

04700 Ine UP
0.0 Ine OvFx
1,100 INe UP
0.0  IN. OvER

0.200
0.0r0

OF PIN ): =2

PAD PUINTSE § =3 =19 5 =2 =1y S =] 19 % 0 -l¢ S | =10 5 2 =105 3 -1, 8 3 2

PaD PUINTS= & 2 2, 5 1 205 0 2,5 -1 2¢ 5 -2

CNURDINATES OF PACKAGE LOGICAL CENTRe=
COURJDINATES OF PACKAGE LUGICAL CENTRE=
CAURVINATES OF PACKAGE LUGICAL CENTRE=

L1AKAKY CUDE= 14 COURDINATES OF PACKAGE LOGICAL CENTRE=
414 34
407 307
334003
112
405 09 411 413

4u3

s0%30 PLOTTER NUTPUT PRUDUCED *eace

eotes Lef A GURLTH™ FNTLRED

*NOJUE® nFRE ReFeRy

CINNFLTED BY UNL

NI 1
“NOJe '3
NJ0e 3
NUDE 4
NJOE >
NUDe )
NUDE {
U0k n
NUe ¢
NUOE 1o
NUDe 11
NOOE 12
NuDE 1y
NUOE L4
NODE 15
Nube e
NJOE LY

33000l
302
s
4u2
Gub
412
199
1t

tul

205
2ue
2u8
21
N2
vl

o

55 viInS JINFU oY

SULUT I FOuNG .

1D ALL THE POTINTS THAT ARF MUTUALLY

UR WURE LONDUCTOR PATHy

2y 5 =3 2,
( 2.2y 2.2)
( CuTr 2420
{ 224 0T
( 0eTr 0.7)

1is 214 4l4 314 210 213 301 304 330003
17 207 w07 307 y
s1vou8
31000v3
310004
310002
202
102 201
('L
239 204
33000«
310001
362 303
398
31
212 1%} n2
401 403 4Js 49 41! 413 j
THE AEOVE NunNES
A8 PhoE 18 st e —
e 'UEU‘La
FROM O0F
T — ~ e

P e
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Figure 1

Vertical/Horizontal Algorithm

START

READ AND
PRINT DATA

TEST DATA

DETERMINE POSITION
OF CONNECTOR.

AND CONNECTOR FOR
COMPOSITE (IF REQ'D)

DETERMINE PIN POINTS.
DRAW PADS FOR
COMPOSITE (IF REQ'D)

No Layer=1 Yes

SEQUENCE
POINT PAIRS [~
l -
-
-

DETERMINE
PATHS

PLOT PATHS FOR

PRINT PICTURE
OF FRONT AND
REAR MATRIX

OPTIMIZE PATHS.
PLOT FRONT AND REAR.

Yes

DRAW BOARD OUTLINE [~

Modified Lee Algorithm
(PCPATH)

or
W

D

COMPOSITE. LIST |~
PATHS NOT FOUND

WRITE DATA FOR b —
GRAPHICS TERMINAL
OR CAPART SYSTEM

LAYER=3

Figure 1,

SET PAD POINTS,
CONNECTOR POINTS
AND PROHIBITED POINTS

READ
IRING DATA

DETERMINE
POSITION OF
WIRING POINTS

MULTI-LAYER LOOP

DETERMINE | _
PATHS
PRINT PICTURE @

OF LAYER B

PLOT LAYER.
WRITE DATA FOR | LGP
GRAPHICS TERMINAL [~
OR CAPART SYSTEM

Flowchart of WREPCL
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Figures 2, 3 and 4

Connector edge 2

el e ]

g s

=y +(xxx,yyy) |o

° °

- LAYOUT & FRONT - Vertical conductors :

+ GRID § REAR - Horizontal conductors ‘
(]

g g 1
o o

o A o

(0,0) Connector edge 4

Figure 2. Orientation of layout

Ak

(Board viewed from FRONT)

Card 2 ,
Cols.75 —L-%- = | Direction of pin
to 78 N — B numbering.
fag =t o | Card 2, Col.79
t::::_ + = Clockwise
n |- = Anticlockwise
Cofgrd 2-1—- :5 :
to 74 s .| !Side of pin 1
f ——— o Card 2, Col.80
Sy B =
Card 2 S
Cols. 22
to 28 BRE

p.3 F Card 2 - Cols. 1 to 7 4

Figure 3. Board outline !

iewed from FRONT)

77727777
Vertical distmce
to point (0,0)

(as shown: 0.2 in)

Horizontal distance
to point (o0,0)
(as shown: 0.4 i

/

Figure 4. Locating board with respect to layout grid
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Figure 5
Basic orientation Anti-clockwise rotation
0° 90° 180° 270°
11
|16 pin DIP 12 13 14 :
21 NOTES
" 1. Basic orientation only 4
40 pin DIP 22 23 24 specified on LIBRARY 1
card. A

2. Any of four orienta-

31 Bypass capacitor tions of a package

1 pad pointins selected by qﬁ:;ing
4 appropriate number
14 pin DIP| o4 32 33 34 code on LOCATE card.
4

3. A package is '"LOCATED"
‘ 41 A it on the board by
EERaER G indicating the

position on the board
: 3 1 42 43 44 of the '"logical"
¢ centre of the package.
2

(D) 52 53 54

61 A miniature relay

? o oo
o oo 62 63 64
80 oo
71 9

72 73 74

81

Figure 5. A sample library
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Figure 6
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Figure 7
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Figure 8
WREPCL - 7.8.78
SCALE 1 T0O 1 g h
15 x 15 Board
142 DIPS
14 Transistors
1259 Signal point pairs
95% Connected
COMPOSITE
;#EF : == T o
1 4 3 pe
!
} ! = o
...... b 1T
1 " e ' g
...... 1.4 —ll - 3 2 '
T 1 _“ |
I ]
! 8 if
L .. : e
I -
“ $ b nr o -
— ittt (IHEEEeeertt 'ﬂﬂlllﬁiJ

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

SERLE 1 18 1
FRONT

@ -9

°_o oto ° ooov
-T‘“E‘ ﬁooo_%,r W

oroo
: W W
oL:::o 00“&?_0‘00 e o0 o bo

Figure 9. Multi-layer board using the 2.54 mm (0.1 in) grid - front
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Figurc 10

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

LATER 3

Figure 11.

Multi-layer board using the 2.54 mm (0.1 in) grid - layer 3

|
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Figure 12

LAYER 4

o060 © 00000000
ooco00o0G®0|lle ® 06y ——0| 006 0 00
T  Bommn e

Figure 12, Multi-layer board using the 2.54 mm (0.1 in) grid - layer 4
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Figure 13
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ic etching masters - produced via CAPART system
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