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1. INTRODUCTION

l.1 SCOPE

This General Information Manual is an introduction to the
Circuit Board Design System (CBDS). The manual provides an
overview of CBDS for management, applicatien programmers,
and terminal users.

Circuit Pack System

—

Logic Layout

>4
&

1 Design Verification System

0

1 Logig
Physical Layout 0 imulation

1
ooooooo LT
goapooan enerati

(ENTRANNERNENY

Manufacturing Data
Generatio

Figure 1. Circuit Board Design System

CBDS is a software system that supports all phases of the
printed circuit board (PCB) design process. As shown in
Figure 1, CBDS has two major elements: the Circuit Pack
System (CPS), and the Design Verification System (DVS).

1. INTRODUCTION 1



The Circuit Pack System (IUP 5796-PRP) 1is used for the cre-
ation of the schematic diagram, the design of the physical
layout, the generation of manufacturing data and component
definition and modification. CPS features an integrated
design file data base and precvides capabilities for both
interactive graphics and automatic operating modes.

The Design Verification System (IUP 5796-PRL) provides func-
tions which can enhance the accuracy and completeness of the
logic design through digital logic simulation. DVS can also
provide test patterns to be wused with automatic test equip-
ment.

1.2 ENVIRONMENT

1.2.1 HARDWARE

CBDS software is designed to run on the following IBM com-
puters:

Processor: IBM 4331 Model K11l
or 370/148 Model K
or IBM 3031
Also required are:

2 IB? 3310 Model 2 Direct Access Storage Devices (or equiv-
alent

1 9-track Tape Drive (8C0 bpi option may be required for
plotting)

1 I?M 3277 Model 2 Display Station (with program functions
keys

1 1IBM 3277 GA Graphics Attachment RPQ 7H0284 (this includes
the joystick attachment)

1 Storage Display Moniter (such as Tektronix* 618)
IBM 3274 Display Control Unit Model D21 with RPQ 7H0289

IBM 3262 Model 1 Line Printer (or equivalent)

o S N

IBM 3278 Model 2 Display Station
* Registered trademark of Tektronix Corporation.

The IUPs are designed to operate with the minimum configura-
tion. To take full advantage of the capabilities of the

2 CBDS General Information Manual



product a:dditional work-stations, direct access storage
devices, memory, or CPU power may be desirable, A plotter
is recommended for hard-copy output such as schematics and
artwork check-plots.

1.2.2 SOFTWARE

This IUP is coded in the languages:
° FORTRAN H Extended
° IBM Assembler

It was designed and tested in the following VM/370 CMS sys-
tem environment.

° VM/370 Release 6 with BSEPP
) VM/SP Release 1

The following components are required for the Circuit Board
Design System IUP's operation:

1. FORTRAN IV (5734-LM3)

Optionally, the FORTRAN H Extended and Enhanced MOD Il
Library (5796-PKR) may be added.

2. IBM 3277 Grephics Attachment Support Programming for
PRPQ P09013 (5799-AXX).

The basic user's workstation is illustrated in Figure 2. At
this dual-screen interactive graphics workstation, the user
is able to:

e capture a schematic design

° simulate digital logic for design verification and test
generation

U perform PCB layout
° create data for manufacturing purposes

] store the completed design for subsequent revisions or
for reference.

1. INTRODUCTION 3
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1.3 CBDS FEATURES

CBDS is a comprehensive Computer-Aided Design/
Computer-Aided Manufacture (CAD/CAM) system which can sup-
port top managemen: objectives with specific benefits:

Marnagement Objective§ CBDS Can Provide
® Cost Reduction e Improved productivity
® Product Quality e Reduced design errors and

resultant engineering changes

e Reduced Design
Cycle Time ® Faster turnaround on new

designs and revisions

® Increased Control

e Fewer hardware prototypes

e Increased peak load capacity
e Improved design level controls
® Design standardization

® Consistent and automated
documentation

e Ability to handle more
complex designs

e Automated manufacturing data

Automated PCB design is becoming more common in the elec-
tronic engineering community as automated PCB design systems
become increasingly more cost effective. The sophistication
and range of function in the Circuit Board Design System can
be illustrated by some highlights of the system:

o Completely Integrated Function:

— all key applications are linked by common design
files providing enhanced data integrity

L Interactive Graphics:
— when combined with an available storage display mon-
itor, the IBM 3277 graphics attachment display sta-

tion provides a dual-screen interactive graphic work
station

1. INTRODUCTION 5
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— design functions, such as schematic entry, component
placement, and printed wire routing, can be done in
real time and viewed immediately on the graphics
display

Powerful Automatic Design Tools:

— automatic component placement, and printed wire
routing functions are completely integrated into the
application to provide online design capability in
concert with the interactive graphics features

Centralized Component Data Management:

— all physical and electronic component data and asso-
ciated symbols are centrally created and controlled
a starter component data base is provided containing
a large number of commonly-used components

Physical Design Flexibility:

— physical board characteristics such as size and num-
ber of layers can be conveniently specified

— digital, analog, or a mixture of layouts are fully
supported

Integrated Logic Design Analysis Tools:

— online digital simulation for early design modeling
is provided

- functional test patterns for digital designs can be
interactively specified and automatically evaluated

Design Validation Functions:

- connect1v1ty is verified dynamically during schemat—
ic and physical layout

- unconnected circuitry 1is brought to the designer's
attention

- completed layouts are checked to ensure that no man-
ufacturing tolerances have been violated

- the schematic can be automatically back-annotated

with the PCB layout data to ensure that the schemat-
ic consistently reflects the physical layout.

CBDS General Information Manual
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4 RELATED DOCUMENTS

Table 1 lists the available

CBDS documentation according to

the function of each document.

Table 1:

CBDS Documentation

-

Contents

Title

System overview

CBDS General Information
Manual (G320-9175)

Terminal operation,
basic procedures for
schematic and PCB
layout,
manufacturing data
generation and
component data base
administration.

Logic and fault
simulation

Circuit Pack System Application Manual
(SH20-2699)

Design Verification System Application
Manual (SH20-2758)

Detailed function
descriptions for:

Schematic generation
PCB layout
Manufacturing data
generation

CDB administration

Logic and fault

Schematic Layout Subsystem Terminal
User Guide (SH20-2754)

Physical Layout Subsystem Terminal
User Guide (SH20-2755)

Manufacturing Data Generation Subsystem.
Terminal User Guide (SH20-2756)

Component Data Base Subsystem Terminal
User Guide (SH20-2757)

Design Verification S¥stem Terminal

simulation User Guide (SH20-2751
Installation CPS Program Description and
instructions and Operation Manual (SH20-2698)
application

programmers'’ DVS Program Description and
interface Operation Manual (SH20-2700)
descriptions

1. INTRODUCTION 7
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2. SYSTEM OVERVIEW

2.1 INTRODUCTION

Figure 3 shows the basic inter-relationships between the
systems of CBDS. The Circuit Pack System is used to produce
PCB designs, each of which is documented in the form of a
design file. The design file of a PCB holds all the infor-
mation related tc that design; the schematic layout, the PCB
layout, and the manufacturing data for PCB production. Rel-
evant portions c¢f the design files are used in the Design
Verification System to verify logic design and to generate
test data.

Circuit Pack
System (CPS)

PCB
Design
File

Y

Design
Verification
System
(DVS)

Figure 3. CBDS Systems
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2.2 PCB DESIGN PROCESS

The major objectives in the design of a PCB are to create a
schematic of the logic design, to develop a board layout,
and to generate manufacturing information for the board.
Other objectives may be to verify the logic design and gen-
erate test data for the PCB, and to store the completed
design. Figure 4 illustrates the basic stages in the proc-
ess of creating a PCB design with CBDS.

The logic designer's sketch initiates the process. Using
interactive graphics and the schematic layout capability, a
user quickly and and accurately converts the sketch into a
precise logic schematic on the graphics display. The cap-
tured sketch can be plotted for hard-copy reference,
re-edited for engineering changes or converted into an ini-
tial design file suitable for the next design phase,
physical layout.

The physical layout capability permits the user to assign
logic gates to physical components retrieved from the compo-
nent data base, place the components on the circuit board,
and generate error-free wire routing. Either interactive
graphics functions or automatic facilities can be utilized.
The physical layout phase has been developed to provide a
continuous and organized operator interface, in which design
rule checking is an integral feature.

The schematic can be compared for inconsistencies to the
physical design at 1its completion, 1in case logic design
changes have been made during physical layout. Revisions
can be interactively incorporated in the schematic if
required at this stage. The now complete design file is
ready for manufacturing data generation. A set of interac-
tive functions are employed by the wuser to generate an
appropriate file suitable for photoplotting, files suitable
for hard-copy plots, reference listings, and numeric control
drill tapes.

The Design Verification System is an optional capability. A
logic designer uses the Design Verification System to evalu-
ate the 1logic design. Digital logic simulation and test
generation tools can be interactively controlled at the work
station to set up large design problems. Simulations can be
completed either interactively or as batch jobs, and the
results inspected interactively.

2. SYSTEM OVERVIEW 11
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3. SYSTEM DESCRIPTIONS

3.1 CIRCUIT PACK SYSTEM

3.1.1 INTRODUCTION

Purpose

The Circuit Pack System (CPS) cortains four major
subsystems, each of which is used to control one aspect of
PCB design and production: the Schematic Layout subsystem,
the Physical Layout subsystem, the Manufacturing Data Gener-
ation subsystem, and the Component Data Base.

The Schematic Layout subsystem (LOKI) allows the user at a
graphics terminal to capture schematic data, edit existing
schematics, plot schematics, and correlate the schematic
with its corresponding PCB.

The Physical Layout subsystem (SPRIG) uses information from
the circuit schematic as an input and provides
user-controlled procedures for assigning 1logic gate symbols
to physical components, placing components on the circuit
board, and routing the corresponding connections between the
various components. Facilities for verification of com-
pleted layouts are also available within SPRIG.

The Manufacturing Data Generation subsystem (FABRIC) gener-
ates manufacturing information from the completed board lay-
out. This information includes a bill-of-materials, data
for photoplotter transparencies for masks and silkscreening,
automatic insertion data, and a numeric-control drill tape.

The Component Data Base subsystem (CDB) is the source of all
the components and symbols used during the design of a PCB.
The CDB provides graphics symbols and component data for
schematic layout, physical 1layout, and the generation of
manufacturing data. The CDB subsystem contains functions to
enable the management of component data.

3. SYSTEM DESCRIPTIONS 13
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Functions

Figure 5 1illustrates the overall flow of information and
design activity in PCB design using CPS.

The initial design 1is captured and edited through LOKI,
accessing the symbol 1libraries of the CDB for the graphics
symbcls. The design may be plotted and edited any number of
times, and the resulting schematic is then recorded 1in a
design file. The design file from LOKI provides the initial
design and connectivity information for SPRIG. Through
SPRIG, the processes of gate assignment, component
placement, printed wire routing, and verification are car-
ried out, using component data from the CDB.

Once the final board layout has been achieved using SPRIG,
it 1is recorded in the design file. The design file |is
re-submitted to LOKI to add layout information from SPRIG to
the schematic, as well as to record any design changes made
while using SPRIG. Once this back-annotation process has
been performed, the LOKI and SPRIG design files are merged
using the DFMERGE facility of CPS. The resulting design
file becomes the input to FABRIC, which produces manufactur-
ing information for the PCB: a bill of materials, data for
photoplotter layout and solder resist masks and silkscreens,
a numeric-control drill tape, auto-insertion data, a hole
and land data base, a pack usage and spare circuit report,
and from/to lists sorted by signal and by component.

3. SYSTEM DESCRIPTIONS 15



3.1.2 SCHEMATIC LAYOUT

Purpose

The Schematic Layout System (LOKI) is wused to create and
edit schematic drawings. A design may contain up to 30
schematic sheets, and the size and format of the sheets are
defined by the user. Figure 6 shows a typical sheet border.

Functions

LOKI provides sets of functions that allow the user to con-
trcl the design process. To use any of these functions, the
user simply selects the required one from the list (or
'menu’') provided on the terminal screen.

A ! ] 1 < 1 '] Il £ 1 L2 il 3 - L] J—] A LS L { L} Il N ! 13 ! < i’
r

Fr

~ | e | w®
T T %

bl 1 had 1 hd 1

o y had 1 “ 1

j
T3

1 8 1 ¢ T 0 Tt T F T ¢ IN*IJ L L TN T N T F T

Figure 6. Typical LOKI Sheet Border
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The user can call up symbols from the CDB, and position them
within the schematic sheet border. Schematic symbols can be
specified at both gate and component levels, as shown in
Figure 7,

Once the symbols are positioned, the user may add text tc
the symbols (signal names, symbol designators, etc.), and
may apply comment text and graphics, such as tables, wherev-
er reguired. Component designators may be automatically
supplied by the system, or may be placed interactively by
the designer.

DRAYING: OPRTR PEET:)
0
3 74837
sy, O0A wen
2 u23
1
0
g
M *5
! T

Figure 7. LOKI Schematic Symbols
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At any time during the design process, the user may alter
the position of schematic elements. LOKI provides functions
that move gates or groups of elements, and functions that
copy groups within the schematic to speed up the entry proc-
ess. In Figure 8, the window shown by dashed lines has been
copied onto the bottom third of the sheet. LOKI enables the
user to design commonly used portions of individual sche-
matics once, and to retrieve that schematic data as a unit
for inclusion in the schematic currently being designed.

The user may connect symbols logically and graphically using
interactive connection functions, or LOKI's automatic
router. With either interactive or automatic facility, sig-
nal bussing is employed to make schematic diagrams more
readable (as 1illustrated by Figure 9). LOKI automatically
performs connectivity checking, as shown in Figure 10, to
ensure a consistent, complete schematic.

l}' 1 LA | . L 3 1 L 1 3 1 e L

=
]
| “} [H

H

Figure 8. Schematic Move and Copy Facilities
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Throughout the process of creating a schematic with LOKI, .a
set of display functions is available to provide control of
the terminal screen. For example, the user may specify the
size of the display elements by magnifying a portion of the
schematic. Figure 11 illustrates this facility. The user
‘can also control the type of data to be visible (e.g., sym-

bols, lines, text, etc.).

74585
——%Lno ,
—iu e —
: A
sl s
T
!: . OPRTR A= ']
80 us
’ .
AP~

Figure 11. Display Functiors

20 CBDS General Information Manual



The display features of size and visible elements can also
be specified for the plotting facility, which enables the
user to produce hard-copy schematic drawings on a plotter.

After a design has been completed and the PCB layout devel-
oped with SPRIG, LOKI's back-annotation facility is used to
produce an accurate and current schematic with component and
board location data. (Refer to Figure 12.) Any differences
between the schematic and the physical layout are brought to
the user's attention. :

74585
, 10
1 1210 7
A1 ey L—
2 13],,
3 1513 s LL,
. \ OPRTR A 6
80 us
g 11y,
2 14 82 A<B -s—-/
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2] 3] &
74837
3
__*? v23
_}
0 74585
— 1040
S 124y el
3 13],,
15],5 s
CMPRTR 6
. A8
11,:: us
14 7
- »2 asf—
a3
A<B_A=B A>B
2] 3] &
1KY
Figure 12. LOKI Back-annotation
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3.1.3 PHYSICAL LAYOUT

Purpose

The Physical Layout system (SPRIG) 1is used to perform PCB
layout design.

Functions

SPRIG provides both automatic and interactive functions to
perform:

e assignment of gates to components

L component placement

° printed wire routing

. validation of PCB layout against design rules.

The automatic functions are provided to offer substantial
time-saving to the designer. However, SPRIG also provides
interactive functions to handle special cases and to provide
editing capability. As in LOKI, the user selects automatic
or interactive functions from menus displayed on the termi-
nal screen.,

Generally, the basic design information is provided to SPRIG
in the form of a design file from LOKI. However, SPRIG pro-
vides interactive functions that may be used to supply this
information. Alternatively, for cases in which a manual
layout has already been performed, SPRIG accepts input data
from a digitizing table.

In any case, the user may define the board size and shape
{(refer to Figure 13). Up to 16 layers can be specified for
printed wire and voltage planes. Copper fill areas, board
cutouts, and pad shapes are easily specified. SPRIG enables
the designer to streamline this process for cases in which
many boards have common basic characteristics. When this
situation occurs, the information may be specified to SPRIG
in the form of an input file, rather than by repetitive
entry of data. '

Once the basic board characteristics are defined, the auto-

matic assignment facility may be used to allocate gates to
circuit packs.

22 CBDS General Information Manual
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Figure 13. SPRIG Board Outline

Figure 14 illustrates a typical board 1layout with placed
components. Automatic component placement is based on a
critical cost function selected by the user: wire length,
density of signals, or wire crossing count.
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Figure 14. Placed Components

3. SYSTEM DESCRIPTIONS 23



Figure 15
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Routing of connecting wires may be performed interactively
or automatically. Interactive graphic routing can be on- or
off-grid, with both orthogonal and 45-degree wires, as shown
in Figure 16. Track width and spacing may be specified for
each signal,

There are four automatic routers available to the user,
which range from a very rapid router for symmetrical routing
patterns to an exhaustive router for more complex boards.
These routers can be controlled by the designer, who may
specify the routing window, time to be spent on each con-
nection, signals to be routed first, etc.
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Figure 16.°- Printed Wire Routing

3. SYSTEM DESCRIPTIONS 25



When wire routing 1is completed, it may be automatically
tiedied to increase board reliability and manufacturability
through via minimization, cutting of track bends, and bank-
ing around pins and vias. Figure 17 illustrates the same
board shown in Figure 16 after the tidying facility has been
used. :

As in LOKI, the display screen is under the control of the
user throughout the operation, so that the designer can spe-
cify the display window and the visible elements. A special
feature of SPRIG enables the wuser to display 1logical con-
nections that are not yet routed (as in Figure 15).

The completed physical design is used to update the schemat-
ic with gate and pin assignments, and component and board
location data.
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‘Figure 17. Tidied PCB Layout
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3.1.4 MANUFACTURING DATA GENERATION

Purpose

The Manufacturing Data Generation system (FABRIC) provides
files, tapes, and hard-copy output used to manufacture the
PCB.

Functions

FABRIC includes a function set that enables the user to cre-
ate:

° a bill of materials

° photoplotter data for circuit layout masks and solder
resist masks

L photoplotter data for silkscreen layouts or assembly
drawings

° numeric control (NC) drill tape data

L a hole and land data table

° automatic component insertion data

° a pack usage report and a spare circuit report
] from/to lists by signal and by component.

Each FABRIC function automatically creates a file which con-
tains the appropriate data for the document to be produced.
Once the fiie has been generated, the FABRIC user directs it
to appropriate device (photoplotter, plotter, paper tape
punch, or printer) to generate the output. The layout mask,
solder mask, and silkscreen layout files are sent to the
photoplotter for the production of transparencies. Layout
data for the assembly drawings is directed to the plotter,
and the reports are sent to the printer. When the user has
created these files, the data may be examined at the work-
station.
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The bill of materials report provides a qQuantitative analy-
sis of all the compcnents on the PCB. This report identi-
fies each component by product code, and provides the
product description and supplier, and the quantity required
of each component. (A sample bill of materials is shown in
Figure 18.) This report is used to select components for
‘manufacturing, and can provide the basis for various addi-
tional reports, such as: cost projections, availability and
scheduling, automation of order processing.

STCCKLIST FGR SAMPSPRG SIK GENERATED ON 24AUGS2 PAGE: 1
QTY. PCODE CPCODE SUBELIER CESCEIPTION

9 LIUF CAP CER 0.10F 50V 10%
c1, c10, €11, c12, ¢5, c6,
c7, c8, €9

1 1.CKY RES 1 KCHN 1/4¥ 2%
R1 )

& 21v2 IC RAR 1K X 4 HMOS 200NS
u3, U4, US, U6

1 6uc-PIN
P1

2 7415245 IC OCTAL BUS XCVE 35
01, 02

1 74s04 I1C HEX INVERTER
08

4 74s181 IC 4-BIT ALD
u9, 010, U111, 012

1 74s241 IC OCT BUPFER 3-STATE
u13

1 74537 IC QUAD 2-IN NAND BOFPER
Uty

3 74s374 IC 0C1 3-STATE FLIP-PLOP
v1g, 019, 020

2 7us8s IC 4-BIT CCHPARATOR
u1s, 016

1 7407 IC BEX BUPFER OC HV
w17

1 7432 IC QUAD 2-IN CR
u7

Figure 18.

FABRIC Bill of

Materials
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FABRIC produces & file that describes the copper areas of
the PCB surfaces, which is used to drive a photoplotter to
create circuit layout masks. (An example 1is provided in
Figure 19.) Using a simple FABRIC function, the wuser can
create a mask file for each layer of the board, and is able
to specify the type of photoplotter to be used. Either pos-
itive or negative masks can be produced, according to the
manufacturing method in wuse. The user is able to simulate
the photoplotter output with FABRIC, and view it at the
graphics terminal screen.

Figure 19. Circuit Layout Mask

3. SYSTEM DESCRIPTIONS 29



A similar function is used to create plotter data for solder
resist transparencies, such as the sample in Figure 20.
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30 CBDS General Information Manual



To create a silkscreen component layout or an assembly draw-
ing, the user generates a FABRIC file that contains compo-
nent outlines and codes, polarity indicators, and optional
identifying artwork. (Refer to Figure 21.) When a silk-
screen transparency is required, the file is processed by
the selected photoplotter; when an assembly drawing is to be
‘generated, the user directs the file to the plotter, using
the CPS plotter utilities.
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Figure 21. Silkscreen/Assembly Data
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If overlapping of information occurs on silkscreen data,
FABRIC's editing facility is available to ccrrect the prob-
lem. In editing mode, the user 1is able to display the file
and use interactive graphics to make modifications (such as
moving lines or text). Figure 22 illustrates the graphics
screen during the process of moving some overlapping text;
the text, R1, has been positioned, and its original location
indicated by a rectangle.
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Figure 22. FABRIC Editing Mode
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The NC drill file created with FABRIC 1is sent to a paper
tape punch. The resulting tape is used to program a numer-
ically-controlled drill machine with the positions and diam-
eters of all holes to be drilled in the board.
Alternatively, a photoplotter mask of hole locations on the
board may be produced. (Figure 23 1illustrates a sample
drill mask.) This information can also be generated for
production use in the form of the hole and land data table.
This report, as shown in the sample in Figure 24, provides
the x and v coordinate positions of each hole to be drilled
and the land (pad) size.

Figure 23. NC Drill Mask
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PLOT DATE: 74AYWZ

HOLZ AND LAND DATA TABLE PLOT ISS :
- BABRDY
HOL: = J.03s CIA LAND = 0.060 DIA
Rif X ¥ PIF X 1 RIF X Y REP X Y Rzp X Y
56 =1.000  2.708 57 =1.,000  4.200 58 -0.400 2,700 59 =0.400  4.200 60 =-0.400 5.700
61 -0.40)  7.200
HCLI = v.d4d CIA LAND = 0.060 X 0.032 CVAL
ATk X v aTF % 1 1333 X Y (1 X 4 aze 4
1 -7.400 84400 2 -7.300  3.400 3 -7.200  8.400 4 =7.100  8.400 : R.400
5 =090 8,409 7 -5.300  3.490 8 -6.700 8.400 9 -5,050 8.100 10 8.400
11 =4.905  3.100 12 =4.900  3.400 13 -4.750  8.100 14 -4.750  8.400 15 8.100
To =4.600  R,400 17 =4.450 84100 18 -4.450  3.400 19 -4.300 8.100 20 8.400
1 =ul150  8.100 22 -4.150  3.400 23 -4.000  8.109 24 -4.000 B.400 25 3.100
26 =3.850  3.40Q 27 =3.700  3.100 28 -3.700  8.400 29 -3.550 8.100 30 8,400
31 =3.400  3.100 32 =3.400 8,420 33 -3.250  8.100 34 -3.250  8.400 35 8.100
36 =3.100  8.40C 37 -2.s50  8.100 13 -2.950  3.400 39 -2.800 8.100 40 8.400
41 =065 8.10¢ 42 =2.650  8.400 43 -2.500 8.100 44 -2.500  8.400 45 8.100
46 =2.350  8.400 47 =2,200  8.100 48 =2.200  8.409 49 -2.050  8.100 50 8.400
51 =1.900  8.100 52 =1.900 8,400 53 =1,750 8.100 sS4 =1.750  8.400 55 8. 100
50 =1.600 8.4v0
HCLE = 1.043 DIa LAND = 0.112 X 0.087 OVAL
REF X Y CEF i I pEF X Y REF X Y &s® x Y
1 =3.200  7.500 2 -8.200  7.700 3 -8.200  7.900 4 =7.600 7.500 5 -7.600 7.700
o =7.600  7.900 7 =7.000  7.500 g -=7.000 7.790 9 -6.400 7.500 10 7.700

Figure 24. Hole and Land Data Table
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4

The automatic insertion report lists the position of each
component on the board, providing the data required to pro-
gram an automatic insertion machine. Figure 25 illustrates
a sample report.

DATR: 27NAYB2

BINE P.C.8. UNGINEERING CODE: ABC
INSERTION REPORT 1SSOP: 99
FOR IC

conp ceo NG DESCAIPTICN conp LENGTH WIDTH WIRE NOUM PHS SPAN CR X Y INS INS
D2516 cene cepi vaLue /CIAN DIAN PINW COORD COORD DEPTH COD
['A] IC 4-TO-1t CZCODER CATULIS4PS 1300 550 18 24 39 00 4000 4500 0
u2 T «=TC-16 ODZR ON74L154P5 1300 550 18 24 39 00 4900 4500 [
u3 IC GUAD 2-IN 3R Qu74L532P5 770 260 18 1 39 00 5800 4200 0 =
us IC GUAD 2-IN CE QNT4LS 32P5 779 260 18 4 39 00 3400 4200 0o
U5 IC CUAD 2-IN Ok QM74LS32PS 770 260 18 1 19 00 3400 5700 0 »
ue IC QUAD 2-IN cR Qn74LS32P5 770 260 18 1 39 00 4600 1200 0
u? IC 2-2 AOL 7 3-3 AOI QM74LS51P5 770 260 18 W 39 00 7600 4200 0 ¢
ub i€ 2-2 AOI s 3-3 AOL QNT4LSS51PS 770 260 18 14 39 00 7000 5700 [
uy IC 2-2 Acl , 3-3 AOI QMT4LSS51PS 770 260 18 w 39 00 5200 1200 0 ¢
u10 IC 2-2 AOI , 3-3 AOI QU74LSS1PS 770 260 18 14 39 00 6400 5700 0
un IC 2-2 ACI /7 3-3 AOI QMT4LSS51PS 770 260 18 W 39 00 7600 2700 [
vtz IC 2-4 ACI , 3-3 AOI CH74LS51PS 770 260 18 W 39 00 5200 2700 [
013 1C 2-2 ACI / 3-3 AOI QWT4LSS51PS 770 260 18 1 39 00 7600 1200 0 *
ule 1C 2-2 ACI / 3-3 AOI QM74LS51P5 770 260 18 14 39 90 8200 1200 0 =
v15 IC 2-2 ACI s/ 3-3 AOI Qn741L551pP5 770 260 18 1 39 00 7600 5700 [
ule IC <=2 ARI , 3-3 ACI QM74LS51P5 770 260 118 1 39 00 8200 5700 0
AR IC 2-2 ACI , 2-3 AD1 QM74LSS1P5 770 260 118 W 39 00 1000 2700 0 *
Ulo IC 2-2 ACI 4y 3-3 AOIL QM74LSS1PS 770 260 18 W 39 00 6400 2700 0
U1y 1C 2-¢ ACi y 3-3 ACI QM74LSS1P5 770 260 18 1 19 00 6400 4200 [
U206 IC ¢-=2 ACI ,/ 3-3 01 QM74LSS1PS 770 260 18 1 39 00 7000 4200 [
Get I 2-2 ACL / 5=3 AQI QN74LS51PS 770 260 118 14 39 00 5800 7200 0 =
22 1C 2-2 A0I s/ 2-3 01 0M74LSS1PS 770 260 % 14 39 00 2800 1200 [
u23 wUAD be QM74LS02P5 770 260 18 14 39 00 1000 1200 [
v2u QM74L502P5S 170 260 18 14 39 00 4600 2700 0 *
v2s QM741502P5 170 260 18 14 39 00 4600 5700 0 »
uZe IM74L502P5 770 260 18 14 39 00 3400 2700 [
uv2? QU74LS194D4 870 260 18 16 39 00 7000 1200 0 =
u24d OM74LS194D4 870 260 18 16 39 00 8200 4200 0 ¢
U29 QM74LS 19404 870 260 18 16 39 00 2800 4200 0 *
1R 1) OMT4LS 194D 370 260 18 16 39 20 2200 1200 0 ¢
us1 QM74LS194D4 870 260 18 16 39 00 2200 4200 [
Ule OM74LS194D4 870 260 18 16 39 00 4000 2700 0 =
Uil 0MT74LS194D4 870 260 18 16 39 00 4000 7200 0 *
U3 QM74LS194D4 870 260 18 16 39 00 1600 7200 0 *
U3y QMT74LS194D4 870 260 18 16 39 00 1600 5700 [
Ulo 2M74LS165D1 870 260 18 16 39 00 7600 7200 [
us? 970 260 18 18 39 20 7000 7200 0
UET) Q430801 400 260 18 8 39 00 8200 6800 [
U3y QM74L504PS 770 260 18 1 39 00 400 4200 [
U4l QM74LS04PS 770 260 18 1w 39 00 4000 5700 0
s JM74LS04PS 770 260 18 14 39 [N] 400 2700 0o »
Us2 QM74LS0UPS 770 260 18 1 39 00 5800 2700 0
Us3 M74LS2705 770 260 18 14 39 00 2200 2700 0
Uuy . QM74LS00PS 770 260 18 14 39 00 2200 5700 0 *
Ues IC QUAD 2-IN NAND CM74LS00P5 770 260 18 1 39 (] 400 7200 0 =
Yo IC QUAD 2-IN NAND QM74LsS00PS 770 260 18 39 00 3400 7200 0 =
ue7 2=-IN NAND ¢M74LS00PS 770 260 18 W 39 00 400 5700 0 *
Jus FLIF-FLC> wITH CL QM74LS175P5 870 260 18 16 39 00 1600 2700 0 ¢
Uuy 1 GUAD FLIP-F¥LOP WITH CL ZM74LS175PS 870 260 118 16 39 00 3400 1200 [

PAGE: 2

Figure 25. Automatic Insertion Report

The component usage report and spare circuit report provide
a listing of all components used in the PCB design, and a
summary of spare gates, respectively. (Figure 26 provides
an example of each type of report.) These reports are use-
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ful for

verifying the layout,

and may suggest

reduction or substitution of components.

chances for

aEpPoRT

CATE:

24AUGHE2

DEVICE
CESIGNATICY

Use
us
Yo

u?

ud

REPOUT CATE:
2UAUGE2

-2.600
-3.0C0
-0.40C
-3.800
=1.000
-5.20¢C
-1.6¢0
-2.400
-3.400
-4.80C
-5.400
-v.000
-S.40¢
“6.000

-1.600

-1.060

LOGIC SYABOL
CESIGHATICH

SPABY
SPARZ
SPAS3
SPAbY
SEASS
SPASGC
SFAR?

Figure 26.

PACK gsae6

Rzpon?

Y CCBEFONENT LCGIC syasol LOGIC stymacL
(4497 CESIGBATION ¥ANE
1. 200 < 1UF (] Cap
6. 150 .07 cS cap
6.150 - 10F cé cap
1. 200 . 107 c? CAF
2.8%0 - 108 ca cae
4.500 - 10F <9 cap
0.4¢0 6uc-pIn (2] cous
LACE D) 1. CKY LA REs
1.900 8LS245 £1 P265
3.550 7418245 s2 P2us
1.9G0 217692 s10 T2114C
1.900 211892 11 T2114¢C
3.5%0 211av2 12 T2114C
3.5%50 211492 s13 T2116C
1.9C0 7832 seaRt oR2
18 cn2
SPAB2 on2
SPARD ca2
$.2€0 70804 s16 Iy
s18 I
15 Iy
$9 Iy
$19 Iav
s1? b L)
sPane crscozrce azposT
LOGIC stmeCL DEVICE ccarcoese seant
NARE CESIGEATICN cooe PINS
cs2 9 7832 1 2
(4 ¥} a7 7832 8 910
cR2 u? 7032 112 19
3ADD2 1AL} 74837 11 12 1
BAND2 g 087 a4 910
1114 917 7007 10 11
11124 [ RN 7807 12 13

Pack Usage/Spare

Circuit Report

CIBCOIT
ugseee

-

TR N

TR E R -

PAGE 1
BOABD NAAE:
SANPLOUT

PAGE 1
B80ASD mAmE:
SARFLCO?T
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From/to lists, such as those shown in Figure 27, are auto-
matically ordered both by signal and by component.

PAGE 1
FTRORT UATF: ROARD NANZ:
274Ave2 BABRDY

ZevIcTE STGNAL THYSIZAL LOGICAL LCGIC SYmBOL LOGIC SYvYBROL COMPONENT
CISIGNATIVN I PIN NANE DESIGNATICN COPE
< #1356 1 5 CAP c1 1.007D
GNC 2 L] CAP c1 1.0UFD
1 14 1A CCNN P1 CONUBPIN
1° 18 CONN p1 CON4BPIV
23 A ZONN [3] CONUBPIN
23 2B ceNN P1 CONUBPIR
3A 3A CONN P1 CON4BPIN
3z je CONN P1 COWUBPIN
PLIRTA [EY 4A CONN P CONUBPIN
pE.FO R 45 [3:] CCNN P CONYSPIN
AZTa 53 SA CONN P1 CONUAPIN
I1CHO- 55 58 CCNY P1 CORUBPIN
VALIS bA 6A CONN e1 CONUBPIN
MLz~ 63 6B ceNw p1 CONUBPIN
7a 74 CONN p1 CONUBPIN
INTZATA 78 78 ceonN P1 CON4BPIN
B8a 8A CONN P1 CON4BPIN
1sc1e- 88 8B CONY P1 CONUBPIN
ImL1- 93 9A CONN p1 CONUBPIN
ITUSER LL) 98 CONN P1 COWYBPIN
acch 107 10A CCNN P CONUBPIN
63 103 108 CONN Pt CON4BPIN
0. 114 14 CONN Pt CONYBPIN
w2z 113 112 CORN P CONUBPIN
123 127 CONN P1 CONUBPIN
ADIZ 128 128 CONN p1 CONUSPIN
13a 137 CONN P CONUBPIN
AZD0 138 138 CoNN P CONUBPIN
ALUGSTS ALTY 147 CONN P1 CONUBPIN
IALCG- 148 4B CCAN P1 CONUBPIN
151 154 CONN P1 CONUBPIN
U2 158 158 CONN P1 CORUBPIN
GNL 16A 16A CONN P1 CONYBPIN
+5 168 168 CONN e CONUBPIN
177 176 CONN P1 CON4BPIN
IBCO- 178 17e CONN P1 CONYBPIN
18A 18A CCNN P1 CON4BPIN
IBC1- 188 188 CONN P CONU4BPIN
182~ 194 194 CONN P1 CONUBPIN
465 198 198 CONN P CORUBPIN
IEC3- 207 20A CONN 12 CONUBPIN
sp 208 208 CONN P1 CONUBPIN
ALCGATN 21A 21 CONN 1 2] CONUBPIN

Figure 27. From/To Lists
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3.1.5 COMPONENT DATA BASE

Purpose

The Component Data Base (CDB) contains all the component and
symbol data required by the CPS user, and includes facili-
ties that enable the user to control and update the data.

A starter library of approximately 1500 commonly-used compo-
nents is provided with the system. New components are easi-
ly added. As shown in Figure 28, the symbol 1library
contains both gate-level and component-level symbols. It
also includes documentation-level symbols, such as sheet
borders for schematics. The gate and circuit symbols are
cross-mapped to the appropriate component descriptions in
the data base, which include electrical and physical
descriptions.
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Figure 28. Component Data Base
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Functions

The CDB has

tion. The CDB
project data base.
may be further divided into
ual user data bases.

a flexible design
structure it according to the

that enables
requirements of the organiza-
is divided into a corporate data bas
Depending on the user's

the u

needs,

ser to

e and a
the CDB

project data bases and individ-

ization's data base configuration. :
is generally controlled by a corporate Data Base Administra-

tor, and contains a
common to all

"bases, of which
components that are
corporate data

also require their own

pool of
the organization's
there may be any
additional to, or alternatives
Individual CPS wusers may
for instance du

base components.
data base,

experimental design development.

standard approved
projects.
number, typically contain

Projec

Figure 29 illustrates a typical organ-
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The CDB control facility provides the Data Base Administra-
tor with interactive functions that enable:

L the development or modification of symbol and component
data

° the control of data base access
° version control for symbols and components
L the production of reports for administrators or users.

In addition to the interactive functions, the administrator
can develop sets of functions. These sets can be stored for
frequent automatic execution, eliminating the repetitive
tasks of data base administration.

The administrator can add new components to the data base,
modify existing components, or 'retire' out-dated ones. The
CDB provides functions that enable the administrator to view
symbols on the graphics screen. As shown in Figure 30, spe-
cial display techniques are used to identify each element of
the component and the symbol. A special feature of the LOKI
system enables the user to develop a new symbol using inter-
active graphics. Figure 31 illustrates a screen display
during the process of creating symbol graphics.

Data base access can be carefully controlled, according to
the requirements of the organization. The CDB maintains a
concept of wuser privileges, so that the administrator can
determine each wuser's level of access. For example, some
users can only obtain information from the CDB, ‘others are
able to add data, etc.

Other aspects of data base usage are controlled by built-in
validation facilities, For example, a LOKI user is pre-
vented from using a schematic symbol that is invalid for the
component to be used in the SPRIG PCB layout.

Version control may be applied to each component in the data
base. This facility enables the user to store information
related to outdated or experimental versions of a component
within the same data base as the information for current
versions.
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- The administrator can produce various types of reports, any
of which may be created for the corporate data base or a
project or user data base. These reports include:

] a listing of all the components in that data base (in-
clu?ing each version, if the component has more than
one ,

® a report on the electrical/logical descriptions of each
component

L a report summarizing the physical descriptions of the
components in the data base.

Figure 32 illustrates a sample of a CDB component report.
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PILE: CSCANV PROJ A BNR CEBDS PROJ¥CT..¥M SIPO/E PAGE 001

COMPONENTS IN STARTER PROJ DATABASE

CCDE NOTETEXT
CPCCODF SUPPLIER SUPLCODE
VERSICY VSTATUS VAPPROVE LPNTR MENTR GPNTR VERTEXT

«00511UFs -=> CAP PS 5110PF 40OV 2%

VERSICN 4 EQVCO00080 PHYS00160 Alunr INITIAL VERSION

VERSION 1 3 EQVC00080 PHYS00665 A138 ALT VERSION CAP, SPAN 1300
+010F -=> CAP CER .01UF S0V 10%

VERSION [ ECVCO00080 PHYS00008 A0651 INITIAL VERSICN

VERSICN 1 c FQVCCO00RO PHYS00139 AO60A ALT VERSION CAP, SPAN 600
<01UFA -=> CAP PS .0UF 100V 1%

VERSION 4 EQVCC0080 PHYS00159 A10B INITIAL VPRSICN
«010FJ3 -=> CAP PE .O1UP 100V 1C%

VERSICN 1 C EQVC00080 PHYS00736 AQ9A STD B214 SYMWBOL CAP, SPAN 900, NTD NARBROW

VERSION 2 c EEVC00080 PHYS00737 A09D ALT VFRSION CAP, SPAN 900, MTC WIDE
-010FP ~=> CAP PP .O01UF 100V 1%

VERSICN c EQVC00080 PHYS00502 A10A STD B214 SYMBCL CAP,PREP SPAN 1.000
010K =-=> CAP CER .01UF 100V 20% (.OQ10FK)

VEPSION c EZVC00080 PHYS00008 A065A INITIAL VERSION

VEKSICN 1 C EQVCC0080 PHYS00139 AO60A ALT VERSION CAP, SPAN 600
- 012MFDK -=> CAP CTP .0120p SNV 10%

VERSION c FQVCO00080 PEYS00139 A060a STD B214 SYMBOL CAP, SPAN 600
«01SUFK -=> CAP CER .C150F 50V 10%

VEPSICN C EDVCO00080 PHYS00139 AO60A STD B214 SYNMBCL CAP, SPAN 600
<016SUFA ==> CAP PS .01659PF 100V 1%

Figure 32. CDB Component Report
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3.2 DESIGN VERIFICATION SYSTEM

3.2.1 PURPOSE

The Design Verification System (DVS) is wused to evaluate
logic design and to generate test data for PCBs. DVS ena-
bles users to evaluate designs rapidly and efficiently, and
reduces or eliminates the need for prototype boards.

DVS can simulate digital circuits with up to 32 000 gates.
The DVS libraries include a wide variety of gate primitives
with which the user can generate 1logic circuits, ranging
from simple inverters, NANDs, and NORs, to flip-flops and
RAM/ROM memory elements. DVS performs its analysis 1in six
logic states: zero, one, unknown, high impedance, rising,
and falling. The designer is able to specify minimum and
maximum delay values for 'rise’ and 'fall' logic
transitions.

3.2.2 FUNCTIONS

The designer can use DVS in four aspects of the design proc-
ess: \

° conceptual logic verification
° completed design verification
L fault simulation

° logic documentation.

At the initial design phase, the designer is able to check
new or critical <circuits by simulation, before they are
incorporated into the total PCB design. At this early
stage, a circuit can be redesigned and components replaced
without delay or capital investment. In addition, DVS pro-
vides 'worst-case' timing simulation that enables the user
to assess the circuit's ability to handle the specified pro-
cessing rate. (This information cannot be directly assessed
by testing a hardware prototype.)

At the second phase of design wverification, circuits are
assembled and components identified to form the complete
design., DVS is used to simulate the inputs received by the
circuit, and to monitor the resulting output responses to
verify that the circuit meets design specifications. For
design verification, accurate timing 1is essential. With
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DVS, exact delays can be specified, and hazards and races
are detected automatically.

At the production 1level, DVS produces test patterns to
detect faulty components and wiring. The user may create
test data interactively, or generate test patterns automat-
ically with DVS facilities.

DVS also has a fault simulation mode that emulates potential
faults and verifies that test data can detect them. Over
1000 faults can be simulated at cne time due to a special
parallel simulation technique designed for DVS. DVS detects
and reports hazard (race) conditions, and provides reports
of detected and undetected faults. (Figures 33 and 34 pro-
vide samples of these reports.)

AL LT 23 220 HAZARD FILE EREEERERERER

TIME GATE TYPE NANE

84726 NAND #376 U57-12

94526 NAND #1175 U54-15
347256 NAND #1769 UODS-9S
356930 HNAND #1191 055-10
357036 NAND $2052 UDS-5
357036 NAXND #1200 u56-10
357055 ©KAND #2049 UDS-6
637176 NANLC #1769 UDS-9
706850 NAND #1191 055-10
706956 NAND #2052 UDY9-5
706956 NAKD #1200 056-10
706375 NAND $2049 UDS-6

Figure 33. Hazard Report
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TIME -V=CT- AIGATE =-- FAULT

UNDETECTED FAULTS:

D1e
D15
D14
D13
D12
D11
D10
D9
D8
D7
D6
D5
D4
D3
D2
D1

1030
1030
1030
1030
1039
1030
1030
1030
1030
1030
1030
1030

CLOCK
CLCCK

D17
SO
S0

TCTAL NUMEER OF FAULTS SIMULATED

¢16
cle
£15
c14
013
¢12
c11

Qo

CUTPUT
OUTPUT
OUTPUT
OUTPUT
CUTPUT
CUTPUT
CUTPUT
CUTPUT
OUTPUT
OUTPUT
CUTPUT
CUTPUT
CUTPUT
CUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
CUTPUT
QUTPUT

SA1
SA1
SA1
SA1
SA1
san1
SA1
SA1
SA1
SA1
SA1
SA1
SA1
SA1
sa1
SA1
SA1
Sad
SA1
SAQ
sal

51
¢t
¢15
014
013
c12
011
G110
9
08
07
0t

NUOMBEZK CF TFAULTS DITECTED
NUMBZK

Figure 34.

Fault Report

DxCPPED FRCM SIMULATION
NUMBER CF FAULTS UNLCETIZCTED

QUTPUT
CUTPUT
OuUTrUT
curpyg™
QUTPUT
oyTPUT
CUTPUT
QUTPUT
QUTPUT
ouTPiT
cuUTPUOT
CuTPuT

sSat
SA1
SA1
sa1
SA1
Sa1
Sa1
SA1
sal
Satl
SA1
51

DETZCTZED
CETECTED
DET=ZCTED
DETZCTED
DETECTZD
CETECTED
DETECTED
DETECTED
CETEZCTED

ETZCTED
TETZCTZED
CETZECTRD

oo n

172
143 ( 83%)

0 { 0%)
29 ( 16%)
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DVS adds valuable information to the design documentation
through signal state tables and waveforms. Figures 35 and
36 illustrate typical examples of these outputs. The wave-
forms can be displayed on the graphics screen or output to a
plotter.

G8. .

G7...

G6. I 1

GS. .. XXX

G4.. 000K

G3... XK

G2.. I

Gi.. f 1

| 0 50 100 150

Noainal-delay Analysis

G8. . . e e o e e

G7... X000

G6. [ —_

G5. .. XN

G4. . —XI00NIIRINNK

G3... Y0000

G2.. —t

Gi.. r ey
|0 50 100 150

) Horst-case Analysis
Figure 35, Signal Waveforms
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The signal state tables can be viewed at the terminal or
printed for subsequent study.

TINE SWI SWI SWI
CLoC s 50 QCUT
K
* J 0 v 0 XXXX XXXX XXXX £XXX
200 ---1 0 0 XXXX XXXX XXXX XXXX
258 --=-1 90 0 0XXX XXXX XXXX XxX0
200 --=-1 0 0 0000 0000 0000 9000
4090 0 ---1 0 0000 0000 0000 0000
600 --=-1 ---1 9 0000 0000 0000 0000
€70 ---1 ---1 9 1000 0000 0000 0001
673 --=1 =---1 0 1111 1111 1111 111
8Y0 0 ===1 ---1 1111 1111 1111 11
350 ===1 =-=-=-1 ---1 11717 1111 1111 1111
330 9 =-=1 ---1 11117 1111 1111 1111
950 -==1 =-==1 -=--1 171717 1111 1111 1111
1000 U ===1 =---1 1111 1117 1111 111
19CH 0 -===1 =---1 117171 1111 1111 1110
19590 ===-1 =--=-1 ---1 11117 1111 1111 1110
1100 0 -=-=1 -=--1 1117 11117 1111 1110
1110 0 ===1 =---7 1117 1111 1111 1100
1150 --=1 =---1 ---1 1117 1111 1111 1109
1200 0 ===-1 ---1 1117 1111 1111 1109
1210 0 -===1 ~---1 1111 1111 1111 1000
1250 -===1 =-=-=-1 =---7 1111 1111 1111 1000
1300 0 -==1 ---17 17111 1111 1111 1000
1310 0 -==-1 ---1 11117 1111 1111 0909
135¢C ===1 ==--1 =---1 1111 1111 1111 0009
140y J =-=-1 ---1 1117 1111 1111 0000
141¢ 0 --=-1 =---1 1111 1111 1116 0000
1450 ===1 =-=--1 ---1 1111 1111 111§ 0000
150¢C G --=-1 ---1 1111 1111 1110 90060
1519 J --=-1 ---1 1111 1111 1100 00090
1559 ===1 =--1 ---1 11117 1111 1100 09000
1609 0 ---1 ---1 1111 1111 1100 0009
1610 0 --=-1 =---1 1111 1111 1000 0000
10590 -==1 =---1 ---1 1111t 1111 100G 9000
1700 0 --=-1 ---1 1111 1111 1006 0000
1710 0 ---1 ---1 1111 1111 03630 00909
1750 ---1 =---1 ---1 1111 1111 003C 0000
1360 J ---1 ---1 1111 1111 9Q00C 0000

Figure 36. Signal State Table
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In the process of circuit simulation, the circuit designer
provides DVS with three types of information. The first is
the circuit description, which can be specified through
interactive functions, or by the LOKI design file. 1In the
latter case, DVS takes the circuit layout and the component
information from the LOKI design file, as shown 1in Figure
37.

If a LOKI design file is not available, DVS provides another
method of avoiding the time-consuming process of describing
the circuit at gate level. DVS contains 1libraries of cir-
cuit descriptions for commonly-used components, which can be
easily accessed by the designer.

The second type of information produced by the designer is a
set of stimulus vectors to 'drive' the circuit. The circuit
is tested by applying a defined sequence of input pulses.
DVS provides several methods of generating these test pat-
terns, both interactive and automatic.

The final type of information provided by the designer is
specifications to control the simulation and define the out-
puts required. DVS provides interactive functions that can
be used to define the signals to be displayed and the time
range involved. Other functions enable the designer to
pre-set gates, access the libraries of circuit descriptions,
specify and manipulate gate delay spreads, and interrupt the
simulation process. The designer can store the status of
the simulation process at any time and resume processing in
a subsequent terminal session,
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4, SYSTEM REQUIREMENTS

4.1 CONFIGURATION

4.1.1 BASIC REQUIREMENTS

The minimum machine requirements for CBDS are:
e IBM 4331 Model K11, 370/148 Model K, or IBM 3031

] Two IBM 3370 Model Al direct access storage devices or
equivalent

® One 9-Track Tape Drive 1600 bpi or greater (an 800 bpi
option may be required to drive some photoplotters)

] One 3277 Model 2 Display Station with program function
keys and the IBM 3277 Graphics Attachment RPQ 7H0284
(this includes the joystick attachment)

° one storage display monitor, such as the Tektronix* 618

° One 3274 Display Control Unit

L] One IBM 3262 Model 1 Line Printer or equivalent.

4.1.2 ADDITIONAL CAPACITY

CBDS is designed to be incrementally expandable. Additional
workstations, direct access storage devices, memory, or CPU
power may be added as desired.

Plotter

A plotter is recommended for hard-copy output, such as sche-
matics from the Schematic Layout system, and artwork check

lots from the Physical Layout or Manufacturing Data Gener-
ation systems. Signal waveforms produced with the Design

* Registered Trademark of Tektronix Corporation
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Verification System can also require hard-copy plotting.
Direct sup?ort is provided for CalComp* model 960 (with 906
controller).

Digitizer

An organization that wishes to convert manual PCB layouts
intc CBDS design files can use a digitizing table to capture
the existing physical data for the Physical Layout system.
The current implementation of CBDS supports CalComp 9000
series* digitizers.

Photoplotter

Photoplotter output from CBDS is provided in three formats:

L ANSI/IPC-D-350B as approved by the American National
Standards Institute and the Institute for Interconnect-
ing and Packaging Electronic Circuits

L Gerber** format, conforming to EIA standard RS-274-C.

Paper Tape

Paper Tape output generated by CBDS is compatible with the
REMEX+ paper tape punch., Drill tape output 1is according to
the format described by Advance Controls Corporation in the
Trudril++ Programming manual document number CSM0023. The
tape code is EIA standard RS-2440.

* Registered Trademark of California Computer Products, Inc.
** Gerber Inc.

+ REMEX Ltd.

++ Advanced Controls Corporation (a Subsidiary of Cooper
Industries)

52 CBDS General Information Manual



4.2 PROGRAMMING CONSIDERATIONS

The CBDS programs are written in FORTRAN H Extended and IBM
Assembler language. They were designed and tested in the
following VM/370 CMS environments:

e VM/370 Release 6 with BSEPP

e VM/SP Release 1.1.

The following components are required for the system's oper-
ation:

1. FORTRAN IV (5734-LM3)

optionally, the FORTRAN H Extended and Enhanced MOD II
Library (5796-PKR) may be added.

2., IBM 3277 Graphics Attachment Support Programming for
PRPQ P09013 (5799-AXX).

Subsequent versions or releases of the above IBM program
offerings may affect the functioning of the CBDS programs.

4.3 CAPACITY

Table 2 provides a rough estimate of the number of users
handled by various computers and memory capacities. (In all
cases, the number of users may vary depending on the nature
of the work being performed.)

Table 2: User Capacity

- ————— ———— —— t———— - —— - - - - —— - — - i - . " - - -

IBM 4331 Group 11 (2M bytes) 2

IBM 4331 Group 2 (4M bytes) 4

IBM 4341 Group 1 or 10 {4M bytes) 4-
6

6
IBM 4341 Group 11 (8M bytes) -8
IBM 4341 Group 2 (8M bytes) 8-10
IBM 4341 Group 2 (16M bytes) 16-20
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5. DATA MANAGEMENT

5.1 INTRODUCTION

The management of data within CBDS involves two basic types
of information: component data and design data.

Component data 1is centrally controlled and coordinated
through the Component Data Base (CDB) of the Circuit Pack
System (CPS).

Design data, which 1is the documentation of each PCB design
created with CBDS, is maintained in the form of a design
file.

5. DATA MANAGEMENT 55



Logic Layout

Schematic
Creation

Physical Layout

PCB Layout

Symbol Graphics
1

Data Control
& Version Control
Facilities

DVS

Logic
Simulation

\_‘_/

[ Component Data__

Figure 38.

Electrical | Physica!

S

User Priviiege Control
Validation Features
CDB Access Facilities

Manufacturing
Data Generation

Photoplots
Stocklists
NC Drill Tapes

Component Data Management

56

CBDS General Information Manual




5.2 COMPONENT DATA MANAGEMENT

5.2.1 COMPONENT DATA BASE

Component data, which includes symbol graphics as well as
physical and electrical component descriptions, is centrally
created and controlled with the CDB. From the CDB, symbol
and component data is available to all the other systems of
CPS, and the facilities of DVS that require component data.
Figure 38 1illustrates the access to CDB data required by
CBDS modules.

The CDB combines a flexible data base structure with rigid
data control facilities in an easy-to-maintain environment:

° the CDB can be divided into corporate, project, and user
data bases, depending on the requirements of the organ-
ization, in order to facilitate rapid access to informa-
tion

] the CDB provides version control facilities that enable
simultaneous availability of out-dated, current, and
experimental versions of a single component

° access to the CDB control facilities can be carefully
monitored through the assignment of user priority levels

] the starter libraries provided with CBDS (approximately
1500 commonly-used symbols and components) can be easily
added to, or modified, with the interactive CDB control
facilities

. built-in verification features ensure that user-defined
data validation rules are maintained

] the CDB provides facilities that enable the repetitive
tasks of data base management to be performed automat-
ically

L report production features can be used to provide compo-
nent information for system users.

Special CDB functions are provided for application program-
mers who are developing software to access the CDB. These
functions are particularly wuseful during the creation of
user-defined systems tailored to interface with CBDS, or
during modification of a CBDS system for a special |user
application.

5. DATA MANAGEMENT 57



Design File

/

Logic Layout

Schematic

Creation

Pure Design
eComponents

DVS

Logic

Simulation

Schematic Graphics
(Schematic ‘Picture’)

N

CDB Data

Y

Component Data

1

Manufacturing
- Data Generation

A

—ﬁwysica Layout

)

PCB Layout

Symbol Data

Board Parameters
o Dimensions
e Layers

Photoplots
NC Drill Tape
Assembly Data

e Routing Grid

Figure 39,

A

PCB Graphics

(PCB Layout ‘Picture’)

CBDS Design File

58

CBDS General Information Manual




5.3 DESIGN DATA MANAGEMENT

5.3.1 INTRODUCTION

The basis of design data management in CDBS is the documen-
tation of each PCB in a design file. The design file is the
primary method of communication among the CBDS sub-systems,
and provides the basis for the internal data base of each
CPS module.

5.3.2 DESIGN FILE

The design file concept provides a fundamental method of
passing PCB design information among the CBDS modular func-
tions. Due to its computer-independent structure and con-
tent, the design file provides a software-independent format
for the transfer of design data both within and outside
CBDS.

Within CBDS, each function automatically extracts the data
it requires from the design file and formats it into an
internal data base that best suits its purpose in terms of
optimization and efficiency.

Similarly, the Schematic Layout and Physical Layout systems
convert the information they create into the design file
format for subseguent transfer to other modules. Figure 39
illustrates the basic content of the design file and the
portions of the file used and created by each CBDS module.

New user-designed modules, or interfaces with related sys-

tems, can be designed with similar techniques to take advan-
tage of the design file's independent format.

5.3.3 MODULAR DATA BASES

Each CPS module (Schematic Layout, Physical Layout, and Man-
ufacturing Data Generation) creates an internal base for its
aspect of the PCB design. These internal data bases, which
are generally referred to as work files, are based on infor-
mation taken from the design file, and are added to by each
system. (For example, the Physical Layout work file is
based on the design file from the Schematic Layout module,
and automatically accummlates the data created during PCB
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layout). When the function of the system is completed, the
information in the work £file is converted back to design
file format and passed to the next CPS system.

A special system of work file back-up is provided to protect
against loss of data. This capability, which 1is common to
all the CPS modules, ensures that the user can control the
storage of work files and is able to retrieve a back-up copy
of the data base if necessary.

5.3.4 DATA FILES

In addition to the design file and work files, each CBDS
module produces (or wuses) several data files, which have a
variety of functions. Some data files may be input to a
module as a rapid method of data entry. Other files are
produced by the module as control or audit methods. Some
are report files, and others (such as the Manufacturing Data
Generation output files) provide an interface with pro-
duction systems.
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