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TECHNICAL MEMORANDUM X-64696

USER'S MANUAL FOR MSFC MASK AND DISPLAY PROGRAM

I. INTRODUCTION

A. .Objective and Advantages

The program objectives have been to provide the circuit or mask
designer with a method of generating artwork data. These data are used by
MSFC to drive the Mann Pattern Gererator (MPG) for creating masks on
those special devices not covered by the MSFC Banning Computer Aided
Design System. The computer is an excellent vehicle for performing the
calculation, data arranging, and tape preparation required to drive the pattern
generator.

The advantages provided to the mask designer are as follows:

1. Provides the device and/or mask designer with a rapid and easy
method of creating data, and arranging and formatting those data for use on
the Mann (1600 series) or the Gerber (1000 and 2000 series) Pattern
Generators. :

2. Rapid turnaround time from data cards to completed masks.

3. Capability of creating complex lines, shapes, circles, and
alphanumeric characters.

4. The capability of shifting and repeating a pattern (computerized
steps and repeat).

This program has‘found application in the following areas:

1. Monolithic masks for research and development devices.
2. Hybrid screening masks at final product size (1X).

3. Microwave conductor patterris.

4. Grids and line patterns.



B. Program Intent

The Programers intended to allow the individuals preparing the data
cards the utmost flexibility and simplicity to achieve the desired patterns.
The designer's éapability to produce various shapes and lines is limited only
. -by the physical constraints of the pattern generator and the photographic

emulsion that is exposed to create the images, :

- The data cards as called for by this report are intended to be used with
the MSFC Mask and Display Program. This program has been written for the
~ XDS 5 Computer and is written in the modified (= 5) Fortran IV language.
A program of this nature is dynamic and subject to revisions; the writer should
be contacted for the latest revision.



11, GENERAL INFORMATION

~ A. Outputs

‘The present program outputs are magnetic tapés and a computer
listing: o ' '

1. Nine-track Mann tape - This tape contains' the pattern informa-
tion used to expose the high-resolution glass plates. The format of this tape
will be accepted by the Mann pattern (1600) system computer.

2. Seven-track Mann tape - This tape contains pattern information
and is used to display the mask geometries on a Tektronix 611 CRT. This is
done to check patterns before making the mask on the MPG.

3. Seven-track Gerber tape - This tape contains the pattern infor-
mation as in 1. and 2. above and is used as a display tape. This tape can
also be used to drive a Gerber (1000 and 2000 series) artwork generator.

4. The computer listing provides a card-by-card listing of the main
program and the data cards.

As a final output, two types of mask images are produced. A prelimi-
nary set of expended mask images are produced (from one of the 7-track
magnetic tapes) from the display on a CRT. A paper copy of the mask
[approximately 15.24 by 17.98 e¢m (6 by 7 in.)] can be produced
by copying the face of the CRT. This provides a preliminary geometry and
alignment check prior to producing the glass masks. Finally, the glass mask
set is exposed on the MPG and processed to produce the desired images.

B. Limitations of the MPG

The MPG is limited to exposing various height and width rectangles.
All shapes will be created by incremental rectangular segments.

The MPG is limited in X-and-Y motion to 2 maximum of 10,16 cm
(4 in.). The generator is limited to positional increments of 0. 00064 cm
(0.25 mil) (X1076.25, Y2000.50). The data cards may call for any decimal
placement position; however, the program will round to the nearest 0.00064 -
cm (0.25-mil) position.



The angle (A) of rotation is l1m'1‘1'fe'_' v::'vto 1-deg increments. The data
cards may call for any decimal parts of a degree however, the program will
round to the nearest full degree. L

The height (H) and width"(W-) commands are limited to 0.00127-cm
(0.5-mil) increments. " The data cards may call for any decimal number;
however, the program will round to the nearest 0.00127 cm (0.5 mil).

The MPG is now limited to two sizes of photographic glass plates:
5.08 by 5.08 and 10.16 by 12.7 cm (2 by 2 and 4 by 5 in.). Because of holder
design, the active areas available for patterns are approximately 4.06 by
4,06 cm (1.6 by 1.6 in.) and 9.53 by 9.53 cm (3.75 by 3.75 in. ).

The MPG will produce a mirror image of the data giVen. This must
be given consideration when calling for a mirror or true image.

C. General Data Card Information

The punching of the data cards must be done with a card punch which
uses the EBCDIC code. Six distinct groups of data cards exist. Each group
is identified with a letter (A through F) which is used as a prefix to all cards
belonging to that group. The data for each card must begin in column no. 1.
The variables of each pattern command (groups C, D, E and F) may be
~ seperated into three basic categories for conceptual understanding: repetition,

shape, and location. Each command (groups C, D, E, and F) will consist
of a letter, number, and comma, and in that order. The number following
the prefix is for card identification, and the user can assign any number he
desires. For reference purposes, this is usually 1 through (sequently) the
number required to identify all cards. Imbedded blanks may not be included
~except between the letter and the number. The first card of each data group
should be used to initialize all variables of that group. With the following
exception; if an angle of zero is desired, then A need not be utilized, and if
_ repetition is not desired, the variables M, N, S, and T need not be initialized
until repetitions are required.



CARDI.D
PREFIX

Example: Pattern and Data Commands

 REPETITION LOCATION
{ SHAPE

ClsMS N2y
LETTER:

N T2OHL 01119 A45: X-S0N YD

‘T—COMMA '

0 0 00 00 008 700 T 000000000060000000000000000000000000060000
9 S617187192021 222324252627 (2330313235 343535 27 20 99 4041 4243 44 S 4B AT 4G 4350 61 52535455 35 51 S3 32 b0 6) 62,63 G4 6366 67 EO5BTL 71 7275 /4151577 131360

RN AR RN R R O R R NN R RN RN RN RN AR RN NS RN RRRRRERRRRARRRRRRN
222222272 2220 22222222222222222222222222222222222222222222222022222222282222222
3733330333 33 333 333 333 33333 337 3333333333333333339333333333%3333333333333
FOA 44400004 00044000800400 400000 0004a0Ita00ainaqatsqiaqsqadtasaqndassgassesy
555'555_'55555555555555555‘555 5555555555555555555555555555555655555555555555555556
666666666666666666666 6666666666666666666666666666666666665666666666666666665656
TITIIIIIIIIIIIIIII I IIInIIn TIn n i  a i1 1 11111171
88 89 88889 888 88 888 888 50 86 8 8885558886850 88602059066053856868.868888088
9999. 999999999999999999 999999999999999909959990299999598557292499989995855394999

12345678 910 12131015161718192071 722324252627 28283651 32322135 L6 37 3629 40 43 4243 34 4545 8/ 43 5y 81 57 0 ¥4 CINLeL T LHESTIH T7T3 1403080 /TS0
1 (08D .
.

=3

The data groups and the basic functions performed are as follows:

Data Group , Function
A .Adds a TTY text message to the Mann tape. This méssage

‘is displayed to the operator of the pattern generator before
exposing the plates. All unit or device identification infor-
mation and special instructions for processing should be
included here.

Specifies the scale factor, center of the mask, border, and
true or mirror image.

‘Data that will create patterns by either the modified Mann
format or the strip (lines capable of changing directions
at right angles) format.

Data that will describe and create either patterns of lines
at any angle (rounded to nearest degree) or arcs and
" circles.



Data Group Function

E Data that will describe and create alphanumeric characters
to be put on the mask.

¥ Data that will describe and create a standard flare-out
pattern. (See Dwg. GC 362330.)

The range or limitations on the size of the numbers used for dimensions are
not program limited; however, they are limited by the constraints of the
MPG to:
10.16 cm [4 in. (4000 mils)] X motion
10.16 cm [4 in. (4000 mils)] Y motion
1-deg angles (A) increments

0.00127 cm (0.5 mil) height (H) and width (W) increments

0.00064 cm (0.25 mil) X and Y increments



[11. PREPARATION OF THE DATA CARDS IN SPECIFIC GROUPS

A. Group'"A'" Data (TTY Message on Magnetic Tape)

The message on the group A data cards will be written on the first
record blocks of the magnetic tape and will be typed by the teletype just
before exposure or during editing of that tape. It should be used to identify
the forthcoming mask, for any special processing mstructlons Jneeded, and
to identify the magnetic tape file if so desired.

1. Data Cards. Each card begins with the card identification A1,
A2, etc., followed by the message for the mask maker, The data cards end
with a comma and semicolon (, ;). The last card in a data group ends with
a comma and dollar sign (,$). The number following the A prefix is a card
identifier, any value can be used, and this is typical for all card groups.

Example:

Al FILE 1y TEST I0Te THOCHERK "7 RING TNCETHENT. QUERLOPS.
Ny COUNTER CILACKIITES FOTATION. AMD P ARE TR 3
A% 4XS PLATE STEAIGHT DEVELNP. TN FITH A-29-78. ¢
| X " [T i it
bl b ‘Wan it Wb W )
000500}7000005000/,00005030000055000000000000000000000000000000000000080
SIITIZIBLEISI6AT 19192021 Z2 22 75 26 27 2029 30 30 32 33 34 35 35 27 2839 40 41 42 43 44 45 48 47 £9.49 50 5253 54 55 58 67 S0 59 63 61 6263 B4 €S SE 67 UG IV N1 72 DI TS T2 T 980
IR R R R RN R R R R R R AR R R R R R R AR R R AR AR AR AR R R AR AR RERR R RN
20222220;22022222222222220222022222222522252222222222222222222222222222222
3..333333L33333L33333333333533“?3333333ﬁ333333331]¥31333333333333333333333333333
QAL 4040048 0044 400 405404044408 00 40 A A4 88 40 400
555555065555, 55555555555]ala5555555,,555555555555655555555655555555555555555555555
66666665666666666666666666661,6666,666%,6666666666666666665566666666566665CE56666666
I 77177L77K7777777777L777177777“777717717777]7777Q77777777777777777717717777777777
88,0800006888886888068/:886808888i,888888808/,00883060:4ii080080888080808688688088088886888

9999999999999999/9[199998999989999999799999999:1969999999999999959999999538999959999
TEIESETE UGS 00 ORI 00 LRI HD D0 LB UL TNODG ARNS R AT QR EETOR DI I ERD 17

00500300 A
|.34$I1l 1
RERRRRD ]
2222122

B. Group "B" Data (Scale Factor, Center Coordinate,
Mirror 1mage, and Border)

1. Card Identification. Only one card is necessary in the Group B
data, and it starts with the card identification B1, or B2, .... etc.




2. Scale Factor (SF). SF is a number relating input size (in draw-
ing units) to output size (mil units).

The data unit for the MPG is a mil (1/1000 in.). However, any
drawing unit can be used with the proper SF. SF is calculated such that the
product with drawing units yields output in mil unit; i.e.,

Drawing Unit Scale Factor
0.1 mil ‘ 0.1
mil 1
inch 1000
mm 39.370079 (= 100/2.54)
cm 393.70079 (= 1000/2.54)

3. Center Coordinate (XC and YC). The center coordinate (XC and YC
is located at the center of the pattern arrangement and determined by the X
and Y dimensions from the drawing origin. The center coordinate is required
for the program to shift and place the mask center in the desired location on
the active Mann plate [10.16 by 10.16 cm (4 by 4 in.)areal].

To obtain XC and YC, draw the border line of the pattern as shown in
Figure 1, and calculate the center coordinate of the border lines.

The values for XC and YC can also be obtained by superimposing the
drawing of the mask over the 10.16 by 10.16 cm (4 by 4 in.) area (represent-
ing the MPG active field). XC and YC ( Fig.2) are the directed distances
(in drawing units) from the drawing origin to the center of the 10.16 by 10.16
cm (4 by 4 in.) field.

 Negative values for XC and YC will result in the center of the mask
being positioned to the right and above the center of the active Mann area.

4. Image (MR). The image generated by the MPG will be either a
true or mirror image, depending on the sign of MR.



CENTIMETERS (IN.)

&

(a) MASK PATTERN

(0,0)

e 150 ——

ST

(XC, YC) |

100

XC=150/2+20=95
YC =100/2 + 30 = 80

DRAWING ORIGIN

(b) PATTERN OUTLINE FOR XC AND YC

Figure 1. Center coordinate (XC and YC).

10.16
(4.0) T
CENTER OF MPG
5.08
(2.0) ‘ =
0 o
YC
1 |e—— XC —
a
0 i
DRAWING ORIGIN
[
° 0 _ 5.08 10.1
(2.0) (4.0
MPG ORIGIN
CENTIMETERS (IN.)
Figure 2. XC and YC.

1.016 BY 1.016 cm (4 BY 4 IN.)

/ MPG FIELD



If MR = 1 (MR+1), the pattern on the plate will be identical to the
drawing (true image) with the emulsion down and when transferred to the
monolithic wafer, or MR with the emulsion up.

If MR = -1 (MR-1), the pattern on the plate will be the MR of the
drawing with the emulsion down, or the pattern will be identical to the drawing
with the emulsion up.

4. Border. If the absolute value of the number assigned to the MR
callout 2 3 (MR-3 or MR+3), a border will be exposed around the mask, If
MR-3 is used, a mirror image of the data will be created and a border called
for. If this feature is used, an instruction should be added to the A data group
defining the inside height and width of the border in drawing units. The outside

‘will be a square and only one dimension (in mil units) is required. The inside
height and width should be given in drawing units and the outside dimension in
mil units. A set of fiducial marks will be added, centered on the plate and
with a separation distance of 4.064 ¢cm (1600 mils). For Figure 3, SF is
ten (10), W= H = 100 and S = 1400 mils. -

w)

}-—w—\

1 NS T
( mils T § 0 § 1400
FIDUCIAL 133? 0 \ mils
MARKS) (H) D \ (8)
NOT SHOWN L D 0 \
-
te—1400 mils————

(S)

Figure 3. Example of a border.
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Examples of Group B Data Cards:

ST

ORERE R 02727 70000§000000000000000000000000005000000000000000900000006000¢
9
|

4
THIZIIT45I6 17181920 1 222524252 (7782930313233 34 9538 37 38 39 4D 41 42 42 44 25 46 47 4B 43 50 51 5252 54 5556 57 S8 S3 6G 61 AT 63 64 656557 6BEY 7O TV Te 737475 7h 77 i3 7880
1

R R AR R RN R R N N R R AR R AR R R R R R R R R R R R R RN AR ERRRE R RR R

33&333h353333h3%3333&3333)433333333333333333333333333333333333333}33333333333333
EAAAAEAaAaAaa000a4a4Rdadaddaqaaadaqaaaaaaabaansaaaqaqadqsqrsssatsaaraalasaadqns
555555555550 55055555555555555509555555556555555855555555555555565555555555554555583
§BBSHGSSGSSBGGBSGESGGﬁSSGES666666666ﬁﬁSSBBGﬁGGGGBBSBSSGGGG5535656586666666555666
i7777773777777777777777177777777771?77777777777777777777777777777777771777777777
38%88858888BﬂhkﬂﬂﬁBSGBBSth38888838888888HBBS&HB%BBBSBHBES33388388883?8688888388
9999999939999999999999:99999399999999999999999999999999935“ 5 59539

1236557 831001M1210315617101920022232402575272829302132:234353637 36234030 471244 454547404950 51 5232546585 LR I3 380
1o (558D

SRR R e] 1

C. Group "C" Data (Modified Mann and
Line Data for Patterns)

Each card begins with the card identification, C1, C2, C3, .... etc.
The basic ''C"' group is composed of two types of pattern data: the extended
Mann data and the line or strip data. These two types must be separated by a
.comma and semicolon (, ;). The last card of the '"'C'" group ends with a
- comma and dollar sign (, $).

The data in this group can be extended to more than one card if so de-
--sired. When this is accomplished, any character A through F, any of the
~punctuations, or the variables cannot be used to identify the card (this is

typical for all data groups). Several card identifiers may be put on one card

~ if so desired. Any of the nine variables used in this format will carry forward

from the last pattern if it is not stated. While the program provides consider-

able flexibility regarding the sequence of variables, it is recommended that the
first card example on page 5 be used. Note that the sequence of data in the
recommended format is repetition, shape, location.

11



1. Extended Mann Data. The first card must include the five vari-
ables (X, Y, A, H, and W) and if repetition is desired, the remaining four
(M, N, S, and T) must be assigned values. Again, the ""A" need not be

_utilized if an angle of zero (0) is desired. The last card of this subgroup
should end with a comma and semicolon (, ;). The semicolon is a program
flag used to indicate strip or line data cards expected from there on.

Examples:

SOl T e H 1 fa LS a 3 g 2o f 0 Y1

T TN LSO g Byt T o
X. STRIP FROM HERE ON

i S0 TROR HLST 1 (i W0y e B S

R\NO STRIP DATA EXPECTED

M E 5
007007 00" " 0. T000 0T LLeroo00c10000000000000000000800000000000000000000000000
Y23 4567891002134 ISI6171815202022723242526272029203132333433353730394041 2433445454748 495051 525354555657 5859 606162636465666768697071 72737T74757677187960
AR RN R R RN R R R R R RN R R R R R R RN R R R R R AR RN R R A RN R R R R AR R R ARE AR R AR R R RO

T2T222202272227220222222222222222222222222222222220222222222222222222220222222220
T3733733733773337333373337330333330133333333333533333333333333333333333335333333
444Z44444a44444a44444444444444444444444414444444444444444444444444444444&4444444
§55555 5555555555556555555555555555555555555555555555555555565555555655555555555
666666666666C666666666 666666666656666666666666666666666666656666656666666666666
RN R RN R R NN NN N R RN AR R AR R R R R AR A R AR AR AR AR R AR RN RN RR AR AR
883888037 08,5068;%088,088%0866006066060086608360688880¢c2203665860088808688065888888
9999999 99900929999 199999999999999999999959999995999369599999999099869994999994

§ 78 SHMIZIINIGIBITIA192000222324252621 28283031 3235543536373830 4043 4242 4345434748495051 325354535657 S8 596081626364 E56E6766692071 72/37475767778179¢60
sy (3BT . :

If extended Mann data are not desired and strip data are forthcoming,
then

Ci, ;
(X, Y) are the center coordinate of the pattern, W and H are side

lengths of the rectangle, and A is the rotation of the pattern as shown in
Figure 4. '

12



X = 1500 mils
Y = 2300 mils
W =50 mils

H =100 mils
A =20DEG

Figure 4. ~General single pattern in extended Mann format.

X, Y, W, H, and A are the simple Mann data of the lower left corner
rectangle, and

M = number of p_atte'rnsA in X direction
N = number of patterns .in Y direction

: S= shift in X direction (drawing units)
T = shift inY difect’ion (drawing units)

An array of 3 by 2 repetitive rectangular patterns shown in Figure 5
can be produced with a single data card as,

M3, N2, S80, T150, AO, H100, W90 , X1500, Y2300,

The above-example can be generalized for any number of repetitions if the
patterns are within the range.

2. Strip or Right Angle Line Data. The first card in this format
should include the update of the seven variables M, N, S, T, W, X, and Y
(no H or A commands) or the variables will be carr1ed forward from the
modified Mann assignments. The initial X and Y values given will establish
the starting point (an R or L and U or D command may be used). Following
this, each X, Y, R, L, U, or D command will create a new line segment in
the direction indicated. Any combination of the X, Y, R, L, U or D commands
may be used to créate an image. For the next pattern, each variable not
restated will carry forward as a command; exception: the last values of X
or Y will not carry forward.

13



—
(7]

(x,Y)

Figure 5. Repetitive pattérns of 3 by 2 array.

Examples:

"‘IH'( g‘f:.fg AR 1(1 g "="L,—s'-.“,.'1:""5:1{“?!.,!!

T

£

5
007303 0y3003 3005773035 330535003530000000000000000000000000000000000000000000000
123 4_5_8 708 0||1213!4lSlGlHGIBZﬂ_Z!_ZZZBZlZSzS ZPI303 523234553537 383940 41 424344454547 4845 5050 52 5354 5556 5758 59 6061 626364 656667 68637071 727374757677 787980
BRI AR R R R AR AN R R R S R R R SR R RS AR R AR R R AR AR AR R RN R AR R RRRRRARERRRRRRRRERARREAREE!

222222222222222222222222222202172222222222222222222222222222222222222222222222222
© 43.33333,3333,43333,3333,333323333,4333333333333333333333333333333333333333333333
44444444444444444441444444444544444444@44444444444444444444444444444444444444444
5555555885855, 55555555555555555555555555555555555555555555555555555555555555555555
6666666666685866566668G6656665BGEEESG5688665665668666666666866586668868566668568
PR R AR R R R R R R R R R R R R R R R R R R RN R R R N R R R R R R R R R RN R R RN AR RO RN RN
8808808, .8088,8888,8888:6868,88362,888608088080008066880800860088358588¢6886880888888
99999999999999_ 99999999999999999“99999999999999999999?“959999999*"49999Q99999999

1234567 69101112121415161713192021222324252627 28293038 52533435 33 97 23 39 40 41 42 4344 45 46 47 48 49 50 51 1252 54 S5 56 &7 3 LOFT I B A2 1304787 17 T8 15680
em (3ET) [
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The X and Y commands are absolute values; i.e., if X20 is commanded,
the line will run horizontally to the point X20 from its previous point. How-
ever, if R20 is commanded, the line will be extended 20 units to the right. The
following two cards (for the C data group) will create a pattern as given in
Figure 6.

C1,; .
C2,W10,X100,Y100,R300,U200,L300,D100,R200,$

300 -

200 -

Y MILS
m
2
»)
v
o
Z |
L

w=10

R —
r t( ==
w/2 START POINT .

e . . ‘ . .
0 100: 200 ' 300. 400 500

X MILS

Figure 6. Strip pattern.

D. Group '"D" Data (Strap or Lines at Any
Angle and Arc or Circle)

Each card begins with the card identification, Dl, D2, D3 .... etc.
The strap format and the circle format are separated by the comma and

15



semicolon (, ;), and the last card is terminated with a comma and dollar
sign (, $). With this data group, very complex figures and shapes can
be simulated and produced with a high degree of detail and accuracy.

1. Strap (Lines at Any Angle). The standard M, N, S, T, and
W commands are required and are followed by X and Y pairs. The X and Y
‘pairs are the point-to-point information necessary to direct the line. While
any angle can be specified by the X and Y data pairs, the angle and line data
will be rounded to the nearest degree by the program. The program will
calculate and position a rectangle at the junction of consecutively command
lines for acute angles (Fig. 7). Obtuse angles are smoothed as shown by
B-B in Figure 7. It will not perform this function for either end point. Data
may extend to more than one card, or several D identifiers may appear on
one card. - '

Z B-B : ' '
(OBTUSE ANGLES) o v
. A-A

THIS RETANGLE
ADDED TO SMOOTH

B 8 THE ENDS

START POINT

- AX,Y) ~ (ACTIVE ANGLES)

A

Figure 7. Acute and obtuse angles of strap data.
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Examples:

VLIS 0 YEPE 0

S B0 VRERN RAZ O YRER (G Y TRI YRR 0 R0 YR IAN R (Y

2]
Ay
[ 11

1G119203 14159607 18192071 222324 252627202930 30 2313435363730 394041 4243 44 4546 47 4B 4950 51 5253 54 S556 57 S8 9GO G2 626364 656667 6063 /073 727371 75767178798D

ILllllfllli;lllllll|llllillllllllllllllIlllll]lllllIllllllllllllllIllIl
2022222220222222222222222222222222222202222022222222222222222222.22222222222222222
3&13333L33333L3333L3§333;3333333333333333333333333333333333333333333333333333533
L444;44444d444464444&44¢444444444464d4444444444444444444454444444544444444444444
S55555555555555555555, L 555655555559555555555555555555555555555555555555555555555
6666666666666666666666666,.6666666666666666666C6666666666666666666686666665566666
IR N R AR I RN AR RN R AR AR R AR AR AR AR R AR RA SRR AR RR R RN ARARERARR]
88.88808.L 808681 96,8 88808 _85868888080000286860606603802038863C60600668888888228868863
99996%69999%999999999995999999999999999999999999909459996995999099990949959998599

12345678 81081 120314151617101920% 222324252627 28293031 3233343536 37 33 30 40 41 22 43 24 45 45 47 4B 43 50 %, 5253 §4 85 50 37 S0 S8 6T 61 1.2 62 646566 67 528536 11 12 13 0¢ 3576 7 TR 1985
au (591

00P*00FERO00P " 00LPPO00LS000000000000000000000600000000000000006000000000,0000000090
1231456788
[RRERRRER]

2. Ring or Circular Arc. To approximate an arc or circle, the
additional commands of R, A, B, and I must be satisfied. If I is not specified,
an increment of 5 deg will be used. Remember that Figure 8 is created with
a counterclockwise rotation starting from A progressing to B.

RECTANGULAR SEGMENT
\-),~ S-DEG INCREMENT

~lwl_ "

Y

(X,Y)

Figure 8. Circular arc.
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Examples:

TG G Mo Sy TOa M Qa ) 0 TS0 L0 MG Yy

B00000N000R:,001;0055000000000000000000000005000000060000000000000000000000000000
T2 45 E T B INIIIIUSIE I8 I0202 UG AN N W3 ISI6NWIA0 A 424544 054541 ATSIS) S2TSAS5 565 S959 €061 RZEIEHCSRRSISHE N0 1V 2T TATS 511w n
(RN RN RRRRARERRRRRER R TERTRIRTLRR bR Rt iinivnven ey

222222220,,22222202222222222202222222222222022222212222220222222222222022222221 20
]3K3333ﬂ3333ﬂ333L333“.3333333333333333333333333333333333333333333333333333333333
LA4043008 4000444448 00048400 0000840424800 0000040043 08404040444444044004448444
555555555555555,555[,55555555555555555555555555555595855555555555555555555555555555
6l 666566666666566666666666866666666666666666666666666666666666666566G6666666666¢6
[ ER R R I R R R R R R R R R RN AR R R R R R R R RN R RN R AN DR R R R R R RN RN RN R R AR NN RN RN
981.69!.81.6868:,888i,/,88{,1,686880868E83868685830688608606080088683882388808068368086888088436838
9939999 99999995599999999999999999999999999999999999999993539594999999849399359999

$23 45678 910011213149516171819202122232425282725233031 325334353637 38394041 424344454687 48455051 52 6354555057 33596053 C263 6265666768670 71 72/322/57577781980
13 080

E. Group "E" Data (Alphanumerics)

Data group '"E'' starts with the card identification E1,E2,E3,..., etc.,
followed by M, N, S, T,W,A,X,Y,' and the message to be added to the mask,
then a comma and semicolon (, ;). The apostrophe (') is a program flag
used as an indication that the alphanumeric message will follow. Each card

ends with a comma and semicolon (, ;) except the last card which ends with
a comma and dollar sign (, $).

. The characters available for the designer to work with are:

0 through 9 -
A through Z
stttk /=() D&t

1. Alphanumeric Data_

X, Y — The coordinate of the lower left corner of the first character,
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W — The width of a character including the space between adjacent
letters.

A — Will rotate the message through this angle (from the horizontal
position) about the lower left corner of the first character. '

W is determined as follows:.
W .— Total-message-length (drawing units) /number of characters.

2. Shape of Letter. The letter consists of a 5 by 7 array of
squares. The ratio between width, height, and space between adjacent letters
are 5:7:1. This is generally true; however, some letters such as I vary
from this rule. For additional information on each letter, contact one of
the writers. A distance of 2W between rows of the message will give a good
-appearance, ‘

Examples:

W=72/12=6
A= 45.DEG

T P ST LEATE MAT

-
a T fa

) Uﬁ'70GUUﬂﬁPUU00000'00000U000000000000000000000000000000000000000000000000

1120314151617 18192021 222324 2526 27 2829 30 31 32 03 3035 35 37 38 33 40 41 4243 44 45 45 47 4B 49 5051 §2.63 54 55 56 57 58'59 €0 61 6263 64 6566 67 6369 7011 1213 14 IS TG 1Y 1819 80
[ AR R R R AR R RN R N R AR R R R R R AR R RN R R R R AR AD R RN
22202722002022220722202222222222022222222202222222222222022022222222222222222122
1

7333373337333333.733333333333333333333333331333333333333333333333333333333131333

005
' 2
1

404440000000 Q4004004440000 08045440488484044884444808444404444444442484444444
55555755555“5555555555555555555555555555555555555555555555555555555555555555555
6566666066606 666666666666666666665666666666666666666666666666656566666686666666666

4} 177”77771777777177717j1177777777777777777777117717777]77711777777777777777777777
9682888 86 8888  8886880868668868808685088968880886868080888588006388388688888880889
999999399?999999999999999999999999999999999999999959999993999999999&99999?999999

12345678 910NI2I3HISIBI7I319202122232425262726252303) 322324353837 38 29 4D 41 4243 44 45 4547 494350 51 5259 54 5556 57 5B SIB06Y 262 ES GELI6T68EI 0TI T2 7274 7576 7776 79680
1o (3380 '
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F. Data Group "F" Flare Patterns

Data group I starts with the card identification F1, F2, ¥3, ..., etc.,
followed by M, N, S, T, A, W, H, X, and Y commands. Each card is ended
with a comma except the last which is ended with a comma and dollar sign
(, $). The unassigned variables will carry forward from the last pattern.
Data may be extended from card to card and more than one F identifier may
be put on one card.

A standard flare pattern has been established (see Figure
9 and drawing GC362330) which can be used to mount monolithic circuits,
transistors, and/or diodes. This entire pattern can be placed by using this
data group. The primary use of the finished product is that of a header,
providing a means of connecting leads from an active device to a standard

package.

g\\\ 7 NLZEN 73 N
N O

7

— — =

7 INIE L\

Figure 9. B/L flare-out patterns,
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1. Flare Data
X, Y, — Center of the flare pattern (drawing units).

A - Will place two tabs to identify'No. 1 lead side at 0-, 90-, 180-,
or 270-deg position.

W — Width (mil units) as shown in dwg. GC362330
H — Height (mil units) as shown in dwg. GC362330

Examples:

Flafafts S MO, W1 S0 Yo 1500,

FoeaS0e =00y H2 00 Mo 1500 Y1500,

FReNZZMV-1ant s

k L
00, 000f 5 00LL E00000000000005000000000000600000000000060000000000020000000000000¢
V234567 8 8101 1213141516 171819202 2223242526 27 78 25 30 31 3233 3435 35 37 38 28 40 41 4243 64 45 46 47 48 49 50 51 5253 54 85 55 57 50 53 G061 62 6364 6965 67 6363 0 11 12114 TS T6 LU TH 19 30
AR ARRR RIS RN R R R RN R R R RN AR R R R R R R AR R R R R AR R R AR R R R AR R RN

22204 222222222222222222222222222222222222222222222222222222222222%02222222222222
3313333,3333334,3333333333333333333333333333333333333333333333333333333333333333
Q4444444084804 4 44404004040 4448 0404044440444 4448440440404444444444444444444444444
5555555555555550565555565555555555555555555558555565585555555555555555955555655385
[ 6666666666666666666666666665666666666666666666656666666E565666666666G66666666€6
77777[77777777717777777777777771777777777717777777777717777777177777717?77777777
8.1 8866,,28880L.0888088080606088806088888088660060880868368288086656088885068086838:58880888
99999999999999999999999999999999395939999999999990-999999939959999650639855903329

123 456789100112)3141518171019202122232¢25252728293020 3230345323973 38 4041 a2 43 4445 40474843505 525384255 20 39312 @3Buslusly Rev N s namnn
13x (568N
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a1s FILE 1 Toawy

IV. EXAMPLES OF DATA CARDS

A. Pattern and‘ Alphanumerics

TTLTEOM TATE, TEAM LEAT TERT DHIR. !

Ty B

TS b
SR HY Y . U

POl PR F A

. a0 o0 : v :
00;?000};0; 707707 0000001Uﬂﬂﬂdﬂﬂﬂﬁﬂﬂ0000000UUUU00000000000000000000000000000000
12305610 i bk naznuns 20702830 31 32333035 35 37 38 39 40 41 4243 4445 46 47 48 495051 5253545 85 57 58 59 60 61 62,63 54 6566 67606370 11 127314757677 131980
[ERR R R R PR P R R PN R R RN R R R R R R R R R R RN R R R R RN R R R A R R RN

?
22222?222222222222222222122222222222222i2222222222222222222222222222222222222222
33733337333,333733,7333333,,33337333333333333333333333333333333333333333333333333
AA4A044404004000444047 08800440008 44444404440444884444444448804444088444444484444
ESSSSSES55555555555{555555555555555555555555555555555555555555555555555555555555
566666686666{5666666666686566565666638566556865668666658666666686668556666666668
AT R R R R R AR R R A R R R AR R AR R R R R R R R R AR R AR R RN R R AR AR AR R AR RRRARRAARRERARNE]
885888BE;BBEBBﬁEBBEEEGUGEEEBBBBBSGBGB8888&88888888888888888838888888888888888888
999999999% 9999999999999999999999999999999999999999999999999999999999999959999993

1234 ss1aswnuuuﬁmnwmwmnnuﬁunnmnnnnuu%unuwuvuuﬁuuwwwmuuuhmﬂwmmumnuﬁwwwwm1nnumhnnmw
1M 8

Notes:

1. The information type-out to the MPG operator on cards Al
through A6. o

2. BI1 card indicates a scale factor of 10, the drawing origin will
be 375 mils in X and Y from the center of the MPG field. A mirror image
of the data will be created on magnetic tape.
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3. All patterns are created by the modified Mann format. Card Cl
does not specify N, T, or A. N is assumed to be 1; therefore, T is not
required and an A of zero is assumed by the program. The card identifier
1000 is used to indicate the end of the DATA C group.

4. E1 adds the characters ""HM1-2" to the pattern; a long string of
characters could have been added.

B. Patterns From C,.D, and F Groups (No Alphanumerics)

FLARE TABy;

il TEST TD CHECK D

RIHG INCPEMENT DVERLQPQE
[E2XEN m!r! :lm T+ *”_ NS AEE s

wp_. N r_ann

:wn;u

h ﬂfl.
[ r-;-ﬂfl.,-:_"‘l"ﬂ.‘ 15T,
"‘-HF'('U" HArr MBS0,

i ZIJIHSISIHN!ZHZI222314252827202!30 13233 34 35 36 37 38 39 40 41 2 43 44 45 45 47 38 49 50 51 52 53 54 55 56 57 5839 50 61 62 6364 65 8667 6969 7071 7273147576 77 To 79 60

(RRARRRE RN R R RN R R R AR R RN R R R R R R RN R R R AR RN R R R RR RN R R RRRR RN
2222;222222222%?2222222222222222222222222222222222222222222222222222222222222222
33.3333,333333,,3333333333333333333333333333333333333333333333333333333333333333
44444444444444444444444444444444444444444444444444444444444444444444444444444444
55555555555555555555555555555555555555555555555555555555555555555555555555555555
.66666666666666666666666666666666666666666666666666666666666666666666666666G66666
AR R R RN R RN R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN R RN R AR R R R RN R R RN R RN R AN
8::8B88;;88888::888888888888888B8888B888888888?883038888888888888808888888888888

9 9999999999999999999999999999999999999999999999999999999999999999399999999999.

1 456 T B 90N 21N IS151718192020 222324252627 282036 31 ST I3 M35 3537 30294041 42 434345 18 4T 4248 L0 T2 S5 5567 S 000 6260 BAGRRESTSIN0TOTI I2TITATSTETT 761380
18m (28T} .

002 00000000000000000000000000600000000000000000000000008000000000000
)
1a

Notes:

1. . The center of this drawing is at the center of the MPG field.
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2. C2 is in the modified Mann format, ended with a semicolon ().
C3 is in the strap or line-at-right-angle format with a mixture of X, Y, R, L,
U, and D commands.

3. D.51is a card added after the rest of the data cards had been
prepared which is the reason for the ID number, it is in the strip (line at
angle format) and ends with a semicolon (3). "

4. D1, D2, and D12 are in the ARC format.

5. F1 through F8 call for varibus;sized flare patterns.
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V. UPDATING .THE MAIN PROGRAM

Update Points

Update points are provided to modify the program to fit the data cards
and provide the desired outputs. The updates are as follows:

1. Files may be skipped on a magnetic tape before adding new files.
This provides the capability of storing many jobs on one tape.

Example:

|ASSIGN M:EO, (OUTSN;, PATT) (DEVICE, 9T)
|PFIL M:EO, (12)

The above two cards added to the a'ss'ign‘cards section of the program will
cause 12 files on the PATT tape to be skipped.

2. The file number of the Z 5 listing may be initialized per the value
given IFILE = 12. Each file of the program is then numbered successively
thereafter.

3. Selection of the magnetic tapes to be written. See lines 18
through 22 of the main program. The last number assigned to each tape call-

out will cause the tape to be called for or to be skipped.

If the last value assigned is

a. PATT = +1 make 9T Mann tape

b. PATT = -1 do not make 9T Mann tape
c. DISP = -1no 7T DISP tape required
d. DISP = +1 make 7T Gerber tape

e. DISP = +2 make 7T Mann tape

If the five callouts above were in the program in this sequence, then no
9-track PATT would be called for, and a 7-track DISP tape would be called
for and written in the 7T MANN format.
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4, 1If a border is desired, then W, H, and S must be assigned values
just before a ""CALL ALINE" statement. ( See lines 34 through 36 of the main
program. )
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VI. GLOSSARY OF VARIABLES AND TERMS

- A. Variables

Variable Function of the Variable and Associated Number Perform
M Specifies the number of identical patterns in the X direction.

For the first data card in each group (C, D, E, F), if no
callout is made, the value one (1) is assigned by the program.

N Specifies the number of identical patterns in the Y direction.
For the first data card in each group (C, D, E, F), if no
callout is made, the value one (1) is assigned by the program.

S Shift between identical points of congruent patterns in the
X direction (in drawing units). If no callout is made, the
program will assume no repetitions. Used also to specify
the outside dimension of the border (in mil units) when called
for.

T Same as "'S'" above except shift in the Y direction, T does
not apply to the border.

W Width of a rectangle, a line, or a character (in drawing units)
or the flare pattern (in mil units).

H Height of a rectangle (in drawing units) or flare pattern
(in mil units).

A Angle in degrees that the base or width side of a rectangle
makes with the X axis. For the D.data group, A is used to
identify the angle at which the arc will begin. In the ¥ group,
A (angle) identifies one of four positions for the No. 1 lead.

B Used in the D data group to identify the angle (deg) at which
the arc will end.

1 Angle increments of rectangular segments which will be used

to approximate the arc called for in the D data group. Five-
deg increments will be used unless otherwise specified.

29



Variable Function of the Variable and-Associated Number Perform

X Displacement in the horizontal direction from the drawing
origin (in drawing units).

Y Displacement in the vertical direction from the drawing
origin (in drawing units).

R In the C group, right displacement or +X displacement (in
drawing units). In the D group, it is used to indicate the
radius as measured from the X-Y point to the center of the
arc (in drawing units).

L Left motion ( -X displacement) given in drawing units.
U Up motion (+Y displacement) given in drawing units.
D Down motion ( -Y displacement) given in drawing units.

Following are variables which are used to specify more than one type
command. A & B are two of the six data groups. They are used as prefixes
on the data cards for these groups and are also used in D data group for the
beginning and ending angles for the arc. R has a double use, it specifies the
radius of arc in D data and specifies right motion for C data. S has a double
use: it specifies horizontal shift for repetitive patterns and the cutside
dimension of the border.
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Drawing Units

Variable

Command
Pattern

Exposure

B. Terms

Related to final product size by (drawing units X scale
factor = final product size in mil units).

One of the letters (M, N, S, T, X, etc.) as defined in
the glossary.

A letter, number, and comma sequence,
A series of interconnected exposures.

A single rectangle as created by one flash of the xenon
light (of the MPG) on the photographic emulsion.

Rk i, w0
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'APPROVAL

USER'S MANUAL FOR MSFC
'MASK AND DISPLAY PROGRAM

By Donald Routh and Dae-Shik Woo

The information in this report has been reviewed for security classi-
fication., Review of any information concerning Department of Defense or
Atomic Energy Commission programs has been made by the MSFC Security
Classification Officer. This report, in its entirety, has been determined to
be unclassified. '

This document has also been reviewed and approved for technical
accuracy.
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Chief, Technology Division
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F. B. MOORE
Director, Astrionics Laboratory

34 ’ MSFC—RSA, Ala



DISTRIBUTION

DIR
DEP-T

A& TS-PAT
Mr. L. D. Wofford, Jr.

A& TS-MS-H

A& TS-MS-IP (2)
A& TS-MS-IL (8)-
A& TS-TU (6)

Scientific and Technical Information
Facility (25) '

P, O. Box 33

College Park, Maryland 20740 ‘

Attn: NASA Representative (S-AK/RKT)

S&E-ASTR-RD (30)

S&E-ASTR-R
" Mr. J Taylor

S&E-ASTR-DIR
Mr. F. B. Moore

S&E-ASTR-ZX
Mr. Wade Lincoln



