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1. Introduction 

A mixed- leve l  (M-L) d e v i c e - c i r c u i t  s i m u l a t o r  i s  t h e  most a c c u r a t e  because 
t r a n s i s t o r  c h a r a c t e r i s t i c s  are  e x p r e s s e d  by  t h e  d e v i c e  s i m u l a t o r .  I t  
s i m u l t a n e o u s l y  s o l v e s  d e v i c e  ( P o i s s o n  and c u r r e n t  c o n t i n u i t y )  and  c i r c u i t  
( n o d a l )  e q u a t i o n s  [l] [ 2 ] .  CPU t i m e ,  however, i s  l a r g e  i n  p r o p o r t i o n  t o  t h e  
number o f  t r a n s i s t o r s  i n  t h e  c i r c u i t .  The s i z e  o f  t h e  M-L s i m u l a t o r  is ,  
t h e r e f o r e ,  restricted. 

P a r a l l e l  computing h a s  t h e  p o t e n t i a l  t o  r e d u c e  t h e  CPU t i m e  b u t  t h i s  
depends on t h e  computation method. W e  propose a p a r a l l e l i z a t i o n  method f o r  an M- 
L s i m u l a t o r .  T h i s  paper shows t h e  r e d u c t i o n  i n  t h e  CPU t i m e  of a p a r a l l e l  M-L 
s i m u l a t o r  o b t a i n e d  u s i n g  a m u l t i p l e - i n s t r u c t i o n  m u l t i p l e - d a t a  ( M I M D )  p a r a l l e l  
computer.  W e  compare v e c t o r  and pa ra l l e l  computing. 
2. Parallel computation 

To improve t h e  Newton l o o p  convergence of t h e  n o d a l  e q u a t i o n ,  t h e  e x a c t  
d e r i v a t i v e s  of  t h e  t e r m i n a l  c u r r e n t s  f o r  t e r m i n a l  v o l t a g e s  are needed. Our M-L 
s i m u l a t o r  c a l c u l a t e s  t h e  d e r i v a t i v e s  by changing t h e  t e r m i n a l  v o l t a g e s  ( A V ) .  For 
a MOSFET, t h e  dev ice  e q u a t i o n  i s  s o l v e d  t h r e e  times i n  e v e r y  Newton loop  and t h e  
d e r i v a t i v e s  are c a l c u l a t e d  from t h e s e  r e s u l t s  (F ig .  1) .  

F o r  s i n g l e  o r  s c a l a r / v e c t o r  p r o c e s s o r  machines ,  d e v i c e  e q u a t i o n s  a r e  
s o l v e d  s e q u e n t i a l l y ,  t h e n  t h e  c i r c u i t  equa t ion  ( F i g .  2 ( a ) ) .  Here, two MOSFETs 
are i n c l u d e d  i n  t h e  c i r c u i t  and Id1 and Id2 r e p r e s e n t  t h e  MOSFET c u r r e n t s .  

F o r  m u l t i p r o c e s s o r  machines  ( p a r a l l e l  compute r s ) ,  t h r e e  p r o c e s s o r s  a r e  
used  f o r  c a l c u l a t i n g  t h e  MOSFET d e r i v a t i v e s  and t h e  c i r c u i t  e q u a t i o n  i s  so lved  
by  t h e  h o s t  (F ig .  2 . ( b ) ) .  I d e a l l y ,  t h e  c a l c u l a t i o n  w i l l  be t h r e e  t i m e s  f a s t e r  
because  t h e  CPU t i m e  r e q u i r e d  f o r  s o l v i n g  t h e  c i r c u i t  e q u a t i o n  i s  n e g l i g i b l e .  
3. Evaluation 

T o  examine t h e  dependence  of  CPU t i m e s  on c i r c u i t  s i z e ,  w e  s i m u l a t e d  
r i n g o s c i l l a t o r  c i r c u i t s  w i t h  f i v e  t o  n i n e  s t a g e s  ( F i g .  3) u s i n g  a 2-GFLOPS 
v e c t o r ,  computer ,  t h e  F u j i t s u  VP2400, and a 16-MIPS-per-processor p a r a l l e l  
computer,  t h e  F u j i t s u  APlOOO ( F i g .  4 ) .  H e r e ,  " s c a l a r "  means CPU t i m e  u s i n g  a 
s c a l a r  p r o c e s s o r  a lone ,  "vec tor"  means a s c a l a r / v e c t o r  p r o c e s s o r ,  l l s ing le l*  means 
a s i n g l e  p rocesso r ,  and "parallel" means a 6 4 - c e l l  m u l t i p r o c e s s o r .  

F o r  t h e  v e c t o r  computer,  CPU t i m e  i n c r e a s e s  w i t h  t h e  number of  s t a g e s .  
C i r c u i t  s i z e  is ,  t h e r e f o r e ,  l imited by CPU t i m e .  For t h e  p a r a l l e l  computer, CPU 
t i m e  is  c o n s t a n t  even when t h e  number of s t a g e s  i n c r e a s e s  and  t h e  c i r c u i t  s i z e  
i s  independent  of  t h e  CPU t i m e .  

W e  compared t h e  speedup f a c t o r s  f o r  t h e  v e c t o r  ( s c a l a r / v e c t o r  CPU t i m e )  
and  t h e  p a r a l l e l  ( S i n g l e / p a r a l l e l  CPU t i m e )  p r o c e s s o r  ( F i g .  5 ) .  The v e c t o r  
p r o c e s s o r ' s  speedup f a c t o r  does  n o t  depend on t h e  c i r c u i t  s i z e  because  t h e  
v e c t o r  l e n g t h  i s  independent of t h i s  s i z e .  The speedup f a c t o r  f o r  t h e  p a r a l l e l  
p r o c e s s o r  increases with the c i r c u i t  size because t h e  number of transistors 
c a l c u l a t e d  i n  t h e  Newton l o o p  i n c r e a s e s .  The p a r a l l e l i z a t i o n  e f f i c i e n c y  (speedup 
fac tor /number  of ce l l  p r o c e s s o r s  used)  i s  no t  ideal, about  50%, because  t h e  h o s t  
must wa i t  u n t i l  a l l  t h e  d e v i c e  e q u a t i o n s  converge. The p a r a l l e l  computer t h u s  i s  
s u i t a b l e  f o r  l a r g e  c i r c u i t s .  
4 .  Sununary 

W e  p r o p o s e  a p a r a l l e l i z a t i o n  method f o r  c a l c u l a t i n g  d e r i v a t i v e s .  A 
p a r a l l e l  computer is  s u i t a b l e  f o r  an  M-L s i m u l a t o r  because  t h e  c i r c u i t  s i z e  i s  
independent  of CPU t i m e .  The e x a c t  c e l l  l i b r a r y  f o r  a l o g i c  s i m u l a t o r  i s  t h u s  
e a s i l y  o b t a i n e d .  
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ID( VD+AV, VG ) - ID( VD, VG ) 
avDs AV 

6'lD = 
avGs AV 

ID( VD, VG+AV ) - ID( VD, VG ) 

ID(VD,vG), lD(VD+AV,VG),and ID(VD,VG+AV) 
are obtained by solving the device equation. 

Fig. 1 Current derivatives 
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Fig. 3 Evaluation circuit 

Fig. 2 Newton loop of a mixed-level device-circuit simulator 
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Fig. 4 Dependence of CPU time Fig. 5 Comparison of speedup factors 
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