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@  Method  of  manufacturing  a  semiconductor  device  involving  the  etching  of  a  poiycrystalline  silicon  layer. 

  It  is  known  to  manufacture  a  semiconductor  device  utiliz- 
ing  a  polycrystalline  silicon  layer;  however,  since  the  polycrys- 
talline  silicon  layer  has  hydrophobic  nature,  the  precise 
processing  thereof  is  quite  difficult  if  the  processing  includes 
a  wet  etching  procedure:  inpurity  deposits  are  observed  after 
washing  and  drying  procedures  following  the  removal  of  a 
phosphosilicate  glass  layer  formed  during  diffusing  phospho- 
rus  or  boron  in  the  polycrystalline  silicon  layer  and  detrimental 
to  the  subsequent  process,  in  particular,  to  the  etching  of  the 
polycrystalline  silicon  layer.  The  problem  can  be  solved  by  con- 
verting  the  hydrophobic  surface  of  the  silicon  layer  to  a  hydro- 
philic  one  by  treating  the  surface  with  a  strong  oxidizing  solu- 
tion  such  as  an  aqueous  solution  of  nitric  acid  or  hydrogen 
peroxide.  This  treatment  causes  the  formation  of  silanol 
groups  on  the  surface  of  the  polycrystalline  silicon  layer  so  that 
the  formation  of  impurity  deposits  thereon  can  effectively  be 
eliminated. 



F i e l d   of   t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   o f  

m a n u f a c t u r i n g   s e m i c o n d u c t o r   d e v i c e s   h a v i n g   a  p o l y c r y s t a l l i n e  

s i l i c o n   l a y e r   in   p a r t i c u l a r   to   a  t r e a t m e n t   c a r r i e d   o u t   a f t e r  

d i f f u s i n g   p h o s p h o r u s   or   b o r o n   i n t o   t h e   p o l y c r y s t a l l i n e  

s i l i c o n   l a y e r   in   a  h i g h   c o n c e n t r a t i o n .  

D e s c r i p t i o n   of   t h e   P r i o r   A r t  

Up  t o   now,  t h e   s e m i c o n d u c t o r   m a n u f a c t u r i n g   p r o c e s s  

t e c h n i q u e   h a s   r e m a r k a b l y   b e e n   p r o g r e s s e d   and   i t   h a s   b e e n  

d i r e c t e d   to   a c c o m p l i s h   a  f i n e   p r o c e s s i n g  t e c h n i q u e   and   a  h i g h  

d e n s i t y   m o u n t i n g   t e c h n i q u e   f o r   i n t e g r a t e d   c i r c u i t   ( I C )  

s e m i c o n d u c t o r   d e v i c e s .  

A  p o l y c r y s t a l l i n e   s i l i c o n   g a t e   t y p e   f i e l d   e f f e c t  

t r a n s i s t o r   (FET)   i s   w i d e l y   u t i l i z e d   b e c a u s e   i t   h a s   a  

s t r u c t u r e   s u i t a b l e   f o r   f i n e   p r o c e s s i n g .   T h i s   p o l y c r y s t a l l i n e  

s i l i c o n   g a t e   s t r u c t u r e   i s ,   in   g e n e r a l ,   o b t a i n e d   when  t h e  

s o u r c e   and  d r a i n   a r e a s   a r e   p r o d u c e d   by  f o r m i n g   a  s i l i c o n   g a t e  

of  p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   on  t h e   o x i d e   g a t e   f i l m   o n  

t h e   c h a n n e l   a r e a   and   t h e n   d i f f u s i n g   b o r o n   (B)  o r   p h o s p h o r u s  

(P)  u t i l i z i n g   t h e   s i l i c o n   g a t e   as  t h e   mask   to   f o r m   s o u r c e   a n d  



d r a i n   r e g i o n s .   Such   an  FET  s t r u c t u r e   p r o v i d e s   a  l o t   o f  

a d v a n t a g e s   s u c h   t h a t   t h e   a r e a   o c c u p i e d   and  u n d e s i r e d   c a p a c i t y  

c o m p o n e n t   a r e   r e d u c e d   s i n c e   t h e   s t r u c t u r e   i s   a  s e l f   a l i g n   o n e  

and  t h a t   i t   may  s e r v e   as  a  memory  by  c h a r g i n g   t h e   s i l i c o n  

g a t e .  

H o w e v e r ,   t h e   e l e c t r i c a l   r e s i s t a n c e   of  t h e   p o l y c r y s t a l l i n e  

s i l i c o n   i t s e l f   i s   q u i t e   h i g h   so  t h a t   t h e   o p e r a t i n g   s p e e d   of  a  

d e v i c e   u t i l i z i n g   t h e   s i l i c o n   g a t e   i s   a l s o   v e r y   l ow.   T h e n ,  i n  

o r d e r   t o   r e d u c e   t h e   e l e c t r i c a l   r e s i s t a n c e   of  t h e  

p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   and  to   i m p r o v e   o p e r a t i n g   s p e e d  

t h e r e o f ,   i t   i s ,   in  g e n e r a l ,   n e e d e d   to   i n c o r p o r a t e   a  

c o n d u c t i v i t y   i m p r o v i n g   e l e m e n t   s u c h   as  p h o s p h o r u s   or  b o r o n   i n  

t h e   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   in  a  h i g h   c o n c e n t r a t i o n .  

A  c o n v e n t i o n a l   m e t h o d   f o r   p r e p a r i n g   a  p o l y c r y s t a l l i n e  

s i l i c o n   h a v i n g   a  low  e l e c t r i c a l   r e s i s t a n c e   c o m p r i s e s  

d i f f u s i n g   p h o s p h o r u s   or   b o r o n   in   t h e   p o l y c r y s t a l l i n e   s i l i c o n  

l a y e r ,   r e m o v i n g   p h o s p h o s i l i c a t e   g l a s s   l a y e r   or  b o r o s i l i c a t e  

g l a s s  l a y e r   of  low  q u a l i t y   h a v i n g   a  h i g h   p h o s p h o r u s   or   b o r o n  

c o n c e n t r a t i o n   and  f o r m e d ,   d u r i n g  t h e   d i f f u s i o n   p r o c e s s ,   o n  

t h e   s u r f a c e   of   t h e   s i l i c o n   l a y e r ,   by  i m m e r s i n g   i t   i n  

h y d r o f l u o r i c   a c i d   t y p e   e t c h i n g   s o l u t i o n   and  t h e n   w a s h i n g   i t  

w i t h   w a t e r   and  d r y i n g   by  a  c e n t r i f u g a l   d r y i n g   m a c h i n e   or  t h e  

l i k e .  

The  p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   h a s   h y d r o p h o b i c  

p r o p e r t y   and  t h e r e f o r e ,   a  s m a l l   a m o u n t   of  w a s h i n g   l i q u i d  

p o s s i b l y   r e m a i n s   on  t h e   s u r f a c e   t h e r e o f   in  t h e   f o r m   of   w a t e r  

d r o p s   c o n t a i n i n g   u n d e s i r e d   i m p u r i t i e s   o r i g i n a t e d   f r o m   e t c h i n g  

s o l u t i o n   u s e d ,   e v e n   i f   t h e   w a s h i n g   is   c a r r i e d   ou t   w i t h   p u r e  



w a t e r .   The  d r o p s   of  w a s h i n g   l i q u i d   r e m a i n i n g   on  t h e   s u r f a c e  

c a u s e   t h e   d e p o s i t i o n   of  i m p u r i t i e s   i n c l u d e d   in   t h e   e t c h i n g  

l i q u i d   a f t e r   t h e   d r y i n g   p r o c e s s .   The  p r e s e n c e   of   s u c h  

i m p u r i t i e s   r e s u l t s   in   t h e   e x t r e m e   a c c e l e r a t i o n   of   t h e   e t c h i n g  

s p e e d   a t   t h e   a r e a   in  w h i c h   t h e   i m p u r i t i e s   a r e   d e p o s i t e d   a n d  

t h i s   t e n d s   to   f o r m   an  o p e n   c i r c u i t   b e t w e e n   t h e   p a t t e r n s   i n  

t h e   w o r s t   c a s e .   On  t h e   o t h e r   h a n d ,   i f   t h e   a r e a   w h e r e   t h e  

i m p u r i t i e s   a r e   d e p o s i t e d   i s   e x c l u s i v e l y   d i f f i c u l t   to   e t c h ,  

p a r t   of  t h e   a r e a   t o   be  r e m o v e d   by  e t c h i n g   r e m a i n s   and  t h i s  

t e n d s   to   f o r m   a  s h o r t   c i r c u i t   b e t w e e n   t h e   p a t t e r n s   in   t h e  

w o r s t   c a s e .  

T h e r e   i s ,   t h u s ,   a  g r e a t   d e m a n d   f o r   d e v e l o p i n g   a  n o v e l  

m e t h o d   f o r   t r e a t i n g   t h e   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   e x p o s e d  

to  t h e   a i r ,   w h i c h   reduces   or  o b v i a t e s   the  a f o r e m e n t i o n e d  

d r a w b a c k s .  

Summary   of   t h e   I n v e n t i o n  

This  i n v e n t i o n   p rov ides   a  method  of  m a n u f a c t u r i n g   a  s e m i c o n d u c t o r  

device  having  a  p o l y c r y s t a l l i n e   s i l i c o n   l a y e r .  

This  i n v e n t i o n   a l so   p r o v i d e s   a  method  for   t r e a t i n g   a  p o l y c r y s t a l l i n e  

s i l i c o n   l a y e r ,   which  causes  an  improvement  in  the  s u r f a c e   p r o p e r t i e s  

t h e r e o f .  

This  i n v e n t i o n   f u r t h e r   p rov ides   a  method  of  e c o n o m i c a l l y  

manufac tu r ing   a  s emiconduc to r   device   o f  h i g h   q u a l i t y   in  a  high  y i e l d .  

In  accordance   with  the  p r e s e n t   i n v e n t i o n   the re   is  p r o v i d e d  a  

method  of  manufac tu r i ng   a  



s e m i c o n d u c t o r   d e v i c e ,   w h i c h   c o m p r i s e s   a p p l y i n g   a  

p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   on  t h e   s u r f a c e   of  a  

s e m i c o n d u c t o r   s u b s t r a t e ,   d i f f u s i n g   p h o s p h o r u s   or  b o r o n   i n t o  

t h e   s i l i c o n   l a y e r ,   r e m o v i n g   a  p h o s p h o s i l i c a t e   g l a s s   l a y e r   o r  

a  b o r o s i l i c a t e   g l a s s   l a y e r   f o r m e d ,   d u r i n g   t h e   d i f f u s i o n  

p r o c e s s ,   on  t h e   s i l i c o n   l a y e r   by  wet   e t c h i n g   and  t h e n  

t r e a t i n g   t h e   s u r f a c e   of  t h e   s i l i c o n   l a y e r   to   c o n v e r t   t h e  

n a t u r e   of  t h e   s u r f a c e   to   h y d r o p h i l i c   o n e .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

The  i n v e n t i o n   i s   more   f u l l y   e x p l a i n e d   w i t h   r e f e r e n c e   t o  

t h e   a t t a c h e d   d r a w i n g s   in  w h i c h :  

F i g s .   1  to   5  show  i l l u s t r a t i v e   s e c t i o n a l   v i e w s   a n d  a   p l a n  

v i e w   of  e a c h   s t e p   of  a  c o n v e n t i o n a l   m e t h o d   f o r   m a n u f a c t u r i n g  

a  s e m i c o n d u c t o r   d e v i c e ,   r e s p e c t i v e l y ;   a n d  

F i g s .   6  to   9  show  i l l u s t r a t i v e   s e c t i o n a l   v i e w s   a n d  a   p l a n  

v i e w   of  e a c h   s t e p   of  t h e   m e t h o d   of  t h i s   i n v e n t i o n   f o r  

m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e ,   r e s p e c t i v e l y .  

D e t a i l e d   E x p l a n a t i o n   of  t h e   I n v e n t i o n  

R e f e r r i n g   to   F i g s .   1  to   5,  t h e   s t e p s   f o r   p r e p a r i n g   a  

s e m i c o n d u c t o r   d e v i c e   w h i c h   h a s   a  p o l y c r y s t a l l i n e   s i l i c o n  

l a y e r ,   s u c h   as  t h e   p o l y c r y s t a l l i n e   s i l i c o n   g a t e   t y p e   F E T ,  

a c c o r d i n g   to   a  c o n v e n t i o n a l   m e t h o d   a r e   i l l u s t r a t e d .   In  t h e  

m e t h o d ,   an  o x i d e   l a y e r   2  i s   f i r s t   a p p l i e d   to   t h e   s u b s t r a t e   1 

of  a  s e m i c o n d u c t o r   ( f o r   e x a m p l e   Si   s i n g l e   c r y s t a l )   a c c o r d i n g  

to   a n y  o n e   of  t h e   known  t e c h n i q u e s   s u c h   as  t h e r m a l   o x i d a t i o n ,  

c h e m i c a l   v a p o u r   d e p o s i t i o n   (CVD),   s p u t t e r i n g ,   a n o d i z i n g   o r  



t h e   l i k e .   Then   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   3  i s   d e p o s i t e d  

on  t h e   o x i d e   l a y e r   2  a c c o r d i n g   to   a n y  o n e   of   known  t e c h n i q u e s  

s u c h   as  low  p r e s s u r e   CVD,  p l a s m a   CVD,  t h e r m a l   d e c o m p o s i t i o n  

of   S iH4  g a s ,   h y d r o g e n   r e d u c t i o n   of   a  gas   m i x t u r e   of   S i C l 4   a n d  

S i H C l 3 .   The  p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   3  o b t a i n e d   i s   t h e n  

s u b j e c t e d   to   t h e   p h o s p h o r u s   or   b o r o n   d i f f u s i o n   p r o c e d u r e   t o  

i m p r o v e   e l e c t r i c a l   r e s i s t a n c e   t h e r e o f .   At  t h i s   s t a g e ,  

p h o s p h o s i l i c a t e   g l a s s   or   b o r o s i l i c a t e   g l a s s   h a v i n g   a  h i g h  

p h o s p h o r u s   or   b o r o n   c o n c e n t r a t i o n   i s   f o r m e d   a t   t he   s u r f a c e   o f  

t h e   s i l i c o n   l a y e r   3,  w h i c h   i s   i n s u f f i c i e n t   in   q u a l i t y  a n d  

s h o u l d   be  r e m o v e d   a c c o r d i n g   t o   a  s u i t a b l e   t r e a t m e n t .   T h e  

r e m o v a l   t h e r e o f   i s   c o n v e n t i o n a l l y   c a r r i e d   out  by  an  e t c h i n g  

t e c h n i q u e   u t i l i z i n g ,   f o r   e x a m p l e ,   h y d r o f l u o r i c   a c i d   t y p e  

e t c h i n g   l i q u i d .  

H o w e v e r ,   as  a l r e a d y   m e n t i o n e d ,   t h e   p o l y c r y s t a l l i n e  

s i l i c o n   l a y e r   i s   h i g h l y   h y d r o p h o b i c   and   e v e n   a f t e r   w a s h i n g  

o u t   t h e   e t c h i n g   l i q u i d ,   a  l o t   of   d r o p s   4  r e m a i n   on  t h e  

s u r f a c e   of   t h e   s i l i c o n   l a y e r   3  as  shown  in   F i g ,   1.  The  d r o p s  

of   w a s h i n g   l i q u i d   c o n t a i n   u n d e s i r a b l e   i m p u r i t i e s   d e r i v e d   f r o m  

t h e   e t c h i n g   l i q u i d   u s e d   and   c a u s e   t h e   d e p o s i t i o n   o f  

i m p u r i t i e s   5  ( s e e   F i g .   2)  on  t h e   s i l i c o n   L a y e r   3  a f t e r  

d r y i n g .   T h e s e   i m p u r i t i e s   5  a r e   q u i t e   h a r m f u l   t o   t h e  

s u b s e q u e n t   p r o c e s s e s   s u c h   as  e t c h i n g .   For   e x a m p l e ,   as  s h o w n  

in  F i g .   3,  when  t h e   p o l y c r y s t a l l i n e   s i l i c c - n   l a y e r   3  i s  

s u b j e c t e d   to   p a t t e r n i n g   p r o c e s s   a c c o r d i n g   to   a  p h o t o e t c h i n g  

t e c h n i q u e   u t i l i z i n g   a  r e s i s t   6  as  t h e   e t c h i n g   m a s k ,   t h e  

r e m a i n i n g   i m p u r i t i e s   5  t e n d   to   a c c e l e r a t e   t h e   e t c h i n g   s p e e d  

e x t r e m e l y ,   or   t o   r e s t r i c t   t h e   p r o g r e s s   of   t h e   e t c h i n g  



s u b s t a n t i a l l y .   T h u s ,   t h e   p r e s e n c e   of  s u c h   i m p u r i t i e s   5 

r e s u l t s   in  t h e   o v e r e t c h i n g   as  shown  in  F i g .   4,  w h i c h   p r e v e n t s  

t h e   f o r m a t i o n   of  c o r r e c t   p a t t e r n   of  t h e   p o l y c r y s t a l l i n e  

s i l i c o n   a n d ,   in  t u r n ,   t h e   c o r r e c t   p r o c e s s i n g   of  t h e   s o u r c e  

a n d / o r   d r a i n   r e g i o n .   The  p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   u n d e r  

t h e   r e s i s t   6  i s ,   f o r   e x a r - - p l e ,   o v e r e t c h e d   as  shown  in  F i g .   5 .  

T h a t   i s ,   t h e   p a t t e r n   of  t h e   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r  

s u f f e r s   a  d e f i c i t   7.  F i g .   5  i s   a  p l a n e   v i e w   of  t h e   a r t i c l e  

shown  in  F i g .   4,  w h e r e i n   t h e   r e s i s t   6  i s   r e m o v e d   and  o n l y   t h e  

p a t t e r n   of  t h e   s i l i c o n   l a y e r   3  i s   s h o w n .   W h i l e ,   i f   t h e  

i m p u r i t i e s   t e n d   to   r e s t r i c t   t h e   p r o g r e s s   of   t h e   e t c h i n g ,   t h e  

p a r t   of  t h e   s i l i c o n   l a y e r   to   be  r e m o v e d   by  e t c h i n g   r e m a i n s   o n  

t h e   o x i d e   l a y e r   2  as  i t   i s .   T h i s   a l s o   p r e v e n t   t h e   f o r m a t i o n  

of  t h e   c o r r e c t   p a t t e r n   and  t h e   p r e c i s e   p r o c e s s i n g   in  t h e  

s u b s e q u e n t   s t e p s .   M o r e o v e r ,   in  t h e   w o r s t   c a s e ,   t h e   o p e n  

c i r c u i t   or  s h o r t   c i r c u i t   i s   f o r m e d   b e t w e e n   t h e   p a t t e r n s  

o b t a i n e d   as  a l r e a d y   m e n t i o n e d .  

As  t h e   e t c h i n g   t e c h n i q u e   f o r   p a t t e r n i n g   t h e  

p o l y c r y s t a l l i n e   s i l i c o n   l a y e r ,   t h e r e   may  be  m e n t i o n e d ,   f o r  

e x a m p l e ,   any  known  wet   e t c h i n g   and  d r y   e t c h i n g   s u c h   a s  

s p u t t e r   e t c h i n g ,   p l a s m a   e t c h i n g ,   r e a c t i v e   i o n   e t c h i n g .  

W h i l e ,   a c c o r d i n g   to   t h e   m e t h o d   of  t h i s   i n v e n t i o n ,   t h e  

a f o r e m e n t i o n e d   d r a w b a c k s   o b s e r v e d   in  t h e   c o n v e n t i o n a l   m e t h o d  

may  be  o v e r c o m e   by  t r e a t i n g   t h e   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r  

3  e x p o s e d   to   t h e   a i r   a f t e r   t h e   r e m o v a l   of  t h e   p h o s p h o s i l i c a t e  

g l a s s   l a y e r   w i t h   a  s t r o n g   o x i d i z i n g   s o l u t i o n   to   c o n v e r t   t h e  

s u r f a c e   n a t u r e   of  t h e   s i l i c o n   l a y e r   to   a  h y d r o p h i l i c   o n e .   As  

t h e   p r e f e r r e d   e x a m p l e s   of  t h e   s t r o n g   o x i d i z i n g   s o l u t i o n ,  



the re   may  be  mentioned  such  s o l u t i o n s   as  an  aqueous  s o l u t i o n   of  n i t r i c  

a c i d   or   h y d r o g e n   p e r o x i d e .   The  t r e a t m e n t   i s   c a r r i e d   ou t   b y  

i m m e r s i n g   or  d i p p i n g   t h e   s i l i c o n   l a y e r   in  t h e   s t r o n g  

o x i d i z i n g   s o l u t i o n   to   f o r m   s i l a n o l   g r o u p s   on  t h e   s u r f a c e  

t h e r e o f .   The  s i l a n o l   g r o u p s   h a v e   h i g h   c o m p a t i b i l i t y   to   w a t e r  

and  t h e r e f o r e ,   t h e   w a t e r   d r o p s   are  not  formed  on  the  s i l i c o n  

l a y e r   a f t e r   w a s h i n g   ( s e e   F i g .   6 ) .   T h i s   m e a n s ,   in  t u r n ,   t h a t  

t h e   d i s a d v a n t a g e   of  f o r m i n g   i m p u r i t y   d e p o s i t s   can   e f f e c t i v e l y  

be  e l i m i n a t e d .  

In  g e n e r a l ,   i t   i s   p r e f e r r e d   to   c a r r y   o u t   t h e   o x i d i z i n g  

p r o c e s s   a t   a  t e m p e r a t u r e   of  f r o m   10  to   30°C  ( i n   t h e   c a s e   o f  

n i t r i c   a c i d   w h i c h   i s   u s u a l l y   u s e d   as  an  a q u e o u s   s o l u t i o n   o f  

10  t o   70wt%)  or   10  to   30°C  ( i n   t h e   c a s e   of  h y d r o g e n   p e r o x i d e  

w h i c h   i s   u s u a l l y   u s e d   as  an  a q u e o u s   s o l u t i o n   of  20  to   3 5 w t % )  

f o r   1  to   20  m i n u t e s .  

In  t h e   m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n ,   t h e   s t e p s   o t h e r  

t h a n   t h e   o x i d a t i o n   t r e a t m e n t   can   be  c a r r i e d   o u t   a c c o r d i n g   t o  

a n y  o n e   of  t h e   c o n v e n t i o n a l   m e t h o d s   and  n o t   r e s t r i c t e d   to   a  

s p e c i f i c   t e c h n i q u e ,   p r o v i d e d   t h a t   t h e   r e m o v a l   of  t h e  

p h o s p h o s i l i c a t e   g l a s s   l a y e r   s h o u l d   be  e f f e c t e d   by  a  w e t  

e t c h i n g   t e c h n i q u e   w h e r e i n   a  c o n v e n t i o n a l   e t c h i n g   l i q u i d   s u c h  

a s  a   m i x t u r e   of   NH4F,  HF  and  w a t e r   or   HF  s o l u t i o n   is  u s e d .  

T h u s ,   a c c o r d i n g   to   t h e   m e t h o d   of  t h i s   i n v e n t i o n ,   a  

h y d r o p h i l i c   s u r f a c e   of  t h e   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   c a n  

e f f e c t i v e l y   be  o b t a i n e d ,   t h e r e b y   t h e   d e p o s i t i o n   o f  

i m p u r i t i e s ,   o r i g i n a t e d   f r o m   t h e   e t c h i n g   s o l u t i o n   u s e d ,   on  t h e  

s u r f a c e   can   a l m o s t   c o m p l e t e l y   be  p r e v e n t e d   d u r i n g   w a s h i n g   a n d  

d r y i n g   p r o c e d u r e s .   This  pe rmi t s   c a r r y i n g   out  a  qu i te   p r e c i s e  



e t c h i n g   of  t h e   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   and  p r e c i s e l y  

forming  a  d e s i r e d   p a t t e r n   on  the  layer   (see  Figs.   7  to  9 ) .  

M o r e o v e r ,   t h e   m e t h o d   of  t h i s   i n v e n t i o n   i m p r o v e s  t h e  

p r o d u c i b i l i t y   or   y i e l d   of  s e m i c o n d u c t o r   d e v i c e s   and   m a k e s   i t  

p o s s i b l e   to   m a n u f a c t u r e   them  e c o n o m i c a l l y .  

In  t h e   m e t h o d   of  t h i s   i n v e n t i o n ,   i t   i s ,   of  c o u r s e ,  

p o s s i b l e   to   u t i l i z e   any   o t h e r   m e t h o d   f o r   t r e a t i n g   t h e   s u r f a c e  

of  t h e   s i l i c o n   l a y e r ,   w h i c h   permi ts   the  fo rma t ion   of  s i l a n o l   g r o u p s  o n  

t h e   s i l i c o n   l a y e r   e x p o s e d   to   t h e   a i r .   F u r t h e r m o r e ,   t h e  

t r e a t m e n t   f o r   m a k i n g   t h e   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r  

h y d r o p h i l i c   a c c o r d i n g   to   t h e   i n v e n t i o n   may  be  a p p l i c a b l e   t o  

any   o t h e r   p r o c e s s   c o m p r i s i n g   t h e   s t e p s   of  p r o c e s s i n g   t h e  

s u r f a c e   of  a  s i l i c o n   l ayer   in  p a r t i c u l a r   t h e   s t e p s   of   w e t  

e t c h i n g   of  s u c h   s i l i c o n   l a y e r ,   w a s h i n g   and  d r y i n g .  

The  m e t h o d   of  t h i s   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n  

m o r e  d e t a i l   in  t h e   l i g h t   of  t h e   f o l l o w i n g   i l l u s t r a t i v e  

e x a m p l e .  

E x a m p l e  

P h o s p h o r u s   was  d i f f u s e d   i n t o   t h e   p o l y c r y s t a l l i n e   s i l i c o n  

l a y e r   d e p o s i t e d   on  a  s e m i c o n d u c t o r   s u b s t r a t e   ( S i   s i n g l e  

c r y s t a l )   t h r o u g h   an  o x i d e   l a y e r   and  t h e n   t h e   p h o s p h o s i l i c a t e  

g l a s s   l a y e r   f o r m e d   on  t h e   s u r f a c e   of  t h e . s i l i c o n   l a y e r   d u r i n g  

t h e   d i f f u s i o n   p r o c e s s   was  r e m o v e d   by  i m m e r s i n g   t h e   l a y e r   i n  

h y d r o f l u o r i c   a c i d   t y p e   e t c h i n g   s o l u t i o n .   The  s u r f a c e   of  t h e  

p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   e x p o s e d   to   t h e   a i r   a f t e r   t h e  

r e m o v a l   of  t h e   g l a s s   l a y e r   was  t h e n   i m m e r s e d   in   30wt%  n i t r i c  

a c i d   s o l u t i o n   f o r   5  m i n u t e s   a t   room  t e m p e r a t u r e   to   o x i d i z e  



t h e   s u r f a c e   t h e r e o f .   Owing  to   t h e   o x i d i z i n g   t r e a t m e n t ,   a  

t h i n  o x i d e   l a y e r   c o n t a i n i n g   s i l a n o l   r e s i d u e s   was  f o r m e d   o n  

t h e   s u r f a c e   and  t h e   s u r f a c e   b e c a m e   h y d r o p h i l i c .   T h u s ,   t h e  

f o r m a t i o n   of  d r o p s   of  w a s h i n g   l i q u i d   c o n t a i n i n g   i m p u r i t i e s  

and  t h e   d e p o s i t i o n   t h e r e o f   on  t h e   s u r f a c e   w e r e   a d v a n t a g e o u s l y  

e l i m i n a t e d   due  to   t h e   p r e s e n c e   of  s i l a n o l   g r o u p s   on  t h e  

s u r f a c e   and  t h e r e f o r e   t h e   s u b s e q u e n t   p h o t o e t c h i n g   p r o c e d u r e  

is   s u b s t a n t i a l l y   i m p r o v e d   in  i t s   d i m e n s i o n a l   a c c u r a c y .  

In   f a c t ,   a c c o r d i n g   to   t h e   c o n v e n t i o n a l   m e t h o d ,   i t   w a s  

f o u n d   t h a t   1  to   5/cm 2  of  d e f e c t s   w e r e   p r e s e n t   on  t h e  

p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   when  i t   was  e t c h e d   to   o b t a i n   a  

d e s i r e d   p a t t e r n .   W h i l e   a c c o r d i n g   to   t h e   m e t h o d   of  t h i s  

i n v e n t i o n ,   t h e   d e f e c t s   due  to   p a t t e r n i n g   w e r e   l i m i t e d   to   a t  

mos t   a b o u t   0 . 0 5 / c m  .  

The  r e s u l t   c l e a r l y   shows   t h a t   t h e   m e t h o d   of  t h i s  

i n v e n t i o n   i s   q u i t e   e f f e c t i v e   to   i m p r o v e   t h e   s u r f a c e   p r o p e r t y  

of  t h e   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   in   p a r t i c u l a r   i t s  

h y d r o p h i l i c   na tu re   which,  in  tu rn ,   permi ts   the  achievement   of  a 

p r e c i s e   p r o c e s s i n g   ( p a t t e r n i n g )   of   t h e   p o l y c r y s t a l l i n e  

s i l i c o n   l a y e r .  



1.  A  m e t h o d   o f   m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e   h a v i n g   a  

p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   c o m p r i s e s   t h e   s t e p s   o f  

d i f f u s i n g   p h o s p h o r u s   o r   b o r o n   i n t o   t h e   p o l y c r y s t a l l i n e  

s i l i c o n   l a y e r   d e p o s i t e d   on  t h e   s u r f a c e   of  a  s e m i c o n d u c t o r  

s u b s t r a t e ,   r e m o v i n g   a  p h o s p h o s i l i c a t e   g l a s s   l a y e r   or   a  

b o r o s i l i c a t e   g l a s s   l a y e r   f o r m e d   d u r i n g   s a i d   d i f f u s i o n   p r o c e s s  

by  wet   e t c h i n g   and   t h e n   c o n v e r t i n g   t h e   s u r f a c e   of  t h e  

p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   to   t h e   h y d r o p h i l i c   s u r f a c e .  

2.  A  m e t h o d   as  claimed  in   c l a i m   1  w h e r e i n   t h e   wet   e t c h i n g  

is   c a r r i e d   o u t   by  i m m e r s i n g   t h e   g l a s s   l a y e r   in  h y d r o f l u o r i c  

a c i d   t y p e   e t c h i n g   s o l u t i o n .  

3.  A  m e t h o d   as  claimed  in  claim  1  or  claim  2  wherein  the  h y d r o p h i l i c  

s u r f a c e   of   t h e   p o l y c r y s t a l l i n e   s i l i c o n   l a y e r   i s   o b t a i n e d   b y  

i m m e r s i n g   t h e   s i l i c o n   l a y e r   in  an  o x i d i z i n g   s o l u t i o n .  

4.  A  m e t h o d   as  claimed  in  c l a i m   3  w h e r e i n   t h e   o x i d i z i n g  

s o l u t i o n   i s   an  a q u e o u s   s o l u t i o n   of  n i t r i c   a c i d   or   h y d r o g e n  

p e r o x i d e .  

5.  A  method  as  claimed  in  claim  4  wherein  the  s t rong   o x i d i s i n g  

s o l u t i o n   is  an  aqueous  s o l u t i o n   of  n i t r i c   acid  having  a  c o n c e n t r a t i o n  

of  10  to  70  wt  %. 

6.  A  method  as  claimed  in  claim  4  wherein  the  s t rong   o x i d i s i n g  

s o l u t i o n   is  an  aqueous  s o l u t i o n   of  hydrogen  peroxide   having  a  

c o n c e n t r a t i o n   of  20  to  35  wt  %. 

7.  A  method  as  claimed  in  any one  of  claims  3  to  6  wherein  t h e  

o x i d a t i o n   is  c a r r i e d   out  at  a  t e m p e r a t u r e   of  10  to  30°C. 
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