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ABSTRACT design phase s imulat ions.  In  t h i s  c a s e  t h e  
v e r i f i c a t i o n  is  only as  good a s  t h e  e f f e c t i v e n e s s  

A system f o r  design v e r i f i c a t i o n  of LSI of t h e  t e s t  vec tors  a t  exerc i s ing  t h e  designed 
components using programs which convert artwork t o  func t ion .  Because t h e  artwork and t e s t  v e c t o r s  a r e  
c i r c u i t  and log ic  schematics (topology e x t r a c t i o n )  normally kept  i n  machine readable format t h i s  t e s t  
i s  discussed. Algorithms a r e  descr ibed ,  r e q u i r e s  no a d d i t i o n a l  e f f o r t  from t h e  designer .  
l imi ta t ions  a r e  d i scussed ,  and r e s u l t s  a r e  

Di rec t  Comparison - The d e s c r i p t i o n  e x t r a c t e d  from 
t h e  artwork is  d i r e c t l y  compared with t h e  intended 
schematic. This requ i res  t h a t  t h e  intended 
schematic be  i n  a  machine readable format. The 

I )  INTRODUCTION advantage of t h i s  method i s  t h a t  i t  w i l l  remain 
v i a b l e  a s  chips increase  i n  complexity, provided 

A major problem assoc ia ted  with VLSI i s  t h e  t h a t  t h e  artwork is h i e r a r c h i c a l l y  s t r u c t u r e d .  I n  
length of t h e  design cycle .  It may take a s  much a s  such a  case,  t h e  comparison can be appl ied c e l l  by 
th ree  years  f o r  a  design t o  progress  from c e l l  on a l l  l e v e l s  of t h e  hierarchy.  The main 
conception t o  production. Computer Aided Design disadvantage of t h i s  method i s  t h a t  i t  depends on 
too ls  play a  major r o l e  i n  t h e  attempt t o  reduce t h e  cor rec tness  of t h e  o r i g i n a l  schematic. An 
t h i s  , d e s i g n  cycle. A v e r i f i c a t i o n  t o o l ,  f o r  i n c o r r e c t  design which is  implemented c o r r e c t l y  
example, a t tempts  t o  reduce t h e  amount of debugging w i l l  s t i l l  pass  t h i s  t e s t .  I f  some method is  
time required by v e r i f y i n g  t h a t  a  design i s  c o r r e c t  a v a i l a b l e  f o r  assur ing  t h e  cor rec tness  of t h e  
before i t  is  b u i l t .  Such a  t o o l  is  p a r t i c u l a r l y  o r i g i n a l  schematic, however, then  t h i s  f law can be  
usefu l  a f t e r  those design s t a g e s  which r e q u i r e  cor rec ted .  
manual in te rven t ion ,  f o r  then the  v e r i f i e r  w i l l  
provide reassurance t h a t  t h e  manual s t e p s  were 111) AN OVERVIEW OF EXTRACTION 
performed c o r r e c t l y .  For example, a  l o g i c  
s imulator  may be used t o  v e r i f y  t h a t  t h e  l o g i c  Topology e x t r a c t i o n  is t h e  process  of d i r e c t l y  
design i s  cor rec t .  t r a n s l a t i n g  t h e  artwork i n t o  a  t a b l e  of nodes and 

in te rconnec t ing  t r a n s i s t o r s ,  and then i n t o  a  l o g i c  
E f f i c i e n t  auto-layout t o o l s  a r e  no t  y e t  g a t e  descr ip t ion .  The process  a l s o  e x t r a c t s  

ava i lab le .  The a l t e r n a t i v e ,  manual mask layout ,  i s  c e r t a i n  parameters a f f e c t i n g  c i r c u i t  performance. 
a  major design s t e p  which can introduce numerous The d e s c r i p t i o n ,  generated by t h e  process, must be  
e r r o r s .  The programs presented i n  t h i s  paper a i d  s u i t a b l e  f o r  s a t i s f y i n g  t h e  ob jec t ives  defined i n  
i n  ver i fy ing  the  e l e c t r i c a l  connec t iv i ty ,  c i r c u i t  t h e  previous sec t ion .  
l e v e l  f u n c t i o n a l i t y  and l o g i c  l e v e l  f u n c t i o n a l i t y  
of t h e  mask layout. The-topology e x t r a c t i o n  system is  composed of 

two phases. In t h e  f i r s t  phase, t h e  t r a n s i s t o r  
11)  OBJECTIVES l e v e l  d e s c r i p t i o n  is ex t rac ted  from t h e  artwork. 

Using information about expected device topologies ,  
The ob jec t ive  of t h e  design v e r i f i c a t i o n  t h e  system can i d e n t i f y  devices i n  t h e  artwork, and 

programs is  t o  v e r i f y  t h a t  t h e  func t ion  a s  compute t h e i r  parameters. The system then computes 
implemented i n  t h e  artwork i s  t h e  same a s  t h e  p a r a s i t i c  capaci tance f o r  each node. S i m i l i a r  
desired func t ion  described by t h e  designer .  systems have been reported i n  t h e  l i t e ra ture . [ l -41  
Ver i f ica t ion  is  attempted on two d i f f e r e n t  l e v e l s  
of d e t a i l :  t h e  component l e v e l  and t h e  l o g i c  g a t e  In  t h e  second phase, t h e  l o g i c  g a t e  
l e v e l .  On e i t h e r  l e v e l ,  t h e  v e r i f i c a t i o n  may b e  d e s c r i p t i o n  is ex t rac ted ,  along with t h e  a s s o c i a t e d  
attempted two d i f f e r e n t  ways: s imulat ion o r  d i r e c t  propagat ion delays.  This phase i d e n t i f i e s  t h e  
comparison. topology of l o g i c  ga tes :  and-or-invert , 

or-and-invert, PLA, and others .  Gate propagat ion 
Simulation - The c i r c u i t  descr ip t ion  extracted from de lays  a r e  est imated from t r a n s i s t o r  parameters and 
t h e  artwork i s  simulated a t  t h e  t r a n s i s t o r  o r  l o g i c  node capaci tances.  
g a t e  l e v e l  using a  known s e t  of vectors .  This  
r e s u l t  i s  compared with t h e  r e s u l t s  of t h e  e a r l i e r  



IV) COMPONENT AND PARAMETER EXTRACTION 

This  por t ion  of t h e  topology e x t r a c t i o n  system 
conver t s  mask artwork t o  a  schematic s u i t a b l e  f o r  a  
c i r c u i t  s imulator .  The artwork i s  read i n  a  
r e c t a n g l e  format normally used a s  i n p u t  t o  a  mask 
generat ing machine. The output  is i n  t h e  format 
s u i t a b l e  f o r  t h e  MOTIS-C[5] s imula tor ,  s o  t h a t  
e l e c t r i c a l  s imulat ions may be performed using t h e  
e x t r a c t e d  e l e c t r i c a l  parameters. Parameters 
c u r r e n t l y  ex t rac ted  a r e  nodal capaci tance es t imates  
and MOS t r a n s i s t o r  dimensions. 

The e x t r a c t i o n  algorithms r e q u i r e  a  s e t  of 
geometric r u l e s  which can i d e n t i f y  components and 
conductive paths. For each component type,  t h e r e  
must e x i s t  a  s e t  of r u l e s  t h a t  uniquely i d e n t i f y  
a l l  t h e  components of t h i s  type  and no o t h e r s .  For 
example, a  PMOS t r a n s i s t o r  might be  i d e n t i f i e d  a s  
t h e  l o g i c a l  AND of s i l i c o n  a r e a ,  g a t e  oxide, and 
implant masks. S imi l ia r  opera t ions  may be  
necessary t o  i d e n t i f y  conductive pa ths ;  a  
se l f -a l igned  NMOS process r e q u i r e s  t h e  d i f f u s i o n  
a r e a s  i n  order  t o  compute connec t iv i ty ,  where 
d i f f u s i o n  a r e a  i s  defined a s  t h e  a c t i v e  a r e a  not 
covered by g a t e  area.  The l o g i c a l  opera t ions  t h a t  
a r e  a v a i l a b l e  t o  perform t h e s e  modif icat ions a r e  
AND, OR, AND-NOT, and EXPAND(C0NTRACT). The 
programs t h a t  perform these  l o g i c a l  opera t ions  a r e  
described i n  g r e a t e r  d e t a i l  by Tucker and 
Haydamack [ 61 . 

Following the l o g i c a l  opera t ions  each node i s  
i s o l a t e d  and i d e n t i f i e d .  The program r e q u i r e s  a  
l i s t  of which l a y e r s  a r e  involved,  and t h e i r  
connec t iv i ty  t o  o ther  mask l a y e r s .  Given t h i s  
information,  t h e  program f i n d s  a l l  t h e  nodes i n  t h e  
fol lowing manner: i t  f i n d s  a  polygon t h a t  has  not 
y e t  been labeled,  and ass igns  it a node number 
"N" . It then pushes a l l  t h e  polygons t h a t  a r e  
e l e c t r i c a l l y  connected t o  "N" onto a  s t a c k ,  and 
r e p e a t s  t h e  process with t h e  polygon on t h e  top of 
t h e  s tack .  When t h e  process  t e rmina tes ,  a l l  t h e  
polygons cons t i tu t ing  the node have been labe led .  
The program then searches f o r  t h e  next  unlabeled 
polygon. When it cannot f i n d  one, t h e  job is 
complete. 

The next s t e p  i n  the  process  is  t o  i d e n t i f y  
t h e  components' connections and va lues .  This 
g e n e r a l l y  involves an algori thm designed f o r  each 
type  of component. The MOS t r a n s i s t o r  algorithm, 
f o r  example, searches f o r  a l l  nodes on t h e  
s p e c i f i e d  d i f fus ion  mask t h a t  touch t h e  
t r a n s i s t o r .  It determines t h e  W and L of t h e  
dev ice ,  and the  node numbers of t h e  ga te ,  source 
and dra in .  (The source and d r a i n  a r e  
i n d i s t i n g u i s h a b l e  by the  geometric methods used, so 
t h e  s imulator  must be capable of coping with 
source-drain r e v e r s a l ) .  The output  da ta  from t h i s  
s t e p  i s  s to red  i n  a  f i l e  of device 
c h a r a c t e r i s t i c s .  

The next s tep  i s  t o  compute each of t h e  node 
capaci tances.  Several d i f f e r e n t  sources con t r ibu te  
t o  t h e  t o t a l  capacitance; t h e  program includes 
c o n t r i b u t i o n s  from the  a r e a  of t h e  in te rconnec t ,  
t h e  g a t e  a rea ,  source-gate overlap,  and t h e  Mi l le r  

e f f e c t .  These con t r ibu t ions  a r e  combined t o  form 
lumped capaci tance t o  ground. The program does n 
c a l c u l a t e  capaci tances between nodes. 

A s  t h e  l a s t  s t e p  t h e  program produces 
output  f i l e  t h a t  con ta ins  a l l  t h e  devices i t  h 
found, and a l l  t h e  node capaci tances.  This f i l e  
i n  t h e  form used by t h e  MOTIS-C timing simulato 
The u s e r  can then add inputs  and run t h e  simulat 
t o  p r e d i c t  c i r c u i t  performance, o r  convert t  
t r a n s i s t o r  l e v e l  schematic t o  a  l o g i c  schematic 
described i n  t h e  next  s e c t i o n .  

There a r e  s e v e r a l  problems with th  
technique. While capaci tances a r e  easy 
es t imate ,  r e s i s t a n c e s  a r e  not  ( s ince  t h e  t o t  
r e s i s t a n c e  of a  polygon i s  not  a  simple funct ion 
t h e  r e s i s t a n c e  of t h e  p ieces  t h a t  compose i t  
This makes t h i s  procedure l e s s  usefu l  f o r  b ipo l  
c i r c u i t s .  One s o l u t i o n  t o  t h i s  problem i s  
handle c e l l s  a s  a  fundamental u n i t ,  and look up t 
schematic when a  c e l l  i s  encountered. Howeve 
t h i s  once aga in  in t roduces  t h e  p o s s i b i l i t y  of hu 
e r r o r .  Another problem i s  d i f f e r e n t  c i r c u i t s  t 
have t h e  same geometr ical  cons t ruc t ion .  An exa 
i s  a  mul t ip le  c o l l e c t e r  I I L  t r a n s i s t o r ,  which i s  
i n d i s t i n g u i s h a b l e  from a mul t ip le  emi t te r  ECL 
t r a n s i s t o r .  Another example i s  t h e  use of a  
base-emitter junc t ion  a s  a  Zener diode. In  e i t h e  
case,  an e x t r a c t e d  schematic cannot be  fed d i r e c t 1  
t o  a  s imulator  i f  t h e  o r i g i n a l  artwork had bot 
types  of devices .  

A l l  of t h e  programs described i n  t h i s  s e c t i  
run on a  HP-3000 computer. A geographical 
segmented d a t a  base i s  used t o  keep t h e  amount 
d a t a  t h a t  needs t o  be handled a t  one time down 
managable amounts. Run times range from minut 
f o r  c e l l s  t o  overnight  f o r  e n t i r e  chips.  

V) LOGIC GATE EXTRACTION 

This p o r t i o n  of t h e  topology e x t r a c t i o n  s y s t e  
i s  used f o r  generat ing t h e  g a t e  l e v e l  d e s c r i p t i o  
of t h e  c i r c u i t ,  using t h e  previously descr ibe  
t r a n s i s t o r  l e v e l  descr ip t ion .  The ASCII f i l  
generated by t h i s  program i s  s u i t a b l e  f o r  input  t 
t h e  TESTAID simulator[7-81, f o r  l o g i c  s imulat ion 
with timing ana lys i s .  The l o g i c  descr ip t ion  can 
a l s o  be  used f o r  t e s t  v e c t o r  generat ion,  and f o r  
grading t h e  t e s t  s e t  a g a i n s t  t h e  modeled defec t s .  

V.l) The input  t o  t h e  gate-extract ion program 
c o n s i s t s  of t h e  fol lowing items : 

1) Trans i s to r - leve l  descr ip t ion .  
This d e s c r i p t i o n  i s  generated by t h e  
component and parameter e x t r a c t i o n  
program. W/L of each t r a n s i s t o r  and 
capaci tance a t  each node is  expected 
These va lues  a r e  used f o r  computing t h  
propagat ional  r i s e  and f a l l  times f o  
each ga te .  

2 )  Ground and vo l tage  source nodes. 
The a c t u a l  vo l tage  l e v e l  of these  nodes 
i s  immaterial t o  t h i s  program. 

3)  Input ,  output  and b i d i r e c t i o n a l  nodes. 



C i r c u i t r y  ex te rna l  t o  t h e  I C .  
For example, some ou tpu t  p i n s  a r e  
expected t o  be  connected t o  a  load 
device.  In  t h i s  case ,  t h e  load device 
must be modeled a s  p a r t  of t h e  
descr ip t ion .  

A propagat ional  delay equat ion.  
This  equat ion can only use node 
capaci tance and t r a n s i s t o r  W/L. For 
example, t h e  d e f a u l t  equat ion used is  
T=C*L/W. 

Desired minimum, average and maximum g a t e  
delays.  
Delay computation f o r  each t r a n s i s t o r  i s  
done using t h e  user - spec i f ied  equat ion.  
Upon i d e n t i f i c a t i o n  of a  l o g i c  ga te ,  t h e  
g a t e  delay i s  computed using delay v a l u e s  
of i t s  component t r a n s i s t o r s .  These 
f i n a l  g a t e  delay va lues  w i l l  be mapped 
onto the  range enclosed by minimum, 
average and maximum s imula t ion  u n i t s .  
For example, suppose t h a t  t h e  
min,average,max va lues  a r e  s p e c i f i e d  a s  
0,2,4 s imulat ion u n i t s  r e s p e c t i v e l y .  The 
g a t e  delay computations r e s u l t e d  i n  
min,average,max va lues  of 10,20,50 
nanoseconds. Then t h e  computed delays i n  
t h e  ranges 10-20NS and 20-50NS w i l l  be 
mapped i n t o  t h e  ranges 0-2 and 2-4 
s imulat ion u n i t s  r e s p e c t i v e l y .  

2 )  The output of t h e  g a t e  e x t r a c t i o n  program 
s  of t h e  following i tems : 

Logic g a t e  descr ip t ion .  
This descr ip t ion  can be d i r e c t l y  f e d  i n t o  
t h e  TESTAID l o g i c  s imula tor .  Each g a t e  
w i l l  be assigned s e p a r a t e  r i s e  and f a l l  
t imes. 

L i s t  of de le ted  t r a n s i s t o r s .  
For example, an enhancement mode NMOS 
t r a n s i s t o r  with i t s  g a t e  node connected 
t o  ground i s  always i n  t h e  OFF s t a t e .  
This t r a n s i s t o r  w i l l  be de le ted .  Such 
t r a n s i s t o r s ,  and many o t h e r  
non-functional devices ,  occur i n  input  
p r o t e c t i o n  networks, t e s t  devices ,  
alignment keys and o t h e r  non-logic 
c i r c u i t r y .  

B i d i r e c t i o n a l  devices. 
The t r a n s i s t o r s  being used a s  
b i d i r e c t i o n a l  devices  w i l l  be c o l l e c t e d .  
They w i l l  be l i s t e d  a s  such, with a  
warning message. 

Sourceless  nodes. 
Each i n t e r n a l  node must have a  source,  
e i t h e r  an input  p i n  o r  a  l o g i c  gate .  The 
source less  nodes w i l l  be l i s t e d  with a  
warning message. 

S ink less  nodes. 
Each node must have a  s i n k  (successor  
device) .  The only except ion i s  t h e  
output  s igna ls .  The nodes without a  s i n k  
w i l l  be l i s t e d  with a  warning message. 

V.3)  Gate e x t r a c t i o n  program d e s c r i p t i o n .  

The t r a n s i s t o r  l e v e l  input  d e s c r i p t i o n  i s  read 
and converted i n t o  i n t e r n a l  t a b l e s .  Since the  
input  d e s c r i p t i o n  has  been previously generated by 
t h e  t r a n s i s t o r  e x t r a c t i o n  program, a  crosschecking 
f a c i l i t y  i s  n o t  normally needed. Some consis tancy 
checking i s  done anyway. For example, each 
t r a n s i s t o r  i s  checked t o  make sure  i t  has a  nonzero 
W/L va lue .  Input ,  output and b i d i r e c t i o n a l  s i g n a l s  
a r e  a l s o  checked t o  insure  connection t o  a t  l e a s t  
one t r a n s i s t o r .  

Af te r  reading t h e  descr ip t ion ,  t h e  t r a n s i s t o r s  
which cannot a f f e c t  t h e  l o g i c  l e v e l  s imula t ion  a r e  
de le ted .  An example is  a  t r a n s i s t o r  with e i t h e r  
source o r  d r a i n  node connected t o  a  s i g n a l  which is  
not  connected t o  any o ther  t r a n s i s t o r .  I f  t h e  
s i g n a l  i s  not  an input /output  s i g n a l ,  then t h e  
t r a n s i s t o r  w i l l  no t  e f f e c t  t h e  l o g i c  s imula t ion ,  
and i s  t h e r e f o r e  deleted.  Af te r  d e l e t i o n  of 
non-functional t r a n s i s t o r s ,  t h e  remaining 
t r a n s i s t o r s  a r e  used t o  c r e a t e  two l ists.  The 
f i r s t  l i s t  conta ins  end-nodal groups of 
t r a n s i s t o r s ;  each group contains  t h e  t r a n s i s t o r s  
with source o r  d r a i n  node connected t o  a  common 
s i g n a l .  The number of groups i s  equal  t o  t h e  t o t a l  
number of s i g n a l s .  The second l i s t  conta ins  
gate-nodal groups of t r a n s i s t o r s ;  each group 
conta ins  t h e  t r a n s i s t o r s  with t h e  gate-nodes 
connected t o  a  common s i g n a l .  The purpose of t h e s e  
lists i s  t o  al low e f f i c i e n t  access  t o  t h e  
i n t e r c o n n e c t i v i t y  information.  

The t r a n s i s t o r ' s  propagation delays a r e  then 
computed. Since no dra ins  o r  sources f o r  any 
t r a n s i s t o r  have y e t  been i d e n t i f i e d ,  a  delay v a l u e  
is computed f o r  each end. The user-supplied 
equat ion using node capaci tance and W/L i s  used f o r  
these  delay computations. When a  l o g i c  g a t e  is  
ex t rac ted  t h e  de lay  value assoc ia ted  with t h e  
proper end of each component t r a n s i s t o r  i s  used f o r  
computing t h e  g a t e  delay.  

Next, a  check i s  made f o r  presence of 
p-channel t r a n s i s t o r s .  I f  they a r e  p resen t  (CMOS, 
SOS) then p-channel and n-channel t r a n s i s t o r s  a r e  
p a r t i t i o n e d .  For NMOS, t h e  ga te  e x t r a c t i o n  s t a r t s  
a t  each implanted device. Using t h e  
in te rconnec t ion  l i s ts ,  i d e n t i f i c a t i o n  of t h e  
general ized AND-OR-INVERT (AOI) i s  s t a r t e d  
( f i g .  l a ) .  The INVERTER, NOR and NAND g a t e s  a r e  
s u b s t r u c t u r e s  of t h e  A O I .  I f  t h e  s t r u c t u r e  can not  
be i d e n t i f i e d  a s  A O I ,  then i d e n t i f i c a t i o n  of 
general ized OR-AND-INVERT (OAI) i s  s t a r t e d  
( f i g .  Ib ) .  For CMOS, t h e  major t a s k  involves 
i d e n t i f i c a t i o n  of p o t e n t i a l  output nodes of t h e  
l o g i c  g a t e s  t o  be  ex t rac ted .  CMOS l o g i c  g a t e  
output nodes have connections t o  a  p a i r  of 
p-channel and n-channel t r a n s i s t o r s  whose g a t e  
nodes a r e  c o n t r o l l e d  by a  common s igna l .  The (JMOS 
A01 and O A I  g a t e s  t o  be ex t rac ted  a r e  shown i n  
f i g .  2a,2b. 
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Next,  i d e n t i f i c a t i o n  of s p e c i f i c  s t r u c t u r e s  i s  
s t a r t e d .  The l o g i c  s t r u c t u r e s  i d e n t i f i e d  i n  t h i s  
program a r e  'hard-wired' i n t o  t h e  program, 
t h e r e f o r e  a s u b r o u t i n e  must be  w r i t t e n  f o r  each new 
s t r u c t u r e  i d e n t i f i c a t i o n .  The PLA s t r u c t u r e  shown 
i n  f i g .  3 h a s  been implemented. 

A 6  C I Z 

N-MOS SERIES PLA 
F i g u r e  3. 

A f t e r  t h e  e x t r a c t i o n  of l o g i c  g a t e s ,  o n l y  t h e  
t r a n s i s t o r s  being used a s  t r a n s f e r - g a t e s  o r  
t r ansmiss ion-ga tes  a r e  l e f t .  The g a t e  s t r u c t u r e  t o  
b e  i d e n t i f i e d  is shown i n  f i g .  4. 

TRANSFER GATE STRUCTURE 
F i g u r e  4. 

The i d e n t i f i c a t i o n  of t h e s e  g a t e s  invo lves  scann ing  
t h e  l is t  of remaining t r a n s i s t o r s  i n  m u l t i p l e  
passes .  During each p a s s ,  o u t p u t s  of t h e  g a t e s  
e x t r a c t e d  so  f a r  a r e  usab le  a s  i n p u t s  f o r  t h e  
m u l t i p l e  t r a n s f e r  g a t e  e x t r a c t i o n .  The scanning is  
cont inued u n t i l  a l l  t r a n s i s t o r s  a r e  r e s o l v e d  a s  
t r a n s f e r  g a t e s  o r  t r ansmiss ion  g a t e s .  A f t e r  a l l  
t h e  l o g i c  g a t e s  a r e  e x t r a c t e d ,  t h e  d e s c r i p t i o n  f i l e  
i s  genera ted .  Also, us ing  t h i s  d e s c r i p t i o n ,  t h e  
s i g n a l s  wi thout  a s o u r c e  and s i n k  a r e  i d e n t i f i e d .  

Th i s  program i s  implemented on t h e  HP3000 and 
t h e  AMDAHL 470 computers. The HP3000 v e r s i o n  
hand les  up t o  2100 t r a n s i s t o r s :  t h e  AMDAHL 470 
v e r s i o n  up t o  60,000. Typical  run time f o r  a 
2100- t r ans i s to r  example is about  3 minutes  on t h e  
HP3000. For a 12 ,000- t r ans i s to r  example t h e  
t y p i c a l  run  time i s  6 minutes on t h e  AMDAHL 470. 

VI) RESULTS 

The topology e x t r a c t i o n  system h a s  been used 
f o r  des ign  v e r i f i c a t i o n  of a wide range of NMOS 
c i r c u i t s .  Some t y p i c a l  examples a r e  a d i g i t a l  
f i l t e r  ch ip ,  a microprocessor  ch ip ,  and a d e v i c e  
c o n t r o l l e r  ch ip .  The s i z e  of t h e s e  examples v a r i e d  
from 700 t o  12,000 t r a n s i s t o r s .  Success fu l  l o g i c  
s i m u l a t i o n s  were c a r r i e d  ou t  us ing  manually 
genera ted  t e s t  v e c t o r s .  For t h e  s m a l l e r  examples,  
s i m u l a t i o n s  were run  using t h e  MOTIS-C t iming  
s i m u l a t o r .  Severa l  problems were found. The 
d i g i t a l  f i l t e r  ch ip ,  f o r  example, had a miss ing  
c o n t a c t ,  and t h e  t e s t  v e c t o r  sequence f o r  t h e  
d e v i c e  c o n t r o l l e r  d i d  n o t  p roper ly  i n i t i a l i z e  some 
of t h e  r e g i s t e r s .  Appropr ia te  changes were made i n  
t h e  c i r c u i t ,  des ign  and ar twork t o  r e s o l v e  t h o s e  
problems. 

VII) FUTURE PLAN'S 

The c u r r e n t  topology v e r i f i c a t i o n  system w i l l  
hand le  a lmost  any MOS process .  Three d i f f e r e n t  
NMOS p r o c e s s e s  can b e  handled now; a d d i t i o n a l  MOS 
processes  can b e  added by simply coding a new s e t  
of topology r u l e s  t o  f eed  t h e  program. Bulk 'CMOS 
and CMOS-SOS r u l e s  a r e  i n  development. 



Bipo la r  p rocesses  p r e s e n t  more complicated 
a c t i o n  problems. To hand le  t h e s e ,  t h e  
onent e x t r a c t i o n  program needs t h e  a b i l i t y  t o  
gn ize  c e l l s  a s  a fundamental u n i t .  A component 
o l l e c t i o n  of components t o o  complicated t o  b e  
l y  recognized could then b e  de f ined  a s  a c e l l .  
own schemat ic  would be  a s s o c i a t e d  w i t h  t h i s  . E x t r a c t i o n  of component v a l u e s  would t h e n  

roceed normal ly  except  when a c e l l  of t h i s  t y p e  
was encountered;  t h e n  t h e  known schemat ic  would b e  
d i r e c t l y  s u b s t i t u t e d .  A component e x t r a c t i o n  
,ystem of t h i s  type w i l l  u se  t h e  h i e r a r c h i c a l l y  
, t ruc tu red  d a t a  base  of t h e  computer a ided  a r twork  
system[9] i n s t e a d  of t h e  f u l l y  expanded mask d a t a  
tha t  is used i n  t h e  c u r r e n t  v e r s i o n .  

The e x t r a c t i o n  of use r - spec i f i ed  l o g i c  g a t e  
s t r u c t u r e s  p r e s e n t s  a complicated problem. A 
d e s c r i p t i o n  language is being developed f o r  

l o g i c  g a t e  s t r u c t u r e s .  
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