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SUMMARY 

The  p u r p o s e  o f  t h i s  p a p e r  is  to  i n t r o d u c e  a 
s y m b o l i c  l a y o u t  t e c h n i q u e  for  MOS i n t e g r a t e d  c i r c u i t s .  
We  w i l l  g i v e  a d e s c r i p t i o n  o f  s y m b o l i c  l a y o u t ,  t a l k  
about its potential and briefly describe the symbolic 

l a y o u t  s y s t e m  we have d e v e l o p e d  at AMI .  

INTRODUCTION 

S y m b o l i c  l a y o u t  i s  a m a s k  d e s i g n  m e t h o d  t h a t  
u s e s  s y m b o l s  to  r e p r e s e n t  m a s k  t o p o l o g i e s .  The s y m -  
b o l s  a r e  c o n v e r t e d  to  t h e  m a s k  t o p o l o g i e s  by  a c o m p u t e r  
p r o g r a m .  For  e x a m p l e ,  c o n s i d e r  a s i m p l e  4 m a s k  MOS 
p r o c e s s  w h e r e  t he  f i r s t  m a s k  i s  d i f f u s i o n ,  s e c o n d  m a s k  
i s  g a t e  o x i d e ,  t h i r d  m a s k  i s  c o n t a c t  c u t  o u t  a n d  f o u r t h  
i s  m e t a l .  F i g u r e  1 s h o w s  a s e t  o f  s y m b o l s  t h a t  c o u l d  
be  u s e d  to  d r a w  s i m p l e  c i r c u i t s  in  t h i s  p r o c e s s .  U s i n g  
t h e  s y m b o l  s e t  in  F igu re  1 i s  q u i t e  s i m p l e .  (In a c t u a l  
p r a c t i c e  a more  c o m p l e x  s y m b o l  s e t  i s  u s e d . )  A gr id  
s i z e  i s  c h o s e n  a n d  t h e  c i r c u i t  l a y o u t  i s  d r a w n  on  g r i d e d  
p a p e r  or  m y l a r  f o l l o w i n g  two s i m p l e  r u l e s :  

l )  I f  s y m b o l s  a r e  o n  a d j a c e n t  g r i d s ,  t h e n  t h e  
t o p o l o g i e s  t h e y  l e p r e s e n t  a r e  a s s u m e d  to  
be  c o n n e c t e d .  

2) If  s y m b o l s  are on n o n - a d j a c e n t  g r i d s ,  t h e y  
a r e  no t  c o n n e c t e d  a n d  t h e i r  s e p a r a t i o n  m e e t s  
or  e x c e e d s  m i n i m u m  m a s k  l a y o u t  r u l e s .  

F i g u r e s  2 a n d  3 s h o w  a s i m p l e  l o g i c  s t r u c t u r e  
a n d  i t s  s y m b o l i c ' a n d  t o p o l o g i c a l  l a y o u t .  The e x a m p l e s  
i l l u s t r a t e  h o w  a f r e e h a n d  s y m b o l i c  l a y o u t  c a n  be  c r e -  
a t e d  in  a m u c h  s h o r t e r  t i m e  a n d  a t  a m u c h  s m a l l e r  
s c a l e  t h a n  t h e  s a m e  c i r c u i t  l a i d  ou t  b y  d r a w i n g  a l l  
t o p o l o g i e s  in  d e t a i l .  

DISADVANTAGES VS. ADVANTAGES 
1,2,3 

S y m b o l i c  l a y o u t  t e c h n i q u e s  h a v e  b e e n  
a r o u n d  for  s e v e r a l  y e a r s ,  bu t  for  v a r i o u s  r e a s o n s  
t h e s e  t e c h n i q u e s  h a v e  no t  g a i n e d  g e n e r a l  a c c e p t a n c e  
in  t h e  s e m i c o n d u c t o r  i n d u s t r y .  S y m b o l i c  l a y o u t s  a r e  
d o n e  on  a m u c h  c o a r s e r  g r id  ( e . g . ,  0 . 5  mi l s )  t h a n  
s t a n d a r d  t o p o l o g i c a l  l a y o u t s  ( e . g . ,  0 . 1  o r  0 . 0 5  m i l s ) .  
T h e r e f o r e ,  i t  s e e m s  t h a t  t h e  " h a n d  d r a w "  l a y o u t  w i l l  
be  s m a l l e r  t h a n  t h e  s y m b o l i c  l a y o u t  of  t h e  s a m e  c i r -  
c u i t r y .  For  e x a m p l e ,  w h e n  d r a w i n g  a PMOS c i r c u i t  
u s i n g  s y m b o l s  on  a 0 . 5  mt l  g r i d ,  i t  i s  no t  p o s s i b l e  
to  t a k e  a d v a n t a g e  of  t h e  m i n i m u m  l i n e  w i d t h s  and  
s p a c i n g s  a v a i l a b l e ,  w h e r e a s  t he  " h a n d  d r a w "  l a y o u t  
c a n  t a k e  a d v a n t a g e  Of t h e s e  m i n i m u m  g e o m e t r i e s .  

If  a s e c t i o n  of  c i r c u i t r y  w h i c h  w a s  p r e v i o u s l y  
" h a n d  d r a w n "  i s  r e d r a w n  w i t h  s y m b o l s ,  t h e  a r e a  u s e d  
for  t h e  s y m b o l i c  l a y o u t  c a n  b e  a s  m u c h  a s  30% g r e a t e r  
t h a n  t h e  a r e a  r e q u i r e d  fo r  t h e  " h a n d  d r a w "  l a y o u t .  
T h i s  h a p p e n s  b e c a u s e  t h e  s y m b o l i c  l a y o u t  i s  f o r c e d  
to  u s e  t h e  s a m e  g r o u p i n g  a n d  p o s i t i o n i n g  of  t r a n s -  
i s t o r s  a s  t h e  " h a n d  d r a w " .  We h a v e  found  t h a t  e x -  
p e r i e n c e d  layout designers find ways of making the 

s y m b o l i c  l a y o u t  s p a c i n g s  work  to t h e i r  a d v a n t a g e .  A 
s i m p l e  e x a m p l e  o f  t h i s  i s  s h o w n  in  F igu re  3 w h e r e  
s e v e r a l  o f  t h e  t r a n s i s t o r s  w e r e  p l a c e d  in  t h e  s i g n a l  
l i n e s  'A' a n d  ' B ' .  S i n c e  t h e  c i r c u i t  i s  on  a m u c h  
c o a r s e r  g r i d ,  t h e  l a y o u t  d e s i g n e r  i s  a b l e  to  s e e  t h e  
e n t i r e  c i r c u i t  a n d : g e t  a f e e l  for  h o w  t h e  t o t a l  c i r c u i t  
i s  d e v e l o p i n g  and  m a k e  a p p r o p r i a t e  c h a n g e s .  The 
l a y o u t  d e s i g n e r s  c a n  " p l a y "  w i t h  a n d  r e d r a w  a g i v e n  
a r e a  s e v e r a l  t i m e s ,  i m p r o v i n g  t h e  p a c k i n g  d e n s i t y  e a c h  
t i m e  and  s t i l l  t a k e  l e s s  t i m e  t h a n  i t  wou ld  h a v e  t a k e n  
to d r a w  t h e  s a m e  a r e a  o n c e  b y  t h e  " h a n d  d r a w "  t e c h -  
n i q u e .  W i t h  e x p e r i e n c e d  d e s i g n e r s  we h a v e  found  t h a t  
t h e  a c t u a l  s i z e  i n c r e a s e s  for  s y m b o l i c  l a y o u t s  o v e r  
" h a n d  d r a w "  r a n g e  from 0 to  10% d e p e n d i n g  o n  t h e  t y p e  
of  c i r c u i t .  

F u r t h e r  s t u d i e s  h a v e  i n d i c a t e d  t h a t  b y  t a i l o r i n g  
a f e w  l a y o u t  r u l e s  and  g o i n g  to  a s m a l l e r  g r i d ,  i . e . ,  
. 25  m l l ,  t h e  d i s a d v a n t a g e s  l i s t e d  a b o v e  d i s a p p e a r  and  
t h e  a d v a n t a g e s  s t i l l  r e m a i n .  D r a w i n g  t i m e s  i n c r e a s e  
by 10% to 20% and the visabllity of the circuit s.till 

remains. 

The above holds true for retrofitting a symbolic 
layout system to an established process. When a new 
process is proposed, if the layout rules are tailored 
to meet the requirements of the symbolic layout system 
then we can have the best of both systems. One such 
new process that meets these requirements at AMI is 
VMOS 4 . 

THE SLIC SYSTEM 

A c i r c u i t  i s  d r a w n  from a l o g i c  d i a g r a m  w i t h  t h e  
s i g n a l  n a m e s  (node  n u m b e r s )  i n d i c a t e d  on  t h e  s y m b o l  
t o p o l o g y .  At t h e  s a m e  t i m e  a l o g i c  d e c k  i s  c r e a t e d  
from t h e  s a m e  l o g i c  d i a g r a m .  The l o g i c  d e c k  i s  s i m i l a r  
to  a l o g i c  s i m u l a t i o n  d e c k  e x c e p t  t h a t  t h e  l o g i c  d e c k  
i n c l u d e s  p a d s ,  I / O  d e v i c e s  and  b u f f e r s ,  a n d  d e v i c e s  
t h a t  m a y  h a v e  e l e c t r i c a l  c h a r a c t e r i s t i c s  bu t  n o t  l o g i -  
c a l  c h a r a c t e r i s t i c s .  The c i r c u i t  i s  d i g i t i z e d ,  t h e n  t h e  
t o p o l o g y  a n d  n o d e  n u m b e r s  a r e  s e p a r a t e d  in to  two  
d i f f e r e n t  f i l e s .  The SLIC p r o g r a m s  a r e  run  o n  t h i s  
d a t a  ( s y m b o l  t o p o l o g y ,  n o d e  f i l e s ,  l o g i c  d e c k )  u n t i l  
a l l  e r r o r s  h a v e  b e e n  found  and  c o r r e c t e d .  T h e n  t h e  
s y m b o l  d a t a  i s  c o n v e r t e d  to  m a s k  t o p o l o g i e s  and  s e n t  
to  t h e  p a t t e r n  g e n e r a t o r  to  g e n e r a t e  t h e  a c t u a l  m a s k s .  

Af te r  a c o r r e c t i o n  o r  m o d i f i c a t i o n  to  t h e  c i r c u i t  
i s  m a d e ,  t he  d i r e c t  f e e d b a c k  a c h i e v e d  by  t he  u s e r s  
w h e n  runn ing  t h e  v a r i o u s  a u t o m a t e d  p r o g r a m s  c a n  be  
r e w a r d i n g  a n d / o r  i n s t r u c t i v e  e s p e c i a l l y  w h e n  c o m p a r e d  
to h a n d  d r a w n  c i r c u i t s  w h e r e  t h e  f e e d b a c k  l o o p  c o u l d  
be  s e v e r a l  w e e k s  or  l o n g e r  ( a f t e r  t he  c i r c u i t  f a i l s  a t  
s i l i c o n ) .  

EXPLANATION OF SLIC PROGRAMS 

S i n c e  t h e  s y m b o l s  a r e  v e r y  s i m p l e ,  t h i s  a l l o w s  
v e r y  s o p h i s t i c a t e d  C . A . D .  p r o g r a m s  to be  u s e d  w h i c h  
do no t  h a v e  to d e a l  d i r e c t l y  w i t h  t he  t o p o l o g i c a l  corn-  
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plexities until the actual masks are needed. A printer 
is used to print out the layouts instead of a costly 
plotter. Design rule checking is reduced to checking 
symbol-to-symbol adjacency and location. Continuity 
and logic verification, resistance and capacitance 
checking are reduced to tracing of pre-defined gates, 
capacitors and interconnect. Error correction, circuit 
modification and area relocation can be accomplished 
in minutes at a remote terminal connected to a central 
computer. 

Figure 4 shows the flow of a circuit through the 
SLIC system. Figure 5 shows an overview of the data 
flow through the SLIC system. The programs are written 
In ALGOL fora Burroughs 6700 computer. An explanation 
of the seven SLIC programs follows (run times are for a 
160x160 roll PMOS chip with 3100 transistors drawn on 
a .45 roll grld). 

CVINPUT: Translates digitized data to the SLIC 
data base. run time = 1 minute 

EDIT: Interactive program that does all data 
manipulation and updates. It allows 
for circuit r o t a t i o n ,  area shifts, cell 
insertion, "data converslon, separate 
symbol printer plots, multi-color 
printer plots and more. run time = 
5 seconds to I minute 

SDRC: Does design rule checking. Checks 
for all symbol-to-symbol layout rule 
violations. Symbols may be as many 
grids apart as is necessary to check 
the rules. Can be used to correct and/ 
or change symbols. Rifles are written 
in Boolean equation format. For ex- 
ample, the rule to check for corner 
metal-to-metal violations would be: 

? [0,0] :metal [0,0] & (~(metal[0,1] 
* metal [1,0]) ~ metal [1,1]+ etc.) 

This rule replaces any metal symbols 
that are in violation with a question 
mark (calling further attention to the 
violation) and prints out a message 
that a question mark has been placed 
at location x,y. run time = 30 minutes 

COMPARE: Compares the names in the logic deck 
against the names in the node files 
and prints out the dlfferences. This 
guarantees the names the Continuity 
program checks are consistent. 
run time = 20 seconds 

TRACE: Traces the symbolic layout and pro- 
duces a net llst which includes device 
sizes. Capacitance and resistance 
values for each circuit node are cal- 
culated and printed out. Shorts between 
named signal paths are indicated as 
well as breaks between signal paths 
with the same name (if the path has 
been labeled more than once). Finds 
gates that have multiple source - drain 
inputs and prints out their iocatlon. 
run time = 3 minutes 

CONTINUITY: G e n e r a t e s  a n e t  l i s t  from a l o g i c  d e c k  
a n d  c o m p a r e s  i t  to  t he  n e t  l i s t  g e n -  
e r a t e d  by  t h e  TRACE p r o g r a m .  C o m -  
p a r e s  d e v i c e  s i z e s .  P r i n t s  ou t  a n y  
d i f f e r e n c e s  i t  f i n d s  and  a r r a n g e s  
p r i n t  o u t  a c c o r d i n g  to s i g n a l  n a m e s  
s o  a s  to  m a k e  e r r o r  c o r r e c t i o n  e a s i e r .  
run  t i m e  = 3 m i n u t e s  

S2R: C o n v e r t s  s y m b o l  to appropriate topo- 
logical configuration for each mask 
level, run time = I0 minutes 

All the programs are process independent. A set 
of "llbrary" files, which may be updated or created by 
the user, is kept for each process. The "library" files 
contain all the layout rules, mask connection and ex- 
pansion characteristics for the symbols. Thus, new 
symbolic layout schemes may be created and explored 
or old ones changed without program modification. 

CONCLUSION 

We have found that SLIC (i) reduces drawing time, 
(2) reduces digitizing (data capture) time, (3) maintains 
circuit sizes within 10% of "hand draw", (4) allows for 
a faster and more accurate checking function, (5) re- 
duces costs. The time from drawing to mask generation 
can be cut approxlmatelF in half with half the man effort 
and half the cost. The resultant circuits have no design 
or logic errors and require virtually no turnarounds. 
Tailoring layout rules and grid sizes can reduce area 
loss even more. 

We h a v e  i n d i c a t e d  t h e  u s e  o f  SLIC fo r  MOS p r o -  
c e s s e s ,  h o w e v e r ,  we b e l i e v e  t h a t  SLIC is  a g e n e r a l  
l a y o u t  t o o l  and  c o u l d  be  u s e d  fo r  m u l t i - l a y e r ,  P . C . ,  
b t - p o l a r  o r  w h a t e v e r .  The p r o g r a m s  h a v e  no  t h e o r e t i c a l  
l i m i t  fo r  n u m b e r  of  m a s k s  or  s i z e  of  g r i d s .  
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