
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































As you can see, the data content ranges from a complete 
dump of the database in ASCII form to net/parts list data. 
Data format can be user-selectable, or made available as a 
file in the format specified. Thus, a package like ASCII 
database contains the required content to meet almost any 
application, although it may need to be reformatted. The 
CAM Interface serves a narrower range of applications, but 
may be formatted closely to the end application. 
Fixture/tester interfaces are intended for one application 
only and are provided in the specific format. In this 
paper we will be covering packages 2, 3, and 4 to focus on 
CAM applications. 

CAM INTERPACE 

A variety of manufacturing equipment exists that requires 
CAD database information for set-up. Time-to-market is 
reduced not only.by using design automation equipment, but 
by implementing automatic set-up for manufacturing as 
well. Some examples of systems and equipment that may 
require data for set-up are: 

- Insertion Systems 

- AXIAL 

- DIP 

RADIAL 

- Automatic or semiautomatic 

- SMD pick and place systems 

- Wire wrap systems 

- Bill of materials 

To get a better understanding of the need, we'll look at 
examples of the data requirements for insertion systems 
and wire wrap. 

Generally, insertion systems require a program that tells 
the system the location for component insertions, what 
order they should be inserted in, what types of components 
should be inserted, etc., (FIGURE A). If data is not 
extracted from a CAD database, the operator/programmer 
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must digitize the component locations from plots and bare­
boards and then manually edit in the component data a 
time-consuming, error prone process. For automated set-up, 
the required data content might be: 

X/Y DATA: This is placement data necessary for determin­
ing the location of the component insertion. The refer­
ence point on the component may be a pin (For example, 
PIN 1 on a digital device) or, the center of the com­
ponent. On the Telesis system, it is easier to extract 
PIN 1 coordinates than to use the body center. From a 
format standpoint, since the· movement of the insertion 
table has the most negative impact on throughput, it is 
preferable to o~der the X/Y data to "minimize" distance 
from one component to the next (FIGURE B). 

SYMBOL NAME: Symbol names can be thought of as the "pack­
age type" in reference to CAM interfaces. Insertion sys­
tems work optimally if similar package types are grouped 
together in an insertion program. This is especially 
true for AXIAL leaded components. 

DEVICE TYPE: Device type describes the functional con­
tents of the package (e.g. 7400). This data is relevant 
because devices of the same type may be delivered to the 
inserter together. In DIP inserters, the ICs come in 
tubes with the same device type. And, as with the package 
type, device types may be grouped together in the inser­
tion program to minimize movement of the insertion head 
from tube to tube -- the less movement, the better the 
throughput (FIGURE B) • 

ROTATION: Insertion systems operate best when all com­
ponents are oriented in the same direction. In fact, it 
is typically an option to get a rotary table on an 
inserter. Once again, throughput is impacted by switching 
back and forth between horizontally and vertically 
oriented components, and constantly rotating the inser­
tion table (FIGURE B). Thus, components of like orienta­
tion are grouped together. 

Now that we've seen some of the typical data content 
requirements for insertion systems, let's look at the CAM 
interface package and how it works for insertion systems. 
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CAM INTERFACE SOFTWARE 

The CAM Interface software operates off of the net-data­
base by extracting one or more user-selectable fields and 
then listing them in report form. The interface runs from 
the text terminal and requires an active drawing. TABLE A 
shows all of the data that can possibly be extracted. In 
the Insertion System example, the required data is con­
tained in the fields numbered 1,2,4,7,8 and 11. The 
appropriate data is selected in a simple manner. First a 
menu (FIGURE C) is presented to the user and the user 
selects either <er> for yes, or "n" for no. This causes 
the correct data to be included in the file. Note that 
the inserter works off of the PIN l location, so we've 
chosen only that pin in the "pin number range" field. 

The next consideration is how the data will be "ordered". 
The CAM Interface allows a field to be selected that will 
also be the field the data is sorted by. In FIGURE c, 
we've selected the X coordinate field for ordering, since 
insertion table movement from component to component 
should be minimized in order to maximize throughput. The 
sorter will order the entries from top to bottom, and from 
left to right, creating a smooth "pattern" for insertion. 
The data sorted w.ill be in accordance with the standard 
ASCII chart1 numerics first, alphabet second, and special 
characters third. Upper case takes priority over lower 
(FIGURED). The resulting output is shown in FIGURE E. The 
structure is kept simple (with only spaces used between 
fields, and no unusual delimiters such as , 1 l etc.) to 
facilitate any further manipulation of the file. The out­
put report is a standard ASCII file that can be manipu­
lated by the editor on the Telesis or other systems. Using 
the same data content required, and changing the format 
slightly by selecting the "symbol name" field for sorting, 
would result in the report shown in FIGURE F. 

WIREWRAP 

Our second application example is a wire wrap system that 
might be used for manufacturing prototype boards while 
production etched boards are being done. The data require­
ments are more simple than those for insertion since all 
that is needed is to define the end points (pins) that 
will be wirewrapped together to create each net. Return­
ing again to the CAM Interface menu, the appropriate 
fields for this application are selected (FIGURE G) 
including netnumber, all pins (by selecting <er> for pin 
range), and x,y locations. Sorting is ordered by the 
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netnumber so that all pins on a particular net will be 
listed sequentially. The resulting report is shown in FIG­
URE B. This data is suitable for driving the wire wrap 
system. If additional documentation is needed, (i.e, for 
debugging), another run could be performed to create the 
same file but with, for example, reference designators and 
netnames, (FIGURE I).· Creating a separate file avoids 
unnecessary programming to "strip" the documentation out 
of the file driving the machine. 

These two examples show the targeted applications for the 
CAM Interface and how the interface can best be utilized. 
Any of the data shown in TABLE A can be included1 fields 
may be included or omitted, and one field may be selected 
for ordering. There are some a·ddi tional fields not shown 
in the examples. Let's take a look at these and how they 
may be used: 

LAYERS: SMD through holes - zero 

PINUSB CODES: Pinuse codes describe the electrical func­
tionality of each pin on a device. Example codes are 
shown in TABLE B. 

These codes could be used to generate reports and for mak­
ing decisions for: 

1. ECL/High frequency digital connections 

2. ATE Fixture design 

3. Logic design checking 

4. Other applications that depend on the •functional-
ity" of each pin 

It's important to remember that these codes are entered 
into the device file and then included in the net-data­
base (the source of all data extracted by the CAM Inter­
face software). 

MIRROR INPO: If the target CAM system is an SMD pick & 
place system, the mirror information will identify those 
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components that should be mounted on the top versus the 
bottom. Thus, separate lists are easily made for each 
side. 

ATE FIXTURE INTERPACE 

The second package that is very useful for CAM applica­
tions is the ATE Fixture Interface. The purpose of this 
package is also to reduce manufacturing set-up time by 
generating the necessary data for vacuum bed-of-nails fix­
tures used to test boards. These fixtures are used with 
in-circuit, functional, and even in-house developed tes­
ters to eliminate manual probing of a circuit board when 
testing or diagnosing faults. Typically, one such fixture 
is required for each board type. Fixturing is both costly 
($3,000+ each),· and prohibitive to meeting schedules, as 
no testing occurs until the fixture is complete. FIGURE J 
shows the usual costs for developing these ATE fixtures, 
and what cost areas can be reduced by using the ATE Fix­
ture software. 

One of the highest cost areas involves assigning locations 
and creating d~ill tapes to indicate where the nails 
(probes) are to be located. The nails are spring loaded, 
and as a PCB is placed on a fixture and the vacuum 
applied, the PCB is compressed against the nails. The 
nails are physically located at component pins to contact 
the lead protruding through the board. 

In many cases, plots (or bareboards) are manually marked 
to show where the probes will be placed (multiple probes 
per net for bareboard; typically one per net for loaded 
board). Then, similar to the Insertion System set-up, 
these manually derived locations are digitized to create 
the actual drill tape. This method is error prone and 
creates no useable documentation. The ATE Fixture 
software affects these and other costs as shown in FIGURE 
K. The software automates both the assignment and tape 
generation process. FIGURE L diagrams how the process 
works, which is very similar to the CAM Interface. 

An active drawing (and, hence a net-data-base) are up on 
the EDA-300/700 and the ATE Fixture Interface is accessed 
via the text terminal. The user interface is again very 
simple (FIGURE M} allowing the user to create logfiles, 
plots, or tapes as outputs. The log file shows the list of 
locations selected by the probe target selection algo­
rithm. The selection algorithm operates off of the 
"pinuse" codes previously described, and "class" codes 
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that are in the device files. The program will select 
probe targets even if no pinuse or class code is specified 
in the device file library. However, there is a signifi­
cant reduction in the quality of the resulting probe 
"map". · 

If the pinuse and class codes are used, the priority for 
selection works according to the list in TABLE c. The pur­
pose behind this selection order is to minimize the impact 
of ECOs on an existing fixture. Often when track is cut 
and rerouted as part of an ECO (even if placement remains 
fixed) a net may lose its corresponding probe because the 
track was contacted at a component pin on the "other side" 
of the track from where the cut occurs. FIGURE N shows 
that by placing probes at the· "sources n of signals, out­
put, pins of ICs, edge connectors for incoming signals, 
etc., you can be. certain of having a probe anyplace that 
you can route a track to • 

. Once the probe targets are selected by the algorithm, it 
is critical to create the following to fabricate, docu­
ment, and debug the fixture: 

1. A punch tape created in Excellon 12 format to drive 
the drill. machine. It drills the plate that holds 
the bed~of-nails probes in place at the correct com­
ponent pin locations. A sample of the tape is shown 
in FIGURE O. The format of the tape is specified in 
a control file called NC DRILL-PAR. This is the same 
file used to create standard drill tapes for board 
fabrication. The punch tape is an option available 
with Telesis systems. 

2. A log file that documents the contents of the drill 
tape and plots in list form. This is used for docu­
mentation and debugging. (FIGURE P). 

3. A number of plots are available to graphically show 
the fixture layout: 

- FIGURE Q - A plot of all component pins is 
sometimes used to drill all locations and 
load only the selected holes with probes. 

- FIGURE R - A plot of only the selected 
probe targets that can be used for dril­
ling or debugging. 

- FIGURE s. - A plot showing both component 
pins and probe targets that is useful for 
cross referencing. 
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- FIGURI T - A plot showing probe targets 
and cross reference numbers from the tes­
ter or CAD database (for example, net 
number). This is a highly sought after 
documentation/debug tool for test 
engineers that will be available in our 
next release. 

- FIGURE U - A plot of the "keep-out" 
as they apply to fixturing. It is 
tant to note that the keep out area 
for f ixturing may differ from 
required for insertion systems, 
guides, etc. 

areas 
impor­

r ules 
those 
card 

From these tapes, plots, and reports, the time and 
cost of ~oth designing and documenting a fixture is 
substantially reduced. In addition, assessing the 
impact of ECOs on existing fixtures and creating new 
up-to-date.documentation is significantly improved. 

ATE TESTER INTERFACES 

The Automatic Tester Program generation process is similar 
to the PCB CAQ process. Like CAD, it begins with a net­
list, but since the tester will typically make measure­
ments of each part, it is also necessary to provide a 
parts-list. This is especially critical for analog parts, 
where value and tolerance information is required. The 
importance of an accurate netlist for ATG is the same as 
for PCB design -- it's got to be right! It isn't hard to 
imagine that if the tester netlist/parts list is not 
automatically extracted from the CAD system, it must be 
manually re-keyed in on the tester. For medium to large 
boards, this process can consume up to 29% of the total 
programming time (usually measured in weeks). If the data 
is re-keyed manually, it's also difficult to justify run­
ning the ATG early on in the design process for testabil­
ity checking, since the netlist/parts list changes so fre­
quently. New netlist/parts lists are also required for 
ECOs in order to assess the impact that design changes 
have on existing programs. 

The ATE Tester Interfaces can automate the transfer of 
netlist/parts list data from Telesis to GenRad, Schlum­
berger i FACTRON, and other testers. The operation is very 
similar to the CAM Data Generator, and ATE Fixture Inter­
face. A drawing is activated on the EDA-399/799 and the 
ATE Tester Interface menu is accessed via the text termi­
nal. A block diagram of the process is shown in FIGURE V. 
Once run, a tester-specific netlist is created in the 
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format required by the tester. FIGURE W shows a GenRad 
file called a CKT file. 

One of the key features of the ATE Tester Interface is the 
ability to adapt to the format requirements of the tester. 
This is an area where device files on the Telesis system 
play a key role. TABLE D shows the format requirements for 
GenRad in regards to device type definitions, pin naming 
conventions, etc. To automatically generate data in this 
format, device files are created that meet these three 
restrictions. FIGURE X shows an example device file for an 
analog device ~ FIGURE Y shows one for a digital device. 
The fields marked with a "V" contain data that is speci­
fied to meet tester format requirements. The closer the 
device files meet the requirements, the better the quality 
of the output. It is even possible to support two dif­
ferent testers w~th corresponding device files. 

With the ATE Tester Interface, input files for testers can 
be created that provide well over 90% of the data 
required. There will typically be some additional input 
required to describe fixture wiring or test strategy/set-. 
up requirements. 

CONCLUSION 

Three tools have been described that will automate a large 
portion of the manufacturing set up. These tools can sig­
nificantly leverage the investment in Telesis CAD equip­
ment. The impact on time-to-market (to first shipments) is 
great, as is the quality of data and documentation pro­
duced. The tools are: 

CAM Data Generator for extracting data for insertion sys­
tems, wirewrap, etc. 

ATE Fixture Interface for designing, and documenting bed­
of-nails fixtures. 

ATE Tester Interface for the generation of tester specific 
netlist/parts lists necessary to drive automatic test 
program generation. 
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FIGURE C 

>RUN [ 103.,SO]PINLST 

For the follow1ng prompts, type <CR> for yes, 'N' for no. 
When a range 1s requested, de11mit single numbers 
with a comma or space, ranges w1th a dash. 

Include symbol names? 
Include dev1ce types? 
Include ref des? N 
Enter p1n number range 1 
Include net numbers? N 
Include net names? N 
Include X locat1ons? 
Include Y locat1ons? 
Include layers? N 
Include p1n use? N 
Include rotat1ons? 
Include mirror 1nfo? N 

Selected f1elds 

1 ) Symbo 1 name 
2) Dev1ce type 
3) Pin number 
4) X location 
5) Y location 
6) Rotation 

Field you would like to sort by: 1 

DELETING OLD PIN-LISTING FILE 

READING GRAPHICAL DATA BASE INFORMATION 

READING NET DATA BASE INFORMATION 

CONVERTING DATA FILE TO TEXT FILE 

SORT I NG TEXT FI LE 

ADDING PIN-LISTING TO DRAWING MANAGER 

ADDING HEADER 

PIN-LISTING GENERATION DONE. 
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FIGURED 

ASCII CHARACTER SET 

Octal Character Octa 1 Character· Octal Character Octa I Character 
Code Code Code Code 

000 NUL 040 SP 100 @> 140 
001 SOH 041 101 A 141 a 
002 STX 042 " 102 B 142 b 
003 ETX 043 " 103 c 143 c 
004 EOT 044 $ 104 ·o 144 d 
005 ENO 045 ~ 105 E 145 e 
006 ACK 046 & 106 F 146 f 
007 BEL 047" . . 107 G 147 g 
010 BS 050 ( 

-> 110 H 150 h 
011 HT 051 . ) I 11 I 151 j 

012 LF 052 * 112 J 152 j 
013 VT 053 + 113 K 153 k 
014 FF 054 114 L 154 1 
015 CR 055. - 115 M 155 m 
016 so 056 116 N 156 n 
017 SI 057 I 117 0 157 0 
020 OLE 060 ·o 120 p 160 p 
021 DCl 061 1 121 a 161 q 
022 DC2 . 062 2 122 R 162 r 
023 DC3 063 3 123 s 163 s 
024 DC4 064 4 124 T 164 t 
025 NAK 065 5 125 u 165 u 
026 SYN 066 6 126 v 166 v 
027 ETB 067 7 127 w 167 w 
030 CAN 070 8 130 x 170 x 
031 EM 071 9 131 y 171 y 
032 SUB 072 132 z 172 z 
033 ESC 073 133 [ 173 f 
034 FS 074 < 134 \ 174 I 
035 GS 075 = 135 J 175 J 
036 RS 076 ) 136 176 
037 us 077 ? 137 177 DEL 

*Equivalent to the Radtx-.SO character set 
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. FIGURE 6 

For the followtng prompts, type <CR> for yes, 'N' for no. 
When a range ts requested, del1m1t stngle numbers 
wt th a comma or space, range w1th a dash. 

Include symbol names? N 
Include device types? N 
Include ref des? N 
Enter ptn number range 
Include net numbers? 
Include net names? N 
Include X locattons? 
Include Y locattons? 
Include layers? N 
Include pin use? N 
Include rotations? N 
Include mirror info? N 

Selected ftelds 

1) Pin number 
2) Net number 
3) X locat1on 
4) Y location 

Field you would Hke to sort by: 2 

DELETING OLD PIN-LISTING FILE 

READING GRAPHICAL DATA BASE INFORMATION 

READING NET DATA BASE INFORMATION 

CONVERTING DATA FILE TO TEXT FILE 

SORT I NG TEXT FI LE 

ADDING PIN-LISTING TO DRAWING MANAGER 

ADDING HEADER 

PIN-LISTING GENERATION DONE. 
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. Figure J 

LOADED BOARD 
ATE FIXTURING COSTS 

Ty..Qical CostJ 1 > 
1. Fixture Kit (-$500) $ 500.00 

2. Probe/Socket (-$1 /pair) $ 700.00 

3. Probe/Socket Assembly Costs (-$2/pair) $1400.00 
t-Assigning Holes · _ 
•-Drilling Holes 

-Loading Sockets 
-Wiring Sockets 

4. Finishing Costs (-$500) $ 500.00 
-Final Assembly 
-Checkout 

f -Documentation 

+ 5. Fixture Debug (-$200) 

+ 6. Fixture Maintenance E-$50/checkout) 

TOTAL 

( 1 )AVERAGE 700 PROBES PER FIXTURE 

+coSTS REDUCED BY TELES Is· 
ATE FIXTURE SOFTWARE 
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$ 200.00 

$ 50.00 

~3300.00 
(TYPICAL) 
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Figure K 

REDUCED ATE FIXTURING COSTS 

1. Probe Hole Assignments 
- Software selected algorithmically rather than 

manually marking prints. 

2. Probe Ho 1 e Drilling 
- Automatic generation of dri 11 _tape rather 

than manually digitizing. 

3. Fixture Documentation 
- Drill plot shows all hole locations. Probe map 

indicates all probe locations. Component outlines 
and reference designators help locate probe hole 
sites. 

4. Fixture Debug/Maintenance . 
- Annotated fixture maps provide cross reference -

numbers to Telesis net name or tester pin number. 
This provides correlation between fixture documentation 
and test program/ti xture checkout program. Never 
available previously. 
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Figure L 

ATE Fixture lnterfnce 

ATE 
Fixture 
Interface 
Program 

o Accurate Test Fixture Data 

o Accurate Documentation 

o Reduced Labor Costs & Errors 

-.472-

Probe 
Location 

Plots 

Probe 
Log 

Probe 
Hole 

Tapes 

CAM I CAT Toolbox 

1986 



FIGURE M 

TELESIS A TE FIXTURE PROGRAM 

CHOOSE ONE OF THE FOLLOWING OPTIONS: 

1 ... RUN THE PROGRAM that creates the PROBE-TAPE and PROBE-LOG fl 1 es. 

2 ... RUN THE PROGRAM that punches the paper tape accord1ng to the data 
1 n PROBE -TAPE. . 

3 ... HELP. 

4 ... EXIT. 

ENTER YOUR CHOICE : 3 
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Figure N 

Original Circuit ., i2 

'\ 

~\ECO cuts 
· 02 ""'track and 

Possible Access 
' Points 

Spare Gate adds wire 

A - ECOed circuit and Access Points 

or 

No access 

B - Result if Input chosen for Original Access point 

C - Result 1f Output chosen for Original Access point 
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X03500Y03150 
X03650Y03300 
X03800Y03450 
X03900Y03150 
X03950Y03600 
X04050Y03300 
X04100YO 37 50 
X04200Y03450 
X04300Y03900 
X04350Y03600 
X04450Y04050 
X04500Y03750 
X04600Y04200 
X04700Y03900 
X04850Y040SQ. 
XOSOOOY04200 
X04750Y06400 
R07Y-00100 
X04450Y05700 
R06Y00100 
X03050Y06300 
X04450Y05200 
R06Y-00100 
X04750Y04600 
R06Y00100 
X03050Y05200 
R06Y-00100 
X03350Y04600 
R06Y00100 
MOO 

Figure 0 

Sample PROBE-TAPE file. 

(Drill at location x,y) 

(Decrement y seven times, drilling each time) 

(End of block) 
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Figure P 
SAMPLE PROBE-IJX; FILE 

PRQJECT ACC-TFST 
DRAWIN3 PCB 
REV 1 

DATE 10-JAN-85 
TIME 13:43:12 
--------------------------

PROBE HOLE.S LIST 
Reference 

Net Number Pin Number Designator 
----- --

14 10 U2 
2 9 U2 

12 12 U2 
1 ·13 U2 
0 11 Ul 
4 8 Ul 
3 6 Ul 
5 3 Ul 
0 15 Jl 
0 14 Jl 
0 13 Jl 

15 1 Jl 
16 12 Jl 
15 11 Jl 
16 10 Jl 
13 9 Jl 

5 8 Jl 
6 7 Jl 
7 6 Jl 
8 5 Jl 
9 4 Jl 

10 3 Jl 
11 2 Jl 

PARAMEI'ERS USED DURIN3 CREATION OF PROBE-TAPE 

CCDE EIA 
EN3LISH 
ABSOLUTE 
FCmtAT 2.4 
TRAILit-X;-ZEROS SUPPRESS 
LEADER 10 
MACHINE-OFFSET 0 ,O 
HEADER ACCEPTANCE TEST 
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0 

1 

B 

U11 

Figure R - FIXTURE PROBE MAP 

4 

U1 

4 

1 

B B B B B B B B B B B 

B B ~ e e ~ e B B 

o Component Out 1 i nes 

o Reference Designators 

o Probe Ho 1 e Locations 

0 

1 

ATE FIXTURING DATA 

1986 Tilesis 
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CJ 
0 
0 
e 
0 
0 
0 
0 

0 

B 
0 

0 

Figure s - FIXTURE PROBE MAP 

AND COMPONENT HOLES 

0 
0 0 0 0 0 0 0 
0 .D 0 0 0 D D 
0 0 0 

~o 
Cl 0 Cl 

0 0 0 0 e 0 0 
Cl 0 0 0 0 0 c 
C!I . e 0 0 I:} 0 0 
e e 0 0 0 0 0 
0 0 0 0 c:J- 0 0 
0 4 1 - q u 

0 0 0 0 
C> 0 0 0 0 0 0 

0 0 0 c:J 0 c:J 
0 0 0 c 0 0 

0 0 0 0 0 
0 0 0- Cl e 
Q Q Cl Q 0 
0 0 c:J 0 0 

l!J 1 0 0 0 

0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 
0 
0 
Cl 

1 ~~~ 
1A 

C> 0 0 0 0 0 0 
0 l!J 0 l!J 0 CJ 0 
0 e 0 e 0 0 0 
0 0 C!I C!I 0 C!I 0 
0 0 e 0 0 0 0 
0 0 0 0 C!I 0 0 
0 0 t?J, !!> 0 e 0 
0 0 0 !!> 0 0 0 
0 u 0 0 

A 
0 0 0 0 0 0 
0 0 0 0 CJ 0 
0 C!I 0 0 0 0 

~o 
0 Cl 0 0 Cl 

0 0 0 C!I 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 C!I C!I 0 0 
0 0 0 e U1 

o e e o ClC?ll:ICl e e 0 0 o e Cl Cl ci e e e C?l Cl C?l Cl 

0 

0 

D 
0 

01 t:I 0 Cl Cl e e e e Cl Cl Cl 0 0 OOCICICl CICICIC?lCIC?l0 

0 Component Out 1 i nes 

O' Reference Designators 

0 Probe Ho1e D and Component 
Hole o Locations 

ATE FIXTURING DATA 

1986 Tile.sis """' 
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0 

Figure T - FIXTURE PROBE MAP 
WITH REFERENCE NUMBERS 

1 
B I! ~ ~ ~ ~ 8 ~ ~ a ~ 

!! ~ ~ lli ~ 8 B ~ 8 

o Component Out 1 i nes 

o Reference Desi gnat ors 

o Tester/Telesis Net Number 
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Figure u - ··KEEP our·· RECTANGLES 
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Figure V 

TELESIS TO GENRAD TESTER INTERFACE 

WHY? 

GENRAD 
INTERFACE 
PROGRAM 

.CKT FILE 

- NEED AC CURA TE AND TIMELY 
CIRCUIT DESIGN DATA FOR 
TESTING . 

-482-

NETLIST 

FLOPPY DISC 

RESULTS 

- REDUCED SET UP TIME 
- REDUCED SET UP COST 
- QUICK EVALUATION OF 

ECO IMPACT 

Design for TEST 
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Figure W 
SAMPLE .CKT FILE 

/*CIRCUIT DESCRIPTION FILE MYFILE.CKT FOR GENRAD 2279*/ 

%CIRCUIT7 

GND 
VCCA 
Cl 
C2 
J 

Ul 

R2 
R4 
02 

EXT 
EXT 
CP 
CP 
UK 

74LS90 

vz 
vz 
74L74 

,Ul.7 R2.A J.l C2.P Cl.P 02.11; 
,J.12 C2.N Cl.N; 
P=Ul.7 R2.A J.l C2.P 02.11,N=J.12 C2.N; 
P=Ul.7 R2.A J.l Cl~P 02.11,N=J.l~ Cl.N; 
01.7 R2.A C2.P Cl.P u2.11,,01.2,u1.3, 
02.s u2.J,u2.1 02.1,01.s,01.6,, 
02.8 02.14 Ol.18,,C2.N Cl.N,,,; 
02 .2 ,J .3 ,J .4 ,-U2 .6 ,J. 7 ,J .8 ,R2 .A 
J.l C2.P Cl.P 02.ll,02.13,02.9,02.8 

. 02.14 J.10,,,,U2.4; 
A=Ol.7 J.l C2.P Cl.P 02.ll,C=02.12; . ' . U2.7 J.6,Ul.l,02.5 J.S,Ul.14,02.3 
J.S,Ul.4,U2.l J.6,02.14 Ul.18 J.11, 
Ul.9,,Ul.7 R2.A J.l C2.P Cl.P,R2.C, 
Ul.8,U2.8 Ul.18 J.18; 

%VALUE: 227 0; 

C2 = 1. U,18%; 
R4 = 10.MEG,+5%,-5%; 
Cl = 20,0N,+20~,-5%7 
R2 = 7.9K,5%; 

%ADAPTOR:2270; 

H 1 = N l; 
H 2 = N 2; 
H 3 = N 3; 
H 4 = N 4; 
H 5 = N 5; 
H E = N 6; 
H 7 = N 7; 
H B = N 8; 
H 9 = N c. 

-·I 

E 10 = N 10; 
H ::..1 = N l ! • _, 
E 12 = N , .., . --- , 
H 13 = N 13; 
H 14 = r ·1 .!;, • - . , 
Ii 15 = ~ 15; 
H 16 = N 16; 
E 17 = H 1 ii 
H 18 = N 1 f; 

.,,,.., 
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FIGURE X 

ANALOG DEVICE FILE 

(DEVICE FILE FOR: CAPEL800) 
PACKAGE CAPEL800 
CLASS DISCRETE 
PINCOUNT2 
PINORDER CAPEL800 P N 
Pl NUSE CAPEL80B1 B 1 
FUNCTION G 1 CAPEL800 1 2 
DEVICE-LABEL CO 
END 

-484-



FIGURE V 

DIGIT AL DEVICE FILE 

(DEVICE DESCRIPTION FILE: 7400) 
PACKAGE DIP14 
CLASSIC 
DEVICE-LABEL 7400 
PINCOUNT 14 
PINORDER 7400 AB Y 
PINUSE 7400 IN IN OUT 
PINSWAP 7400 AB 
FUNCTION G 1 7400 1 2 3 
FUNCTION G2 7400 4 5 6 
FUNCTION G3 7400 9 10 8 
FUNCTION G4 7400 12 13 11 
POWER +SV ; 14 
GROUND GND ' 7 
END · 
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TABLE A 

DATA FIELDS 

1. Device type 

2. symbol name 

3. reference designator 

4. ptn numbers 

5. net numbers 

6. net name 

7. X posttton 

8. Y posttton 

9. layer 

10. pin use 

11. rotation 

12. mirror 
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. TABLE B 

PINUSE CODES 

• IN - Input <receiving> 

•OUT - Output <sending> 

•Bl - Bidirectional (sending or receiving> 

•TRI - TRISTATE (sending, receiving or held at some state) 

• OCA .,.. Output Collector And <used to tie multiple outputs 
together in TTL c1rcu1try without rece1v1ng an error>. 

• POWER - Pins used as power 

•GROUND - P1ns·used as ground 

•NC - Not connected internally 
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TABLE C 

Probe Target 

Selection Table 

CLASS Pl NUSE PRIORITY 

10 2 

IC IN (Input) 3 
OUT (Output) 1 
OCA (Output) 2 
Bl (Output> 1 
TRI (Output) 1 
OCL (Output) 1 
POWER (Input) 3 
GND (Input) 3 
NC (Input> 3 

DISCRETE 4 

4 
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COMPONENT 
TYPE 

RESISTOR 

CAPACITOR 

CAPACITOR 
POLARIZED 

CAPACITOR 
POLARIZED, 

INDUCTOR 

DIODE 

ZENER DIODE 

JUMPER 

NO JUMPER 

FUSE 

OPEN CONTACT 

CLOSED CONTACT 

POTENTIOMETER 

COL 
SYMBOL 

R 

c 

CP 

CP1 

l 

!=R 

vz 

J 

OJ 

F 

NO 

NC 

RV 

. q:·· 

Table D 
COMPONENT TYPE SYMBOLS USED IN CDL 

SCHEMATIC 
SYMBOL 

~ 

-1P-
.!iP-
~P--

.1 2 

"' 
~ 
-1).f=-

...?o-4-

1 2 
-0 <>-

~ 
(CCW) t (CINI 

2 

COMPONENT DESCRIPTION 

Any reaimtor. The Inds must be dnignet9d u 1 and 2. 

Any -pcUrind c.pmcitor. The .... lllUet be dMigneted .. , Md 2 . 

Polarized cepecitor. The leeda must be deaigneted P for the positive 
•ncl N for the negetive. No rev.,.. bi•a gre•ter then 1 .0 volt is 
•11-.dbyATG. 

S.me •• CP except no reverse bi•• greeter then 0.8 vott is ellowed by 
ATG. Typicelly for tentalum capecitora. 

Any inductor. The Inda must be dnignated u 1 and 2. 

·. Any non-Z-r diode. Tha leilda must be design.tad A for •nod• end C 
for cathode. 

Any Zener diode. The leads must be d"ignated A for enode •ncl C for 
cethode . 

Any very low reaistanc:e connection. 
The ends must be dnigneted 1 and 2. 

Any open circuit. The nodes must be dnigneted 1 and 2. 

Any fuse. The leads must be designated 1 ancl 2. 

Any normally open contact. The terminela must be deaigneted 1 •nd 2. 

Any norrnelly closed c:ontact. The terminals must be designated 1 and 2. 

Any •djusteble resistor. The leeds must be deaigneted such thet the 
wiper is 2 •. the tenninal thet the wiper approechn when turned counter 
clockwise is 1, and the terminel thet the wiper approeches when 
turned clockwise is 3. 

.. -· ... .. ·-.·· 

. :~~.._~"~:..£~'.. ::~:--
•.. .. -=~~~-~ _B.~ .,.~ c ---~~,j~•lfl:t~•or~. 

TRANSISTOR PNP QP Lud designations are B for beae. C for collector, and E for emitter. 
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Table D 
COMPONENT TYPE SYMBOLS USED IN CDL 

COMPONENT 
TYPE 

PC BOARD 

DEVICES NOT 
RECOGNIZED BY 
ATG LIBRARIES 

INTEGRATED 
CIRCUIT 

USER SPECIFIED 
GUARD 

FIELD EFFECT 
TRANSISTOR 
N JUNCTION 

FIELD EFFECT 
TRANSISTOR 
P JUNCTION 

SILICON 
CONTROLLED 
RECTIFIER 

COL 
SYMBOL 

BOARD 

ICnn 

ICAnn 

DICM 

UKnn 

"I type) 

GD 

NJFET 

PJFET 

SCR 

'.... . 
· ..... ·~· .. -.. · ...... :. ::.. ....... ~. ' ... ·-~ ·-~ .. ·.:...·.; .. 

SCHEMATIC COMPONENT DESCRIPTION 
SYMBOL 

Used when e flegapec that •PPli• to the pc board is to be specified by 
the user. 

1 2 3 ... A device for which the ATG libreri91 do not have • tnt. Aeaumed to be • 
I I aemic;onductor device; so. the diod.e model is used. the VCC end GND 

guarding is used end the knee voltage VETO is used. The number of pins 
on the device replacn the M in the COL symbol. The number of pins 
allowable i1 any Integer from 2 through 127. Default ii 40 pins. 

1 2 3 ... 
Same ea ICnn except that the guarding ii not done. I I . 

1 2 3 ... A digital IC which hH no test in the librery but ATG will provide a 
I I dummy burst in the teat program and nail aHignment will reserve 

pins on MUX teater. The number of pins all-able i1 8 or an even 
number from 14 through 40 . 

.. 

1 2 3 ... A device thet is Haumed not to be a semiconductor device, 10 no 
I I guarding of VCC and GND. no knee voltage VETO. end no diode model 

era used. The impedance between pins is considered to be infinite for 
A TG circuit analysis. Pin quantity is &ame .. ICnn. 

1 2 3 ... An IC for which there is e test in a digital library or component library. 
I I Pin numbers are consistent with manufacturer's data end consequently 

with library specification. 

1 G Forces e guard at node G regardless of whether the library procedure 
-oQo- specifies a guard. 

COMPONENT LIBRARY CIRCUIT ELEMENTS 

·, 
"& . 

Lead dnignetions are D for drain. G for gate and S for source. ATG 
provides a FORM teat only for this device. Th.• user must complete the 
test. 

Lead designations are D for drain. G for gate and S for source. ATG 
provides a FORM test only for this device. The user must complete the 
test. 

i..ead designations are A for anode, C for cathode, and G for gate. 
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INTRODUCTION 

BOARD LEVEL PHYSICAL DESIGN FOR TESTABILITY. 

Joseph A. Prang 
Telesis Systems Corporation 

Chelmsford, MA 01824 

Research to date in the area of testability has focused almost exclusively on the area of 
IC design. Experts in the area of logic simulation have developed a variety of programs that 
assess the two most predominant measures of testability, "controllability" and "observability." 
The basic premise is that if the circuit can be controlled to set the logic to the desired 
state (controllability) and the fault being modeled is visible (observability) the circuit is 
testable. While these techniques have proved very useful at the IC level they have been less 
useful at the PCB level. One obvious reason is the complexity factor significantly increases 
at the board level and also the difficulty of modeling complex commercial VLSI devices. Another 
less obvious reason is that while the circuit may be controllable and observable from an 
electrical standpoint, the physical board design may make it impossible to access the circuit 
with the board test equipment. This access can be accomplished via bed-of-nails fixtures, test 
·connectors (especially for conformally coated boards), or hand held probes. However, many times 
it may be impractical or at least costly to relayout a board once its been "cast in fiberglass" 
to gain the necessary access. This accessibility problem will significantly increase as more 
and more surface mount devices (which may be totally inacc~ssibleJ are used. In fact, the 
constant pressure on PCB CAO companies to support improved blind and buried via capability for 
auto routing further deteriorates testability at the board level. It is these set of circum­
stances that lead to the need for new tools for "Design for Accessibility" (DF"A) for PCB CAD to 
improve overall board testability. The concepts, issues, and process of Design for 
Accessibility at the board level is the subject of this paper. 

TEST METHODS VERSUS ACCESSIBILITY 
DF"A then is the physical problem of providing a test point or "target" on a printed 

circuit board that is of the right size, shape, and spacing from an adjacent target. The 
target mustalso be unobstructed by outside layers or component packaging. It's probably 
intuitively obvious that to fully control and observe a circuit with an ATE system all points 
(netsJ·would be physically accessible. Thus, we could set the ideal case as the one where every 
net can be accessed at least once. Of course the appropriate level of access varies with the 
test method: 
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1 • Multiple access points/net for bareboard testing to provide shorts and opens test 
capability. (figure 1A). -

2. One access point per net for in-circuit testing to isolate each component for testing. 
This is the most predominant commercially available board test method. (figure 1B). 

3. One access point for all significant stimulus and response points for functional testing to 
minimize programming costs and minimize manual "guided probe" steps for diagnosis. 
(figure 1 C). 

Figure 1 

Test Method vs Typicnl Access 
Required 

A 

Bareboa:--d test 

B 

ln-C:lrcutt Test 

c 

Functional Test 

·~ £ed-of-Nalls probe point 
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So while the access required varies slightly from method to method, the affect is the same 
- less access, less test! And, for almost all situations where hundreds of access points are 
required, the vacuum bed-of-nails (BON) fixture is used (figure 2). In order to establish a 
reference point, the following situation will be used as a typical case for the balance of 
this paper. 

o ACCESS GOAL - one point per net 
o flXTURING METHOD - Bed-of-nails 
o TEST METHOD - In-Circuit Style 

Figure-2 

Vz:icuum Sed-of-Nz:iils Fixture 

PCB unaer Test 

i .••. ' 

a-11111 e 11111 r 11111 g -

;:1i?i:@tA1::::~:::1:~:\\\f ?<,::::~::::·11:~:;f :#::rn:t{:f t::'ll:t:\:1jii·::::::::;t.:· , 
h/ l 1 j 'T-k 

Tester Interface Points 

a Tooling Hole/Ptn 
b Eage Seal G2sket 
c Alignment Pin 
d Bed-of-nails probe 
e Vacuum chamber rubber stop 
f PC:B support board 
g Spring 
h Probe socket 
i Socket 1>2se board 
j Vacuum chamber 
k Wire wrap connection 
L Fixture frame 
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DESIGNING FOR BED-or -NAILS FIXTURES 
To begin to develop rules for DrA the BON fixtures and the probes which actually contact 

the board must be examined. BON fixtures are typically vacuum actuated. That means the edge 
of the board and any cutouts must be sealed with a foam gasket that protrudes· under the PCB 
under test. Thus, either component pads must not be allowed within a certain distance of the 
edge and cutouts or it must be insured that other pads are accessible on the. net beside those 
near an edge. Figure 3 shows a vety useful tool availalJle on some PCB CAD systems call a "Keep 
In" or "Keep out" area. These can be used to force either component placement or trace 
routing/vies in a specified area. 

Figure 3 

"KEEP OUT" Area for 
Fixture Senling · 

G G ~ 0 G ~ G G G e G ~ G G G ~ ~ ~ 0 e e ~ G G • 

I J~oeoooooeoooooooocccocoooo 
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Table 1 lists some of the mote important characteristics of the two most predominant probe 
t )'pes, the 100 mil and 50 mil. The 50 mil probe is more fragile due to the decreased barrel . 
diameter and so it is more costly to manufacture and less reliable. The total per point cost 
includes the probe/socket combination, drilling, loading, and wiring. 100 mil probe sockets may 
be wire wrapped, while 50 mil are so small that they must be crimped or soldered for connection 
to the tester interface. Thus, the 100 mil is preferable over the 50 mil. The reduced travel 
distance of a 50 mil probe means it can accomodate less board warpage and smaller height 
components protruding from a board. The travel of 50 mil probes is less because their reduced 
diameter makes it difficult to have a long barrel which doesn't bend under a "side load" 
condition. The force of the probe determines both how many probes can be clustered in a 
certain area and still be compressed by the fixture, and how well the probe can break through 
contaminants to get to the pad or lead. In PCB layout, careful attention must be paid to 
solder mask design to insure it doesn't cover too much of the target. The target size for each 
probe type is usually surprising information. The fact that the 50 mil probe may need a larger 
target than the 100 mil can be attributed to the angle a 50 mil probe can deflect in its socket 
versus 100 mil, the surface contact area of a 50 mil spear·prbbe versus 100 mil serrated, etc. 
Lastly, there is the continuing dilemma that 100 mil probes are typically designed for 
component leads while 50 mil typically require a flat surface like a via or pad to avoid 
loading. Vias must typically be filled w1th sblder to avoid losing vaccum w1th the fixture. 
Recommendations for target size, shape, and spacing can then be derived from this data. 

Table 1 

Bed-of-Nails Probe 
Comparision 

Cbprocteri st i c 1 00 Mil Probe 

Price x 

Reliability y 

Probe Travel 250 Mil 
Typical 

Probe Force B oz Typ 

Probe Tip 9/5 potnt 
Styles Serrated 

Min Size -2s Mil 
Target 

Typical Component 
Target Lead 
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DFA PROCESS AND ACCESS CRITERIA 
The process used to select the targets where nails. will be placed is critical to the 

overall effectiveness of DFA. If a schematic is used by the test engineer for picking test 
points, problems can occur since all spare parts or gates may· not be recorded on the schematic. 
That can create big problems when an ECO comes along that requires that spare part to be used, 
and the fixture must be modified to access it. The CAD system is where the real physical 
packaging is done and a more accurate database may exist than at schematic capture (especially 
if back annotation is not done or incomplete). CAD is the place to do the access planning. 
Rules can be developed to sort through a database for a board design and select the most appro­
priate point on the net to access using a variety of criteria. One example criteria would be 
to assign the access points at the sources of all signals on.the board. This point would be 
the output of all !Cs ·in a digital applications. The reason for this selection criteria is 
shown in Figure 4. Given the high probabilit·y that a design will be ECOed at sometime, with 
the associated cut and paste of track, an assignment that covers all signal sources virtually 
assures access at all current and·ECOed nets (Figure 4A). Should the assignment be done 
manually using a random selection or automatically using a simplistic criteria like "the first 
pin on every net in the database", problems like Figure 48 can occur. Here the ECO has caused 
a portion of the original net to be without access because an input was randomly selected for 
the access point. The choice of an available output as the access point insures a net will not 
be without access due to the ECO (Figure 4C). 

·, 

-496-



Figure 4 

VI-1D 
Original Circuit • 12 

\ 
\ 

-..,,~ECO cuts 
02 "-track and 

Spare Gate adds wire 

Possible Access 
· ' Points 

A - ECOed circuit and Access Points 

:::--==--b 
G O o C G. o 
col.. _.;;11 o 
o D , " P 
d D ' ;=, D 
c o --212 D 

c--=-t>. - ! \.C! p ~ o2 g.._..J · 
a g 
g_J . 

or 

No access 

B - Result if Input chosen for Original Access point 

~ 
Both nets accessed 

C - Re~ult if Output chosen for Original Access point 

-497-



BOARD LEVEL PHYSICAL DESICN FOR TESTABILITY 
by Joseph A. Prang . 

Another possible criteria could be used in cases where a pin connector is part of a net. 
If for example, there were a number of input signals to the board and, thus, the ncover all IC 
outputs" rule stated above didn't apply, we could choose the access point at the input pin of 
the IC or the connector. The connector may be the preferred location, because it allows the 
continuity of the track from the connector to the input pin on the IC to be verified at board 
test rather than possibly waiting for the first time the board is plugged into a system to find 
an open track. These two examples illustrate how DFA can affect both testability and minimize 
the effect of an ECO on a test fixture. Dozens of other criteria can be used as appropriate to 
the combined access goal/fixture method/test method. One criteria that will have increased 
significance in the future will be DFA that is geographic based. The reason is that the wire 
length in the fixture is a limiting factor on the speed of the tester. The mechanics of the 
fixture have been changed (figure 5A) to improve the wire length somewhat, but the big impact 
will come from software that selects the access point based on minimum distance to the desired 
driver/sensor in the tester (Figure 5B). · 

Fi·gure 5 

High Speed Board Test Fixturing 

iester lnteriece 

Original hinged 
fixture · 

I\ i I 
Short wire wrap Internal translator 

Version plate version 

A - Mechanical Fixture Improvements 

Pist11nce 
from ,.ester 
.fll Prooe 

1r1teriece 
Point 

i - Minimum distance probe assignment 
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DFA DOCUMENTATION 
Accurate, automatically generated documentation may be as important for productivity 

improvements "downstream" in board test as the appropriate selection criteria. An example is an 
annotated probe map. This is similar to Figure 3, but with the test point numbers for each 
probe marked on the plot (Figure 6). There actually may be several tapes/plots used in the 
fixturing process. The drilling data (Figure 6A) may bed used.to drill all holes where a BON 
probe may ever be needed. Then, using the appropriate selection criteria, a plot which 
indicates the actual access points chosen and their tester pin assignments can be generated 
(Figure 68). This plot can prove extremely useful in three ways: 

Debugging the fixture and verifying its correct drilling/wiring. Remeber there may be 
several thousand probes and wires in a fixture. Also, when a undebugged program fails, its 
usually very difficult to decide whether its the tester, the program, the fixture, or the 
board. 

It provides a cross refe~ence between the fixture's physical connections and the test 
program generated by and ATG package or simulator. The beginning point for test generation 
is a netlist and parts list which can also be extracted from the CAD database (insuring 
good cross referencing between netlist/parts list and fixture data). The automatic 
netlist/parts list generation for the test programming process can save up to 2~ of the 
overall progra. .. prep costs. And, test programming is like PCB layout, an 
inaccurate/incomplete netlist means the same for the resulting test program. 

As a repair aid, probe maps allow operators to physically locate the tracks identified via 
tester numbers on diagnostic tickets. Shorts/opens location time is well known to be the 
most expensi.ve fault locahng activity in repair. 
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DFA FOR SMD DESIGNS 
The impact of SMD on our access/fixture/test goals can be dramatic. Some of the physical 

differences of en SMD design versus their possible impact on accessibility ere listed in Table 
2. The possibility of having to access a surface mounted board from both the bottom end top 
side brings with it a myriad of alignment, reliability, and cost problems. Getting two probe 
plates aligned to opposite.sides of a PC board can be very tricky, especially on 50 mil 
centers. Given a reasonable mix of SMD and some through-hole components, it hes been estimated 
to require about 5-10~ more surface area to get every net accessible once from the bottom side 
of a board with acceptably sized targets. The blind/buried vies, SMD packaging styles, and pad 
designs all contribute to invisible targets from either side. In through-hole technology, the 
visibility came for free! The closer spacing means tne 50 mil probes with ell their idio­
syncrecies may be needed. The ultimate impacts vary depending on the level of DFA implemented: 

Typical Through Hole Access - Bottom side only/100 mil 
Best SMD Access - Bottom side only /100 mil 
Good SMO Access - Bottom side only/50 mil 
Poor SMD Access - Top/Bottom side access required 

50 mil 
Worst SMD Access - Limited/no access on top/bottom side 

50 mil 

It's clear that the most important issues are getting the target visible and unobstructed 
on the outside layers, getting them all on the bottom side if possible, and making them 2s ~ig 
2s possible. Table 2 

SMD Technology versus Accesszibility 

·. SMn Att:ibute 

Top side surface 
mount components 

Blind/Buried Vias 

" Lead, Leadless, or 
Gullwing package 

Variety of pad designs 

Closer Pad Spacing 

Traditional bottom side 
access not guaranteed. May 
need to access from top and 
bottom side. 

Same as above, also net may 
not be accesslble from either 
side depending on component 
packaging and pad design. 

Probe target is pad or flat 
lead CGullwing) compared to 

cut/clinched lead for through 
hole packaging. 

More difficult to determine 
accessab111ty manually com­
pared to through hole design. 

50 Mil probe now needed or 
·ranout· paas to 1 oo Mi ls. 
PCB to fixture alignment 

. critical. 
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The first step is getting the target visible in the first place. If the design uses 
exclusively SMD components with blind/buried vias, a totally invisible design can easily be 
created. It may be that the net itself is visible on the top layer (Figure 7A) or bottom layer 
(Figure 78), but the pads are hidden by the SM!} component packaging. J leaded packages would 
cause this situation. Another case has no outer layer net visibility because blind vias are 
used at the ends of the connections to drop to inner layers under the SMD's component pads 
(Figure 7C). 

icpL~ 

Figure 7 
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The solution to this external visibility problem can take several forms. One method is t'o 
provide pad designs that extend out from the J lead component packaging the proper distance to 
accept a probe (Figure SA). If the package is a gullwing lead design, the lead itself may be 
the contact (Figure 88) if probe bending and stress on the lead-to-pad solder joint is deemed 
acceptable. If not, the pad must be extended beyond the gullwing lead to provide a target pad 
"extension" (Figure BC). 
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These "extension" methods are not the only solution. In fact, in the case of a top-sidec;I 
surface mount component the extended pad gets the net visible on top (and improves access from 
the worst to poor level) but means a two-sided fixture must still be used. Also, the pad 
extensions would probably be contained with the package/pad data. Since our access goal is 
only once per net, it really isn't necessary to extend every pad and suffer the resulting 
density loss. Another alternative would be to have a target inserted somewhere along a net by 
DFA software. This could take into account more criteria than simply getting the net visible 
on an external layer. 

The DfA soft ware could search for an existing th·rovgh-hole on a net, assuring access 
from.the bottom and eliminating any pad extensions. 

- The DfA software would know if a pad extension ~ere being made on the top or bottom 
layer to know if only visibility was accomplished or also bottom access. 

- The DfA software could be cognizant of any routing or design rule impact from the 
insertion of a probe target. The requirements for size and spacing of component pads, 
vias, and probe targets may be different. While the physical design rule for line to 
line/line to pad/and pad to pad spacing may be in the 6 to 8 mil range, the probe target· 
may be required to have an open area around it. that may be in the 18-20 mil range, This 
is to account for worst-case tolerance buildups that may exist especially in two-sided 
fixtures that could cause a probe (especially the seruted type) to hit the wrong 
target. 

Figure 9 
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If, through ·the use of DFA software, bottom side access can be gained, the remaining way 
to improve the level of DFA is to provide for 100 mil targets. Pad extensions like those in 
Figure B make a pad accessible, but would typically require a 50 mil probe. Extension 
techniques to both gain access and achieve 100 mil spacing are shown in Figure 9. 

The staggering pad method could provide better use of real estate and have less impact in 
terms of the number of router channels blocked, if the router has the ability and space to 
serpentine between the pads. Capabilities like 45° routing and the ability to have the 
channels between pads preferred for use will minimize the impact of these fanout techniques. 

CONCLUSION 
DFA or Design for Accessibility is a key component in achieving board level design for 

testability. All commercially avaialable board test methods are strongly impacted by the 
accessibility of a design. The large number of factors to consider in physical layout that 
affect accessibility make it difficult to perform manually. By using the PCB CAD database and 
appropriate criteria access can be planned, implemented, and documented. 

The use of SHD design techniques could ha~e a serious impact on accessibility. To 
maintain access and not incur significantly increased costs due to the need for both side 
access or smaller/more expensive probes, DFA for SHD is a must. Pad extensions, fanouts, and 
inserting probe targets on a net will be the kinds of tools used by DFA software to maintain 
access. 
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CV-OU! tlLllIS-~-CADDl/'X co••AtIBILtr 

Don Deily 
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Telesis Systems Corporation 

Chelmsford, Massachusetts 

ABSTRACT 

The following document was r~printed from the 
Telesis EDA-709 Series Documentation (Part No. 
76-99962-B9i), Telesis Users Manual. 

IRTRODUC'f ION 

Any Telesis EDA-799 printed circuit board drawing may be 
converted to a Computervision CADDS-4X drawing by using 
the Telesis CV-OUT feature. CV-OUT scans the Telesis draw­
ing and writes .a text (ASCII) file .of CADDS-4X commands 
that will create a CADDS-4X drawing exactly like the ori­
ginal Telesis drawing. The text file can be transferred to 
the CADDS-4X system by 9~track tape using standard Telesis 
and CADDS-4X commands, as described in Section 4 in this 
document. The data flow is shown in the following diagram: 
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Set Up of Control Files 

Before running CV-OUT, there are several things you must 
first do on the Telesis EDA-708: 

a. When you first build the PC board drawing to be 
translated to CADDS-4, make sure you use symbols 
that have exactly the same pin positions and pad 
geometry on every layer as corresponding CADDS nodal 
subfigures (symbols). The CADDS command file created 
for conversion will assume the subf igures are 
already· in CADDS. 

b. Create a conversion control .text file called CV­
CONVERT. This specifies layer correspondence, 
conversion of Telesis to CADDS characters, net 
names, symbol-to-subfigure names. See the CV-CONVERT 
FILE section below. 

c. Create (or extract from your CADDS library) a sub­
f igure automation text file CV-SYMDISP. This file 
tells where the reference designator and device type 
text nodes. are on each library subfigure. See the 
CV-SYMDISP below. This document also gives a CADDS 
execute file that you can use to get the required 
information from your parts library and format it 
inot a form required by CV-OUT. You can then 
transfer this file to the Telesis system and it can 
be available for any number of conversions. 

d. Create a preamble CADDS command text file, called 
CVDRAW-OPEN. CV-OUT automatically puts CVDRAW-OPEN 
at the beginning of the CADDS command file it 
builds. CVDRAW-OPEN typically opens a CADDS drawing. 

e. Create a postamble CADDS command text file, CV-DRAW 
CLOSE. CV-OUT automatically puts CV-DRAW CLOSE at 
the end of the CADDS command file it builds. CV-DRAW 
typically contains drawing save commands. 
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IHVOKIRG TBI CV-00'! COIUIAllD 

Once you have created these files, you are ready to run 
CV-OUT. 

1. On the Telesis terminal, activate the Telesis draw­
ing that is to be converted. DO NOT operate any com­
mands using the function screen. 

2. If your text editing keyboard.terminal is attached 
to a port other than port e, you may have to log 
into the EDA operating system. You can determine 
what port your keyboard editing terminal is plugged 
into by reading the number printed to the left of 
its connector on the Telesis cabinet. Type the fol­
lowing: 

HEL SYSTEM/SYSTEM 
~-·.~ . ' 

The terminal will either respond with a series of 
log on messages, or "HEL -- Other User Logged On." 
Either way, you can now run the CADDS conversion 
program. 

3. At the text.editing keyboard terminal, type: 

>@CV 
(Ignore messages "ABO -- ••• , REM -- ••• etc.) 

4. A menu will appear on the keyboard terminal with the 
following selections: 

e. Exit 
1. Convert TELESIS to COMPUTERVISION 
2 ••••• (Ignore all other options) 
3 ••••• (Do not use other options) 

Select 1. This will display the following menu: 

0. Exit 
1. Create CV conversion files (netlist/drawing commandfile) 
2. Create symbol summary report 

You should select °Create symbol summary report" first, 
and print the report created (CVSYM-OUT) to check that the 
control files are correct, and that they symbol­
reference-designator offsets are also correct. Once you 
have checked the symbol offsets in CV-SYM-OUT, you can run 
"Create CV conversion files• to create the actual command 
files for transfer to the CADDS-4X system. 

-510-



The f ollowin9 diagram shows the data flow of CV-OUT on the 
Telesis system: 
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'lBE CONVERSION PROCESS FLOW 

a. The program first reads the text files that deter­
mine the header and trailer test for the CADDS-4X 
execute file (CVDRAW-OPEN, CVDRAW-CLOSE), the 
conversion of non-CV characters, netnames, and sym­
bol names (CV-CONVERT), and offset of the refdes and 
device type labels on CV symbols (CV-SYMDISP). Refer 
to the sections below for a detailed description of 
these files. 

b. The program then writes the file of CADDS-4X com­
mands to create a CADDS drawing equivalent to the 
Telesis drawing. The first commands place the CV 
components using INS· NFIG (insert nodal figure). 
Then INS NTXT (insert nodal -text) commands annotate 
the components, inserting reference designators and 
and device· types. The commands place the text at the 
locations given by the CV-SYMDISP file. The system 
then write~ commands to rotate and mirror the nf igs 
to their correct positions. Next, it writes INS NLIN 
commands to add the connecting etch. The program 
inserts 
each nlin at the layer specified in the CV-CONVERT 

file. Finqlly, the program writes these commands 
inserting all auxiliary entities: the board out­
line, drawing format, etc. During the conversion 
process, the program writes progress and error mes­
sages to a file called CVDRAW-LOG. The structure of 
the CADDS-4X command file is: 

ASCII file CVDRAW-OUT 
=============================================== 

CVDRAW-OPEN (user-defined preamble file) 

INS NFIG (using names from CV-CONVERT) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
INS NTEXT (using offsets from CV-NFIG-TEXT) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
INS STR (for Telesis shapes and rectangles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
INS NLIN WDT N (connecting lines) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
INS STR (board outline, drawing format, etc.) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
INS TEXT (drawing notes, etc.) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
CVDRAW-CLOSE (user-defined postamble file) 

=============================================== 
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c. The program then writes the board netlist in CADDS-
4X format to the file CVNET-OUT. Since the CV system 
requires a non-blank name for every net, the program 
creates CV-compatible net names for all nets with 
blank net names (on the Telesis side). The CADDS-4X 
operator reads in this file and merges with the 
CADDS-4X drawing using the MERGE NET command. 
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COll9BIUII08 COBTllOL l'ILBS 

CV-CONVERT File 

The CV-CONVERT text file allows you to specify the mapping 
of the following, from Telesis to CADDS: 

a. Individual ASCII characters, since some characters 
allowed in Telesis symbol names and net names are 
not allowed in CADDS. (Keyword= CVCHAR). 

b. Layers (Keyword= CVLAY). 

c. Net names (Keyword= CVNET). 

d. Symbol names (Keyword= CVSYM). 

e. Universal discrimination layers ofr INS NLIN (Apply 
to connections on all layers-- Keyword= CVULY). 

f. Particular discrimination layers for INS NLIN (Apply 
to connections on a particular layer -- Keyword = 
CVCLY). 

g. Layer for I~S NFIG of the VIA-type symbol in CADDS. 
(Keyword= CVVIA). 

The general grammar of CV-CONVERT is: 

------------------------------------------------------I <keyword> <Telesis-value> <CADDS-value> <option> 

The grammar for each keyword follows. Each of the three 
(or optionally four) fields contents of the angle 
brackets <> -- is separated from the one before by one or 
more blanks or tabs. 

COMMENTS: Any characters inside paranthesis are ignored as 
comments. 

Keyword CVCHR: 

I CVCHR <Telesis-character> <CADDS-character> 

This keyword specifies conversion of Telesis characters 
that are not allowed in CADDS-4X. For example, the slash 
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(/) is allowed in Telesis symbol names, but not in CADDS-
4X symbol names. 

Keyword CVLAY: 

I CVLAY <Telesis-layer-number> <CADDS-layer-number>I 

This keyword gives the layer ~orrespondence between 
Telesis and CADDS. Any element found on the given Telesis 
layer will be inserted into the CADDS· database on the 
corresponding CADDS layer. To suppress the output of a 
particular Telesis layer to the CADDS-4X file, put a -1 as 
the CADDS-layer-number. 

Keyword CVNET: 

I CVNET "<Telesis-net-name>" <CADDS-net-name> 

The Telesis net name must be in quotes if the net name 
includes any spaces. Otherwise, the program would not be 
able to parse th~ CVNET command. If there is not a pair of 
quotes, the program takes the net name to be the field up 
to the next space. 

Keyword CVSYM: 

-------------------------------------------------------
I CVSYM <Telesis-sym-name> <CADDS-sym-name> <code> 

The CVSYM keyword defines a CADDS-4X nf ig name for every 
Telesis symbol name, and optionally, for each allowed 
rotation (0, 90, 180, 270) and mirroring of the Telesis 
symbol. The codes are shown in the following table: 

-516-



I ROTATION MIRRORED CODE I 
1----------------------~--------~------------------I 8 degrees 

98 degrees 
188 degrees 
278 degrees 

8 degrees 
98 degrees 

188 degrees 
278 degrees 

NO 
NO 
NO 
NO 

YES 
YES 
YES 
YES 

1 
2 
3 
4 
5 
6 
7 
8 

-----------------------------------------~----------

NOTE 1: If the code field is ·blank for a symbol name, then 
the program will use the given.CADDS-4X symbol name for 
all instances, and generate commands to rotate and/or mir­
ror the symbol 'in the CADDS-4x drawing to the same or ien­
tation as the original T~lesis symbol. Also, if no entry 
exists for a symbol name, then the Telesis symbol name 
will be used in CADDS-4X, and it will be rotated and mir­
rored as required. NOTE 2: THE CVSYM ENTRIES MUST BE IN 
ALPHABETICAL ORDER BY TELESIS-SYMBOL-NAME. This allows 
the look-up process to be very fast. If the names are not 
in alphabetic order, some of them will not be found during 
translation. NOTE 3: To suppress conversion of a Telesis 
symbol, put a •-• as the CADDS-4X name. 

Keyword CVULY: 

I CVULY <list of universal connecting CV layers> 

This layer will be included in the ECHO lAY <layer-list> 
layer discrimination command beginning each INS. NLIN 
block. It will be concatenated with the CVCLY layer list 
of cnodes to be recognized only for this layer. These two 
layer lists combined will ensure that connections will be 
made only to cnodes associated with the current etch 
layer, and any universal layers. This will overcome the 
fact that the CADDS INS NLIN command will connect to any 
cnode at any layer, unless the undesired layers have been 
made invisible. 

Keyword CVCLY: 
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-------------·-------------------------------------------11"'!"--
I CVCLY <CADDS-layer-number> <CADDS-cnode-layer-list> --------------------------------------------------------------
This layer list will be included in the ECHO LAY <layer­
list> layer discrimination command beginning each INS NLIN 
block. It will be concatenated with the CVULY layer list 
of cnodes to be recognized only for this layer. These two 
layer lists combined ensure that every connection will be 
made only to cnodes associated with the current etch 
layer, and any universal layers. This overcomes the fact 
that the CADDS INS NLIN command will connect to any cnode 
at any layer, unless the undesired layers have been made 
invisible. 

Keyword CVVIA: 

I CVVIA <CV-via-layer> 

This specifies the layer to which the Telesis symbol via 
will be added in CADDS. This command operates indepen­
dently from CVSYM, which may also cause a translation to a 
name different from VIA in CADDS. 
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SAllPLB CV-COBVUT PILB 

A sample CV-CONVERT file is shown in the diagram below: 

---------------------------------------------------CVCHR 

CVSYM 
CVSYM 
CVSYM 
CVSYM 
CVSYM 

I 

DIP14 
DIP14 
DIP14 
DIP14 
EL-56 

• 

PC.SYM.DIP14.0 
PC.SYM.DIP14.90 
PC.SYM.DIP14.180 
PC.SYM.DIP14.270 

(SUPPRESS. THIS 

1 
2 
3 
4 
SYMBOL CONV.) 

CVNET •+s VOLTS• SIG005V 
CVNET GND SIGGND 

CVLAY 0 
CVLAY 1 
CVLAY 2 
CVLAY 3 
CVLAY 4 
CVLAY 12 
CVLAY 13 
CVLAY 70 
CVLAY 101 
CVLAY 102 

CVULY 1 20 

CVCLY 
CVCLY 

CVVIA 

12 
19 

20 

1 
12 
13 
14 
19 
42 
49 
80 
-1 
-1 

(CNODES) 
(COMPONENT-SIDE ETCH) 
(INNER-LAYER-2 ETCH) 
(INNER-LAYER-3 ETCH) 
(SOLDER-SIDE ETCH) 
(COMPONENT-SOLDER-MASK) 
(SOLDER-SOLDER-MASK) 
(ROUTER KEEP-OUTS) 
(SUPPRESS RATNEST) 
(SUPPRESS DENSTY HISTOGRAM 

(UNIVERSAL CONNECT LAYERS) 

22 (CNODE LAYER FOR COMP-SIDE 
29 (CNODE LAYER FOR SLDR-SIDE 

(LAYER FOR VIAS) 
---------------------------------------------------
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CV-SYMDISP PILE 

The general grammar of CV-SYMDISP is: 

I <CV-nodal-figure-name> 
I <x-of fset> <y-offset> COMPNAME 
I <x-of f set> <y-of f set> DEVICE 

a. THE NODAL FIGURE NAMES MUST BE IN ALPHABETICAL 
ORDER. This allows the conversion program to run 
faster. If the names ar·e not in alphabetical order, 
some of them will not be found, and incorrect 
offsets will be used. 

b. The data for each podal figure must be on three 
lines, as shown. 

c. The COMPNAME and DEVICE lines may be in either 
order. 

d. All fields.on one line must be separated by one or 
more blanks or tabs. 

e. The x and y offsets are signed numbers in drawing 
coordinates giving the offset of that text node from 
the library symbol origin. The first number pair is 
taken as the REFDES offset, and the next as the DEV­
ICE -TYPE. 

f. If the offsets are missing for any figure name, the 
conversion program will insert that nodal text at 
the nf ig origin. 
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SAMPLI CY-S!llDISP PILI 

----~------·---------------
I PC.LIB.DIP14 
1.250 - .050 COMPNAME 
1.150 - .350 DEVICE 
I PC.LIB.RES 4HJ 
I • 058 • 085 DEVICE 
1-.075 - .250 COMPNAME 
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BOW 'fO DUSFBR CUDS-ft DATA PllQR TELESIS 'IO c:A.DDS-4X. 

CADDS PILES 'IO TUB (FllOJl TBLBSIS) - After you have 
created the correct CADDS-4X command file and netlist 
file on the EDA-788, mount a tape with a write ring onto 
your Telesis tape drive. Pick ARCHIVE_TAPE, OLD~TAPE, 
ASCII_TO~TAPE. Then pick TEXT;J'ILE~TO_TAPE twice, enter­
ing the names CVDRAW-OUT, and CVNET-OUT. Next, pick ENTER 
and the system will write the two files to tape in stan­
dard ASCII ( 88 byte record) format .• 

TAPE 'lO CADDS-4X (OR CADDS SYSTBll) - Mount the tape on the 
CADDS-4X system and type the following commands: 

0>ATTACH MT,TAPE 
-.. 

0>CONVERT :MT ~ELE.EXEC//CONVERT=A-C,FORMAT=(RECCNT=l,RECSIZE=88) 

l>CONVERT :MT TELE.NET//CONVERT=A-C,FORMAT=(RECCNT=l,RECSIZE=88) 

fJ>REWIND 

fJ>DETACH MT 
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BUCU'll '!BB CADDS-.tX CQIUWID l'ILB (0)1 CADD8--4X) 

l>EXECUTE TELE.EXEC 

The EXECUTE command builds the Telesis board as described 
in this document, by adding components (INS;,JIFIG) and 
connecting them with the INS_NLIN commands, and adding 
drawing format an notes, etc., with INS_LINE and INS.:_TEXT 
commands. After the creation is complete, the operator 
can complete the transfer using MERGE;,JIET, and check it 
with the COMPARE_NET command. 

BOW TO BX'lRACT CADDS-4X SYRBOL DATA roa CV-SYMDISP 

The CADDS-4X execute file (following) will get the X and Y 
offsets of the refdes and device --text nodes by using VER­
IFY entity, and ~hen create a condensed text file, using 
TECO commands, for transfer to Telesis. The data extract 
file can be set up to extract any number of CADDS~4X fig­
ures by using CADDS GENCOM macros. 

As part of the CV-OUT release package, Telesis supplies a 
tape of the following CADDS execute file: 
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MOVE TELE.TABLE.&BCD.CONV-LIST TRASH.IT//NLEV,CHECKS=N,REPL=Y 
MOVE TELE.TEMP.&BCD.CONV-LIST TRASH.IT//NLEV,CHECKS=N,REPL=Y 
GENCOM TELE.TEMP.CONV-LIST<CTRL-U> 
HARDFILE TELE.TABLE.CONV-LIST 
OK 
CADDS<<CR><CR> 
ACT PAR $1,-2$ 
ACT DRA 1 
ECH LAY ALL 
MARK ENT ON COND 
<* 
<* 
<* 

The following line is to be the property name used 
on tnod for the REFERENCE DESIGNATOR. 

<* 
COMPNAME 
MARK ENT ON COND 
<* 
<* 
<* 
<* 
<* 

The following ~ine is to be the property name used 
on tnod for DEVICE TYPE. 

If DEVICE tnod non-existent, insert an asterisk at start of 
line numbers 17 and 24 

<* 
DEVICE 
LIST PART STATUS 
VER ENT :MARK VWIN NAME l<<CR><<CR> 
EXIT PAR Q<CR> 
<* 
<* 
<* 

The following line can be a PART NAME or CATALOG NAME 
followed by "/&PD/NLEV" 

<* 
TELE.PC/&PD/NLEV 
<CR>EXIT CADDS 
HARDFILE 
EDIT TELE.TABLE.CONV-LIST 
A TEMP.FILE 
OK . 
Q 
TECO TELE.TABLE.CONV-LIST 
J<<ESC><<<<Si<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<ESC><<<<S STA<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<SX,Y,Z<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<RPART NAME =<<ESC> <<ESC>><<ESC><<ESC> 
J<<ESC><<<<SDrawing file not found<<ESC>0L<<ESC>K<<ESC>><<* 
<<ESC><<ESC> . 
J<<ESC><<<<SCONVERT SOLID<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<SAUTOANN<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<SENTERING<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<S:<<ESC>iL<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<STEXT<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<SSEQU<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<SMARK<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
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J<<ESC><<<<S(<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<SENTITIES<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<STELE.TABLE<<ESC>BL<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<SINPUT DEVICE<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<SON CON<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<SLAYER<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<R. <<ESC> <<ESC>><<ESC><<ESC> 
J<<ESC><<<<S?<<ESC>0L<<ESC>K<<ESC>><<ESC><<ESC> 
J<<ESC><<<<S<<CR><<CR><<ESC>-lD<<ESC>-lL<<ESC>><<ESC><<ESC> 
J<<ESC><<<<RX =<<ESC> <<ESC>RY =<<ESC> <<ESC><<* 
SZ =<<ESC>-3C<<ESC>K<<ESC>><<ESC><<ESC> . 
J<<ESC><<<<R <<ESC> <<ESC>-lL<<ESC>><<ESC><<ESC> 
EX<<ESC><<ESC><CR> 
x 
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SAMPLE CVS!M--OOT (SYMBOL SUD.UY REPORT) 

* * *** TELESIS SYSTEMS CORPORATION *** 
* * SYMBOL/NFIG OCCURRENCES SUMMARY FILE 
* 
* 
* 
* 
* 
* 
* 

. PROJECT : SIG-PROC 
DRAWING : PCB 

DATE : 16-JUL-86 
TIME : 11:29:46 

TELESIS SYMBOL/ CV NODAL .FIGURE 

1 
1 

OCCURRENCE CV-TEXTOFFSETS 
REFDES DEVICE 

--------------------------------------------~---------------------------------~ ~ 
CAPAX500T 
TELE.PC.CAP.500T 48 0.025 -0.250 * 0.000 0.00~ 

DI0500T 
TELE.PC.DI0.500T 1 0.150 -0.250 * 0.000 0. 00, 

DIP14 
TELE.PC.DIP.14 11 0 .175 -0.200 * 0.000 0 .001 

DIP16 
TELE.PC.DIP.16 35 -0.375 -0.200 * 0.000 0. 00, 

RES600 
TELE.PC.RES.600 17 0.025 -0.300 * 0.000 0 .·00~ 

TARGET 
TELE.PC.TARGET 3 

TEST-COUPONl 
TELE.PC.TST.CPNl 2 

T05AT 
TELE.PC.TRN.T05AT 6 0.100 -0.350 * 0.000 0.00 

VIA 
-TELE.PC.VIA 904 
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8.AllPLB CVDRAW-OUT (CADDS-U COIU•D PILB) 

* *** TELESIS SYSTEMS CORPORATION *** 
* * COMPUTERVISION DRAWING TRANSFER FILE 
* 
* 
* 
* 
* 
* 
* 

PROJECT : CVOUT 
DRAWING : PCB 

DATE : ll-MAR-87 
TIME : 14:37:16 

1 
HVl 

* INSERT STATEMENTS HERE TO OPEN.DRAWING AND SET PARAMETERS 
CADDS<CR> 
<CR> 
ACT PAR TELE.PCB 
SEL TRAP .018 
* * END OF INSERTION 
* * INSERTING NODAL FIGURES 
* INS NFIG DIP14: X8.200 Y5.300<CR> 
INS NTEXT /Zl/ TNOD : X8.350 Y5.350<CR> 
INS NTEXT /7408/ TNOD : X8.350 Y5.025<CR> 
* * INSERTING SINGLE CNODES 
SEL LAY 19<CR> 
INS CNOD : X8.100 YS.600<CR> 
* * INSERTING CONNECTIONS 
SEL LAY 19 
ECH LAY 1 19 
INS NLIN WDT 0.010: X8.500 Y4.900,LOC X8.400 Y4.900,<* 

X8.400 YS.300, X8.500 Y5.300<CR> 
* 
~ INSERTING MISCELLANEOUS GRAPHICS 
SEL LAY 33<CR> 
INS STR WDT 0.000: X7.700 Y3.300, X7.680 Y3.400, X7.600 Y3.700,<* 

X9.600 Y3.300, X7.700 Y3.300<CR> 

• INSERT STATEMENTS HERE TO FILE DRAWING AND EXIT CADDS 
ECH LAY ALL 
* END OF I.NSERTION 
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SAllPLI CV&B'l-OOT 

* 
* *** TELESIS SYSTEMS CORPORATION * ** . 
* 
* COMPUTERVISION NETLIST TRANSFER FILE 
* 
* PROJECT : CVOUT l 
* DRAWING : PCB H\71 
* 
* DATE : 06-MAR-87 
* TIME : 16:57:07 
* 
0001 WEN Zl-2 Jl-2 Cl-2 
0002 GROUND Z2-7 Zl-7 R2-l Jl-12 

C2-2 Cl-l 
0003 +5v Z2-14 Zl-14 Zl-10 R3-l 

Jl-10 C3-l C2-l 
0004 XSIG0001 Z2-5 C3-2 
0005 RESET Jl-21 CRl-2 
0006 XSIG0002 R4-2 CRl-1 
0007 CLKl Zl-1 Jl-1 
0008 XSIG0003 Z2-6 Jl-5 
0009 XSIG0004 Zl-8 Jl-6 
0010 XSIG0005 Z2-3 Jl-8 
0011 XSIG0006 Zl-3 Rl-2 
0012 XSIG0007 Zl-4 R2-2 Rl-1 
0013 XSIG0008 Zl-5 R3-2 
0014 XSIG0009 Z2-2 Z2-4 R4-l 
0015 XSIG0010 Z2-l Zl-9 Zl-6 
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TBLBSIS<-~>CADDS-4X BQUIVALBllCIBS 

The table below gives a general 
Telesis and CV CADDS-4X. However, 
be accomplished in dif fererit ways 
have no counterpart. 

correspondence between 
particular functions may 
on the two systems, or, 

TELESIS ELEMENT CADDS-4X ENTITY 

SYMBOL (with connect points) •• NODAL FIGURE 
SYMBOL (without connect pts) •• SUBFIGURE 
CONNECT POINT ••••••••••••••••• CONNECT NODE 
TEXT POINT •••••••••••••••••••• TEXT NODE 
TEXT ON A TEXT POINT •••••••••• NODAL TEXT (if part Of nfig) 
TEXT ON A TEXT POINT •••••••••• TEXT (if stand-alone) 
CONNECT LINE •••••••• · •••••••••• NODAL LINE 
LINE •••••••••••••••••••••••••• STRING 
RECTANGLE ••••••••••••••••••••• STRING (rectangular, closed) 
ARC/CIRCLE ••••••••••••••••••••ARC/CIRCLE 
SHAPE ••••••••••••••••••••••••• STRING (closed) 
SHAPE-VOID •••••••••••••••••••• (no corresponding entity) 
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GLOSS.AU OP COllVBUIOB RULBS 

The following table .lists how the various Telesis features 
convert to CADDS-4X. The list is in alphabetical order. 

BURIBD VIAS: are handled correctly with layer discrimina-
tion in INS NLIN. 

CAI.» OUTLINE. PLATIRG BAR:. are lines and arcs at a width 
in Telesis. They will translate.as strings and arcs in 
CADDS. 

COMMHD LIRE COMPLftIOB: CV-OUT adds the four characters 
<CR> at the end of each CADDS command. This ensures that 
every command will reach completion, since in some cases 
(for example, INS NTEXT) it may .. still be expecting user 
input. 

CORRECT LAYBR DISCRillIRATIOB: CADDS INS NLIN (add connec­
tion) doesn't automatically discriminate cnodes by layer. 
That is, it may connect to ANY cnode at a location, 
regardless of the cline layer. This causes a problem as 
nodal lines· that are directly over each other (for exam­
ple, going to connector fingers) may connect to an 
incorrect cnode on another layer. The equivalent Telesis 
command will only connect to cnodes on the layer of the 
cline, or to a through-hole if one exists. 

Telesis CV-OUT overcomes this CADDS limitation by preced­
ing INS NLIN commands for a particular layer with the 
command ECHO LAY <layer-list> where the layers in the 
list are only the layers allowed for connection to etch 
on that layer. All other layers will then be invisible, 
assuring reliable connection to the desired cnodes. 

DEVICE TYPES: are text points attached to symbols in 
Telesis. The text converts to CADDS as INS NTXT onto the 
corresponding tnode with property DEVICE. 

DRAWING FORMAT: will convert as strings, arcs, and stand­
alone text nodes. 

DRC ERROR MARKERS: do not convert these. Instead mark· 
layers 131-144 as no-convert. CADDS has its own DRC 
methods and markers. 

IMPLICIT POWER ARD GROURD PLAHBS: Telesis has no explicit 
database representation of thermal-relief/anti-pads on 
component pins, since our CREATE PHOTOPLOT writes the 
correct flash automatically, according to the net name. 
CADDS has no way to automatically set the correct pad. CV 
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users may either create the photoplot output using 
Telesis' automatic feature, or use their normal method on 
CV• 

NO-ROUTB NETS: will be reported in CVDRAW-LOG. There is no 
equivalent CADDS data. 

PADS (OFFSET): if they are used in Telesis, they must be 
reflected in the equivalent CADDS library padstacks. 
(Apparently, this is a recent CADDS feature). 

PIH NUMBERS: are non-graphic properties of component pins 
in Telesis. They do not convert, but there must be a 
corresponding cnode with the same pin number in the CADDS 
nfig. · 

PLACEMENT, PINSWAP, AND !'UNCTION SWAP DATA: CADDS handles 
placement and swapping in a special pre-routing process, 
using its own library information. Therefore, the Telesis 
on-line swapping information will not convert. 

RATSNEST (LINES AND HISTOGRAM): CADDS has its own ratsnest 
methods, so don't convert the ratsnest lines. Simply mark 
the Telesis layers 101 (lines), and 102 (histogram) as 
no-convert. 

RECTANGLES: Telesis and CADDS generally treat rectangles 
in the same manner1 if the photoplot program sees them, 
it fills them7 if the router sees them, it considers them 
as keepins or keepouts, according to their layer1 if pen­
plot sees them, it plots their outline. All rectangles 
will convert to INS STR and should behave correctly, as 
long as they are mapped to the correct CADDS layer. 

REFERENCE DESIGNA'l'ORS: are text points attached to symbols 
in Telesis. The text converts to CADDS as INS NTXT onto 
the corresponding tnode with the property COMPNAME. 

ROUTE WIDTH FOR NETS: will be reported in CVDRAW-LOG. 
There is no equivalent CADDS data. 

ROUTER AND PLACEMENT KEEPINS & KEEPOUTS: (in board and as 
part of the symbols) convert as INS STR in corresponding 
layer in CADDS. CADDS' router will respond correctly, as 
long as they are on the correct layer. SHAPES: Telesis 
shapes allow voids CADDS does not. CADDS will 
photoplot-fill any closed string, however, it will also 
overwrite voids. The solution is to convert the boundary 
of a shape as INS STR. If there are any voids, write an 
error message to CVDRAW-LOG, and as a comment to CVDRAW­
OUT. Then continue conversion. 
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SILUCJtBD: consists of the uaers•. c.boict of lines, text, 
arcs, etc. These convert to the correspondinfJ CADDS 
strings, text, and arcs at the designated layer{s). 

SOLDBa llASK: The solder mask pads are simply another set 
of padsizes in both Telesis and CADDS. Other solder mask 
graphics will convert to the correaP<>nding CADDS layer as 

·strings, arcs, etc. 

SUUACB-MOOHS: CADDS has no special provisions for sur­
face mounts. Our output will bUil4 CADDS boards correctly 
when surface mounts are preeent, 11t1nce ·we add explicit 
layer discrimination before INS NLIN. 

T-CONltBCTIORS: automatically convert to the corresponding 
CV layer. No user input should be-required. 

VIA UIPOUTS: are rectangles in Telesis ·and w·ill convert 
to closed strings in CADDS. 
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The following is a procedure to be used during the post processing stages of a 
printed wiring board. That is, the stage when the board has been approved 
by both the engineer in charge and the UL coordinator. Once the . approval has 
been given, the board can be processed in one of two ways. The artworks can 
be made by using the FILLED PENPLOT command or the film-arts can be copied 
to tape using the GERBER TO TAPE command and sent out to a photoplotter. 

1. Using FILLED PEN PLOT command 
This command simply 8llows the filling of various line widths and pad 
shapes in the PWB design. The filled penplots are to be inked on a sheet 
of frosted mylar of an appropriate size at a scale of 2: 1. If the board is 

· too large to be plotted at this scale and twelve (12) mil lines are used, 
then the board needs to be sent out to the · photoplotter. On the other 
hand, if the board is to large to be plotted at 2 : 1 scale and the smallest 
line width is twenty-five (25) mils, it is acceptable to plot the board at 
1: 1 scale. 

After picking FILLE·D PENPLOT '· the system prompts you for an artwork 
file name (-ART) and the scale you wish to plot ~~- .. at. Next, a pen width 
must be chosen for each pen used in the plotter. A list of pen sizes and 
widths which can be ·used are .as follows: 

PEN SIZE 
0 
1 
2 
2! 
4 

WIDTH (MILS) 
12 
19 
23 
27 
46 

The pen sizes needed for the fill pen plot depends on the scale used. If a 
board is being plotted at 2: 1 scale using ·12 mil lines, then the smallest 
pen needed would be a number two because a 12 ·mil line plotted at 2 : 1 
scale would be a 24 mil line. Normally, for a bQard. plotted at 2: 1 scale 
the only pens needed for the fill penplots would be 'pen size two and four. 

When penplotting use Rapidraw 3084-F type of ink. This ink is 98% black 
and works well on mylar. 

A recommended pen to use when pen plotting is the Kor-i-noors VTB 
series~ The difference between the VTB and the TB is the two notches 
that are cut in a crossing pattern on the writing tip of the VTB. These 
notches give the pen the ability to travel at a higher rate of speed while 
maintaining an accurate line width. The nature of the grooves causes 
sharp edges which pick up paper fibers, thus the VTB shouldn't be used 
on paper. The pen life of the VTB is slightly less than the TB series 
because of the grooves. It is not recommended to use on till pen plot 
anything larger than #2 1/2 VTB . So when using a #4, use the 4 TB , not 
4VTB. The use of pens smaller than a #1 in 2: 1 drawings is not recom­
mended. When plotting at 1: 1 scale, the use of smaller pens seems to 
cause less problems. 

Once the fill penplots are complete, they are burned onto Fincor format 
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2. 

using the NuArc plate burner. The documentation of the raw board is 
similar to that described in the Fincor PRINTED WIRING BOARD DRAFT­
ING STANDARD (A1030927 REV A) with one exception. Instead of burning 
sheet 1 (drill • trim) onto mylar, the CAD generated NC DRILL (layers 98 

· • 99) will be plotted using the· HP plotter onto Fincor formatted vellum 
using the • 3mm disposable ink pen at 1: 1 scale. The assembly drawing 
will vary slightly in that all CAD generated boards will be a two sheet 
drawing as opposed to one. The first sheet will show everything as listed 
in the Fincor PRINTED WIRING BOARD. DRAFTING STANDARD (A1030927 
Rev. A) with the exception of the item numbers (See Fig. 1). The second 
sheet will simply show the board outline (layer 33) , the package symbols, 
all item numbers and the title of the board (layer 89). No board dimen­
sions or reference designations are necessary on sheet 2 (See Fig. 2) • 
Both sheets of . the assembly drawing will be plotted on the HP plotter 
using Fincor formatted vellum and the • 3 mm disposable ink pen. 

For more information on FILLED PENPLOT please reference the Telesis 
User Manual Volume .1, Post Processing, pages 55-58 . 

. · ... ~ . 
. :·: ·,.· 

Using GERBER TO TAPE command . 
This command allows· the transferring of artwork files, which are created 
through the CREA TE PHOTOPLOT command, to tape which is used as a 
direct input to a photoplotter. Simply pick GERBER TO TAPE, ARTFILE 
TO TAPE, and then input the artfile to be copied. Repeat this proc~dure 
for 811 files needed. Once the artwork files are copied to tape, it is 
recommended that the files be transferred back to the system so they can 
be checked by using the PENPLOT ARTWORK command. The system 
copies the file or files back to the current project and gives each file a 
name based on file's sequence on the tape. For example, the first file on 
the tape will be named "TAPEl-ART" in the current project, the second 
file will be named "TAPE2-ART", etc. 

When a tape is sent to a photoplotter, a copy of the APERATURE-T AB file 
and a copy of the PHOTOPLOT-LOG must accompany it. The PHOTOPLOT-: 
LOG is needed so the vendor has a list of all the used aperatures. Also a 
photoplot spec sheet must be sent along with the tape (See Fig. 3) • 
Simply take the tape and files to the shipping area and give to the super­
visor. He will decide how to package the material and how it should be 
sent. Once the photoplot process is complete, the vendor will return 
photo positives. These positives are used in the documentation of the 
board. Sheet 1 (drill • trim) will be plotted on the HP plotter using 
Fincor formatted vellum and the • 3mm disposable ink pen at 1: 1 scale (See 
Fig. 4). The remaining sheets will be produced by burning the photo 
positives onto mylar by using the NuArc plate burner (See Fig. 5 • 6). 

For additional information on the GERBER TO TAPE process reference the 
Telesis User Manual Volume 1, Post Processing, pages 53-54. 
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TRIANGLE CIRCUITS 
of PITTSBURGH~ INC. 
931 Third Street 
Oakmont, PA 15139 
(412) 828-5322 

FIG. 3 

PHOTOPLOT SPEC SHEET 

APERTURE DESIRED · 

INPUT CODE: ~ASCII 01SOASCII OBCD . 

0EBCIDIC OEIA 

DENSITY(BPI) [)800 li26.6oo 

ZERO SUPPRESSION :0 NONE 0 LEADING ZEROSO TRAILING· ZEROS 

FOR.MAT: INTEGER DIGITS = FRACTIONAL DIGITS = 

DATA: 0 ABSOLUTE 0 INCREMENTAL 

UNITS: 0 ENGLISH 0 METRIC 

SCALE FACTOR: 

BOARD SIZE: 

OFFSETS(if any)X = Y = ----

TOTAL NUMBER OF FILES ON TAPE: 5 ----
FILES TO BE MIRRORED: Fii Fii Fii 

0 NONE Fii Fii Fii 

Fii 

Fii 

!\DDITIONAL COPIES REQUIRED: q ___ POSITIVES 

[] NEGATIVES 

DELIVERY: 0 NORMAL 0 EXPRESS 

N/C TAPE MADE: 0 YES 0 NO 

ADDITIONAL NOTES: 

---

-----------------

STN SIZE TYPE 
# 

1 -
2 

3 - - ---·--·- - ····-
4 

5 -- - --·--1 · 

6 

7 

8 

9 

10 

,.!.!_. 

12 
----1 

,.!.L I-· 

14 

15 

Hi 
1----1 ---·--· 
17 

18 

19 

20 

21 

22 --
23 

24 

CUSTOMER_E:W_CQR... ------·-- CONTACT _~&___,_K.=L.:=-\T...:.....:-H..__ _____ _ 

ADDRESS ___ ·~1?_9 £.~MAR.~\i..T S l PHONE _i:i.rn . ]Sl_-:-'--~A1 
DATE ~-\~ -&.o __ . .;.___ ___ _ 
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