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ABSTRACT

This document is a user's manual for a set of computer programs
for the layout and generation of photomasks. Also included is a limited
amount of related information on photomasks, their design and use.

The programs and this manual would be most useful to persons having
a moderate need for photomasks for prototype or research purposes.

The source language for the programs is extended FORTRAN. To use
the programs, data describing the photomask design is input to the
programs; provisions for scaling, repetition, complex geometries, etc.,
allow simplifications in the preparation of ths input data. The possible
outputs are plots of the layout and a magnetic tape for controlling
generation of the photomask by a pattern generator.

NOTE
The computer programs described herein are available from
Computer Software Management and Information Center (COSMIC), University

of Georgia, Suite 112, Barrow Hall, Athens, Georgia 30602. Specify
NPO-1441g.
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SECTION I

INTRODUCTION

The fabrloation of many items of modern technology is accomplished
by means of photomasks. A photomask is a photographio plate or film
which carries a geometrical pattern of transparent and opaque areas that
rapresents a part of the design of the device to be tabricated,

Figure 1-1 shows two examples. As one step of the fabrication procesas
the pattern on the photomask is transferred photographlieally to the
devioe, whete it determines in whioh areas modifications such as
deposition or removal of material will take place in subsequent steps.
Thus, the photomask can be thought of as a link between design and
fabrication.

The use of photomasks is partiocularly sulted to applications
involving fine detail, reproducibility, or repetition, and where fabrication
can be oarried out on the planar surface of a material. Examples of
items fabricated by —eans of photomasks include semioconduotor integrated
aircuits, hybrid oircuits, printed oircults, surface ascoustic wave
devices, magnetic bubble devices, integrated optios cirouits, and other
devices.

The purposes of this manual are {1) to describe computer programs
available at JPL which oan serve as ailds in designing, verifying, and
fabricating photomasks or other graphic patterns, (2) to provide instructions
enabling a person to use these programs, and (3) to provide the related
information on the rabriocation and use of photomasks that is needed
for effective use of the programs. Famillarity with use of the computer
and peripheral equipment is assumed and is not covered here.

The programs described in this manual provide the mask designer a
means of converting drawings and designs into computer data which ocan
control mask-making machines and graphics squipment. They provide for
dooumentation, verification, alteration, and updating of designs. In
regard to mask geometry, the programs allow simplified specifications for
soaling, repetition, shifting, image reversal, cartain complex geomatrles,
alphanumeric characters, alignment marks, and other features.

These programs and this manual do not cover any aspeot of computer-
aided design, which is the design or simulation of electronic circults or
davices by computer, What is covered here might be oalled camputer-aided
graphles or computer-aided layout., The olrouit design and Initial
geometrioal layout must be provided by the user.

The information and data in this manual are for programa, proce-
durea, and equipment at JPL and MSFC. Although some of the information
may apply in a genaral way to other installations, it should not be
assumed that the Information gilven here is applicable to other
installatious.

1-1
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SECTION II

PHOTOMASK DESIGN, GENERATION AND USE

A. OVERALL PROCESS

To use the photomask programs effectively, it is necessary to have
an understanding of the overall process of photomask preparation. Thus,
the purpose of this section is to deseribe the complete process, from
design idea to completed photomask. There are many ways to prepare
photomasks; the methods described here are those applicable to facili~
ties at JPL and MSFC.

The various steps, shown in outline in Figure 2-1, are as follows:
(1} The process begins with a design idea.

(2) The design idea must be translated into data suitable for the
computer programs. For these programs the input data must be
in the form of punched cards (or their equivalent in a data
file). Three ways of doing this are shown:

(a) If the design is fairly simple the data may be prepared
directly. This is not the usual practice however.

(b) A drawing is made and data describing the pattern is
taken from it by hand.

(¢) A drawing is made and data describing the pattern
is taken from it by a digitizer. The digitizer resembles
a drafting board; it has a cursor which 1s aligned
with various points on the drawing and automatically
converts their positions to punched card data.

{3) The data cards are read into a file (file 53) and from there
are processea by the MASK program. The program has three
possible outputs. One 1s a printout; the other two are data
placed in computer files (magnetic disc storage).

(a) One (file 55) contains data which may be used to plot the
pattern for verification purooses. The pattern may be
plotted in various ways: on paper, CRT screen, and film.
Each method requires executing a small program to translate
the file 55 data into a form appropriate for the particular
plotting device.

(b) The other (file 57) contains data which may be used to
control the actual fabrication of the photomask by a
machine called a pattern generator. This also requires
an additional program, MASKTRAN, to translate the data
into a suitable form.
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(4) The photomask is generated by the pattern generator, an
extremely accurate optical/mechanical machine for exposing
a photoplate. Its motions are controlled by the numerical
data given to it.

(5) For some applications the photoplate will be used as is. For
ot'si applications, such as integrated circult work, an addi-
tional™step (6) is required,

tains only onw pattern, For many applications, a photomask with
an array of paterns is required. It is made in a process
called step-and-repeat in which the photoplate, made with

the pattern at 10 times required size, is reproduced repeatedly
on another plate at required size in an accurately spaced
rectangular array. This is done by a step-and-repeat generator,
a machine similar to the pattern generator.

»
(6) The photopl«&z\:roduced by the pattern generator generally con-

(7) The photomask plate from the step-and-repeat generator
(the master plate) may be used directly or may be dupli-
cated onto other plates {(the working plates), either directly
or by means of an intermediate plate (a sub-master plate).

Photomasks are usually used by photographically transferring
the pattern they contain to a photoresist, a light-sensitive material
which is coated onto tlie surface of an object. Their use is best explained

by a typlcal sequence of fabrication steps such as the following (see
Figure 2-2):

(1) Coat object with photoresist.

(2) Place photomask in contaet with resist, emulsion toward
resist.

(3) Expose to light (usually ultraviolet); resist is altered
where light strikes it.

(4) Develop resist, to leave resist in desired areas.

(5) Process resist-coated object: deposit, etch, ete. - action is
confined to areas not coated by resist.

(6) Remove resist,

There are two types of photoresist: positive and negative.
This must be taken into account when designing the photomask.

Positive resist. Developing removes resist where it was exposed to

light. Thus the resist pattern duplicates the opaque areas on
the photomask.

Negative resist. Developing removes resist where it was not exposed

to light. Thus the resist pattern duplicates the transparent
areas on the photomask.

-
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<FILM TO BE ETCHED
SUBSTRATE

e /—PHOTORESIST
UV LIGHT GLASS PLATE |
STEPS ke MASK
e ULSION  {
— PHOTORES|ST
(POSITIVE TYPE)
STEP 4
L
STEP 5
STEP 6 FILM

=h— o o SULTRATE

Figure 2-2. Fabrication Sequence Using Photomask
and Positive Photoresist

B. MASK DESIGN

The design of photomasks is beyond the scope of this manual;
however, a few general guidelines are given here.

(1) Keep the layout simple and organized -- right angle geometry,
even spacing, uniformity, etc.

(2) The mask program has the capability of generating circles,
rings, sectors, and arcs; however, they should be avoided
except where necessary, since they require substantially
more pattern generator time than rectangles.
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(3) Try to incorporate symmetry and similarity wherever feasible
so that repetition can be used as much as possible. Repeti-
tion is easily handled by the programs, and using it can
save programming time,

(4) Incorporate identification to appear on the mask plates and
also on the completed device.

(5) Put alignment and registration marks on the mask. These
will be discussed later.

It is a good idea for everyone involved with the mask to get
together and decide on the design during the drawing stage, before data
processing rather than afterwards.

C. MASK GENERATION.

As indicated earlier, the actual mask is made from a blank
photographic plate using a pattern genepator, a type of high-accuracy
machine for exposing photoplates. Specifically, the information in
this manual applies to the Mann pattern generator (MPG) at MSFC shown
in Figure 2-3. This type of machine is represented schematically in
Figure 2-4, A flash tube serves as the light source. A rectangular
opening, whose width, height, and angle are determined by input data,
is imaged by a system of high~-quality lenses onto the plate. The plate
is carried on a table which moves along two axes, as determined by
input data. The rectangular exposures are made at various locations
on the plate and the pattern is gradually built up. A rectangle is
the only shape available, all other shapes must be made up from it;
thus some shapes like a circle or triangle must be approximated. The
MPG is operated in an ultra-clean, vibration-isolated, temperature-
controlled area.

The model 1600 MPG at MSFC has the following characteristics:

(1) Motion of the plate along the X axis and along the Y axis
is limited to 4,000 mils.

(2) The smallest increment in X and Y motion is 0.25 mil.

(3) The smallest increment in rectangle height and width is
0.5 mil.

(4) The angle increment is 1 degree.

(5) Rectangle height and width are each limited to 120 mils
maximum.

(6) The angle must be between 0 and 89 degrees inclusive.



Figure 2-3,

GIN
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The Mann Model 1600 Pattern Generator at MSFC
(the control unit and teletype are not shown)
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Figure 2-4. Principle of Operation of Mann
Pattern Generator



17-32

The mask designer need not be concerned with (5) and (6) as they
are automatically taken care of by the mask program. If necessary,
a rectangle can be made with a height or width having a 0.25 mil increment
{(for example, 3.75 mils), by making two overlapping exposures, one
shifted by 0.25 mil with respect to the other.

The MPG can accept the following plate sizes:

Nominal Size Useable Pattern Area {(approx)
2 in. X 2 in. 1.6 in. X 1.6 in.

3 in. X 3 in. 2.6 in. X 2.6 in.

4 in. X 5 in.® 3.75 in. X 3.75 in.

#Cannot be stepped-and-repeated at MSFC.

After exposure the plate is developed photographically. Depending
on the intended use of the plate it may be developed by one of two
proaoesses:

Normal processing -- areas exposed to light (recfangles) become
opaque.

Reversal processing -- areas exposed to light become transparent.

The completed plate from the MPG is referred to as a retjcle. The
reticle may be used as is, printed onto other plates, or stepped-and-
repeated.

D. STEP-AND-REPEAT

In the step-and-repeat process the pattern from the reticle is
imaged onto another plate at a 10X reduction and exposed onto the plate
repeatedly in a regularly-spaced, rectangular array (Figure 2-5). This
is done in a photorepeater or step-and-repeat generator (Figure 2-6),

a machine similar to the MPG. The step-and-repeat generator at MSFC
can only accept reticles of 2 in. x 2 in. or 3 in. x 3 in. Step and
repeat distances must be in whole mils. A minimum step-and-repeat
separation of 50 mils in the X~direction is recommended to allow time
for charging of the flash lamp supply on the step-and-repeat generator
between exposures.

The 1X plate from the step-and-repeat generator is developed
photographically; reversal processing is not possible due to equipment
limitations at MSFC. With normal processing, the images on the 1X
plate are the photographic negative of the image on the reticle. The

2-8
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Step-and-Repeat (Top: 10X reticle
pattern; two small crosses on the
left are alignment marks. Bottom:
1X mask made from above reticle
pattern by step-and-repeat process;
center pattern was omitted to aid

in coarse alignment; identification
added in lower left)
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Figure 2-6. A Photorepeater or Step-and-Repeat Generator
(Mann Model 1795)

1X mask has the opposite symmetry from the reticle; that is, its patterns
are mirror images of the reticle pattern, with the emulsions on both
plates facing the same way.

E: BORDER

If the reticle plate is developed normally (exposed areas become
opaque), the plate area surrounding the pattern will be transparent.
If one were to attempt to step-and-repeat such a reticle, each time a
pattern was exposed onto the 1X plate, the surrounding area would also
be exposed completely, obliterating any neighboring patterns. To
prevent this, a border is added to the reticle mask: the a-ea
surrounding the pattern is made opaque. The program automatically
provides for a border as specified by the designer, as explained in
Section IV. If reversal developing is used on the reticle the border
must not be put on. Refer to Section III for further information.

2=-10
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F. ALIGNMENT MARKS

Frequontly, during fabrication of a device, the pattern on tha
Lo mask must be aligned with other patterns or features on the device,
: This is usually true if more than one mask is used in the fabriocation.
For this purpose, alignment marks are put on the mask.
squares, or combinations of the two are most common.
in Figure 2-5 uses two orosses. For masks that have an apaque field

{(the pattern is transparent), an alignment mark may be made by exposing
E around the desired shape as shown in Figure 2-7.

Nested orosses,
The mask shown

If there ars special ciroumstances, for example, a large number .
of masks to be aligned to each other, optional maaks, or close registration -3
requirements, it may be desirable to put several alignment marks on
each mask, Marks may also be put on to register the mask with the

edges of a wafer or subatrate, or to indicate centerlines, ete. In
any case, alignment marks should be used generously.

TRANSPARENT
/ ON MASK

OPAQUE ON MASK
— (CROSS)

Y

et S Gt e b

Figure 2-7. Cross Alignment Mark for Opaque Field
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SECTION III

MASK EXAMPLES

A, INTRODUCTION

In the previous section the basiocs of mask generation were
discussed. Trying to understand all the processes and their inter~
relation in general terms is likely to result in complete confusion; a
better approach is to consider each design case individually, step by
step, Thus, in this section some concrete examples are given to help
clarify some of the design steps.

The five examples given are all of masks for typical semiconductor
integrated-circuit processing steps, requiring step-and-repeat of the
reticle. No examples are given in which the reticle is used directly,
since the mask design is relatively straightforward in that case., For
all the examples it is assumed that normal processing will be used on
the 1X mask, as is the case at MSFC. If reversal processing is also
available, the design may be changed to taks advantage of this addi-
tionai degree of freedom. All dimensions given are final size for the
device to be fabricated and thus for the 1X mask. For the 10X reticle
they must be multiplied by 10. Figure 3~1 shows the layout used in the
examples.

B. EXAMPLE 1: POSITIVE PR, OXIDE WINDOWS

The first example is a mask to be used with positive photoresist
(PR) for etching windows in an oxide. Typical uses would be for
diffusion, gate oxide, or contact windows.

Sinece the PR is positive type, the final 1X mask will have an
opaque background with transparent areas where the oxide windows will
be. Consequently, the reticle will have a transparent background with
opaque areas corresponding to the windows. In most cases, the window
areas rather than the background will be made up of the rectangular MPG
exposures. Thus, normal developing will be used on the rsticle.

Since the reticle background is transparent, it needs a border.
Suppose the pattern occupiles a region of 80 mils by 60 mils (800 mils
by 600 mils on the 10X reticle) as shown in Figure 3-1. Allow 5 mils
clearance all around the pattern and a lY~mil dicing track; the step-and-
repeat distances are then 80 + 5 + 5 + 4 = 94 mils by 60 + 5 + 5 + 4 = T4 mils,
The opening inside the border could be as large as 94 + 4 + 10 = 108 mils
by 74 + 4 + 10 = 88 mils without causing obliteration of adjacent patterns
during step-and-repeat. However, this would exposé the dieing track
region, resulting in oxide being left in the dicing track. Since this
is usually undesirable, the opening inside the border should be smaller.
An opening of 90 mils by 70 mils would give the desired 4-mil dicing
track, free of oxide. Regarding the size of the outside of the border,
see IV-C-6, "I" pata Group.
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Another matter to consider is symmetry. If the device is to
be right-reading, the 1X mask must be right-reading with the emulsion
away from the viewer., Since step-and-repeat reverses the symmetry,
the reticle must be reverse-reading with the emulsion away,

The MASK program provides :or reversal of symmetry, specified by a
symmetry parameter, MR (see IV-C-2, "B" Data Group). Thus, for this
mask example either of two methods may be used: (1) prepare the drawing
or data for a reversed symmetry (opposite of the device) and use a
positive value for the symmetry parameter (MR > 1), or (2) prepare the
drawing or data for normal symmetry (same as the device) and ure a
negative symmetry parameter (MR £ 1).

The parameter MR also specifies whether or not a border is
to be generated. To generate a border, |MR|> 3. Thus for this mask
example, use MR > 3 for method (1) or MR < 3 for method (2) above.

c. EXAMPLE 2: POSITIVE PR, METALLIZATION MASK

The second example is a mask to be used with positive resist for a
metallization pattern. Assume that the metallization pattern will he
produced by the normal procedure; namely, metal will first be deposited
to cover the « tire surface of the device, photoresist will be appliled,
exposed and developed, and then the unwanted metal will be removed by
etching. ‘

In this case the 1X mask will usually have opaque rectangles
on a transparent background. The reticle will be the opposite: transparent
rectangles on an opaque background. Thus the reticle does not need
to have a border specified; in fact, a border must pot be specified
for the reticle, or adjacent patterns would be obliterated during step-
and-repeat. The reticle will require reversal processing to make the
exposed areas transparent. With this arrangement the dicing track
will be free of metal, which is normally the desired situation. Regarding
symmetry, refer to example 1.

D. EXAMPLE 3: NEGATIVE PR, OXIDE WINDOWS

The third example is a mask to be used with negative photoresist
(PR) for etching windows in an oxide. This is the same as example 1
except that in example 1 positive PR was used.

Since in this example the PR is negative, the final 1X mask will
have a transparent backeground with opaque areas where the oxide windowus
will be., Consequently, the reticle will have an opaque background with
transparent areas corresponding to the windows. In most cases the
window areas rather than the background will be made up of the
rsctangular MPG exposures. Thus, reversal developing will be used on
the reticle.

The reticle background will be opaque so it will not need to have
a border specified: in fact, a border must pot be specified. However,

3-3
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to keep the dioins traok free of oxide, as is usually desired, a
transparent band or "moat"™ must surround the pattern. This ia done by
apecifying rectangular exposures in tha proper locations, using either
rectanglea or right-angle strip, see IV-C~3, “C" Data Group.

Suppoas the pattern cccuples 80 mila by 60 mils, and allow 5 milas
olearance all around the pattern as shown in Figure 3-1. The inaide
of the moat would be 80 + 5 + 5 = 00 miils by 60 + 5 « 5 = 70 mils.
Assume a dicing track of 4 mils and 94 mila by 74 mils step-and=repeat
apacing. Thus the outside edge of the moat oould vary from 94 mils by
T4 mils (no overlap between adjacent moats) to 98 mila by 78 mils
(complete overlap). A reasonable overlap would be 1 mil, requiring
outaide dimensions of 95 mils by 75 mila for the moat . Regarding'

. symmotry, refer to example 1. '

E. EXAMPLE H. NEGATIVE PR, HETALLIZATIDN HASK

' The fourth example 1e a maak to be used with negative photoresist
(PR) for a metallization pattern. This 1s the same as example 2 exoapt
that in example 2 positive PR uaa used.

Assume that the matallization pattern will be produced by the
normal sequence of steps, as given in example 2. Normally, the 1X mask
will have transparent rectangles on an opaque background, The reticle
will be opposite: opaque rectangles on a transparent background.

Thus, normal prooeasing will ba uaad cn tha ratiole and a border must
- be spesaified.

_ Suppose the pattern occupiaa a ragion of BD mila by 60 m!ls,
allow 5 mils clearance all around the pattern and a 4-mil dicing track.
The step and repsat distance would be 94 mila by 74 mils. To keep
the dicing track fres of metal, as is normally desired, the inside
“opening of the border must be at least equal in size to the step-and-
rapeat apacing. On the other hand, the inside opening could be as
large as 108 mils by 88 mils wibhout obliterating adjacent patterns
during step-and-repeat. A reasonable size might be 96 mils by 76 mils.
- Regarding symmetry, rafer to example 1,

F._' EXAHPLE 5' NEGATI?E PR, OXIDE WINDOWS, .CONTACT PRINT

This example is tha same as example 3 except that the working mask

piates (those actually used to make the device) will be mada by contact .

prinhina rrom tha 1x maak genaratad by atep—and—repeat (the master mask

o plata)

The uorking plate will have a tranaparant baokground and opaque

. pattern areas, so the 1X master will be the opposite: opaque background
- and’ transparent pattern areas., Thia is the same as the mask in .

~example 1, so the procedure given there can be used. However, the
retiole must have the opposite symmetry from that given in example 1,
:_ainca tha contaat printing 1ntrodunaa an additional symmetry reversal.
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G.  SUMMARY

To summarize some of the points illustrated by the preceding
exanples, when designing a mask first consider:

(1) The type of photoresist to be used, positive or negative. o
(2) - Whether the stepped-and-repeated mask will be used direotly,
or whether working masks will be made from it, either direotly
or by means of a sub-master plate.

(3) The separation between patterns, allowance for clearance,
dioing track size. eto.

. 'The above conditions will then determine:
(4) Nhether the mask and retiole will have a olear or opaque baokground.

(5) Whather normal or revaraal prooessing will be used to develop
the reticle.

(6) Whether a border or moat is needed, and the size of the
opening inside the border or the moat size,

(7) Step-and-repeat disbanees.
Fi':ally, deeide on:
(8) The size of the mask plate,

(9) - The number of step-and-repeat patterns desired on the !X mask.

(10) The symmetries of the plates and drawing.
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SECTION IV

e

| PREPARING THE INPUT DATA
A.  GENERAL DATA FORMAT

Photomask specifications and other data are input to the programs
on- punched computer data cards. The data may also be input in a form
equivalent to cards, for example, using a data file; however, for the

. purposes of this manual the data will be treated as if it were on
' cards. C '

The data for each mask is divided into data groups, each of which
- may contain one or more cards. The following six data groups are
. available at JPL: ' o

Data Group Function

Iy To convay a mecsage to the operator of .the
Mann pattern generator, and to initiate
processing of data for each mask.

B To speecify scale factor, location of
pattern on the mask plate, whether or not
a border is desired, and true or mirror
image on the plate.

c To specify pattern data for rectangles and
strip (a continuous trace whose direction
"can be changed at right angles).

D To specify pattern data for strip at
angles, circles, circle sectors, annuluses,
and ares. ' '

E To specify data for alphanumeric characters
to appear on the mask plate.

I . To specify fiducial marks and border to be
- put on the 10X reticle mask plate. These
are needed for the step-and~repeat
operation. S

The following three data groups are available at MSFC, in addition
» . - to the six above;.

Fr To specify a standard flare-cut pattern to

fit semiconductor chips,
¢ To extract pattern cells from a library.
g To specify a beam=-lead pattern.

-1
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Cards for each data group are placed together, and the data groups
are arranged in alphabetical order to form the input deck. If a data
group is not needed it may be omitted. Data groups A and B must always be
present. There is no limit to the number of cards that may be in a data
group, except groups B and I, which may contain only one card,

B. CARD FORMAT

Column i of every card except continuation cards must contain one of
the six data group letters to identify to which group it belongs, or a
blank indicating that it is a comment card. Any other symbol will cause
the card to be ignored.

Comment cards are allowed anywhere in the input data. The
information on a comment card is printed out with the datua cards, but is
not processed by the program in any other way. Blank cards may be
inserted freely into the input deck to separate data groups, masks, ete.
In addition, any data card may contain comments. If two blank columns are
left after the data on a card, additional characters to the right are not
processed, except for printing on the data printout (this feature is not
available at MSFC). Comments are useful for identifying and organizing
the data and should be used liberally, as they can save a great deal of
time during corrections or alterations, Comments data does not appear
anywhere except in input file 53 and the computer printout. This is
different from the A group data which is put into the Plot and Mann files
and can appear on the plots and the MPG teletype.

Immediately following the data group character a card identifiecation
(ID) number may be punched. This can bas any integer or decimal number of
<5 columns excluding any decimal point. Examples: 0.0, 23, 1.5, 186.42.
In excess of two digits to the right of the decimal point will not be
printed out, This field is only for identification and is not processed
by the program in any way. A comma is punched immediately following the
ID number.

The remainder of the card is used te specify varicus input data by
means of parameter fields. Each parameter field consists of a letter
identifying the parameter, followed by a number indicating the value of
that parameter. Examples:

H105.0 A88 X0,.113

Each parameter field is terminated by a comma, which alsc separates the
fields from each other.
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List of Parameters

Symbol Unit Dascription bata Group
A degreea Angle C,E
Initial angle of seator D
B degreas Final angle of seotor D
D b Downward exteonsion of strip c
4 DU Rectangle height C
Border window height I
1 degrees Angle increment D
L bu Leftward extension of strip Y
M positive hepetitions in X-direction c,D,E
integer
N pasitive Repetitions in Y-direotion ¢, b,E
intager
R DU Rightward extension of atrip ¢
Radiua of oirole, seotor, D
annulus
K1 by Separation in X-direotion for c,b,E
rapet.ition
mils Qutside dimension of border I
T Dy Separation in Y~direation for ¢,D,E
repetition
mila Separation of fiduoial marks I
u Dy Upward extension of strip C
W bt} Hidth of rectangle C
Width of strip ¢,D
Width of annulua D
Width of alphanumerio oharacter E
Border window width I
X, Y b Loacation of genter of reotangle C
Logation of beginnilng of strip C,D
or extension
MR Integer Mirror or true image and flag B
a1, #3 for border

4-3
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List of Parameters
! (Continuation 1)

S Sy O O W . - o i

Symbol Init Desaription Bata Group

3K positive Jecale factor B
numbo

X, ¥YC [l Loeation of center of pattern B

Notes: D = drawing unita
Width is in Xedirectlion; height is in Y-direotion,

Atgles are measuted counterclookwize from poaitive
X=ditection,

S o m s R A T 1 Tamers i i e - .

Nutterieal paramoter values are governed by the {ollowlng rulea:

(1) All dimensions are in drawving units (DU) as explained later,
except S and T on I group cards are in wilas,  The program
will round W and I to the nearest 0.% mil and all rectangle
Jocationa to the thearest 0.2% mil for compatibllity with
the MPG.

{2}  All anglea are in degrees, measured vounterclookwise from the
poaitive X~direction {(horizontai}. Any angle -~ < A < may
be specified; however, the program will round to the nearest
degree for compatibility with the MPG.

: L3 ALl numerical parameter values are limited to 11 ocard
; columns, excluding any decimal point,

f (i) Any digits to the right of the decimal point on M and N will
’ be ighoted and M and N muat be 1.

é (") Blanka in the pavameter fields should be avoided. Leading and
i trailing seron may be used to make subgequent vhanges casier,

(6) A decimal point is optional for all parameters, For sowme
parametera (M, N, A4, 3, I) a decimal point is never necesaary,
aince only whole numbers are allowed.

(N The pattern must not exceed the maximum avallable area for the
plate alze bLoing used in the MG (refer to table in Il-C).
The program does not check for this; it ohecka the pattern
valuea according to the limita given in 1I-C, (1) through (4},
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All 80 oolumns of the oard may be used for ocards to be processed at
JPL., For cards to bo proocessed at MSFC, columns 73-80 inoclusive must be
lef't blank.

Tha last oard in sach data group must have a dollar sign (§) punohed
immediately after the laat comma, indicating the end of that data group.
c. DATA GROUPS
1. AT Tata Group

Tha A data group ia used to put a message onto the Mann tape. The
mosaagn will be printed out for the MRS operator on the teletype
comnected to the MPG.  All identifiloation informatlon and special
inatructiona should ba included hare.

Following the I fiald and {ta terminating ocomwn, the mesasage is
punched. ‘Thore are no paramoaters on the A vard., On eaoh card the
mossage flold ia terminnted by (,;), oxcapt on the last oard where
1t is terminated with (,$). On eaoh oard a maximum of 68 columns ias
allowad forr the wessage. The measage may lnolude any oharaocters
excapt () and (§), ainoe these are used to terminate the message.

The tollowing are suggestions of information whioh should be
ineluded:

(1)  Name of designer or user.

{2}  Date.

{}) Identifioation and briet desordption of mask,

{(4) Maak plate sisea,

(") Whather or not mask ls to be stapped-and-repeated.

{(6)  Step and repeat separation in both X and Y directiona and
number of pa*terns, or Lo aaver plate comnpletely.

(1) Whother expeosed areas are to be opaque or transparent on
{ final) mask.

(8) Number of coples of maska to be made.
Bach time a group of A data vards appears in the input data, the
program initiates a new mask. All data cards following the A group data

cards are applled to that mask, until the next A group card or an
ond=of'-f1lo is encountered in the input data.

I=4
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AOQ1, CMOS INVERTER CI-05, J. JONES, 5/14/77,;

AO2, MASK 1, P-DIFFUSION,;

A03, USE 3 X 3 PLATE, STEP AND REPEAT X=50 MILS, Y=65 MILS,;

AOW, EXPOSED AREAS ON FINAL 1X MASK TO BE TRANSPARENT,;

A0S, PLEASE PROVIDE FIVE COPIES,$

2. "B* Data Group

Only one B group card is needed. It contains, in addition to
the data group character and ID field, the 4 fielda given below.
The parameter fields on the B card have these special features:
(1) each parameter is identified by two letters; (2) the fields must
be in the order given below (SF, XC, YC, MR).

SF

Example 1:

Example 2:

(scale factor). This parameter saales the input
data according to

DESIRED SIZE OF SIZE OF FEATURE
FEATURE AS GIVEN AS
EXPOSED ON = SF INPUT DATA TO

PLATE, PROGRAM,
mils drawing units

Suppose a rectangle on the drawing 1s 100 drawing

units wide. The input data would be W100. If the

same rectangle is to be 50 mils wide on the MPG reticle
plate (5 mils on 1X mask, if it is to be stepped-
and~-repeated), then SF = 50/100 = 0.5,

Suppose a rectangle on the drawing is 100 drawing
units wide. The input data would be W100. If the
same rectangle Is to be 100 um wide on the raticle
plate, then SF = 100 um x (0.039370079 mils/um)/100

= 0.039370079. See Appendix B for conversion faators.

If the reticle is to be stepped-and-repeated, all
input data must be 10 X final size, or SF must be
multiplied by 10.

XC and YC (center coordinates)

Used to position the pattern on the photomask plate
as shown in Figure H4-1. Generally XC and YC should
be the coordinates of the center of the pattern,
This will aeenter the pattern in the MPG exposure
area and thus on the retiocle plate (approximately).

4-6
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Figure 4-1. Dofinttton of Center
Coordinates XU and YO
{for the ajtuattion
fllustrated above, XC
amt YO are both
positive)

XC and YO are in deawlng units, 1 tha pattaern is
ventorad about the draviung odgin, then XC o 0, YC = 0.
Whatevar point is spacifiad by XC,YC, that point

wWill be put at the canter of the rotlole plate
(approximately, sea VI-F),

ME tmdreor and bordard

Example:

T€ MR > 1, the pattarn axposed onto the raticle plate,
with the anulalon away from the viewer, will read

the sama as tha input dreawing (trua or right-reading
Image), 1 MR 4 =1, the patterpn axposad onto the
retiola plate, with the emulsion away from the viawer,
will ba the mivror image of the input drawing {(mlrror
or roverae-reading {nage).

Remambat that symmatey 1s affeated by step-and-vepeat
and copying from one plate to anpothor (3ea Seotlons 11
and 1110,

18 {MR] 2 3, the program will gonerate a border on
the wank acocording to specifications on the I group
data oarda.  Further information on this faature

Ia given under 7" data group.

BROYS , 8F 30, 370079, XC 12000, YOTH00  MR-3, §

et
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3. "C" Data Group

The C data group comprises two types of pattern data: rectangles
and strip. Data must be arranged as follows: all rectangle data, sub-
group separator (,;), all strip data, C-group Lerminator (,$).

if there 1s no strip data, the rectangle data may be terminated by
(,$) and (;) omitted. If there is no rectangle data, (,;) must be
punched after the ID number on the first C card.

a, Rectangle Data. This subgroup allows specification of
rectangles and arrays of rectangles, For a single rectangle, specifica- -
tion is according to the following parameters and Figure l.2:

X, Y coordinates of center of rectangle relative to drawing
origin (DU).

H height of rectangle {(Du).
W width of rectangle {(DU).
A angle of rotation of rectangle counterclockwise from

X-direction (horizontal) (degrees).

For an array of rectangles, specification is according to the
following parameters and Figure H-3.

X, ¥ coordinates of center of lower left rectangle (if
3, T are both positive) (DU).

W, H same as for single rectangle.

A rotation angle of individual rectangles. Note that
array as a whole is not rotated,

M, N number of repetitions in X~direction {integer > 1)
and Y-direction respectively.

5, T distances between centers of adjacent rectangles
(DU) in X~direction and Y-direction respectively.

Example (without strip data):
C06,X200,Y300,430,W60,H100,
€07,X200.00,Y305.78,A0,W0.51,H1.10,

co8,mM3,N2,8500,T300,X200,Y¥600,A45,W60,H100,$
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RECTANGLE

AN ma— o— n— S——  —— Y

HORIZONTAL

=X

Figure 4-2, Parameter Specification for a Single Rectangle

D00
RN

=X

z=
Vo

K L

Figure U4-3. Parameter Specification for an Array of Rectangles
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Cl,;
C2,w20,X100,Y100,R300,U200,X150,Y200,R150,

: X150 .
300 b- g —— =)
l |
| 1y200 I
i I/—END ;
200 - oo — | {u200
R150 t
Y |
w20 [
R300 |
]00 [— f —————————————— "
! START
0 1 | 1 |
0 100 200 300 - 400
X

Figure 4-4. Example of Parameter Specifications for
Right-Angle Strip

b, Strip DPata. This subgroup allows specification of strips,
usually used for interconnection. Cnly right angles are allowed.
Specification is according to the following parameters and Figure 4.4,

X, Y first appearance of X and Y on a card is starting point
of strip. Subsequent appearance of X or Y are points to
which strip will be extended horizontally or vertically,
respectively (DU).

W width of strip (DU).

U, D, L, R distance strip will be extended upward, downward, left
or right, respectively, from previous point (DU).

Note that X and Y indicate absolute locations, whereas R, L, U, D
indicate relative distances: X20 means the strip will run horizontally
from its last location to the point X = 20, R20 means the strip will be
extended 20 DU to the right. Note that the starting and ending points are

4.10
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at the edges of the ends of the strip, whereas the intermediate points are
at the genters of the right angle bends of the strip.

M, N, 5, T same as for rectangle data.

Each appearance of "C" (C-group identifier) indicates that a
new strip is to be initiated.

y, "D* Data Group

The D data group comprises two types of pattern data: (a) strip at
any angle, and (b} circles, sectors, annuluses, and ares. Unusual
shapes may be built up from these elements. The data in the two
subgroups must be separated by (,;) as for the C data group.

a. Strip at an Angle (see Figure §-§}.

X, ¥ first appearance of X and Y on a card is starting point
of strip. Subsequent appearances of X and Y are point
to which strip will be extended in a straight line

(bu).

W width of strip (DU)}. W cannot be changed within
a series of parameters,

M, N, S, T same as for rectangle data.

X and Y may be any values; however, the direction angle of the
strip will be rounded to the nearest degree by the program. When strips
meet. at an obtuse angle they are extended by the program as shown in
Figure 4-%5. When strips meet at an acute angle a small rectangle is
added as shown to smooth the elbow. Neither of these actions is taken
for end points.

b. Circles and Ares. This data subgroup allows circular patterns
to be approximated from rectangles, as shown in Figure H4-6.

R distance from arc center (X,Y) to centerline of
annulus (DU).

W width of annulus (DU).
A, B angles indicating beginning and end of annular sector
(degrees). Annulus goes from A to B in a counter-

clockwise direction.

1 angular increment of each rectangle (at its outer edge)
used to create annulus (degrees). Default 5 degrees.

X, ¥ location of center of annulus (DU).

M, N, 3, T same as for rectangle data,.

411
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D1,w0.2,X2.0,¥1.0,X3.0,Y1.0,X1.5,Y2.0,X0.5,
*2,¥1.5,X0.5,v¥2.5,%X1.5,Y3.,0,

END
3.0}
OBTUSE ANGLE
2.0p
1.0 p~
ACUTE ANGLE,
RECTANGLE ADDED
0 | l l
0 1.0 2.0 3.0

Figure 4-5. Example of Parameter Specifications for Strip

(dots at elbows indilcate pesitions specified
by parameters X and Y)
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TYPICAL
RECTANGLE

—— n—

l XY HORIZONTAL

Figure W-6. Parameter Specifications
for Circles and Arcs

Note that a oircle can be specified two ways: X30,Y80,R50,W100,A0,B360,
or X30,Y80,R0,W200,A0,B180,. Both specify a circle at X = 30, Y =
80 with diameter 200; however, the second method requires half as many
rectangles.

This subgroup should be used judiciously, since the figures require
a number of exposures. For example, a circle with I=5 requires at
least 36 exposures. Parameter I should not be made smaller than
necessary. To see how the figures are built up from rectangles, refer
to the example at the end of Section VI,

5. ME" Data Group

Following the ID field, parameters M, N, S, T, W, A, X, Y may be
specified. Following these parameters a colon (:) is punched, followed
by the alphanumeric characters to be placed on the mask plate. The
following characters are allowed:

& through g
A through 2
y 22+ =%/ = ()% & &5 (blank)
Any other characters in the input data will be ignored and will

result in a blank on the mask. The actual appearance of the characters

is shown in Figure U4-7. Note that O (letter) and £ (number) give the
same pattern.

4-13
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Figure 8-7. E-Group

Character Set, SFI1,

W50.0 {approx 6X)

The alphanumerle field is terminated by {,;), except on the last
data card, where it is terminated by (,%).

W

nominal width of a

character, including the space

between it and the following character (DY, Thus,
W is approximately equal to the total message length

divided by the number of characters.

Some ocharacters

deviate from the nominal width as follows:

1 243 nominal width
ot 172 nominal width
L 1-3 nominal width

7 540 nowminal width

Letter height:letter

angle of

rotation of

width:space between letters = 7:5:)

line of ocharacters counterclock-

wise from horizontal (degreas). Rotation is about
lover left corner of first character. If A is zero
or positive, coharacters will be right-reading: if

A is negative, characters will be reverse reading

{ see Figure 4-§),

coordinates of the lower left corner of the first
character (DU).
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Figure H#-B8. Alphanumeric Examples Showing
Etfect cof "A" Parameter

M, N, 8§ T have the same meaning as for the € data group.
Examples (patterns are shown in Figure 4-8):

E3,M1,N1,80,T0,A0,W50.0,X0.0,Y0.0, "EXAMPLE 0, ;
E4,A090,X0.,Y0., 'EXAMPLE 9C.;
ES,A240,X0.,Y0., 'EXAMPLE 240,%

E3,M1,N1,50,T0,A-360,W50,0,X0.0,Y0.0, 'EXAMPLE -360,;
E4,A-270,X0,,Y0., 'EXAMFLE «270,;
E5,A-120,X0.,Y0,, "EXAMPLE -120,$

b. "I'" Data Group

This dats group is used to specify fiducial marks and/or a border
to be put on the mask plate. These are used in the step-and-repeat
process. If the mask is to be stepped and repeated, fiducial marks are
always necessary and a border may or may not be necessary. Refer to
Sections II and III for further information. If the mask is not to be
stepped-and-repeated, then no fiducial marks or border are needed; they
may be put eon if the designer wishes. In order for a border to be
generated, the B-group card must have [MR| X 3. Only one I ocard is
necessary per mask,

418
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W, H (if border used) width and height of opening inside
the border (DU).

S (if border used) both width and height of outside of
border (mils). The outside of the border is square,
with side of length S.

T vertical separation of fidueial marks (mils).

The fiducial marks are located at X=0, Y=+T/2 and X=0, Y=T/2
relative to XC, YC. The upper one consists of two squares,
the lower of three rectangles. The outside of the border is always
square, and the border is centered at XC, YC, Examples of fiducial
marks and borders are given in Figures #-9, 4-10, and 4-11; all figures
are approximately 2X.

The fiducial mark separation and outside dimension of the border
depend on the plate size and step-and-repeat machine. For MSFC the
following are standard:

1600 mils T

2 in. x 2 in. plate S 1600 mils

n
]

3 in. x 3 in. plate S = 2600 mils T = 2600 mils

Examples (patterns are shown in Figures 4-9, 4.10, and U4-11):
I201,H600,W1000,81300,T1600,%

198,H600,W1000,81600,T1600,$
I12.50,H600,W1000,51800,T1600,$

D. RULES GOVERNING CARD FORMAT
(1) Parameters may be punched in any order, except for strip
data. The conventional order is repetition data ‘M, N, S, T),
angle data (A, B, I), size data (W, H, R), location data
(2) Within a data group, a parameter retains its numerical value
until changed. Thus, a parameter may be omitted if it does

not change from its previous occurrence. For example:

co1,M1,N1,430,X35,Y10,
02, X50,

is equivalent to

co1,M1,N1,A30,X35,Y10,
co2,M1,N1,A30,X50,Y10,

Each will result in two rectangles.

4-16
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& -a—— FIDUCIAL MARK

B
-a—— BORDER
I
T S I
e \\/ l—»
A 3
Y 4
- S -

Figure N-9. Border and Fiducial Mark Example,
H600, W1000, S1300, T1600

IO EIUNRURES « ) Wt S

s | 1 SumtS S

Figure 4-10. Border and Fiduclal Mark Example,
H600, W1000, S1600, T1600
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Figure 4-11. Border and Fiduoial Mark
Example, H&00, W1000,
51800, 11600

Each appearance of the data group identifier (C, D, or E)
{except the initial appearance in the data group), or a
terminator (;) or ($), initiates the proocessing to oreate
the specified pattern. UOnly the mest recent value aasigned
to a parameter is used. Thus

COT,M1,N1,A30,X35,Y10,X565,
COE g =

is equivalent to

COt,M1,N1,A30,X%55,Y10,
Coa y =

and will result in one reatangle. The data group identifier (C)
on the C02 card initiates processing of the preceding speoifi-
oations on the COV card., The last value of X (X55) is

the one that is used.

Mors than one set of data wmay be put on a single card by
interposing the data group identifier. For example:
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CO1, M1, N, A0, X35, Y10,002,X5%,
will rosult in twe rectangles,

(%) A met of data may be continued from one eard to another by
punching the continuation character (®) in column 1,

COY, M1, N1
®01,A30,%3%,Y10,

or by omitting the data group identifier,

COT,M1,N1,
A30,X3%,Y10,

NOTE: Since parameters values may carry from one card to the next,
it is important to remember to "reset! parameters, particu-
larly M and N.

E, REMARRS

The pattorn s gonerated as a set of rectangles, If the rectangles
are to connect, some overlap is desirable. Overlap should be indleated
on drawings to aid in subsequent translation to numericeal input data.

The order in which the rectangles and other patterna appear in the
input data {s unimportant to the program, since they are sorted by
the program. However, tor ease of programming and data revision some
form of organization is useful.

1. JPL/MSEC Compatibility

As stated elsewhere, the MASK program was obtalned from MSPC,
Une of the ground rules in implementing the program at JPL was to
maintain compatibility with MSFC,  Thus, data oarda may be used
interchangeably, except for minor differences indleated in this section
and summarized here {refer to MSFC manuals).

JrL M3EFC
Card format all 80 ocolumns may be columny 0-72 only may
used b used
continuaticon continuation indi-
indiontod by # oatad by any

charactotr except data
group or parameter

identifiers.
comments may be put comment s must not be
an data oards put on data cards

§-19
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JPL MSFC
Punah codes See following page
Data groups F, G, J not available F, G, J avallable
A-group message limited to message length limited
68 columns only by space on card
E~group quote ("} not quote (") allowed
allowed
(1) same width as {1) narrower than
other numbers other numbers
I-group only W, H, §, T W, H, S, T and other
allowed parameters allowed

2. Punch Codes

The punch codes for data cards differ for the Univac (at JPL) and
the XbS Sigma 5 (at MSFC) computer systems. This must be taken into ac-
count when sending data cards from one installation to the other, particu-
larly for the A-group messages and the E-group alphanumeric specifications.

Fortunately, the alphabet, digits, and most of the data characters
(., ; $§ % -) are the same. The plus sign (+) is different; to simplify
data preparaticn, do not use it since an unsigned number 1s always
assumed to be positive. For the E-group alphanumerics flag the colen
(:) is used at JPL and the apostrophe (') at MSFC since this results
in the same card code {5-8).

4-20
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Card Punch Codes

XDS Sigma 5 (MSFC)

Character Name Univac (JPL)  IBM 360, 370 (CIT)

A thru I  letters same, 12-1 thru 12-9

J thru R letters same, 11-1 thru 11-9

S turu 2 letters same, -2 thru @-9

g thru 9 digits same, & thru 9
period/decimal point same, 12-3-8

, comma same , #-3-8

H semicolon same, 11-56-8

$ dollar sign same, 11-3-8

4 asterisk same, 11-4-8

/ slash same, f-1

- minus sign same, 11

+ plus sign 12 12-6-8

= equal sign 3-8 6-8

< less than 12-6-8 12-4-8

> greater than 68 #-6-8

( left parenthesis H-4-8 12-5-8

) right parenthesis 12-4-8 11-6-8

! apostrophe 4.8 5-8

: colon 5-8 2-8

? question mark 129 2-7-8

] gxclamation point 11-0 11-2~8

" quotation mark not available 7-8

# number sign 12-7-8 3.8

% percent sign #-5-8 p-4-8

e at sign 7-8 (may be A) 4-8

& ampersand 2-8 12

4-21
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SECTION V

DIGITIZING PHOTOMASK DRAWINGS

! The input data for the pattern can be prepared and punched onto
. cards by hand according to the directions given in the preceding

section. A faster and less error-prone method is to use a digitizer

to take the data from a drawing. Directions for this method are given
- in this section. Only data for the C group (rectangles) can be
accommodated by this method; the data for A, B, D, E, and I groups
must still be prepared wholly or partially by hand. This is not a
serious limitation, since most mask patterns can be made up of
rectangles and right-angle strips. Contact J. H. Hix (JPL) regarding
use of the digitizer.

A, PREPARING THE DRAWING
(1) Use paper having 10 grid lines to the inch.

(2) Check that grid lines on the paper are accurately spaced to
within 1/4 of a grid division over the area to be used for
the drawing.

(3) Drawing should consist of rectangles whose edges lie on grid
lines or half-way between grid lines (anything else, such as
rectangles at an angle, curved lines, edges not on grid lines
or half-way between, etc., will require additional work).
Rectangles which are to be connected should have some overlap
(equivalent to 1/2 mil - 1 mil at final 1X size). All lines
need not be drawn in -- only two dlagonally opposite corners
are needed for each rectangle.

(4) Decide on an origin for the drawing (X=0, Y=0).

B, DIGITIZING THE DRAWING

. (1) Load a drum card into the digitizer keypunch. Use one of the
schemes shown in Figure 5-1.

(2) Place the drawing on the digitizer table and rotate it until
it 1is aligned to the digitizer table X and Y axes within about
+10 mils over the drawing area.

(3) Place the cursor at the drawing origin (X=0, Y=0) and
initialize the digitizer by pressing the extreme right (red)
button on the cursor (see Figure 5~2), The X and Y indicators
on the digitizer panel should then reset to 00000.

i

3
4
Y
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Figure 5-1. Digitizer Keypunch Drum Cards (top: to duplicate label;
bottom: for no label)

OO0 o0 O

DIGITIZE (BLUE)J
RELEASE CARD (WHITE)
RESET (RED)

Figure 5-2. Moveable Cursor on Digitzer
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(4) 1f tho first drum card shown in Figure 5-1 is used, columns
78-80 of the data ocards may contain a label (any characters)
for identification. Before digitizing each set of data, disengage
the drum, punch the label in columns 78-80, and re-engage '
the drum. The label will then be dupliocated on the succeed-
ing data cards. A label should not be used 1f the cards will
be input to the MSFC computer.

(%) Digitize the rectangles on the drawing (one mask at a time)
by doing the following: Aligh cursor over one corner of the
reotangle, pross the middle (blue) button on the cursor, then
align oursor over the diagonally opposite corner of the same
roctangle and preas the button again, Either pair of
diagonally opposite corners may be used, and in any order,
However, a consistent soheme is recommended to make later
editing easier. Six X-Y palrs, corresponding to three
reatangles are punched onto each card,

Although rectangles at an angle, oireles, ete., cannot

be correctly handled by the Jdigitizer program, they should
be digiticed anyway to get their X,Y location and eliminate
that part of the hand work,

Lifting the cursor off the table or moving it too fast
will "look" the digitimer. Repeat step (3) and resume.

(6} After all reotangles in the group {for example, one mask)
arg digitized, eject the last card from the keypunch by
pressing the white button on the cursor.

The last data set (2 X,Y pairs) must contain blanks or
weros, This indicates the end of a set of data. In some
cases this will require a blank card as the last card.

C. CONVERTING DIGITIZER CARDS INTO C-GROUP CARDS

The cards from the digitzer are oconverted into C-group cards which
can be input to the MASK program by assembling them into a deck as
shown below, This program runs on the Univac 1108 at JPL. Be sure that
the #RUN card allows sufficient carda to be punched.

GRUN

8xQT FILE.DIGITTOCABS

-=ifiitinlization card--

--datz cards from digitizer, last card must have U4 fields blank--
--initialization ocard«-

--gdatn cards ...

eta.
SFIN

Each set of data cards (a set might correspond to an individual mask)
must be preceded by un "initialization card" containing the following:

5«3
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Columns 1-#: The initial value for the C group identification
number, The C cards will be numbered consecutively
gtarting with this number. It must be an integer
(no decimal point).

11-16: An XSHIFT value. This number will be added by
the program to all X values in the set of data
cards following this card. It must be an. integer
and may be + or -,

21-26: A YSHIFT value, analogous to the XSHIFT value.

31-71: May contain a label, It will appear on the printed
output.

All other columns may contain anything desired to identify, etc.
Any or all of the columns may be left blank, in which case the numbers
will be interpreted as equal to 0. In any case an initialization card
must precede every set of data cards.

The data cards are used as they come from the digitizer. Four
consecutively blank or zero fields terminate the data set. The label
in columns 78-B0 will appear in the printed output and be punched in
columns 73-75 of the C-group cards generated from the digitizer card
(C-group cards to be processed at MSFC must not contain a label). Each
digitizer card generates three C cards (except at the end of a data set).

To delete the data for a rectangle, punch any character in the
blank column between the four data fields for the rectangle.

The program first rounds the digitizer data values to the nearest
50 mils (nearest grid line or halfway point). The H, W, X, and Y values
are then calculated. If H or W is zeroc, a WARNING is printed in the
computer output. However, the corresponding C card is punched anyway.

The punched C group cards will have the following format:

CHEEE JRENEEE LREERE YRERER YRRERE L

where each * represents a digit. The digit fields will not contaln any
blanks; they will be zero filled on the left, since a blank following

a parameter letter (W, H, X, Y, etc.) would cause the MASK program to
iznore all the succeeding data on that card. #H is the three character
label from columns 78-80 of the corresponding digitizer data card.

When preparing the C-group cards to be input to the MASK program,
any rectangle can be repeated by preceding its C-group card with a
C-group card containing the appropriate M, N, S, and T values. The ecard
containing the W, H, X, and Y data should have the letter C in column
1 replasced with a * (continuation card indicator, see Section IV-D-5),
To terminate the C-group cards, the last card may have a $ added follow-
ing the last comma, or a separate C card (for example C9999,$) may
be added at the end.

5-4
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L. EXAMPLE OF THE PROCEDURE

Figures 5-3 through 5-6 illustrate an example of the procedure.
On the drawing the solid rectangles are "P+ diffusion:" the dashed
rectangles are "METAL." The second set of data (METAL) is shifted
1.0 inch to the left and 0.5 inch up. Two mistakes were made while
digitizing: the firat one was flagged for deletion by an X, the second

was not deleted (a zero width rectangle), but was detected by the
program.

5-5



-

- NET

P+

—— i —— —

R R |

r
|
)

L

\n ~- o

(SFHINI)

:

4

A

5-6

- - Ltk | i
e i B
.L_ i " .A_w; : o d o = _ *
5 e et > R s s “ : i cert ey ——
T77-32
_ _
' e e '

(INCHES)

X

Prawing for Example

Figure 5-3.

IR e ol

Tk U

AT

1M AT 3 Y

i,

e e g o+ Ao bk e

A A 5 A o g0




I } ! ! [

T7-32

1ot Cob000 MASK LEVEL s1 - P+ LIFFUSION '

tGO5ua L1001 +C100T20ES9E +0SOLEY LI5S +LOLGE+LEA9T +U6LIU+L4550 +hiuLiv 3909 F‘\

" - " [y a » n [ L] "

F+\

US4 -G10Lt +00S0L PASK LEVEL »2 - RETAL

P ] E R L] AN _
03003400507 406000401499 +020054024374403005+04386 +02005+02%36 403007 +34IFSHET i
. ; . " 8 L " " 8 0 1 8
;

+OOLLI4CESSS #05LLE (4582 \ vET
' ' ! . 10 DELETE . F
N ;

T4dys 23 50000050990040000090000060000CG00000ALLE09302GR2G0000000001 2. " 3F2ibu,

PRI e b F LRI IOV BB BRI AR LU NI WD bt Gt inanne - b o e prbedtliel MW - attm

RN NS RN R NN R R AR R AR R RS NN R AR AR R RN RN NN RN RN RN RN N NN NN AR RRARRRRARE

mpnunnpanIINLUInNnMIIInINnnRAIEnnAIIIInINNN
NIVIIRIILININNNINNNNNINNRBNINININNIIRNNNIINNINNNNY,
AL N 000000 i i ;
I I A I A A IR S R T A A R T R A R A1 1 RS 1A 0020203200200 2011002202 Y] .
G GGGV 66660 FGEEEEECECEEaEERORURESENGNEBCOOOG666666RCSBEEOLUCERGEEBCORREREES
IR R RN R R R R R RN R N R R RN R R RN R R R R R R R R R R R R R R R NN N R RN RN R RN R R
SUAIRRBSIbGARENORONB R Rl L AORG NN R0 BIBIRRERRATICHENERRIBIRNIRBENNINS
993929939 G439 95R595 0509999999999999953919:33699999699543909933939999949599138
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Figure 5-4, Data Cards from Digitizer and Initialization Cards

DIGITIZER DATA CARDS TO MASK PROGRAM C-GROUP CRARDS —--mew-c—m—sescmcacaaa-—

®  XSHIFT= o YSHIFT= 4] MASK LEVEL ®) - P+ DIFFUSIOM x

504, 1001, 1007. 2882. / 5006, 23493, 2. 2%7. - 8010. 4680, 7003, 3089, 7/ P
€0104 00500, HD2000, XO00750 YOO2000, Pe
CO102,WDS000,HD 1000, XD02%00, YOOI000 . P+
C0103,W01000.HO1000 + XODBS00 + YOO 4500 P

Q, 0. Q. 0. a. a. Q. 0. 7 g, 0. 0. 0, 7

x* END OF DATA, 3 RECTANGLES., 0 WRANINGS. MASK LEVEL #] - P+ DIFFUSION z

x XSHJFT= =-1000 YSHIFT= 500 MASK LEVEL 2 - tETAL x f

3003, 507. 6000. 1469, ¢ 2005. 2497. X 3005, 4086. - 200%. 2096, 007. 905, - rET '
CO234,W03000,HO1000« XO0I5040, YO0 15004 T :
CO0235, W0 1000. HO2000,. X001500. YO4500, HET :

a0cl. 2069. 3005 4982, / 0. 0. o. D. / Q. a. 0. 0. / MET
xooex WARNING: ZERO WIDTH OR MEIGHT xx  C0236,W00D00.HO2000: XD0200T YOO 4500, ET
C0236, {00000 HD2000 « XDD2000 + YOO 4500 T
* END OF DATA, 3 RECTAMGLES . 1 WARNINGS. MASK LEVEL %2 - METAL x

END OF J08. & RECTAMGLES TOTAL
Figure 5-5. Printed Qutput from Program
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SECTION VI §
I
t

o Tiliec el s oot it

ERE RUNNING THE MASK PROGRAM

! 4
N A.  SETUP AND INPUT =

RS The MASK program runs on the Univac 1108 at JPL. Prior to using
-k the program, it is necessary to establish files 53, 55, and 57 for data
- and to have the programs residing in a program file, called FILE in this
ant manual. It may be desirable to permanently catalog all these files,
b Consult the appropriate GPCF and Univac manuals. To execute the MASK

i program, set up the deck as follows:

ST R PP

P T I TR

8RUN

8ASG , A 53.
’ 8DATA, IL 53.
‘. ~-~Mask Specification data cards, Omit if data is :

T data groups A through I--- already in file 53, ;

’ @END .
, 845G ,A 55. If plot data will be generated I
;i 8ERS 55.
: @ASG,A 57. If Mann data will be generated

B8ERS 57 .

éxQT FILE .MASKABS

--initialization card (optional)--

8FIN

bData from more than one mask may be processed in one computer run
by placing the sets of data cards for the masks one after the other.

The initialization card should contain the following:

! Columns 1-10: Initial photomask number to be used, right justified, |

g] default: 1 ['
;_:;j 11-20: XBIAS in mils, default: 0.0 (see B below) E
 1; 21-30: YBIAS in mils, default: 0.0 (see B below) é
i - i

 ? 31-40: If > 0, the plot data willl be generated and put into |

file 55; if > 2, a cross (+) will be placed on the
plot at the point XC,YC (see E-1 below); default 2.

W1-50: If > 0, the Mann data will be generated and put into
file 57, default: 0. 1
oy 51 Flag for rectangle data printout in drawing units ;
:§. 52 : Flag for rectangle data printout in mils ;
53: Fiag for mann pattern generator printout in Mann

format (0.1 mils).

6-1
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For columns 51, 52, 53, if number is 1, full
printout of all data will occur; if 2, abridged
printout of only one page of data will occur.

If neither 1 nor 2, no printout will cccur.
Default is 0 in all cases. Usually these print.
outs are used for diagnostic purposes, and

are not selected for normal runs.

54-80: Not used by program, may be used for identification
or comments

Defaults apply only if entire initialization card is omitted.

B. BIAS

The parameters XBIAS and YBIAS specify a shift of the entire pattern
of exposures on the photoplate. They are needed when it is necessary to use
the maximum possible plate area for the pattern, usually for the 2 inch
X 2 inch plate. The proper values of XBIAS and YBIAS center the image
in the usable exposure area, which is determined by the opening in
the clamping frame that holds the photoplate. The current values are
given below. Since these values change from time to time, check with
Don Routh at MSFC. 3See F below.

XBIAS YBIAS

Nominal Plate Size {mils)
2 in, x 2 in, =#3.5 -29.5
C. HOW THE PROGRAM WORKS

At execution, the MASK program scans each data card in turn.
Processing of the card is directed to an appropriate subroutine,
depending on the data group indicated (see Appendix C). The data is
extracted and converted into specifications for rectangles, then stored.
Repetitions (M, N, S, T) are taken care cf at this time,

When the end of data for a mask is encountered (next A-group card
or end-of-file), or if 1000 rectangles have been generated befors the
end is encountered, the accumulated rectangle data iz processed. The
data is converted to mils, shifted, and angles are converted to Mann-
compatible angles. Some checking of sizes is done.

The data for the rectangles is sorted according to location, prepared for
plotting purposes, and written into the plot file if vhe plot option was selected.

If the Mann option was selected, the data is further processed for
the MPG. The size of the rectangles is checked and those larger than 120
mils are partitioned into smaller rectangles, referred to as exposures.
The exposures are sorted for efficient MPG operation and the total MPQ
mask-exposing time is calculated. The exposure data is written into the
Mann file in MPG format.

6-2
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The program then returns teo scanning the data cards. When the
end of data for a mask is encountered, the mask is olosed out and summary
data printed. The process then repeats for any succeeding masks.
At the end of all deta, the last mask 1s closed out, the Plot and Mann
files are closed and processing is terminated.

D. ERRORS

The MASK program recognizes certain types of errors and prints a message
when they are encountered. These ocan be distinguished from the computer operating
gystem error messages by the fact that they all begin ERROR:-- The program
does not recognize all possible errors. The error messages are given below:

Message Ocourrence

e

ERROR: UNKNOWN DATA GROUP, CARD NOT PROCESSED

ERROR: CANNOT INTERPRET CARD any data group
ERROR: SEMICOLON (;) OR DOLLAR ($) MISSING A, E Groups

ERROK: MESSAGE TQO LONG, 68 CHARACTERS MAXIMUM A group

ERROR: DOLLAR ($) MISSING B, I groups

ERROR: ILLEGAL PARAMETER '®! D, C, E, I groups
ERROR: ILLEGAL CHARACTER ‘%! E group

ERROR: APOSTROPHE/COLON MISSING E group

ERROR: M=®, M=1 ASSUMED rectangle processing
ERROR: N=#*,k N=1 ASSUMED rectangle processing
ERROR: W OR H NEGAT1VE, 0.5 MIL IS ASSUMED rectangle processing

ERROR: W OR H LESS THAN 0.5 MIL, 0.5 MIL ASSUMED rectangle processing
ERROR: EXPOSURE QUTSIDE OF LIMIT, X < 0.0 MILS exposure processing
ERROR: EXPOSURE OUTSIDE OF LIMIT, X > 4000.0 MILS exposure processing
ERROR: EXPOSURE OUTSIDE OF LIMIT, Y < 0.0 MILS exposure processing

ERROR: EXPOSURE QUTSIDE OF LIMIT, Y > 4000.0 MILS exposure processing

*indicates character or number inserted by program,
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Detection of an error generally causes the parameter, card, or
rectangle to be ignored. The program then proceeds to subsequent data.
In some cases a default value is used, as indicated in the above list
and elsewhere in this manual. Detection of an error does not cause
termination of the program execution. Note: error detection and defaults
differ at JPL and MSFC.

E. PROGRAM QUTPUTS

Execution of the program results in three ocutputs: (1) a printout,
(2) a plot file, and (3) a Mann file. (1) is always produced and is
described in the example at the end of this chapter. (2) and (3) are
produced if selected on the initjalization card, and are described
below.

. Plot Data

The plot data is written into file 55. Use of this data for plots
is covered in Section VII. The file format is as follows:

Columns 1i-4 : Flag indicating type of data:

ABBO -~ First line of A-group message

BiY1 Last line of A-group message, rectangle
data follows

¥B¥3 - "4+¥ data

784 - End of rectangle data

5-T2: A-group message or rectangle data
73-80: Blank

If the A-group message is only one line, then card columns 1-4 contain
BbY. The rectangle data are in 4(1X,2F8.2) format and consist of X1,Y1, X2,Y2,
¥3,Y3, X4,Y4, where X1,Y1 are the coordinates of the first corner of the
rectangle, ete, All data are in mils. An example 1s shown in Figure B-1.
The rectangles are sorted (for each mask, or groups of 1000) by the program
according to the location of their center, and arranged in the file so that -
plotting takes place along a zigzag path as shown in Figure 6=2, If more
than one mask is run the data are put into file 55 end-to-end.

If columns 31-%0 on the initialization card are >2, the program adds
two small rectangles, one with zero height, one with zero width, to
the end of the plot data. When plotted, they form a cross at the center
of the mask exposure area (2000+XBIAS, 2000+YBIAS), which is also the
point XC,YC, the center coordinates specified on the B-group data card
(see F below).
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A 0 saben TEST AND DEMONSTRAYION PAYTERNS .
8 | Re Ke KIRSCHMAN, U4=7?
1100,00 3507,87 1409+45 1507.87 1409445 2992042 1L00,00 2492.12
1100,00 175,00 1975.00 1575.00 1975400 1225400 100,00 225,00
1100,00 2775,00 1975.00 775400 1%75.00 2825.00 1100,00 2625.00
16495487 2322,0) 1586404 2322.03 (685404 ZI46e4b (695,67 2346,48
164547 2294,09 15685.,09 2244.09 | 58504 2267472 845,87 2267,72
165%,21 2117,72 1488.3)1 2137.%] |876450 215787 642,40 2116418
1654,2) 2038,78 1688¢3) 20584067 1676450 2079033 16%2,490 2059,44
16B1,27 (870,00 14688479 107008 148879 1948482 681,29 (740,82
1681,30 (859,75 1688478 1870+41 |48)F] 1P48,85 674,44 |948,1Y
1488,78 (849,75 1575.464 194819 18680417 1748.85 1481,30 {870.4)
J68L 4,35 849,43 168B8¢7) 16870073 1675.048 1948427 1867,47 1944497
1688,73 j8p9.8 - Yoo tUALTT 1 695.02 1948427 1481,35 1870.7)
168,92 ° 48028 194711 1661,04 1945.17
P , ~ L947el]l 16BE,42 |BT71.05
\w3b,12 2401450 1843sdu . "ed6  RES,59 130:.29
12,08 |BA9,88 2383428 1909+23 2381s,. 1448,36 192
2317410 1887,00 23014601 1932017 237743} 1.
231737 1847,21 2377469 1917482 2372487 192345, -
2317610 1847 ,43 2373029 1923410 2387499 192Ba8] 20.4ueus 1072473
2317,83 1887.67 23868445 [927.99  2362+70 [93248] 2312,09 1872449
2381,8% (865,58 240545 1B45,580 24p5.5) 1870433 2381,89 |870.,0)
2404480 (857,95 2405.54 18446442 2382400 106848 2381,286 860,01
2403,40 1850417 2904487 1858454 23a1e61 1882464 23080,1) 10854.27
2400,.33 1B42,549% 2403453 1850475 2)80.7) )B56484 2378.51 (848,465
2381 .87 1660,35 2405451 1680+35 2405e5) 1697410 2381469 1697410
2025,00 §175,00 290000 1176,00 2900400 122500 2025,00 1225400
2025,00 2775,00 2900.00 2775.00 2900400 2825.00 2026,00 2825.00
25990,55 1507,87 2700400 L507.87 2900400 2492412 2590.55 2492,12
X 3} (980,00 000,00 2020.00 2000.,00 32020,00 2600400 1980,00 2000.00
X 3 2000,00 (980,00 2000.00 1980.,00 2000.00 2020.,00 2000,00 2020.,00
1 4

Figure 6-1.

Example of bata in File 55
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2. Mann Data

The Mann data is written into file 57. The details of converting
this data into a tape to drive the MPG are presented in Section VIII.
The format is as follows:

Columns 1-U: Flag, same as for plot data, except there is no
XBB3, and there is Z¥BS flagging the summary
data at the end of each mask

f=T2: A=-group message
5-50: Exposure data

If there i1s only one A-group message then card columns 1-4 contain
Bb#1. The exposure data are in 4I10,I6 format and consist of X, ¥, W,
H, A. X, Y are the coordinates of the center of the exposure in 0.1 mil
units. The last digit may only be 0, 2, 5 or 7. A last digit of 2
indicates 0.25 mils and a last digit of 7 indicates 0.75 mils, since
X and Y increments are 0.25 mils. The minimum value of X or Y is O
and the maximum is 40000. W, H are the width and height of the exposure,
also in 0.7 mil units. The last digit may only be 0 or 5. The minimum
vaiue is 0 and the maximum wvalue is 1200. A is the angle of the exposure
in degrees; possible values are integers from O to 89,

The end of the exposure data is indicated by 9999¢ in columns
7-11. The next line contains summary data as shown in the example
in Figure 6~3. The exposures are sorted by the program for
efficient mask generation by the MPG. If more than one mask in run,
the data are put into file 57 end-to-end.

F. EXPOSURE FIELD

As indicated above, the X and Y values in file 57 for the MPG
range from 0 to 40000. Accordingly, in this manual and the MASK program
the exposure field is considered to occupy the region 0 to 4000 mils in
X and Y. Thus, the center of the field is at 2000,2000 (mils). When
a photoplate is mounted in the MPG its center is approximately at 2000,2000
{(mils). The data input to the MASK program is translated (shifted)
so that the point specified by XC,¥YC is placed at 2000+XBIAS,2000+YBIAS
(mils) in the MPG exposure field. XBIAS and YBIAS allow for a slight
correction in placing the pattern on the plate (see VI-B ard IV-C-2
“B" Data Group).

This translation (shift) manifests itself in the data in file 57
and the printouts headed "THE MANN EXPOSURE DATA (0.1 MIL UNIT)", "RECTANGLE
DATA (MIL UNIT, SHIFTED AND SCALED)" and "PATTERN LIMITS". In addition,
it manifests itself ir ine plot data in file 55, and must be taken
into account when plotting.
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A0 ceeen TEST AND ODEMONSTYRATION PATTERNS Aad
B Re K+ KIRSCHHAN, 4=)7
11545 11378 1130 750 i}
12690 1137% 1130 750 0
13818 11375 1130 150 0
L4940 11375 1130 150 0
16082 L1375 1130 150 o
17187 11375 1130 750 1]
18312 11375 j 430 150 0
19837 11378 t130 150 0
19900 11840 200 40 1]
205462 L1ars 1130 150 0
21687 11375 1130 150 0
22812 11378 1430 750 0
23937 e 1130 750 o
25060 130 s0 0
e 150 0
—-0LD 150 0
28825 s - n
L] 28625 IR IV
14062 28625 113
17187 28625 1130 ™
18312 28825 1130 750 1}
19437 28425 1130 150 [}
20582 28425 1130 750 Q
21687 2062% 1430 150 0
22812 28825 1130 750 0
239237 26825 1130 750 s}
25040 28625 1430 750 1]
26185 28825 1130 750 0
27210 28825 13 750 o
28425 288625 1130 750 [
F 99999
1 s 587 EXP, UM 47N 0S5 EXP TINME, END MASK t

Figure 6-3.

G. EXAMPLE OF THE PROCEDURE

Example of Data in File 57

Figures 6-4 through 6-7 present examples of input data and proeram
execution illustrating the procedure described in this section. The
printout from the Univac 1108 system is shown. Various features are
explained by notes on the printout,
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WDATA IL 53,
DATA &G-A 07/720-77 §4148:57
OO0 *
DOOOO2 Al e TEST AND DEMDMSTRATION PATTERMS 2Ty ]
000003 A2 R, K. KIRSCHMAN: 4-T7 .8
000004 Kid. 1,
00000% 83.45F39,37,3T0, YLOO. 00 HR-3, 8
000008 COMMENTS
000007 RECTAMGLES AT VARIOUS AMGLES
000008 C4eMIN251.5: T2 0rADH. Bl . + X-B.5:75.5,
000000 CHeAI0. + X-8.5: 71,5,
000010 CH:RBO. + X=-3,5:01.2,
QO0G ) 1 Y6.5:4
000012
000013 RIGHT AMGLE STRIP
00001+ C7oMieNL S0 TO/AG I H. 5 X2, 0+ TE. . 5+.04,5,02.5:L 2.5 U1, 1 RL.5:U. 75,1 2. 75
D0001s *0,02.5,R3.5+8
0000 18
000017 STRIP AT AMGLES
000018 CID. 1oMI oM o8l oTiob e X1, e YOI 422, 4Y1.4)Q2.0Y3. s y  INPUT DATA CARDS
mm X1.50Y2. 50 X1. 50 YAl 24 X8 YA XT o Y1 o XT o Y3 0. Se X4, Y2, 435047151
00002 3 CIRCLES., ARCS, RINGS
000022 D11.123:M1sNL, B+55, TOWR], + 2. 1ARD. +B360. ¢ X-8.,Y-3. 0
000023 Di2:R1, 740,800+ X=3.+Y=1.3+Z4.0,
000024 D12.5,M21M1S5.0,TD. »
000025 X313, sR1.0H2, A0, «B1B0. X3, Y-3,3,
000026 D14,R2,W00,.50,A1090+18360, X3, + 7-3. 3,
0oD027 Kid, 1,
000028 D15.004.120. . CHANGE TO 20 DEGREE INCREMENT
000029 16,123, MDsN-3:55,  TOWR] . 1 B2, AL, +BIBD. + X-8.:7-7,7»
000030 D17R1.7:W0.800+%X=3, +Y=~7,.7:D17.5:M24N}+55.0.T0,
000031 F10.oR1. W2, +RID. +BIBDV D, Y-7. 7,
000032 D19,R2+W00.60,A190 BI80 X3, ¥~7.7+8
D00C33 E123.45 M1 N] oSOy TO+AD L .+ X=6.5 Y10, : TEST PATTERNS O 8
000034 I34H2S . +WDOJ0D0123.51800, TI600: =456, 8
WR5G.A 55,
@RS 55,
FURPUR 271 0772877 14:50:00
END ERS,
CPu:.003 CTP:.D04 SUPS:],443
W56A 57,
RS 57,
FURPLR 27-1L 0772877 14:50:26
END ERS,
CPU: ., 004 CTP:.004 SUPS: ), 444
"GT MASK , MASEARS
rrrrrrrrrrrrrrrrrrrr TXLLXLTE X PMASK PROGRAM TIXXEFIAATXIZTTTLTLLLLELEARTLTLLRXCTRT
1 .0C .00 4,00 2.00122 TEST PATTERN RUN
FROM
INITIALIZATION
IrpEK = 1 XBIAS= .00 TBIAS= .00 PLOT: YES MANN: YES CARD

Figure 6-4{a). Example of Input Data and Program
Execution
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g n 2 1 INPUT DATA PRINTDUT

A GROWW ~-=~~ MESSAGE ON THE MANN TAPE

Al I e TEST AND DEMNTITRATION PATTERNS seerer b g INPUT DATA CARD
EAROR: MESSAGE TOO LOMG. B8 CHARACTERS MAXIMM
A 1.00: * o4 TEST AMD DEPMONSTRATION PATTERNS - G—REDU%H?‘NMOF CARD
BY PROGRA

A2 R, K, KJRSCHMAM, 477 .8
) 2.00: R, K, KIASCHMAN, 477
Kid.}1»
ERQOR: UMKNOLN DATA GROUP., CARD MOT PROCESSED
B GROUR ==~ SCALE FACTOR (SF; + CENTER COORDIMATE (XC.YC) s MIRRDR [MAGE (MR} —- ~—-

23, ,5F39.37,XC0O. YCOO.00+MR~2. 8
B 3,00: SF=  39.370000 xC= 000 YC= .000 MR=-3.0 ]

RECTAMULLES AT VARIOUS ANGLES sl COMMENT
L GAOUP ——w-- RECTANGLE AND RIGHT-ANGLED STRIP
CHrMOiM251.5T2.0,A0H ., Bab) . X-8.5: Y85,

c 4.00: ™ 3.000: H 2.000, 5 1.5%00. T 2.000, A .000,
] 800, W 1,000, X -8.500, V¥ 6.%00.
C5+A30. 1 X-8.5:71.5,
c 5.00: A 30.000, X -8.500. Y 1.500.
CoHyABO, o X-3.5.:0].2.

C 6.00: A 80,000, X ~3.500, 0 1.200.
ERROR: ILLEGAM PARRMETER '0°

Y5,5.1 <= PARAMETERS CONTINUED FROM PREVIOUS CARD
¥ 6.50:

RIGHT ANGLE STRIP

/—- INPUT DATA CARD

CTeML o) oS0 TOAD W5 320+ YD. 5+ R4.5+02,5:L2,5:U01, 1R1.5:U.T5:L 2. 75

c T.00: N 1.000:. N 1.000+ S 000, T D00, A -000.
) 500, X 2.000, Y 8,500, @ 4,500, D 2.500+ ) ——REDUCTION OF CARD
L 2.%00. U 1.000. R 1,600+ U TR0, L 2,750, BY PROGRAM
ERROR: ILLEGAL PRARAMETER ‘A’
T D2.5483.5:8 - CONTINUATION CARD
b 8.00: D 2.500. W 3.500, @

STRIP AT ANGLES
M e s s e amm [ GROUP ———— STRIP AMD CIRCULAR CURYVE
DI0. 1ot sH1 Sl THo .40 X1, o YO o X203 0 X273,

Figure 6-4(b). Example of Input Data and Program Execution
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1
o D 0.0 M 1.000+ N 1.000 % 1.000: T 1.000, M 400+
! X 1,000, Y 1.000. x 2.000. Y 1,000, X 2.0004
| Y 3.000,
5 X159 Y2.5¢ X150 YAl 2008 n.x‘r.n.n-n-m SaXA, 0 Y2, X8,0:¥1.541)
_ X 1.50: ¥ 2.500. X 1.500+ 4.000: W . x 8.000,
| Y 4,000, X 7.000: v 1.000. X 7.@- 1 4 3,000+
A Y] .500s X 4,000, Y 2.000, X 6.000, Y 1,500,
: '
v
2
N CIRCLES: ARCS( AINGS _— NI.8 WILL BE TRUNCATED TO N = 1
% D11.123.M1 M1, 855, TOWRI. 112, 1RO, 16360, X8, +¥=3.3,
Sl D it.12: M 1.000: N £.800: S 5.000. T 000+ R 1.000,
; W 2,000, A .000. B 360,000 X -8.000, ¥ ~3.300.
' D124R1, 7:HD, 600 X=3, s Y=3.3:24.0¢
‘i p  12.00: R 1.700, W 600 X -3.000, Y -3.300. 2 4,000,
R ERRDR: ILLEGA PRRAMETER 'Z°
b D12.5,M2:H1+55.04T0.»
: D 12.50: M 2.000. M 1.000. S 5.000. T .000+
! ; XL aR1. W2, A3, JBIS0«AY-3, ),
, . T 13.00: R 1.000: W 2.000, A 30,000, B 180.Lu0, X 3.000,
! Y -3.300.
D14.72+400.60:R190,8360, X3, 1 ¥-3, 3,
- D le00: R 2.000. W .600. A 190,000, B 360,000 X 3.000.
i ks -3, 300,
[ Kla,l,
i X 14.10;
; ERROR: ILLEGAL PRARFETER ‘K |
‘ D15.004, [20., CHANGE TD 20 DEGREE INCREMENT 1
_ D 15.00: I 20.000,
i s,
H X16.123:MN-3,55,+ TO+R1 .+ L2, +AD. «B360, X8, Y=7. 7
0 T 16.12: M 000+ N ~3.000, S 5,000, T .ono. R 1.000.
‘ W 2.000. A L000, B8  360.000. X -8.000, ¥ -7.700.
i 017481, 700,600 X=3. s ¥-7.7:017.5,M2:N1+56.0.T0. +
4 D 17.00: R 1.700. W 600, X -3.000. ¥ -7.700, D 17,500,
i ™ 2.000, H 1.000. S 5.000: T 000+
{Emm: M= 0+ M=) ASSUMED
ERRDR: N = -3, N=] ASSUMED
1. R1.+W2.4AR30. BIBO XA Y-7, 7
I *  18,00: R 1.000, W 2.000. A 30.000, & 180,000, X 3.000.
: ¥ -7.700,
D18,R2+00.60.RI80.8380:X3.+7-7,7 8% i
o] 19.00: R 2.000, W 600, A 180,000+ B a50.000. X 3.000., f
Y -7.700, # b
%3
E GROUP ~———— ALPHANUMERICS OM THE MASK ;
E123.45:M3 1ML 50: TO A0 W], 1 X—-6.5:710.+ I TEST PATTERNS O 8 ¥
E 123.45: M 1.000: N 1.000, S 000 T 000, A 000+ 3
W 1.000, X -6.500, ¥ 10.000. 3 . i
TEST PATTERNS ©  #
ERQDR: ILLEGAL CHARACTER '« &
ERROR: ILLEGAL CHARACTER > :»;
I GROUP ——-- FIDUCIAL MARKS.BORDER q
13,H25, 4100300123, 51800, TI600, =956, 8 T
s 3,00: W 25,000, W 30,000+ O  123.000, S i800.00C. T  16D0,000. i
= 458.000, & |
ERROR: ILLEGAL PARAMETER 'O ° A
ERROR: ILLEGAL PARNETER = 1
FIOUCIAL MARKS  YES BOWDER  YES E
i
i
b
Figure 6-4(c). Example of Input Data and Program Execution
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’/—— FULL PRINTOUT

RECTANGLE DATA (DRWIING UMIT:
M

it

RECTANGILE
NUMBER
X

,.f

g e g s e e

9299999990289 409an09d29qa8900@0050099099500909900000
H233§88F NN FSIL NRRERLRERSINRERLE nmwm%@m@mmnmm

[ ) |-. |qa_ R ] .l -y

293283833223 29049V999222acanaananaacnaasanancasaanaas
CEERE R R R R B T T e e B S M
§888282489R8255 254898889848 9989RR89R8R9REREEEBEES
-t e ) =S ey oy £ ey ‘1-232232-‘-‘2222222222222\5222222??22:“:“am

233232232027 28828BARRIIAANARRRNANBISATIBISTIRARANS
$es-drddendrdnnsaaiddgiingifiyifindddategiTITIiTey
e e e L A O L L L SR L L e T
Al 25 AR A e A LR L1 L 22 2 L LR L LT L 2 2

290000200089000090NNEE030000000000200008002A88Q0Q000
AAR333 & § SRGITAE SRAVRILEISRAVRIRETILR(FLgEEN

l-n -y |_. o oy gy [ ] —
32333333 R2 APy PNS NSz aRARAARARRAARARZARGARRARAA22D
R S S B S-SRt e B SR -SSP e ow e s P .

BEBERERERL BRI RRRANARERREEEEE R332 8RR838E888888

i A N A RN EEEEEE R

e TR - NN NN NN NN NN NN Mo NN NN

CEREEEEFEEEELOPITEE TR BEE THESE EERT EIE TR REFE
T LTI T L L L T LT

PRt P Tl T T et T LT T

R2BRRBIRBRLLINBLY

- 4 oe s
-

4474473,24544m ©

Example of Input Data and Program Execution

Figure 6-4(d).
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229902200042438060020900809903024222220R90R0REBEEA0A000
9295 SRRVIIRENEIRATIIRET AR GFHRETRACIIRARTESRITRABETERE
I—-—l-ﬂl_o R LR e 1t 1 L] 1_-

RO~ GBEOGIAGAGGRECIARGIANRAAGITCRARARORRA-~CEPIRAADAREIE®D
asas-asasaseassscsasassaaaaasadasdassazas sasasaasdsaaaaa
r329z98220%a%0eee SEEELEEEEEEE e SRR EE EEEELE:

289833333332993399338832333333393339333933888288 388828823

Tty My NN NN IS
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Example of Input Data and Program Execution

Figure 6-4(e).
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i
a2 2.00 ~3. % 2.00 31 i80.0 222 7.00 -3.2% 2.00 A 180.0
i 223 2.00 -}.21 2.00 .10 175.0 224 7.00 -3.2) 2,00 .19 175.0
Fc) 2.02 -3, 13 2.00 18 170.0 226 7.02 =3.13 2.00 31 170.0
227 2.03 =-3.04 .00 1] 185.0 220 7.03 -3.04 2.00 18 18%.0
229 2.08 -2.98 .00 ) 180.0 230 7.08 -2.08 2,00 A8 180.0
23 z.09 -2.08 2.00 18 155.0 232 7.09 -2.00 2.00 .18 15%.0
! 23 2.13 -2.80 2.00 18 180.0 234 7.43 -2.00 2.00 .19 180.0
) 4.10 -2.73 2.00 .18 145.0 238 7.18 -2.73 2,00 19 14,0
] 2 2,23 -2.86 2.00 .18 140.0 8 7.23 -2.58 2.00 .19 140.0
238 2.29 -2.889 2.00 19 135.0 240 7.9 -2.%9 2.00 .19 1.0
24) 2.3 -2.53 2.00 .18 130.0 242 7.38 -2.53 2.00 .18 130.0
2493 2.4 ~2.48 2.00 8 )1@3s.0 244 7.43 -2.48 2.00 18 12%.0
295 2.50 -2.43 2.00 10 120.0 246 7.%0 -2.43 2,20 .18 120.0
| 247 2.58 -2.3% 2.00 .19 11%.0 248 7.58 -2.28 2.00 .19 11%.0
! - 2% 2.6b “2. 3 2.00 .18 110.0 20 7.68 -2.38 2.00 .18 110.0
; 251 1.04 -1.70 .80 .12 =170.0 252 6.04 -3.70 .80 12 ~170.0
253 1.07 ~-3.082 .80 .22 =180 254 8.07 =-3.82 .80 22 -~185.0
55 .12 -3.98 80 .22 -180.0 258 6.12 -3.98 .80 22 -180.0
257 1.19 -4, 1% . 22 =-155.0 59 6.10 -4, 1% .80 .22 -185.0
250 1.27 -4,30 80 22 =150.D 280 8.27 -4.30 .80 .2¢ -150.0
2] 1.38 4, &5 .80 22 -~14.0 262 5.3 -, 5 .60 22 ~145.0
203 1.47 -4 .58 60 .82 -i%0.0D 264 6.47 —4,59 .80 22 =-140.0
265 1.59 -4, 80 22 -1¥.0 288 4.50 4.7} +80 22 =135.0
. 267 1.74 -4.83 .80 22 =-130.0 208 8.7 -4,83 .80 .22 =130.0
: 260 1.5 —-4,04 .80 22 =-125.0 a0 &6.00 ~4.04 .80 22 -135.0
erl 2.00 -5.03 . .22 -)20.0 272 7.00 ~5,.0) 60 .22 =120.0
27 2.1% 5,11 .80 22 ~11%."” 274 7.1% -5.11 .80 .22 =)158.0
275 2.32 -5,10 .80 a2 =110.0 278 7.32 -5.18 .80 .22 =ii10.0
1 277 2.48 5,23 .60 .22 -10%.0 am 7.4 5,23 .60 .22 -10%.D
270 2.85 .27 .80 .22 =100.0 200 7.6% 5,27 .80 .22 -100.0
F.. 1 2.83 5.9 .60 22 -05.0 282 7.8 5.29 .80 22 -95.0
283 3.00 -£.30 .60 .22  -90.0 04 &.00 5,30 .80 .22 -80.0
s 3.1 ~5.29 60 22 -25.0 286 &.17 -%5.29 .80 22 -85.0
i 287 5.00 -3.% .60 42 .0 200 10.00 ~3.3% .60 8 0
208 4.09 =3.47 .60 .22 -5.0 200 9.99 -3,47 .80 .22 5.0
291 4,07 =-1.85 .60 .22 -10.0 292 9.87 -), 585 .50 22 -10.0
! 203 4.9) =3.82 .60 22 ~-315.0 204 9.9 =3.02 60 22 -15.0
205 4,00 -3.08 .60 22 -20.0 206 9.00 -~3.08 80 22 -20.0
207 4,081 —-, 15 .60 .22 -2%.0 208 9.8 -—4.1% .80 22 -25.0
xn 4,73 ~4,30 .60 22 -30.0 300 9.73 -4,30 60 .22 -30.0
301 4,54 - 80 22 =-3.0 02 9.64 -, 4% .60 22 <35,0
303 4,53 —4.59 .60 .22 -40.0 304 9.53 —4,50 .60 .22 -40.0
305 4. 41 —-4,7} 50 .22 -45.0 308 9.4 —4.71 .60 22 -45.0
! 07 4.29 -4,03 .60 .22 -%0.0 308 9.29 —4.83 .60 22 -50.0
3o 4.1% -4, O8 .60 22 -55.0 310 9.1% -4, 94 .60 22 ~55.0
311 4,00 ~5.03 B0 .22 -80.0 a2 8.00 -5.03 60 2 -80.0
312 3.es 5,11 .60 .22 -85.0 34 6,85 5,11 .80 22 -B5.D
315 3.68 -5,18 .50 .22 -70.0 E3T) 8,88 ~5,18 .60 .22 -70.0
347 1.52 5.2 .60 .22 -=75.0 e n.52 -%.23 .60 .22 =750
l e 3.3 5,27 .60 .22 80,0 320 8.35 -5,27 .60 22 -80.0
12) -7.00 -7.52 2.00 37 .0 22 -1.06 =7.38 2.00 12 20.0
323 ~7.23 -7.08 2.00 .72 0.0 324 -7.580 -6.83 2.00 .12 60.0
] 325 -7.8) 6.7 2.00 .72 80.0 26 8,17 -£.72 2.00 .72 100.0
} 27 -8.50 -6.81 2.00 .72 120.0 e -8.77 -7.06 2.00 .72 140.0
! kly) -&.94 -7, 2.00 72 160.0 330 -8.00 -7.70 2.00 i i80.0
X ) -7.00 -7.86 2.00 3?7 .a 332 -7.06 -a.04 2.00 .72 =20.0
; 313 -7.23 834 2.00 72 —40.0 334 -7.50 -8,57 2.00 .12 -60.0

Figure 6-4(f). Example of Input Data and Program Execution
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Plot of Rectangle Data (File 55)
for Mask Example
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SECTION VII
PLOTTING PHOTOMASKS
A. INTRODUCTION

As discussed in the preceding section, executing the MASK program
with the PLOT option generates plot data In file 55. This data can then
be used to create various plots on paper, plastic, film, or cathode
ray tube screen as explained in this section.

Except for plots on the Tektronix graphics display terminal, all
plot programs are set up such that the allowed plotting asrea is larger
in the X direction than it is in the Y direction. Thus, if the mask
pattern is not square, it should be oriented so that the larger
dimension is along the X axis, to allow for maximum enlargement. Plotm
made on drum plotters are plotted with the Y.axis parallel to the drum
axis, All plots are right-reading regardless of the value of the mirror
parameter, MR, in the MASK program.

Remember that the pattern has been translated: the point XC,¥C
has been translated to 2000+XBIAS,2000+YBIAS in the plot data (see VI-F).

B. CALCOMP 11-in. DRUM PLOTTER

Figure 7-1 shows a sample plot made on an 11-in. Calcomp drum
plotter.

ACCESS Plotter is on line to the 1108 computer, so
the plot can be obtained more quiokly than
by other methods., Plot is generated directly
by executing the proper program (CC11ABS).

MAXIMUM SIZE - X Essentially unlimited

Y 10.5-in., allowed (paper is 11 in. wide between
tear strips)

MEDIUM Ballpoint pen on paper, pen color usually black,
other colors sometimes availlable.

RESOLUTION 10 mils - does not produce as nice a plot as
larger plotters.

COMMENTS This method is good for rough checks or simple
patterns; it does not produce as large or smooth
a plot as other plotters. Overlay of one plot
on another is poasible, but not very effective.
On complex patterns registration may be a problem
due to enlargement of sproocket holes in paper
as paper rolls back and forth.
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USE Enter the following runstream:

6RUN - - - - be sure to allow for sufficient
card punching-typically 10000.
8SYM,C PUNCH$,bldg/box,G9300x x is site at which
plot is to be

generated
@ASG, A 55. .
axqQr FILE.C11ABS
~=—-initialization card---- {optional)
érinN

The initialization card must contain the following:

Columns 1-10:; XCEN the X coordinate of the center of the
area to be plotted (mils), default: 2000.

11«10: YCEN analogous to XCEN, defsult: 2000,

21-30: XSIZE the size in the X direction of the area
to be plotted {mils), default: 2000.

31-40: YSIZE analogous to XSIZE, default: 2000.

41-50: FACTOR the factor by which the plot data is to be
multiplied to produce the plot, default: 5.0

All the above parameter values (except FACTOR) are in mils and
refer to the mask dimensions, rather than plotted sizes. All parameter
values must contain a decimal point. Defaults apply only if entire
initialization card is omitted.

If the values on the initialization card are incompatible because
YSIZE and FACTCOR would require more than 10.5 inches, YSIZE is reduced
accordingly and a warning message printed. For example if the values
were

XCEN=2000. YCEN=2000, XSIZE=1000. YSIZE=1000. FACTOR=20.

the plot area on the paper would have to be 20 in. in the X direction,
which is allowed, and 22 in. in the Y direction, which is too large.
Consequently, YSIZE would be reduced by the program to 525. mils, and
WARNING: PLOT TOO LARGE IN Y DIRECTION would be printed.

If any part of a rectarngle lies outside the plot area defined by
XSIZE and YSIZE, no part of the rectangle 1s plotif.ed, even though part
of the rectangle might lie inside the plot area. If rectangles lie
outside the plot area and are rejected by the program, this warning is
printed:

WARNING: RECTANGLES OUTSIDE PLOT AREA, *X<, #X>, #Y<, #Y5
Where each ® is the number of rectangles to the left of the allowed

plot area, to the right of the allowed plot area, ete.

7-3
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Any messages from A-group data cards are plotted to the left of each

The paper advances for each new pattern (mask). Targets are

plotted near the four corners of the plot area as shown in Figure 7-1. Their
Y separation is 10.5 in. and their X separation 1s XSIZE x FACTOR. Their
location is identical for all plots generated with one program execution.

c.

CALCOMP 34-in. DRUM PLOTTER

Figure 7-2 shows an example of a printout for drum plotter programs.

ACCESS

MAXIMUM SIZE - X

Y

MEDIUM

RESOLUTION

COMMENTS

USE

Executing the program CC34ABS writes a magnetic tape
which may be taken to the plotter, which is off line.
Contact J. H. Hix (JPL) regarding this equipment.

Essentially unlimited.
32.5 in. allowed (paper is 34 in. wide between
tear strips).

Ballpoint pen (6 colors available: black, blue,
red, green, orange, brown) or liquid ink, on paper
(translucent bond, rag, vellum). Plastic (mylar)
may also be used. The plotter can accommodate three
pens which are selected as explained below.

2.5 mils

This method has been the most useful since the plot
can be made large enough for accurate checking and
masks may be overlaid in different colors. Typieal
use has been ballpoint on paper. One problem is loss
of close registration due to enlargement of sprocket
holes in the paper as paper rolls back and forth.

Enter the following runstream:

6RUN - - -

@ASG 55.

6ASG,T  20,T,enss

8MSG PLEASE MOUNT TAPE #### TQ WRITE FOR RKK

(for batech), or-

@MSG, W PLEASE MOUNT TAPE ###& T0Q WRITE FOR RKK
(for demand), where ###¥ {3 the identi-
fication of the tape to be used

axQT FILE.CC34ABS

---- data card (optional} --

6FIN

NOTE: Only one set of plot data (from one @€XQT)
may be written on a single tape.
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Ssebvesvetevesutndves CALTINF 3k INCY DRUN PLOT PIICRAM 000050000008 sbtenesoee
XCENT 2000,00 MIL» XKSIZE= 15NC.0C MIL 45,0 INs FACTOR: 30.00
YCIv= 2000.00 MILe ¥YSIZZ:- 3000.00 MIL 9D.0 IN

WARNINGI PLCT TOD _ARSE IN ¥ 2IRECTION

= P_OT NUMBER 1 - PEN NU43Z3 1 SE_LECTED -

see FIDUCTAL MARKS AND BDRDER TEST ees
WAQNING: RECTANGLES OUTSIDE P_OT AREAs ) K€y 0 x> 3 Y<o 2%

- PLCT NUNBER 2 = PEN NUMEER 1 SELECTED -

ess FIDUCIAL “ARKS AND J0ROER TEST see
WARNING: RECTANGLES OUTSICE PLOYT AREA. L X<y 0D X 8 <y 3

= .07 NUHM3ER 3 - PIN NUM3IER 1 SE.ECTEID ~

ses FIDUCIAL MARKS AND BORDER TEST swes
WAINING: RECTANGLES OUTSIDE P_OT AREA 5 X< 3 X 3 ¥<e 21>

= PLOT NUMBELR § = PEN NUMBER 1 SELECTED -

see FIDUCIAL MARKS AND 30RDER TEST eee
WAINING S RECTANGLES QUTSIIZ P_OT AIcAs T X< 3 X 3 1< 2 ¥

~ PLOT NUMBER 5 = PEN NUMEBER 3 SELECTED -~
ses MASK CHARACTER SET wese
= PLOT NUMBER 6 = PEN NUMBER 1 SELECTED -

etess  TEST AND JEMOVSTRATION 2ATTEINS +seses
Re Ko KIRSCHMAN, 1-76

se END OF J0B -- & PLOTS» 609 RECTANGLES INPUT. 769 RECTANGLES PLCTYTED e»

Figure 7-2. Example of Printout for 34-in. Drum Plotter
Programs {other programs give a similar
: printout)

g The initialization card is identical to that for the Calcomp
11=in. drum plotter, except that (1) the maximum plot size is 32.5
in, in the Y direction, and (2} an additional field is available:

Columns 51-60: Pen selection: a sequence of digits indicating
the order of the pens to be used for the masks.
Three pen locations are available. For example,
if pens 1, 2, and 3 are to be used for masks 1,
a. 2, and 3, the data field would read 123, beginning
in column 51.

If any column is left blank, or contains any digit
other than 1, 2, or 3, the corresponding plot will
; default to pen 1. '
i ' Since there are only 3 pen locations, if more than
3 ecolors are to be used, the pens must be changed
by the plotter operator between masks.

ORIGINAL PAGE I8
DE.POOR QUALITY
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Two targets at X=0,Y=0 and X=0,Y=32.5 in. are plotted prior to
, plotting of each mask. A search address is generated prior to and
! after plotting these targets. Thus if the plotter controller is in

"single plot" mode, corrections for paper movement or pen changes can
be made.

‘ The masks are plotted directly over one another, in register. If
P this 1s not desired, the paper should be advanced between plots.

M. CALCOMP FLAT BED PLOTTER

ACCESS Executing the program CCFBABS writes a magnetic
tape which may be taken to the plotter, which is
off line.

MAXIMUM SIZE - X 81 in. allowed
Y 47 in. allowed

Roll of paper 1s approximately 5i- An. wide
(Y direction).

. MEDIUM Same as Calcomp 34-in. plotter. Refer to
: previous subsection.
RESOLUTION 0.2 mils
COMMENTS This method avoids the registration problem of

the drum plotters., FPlots can be made on mylar
plastic (when plotting on mylar, a mirror image
is recommended -~ this allows the plot to be
, mounted with the inked side in to protect it).
'-i In most cases this plotter allows the largest

A size plot.

USE Not implemented at this time, contact author.

E. CALCOMP COM SYSTEM

ACCESS The plotter is "on line' to the 1108 computer as
: far as the user is concerned. Executing the

R program COMABS generates a plot file which is
.‘ﬁ transferred to the plotting system at intervals
e by computer personnel.

MAXIMUM SIZE ~ On the film - X - 1.00 in. Y - 0.75 in.

{reduced by 15X from 15 in. by 11.25 in. image
area on cathode ray tube)

MEDIUM 35 mm film roll. Plotted lines which outline
rectangles are transparent on an opaque field
{negative). The film image may be enlarged and
printed by Xerox or photography (see Figures 7-3
and 7=U4), or a microfilm reader may be used.

7-6
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RESOLUTION Practical rg;g&ﬁgg;n is approximately 2 mils on
the film. .~
COMMENTS ggsf ays are difficult. The actual plotting
is very fast, but turnaround time is slower
than other methods. The actual plot film and/or
L copies are sent to the user in one-two days.
/,r”/ﬁgé Enter the following runstream:
o
/ @RUN - - -
- acoM CAMERA/35MM, FRAMES/%%,BLDG/bldg,BOX/box
- where *% is the maximum number of

frames expected. The plot program
used two frames per plot, plus 2
extra frames at beginning and end.

axqQr FILE.COMABS
- - = data card {optional) - = -
8FIN

The data card is the same as for the Calcomp 11-in. drum plotter,
except that FACTOR will generally be smaller. Default values for XCEN,
YCEN, XSIZE, YSIZE are the same as for the 1i-in. plotter; default value
for FACTOR is 0.333. Targets are plotted at the four corners: X
separation is 1.0 in., Y separation is 0.75 in.
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TesT PATTERNS
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Figure 7-3. Example of Xerox Print Made from Film Plotted by CcOM
System (approx 11X)
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Example of Photographic Enlargement Made from Film
Plotted on COM System (approx 10X)
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TEKTRONIX GRAPHICS TERMINAL

ACCESS

MAX SIZE

MEDIUM

RESOLUTION

COMMENTS

USE

Program is executed from terminal and plotting is
immediate,

Depends on model, for 4002 or 4012:
X ~ approx 5-1/2 in. allowed
Y « approx 5=1/2 in. allowed

Image is plotted on a memory cathode-ray tube
screen. A paper copy may be made if a hard-copy
unit is connected to the terminal (see

Figure 7-5),

Approximately 0.1%, or approximately 10 mils
on the screen,

This method gives a rapld means of performing

an overall check of the pattern. Overlays are
possible, but not too effective. Small size of
plot makes details and close registration diffi-
cult to observe. The user can plot any desired
area of the pattern, enlarging or reducing the
size of the pattern.

Refer to Univae, GPCF, and Tektronix manuals
regarding basic use of Telktronix terminals. The
following runstream should be entered:

6RUN - = ~ =
8ASG,A 55.
axQT % .TEKABS

The program will respond with #%% MASK PLOTTING PNOGRAM %##% angd

KCEN#S®E w8

YCENR&ES #¥

SITERER R

will wait for a command to be entered on the keyboard. The commands are:

Specifies the center of the square aresa to be
plotted, where ###% ¥% i3 the X coordinate of the
center (mils), default: 2000.

Analogous to XCEN, default: 2000.

Specifies the size of the square area to be
plotted, where W44k &% j5 the size of the area
for both X and Y directions (mils), default:
2000,

Refer to Figure 7-6. The values used by the
program for XCEN, YCEN, and SIZE are always the
most recent ones entered by the user. The
numerical values must contain a decimal point and
must be contained in the 10 spaces following the
command name.

7-10
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PLOT

SKIP

REW

TERM
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Direats the program to print the current values
of the parameters XCEN, YCEN, SIZE on the screen,

Directs the program to read the plot data file
{55) and either to print the messages, if they
are the next data records in the file, or to plot
the rectangles for the pattern if they are the
next data records in the file. The process will
continue until the end of the messages 1s reached,
or until the end of the rectangle data is reached.
In the latter case the program will respond with
% END OF MASK %% indicating that the plotting

is completed.

To stop plotting during a plot enter 88X c/r.

The terminal will prespond with * EXECUTION
TERMINATED ®%, To recume, the plotting program
must be re-executed by €XQT FILE.TEKABS. The
plotting process must then be started at the
beginning, since the plot file will have been
rewound and all commands will have been forgotten.

Directs the program to skip to the end of the
current mask., When the end is reached, the
program responds with %% END OF MASK ##,

Directs the program to rewind the plot file
to the beginning, so that the program 1s ready
to read the first mask,

Terminates the program. The program responds
with ####&% PROGRAM TERMINATED #Ws#d

The above commands may be entered at any point that the terminal

responds with >,

If anything else 1s entered, the program responds

with * UNRECOGNIZABLE COMMAND '####' ®, where #### 1s the command; the
unrecognizable command is ignored, and nothing is altered.

If the end of the plot fiie (55) is reached by use of the PLOT or
SKIP commands, the program will respond with #%#% END OF FILE
ENCOUNTERED IN MASK DATA ##%_  The file may be rewound (REW) or the
program terminated (TERM). Entering PLOT or SKIP at this point will
cause the program to terminate in error.

7-11
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TEST PATTERNS
e A pr gy b
I {7 G 1

QOO 1 gny
P P C

Figure 7-%. Example of Plot from Tektronix
Hard Cony Unit

~

‘if//i* SIZE
XCEN, YCEN

- SIZE -

—

Figure 7-6. Definitions of Parameters for
Tektronix Plots
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SECTION VIIIX

PREPARING DATA FOR THE MPG

As mentioned previcusly, the Mann exposure data in file 57 may be
converted into data on a magnetic tape to control the MPG. Unfor-

tunately, the Univac 1108 system at JPL cannot conveniently write a tape
in the required format. Consequently, another computer is used to

convert the data, as explained in this section. Contact the author
regarding these procedures,

A, TAPE FORMAT

The MPG at MSFC uses a 9 track tape written at 800 bpi. The tape
must be in standard IBM format, unlabelled. The data must be in
512 character (byte) records. This is a special record length for MSFC;
the standard is 1040 as stated in the MPG manual. The data code is
EBCDIC. A maximum reel size of B 1/2 in. (approximately 600 feet of tape)
can be accommodated. This is adequate for most sets of masks since
10,000 exposures requires about 70 feet of tape.

Each exposure must be written on the tape in the following format:

XEWRERYRE SRR RETRNNE N,

where each * represents a digit. As explained in VI-E-2, the last digit
for Y and Y i 0, 2, 5 or 7 and for W and H is 0 or 5. The semicolon
(;) indicates that an exposure is to be made, using the preceding data
values for X, Y, W, H, A, The data for each exposure is thus 26 charace
ters (bytes) long. Each tape record can contain data for 19 exposures,
with 18 bytes left over which are blank-filled.

The MPG data input format allows for simplification and has greater
flexibility than indicated above. However, these features are not used
for this scheme. For further information refer to the MPG manual.

Messages to be typed out on the MPG teletype are preceded by a
quotation mark (") and terminated by a carriage return (e/r). The
fellowing is an example:

"MESSAGE TEXTe¢/r.

This feature is used for A-group messages and additional data. For
simplicity, each A-group message is limited to 68 characters in the JPL
programs. If a message is shorter than 68 characters the remainder is
blank fllled. A tape record thus accommodates & A-group messages.
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EBCDIC Codes

Character Name Code (hexadecimal)
A thru Z letters C1 thru C9
J thru R letters D1 thru D9
S thru Z letters E2 thru E§
g thru 9 digits E@ thru 9

period/decimal point 4B
’ comma 6B
H semicolon 5E
$ dollar sign 5B
L] asterisk 54
/ slash 61
- minus sign 60
+ plus sign 4E
= equal sign TE
< less than ic
> greater than OE
( left parenthesis 4p
) right parenthesis 5D
' apostrophe 7D

colon 74
? question mark 6F
! exclamation peoint 54
" quotation mark TF
# number sign 78
) percent sign 6C
] at sign 7C
& ampersand 50

blank _ ko
e/r carriage return {non-printing) 15

GENERATING THE MFG TAFE

The procedure is as follows:

(1)

The data in file 57 are punched onto data cards by executing

the program FILETOCARD.
which have different punch codes for Univac and IBM must be
changed by hand.

8-2

Any characters in the A-group messages



77-32

(2) The cards are taken to CIT, the data reformatted and written
onto tape by the program MASKTRAN, running on the IBM 370/158.

(3) The tape is now ready to be used on the MPG at MSFC.
To check the tape the procedure is reversed:

(4) The tape is read and the data reformatted and punched onto cards
by the program TAPETRAN, running on the IBM 370/1588 at CIT.

(5) The cards are read and the data translated and put into the
plot file 55 by the program CARDTOPLOT running on the Univac
1108 at JPL.

The pattern may then be plotted by the procedures given in
Section VII. However, in this case the plot is of the actiual expcsures,
so the partitioning of large rectangles will be plotted; also the plot
will be "right reading" or "reverse reading" according to whether MR
is positive or negative (see Fig. 6~6).

It would be preferable to eliminate the punch cards and to transfer
the data betwecn the computers by tape; however, this has not been implemented.
The procedures outlined above should be considered provisional.

C. COMPATIBILI"Y WITH OTHER MASK-GENERATING MACHINES

The programs cescribed in this manual could be used with pattern
generators other than the MSFC Mann 1600. There are a number of pattern
generators which operate on the principles presented in this manual.
Generating a data tape for one of these machines could be done with a
minimum of modification to the programs. In many instances medification
of the file 57 to MPG tape translation program (MASKTRAN)} is all that
would be required.

If it were desired to take advantage of the increased capabilities
of some of the newer machines, some modification of the MASK program
would also be necessary. The following characteristics of the machine
in question should be considered:

1) Tape format for exposure data and messages.

2) Maximum available area for pattern.

3) Smallest increment in X, Y, W, M, A.

4}  Maximum size for W and H.

Photoplotters such as the Gerber or similar machines have different
operating principles from those for which the programs described in this
manual were designed. However, the programs can be used with such

machines., Regarding such use, contact D. E. Routh at MSFC, W, H.
Causey at Mississippi State University, or the author,.

8-3
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APPENDIX A
TERMS AND ABBREVIATIONS
blank e

an opagque area on the reticle photoplate
surrounding the pattern, used to block off
unwanted light during step-and-repeat

carriage return

California Institute of Technolegy,
Pasadena, California

alphanumerics inserted into the input data, but
which are not processed by the program. For user
reference

one of the groups of data input to the MASK
program, identified by one of the letters A, B,
C, D, E or I. Each group is used to specify a
certain type of data

a device resembling a drafting board, used to
convert information on a drawing into computer
data

the units in which drawing dimensions and input
parameter data are expressed

drawing unit

a2 single exposed rectangular area on a mask plate
created by the Mann pattern generator

a pattern of two or threc =small rectangles near
the edges of the reticle masxk, used for allgnment
of the reticle mask for the sfep-and-repeat
process

General Furpose Computing Facility (JPL)

a number placed after the data group letter on an
input card for identification purposes. Not
prccessed by the program

the pattern of transparent and opaque areas on a
photoplate

Jet Propulsion Laboratory

an optical/mechanical machine used to generate
a photomask from computer data

A=-1
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MIL
MPG

MSFC

4]
@
PATTERN

PARAMETER
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PLOT

PR

RECTANGLE

RETICLE

SCALE FACTOR (SF)

STEP~AND~REPEAT

STRAP/STRIP

TAPE BLOCK/
TAPE RECNRD
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alphanumerica which are part of the A group data
and are placed into the Plot and Mann files and
may appear on plots and the Mann pattern generator
teletype

0.001 inch
Mann pattern generator

NASA Marshall Space Flight Center, Huntaville,
Alabama

letter O
number ¢
a set of rectangles or exposures

one of the items of input data identified by one
of the letters M, N, 5, T, &, B, W, H, X, ¥, I,
U, D, R, L

a numerlcal value associated with a parameter

refers to data or procedures related to pleotting
a mask layout

photoresiat

a rectangle forming part of the input pattern.
A single rectangle may have to be partitioned
(broken down) into several exposures on the plate

10X photoplate created on the Mann pattern
generator which may be stepped-and-repeated to

make the final 1X mask

a number relating size of a feature in the input
data to size of the feature on the mask plate

the process of reproducing s single pattern onto
a photeplate repeatedly in a regular rectangular
array

a rectangle or trace in the pattern which 1s
specified by its endpoints rather than by its
center. Generally narrow and used as an
interconnection

a unit of data written (recorded) ontu a
magnetic tape. For the MSFC MPG each record
is 512 bytes long
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APPENDIX B

CONVERSION FACTORS

mil = 25.4 pum

H

mil

0.0254% mm

microinch = 0,0254 pm

= 39,370079 mils

g

39370.079 microilnches

B

pm = 0.039370079 mils

39.370079 microinches

pm
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APPENDIX C
DESCRIPTION OF PROGRAMS AND SUBROUTINES
MASK PROGRAMS (see Figure C-1)

MAINPROG (MP) the master program which is called by the
8XQT control statement. It initializes the data
processing, calls appropriate subroutines to
proceas data groups, and closes out processing

AGROUP processes A group cards and writes the messages
to Plot (55) and Mann {57) files

ALPHA generates data for alphanumeric characters and
punctuation marks accordines to specifications on
E group cards, as tranalated by subroutine E

B processes B group data cards

c processes C group data cards

D processes D group data cards

DATUM used by subroutines C and D to interpret C and D
data cards and extract parameters and parameter
values

DISPLA translates pattern data from COW(I,J) array into

data for plotting; sorts data according to
location for more efficient plotting. Translated
data is written into file 55

E processes B group data cards, specifications are
passed to subroutine ALPHA1

EXTR extracts fixed or floating point field, containing
a parameter value, from data cards

I generates data for fiducial marks and border for
reticle mask according to data on I group cards

MAGTPE takes data from COW(I,J) array and translates it
into Mann data which is stored in MAN(I,J) array
and written into file 57. Breaks large rectangles
into smaller ones that can be accommodated by
Mann pattern generator

SEGMNT generates data for a strip connecting two points
at arbitrary locatlons

STORE inserts rectangle data into COW{I,J) array;
generates data for repetitions (M,N > 1)

C-1
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Figure C-1. Mask Program Subroutine Linkages
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STRAP processes strip data
STRAP1 rounds angle to nearest degree for strip at an
angle
STRAP2 similar to STRAP?
TAPES takes data from COW(I,J) array, applies shift,

scaling, angle manipulation for compatibility with
Mann pattern generator, and puts manipulated data
back into COW

TIMEX calculates Mann pattern generator exposure time
from data in MAN array, according to formulas
given in Mann 1600 manual

ZIGZAG  sorts data in MAN array according to location for
more efficient exposure

NOTES: All above programs except EXTR require an extended FORTRAN
compiler.

MP indicates main program, all others are subroutines,

AUXILIARY PROGRAMS3

CC11 (MP) used with Calcomp 11-in, drum plotter to plot
data in file 55

CC34 (MP) used with Calcomp 34-in. drum plotter (off line).
Translates data from file 55 to tape for plotter

CCBLOT calculates plotting points and detects out-of-
range values for CC11 and CC3U programs

coM (MP) used with Calcomp COM plotter to plot data in
file 55

COMTGT generates targets for COM plotter. Used by COM
program

DIGITTOC (MP) converts data on cards from digitizer into C-group
data

TARGET generates targets for plotters. Used by CC11 and
Ccc3y

TEKPLOT (MP) used with Tektronix graphics terminal to plot

data in file 55

NOTE: MP indicates main programs, others are subroutines.
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