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ABSTRACT

CDA is a system for thdesign and prototyping of digital systenmt the front end
it provides hierarchical schematic entry, programmable logic delésggn and board
layout; at the back end it produces data for various manufactaghgologies, in partic-
ular wire-wrap and multiwire.

1. Introduction.

CDA is a design system, i.e., a collection of programs and data formats datingithask 15 yearslt has
progressed with the accompanying changes in display, computing and téehicelogy. To thecDA user,

A hardware design has a logical part anghgsical part. The logical part consists of circuit schematics,
generally supplemented by boolean equations together with finite state machines and prog@ivis.in
The physical part includes board layout and wire routing.

CDA has its own terminology; a circuit contaicisipseach identified by aame(which is arbitrary, and of
mnemonic value to the designer) ang@e(which isgeneric, e.g.74LS74). Schematicsan be hierarchi-

cal; what appears syntactically as a chip can, in fact, be an insthagemrameterlesracrg (i.e., another
drawing) if the filetypew exists. Reathips haveping each identified by pin nameandpin numbeyand

a package type Pin names and their mapping onto pin numbers are a property of the chip type; the map-
ping from pin numbers to physical coordinates is a property of the package type.

Pins are connectday nets which have uniquaet namegassigned by the drawing to net conversion pro-
gram if omitted by the user)lt is an error for a pin to be connected to more thanneteNetssuch as
VCCandGNDgenerally need different routing algorithms from ordinary nets; these are sdleidl-signal
netsin cases where the distinction is important.

A boardis a physical mounting for packagds.is mostly characterized by itén holes(available for pack-
age insertion) andpecial-signal pingconnected to special-signal net#in 110 connectoy where signals
enter or leave the board, is simply a special case of a chip.

The manual pages for tlmdA commands and file formats are in sectidhof the manualCoventionally,
the commands are kept fbin/cda , and sofor example, to run thgnetprogram, you would actually
type something like

cda/gnet < timing.g > timing.w

2. Methodology.

These are the conventional steps in a desMany are necessary simply to maintain consistency between
“source” and “object” files. Wewill collect all of this into ankfile in a later section.

(1) Theinteractive prograngraw is used to construct schematics (kapfiles whose names end with
.g .) Thenet list of a circuit diagram (itsv file) are derived from theg file by runninggnet

(2) Any editor may be used to create filesde format for logic that is to be implemented wigno-
grammable Array LogigrPAL)'s. Thesefilenames end withlde . Pin information resides in a



correspondingp file, generated bpart which is a member of thegart family of programs.

(3) A .pins file, that matches pin names with humbers for eadp type, must be constructeMost
pin information comes from standard libraries, but the user must generally supply stroswlly
for 10 connectorsi¢.pins ) or non-standard chipsnf.pins ). Mkpinsreads.w files, .p files,
and pin libraries to produce thgins file. Theprincipal advantage of usimgkpinsis to reduce the
size of the pins file and thereby speeding up the time spedhiglob.

(4) Cdmglob -f -weads thew and.pins files to produce awvx file, in which allmacros are expanded,
and nets are described in terms of pimbers.The-v flag tellscdmglobto include the name of the
expanded pins ithe output. Thiswill be used in the final stages bynotateto create aa file con-
taining just the pin numbers (graw format). Thisfile, when "catted" with ag file will label all
the pins with pin numbers.

(5) Atthis point one may do static circuit checks vdthoke Theerrors willbe rather voluminous until
all pins are declared correctly on tiie lines. Someerrors are impossible to eradicate, particularly
those with a mix of analog and digital components.

(6) Mostfiles discussed so far have to @ith the logical part of the design, and, exceptlide files,
are incpL (Circuit Design Language)Theremainder of the physical design files arglizz format.
So, at this point, one usész cvtto turn thewx file from cdmglobinto aFizz .fx file.

(7) Aswith the.pins file, one creates gkg file with geometric descriptions of each package type.

(8) A geometric description of the boartird or .board file) in Fizz format is maddgor stolen from
/sysl/lib/cda/boards ).

(9) Chippositioning information.pos file) is generated.Thisis usually done interactively withlace

(10) At this point,the design should be checked watieck This will find any errors that might result
from unplaced chips or overlapping packages and so forth.

(11) Thewrap list (wr file) is now made, and one can physically wrap the board, typically by asing
semiautomatic machine.

(12) Tomake changes, orgenerates a newvr file; reworkthen compares the new and old wrap files
and generates separate lists for unwrapping and rewrapping.

3. Graphicsinput

The graphics editograw is used to create and modify drawings, a.k.a. schemaiiarawing consists of
chips, macrosand signalsconnected byins. Each chip has aameand atype. Pins can have either a
nameor anumber.

3.1. Using graw

The editor,graw can be given a list of files ending ig. or an empty list. When cda starts, the cursor
changes to &. Buttonl1 performs two tasks: gingle click locates the cursor; when dragged with the but-
ton held down, thenouse leaves behind a linButton2 presents a list of useful optiomgiesies - can

be used to select eithbox which then can be used to swemp the rectangle of a box using button 1, or
macros which can also sweep out a box using button 1.

inst — selects a master to lestantiated and attached to the cursor until any button is pregsad.
doesn’t have any masters when loaded initiallyhe standard library ofjates can be read by using the
read command.sweep uses a rectangli@aput with button 1 to grab a set of objects and drag them until
any button is pressed.

slash differs fromsweep only in that rectilinear lines are first cut by the input rectangle.

cut undraws and moves the object(s) last drawn or moved to the cut/paste paffeer. attaches a copy
of the cut/paste buffer to the cursor until any button is pressed.

snarf is acut without the undraw.
scroll  attaches the entire drawing to the cursor until any button is pressed.
The button 3menu entries aredit, read, write, exit, and new, followed by the list of



filenames currently being edited.

edit prompts for aile name and reads in the file for editinBackspacend control-W may be used to
edit the name; aull file name aborts the operatioread prompts for the name of a master file, reads it
in, andplants a reference to it in the current filthe names of the masters in the file are added to those in
theinst - menu for the current file, overwriting older definitioifimecessarywrite  prompts for a file
name (starting with the current fitame). The non-null result becomes the new file name and the file is
written. exit terminates the programYou must type a 'y’ to really exithew creates a newynnamed
drawing for editing.

Selecting a file name selects the current file.

4. Signal Bundles and M acros.
Consider this buffer between two 8-bit busses:

5%

x0 DO va z0
x1 D1 vl z1
X2 D2 v2 z2
x3 D3 v3 z3
x4 D4 v4 z4
x5 D5 vg z5
X6 D6 vd z6
Xt by Y7 z
drive- I:OEO'

OE1-

It illustrates severafjraw conventions. Thehip is indicated by a boxits nameis buffer ; its typeis
74F244 . Theseare simply unattached testrings that appear stacked inside the Heix. namege.g.,DO0)
are strings that appear on the inside edge of the KHetsare lines that end onm@n. Net namesre strings
that are placed on net# trailing- conventionally indicates an active-low signal.

Even this trivial example involves repeated pattedsnuch more succinct equivalent is:

x<0:7> ho v z<0:7>
drive- OE7-

Thegeneratorx<0:7> expands into the ordered lidd, x1,... X7. ThepatternD? matches two-character
pin names that begin with. (Thespace of possible names comes from.plires  file entry for the chip
type.) Thenames that matcthe pattern arsorted alphabeticallyand put into correspondence with the
nets.

If connected setsf nets and pins do not have the same cardinality, the smaller set is reused until the larger
is exhaustedThusin the example, thdrive-  net gets connected to ba@iEO- andOEL1-, as desired.

Another example of the same buffer is shown below:
buffer.<0:7>
TAF244

Xx<0:7> z[0-7]

buffer
T4F244

drive- OE7-

Note that since the buffaymbol is too small to hold the name of the chip, the name and type are "con-
nected" to the instance via a wirghe wire is not considered a net bgnet Also notice that the range
<0:7> after the namef the chip is appended to the pin nambsfact, this buffer has invisible pin names

of DandY. (inputand output respectively)Thus,after appending the ranggnetwill generateD<0:7>
andY<0:7> . Sincethe output enable can't fit, the output enables are put in another, smaller box.



Frequently one has a group of chips that will be used or replicated as #wuth a case it makegnse
to define amacrothat may be instantiated as requirédmacro lives in its own file Hereis an example,
opm.j :

SFLOI%
74LS595 b .
OF.__0e G- Q7Shus<00:15>  4y7go:15>
ReLKk__rek RCLK :
; Ireset-  lspcLR-
: PHIL dac_clk RCLK
D<0:7> . data<0:7> o, sr0
P 74LS595
N - sg__fm_data |cepn sd
Cord- opm
RD~— & RD- W31k
A0 o
freset- . SER
X I X
k_opm clk | -
ek PHIM SH[12) |_"o19[12] HOLD[12]
: IRQ-|__interrupt- INT-

The dotted box (produced by sweeping oatacro box ingraw) identifies the circuit as a macr&trings
outside of this box (conventionally in upper case) are “pin names” visibkeoutside world.Most
names inside the box will be made locaktxh instantiationNet names beginning with are “globals,”
i.e., they represent the same signal throughout the deB/@C and/GND are the most common global
signals. Thesesignals are expanded mdmglobto be “<instance//VCC” and “<instance//GND”
respectively. Asedscript can be used to rid the net list of the file name prefixes:

sl K /
s/ I /

Now we use generators to make several instanogsnofj :

opm<00:15>
opm nor<Q:;3>
HOLD hold1<00:15> A2 74F02
rclk<00:15> RCLK  HOLDp hold2<00:15> | Y7
opmdecode<00:15>- |5
bd<0:7> D? opmout<00:15>
ba0 A0 ouT? s
E‘::' WR- INT- |__int<00:15>-
RD-
0ps<00:15>- cs-
colorburst CLK

Sixteen copies afhe opm circuit are made.The patternD? is at a lower, i.e., “faster running,” level than
opm<00:15> , with the effect that all th®0's are connected tbdO, all theD1's are connected tbd1,
etc; similarly, all theAQ's are connected tdaO. On the other hand, all th€S-'s are separate:
opmO0/CS- (the instance oS- in opmO00) is connected t@ps00- , opm01/CS- is connectedo
ops01- , etc. Themanual entry fordmglobshould be consulted for all the details.

5. A Toy Example.

In this section we present a complet@mple. Thedesign consists of twildo connectors that route signals
from a ribbon cable to a backplanidereis the schematic, followed by the file:



cable plane
J2 P2
RESET{eset RESET-
INT- | Nt INT-
Ds-| 95 Ds-
WE{We- WE-
ACK-|—ack- ACK-
pp7__Pd<0:7> PD?
PORT{PO PORT-
paq_ Pa<0:5> PA?

.c cable J2
reset- ,RESET- % 6 64 56
int- JNT- % 6 64 72
ds- ,DS- % 6 64 88
we- JWE- % 6 64 104
ack- ,ACK- % 6 64 120
pd<0:7> ,PD? % 6 64 136
port- ,PORT- % 6 64 152
pa<0:5> ,PA? % 6 64 168

.c plane P2
pa<0:5> ,PA? % 4 144 168
reset- ,RESET- % 4 144 56
int- JNT- % 4 144 72
ds- ,DS- % 4 144 88
we- JWE- % 4 144 104
ack- ,ACK- % 4 144 120
port- ,PORT- % 4 144 152
pd<0:7> ,PD? % 4 144 136

The comments (introduced B89 are coordinates from thg file that can beused later to annotate the
drawing with pinnumbers.Otherwisethe.w file is mostly just a compendium of the text strings in.the
file. In order to proceed further, we neeghms file:



.t J2 BERG40 % plugs into ribbon cable

% . 10 . 20 . 30 . 40
1t 2959292959494949494949494929292929292929
.tp VCC[1-4] 2 4 38 40

tp V126

.tp V12- 36

.tp GNDOQ[1-9] 8 10 12 14 16 18 20 22 24

.tp GND1[0-4] 26 28 30 32 34

.tp RESET- 1

Ap INT-3

tp DS-5

tp WE- 7

.tp ACK- 9

.tp PD[0-7] 11 131517 1921 23 25

.tp PA[0-5] 27 29 31 33 35 37

.tp PORT- 39

.t P2 DIN96RX % plugs into backplane

% . 10 . 20 . 30 . 40 . 50 . 60 . 70 .
.t vgigighg4g4gv44gigigigigigigiggv VGnnnnnnnnnGVnnnnnnnnGnnnnnnnnGV vg5gig4g4g4gv4igigigigigigigiggv
.tp RESET- 3

tp INT- 67

tp DS-5

.tp WE- 69

.tp ACK- 7

.tp PD[0-7] 719 73 11 75 14 78 15

.tp PA[0-5] 7917 811983 21

.tp PORT- 85

.tp PC[0-7] 23 87 25 89 27 91 29 93

.tp GND<00:14>2 4 6 8 10 12 16 18 20 22 24 26 28 30 31

.tp GND<15:18> 34 44 54 63

.tp GND<19:33> 66 68 70 72 74 76 80 82 84 86 88 90 92 94 95

It should be fairly obvious what is going on heldote the appearance of thackage typdollowing the
type name on tha line.

For some parts, constructing.th line will be an onerous task (typical examples are parts maGth
pinouts). Fortheseparts, the use gfgais recommendedlt accepts a list of pin names and pin types (one
per line) and produces a suitable part definitidbhe manual page has all the details.

Now the.wx file can be made witbdmglob -v -f to get:

80



.t J2 BERG40

1t 2959292959494949494949494929292929292929

.t P2 DIN96RX

tt vgigig5g494gv44gigigigigigigiggv VGnnnnnnnnnGVnnnnnnnnGnnnnnnnnGV vg5gig4g4g4gv4igigigigigigigiggv

f toy.w

.c plane P2
reset- 3 RESET-
ds- 5 DS-
ack- 7 ACK-
pdl 9 PD1
pd3 11 PD3
pd5 14 PD5
pd7 15 PD7
pal 17 PAl
pa3 19 PA3
pa5 21 PAS5
int- 67 INT-
we- 69 WE-
pdo 71 PDO
pd2 73 PD2
pd4 75 PD4
pd6 78 PD6
pa0 79 PAO
pa2 81 PA2
pad 83 PA4
port- 85 PORT-

. cable J2
reset- 1 RESET-
int- 3 INT-
ds- 5 DS-
we- 7 WE-
ack- 9 ACK-
pd0 11 PDO
pdl 13 PD1
pd2 15 PD2
pd3 17 PD3
pd4 19 PD4
pd5 21 PD5
pd6 23 PD6
pd7 25 PD7
pa0 27 PAO
pal 29 PAl
pa2 31 PA2
pa3 33 PA3
pasd 35 PA4
pa5 37 PAS5
port- 39 PORT-

This is basically a listing, for each chip, of maime-pin numberpairs. Packageypes are copiethrough

from the.pins
humans andnnotate.

fx file viacvt Theresult is shown below:

Type{

name J2
pkg BERG40

tt 2959292959494949494949494929292929292929

file for use by the physical design tools, and the expanded pin reamésft as an aid to

At this stage, physical layout can begifhefirst step is the conversion of thex file into aFizz



Type{
name P2
pkg DIN96RX
Chip{ name plane type P2 }
Chip{ name cable type J2 }
Net pd0 2{ cable 11PDO plane 71PDO }
Net pdl1 2{ cable 13PD1 plane 9PD1 }

Net pd2 2{ cable 15PD2 plane 73PD2 }

Net pd3 2{ cable 17PD3 plane 11PD3 }

Net pd4 2{ cable 19PD4 plane 75PD4 }

Net pd5 2{ cable 21PD5 plane 14PD5 }

Net pd6 2{ cable 23PD6 plane 78PD6 }

Net pd7 2{ cable 25PD7 plane 15PD7 }

Net ds- 2{ cable 5DS- plane 5DS- }

Net int- 2{ cable 3 INT- plane 67 INT- }

Net port- 2{ cable 39 PORT- plane 85PORT- }
Net reset- 2{ cable 1RESET- plane 3 RESET- }

Net we- 2{ cable 7WE- plane 69WE- }
Net ack- 2{ cable 9ACK- plane 7ACK- }
Net pa0 2{ cable 27 PA0 plane 79 PAO
Net pal 2{ cable 29 PAl plane 17 PAl
Net pa2 2{ cable 31PA2 plane 81PA2
Net pa3 2{ cable 33 PA3 plane 19 PA3
Net pa4d 2{ cable 35PA4 plane 83 PA4
Net pa5 2{ cable 37 PA5 plane 21 PA5

e e e e e

Next, a board file is selecte®incethis is a simple exampl@, simple board like a Schroff 3U board
can be usedHere’sthe definition of the Schroff board:



Board{
name schroff_board
align 1000/1100 6200/1000 6200/4400 1000/4200
}
Pinholes {
1500/1000 4800 400 100/300 A
1500/1400 4800 400 100/300 A
1500/1900 4800 400 100/300 A
1500/2300 4800 400 100/300 A
1500/2800 4800 400 100/300 A
1500/3200 4800 400 100/300 A
1500/3700 4800 400 100/300 A
1500/4100 4800 400 100/300 A
}
Pinholes {
1000/1100 300 3200 100/100 A
6400/1100 300 3200 100/100 A

Vsig 0

name GND

pins 40{
12200/1200 - 5 6200/1200 V
6 2200/1600 - 10 6200/1600 V
11 2200/2100 - 15 6200/2100 V
16 2200/2500 - 20 6200/2500 V
21 2200/3000 - 25 6200/3000 V
26 2200/3400 - 30 6200/3400 V
31 2200/3900 - 35 6200/3900 V
36 2200/4300 - 40 6200/4300 V

Vsig 1{

name VCC

pins 40{
1 1500/1200 - 5 5500/1200 V
6 1500/1600 - 10 5500/1600 V
11 1500/2100 - 15 5500/2100 V
16 1500/2500 - 20 5500/2500 V
21 1500/3000 - 25 5500/3000 V
26 1500/3400 - 30 5500/3400 V
31 1500/3900 - 35 5500/3900 V
36 1500/4300 - 40 5500/4300 V

}

To fully understand this definition, a careful reading ofrtzeg format manuapage is advisedBriefly, the
align is used with the semi-automatic wirewrap machifiee pinholes locate pins the letterA denotes a
drill type (ignored here but still required)Yhe final two Vsig declarations specify the special signals.
Given a board and théx file, placecan be used to place these two conne®&RG40andDIN96RX.
The result is apos file like this:

Positions{
plane 1200/1100 0 0
cable 6600/1800 1 16

}

Checkshould be run on these filedbgard , .fx , .pos ) and any errors shoulde resolved before pro-
ceeding.Plot generates a picture of the board:
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Note how the alignment marks are showrin 1 of each package is illustrated by two concentric circles
around the pinsNow a wrap file (with extensiorwr ) suitable for driving the semi-automatigre-wrap
machine can be created witliap -cv Theuse of Multiwire technology needs some h&ting— con-

sult an expert.

6. Debugging and rework

Debugging a circuits beyond the scope of this paper, boh does provide support for altering a wirewrap
board.

The scenario is that you have a board that corresponds to a wvaphist. After making thenecessary
changes to your schematiard or logic equations, a new wraplii&wr is generated.You then run the
command

cda/rework v1.wr v2.wr

which generates threfdes. The first file, UN.wr, contains a wraplist of the wires to take off (remove).
The second fileRE.wr , contains a wraplist of the wires to adthethird file, NEW.wr, is a wraplist that
is electrically equivalent te2.wr but represents the wirewraps on the board (that is, if you wrapped a
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board withNEW.wr you would get an identical boardjfter doingthe unwrapping and rewrapping, you
should treaNEW.wr as your actuar2.wr .

7. Analog design

In spite of the fact thatba was created for the design of digital circuits, it can also be utilized for
analog circuits as wellA separate library of analog shapes locatetiibfgraw/analog.g . These
shapes follow the following naming conventiotite shape name begins with arientation, a underscore,
and then the name of the shape. This is becgnase doesn’t haveotation or reflection operations (yet).
The characters denote:

character orientation

h horizontal
v vertical

I left

r right

t top

b bottom

For example, an electrolytic capacitor with the positive terminal is calleddp”. AnNPN transistowith
the emitter on the bottom left would be "bpn". Analogdesign is facilitated by the famots option to
gnet . Thisoption eliminates theeed to draw lines to each componenhie only problem is figuring out
the best location for the part nam®nly experience will help you.



