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C o m p l e x i t y   o f   i n t e g r a t e d   c i r c u i t s   h a s   a p p r o x i -  
m a t e l y   d o u b l e d   e v e r y   y e a r   s i n c e   t h e i r   i n t r o d u c t i o n .  
Cos t   per   func t ion   has   decreased  severa l   thousand-  
f o l d ,   w h i l e   s y s t e m   p e r f o r m a n c e   a n d   r e 1   i a b i l   i t y  
have  been  improved  dramat ical ly.  Many aspec ts  o f  
p rocess ing   and   des ign   t echno logy   have   con t r i bu ted  
t o  make the   manu fac tu re   o f   such   f unc t i ons   as  com- 
p l e x   s i n g 1  e c h i p   m i c r o p r o c e s s o r s   o r  memory c ir- 
c u i t s   e c o n o m i c a l l y   f e a s i b l e .   I t   i s   p o s s i b l e   t o  
a n a l y z e   t h e   i n c r e a s e   i n   c o m p l e x i t y   p l o t t e d   i n  
F i g u r e  I i n t o   d i f f e r e n t   f a c t o r s   t h a t  can, i n   t u r n ,  
be  examined t o   s e e   w h a t   c o n t r i b u t i o n s   h a v e  been 
i m p o r t a n t   i n   t h i s   d e v e l o p m e n t  and how t h e y   m i g h t  
be  expected t o   c o n t i n u e   t o   e v o l v e ,  The expected 
t rends   can   be   recombined  to   see  how long  exponen- 
t i a l   g r o w t h   i n   c o m p l e x i t y   c a n   b e   e x p e c t e d   t o  
con t inue .  
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F i g .  I .  Approx imate  component   count   for   complex 
i n t e g r a t e d   c i r c u i t s   v s ,   y e a r  o f  i n t r o d u c t i o n .  

A f i r s t   f a c t o r   i s   t h e   a r e a   o f   t h e   i n t e g r a t e d  
s t r u c t u r e s .   C h i p   a r e a s   f o r  some o f   t h e   l a r g e s t   o f  
t h e   c i r c u i t s  used i n   c o n s t r u c t i n g   F i g u r e  I a r e  
p l o t t e d   i n   F i g u r e  2. H e r e   a g a i n ,   t h e   t r e n d   f o l -  
l o w s   a n   e x p o n e n t i a l   q u i t e   w e l l ,   b u t   w i t h   s i g n i -  
f i c a n t l y   l o w e r   s l o p e   t h a n   t h e   c o m p l e x i t y   c u r v e .  
C h i p   a r e a   f o r  maximum complex i ty   has  increased 
by a f a c t o r   o f   a p p r o x i m a t e l y  20 f r o m   t h e   f i r s t  
p l a n a r   t r a n s i s t o r   i n  1959 t o   t h e   1 6 , 3 8 4 - b i t   c h a r g e -  

coup1 ed d e v i c e  memory ch i p   t h a t   c o r r e s p o n d s   t o   t h e  
p o i n t   p l o t t e d   f o r  1975, w h i l e   c o m p l e x i t y ,   a c c o r d i n g  
to   the   annua l   doub l   ing   law,shou ld   have  inc reased 
a b o u t   6 5 , 0 0 0 - f o l d .   C l e a r l y  much o f  the   inc reased 
comp lex i t y  had t o   r e s u l t   f r o m   h i g h e r   d e n s i t y   o f  
components   on   the   ch ip ,   ra ther   than  f rom  the  
increased  area  ava i I ab l e   t h r o u g h   t h e   u s e   o f  
I a rger   ch   ips .  
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Fig.  2,  l f i e a s e   i n   d i e   a r e a   f o r  most  complex 
i n t e g r a t e d   d e v i c e s   c o m m e r c i a l l y   a v a i l a b l e .  

D e n s i t y  was i n c r e a s e d   p a r t i a l l y   b y   u s i n g  
f i n e r   s c a l e   m i c r o s t r u c t u r e s .  The f i r s t   i n t e g r a t e d  
c i r c u i t s   o f  1961 used I i n e   w i d t h s  o f  I m i l  (115 25 
m i c r o m e t e r s )   w h i l e   t h e  1975 dev ice   uses  5 mic ro-  
meter  I ines.   Both I i n e   w i d t h  and spacing  between 
I i n e s   a r e   e q u a l   l y   i m p o r t a n t   i n   i m p r o v i n g   d e n s i t y ,  
S ince   they   have  no t   a lways   been  equa l ,   the  
a v e r a g e   o f   t h e   t w o   i s  a good p a r a m e t e r   t o   r e l a t e  
t o   t h e   a r e a   t h a t  a s t r u c t u r e   m i g h t   o c c u p y .  
D e n s i t y   c a n   b e   e x p e c t e d   t o   b e   p r o p o r t i o n a l   t o   t h e  
r e c i p r o c a l  o f  area, so t h e   c o n t r i b u t i o n   t o  
i m p r o v e d   d e n s i t y   v s .   t i m e   f r o m   t h e   u s e   o f   s m a l l e r  
d i m e n s i o n s   i s   p l o t t e d   i n   F i g u r e  3. 
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F i g .  3 .  D e v i c e   d e n s i t y   c o n t r i b u t i o n   f r o m   t h e  F i g ,   4 .   D e c o m p o s i t i o n   o f   t h e   c o m p l e x i t y   c u r v e  
decrease  in  I i n e   w i d t h s  and spac ings .  in to   var ious   components .  

N e g l e c t i n g   t h e   f i r s t   p l a n a r   t r a n s i s t o r ,  
where   ve ry   conse rva t i ve  I i n e   w i d t h  and 
spac ing  was employed, t h e r e   i s   a g a i n  a reason- 
a b l e  f i t  t o  an exponen t ia l   g rowth ,  From t h e  
exponen t ia l   app rox ima t ion   rep resen ted   by   t he  
s t r a i g h t  I i n e   i n   F i g u r e  3 ,  t h e   i n c r e a s e   i n  
d e n s i t y   f r o m   t h i s   s o u r c e   o v e r   t h e  1959 - 1975 
p e r i o d   i s  a f a c t o r   o f   a p p r o x i m a t e l y  3 2 .  

C o m b i n i n g   t h e   c o n t r i b u t i o n   o f   l a r g e r   c h i p  
a rea   and   h ighe r   dens i t y   resu l t i ng   f rom  geomet ry  
a c c o u n t s   f o r  a 6 4 0 - f o l d   i n c r e a s e   i n   c o m p l e x i t y ,  
l e a v i n g  a f a c t o r   o f   a b o u t  100 t o   a c c o u n t   f o r  
th rough 1975, as i s  shown g r a p h i c a l l y   i n  
F i g u r e  4. T h i s   f a c t o r   i s   t h e   c o n t r i b u t i o n   o f  
c i r c u i t  and d e v i c e   a d v a n c e s   t o   h i g h e r   d e n s i t y .  
I t   i s   n o t e w o r t h y   t h a t   t h i s   c o n t r i b u t i o n   t o  

complex i t y  has  been  more  important  than e i t h e r  
i n c r e a s e d   c h i p   a r e a   o r   f i n e r  I ines.   Increas-  
i n g l y   t h e   s u r f a c e   a r e a s   o f   t h e   i n t e g r a t e d  
devices  have  been  committed  to  components 
r a t h e r   t h a n   t o   s u c h   i n a c t i v e   s t r u c t u r e s   a s  
d e v i c e   i s o l a t i o n  and in te rconnec t ions ,   and   t he  
components  themselves  have  trended  toward 
minimum s i z e ,   c o n s i s t e n t   w i t h   t h e   d i m e n s i o n a l  
t o  I e rances  empl oyed . 

Can t h e s e   t r e n d s   c o n t i n u e ?  

E x t r a p o l a t i n g   t h e   c u r v e   f o r   d i e   s i z e   t o  1980 
s u g g e s t s   t h a t  ch i p   a rea   m igh t   be   abou t  90,000 sq. 
m i l s ,   o r   t h e   e q u i v a l e n t   o f  0 . 3  inches  square.  
Such a d i e   s i z e   i s   c l e a r l y   c o n s i s t e n t  w i t h  t h e  
3 i nch   wa fe r   p resen t l y   w ide l y   used  by t h e   i n d u s t r y .  
I n   f a c t ,   t h e   s i z e   o f   t h e   w a f e r s   t h e m s e l v e s  have 
g r o w n   a b o u t   a s   f a s t   a s   h a s   d i e   s i z e   d u r i n g   t h e  
t i m e   p e r i o d   u n d e r   c o n s   i d e r a t i o n  and  can  be  ex- 
p e c t e d   t o   c o n t i n u e   t o   g r o w .   E x t e n s   i o n   t o  I a rge r  
d i e   s i z e   d e p e n d s   p r i n c i p a l  l y  upon the   con t inued  
r e d u c t i o n   i n   t h e   d e n s i t y   o f   d e f e c t s .   S i n c e   t h e  
e x i s t e n c e  o f  t h e   t y p e   o f   d e f e c t s   t h a t  harm 
i n t e g r a t e d   c i r c u i t s   i s   n o t   f u n d a m e n t a l ,   t h e i r  
dens i ty   can   be   reduced  as   long   as   such  reduc t ion  
has s u f f i c i e n t   e c o n o m i c   m e r i t  t o  j u s t i f y   t h e  
e f f o r t .  I s e e   s u f f i c i e n t   c o n t i n u e d   m e r i t   t o  
e x p e c t   p r o g r e s s   t o   c o n t i n u e   f o r ' t h e   n e x t   s e v e r a l  
yea rs .   Acco rd ing l y ,   t he re   i s   no   p resen t   reason  
t o   e x p e c t  a change  in   the   t rend shown i n  
F i g u r e  2 .  

Wi th   respec t   t o   d imens ions ,   i n   t hese   comp lex  
dev i ces  we a r e   s t i l l   f a r   f r o m   t h e  minimum dev ice  
s i z e s  I im i ted   by   such  fundamenta l   cons idera t ions  
a s   t h e   c h a r g e   o n   t h e   e l e c t r o n   o r   t h e   a t o m i c  
s t r u c t u r e  o f  m a t t e r .   D i s c r e t e   d e v i c e s   w i t h  sub- 
mic rometer   d imens ions  show t h a t  no bas ic   p rob lems 
should  be  expected a t   l e a s t   u n t i l   t h e   a v e r a g e  
I ine   w id th   and  spaces   a re  a m i c r o m e t e r   o r   l e s s  . 
T h i s   a l   l o w s   f o r  an a d d i t i o n a l   f a c t o r  o f  improve- 
ment a t   l e a s t   e q u a l   t o   t h e   c o n t r i b u t i o n   f r o m   t h e  
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f i n e r   g e o m e t r i e s   o f   t h e   l a s t   f i f t e e n   y e a r s .  Work 
i n   non -op t i ca l   mask ing   t echn iques ,   bo th   e lec t ron  

Even a t   t h i s  reduced  s lope,   in tegra ted  
s t r u c t u r e s   c o n t a i n i n g   s e v e r a l   m i l  I ion  components 

beam and   X - ray ,   sugges ts   t ha t   t he  ?rtqu i r e d  re- can  be   expec ted   w i th in   ten   years .   These new 
s o l u t i o n   c a p a b i l i t i e s   w i l l  be a v a i l a b l e .  Much d e v i c e s   w i l l   c o n t i n u e  tu r e d u c e   t h e   c o s t   o f  
w o r k   i s   r e q u i r e d   t o   b e   s u r e   t h a t   d e f e c t   d e n s i t i e s   e l e c t r o n i c   f u n c t i o n s  and e x t e n d   t h e   u t i 1   i t y   o f  
c o n t i n u e   t o   i m p r o v e   a s   d e v i c e s   a r e   s c a l e d   t o   t a k e   d i g i t a l   e l e c t r o n i c s   m r e   b r o a d l y   t h r o u g h o u t  
advantage o f  the   improved   reso lu t i on .  However, I soc   i e t y  . 
see no r e a s o n   t o   e x p e c t   t h e   r a t e  o f  p r o g r e s s   i n   t h e  
u s e   o f  smal l e r  minimum d imens ions   in   complex   c i r -  
c u i t s   t o   d e c r e a s e   i n   t h e   n e a r   f u t u r e .   T h i s  con- 
t r i b u t i o n   s h o u l d   c o n t i n u e   a l o n g   t h e   c u r v e   o f  
F i g u r e  3. 

W i t h  r e s p e c t   t o   t h e   f a c t o r   c o n t r i b u t e d   b y  
d e v i c e  and c i r c u i t   c l e v e r n e s s ,   h o w e v e r ,   t h e  
s i t u a t i o n   i s   d i f f e r e n t .  Here we a re   app roach ing  
a l i m i t   t h a t  m u s t   s l o w   t h e   r a t e   o f   p r o g r e s s .  
The CCD s t r u c t u r e   c a n   a p p r o a c h   c l o s e l y   t h e  
maximum d e n s i t y   p r a c t i c a l .   T h i s   s t r u c t u r e  
r e q u i r e s  no c o n t a c t s   t o   t h e  components w i t h   i n  
t h e   a r r a y ,   b u t   u s e s   g a t e   e l e c t r o d e s   t h a t   c a n   b e  
a t  minimum s p a c i n g   t o   t r a n s f e r   c h a r g e  and  in- 
f o r m a t i o n   f r o m   o n e   l o c a t i o n   t o   t h e   n e x t .  Some 
improvement  in  overal  I p a c k i n g   e f f i c i e n c y   i s  
p o s s i b l e   b e y o n d   t h e   s t r u c t u r e   p l o t t e d   a s   t h e  1975 
p o i n t   i n   F i g u r e  I ,  b u t  i t  i s   u n l i k e l y   t h a t   t h e  
p a c k i n g   e f f i c i e n c y   a l o n e   c a n   c o n t r i b u t e   a s  much 
as a f a c t o r   o f   f o u r ,  and t h i s   o n l y   i n   s e r i a l   d a t a  
pa ths ,   Acco rd ing l y ,  I am inc l   i ned  ta suggest  a 
I imit t o   t h e   c o n t r i b u t i o n   o f   c i r c u i t  and d e v i c e  
c l e v e r n e s s   o f   a n o t h e r   f a c t o r   o f   f o u r   i n   c o m p o n e n t  
dens i t y  . 

W i t h   t h i s   f a c t o r   d i s a p p e a r i n g  as an im- 
p o r t a n t   c o n t r i b u t o r ,   t h e   r a t e   o f   i n c r e a s e   o f  
cornpl  ex i t y  can  be  expected  to   change  s lope  in  
t h e   n e x t  few years  as shown i n   F i g u r e  5.  The 
new s lope   m igh t   app rox ima te  a doubl   ing  every 
two  years ,   ra ther   than  every   year ,  by t h e  end 
o f   t he   decade .  
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F i g ,  5 .  P r o j e c t i o n  o f  t h e   c o m p l e x i t y   c u r v e  
r e f l e c t i n g   t h e  I imit o n   i n c r e a s e d   d e n s i t y  

th rough  invent   ion .  
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