F ourth

Annual
Telesis
User
Group
Meeting

Technical Proceedings

Making Technology Work for You
October 1986




FOURTH ANNUAL
INTERNATIONAL
TELESIS USER GROUP MEETING

PROCEEDINGS
CONTENTS PAGE
GENERAL INFORMATION::cecoocooocesoscosossocscosssosccsassoncse I
USER CAUCUSES.ceccececccsssccossscocscesscosscssscscsssossssosssnss LI
SYSTEM MANAGEMENT

® Monitoring CAD System Performance
Mike Hayden, Broadcast ElectrOniCS..ccceccesccecscccsccscaes 1

¢ Justifying Capital Equipment Expenditures
Linda Stegall' Scan optics.'..........!Q'Q......OO........Q ll

¢ Effective Communication for System Implementation
Arn Buck, Transcom ElecCtrIOniCS..cceecececescscsscscssscsncee 29

¢ Space Requirements for Hard Disk, Floppy Disk, and
Magnetic Tape Media
Bob Rough' Owens_IllinoiS..0........‘.l.'.".............o. 39

COMPUTER-AIDED ENGINEERING

¢ Telesis Third Party CAE Interface
Frank Boyle, Telesis Systems CorporatioON.c.c.ccccescscecceceecss 65

¢ Introduction to Simulation
Kyle Krauss, Telesis Systems CorporatioN..ccceecceccecceess 113

¢ Thermal Analysis
Kyle Krauss, Telesis Systems Corporation
John Vagrin' AT&T........QI.....'.....I....Q......I...". 123

¢ Glossary of Simulation Terms ;
Telesis Systems CorporatioONe.cececsesossccsccssesscosscsccsses 133



DESIGN APPLICATIONS

¢ Analog Design
Kevin Sedlak, Telesis Systems Corporation .cceceececsecscecscsse N/A

¢ ECL Rules Management
Buck Titherington, Scientific Computer SystemS..ceccecsesee 139

¢ Using Automatic Terminator Assignment
Paul Gillis, Telesis Systems CorporatiON..cccescccecsocssss 151

¢ Flex Circuits
Joanne Vigil' MiniSCribe.l....'.......'.......ll......'.... 161

¢ Generating Artwork for Special Applications
Penelope Le Vario, Micro-Rel..cc.ecoceecsccsssccccssccccsces 165

& Hybrids
Kim Patterson, National SemiconduUcCtOr.cccccesceccescccsssocs 175

& SMT Considerations for the Telesis System
Don DiMatteo, Telesis Systems CorporatiON.ccceccecccccescess 179

& Care Package for SMT
Arn Buck, Transcom EleCctroniCS.secsccccscccccosscsccccsoscesecs 187

® Advanced Design Capture on the EDA-1000
Carmen Serna, Larse CorporatioON..cccececccsscsccsccsccscccssas 199

¢ Comparing the EDA-1200 with Dash IV
Tom Miller, Telesis Systems CorporatioN..ccceccccccsceascses 229

¢ Basic Steps for PC Board Design
Debbie Carrier, Telesis Systems CorporatiON..eccececccceses 235

¢ Glossary of PC Board Design
Charles Powderly, Telesis Systems CorporatioN.ceceecececceecss 243

SPECIAL APPLICATIONS & TECHNOLOGIES

® Automatic Placement
Garrett Cavanaugh, Telesis Systems CorporatioN...c.ccceceeees 255

® Telesis Placement Improvement Using Function Swap -
Pin Swap
Debbie Carrier, Telesis Systems CorporatiON..ccccceccecsecess 265

® New Router Features in 3.0
Roger Cleghorn, Telesis Systems CorporatioON.ccecececccceses 273

ii



¢ Insight - An Expert System
Bob Fisher, Telesis Systems CorporatiON.cccccecccecscccsseces 291

¢ Multiple Router Executions
Roger Cleghorn, Telesis Systems CorporatiON..cceececececccccsse 301

¢ Corouter Testing Results
BObbi Smith' Gould/SELl.00.'....'..0......0................ 3”9

¢ Advanced Text Editing
Garrett Cavanaugh, Telesis Systems CorporatioN.e.cceceeceeeeses 315

¢ Creating the Net-Data-Base
Don Deily, Frank Boyle, Telesis Systems Corporation........ 327

¢ Device Files
Don Deily, Telesis Systems CorporatioON.c.cccecccccceccecececses 345

¢ EDA-1000 Symbols and Device Files
Garrett Cavanaugh, Telesis Systems CorporatiON.ccecccecececeeses 369

¢ A History of Split Planes on the Telesis System
Jay Kenney, Telesis Systems CorporatiON..ccccecceccececsceeecs 383

FILE MANAGEMENT AND NETWORKING

¢ A Beginners Guide to Networking
Christina Runtagh, Telesis Systems CorporatioN...ceceececeece. 401

¢ File Management Using Wild Cards and All
Files Option ‘
Debbie Carrier, Telesis Systems CorporatioN..ccceccecceceeeces 415

& Archival Procedure
Arn Buck, Transcom ElecCtrOniCS.cecescccccccccscssssccosssccss 419

¢ Increasing Productivity Through Better File

Management

Bonnie Persinger, Annapolis MicCro SystemS..c.ccccceccccccees 445
POSTPROCESSING

¢ Cad-to-Cam for Telesis Users
Joe Prang, Telesis Systems CorporatioN..c.ceceeccsccecescesss 453

¢ Board Level Physical Design for Testability
Joe Prang, Telesis Systems CorporatiON..ecceecccccccscscesss 491

iii



® CV-OUT Telesis to CADDS/4X Compatibility
Don Deily, Telesis Systems CorporatiON...cececceccccccsccscss 507

¢ CAD Postprocessing Procedure
Ron Zellers, Doug Kuhn, FinCOr.ccecceeeccccccccoscscesscssss 533

iv



HOURS:

MESSAGES::

BADGES:

TRANSPORTATION:

CREDITS AND
DISCLAIMERS:

GENERAL INFORMATION
REGISTRATION & INFORMATION CENTER

Tuesday, October 14 - Noon to 6 pm
Wednesday, October 15 - 7:00 am to 7:00 pm
Thursday, October 16 - 7:00 am to 7:00 pm
Friday, October 17 - 7:00 am to 2:00 pm

A message board will be located near the Regis-
tration area. All calls, messages, and last
minute schedule changes will be posted. Please
check the board on a regular basis.

Attendees should wear their badges to all
scheduled events.

There is a limo service available to and from
the airport. There 1is also a bus that makes a
loop through Disney World from the hotel -- you
will need your hotel pass for this free service.

Permission to reproduce these papers and
proceedings in part, or in full, with credit
given to the author and references may be
obtained by contacting Telesis Systems Corpora-
tion at 617/256-23008, Attention: Mr. Charlie
Powderly.



USER CAUCUSES

SESSION CHAIRPERSONS
EASTERN CHAPTER

- Arn Buck, Transcom Electronics

- Paul Gingras, Telesis Systems Corporation
MIDWEST CHAPTER

- Mike Gilman, Research, Inc.

- Charles Powderly, Telesis Systems Corporation
WESTERN CHAPTER

- Real}Beaudette, Larse Corporation

- Garrett Cavanaugh, Telesis Systems Corporation
INTERNATIONAL USERS

- Daihachiro Kusunoki, Keihin Artwork & Company, Ltd.

- Paul Gingras, Telesis Systems Corporation

II



HONITORIﬁG CAD SYSTEM PERFORMANCE
Michael A. Hayden
Manager Engineering Services
Broadcast Electronics, Inc.

Quincy, Illinois

Cad system managers must assume many responsi-
bilities to insure that their computer-aided
design systems perform efficiently and produc-
tively. One of these responsibilities is moni-
toring system performance. The following paper
provides the system manager with a method for
accumulating , storing and retrieving data in a
format that is use- ful for system performance
evaluation.

INTRODUCTION

Communication between the system manager and the worksta-
tion operators is key in monitoring system performance.
When a workstation crashes, the system manager needs to be
informed of the sequence of events occurring prior to the
crash. If too much time elapses between when the crash
occurs, and when the system manager is informed, important
details may be lost and go unreported.

The system manager must also have a means of tracking sys-
tem performance problems. While some problems happen fre-
quently enough to indicate that a trend 1is developing,
other performance trends are not so obvious. This is
where it becomes especially important for the system
manager to have a tracking method in place.

The customer copies of the Telesis System Performance
Reports are useful for tracking system performance, how-
ever, they are distributed monthly which hinders the abil-
ity to determine a possible trend developing.

In addition, unless the system manager has a way to pull
system performance data together, the ability to evaluate
overall system performance is hampered as well.



TWO-STEP APPROACH ,

In the two-step approach, the operator first records per-
formance data as problems occur. Next, the system manager
collects the data and formats it so that it's easily
analyzed. This method allows the system manager to deter-
mine possible trends, and provide feedback to the system
operators.

The first step is to provide the operator with a form to
record all system performance information. Figure 1 illus-
trates a sample in-house performance report that may be
customized to suit the particular needs of the user.

The upper left hand corner of the form contains informa-
tion about each work- station. The information is item-
ized by workstation and includes the serial number,
hardware revision, software revision, and software ver-
sion. (This information is useful to have handy when con-
tacting Telesis Customer Support). When filling out the

report, the operator circles the applicable workstation
number.

The report should be filled out as completely as possible
and include the following items:

l. System operator
2. Date and time

3. Active software - (Mechanical Design, Printed Cir-
cuit, or Computer-Aided Engineering)

4, Project name and revision
5. Drawing or file name and revision

6. Nature of the problem - (Software, Hardware, or
Documentation). Note that the nature of the problem
may not be known at the time a problem occurs. Once
a solution has been found, it's important to
remember to record the nature of the problem

7. Operation being performed - (Draw Schematic, Draw
Symbol, Design Board, or Other)

8. Last comm

9. Error message - List any error messages displayed on
the system or monitor



10. Description of the problem

Once a solution or workaround has been found, the operator
should describe this 1in the appropriate location on the
form. Additionally, the operator should also indicate
whether or not Telesis Customer Support was contacted and
if so, record the event number from the system performance
report.

Finally, there is an area near the bottom of the report
for any notes that might be applicable. Once the report
has been completed it is turned into the system manager.
In the second step, the system manager takes the indivi-
dual reports and assembles them into a common database
using a personal computer and a database management
software package. There are several quality database
management packages on the market, however, the one used
to create the report summaries shown in this paper is
REFLEX from Borland/Anayltica, Inc.
Figure 2 shows a summary of in-house reports over a six-
month period. The type and amount of information entered
into the database may vary depending on the needs of the
individual wuser. In this case the following information
was extracted from the in-house reports.

1. Date and time

2. Workstation serial number

3. System operator

4. Active software

5. Nature of the problem

6. Project name

7. Drawing or file name

8. Last command used

9. Error message or description of the problem

16. Whether or not Telesis Customer Support was con-
tacted

11. Event number from the Telesis System Performance
Report



The REFLEX database management software used to generate
this report can accomodate up to 128 field names and each
field name can have a maximum of 70 characters. The form
is designed to fit the user's needs and may be stored away
as a "blank" form for future data input.

When the system manager receives the completed report from
the operator, the appropriate details are input into the
database management software using the "blank" form. Each
completed form is then stored away in the software as a
record. The records may be displayed individually using
"form" wview, or in their entirety using the software's
"list", "graph", "crosstab", or "report" views.

Figures 2, 3A, 3B, 4A and 4B are all displayed using the
"list" view. The data in the summary in Figure 2 was
sorted by date and time. This is simply a chronological
listing of reports received over a six-month period.

Figure 3A shows the same data sorted by workstation
number. Here the number of reports per workstation during
the six-month period are evenly split. It can also be
noted that workstation number two had four problems in one
month, all on the same project.

In Figure 3B, the data was sorted by the nature of the
problem. In this instance, the greatest number of problems
were software in nature. Further sorting by error message
and problem description was done in Figure 4A. This infor-
mation indicates that there was a three-time occurrence of
the same error message during the six-month period. In
addition, the error message occurred on both systems.

A sort by project name and drawing or file name was per-
formed in Figure 4B. As shown in Figure 3A, one project
had four problems in one month.

CONCLUSION

While filling out the in-house performance report and log-
ging the information into a common database doesn't
require a great deal of time, the benefits derived from
this process are endless. One such example would be the
occurence of the error message "SEND ERROCR -2 TO TASK"
three times in a six-month period. The reoccurence of the
same error message, on different workstations, in more
than one command sequence would indicate a trend. The sys-

tem manager should call attention to this by contacting



the Telesis Customer Support personnel.

The ideal situation would be to have a system that would
always perform perfectly. However, this isn't the case
with any computer-aided design systems in ther real world.
There will always be hardware and software problems, but
system managers owe it to themselves and to those working
for them to be knowledgeable of how well their systems are
performing. Using an in-house performance report and
database management software is one way of accomplishing
this goal.



E TELESIS SYSTEM IN-HOUSE PERFORMANCE REPORT

WORKSTATION NO. (CIRCLE) 1 2 SYSTEM OPERATOR DATE
SERIAL NO. 1447 1349
HARDWARE REV 2.1 2.1 ALK
SOFTWARE REV G I TIME P
VERSION: EDA 3000 2.1 2.1 ACTIVE SOFTWARE
EDA 3100 2.1 2.1 ]
EDA 4000 1.1 — MD pc L) cae [
PROJECT NAME / REV NATURE OF PROBLEM
/ SOF TWARE D HARDWARE D DOCUMENTATION D
DWG OR FILE NAME / REV oraw syML] omaw scHl ] Dpesten Bol ]
/ OTHER [
LAST COMMANDS USED ERROR MESSAGE

LAST:
NEXT:
NEXT:
NEXT:

DESCRIPTION OF PROBLEM

SOLUTION/WORK AROUND

TELESIS CUSTOMER SUPPORT CONTACTED? YES[:] NO[:]

TELESIS SYSTEM PERFORMANCE REPORT EVENT NO.
NOTES

SYS—-PRFM-RPRT REV A
CTrIDE 1



1/714/86
2/07/8b
2/11/86
2/19/86
2/28/86
3/03/86
3/12/86
3/24/86
4/04/86
4/23/86
4/24/86
6/09/86
4711786
7/07/86

TIME  WKSTA
11:00 1
2:43 2
11:10 1
10:50 2
8:34 2
4:30 2
2:30 i
8:30 i
4:02 2
3:05 1
11:20 1
11:05 2
11:15 2
11:20 1

TELESIS SYSTEM IN-HOUSE PERFORMANCE REPORT SUMMARY

BROADCAST ELECTRONICS, INC.

OPERATOR SFTWR NATofFROB PROJECT NAME DWGorFILE NAME LAST COMMAND USED

MICHELE
MICHELE
MICHELE
MICHELE
MIKE
MIKE
MICHELE
MICHELE
MIKE
MIKE
MICHELE

PC SFTHR
PC SFTWR
PC SFTRR
PC SFTWR
PC SFTWR
PC HDWR
PC SFTWR
PC poc
NA HOWR
PC SFTWR
PC SFTWR
PC SFTHR
PC SFTWR
PC poc

FIGURE 2.

917-0065
917-0063
917-0064
917-0063
917-0043
917-0063
917-0045
NA

NA

916-0006
916-0006
910-0038
910-0038
911-0015

SCH

PIN FILE
SCH

PCB

PCB

PCB

PCB

NA

NA

TEXT FILE
PCB

PCB

FCB

SCH

EXTRACT NETLIST
CANCEL ACTIVE FILE
EXTRACT NETLIST
RELOCATE DRAWING ORIGIN
DEASSIGN REF DES

NA

COMPRESS DRAWING

NA

NA

DELETE TEXT FILE

SAVE DRW SAME RV

CREATE GROUP

UPDATE TEXT

EXTRACT NETLIST

ERROR MESSAGEorDESCofPROB
DEVICE FILE PROBLEM

SEND ERROR -2 TO TASK
DUPLICATE REF DES ON 3 SHT SCH

PASCAL MULTIPLE ERRORS DETECTED

SYSTEM READS OLD CAPACITOR

RAN OUTofSPACEoNHARD DISK

DATA BASE ERRORS DETECTED
?0nDOC SENT w/FLOPPY PATCH
TAPE DRIVE TAKEUP REEL BROKEN
SEND ERROR -2 TO TASK

SEND ERROR -2 TO TASK

TASK "DISPLA" TERMINATED.

TASK "DISPLA™ TERMINATED.
PROGRAM ERROR IN EXTRACTION-LDG

IN-HOUSE PERFORMANCE REPORT SUMMARY SORTED BY DATE & TIME

TCS? EVENT#

Y

Y 1078
Y 1121
Y 1802
Y 1440
Y 1491
Y 1673
Y 1882
Y 3029
Y 3413
Y 3438
Y 4184
Y 42517
Y 5105
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1/14/86
2/11/86
3/12/86
3/24/86
4/23/85
4/24/86
7/07/86
2/07/86
2/19/86
2/28/86
3/03/86
4/04/86
6/09/86
6/11/856

NN D N R DI RN bt eh bt ot (b et e

NATofFROB  WKSTA

SFTWR
SFTHR
SFTUR
SFTWR
SFTHR
SFTHR
SFTWR
SFTWR
SFTHR
SFTWR

I S I S I T G N L L N

TELESIS SYSTEM IN-HOUSE PERFORMANCE REPORT SUMMARY

BROADCAST ELECTRONICS, INC.

SFTWR NATofPROB FROJECT NAME DWGorFILE NAME LAST COMMAND USED

ERROR MESSAGEorDESCofPROB

TIME  OPERATOR
11:00 MJ PC SFTHR
11:10 MJ PC SFTWR
2:30 MICHELE PC SFTHR
8:30 MIKE PC pac
3:05 MICHELE PC SFTWR
11:20 MICHELE PC SFTWR
11:20 MICHELE PC pac
2:45 MICHELE PC SFTWR
10:50 MICHELE FPC SFTWR
8:34 MICHELE PC SFTWR
4:30 MICHELE PC HOWR
4:02 MIKE NA HDWR
11:05 MIKE PC SFTHR
11:15 MIKE PC SFTWR
FIGURE 3A.

3/24/86 8:30
7/07/86 11:20
3/03/86 4:30
4/04/86 4:02
1/14/86 11:00
2/11/86 11:10
3/12/86 2:30
4/23/86 3:05
4/24/86 11:20
2/07/86 2:45
2/19/86  10:50
2/28/86 8:34
6/09/86 11205
&/11/86 11:15

FIGURE 3B.

OPERATOR SFTWR PROJECT NAME DWGorFILE NAME LAST COMMAND USED

917-0065
917-0064
917-0065
NA

916-0006
916-0006
911-0015
917-0063
917-0063
917-0063
917-0063
NA

910-0033
910-0038

TELESIS SYSTEM IN-HOUSE PERFORMANCE REPORT SUMMARY

SCH

SCH

FCB

NA

TEXT FILE
PCB

5CH

PIN FILE
PCB

PCB

PCB

NA

FCB

PCB

EXTRACT NETLIST
EXTRACT NETLIST
COMPRESS DRAWING

NA

DELETE TEXT FILE
SAVE DRW SAME RV
EXTRACT NETLIST
CANCEL ACTIVE FILE .
RELOCATE DRAWING ORIGIN
DEASSIGN REF DES

NA

NA

CREATE GROUP

UPDATE TEXT

BROADCAST ELECTRONICS, INC.

-————

MIKE
MICHELE
MICHELE
MIKE

MJ

MJ
MICHELE
MICHELE
MICHELE
MICHELE
MICHELE
MICHELE
HIKE
MIKE

SE33833838338333

NA

911-0015
917-0063
NA

917-0065
917-0064
917-0065
916-0006
916-0006
917-0063
917-0063
917-0063
910-0038
910-0038

NA

SCH

FCB

NA

SCH

SCH
PCB

TEXT FILE
PCB

PIN FILE
FCB

FCB

PCB

PCB

NA

EXTRACT NETLIST

NA

NA

EXTRACT NETLIST
EXTRACT NETLIST
COMPRESS DRAWING
DELETE TEXT FILE
SAVE DRW SAME RV
CANCEL ACTIVE FILE
RELOCATE DRAWING ORIGIN
DEASSIGN REF DES
CREATE GROUP
UPDATE TEXT

DEVICE FILE PROBLEM

DUPLICATE REF DES ON 3 SHT SCH
DATA BASE ERRORS DETECTED
2onDOC SENT w/FLOPPY PATCH
SEND ERROR -2 TO TASK

SEND ERROR -2 TO TASK

PROGRAM ERROR IN EXTRACTION-LOG
SEND ERROR -2 TD TASK

PASCAL MULTIPLE ERRORS DETECTED
SYSTEM READS OLD CAPACITOR

RAN QUTofSPACEonHARD DISK

TAPE DRIVE TAKEUP REEL BROKEN
TASK "DISPLA™ TERMINATED.

TASK "DISPLA™ TERMINATED.

IN-HOUSE PERFORMANCE REPORT SUMMARY SORTED BY WORKSTATION NUMBER

ERROR MESSAGEorDESCofPROB
?onDOC SENT w/FLOPPY PATCH
PROGRAM ERROR IN EXTRACTION-LOG
RAN DUTofSPACEonHARD DISK

TAPE DRIVE TAKEUP REEL BROKEN
DEVICE FILE PROBLEM
DUPLICATE REF DES ON 3 SHT SCH
DATA BASE ERRORS DETECTED

SEND ERROR -2 TO TASK

SEND ERROR -2 TO TASK

SEND ERROR -2 TO TASK

PASCAL MULTIPLE ERRORS DETECTED
SYSTEM READS OLD CAPACITOR

TASK "DISPLA" TERMINATED.

TASK "DISPLA™ TERMINATED.

IN-HOUSE PERFORMANCE REPORT SUMMARY SORTED BY NATURE OF PROBLEM
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n
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?onDOC SENT w/FLOPPY PATCH
DATA BASE ERRORS DETECTED
DEVICE FILE PROBLEM

DUPLICATE REF DES ON 3 SHT SCH
PASCAL MULTIFLE ERRORS DETECTED
PROGRAM ERROR IN EXTRACTION-LOG
RAN 0UTofSPACEonHARD DISK

SEND ERROR -2 TO TASK

SEND ERROR -2 TD TASK

SEND ERROR -2 TO TASK

SYSTEM READS OLD CAPACITOR

TAPE DRIVE TAKEUF REEL BROKEN
TASK "DISPLA" TERMINATED.

TASK "DISPLA™ TERMINATED.

.............

3/24/86
3/12/86
1/14/85
2/11/85
2/19/86
7/07/86
3/03/86
4/23/8b
4/24/86
2/07/86
2/28/86
4/04/86
6/09/86
6/11/86

NN NNN N e N s e s -

BROADCAST ELECTRONICS, INC.
TELESIS SYSTEM IN-HOUSE PERFORMANCE REPORT SUMMARY

TIME OPERATOR SFTWR NATofPROB PROJECT NAME DWGorFILE NAME LAST COMMAND USED

10:50 MICHELE
11:20 MICHELE
4:30  MICHELE
3:05  MICHELE
11:20 MICHELE
2:45  MICHELE
8:34  MICHELE
4:02 MIKE

11:05 MIKE

11:15 MIKE

poc
SFTWR
SFTRR
SFTHR
SFTWR
poc
HDWR
SFTWR
SFTHR
SFTHR
SFTWR
HDWR
SFTWR
SFTWR

- -

NA

917-0065
917-0065
917-0064
917-0063
911-0015
917-0063
916-0006
916-0006
917-0063
917-0063
NA

910-0038
910-0038

PCB
SCH
PCB

- -

TEXT FILE

PCB

PIN FILE

PCB
NA

PCB
PCB

D e

COMPRESS DRAWING
EXTRACT NETLIST
EXTRACT NETLIST
RELOCATE DRAWING ORIGIN
EXTRACT NETLIST

NA

DELETE TEXT FILE
SAVE DRW SAME RV
CANCEL ACTIVE FILE
DEASSIGN REF DES
NA

CREATE GROUP
UPDATE TEXT

FIGURE 4A. IN-HOUSE PERFORMANCE REPORT SUMMARY SORTED BY ERROR MESSAGE

BROADCAST ELECTRONICS, INC.
TELESIS SYSTEM IN-HOUSE PERFORMANCE REFORT SUMMARY

PROJECT NAME DWGorFILE NAME ERROR MESSAGEorDESCofPROB WKSTA  DATE

910-0038 PCB TASK "DISPLA" TERMINATED. 2 6/09/86
910-0038 PCB TASK "DISPLA" TERMINATED. 2 b6/11/85
911-0015 SCH FROGRAM ERROR IN EXTRACTION-LOG 1 7/07/86
916-0006 PCB SEND ERROR -2 TO TASK 1 4/24/86
916-0006 TEXT FILE SEND ERROR -2 TO TASK i 4/23/86
917-0063 PCB PASCAL MULTIPLE ERRORS DETECTED 2 2/19/86
917-0063 FCB RAN OUTofSPACEenHARD DISK 2 3/03/86
717-0063 PCB SYSTEM READS OLD CAPACITOR 2 2/28/86
917-0063 PIN FILE SEND ERROR -2 TO TASK 2 2/07/86
217-0064 SCH DUPLICATE REF DES ON 3 SHT SCH 1 2/11/86
917-0063 FCB DATA BASE ERRORS DETECTED 1 3/12/86
917-0065 SCH DEVICE FILE PROBLEM 1 1/14/86
NA NA ?onDOC SENT w/FLOPPY PATCH 1 3/24/86
NA NA TAPE DRIVE TAKEUP REEL BROKEN 2 4/04/86

FIGURE 4B.

TIME OPERATOR SFTWR NATofPROB LAST COMMAND USED

11:05 MIKE
11:15 MIKE
11:20 MICHELE
11:20 MICHELE
3:05 MICHELE
10:50 MICHELE
4:30 MICHELE
8:34 MICHELE
2:45 MICHELE
11:10 MJ
2:30 MICHELE
11:00 MJ
8:30 MIKE
4:02 MIKE

ES3383E33333338338

SFTWR
SFTWR
pac
SFTWR
SFTRR
SFTWR
HDWR
SFTWR
SFTHR
SFTWR
SFTWR
SFTWR
pac
HDWR

CREATE GROUP
UPDATE TEXT
EXTRACT NETLIST
SAVE DRW SAME RV
DELETE TEXT FILE
RELOCATE DRAWING ORIGIN
NA

DEASSIGN REF DES
CANCEL ACTIVE FILE
EXTRACT NETLIST
COMFRESS DRAWING
EXTRACT NETLIST
NA

NA

IN-HOUSE PERFORMANCE REPORT SUMMARY SORTED BY PROJECT
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THIS PAPER WAS WRITTEN TO PROVIDE A PROCEDURAL FRAMEWORK FOR THOSE
INTERESTED IN PROCURING AN EDA-620 CO-ROUTER.
IN TODAYS HIGH TECH WORLD, BUILDING A QUALITY PRODUCT PRESENTS MANY
CHALLENGES:
THE CONSTANT TIME PRESSURE FOR NEW DESIGNS,
THE SCRUTINY OF UPPER MANAGEMENT OF THE GROUP'S OVERALL
PRODUCTIVITY,
AND THE TEAM'S OWN DESIRE TO PRODUCE "PERFECT" DESIGNS THAT

WILL FLOW EASILY INTO FABRICATION AND MANUFACTURING.

OVERHEAD

1. DETERMINE WHETHER YOU THINK YOU NEED A CO-ROUTER.
2. CALL YOUR SALES REPRESENTATIVE WHO WILL CONVINCE YOU THAT YOU NEED
A CO-ROUTER.
3. COST COMPARISONS:
OUTSIDE DESIGN SERVICE COSTS
VS
IN-HOUSE DESIGN COSTS
VS
CAPITAL EQUIPMENT CO-ROUTER COSTS
4. LIST YOUR PAST P.C. BOARD ACCOMPLISHMENTS
P.C. BOARD DESIGNS (BOARD SIZE AND DENSITY)
VS
ACTUAL TIMES

5. PROJECTED WORK FLOW

6. CAPITAL EQUIPMENT PROPOSAL PACKAGE

-13-



DO YOU NEED A CO-ROUTER?
DETERMINE HOW MANY NEW PRINTED CIRCUIT BOARDS ARE DESIGNED IN A YEAR.
WHAT TYPE OF BOARDS NEED TO BE DESIGNED:

- ANALOG

- DIGITAL

- HIGH SPEED

- SIZE

- DENSITY

- SURFACE MOUNT, ETC.
CALCULATE MANHOURS THAT ARE SPENT EACH YEAR "REWORKING" THE ELECTRICAL
ENGINEERS FIX TO HIS "PERFECT" DESIGN OF LAST YEAR.
IF YOU ONLY DESIGN SINGLE-SIDED, 2" X 3" PCB'S WITH TWO DIP ICc's, 25
DISCRETES AND ONE RELAY, WITH HIGH PRODUCTION QUANTITIES AND LOW

COSTS, THEN A CO-ROUTER MAY NOT BE FOR YOU.

OVERHEAD

SALES INQUIRIES

CALL YOUR TELESIS SALES REPRESENTATIVE (HE'S THE GUY WHO ALWAYS CALLS
WHEN YOUR SYSTEM IS DOWN AND ASKS "HOW'S IT GOING?"). HE WILL ASSIST
YOU IN DETERMINING YOUR PARTICULAR NEEDS.

OBTAIN THE FOLLOWING:

QUOTES

TRAINING SCHEDULES

DELIVERY

MAINTENANCE AGREEMENTS

-14-



OVERHEAD
COST COMPARISONS
OVERHEAD
CO-ROUTER COMPARISONS
REQUEST A DEMONSTRATION ON AN EDA-620 VS YOUR PRESENT SYSTEM WITH A
BOARD THAT YOU HAVE ROUTED TO OBTAIN A "ROUTER COMPARISON."
NOW THAT YOU ARE CONVINCED, AND TELESIS HAS YOUR CO-ROUTER ON THEIR
SHIPPING DOCK IT'S TIME TO DEMONSTRATE TO MANAGEMENT THE BENEFITS OF
THE EDA-620.
OVERHEAD
PAST P.C. DESIGN ACCOMPLISHMENTS
OVERHEAD

PROJECTED WORK FLOW

OVERHEAD

-15...



COST SAVINGS

THE COST ANALYSIS IS ACCOMPLISHED BY:
ASSIGNING AVERAGE TIME ESTIMATES TO THE TASKS
PRODUCTIVITY GAINS TO DETERMINE POTENTIAL TIME

TRANSLATE THESE PRODUCTIVITY GAINS INTO DOLLARS AND TIME

SAVINGS

OVERHEAD

CAPITAL EQUIPMENT PROPOSAL PACKAGE

CONCLUSION:

I LIKE TO POINT OUT AT THIS TIME THE PRICES STATED ARE TELESIS LIST

PRICES.

THE BOTTOM LINE IN EVALUATING ANY ADDITIONAL PIECE OF EQUIPMENT IS THE

EFFICIENCY OF THE TOOL AND ITS APPLICABILITY TO THE DESIGN PROBLEM.

EFFORTS EXPENDED EARLY IN YOUR JUSTIFICATION FOR THE EDA-620 WILL PAY
OFF WITH INCREASED PRODUCTIVITY, COST SAVINGS AND YOUR CHIEF EXECUTIVE

OFFICERS' SIGNATURE ON YOUR PURCHASE REQUESTION.
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DO YOU NEED A CO-ROUTER?

CALL YOUR SALES REPRESENTATIVE
COST COMPAQISONS

PAST P.C. DESIGN ACCOMPLISHMENTS
PROJECTED WORK FLOW

CAPITAL EQUIPMENT PROPOSAL PACKAGE

..17_



EXAMPLE QUOTATION

Prepared For: Prepared By:

- - - - - - - - > -

I I
| I
Scan Optics, Inc. | Telesis Systems Corporation I
22 Prestige Circle | Two Omni Way |
East Hartford, CT | Chelmsford, MA 01824 |
I I
I I
I I

Attn: Ms. Linda Stegall
Manager, Engineering Services

Sales Representative: Heath Wheeler

DESCRIPTION NET AMOUNT |

.................................................... [
EDA-620 Routlng Accelerator $ 53, 200 00

e mmmw | - - -

Motorola 68020 CPU

2 Mb Memory

85 Mb Disk

EDA-620 Ethernet Drop
EDA-700 Ethernet Drop
Wyse-75 Terminal

EDA-620 Co-Route Software

k* Kk %k k X X X

This quotation shall remain firm for 30 days from the [SUBTOTAL
data hereof, unless modified in writing by TELESIS
Corporation prior to our acceptance of your contract
offer. This quotation is subject to credit approval  |INSTALLATION [$ 532.00
and is governed by standard terms and conditions of = ;
sale, |eesecscccnene | reme e
IMAINTENANCE [|$ 5,320.00 |
Any contract resulting from the quotation must be | | |
accepted by TELESIS' corporate office by a duly R e |
authorized representative. INET TOTAL i$ 59,052.00 |

$ 53,200.00

I
I
I
I
I
l
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
-1

I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
l
I
I
I

ESTIMATED DELIVERY SCHEDULE (Subject to Modification by T81881S )
DATE OF ISSUE: PAGE 1 of 1

DEILIVERY DATES WILL BE CONFIRMED UPON ACCEPTANCE OF YOUR CONTRACT OFFER



PCB NAME: TERMINAL CONTROLLER I/F

DWG. NO.. 600MLS77-1
DESIGNER. SHERRY RIO
QUTSIDE DESIGN SERVICE COSTS
RN
DESIGN
PHOTOPLOT
_ ~ § 16, 607.00
DRILL TAPES
DOCUMENTATION

4

IN-HOUSE COSTS

LABOR
ENTRY 152 HOURS $ 3720.36
DESIGN + DOCUMENTATION 106 HOURS $ 2976.29
PHOTOPLOTTING + DRILL TAPE $ 2000.00
TOTAL COST $ 8696.65
SUPPLIES + MAINTENANCE
= > 3 < s
$ 11, 559 X 258 HOURS _ b 143448

2080
TOTAL IN-HOUSE COSTS $ 10131.13

SAVINGS
DESIGN SERVICE COSTS $ 16, 607.00
IN-HOUSE COSTS $ 10, 131.13

TOTAL SAVINGS $ 6.475.37
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ROUTER COMPARISON

EDA-620 (co-router) vs EDA-300

Master Controller EIC = 111
density = .71
conns = 538
EDA-620 EDA-300
minutes conn. comp. minutes conn. comp.
set-up 5 - 20 -
pass 1l&2 .5 238 49 221
;
pass 5 36 279 163 280
(4 executes) l
EDA-620 routed to 96.10% in 41.5 minutes
EDA-300 routed to 93.87% in 232 minutes
Mother Board EIC = 619
density = .41
conns = 2788
EDA-620 EDA-300
minutes conn. comp. minutes conn. comp.
set-up 33 : - 68 -
___________________________________ o - - - e - o —— - - - - -
pass 1l&2 6 2104 128 2258
i pass 5 128 631 *x
L (10 executes) i

**Pass 5 not run
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NEW PCB'S

Board Size, Schematic Schematic
Designer/ No. of Holes, Start Completion Design Photoplot CAD Lib.
PCB Engineer Status No. of Comp. " Date Date Complete Complete Number
1. Page Memory Controller #1 Fred B. Euro Size 129
P/N600ML534 225 IC's
2. Page Memory Controller #2 Fred B./ Furo Size 126
P/N600MLS35~1 Sherri 150 IC's
3. Stacker Controller Vertical Bruce/ 7 x 11.5 130
Replaces 701648-2 75 equiv. IC's
4. Stacker Controller Horizontal Bruce/ 7 x 11.5 131
w/w Replaces 701649-2 Wayne 75 equiv. IC's
5. AC Distribution Joe 134
6., Address & Handshake Joe 3 x4 135
Goes in MacRack PCB
(Modified) Kebus
7. Video Processor Earl Euro Card 136
100 IC's
8. HP SCSI Dave G./ 4 layers 137
P/N600563-1 Mike 1,800 holes
9. Transport Interface Dave S. VME 138
15 IC's
10. VME B/Bus Interface Dave S./ VME 139
Mike 6 x9
60 IC's
11. Video Memory Interface Dave S. VME 140
6x9
25 IC's
12, Paddle Board To VME Dave S. 141
P/N600582 Mike
13. PC & Tachometer Signal Dave S./ VME 142
Conditioning Wayne 18 1/C
14. EM & Control Panel Dave S./ VME 143
I/F & Power Monitor Wayne 10 1/C
15. BM K-Row Adaptor Dave S./ 5x5 144
Wayne 4 1/C
16. Reset Control & Configuration Dave S./ VME 145
Wayne 5 1/C
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CAD UPDATES

PCB's
Board Size, Est. Required
Designer/ No. of Holes, Est. Est. Time Time Actual CAD Lib. In House
PCB Engineer Status No. of Comp. Density Schematic Design Time Number By:
1. B-Bus Driver Brian/ 5x8 125
P/N701677-1 (600ML578) Mike ECR
REV. A
2. B-Bus Converter Brian/ 113
P/N701676-1 (600ML578-1) Sherri
REV. A
3. Stacker Controller Horizontal Bruce/ 7 x 11.5 131
P/N701649-2 Wayne 75 Equiv. IC's
4, HP Video Interface Joe F. 13 IC's 148
P/N600433-1 Sherri
701701-1
801195 “
S. DMA COMMS Dave S.
6. Convert 11/73 pPCB Mike J.
to be Universal
Using 11/84 PCB
7. 280 Controller MF and NEW
Ink Jet (wirewrap replacement) 7 x 16
Augat Size
8. Peripheral Control Art/ BCR 118
P/N701617-1 Wirelist
REV. A Entry Update
9, Control Panel Adapter Art/ BCR 112
P/N701669-1 Mike 22 wires
REV. A
10. Relay Interface Art/ NEW ECR
P/N701524-1 Wayne 29 wires
REV. B 2x4 21C
11. Photocell Gate Jam Detail NEW
P/N701727-1
12, Interface Art/ BCR Sch, Entry NOTE: This PCB Was Not
P/N701618-1 18 wires Only Designed On CAD But
REV. A A W/L Was Previously
Entered.
13, Stacker Controller Vertical Bruce/ 7 x 11.5 130
P/N701648-2 Mike 75 Equiv. IC's
14. VME B-Bus/PM Bus Sherri/ 150
Extender Giordanella
15. B-Bus/PM Bus Sherri/ 151
Extender Giordanella
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COMPLETED PCB's

Schematic
Board Size, CAD-CAM  and Design Released
Designer/ No. of Holes, Est. Library Actual to
PCB Engineer Status No. of Comp. Density Number Time Production
5 x 6 (2 layer)
1. * Gate Pulse Driver Mike/ 484 holes 96 hrs.
P/N 600565-1 B. Millar Done 41 comp. 1.03 ic/in 104 2.4 wks, 12-06-85
2. Relay Driver Test Mike/ 5 x 6 (2 layer) 84 hrs.
Circuit P/N 600559-1 B. Millar Done 322 holes 1.03 ic/in 103 2.1 wks., 12-96-85
10 x 12
3. Mag Tape Controller Jonathan/ (8 layer) 413.5 hrs.
CCI P/N 600529-1 Mike J. Done 3,252 holes 1.97 ic/in 115 10.3 wks. 12-11-85
4. * Stacker Clutch Driver Mike F./ 171 hrs.
P/N 600551-1 Bruce Done 5x5 102 4.275 wks.. 12-06-85
5. Grant Continuity D. Fincher/ 51.3 hrs.
P/N 600536-1 Stone Done 10 x 12 N/A 116 1.3 wks., 16-11-85
6. * Kebus Prototype Bd. Jonathan/ 142.9 hrs.
P/N 600537 Stone Done 10 x 12 N/A 117 3.6 wks. @5-10-85
7. Peripheral Controller Jonathan/ 118 660.5 hrs.
P/N 600523-1 Art Done 7 x 11.5 N/A 16.5 wks. 05-30-85
8. * Jam Logic Jonathan/ 561.5 hrs.
P/N 600521 (Wire List Entry) Art Done 7 x 11.5 14.0 wks. 18-23-85
SP370-2 Repl 99 hrs.
9. P/N 600550-1 Mike Done 1.8 x 2.6 N/A 110 2.5 wks.
11/73 Interface Jonathan 240 hrs.
10. P/N 600541-1 Mike J. Done 10.5 x 12.5 1.25 ic/in 6 wks. 92-21-85
SMCA/DMA Jonathan/ y 260 hrs.
11. P/N 600525-1 Stone Done 10 x 12 .87 ic/in 119 6.5 wks, 10-11-85
Kebus Extender Jonathan/ 53.9 hrs.,
12. P/N 608543-1 Stone Done 10 x 12 N/A 129 - 1.3 wks.
16.5 x 5.5
13, Edit Terminal I/0 Panel Mike/ Done 2 layers
P/N 600567-1 REV. A Joe 1,358 holes .87 ic/in 106 154 hrs. Ordered 1-23-86
14. VFD Protocol Converter Mike/ Done 111 20 hrs.
P/N 600574-1 Dave G. .5 wks.
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15.

16.

17.

18.

19.

Mack Rack Addr. Xlator
P/N 600575-1

Strobe Board
P/N 600572-1

Dual Channel Interface
Printer Adapter
P/N 600558-1

Master Controller
P/N 60MMLS522-1

Dual Channel Interface
P/N 600ML554-1

20.**Terminal Controller I/F

21.

22,

23.

24,

25.

26.

27.

P/N 6@6ML577-1

Control Panel Adaptor PCB

P/N 600549-1

530/540 Appearance Upgrade

B-Bus Convertor
(Classifier Project)
P/N 600ML576-1

B-Bus Driver
(Classifier Project)
P/N 600ML578

Terminal Controller Remote Panel

P/N 60@ML568-1

Euro Cards Mother Board
P/N 600ML580

Double Document Detector

Update 700186-1
B/N 600071

PC 9 Overlength
Detector New

Sherri/

Sherri/
Paul B.

Mike/
Stone

Mike/

Jonathan/
Stone

Sherri/
Joe

Mike/
Paul

Sherri/
Brian T.

Mike/
Sherri/
Brian T.

Mike/
Joe

Fred B./
Wayne

Art/
Wayne

Art/
Wayne

Done

Done

Done

Done

Done

Done

Done

Done

1.4 x 2.0

2.5 x 3.6

(2 layers)
627 holes

12.5 x 13.5
(8 layers)
4,585 holes

12,5 x 13.5
(12 layers)
5,115 holes

6.5 x 11.5
2 layers
1,218 holes

6 layers
LRL Size
150 Comp.
Digital

5X8

20 IC's
Digital

(8 layers)

4 layers

W/L Entry

5X5
15 IC's

"5X5

12 IC's

1.15 ic/in

.71 in/ic

2.06 ic/in

1.84 ic/in

1.09 ic/in

.61 in/ic

2.1 ic/in
.41 in/ic

109

114

105

101

122

108

112

113

125

107

124

128

127

5.5 hrs.
.2 wks.

9 hrs.
.2 wks.

84 hrs.
2.1 wks.

+Telesis
190 hrs.
Total

4.8 wks.

862 hrs
Total
21.5 wks.

342 hrs.

“Total

8.5 wks.

170 hrs.
Total
4.3 wks.

244 hrs.
Total
6.1 wks.

119 hrs.
Total
2.975 hrs.

120 hrs.
Total
3 wks.

Telesis/
Sherri

94 hrs.
Total
2.4 wks.

72 hrs.
Total

Protos Inhouse

Protos Inhouse

Protos Inhouse

Protos ordered 1/31/86
Ship Date 2/28/86

Ordered 1/23/86
Ship Date 2/21/86

Protos Inhouse

Ordered 2/21/86
Ship Date 3/7/86

Protos Ordered 1/31/86
ship Date 2/28/86

Ordered 1/23/86
Ship Date 2/21/86

Ordered 2/13/86

Ordered 2/18/86
Ship Date 3/17/86

Ordered 2/18/86
Ship Date 3/17/86



ASSIGNING AVERAGE TIME

ESTIMATES TO THE TASKS

PRODUCTIVITY GAINS TO

DETERMINE POTENTIAL TIME

TRANSLATE THESE PRODUCTIVITY
GAINS INTO: DOLLARS

AND TIME SAVINGS
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PROPOSAL

TO: J. Belhumeur
FROM: L. Stegall
DATE: February 24, 1986

SUBJECT: Purchase of an EDA-620 Routing Station

In March of 1985, the second CAD/CAM System was purchased at a cost of
$69,900.00. With the acquisition of the second system and a second
shift that began in September 1985, a total of 15 printed circuit
boards were designed and our outside design service costs were reduced
to $28,943.00 compared to 1984 design services of $83,976.00 a savings
of $55,033.00. Since then, I've been greatly concerned about our
system efficiencies, and have taken a look at where things might be
improved. One general conclusion is we can improve our throughput and
cost efficiencies by moving our routing of printed circuit boards

"off" to a co-router which would free our present systems to be used
as a design station only.

The third system would consist of an EDA-620 Routing Station. The
EDA-620 is used as an add-on to Telesis workstations which shortens
project design time, improves individual user productivity and speeds
overall system throughput. Based on Sun Microsystems' Sun-3 hardware
architecture the accelerator speeds routing tasks by four to eleven
times over execution rates on the Telesis EDA-300 workstation.

Attached is a brief synopsis justifying these purchases. This is
broken down as follows:

Exhibit A - Quotation and EDA-620 Routing Brochure
Exhibit B - PC Board accomplishments for 1985

Exhibit C - Router comparison on the EDA-620 vs. EDA-300.
(Note: Scan-Optics was invited to Telesis and
use the EDA-620 to get this comparison.)

Exhibit D - Capital Equipment Request and Purchase Requisition
Exhibit E - 1986 known new PC designs

Conclusion: Twelve (12) new printed circuit boards must be designed
and fabricated by April 31, 1986 for the High Speed Image Capture

Module and to meet this schedule the EDA-620 Routing Station is
needed.

LS/t1ld

cc: J. Aucoin
G. Dwyer
R. Gocht

D. Newton
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SCAN-QBTICS, INC.

. CEZR _#
CAPITAL. EQUIPMENT REQUEST MER #
Originator: Linda Stegall Dept. 7 622 ; User Dept. & 622

Capital Asset Account # 622-1790

Capital Equiopment Description = To- Be- Completed  Bv The Oriaginator

Purpose of the Expenditure: To purchase an EDA-620 Router to improve our throughput -

and cost efficiencies by moving our routing of printed
circuit boards "off" to a co-router.

i 8

Recommended Vendors: List 3 and Price Quotations:

1. Telesis- $59,052.00
2.
3.

Vendor Selected: fTelesis

2urchase Requisition 2 Purchase Order %

ogmments, Additions, or Deletions as Aporoved:s (Initial)

?inancial Evaluation = Ta- Be Completed By Accounting

ixpected Life Years. Internal Rate of Return 3 Qver Years
Jayback Period @ Years. Assuming % Interest Rate
Recommendation: —

. ipprovals: = T The- Below: Order'

A2/

(7 Department Manag %(//o@ Date
(2). Functional Vice! P:es:.dent/ irector Date
(3.) “Accounting Date

WCapital Project We Date
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HOW TO BUILD A BRIDGE FROM OPPOSITE
SIDES OF A RIVER

OR

EFFECTIVE COMMUNICATIONS FOR
SYSTEM IMPLEMENTATION

ARN D. BUCK

TRANSCOM ELECTRONICS, INC.
PORTSMOUTH, RHODE ISLAND 02871

ABSTRACT

Something very predictable would occur if you placed two master
bridge builders on opposite sides of a river. Then after doing
such, asked each of them to construct one half of a bridge with no
~communication allowed between them... You would end up with two

half spans that do not meet. At best, the bridge would be worth no
more than a tourist attraction or a candidate for a "Super Blooper"
televigsion show. Likewise, the inability of a system manager to
communicate adequately can cause hundreds of hours to be lost during
the implementation of a CAD system. It could also be a major
contributing factor to the failure of a systen.

The intent of this paper is to review the mechanics of
communications, provide guidelines for establishing and administering
effective communications for CAD systems and to stress the
importance of doing such.

INTRODUCTION

Communication will be defined as the process used to achieve
understanding between people. At least two individuals are
necessary for communication to take place. One of these is the
sender. The sender is the person who desires to transmit an idea or
information to someone else. The target of the sender is the
receiver. The receiver must interpret the message. The accuracy of
the interpretation will be affected by the background, experiences,
values, beliefs and prejudices of both the sender and receiver.

Some other potential causes of misinterpretation include:
vocabulary, preoccupation, semantics, communication overload,

lethargy and filtering. Extra effort is occasionally required to
overcome such barriers.
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The author experienced a situation in which ten hours of wasted
effort could have been saved by a simple question. 1In this case, an
engineer had explained a special component placement requirement to
a second shift designer during shift change. Before leaving for ,
home, the author asked the designer if he understood the engineer’s
request. The designer said that he did. Upon returning the next
‘day, the author discovered that the special requirement had not been
incorporated into the board layout. The incident could have been
prevented, if the designer had been asked to explain his
interpretation of the engineer’s request. It is not being suggested
that such questions should be asked on a routine basis because the
person being questioned would eventually deduce that he or she is
not trusted. But such questions should be asked, if there is reason
to believe that a receiver had misinterpreted a message.

FORMS OF COMMUNICATION |

Two forms of communication that are frequently utilized are

verbal and written. Knowing how and when to use each can increase
the effectivity of a manager.

Verbal communication is used during conversations and meetings.
It is most effective for short messages or for transmitting

information that would not have a likely requirement for future
reference.

Written comnmunication should be used if the information to be
sent is complex or should be made available for future reference.
Typical applications are: policies, procedures, standards,
specifications, guidelines, memorandums and notes.

Written communication can be used to minimize the affects of
communication overload. This is a state in which a receiver is
given more information than they can absorb in a given time period.
Once this saturation point is reached, communication breakdown
occurs. A common symptom of communication overload is when
trustworthy workers claim that they were not told information that
you distinctly remember telling them. It is not unusual for this
condition to occur during system implementation.

LISTENING

Historically, it has been rightfully stressed that a manager
must be a good sender. However, increased emphasis is being placed
on the importance of a manager being a good receiver. Facts
acquired through attentive listening can assist in making better

Ammd et mn
ue&-;a&uxls »

There are basically three types of listening: marginal,
evaluative and projective. Marginal listing occurs when the
receiver is preoccupied and giving little attention to the message
being sent. As a result, little, if any, information is absorbed by
the receiver. The small amount of information received may be
acutely distorted due to its incompleteness.
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*kk*****k*****************kk***k******k***k****

* *
# WARNING: THE AUTHOR HAS DETERMINED THAT *
* FREQUENT USAGE OF MARGINAL *
* LISTENING MAY BE HAZARDOUS TO *
* THE HEALTH OF YOUR SYSTEM *
* *
* X

AAARAARAARRARAAAARAAAAARAAAAAAAARAAAARAAAAAAAAAAA

Studies have shown that people can listen approximately four
times faster than the average speaking speed. If this extra time is
spent approving or disproving what is said, it is classified as
evaluative listening. Even though this type of listening requires
the receiver’s full attention, it is not considered very effective.
This is because the receiver is allocating too much time evaluating
the sender and planning responses. In other words, evaluative
" listening is listening with a prejudice.

Active listening, like evaluative listening, requires the
receiver’s full attention. However, unlike the previous type, it is
empathic. The receiver makes a concentrated effort to place
them self in the "other person’s shoes.” Although this takes longer

than other types of listening, the time spent is considerably more
productive.

The previous section described some of the skills that can
contribute significantly to the achievement of accurate
communications in a general sense. The upcoming section will

discuss specific communication channels that should be established
for effective system implementation.

ROLE OF THE SYSTEM MANAGER

A CAD system manager should assume a centralized role (see
figure 1) when dealing with information that is associated with the
system. Because of his or her direct authority over the system,
they are in a good position to coordinate communications. By doing
this they can ensure that the system will function as expected.

This does not mean that the system manager should always be a
middle man between two groups. There are times that it is
advantageous for two groups to discuss topics relative to their
specialties. The system manager should become involved in these
specialized discussions if specific problems, questions, or
suggestions relating to the system are brought up.

There are times that a system manager can make more effective
use of his time Dby assigning an investigation to an individual or

committee. The manger can then use the findings to evaluate the
impact they might have on the systemn.
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Figure 1.

COMMUNICATIONS WITH UPPER MANAGEMENT

_ System implementation requires direction. Like any other
project, this direction can be attained by establishing goals and
objectives. The goals for a capital investment such as a CAD system
are often defined, or at least approved by upper management. It is
extremely important that a system manager makes himself aware of and
clearly understands these. It is his or her responsibility to
transmit this information to any of the various groups that may have
an impact on accomplishing these goals.

Occasionally the original goals are not feasible. They may
have been derived from inaccurate or incomplete information.
Sometimes all the tasks that are associated with completing a design
project are not accounted for during a benchmark. Sometimes a sales

representative may provide misleading information (hopefully
11nin+en+1nh=l1"\ Tf +hie byr\n A-F ervor is He er-'i-ari it is

widhde

advantageous for the system manager to tactfully explain the problem
to upper management. Hopefully, they will allow the goals to be
adjusted to be more realistic. Before taking such a step, it is
prudent for a system manager to make certain that his observations
are supported by facts.
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It 13 not unusual to encounter unforeseeable obstacles during
system implementation. Such obstacles may have a negative impact on
the achlevement of the system goals. Other factors may cause the
implementation to be ahead of established target dates. Upper
management should be made aware of such changes and be in a position
to suggest, approve, or disapprove the corrective action ‘to be
taken. This can be accomplished by making periodic status reports
to them. The system manager should come to an agreement with upper
management about how often these reports should be given. They may
be given at specific time intervals (weekly, bi-monthly, monthly) or
at the accomplishment of specific milestones. These status reports
should be made in a written format so that past performance can be

reviewed to identify trends which could be helpful in making
adjustments to the system expectations.

Figure 2 shows typical communications between a system manager
and upper manager.

I DEFINITION OF SYSTEM GOALS |
T |
| EVALUATION OF GOALS |
T |
| REVISIONS TO SYSTEM GOALS |
SYSTEM T | UPPER
MANAGER | | | MANAGEMENT
| PLAN FOR IMPLEMENTATION |
T ')
| STATUS REPORTS |
T |
| CORRECTIVE ACTION o
| € mmm e e e e >
I |

Figure 2.

COMMUNICATIONS TO COMPANY FUNCTIONAL GROUPS

Various functional groups within the user company will either
be inputing information to the system or using the outputs from the
system. The system manager can save unnecessary rework by

identifying and establishing communications with these groups (see
figure 3).

Manufacturing, for example, might require pin numbers to be
shown on certain components to aid assemblers in inserting the
parts. If this feature was not discovered until after the library
was created, there would be a considerable amount of rework
required to add this feature. .
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The system manager should inform these groups of the system’s
capabilities and short comings. They, in turn, should make certain
that the system manager understands their requirements. This would
enable the groups to work together to develop objectives that would
not only ensure an effective system implementation, but could also
improve the efficiency of the whole operation.

FUNCTION

I
I
SYSTEM | (==m=mm=m === oo oo | COMPANY
I :
l GROUPS

e e L S ——

Figure 3.

COMMUNICATION WITH SYSTEM USERS

The highest communication demands on a system manager come
from the system users. This is because the users require a lot of
information in order to take full advantage of the system
features. To help meet this need, the supplier of the system
typically provides user training and detailed operational manuals.
This information, however, is only a portion of what is required.
Although CAD systems as supplied by a vendor have the functions to
do the job built in, they must be adapted to meet the specific
requirements of the user’s application. The steps taken to adapt
the system must be documented and made available to all users. To
clarify their purpose and to facilitate their retrieval, these
~documents can be distributed among four categories procedures,
standards, guidelines, and reference.

Procedures define a step by step approach for the
accomplishment of routine tasks. As a result procedures allow
system users to concentrate their technical skills on more
demanding non-routine tasks. Thus making more efficient use of

their abilities. An additional benefit of doing such is that it
usually increases job satisfaction.

Examples of procedures associated with CAD systems are shown
below:

a. Archiving procedures

b. Procedures for symbol creation and control
c. System maintenance procedures
d. DPata preparation procedures

e. Post processing procedures
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Standards provide a basis of comparison between established
requirements and some action to be taken. The use of standards

ensure a uniform quality to projects done on the system. Some
typical standards include:

a. Graphic standards

b. Text standards

¢. Company defined data base layer standards
d. Symbol naming conventions

e. File naming conventions

The purpose of guidelines is to present exgmpies. These
examples can be used to assist users in making decisions while
performing complex tasks. A chart that shows historically

successful routing parameter set ups would be considered a
guideline.

The most general category of the four is reference
documentation. This classification provides a source of
information that users can utilize to refresh or expand their
knowledge of the system. Examples of reference documentation
include:

Drawings of library symbols

Copies of standard text files

An index of standard execute files
An index of standard libraries
Tables of geometric constructions
System training documents
Instruction manuals for the system and its
peripheral devices.

System application notes

Papers from user group meetings.
Software release notices

Books and periodicals

* e . o o e o o @

Rkl QoD

A considerable effort must be expended to generate this
amount of documentation. It is very likely that only the most
important documents will be created during system implementation.
However, it is an important project. 1Its’ completion should be
planned and scheduled. A manager who does not make adequate
system documentation available will be constantly badgered by i
questions from users. This may make him or her feel more valuable

to the company. However, it is a tremendous waste of time for
all parties involved.

In the course of performing daily tasks, users discover
better ways of operating the system. A manager should develop
methods of transmitting this information to all users. There are
various ways to accomplish this. One method is to make a bulletin
board available for users to post their ideas. The short coming
of this approach is that the space on a bulletin board is limited.
Older but still pertinent suggestions would have to be removed to
make room for new ones. This problem could be overcome by
providing users with a standard form on which to write their
suggestions. This would allow the sheets to be placed into a
binder after they have been removed from the bulletin board.
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Another way that managers can encourage users to share
operating-tips is by holding internal user group meetings. These
meetings will provide a forum for users to present their ideas to
each other. Such meetings can also be used by the manager to
introduce and train users in the use of new system features and
operating procedures. The loss of productive system time during

these meetings should be offset by increased productivity and
operator satisfaction.

The following diagram summarizes the communications between a
system manager and system users.

| - SYSTEM OPERATING PROCEDURES

|
|
————— PSR > |
| - . |
| . SYSTEM STANDARDS |
|l ————————————————————————————————————— > |
o
| APPLICATION GUIDELINES |
|-==————m e e >
SYSTEM | ] SYSTEM
MANAGER | NEW SYSTEM FEATURES | USERS

| === >: _

SOFTWARE/HARDWARE, PROBLEMS |
A RO >

|
|

- ————— — o~ - -

e —— - ——

Figure 4.

COMMUNICATIONS WITH SYSTEM VENDOR

Communication with the supplier of a system is essential for
successful system implementation and continued operation. The
success of a company that markets systems is usually dependent on
the success of their customers. As a result it is beneficial to
the system supplier to make as much information available to a
user site as possible. This information includes the following:

- Training classes
Operational manuals
Software release notices
System performance reports
Application notes
Facility planning assistance

Hopaob e
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The system manager should ensure that any documentation
received is made available for users. Updates to documentation
should be posted as soon as possible. If the updates are

substantial, the system manager should arrange training for
users. '

From time to time users may experience problems when
operating the system. Such problems are usually resolved by
telephone calls to customer support. The system manager should
coordinate these calls to save time for both his people and
customer support. This can be accomplished by the manager
requiring that all problems be discussed with him before calling
the support center. By doing this some of the redundant problems
and operator errors can be weeded out. He should also insist that

all problems be written in a log book along with their solutions .
or work arounds.

COMMUNICATIONS WITH OUTSIDE VENDORS AND SUPPLIERS

When dealing with outside services and suppliers, the system
manager must make certain that communications are accurate. For

this reason all significant information should be transmitted in
writing and carefully checked.

The author has heard of several photoplotting tragedies that
were caused by seemingly insignificant errors. 1In one case a
designer anxiously opened a package containing films of the first
design done on their system. To his surprise the only image on
each film was a small black rectangle. It was enough to ruin his
(and his boss’s and his boss’s) whole day. The cause was later
found to be a decimal point being one place off. Unfortunately it
was off in the line that describes the x-y coordinate format to
the photoplotter. This resulted in film images that were ten
times smaller than they were supposed to be. To compound the
problem, the plotter controller followed instructions and used the
same size apertures as if the images were the correct size. The
end result... garbage. If the system manager had obtained a copy
of the format required by the photoplotting service, prior to
sending out the job, this story would be different.

When buying from suppliers it is important that they
understand the requirements of the system. They will ship
whatever is ordered. ‘It is usually difficult for a system manager

to explain why the one year supply of pens he just ordered do not
fit the penplotter.

Figure 5 shbws the typical communications between a ,
photoplotting service and a system manager. The communications
for other services would be of a similar format.

-37-



—— - - - - ——

— — — — — — Y
~
i
|
|
I
1
|
i
|
|
|
]
!
|
|
[
|
|
|
i
i
|
]
|
|
!
]
|
]
|
|
I
|
i
|
i
|

SYSTEM | PLOTTING
MANAGER | APERTURE AVAILABILITY - SERVICE
| (oo |
‘ !
| SPECIFIC PROJECT INFORMATION |
| == mmmm e oo d
PRICING AND DELIVERY INFORMATION |

PROJECT FILES, GERBER TAPE
""" AND PURCHASE ORDER

Figure 5.

CONCLUSION

‘ The establishment of the proper communication channels can be
an important factor in the success or failure of the
implementation of a system. It is the responsibility of the
system manager to work with all those involved with the system to
ensure that such channels are established and utilized.
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SPACE REQUIREMENTS FOR HARD DISK,
FLOPPY DISK,'  AND MAGNETIC TAPE MEDIA STORAGE

Y Bob Rough, Jr.
Owens-Illinois
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DETERMINING FILE SPACE REQUIREMENTS

FOR ON AND OFF-LINE STORAGE

Effective utilization of disk 'space should be one of the
primary areas to be considered during the development phase of any
data-base management scheme. Regardless of the number of systems
you have, it is important at the initiation of any new project, to
be able to predetermine the types of files which will be used
within a project, and the types of storage media which will most
efficiently effect the transferAand storage of those particular

project files.

Project allocation of disk space can and will improve your

overall system performance.

1. Types of files that belong within a project:
. Symbol files for unique* devices or components
. Device files for unique* symbols
. Pin files for unique* components
. Processing/Control files

- Layer std.
- Photoplot - CON
- NC Drill - FIG
- Aperture - TAB
. Schematic Drawings
. Net-Data-Base
. Reports, Logs

. PCB Drawing
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2. File Transfer from hard disk to various other storage
media.
8" Double-Sided Dual Density Floppy
. Although floppies are limited in size, they can be an
effective means of storage for smaller projects during and
after the design phase provided that the data has been
subdivided 1into content groupings (e.g., text files,
schematic drawings, PCB drawing).
Listed below is a representation of the types of files and
their respective sizes in disk blocks that might
constitute a "typical" project.
FLOPPY SIZE = 2000 BLOCKS
APPROXIMATE
FLOPPY NO.: FILES TO BE STORED TOTAL SIZE OF FILES
1. 30 Text Files 30 Blocks
2 D-Size Schematics : 1800 Blocks
Reports, Logs, Net-
Data-Base 120 Blocks
Total 1950 Blocks
2. PCB Drawing File 1500 Blocks
(50 EIC's - 40 sq. in.)
Net-Data-Base 120 Blocks
30 Text Files 30 Blocks
8 Symbols 200 Blocks
Total v 1850 Blocks
3. Photoplot artwork files
(8 plot files) 1700 Blocks
Total Project Size 5500 Blocks
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MAGNETIC TAPE 1600 BPI 2400' REEL

Magnetic Tape is, without question, the most common form of
storage media in use today. Because of its larger storage
capacity, 50K - 60K Blocks, several projects can be stored

on one tape.

Even though there are different characteristics in the way
data is written to floppies as opposed to magnetic tape,
the overall capacity and ease of use makes magnetic iape
the preferred media.

(1) 2400' 1600 BPI Magnetic Tape = 25 floppies.

PLEASE NOTE that the numbers presented in the preceding
section are approximations. The data in the ﬁables and
figures that follow are derived from actual schematic & PCB
drawings and could be used as a basis for estimating your

own drawing file size approximations.
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POWER,/GROUND CONNECTIONS BYPASS—CARP

REF-DES DEVICE TYPE +5Vv GND REF-DES VALLUE PWR GND
u26 74LS161A 16| 8 ca6 wf |tV 4|60 4
u27 74.S161A | 16 | 8 ca7 wf [V 4|80 4
Uu28 |HME147HP-45| 20 | 10 ces 1wf |V 4|60 4
U29 |HM6147HP-45| 20 | 10 |* ca9 1wf |V 4|90 45
U30 |HvV6147HP-45| 20 | 10 C30 wf |V 4|60 4
U31 |HME147HP-45| 20 | 10 C31 wf |V 4|60 45
Us2 |HME147HP-45| 20 | 10 c32 wf |tV 4|60 4
U33 |HMBE147HP-45| 20 | 10 C33 wf |V 4|60 4
U34 7425 14 | 7 C34 wf [V 4|60 5
U35 | MK4501-12 | 28 | 14 €35 wf |V 4|80 5
Uuss MK4501-12 | 28 | 14 - C36 wf |V 4|60 4
U3z 74AS74 14| 7 c37 1uf |V 4|60 4
u3s 745153 16 | 8 c38 wf |V 4|60 4
U39 74AS74 14 | 7 c39 wf |V 4|60 2
U40 74AS32 14 | 7 C40 wf |V 4|60 4
U41 74AS74 14 | 7 C41 Wwf [V 4|60 4
U42 74AS74 14 | 7 c42 wf |V 4|60 4
U43 745244 20 | 10 c43 wf [PV 4|80 2
U44 74LS161A 16 | 8 C44 uf |tV 4|80 5
U45 74L.S161A 16 | 8 c45 wf |V 480 4
U46 74L.S161A 16 | 8 Cc46 wf |tV 4|80 4
u47 74LS161A 16| 8 C47 wf |V 4|80 5
u48 74LS161A 16| 8 c48 wf |V 4|90 5
U4 745153 16 | 8 C49 wuf |V 4|60 45
Uso 745153 16 | 8 cs0 wf |V 4|60 45

COMMENTS. . ..

DRAWING NAME

DRAWN PGD CHECKED Dq§/13/84 SCALE FuLL!

DRAWING NUMBER -
SCH-8
REVISIONS SHEET 8 of 11

FIGURE 5
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PWR-PLANE ART
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DETERMINATION OF DISK SPACE USAGE
FOR DRAWING TYPES |

SCHEMATIC DRAWINGS

-29-

DISK BLOCKS USED DISK BLOCKS USED

BEFORE AFTER

COMPRESS DRAWING COMPRESS DRAWING
Figure 1 D-Size 2020 | 1158
Figure 2 D-Size 1356 . 872
Figure 3 D-Size 1140 - 724
Figure 4 D-Size 1220 823
Figure 5 A-Size 452 . 319
TOTALS 6168 3896

Reduction in the amount of disk spéce required after
COMPRESS DRAWING = 2292 Blocks (37/.)



PCB DRAWING "A"

6”X8”
o0 |
4 (2-Signal, 1-Power, 1-Ground)

Board Size
Equivalent IC's
No. of Layers

(PCB Drawing "A" is represented by figures 6
- through 13) P y e

DISK BLOCKS USED DISK BLOCKS USED

BEFORE | AFTER
'COMPRESS DRAWING COMPRESS DRAWING
A-LAYER PCB 2180* 1534

Reduction in the amunt of disk space required
after COMPRESS DRAWING = 646 (3075

*Please note that NET-DATA-BASE is unaffected by
COMPRESS DRAWING and is therefore not included in
the total of PCB drawing block size.

ARTWORK PHOTOPLOT FILE SIZES (PCB "A")

Filenaxre Blocks Used
Camponent Side 281
Sgﬁer Side 241
Power Plane - 143
Ground Plane ' 143
Solder Mask 146
Carponent Assy. 290
Silkscreen 213
Drill & Trim Detail 277

1734

Total Project size including (5) schematics,
text files, & PCB = 6623 blocks
Photoplot artwork files = 26/. of total project size
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PCB DRAWING "B"

11"x15"
209

6 (2-Signal, 3-power, 1-Ground)

Board Size
Equivalent IC's
No. of Layers

(PCB Drawing "B" is represented by figures 14
through 18) |

DISK BLOCKS USED  DISK BLOCKS USED

BEFORE AFTER
COMPRESS DRAWING COMPRESS DRAWING
6-LAYER PCB 6215« - 3488

Reduction in the amunt of disk space required
after COMPRESS DRAWING = 2727 (44%)

*Please note that NET-DATA-BASE is unaffected by
COMPRESS DRAWING and is therefore not included in
the total of PCB drawing block size.

ARTWORK PHOTOPLOT FILE SIZES (PCB "B")

Filenare Blocks Used
Carponent Side 526
Solder Side 495
+9V Power Plane 295
+12V Power Plane 295
—12V Power Plane 295
Ground Plane 295
Solder Mask 295
Carponent Assy. 2318
Silkscreen | 2035
Drill & Trim Detail 563

7412

Total Project Size = 13722 Blocks .
Photoplot Artwork Files = 54/. of total project size
(Data—base generated fram TEXT NETUST input)
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TELESIS fKIRD PARTY CAE INTERFACE
Frank Boyle
Product Marketing Specialist
Telesis Systems |

Chelmsford, Massachusetts

ABSTRACT

The Telesis Third Party CAE. Interface Program
was developed to establish an organized method
of generating interfaces between CAE systems and
Telesis PCB CAD systems. The following paper
outlines the Third Party Interface process.

INTRODUCTION

Why is Telesis committed to supporting CAE vendor inter-
faces to their PCB CAD systems? For a variety of reasons.
Many Telesis customers already have CAE equipment
installed that they would like to be capable of interfac-
ing to. And, while Telesis has their own EDA-1280 CAE
solutions to offer, they want to remain flexible to other
solutions as well. With a formal process in place, Telesis
can support the CAE vendor in the developement of a work-
ing interface. This will insure that the customer does not
have to develop their own interface, or obtain an inter-
face that is not supported.

THE INTERFACE PROCESS

All third party vendors desiring an interface should be
referred to Telesis Corporate Headquarters, Chelmsford,
MA. They will be supplied with the appropriate information
to write a netlist and back annotation interface to the
Telesis PCB CAD system, and the manpower for auditing all
documentation. The information includes three Telesis
Product Specifications; Telesis Netlist Input File,
Telesis Back Annotation File, and Preparing a Magnetic
File for Telesis Input. A brief description of these pro-
duct specifications follows:

TELESIS NETLIST INPUT FILE: This describes the netlist

file that must be created on the third party system, to
be read into the Telesis system.
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TELESIS BACK ANNOTATION FILE: This file is automatically
generated on the Telesis system and is read by the third
party system to update schematic drawings and reflect
changes occuring due to component, gate, and pin swap-
ping.

PREPARING A MAGNETIC FILE FOR TELESIS INPUT: This
describes the format necessary for file transfer from a
third party system to the Telesis system, using magnetic
tape.

The third party vendor then creates a netlist and returns
the media to Telesis for verification. Telesis evaluates
the media and sends feedback to the vendor. Finally, a
back annotation file is created and the vendor verifies
that the information is readable. .

If the vendor is IBM-based, they will be supplied with the
THIRD PARTY IBM NETLIST INTERFACE SOFTWARE (Part No.
8000158-001). If they are non-IBM-based, they will be sup-
plied with the THIRD PARTY NETLIST INTERFACE SOFTWARE
(Part No. 80001555-001). :

THIRD PARTY INTERFACE DATA FLOW PROCESS

The first step for both IBM-based, and non-IBM-based CAE
vendors is the creation of a schematic on the third party
system. Next, the third party translator is run to gen-
erate a Telesis netlist (refer to Telesis Function
Specification:Telesis Netlist Input File).

If the vendor is IBM-based, the second step is to copy the
netlist wusing a 5 1/4 inch floppy and standard (DOS) com-
mands. Next, the file transfer is directed from the IBM/PC
to the Telesis system using an RS232 file transfer.

If the vendor is non-IBM-based, the second step is to
transfer the netlist file from the Telesis using magnetic
tape in ASCII format (refer to Telesis Product
Specification:Preparing Magnetic Tape for Telesis Input).
Next, the netlist file is copied from the tape to the
Telesis system using the [ASCII FROM TAPE] command.

On the Telesis system, a Net-Data-Base is created using
the |[LOAD TEXT NETLIST] command. Then the printed circuit
board is designed. Once the design is completed, one of
the following steps is performed.

1. If the third party CAE vendor reads the netlist file

for back annotation, then a new netlist file is
created using the [CREATE TEXT NETLIST] command.
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2., If the third party CAE vendor reads Back-file for
back annotation, then a back ' annotation file is
created using the [CREATE TEXT BACK ANNOTATION
FILE].

Finally, the netlist file or back annotation file (back
file) is transferred to the third party system using the
process outlined earlier.

On the third party CAE system, the new netlist or back
annotation file is read and the schematic is updated
(refer to Telesis Product Specification: Telesis Back
Annotation File).

THIRD PARTY CAE VENDORS

The following is a list of Third ‘Party CAE vendors who
currently have interfaces to the Telesis system.

FUTURENET - IBM/PC-based; DASH 2 and DASH 3 (Netlist 1In,
Back Annotation); DASH 4 (Netlist In - DASH 3 format,
Back Annotation currently in process). Telesis and
FutureNet are working on a long-term strategy to support
DASH 4 and additional new product offerings from
FutureNet.

VALID LOGIC - non-IBM/PC-based; Netlist In, Back Annota-
tion (Back Annotation File);

CASE TECHNOLOGY - IBM/PC-based; Netlist In (Back Annota-
tion File);

DAISY SYSTEMS - DNX, Netlist 1In, Back Annotation; non-
IBM/PC-based system.

VIEW LOGIC - Netlist In, Back Annotation (Netlist File);
IBM/PC-based system.

MENTOR GRAPHICS - Netlist In, No Back Annotation; non-
IBM/PC-based system.

The following vendors have interfaces that are still in

progress: HEWLETT PACKARD, XEROX (VERSATEC), SILVAR LISCO,
VISIONICS CORP., DOUBLE T SERVICES.
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THIRD PARTY CAE INTERFACE DATA FLOW

THIRD PARTY SYSTEM

CREATE TELESIS NETLIST
FROM SCHEMATIC

PROCESS -B-

TRANSFER

!

PROCESS -A-

NETLIST TO-
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NON-1BIM BASED SYSTEMS

- ASCll FROM TAPE
- ASCII TO TAPE

IBM BASED SYSTEMS

1.)IBM TO IBM (floppy)
2.) IBM TO TELES!S (RS232)

1

b—+<

TELESIS SYSTEM

- DESIGN P.C. BOARD
- CREATE BACK ANNOTATION FILE

v

TRANSFER TO THIRD PARTY

TRANSFER BACK ANNOTATION

FILE (BACK-FILE)TO
THIRD PARTY SYSTEM

v .
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THIRD PARTY CAE INTERFACE
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PRODUCT SPECIFICATION

TELESIS NETLIST INPUT FILE

CONTENTS

PAGE

INTRODUCTION 0000000000000 000800000006000606000600000600000000c0cevooosce 1
DEFINITIONS ..O...0..C..0.0.'.OOI.00.'..QO...."0'1....'00;."..... 1

FORMAT OF TELESIS NETLISTC.Q..O..O..‘QO‘.;...'..’.....Q.‘..'...IQ... 1

FORMAT © 00 00000 G000 0000000000000 0000008000000000060000000s000e0 3

CONT‘INUATION’ LINES_".'"WU"'."r.'.'.'.\.'iu.:.0 LRI R R AT RN X .u-c'r- - ee e et e qoa--cm-vo:lah Bt L e e

COMMEN TS TSR S S A NS PR ESEEE EOHOE NN G N GG CE TGS, 60 0 G0k E G q.c,c?'vl,a'm,

THEUSEUF BLANKS .00.».00’0o-\o‘o.oo.0000.000.0/000'.004...0...0..15v

OPEN SERIES REFERENCE DESIGNATOR ..ecececccccccccsccnccccncssslb
RULES FOR RESOLVING AMBIGUOUS FIELDS .cececccccccccccocccccsccncasslbd
COMBINATIONS OF DESIGNATOR-FIELD/PIN-FIELD CONTENTS .ceeeeececoneesld?

SAMPLE OF TELESIS ANNOTATION NETLIST .ccicececcoccccccsccocccacccccce.
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INTRODUCTION

The Telesis Netlist InputAFile (NETLIST) is a text file used as an alternativé
to drawins schematics, for inputting logical data to the Telesis Printed Circuit

Board layout system.
DEFINITIONS

Package Name (Package):
Device Type (Gate):

Value:

Function 0531gnator
{Funcdes)s :

Reference Designator
(Refdes}:. .

Net-Data-Base:

Device Description- Flle
(Device File)r... =

Example:

Pin Number:

* Pin Name:

-This is the symbol used on the physical board

layout. Exp: DIP14

This identifies the logic function or gate on the
schematic, Exp: 74LS0

Describes electrical characteristics of some
components a resistor may have. Exp: (10K 5%
1/4W) -

This is an identifier that links

This. is,. an. identifier. that. lxnks loglc functions -

~7400".

to the package. Exp: UZ'=
: R851stor

R1

This is the data base created on the Telesis
system from a netlist or schematic that is
used to do the physical layout. ‘

A text file that describes the loglcal functxons;'
in: each-package-on. the: P.C.. board.: : :

- (Device Description File:r 7400)

PACKAGE DIP14

PINCOUNT 14
PINORDER 7400 A B'C"

PINUSE 7400 IN IN OUT v
FUNCTION NAND1.7400.1.2 3. -
FUNCTION NANDZ 7400°4 56
FUNCTION NAND3 7400 9 10 8
FUNCTION NAND4 7400 12 13 1

- POWER +5V; 14

GROUND GND; 7
END

Identifies the pins on logic functions and cross
reference to physical pins on each package.

This is the logical pin names on each device. An
example would be 7400 has pin names A, B, Y,
where A and B identify the two input pins and Y
is the output pin.for each 2-input NAND Gate.
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Pin Description File A text file that describes the pad and hole
(Pin File): sizes to be used for each symbol on the P.C.

board.

Example: (PIN FILE FOR PACKAGE SYMBOL DIP 14)
(NAME OF FILE DIP14-PIN)
(TELESIS STANDARD PACKAGE LIBRARY)
PINTYPE A
DRILL .039-P
PAD SQUARE= .062 COMPONENT SIDE
PAD SQUARE= .062 SOLDER-SIDE
PAD CIRCLE= .050 INTERNAL-SIGNAL
THERMAL-RELIEF FLASH=ABOO IMBEDDED-PLANE
ANTI-PAD CIRCLE= .062 IMBEDDED-PLANE
PAD SQUARE= .080 COMPONENT-SOLDER-MASK
PAD SQUARE= .080 SOLDER-SOLDER-MASK
PINTYPE B
DRILL .039-P.
PAD CIRCLE= .062 COMPONENT-SIDE
PAD: CIRCLE=. .062.-SODLER-SIDE ...
PAD CIRCLE= .050 INTERNAL- SIGNAL _ :
THERMAL-RELIEE FLASH=. ABOO. IMBEDDED-PLANE
ANTI-PAD CIRCLE= .062 IMBEDDED-PLANE
PAD CIRCLE= .080 COMPONENT-SOLDER-MASK
PAD CIRCLE= .080 SOLDER-SOLDER-MASK
PIN1TA
PIN 2-14 B
END

FORMAT OF THE NETLIST .

A netlist faor Tele51s input is a single text file logically divided into four:.

parts'

0.

PART. 1 ($WASIS) is a single line that labels the file for back. annotation. -

(Optional) -

- PART -2 ($PACKAGES)- is a list of packages. and reference.designators.. ...

(Optional)

PART 3 ($FUNCTIONS) is a list of functions (FUNCTIONS = DEVICE TYPES).
(Optional)

PART 4 ($NETS) is a list of all nets or connections. (Required)
NOTE: The netlist file must be formatted in one of the following ways:

OPTION 1: Parts 2 and 4; this is a fully assigned netlist that cannot be
back annotated. (refer to examples on page)

OPTION 2: Parts 2, 3, and 4; this format allows unassigned, partially
assigned, or fully assigned netlist that can be back annotated.
(refer to examples on page)

OPTION 3:  Any combination of Option 1 and Option 2.
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Netlist Format Option 1:

This option extracts data from the $PACKAGES adn $NETS sections only. Al
packages are assigned reference designator and pin numbers. There is no

information on the logical device types to allow gate and pin swapping or back
annotation to the schematic drawing.

Example: (PACKAGES SECTION)

$PACKAGES
DIP14'741L504 ;U2
DIP16'74L5112;U3 U4
DIP14174LS32;U1

(NETS SECTION)

$NETS

CLEAR;U3 .14 U3.15 U4. 14 U4.15
CLK; U3 13 U3.1 U4.13 U411
ONE;U4.11 U4.12

PRESET u3.10 U3 4 U4 10 U& 4
;U89 U4.3 v4.2"

sU3.11 U4.5

;U116.U¥.2\U2§T3

SUZ.20U3 .12

sU1.3 U2.3

Netlist Format Option 2:"

$WASIS -
(FUNCTION SECTION)

SFUNCTIONS:.. " -

© 74LS04;F1 F2
74LS1123F3 F4 FS5 F6
74LS325F7 F8

(NETS SECTION)

$NETS

CLEAR;U3 :F5.CLR U3:F6.CLR
CLK ;U3:F6.CK U3.F5.CK U4
RESET;U3:F6.PR U3:F5.PR U4
sU4:F4.Q Ub4:F3.J U4:F3 K
;U3:F6.J U4:F3.Q

sUT:F8.Y U1:F7.B U2:F1.A
sU2:F1.Y UB:F6.K

sUT:F7.Y U2:F2.A

sU2:F2.Y U3:F5.0 U3:F5.K
sUT:F7.A U3:F6.QN

sUT:F8.A U4:F3.QGN

sUT:F8.B U4:F4.QN

$END

4:F5.CLR U4:F4.CLR
F4.CK U4:F3.CK
F4.P

U
:F4 .PR U4:F3.PR
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$WASIS

The $WASIS section consists of one line with the keyword $WASIS only.

KEYWORD: $WASIS

This optional keyword must be used in back annotable netlists, and must precede
the $FUNCTIONS and $NETS sections.

$PACKAGES (Optional)

PURPOSE: The $PACKAGES section of the netlist file allows pre-assignment of
reference designators to packages during creation of the net-data-
base. :

KEYWORD: $PACKAGES

o. The $PACKAGES keyword is placed on the first line of the text file. A list
of packages follows the keyword.: :

LIST OF PACKAGES .

o The list includes packages to be used in the board design, with a reference
designator for each instance of a package. Packages are listed by packages
name and device type. The operator may omit the packages symbol name,
however, the device type must be included if device description files are to
be used to create the net-data-base. The packages name must be included 1f
the. system uses. pin description files to create the net-data-base. ... :

NOTES: : .
1. . The'value field is optional for symbol values.

2. Either package name or device type,. or both, must always be present. .-

FORMAT.:- PACKAGE NAME!DEVICE. TYPE!VALUE ; REFERENCE. DESIGNATOR -

£XAMPLES:-RESSOOYRLROST10K 5% 1/4W;R1 RZ R3--"(Package, Device, Value Refdes)

RLROS;R1 R2 R3 . -- (Device type refdes only)
RES500;R1 R2 R3 -- (Package name refdes only)

NOTES:
1. The value field is optional for symbol values.
2. Either package name or device type, or both, must always be present.

PACKAGE NAME: (Optional if Device Type used)

The package name must be precisely the same as the name of symbol to be
placed on the board drawing.

A package name may contain up to 14 characters with no blank spaces allowed.
(Allowed characters are: A-Z, 0-9, - + =% */ . "),
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Each package name must be placed at the beginning of a new line.

Repeat the package name on a new line for each different device type.

DEVICE TYPE: (Optional if using package name)

Place the device type between the package name and the symbol value or
list of reference designators. It must be preceded by an exclamation
point.

The device type must be the same name of the device file to be used with
the package.

A device type may contain up to 18 alphanumeric characters with no blank
spaces. (Allowed characters are: A-Z, 0-9, - += % */ . "),

VALUE: (Optional)

Place the value between the device type and the list of reference

‘designators. It must be-preceded:by-an exclamation’ polnt. 1f"a value. does:: "

not exist, the exclamatlon point must be omitted.

'A'valuefmay‘contaxnwup;to 18 alphanumeric characters: including- blank spacess.. -

(Allowed characters are: A-Z, 0-9, -+ =% */ ., "),

13

Example:  RESS00'RLRO5!10K 5% 1/4W;R1
RESS500!RLRO6;R2 .

S,
2% e et et

REFERENCE DESIGNATORS:

A semicoclon ﬁ;)”must be .placed before the list of reference designators. ‘-

A reference designator may contain up to B8 characters with no blank’ spaces.*

(Allowed. characters ares. A=Z, 0=9, = += % * / . ")..

Reference designators must be separated from each other with.a blank space,
or with a comma (,).

Example: RESS00!RLOS;R1, R2, R3 --
RES500!RLO5;R1, R2, R3 -- (Equal)
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To continue the list of reference designators on a new line, place a comma at
the end of the line and continue anywhere on the line below:

Example:  RESS500!RCO7;R1 R2 R3 R4 R5 R6 R7

To input a series of reference designators, brackets may be used:

I

Example: U6 U[8-10] U12 U15  --- |
U6 UB U9 U10-U12 U15 --- --(equal) |

I

o The repeating character(s) precedes the first bracket.

o. The. characters. . in the series must be' numeric,

o The first bracket and the closing bracket must be on
same line, (Blank spaces are allowed within the
brackets.

o Use a hyphen (-) between the first and last numbers in
“the series.

0. Leading zeros are allowed in reference designators (U0t U022 U03). "
If you input. a series the number of digits in each reference.
designator must be the same. For example, if [U0008-UC100] is 1nput
all leading zeros are used; if [U008-U0100] is input the system

ignores- the: leading zero in the last number.and U0100. becomes. U100.. . -

70 OMIT A PACKAGE NAME: -

Begin the new line with an exclamation point followed by the device type.

I I
| EXAMPLE: ! 7400 ; U1 U4 U6 |

I I
TO OMIT THE DEVICE TYPE:

Omit both the exclamation point and the device type name.

I R
| EXAMPLE: DIP14 ; U1 U4 U6 |
I I
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$FUNCTIONS  (Optional - Must follow the $PACKAGES section, if used)

PURPOSE ¢

- Devices specified under $PACKAGES cannot be
- re-specified under $FUNCTIONS, and the reverse.

The optional $FUNCTIONS section of the text netlist file
is useful if the operator is creating a netlist from an
unannotated engineering sketch. For example, if the
sketch shows eight NANDZ gates without pin number

and reference designator annotation, the operator

may input entries under $FUNCTIONS. An entry must
contain a device type, an operator-defined FUNCTION
DESIGNATOR, as well as the number of functions to be
created for the device specified. Based on the information
in the device file, the system creates the required
number of packages needed to accommodate the number of
functions.

Entries made to the $FUNCTIONS section are normally
unassigned. That is, the Telesis system assigns available
reference designators automatically to the dev1ces whlle
creating:Telesis net 'data base. . .

During the: net data-base creatior.:, the: Telesis system: reads::
*he.entries within $FUNCTIONS, then reads the $NETS
section of the file. The $NETS section must contain
FUNCTION DESIGNATORs, and PIN NAMEs or pin numbers or both.

KEYWORD: $FUNCTIONS

o

If used, the $FUNCTIONS keyword must follow the $PACKAGES
section of the file. A list of device types follows the -
keyword Devices specified under $PACKAGES cannot 'be: re—stated
in the $FUNCTIONS section of the netlist. : :

LIST OF FUNCTIONS

o

The list includes a device type with an operator-defined = .
FUNCTION DESIGNATOR. Based on the information in the device . -
description file, the system creates:the-proper number of -
components for the number of logic functions specified. In -
addition an optional value field may be included

Package names are not required since device description
files are used to support this optional section of the

" netlist file.

FORMAT: DEVICE TYPE ; FUNCTION DESIGNATOR
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NOTE ON THE

| EXAMPLE:  $FUNCTIONS |
| 74L500 ; AND[1-4] |
| 74074 5 FLIP[1-2] |
| RESPAK !100K;RES[1-8] |
| |

In the above example, the device 74LS00 is stated under
$FUNCTIONS, with the operator-defined function designator
AND, requiring four logic functions to be created in the

net data base. The system creates a single component in the
net data base, since the device 74LS00 only contains four
logic functions.

The example below illustrates the typical entries to the $NETS
section of the file, relating to the entries contained under
$FUNCTIONS.

$NETS ) |
FLIP1.Q AND2.A |

- ANDT.Y -FLIPZ.D = - | .-
|

-e

-e

The-Iine $FtIP1.Q° AND2.A identifies available functions

and pin names associated with that net. FLIP1.Q .identifies an
available function on the device 74L74, with pin name Q connected
to pin name A of the function, AND2, of the device 74L5S00.
However, because function designators and pin names are specified,
logic functions are free for swapping with other functions of the
same device type on the placed board drawing. For example, the
AND2 - function assignment in the net data base is. swappable with. "
other available functions on the -same device (AND1, AND3, AND4).

NUMBER OF FUNCTIONS

Under the $FUNCTIONS section of the netlist file, the operator
may - specify -a device type, the function: designator, and the . |
total series specific, exceeding the number of functions available:
on one device. For example, the 74LS00 device contains four
functions. The operator, however, may specify any number of
functions. When the net data base is created, the system creates
the appropriate number of components needed for the number of
functions specified.

EXAMPLE: $FUNCTIONS

K
| 74L.5S00 ; AND[1-8]
I

1
l
|
|
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In the above example, eight functions will be created in the
net data base for the device 74LS00. Since only four functions
can fit on one physical device, the system creates the net data-
base with two 74LS00 devices with four available functions

on each device.

However, if eight functions are specified for a device under
$FUNCTIONS, with only four functions reflected under the $NETS
section, the system will still create two 74LS00 packages in
the net data base. Five functions (AND[1-5]) reflected under
$NETS will create two packages, since one 74LS00 contains

only four logic functions.

If a device contains only one function, the brackets may be
omitted. In the example below the operator-defined function
designator, "NAND", contains only one function. Simple omit
the brackets and place the number "1" immediately after the
function designator. The second example shows how a discrete
component is identified.,

"EXAMPLEs- . $FUNCTIONS®
RESISTOR;RES1

— s e st
— e o

NOTE ON FUNCTION TYPES

If a single device contains different logic functions, the
function type specified in the device description file must be.
stated under $FUNCTIONS after the device name, preceding the .

operator-defined function designator. The system requires the- -

additional function type entry to make the distinction between .
different functions on a single device. For example, the device .
4000A contains two NOR3 gates and the inverter (INV) logic
function. = The 4000A device. file is shown below:. -

(DEVICE DESCRIPTION FILE: QUOUA)
PACKAGE DIP14 - -

CLASS IC

PINCOUNT 14

PINORDER NOR3 A B C Y

PINUSE NOR3 IN IN IN OUT
PINSWAP NOR3 A B C

FUNCTION G1 NOR3 3 4 5 6
FUNCTION G3 NOR3 11 12 13 10
PINORDER INV A'Y

PINUSE INV IN OUT

. FUNCTION G2 INV 8 9

POWER +5V; 14

GROUND GNDj; 7

NC 12

END
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The format under $FUNCTIONS is shown below for single device types
containing different functions.

DEVICE NAME ! FUNCTION TYPE ; FUNCTION DESIGNATOR[SERIES SPECIFIED[n1-n2]

[
EXAMPLE: $FUNCTIONS |
4000A! NOR3; XYz[1-2] |

4000A! INV ; ABC1 |

I

— e — —— —

o Line entries must be repeated for the different function types.

o In the above example, the NOR3 function type is specified by the
operator-defined function designator XYZ, with two available
functions. The function type INV is specified by the function
designator ABC, with one available function.

DEVICE 'TYPE NAME:

The device type name must be the exact same name’ as its:
device ‘description: file"

A device type may contain up to 18 alphanumeric characters
with no blank spaces. (Allowed characters are: A-Z 0-9 - +
=% %/ .M

The package name does not need to be included since
$FUNCTIONS section of the netlist file requires device
description files ta create the net data base..

Simply input the device name at'the beginning of each line, -
following the $FUNCTIONS. statement.

EXAMPLE:- $FUNCTIONS..
741500 ;

FUNCTION DESIGNATORS and fSERIES SPECIFIED]

A semicolon (;) must follow the device name, preceding the
function. designator and the optional series specified.

An operator-defined function designator may contain up to

eight characters with no blank spaces. (Allowed characters are
AZ 0-9 =+ =% * /")
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Immediately following the function designator, input series
specified , using brackets to specify a range. Do not input a blank
space between the function designator and the series specified.
Brackets may be omitted if the device contains only one function.

e

T

| |
| EXAMPLE: $FUNCTIONS |
| 741500 ; ANDT1-4] |
| 74L74  FLIPY I
| I

Refer to NOTE ON FUNCTION DESIGNATORS on the previous page
for information on single devices containing different function
types and an example of a typical entry under $FUNCTIONS.

$NETS

PURPOSE : The $NETS section of the netlist file specifies the net
information®for"the entries made‘under the $PACKAGES
and $FUNCTIONS sections of the file.

ihe'' net information specified must be entered in"two
different formats if the operator used the optional
$FUNCTIONS section of the netlist. Nets specified for
entries contained under $PACKAGES are entered by
pre-assigned reference designators and pin numbers.

Nets specified for entries under the $FUNCTIONS section
‘are entered by function designator, function number, and. . -
pin. name..:

NOTE: The funttion number provides a unique name to
to each function designator associated with a
single logic function on a device. For example,
AND1.A, AND1.B, AND1.Y .are.functions :associated.
with a single function on the 74L500, specified
by the function designator  AND listed under
$FUNCTIONS..

The following example illustrates typical net entries.
The first entry shown under $NETS uses reference
designators and pin numbers, relating to $PACKAGES. The
second net entry uses a function designator, function
number, and pin name, relating to $FUNCTIONS. The third
net entry under $NETS uses information pertaining to both
the $PACKAGES and $FUNCTIONS sections.
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| (Example) :$WASIS

I $PACKAGES

| RES400 ! RLROS ; R2
| CAPRAD 300; C1

I $FUNCTIONS

| 741500 ; AND[1-4]
[ -~ 74L74 5 FLIP[1-2]
| $NETS

| ; R2.1 C1.2

I ; AND1.A FLIP2.QN
| s R1.1 FLIP1.GN

: $END

NOTE: The function designator and function number, FLIP1 for
example, under $NETS specifies an available function slot
on the device., FLIP2 also specifies an available function
on the device. The function number does not imply a
selected function slot.

KEYWORD $NETS

o fThe keyword is‘placed on the line following the list of packages,
and/or list of functlons. The keyword $NETS precedes the list
of nets.

LIST OF NETS.

o This includes all nets that will be ‘used in the board design,- and .

provides a list of pins. and/or function deslgnator and. pin names:
associated with each net.

FORMAT :

For nets relating to devices and .reference: designators- spec1fled o
under: $PACKAGES: '

| .
[FORMAT: ;RefDes.PinNumber RefDes.PinNumber RefDes.PinNumber
I

|[EXAMPLE: ;R2.1 C2.1 U4.3

I

For nets relating to devices, function designators and number of
functions specified under $FUNCTIONS:

I
|[FORMAT: ;FunctionDesignatorfunctionNumber.PinName,
i FunctionDesignatorfunctionNumber .PinName

I

|[EXAMPLE: ;AND1.A FLIP2.QGN

I
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For nets relating to entries pertaining to both $PACKAGES and
$FUNCTIONS sections.

|
IFORMAT: ;RefDes.PinNumber FunctionDesignatorfFunctionNum.PinName |
| : |
JEXAMPLE: ;R1.1 FLIP1.QN, |
| I

INPUT SEQUENCE:

o Each net begins on a new line. A semicolon must precede the
net information.

o For nets specified by reference designator:

-Show the reference designator: and”pin; number-far.each pini -

The format is --REFDES.PIN#--with no blank spaces allowed.-

-Reference designators must correspond to the ones shown in
the list of packages.

-A pin number may be any integer from 1 to 32767.
-Put-'at least one blank. space between pins:in the list. =~

-To continue the list of pins‘on a new-line, place a comma
at. the end.of the line and.continue-on.the .line.below... . .

-As-in:the 1ist of packages, brackets‘may be<used to input a
series of reference designators, a series of pin numbers, or
both: :

2[1-3].7 is equivalent to 21.7 Z72.7 Z3.7

23.[2-5] is equivalent to 3.2 3.3 Z3.4 I3.5

RP{1-3].[1-2] is equivalent to RP1.1 RP1.2 RP2.1
RP2.1 RP2.2 RP3.1 RP3.2

There must be no blank spaces between the (.) and a
bracket preceding it, or following it. Otherwise the
the input requirements for a bracketed series are the
same as in the $PACKAGES list.
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EXAMPLE: $NETS
;R2.2 C1.

o For nets specified by function designator

-Show the function designator, the function number and the
pin name. The format is --FunctionDesFunctionNum.PinName--
with no blank spaces allowed.

-Function designators must .correspond to the ones shown in
the list of functions.

-The function number (providing the unique name associated
with a single logic function) immediately following the

runction” designator-must be ‘within:the range- specified in-. .= =7

brackets under the $FUNCTIONS section. Blank spaces are not'
allowed- beyween the Function deszgnator and the funict fon: -
f )mbﬁr‘ .

~The pin name must be separated from the function number by
by a (.). Blank spaces are not allowed.

-Put at least one blank space between pin name and the next
entry on. the line.. . .

EXAMPLE: $NETS .
;FLIP1.Q AND3.A.

-To continue the net information on a new line, place a

comma  at the end of'thehline:and-continue.onfthe~line~below;~uv’:"

NET NAME (OPTIONAL)
o The operator may optionally give each net a name.

FORMAT: NETNAME; RefDes.PinNum RefDes.PinNum

EXAMPLE:

$NETS

l
I
|
| SERIAL CLOCK; J7.22 2Z10.11
I

-The net name must be the same as the net name the operator
uses on the board drawing.
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-A net name may contain up to 18 alphanumeric characters
with blank spaces allowed. (Allowed characters are; A-Z
0-9 - +=%*/ ,:")

-Place the net name at the beginning of the line before the
net information.

END STATEMENT  (OPTIONAL)

o The END statement must be the last line of the text file if
the operator chooses to use it.

FORMAT:  $END

CONTINUATON LINES

Tf.a.lisk..reference. designators oo pins..is.too.long-ta«fit. o one:liney: -
then put a comma (,) after the last entry on oneline, and continue: the
list on to next llne, You. may, make. as. many.. continuation :lipes: as.:
needed,. up.to 256 entries. .. _ -
txample:-

$PACKAGES
DIP14 ! 74LS04 3 203 204 Z0S Z06 207 723 714 201 34.756,
Z15 242 728 757 719
RES400 ! RES-PULLUP; R1 R3 R6 R2. R1Z2. -
$NETS
GROUND ' Z01.7 Z03.7 204.7.205.7 207.7 206.7 Z14.7 R1.1 R3.1 R12.1.

COMMENTS (Optional): -

The Telesis System treats any characters inside parentheses as comments, , -
and ignores them during processing. You can put comments anywhere in

your input text file.

FORMAT: (COMMENT LINE)

- A comment may not extend beyond the length of one line.
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Example: (The following section lists packages)

$PACKAGES

DIP14 ! 74LLS10 ; 205 z03 Z11
! RESISTOR ; R3 RS R2 R17
! CAP-BYP ; C18 CO3
! 7400 s 214 202

(The following section lists the pins of each net)
$NETS

|
|
|
|
|
| DIP14
|
|
|
|
} STROBE ; Z14.11 205.2 R3.2 R17.2

———— e e e ]

THE USE OF BLANKS

Blank characters separate items in lists of reference designators and
pins. Blanks inside net names are part of the net name. Otherwise,
blanks are ignored. - Therefore, the' following two. examples:are: "
considered the same by LOAD TEXT NETLIST:

STROBE  ; Z14.11 Z05.2 R3.2 R17.2 Z14.5 C03.1°C18.1

I $PACKAGES - |
| |
| DIP14 ! SN74181 5 205 Z03 711 |
| ! RES5K 3 R3 RS R2 R17 |
| - l
| $NETS |
l I
I N
| L

Is the same as:

SPACKAGES

DIP14: . ! = SN7418%1 ;- 205 ' 203~ ZIT“\
!' RESS5K ; R> R5 R2 R17

$NETS
STROBE 5 Z14.11 Z05.2 R3.2 R17.2 Z14.5 C03.1 C18.1

— — — —— ——— — —

I
I
I
|
I
I
I
I

OPEN-SERIES REFERENCE DESIGNATOR:

The user can indicate that he wants to assign a function, NOT to a particular
component, but to ANY of a reference designator series. For example, all
resistors will be series Rn, where "n" represents a series of numbers, 1, 2, 3,
... Telesis currently offers this feature in the EDA-300/-700 schematic Extract
Netlist assignment process: Any logic function with a reference designator
ending in "*" will be assigned to the next available refdes in that series. For -
example, refdes R* is assigned to R1, R2, R3, or whatever is the next available.
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Example:
U*:F5.A

will assign function F5 to the next available refdes in the series Un. If there
is an available slot in an existing package of the correct device type, the

function will be assigned there. Otherwise, we will create a new package of the
correct type with the next refdes in series U*, and assign the function to that.

RULE FOR RESOLVING AMBIGUOUS FIELDS:

DESIGNATOR FIELD: (left of the period, containing either the refdes or funcdes,
or both) If there is only one entry (that is, no colon in the field), compare
the entry first with the list of reference-designators, then
function-designators,

PIN FIELD: (right of the period, containing either the pin-name, pin-number, or
both) If there is only one entry (that is, no colon in the field) and it is
numeric, it is a pin-number otherwise it is a pin-name. We currently do not
support alpha-numeric pin-numbers.,

_86_



PRODUCT SPECIFICATION

TELESIS BACK ANNOTATION FILE

CONTENTS
PAGE

INTRODUCTION  «eeeeennnneeceennnneeceeeensioneesnnaeeesennnnnnees 1
DEFINITIONS  «eeennneeennnnncennnceeanioneecnseeeanceesanneeeaans 1
BACK ANNOTATION PROCESS  «veeeeennnnnceeseeenneesennneecesacannns 2
FORMAT OF BACK ANNOTATION FILE  eueeeeennnneenneeeenncecennneeeas b
OTHER CUNSIDERATIUNS ettt eeeeteraeteaereaeeeaaeeaaaneaa b
EXAMPLES OF ERRORS AND MESSAGES -« e e eennnncennneennneeeannnecens

SAMPLE OF TELESIS BACK ANNOTATION FILE ciceceecceccceccccccncesnas

-87-



Page 1

PRODUCT SPLCIFICATION

TELESIS BACK ANNOTATION FILE

INTRODUCTION

lhis specification describes the file format output by the Telesis workstation,
for backannotation to third party schematic capture systems. Section 1 defines
important terms. Section 2 describes the back annotation process and how
Telesis and third party supplied programs automate the process. Section 3
defines the back annotation file format that the third party software will use
to update drawings. Section 4 explains the effects editing on a Telesis
workstation has on the back annotation process. Section 5 and 6 specify the
function the third party back annotator should perform and suggests messages
that should be generated when problems are detected. Section 7 is an example of
a Telesis back annotatable netlist.

Definitions
Back Annotation

In Telesis, "back annotation" refers to the ability to update the reference
designators and pin numbers on the original schematics to reflect package name
changes, changes due to pin swapping and to gate swapping packages.

Function Designator

A "function designator" is the unique name each function (gate) has on a sche-
matic. Note that a reference designator (circuit designator) does not uniquely
~identify the functions it contains since each function has the same refdes. For
example, a 7400 has four gates on a schematic with a single refdes like U6.
Reference designators provide unlque 1dent1f1cat10n of physical package
instances on a board.

Back Annotation Process

1. Create a schematic using a third party package and generate a Telesis
' netlist.

2. Transfer the netlist to the Telesis PCB Design System and d331gn the board.
3. DOn the Telesis workstation, automatically generate a back annotatlon file.

4. Transfer the back annotation file to the third party schematic capture
system and update schematic.
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Back Annotation fFile Format

The back annotation file is a free format file that relies on the concept of
groups. Groups are collections of related records and are delimited by left
and right parentheses. A sample extended BNF description of the file follows:

<back file> ::= <back header> <back record>+

<back header> ::= 'BACKANNOTATION' ',' <version #>

{version #> ::= '2!

<back record> ::= '(' <func des record>

[<part record>]

[<value record>]

<pin name record>+ ')’

<func des record> ::= 'FDES' ',' 'func des' ',' 'ref des' ','
{part record> ::= 'PART','part number'

<value record> ::= 'VAL', ‘'component value'

<pin name record> ::= 'PIN'',''pin name'',''pin number'

The files follow these conventions:

1. The first record in the file tells what the file contains and the version

number of the file. In the example, the file contains back annotation
information and is version 2.

2. The rest of the file is made of groups of records. A group exists for each

function designator. A left parenthesis immediately precedes (on the same
line) the function designator information. Then pin information follows -

one record for each pin. There are two other records that may appear
anywhere and are optional. These records contain part number and component

value information. A right parenthesis closes out the group, but it appears

on ITS OWN LINE - not immediately following. This inconsistency exist
because right parenthesis might be part of the last field and hence must be
on their own line to terminate the group.

3. Each record starts with a type field that indicates not only the contents of
the record, but also the number of field in the record. Commas separate
field. These are logical records, not physical records. A record may
extend over multiple lines. Each field may be up to 255 bytes long.

The meaning of the Extended BNF is as follows: t-

- The first record says that this is a back annotation file that follows
version 2 formatting conventions.
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- The rest of the file consists of one or mofe groups of back anndtation
records. A back annotation record consists of a function designator record,

followed by optional device type and value records, followed by one or more
pin records.

- The 'FDES' type indicates that a function designator record follows. The
field order is: function designator then reference designator. This record
will always be the first record in a group. ‘

The function designator has meaning only to the schematic capture system and
must be in the format specified in the enclosed document on the back
annotation netlist format.

The function designator is at most 8 characters long. This is due to
constraints in the database. The back annotation file processor should be
able to read fields of any length. When it comes from a Telesis system, it

will be at most B characters long. Examples of legal function designators
include 1-1-10, F1 and SHEET 1-1. ’

- The 'PART' type indicates that a part number (device type) follows. All
symbols are required to have a part type when used in conjunction with a
Telesis system. All physical CAD systems require such information to
characterize the packaging considerations., The user might want his part
number to read 74LS04 on his schematic, but the physical CAD system just
needs 7404 to get the packaging because all 7404 series components have the
same packaging.

- The 'VAL' type indicates that a component value record follows. These are
most often used for capacitors or resistors.

- The 'PIN' type indicates that a pin record follows. The field order is pin
-~ name, pin number. Where pin name is the old value of the field and pin
- number is the new value. FDES, VAL, PART and PIN appear on the same line as.
their corresponding fields. . R o -

An example back annotation file might beﬁ

BACKANNDTATICON,2
~ (FDES,1-1,U1
PART,74LS00
PIN,A,1 =—mm |
PIN,B,2 |(Pin Names assigned to pin numbers)
PIN,Y,3 ~mm-
)
(FDES,102,U2
PART,74L504
PIN,1,5 - (Pin Numbers swapped from 1,2 to 5,6)
PIN,2,6 ~-- |
)
(FDES,1-3,R1
PART,RES1K
PIN,1,1 -1 (Pins 1,2 no change)
PIN,2,2 —--- ~
VAL, 1K
)
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This file will be sorted by function designator. This will be accomplished by
doing a simple lexicographical sort on the function designator.

Other Considerations

Unusual cases happen if symbols are deleted or modified on the PC board side
using the Telesis PCB CAD package. A PC designer might add a function to the
board that does not appear on the schematic. In the simplest case, this will be
recognized because the function designator field will be blank. In a more
complex case, he may add his own function designator. In this case, the
function designator will not be in the format that the third party schematic
capture system expects and is recognized as an added symbol. In the most
complex case, a user creates a function designator that looks like function
designators the third party system is expecting. In this case, the PC designer
might successfully fool everybody and that's his problem.

If a pin has been added to a function (i.e. the schematic does not have a load
line tied to power), the pin name field will be blank. If a pin or function has
been deleted from the board, this may only be determined by examining the
drawings, seeing what symbols have been back annotated and then flagging the
rest. There is no way to determine from this file whether the network
description has been changed when pins and components haven't been added or
deleted, but merely had the interconnections changed. An additional problem
occurs if the length of the new value of a field to be back annotated is longer
than the original contents. Illegal symbols might be formed if the values
overlap symbol boundaries. These cases must be detected by the back annotation
program.

Example Errors

~Some simple messages might include:
“<func des) can not be located on draw1ng <draw1ng file>." o -+

The user has probably added a functlon designator on a Telesis workstatlon that
follows the format expected, but cannot be located on the current sheet. This
is an error.

"...1s not associated with any of the drawing files in the directory."

The user has probably added a function designator on a Telesis workstation that. .
does not follow the format expected ... it could be blank. This is an error.

"<pin name> can not be located on symbol <symbol number> on drawing <drawing
file>.

Somehow the pin number can not be matched to the symbol on the current sheet.
This is an error.

"No circuit designator on symbol <symbol number> on sheet <drawing file>."
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~The circuit designator field has been deleted from a symbol or was never there.
This is an error.

"No part number on symbol <symbol number> on sheet <{drawing needs>."

The component value has been deleted from a symbol or was never there. This is
an error.

"Symbol <symbol number> on sheet <{drawing file> has previously

Somehow, duplicate copies of a symbol got into the back annotation file. This
is an error.

"Pin name <pin name> on symbol <symbol number> on sheet <{drawing file> has
previously been back annotated."

Somehow, duplicate copies of a pin name -got into the back annotation file. This
is an error.

"Part number on symbol <symbol number> on sheet <drawing file> has previously
been back annotated. Only one PART record is allows per FDES."

Somehow, duplicate copies of the PART record got into the back annotation file.
This is an error.

"Component value on symbol <symbol number> on sheet <drawing file> has
previously been back annotated. Only one VALUE record is allowed per REFDES."

Somehow, duplicate copies of the VAL record got into the back annotation file.
This is an error.

Symbol messages are detected on a symbol by symbol basis. Sheet ﬁessages may
only be detected when an entire sheet has been processed. Recall that there is
no offendlng record, S0 No record will appear in the logflle. The messages are:

"The following pins on symbol <symbol number) on sheet <draw1ng flle> were never
~ back annotated.  <pin1> ... <{pinn>."

Either pins were always unconnected or perhaps deleted by the PC board designer
~are not in the final board description. This is a warning. Pins with an
explicit no-connect signal should not generate this message. This is a warning.

-—

"The follow1ng symbols on sheet <drawing file> were never back annotated.
<{symbol numberi1> ... <{symbol number>."

These symbols were probably deleted by the PC board designer. This is a
warning. '

" "The part number field <part>, on symbol <symbol number> on sheet <drawing f11e>
was never back annotated.”

'There should be a part number field in the back file. Something is wrong.
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"The component value field <value>, on symbol <symbol number> on sheet <drawing
file> was never back annotated."

The PCB designer deleted the component value field from the Telesis side.

Exceptions to Message

The following cases should probably not generate messages:

1. If there are unused piné on a symbol, these should not generate the "not
back annotated pins" messages. :

2. If a symbol has no pins (and is therefore not back annotated), it should not
generate a '"not back annotated symbol" message. Examples include ground
symbols.

3. If a symbol has a signal attached to it named N/C, it should be considered
to be an unused pin.
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PRODUCT SPECIFICATION

PREPARING MAGNETIC TAPE FOR TELESIS INPUT

CONTENTS
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SAMPLE -C (PRINTOUT OF TELESIS ASCII TAPE IN BYTE-OCTAL FORMAT) ....... 6
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Page 1

INTRODUCTION

It is possible to write, onto magnetic tape, a text netlist, or any ASCII text
file, created by another computer system, so the netlist can be read by the
Telesis system, If properly formatted, this text can transmit the device and
netlist information required for the Telesis LOAD TEXT NETLIST command. You can
then create the NET-DATA-BASE required for placement and routing of PC board
drawings on Telesis.

A Telesis system equipped with a magnetic tape drive can read and write 1/2"
mylar, nine-track, odd-parity tapes at 800 and 1600 BPI (bits per inch) density.

TELESIS MAGNETIC IAPE TEXT FILE FORMAT

If you write a text data file from another computer onto nine-track magnetic
tape in the format given below, the text can be read into the Telesis system
using the ASCII TAPE IN commands.

The Telesis system reads and writes text files to and from magnetic tape in
80-byte physical ASCII records. Each record represents one line of the text
file, padded with blanks to 80 characters. A line of a Telesis text file is
considered to be all characters up to, but not including the next carriage
return <15 octal> in the file. The text file on tape ends with two end-of-file
tape marks after the last 80-byte record. A sample (Sample -A) is given in the
next section.
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PAGE 2

SAMPLE OF A TELESIS TEXT FILE ON MAGNETIC TAPE
ORIGINAL FILE STORED ON TELESIS (OR OTHER) SYTEM

SAMPLE -A

(SAMPLE TELESIS NETLIST INPUT FILE)

SPACKAGES

DIP14 ! 74LSP6 ; U
DIP14 ! 74LSG4 ; U
DIP16 ! 74LS138 ;
DIPl6 ! 74LS163 ;
CAPRAD308 ! CAP ;
CONl1 ! CON1l ; J1
SNETS

VvCcC; J1.3 C3.1 C2.1 Cl1.1°

C2 C3

GND; U4.7 U3.7 U2.8 U1.8 U3.3 J1.6 J1.5 U2.5 U2.4 Ul.6 Ul.5 Ul.3 C3.2 C2.2,

Cl.2
RESET; J1.2 Ul.1
CLOCK; U4.3 Ul.2
ONEGEN; U3.4 U2.6 Ul.190 Ul1.7 Ul.4
LOAD; U3.2 Ul.9
CNT3; U2.1 Ul.1l1
CNT2; U2.2 Ul1.12
CNT1l; U2.3 Ul.13
CNTB; J1.7 Ul.1l4
TC; U3.1 Ul.15
DECH; U2.7
. DECl; U02.9
DEC2; U02.11 ©02.19
DEC4; J1.8 U2.12
DEC5; J1.9 U2.13
DEC6; J1.10 U2.14
DEC7; J1.11 U2.15
;04.2 J1.1 : :
+5V; U4.14 U3.14 U2.16 Ul.1l6
SEND
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PRINTOUT OF TELESIS ASCII TAPE

EACH LOGICAL BLOCK IS A SINGLE PHYSICAL RECORD ON THE TAPE

SAMPLE -B

Dump of MT@:
Logical block

popPoP ( s A M P L E
peED20 N E T L I 8 T
pe0o 40 L E )

ppRo6D

peolop

Dump of MT#@:
Logical block

peoooe
ppeo20
peop 4P
pooP6 D
peo1op

Dump of MT@: »
' Logical block

popooo $ P A C K A G
peeo20
poop4o
ppOO6D
peeloo

Dump of MT@:
S Logical block

peo@EPe - D I P 1 4 1

po0020 U 4
0p00 40
peogoes
peelep

Dump of MT@:
Logical block

000000 D I P 1 4
poP020 U 3
p0004D

poppep

000108

0,000000

2,000001

0,000002

E

,008003

0,000004

T
I

S

7

E
N P

4 L

-97-

Size Bf. bytes

E S I S
U T F I

Size 88. bytes

Size 86. bytes

Size BO. bytes

S 8 9 :

Size 86. bytes
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PAGE 4

SAMPLE -B (CONT.)

Dump of MTO:
Logical block 8,888085

Size 8€. bytes

poRORO D I P 1 6 1 7 4 L s 1 3 8
pPRE20 : U 2

poPD 4o

pO0RED

pPB10P

Dump of MTB:
Logical block £,080086

Size 88, bytes

peppeo D I
pppR20
popBo4o
pPPREDR
peolps

aw

1 6 1 7 4 L S.1 6 3
1

e

Dump cf MTB:
Logicel block 8,8088€7

Size 8E. bytes

b

000000 cC 2 P R A D 3 8
gppe2o c 1 c 2
bpep 4D

pepoecp

6pe1po

g C a2 P
c 3

Y

bump of MTE:

Logical block 6,088618 Size 88. bytes

g0P0PB - C O N 1 ! C o N1 J 1

£00028
pPOD 4D
popOED
opEL00

A Y )

Dump of MTB:

Logical block 8,868011 Size 8B. bytes

gopopRe $ N E T 8§
popE28
ppep 4P
popoep
#P010D

Dump of MTB:
Logical block 6,888812

!

Size 88. bytes

900000 v ¢ C ; J 1 3 c 3 . 1 C
2006020 2 1 c 1 .

P0PP4D

Bpppe o

BBELOD

1



PAGE 5

SAMPLE -B (CONT.)
Dump of MT@:

Logical block £,088213 - Size BP. bytes

ooBe0e G N D ; U 4 . 7 u 3 . 7 U
ppB020 2 . 8 U 1 . 8 u 3 . 3 J 1
poPR 4D . 6 J 1 . 5 v 2 . 5 u 2 .
pPBR60 4 U 1 . 6 o1 .. 5 o 1 . 3
pPBl1o0 c 3 . 2 c 2 . 2 ,
Dump of MT8:

Logical block £,888P14 - Size 88. bytes
peOOBOo c 1 . 2
00PP020
peop Lo
ppEpP6 o
peeles

Dump of MTE: :
Logical block B,BBBPl5 - Size EE. bytes

6eepe0 R E 8§ E T
0000620
popB 4P
ppooED
ppo108

~
(]
[ ]
[}

N
(]
[
.

1

Dump of MTO:
Logical block £,P@BPl6 - Size 8B. bytes

goPPEE C L O C K
008020
800040
800066
850160

~¢
[0}
B -
.
w

v 1 . 2

Dump of MTE: : '
: Logical block £,888f17 - Size BB. bytes

000000
200620
pEOB4Le
poEO6 R
600180

N

3o
R}

Ll
)~

E G 2 .
U 1 1

U 3 0
o1 . 7 U

[N Yol

Dump of MTB:

Logical block £,808028 Size 8B. bytes

opoBoe L 0O a2 D ; U 3 . 2 U 1
ppeE28 '

ppBPe 4o

popBE o

ppE1E8
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SAMPLE -C

Dump of MT@:

popooo
popB20
pooD4p
ppopPeEd
peolop

Dump of

ppoooe
ppee20
pPPOL 4D
poeP6 0B
poElo0

Dump of

eooo0o0
. bpODB2D
pooO AR
pooee D
poelpo

mmpof

opeoeo
ppop2p
poBOo40
ppoo6 o
pPe1o0

Dump of

op0p00O
popp20
o0ppo 4o
poBO6D
ppe1oo

650 123
116 165
114 185
P40 P40
P40 04D

MTQ .

40 D40
840 040
p4p 049
P40 040
£40 040

MTO:

p44 120
P40 040
p4p 040
04p P40
P40 040

MTO

194 111
649 125
048 840
040 040
040 D49

MTO

164 111
p4p 125
p4P 040
B40 049
P40 049

PRINTOUT OF TELESIS ASCII TAPE IN BYTE-OCTAL FORMAT

Sample -C is the same netlist text file used in Sample
-A and -B. The data is output in byte-octal form to
show exactly what each ASCII character position looks

like. Each logical block is a single physical record
on the tape. :

Logical block 0,000000 - Size 88. bytes

181
124

115
114

120 114 185
111 123 124

p4p
40

124 105 114 105 123 111

g51
040

p4p0
640

P40 D40 040
P40 040 040

840
4o

111 116
040 040
040 040

128 125
040 040
B40 040

124
p40
B40

640
P40
P40

P4D D40 040 040 0409

P40 040 D40

p4po 040

P40 040

Logical block £,0808601 - Size BB. bytes

p4p
p4p
p4p
040
B4p@

p4pg
p4p
4o
4o
p4p

P40
p4p
B48
B40@
B48

4@
040
649
p4p
049

p4ap
049
p4p
40
p4p

p4g
040
B40
p4ap
B40

4P
p4p
B4p
p4g
p4p

P40
p4p
B4pg
p4p
840

40
4P
B840
p4p
40

p4p
p4p
B408
P48
48

P40
40
B40
P40
4P

4P
p4pg
4P
p406
p4pg

Logical block 0,0008082 - Size 88. bytes

113
640
pap
040
049

161
P40
p40
4o
p40

183
046
p4p
p4@
048

101
p4p
040
p4g
p4p

187
Bag
p4p
840
pag

185
p4p
p4po
p4p
640

123
040
p4p
p4g
40

P40
p40
B4p
p4p
B40

p4e
040
040
p4p
p4o

P40
p4p
p40
P40
40

p4p
640
4@
p4p
640

p4p
p40
040
040
p4o

Logical block 8,00608863 - Size 886. bytes

120 @61
P64 040
p4p 040
p4p 040
P40 040

p6 4
p4p0
p4p
pap
840

p4p
p4pg
p4p
pap
p4p

P4l
4o
p40
p4g
p4p

p4g
p4o
p4o
p4p
p4pg

p67
p409
40
p4p
040

864
p4p
P40
040
040

114
P49
p4p
040
p4p

123
040
p4p
P40
040

p6 o
p4p
p4p
40
p4p

pep
p4p
040
B 40
P40

Logical block 9,080004 - Size 88. bytes

120
P63
p4p
P40
p4p

pel
4o
p4p
46
p4pg

P64
pap
p4p
pap
B4po

040
040
p4p
049
21

641
B4p
p4e
p4p
B4g

p4p
pap
p4p
pap
048

p67
pag
B4pg
B4po
p4p

p6 4
p4p
p4p
40
B4o

114
p4p
p4p
B40
B4p

123
40
40
40
p4pg

p6 o
p4p
048
B4p
p4p

p6 4
p4p
049
040
p4p

-100-
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123
106
040
P40
D40

p4p
p4p
B40
g4p
B40

040
p4p
040
040
640

P40
p4p
p4p
B40
B40

B4g
4o
040
40
40

p4o
111
040
p4p
p4p

B4p
B4
640
4o
B4P

p4p
040
p4p@
B40d
p4p

673
P40
B40
p4p
p4p

g73
p4p
p4p
B4P
p4g



SAMPLE -C (CONT.)

Dump of

poPoO0oR
pe0020
PPPO4D
peeP60
pPB100

Dump of

peoepoe
pRRO20
poRO40
pooP6 o
pepl1oo

Dump of

ppoooo
pPBO20
poop 40
200060
poE1oo

Dump of

poopoo
peop20
ppo040
0p0O060
ppelep

Dump of

. POBOOD
" pPPB2D

poop4p
poopPeED
poBl1oo

Dump of

poeooe
peep2e
popoB AR
poooe e
pp0o108

MT@:

184 111
873 0490
P40 040
D40 0490
04D D40

MT@

164 111
873 049
P40 P40
040 040
P40 D49

MT@ ¢

183 181
B73 0490
040 040
p4p P49
640 040

MT@:

163 117
640 040
p40 040

P48 40

b4pB 048

MT@ ¢

644 116
P4D 049
P40 040
040 D40
040 P4p

MTO

126 183
P62 @56
B40 040
B4 048
640 049

Logical block 0,8008005

120
125
p40
p40
640

g6l
p62
p40
040
640

P66
040
B40
040
040

040
040
40
P40
p4g

P4l
040
4P
B40
040

040
040
B40
p4p
B40

Logical block @,000026

120
125
B406

840

640

p61
P61
B40
0406
040

66
640
p4p
040
40

P40
B4p
040
40
P40

B4l
040
04
p4p
P40

g40
p4p
p40
P40
B 40

Logical block 8,8886¢7

128
163
640
6406
640

116
p4g
p4p
649
640

122 1¢1
p6l 049
p4p 040
p40 040
B48 048

p6 1
p40
640
p4p
']

pdp
g40
g40
P40

p40

104
183
p4p
4o
p4p

41
p4p
p406
4o
p4p@

p63
862
040
640
B4p

40
p4p
B4p
040
g 40

pep
p406
p4p
840
640

Logical block 6,000010

163
p4o
640
B40
640

Logical block 0,860011

185
p40
040
p4p0
040

124
B40
B40
p40
040

123
040
P40
049
B49

0406
p4p
p4g
p4ap
p4p

040
pap
p4p
p4p
p4p

p40
B 4o
p4pg
049
B40

Logical block 0¢,080812

183
P61l
640
B4g
648

873
B4
p4p
p49
B40

p4p
163
p4p
p4p
04p

112
pel
649
049
B40

pel
B56
p4p
p4g
B4p

B56
pel
p4p
pap
B4@
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040 040

- Size 80. bytes

P67 P64
P40 P40
D40 D40
P40 040
P40 040

114
P40
4o
P40
040

123
040

P40
040
040

P61
040

4P
040

040

- Size 8f. bytes

P67 064
P40 040
040 040

114
p4p
B4p
040
B40

123
040
040
040
p40

p61
P40
040
049

648 040 B48

- Size B88. bytes

g6 o
1e3
p4p
p4&0
p4p

p4p
P63
640
489
p49

B4l
040
P40
040
648

P40
p4p
840
8406
B4P

163
p4p
P40
040
p4p

- Size 8@. bytes

P61
p4p
p4p
p4p
40

117
p4p
640
p4p
B4p

116
p4p
04p
040
B40

040
040
0489
p40
640

g73
P40
p4p
p4p
040

- Size 88. bytes

P40
p4p
p4g
pap
040

p4p
p4p
040
p4p
p4p

040
B 40
040
40
040

P40
40
p4po
p4g
40

p4p
P40
p4p
p4p
p4o

- Size B8f. bytes

p63
p4o
p4p
p4ap
040

640
40
848
040
B4p

163
049
4o
g4p
B4p

963
040
040
p4po
p4p

256
p4ap
040
B840
B40

P63
P40
4P
P40
40

p66
P4p
P40
P40
D40

181
40
p4p
p4p
B4p

p40
p4p
p40
B4p
p40

40
p4p
p4p
p4o
P40

P61
B4p
040
p4p
P40

70
040
p4p
B40
p40

p63
B40
040
p40
P40

129
p4p
p4p
B840
B4p

112
p4p
p4p0
B4p
p4p

P40
p4p
p4p
p4p
040

B4p
B840
P40
p4p
040

p40
040
P40
040
040

p4p
040
p40
040
040

4o
640
p4p
p4p
46

p6l
640
B4p
640
p4p

640
p4p
p4p
B40
040

163
p4p
B4p
p4p
p4g



SAMPLE -C (CONT)

Dump of

poeo0e
poPB20
POOD4P
pooB6 D
60100

Dump of

popooD
poBO20
pPOBP4P
poopeoe
peplop

Dump of

peopoo
ppop20
poop 40
poopee
0001068

Dump of

 poePOD

608020
PO00 40
9008060
9806100

Dump of

- 680800
000020"
800040
000060

po0l1006

Dump of

poepPoe
pooB20
PPO0B4AD
pPBO6 D
0p0100

MTO:

167 116
P62 656
856 B66
P64 040
40 103

MTO :

P46 103
P4p B4P
040 040
P40 040
P40 B40

MT@: -

122 185
D40 P4P
P40 049
P40 P40
D40 040

MTO s

163 114

D4p 040
640 040
P40 049
B4D 040

MTB:

117 116

P66 048
P64 £40
P40 0406
p4ap 040

MTQ

114 117
p4p 049
p4p 0409
B40 040
04p 040

Logical block 2,808813 - Size 88. bytes

184
70
840
125
P63

873 040
40 125
112 P61
661 056
856 062

125
661
856
P66
040

P64
B56
P65
040
163

780
040
125
P62

Logical block ©,000014

06l
4o
p4p
B406
p4p

P62
040
040
p4g
p4p

656
B40
040
p4o
4o

P40
4P
P40
040
P40

040
P40
040
p40
p40

040
040

040

Logical block £,080015

123
p4p
B840
B40
p40

185
B4p
p4p
0649
4P

124
p4p
B4o
P40
049

673
P40
p40
p4@
p40

040
B4p
0406
B40
P40

112
P40
0409
p4p
040

Logical block 6,0008016

117
p4g@
040
040
pag

163 113
040 040

P46 048

P40 040
040 D40

673
p4o
p40
B4g@
p4g

848 125
B40 040
P40 P40
P40 040
P4p B40

Logical block 0,0608817

185
125
p40
p4ap
p4p

187
g6l
pag
B4pg
040

185
B56
040
p4p
p4o

116
P61
040
p4p
p4o

873
P66
p4p
p4g
papg

p4p
p4p
p4o
B4p
p4ap

Logical block ©,008028

11
4o
p4p
Bp4p
B4p

164
040
B4g
B40
49

B73
p4ag
p4pe
B84p
p4p

B4p

040
p4g@
840
pap

125
0406
p4p
040
040

P63
p4p

p4p
p4p

56

p490

pag.

g4

067
040
125
pel
856

125
P62

P62

P40 125

B63
656

P56 P65

54

P63
856
065
040
P40

856
863
040
125
2-1']

- Size 806. bytes

P40
40
640
849
p4p

P40
40
040
g4p
849

840
P40
040
g4p
p40@

P40
P40
040
B4g
040

040
p4p
p4p
pag
P40

- Size 88. bytes

61
p40
4P
B40
040

56
040
B 40
p4p
40

B62
B4o
640
p4p
B4p

240
6406
p4p
040
p40

125
648
4o
B4p
p4o

- Size 80. bytes

P64 856
P40 D48
p4p 040
P4p D40

P40 040

963
B4p
040
p4ap
040

040
040
p40
p4ag
P40

125
0406
0406
p4p
p4p

- Size 88. bytes

125
125
040 D40
640 040
040 840

963
61

g56
B56
D406
p4p
640

p6 4

P67

P40
040
P40

40
p4g
P46
p4p
p4p

- Size BG; bytes

256
p4p
840
040
p4p

p62
P40
4o
p4p
040

-102-

B40
p40
p4p@
B4g@
p4g

125
B4p
840
840
p4p

P61
B4g
B4p

840

p4g

867
240
125
061
P40

040
p40
40
840
040

p6l
4P
p4p
g4p
40

P61l

40
040
p4p
040

125
125

040
p4p
p4p

B56
4P
B40
p4p
040

FAGL O

p4p
112
p62
856

P40

p40@
040
p40
p4p
P40

856
849
p40
P40
P40

856
p4pg
p40
p40
p40

062
p6l
p40
04p

040

871
p4p
040
49
48

125
P61
B56
P63
p4o

040
B40
D406
840
p4g

p61
p4p
p4p
4o
p4g

P62
040

649
040
B40

856
856
640
048
B40

P40
040
p4p
B40
B40
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IV. LOADING INSTRUCTION - IBM-PC

~-109-



II.

III.

STEP

STEP

MEDIA

1.

2,

Two floppy diskettes (8-inch) containing the upgrade to the
EDA-3000/3100 software. These will be loaded with the "SELF LOAD"
feature. See the comments in Section V to determine whether you
wish to load the software immediately. The part numbers are
8000074-001 and 8000131-001.

One 5-1/4 inch floppy diskette containing IBM software.

LOADING INSTRUCTIONS - GENERAL

NOTE: PLEASE READ ALL OF ‘IHESE NOTES BEFORE LOADING YOUR SOFTWARE!

To

1.

2.

3.

YOU MIGHT NOT WANT TO LOAD YOUR SOFTWARE IMMEDIATELY.
load this software, the followiné loading steps must be performed:

Load the 8-inch floppy diskettes onto the Telesis workstation
following the instructions in Section III. The Telesis station
must be REBOOTED.

Do not load previous revisions of the software. This release
supercedes all other revisions.

Load the 5-1/4 inch floppy diskette onto the IBM Personal Computer
following the instructions in Section IV,

LOADING INSTRUCTIONS - EDA-3000/3100

CRITERIA

1.

[ [ and 3%
) e

T e

The EDA-3000 system should be at the OLD PROJECT/NEW PROJECT menu

page —— with no user activity bemg performed

- TELESIS software EDA-3000/3100 must exist on the system.

Insert Volume 1, 8-inch floppy in the Telesis floppy drive.

- From the menu, pick the menubox <SELF LOAD>.

You will then be prompted on the function screen to:
INSERI"IHEFIDPPYANDHITPAGE~>'10(INI‘INUE

<PLEASE ENSURE THAT THE FLOPPY IS INSERTED IN THE DRIVE.>

After PAGE -> is hit, the floppy will continue to load the

appropriate software onto the system without further operator
assistance.

A message will be issued at the bottom of the function screen

to indicate the completion of loading. Remove the floppy from
the drive.

Repeat Steps 1-5 for second volume.

IT WILL BE NECESSARY TO REBOOT THE SYSTEM.
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IV. IBM-PC LOADING INSTRUCTIONS

ST@ 1.

STEP 2.

STEP 3.

STEP 4.

STEP 5.

Insert one 5-inch floppy into the IBM Personal Computer floppy
drive. '

Make sure that drive "C" is your default drive by typing: C:
Position yourself in whatever directory you wish to contain the
software. We typically make a single directory called DCS.

It is up to you. See your DOS manual on how to make directories
and change your default directories. An example is:

C> MKDIR DCS
C> CDh DCs

Copy the files from the floppy to the appropriate directory on
harddisk by typing: '

C> COPY A:*.*

Remove the floppy from the drive.
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Introduction to Simulati

What is Simulation? .
Simulation is a software tool that is used to verify proper logical and
timing operation of circuit board designs. Simulation can also be used
to determine how the circuit will respond to typical faulty conditions
on the board. |

When is Simulation Used?
Logic simulators are used exclusively for Integrated Circuit and board
designs using digital logic. Analog circuit simulation requires the use
of a totally different simulator. That simulator is usually a form of
SPICE, a public domain circuit analysis program.

DX X i) ] I‘;O "A K11 21 OCC

| he siuatn ools will b use by t vlpt engineer prior
to submitting the board for layout. The following diagram illustrates

the process:
SCHEMATIC ) FINAL
ENTRY SIMULATION J VERSION” LAYOUT
MAKE CHANGES
OR ADDITIONS
TO CIRCUIT

The engineer will typically make several passes through the simulator
because he finds errors in his design or he adds another section to the
design. Once he feels he has verified the operation of the board, it will
go to layout. At this time, he may or may not build a hardware
prototype. '
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Why Use Simulation?
-By using simulation, the engineer can verify that the circuit is correct
logically before any time is spent on building a prototype. It also
eliminates the unknowns of bad devices and wiring errors in the
prototype. Considerable time can be saved in the prototype stage by
using simulation.

-Simulation allows the engineer to verify the circuit's performance
over the entire timing window of each component on the board and
their combined effects. A hardware prototype only verifies the circuit
for the given conditions on that board. Prototype verification alone
can allow timing design errors to pass through to manufacturing
where they are difficult and time consuming to diagnose. Timing
verification during the design phase is becoming increasingly
important with the faster speeds of new board designs.

-The data that is generated during simulation in the design phase can
be used for testing of the board in manufacturing. Use of this data
will greatly reduce the time spent generating a test program in
manufacturing. '

-The time to market for a new product can be shortened by reducing
the time spent on developing hardware prototypes as well as making
use of simulation data for test generation.

-Higher product quality can be achieved by using simulation to
eliminate timing related design errors which often are not detected
until the product reachs the field.

How Does A Simulator Work?
There are three major components to a simulation product. They are
logic simulation, timing analysis and fault simulation.

Logrc Simulation -Logic simulation predicts how a circuit will operate
assuming all the devices on the board are good. A set of input values,
called stimulus, is specified. The simulator takes that stimulus and
moves it through the circuit. The operation of the individual
components, or how they propagate their inputs to their outputs, is
defined in the models of the components. For each input pattern, the
resulting outputs are recorded. Figure 1 shows a simple circuit and
the simulation results. The stimulus is applied at AIN, BIN and CIN
and the results at the outputs SUM and COUT are recorded.

-115-



SUM

2 CouT

AIN [BIN [CIN V1.3 |U3 3 [U43 | SUM| coUT

t {0 |1 1 0 |1 1 1

Figure 1
Logic Simulation

Logic simulation is the first component of simulation the engineer will
use as he wants to verify that his design is logically correct before he
proceeds any further. A major factor effecting the accuracy of the
simulation is the number of logic states used for simulation. A logic
state is defined as the combination of the voltage level (1,02X) on that
node and the strength (active, passive, floating) of that level. The
more states a simulator can handle, the more accuracy it will have.
The trade-off is processing time. More states requires longer
simulation time.

Timing Analysis - Timing analysis is used to verily ihe circuii wili
perform correctly over the timing range of the components. The
operation is the same as for logic simulation, but this time the
simulator also keeps track of how long it takes a signal to pass from
the input of a device to it's output, called the propagation delay of the
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device. The circuit can be correct logically, but have timing problems
due to the combined effects of the propagation delays of connected
devices. The engineer will use timing analysis after he has verified
the circuit is logically correct. Two methods are used today. Unit
delay timing analysis which gives every device the same timing and
MIN/MAX timing which allows every device to have it's own timing.
MIN/MAX provides more accurate results. Figure 2 shows the same
circuit with the simulation results for MIN/MAX timing analysis.
Notice the outputs changes are recorded as happening within a
window rather than a fixed value.

SUM

stimulus

AIN [BIN [CIN | U1L3 us.3 U4.3 SUM cout

4 8 7 13

Figure 2
Timing Analysis

Fault Simulation - Fault simulation is the process of holding a node in
the circuit, called inserting a fault, in a high (1) or low (0) state and
running logic simulation again to see what effect that fault has on the
outputs of the circuit. If the outputs are different, the fault is
- considered detected. A node held high is called stuck-at-one (SA1)
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and a node held low is called stuck-at-zero (SAQ). Both of these types
of faults are inserted on each node of the circuit. The number of faults
detected is an indication of the effectiveness of the stimulus in
exercising the circuit. The higher the percentage of detection means a
higher percentage of the circuit was exercised. Engineers typically
look for 90% to 100% fault detection. Figure 3 shows the same circuit
with a fault inserted (U4.3 SA0) and the resuiting change in the output
states for the same stimulus.

AIN
BIN SUM
O
CIN 1
° | couT
_\ 2 U 3
,| U3
_ / Feultinserted — U4.38A0
Stimulus
A\
/ \
AIN |BIN [cIN 01.3 |uz 3 |u4a3 |suM [couT
| 0 |1 1 1]
Figure 3
Fault Simulation
Inputs To the Simulator

There are three essential inputs to the simulator for processing. They

- 1.7 -14
a .

Netlist - description of the connections in the circuit and the device
types. Manually entered by the engineer or down-loaded from a
schematic capture system.
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Stimulus - the set of input patterns that will be used to exercise the
circuit. Manually generated by the engineer.

Libraries - contain descriptions of the operation (models) of the
devices. Libraries are furnished as part of the simulator package.
Users will create their own for custom devices. The accuracy of the
simulation is very dependent upon accurate models. A more detailed.
description of models follows.

Models
Models are used to define the operation of an element to the
simulator. Most simulators today allow element operation to be
defined in a variety of methods, called levels. Listed below are those
levels and a brief description: -

Level Description

Switch elements are defined in terms of
transistors. Seldom used for board
simulations. Only way to accurately
simulate MOS IC designs.

Gate elements are defined as SSI/MSI gates.
Examples are AND gates, OR gates, D
flip-flop.

Functional elements are defined as interconnected
SSI1/MSI gates.

Behavioral elements are defined in terms of

relationship of inputs to outputs. A high
level language ("C’) is used for the
- description.

Physical actual device is used in the simulation.
Also called hardware modeling.

The libraries provided with the simulator typically contain switch and
gate level models. These are also called primitives. The engineer will
use combinations of the gate level primitives to make functional level
models of more complex devices. Behavioral models are used for
devices who complexity is too high to describe in terms of gates.
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Hardware models are used for microprocessors and their support
devices. The complexity of these devices makes software models
nearly impossible. Hardware modeling allows a device to physically
be placed in the circuit for simulation when no software model is
available. The device is plugged into a cartridge which the simulator
can talk to. When the simulator reaches a point where stimulus has to
be propagated through the device, it does so by applying the stimulus
and capturing the results in hardware. The simulation can now
continue propagating the stimulus with software models for the other
devices. Figure 4 shows how the different levels of models apply to a
circuit.

Simulators that can work with different levels of models at the same
time are called multi-mode simulators. This should not be confused
with mixed-mode simulation which means to do analog and digital
simulation at the same time.

It should be noted that an engineer using a gate array in a board
design will typically have a gate level or functional level model of that
device which was developed when the gate array was designed.

Outputs From the Simulator

The results of the good circuit simulation are recorded in a file. Most
simulators can also display the signal activity in a waveform display
on the CRT. The display looks very much like a logic analyzer display.
This is the most useful tool for the engineer to compare the simulation
results with what he expected the circuit to do. The simulator does
not point out any errors in the circuit. It is up to the engineer to
determine, using the waveforms, where the circuit performed
differently than he expected. He looks for such things as areas where
unknown states resulted on the outputs, bus nodes being driven by
more than one device simultaneousiy (bus contention) or violaiions of
a device's timing requirements.

Fault simulation produces report files which indicate what percentage
of the faults are detected and what faults are not detected. If the
detected percentage is low (<90%), it indicates the circuit is not being
exercised sufficiently. The engineer will usually change his stimulus
and repeat the process until he is satisfied with the fault detection. He
may also choose to change part of the circuit to make it more testable.
Some fault simulators also record the output states for each fault as it
is inserted (fault dictionary). This information will be extremely
useful in developing a test program for the board.
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Switch Level
vCeC

Behavioral Level

COUT=AB + CIN(A) + CIN(B)
SUM=A 1@+ O

Figure 4
Levels of Models
Simulators On the Market

There are four major simulation products on the market:
Name Developed By Typical Use Avaijlable From
CADAT HHB Systems Board and IC many OEM's

designs
HILO GenRad IC design many OEM's
LASAR Teradyne Board test Valid Logic

generation
TEGAS  Calma (GE) Military Calma

-121-



What is Telesis Offering for Simulation? |
Telesis is now offering the CADAT family of simulation products.
CADAT is an integrated logic, timing and fault simulator. The
configurations that are available are:

Personal CADAT-CADAT running on the IBM PC/AT. This can be used
for board designs with up to approximately 150 IC's. Fault simulation
cannot be performed.

CADAT on the 620-For customers with larger boards or the need to do
fault simulation but no hardware modeling.

CADAT Hardware Modeler-For customers designing boards containing
microprocessors and support devices. The hardware modeler is based
on a Sun processor and also runs CADAT. The modeler will handle up
to 30 cartridges, allowing 30 different devices to be modeled. The
modeler must be configured for the customer's application. The
following information must be determined for the configuration:

- which devices will be modeled.

- how many driver/sensor boards are required for those
devices.

The hardware modeler can be shared between users. It is not
necessary to purchase a modeler for every user.

Summary

Logic Simulation provides the engineer with an analysis tool which can
give him a higher level of confidence that his design will function
correctly over the entire operating range of the board. Simulation is
becoming more prevelent for two reasons. First, as more companies
begin using design capture systems, the engineer has a netlist of the
design available to him which facilitates the use of the simulator.
Secondly, as the operating speeds of boards increase, timing related
design errors are a bigger concern. Simulation is the only practical
method for the engineer to find these errors before the board is
introduced into manfacturing.
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Thermal Analysis
Introduction

Thermal analysis is becoming increasingly important for many companies
as different device technologies and packaging styles are incorporated into
new board designs. Many approaches have been taken for thermal
analysis ranging from “best guess” to manual calculations to detailed
analysis on large mainframe computers. This paper looks at some of the
basic components of thermal analysis and what capabilities are offered by
the Telesis Thermal Analysis package.

Why Do Thermal Analysis?

Thermal analysis has traditionally been used predominantly be military
suppliers to calculate the reliability figures for printed circuit boards. New
technologies being used on today's boards will make thermal analysis
essential for other manufacturers as well. Those technologies include:

High Speed Devices-Emitter Coupled Logic (ECL) is finding wider spread use
 on new board designs because of its high operating speed capabilities. ECL
devices consume tremendous amounts of power and greatly increase the
operating temperatures of ECL based systems.

Surrace Mount DevicesBecause SMD's must rely on a solder joint at the
surface of the board for good electrical contact, they are extremely
sensitive to the expansion and contraction of the board do the heat. It is
essential that the temperature range of the board in the system is
predicted and controlled to avoid stressing the solder joints on the printed
circuit board.

High Density PackagingThe use of gate arrays on boards results in much
higher circuit density in a single package. A packaging style must be
chosen to assure the power generated by the device can be adequately
dissipated. By having the thermal infor mation for a board, an engineer can
make better decisions concerning the packaging material (plastic vs.
ceramic), style of leads (through-hole vs. SMD) and placement of the
components.
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High Speed Circuits- The operating speeds of new boards are reaching
levels where the performance can be effected by the temperature of the
board. The engineer will want to know the thermal profile of the board so
the most critical timing sections of the board can be located in a cooler
section of the board. '

Inf ion Required for Tt | Analysi

To perform thermal analysis on a board, information is needed not only
about the board and components, but the environment the board will be
placed in as well. Specific information includes:

BOARD
-Dimensions of the board (extracted from the drawing database).
-total power dissipation of the board.
-ability of the board to conduct heat (thermal conductivity). This is
effected by the material of the board and the number of layers.
-special heat dissipation at the edges of the board (edge
conductivity).

COMPONENTS
-dissipation of the component (found in the databook)
-resistivity of the component (found in the databook)
-location on the board (extracted from the drawing database)
-type of component (extracted from the drawing database)
~ -heatsinks '

ENVIRONMENT
-direction of airflow
-velocity of airflow
-board to board spacing
-board orientation
-adjacent board temperature

T ratur Iculations

Finite difference analysis is used to calculate the temperatures on the
board. Finite difference analysis is best suited for thermal analysis
because it can handle fluid flow problems better than finite element and it
requires much less processing time. The calculations are done for all heat
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transfer mechanisms which are:

Radiat ron-transfer of heat with no carrying medium (board to board).
Conaduction-transfer of heat through physical contact (device to board)
Natural Convection-heat transferred through air (board to air).

Forced Convection-heat transferred through air with the aid of a fan.
If forced convection is used, it will be the dominate mode of heat transfer.

Reports and Plots

After the temperature calculations have been run, an isotherm plot can be
displayed on the screen with the board and component outlines. The plot
shows the temperature characteristics using contours. The number of
contours is set by the user. The display allows the user to quickly see what
the maximum temperature of the board is and where the hot spots are
located. Figure | shows an example isotherm display.

A short report can be generated summarizing the thermal data for the
board as shown in Figure 2.

A detailed report can be generated with the case temperature and junction
temperature of each device sorted by temperatures. The user can easily
determine if any component's specifications are being violated. Figure 3
shows an example of the detailed report.

Finally, a sensitive analysis can also be generated which shows what effect
a change in a parameter, such as total power dissipation, will have on the
overall board temperature.

* t If" An is

The real usefulness of a thermal analysis package comes from letting the
engineer make changes to the board or environment and quickly see the
effects of that change on the board temperatures. If the initial analysis
indicated the board was operating too hot, there are several possible
methods of lowering the board temperature. The engineer might want to
look at what happens if: ‘
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- a fan is added
- the board spacing is ificreased
- heat sinks are added to the hottest components

In the opposite case, if the initial analysis shows the board operating at a
safe temperature, he may want to see what happens if:

- the fan is removed
- boards are moved closer together
- plastic device packages are used in place of ceramic

For the thermal analysis package to be used effectively, it must perform
this "what if" analysis with a minimum amount of manual data entry and
in a short period of time. Table 1 shows typical changes that are made,
what heat transfer modes are effected and how the change is modeled for
thermal analysis. '

Summarcy

By answering thermal design questions early in the design cycle,
broadly-based trade-offs in packaging, layout and system configuration can
be intelligently planned. Telesis Thermal Analyzer has enabled both
electronic and mechanical engineers to benefit with significant
improvements in overall design parameters and total product reliability.
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TABLE 1

FC = FORCED CONVECIION R = RADIATION MDELING TIERMY. PRODLEM SOLUATTONS

TYPICAL "ENVIRONMENT CHANGES
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I METHID OF SOLVING | ICAT TRANSFER! | _HOW IS T MDELED I WERE 1S IT MDELED
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I | -—| |-
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I I o I
I I | I
| I . |
I | | I
| I | : I
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. | e I-
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I s , |~ l
| | 1 [ .
| | | | .
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| | |-— | '
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| : | | . | —
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| | | I
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| | | ' |
| OWNE DEVICE PACKAGING MATERIAL | AL - | JUNCTION 10 CASE RESISTIVITIES - | DEVICE
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[ [ | - l e
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| % ‘ T : = ,
I - - ‘ - =2
| OHANGE ADJACENT BOATD TEMPERATLRE | FC/RND | ADJACENT BOARD TEMPERATURE | ENVIRONMINT -

T v — —— — — ——— ——— — ——— — — ——
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GLOSSARY OF SIMULATION TERMS

‘BACK ANNOTATION

Process of gpdating schematic to reflect additional iﬁformation
created during the physical layout process including package
assignments, device types, locations, and pin numbers.

BEHAVIORAL MODEL

A description of a circuit's outputs purely as a function of that
circuit's inputs.

COMMON AMBIGUITY

The skew and signal timing shared by reconverging signals.

EVENTS PER SECOND

A crude measure of simulation speed, involving the number of
circuit transitions being evaluated by the simulator in each CPU
second. Events per second are dependent on the simulator and
CPU. :

FAULT SIMULATOR

A simulator for evaluating the results of faulty circuits;: Judge
is the fault simulator in LASAR.

FLAT DESCRIPTION

Circuit descfiption entirely described at the gate level or
below.

FUNCTIONAL MODEL

A description of how data flows through a device in such a way as
its outputs can be determined for simulation.

GOOD CIRCUIT SIMULATOR

A simulator for evaluating the expected results of a correctly
manufactured circuit. Simul is the good circuit simulator in
LASAR.

HARDWARE ACCELERATOR .
A technique for’aécelerating logic simulation by implementing a

simulation algorithm in hardware -- can increase throughput at
the expense of accuracy.
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HAZARD

A condition when a circuit's response cannot be predicted
reliably. Hazards preclude repeatable, reliable circuit
operation. Timing problems and state conflicts are common causes
of circuit hazards. : -

HIERARCHICAL DESIGN

- A design ﬁethodology allowing for the description of circuit
"subsets at varying levels of completeness.

This accommodates TOP DOWN design. Such a methodology allows for
interchangeability of precise circuit descriptions with general
conceptual descriptions. This design interchangeability is
referred to as nesting of references.

LANGUAGE

Syntax for instruction statements allewing the development of
user/application program.

LINKS

Communications between data- bases of CAD, CAE and ATE.
Example: Back annotation
: ~ Post processors
‘Net list translators

- LSRPIPE

A LASAR language for circuit stimuli without tester constraints.
LSRTAP

- Standard format for LASAR- results for use in other than Teradyne
specific appllcatzons.

MIXED MODE SIMULATOR

A simulator which can operate on a circuit descrzptlon composed
of any combination of behavioral, functxonal, or structural
circuit elements.

MODCOM

The language in LASAR used for Netlist descrzptlons and an
associated compiler for that language to create a czrcuzt model
for simulation.

NETLIST

A compact description of the interconnections between circuit
elements. :
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OPERATING SYSTEM

A dedicated low level software resident on a particular computer:
which creates and maintains the user environment. Operations
include file management, user interface, and the execution of
application programs.

PERUSE

A LASAR process for graphically dlsplayxng waveforms occurring at
any node in a circuit. -

PHASER

Pattern language that constrains the programmer to stlmulus that
the target tester can apply.

PHYSICAL LAYOUT

Translation from schematic to the physical description of
interconnects component placement. Required for both boards and
devices. '

SCHEMATIC CAPTURE

' Creation and/or manipulation of a design with a graphics package.
This is most important component of Computer Automated
Engineering (CAE).

SIGNAL STRENGTHS

A method in simulation for determznlng the proper results at
'circuit interconnections, wired nets -- answers the question "Who
owns the node?"

SOFTWARE BREADBOARD

LASAR or other simulation of a design in software in lieu of
hardware verificatioﬁ. :

STATES

A logical condition at cztcult nodes, i.e., 0, 1, Z, X, OF stored
charge.

 STRUCTURAL MODEL

A primitive level netlist.
TESTCOM

The language in LASAR used for describing stimulus to the circuit
being simulated.
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TML

A register transfer language for describing a circuit at the
functional level and an associated compiler which creates a
structural (gate level) netlist directly from the functional
description. : ' : '

UNIX

An operating system developed and licensed by BELL LABS which is
rapidly becoming an industry standard. Most work stations and
design automation tools run under this operating system.

VALUES

A list of states, one of which will describe the logical
conditions at a particular node for a given copy of the circuit.
LASAR operates with greater than 32,000 values.
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ECL RULES MANAGEMENT ON THE TELESIS SYSTEM
Buck Titherington
CAD Manager
Scientific Computer Systéms

San Diego, California

ABSTRACT

The following paper covers ECL Rules Management
as applied to the Telesis system. Some of the
topics covered are Net Sequencing and Structure,
Impedance Environment, Lumped and Distributed
Loads, and Parallelism.

INTRODUCTION

What's the big deal about ECL? 1It's just another 1logic
family, and you hook ‘'em all together, right? WRONG!!
Well, then, perhaps what you've heard is that it's very
difficult to work with, and has all kinds of strange res-
trictions. THAT'S WRONG TOO!!!

Designing with ECL does require a cooperative effort
between the engineer, who is primarily responsible for
logic content, and the designer, who is responsible for
placement and correct and efficient routing of the design.

In an excellent engineering design, the way the networks
are connected can render anything from a very fast product
to an inoperative bag of parts. This is wholly dependent
on how well a small set of "rules" are observed.

To better understand this, let's look at the things that
make ECL fast:

1. highly sensitive to input switching

2, very small voltage swing from 0 to 1
The normal input range to an ECL device ranges from -.8V
to -1.8V with a broad linear region in the middle. The
linear region is an area where, even though the input has

not reached half-rise or half-fail, the circuit is already
in the process of switching state. So, for the same
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reasons that this family is fast, it is also sensitive to
bad networks that cause excessive noise.

Please note that twice the word used was "network" and not
"net". The word "net", for the purpose of the previous
paragraphs, is only implying connectivity, whereas the
word "network" implies a well-structured, controlled
impedance transmission line. A fully optimized ECL design
contains only "NETWORKS".

After making this distinction, in the following, nets will
refer to networks. Remember, read "NETS", think "NET-
WORKS".
Three very important questions should now come to mind --
What makes a good net? How do you control the system to
arrive there? What is the cost when you "cheat"?
Though there may be some minor ranking disagreement, here
is my 1list of topics that must be addressed, in order of
importance: :

1. net sequence and structure

2. 1impedance environment

3. lumped and distributed loading

4, "wired ors"

5. "Y" nets

6. parallelism
Many of these items can be controlled and/or monitored

through use of the ECL TOOLBOX, and some even have multi-
ple solutions.

NET SEQUENCING AND STRUCTURE

The position of a pin within the sequence of a net is
determined by the function of the pin in that net. There
are three basic functions:

1. ©Source - senders of signals (output pins)

2. Destination - listeners (input pins)
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3. Terminator - pull down resistor ( terminator pins)

Generally, the correct ECL net sequence is in the order:’
source(s), destination(s), termination. For the vast
majority (90%+) of nets this is all that is required. The
exceptional sequences, such as "wired-or" and "Y" nets,
will be addressed later.

Now we must consider an odd pin function, the bi-
directional. Transceiver pins that have this use are
potentially both sources and destinations, depending on
the design. Lacking any further information, they have to
be placed between the sources (if present) and the desti-
nations to insure that whichever function they are per-
forming at a given moment they are positioned correctly.

And then there is the good o0ld I/0 pin. In any other logic
family it isn't necessary to pay very much attention to
the logic pin. Here, it must have the pin function
defined to be correctly sequenced in the net. Think for a
moment about an I/0 pin that is an output in the 1local
design. Logically, there must be a destination out there
somewhere, and because of the "rules" there must be a ter-
minator out there as well. So, for purposes of the local
design, it must be treated as a terminator. In the other
two <cases, input and bi-directional, the pin must be
sequenced as a source.

In either case, certain "abnormal" net configurations may
be discovered that require reference to company standards
or the responsible engineer.

A terminator that is more that 1" in trace from the last
load adds one more capacitive 1load to the net, so as
designers, please place terminators 1liberally over the
board (about one pack per IC) so that the interconnect
lengths can be optimized. Excess terminators can always be
deleted prior to beginning the routing process.

The correct structure for the net is strictly serial, no
"T's" or "stubs" of any sort allowed. So, what are "T's"
and "stubs"? A "T" is a branch in a trace that occurs
between two pins, connecting a third pin. A "stub" is a
third trace leaving a pin in the middle of an otherwise
sequential net to branch to a third pin. Either of these
results in an antenna that allows excess noise injection
to the net, and signal reflections within the net; both of
these are undesirable. Our design rules specify that
stubs of 1" are allowed, but this option is only exercised
on bussed backplane signals, where not stubbing them would
require the use of two I/O pins.

-141-



Incidentally, the use of unstubbed nets 1is being recom-
mended for higher speed TTL nets as well, for many of the
same reasons.

CONTROLLING NET SEQUENCE

We all know designers who have completed ECL designs by
using the netlist and schematics, and through painstaking,
manual management of the route, have produced good opera-
tive designs. These designs were usually small enough to
allow this to be considered, and took about four or five
times the time of an equivalent sized non-ECL project.

There are a large number of designs that are either too
large and/or complex to allow manual completion, and in
general the problem can be more uniformly solved through
"software"; so let's talk about the Toolbox.

The menu set provided allows for two possibilities for
sequencing (scheduling) nets. One is totally internal, and
the second allows for dumping data and executing an exter-
nal sequencing solution.

After the netlist is loaded into the system, and the board
is placed, the net sequencing can be controlled completely
‘internally by using the commands TERMINATOR ASSIGNMENT ,
CREATE SCHEDULE, and COMPILE SCHEDULE and then routed
using the resulting schedule. The details for naming con-
ventions and other requirements are included in the
Telesis Operators Manual.

A second method, that I am more familiar with, is con-
trolled externally using the CREATE PASS FILES command.
This will create a proposed TTL sequence of connection
that may be edited or processed into a valid ECL sequence.
The modified sequence may then be reloaded using LOAD PASS
FILES (detailed pick sequence in TABLE 1). The problem of
termination assignment could be addressed internally as in
the previous paragraph, or performed externally through
several possible forms of function swap.
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TABLE 1

--——T STATION ROUTER------  =—ceceeeo CO-ROUTER===—=~~
ROUTER CO-ROUTER
EDIT-CONNECTIONS SET UP CO-ROUTER

ECL TOOLBOX : ECL TOOLBOX

EITHER ROUTER

INTERNAL . EXTERNAL

TERMINATOR ASSIGNMENT ' CREATE PASS FILES

CREATE SCHEDULE : (assign termination
) modify externally)

COMPILE SCHEDULE LOAD PASS FILES

ROUTE W/SCHEDULE ROUTE BOARD

———- CONTROLLING NET STRUCTURE ----

The net structure for a fully ECL board may be controlled rather

simply by setting the "NO T's" switch in the router. For a mixed

technology design, a file of net names and/or numbers to be given
ECL treatment must be supplied, named "HIGH-FREQ-NETS".
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IMPEDANCE ENVIRONMENT

There have been successful wire-wrapped ECL designs. The
major problem related to wire-wrap is rooted in the
unpredictable impedance of each wire. The impedance is
determined by the exact distance from the conductor to the
supporting ground or power plane, and the size of the con-
ductor. If you don't know whether the wire is a first or
second level wrap, and worse, you can't control it, you've
got a problem. Let's avoid "horror stories" and talk about
PC.

This task can be accomplished rather easily by:
1. controlling trace width on a per-layer basis
2., controlling the thickness of‘inter layer media

3. never stacking vertical or horizontal 1layer pairs
together

4. spacing power layers adjacent to all signal layers
5. NEVER breaking up power layers to complete traces

The way we handle the trace width is to put all the trace
in at 12 mils, with no other items at that size. Then,
instruct the photoplotting house to substitute 10 mils on
the external layers, and 9 mils on the inner. The rest is
covered by sequencing the Gerber files correctly, and by
fab notes.
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TINEAD (.0001 MIN)
LAYER 4 SIGNAL ([.0022+/-.0006] % —
OIELECTRIC L.007+/-.00151 . I
LAYER2 6ND 2 0Z (.0028+/-.0003) .
OIELECTRIC €.008+/-.0045)
‘LAYER 3 SITeNAL 1 (2 tooyuyhcxnea
OIBLECTRIC £.040+/~.0015] '
- LAYER 4 -SIeNAL 1 0Z toow/-oooe;
DIELECTRIC C.008+/-.0045] :
LAYER § POWER 202(00@&/—0003)

OO NN NN

DIBLECTRIC (.011+/-.002) _ﬂ_
LAYER 6 POWER 2 OZ ([.0028+/-.0003]

DIELECTRIC (.008+/-.0015)

LAYER 7 SIGNAL 102(0014+/-00023‘ _
OIELECTRIC (.010+/-.0015] // .091+/-.008

LAYER 8 SIGNAL 4 OZ (.0014+/-.0002
DIELECTRIC (.008+/-.0045)
LAYER 9 6ND 2 0Z (.0028+/-.0003
DIELECTRIC (.007+/-.0015)
LAYER 40 SIGNAL (.0022+/-.0006) *
TINALEAD (.0001 MIN]

% .5 0Z COPPER + PLATE P

LAMINATION STACK—LP

-40. THIS NOTE DICTATES THE FINISHED LINE WIDTH. 'l}'EFILMPm
'MAY.OR MAY NOT REFLECT THE FINISH LINE WIDTH. ALL FINISHED
SIGNAL LINE WIDTHS WILL BE .040 +/~ .002 ON LAYERS 4 AND 10
AND 009 +/~ .002 ON LAYERS 3 4 7 AND 8. MINIMM AIR GAP OF .040 REGUIRED
JBETWEEN ALL 'TRACES. -EXCEPTION TO TRACE AND AIR GAP WILL BE
.80 BETWEEN .40 CENTER PINS - TPAGSHILL’?EKMN'NDAIR
GAPS ARE REDUCED.
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LUMPED AND DISTRIBUTED LOADS

Either "Lumped" or "Distributed" loads are tolerable, but
mixing them causes problems.

A distributed load is just what the name implies. The
loads are linearly spaced along the length of the net at
about three or more inches per segment.

3.0" 3.5" 4.5" 4.0" 4.5" .5"

A lumped load is a net with source well spaced from its
loads, and whose loads are in relatively close proximity.
An example would be a net whose source was ten inches from
the first load, and four loads in less than four inches of
net.

19.0" 1.0" 5"
‘3ll .lll
S—mmmmm e ——————— D--D-D-D-T

Either of these examples are OK. However, if you added
another 1load to the lumped net, an inch away from the
source, you would have a mixed consistency. The problem is
caused by the lumped area of the net, which changes local
impedance, causing signal reflections. In the pure lumped
case, no load was back up the net to receive the degraded
signal, therefore, no harm was done. In the mixed case,
the added 1load would see the sum of the signal and the
reflection, causing distorted results.

1.0" .5"
1.0" 9.0" 3" .
S==D=mmm e D--D-D-D-T
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WIRED OR'S

A "wired-or" is defined as multiple sources in the same
net. It derives its name from the fact that one or more
sources driven positive will cause the whole net to go
positive.

Wired-Or's should never exceed six sources, and the total
interconnect 1length between the sources should be held
below three inches. We additionally require that the
sources be in the same chip, however, other design rules
do not always demand this.

2" 4" ' " (USE LOADING SPACING
1" : AS SHOWN PREVIOUSLY)
§=8=8==8===> {===D -=D-T

The length requirement between sources is real, because
widely separated sources with multiple sources driven
positive will, when several sources drop out, not resync

the 1load fast enough to avoid falling into the linear
range. :

S S-S=§---->
1 23 4
+ -+ +

If S3 and S4 both go negative simultaneously, the

down line observed signal may go linear until Sl
resyncs.

Use of the wire-or should not be capricious as the propa-
gation delay along a dotted circuit is about double that
of a normal net. This is often faster than the trace and a
true logic or, but judgement should be exercised.
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Y NETS

A "Y" net (sometimes called "wye" net) is a distinct
departure from the normal sequence outlined earlier. It is
generally used to "de-skew" register control lines by con-
structing the net with the source(s) in the middle of the
net, feeding destinations on both sides, and terminated on

both ends. Our design rules require 25-ohm driver(s) as

sources in a 50-ohm environment, however, multiple 5@-ohm
drivers have been used successfully.

STANDARD "Y"
e e D-T

P-D===D=m=m=D=m=D=m=mG§===D=m=D====D==D~T

OTHER "Y"

e S==Smmmmmmmm D-T
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PARALLELISM

The problem with parallelism goes back to the "right-hand
rule” of magnetic flux, that explains inductance between
parallel lines. Because these magnetic fields are additive
as more traces run together, if they switch at the same
time, any line containing a non-switching signal receives
more noise. Eventually, as more lines are bundled, it will
be driven to or beyond the switching threshold.

Parallelism is a relatively small problem in a good
impedance environment, but a disaster in, for instance,
wire-wrap. The distances used for the critical threshold
in wire-wrap are typically three parallel wires for three
inches. Our PC design rules on a 25 mil grid specify bun-
dles of two lines at 32 inches, and three lines at 16
inches, as a maximum.
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CONCLUSION

Now that the router and I have done our thing, how 1long
are the traces, and how many vias are there in each sig-
nal; what nets are lumped, etc.? There is a tool pro-
vided, called ECL-LOAD-REPORT that reports on: loading,
T'ing, and trace length of each segment. Some additional
engineering analysis may be required to complete the task,
but it does give you a big start on it.
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USING AUTOMATIC TERMINATOR ASSIGNMENT WITH SCHEMATIC DRAWINGS

——————————— - ——————— —————— ——— -t - " - — - — - - o - —_———————— 1 ———

Paul Gillis
Applications Engineer
Telesis Systems Corporation

INTRODUCTION

The intent of this paper is to provide a working knowledge of how to
use the terminator assignment feature of the ECL TOOLBOX when a
Net-Data-Base has been created using schematic extraction instead of
by loading a text netlist. In addition to the standard terminator as-
signment rules and procedures, the user must contend with some problems
that are not present when the Net-Data-Base 1is created with a text
netlist. )

The purpose of the automatic terminator program is to make optimum
terminator pin selections for wuser defined nets based on the component
placement and availability of terminators on the board. Therefore, the
schematic must be created so that when components containing terminator
pins are added to the data base, the terminator pins are not assigned to
any nets. The schematic vmust also be modified after extracting the
Net-Data-Base so that the connections are appropriate for back annotation
and the terminator assignments can be displayed in the schematic drawing.

HOW AUTOMATIC TERMINATOR ASSIGNMENT WORKS

Before explalining in detail the procedures that must be followed, an
explanation of how automatic terminator assignment works would provide
some insight into how to manage the issues associated with this problem.

The Terminator Assignment program is part of Telesis's ECL TOOLBOX, a
group of unique programs that aid in the design of printed circuit boards
which contain high frequency circuitry and typically make use of ECL
technology. One of the fundamental problems faced by the designer in such
a design is to reduce signal reflections that can occur on high frequency
signal lines. A resistor connected to the end of a high frequency tran-
smission line can suppress much of this reflection by matching the impe-
dance at the end of the signal line with the impedance at its source.

This resistor, known as a terminator, must be connected to the signal
line following some special high frequency design rules. Typically, each
pin on a high frequency net can be classified as a source or as a load.
The terminator usually connects to the last load on the end of the signal
line, which in most cases is the load located farthest from the source.
The connection from the terminator to this 1load should also be very
short and direct. This locad pin will be established by the program and
be referred to as the "most remote load pin". It is this most remote load
pin that is used as the search reference when the program searches for a
suitable terminator.
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To accomplish the goal of £finding a terminator for each ECL net, it.
is neccessary to first place all components on the board, as the program
will make its selectlons based on component placement. The program will
evaluate each pin of the net being processed and determine whether the
pin acts as a source or a load based on its pin use code. Once the func-
tions of all pins on the net has been determined, the program will then
determine which locad is the most remote load pin. After the most remote
load is identified, the program will search for a terminator wusing the
most remote load as a search reference.

Figure 1 illustrates a most remote 1load selection for a net contain-
ing one source and four 1load pins. The program would select the pin
labeled as the most remote load because the distance from it to the
source pin is greater than the distance from any of the other 1load pins
to the source pin.

0 \

o oo o O 10 ar— o o=
o) o o o] o 0 o 0 o
o 0 o o] o o 0 o 0
o o |lo ol o o o o o
0 o o o o 0 o 0
o o) o |0 o gap® 0 o o

o Y o ol ol o o 0 fo)
R%@%EO ON olL__

. o
0 [l SOURCE

=0 o] O o Or—1o (o] m— o

o o] o @LO'ADOI-OADQ ol o o}
o o]l o e 0 o lo| o o
o o o 0 o) o lo| o o
o ol o o o) o o o o
o o o o o o ol o o
_lo o] o o 0 o lo| o o O
— 0o 0 — 0 o
Flgure 1

wWhen the program computes the source to load distances, it uses a
Manhattan distance rather than a straight 1line distance. A Manhattan
distance is the sum of the X and Y distances between the two pins. The
Manhattan distance between the source and load pin in Figure 2 would be
1.3 inches if the X distance was 900 mils and the Y distance was 400
mils. This concept should be kept in mind when placing components
strategically to force most remote load and terminator selections from
the terminator assignment program.
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The user also has the option of specifying a preferred maximum dis-
tance that terminator should not exceed from the most remote load pin.
This is done through a user created text file named "TERMINATOR-CON".
For each net listed 1in the user created HIGH-FREQ-NETS text file, the
program will attempt to f£ind an available terminator pin that falls
within the maximum terminator distance specified by the user. The program
again uses Manhattan distances 1instead of straight line distances when
deciding whether a terminator on the board is within the maximum termi-
nator distance. If none are found within this distance, then a warning
message will be placed in the 1log file named "TERMINATOR-LOG". The pro-
gram will then continue and select a terminator from among any that are
not placed on the board. This allows the user to place the selected ter-
minator on the board so that the maximum terminator distance is not ex-
ceeded.

If this attempt at finding a terminator also fails, another attempt
will be made in an effort to select a terminator. A search area is com-
puted that is based on the the distribution of terminators on the board.
If a terminator is still not found within this search area, then an
avallable terminator will be selected at random from among any placed on
the board.

The output from the terminator assignment program is a text file that
is formatted such that it is suitable for an incremental 1load text
netlist. This text file is named "TERMINATOR-IN". It contains, £for each
net, one line that lists the computed most remote load pin, followed by a
semicolon, followed by the selected terminator pin. The TERMINATOR-IN
file can then be used as input to the load text netlist program to assign
the terminator selections to the data base. If the user prefers, the file
can first be modified to override program selections. By making the
assignments wusing this indirect method, the user can review the
selections made by the terminator assignment program and make changes
before the assignments are actually input into the Net-Data-Base.

-153-



PREPARATION BEFORE CREATING THE NET-DATA-BASE

Before a Net-Data-Base can be created, it 1is Iimportant that the
pinuse codes in the device files or on schematic drawings are correct.
Many of the computations made throughout the ECL TOOLBOX programs, in-
cluding terminator assignment, are based on pin functions which are
determined by the pinuse code of a pin. Source pins should be labeled
with pinuse codes of "ouT", "oca", "oCL", "TRI", or "BI". Load pins
should be labeled with pinuse codes of "IN", "PWR", or "GND".

Terminator pins are recognized by the system as those pins on com-
ponents that have a device name whose first ten characters are "TERMINA-
TOR" and that are not common. The pinuse codes of terminator pins should
be unspecified, since they do not actually function as a source or load.

SCHEMATIC DRAWING CONSIDERATIONS

When a Net-Data-Base is initially created using a text netlist, com-
ponents can be created through an entry in the "S$PACKAGES" section. Pin
to pin connection assignments can made by explicitly entering net infor-
mation in the "$NETS" section. When creating terminator components, it is
desirable to leave terminator pins wunassigned so that they will be
available to the terminator assignment program for processing. This can
be accomplished by simply not adding the terminator pins to any of the
nets in the text netlist $NETS section.

When creating components wusing schematic drawings, the extract
netlist program will automatically assign any unannotated pins on symbols
that have connections tied to them. It will be necessary then to leave
the pin numbers of terminator components unassigned by leaving the ter-
minator pins unconnected, and by leaving reference designators and func-
tion designators unannotated. When schematic extraction is run, this will
allow components to be created which contain terminator pins but will
prevent them from being automatically assigned. The reference designators
of terminators should also be left unassigned to allow for Dback
annotation after running terminator assignment.

Later, the terminator pins will have to be connected to the corros-
ponding high frequency net to represent a net connection, which is
necessary to correctly back annotate the schematic. The terminator sym-
bols on the schematic should therefore be placed either close to what the
user feels will be the most remote load, they can be grouped together on
the schematic, or they can be placed on a seperate schematic sheet.
Figure 3 shows terminators placed close to their most remote 1loads. 1If
the terminator symbols are not added close to the most remote load of the
net, additional symbols with the high frequency net names attached will
make the task of updating the schematic to prepare for back annotation
much easier. This technigque is illustrated 1in Figure 4. Once the above
requirements for device files, pinuse codes, and schematic considerations
have been met, the extract netlist program can be run on the schematic
drawings. ‘
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PCB COMPONENT PLACEMENT CONSIDERATIONS

The terminator assignment program is designed to make the most opti-
mum terminator selection for each hlgh frequency net based on the 1loca-
tion and avallabilty of terminators. 1In order to perform this task it
will be necessary to follow some placement guidelines to insure that op-
timum terminator selection is obtained.

The typical flow of a high frequency circuit is from the source, or
driver, to the loads in "daisy-chain" connections, and ending on a termi-

nator. An example of a net connection exhibiting these characteristics
can be seen in figure 5.
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Figure 5

It is generally good design practice to keep in mind the signal flow
when placing components on the board. Although the terminator assignment
program will always make the most optimum selections, the results nmay
still not be adequate if the program had te work with an extremely poor
initial placement. In this case, the user has the option of modifying the
placement and running terminator assignment again, or simply changing the
most undesirable selections in the TERMINATOR-IN text file.

Another important consideration is to guarantee that there are enough
terminators at the locations where they are needed. It is very likely
that on a board with a minimum amount of terminators, what may be the
best selection for a net being processed would have been a better selec-
tion for a subsequent net. 1If, in figure 6, the highlighted terminator
pin was the only one available on that SIP package, it would be selected
for whichever of the two nets was processed first. That terminator pin
would be better suited for the net with the most remote 1load that Iis
closest to it, but if the other net was processed first there would be no
suitable terminator for either net. If this situation was common
throughout a board, 1t would result Iin marginal terminator selections
for a large amount of ECL nets. To avoid this problem it 1is suggested
that the board be overpopulated with terminators, especially in those
places where they may be needed most. Figqure 7 shows how the problem in
figure 6 could be solved by simply adding an additional SIP package. -156-
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RUNNING TERMINATOR ASSIGNMENT

Once all preparatory work has been done, the terminator assignment
program can be run. The requirements are that a board drawing and
Net-Data-Base be active, a HIGH-FREQ-NETS text file exist in the current
index listing the net names or numbers which should be processed, a
TERMINATOR-CON text file exist in the current index 1if a preferred
maximum terminator distance 1is desired, and a sufficient amount of
terminators are available for selection. .

The program will begin processing each net 1listed 1in the
HIGH-FREQ-NETS file. For each net a terminator will be selected, or an
error message will be placed in the TERMINATOR-LOG output file. In ad-
dition, a warning message will also be placed in the log file for each
terminator selection that was made from among any terminators not placed
on the board, or for any that were not within the maximum terminator
distance but were within the search terminator search area if a maximum
distance was specified, or for any that were selected at random because
no terminators were within the terminator search area.

As can be seen from these warning messages, some terminator selec-
tions may not always be the most desirable. The intent of the program is
to make a terminator selection for each net it is asked process. The
warning messages in the 1log file bring to the attention of the user
selections that should be reviewed before using the load text netlist
program to input selections into the Net-Data-Base. If there are only a
few warnings, the TERMINATOR-IN file can be modified to correct only
those selections that require it. If there are excessive warning
messages, the number of terminators and terminator placement should be
examined, and the necessary corrective action taken before running ter-
minator assignment again.

BACK ANNOTATING THE SCHEMATIC

Once terminator assignments are input into the Net-Data-Base using
LOAD TEXT NETLIST, the schematic drawing can be back annotated to display
the terminator assignments made. Back annotation will wupdate the
terminator reference designators as well as the pin numbers.

Before running back annotation, the schematic must be updated to add
connections to the terminators. The terminators were deliberately left
unconnected before schematic extraction so that terminators would not be
automatically assigned, and they can not be back annotated until connec-
tion information is added.

It will be a simple task to add the connections to the schematic |if
the schematic was prepared as recommended. If schematic terminator sym-
bols were placed close to their corresponding most remote load symbol, a
connection should be added from the terminator to that load. If the ter-
minator symbols were placed next to symbols that were assigned high
frequency net signal names, a connection is added from the terminator to
that symbol.
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Once this task is completed, back ahnbtétion can be run as usual. The
terminator symbol reference designators and pin numbers will be updated
to reflect the selections made by the terminator assignment program.

SUMMARY

The procedures outlined in this paper will allow schematic drawings
to be used effectively when the automatic terminator assignment program
will be used to assign terminators. The important steps in the design
involve insuring that terminator pins are not connected or annotated be-
fore extracting the schematic, running the terminator assignment program
and updating the Net-Data-Base, and then adding connection information to
the terminator pins so the schematic can be back annotated.
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FLEX-CIRCUIT DESIGN USING RC AND MD
TELESIS CAD SYSTEM SOFTWARE

JO ANN  VIGIL
FLEXCIRCUIT DESIGNER
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FLEX CIRCUIT DESIGN USING THE PCE AND MECHANICAL
TEILLESIS SOFTWARE

FLEX-~CIRCUIT APPLICATIONS

A FLEX-CIRCUIT IS NO MORE THAN & FLEXIBLE CIRCUIT BOARD. IT I8
USED IN MANY COMMON HOUSE-HOLD ITEMS SUCH AS YOUR TELEPHONE, CAMERA,

AND IF YOUR HOME HAS A COMPUTER, THE DISK DRIVE INSIDE HAS A FLEX-
CIRCUIT.

FLEX-CIRCUITS ARE USED IN TIGHT PRACKAGING SITUATIONS WHERE IT MAY
BE NECCESSARY TO FOLD, BEND AND WRAP THE CIRCUITRY AROUND DBJECTS.

THE FLEX-CIRCUIT IS MADE OUT OF A PLASTIC MATERIAL, POLYIMIDE, WITH
COPPER ADHERED TO ONE SIDE. THE PROCESS OF ETCHING THE IMAGE ONTO

THIS MATERIAL IS QUITE SIMILAR TO THAT OF A RIGID PRINTED CIRCUIT
BOARD. :

A FLEX~CIRCUIT OUTLINE CAN BE ANY SHAPE AND SIZE. THE FINAL PRODUCT
I8 STAMPED OR PUNCHED OUT USING A DIE RATHER THAN ROUTING AS DONE
IiN RIGID PRINTED CIRCUIT ROARD MANUFACTURING PROCEDURES.

DESIGN CRITERIAS AND VENDOR SPECIFICATIONS

ONCE YOUR FLEX-CIRCUIT QUTLINE HAS BEEN ESTABLISHED YOU CAN BEGIN
CALCULATING MINIMUM TROCE WIDTHS AND SPACINGE INTO YOUR USARLE ARER.

MIMINMUNM TRACE WIDTH=. @&
PREFERRED WIDTH= ., 2a8

MIMIMUM TRACE TO TRACE=.GD&
PREFERRED 5PACE= .28

MINIMUM TRACE TO PAD=. a8
FREFERRED SPACE=. 215

PIINIMUM PAD OR TRACE TO EDGE=.213
PREFERRED SPACE= . @32

THERE ARE THREE THINGS TO KEEP IN MIND WHEN DESIGNING YOUR FLEX-
CIRCUIT:. '

1.  DESIGNING OF THE RCTURL FLEX CIRCUITRY.

2. MAXIMUM AND MINIMUM PAD AND TRACE AREAS.
¥ 3. COVERLAYER ORPENINGS.

# A COVERLEBYER ACTS AB A KIND OF SOLDER MASK. A COVERLAYER IS ALZ0
A PLASTIC MATERIAL, POLYIMIDE.

A COVERLAYER OPENMING ARDUND THE THRU HOLE N

O BE :
TO EXPOSE THE HOLE AND ENDUGH PAD TO SOLDER TO, VET b GG
THAN THE PAD ITSELF, OR ELSE THE PAD CAN LIFT FROM THE POLYIMIDE

DURING THE SOLDERING PROCESS.
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HOLE=. @35 DIA.
PRAD=, d&2 DIA.
COVERLAYER ORENING=. 2150

THIS I8 FOR A STANDARD RPAD
SIZE, BUT IT IS NOT RECOMMENDED.

PREFERRED PAD DESIGN:

| 7 a5 T \

TRACE BETWEEN PADS

MAKE PADS

IN USABLE fRZA, TO INSURE
GOOD PAD CAPTURE.

COVERLAYER OPENING.

USING THE MECHANIDAL AND PCR PACHAGES TO CREATE A FLEX-CIRCUIT.

D.

T
L)

THE FLEX OUTLINE CAN BE ENTERED INTO EITHER PC OR ™MD.
LIRE 'RYF" 33,

WHEN MERGING YOUR FLEX-CIRCUIT DRAWING FROM MD TO PC, YOU
ChAN ONLY MERGE LAYERS 33 AND 34. WHEN MERGING FROM PC TO ™MD, ’
YOl CAN BRING ALL LAYERS OVER TOD MD, BUT YOU MUST THEN CHANGE THE
LAYER OF ALL ELEMENTS TO 33 AND/OR 34 IN ORDER TO TAKE THEM
BACK T 8O,

THE NAME OF THE DRAWING AMD THE OVERALL. EXTENTS MUST BE
THE SAME IN RBOTH PC AND MD.

f FLEX-CIRCUIT DESIGN DONE USING MD ARND PC HMAS NO LOGICS.
ALL DESIGNIMNG IS ORAPHICAL ONLY. PDRC, NETCOMPHERE, AND
ANy OF THE CREATE REPORT COMMANDS ARE USLLECC

CR”niTMh YOLIR FILEX~CIRCUILIT DESIGN BY USING
fh SPACED OUT AND PLACED IN T" AREAS YOU
“ -.ND CUOMPONERNT A0D YOUR

El I
WANT
L. .Ll !L

RVE A WIDTH OF
YOUR ACTUAL

COMPONENTS

R THAT THE
WHEN YOU MERGE TO e
ONENT IN THE SAME LOCATIO
VOUR COMPONENTS IN WD OM LAVEZ 33 0% 34,

FOALL OF YOUR LINES AND COMPONENTS HAVE DEEN [BLA
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Low

BEGIN ADDING FILLETS AT INTERSECTIONS. THE FILLET COMMAND
WILL ROUND CORNERS AND TRIM AT THE SAME TIME.

IF YOU ARE PLEASED WITH THE TOTAL DESIGHM YOU ARE NOW READY TO
MERGE 70 PC. :

IN PC, OPEN UP A NEW DRAWING WITH THE SAME NAME AND DXTENMTS
AS YOUR MD DRAWING. PICK THE COMMAND CREOTE/MERGE DRAWING,
MERGE YOUR MD DRAWING INTOQ PO AND BEGIN THE FINAL STEPS.

USING THE CHANGE COMMAND, CHANGE LAYER AND WIDTH OF YDUR Tf

PLACE THE ACTUAL RPCER COMPONENTS IN THE AREAS YOU HAVE CHOSBEM J
In MDD, DELETE AlLL UNNECESSEARY LINES.

USING THE SHAPES COMMAND, YOU CAN ADRD GROUND PLANESDS &ND RUILD
YOUR PADS WP WHERE YOU NEED TO.

CHECK YOUR DESIGN VERY CAREFULLY, BECAUSE PRRO DOES NOT CHECK

TO CREATE PHOTORLOT, THE &SAME PROCEDURES  APpPLY:

YOU WILL NEED f PHOTOPLOT-FAR
A PHOTOPLOT-C0ON
BOLLAYERSTD
AN APERTURE-TAR
AND ~PIN FILES FOR ANY SYHMRBEOLSG.

wy T
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GENERATING ARTWORK
. FOR

SPECIAL APPLICATIONS

BY: Penelope Levario
Micro-Rel, Tempe, Arizona
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INTRODUCTION

Generating artwork from the Telesis C.A.D. system is part

of full utilization of the system. For special applications,

such as hybrid technologies, generating an accurate, cost

effective, and timely artwork package can be a challenge.

However, with a clear understanding of the technology

requirements and the system limitations, reguirements of any

artwork package can be met.

At Micro-Rel we design two types of hybrid technologies

each having their own set of artwork requirements.

v

Thick Fiim: These hybrids are produced by screen
printihg and firing conductive, resistive, and
insulation compositions onto a ceramic substrate.

Artwork Requirement:

1. an understandable layout
2. 5:1 and 1:1 reductions of each layér
v step and repeated images
Multilayer Co-Fired Ceranmic: This process involves

screen printing interconnect patterns onto green
ceramic tape. The interconnect is made through via's
punched in the tape and filled with a metal system.
The layers are laminated together and co-fired to form

a monolithic network.
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Artwork Requirement:

1. an understandable layout
2. 5:1 and 1.18:1 reductions of each layer with tape
comparator
v 1 package with substrate outline
v 1 package without substrate outline
v step and repeated images

To meet these artwork requirements, limitations of the

system need to be understood.

LIMITATIONS
GRAPHIC
1. During the design process, the requirements for photoplot
have to be kept in mind. To achieve accurate photoplots

when using add line or add_rectangle overlapping is neces-

sary. To meet this requirement the layout is confusing and

difficult to check.
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FIGURE 1
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2. When using add line for runners and odd shapes the resulting
photoplot will produce images with rounded corners and

less than sharp definition.

Rum'tcrs |
Layout image Photoplot image
Odd Shape .
Layout image ' Photoplot image
FIGURE 2
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3. The command add rectangle produces images with sharp

defined corners, however the photoplot time for a Gerber

Plotter is 98% more than the add line command.

Layer with ADD LINE Layer with ADD RECTANGLE

Photoplot ime: 1 min. Photoplot time: 45 min.
Cost: $20 Cost: $80

FIGURE 3
SOFTWARE

1. Co-fired multilayer ceramic technology requires buried

via's. The system's wvia symbol and N.C. Drill cannot be

used with a buried via defined symbol.

PHYSICAL
1. The hvbrid requirement of a 10:1 system design for accurate
artwork, limits stepping capabilities of the system. For

multilayer co-fired ceramics step and repeat on the systenm

is impossibie.
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All these limitations if not resolved can produce less than
desirable artwork which is very expensive and time consumingl
Therefore, it is important to address each limitation for a

solution.
SOLUTION

GRAPHIC LIMITATIONS

1. To produce an understandable layout for checking, large odd
shaped areas are defined as they should be for photo plot
requirements. However, an outline of the confusing areas is

placed on a different layer and used only for check prints.

[ , =
¢ -
8
. c? 3 [ 3
R -
3 - [ |
¢ ! V) c1 2,
: - ‘ [ :
eio = Ak" :
[ .
FIGURE 4
2. When using add line for runners and odd shapes, keep in mind

that need for overlapping, and be aware of the effects of
rounded corners.

3. Use add rectangle only when necessary for images with sharp

defined shapes.
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SOFTWARE LIMITATIONS
1. To meet the technology requifements for buried vias and via
coordinant location, a new via symbol was defined.
The buried via symbol is made up of:
1. A drop pad with via
2. An internal via

3. A landing pad

- _ %

Drop pad &. via Internal via Landing pad

R

FIGURE 5

The symbol is constructed for each layer of the hybrid. A
‘drop pad is placed on the layer where it drops from and a
landing pad is pléced on the layer it drops to. The via hole
itself is placed on its own layer which produces a separate
photoplot of just the wvias. The drop pads and landing pads are
photoplotted with the interconnect layérs.

The pin file for the via lists the d;op pad and landing pad
sizes'and the via hole is called out as a flash. |
Pin file format.

(Pin File For Via Symbol Via-1/2)
(Pin File Name: Via-1/2-Pin)
Pintype

Drill
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Pad Sguare=.200 External-Lavyer-1
Pad Flash=.100 Imbedded-Layer-via-1/2
Pad Square=.200 Internal-Layer-2
End
The layer with the flash can be extracted from the gerber
file and the coordinates used to run the via punch equipment.for

the manufacturing process.

PHYSICAL LIMITATIONS

1. If the physical size of thé image and the stepping
requirements of the artwork make it impossible to step on
the system, thé artwork vendor can be a solution.

v A photoplot can be camera stepped

v A laser vendor can step the image with his system

As you can see work arounds are not necessarily confined to
the system. Solution can also be found with your artwork
vendor. For a complex artwork package my solution was a laser
photoplot vendor.

The laser plot vendor was able to:

v step and repeat with software which reduced camera

stepping charges

v label the stepped images reducing the cycle time of

manually labelling each layer

v merge files to produce different artwork packages. For

example;

1. images with and without circuit outlines
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2. images with a comparator for manufacturing needs.

v reduce cost 50%, due to the lack of design density'
effecting photoplot time.

Thus, to produce artwork for special applications is not

easy, but achievable. The necessary steps are:

1. understand your artwork reguirements
2. know the limitations of the system
3. find solutions through system work arounds and the

artwork vendor
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KIM PATTERSON
NATIONAL SEMICONDUCTOR
(408)721-4120

NATIONAL SEMICONDUCTOR
HYBRIDS

AT NATIONAL SEMICONDUCTOR OUR HYBRID SUBSTRATE DESIGN
GROUP SUPPORTS ENGINEERING IN THE DESIGN OF THIN FILM
CIRCUITS, THICK FILM CIRCUITS AND PRINTED CIRCUIT BOARDS.
THIS PAPER WILL ATTEMPT TO DEFINE THE DIFFERENT TECHNOLOGIES
USED AND THEN A MORE DETAILED DESCRIPTION OF HOW WE USE THE
TELESIS CAD SYSTEM IN THICK FILM HYBRID CIRCUITS.

‘ PC BOARDS RANGE IN SIZE AS WELL AS MATERIALS. MATERIALS
RANGE FROM THE “NORMAL" FR4 TO PORCELIAN STEEL. TRACE
MATERIALS RANGE FROM COPPER TO GOLD AND OUR SIZES RANGE FROM
UNDER ONE INCH TO OVER 2@ INCHES. THE COMPONENTS USED RANGE
FROM SURFACE MOUNT, TO "CHIP AND WIRE" TO THE "NORMAL"
COMPONENTS REQUIRING PLATED THROUGH HOLES.

THIN FILM VARIES IN SIZE AND MATERIALS AS WELL RS
PACKAGING REQUIREMENTS. THIN FILM SUBSTRATES (OR BOARDS) AT
NATIONAL START AS SMALL AS S@ MILS AND GET AS LARGE AS 98@
MILS. WE USE VARIOUS MATERIALS INCLUDING GOLD AND ALUMINUM
FOR CONDUCTORS, AND ALUMINA AND SILICON FOR SUBSTRATE
MATERIAL. THIN FILM MOST ALWAYS USES THE SURFACE MOUNT AND
"CHIP AND WIRE" APPROACH. ‘

THICK FILM RANGES IN MATERIALS, SIZE AND PACKAGING - :
REQUIREMENTS. THE SUBSTRATE (OR BOARD) MATERIALS RANGE FROM
ALUMINA TO PROCELAIN STEEL AND RANGE IN SIZE FROM @.15@" TO
2.@". THE TRACE OR CONDUCTOR MATERIAL VARY TREMENDOUSLY,
FROM GOLD TO SILVER WITH MANY IN BETWEEN. THICK FILM
GENERALLY DOES NOT HAVE HOLES AND THUS WE USE THE "CHIP AND
WIRE" AS WELL AS THE SURFACE MOUNT APPROACH.
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THICK FILM

THERE ARE SEVERAL THINGS IN HYBRIDS THAT DIRECTLY
IMPACT THE LAYOUT, THE MOST SERIOUS AND RESTRICTIVE IS
THE PACKAGING WHICH DECIDES THE SUBSTRATE SIZE. BELOW IN
FIGURE 1 ARE SOME EXAMPLES OF PACKAGES WHICH THE SURSTRATE
INSIDE IS THE ENTIRE LAYOUT AREA.

SINCE THE LAYOUTS ARE DONE ON ONE SIDE OF THE
SUBSTRATE, THE SYMBOL GENERATION IS CRITICAL. MOST OF OUR
ACTIVE DIE SYMBOLS ARE SET UP WITH THE CONNECT POINTS ON
LAYER 1, WITH SOME EXCEPTIONS. TO DETERMINE WHETHER OR NOT
THE CONNECT POINTS ARE TO BE ON LAYER 1 OR ANOTHER LAYER,
YOU MUST SOMETIMES WORK BRCKWARDS. RY THIS I MEAN THAT YOU
COMPLETE A LAYOUT USING THE SYMBOLS THAT HAVE CONNECT POINTS
ON LAYER 1, (CREATING FLOATING LINES) THEN YOU SEE WHERE YOU
WILL NEED TO CHANGE THE LAYERING OF ERCH CONNECT POINT.
SOMETIMES YOU HAVE ONLY ONE POINT THAT RERUIRES ANOTHER
LAYER AND SOMETIMES THERE ARE NUMEROUS POINTS THAT REQUIRE
CHANGING. THEN YOU GO TO THE SYMBOL DRAWING AND CHANGE IT
PER THE LAYOUT REQUIREMENTS. WHEN THE SYMBOL IS COMPLETE YOU
CAN THEN GO TO THE LAYOUT AND REPLACE THE SYMBOL, MOVE THE
VERTEXES AND ADD MINOR CONNECTIONS. IT WOULD BE ERSIER IF WE
COULD USE THE LAYER @, HOWEVER THEN IT WOULD SHOW UP ON ALL
OF THE LAYERS. ‘

THICK FILM RESISTOR SYMBOLS ARE MOST ALWAYS WITH
CONNECT POINTS ON LAYER 1, THIS IS DUE TO THE PRINTING
PROBLEMS THAT CAN OCCUR. PRINTING IN "VALLEYS" OF MATERIALS
CREATES A UNEVEN THICKNESS AND THUS AN UNRELIABLE RESISTOR.
CURRENTLY WE HAVE A RATHER EXTENSIVE LIBRARY INCLUDING
RESISTOR SIZES IN S5 MIL INCREMENTS.
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LAYOUTS

(INCLUDING PC, THICK FILM AND THIN FILM)

WHEN YOU HAVE PLACED THE COMPONENTS AND THE RATS NEST
LINES ARE ON THE SCREEN, SOMETIMES IT IS NEAR IMPOSSIBLE TO
DETERMINE IF YOU HAVE THE BEST PLACEMENT. IF WE HAVE CHANGED
THE COMPONENTS AROUND AND THINK WE HAVE THE BEST PLACEMENT,
WE PRINT OUT THE COMPONENTS WITH THE RATS NEST LINES TO GET
A DIFFERENT PERSPECTIVE OF OUR PLACEMENT AT A SCALE OUR
DESIGNERS ARE MOST FAMILIAR . THIS HELPS IN TWO WAYS, 1-TO
GET A MORE CREATIVE VIEW AND 2- TO SEE IT IN WHAT MOST
DESIGNERS ARE ACCUSTOMED TO, A DIFFERENT SCALE AND MEDIUM.

FILM COST REDUCTIONS AT
NATIONAL SEMICONDUCTOR

FILM GENERATION CAN BE QUITE COSTLY, AT NATIONAL WE
HAVE SEVERAL WAYS TO CREATE FILMS. IF A BOARD OR SUBSTRATE
IS UNDER & INCHES, AND IS STILL IN THE PROTOTYPE STAGE WE
USE RUBYLITH, CUT BY THE HP PEN PLOTTER. THE RUBY SCRIERE THAT
WE USE CAN CUT A "D" SIZE RUBY WITH 1@ MIL LINES AND SPACES
IN APPROXIMATELY 3 MINUTES. THIS SAVES TIME IN TURN AROUND
AND FILM COSTS FROM THE PHOTO SERVICE COMPANY AS WELL AS
ALLOWING FOR MINOR CHANGES THAT OFTEN OCCUR IN THE SENSITIVE
THICK FILM CIRCUITS. WE USE THE PHOTOPLOTTING PROCESS WHEN
WE HAVE A BOARD THAT IS OVER 2@ INCHES AT A 1@/1 SCALE. WE
ESTIMATE A COST SAVINGS OF 2@% TO S@% IN USING THE RUBYLITH.
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SMT CONSIDERATIONS FOR THE TELESIS SYSTEM
Donald DiMatteo
Senior Applications Engineer
Telesis Systems

Chelmsford, Massachusetts

ABSTRACT

As the trend in PCB design .continues to move
toward Surface Mount Technology, it becomes
increasingly important for Printed Circuit
Designers to have a basic knowledge of the
processes and methods used in the manufacture
and assembly of SMT boards. Understanding the
information required for SMT board construction
helps to ensure success and eliminate potential
design problems. The following paper provides an
overview of three SMT methods that may be used
on the Telesis system.

INTRODUCTION

There is no one set of standards or methods that is right
for every PC designer using SMT. However, by asking the
correct questions, you can easily determine the approach
best suited to your situation. Listed below are some of

the questions that should be addressed prior to attempting
SMT.

- What is the required output from the Telesis system?

What pieces of artwork are required?

How will the artwork be plotted?

Do you have access to a Laser plotter?

- How many different types of packages will be used?

What type of SMT are you considering?
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TYPES OF SMT
There are four types of SMT:

TYPE 1 - SMT ON ONE SIDE ONLY

TYPE 2 - SMT AND THRU-HOLE

TYPE 3 - SMT ON BOTH SIDES AND THRU-HOLE
TYPE 4 - SMT ON BOTH SIDES

If you are designing TYPE 2 or 3 and are using both sur-
face mount and thru-hole, you should be aware that the
number of required apertures can easily exceed the maximum
(24) that are allowed in the APERTURE-TAB FILE.

WHERE TO BEGIN?

Since the layer standard defines the use of all database
layers, it 1is the obvious place to begin. Once you have
determined and specified the database 1layers, you can
begin 'to build your board symbols. An example of a layer
standard follows.
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EXAMPLE OF

(FILE NAME

DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER

99
101

A LAYER STANDARD
= LAYER STANDARD)
COMPONENT-SIDE
SOLDER-~SIDE
INTERNAL-SIGNAL
INTERNAL-SIGNAL
IMBEDDED-PLANE GND
IMBEDDED-PLANE +5V
COMPONENT-SOLDER-MASK
SOLDER~-SOLDER-MASK
PASTE-MASK
CARD-OUTLINE
PLATING-BAR (BLANKED)
BRD-DIM- (BLANKED)
DRAWING-FORMAT
COMP-OUTLINES
COMP-PADS
COMP-PIN-NUM (BLANKED)
REF-DES

DEV-TYPE (BLANKED)
COMP-VALUES (BLANKED)
SILKSCREEN
TOOLING-CORNERS (BLANKED)
NCDRILL-HEADER
NCDRILL (BLANKED)
RATSNEST

(ROUTING INFORMATION)

DBLAYER
DBLAYER
DBLAYER
DBLAYER
DBLAYER
END

72

VIA INHIBIT

ETCH INHIBIT ALL LAYERS
ETCH INHIBIT LAY 1

ETCH INHIBIT LAY 2

146 ROUTING AREA
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BUILDING THE BOARD SYMBOLS

There are three main methods of creating SMT pads for

board symbols. Any, or all of these may be used on the
- same design at any time.

METHOD 1 - BUILDING A PAD SYMBOL USING PAD=RECTANGLE

SET THE CORRECT LAYER
ADD CONNECT POINT
PAD .950 WIDE

= .025 HEIGHT
ENTER THE LOCATION

If we use an SO-16, for example, the connect point would
be .050 x .025, and the pin file would appear as follows:

80-16 PINFILE (FILE FOR PACKAGE SYMBOL SO-16)

(NAME OF FILE SO-16-PIN)

(TELESIS STANDARD PACKAGE LIBRARY)
PINTYPE A
PAD RECTANGLE
PAD RECTANGLE
PAD RECTANGLE
PIN 1 -16 A
END

.050 x .025 COMPONENT-SIDE
.050 x .025 PASTE-MASK
.060 x .035 COMPONENT-SOLDER-MASK

Note that while three sheets of artwork .are generated,

only two apertures are required. The same aperture is used
for bonding pads as is for the PASTE MASK; a second aper-
ture is used for the SOLDER MASK.
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An example of a PLCC44 PIN FILE is shown below:
- PLCC44 PIN FILE (6 APERTURES REQUIRED)

(FILE FOR PACKAGE SYMBOL PLCC44)

(NAME OF FILE PLCC44-PIN)

(TELESIS STANDARD PACKAGE LIBRARY)

PINTYPE A o

PAD RECTANGLE = .025 x .050 COMPONENT-SIDE

PAD RECTANGLE = .025 x .050 PASTE-MASK

PAD RECTANGLE = .§35 x .060 COMPONENT-SOLDER-MASK
PINTYPE B

PAD RECTANGLE
PAD RECTANGLE
PAD RECTANGLE
PINTYPE C

PAD RECTANGLE
PAD RECTANGLE
PAD RECTANGLE
PIN 1 C ,
PIN 2-6, 18-28, 40-44 A
PIN 7-17, 29-39 B

END

.850 x .025 COMPONENT-SIDE
.050 x .25 PASTE-MASK
.060 x .035 COMPONENT-SOLDER-MASK

nuun

.825 x .075 COMPONENT-SIDE
.825 x .075 PASTE-MASK
.035 x .085 COMPONENT-SOLDER-MASK
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METHOD 2 - CREATING A PAD SYMBOL USING THE ADD RECTANGLE
COMMAND ) '

SET THE CORRECT LAYER
ADD CONNECT POINT

PAD = POINT OR DIAMOND
PADS SIZE = ENTER
ENTER THE LOCATION

SET LINE WIDTH = 0 ,
SELECT ADD RECTANGLE _
SPECIFY LOCATIONS OF DIAGONAL EXTENTS OF THE RECTANGLE

This method requires no special aperture. A sample pin‘file follows.

(FILE FOR PACKAGE SYMBOL PLCC44)
(NAME OF FILE PLCC44-PIN)
PINTYPE A

END
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METHOD 3 - CREATING A PAD SYMBOL USING THE ADD LINE COM-
MAND

SET THE CORRECT LAYER

ADD CONNECT POINT

PAD = POINT OR DIAMOND

PAD SIZE = ENTER

LOCATE CONNECT POINT ON SCREEN
SET THE LINE WIDTH

ADD LINE

SELECT TWO LOCATIONS - LINE POINT ENDS ENTER
(NOTE THAT THE LINE EXTENDS HALF THE LINE WIDTH BEYOND THE TWO LOCATIONS

This method requires only one aperture. A sample pin file
follows:

(FILE FOR PACKAGE SYMBOL PLCC44)
(NAME OF FILE PLCC44-PIN)
PINTYPE A

END

WHAT ARE THE ADVANTAGES/DISADVANTAGES OF EACH METHOD?

ADVANTAGES OF RECTANGULAR CONNECT POINT (METHOD 1)
1. Fast plotting time - each pad is flashed
2, Easy to create symbols

3. Minimal chance for errors

DISADVANTAGES
1. May require more than 24 apertures
2. May require special (non-standard) apertures

3. If designing Type 3 or Type 4, the mirror symbol
command (available in Version 4) will not work.

ADVANTAGES OF CREATING PAD SYMBOL USING ADD RECTANGLE
(METHOD 2)

1. Any pad height and width
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2. Off-set pads can be created

DISADVANTAGES

1. Increase in plotting time

ADVANTAGES OF CREATING PAD SYMBOL USING ADD LINE
3)

1. Fast plotting time
2, Off-set pads can be created

3. Any even width pads (24,26)

DISADVANTAGES

1. Must be careful when creating symbol

(METHOD

2. Round corners on pads (If you are using square aper-
tures, they may be used to create square corners,
however, this could result in spacing errors that

are not flagged during PDRC).
CONCLUSION

With the release of 3.0, the Router and PDRC will

recog-

nize the pads, regardless of the method chosen for symbol

creation. However, for ARTWORK to be accurately

created,

the patch titled ARTWORK PRE-RELEASE 0003-P is required.
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CARE PACKAGE FOR DESIGNERS ADAPTING TO SURPACE MOUNT
TECHNOLOGY :

Arn D. Buck
Department Head, PCB Design
Transcom Electronics

Portsmouth, Rhode Island

ABSTRACT

Conscientious thru-hole PCB designers have found
that they can design more cost effective pro-
ducts by acquiring a working knowledge of board
manufacturing processes. The intent of this
paper is to make designers more familiar with
SMT assembly and to present guidelines for SMT
design.

INTRODUCTION

With the advent of SMT, an indepth understanding of board
techniques has become mandatory. To a certain degree, an
adept manufacturing engineer could compensate for a poorly
designed thru-hole board. However, design deficiencies in
an SMT board can easily cause a product to become unprodu-
cible.

The following outline shows the basic steps that are
required for several types of SMT assemblies. In this out-
line, references are made to the primary and secondary
side of the board. These terms are used because components
are no longer restricted to one side of the board. The
term "primary side" refers to the side of the board which
is now called the component side; the term "secondary"
refers to the solder side.
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TYPES OF SMT ASSEMBLY

TYPE 1 SURFACE MOUNT ON ONE SIDE ONLY
1. APPLY SOLDER PASTE - PRIMARY SIDE
2. PLACE SMT COMPONENTS - PRIMARY SIDE
3. CURE SOLDER PASTE (PREHEAT)

4. REFLOW SOLDER (VAPOR PHASE, INFRA RED, OR HOT
AIR)

5. CLEAN

TYPE 2 SURFACE MOUNT ON ONE SIDE ONLY
1. APPLY SOLDER PASTE
2. PLACE SMT COMPONENTS - PRIMARY SIDE
3. CURE SOLDER PASTE (PREHEAT)

4. REFLOW SOLDER (VAPOR PHASE, INFRA RED, OR HOT
AIR) :

5. CLEAN

6. INSERT THRU-HOLE COMPONENTS - PRIMARY SIDE
7. WAVE SOLDER

8. CLEAN

TYPE 3 SMT ON BOTH SIDES/THRU-HOLE COMPONENTS ON PRIMARY
SIDE

‘1. APPLY SOLDER PASTE
2, PLACE SMT COMPONENTS - PRIMARY SIDE
3. CURE SOLDER PASTE
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4. REFLOW SOLDER

5. CLEAN

6. TURN BOARD OVER

7. APPLY ADHESIVE - SECONDARY SIDE

8. PLACE SMT COMPONENTS - SECONDARY SIDE

9. CURE ADHESIVE
16. TURN BOARD OVER

11. INSERT THRU-HOLE COMPONENTS ON PRIMARY SIDE
12, WAVE SOLDER o
13. CLEAN

TYPE 4 SMT COMPONENTS ON BOTH SIDES
| l. APPLY SOLDER PASTE - SECONDARY SIDE
2. APPLY ADHESIVE - SECONDARY SIDE
3. PLACE SMT COMPONENTS - SECONDARY SIDE
4. CURE ADHESIVE AND SOLDER PASTE
5. TURN BOARD OVER
6. APPLY SOLDER PASTE - PRIMARY SIDE
7. PLACE SMT COMPONENTS - PRIMARY SIDE
8. CURE SOLDER PASTE
9. REFLOW SOLDER
10. CLEAN
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FACTORS THAT AFFECT COMPONENT POSITIONING DURING REFLOW
SOLDERING

Solder domes are formed over component lands as the solder
paste reaches its melting point during the reflow process.
The SMT components will initially float on these domes. If
the component 1lands are properly spaced and sized, the
components should remain in position plus or minus a few
thousandths of an inch. If these conditions are not met
the components may drift, stand on end, pop off the board,
or be stressed.

The spacing between lands is critical to successful SMT
assembly. Ideally, the lands should be positioned so that
the component lands are centered on the apex of the solder
dome. If the 1lands are placed _too far apart, each dome
will try to draw the component lead into its center. If
one side wins this tug-of-war, the component will either
tombstone (stand on end), or pop right off of the board.
If neither side wins, there is a good possibility that the
component will be stressed as it sinks into the solder and
the solder hardens. The stress will be directed toward the
center of the device's underside. If the stress is great
enough, the component will eventually crack. Lands that
are spaced too closely will push against each other and
cause similar results as those spaced too far apart. In
this case, however, the stress on the component would be
‘directed toward the center of the upper side of the dev-
ice. The package size tolerances should be considered when
selecting components to ensure that they are compatible
with the lands that are used for other sources.

It is also important to ensure that the mass of solder
domes on opposite sides of a device are symmetrical. Com-
ponents that do not have an even number of leads on oppo-
site sides may have problems unless some countermeasure is
taken. The recommended land pattern for an SOT-23 is a
good example of such compensation. An SOT-23 is a three-
leaded transistor package. The land that is used for the
side that has a single lead is approximately 50% larger
than the lands for the other two leads. The dgreater mass
of the solder dome on the single lead side offsets the two
smaller solder domes on the opposite side and the com-
ponent will float in without movement.

Vias, ground planes, or heavy traces should not be placed
too <close to component lands. This situation will attract
the apex component land solder dome towards the other
solder. The component will have a tendency to follow and
be sucked into the larger solder dome. Allowing two com-
ponents to share a common land will cause the same
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problem. To prevent this condition, vias should be kept a
minimum of @.025" away from a land and should connect to
it with a trace that is a maximum of 0.010" wide. If the
electrical performance of a 0.010" trace is not acceptable
(i.e. power or ground), multiple 0.010" traces should be
utilized until the performance can be brought up to a
satisfactory level. Keep in mind that 0.008" line widths
and spacings are common in SMT boards to allow traces to
run between the lands of active com- ponents.

Another consideration is the width of component lands.
Normally, the lands should not be more than 0.085" wider
than the solderable terminations of a component. Excessive
land widths can cause the component to drift off axis and
possibly end up on the land of an adjacent component.

If the traces on the board are tin/lead coated, careful
thought should be given to their placement under small
components. A heavy trace that is "off center"™ beneath a
component can push up on the device while it is floating,
forcing it askew. If traces must be run beneath small com-
ponents (typically passive), they should be kept as narrow
as possible and be placed exactly centered between the
lands. Using soldermask over bare copper boards is another
alternative.

Because of their cylindrical shape, MELF style components
are not nearly as stable as counterpart chip styles. Some
suppliers of these parts recommend that adhesive be used
(even with reflow solder) to keep the MELFs from rolling
off their lands or off of the board.

You should now have an understanding of the various fac-
tors that can cause component migration during soldering.
The next section will take a look at land sizing for both
active and passive SMT components.

SMT COMPONENT PACKAGING

The availability of surface mount devices is rapidly
~catching up with thru-hole components. Passive components
are generally available in two basic styles; chip and
MELF. The most commonly used chip packages are the 805,
1206, and 1210. The numbers in these package names indi-
cate the body size. For example, an 885 package descrip-
tion indicates that the device is 0.086" long and @.050"
wide and a 1206 package is 0.120" long and 0.068" wide.
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‘Active components are available in SOT (small outline
transistor), SOIC (small outline integrated circuit), PLCC
(plastic leadless chip carrier), LCCC (leadless ceramic
chip carrier), and flat pack packages. Within each clas-
sification the package size varies according to the number
of pins used by the device. The SOT packages may also vary
by the power handling capabilities of the device. SOIC
packages are available with both "gull wing" leads and "J"
leads. "J" leads are usually preferred because of their
mechanical strength. Gull wing leads with a pitch of over
#.0408" should be avoided if possible due to their insta-
bility.

LAﬁD PATTERNS FOR CHIP COMPONENTS .

Although no current industry standard presently exists for
chip components, most suppliers do recommend approximately
the same land pattern for their 805 and 1206 packages.
These two patterns are shown in figure 1.

© 0.040/0.050 — }—

0.050
: 0.083
v0.0SO/0.0BO L] i}
0.040/0.050 0.075/0.085 — —
805 1206
figure 1
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The following formula can be used for calculating the land
sizes of non-standard chip components.

r"W”T\\\‘L

COMPONENT HEIGHT

COMPONENT WIDTH

COMPONENT HEIGHT

A

1] = =5
|

"SOLDERABLE TERMINATION WIDTH

PAD WIDTH = COMPONENT WIDTH + 0.003"

PAD LENGTH = THE SOLDERABLE TERMINATION WIDTH
+ THE COMPONENT HEIGHT é\o .005"

GAP BETWEEN LANDS = COMPONENT LENGTH - (2X) SOLDERABLE
: TERMINATION WIDTH

Until recently, many designers would use different land
sizes for wave soldering than for reflow
soldering,however, that trend appears to be changing. Many
are discovering that the reflow designed lands provide
adequate area for wave soldering. This approach also
reduces the number of CAD symbols required for SMT design.
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LAND PATTERNS FOR SOT DEVICES

The most common SMT transistor package is the SOT-23. The
recommended land pattern for this device is shown in fig-
ure 2. Note that one land is larger than the other. This
is done to enable the device to float evenly during the
-soldering. Vendor specification sheets should be consulted
for other SOT land patterns.

‘ — 0.075 ‘——-—

0.035 SG.

S0T-23 | | —:Im
: 0.050 ~f——-——-*l

0.035.

figure 2
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LAND PATTERNS FOR SOIC DEVICES

Most SOIC's are available in 8 to 28 pin packages. The
pins are oriented in a standard DIP arrangement. The
center line spacing between the two rows of 8 to 16 pin

.packages is 2.006", Some 16 pin SOIC devices are packaged

similarly to the 20 to 28 pin devices which have a #.375"
spacing between both rows. Tgese 16 pin devices are

referred to as SO-16L's. Figure shows the land patterns
for both types of SOIC's.

ro.zool_j_[—o.oso o . ‘-———o 375___‘ _[-o N

—

| s -—r
= — —]
= a— —] |
—] o ' = — 025
= = [0 — r::J_r°‘
 —  — | w—

- o]

S0-8, 14, 16 S0-16L, 20-28

figure 3
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LAND SIZING OF PLCC AND LCCC PACKAGES

SOIC packages with more than 28 leads are rare. Devices
that require more 1leads are usually packaged in PLCC
(plastic leadless chip carrier) or LCCC (leadless ceramic
chip carrier) configurations. The recommended land pattern
for standard PLCC packages is shown in figure 4. The space
between rows of pins on LCCC configurations may vary from
one supplier to another.

A I.C. SIZE

L A 3
.350  PCC-20
.450 PCC-28
UDUDD .650  PCC-44
.750  PCC-52
— P— .850  PCC-68
c ] :
= g_fo
c

PCC PATTERN

figure 4
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CONCLUSION

Much of the mystique surrounding SMT is vanishing as com-
panies gain experience with the technology and pass the
information on. Those who are just beginning to use SMT
.should still approach it with caution. SMT products are
affected by many factors -- some will only be learned by
firsthand experience. One of the best ways of minimizing
the potential negative affects of these factors is with
good communication between design and manufacturing -- a
point that cannot be overstressed.
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SCHEMATIC DRAWING CONVENTIONS
EDA-1000 TELESIS, IBM/PC

PURPOSES

The purpose of this procedure is to explain how to generate a
schematic diagram on the IBM/PC-Telesis Capture System,

The main topics will be Engineering Input, Symbol Creation,
Planning and Placement, Processing, Transfer, and Back
Annotation.

ACCURACY OF THE NET-DATA-BASE

It is extremely important to be sure that the information you
put into the net data base is accurate before you proceed to
take information out of the net data base and use it as the
foundation for further work.

Read the sections of your operator manual covering library
files and schematics to be sure that you adhere to the stated
requirements.

RELATED DOCUMENTS

A, Telesis Series EDA-1000 Design Capture Systems
(Utilities)

B. Telesis EDA-3000 (Creating a New Data Base)
PROCEDURES
This procedure is comprised of the following sections:

o Engineering input

'o Symbols

o Planning and placement

o Annotation of text

o Processing

o Transfer of files

o EDA-300 NET-DATA-BASE

o Back annotation

ENGINEERING INPUT

A. Ehgineering Input is submitted in the form of a rough
sketch. It is very important to get the latest copy of
the engineer'S sketch to keep rework of the schematic to

a minimum. This original input should be dated and the
date recorded on the project schedule. All future changes

-200-



Reai Beaudette
Carmen Serna

SEPTEMBER 1985

Larse Corporation

6.0

SCHEMATIC DRAWING CONVENTIONS
EDA-1000 TELESIS, IBM/PC

and updates should be dated and recorded in order to
estimate the hours a job will require and accurately
schedule a completion date. (See appendix A.)

B. The engineer's sketch should include the following
drawing conventions in order to facilitate the optimum
layout of the schematic diagram:

l. Normal signal flow should be from left to right and
top to bottom. - '

2. Indicate preferred ~pattern of stages and coupling
circuits, especially 'when multiple sheets are
necessary. ’ '

3. 1Include a complete material list, identified by the
component description and/or company part number.
Parts should be selected from the Preferred Parts
Data Base Report which 1is obtainable from the
LISTMAT.PAR.

4. New parts not yet assigned a part number or a
purchase specification should be reported by the
cognizant engineer to the Components Engineer with
the following information: manufacturer's part
number, project name, and the quantity required.

SYMBOLS

A. Any part on the PCB which has an electrical connection

must also have a symbol on the schematic. Any schematic
symbols that do not already exist need to be created.
Symbols that do not exist in the SYSTEM.SYM library or
those which require revision are created by the following
process:

1. A sketch is made of the new or revised symbol,
maintaining input to the 1left and output to the
right.

2. Approval is obtained from the CAD System Manager.
3. Symbol is created.

4. New symbol is checked and approved by the CAD Systemv
Manager and the cognizant engineer.

5. Revised symbol is checked and approved by the CAD
System Manager.

6. Symbols are transferred to the SYSTEM.SYM library by
the CAD Lead Operator for immediate and future usage.
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All symbols must be complete with reference designator,
value or dev1ce type, pin names or numbers and part
number.

1.

2.

Reference Designators

Reference designators are text labels of attribute 2,
which appear inside a symbol. Reference designators
must be 8 characters or 1less in length. Only the
characters "A" through "z" "0" through "9" """ ‘"4"
Nt - ng" wkn  mo" and "/" are allowed. (See
appendices B, C and D.)

Pin Numbers and Pin Names

Pin numbers and pin names are text 1labels with
attributes 1, or 20 through 26, which associate the
nodes on a symbol with the pins on a package. Pin
numbers must only contain numeric characters that
exist in the range 0 to 512. Pin numbers are only
required if the operator wishes to assign a logic
symbol to a specific slot on a device.

Pin names are similar to pin numbers except they may
contain alphanumeric characters (up to 8). The first
character of a pin name must be an alpha character
(non-numeric), while remaining characters may be
numeric. Pin names are required for every 1logic
symbol node and must be the same as specified in the
device description file for the physical board
component. (See appendices C and D.)

Values/Device Type

Component values are labels (VALUE FIELD) with
attributes 4, 6, 7 and 55 that are assigned to a
symbol., A component label may contain up to 20
characters. Only the characters "A" through "2"
(capltals and lower case) "0" through "9" "¢" """
f.n Mzm ngn  Wan W2" and "/" are allowed. (See
appendices B, C and D.)

The value field may have any of the follow1ng types
of parameters:

NOMINAL—VALUE/SCALE-FACTOR' attribute 4
COMPONENT TOLERANCE ......: attribute 6
COMPONENT STRESS .ccesees..: attribute 7
EXTRA IDENTIFIER .........: attribute 55

ALL ITEMS (LABELS) in the wvalue field must be
separated and all items must be located within the
symbol's boundaries cell.
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4. Part Number

All logic symbols must have a part number. This may
be either a part number (a text label with attribute
3), or a user-defined device type. Refer to section
8.0.F. (See appendices B, C and D.) '

PLANNING AND PLACEMENT

Keep in mind that the purpose of a schematic is to show the
functions and relations of circuit components through the use
of graphic symbols. It will be used for the design and
analysis of circuits, instructional purposes, and
trouble-shooting. It is important to maintain the original
technical significance and to show the wiring of components
in a circuit with clarity and simplicity.

Proper selection of schematic symbols serves an additional
purpose. The symbols chosen can ultimately expand or restrict
software capabilities at the board design level.

STEP 1: PLAN THE SCHEMATIC SHEETS

First plan how many sheets you will create for the schematic.
Sketch each sheet to get an idea how you want to arrange your
symbols. This will help you to place symbols faster.

Consider the following requirements for sheet one:
A. All notes, tables, and legends.

B. Decoupling Capacitors.

C. Power Supply Circuit.

D. Spares Section.

STEP 2: PLANNING FOB SYMBOL SELECTION

Good planning in symbol selection can have a great impact on
the design process. The use of block symbols versus
individual gate types determines the potential use of
intelligent softwares available with our Telesis EDA-3000.
Automatic placement, routing, pin function, and pin swapping
are all affected by symbol selection.

Many engineers and draftspersons will prefer block symbols
for IC's because they contain all the pin numbers and names
within their boundaries and take less space in a schematic
diagram. On the negative side these pins cannot be back
annotated, therefore, pin swap and function swap options are
lost. : :
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Fully generic gate type symbols with pin names such as A,B,C,
and Y and reference designators such as U* are most adaptable
to automatic pin and function swap, two very important
options to a designer when a board design is to achieve a

high percentile of automatic routing. The importance of
- proper symbol type selection cannot be over-emphasized.

The goals of achieving high productivity through efficiency,
accuracy, and expediency can be realized through the
discriminating use of symbols at the schematic stage.

In planning a single sheet or a multiple sheet schematic, the
following principles apply:

A. The diagram should be arranged so that it reads
functionally from 1left to right, with the source or
input, at the left, and the output at the right.

Multistage diagrams may be 1laid out in layers, still
maintaining the left-to-right and top-to-bottom flow.

B. Lines should be routed as directly as possible with a
minimum of direction changes and crossovers.

C. A diagram should be arranged to give prominence to main
features.

D. Uniform den51ty of all graphic symbols is desirable; do
not crowd in one area while permitting large open areas
to exist on a sheet.

E. The final diagram should have a balanced, symmetrical,
and pleasing appearance. :

STEP 3: PLACEMENT AND INTERCONNECTION

For each sheet of the schematic, place symbols and
interconnect them according to your sketch. It is good
strategy to place the larger symbols first, then the smaller
ones, and leave most of the interconnectlon until you can see
where the symbols will be.

STEP 4: FOLDER PREPARATION

" In order to provide a source of materials used in generating
the schematic and to make them available to individuals
responsible for it's completion, it's checking, and the board
design, a folder should be made, containing the following:

A. All engineering input.
B. Purchase specifications,
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C. Copies of Device-Files including existing files, newly
created files and information on to-be-created files.

D. Data deemed pertinent to the schematic creation.
E. Copies of Project schedules.

ANNOTATION OF TEXT

STEP 1: SYMBOL ANNOTATION

Reference Designators

Before generating a Telesis netlist from a schematic, the
operator must assign reference designators to all symbols.
Refer to section 6.B.1. However, the operator may supply
"open-series" reference designators ending with an asterisk
(*), for example, the reference designator R*. The Telesis
Printed Circuit Board Design system (EDA-3000) automatically
assigns available reference designators to components when
the NET-DATA-BASE is created.

You can annotate the symbols with reference designators and
pin numbers at any time during the creation of each schematic
sheet. It 1is probably a good idea to do most of the
annotation late in the process, after the symbols and connect
lines have been placed, but if you are working with a dense
schematic, it could be better to do most of the annotation
before starting to add connections so you can tell what area
of the schematic you are working with. The symbols you placed
in the schematic already have dummy reference designators and
pin number labels. Use the UPDATE TEXT command to change the
reference designators.

When updating the reference designator, leave a gap of 5 to
10 numerals between sheets for each type of device to ease
and simplify the task of future changes and additions. This
is not applicable when your company prefers to leave their
boards numbered left to right, top to bottom, with schematic
annotated accordingly.

Pin Numbers/Pin Names

A. Pin numbers must only contain numeric characters that
exist in the range 0 to 512. Pin numbers are only
required if the operator wishes to assign a logic symbol
to a specific slot on a device.  Refer to section 6.B.2.

Pin names are similar to pin numbers except they may
contain alphanumeric characters (up to 8). The first
character of a pin name must be an alpha character
(non-numeric), while remaining characters may be numeric.
Pin names are required for every logic symbol node and
must be the same as specified in the device description
file for the physical board component, -205-
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With device description files present in the current
project or system library on the EDA-300, the system
automatically assigns all unassigned logic functions (no
pin numbers annotated) to available slots on the device
during creation of the net data base file.

B. Common Pins

You can annotate two or more symbols with the same
reference designator, and put the same pin number on a
connect point in each of them. You normally use this
capability of the system to show common pins on each
instance of a device such as clear lines and common
voltages. For example, a set of resistors in a resistor
pack are all tied to a common ground by pin 1.

C. Omitting Pin Number

If you are using device files, you may omit all pin
number labels from each logic symbol of the gate type on
the schematic. When you use the LOAD TEXT-NETLIST
command, the system creates a NET-DATA-BASE using the pin
name on the schematic, and assigns physical pin numbers
for logical pins from information contained in the device
descripton files.

D. Unused/Unconnected Pins

The operator should always use the signal name "N/C" with
attribute 5 for unconnected pins. Connecting unused pins
to this network suppresses error messages about unused
pins when running the Design Check Program. Pins tied to
an "N/C" signal name are not generated in the resulting
netlist.

Values or Device Types

Component values are labels that are assigned to a symbol.

Refer to section 6.B.3. A component label may contain up to

20 characters. Only the characters "A" through "z" (capitals

and lower case) "0" through "9" "+" "_." neh gt nan
- "?" and "/" are allowed.

The value field may have any of the following types of

parameters:

NOMINAL-VALUE/SCALE-FACTOR: attribute
COMPONENT TOLERANCE ......: attribute
COMPONENT STRESS .........: attribute
EXTRA IDENTIFIER .........: attribute 5

N Oy

All items (LABELS) in the value field must be separated and
all items must be 1located within the symbol's boundaries
cell, -206-
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‘Nominal Value:

This parameter defines the nominal characteristic value
of the component(s) in the component field. The format is
a dimensionless floating-point number, with a maximum of
5 characters including a possible decimal point, with an
optional scale factor. No space is allowed between the
number and the scale factor.

Scale Factor:

'Any of the following scale factor abbreviations can be

used immediately after the value.

MEG = 10 EXP 6 (Megq)
K = EXP 3 (Kilo)

M = 10 EXP-3 (Milli)
U = 10 EXP-6 (Micro)
N = 10 EXP-9 (Nano)

P = 10 EXP-12 (Pico)
Component Tolerance:

You must enter a tolerance information with an attribute
of 6, either in the form n% for symmetrical tolerances or
in the form +n%/-n% for non-symmetrical tolerances, where
n is a digit from 1-99.

Component Stress:

When applicable, you must enter the wattage or working
voltages with an attribute of 7. :

Extra Identifier:

When different components with identical values such as a
package (SIP7) of 7 each 10K 2% 1/8W resistors and a
package (SIP10) of 10 each 10K 2% 1/8W resistors are used
within a schematic set, an extra identifier in the form
of 7 each and 10 each must be entered using an attribute
of 55. :

-

Part Numbers

All

logic symbols must have a part number. This may be either

a part number, text label with attribute 3, or a user-defined
~device type. (See appendices B, C and D.)

-207-
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A device type is a text label with a user-defined attribute
between 80 and 99 or 120 and 127. The system prompts for the
device type attribute during the TELNET input dialog. Both a
part number and a user-defined device type may be present on
the same symbol. TELNET will prompt the user for a
user-defined device type (attribute). If the user explicitly
specifies an attribute, and such an attribute exists on a
symbol, then the device type will be the value of that field.
Otherwise the device type will be the part number.

Device types must be 18 characters or less in length. Only
the characters "A"™ through "z" "0" through "9" Hn nyw
=" mgh" "knm  mom ®m " and "/" are allowed.

The TELNET program uses either the part number or the device
type as the Telesis device type (to make the association
between the schematic symbol and the device to be used on the
printed circuit board).

Instead of changing the part number 1label or adding the
device type label to the symbol in the library, the operator
can modify the occurrences of the symbol in the schematic.

STEP 2: FUNCTION TYPES

The operator may attach function types to logic symbols on
the schematic. Function types are used to differentiate
multiple and unlike logic functions on a single device or
package. For example, the device 7423 contains both the NOR
gate and the expanded NORX gate. By attaching the function.
type, NOR4, to the schematic symbol representing the 4-input
NOR, and NOR4X to the symbol representing the expanded
4-input NOR, the TELNET program will differentiate the logic
functions of symbols with the same device type. Function type
lables are required for gate and pin assignment of multiple
unlike logic functions on a single device when the operator
creates the net data base on the Printed Circuit Board Design
system, :

A function type label is a text label with a user-defined

attribute between 80 and 99, or 120 through 127, 80 is

- standard at Larse. TELNET prompts for the function type

- attribute during the TELNET input dialog. The function type

attribute cannot be the same as the device type attribute (if

used). A function type label may contain up to 18 characters

or less in length. Only the characters "A" through "z" "0O"

through "9" n.n nyn "g" "l A *." and "/" are
allowed.

If the operator specifies a function type attribute, and if a
symbol has a function type field, the function type will
appear in the resulting netlist.
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STEP 3: SIGNAL NAMES

Signal names are text labels with attributes 5 and 10 through
19. signal names must be 18 characters or less in length.
Only the characters "A" through "zZ" (capitals and lower case)
Ilo'l through “9" Il.ll n_n I+I ngu ll%" N n 'l?'l and ll/n are
allowed.

All signal names must touch the line with which they are
associated. All bus lines should be named in the same manner.

When the signal text bounaaty touches more than one line,
system's priority will associate it with the following line:

A. Below the text.

B. To the left of text.

C. Above the text.

D. To the right of text.

STEP 4: UNUSED/UNCONNECTED PINS

The operator should always use the signal name "N/C" with
attribute 5 for unconnected pins. Connecting unused pins to
this network suppresses error messages about unused pins when
running the Design Check Program. Pins tied to an "N/C"
signal name are not generated in the resulting netlist.

PROCESS ING
STEP 1: PIN EXTRACTION

Pin extraction is the first of three processes used to
generate a Telesis Text Netlist. This netlist will be
transferred to the EDA-300 via a RS232 cable and used to
generate a Telesis NET-DATA-BASE through the LOAD TEXT
NETLIST command. The PINXTR process extracts pin information
from your drawing set.

A drawing set means the various drawings (schematic sheets)
that make up your schematic set. You can run pin extract on
one sheet at a time or have the system run the extraction on
all sheets. On a large schematic set, it may be easier to
isolate discrepancies if the extraction is run on one sheet
at a time. It will also save time when it comes to making
changes in the future. In the NETXTR process, these files
will be pooled into one file.

When the pin information has been extracted, a text file will
be created. If no errors are reported, you are ready to
proceed to NETXTR. If errors are found, locate them using a

-209-
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word processor software if available. If not, use the
EDLIN.COM then repeat the PINXTR until you obtain a report
that is clean and free of errors.

STEP 2: NET EXTRACTION

Net extraction is the second process used to achieve a
Telesis netlist. It uses the pin extraction file to create a
schematic capture netlist. You will use this netlist to
create an EDA-300 netlist.

Using the pinlist file and the drawing, the system creates
the NETLIST FILE. This file is in two sections: a symbol
section and a signal section.

- STEP 3: BILL OF MATERIAL REPORT

Once you have corrected your errors, you will create a List
of Materials (BOM). To run the List of Materials (LOM), you
need two files. The first is an EDA-1000 netlist, which you
created earlier using NETXTR, and the second is the parts
data base LISTMAT.PAR.

The parts data base will contain information on the
Engineering Preferred Parts to be used on printed circuit
boards. When the LOM generator is run, only information about
parts used in the schematics being processed will be printed.

The value field of all symbols must have identical text and
attributes which match exactly the PART REFERENCE entered in
the LISTMAT.PAR data base. You must return to the schematic
and fix all symbols text to remedy all errors reported such
as NO DATA AVAILABLE.

You will need to rerun the processes discussed PINXTR and
NETXTR, then rerun the LOM until all parts are accounted for.

You are now ready to transfer your Bill of Material (BOM) to
the Manufacturing Information System, NCA, and to create the
TELNET.

- STEP 4: TELNET

Once the schematic capture netlist has been created, you must
now transform this into the EDA-300 netlist. When the TELNET
process is run, an error report will be created. If you find
errors in the TELNET, investigate .and determine the problem
using a word processor or the EDLIN.COM then repeat TELNET
until you obtain a report that is clean and free of errors.

-210-
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STEP 5: RENUMBERING

When steps 1, 2 and 3 are completed, renumber the symbols
using the upper left to lower right format. The system will
accomplish this by the RENUM command. Save your drawing away
with the changes made.

You must now go through the three processes again to create a
new EDA-300 netlist. This time there should be no errors. The
three commands are: '

PINXTR
NETXTR
TELNET

NOTE : It is important that if you renumber your schematic
drawings, you rerun the PINXTR, NETXTR, and TELNET processes.
The system uses the symbol reference numbers during back
annotation to make the appropriate changes to your schematic.
If you renumber your schematic without rerunning PINXTR,
NETXTR, and TELNET, the symbol reference numbers in the back
annotation files will not match the symbol reference numbers
of your schematic sheets. This will cause major problems. For
example, maybe the symbol reference number 2 was a NOR gate
and is now a resistor. In this case, the system will try to
update the resistor with the NOR gate information.

STEP 6: DESIGN CHECK

Before the netlist can be transferred to the EDA, there are
[three (3) out of five (5)] checking routines that need to be
done for all schematics created for our corporation.

1. Check for unconnected pins.
2. Check for nets with only one connection.

5. Generate a sorted 1list or signal names and cross
reference.

If the Design Check Report file shows errors, they must be
fixed.

Now rerun PINXTR, NETXTR, TELNET and CHECK. You may have
created an error while fixing this, so do not skip the check
routine. -

STEP 7: ENGINEER REVIEW

After completion of the design check with a no-error report
and prior to the transfer of any files to the EDA-300, a copy
of the schematic should be given to the responsible engineer
for review and approval. _jj;-
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STEP 8: DEVICE-FILES

The Bill of Materials (BOM) should be checked against the
Device-Files contained in the current project on the EDA-300.
Every part must have a device file. All new and revised files
must be checked and approved by the Cad System Manager.

Files may then be copied to another project to be transferred

to New-Device-Files at the convenience of the Cad Lead
Operator, ‘

Creating and updating the Device-Files is the responsibility
of the person who creates or makes changes on the schematic
diagram. Updates must occur prior to creating the
Net-Data-Base.

TRANSFER OF FILES
STEP 1: TELNET TRANSFER

Once the schematic has been finished and checked for errors,
you are ready to transfer the netlist to the EDA-300. Using
the File Transfer capabilities, transfer your TELNET file.

STEP 2: DEVICE-FILES TRANSFER (applicable for MULTI-EDIT
SOFTWARE OWNER.)

All Device-Files that you have created using the MULTI-EDIT
(ME) Software will be used by the EDA-3000 software when you
build your NET-DATA-BASE. They need to be resident on the
EDA-300 when the NET-DATA-BASE is built. Using the File-
Transfer capabilities with the ME batch transfer software,
transfer these Device-Files to the EDA-300.

EDA-300 NET-DATA-BASE

Once the TELNET file and the Device-Files are on the EDA-300
you are ready to start building a project NET-DATA-BASE.

STEP 1: CREATING THE NET-DATA-BASE

Using your netlist and the Device-Files create the NET-DATA-
BASE. Once the NET-DATA-BASE has been built, the NET-LOAD-LOG
file will appear on the function screen. The first line of
the file should indicate that the number of parsing errors
was zero, If it did not then you would need to fix the errors
reported in the log. g

To fix the errors, you may need to return to the schematic on
the EDA-1000 or fix a line in a Device-File. Whatever the
error is, once fixed you will need to rerun delete the first
Telnet in the EDA-300, transfer process, then repeat the
LOAD-TEST NETLIST command with the new netlist, Device-Files,
etc. -212-
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014 Net-Data-Bases

When reloading a text netlist, remember to delete all the old
net-data-bases in the project or else the OLD ONE will be
made twice as big with a more-than-doubling of the time to
load it AND the resulting net-data-base will NOT be correct.
If the board has been assigned, it should be deassigned at
this time.

Special Use of $End in Load-Text-Netlist

A straight-forward way to <check that the function
specifications in DEVICE FILES on the EDA-3000 match the
usage on the EDA-1000 (without doing a full LOAD-TEXT-
NETLIST) is to insert a #END statement immediately after the
S$NETS statement in the Telesis netlist file. Use "@TEXT" on
the EDA-3000 after transferring the ".TEL" file (or EDLIN on
the EDA-1000 before transferring) to insert a single 1line
containing the keyword "$END" immediately after the "$NETS"
keyword, then pick LOAD-TEXT-NETLIST. LOAD-TEXT-NETLIST will
then process all the "S$FUNCTIONS" section of the netlist,
checking that the functions called for are properly defined
and will stop before processing any of the nets (thus saving
most of the processing time in LOAD-TEXT-NETLIST). After
cleaning up any problems with DEVICE FILES, a second run of
LOAD-TEXT-NETLIST (with the "$END" removed again) will be
necessary to have a full net-data-base created.

STEP 2: CHECKING REPORTS
A. Netlist Report

1. With an error-free NET-LOAD-LOG, you should perform a
100% line-by-line check of this netlist created on
the EDA-300 back against your schematic. Every line
and signal on the schematic must show up in the
NETLIST-REPORT, and vice-versa. This is a key step
which must never be skipped for accurate netlists.

2. Check for identical nets on two different net numbers
because of spelling difference in net name.

- 3. Check for net with only one net pin number.
B. Component Report
1. Check all UNUSED pin. numbers versus their

Device-Files and/or spare gates shown on your
schematic.
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12.0 BACK ANNOTATION
Back Annotation - What is it?

Back Annotation is utilizing the system ¢to update your
schematic drawings to reflect changes made in another portion
of the design process. Currently, there are three types of
changes that are Back Annotatable.

A. If on vyour schematic you wused generic reference
designators, generic pin names, or both, the EDA-300 will
automatically assign reference designators and pin
numbers during the LOAD TEXT NETLIST process. Once your
NET-DATA-BASE is created and correct you will want to
return to your schematic drawings and update vyour
symbol's reference designators and pin names to reflect
the results of automatic assignment. Back Annotation will
accomplish this., (For more information on Automatic
Assignment, consult the PCB User Manual Vol 1 NETDB-16).

B. If on the EDA-300 you use the CHANGE-REF-DES command you
can use Back Annotation to update this change to vyour
schematic. (For more information on CHANGE-REF-DES,
consult the PCB User Manual Vol 1, page PLACE-53-55).

C. If you use the function and pin swapping capabilities
available on the EDA-300 Back Annotation can also be used
to wupdate your schematic drawings. (For a detailed
description of Gate & Pin Swapping, consult your PCB User
Manual Vol 1, PLACE-23).

D. When back annotating your schematic, if the following
message occurs, do not be alarmed:

"Warning: The following pins on symbol 10 on sheet 1
\Telesis\ .DWG were never back annotated: 5 6 7 8"

Be sure to check your back annotation log carefully, to

make sure that the warning messages are for pins NOT
CONNECTED (N/C).

-214-
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COMPARING THE EDA 1200 WITH DASH IV
Thomas J. Miller
Manager Applications Integration
Telesis Systems Corporation

Chelmsford, Massachusetts

Telesis will soon be releasing a new product
based on the FutureNet Dash IV product. The fol-
lowing paper describes the major enhancements
made by FutureNet that distinguish Dash IV from
the EDA 1200 which was based on Dash III.

INTRODUCTION

Telesis in the past has released two 1IBM-based schematic
entry products that were based on FutureNet products: the
EDA 1000 and EDA 1200, We based the EDA 1000 on the Dash
II/Strides product and the EDA 1200 on the Dash
III/Strides product. Dash III added color using the IBM
Enhanced Graphic Display (EGA) system at the expense of a
private mouse.

Dash IV closely followed the introduction of Dash III and
used the same hardware platform. However, FutureNet made
major enhancements in Dash IV that users had been request-
ing for some time. These enhancements may be categorized
into four groups: visual enhancements and operational
assists, new operations, drawing conventions, and impacts.
The next three sections describe these enhancements in
more detail.

VISUAL ENHANCEMENTS AND OPERATIONAL ASSISTS
This section describes those features that make Dash IV
users more productive. This does not include new features
that increase the total functionality of the system which
I discuss in the next section.

1. "Help Menus"

Extensive help files exist now that offer help on
every command. If the user types ? or .HELP without
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an operand, the system displays the Main Help Menu
that can be used to route the user to more specific
Help Display Screens. The user may additionally
supply the command and be taken directly to a Help
Display Screen.

"User Profile"

The user may create a profile file using a DOS text
editor that supplies to Dash IV default information
on operating states, display states, function keys,
drawings, libraries, print options and color assign-
ment. At any point in time while editing, the user
may enter the PROFILE command and see a full screen
display of the various options.

"Libraries"

Dash IV contains the notion of "reference" and
"update" libraries. When a user adds symbols to
his/her schematic, Dash IV searches a list of up to
ten reference libraries. Symbol editing takes place
using the update library. Use the LIB command to
specify reference libraries; .LIB must be used for
the update library. Please note that the reference
libraries must be specified before the update
library.

Dash IV also allows the user to print library direc-
tories using the .DIRPR command.

The new release contains updated symbol libraries as
well as one that "meets IEC/ANSII standards". Dash
IV supplies an special command to create hat sym-
bols.

"Highlighting"

Look for all the new highlighting that takes place
after the cursor stops moving. If it is over text,
text will be highlighted on bright background. Its
"point of effect" (to be discussed later) is also
highlighted.

"Tricks"

I now know some neat editing tricks that may have
been there all the time but are now documented in
their manual. The first trick involves running a
connect line right down the side of the symbol which
connects all the pins together. When you move the
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symbol away from the 1line, all the pins now have
connect lines stretching out to the original 1line.
This is nice for connecting a bunch of pins to the
same net.

The second trick is a subtle variation of the first.
Butt two symbols together at their connect points.
Moving one symbol results in rubberbanding connect
lines that join the pin pairs.

As a motivation for the third trick ... how many
times have you 3joined two symbols together with a
bunch of parallel connect lines, realized you have
to move one, and the connect lines rubberband into
beautiful L's, but not where you want them? Supply
solder dots at the.speak points and move the symbol.
The lines.speak where you want, they L and then the
solder dots are removed.

NEW OPERATIONS

1.

"Point of Effect"

Point of effect is one of the most important
enhancements that Dash IV has accomplished. It has
removed all the o0ld positioning rules associated
with alphanumeric strings. The user may now specifi-
cally tag graphic elements and then place strings
anywhere. Prior to this, users had to be very care-
ful how they positioned signal names on the
schematic. Previous versions used internal rules to
determine to what connect line a signal name was
attached.

"New Commands!"

It is now possible to reflect and rotate symbols and
areas (.RE, .R, [RE and [R). Unfortunately, neither
maintain connectivity. You can move a vertex (/V),
erase entire nets (/EN) and over and underscore
strings ( 'OVER and 'UNDER ).

"Windowing"

This has been around, but I don't know how many
users are familiar with the operation. A user may
declare four "windows" in his/her design. The user
supplies a window number and the most magnified view
on the screen is turned into a window using the WIN-
DOW command. When the user PANs, he/she selects a
window number and the screen is immediately changed
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to that old window.
"Colors"

The user may select eight colors from a pallette of
sixty-four. Colors are associated with "groups" of
graphic elements. For instance symbol graphics and
connect lines might be in one group; pin numbers and

- reference designators may be in another. The COLOR

command maps colors to groups. The DISPGRP commands
map graphic elements to groups.

"Field Format Characteristics"

Users may now right, left and center justify text;
set a horizontal or vertical orientation for text;
and change the printability of text (it's no 1longer
an attribute).

There are now seven text fonts.,

Attributes may be changed using the 'CH commands
rather than deleting and re-adding.

"Bussing"

Dash IV adds the concept of junctions. In the past,
users "T'd" into busses with connect lines to estab-
lish connectivity. Now the user may add diagonal or
arc junctions into busses to make more pleasing
schematics. The /J command performs these opera-
tions.

"LLine Fonts"

There are now ten line fonts. One and two maintain
their o0ld meaning of connect line and bus. Fonts
three through ten serve annotation purposes.

"Direct Connections"

In the past, a symbol boundary formed an inviolate
border through which nothing could pass. This has
now been relaxed. The user may enter a special mode
and make a "direct connection" between two pins on a
symbol. The connection appears in the netlist. I'm
sure this has some use. The /C command enables this
mode while the .DCON command toggles the display of
direct connections.
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9. "Printing"

There are lots of new print options. The 'PRINT,
.PRINT, and PRINTOPT commands have been added.-

- 10, "Layered Alphanumeric Fields"

Major new functionality will be appearing in the
future that will take advantage of this partially
implemented feature. Layer fields will replace
attributes. They allow the user to add additional
information to text that will provide information
about electrical properties of components. New post
processors will take advantage of layer fields.

However, be very careful when you use them unless
you are writing your own post processors. In fact,
FutureNet recommends using the current method of
attaching attributes until further notice.

DRAWING CONVENTIONS

There is not much to say here. Some new attributes have
been added without a tremendous amount of explanation as
to what they are. All attributes above 99 used to be non-
printable. This is now accomplished using the 'CH P com-
mand mentioned earlier.

IMPACT

As the saying goes, "you don't get nothin' for free".
Schematics and symbols are upwards compatable (but not
downward) and FutureNet recommends 640 kb instead of the
old 256/512.

CONCLUSION

The new release of the Dash Schematic Editor contains many
important new features that FutureNet users have been
requesting. I believe that the "point of effect" rule,
field format characteristics (justification and orienta-
tion), and the erase net feature are the most important
new enhancements that will increase productivity. In addi-
tion, FutureNet plans to move all of their post processors
to use "Layered Alphanumeric Fields". This should result
in more powerful and flexible post processors.
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BASIC STEPS FOR PC DESIGN PROCESS

Debra Carrier
Application Instructor
Telesis Systems Corp
Two Omni Way
Chelmsford, MA 01824
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BASIC STEPS FOR PC DESIGN PROCESS

The following is a walkthrough of the basic steps to take to design a printed
circuit board using the Telesis system. Following each step is a reference to
the Telesis User Manual Volume 1 where further information may be found on each
subject.

1. Decide what types of dips, discretes, connectors, and tooling holes you will
need for your board. See if any of the symbols already exist in the
SYSTEM—LIBRARY. :

2. Build schematic symbols for gates, discretes, and connectors.
Pick CREATE SYMBOL for each symbol created (do one drawing at a time).
Print the -LOG file for each symbol to verify that it was built correctly.

LIBRARY 2 - 19A.

3. Build a DEVICE file for each type of component used on the board,
(7400, 741508, RCO7, etc.). You can get this information from the TTL
data book. Use TEXT -> TEXT LEAD THROUGH to create DEVICE files for
each component on the board.

LIBRARY 24 - 27,
4. Open a schematic drawing (ex: NEW DRAWING - SCH-1)
BASIC 24 - 27.
5. Add symbols to the drawing using:
ADD SYMBOL [MENU]
ADD SYMBOL [NAME]
or ADD SYMBOL [USER]

6. Updéte the DEVICE TYPE field (DEV) using TEXT -> UPDATE TEXT.

BASIC 59 - 61, NETDB - 23.

7. Update the REF DES field and/or the pin numbers (U*, 00 00 00) using
the TEXT -> UPDATE TEXT commands. This is an optional step. If you do
not update the REF DES and/or pin numbers, the system will automatically
annotate those gates and/or components when you pick EXTRACT NETLIST.

BASIC 59 - 61, NETDB 17 - 22.

8. Now, connect your symbols using ADD CONNECTION. (Set your active
layer = to 1.) Make sure that all connect lines added hook up to connect
points. Otherwise you will get a "floating end" message.

BASIC 54 - 56, BASIC 43 - 44,

9. Once you have the drawing completed, pick SAVE DRAWING SAME REV AND
CONTINUE. Then pick EXTRACT NETLIST. This will create your
"NET-DATA-BASE". When this is done, it will generate an "EXTRACTION-LOG".
This report shows any errors. PRINT the EXTRACTION-LOG.

NETDB 2 - 14.
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10.

11.

12,

13.

14,

15.

Run CREATE COMPONENT REPORT. This report shows if there are
are any unused pins and if there are any errors. PRINT this report
and verify all unused pins.

NETDB 86.

If there are any errors, clean them up and re-run EXTRACT NETLIST.

1f you had let the system annotate your reference designators and
pin numbers (see Step 7), then you will have to pick BACK ANNOT CUR.
This will update your schematic drawing to match your "NET-DATA-BASE".

NETDB 80 - 82,

When finished, you will save your drawing using SAVE DWG SAME RV or
SAVE DWG NEW RV.

BASIC 68 - 70.

If you have additional schematic pages, open a new drawing for each page,
i.e., page two would be a new drawing called SCH-2. You would then follow
steps 5-13 to complete that page. (You run EXTRACT NETLIST for each
schematic page.) For page three of your schematics, you would open a new
drawing called SCH-3 and do steps 5-13 again, and so on. Make sure you
have a clean extraction-log before proceeding.

An alternate method of creating the NET-DATA-BASE is to create a text file
that contains all the electrical information about your board. Remember,
this is an alternate method. You would not use both schematics and a text
netlist to create your NET-DATA-BASE. While the benefit of using a text
netlist is that it is much faster than generating schematics, the drawback
is that you don’t have formal documentation. To use the text netlist
method, the following steps would be taken:

a. Build any DEVICE files necessary.
b. Create a text file using this format example:
SPACKAGES
(Symbol Name! Device Type; Ref Des Ref Des)
DIP14! 7410; U1 U[3-5]
RES400! RC07; R1 R4
$FUNCTIONS
(Device Type; Function Designator [# of functions])
74LS00; NAND [1-5]
74L74; FLIP [1-2]
SNETS
(Netname (opt); Ref Des Pin # Ref Des.Pin #)
+5V; U[3-5]1.14 U1.[1-3] Rl.1
; Ul.10 Rl1.2 NAND2.y
$END

NOTES: 1. The lines in the text file contained in parentheses () are
comments and are not recognized by the system.

2. The brackets [] designate a range of items. Thus U[3-5]
means that there will be a U3 U4 and U5 specified in the
SPACKAGES section.
NETDB 36-54
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16.

17.

18.
19.

20.

21.

22,

23.

24,

Once the netlist is complete, use the command LOAD TEXT NETLIST to create
the NET-DATA-BASE. When done, it will generate a NEI‘-LOAD—IDG This report
shows any errors. PRINT the NET-LOAD-LOG.

NETDB 55-61

Run CREATE COMPONENT REPORT. This report shows if there are any unused
pins and if there are any errors. PRINT this report and verify all unused

pins.

If there are any errors, fix them and re-run LOAD TEXT NETLIST.

Now you will need to build the symbols that are necessary for each package
type to be used on your board. (DIP14, RES400, DIP20, CON24 etc.) Pick
CREATE SYMBOL for each symbol created (do one drawing at a time). The
symbol name must match the package type in the device file. Again, PRINT
the log file for each symbol to verify that it was built correctly.

BASIC 42, LIBRARY 9-19A.

Build a PIN FILE for each board symbol created (even if it has no pins -
the system needs a pin file for each board symbol) .

LIBRARY 20 - 37.
Open a Board Drawing file (NEW DRAWING - PCB).
BASIC 24 - 27.

Place symbols on your drawing using,

manual (ADD SYMBOL -> ASSIGN REF DES), PLACE 52 - 62
interactive placement, PLACE 18 - 25
or automatic placement. PLACE 26 - 50

BASIC 42 - 44.
If using manual placement techniques:
A. Pick ADD SYMBOL [MENU] - pick a menu box
ADD SYMBOL [NAME] - type in the name
or ADD SYMBOL [USER] - pick a user menu box

B. ASSIGN REF DES to the reference designators of each symbol (makes the
link to the Net-Data-Base - turns U* into Ul, U2, etc.).

PLACE 52 - 62.
If using interactive placement techniques:
A. Pick PLACE BY REF DES, PLACE BY DEVICE TYPE, PLACE IC’S, PLACE DISCRETES,

PIACE I0'S, or PLACE ALL. This will place each component where
you specify and "assign" it.

PLACE 18 - 25,
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25, If you use the automatic placement commands, there are some prerequisites.
These are:

26.

27.

28,

29.

30.

31.

32.

33.

(oo}

0000

All I0°s must be preplaced using manual or interactive techniques.

If your board has no I0's, then at least one component must be preplaced.
(It doesn’t matter which one.)

A NET-DATA-BASE built with device files.

A KEEPIN rectangle placed on Layer 147.

KEEPOUT rectangles placed on Layer 40.

All component symbols must be in the current project or SYSTEM-LIBRARY.

PLACE 26 - 50, PLACE - 32, PIACE 3 - 14,

You would set your placement parameters, i.e. grid, rotation, etc.

PLACE 34 - 49,

Pick AUTOPLACE BOARD. The system will automatically place your
components on the board, and ratsnest to show your connections.

Clean up any placements you wish. You can also run interactive or
automatic IC, function and/or pin swap at this time to get the best
placement you can.

After your board is placed, you can route it. You can either manually
route the board using ADD CONNECTION with NETLOCK ON or you can use
the automatic router.

INTERCON 2 - 46,

The prerequisites you need for AUTO ROUTE are:

o Pin Files for every symbol used on the board.

O A Layerstd file (defines your layers).

o A PDRC-CON file (Pick INPUT DRC).

o A NET-DATA-BASE built with device files.

o0 A Router Keep-in Rectangle on Layer 146.

o Router Keep-out Rectangles on Layers 70, 71-84.

o Via Inhibit Barriers (keepout rectangle) on Layer 44,

INTERCON 9 - 12,

Run the router as often as you like with different parameters to achieve
the best completion rate.

INTERCON 13 - 46.

If you want to delete a route - you can pick the command DELETE LAYER.
This will prompt you with "which layer". Enter the layer number and the
system will delete all the etch on that layer.

After you have routed and achieved the best results you can, complete
any missing connections by using EDIT CONNECTION within the
router pages.

INTERCON 40 - 42, -239-



34.

35.

36.

37.

38.

39.

40,

4]1.

When done, or at any time during the route clean-up cycle, you can pick
VIA ELIMINATION. This will remove any unnecessary vias (feed thrus)
from the board.

INTERCON 39.

Run NETCOMPARE to verify that your design is electrically correct. This
will check for design drafting errors, extra connections, missing
connections, and any unassigned components.

POST 2 - 7
If there are any ECO’s on the board, you would:

a. "DEASSIGN" affected components on the board.

b. SAVE DRW SAME REV, ’

c. Call up schematic, make necessary changes.

d. EXTRACT NETLIST. ‘

e. If EXTRACTION LOG is clean, SAVE DWG SAME REV.

f. Call up the board dwg, "ASSIGN" affected components, add any new changes.

g. Change any etches, delete misconnected etch and add connection for new
logic.

h. Run NETCOMPARE.

Run DESIGN RULE CHECK (Physical Design Rule Check) to check for any
spacing violations.

When the board is finished and free from errors, you can run the post
processes. First, run NC Drill.

The files needed for NC Drill are:

o Pin Files for every symbol on the board.

o NCDRILL-PAR (tells the NC DRILL machines parameters).

o NCDRILL-FIG (tells which figures you want to represent each drill size).

o You have to add the drill header section to the board drawing (on Layer 98).

POST 62 - 69.

When all prerequisites are met, pick CREATE NC DRILL. It will create a
text file called NCDRILL-TAPE that can be used to punch a paper tape, and
will also add drill figures to your drawing which may be pen plotted.

POST 70 - 71.

Next - to create artwork, decide what you want to appear on each sheet
of film, For example, on Sheet 1, you might want all components side
etch, the board outline, and the drawing format (title block). Create a
text file called PHOTOPLOT-CON that specifies which layers appear on each
film sheet.
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42,

43.

44,

Prerequisites for artwork generation:

o Pin Files for every symbol on the board.

o APERTURE-TAB (tells what size apertures used on Gerber).

o PHOTOPLOT-CON (tells which DB layers appear on each film sheet).
o PHOTOPLOT-PAR (tells parameters of Gerber machine).

o LAYERSTD file.

POST 15 - 43

When all complete, pick CREATE PHOTOPLOT. This will create text files
for each layer of artwork. The system takes whatever you named each film
sheet in the PHOTOPLOT-CON file, and attaches a suffix of -ART for each

file’s name. You can copy these files to a mag tape and send this tape to
your photoplotting vendor. '

POST 44.

When the entire board design is done, pick COMPRESS DWG and specify your
final drawing. Then copy this drawing file and any other files you want to
save (such as device files, pin files, symbols, etc) to mag tape or floppy
disk to archive it. You may then delete that project from the system to
free up disk space for your next design.

FILE ARCHIVE 25 - 46.
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PRINTED CIRCUIT DESIGN

GLOSSARY

Charles F. Powderly, Jr.
Manager, Customer Training
Telesis Systems Corporation
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TELESIS
PRINTED CIRCUIT BOARD DESIGN
GLOSSARY

ABSOLUTE COORDINATES - values of X,Y or Z coordinates with respect to the
origin of the coordinate system. Contrast with incremental coordinates.

ALGORITHM - a step-by-step procedure for solving a problem.

ALPHANUMERIC - referring to the subset of ASCII characters that .includes
the 26 alphabetic characters and the 10 numeric characters.

ALPHANUMERIC DISPLAY DEVICE - device capable of displaying a fixed set of
letters, digits, and special characters, such ASCII characters in one or
more fonts. Allows user to enter commands and receive messages from the
system. Device consists of a typewriter style keyboard and a display (CRT)
on which the text is viewed.

ANNOTATION - the process of inserting text on a schematic diagram or
printed circuit drawing.

APERTURE TABLE - a text file which provides interface information to be
used by the photoplotter. The main body of the table is made up of lines
that describe the apertures on the wheel.

ARTWORK - silkscreens, solder masks and other films generated on the
system and used in the manufacture of printed circuit boards.

ASCI1 (prononouned "askey") - American Standard Code for Information
Interchange, a standard code for expressing the numbers 0-9, letters A-Z
(in both upper and lower case), and a variety of common typewriter symbols,
such as a period, question mark, and carriage return, in a seven bit
format. For example, in ASCII letter a = 110 001, b = 110 0010, A = 100
0001, numeral 5 = 011 1010, $ = 010 0100 and a carriage return = 000 1101.
ASCII is used by most computer manufacturers for storing and transmitting
alphanumeric data.

AUTOMATIC PLACEMENT - advanced state-of-the-art software to optimally place"
components on your PC board.

AUTOMATIC ROUTING - another state-of-the-art software program that auto-
matically routes the board per your schematic or netlist.

BACK ANNOTATION - a software program designed to update schematics and
supporting documentation on edits or modifications made to a PC board,
e.g., pin swaps, reference designator changes, etc.

BAUD RATE - the rate, in bits per second, that data can be transmitted over
a serial transmission line (such as a telephone line).
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BENCHMARK - when used in computer jargon, it refers to a set of standard {
designed to verify performance specifications or to compare hardware or
software produced by different manufacturers.

BINARY CODE - any system of representing data with zeros and ones only.
All data can be expressed in binary code. All computers work only in
binary code, although the user never actually sees the code written.

BIT - a single digit, 0 or 1, of a binary code.

BOM (Bill of Material) - this is a parts list for a printed circuit board
or equipment drawing from which items such as part type and quantity may be
ordered for the manufacturing process.

BUFFER - A storage device used to compensate for a difference in rate of -
data flow or event timing when transmitting data from one device to
another.

‘BULLET - tie point. A symbol which indicates electrical and logical
connection of nets. A bullet does not indicate a physical connection at
that point. .

BUS - One or more conductors used for transmitting signals, data or power.
Often a bus acts as a common connection between several locations.

BYTE - A storage of eight bits, usually treated as a unit. One byte can
store one unit of information. Memory capacity of a computer is measured
in bytes. Also called a character.

CAD - computer aided design - interactive computer graphic system used in a
wide range of design applications.

CAM - computer aided manufacturing - interactive computer graphic system
‘used in conjunction with CAD to produce aids to manufacturing (i.e., NC
Drill Tape, automatic component insertions, etc.)

CASSETTE - a standard tape cassette, an inexpensive way of storing programs
and data.

CHARACTER - graphic symbol, alphabetic, numeric or special.
CHIP - a single device containing many transistors and other components
formed on the surface of a tiny sliver of silicon. Often used synonymously

with integrated circuit.

COMMAND DEVICE - provides communication between operator and system. See
Alphanumeric Display, LIS.

COMPONENT - a physical part of a circuit, such as a resistor, a capacitor
or an IC. The symbol used to represent the physical component is also
referred to as the component.

CONNECT POINT - (C-Point) - a location shown graphically as a diamond ( )
used as an attachment point for connect lines. Connect points may have
text points associated with them. Connect points are often associated with
a symbol.
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CPU - central processing unit - the heart of the computer where 1nformat10n'"
1s controlled and processed. The portion of the computer which directs the
sequence of operations and initiates the proper commands to the computer
for execution.

CRT - cathode ray tube - any device which displays data by means of
projecting a beam on the inside of an evacuated glass tube.

CURSOR - a graphical indicator displayed on the graphics screen to mark the
location of the light pen as determined by the Function Screen.

DATABASE - a collection of information stored and updated in a computer
system.

DEFAULT - The system's pre-set values for design parameters (i.e., grid
size, active layer, color).

DELETE ELEMENT - to remove from existence.

DIGITIZE -~ convert from graphical -or analog form to representation by
discrete values. A drawing must be digitized before a computer can perform
operations on it.

DISK/DISC - a flat, circular, magnetic recording device capable of storing
large amounts of data. Information can be retrieved from any point on the
disk.

DISPLAY SCREEN - a television-like tube used to display text and graphics.
While most CAD/CAM systems now use a raster scan, monitors are often
referred to as CRT's.

DRILL - a command to tell the system to place a via or feed thru on a
board.

DRILL FIGURE a figure that indicates a particular size drill to be used
for a drill template.

DRILL TAPE - a magnetic or paper tape which contains information to be fed

into an N/C drill machine.

EDIT - alter, adapt or refine to bring about conformity to a standard, or
to suit a particular purpose.

ELEMENT - the lines, circles, arcs, etc. that make up the schematic and
board drawings.

EMULATE - To imitate a computef system by a combination of hardware and
software that allows programs written for one computer to run on another.

ENTER - A command used to tell the system to execute a user instruction.

ENTITY - construction curve; primitive part of a drawing. A display
element.

ES - electrical schematic
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EXTENTS - limits. to which somethings extends. The amount of space or
surface that something occupies or the distance over which it extends.

FILE - a logical collection of data treated as a unit, which occupies space
‘on a mass-storage device such as a disc or mag tape and has an associated.
file name (and file type).

FIRMWARE - sets of computer instructions (programs) cast into "Read Only
Memory." To change the firmware progremming of a computer, the user must
replace hardware components.

FONTS (line fonts) - repetitive patterns used to give méaning to a line,
such as dashed lines, dotted lines, etc.

FUNCTION KEY - button or switch which enters commands or other keyboard
input as opposed to a data item.

FUNCTION SCREEN - a TELESIS exclusive human-englneered interface consistng
of a high resolution CRT which automatically displays menus of commands as
they are needed. :

GRAPHIC TABLET - a surface through which coordinate points or lines can be
transmitted to a computer in the manner of writing on paper. A "light pen"
or "stylus" is used to "write" on the graphic tablet. The image generally
appears on a CRT display.

GRID - network of uniformly spaced points which may appear on an output
‘device; used for locating a position.

HARDCOPY - any information printed on paper, as opposed to apperating on a
computer generated display such as CRT.

HARDWARE - all of the various mechanical and electronic components of a
computer system, e.g., the electronic chip, printer, monitor, etc.

HIGHLIGHTING - A system feature that "accents" selected graphics to
indicate placement or action.

HORIZONTAL LAYER - the layer of the PC board drawing which contalns the
connections that are predominantly horizontal.

IC - integrated circuit - a tiny complex of electronic components and their
‘connections that is produced on a small slice of material (silicon).

INCREMENTAL COORDINATES - a new set of coordinates measured from a pre-
viously derived set of coordinates rather than from the origin (0,0).

INPUT - Used as a verb, a grammatical impossibility accepted placidly by
computer people, this is the act of entering information into the computer.
As a noun, input refers to data entered into the computer.

INTERCONNECTIONS - anything that connects one item to another. On a PC
board, interconnections consist of copper runs connecting pads. In
schematic drawings, interconnections consist of lines connecting elements.
In electronic drawings, all interconnections are made with connect lines.
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INTERFACE - The boundary. between two parts of a computer system, often f
consisting of a piece of electronic circuitry that allows other devices to .
communicate with each other. Used as a verb, interface means to make one
part of a computer system run smoothly with another.

JOYSTICK - A device or lever connected to the computer that moves objects
around on a screen. Used with video games. Also referred to as a paddle.

JUSTIFICATION - the exact placement of an item. Text may be left, center
or right justified depending upon whether digitized point is to appear on
the left, in the center or to the right of the text.

KEEP-0UT - a keep-out defines the boundaries of a PC board and areas inside
of the board that are not to be used for routing and placing. Keep-outs
are rectangles and are used by Autoplace and Autoroute.

KEYBOARD - A menu made up of alphanumeric characters similar to the keys of
a typewriter that is displayed on the Function Screen.

KEYPAD - a menu of numbers used to. give explicit coordinates to the system
for placement of graphics that is displayed on the Function Screen.

KILD (K) - a prefix meaning thousand. Used before the word byte to denote
memory capacity.

LABELS - used to associate various characteristics and values with a symbol
or part.

LAYER - logical concept used to discriminate (separate) group(s) of data
within a given drawing. Layering enables the operator to specify derived
display elements to be visible. May be thought of a series of trans-
parencies arranged in any order yet having no depth. Layering allows a
more efficient use of the database.

LIBRARY - a collection of PARTS or other files.

LIGHT PEN - see graphic tablet.

LINE - grapﬁic representatioh connecting two or more points.
LINE FONT - a special pattern used to represent a line.

LIS - (Large Interactive Surface) - an automated drafting table used to
plot and/or digitize drawings.

MAIN FRAME - an overused, ill-defined term which refers to the central
processing unit(s) of a large data processing system.

MEMORY - a device or series of devices capable of storing information into
the computer temporarily or permanently in the form of patterns of the
binary numbers "0" and "1." In many personal computers, memory can be
expanded by adding hardware.
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MENU - a selection of command choices displayed on the Function Screen and :
‘chosen with the light pen. - 3

MICROPROCESSOR - a central processing unit (CPU) containing a single chip.

MINI-COMPUTER - like main frame, this is another bad term. A mini is
smaller than a main frame, and generally employs a central processor unit
capable of handling 16 bit (2 byte) words rather than the 32-bit work
typical of main frame computers.

MODEM - derived from the words modhlate-demodulate. A device attached to a
computer to convert the computer's digital signals into signals for
transmission to other computers over telephone lines.

MONITOR - a television receiver or cathode ray tube (CRT) used to display
computer output.

NC DRILL - numerically controlled drilling of all component and feed
through holes on a printed circuit board.

NC INSERTION - numerically controlled insertion - automatic control of
machines which place phy81cal components on a PC board or which direct the
placement. '

NECK - a command that reduces the width of an interconnect to fit between
‘components.

NET - all the electrical connections of a particular signal.

NET COMPARE - a feature of the TELESIS system designed to check that the
logical schematic and board connections match.

NET-DATA—BASE - a collection of logical connection, component device
descriptions, and other "intelligent" informatin that describes your
circuit.

NET LIST - a complete listing of all electrical connections.

NETLOAD - an alternative method of generating yoer netlist information.
Allows your to forego drawing schematics on the system.

NET LOCK - a feature of the TELESIS system that ensures that a connection
cannot be made to the wrong net.

OFF-LINE - equipment or devices in a data processing system which are not
under the direct and immediate control of the central processing unit.

OFFSET ORIGIN - the distance from the origin of a part to the point
referenced by the NC Drill and the photoplotter.

ON-LINE - equipment or devices in a data processing system which are under
the direct and immediate control of the central processing unit.

0OPS - a command that tells the system to ignore the previous input.
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OPERATING SYSTEM - the primary control program of a data processing system."‘

Written in assembler language, the operating system is unique to each
~ central processor unit design. The program controls the execution of
programs within the CPU and controls the flow of data to and from the
memory, and to and from all peripheral devices in the data processing
system. ’ -

ORIGIN - the X0, YO point from which all coordinates are measured.

OUTPUT - information or data transferred from the internal memory to the
computer to some external device such as the screen or printer.

PAD - an area of plated copper on a PC board to which leads of components
are soldered.

PC - (printed circuit) - a circuit for electronic apparatus containing
conductive material forming paths from terminal to terminal on an in-
sulating surface.

PERIPHERALS - the various pieces of a computer system that can be hooked up
in different ways to the central processing unit and memory which form the
system's input and output devices, such as printers, disk drives, etc.

PERSONAL COMPUTER - a small computer based on a microprocessor. Not all
microcomputers can be dedicated to single tasks as diverse as controlling a
machine tool or a video game.

PHOTOPLOT - a photograph of printed circuit board graphics used for a
particular process. For example, separate photoplots are used for etching
each side of a circuit board.

PHOTOPLOT WHEEL - a wheel in a photopiotter containing apertures of various
sizes and shapes through which light must pass to reach the film.

PHYSICAL DESIGN RULE CHECK - A program developed to check for design
violations on PC boards (i.e., line-to-line spacing, line width and
line-to-pad spacing.) .

PICK - the combined use of the light pen and Function Screen to place
graphics or select a menu box.

PIN - the lead or connection point for electronic components.

PIN FILE - a text file that specifies shape, size, layer, and drill
information or component pads.

PIXEL - derived from picture to element. The smallest point on a CRT
device that can be controlled independently by the computer. The more
pixels per square inch, the higher the resolution or clarity of the CRT
screen image.

PLOTTER - any device that produces hardcopy or graphical data. There are

two main types, vector plotters, which draw with ordinary ballpoint pens
and ink and electrostatic plotters, which product output that resembles

Xerox copies.

POINT - a narrowly localized place having a precisely indicated position.

-250-



PRE-PLACED LINES - runs.or lines that are placed on the PC board before
using the Autorouter. Lines may be inserted using the ADD CONNECTION
command.

PRINTER - a device for producing paper ("hard") copies of data output by a
computer.

PROGRAM - a series of instructions carried out by the computer in sequence.
The program must be written in a language the computer speaks.

PROM (Programmable Read Only Memory) - Non-volatile memory chip that allows
‘a program to reside permanently in a piece of hardware.

PROMPT - any message or symbol from the computer system 1nf0rm1ng the user
of possible actions or options.

PROTOCOL - a set of rules governing the exchange of data between devices in
a data processing system.

QUEVBE - a waiting line or area.

RAM - (Random Access Memory) - an array of semiconductor devices for
temporary storage of data during the computation process. Individual bytes
(or words) of data may be stored in or retrieved from any point in RAM.

RASTER - a CRT display that resembles a television set image. The image is
defined by a beam that sweeps the CRT at a constant rate along horizontal
lines. Raster displays may be changed and updated very rapidly.

RATSNEST - a program on the TELESIS system that displays the shortest
connect paths.

REFERENCE DESIGNATOR - text used to uniquely identify a component and to
associate the component with a particular schematic element.

REPAINT - redraw a display image on the output device.

ROM - (Read Only Memory) - similar to RAM, except that the computer user
may retrieve data only. The information is inserted in ROM by the manu-
facturer in accordance with his own or the purchaser's specifications.
ROUTING - to place interconnections on a printed circuit board.

SCALE - to change the magnitude of a variable(s) in a uniform way; the
ratio of a real thing's magnitude to the magnitude of the model; analog of
the real thing.

SEGMENT - a portion of a line or element.

SIGNAL HIGHLIGHTING - an operation that visually identifies the connection
points of a net in a PC board. The command required is HIGHLIGHT NET.

SIGNAL NET - see Net List.
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SILKSCREEN DIAGRAM - as used here, the silk screen diagram shows the i

outline of the PC component. It may be used to obtain a pattern on the PC '
board by using the silk screen process.

SIP (Single-In-Line Package) - an assembly consisting of two or more SMC's
mounted on a common substrate. The SMC's are interconnected to each other
and to pins at the edge of the substrate for through-hole mounting on a
PWB.

SMC (Surface-Mounted Component) - a component designed to be mounted and
soldered to pads on the surface of a PWB rather than inserted into
through-holes in a PWB.

SNAP OFF DISTANCE - the distance between the surface the PWB and the screen
when they are mounted in a screen printer. After the squeegee deflects the
screen to the PWB and passes over, the screen must "snap-off" to the
original position.

SOF TWARE - programs, procedures, and associated documentation for data
processing systems. In general, the software associated with a computer
system costs more to develop than the hardware. Of course, reproducing
software is very inexpensive.

SOIC (Small Outline Integrated Circuit) - a package in which an integrated
circuit chip can be mounted to form a surface-mounted component. It is
made of a plastic material which can withstand high temperatures and has
leads formed in a gull-wing shape along its two longer sides for connection
to a PWB footprint. '

SOLDER BALLS - Very small balls of solder that separate from the main body
of solder which forms the joint. Primarily caused by excessive oxides in
the past which inhibit solder coalescence during reflow.

SOLDERABILITY - a qualitative measure of the ability of PWB pads of or of
a component's leads or pads to be completely wetted by molten solder.

SOLDERING, REFLOW - a process in which solder paste is deposited upon
pre-tinned pads on a PWB and the component's pre-tinned leads are placed
upon the paste. When the assembly is heated to the proper temperature, the
solder paste melts and the solder on the leads and pads reflows to form a
solder fillet.

SOLDERING, VAPOR PHASE REFLOW - a type of reflow soldering in which the PWB
assembly is passed through a vaporized inert fluorcarbon. The latent heat
given up when the fluorocarbon condenses causes the solder to reflow.

SOLDERING, WAVE - a method of soldering complete assemblies where the PWB
with components mounted is passed through one or more waves of molten

" solder which

is continuously moving to maintain fresh solder in contact with the PWB.

SQUEEGEE - A rubber blade used in screen printing to wipe across the screen
To force the solder paste through the screen mesh onto the footprint.

STYLUS - see graphics tablet.
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SUBSTRATE - The base material which forms the support structure of an IC ori. i
PWB.

SURFACE MOUNTING - See SMC.

SYMBOLS - a representation of something by reason of relationship, asso-
ciation or convention. An arbitrary or conventional sign used in writing
or printing relating to a particular field to represent operations,
elements, relations or quantities.

JCE (Temperature Coefficient of Expansion) - the rate of expansion of a
material, measured in ppm/°C, when the material's temperature is increased.
The TCE of a substrate must closely match the TCE of a solidly mounted SMC
to prevent mechanical stress on the solder joints.

TERMINAL - a device for providing input to and output from a computer.
Usually consisting of a keyboard and screen in the same box.

TEXT FILE - a file containing text. A text file may be created by the user

with the CREATE/EDIT TEXT command.or it may be created automatically by a
system command such as EXTRACT NETLIST.

TEXT POINT - (T-Point) - a location shown graphically as a triangle ( )
which contains default parameters for subsequent placement of text. A text
point may be associated with a connect point, a nodal subfigure or may
stand alone.

THERMAL MANAGEMENT - consideration and use of the variousmethods for
dissipating head produced by operating electronic equipment so that the
operating temperature specification of the components is not exceeded.

THERMAL RESISTANCE - Indicates the rate of change of junction temperature
with power dissipation. Measured in °C/W.

THICKNESS - as applied to text, thickness is the line width and is
controlled by the aperture on the photoplotter wheel, or the pen on the
penplotter.

THROUGH-HOLE BOARD - A PWB which has holes through it so that component
leads can be inserted through the board and soldered on the other side.

TRAP - an automatic transfer of control to a known location. To catch or
take in as if in a trap. An imaginary square about a digitized location.

TRAP SIZE - one half the size of the imaginary square forming the trap.

USER-FRIENDLY - What all computer "illiterates" hopes for: a computer
system that is easy and non-threatening to use and understand.

VERTICAL LAYER - the layer of the PC board drawing which contains the
connections that are predominantly vertical.

VIA - a feedthrough or plated through hole on a printed circuit board.

VIEWS - provide a selected view of a part.
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1
VOIDS - Cavities inside.the solder joint formed by gases which are released
during reflow or by flux residues which fail to escape from the solder |

before it hardens.

WIDTH - a measurement taken at right angles to the length and depth. For.
text, width is the size of the character measured horizontally.

Z00M - to proportionately enlarge or decrease the size of the display
entities by rescaling.
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TELESIS AUTOPLACEMENT
Garrett T. P. Cavanaugh

Product Manager
Telesis Systems

Chelmsford, Massachusetts

The following document covers the theory behind
Autoplacement including the.processing program,
pin-pair distance formula, and how the placement
algorithm works. It also provides a description
of parameters not generally found in the user
documentation, and methods for increasing Auto-
placement effectiveness.

INTRODUCTION

This paper is intended for use by customers who would like
a more indepth understanding of how to utlllze the Telesis
Autoplacement package.

PROCESSING ORDER

The Telesis Autoplacement system operates in two stages;
set-up and execution. During set-up, autoplacement per-
forms a number of functions necessary for its execution.
These functions build scratch files for the program to
use. These run in two separate programs; CREGEO (CREate
GEOmetry) and CREPIN (CREate PINlist).

The CREGEO program pays particular attention to the
geometry of the board; the location and identity of any
pre-placed components; the size and number of any place-
ment keep-out rectangles.

The CREPIN program creates a list of components connected
to other components; the packages required to place the
board and whether they exist in the project or system
library; and the package sizes and shapes. This list can
be extremely large and hence very time-consuming to con-
struct. For example, an 18 component board would produce
the following matrix:
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This matrix is used to determine the component that should
be placed next. The numbers in the matrix reflect the
number of interconnections existing between any two com-
ponents. For example, there are 7 connections between Ul@
and UP6. Connections to a class I/0 component are multi-
plied by the I/0 weight parameter.

The following items should be noted about the matrix:

- It is inconsequential whether U@2 is connected to
itself.

- The number of entries in the matrix is equal to:
n/2*(n-1), where "n" is the number of components
(placed and unplaced) on the board.

- All of the components -- IC's, Discretes, and I/0's
-- are shown in the matrix.

- The number of connections between U#6 and Ul@ is
equal to the number of connections between Ul@ and
U@6, resulting in a triangular matrix.

- An '*' denotes a preplaced component.
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PIN~-PAIR LENGTH FORMULA
The formula used in the placement of any component on the

system is referred to as the Pin-Pair Distance formula. It
is calculated as follows:

(x2,y2)

Given two pins with coordinates (x1l,yl) (x2,y2). There are
two numbers:

dx

Ah*Rh*ABS (x1-x2)
ay

Av*Rv*ABS (yl-y2)

Where: Rh = horizontal position weight

Rv = vertical position weight
Ah = horizontal Aspect ratio
Av = vertical Aspect ratio

If delta-grid-x> delta-grid-y then:

Ah = 1.0

Av = delta-grid-x/delta-grid-y
ELSE

Ah = delta-grid-y/delta-grid-x
Av = 1.0
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The aforementioned variables are used when calculating the
pin-pair distance: '

M = AX+dY-0.5%*(ABS (dX-dY))

The formula calculation considers all components about to
be placed. "M" 1is the distance between each pin on the
component to be placed and the closest placed pin in the
same net. During all calcualtions, an attempt is made to
minimize "M" at every possible location for any given com-
ponent.

PLACEMENT ALGORITHM

During Autoplacement, the component most heavily connected
to an already .placed component is selected as the next
location for placement. This is determined from the con-
nectivity matrix and the components already in place on
the board. For example, in the matrix shown earlier, Ul5
is the component to be placed next, not U@6 or U@3.

The component is temporarily placed at the first available
grid location and its pin-pair distances calculated.
(Available is defined as a grid point existing in such a
manner that when a component is placed on the grid point,
its footprint will not be violated by other components).

The component is then moved to the next available location
and its pin-pair distances recalculated. This process con-
tinues until all available grid 1locations have been
tested. The location with the lowest calculated "M" is the
one chosen for component placement. The most heavily con-
nected . component is Ul5, making it the first component to
be placed.
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The first iteration examines all the grid points in this
area. If a fit is found, then the "best" fit is chosen.

If no fit is found, the area is increased by one grid in
all directions and a suitable location is again looked
for.

The next most heavily connected component is chosen and

the process is repeated. For example, the next components
to be placed would be U0#9 and then U#l.

PARAMETERS
This section covers the requirements needed to run Auto-

placement, the contents of the PLACE-CON, and a discussion
of some of the parameters.
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REQUIREMENTS

There are a number of questions that need to be answered
prior to entering the Autoplacement menu pages. Specifi-
cally, these questions are: v

1. Has the NET-DATA-BASE been created with device files
that contain the PACKAGE line?

2., Are the board symbols in the SYSTEM-LIBRARY or PRO-
JECT? .

3. Is there a single COMPONENT KEEP-IN rectangle
defined?

4, Are there optional footprints defined, and if so,
what layer are they on?

5. Are there optional component keep-out rectangles
defined, and if so, what layer are they on?

6. Have the I/O components been placed?

7. 1Is the component grid an even multiple of the router
grid?

8. Has the trap size been set? (This is not required
for placement).

9. Have the colors been assigned? (This is not required
for placement).

PLACE-CON

The following is a list of the parameters that may be set
during Autoplacement. Please refer to the Telesis User
Manual for a description of what they are, and how they
can be set.
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RUN_IC_PLACEMENT NO

RUN_FUNCTION_IMPROVEMENT YES
RUN_IC_IMPROVEMENT YES
RUN_DEVICE_PLACEMENT NO
RUN_DEVICE_PLACEMENT NO
RUN_PIN_IMPROVEMENT YES
RUN_DISCRETE_PLACEMENT NO
IC_GRID_ORIGIN 7700 6400
IC_GRID_SIZE 600 1400
DEVICE_GRID_ORIGIN 7700 6600
DEVICE_GRID SIZE 600 1400
DISCRETE_GRID_ORIGIN 7500 6400
DISCRETE_GRID_SIZE v 400 400
ALLOW_IC_ROTATION_@_DEG YES
ALLOW_IC_ROTATION_90_DEG - NO
ALLOW_IC_ROTATION_180_DEG - NO
ALLOW_IC_ROATATION_270._DEG NO
ALLOW_DEVICE_ROTATION_@_DEG NO
ALLOW_DEVICE_ROTATION_90_DEG NO
ALLOW_DEVICE_ROTATION_270_DEG YES
ALLOW_DISCRETE_ROTATION_@._DEG YES
ALLOW_DISCRETE._ROTATION_90._DEG YES
ALLOW_DISCRETE_ROTATION_180_DEG YES
ALLOW_DISCRETE_ROTATION_270._DEG YES
DEVICE_NAMES Coaco
MAX_IC_IMPROVEMENT_TIME 60
MAX_FUNCTION_IMPROVEMENT_TIME 60
POSITION_WEIGHTS 1.00 3.00
I/0O_WEIGHT 3.00
KEEPOUT_LAYERS 49
DISCUSSION

There are five sets of parameters that deserve a closer
analysis:

POSITION WEIGHTS 1.00 1.00 - As discussed earlier, these
two parameters are used in the pin-pair distance formula
to skew the placing of components in a specific direction.
It is advantageous to set them equal to the aspect ratio
of the PCB, unless there is just reason to do otherwise.

I/O_WEIGHT 3.00 - This parameter is used when the connec-

tivity matrix is built. The specified number is a multi-
plier to the number of connections going to any class I/0

-261-



component. For example, if there are 4 connections from
edge connector J3 to IC U72, then an I/O weight of 3.00
would vyield a value of 12 in the matrix. This would
guarantee that components talking directly to the edge
connector would be placed first.

IC_GRID_SIZE 600 1400 - These numbers are used to calcu-
late the Aspect ratios in the pin-pair formula. They
correct the skew to the placement formula by the body size
of an IC.

IC_GRID_ORIGING/SIZE and DEVICE_GRID_ ORIGIN/SIZE If there
are decoupling capacitors used in the circuit that will be
placed directly over the IC's, then:

1. DEVICE_GRID_SIZE IC_GRID_SIZE and

2. TIC_GRID ORIGIN X Y

DEVICE_GRID_ORIGIN X (Y+offset)
This offset is usually 100 mils.

ALLOW IC ROTATION - These parameters are not mutually
exclusive and can be set correspondingly while still
achieving the desired results.

METHODS OF USE

There are six recommended methods for using Autoplacement,
all which have been tested and used effectively. (It is
not recommended that you pick PLACE BOARD and expect the
board to be placed correctly). The methods are:

A. PREPLACE CRITICAL COMPONENTS - As designers and
engineers, you know where certain components should
be placed. Component placement is critical to the
success of Autoplacement and its ability to place
the board acceptably. The recommended components for
preplacement are I/0 components, components attached
to busses, memory arrays, and components that you
know the placement of such as clock circuits, and
voltage regulator circuits.

B. THE LARGE WINDOW METHOD - Another way to use Auto-
placement is with an artifically large component
keep-in rectangle. This allows the computer to place
the components in a given location and also allows
for board overlap. The components are placed so that
the relationship between all components is easily
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visible. Minimal time is required to move the com-
ponents back onto the board.

THE SMALL GRID METHOD - If there are edge connectors
on both the top and bottom of the PCB, then an
artificially small placement grid can be used. For
example, an IC_GRID_SIZE of 100, 100 could be used.
This will increase the processing time slightly but
will still produce the same results as the Large
Window Method.

LARGE WINDOW/SMALL GRID METHOD - Combining the above
methods will produce remarkable results. For exam-
ple, Telesis had a potential customer who produced
the netlist and the placement of a particular board
(we weren't shown the board). Use of the Large
Window/Small Grid method resulted in the Autoplace-
ment version being almost identical to the manually
placed board.

ITERATE - The Iterate method requires Autoplacement
to run "N" number of times with interaction between
each run. To use this method, first run Autoplace-
ment on the entire board. Next, examine the Ratsnest
lines. Delete any that do not "look right" using
the DELETE COMPONENT command and then repeat the
process. The results are generally acceptable once
the process has been repeated three times.

INCREMENTAL NET-DATA-BASE BUILD - Another method of
running Autoplacement involves using an incremental
build of the NET-DATA-BASE with a corresponding
placement of the board. Engineers usually design
circuits in blocks, while Designers tend to place
these blocks in 1logical groups. Or, the engineer
designs a schematic sheet while the designer places
it. To incrementally build and place the NET-DATA-
BASE and BOARD, first LOAD TEXT NETLIST with S$ADD on
one schematic sheet. Then, Autoplace just this por-
tion of the board, ensuring that you place the com-
ponent keep-in accordingly. These steps should be
repeated for the entire circuit.

This method decreases the size of the connectivity
matrix and so reduces the set-up processing time.
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GENERAL AUTOPLACEMENT HINTS

Following are some useful hints for increasing the effec-
tiveness of the Autoplace program:

A.

PUT UP AN IC GRID - This is an especially helpful
guide to Interactive Placement and its relationship
to Autoplacement. First ADD LINE, and then STEP &
REPEAT in two directions showing where the IC grid
should go. This can be done on DBLAYER 147 and will
help determine whether there are adequate grid loca-
tions for all IC's on the board.

DECREASE DENSITY IN MIDDLE - Adding thin keep-out
rectangles towards the middle of the board wil
artificially create the space for routing channels.

DISCRETE PLACEMENT WITH ONLY ONE ROTATION - To gain
time during Autoplacement, run discrete placement
with one only one rotation allowed. 180 degree rota-
tions can then be performed by running PIN SWAP.

MULTIPLE AUTO-SWAP PASSES - It is better to run a
number of swapping executions than to run one long
execution. For instance, if you have a night run
devoted to running the auto-swap algorithms, divide
the night into three equal lengths of time, and run
Autoplacement three times using an EXECUTE MENU.
Between each Autoplace run you should save a version
of the drawing, rename PLACE-LOG to P-L, change the
revision of P-L to agree with the revison of the
board that has been saved, and change any necessary
placement parameters.

The next morning, call up each of the boards, a
revision at a time. The TOTAL VIRTUAL WIRE LENGTH
will decrease with each subsequent run of Autoplace.
After three swapping executes, you will reach an
acceptable improvement.

CONCLUSION

With a little thought and preplanning, you will f£find the
Telesis Autoplacement package an effective tool.
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TELESIS PLACEMENT IMPROVEMENT USING

FUNCTION SWAP/PIN SWAP

Debra Carrier

Application Instructor
Telesis Systems Corporation
2 Omni Way

Chelmsford, MA 01824
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TELESIS PLACEMENT IMPROVEMENT USING FUNCTION SWAP/PIN SWAP

INTRODUCTION

The Telesis placement improvement capability, known as function swap/pin
swap, allows users to selectively improve the placement of components,
functions within components, and pins within functions (or gates). This
may be done either automatically using commands within the automatic
placement menu pages, or interactively using commands within the
interactive placement pages.The placement improvement programs enable
the user to have the most efficient placement of circuit logic prior to
routing the board. This increases router efficiency and decreases post
route clean up time by reducing the number of missing connections.

In order to utilize the improvement capabilities the system needs
information provided by a NET-DATA-BASE that was created using DEVICE
FILES that contain a PIN SWAP line. Once complete the NET-DATA-BASE
must be in the current design project. )

The NET-DATA-BASE contains all the information about nets, pins,
reference designators and device types to be used in the board design.
The DEVICE FILES provide information relative to the logical subdivision
of a device (i.e. the gates or functions) including which pins within
the gate (if any) may be swapped.

The NET-DATA-BASE containing the DEVICE FILES may be created using 1 of
2 methods. It can come from a schematic drawing using the EXTRACT NET
LIST command or it can be created fram a text file input using the LOAD
TXT NETLIST command.

The following is an overview of the steps necessary to utilize placement
improvement commands. A more detailed description follows.

I. Update DEVICE FILES with PINSWAP line if necessary.

II. Create a NET-DATA-BASE using EXTRACT NETLIST or LOAD TXT
NETLIST commands.

III. Place components on board using manual, interactive or
automatic techniques.

IV. Fix or free desired components, functions and/or pins.

V. Run function swap, IC swap and/or pin swap. Re-run for
desired results.

VI. Back annotate all.
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If the DEVICE FILES were created prior to EDA 3000 rev 1 software
release, then an additional line containing the pinswap information
must be added to permit pin swap. This may be done by editing the
device file using TEXT LEADTHRU. The PIN SWAP line appears within
the PINORDER section. It must appear before the FUNCTION lines.
See Figure 1. Information about which pins are swappable may be
obtained from the same place that you got the rest of the pinorder
information - your TTL DATA BOOK FOR DESIGN ENGINEERS.

NOTE 1: The PINSWAP line is not necessary to run IC swap or
function swap.

NOTE 2: Please reference the Telesis User Manual LIBRARY-43
through 62 for a more detailed description of DEVICE FILES.

Device File 7400 ~ DEVICE 7400

PACKAGE DIP14

CLASS IC

PINCOUNT 14

PINORDER 7400 AB Y

PINUSE 7400 IN IN OUT

PINSWAP 7400 A B

FUNCTION G1 7400 1 2 3

FUNCTION G2 7400 4 5 6

FUNCTION G3 7400 9 10 8

FUNCTION G4 7400 12 13 11

POWER +5vV ; 14
GROUND GND ; 7
END

Figure 1
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II.

III.

If schematic drawings have been used to create the NET-DATA-BASE,
when you command EXTRACT NETLIST, the system automatically assigns
all unannotated functions on the schematic to required components
in the NET-DATA-BASE. The reference designators and pin numbers
are then updated by the BACK ANNOTATE CURRENT command. An
unannotated function is one which has the DEVICE TYPE updated while
the REFERENCE DESIGNATOR and pin numbers are left in their generic
state of U*, 00, etc. An annotated function is one which has the
DEVICE TYPE, REFERENCE DESIGNATOR and the pin numbers updated to
reflect specific package slots. The functions that are annotated
by the user before EXTRACT NETLIST are considered "fixed" by the
system. (i.e. the system will not automatically swap these
functions unless the user "frees" them prior to running automatic
function swap). Any function that was unannotated by the user
(that is "free" to be assigned by the system) will be free to be
function swapped. This affects functions only; IC swap and pin
swap are considered free for swapping whether the function was
annotated or unannotated. .

If the NET-DATA-BASE was created using LOAD TEXT NETLIST, the same -
thing is true. Any function that is pre—assigned by the user
within the $PACKAGE section, will be considered "fixed" by the
system, while any unassigned function, (those specified within the
$FUNCTION section), will be "free". Again, these may be "freed" or
"fixed" by the user prior to running automatic function swap.

NOTE 1: Spare function slots in components of pre—-assigned

functions are not considered open for unassigned functions.

NOTE 2: Please reference the Telesis User Manual NE'IDB—ll

through 14 and Place-34 through 36 for more information.

Now place the board using manual, interactive and/or automatic
commands. You may run automatic swapping commands in conjunction
with automatic placement commands, however, if you do, do not use
the FIX ALL command on the AUTOMATIC PLACEMENT menu prior to
executing AUTO-PLACE BOARD. Fixing components, functions and pins
with swapping specified will cause the AUTO-PLACE BOARD execution
to stop, with incomplete board placement.

NOTE 1: Please see the Telesis User Manual Place-1 through
67 for further instructions in using these commands.

To run swapping automatically once the board is placed,

go into the automatic placement menu pages and "FIX"

or "FREE" desired components, functions and/or pins. Use the
LIST or HIGHLIGHT commands to verify what is FIXED or FREE.
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NOTE 1: To run the FIX/FREE and AUTOSWAP commands, an automatic
placement keep-in rectangle must be placed on layer 147
even if the components were placed manually or interactivity.

NOTE 2: Please see the Telesis User Manual Place-35 and 36
for more detail on "FIX" and "FREE".

V. After you have set the correct items "FIXED" and "FREE" you
can control what type of improvement occurs by setting function
swap, IC swap and/or pin swap within the placement parameters to
YES, and running AUTOPLACE BOARD. The system will then improve the
placement so that the shortest vertical and horizontal ratsnest
lines occur. You may re-run any of the swapping programs as often
as desired until the optimum results are achieved. The PLACE-LOG
lists all swapping that was made.

NOTE 1: If the design was ratsnested prior to running
automatic swap commands the program moves attached ratsnest
lines as it swaps components, functions and pins. When all
commands specified under AUTO-PLACE BOARD are finished
running, the system re-ratsnests the design.

NOTE 2: Please reference the Telesis Users Manual Place-47
through 49 for further detail.

VI. After running FUNCTION SWAP or PIN SWAP programs, the current
drawing of the designed board no longer matches the schematic
drawings. When you are finished running the swapping pro-
grams, save the drawing, and then run the BACK ANNOTATE ALL
command. This will automatically update the schematic
drawings to match the gate and pin information in the
NET-DATA-BASE.

NOTE 1: Please reference the Telesis Users Manual NETDB-79
through 82 for more information on back annotation.

VII. In addition to automatic swapping routines, you may also swap
components, functions and pins interactively. Within the
INTERACTIVE PLACEMENT MENU pages are commands which allow you
to highlight swappable functions and swappable pins. Gates may
be swapped by "picking" two functions in similar device
types or you may specify SWAP BY REFDES.PIN#. You may swap
pins by using the SWAP PIN command. If you use any inter-
active swapping commands, you will still need to run BACK
ANNOTATE ALL to make the schematic drawings consistant with
the board drawing.
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NOTE 1: You may use interactive swap commands before or after
running automatic swap to achieve desired results. For
example: interactively swap critical components, functions
and/or pins, then FIX those items in automatic placement menu

pages before running automatic swap on the rest of the board
design.

NOTE 2: The fact that a function was annotated (fixed) or
unannotated (free) during NET-DATA-BASE creation has no bearing
on the interactive function swap commands. All functions,
components and pins are considered free for interactive swap.
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CHECK SHEET FOR AUTOMATIC SWAPPING

PREREQUISITES:

o NET-DATA-BASE created with DEVICE FILES that contain a pinswap
line. :

o an active, placed PCB drawing with the NET-DATA-BASE present.

o a component placement keep-in rectangle on layer 147.

OPERATION SEQUENCE: (Once prerequisites are met)

o AUTOMATIC PLACEMENT

o set desired components, functions and/or pins FIXED
or FREE

o0 set PLACEMENT PARAMETERS for RUN FUNCTION SWAP, RUN IC SWAP
and RUN PINSWAP to Y to run or N to not run

O AUTO-PLACE BOARD
O PRINT PLACE-LOG
o DONE

O SAVE DRAWING

o DONE

o BACK ANNOTATE ALL
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CHECK SHEET FOR INTERACTIVE SWAPPING

PRERBQUISITES:

o NET-DATA-BASE created with DEVICE FILES

o an active placed PCB drawing with the NET-DATA-BASE present

OPERATION SEQUENCE:

O INTERACTIVE PLACEMENT
o COMP/FUNC/PIN SWAP
o execute swapping commands desired

o DONE

O SAVE DRAWING

o BACK ANNOTATE ALL

-272-



NEW ROUTER FEATURES IN RELBASBi3.D
Roger Cleghorn
Telesis Systems

Chelmsford, Massachusetts

INTRODUCTION

Included in release 3.9 are many nhew features in the
router. Each of these will be described in this paper.

1. NEW PARAMETERS

In release 3.0, there were a number of new routing parame-
ters added and a few of the existing ones were changed.
The SET PARMS menu was expanded from one page to two.
These two pages are shown in figure 1.

The remainder of this section will describe each of the
new or modified parameters.

1.1 GRID SIZE

This parameter has been enhanced to allow a different grid
to be specified in the x and y directions. The menu box
now prompts for an x grid size and then a y grid size. If
no response is entered for the y grid size, it is assumed
that the y grid is to be the same as the x grid.

This parameter is stored in the ROUTER-CON and COROUTER-
CON files as:

X._GRID_SIZE n
Y GRID_SIZE n

The old syntax of:
GRID_SIZE n

is still recognized and indicates a grid size of "n" in
both the x and y directions.
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1.2 CHANNEL PREF

This new parameter allows the user to indicate preferred
routing channels. The user can define a pattern of channel
preferences that will be repeated across the board. A

separate preference pattern is allowed for the x direction
and the y direction.

There is a separate prompt for each direction. The user
can respond to each prompt with a preference pattern,
where low preference is indicated by the letter L and high
preference is specified by an H. For example, the response

LLHHL

indicates a pattern of 5 preferences that is to be
repeated across the board. Assuming that the routing ori-
gin is at (#,0) and that the grid size is 20 mils, the
sequence of preferred and non-preferred channels would be
as follows:

channel location preferred

0 NO
20 NO
40 YES
60 YES
80 NO

100 NO
120 NO
140 YES
160 YES
180 NO
200 NO
220 NO
249 YES
260 YES
280 NO -
300 NO

The most common use for this parameter is to give prefer-
ence to the routing channels that run between the com-
ponent pins. For example, if the component pins are
located at a multiple of 100 mils (e.g., 0, 100, 200,
300), the above preference pattern causes the routed lines
to fall on the two channels that run between the pins
(e.g., 40, 60, 140, 160, etc.). This 1is illustrated in
figure 2. :

If the user does not respond to either of the x or y chan-
nel preference prompts, it is assumed that there is no
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channel preference in that direction. This is how a user
turns off channel preference once it has been set.

This parameter is saved in the ROUTER-CON and COROUTER-CON
files as follows:

X_CHANNEL_PREFERENCE H/L ...
Y_CHANNEL_PREFERENCE H/L ...

1.3 DEF LINE WIDTH

This parameter defines the default routing 1line width;
that is the width that is to be used for any net that does
not have an explicit line width defined. It is the same as
the o0ld ROUTER LINE WIDTH menu box. The name has been
changed to match up with the new MAX LINE WIDTH box.

This parameter is stored in the ROUTER-CON and COROUTER-
CON files as:

DEFAULT_LINE_WIDTH n
1.4 MAX LINE WIDTH

Normally the largest line width that may be routed is
equal to the difference between the grid size (or the
smaller of the x and y grid sizes if they are different)
and the 1line-to-line spacing. Any net with a line width
larger than this value is skipped by the router. For exam-
ple, on a 25-mil grid with a 13-mil line-to-line spacing,
no net with a line width larger than 12 mils is attempted.

This new parameter allows the user to set a maximum line
width to be routed that is different from the standard
default. The user is prompted for a single integer 1line
width. This value can be either larger or smaller than
the default maximum line width.

This parameter is saved in the ROUTER-CON and COROUTER-CON
files as:

MAX_LINE_WIDTH n
1.5 TS ALLOWED
This new parameter allows the user to specify whether or
not the router should be prohibited from forming Ts. If
Ts are not allowed, a routed connection will only start

and end at pins. This parameter can be used in conjunction
with the ECL Toolbox to achieve daisy-chain routing.
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This menu box will ask if Ts are allowed. The legal
responses are Y (for yes) and N (for no).

This parameter is stored in the ROUTER-CON and COROUTER-
CON files as:

TS_ALLOWED YES/NO

1.6 Pl PIN KEEP AWAY, P2 PIN KEEP AWAY and P5 PIN KEEP
AWAY

The pin keep away menu boxes will now prompt for two dif-
ferent pin keep ways. The first prompt:

pin keep away for pins in the net

requests a value that is used for ‘all the pins in the
routing window that are a part of the net being routed.
The second prompt:

pin keep away for pins not in the net

allows the user to optionally specify a different value
for all the other pins in the window. Figure 3 illustrates
the meaning of these two different pin keep away values.

If the user does not respond to the second prompt, it will
default to the same value as specified for the first
prompt. This makes the pin keep aways function just as
they do today.

These parameters are saved in the ROUTER-CON and
COROUTER-CON files as:

P1_PIN_KEEP-_AWAY valuel[:value2]
P2_PIN_KEEP._AWAY valuel[:value2]
P5_PIN_KEEP_AWAYS valuell[:valuel2] value2l[:value22] ...

1.7 Pl TOLERANCE and P2 TOLERANCE

These two new parameters allow the user to specify the
delta x or delta y tolerance that is used to select con-
nections for pass 1 or pass 2. The meaning of these two
tolerances is illustrated in figure 4.

Each of these menu boxes prompts the user for a tolerance.
The response must be an integer value in board drawing
units (i.e., English or metric). If either of these param-
eters is not specified, a default value of 100 mils (or
254 metric units) is assumed.

-276-



These parameters are saved in the ROUTER-CON and
COROUTER-CON files as:

P1l_TOLERANCE n
P2_TOLERANCE n

1.8 Pl JOG LIMIT, P2 JOG LIMIT and P5 JOG LIMITS

These new parameters allow the user to specify a limit to
the number of jogs that are created in a connection. Any
routed connection with more than the specified number of
jogs 1is failed. A value of -1 for any of the limits indi-
cates that any number of jogs are allowed.

These parameters are saved in the ROUTER-CON and
COROUTER-CON files as: -

P1_JOG_LIMIT n
P2_JOG_LIMIT n
. P5_JOG_LIMITS nl n2 ...

1.9 P5 VIA LIMITS

With this new parameter the user may limit the number of
vias that are allowed in a routed connection for each pass
5 execution. A value of zero totally disallows vias and a
value of -1 indicates that there is no limit and, there-
fore, any number of vias are allowed in a single connec-
tion.

This parameter is only meaningful if the pass 5 vias
allowed parameter is set to YES. If vias are not allowed
in a pass 5 execution, the via limit parameter is ignored.

This parameter is saved in the ROUTER-CON and COROUTER-CON
files as: -

P5_VIA_LIMITS nl n2 ...
1.16 PS5 OFFSET VIAS

This new parameter specifies whether or not all the vias
created by an execution of pass 5 should be shifted off
grid. If requested, they will be shifted down and to the
left, if possible. The size of the shift is a function of
via size, grid size, minimum line to pad spacing, and the
MAX LINE WIDTH parameter. The actual shift is given by the
following formula:
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SHIFT_SIZE = ((MAX_LINE_WIDTH + (2 * LINE_TO_PAD._SPACE) +
VIA_DIAMETER + 1) / 2) MOD GRID_SIZE
IF (SHIFT_SIZE > (GRID_SIZE / 2)) THEN
SHIFT_SIZE = GRID_SIZE -~ SHIFT_SIZE

The reason for shifting vias is that it will sometimes
cause the via to block fewer routing channels. Two cases
in which this is true are shown in figures 5A and 5B.

The default for any pass 5 execution is to not shift the
vias.

This parameter is saved in the ROUTER-CON and COROUTER-CON
files as:

P5_OFFSET_VIAS YES/NO ...
1.11 P5 VIA GRIDS

With this parameter the user can specify a special grid
for vias in both the x and y directions. This restricts
vias from being placed anywhere except where the via grid
and the routing grid line up. For example, a via grid of
100 mils on a routing grid of 25 mils means that vias are
only placed on every fourth routing grid.

The user is prompted for a list of via grids in the x
direction and then for a 1list of y via grids. Each
response should consist of a list of grid sizes, one for
each pass 5 execution. A value of zero for any execution
is a special case that indicates no via grid, i.e., that a
via can be placed on any routing grid. If no response is
specified for either prompt, it is assumed that there is
no via grid restriction in that direction.

The most common use for via grid is to force vias to 1line
up with the component pins in the pass 2 direction of the
board during the early pass 5 executions (e.g., 1line up
horizontally with the component pins of vertically placed
components). For multi-signal layer boards, this parameter
is frequently used in conjunction with channel preference
to force vias to fall on the same grid as the component
pins and then give preference to routing lines in the
channels between the pins and vias.

This parameter is saved in the ROUTER-CON and COROUTER-CON
files as:

P5_VIA_GRID_SIZES xgridl ygridl xgrid2 ygrid2 ...
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1.12 RE-RATSNEST

This new parameter allows the user to control whether or
not the board should be re-ratsnested after the router has
completed or the corouter has updated the drawing. An
answer of Y indicates that re-ratsnesting should be exe-
cuted; an N specifies that there is to be no ratsnesting.

If the user is planning to run the router several times,
it is more efficient to only re-ratsnest the drawing after
the last route.

This parameter is saved in the ROUTER-CON and COROUTER-CON
files as:

RATSNEST YES/NO
1.13 PAILURE LIST

This new parameter allows the user to control whether or
not the failure summary report is added to the ROUTER-LOG
file. A response of Y indicates that the report is to be
written; an N response eliminates the report.

If a user is planning to run the router with several sets
of parameters, it is generally more convenient to turn off
the lengthy failure report until the last run.

This parameter is saved in the ROUTER-CON file as:
ROUTER_SUMMARY YES/NO

No failure report is generated for the corouter.

2. IMPROVED PIN ESCAPE TECHNIQUE

The method that has been used until release 3.0 in the
router for directing etch as it exits from a pin has been
somewhat limited. This feature is controlled by the user
setable parameter known as PIN KEEP AWAY (now known as net
pin keep away). Previously, if the user specified a pin
keep away of zero or dreater, the etch was forced to
escape in the opposite direction of the user defined com-
ponent orientation. For example, if the user specified
that the components were vertical, all routed etch would
exit or enter a pin horizontally. If the user specified a
" pin keep away of -1, the etch was allowed to escape in all
four directions.

'This method worked fairly well when all the component pin
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~rows on the board run in the same direction. Unfor-
tunately, this almost never happens. Even in the Dbest
case where all the components are DIPs oriented in the
same direction, the connector pins are frequently running
in rows opposite to the DIP pins. The situation of course
gets much worse when the board contains components 1like
chip carriers or pin grid arrays that contain rows of pins
running both horizontally and vertically. Whenever there
are many pin rows running in the "wrong" direction, the
user is forced to turn off the directional pin escape
feature (i.e., set pin keep away to -1) which allows etch
to enter or exit all pins in any direction. This usually
results in many of the pins being routed incorrectly.

For net pin keep away values that are greater than zero,
the router will no longer assume that the preferred escape
direction is opposite to the component orientation.
Instead, it locates the pins that are adjacent to the pin
being routed and then forces the etch to escape in the
direction opposite to the direction of the adjacent pins.
For example, if the adjacent pins are to the 1left and
right, the allowed escape directions will be up and down.
This means that the escape direction is no 1longer depen-
dent upon the user specified component orientation and
instead is based on the direction of the pin rows.

Another improvement in the way the router handles pin keep
aways is that it will never let a pin keep away completely
block the routing space between two adjacent pin rows.
For example, if the user has specified a pin keep away of
2 but the number of available routing grids in a given
direction is only 2, the pin keep away will be automati-
cally lowered to 1 in that direction.

3. SWITCHING PREFERRED ROUTING DIRECTION

Single-sided connector pins create a unique routing prob-
lem. This is especially true for those pins that are on
the side of the board that has a routing direction that is
not going away from the pins. For example, if the connec-
tor is at the bottom of the board, the connector pins on
the horizontal 1layer are often not optimally routed.
After the router exits from the pin, it tends to either
immediately place a via which blocks the pin on the other
layer.-or it turns and goes horizontally which blocks many
of the adjacent pins. This is illustrated in figure 6A.
It would be preferable for the router to continue away
from the conector for some distance before turning or
placing a via.
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A new feature is available in release 3.0 to help elim-
inate this problem. This feature consists of defining a
rectangular area on a layer in which the router will
reverse the normal routing direction. To solve the con-
nector problem, this area is defined immediately above the
connector pins that do not escape in the correct direc-
tion. This means that the router will favor moving away
from the connector until it leaves the defined rectangular
area, which is the desired effect. The results of using
this switch rectangle are shown in figure 6B.

This feature is available in both the router and corouter.
It is invoked by adding rectangles to the drawing that
define the area(s) in which the router should reverse its
preferred routing direction. These rectangles must be on
drawing layers 221-234, where 1layer 221 corresponds to
routing layer 1, 222 corresponds to layer 2, etc.
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Figure 1 - SET PARMS menu pages for Router/Corouter in release 3.0
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Figure 6A - Routing to connector fingers on a horizontal layer
with no direction switch rectangle.
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Figure 6B - Routing to connector fingers on a horizontal layer
with a direction switch rectangle above the fingers.
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INSIGHT —— AN EXPERT SYSTEM'S APPROACH TO ROUTING
Robert Fisher
Telesis Systems

Chelmsford, Massachusetts

Insight is a form of the Telesis router that
contains all of the existing capabilities of the
standard Telesis router -- .capabilities which
have enabled our benchmark people and many of
our customers to obtain excellent results on a
large number of boards. Insight allows a user to
achieved the desired results without knowledge
of how the router works. It accomplishes this by
utilizing an exper system's approach by incor-
porating a large database of rules governed by
the characteristics of different board types. In -
addition, it incorporates Release 3.0 routing
parameters into the router control parameters.
The following paper outlines the Insight router
in detail.

"INTRODUCTION" When we became aware that many of our cus-
tomers were not using the router, we were surprised. We
had seen so many boards that had obtained excellent
results. We found that one reason the router wasn't being
used was that some customers specialized in designs that
don't 1lend themselves to automatic routing (such as
hybrids). However, the majority of customers bypassing the
router did so because they either found the parameters too
difficult to set, or because they were unhappy with the
results -- this was generally due to the fact that the
optimum parameters were not selected.

Since the parameters selected by our in-house ‘experts'
are based on the characteristics of the board, we decided
to develop an expert system approach to determining param-
eter settings and controlling the router.
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HOW IS INSIGHT USED?

A certain amount of basic information is required to accu-
rately determine the control parameters. This is obtained
by asking the user a series of questions, the answers to
which the user must already know in order to lay out the
board. Some of the questions pertain to information
already existing within the Telesis system. However, we
elected to make the Insight query session almost indepen-
dent of the rest of the Telesis system. This allows the
future option of running it on a separate editing station,
such as the IBM-PC.

The output of the interactive session with Insight is a
ROUTER-CON, or CO-ROUTER-CON file. This file replaces any
previously generated file of the same name and may then be
utilized by the router.

To illustrate its use, it is helpful to examine the set of
Insight questions, 1listed in FIGURE 1. To understand the
reason(s) for asking the questions, it is beneficial to
refer to the sample ROUTER-CON form shown in FIGURE 2. 1If
each of the routing parameters appearing in the control
file is considered separately, the following discussion
applies.

FIGURE 1 - INSIGHT SYSTEM PROMPTS
1. The system may ask a series of questions. Each ques-
tion may be answered by typing QUIT to exit, or RES-
TART to answer the questions all over again.
2. What are the board dimensions? Please enter board
width (in 1INCHES); Please enter board height (in
INCHES) .

3. Are there finger connectors on the edge of the
board? (Y or N).

4., What are your routing layers? (Use 1-16 only).
Please use a space to separate each layer number;
Routing layers: ,

5. Which layer is the component side?

6. Which direction is the etch going on the component
side? (H or V or N).

7. Which direction is the etch going on the solder
: side? (H or V or N). :

-292-



10.
11.
12,
13,

14.

15.

l6.
17.

What is the default line width? (in MILS).

What is the primary component orientation? (H or V
or N).

Are the components mostly IC types, or discretes? (I
or D).

Do any of the components have pins on 4 sides? (Y or
N).

Do most components have pins on 4 sides? (Y or N).
What is the typical IC pad height and width? Please
enter the pad height (in MILS) Please enter the pad
width (in MILS):

What is the distance between PIN 1 and PIN 2 (in
MILS) of a typical IC? If there are no ICs, enter
100. .

What is the line-to-line spacing requirement? (in
MILS).

Which router will you be using? (RSX or COROUTER).

Do you wish to perform "SAVE_DWG_NEW- REV_AUTO"
between multiple executes of PASS 5? (Y or N).
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FIGURE 2 - FORM OF ROUTER-CON AND COROUTER-CON

GRID_SIZE
HORIZONTAL_LAYERS
VERTICAL_LAYERS
COMPONENT_ROTATION
DIAGONALS_ALLOWED
SKIP_PASS_1
P1_WINDOW_EXPANSION
P1_PIN_KEEP_AWAY
SKIP_PASS_2 _
P2_WINDOW_EXPANSION
P2_PIN_KEEP_AWAY
NUMBER_P5_EXECUTIONS
P5_PIN_KEEP_AWAYS
P5_WINDOW_EXPANSIONS
P5_LAYER_PAIRS
P5_VIAS_ALLOWED
P5_JOG_SIZES
P5_ROUTE_TYPE
P5_VIA_LIMITS
P5_VIA_GRID_SIZES
X_CHANNEL_PREFERENCE
Y_CHANNEL_PREFERENCE
DEFAULT_LINE_WIDTH
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GRID -- Insight automatically determines the optimum grid
to use based on the spacing between adjacent pins,
linewidth, line-pad spacing, line-line spacing, "typical”
pin size, and via size. If a non-uniform grid is advis-
able to allow multiple traces between pins, Insight
recommends it. Since some people don't permit such a
grid, Insight asks whether a non-uniform grid is accept-
able. If the user responds in the negative, the "best"
uniform grid for that board is substituted.

An example of a non-uniform grid follows:

Component Pin Size = 60 mils
Line-Pad Spacing = 8 mils
Line-Line Spacing = 8 mils
Linewidth = 8 mils

These design rules allow two traces between pins, how-
ever, no uniform grid accommodates this possibility.
Since the two traces must be entered at 42 and 58 mils to
fit between pins spaced 100 mils apart, a grid such as

21 21 16 21 21

repeated every 100 mils is necessary. Insight automati-
cally generates such a grid for the user's approval.

Channel Preference -- One of the desirable parameters for
many multi- layer boards is channel preference. Insight
first determines whether it is advisable for the given
board. This determination is based on the number of rout-
ing layers, grid size, component orientation, predominant
component type (DIP, 4-sided, discrete), and component
spacing. If channel preference is to be used, its values
are based on the grid size and via size.

Routing Layers (H/V) -- For a board with an even number of
routing layers, 1Insight alternates the settable layers
between horizontal and vertical. However, some users have
fixed requirements for the routing directions of the Com-
ponent and/or Solder sides of the board. If two layers
have been user-set to the same direction, Insight assigns
the other direction to the first two unassigned layers.
It then alternates the remaining layers.

If the board contains an odd number of routing layers,
Insight first determines the direction of the odd layer.
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It then utilizes the same procedure as for an even number
of layers, adding the odd layer at the end. The direction
of the odd layer is parallel to the component orienta-
tion. If the orientation is not specified, the aspect
ratio of the board is utilized (based on the board dimen-
sions indicated by the user).

Window expansion -- The PASS 1 and 2 window expansions are
based on the gr1d size. For PASS 5, this parameter is
determined by examining the grid size and the number of
routing layers.

Pin Keepaway -- The pin keepaway parameters are determined
from the same data as the window expansion.

Jog Size -- Jog size is also based on the same factors
used for window expansion. '

Via Grid Size -- With via grid size, there are two deci-
sions to be made; whether or not to use it at all for the
board, and if so, the values that should be set. Both of
these decisions are based on grid size, number of routing
layers, component orientation, types of components (DIPs,
SMDs, discretes), and spacing between adjacent component
pins.

Routing layers -- In addition to the obvious decisions
(using only the specified layers, and forming
horizontal/vertical pairs), Insight uses component/solder
side definitions and the knowledge as to existing connec-
tor fingers, to assist in the determination of layer
pairing and the order in which the router uses these
pairs.

Router Type -- From the large number of boards routed by
Telesis personnel, it has become evident that the "line"
routing option often has an adverse affect on the
results. As a result, Insight always specifies "maze"
only.

WHAT ABOUT USERS OBTAINING GOOD RESULTS WITHOUT USING
INSIGHT?

Several users have been obtaining good results all along.
They know what the optimum parameter values are for their
boards. Of course, they may continue to set the router
control parameters themselves. It is recommended, how-
ever, that Insight be tested for comparison. If superior
results are achieved without Insight, please forward the
data to Telesis so that we may utilize it. We will be
looking to continually improve the rules in the Insight
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database.

It is also possible to change the values of any parameters
that 1Insight generates. Again, it is recommended that you
try the parameters as they are first. If you elect to
modify the 1Insight parameters, be aware that there are
interdependencies among some of the parameters. For exam-
ple, if the grid size is changed, then window expansion,
jog size, and channel preference may be affected.

NEW FEATURES AVAILABLE THROUGH INSIGHT

One unique feature of Insight exists for the ROUTER-CON
case (as opposed to COROUTER-CON). The router's execution
time is a related to the size of the routing bit map. If
the bit map is too large to fit entirely in the memory of
the EDA-300 or EDA-700, there is a potential slowdown in
the router's operation. This decrease in efficiency may be
reduced, or in many cases, eliminated entirely for multi-
signal layer boards, by making each execution of PASS 5 a
separate computer run. For example, if the router 1is set
up to run one PASS 5 execution and then stopped and res-
tarted for each successive pass, this will require a
separate router set up for each execution, but will result
in a much smaller bit map. This is true because the size
of the bit map increases linearly with the number of rout-
ing layers -- a four layer board has a bit map that is
twice the size of a bit map for the same board routed over
two layers only. The end result is a much faster overall
routing time.

Insight recognized the amount of memory available on the
system it resides on. It also has the data necessary to
calculate the size of the router bit map required for the
board, if all layers are specified at once. If it deter-
mines that the bit map will be too large to fit completely
in memory, it will generate a new form for the ROUTER-CON
file. The router recognizes this form and will caused a
separate router run to be performed for each PASS 5 execu-
tion of the multi-signal layer board.

POTENTIAL PITFALLS

Care should be exercised in generating the Router Keepin
rectangle whenever Channel Prefe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>