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In t roduct ion  

The Mask  Shop In fo rmat ion  S y s t e m  (MSIS) i s  
a c o m p u t e r  s y s t e m  which p r o v i d e s  r e a l - t i m e  
cont ro l  a s  wel l  a s  in fo rmat ion  r e t r i e v a l  
funct ions  for  a shop w h e r e  in t eg ra t ed  c i r cu i t  
m a s k s  a r e  made.  This  s y s t e m  is  now in use  
at two Bel l  L a b o r a t o r i e s  loca t ions ,  one at  
M u r r a y  Hill, New J e r s e y ,  and the o ther  at  
Allentown, Pennsy lvan ia .  

Each  mask  shop conta ins  i ts  own complex  of 
Bel l  L a b o r a t o r i e s  des igned,  photo l i thographic  
dev ices .  The or ig ina l  a r t w o r k  for  each  
m a s k  level  is  p roduced  on a P r i m a r y  P a t t e r n  
G e n e r a t o r ,  a dev ice  which u s e s  a l a s e r  b e a m  
to a c c u r a t e l y  expose  a pa t t e rn  on a photo-  
graphic  plate.  Spec ia l ly  des igned  Reduct ion  
and S t e p - a n d - R e p e a t  C a m e r a s  a r e  used  to 
a r r i v e  at the final mask .  Developing,  in- 
spect ion,  and copying f ac i l i t i e s  a r e  a l so  pa r t  
of the shop. 

Fo r  each  job, the m a s k  shop a c c e p t s  as  in-  
put a magnet ic  tape  with a file of pa t t e rn  de -  
sc r ip t ion  data  for  each  level  of an i n t e g r a t e d  
c i r cu i t  mask,  and a deck  of c o m p u t e r  c a r d s  
d e s c r i b i n g  the job.  The resu l t ing  output of 
the shop is a se t  of g lass ,  ch rome ,  or  m y l a r  
in t eg ra t ed  c i r cu i t  m a s k s .  

While a typ ica l  job is  being p r o c e s s e d ,  many 
g l a s s  p l a t e s  a r e  p roduced  a s  each  m a s k  level  
goes  through the fol lowing p r o c e s s  s t ages .  

. P r i m a r y  P a t t e r n  Gene ra t i on  - a set  of 
p a t t e r n s  a r e  p roduced  on 8" x 10" 
g l a s s  p la tes .  

. Reduct ion  - the p a t t e r n s  a r e  r educed ,  
and a c o r r e s p o n d i n g  se t  of 4" x 5" 
g l a s s  p l a t e s  a r e  genera ted .  

. S t e p - a n d - R e p e a t  - the r e d u c e d  pa t -  
t e r n s  a r e  a r r a y e d  to make  a 4" x 5" 
m a s t e r  mask,  and 

4. P r in t  - the m a s t e r  is r e p r o d u c e d  
many t i m e s  to p roduce  the 4" x 5" or  

2" x 2" g lass ,  ch rome ,  or  m y l a r  w o r k -  
ing cop ies .  

F igu re  1 shows  the v a r i o u s  s t a g e s  involved 
in the making of one in t eg ra t ed  c i r cu i t  mask .  

[ X y  M ,S ,<  

t .  

IBM 360 OR 
GE. 655 

rNSPECTION { 

t i 
~_L___ r_L__L_~ r!__L _J -L 

PRIMARY 

i . . . . . . . . .  ] L" I _. _J 

Figu re  1. S tages  in Making an 
In t eg ra t ed  C i rcu i t  Mask  

At each  s tage,  p r o c e s s i n g  in format ion  is  
needed  in addi t ion to the phys i ca l  input. 
F u r t h e r m o r e ,  the in spec t ions  following each  
s tage  of p r o c e s s i n g  may  r e s u l t  in the r e p e -  
t i t ion of a p r o c e s s i n g  s tage  and consequen t ly  
the p roduc t ion  of even  m o r e  g l a s s  p la tes .  
And na tura l ly ,  shop p e r s o n n e l  would like 
to know the locat ion  and s t a tus  of al l  p la tes  
for  any p a r t i c u l a r  job at any t ime .  The 
c o m p u t e r - b a s e d  s y s t e m  known as  MSIS is  
u sed  to keep o r d e r  re igning among this  
mul t i tude  of g l a s s  p l a t e s  and a s s o c i a t e d  
data.  

MSIS H a r d w a r e  

The bas i c  MSIS h a r d w a r e  c o n s i s t s  of a 
P D P - 9  compu te r  with a m i l l i o n - w o r d  d isc ,  
a magne t ic  tape dr ive ,  and a ca rd  r e a d e r .  
Communica t ion  with shop o p e r a t o r s  is  a c -  
compl i shed  by means  of two t e l e t y p e w r i t e r s ,  
a data  link to ano ther  P D P - 9 ,  a data  link to 
a P D P - 8 ,  and two c u s t o m - m a d e  k e y b o a r d /  
d i sp l ay  se t s .  

The l inks be tween  the v a r i o u s  p i e c e s  of 
h a r d w a r e  which  make  up MSIS a r e  i l l u s t r a t ed  
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F i g u r e  2. MSIS Sys t em Conf igura t ion  

in F igu re  2. At the c e n t e r  is  the PDP-9 
which cont inual ly  o p e r a t e s  us ing  the p r o g r a m s  
and da ta  s t o r e d  on disk .  MSIS ac t ions  a r e  in-  
i t i a ted  by an i n t e r r u p t  f r o m  one of the fo l low-  
ing input /ou tpu t  d e v i c e s :  

1. A d m i n i s t r a t i o n  T e l e t y p e w r i t e r  - u sed  
to ini t ia te  the e n t r y  of a job  deck  f r o m  
the c a r d  r e a d e r ,  to c o m m u n i c a t e  any 
needs  o r  p r o b l e m s  to the shop a d m i n -  
i s t r a t o r s ,  and to p rov ide  r e s p o n s e s  to 
q u e r i e s  p r e s e n t e d  by  shop pe r sonne l .  

2. Data  Link Be tween  P r i m a r y  P a t t e r n  
G e n e r a t o r  (PPG) Cont ro l  C o m p u t e r  
and MSIS - u sed  to a l low the PPG op-  
e r a t o r  to a sk  for  new w o r k  a s s i g n m e n t s  
and to t r a n s m i t  p e r f o r m a n c e  da ta  d u r -  
ing PPG opera t ion .  

3. Reduc t ion  K e y b o a r d / D i s p l a y  Set and 
C a m e r a  Signals  - p rov ide  c o m m u n i c a -  
t ion with the r educ t ion  c a m e r a  o p e r a -  
t o r s  and the capab i l i ty  of obtaining da ta  
on c a m e r a  ope ra t i ons .  

4. Data  Link Be tween  S t e p - a n d - R e p e a t  
(S&R) C a m e r a  Cont ro l  C o m p u t e r  and 
MSIS - Allows  the S&R C a m e r a  o p e r a -  
t o r  to a sk  fo r  new a s s i g n m e n t s  and 
p e r m i t s  t r a n s f e r  of da ta  while  the 
c a m e r a  is  opera t ing .  

5. P r i n t  K e y b o a r d / D i s p l a y  Se ts  - P r o v i d e s  
c o m m u n i c a t i o n  be tween  MSIS and the 
o p e r a t o r s  of the Contac t  P r i n t  and E tch -  
ing Stat ions .  

6. Inspec t ion  T e l e t y p e w r i t e r  - Used  for  
c o m m u n i c a t i o n  be tween  MSIS and in-  
spec t ion  o p e r a t o r s .  

MSIS Sof tware  

The in fo rma t ion  s y s t e m  is  a se t  of p r o g r a m s  
wr i t t en  i n  PDP-9 a s s e m b l y  language and op-  
e ra t ing  under  a spec i a l l y  des igned  mul t i -  
p r o g r a m m i n g  moni tor .  Eight  thousand  w o r d s  
of PDP-9 c o r e  a r e  subdiv ided  into a c o m m o n  
da ta  a r e a  and seven  f i x e d - s i z e  execut ion  
a r e a s ;  one execu t ion  a r e a  conta ins  the mon i -  
tor ,  t h r e e  conta in  i n - c o r e  t a s k s ,  and the l as t  
t h r e e  a r e  u sed  for  the swapping of t a s k s  
f r o m  disk.  T h e r e  a r e  45 d i sk  t a s k s  p r e s e n t l y  
used  in MSIS and the n u m b e r  cont inues  to 
grow.  

The layout  of MSIS co re  s t o r a g e  is  i l l u s t r a t e d  
in F igu re  3. In genera l ,  any s ignal  f r o m  the 
ex t e rna l  w o r l d  is  p icked  up by  the mon i to r  
and i n t e r p r e t e d  enough to d e t e r m i n e  which  
t a s k  should be ac t i va t ed  to r e s p o n d  to the 
s ignal .  A t a s k  l is t ,  o r d e r e d  acco rd ing  to 
p r i o r i t y ,  is  u sed  to ini t ia te  t a s k  execu t ion  
and to keep  t r a c k  of the s t a tus  of t a sks .  T a s k  
execu t ion  and I / O  t r a n s f e r s  a r e  ove r l apped .  
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F i g u r e  3. MSIS Core  Layout  

In addi t ion to s t imul i  f r o m  the e x t e r n a l  word ,  
t h e r e  a r e  a se t  of t a s k s  which  a r e  ac t i va t ed  
p e r i o d i c a l l y  under  con t ro l  of the r e a l - t i m e  
clock;  t h e s e  p e r i o d i c  t a s k s  keep  check  on 
the in teg r i ty  of the s y s t e m .  That  is ,  if MSIS 
needs  an input in o r d e r  to cont inue p r o c e s s i n g  
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a job and an unreasonable  amount of t ime has 
passed  since this input should have been r e -  
ceived, a per iodic  task  will d i scover  this and 
print a warning message .  

The tasks  communicate with each other using 
queues, common data words ,  and var ious  job 
descr ipt ion blocks which are  s tored  e i ther  
in the common core data a rea  or  on disk. 
Only a few major  tasks  make changes to these 
shared data blocks,  and these tasks  are  si tu-  
ated in the execution a r e a s  and act ivated in 
special  ways to avoid the poss ibi l i ty  of con- 
flicts.  Many tasks,  however,  can read  these 
data blocks and re la te  the information to the 
external  world.  

MSIS Functions 

The functions of MSIS can bes t  be explained 
by descr ib ing a typical job that p a s s e s  through 
the shop. An engineer has desc r ibed  the pat-  
t e rns  of each level of his integrated c i rcui t  
in a graphical  language called XYMASK* and 
has produced a magnetic tape which contains 
the pat tern  descr ip t ions  in a form suitable 
for p rocess ing  by the shop's  computer -  
controlled P r i m a r y  Pa t te rn  Genera tor .  

In addition to his XYMASK tape, the engineer 
has p repared  a deck of cards  in the MSIS 
language (a typical  deck se t -up is i l lus t ra ted 
in Figure  4). This deck desc r ibes :  

1. the location of the pat tern f i les  on his 
XYMASK tape, 

2. at what magnification he has desc r ibed  
his pat tern,  

3. how he would like the pat terns  a r ranged 
on his final output, 

4. to what to le rances  and what detail  he 
would like the plate inspected,  

5. the size and type of the working copies 
he des i r e s ,  

6. where he wants his output del ivered,  
and 

7. some special  information for  manage-  
ment and accounting repor t s .  

ENGINEER 

CASE 

DEVICE 

MASK 

MASK 

END 

.IOB DE$CPJPT!ON 

MH, 1112, B65420, J.~. GILMORE X5023 

39500-20 

A1502, BEAM LEAD GATE 

• ~850122-1-4, 2135, ARRAY-L2 

PATTERN B413622-I-2, ART 
PATTERN L1006C0-1-3 
PATTERN L2OGSL~1-1-2 

Figure 4. MSIS Input Deck 

A shop opera tor  p laces  the MSIS deck in the 
card r eade r  and types in JOB on the main 
te le typewri te r .  If the data in the deck is  
reasonable  and consistent ,  MSIS accepts  the 
job, s to res  the data on disk, gives the oper -  
a tor  a bin location for the XYMASK tape, 
and puts the pat terns  reques ted  on the queue 
for  the P r i m a r y  Pa t te rn  Generator .  

Eventually, the opera tor  of the P r i m a r y  Pa t -  
te rn  Genera tor  in the next room types in a 
reques t  that he needs a new assignment.  The 
PDP-9  computer  controlling the P r i m a r y  
Pa t te rn  Genera tor  then sends a message  
a c r o s s  the data link to MSIS that an ass ign-  
ment is needed, r ece ives  a reply,  and te l ls  
the opera to r  to mount the XYMASK tape 
s tored in a cer ta in  bin. The computer  auto-  
mat ical ly  se lec t s  the c o r r e c t  file on the tape 
and controls  the generat ion of the pattern.  
The pat tern plate is then taken to develop-  
ment. Only MSIS need be aware  of the ex is t -  
ence and requ i rements  of this plate since it 
has an identifying number exposed on it. The 
PPG continues getting ass ignments  until an 
8" x 10" glass  plate has been made for each 
pat tern  of the job. 

All developed PPG plates  for  this job 
eventually a r r ive  in the inspection a r e a .  An 
inspector ,  communicating with MSIS via 

*A language and computer  p rogram developed at Bell Telephone Labora to r i e s  which accepts  
pat tern descr ip t ions  in graphical  form and t rans la tes  the data into the form needed for produc-  
tion of the pat terns  on any of a va r i e ty  of output devices.  
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t e le typewr i te r ,  u ses  the plate identification 
number  to ask for detailed inspection infor-  
mation and to accept  or  r e jec t  each plate 
accordingly.  If a plate is re jec ted ,  MSIS 
automatical ly  queues it to be remade .  When 
a plate is accepted,  MSIS asks  the opera tor  
to s tore  the plate in a specif ied slot of a 
numbered plate c a r r i e r .  

When the plate c a r r i e r  is full or the Reduc-  
tion facil i ty needs work, MSIS d i r ec t s  an 
opera tor  to take the c a r r i e r  into the Reduc-  
tion c a m e r a  room.  The Reduction opera tor ,  
using a keyboard /d i sp lay  set  to communicate  
with MSIS, asks  for  work.  The ass ignment  
displayed on the scope includes the c a r r i e r  
location of the plate as well  as  the Reduction 
camera  that should be used. MSIS can auto-  
matical ly read  the plate identification when 
the plate is loaded in the c a m e r a  and can 
check that the co r r ec t  plate has been loaded 
in the c o r r e c t  camera .  After  each plate is 
exposed,  it again gets  sent to development.  

A s imi la r  inspection occurs  again and the 
accepted pla tes  a re  put in a c a r r i e r  that is 
soon taken into the Step-and-Repeat  c a m e r a  
room.  When an opera tor  in the Step-and- 
Repeat  faci l i ty asks  for work, MSIS is  asked 
to send an ass ignment  a c r o s s  the data link to 
the PDP-8  computer  controlling the camera .  
Using the a r r a y  information entered  by the 
engineer,  MSIS also continually sends data 
to the control  computer  giving the location 
of each pat tern  center  as  the plate is being 
made. Thus a set  of reduced pa t te rns  a re  
used to make a mas te r  mask for each level  
of the integrated circuit .  

Following development,  the mas t e r  masks  
are  again inspected and then sent to the 
printing facility. The printing opera to r  r e -  
ce ives  his ass ignments  on another k e y b o a r d /  
display set. As the working copies of a job 
are  completed,  they a re  placed in a bin a s -  
signed to the job. When all working copies  
are  in the bin, MSIS sends a message  via the 
main t e l e typewr i t e r  to give the opera tor  the 
information n e c e s s a r y  to de l iver  the job. 

The bas ic  function of MSIS is to ass ign t asks  
so that many jobs can be s imultaneously 
handled by the sys t em in an efficient manner.  
While controlling all the shop faci l i t ies  and 
keeping t rack  of jobs and plates,  MSIS is a lso 
checking for  problem situations,  answering 
spontaneous t e l e typewr i t e r  r eques t s  about 
jobs,  and accumulating data on shop operat ion 
for  repor t s .  

Operating Success  

MSIS was put into operat ion at Mur ray  Hill 
in mid-1970. The sys t em went through all 

the t r i a l s  and t r ibulat ions that usual ly accom-  
pany putting an on-line s y s t e m  on the air .  
Ear ly  diff icult ies  seem to have been the r e -  
sult of three  bas ic  p rob lems .  The f i r s t  was 
that the des igners  of MSIS were  not able to 
anticipate all the input e r r o r s  that could oc-  
cur; despite  their  a t tempts ,  it took an actual 
shop run over  a long period of t ime to d i s -  
cover  all the unlikely inputs that could cause 
catas t rophe to MSIS. 

Secondly, MSIS depended on too many di f fer -  
ent external  inputs to pe r fo rm  a decent de-  
bugging of the s y s t e m  before  it was instal led 
in the shop. When the sys t em was  p resen ted  
with a rea l  shop situation, loading p rob lems  
occur red  that had never  been anticipated. 
Perhaps ,  a complex p rogram simulating 
w o r s t - c a s e  shop conditions would have solved 
this problem.  And third, MSIS could not keep 
up with the innovations. Shop methods con- 
tinually evolved as the shop personnel  d i s -  
covered  that they could get be t te r  output by 
doing things in ways  that had never  been en- 
visioned, and MSIS had to keep in step. 

By the end of the year ,  it was rea l ized  that 
the list  of p rob lems  and r eques t s  for im-  
provement  were  worth the t rouble of taking 
the sys t em off the a i r  and devoting full t ime 
to making it t ru ly  operational .  

Thus the f i r s t  six weeks  of 1971 were  spent 
by fixing all known e r r o r s  and then continu- 
ally per forming shop operat ions  under w o r s t -  
case  condi t ions until new p rob lems  developed. 
A goal, known as  the "load t e s t , "  was set. 
TMs tes t  consis ted  of p rocess ing  30 jobs,  
making all conceivable e r r o r s  in input. When 
this was accompl ished successfu l ly ,  the s y s -  
tem was put on-line again. 

Since m i d - F e b r u a r y ,  the sys t em has been 
running at Murray  Hill with minimum prob-  
lems.  The installat ion of the Allentown MSIS 
lagged behind the Murray  Hill sy s t em be-  
cause of physical  d i f fe rences  in the shop fa-  
ci l i t ies .  In ear ly  April ,  a s imi la r  load tes t  
was pe r fo rmed  at Allentown, and MSIS is  now 
operat ional  at both locations.  

During this debugging and improvement  phase, 
two good points in the MSIS design stood out. 
For  one, MSIS is designed in a modular  fash-  
ion. That is,  bas ic  functions are  pe r fo rmed  
by one task.  Only the scheduler  task  pe r -  
f o rms  queue manipulations and updates the 
s tatus  of a job. Each separa te  facil i t i ty of 
the shop is control led f rom one main task  
with the only interact ion with other tasks  be-  
ing in the t r a n s f e r r a l  of data through the 
shared data blocks.  The formatt ing of many 
m e s s a g e s  is pe r fo rmed  by one in -core  p ro-  
gram. And many other  functions were  
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separa ted  off and assigned to one task  ea r ly  
in the design. This modular i ty  is ex t r eme ly  
helpful both in locating and fixing p rog ram 
bugs and in adding new faci l i t ies  to the sy s -  
tem. 

Another design feature that continually faci l i -  
ta tes  making changes to MSIS is the s t ruc ture  
of the data blocks on disk as i l lus t ra ted in 
Figure 5. As previous ly  explained, each job 
r e su l t s  in the production of many pat tern 
plates  and mas t e r  masks .  There are  identi- 
fying numbers  on all of these plates.  By us -  
ing a table which links the identification to 
one descr ip t ion block on disk, all the job data 
can be eas i ly  r e t r i eved  by t racing through the 
i l lus t ra ted  ring s t ruc ture .  In the other d i r ec -  
tion, a job number  leads to the job descr ip t ion  
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Figure 5. MSIS Data Structure  

block, and, using the ring s t ruc ture ,  to all in- 
formation about the job. A single descr ip t ion 
block is of constant size,  and a ve ry  large or  
ve ry  complex job only r e su l t s  in more  en t r ies  
in the ring s t ruc ture .  Thus the tasks  can 
handle smal l  and large jobs in the same man- 
ner  and without wasting disk space.  Also, 
new tasks  only need use severa l  bas ic  tables  
to r e t r i eve  any job information. 

Since the shop went through per iods  of using 
MSIS and not using MSIS, it has been poss ib le  
to get feedback on the effect  MSIS has on shop 
operation. This feedback has been favorable .  
The shop produces  more  under MSIS control,  
and managers  and engineers  like the "quickie" 
r epor t s  MSIS can give on the status of the 
shop or a par t icu la r  job. 

MSIS development is still  underway. In the 
future MSIS will include a data link to a com-  
puter  controlling a coordinate measur ing 
machine and will thus provide automated in- 
spection capabil i t ies .  Inventory faci l i t ies  
for existing m a s t e r s  and available photo- 
graphic plates  are  also planned. Even with 
these additions, MSIS will use a small  p e r -  
centage of the available computer  t ime.  In 
the ear ly  s tages  of MSIS development,  it was 
anticipated that MSIS might be able to work 
in the background of the PDP-9  used to con- 
t ro l  the P r i m a r y  Pa t te rn  Genera tor ,  and 
this poss ib i l i ty  must  still  be investigated.  
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