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PHOTOSENSITIVE  MEMBER  COMPOSED  OF 

CHARGE  TRANSPORTING  LAYER  AND  CHARGE  GENERATING  LAYER 

BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to   a  p h o t o s e n s i t i v e   m e m b e r  

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

e l e c t r o p h o t o g r a p h y   . 

R e c e n t l y   t h e r e   has   b e e n   u s e d   an  a m o r p h o u s   s i l i c o n  

p r o d u c e d   by  a  p l a s m a   v a p o r   d e p o s i t i o n   ( r e f e r r e d   to  as  a  

p l a s m a - C V D   h e r e i n a f t e r )   f o r   a  p h o t o s e n s i t i v e   m e m b e r ,  

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

The  p h o t o s e n s i t i v e   m a t e r i a l   a - S i   has   v a r i o u s  

s p l e n d i d   p r o p e r t i e s .   H o w e v e r ,   i t s   u s e   r a i s e s   a  p r o b l e m  

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

of   a p p r o x i m a t e l y   12,   a - S i   e s s e n t i a l l y   n e e d s   to   form  a  f i l m  

w i t h   a  m i n i m u m   t h i c k n e s s   of  a p p r o x i m a t e l y   25  m i c r o n s   i n  

o r d e r   f o r   t h e   p h o t o s e n s i t i v e   member   to   have   a  s u f f i c i e n t  

s u r f a c e   p o t e n t i a l .  

The  p r o d u c t i o n   of  a - S i   p h o t o s e n s i t i v e   m e m b e r s   b y  

t h e   p l a s m a   CVD  p r o c e s s   i s   a  t i m e - c o n s u m i n g   o p e r a t i o n   w i t h  

t h e   a - S i   f i l m   f o r m e d   a t   a  s l o w   r a t e   of  d e p o s i t i o n ,   a n d ,  

m o r e o v e r ,   t h e   more   d i f f i c u l t   i t   b e c o m e s   to   o b t a i n   s - S i   f i l m s  

of   u n i f o r m   q u a l i t y ,   t h e   l o n g e r   i t   t a k e s   f o r   t h e   f i l m s   to  b e  

f o r m e d .   C o n s e q u e n t l y ,   t h e r e   i s   a  h i g h   p r o b a b i l i t y   t h a t   a n  
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a - S i   p h o t o s e n s i t i v e   m e m b e r   in   t h e   u s e   c a u s e s   d e f e c t s   i n  

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

i n c l u d i n g   an  i n c r e a s e   in   c o s t   o f   t h e   raw  m a t e r i a l .  

In  any   a t t e m p t   f o r   i m p r o v e m e n t   t h a t   has   b e e n   m a d e  

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

u n d e s i r a b l e   t o   make  t h e   f i l m   t h i c k n e s s   s m a l l e r   t h a n   t h e  

m i n i m u m   m e n t i o n e d   a b o v e .  

F u r t h e r m o r e ,   t h e   a - S i   p h o t o s e n s i t i v e   m a t e r i a l  

e x h i b i t s   d e f e c t s   in   a d h e s i v i t y   t o   t h e   s u b s t r a t e ,   in   c o r o n a  

r e s i s t a n c e   and   r e s i s t a n c e   to   e n v i r o n m e n t   and  a l s o   c h e m i c a l s .  

As  an  a n s w e r   to   t h e   p r o b l e m s   d e s c r i b e d   a b o v e ,   i t  

h a s   b e e n   p r o p o s e d   to   p r o v i d e   an  a - S i   p h o t o s e n s i t i v e   l a y e r  

w i t h   an  o v e r c o a t i n g   l a y e r   o r   an  u n d e r c o a t i n g   l a y e r   of  a n  

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

o v e r c o a t i n g   w e r e   a n n o u n c e d   in   J a p a n e s e   P a t e n t   KOKAI  Nos  . 

6 1 7 6 1 / 1 9 8 5 ,   2 1 4 8 5 9 / 1 9 8 4 ,   4 6 1 3 0 / 1 9 7 6 ,   U .S .   P a t e n t   N o .  

3 , 9 5 6 , 5 2 5 ,   e t c .   and  t h o s e   d e s c r i b i n g   t h e   u n d e r c o a t i n g   i n  

J a p a n e s e   P a t e n t   KOKAI  N o s .   6 3 5 4 1 / 1 9 8 5 ,   1 3 6 7 4 2 / 1 9 8 4 ,  

3 8 7 5 3 / 1 9 8 4 ,   2 8 1 6 1 / 1 9 8 4 ,   6 0 4 4 7 / 1 9 8 1 ,   e t c .  

As  o t h e r   p r i o r   a r t   d i s c l o s i n g   an  a p p l i c a t i o n   o f  

p l a s m a   p o l y m e r i z a t i o n   t h e r e   a r e   known  J a p a n e s e   P a t e n t   KOKAI 

N o s .   1 4 8 3 2 6 / 8 4 ,   6 0 4 4 7 / 8 1 ,   and  1 2 0 5 2 7 / 7 8 .  

I t   i s   known  t h a t   an  o r g a n i c   p l a s m a - p o l y m e r i z e d  

f i l m   can   be  made  f r o m   any  of   g a s e o u s   o r g a n i c   c o m p o u n d s ,   s u c h  

as   e t h y l e n e   g a s ,   b e n z e n e   and  a r o m a t i c   s i l a n e ,   (one  r e f e r e n c e  

i n   t h i s   r e s p e c t   i s   t h e   J o u r n a l   of   A p p l i e d   P o l y m e r   S c i e n c e  

1 9 7 3 ,   17  ( 8 8 5 - 8 9 2 )   c o n t r i b u t e d   by  A . T .   B e l l ,   M.  Shen  e t  
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a l . ) ,   b u t   any   s u c h   o r g a n i c   p l a s m a - p o l y m e r i z e d   f i l m   p r o d u c e d  

by  a  c o n v e n t i o n a l   m e t h o d   h a s   b e e n   in  u se   o n l y   w h e r e   i t s  

i n s u l a t i o n   p r o p e r t y   i s   r e q u i r e d   to   be  g o o d .   F i l m s   of  t h i s  

k i n d   have   b e e n   r e g a r d e d   as  i n s u l a t o r s   h a v i n g   e l e c t r i c a l  

r e s i s t a n c e   of  a p p r o x i m a t e l y   10  ohm  cm,  such   as  an  o r d i n a r y  

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

p r a c t i c a l l y   s i m i l a r   t o   an  i n s u l a t o r   in  t h e   a p p l i c a t i o n .  

The  J a p a n e s e   P a t e n t   KOKAI  No.  6 1 7 6 1 / 1 9 8 5   m a d e  

p u b l i c   a  p h o t o s e n s i t i v e   member   c o a t e d   w i t h   a  s u r f a c e  

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

r e s e m b l i n g   d i a m o n d   w i t h   a  f i l m   t h i c k n e s s   of  500  a n g s t r o m   -  2 

m i c r o n s .   T h i s   t h i n   c a r b o n   f i l m   i s   d e s i g n e d   to  i m p r o v e   a - S i  

p h o t o s e n s i t i v e   m e m b e r s   w i t h   r e s p e c t   to   t h e i r   r e s i s t a n c e   t o  

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

i s   v e r y   t h i n   and  an  e l e c t r i c   c h a r g e   p a s s e s   w i t h i n   t h e   f i l m  

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

to   t r a n s p o r t   an  e l e c t r i c   c h a r g e .   The  p u b l i c a t i o n   l a c k e d   a  

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

t h e   o r g a n i c   p l a s m a - p o l y m e r i z e d   f i l m   and  the   t o p i c   m a t t e r  

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

a - S i   in  t h e   f o r e g o i n g   d e s c r i p t i o n .  

The  J a p a n e s e   P a t e n t   KOKAI  No.  2 1 4 8 5 9 / 1 9 8 4   m a d e  

p u b l i c   t h e   use   of   an  o v e r c o a t i n g   l a y e r   of  an  o r g a n i c  

t r a n s p a r e n t   f i l m   w i t h   t h i c k n e s s   of  a p p r o x i m a t e l y   5  m i c r o n s  

w h i c h   can  be  made  f r o m   an  o r g a n i c   h y d r o c a r b o n   m o n o m e r ,   s u c h  

as  e t h y l e n e   and  a c e t y l e n e ,   by  a  t e c h n i q u e   of  p l a s m a  

p o l y m e r i z a t i o n .   The  l a y e r   d e s c r i b e d   t h e r e i n   was  d e s i g n e d   t o  
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i m p r o v e   a - S i   p h o t o s e n s i t i v e   m e m b e r s   w i t h   r e s p e c t   t o  

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

p i n h o l e s ,   and   p r o d u c t i o n   e f f i c i e n c y .   The  p u b l i c a t i o n   l a c k e d  

a  d e s c r i p t i o n   r e l a t i n g   to   t h e   c a r r i e r - t r a n s p o r t i n g   p r o p e r t y  

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

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

a - S i   i n   t h e   f o r e g o i n g   d e s c r i p t i o n .  

The  J a p a n e s e   P a t e n t   KOKAI  No.  4 6 1 3 0 / 1 9 7 6   m a d e  

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

w h e r e i n   an  o r g a n i c   p l a s m a - p o l y m e r i z e d   f i l m   w i t h   t h i c k n e s s   o f  

3  m i c r o n s   -  0 . 0 0 1   m i c r o n s   was  f o r m e d   a t   t h e   s u r f a c e   by  a  

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

was   t o   make  b i p o l a r   c h a r g i n g   a p p l i c a b l e   to   a  p h o t o s e n s i t i v e  

m e m b e r   of   p o l y - n - v i n y l c a r b a z o l e ,   t o   w h i c h   o t h e r w i s e   o n l y  

p o s i t i v e   c h a r g i n g   had   b e e n   a p p l i c a b l e .   The  p l a s m a -  

p o l y m e r i z e d   f i l m   i s   p r o d u c e d   in   a  v e r y   t h i n   l a y e r   of  0 . 0 0 1  

m i c r o n s   -  3  m i c r o n s   and   u s e d   by  way  of   o v e r c o a t i n g .   T h e  

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

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

o f   an  e l e c t r i c   c h a r g e .   The  p u b l i c a t i o n   l a c k e d   a  d e s c r i p t i o n  

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

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

t h e   e s s e n t i a l   p r o b l e m s   of   a - S i   in   t h e   f o r e g o i n g   d e s c r i p t i o n .  

The  U n i t e d   S t a t e s   P a t e n t   P u b l i c a t i o n   USP  N o .  

3 , 9 5 6 , 5 2 5   made  p u b l i c   a  t e c h n i q u e   w h e r e b y   on  a  s u b s t r a t e   a  

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

and  t h e   l a m i n a t e   i s   o v e r l a i d   by  a  p o l y m e r   f i l m   0 . 1   m i c r o n  

-  1  m i c r o n   t h i c k   f o r m e d   by  a  t e c h n i q u e   of   g l o w   d i s c h a r g e .  

T h i s   f i l m   i s   d e s i g n e d   to   p r o t e c t   t h e   s u r f a c e   so  as  to   m a k e  

t h e   p h o t o s e n s i t i v e   m e m b e r s   r e s i s t a n t   to   wet   d e v e l o p i n g   a n d  

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

v e r y   t h i n   and   d o e s   n o t   need   an  a b i l i t y   to   t r a n s p o r t   a n  

e l e c t r i c   c h a r g e .   The  p u b l i c a t i o n   l a c k e d   a  d e s c r i p t i o n  

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

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

t h e   e s s e n t i a l   p r o b l e m s   of  a - S i   in   t h e   f o r e g o i n g   d e s c r i p t i o n .  

The  J a p a n e s e   P a t e n t   KOKAI  No.  6 3 5 4 1 / 1 9 8 5   m a d e  

p u b l i c   a  p h o t o s e n s i t i v e   member   w h e r e i n   an  a - S i   l a y e r   i s  

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

d i a m o n d   w i t h   a  t h i c k n e s s   of  200  a n g s t r o m   2  m i c r o n s .   T h e  

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

a d h e s i v i t y   of   t h e   a - S i   l a y e r   to   t h e   s u b s t r a t e .   The  p o l y m e r  

f i l m   can   be  made  v e r y   t h i n   and  an  e l e c t r i c   c h a r g e   p a s s e s  

w i t h i n   t h e   f i l m   by  a  t u n n e l   e f f e c t ,   t h e   f i l m   i t s e l f   n o t  

n e e d i n g   an  a b i l i t y   to  t r a n s p o r t   an  e l e c t r i c   c h a r g e .   T h e  

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

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

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

e s s e n t i a l   p r o b l e m s   of  a - S i   in  t h e   f o r e g o i n g   d e s c r i p t i o n .  

The  J a p a n e s e   P a t e n t   KOKAI  No.  2 8 1 6 1 / 1 9 8 4   m a d e  

p u b l i c   a  p h o t o s e n s i t i v e   member  w h e r e i n   on  a  s u b s t r a t e  

an  a - S i   f i l m   i s   l a i d   and  t h e r e u p o n   an  o r g a n i c   p l a s m a -  
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p o l y m e r i z e d   f i l m   i s   s u p e r i m p o s e d .   The  o r g a n i c  

p l a s m a - p o l y m e r i z e d   f i l m   i s '   u s e d   as   an  u n d e r c o a t ,   t h e  

i n s u l a t i o n   p r o p e r t y   t h e r e b y   b e i n g   u t i l i z e d ,   and   a l s o   has   t h e  

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

p r e v e n t i n g   t h e   s e p a r a t i o n   of  t h e   p h o t o s e n s i t i v e   c o a t .  

The  p o l y m e r   l a y e r   i s   v e r y   t h i n   ( e . g .   l e s s   t h a n   5 

m i c r o n   m e t e r ,   p r e f e r a b l y   l e s s   t h a n   1  m i c r o n   m e t e r ) .   Such   a  

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

s u r f a c e   p o t e n t i a l   ( r e s i d u a l   p o t e n t i a l )   e v e n   i f   i t   h a s  

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

p o t e n t i a l   i s   c o n t r o l l e d   a t   a  l o w e r   l e v e l   by  t h e   i n c r e a s e   o f  

t h e   e l e c t r i c   p o t e n t i a l   a t   an  u n d e r c o a t   l a y e r   by  r e p e a t e d   u s e  

and   t h e   e n l a r g e m e n t   of  p a s s   o f   c a r r i e r   t h e r e b y   ( t u n n e l  

e f f e c t )   .  T h e r e f o r e ,   t h i s   p o l y m e r   l a y e r   can   be  u s e d   as  a n  

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

l a y e r .  

F u r t h e r ,   t h i s   p r i o r   a r t   d o e s   n o t   r e f e r   to   c a r r i e r  

t r a n s p o r t a b i l i t y   due  to   an  a-C  l a y e r ,   and  i t   d o e s   n o t  

d i s s o l v e   t h e   e s s e n t i a l   p r o b l e m   c a u s e d   by  an  a - S i   a s  

a f o r e m e n t i o n e d   . 

The  J a p a n e s e   P a t e n t   KOKAI  No.  3 8 7 5 3 / 1 9 8 4   m a d e  

p u b l i c   a  t e c h n i q u e   w h e r e b y   an  o r g a n i c   p l a s m a   p o l y m e r i z e d  

t h i n   f i l m   w i t h   a  t h i c k n e s s   of  10  -  100  a n g s t r o m   i s   f o r m e d  

f r o m   a  m i x e d   gas   c o m p o s e d   of   o x y g e n ,   n i t r o g e n   and  a  

h y d r o c a r b o n ,   by  a  t e c h n i q u e   of   p l a s m a   p o l y m e r i z a t i o n   a n d  

t h e r e u p o n   an  a - S i   l a y e r   i s   f o r m e d .   S a i d   o r g a n i c  

p l a s m a - p o l y m e r i z e d   f i l m   i s   u s e d   as  an  u n d e r c o a t   u t i l i z i n g  
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t h e   i n s u l a t i o n   p r o p e r t y   of   t h e   p o l y m e r   and  a l s o   has   t h e  

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

p h o t o s e n s i t i v e   c o a t .   The  p o l y m e r   f i l m   can  be  made  v e r y   t h i n  

and  an  e l e c t r i c   c h a r g e   p a s s e s   w i t h i n   t h e   f i l m   by  a  t u n n e l  

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

an  e l e c t r i c   c h a r g e .   The  p u b l i c a t i o n   l a c k e d   a  d e s c r i p t i o n  

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

p l a s m a - p o l y m e r i z e d   f i l m   and  t h e   t o p i c   m a t t e r   f a i l e d   t o  

p r o v i d e   a  s o l u t i o n   to   t h e   e s s e n t i a l   p r o b l e m s   of  a - S i   in  t h e  

f o r e g o i n g   d e s c r i p t i o n .  

J a p a n e s e   P a t e n t   KOKAI  No.  1 4 8 3 2 6 / 8 1   d i s c l o s e s   a  

p r o d u c t i o n   of  a  p l a s m a - C V D   t h i n   l a y e r   c o m p r i s i n g   a  

p r e - d e c o m p o s i t i o n   of   gas   and  a  p r e - p o l y m e r i z a t i o n .   H o w e v e r ,  

Si  c o m p o u n d s   a r e   o n l y   e x e m p l i f i e d   in  t h e   E x a m p l e s .  

The  J a p a n e s e   P a t e n t   KOKAI  No.  1 3 6 7 4 2 / 1 9 8 4  

d e s c r i b e d   a  s e m i c o n d u c t o r   d e v i c e   w h e r e i n   on  a  s u b s t r a t e   a n  

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

a p p r o x i m a t e l y   5  m i c r o n s   was  f o r m e d   and  t h e r e o n   a  s i l i c o n  

l a y e r   was  s u p e r i m p o s e d .   S a i d   o r g a n i c   p l a s m a - p o l y m e r i z e d  

l a y e r   was  d e s i g n e d   to   p r e v e n t   t h e   a l u m i n u m ,   t h e   m a t e r i a l  

f o r m i n g   t h e   s u b s t r a t e ,   f r om  d i f f u s i n g   i n t o   t he   a - S i ,   b u t   t h e  

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

f a b r i c a t i o n ,   i t s   q u a l i t y ,   e t c .   The  p u b l i c a t i o n   a l s o   l a c k e d  

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

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

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

a - S i   in  t h e   f o r e g o i n g   d e s c r i p t i o n .  
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The  J a p a n e s e   P a t e n t   KOKAI  Wo.  6 0 4 4 7 / 1 9 8 1   m a d e  

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

by  p l a s m a   p o l y m e r i z a t i o n .   The  p u b l i c a t i o n   l a c k e d  

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

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

d e a l t   w i t h   s a i d   l a y e r   as  a  c h a r g e   g e n e r a t i n g   l a y e r   o r   a  

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

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

t o   p r o v i d e   a  s o l u t i o n   to   t h e   e s s e n t i a l   p r o b l e m s   of   a - S i   i n  

t h e   f o r e g o i n g   d e s c r i p t i o n .  

J a p a n e s e   P a t e n t   KOKAI  No.  1 2 0 5 2 7 / 7 8   d i s c l o s e s   a  

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

p o l y m e r i z a t i o n   of   h y d r o c a r b o n   and  h a l o g e n i z e d   h y d r o g e n .  

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

c r o s s - l i n k a g e   u s i n g   an  e l e c t r o n - r a y .   X - r a y ,   X - r a y   o r   a - r a y ,  

w h i c h   i s   n o t   a p p l i e d   to   an  e l e c t r o p h o t o s e n s i t i v e   m e m b e r .  

As  a f o r e m e n t i o n e d   in   t h e   f i e l d   of  p h o t o s e n s i t i v e  

m e m b e r   t h e   a-C  l a y e r   has   b e e n   u s e d   f o r   an  u n d e r c o a t   l a y e r   o r  

an  o v e r c o a t   l a y e r ,   w h i c h   d o e s   n o t   n e e d   a  c a r r i e r  

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

o r g a n i c   p o l y m e r   f i l m   is   an  i n s u l a t o r .   T h e r e f o r e ,   t h e   f i l m  

i s   o n l y   u s e d   as   a  t h i n   f i l m   a t   m o s t   5  m i c r o n   m e t e r   or   s o ,  

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

e f f e c t .   W h e r e   t h e   t u n n e l   e f f e c t   c a n n o t   be  e x p e c t e d ,   t h e  

f i l m   c an   be  u s e d   o n l y   a t   s u c h   a  t h i n   t h i c k n e s s   t h a t   a  

r e s i d u a l   p o t e n t i a l   i s   p r a c t i c a l l y   n e g l i g i b l e .  
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SUMMARY  OF  THE  INVENTION 

The  p r i m a r y   o b j e c t   of  t h i s   i n v e n t i o n   i s   to   p r o v i d e  

a  p h o t o s e n s i t i v e   member   w h i c h   i s   f r e e   f rom  t h e   a b o v e -  

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

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

f o r m a t i o n   of  s a t i s f a c t o r y   i m a g e s .  

A n o t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   to   p r o v i d e   a  

p h o t o s e n s i t i v e   member   w h i c h   i s   c a p a b l e   of  a s s u m i n g   a  

s u f f i c i e n t   s u r f a c e   p o t e n t i a l   e v e n   when  t h e   t h i c k n e s s   of   t h e  

l a y e r   i s   s m a l l .  

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to  p r o v i d e   a  

p h o t o s e n s i t i v e   member   w h i c h   can   be  f a b r i c a t e d   a t   low  c o s t  

and   in   a  s h o r t   t i m e .  

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to  p r o v i d e   a  

p h o t o s e n s i t i v e   member   w h i c h   has   an  a m o r p h o u s   c a r b o n   l a y e r  

( r e f e r r e d   to  as  an  a-C  l a y e r   h e r e i n a f t e r )   w h i c h   i s   good   i n  

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

and  in   s t i f f n e s s .  

T h e s e   o b j e c t s   and  o t h e r   r e l a t e d   o b j e c t s   can   b e  

a c c o m p l i s h e d   by  p r o v i d i n g   a  p h o t o s e n s i t i v e   member   w h i c h  

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

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

a m o r p h o u s   c a r b o n   c o n t a i n i n g   h y d r o g e n ,   in  w h i c h   the   s a t u r a t e d  

c a r b o n   and  u n s a t u r a t e d   c a r b o n   e x i s t   in  a  s p e c i f i c   r a t i o .  

BRIEF  DESCRIPTION  OF  THE  DRAV7INGS 
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F i g s .   1  t h r o u g h   12  i l l u s t r a t e   p h o t o s e n s i t i v e  

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

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

F i g s .   13  and   14  i l l u s t r a t e   e x a m p l e s   of   e q u i p m e n t  

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

i n v e n t i o n   . 

F i g .   15  s h o w s   a  s c h e m a t i c   v i e w   of  a  t e s t e r   f o r   t h e  

e v a l u a t i o n   of   a  p h o t o s e n s i t i v e   m e m b e r .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  f i r s t   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  p h o t o s e n s i t i v e   m e m b e r   c o m p r i s i n g :  

an  e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e ;  

a  c h a r g e   g e n e r a t i n g   l a y e r ;   a n d  

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

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

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

i n   w h i c h   t h e   r a t i o   of   t h e   n u m b e r   of  u n s a t u r a t e d   c a r b o n   ( n ^  

to   t h e   n u m b e r   of   s a t u r a t e d   c a r b o n   (n.,)  i s   f rom  1  :  20  to   1  : 

0 . 5 .  

The  s e c o n d   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  p h o t o s e n s i t i v e   m e m b e r   c o m p r i s i n g :  

an  e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e ;  

a  c h a r g e   g e n e r a t i n g   l a y e r ;   a n d  

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

of   an  a m o r p h o u s   c a r b o n   l a y e r   c o n t a i n i n g   h y d r o g e n ,   in  w h i c h  

t h e   r a t i o   of   t h e   n u m b e r   of   u n s a t u r a t e d   c a r b o n   (n3)  b o n d i n g  
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w i t h   h y d r o g e n   to   t h e   n u m b e r   of   u n s a t u r a t e d   c a r b o n   n o t  

b o n d i n g ,   w i t h   h y d r o g e n   (n . )   i s   f r o m   1  :  4  to   1  :  0 . 2 .  

The  t h i r d   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  p h o t o s e n s i t i v e   member   c o m p r i s i n g :  

an  e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e ;  

a  c h a r g e   g e n e r a t i n g   l a y e r ;   a n d  

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

of   an  a m o r p h o u s   c a r b o n   l a y e r   c o n t a i n i n g   h y d r o g e n ,   in   w h i c h  

t h e   r a t i o   of   t h e   n u m b e r   of   s a t u r a t e d   c a r b o n   b o n d i n g   w i t h  

h y d r o g e n   (n,.)  t o   t h e   n u m b e r   of   s a t u r a t e d   c a r b o n   n o t   b o n d i n g  

w i t h   h y d r o g e n   ( n , )   i s   f rom  1  :  0 . 5   to   1 . :   0 . 1 4 .  

A  p h o t o s e n s i t i v e   member   a c c o r d i n g   to   t h e   p r e s e n t  

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

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

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

a m o r p h o u s   c a r b o n   l a y e r   (a-C  l a y e r )   c o n t a i n i n g   h y d r o g e n .   T h e  

h y d r o g e n   c o n t e n t   of  t h e   a-C  l a y e r   i s   20  -  67  a t o m i c   %, 

p r e f e r a b l y   4 0 - 6 7   a t o m i c   %,  m o s t   p r e f e r a b l y   45  -  65  a t o m i c  

%.  I f   t h e   h y d r o g e n   c o n t e n t   i s   l e s s   t h a n   20  a t o m i c   %,  a  

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

b e i n g   more  t h a n   67  a t o m i c   %,  t h e   p r o p e r t i e s   and  p r o d u c t i v i t y  

of   t h e   a-C  l a y e r   l o w e r .  

The  a-C  l a y e r   of  t h e   p r e s e n t   i n v e n t i o n   c o n t a i n s  

c a r b o n   a t oms   h a v i n g   v a r i o u s   k i n d s   of   bond  such   as  a  s i n g l e  

bond   ( f r e e   r a d i c a l )   ,  d o u b l e   bond   or   t r i p l e   b o n d ,   and  some  o f  

t hem  a r e   b o n d e d   w i t h   h y d r o g e n   and  o t h e r s   a r e   n o t   b o n d e d   w i t h  

h y d r o g e n .  
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I t   i s   p o s s i b l e   t o   d e t e r m i n e   w h e t h e r   t h e   c a r b o n  

a t o m s   in   t h e   a -C   l a y e r   h a v e   u n s a t u r a t e d   b o n d s   or   n o t ,   a n d  

t h e   n u m b e r   t h e r e o f   by  an  IR  s p e c t r u m   a n a l y s i s ,   n u c l e a r  

m a g n e t i c   r e s o n a n c e   by  p r o t o n   ( V n m R )   or  n u c l e a r   m a g n e t i c  

r e s o n a n c e   by  13C  (13C-NMR)  or   c o m b i n a t i o n   t h e r e o f .  

In   t h e   p r e s e n t   i n v e n t i o n   an  u n s a t u r a t e d   b o n d   m e a n s  

a  d o u b l e   b o n d   o f   c a r b o n - c a r b o n   (C=C)  a n d / o r   a  t r i p l e   b o n d  

(C=)  of   c a r b o n - c a r b o n .  

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

t h e   r a t i o   o f   t h e   n u m b e r   of   u n s a t u r a t e d   c a r b o n   ( n ^   to   t h e  

n u m b e r   o f   s a t u r a t e d   c a r b o n   (n2>  i s   f rom  1  :  20  to   1  :  0  .  5  i n  

t h e   a-C  l a y e r .   The  u n s a t u r a t e d   b o n d s   i n c l u d e   d o u b l e   b o n d  

a n d / o r   t r i p l e   b o n d .   When  t h e   a-C  l a y e r   i s   u s e d   f o r   a  c h a r g e  

t r a n s p o r t i n g   l a y e r ,   a s s u m i n g   ^   i s   1,  n2  i s   p r e f e r a b l y   f r o m  

20  to   0 . 5   as  a f o r e m e n t i o n e d ,   more   p r e f e r a b l y   f r o m   10  to   1 . 0 ,  

m o s t   p r e f e r a b l y   f r o m   5  t o   1  .  5  .  I f   n2  i s   more   t h a n   20  ( a t   n ±  

b e i n g   1 ) ,   t h e   a-C  l a y e r   i s   an  i n s u l a t o r ,   w h i c h   c a n n o t   b e  

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

p h o t o s e n s i t i v e   m e m b e r   h a v i n g   s u c h   an  a-C  l a y e r   as  a  c h a r g e  

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

c h a r g e )   i s   n o t   r e d u c e d   e v e n   by  t h e   i r r a d i a t i o n   of  l i g h t ,   s o  

t h a t   t h e   p h o t o s e n s i t i v e   member   i s   c h a r g e d   up  i m m e d i a t e l y   b y  

r e p e a t e d - u s e .   When  n2  i s   l e s s   t h a n   0 .5   ( ^   b e i n g   1 ) ,   t h a t  

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

p h o t o s e n s i t i v e   m e m b e r   h a v i n g   s u c h   an  a-C  l a y e r   b e c o m e s   s o  

w o r s e   in  t h e   c h a r g e a b i l i t y   t h a t   i t   c a n n o t   f u n c t i o n   as  a  
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p h o t o s e n s i t i v e   m e m b e r .   In  a d d i t i o n ,   t h o u g h   a  p h o t o - c a r r i e r  

g e n e r a t e d   in   a  c h a r g e   g e n e r a t i n g   l a y e r   m o v e s   to   ' t h e   a - C  

l a y e r ,   t h e   c a r r i e r   i s   t r a p p e d   in   t h e   b u l k   of   a-C  l a y e r   b y  

t h e   r e p e a t e d   u s e ,   b e c a u s e   t h e   e x c e s s   d o u b l e   b o n d s   a c t   as  a  

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

i n c r e a s e s   and  s e n s i t i v i t y   d e c r e a s e s   t h e r e w i t h .   In  t h e   c a s e  

t h a t   t h e   n2  i s   s m a l l e r   t h a n   t h a t ,   t h e   a-C  l a y e r   b e c o m e s   m o r e  

l i k e   s o f t   and  o i l y   f i l m ,   "  
so  t h a t   i t   c a n n o t   be  u s e d   f o r   a  

p h o t o s e n s i t i v e   m e m b e r .   In  g e n e r a l ,   when  t h e   v a l u e   of  n  i s  

more   t h a n   0 .5   (as   n1  i s   1 ) ,   t h e   s p e c i f i c   r e s i s t a n c e   b e c o m e s  

more   t h a n   a b o u t   10  ohms ,   cm,  and  t h e   m o b i l i t y   of   t h e  

c a r r i e r   i n c r e a s e s   to   a b o u t   10~7  cm2/   (V.  s e c . )   or  more   to   g i v e  

an  e x c e l l e n t   c h a r g e   t r a n s p o r t a b i l i t y .  

In   t h e   s e c o n d   e m b o d i m e n t   of   t h e   p r e s e n t  

p h o t o s e n s i t i v e   m e m b e r ,   t h e   r a t i o   of  t h e   n u m b e r   o f  

u n s a t u r a t e d   c a r b o n   a t o m s   b o n d i n g   w i t h   h y d r o g e n   a t o m s   (n  )  t o  

t h e   n u m b e r   of  u n s a t u r a t e d   c a r b o n   a t o m s   n o t   b o n d i n g   w i t h  

h y d r o g e n   a t o m s   (n4)  i s   1  :  4  to   1  :  0 . 2 .   The  a-C  l a y e r   i s  

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

a s s u m i n g   n^  i s   3.,  n4  i s   f r o m   4  to   0 . 2 ,   p r e f e r a b l y   f r o m   2  t o  

0 . 5 ,   and  m o s t   p r e f e r a b l y   f rom  1 . 2 5   to   0 . 8 8 .   I f   t h e   n  i s  4 
more   t h a n   4,  t h o u g h   t h e   c h a r g e a b i l i t y   i n c r e a s e s ,   t h e  

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

p r o p e r t i e s   due  t o   t h e   r e d u c t i o n   of  p h o t o s e n s i t i v i t y   .  I f   t h e  

n4  i s   l e s s   t h a n   0 . 2 ,   t h e   c h a r g e a b i l i t y   of  t h e   p h o t o s e n s i t i v e  

member   r e d u c e d ,   so  t h a t   t h e   p h o t o s e n s i t i v i t y   is   a l m o s t   l o s t .  

I f   t h e   r a t i o   of   n3  :  n4  i s   c o n t r o l l e d   w i t h i n   1  :  4  to   1  : 
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0 . 2   t h e   s p e c i f i c   r e s i s t a n c e   of   a -C  l a y e r   b e c o m e s   more   t h a n  

a b o u t   1011   ohms .   cm,  and   t h e   m o b i l i t y   of  t h e   c a r r i e r  

i n c r e a s e s   t o   a b o u t   10~7  cm2/   (V.  s e c . )   or   more   to   g i v e   a n  

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

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

in   a  s a t u r a t e d   c a r b o n   of   an  a -C  l a y e r ,   t h e   r a t i o   of  t h e  

n u m b e r   o f   c a r b o n   a t o m s   b o n d i n g   w i t h   h y d r o g e n   (n5)  to   t h e  

n u m b e r   o f   c a r b o n   a t o m s   n o t   b o n d i n g   w i t h   h y d r o g e n   (ng)  i s   1  : 

0 . 5   t o   1  :  0 . 1 4 ,   w h e r e i n   t h e   s a t u r a t e d   c a r b o n   i n c l u d e   n e o -  

c a r b o n   r a d i c a l   ( " n e o - c a r b o n   r a d i c a l "   m e a n s   a  c a r b o n   a t o m  

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

r a d i c a l   o r   m e t h y l   r a d i c a l .   The  a-C  l a y e r   i s   s u i t a b l e   as  a  

p h o t o s e n s i t i v e   member   i n   c a s e   t h a t ,   when   a s s u m i n g   n5  i s   1 ,  

n  i s   0 . 1 4   to   0 . 5 ,   more   p r e f e r a b l y   0 . 1 7   to   0 . 4 ,   and  m o s t  
6 

p r e f e r a b l y   0 . 2   to   0 . 3 .   I f   t h e   ng  i s   l e s s   t h a n   0 . 1 4   t h e   a - C  

l a y e r   b e c o m e s   a  h i g h   e l e c t r o r e s i s t i b l e   l a y e r   c o n t a i n i n g  

m e t h i n e   r a d i c a l ,   m e t h y l e n e   r a d i c a l   or   m e t h y l   r a d i c a l   in   a  

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

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

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

h a r d l y   s h o w s   p h o t o s e n s i t i v i t y   so  as  t o   become   w o r s e   in  a  

c a r r i e r   i n j e c t i o n   and  a  t r a n s p o r t a b i l i t y .   On  t h e   o t h e r  

h a n d ,   i f   t h e   nfi  i s   l a r g e r   t h a n   0 . 5 ,   n e o - c a r b o n   r a d i c a l  

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

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

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

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

a  
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i s   i n c r e a s e d   or   a  b a r r i e r   i s   p r o v i d e d   to   f o r c i b l y   g i v e   a  

c h a r g i n g   p o t e n t i a l ,   t h e   i n j e c t i o n   of  t h e   c h a r g e   a n d  

t r a n s p o r t a b i l i t y   l o w e r ,   and  so  a  p h o t o s e n s i t i v e   m e m b e r  

e x h i b i t s   p o o r   s e n s i t i v i t y .   In  g e n e r a l ,   when  t h e   v a l u e   of  n  6 
i s   more   t h a n   0 . 1 4   (as   n5  i s   1 ) ,   t h e   s p e c i f i c   r e s i s t a n c e  

b e c o m e s   more   t h a n   a b o u t   10  ohms .   cm,  and  t h e   m o b i l i t y   o f  

t h e   c a r r i e r   i n c r e a s e s   to   a b o u t   10"7   cm2/  (V.  s e c . )   or  more   t o  

g i v e   an  e x c e l l e n t   c h a r g e   t r a n s p o r t a b i l i t y .  

The  n u m b e r   of   the"   w h o l e   c a r b o n   a t o m s   in  t h e   a - C  

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

o f   an  e l e m e n t   a n a l y s i s   and  a  s p e c i f i c   g r a v i t y   t h e r e o f .  

G i v e n   CxHy  (x  +  y  =  1)  as  t h e   r a t i o   of   C  to  H  in   t h e  

a n a l y s i s ,   and  W  (g / cm  )  as  t h e   s p e c i f i c   g r a v i t y   of  t h e   a - C  

l a y e r ,   t h e   n u m b e r   of  t h e   w h o l e   c a r b o n   a t o m s   in   1  cm3  of  t h e  

a-C  l a y e r   (Cc)  can  be  c a l c u l a t e d   f r o m   t h e   f o l l o w i n g  

e q u a t i o n :  

Cc  =  M *   ( p e r / c m 3 )   ( I )  
12x  +  y  

w h e r e i n   Cc  i s   t h e   n u m b e r   of  t h e   w h o l e   c a r b o n   a t o m s ,   W  i s   a  

s p e c i f i c   g r a v i t y ,   x  and  y  a r e   a n a l y t i c a l   d a t a   of   c a r b o n   a n d  

h y d r o g e n   r e s p e c t i v e l y ,   and  A  is   A v o g a d r o ' s   n u m b e r   ( p e r / m o l )   . 

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

t h e   n u m b e r   of   t h e   w h o l e   c a r b o n   a t o m s   means   t h e   t o t a l   of  t h e  

n u m b e r   of  t h e   u n s a t u r a t e d   c a r b o n   and  t h e   n u m b e r   of  t h e  

s a t u r a t e d   c a r b o n   a t o m s .  



0 2 4 1 0 3 3  
-  16  -  ■ ■ . • ■ • :   ■..'. 

I n   t h e   s e c o n d   e m b o d i m e n t   an  a -C   l a y e r   h a v i n g   t h e  

n u m b e r   o f   s a t u r a t e d   c a r b o n   a t o m s   o f   40  t o   90  %  b a s e d   on  t h e  

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

In   t h e   t h i r d   e m b o d i m e n t   an  a-C  l a y e r   h a v i n g   t h e  

n u m b e r   o f   u n s a t u r a t e d   c a r b o n   a t o m s   of   5  t o   50  %  b a s e d   on  t h e  

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

The   t h i c k n e s s   s u i t a b l e   f o r   an  a -C  l a y e r   r a n g e s  

5 - 5 0   m i c r o n s ,   t h e   p r e f e r a b l e   r a n g e   b e i n g   7 - 3 0   m i c r o n s .   T h e  

s u r f a c e   p o t e n t i a l   b e c o m e s   l o w e r   and   t h e   i m a g e s   can   n o t   b e  

c o p i e d   i n   a  s u f f i c i e n t   d e n s i t y   i f   t h e   t h i c k n e s s   i s   b e l o w   5 

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

t h i c k n e s s   e x c e e d s   50  m i c r o n s .   An  a-C  l a y e r   e x h i b i t s   g o o d  

t r a n s p a r e n c y   and   a  r e l a t i v e l y   h i g h   d a r k   r e s i s t a n c e ,   and  h a s  

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

l a y e r   t h i c k n e s s   e x c e e d s   5  m i c r o n s   as  d e s c r i b e d   a b o v e ,   i t  

t r a n s p o r t s   t h e   c a r r i e r   w i t h o u t   c a u s i n g   a  c h a r g e   t r a p .  

O r g a n i c   c o m p o u n d s   f o r   t h e   p r o d u c t i o n   of  a-C  l a y e r  

may  n o t   be  a l w a y s   g a s ,   b u t   may  be  l i q u i d   or   s o l i d   m a t e r i a l s  

p r o v i d i n g   t h a t   t h e   m a t e r i a l s   can   be  v a p o r i z e d   t h r o u g h  

m e l t i n g ,   v a p o r i z a t i o n ,   s u b l i m a t i o n ,   or   t h e   l i k e   when  h e a t e d  

or   v a c u u m e d   . 

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

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

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

a l i c y c l i c   h y d r o c a r b o n s ,   a r o m a t i c   h y d r o c a r b o n s ,   e t c .   T h e  

m i x t u r e   t h e r e o f   may  be  u s e d .   F u r t h e r ,   t h e s e   h y d r o c a r b o n s   c a n  

be  m i x e d .  
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.  E x a m p l e s   o f   t h e   m e t h a n e   s e r i e s   h y d r o c a r b o n s  

a p p l i c a b l e   in  t h i s   r e s p e c t   a r e :  

n o r m a l - p a r a f f i n s   m e t h a n e ,   e t h a n e ,   p r o p a n e ,  

b u t a n e ,   p e n t a r . e ,   h e x a n e ,   h e p t a n e ,   o c t a n e ,   n o n a n e ,   d e c a n e ,  

u n d e c a n e ,   d o d e c a n e ,   t r i d e c a n e ,   t e t r a d e c a n e ,   p e n t a d e c a n e ,  

h e x a d e c a n e ,   h e p t a d e c a n e ,   o c t a d e c a n e ,   n o n a d e c a n e ,   e i c o s a n e ,  

h e n e i c o s a n e ,   d o c o s a n e ,   t r i c o s a n e ,   t e t r a c o s a n e ,   p e n t a c o s a n e ,  

h e x a c o s a n e ,   h e p t a c o s a n e ,   o c t a c o s a n e ,   n o n a c o s a n e ,  

t r i a c o n t a n e ,   d o t r i a c o n t a n e ,   p e n t a t r i a c o n t a n e ,   e t c . ;   a n d  

i s o p a r a f f i n s   i s o b u t a n e ,   i s o p e n t a n e ,  

n e o p e n t a n e ,   i s o h e x a n e ,   n e o h e x a n e ,   2 , 3 - d i m e t h y l b u t a n e ,  

2 - m e t h y l h e x a n e ,   3 - e t h y l p e n t a n e ,   2,  2 - d i m e t h y l p e n t a n e ,  

2 , 4 - d i m e t h y l p e n t a n e ,   3  , 3 - d i m e t h y l p e n t a n e ,   t r i p t a n e   , 

2 - m e t h y l h e p t a n e ,   3 - m e t h y l h e p t a n e ,   2 , 2 - d i m e t h y l h e x a n e ,  

2 , 2 ,   5 - d i m e t h y l h e x a n e   ,  2 , 2 ,   3 - t r i m e t h y l p e n t a n e   , 

2 , 2 ,   4 - t r i m e t h y l p e n t a n e   ,  2 ,3   ,  3 - t r i m e t h y l p e n t a n e   , 

2,  3,  4 - t r i m e t h y l p e n t a n e ,   i s o n o n a n e ,   e t c .  

E x a m p l e s   of   t h e   e t h y l e n e   s e r i e s   h y d r o c a r b o n s  

a p p l i c a b l e   in  t h i s   r e s p e c t   a r e :  

o l e f i n s   e t h y l e n e ,   p r o p y l e n e ,   i s o b u t y l e n e ,  

1 - b u t e n e ,   2 - b u t e n e ,   1 - p e n t e n e ,   2 - p e n t e n e ,  

2 - m e t h y l - l - b u t e n e ,   3 - m e t h y l - l - b u t e n e ,   2 - m e t h y l - 2 - b u t e n e   , 

1 - h e x e n e ,   t e t r a m e t h y l e t h y l e n e ,   1 - h e p t e n e ,   1 - o c t e n e ,  

1 - n o n e n e ,   1 - d e c e n e ,   e t c . ;  

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

p e n t a d i e n e ,   h e x a d i e n e ,   c y c l o p e n t a d i e n e ,   e t c . ;   a n d  
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t r i o l e f i n s   o c i m e n e ,   a l l o - o c i m e n e ,   m y r c e n e ,  

h e x a t r i e n e ,   e t c .  

E x a m p l e s   of   t h e   a c e t y l e n e   s e r i e s   h y d r o c a r b o n s  

a p p l i c a b l e   in   t h i s   r e s p e c t   a r e :  

a c e t y l e n e ,   m e t h y l a c e t y l e n e ,   1 - b u t y n e ,   2 - b u t y n e ,  

1 - p e n t y n e ,   1 - h e x y n e ,   1 - h e p t y n e ,   1 - o c t y n e ,   1 - n o n y n e ,   a n d  

1 - d e c y n e .  

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

in   t h i s   r e s p e c t   a r e :  

c y c l e - p a r a f f i n s   c y c l o p r o p a n e ,   c y c l o b u t a n e ,  

c y c l o p e n t a n e ,   c y c l o h e x a n e ,   c y c l o h e p t a n e ,   c y c l o o c t a n e ,  

c y c l o n o n a n e ,   c y c l o d e c a n e ,   c y c l o u n d e c a n e ,   c y c l o d o d e c a n e ,  

c y c l o t r i d e c a n e   ,  c y c l o t e t r a d e c a n e ,   c y c l o p e n t a d e c a n e ,  

c y c l o h e x a d e c a n e   ,  e t c . ;  

c y c l o o l e f i n s   c y c l o p r o p e n e ,   c y c l o b u t e n e ,  

c y c l o p e n t e n e ,   c y c l o h e x e n e ,   c y c l o h e p t e n e ,   c y c l o o c t e n e ,  

c y c l o n o n e n e ,   c y c l o d e c e n e ,   e t c . ;  

t e r p e n e s   l i m o n e n e ,   t e r p i n o l e n e ,   p h e l l a n d r e n e   , 

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

f e n c h e n e ,   c y c l o f e n c h e n e ,   t r i c y c l e n e ,   b i s a b o l e n e ,  

z i n g i b e r e n e ,   c u r c u m e n e ,   h u m u l e n e ,   c a d i n e - s e s q u i b e n i h e n ,  

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

p h y l l o c l a d e n e ,   p o d o c a r p r e n e ,   m i r e n e ,   e t c . ;   and  s t e r o i d s .  

E x a m p l e s   of   t h e   a r o m a t i c   h y d r o c a r b o n s   a p p l i c a b l e  

in  t h i s   r e s p e c t   a r e :  

b e n z e n e ,   t o l u e n e ,   x y l e n e ,   h e m i m e l l i t e n e ,  

p s e u d o c u m e n e ,   m e s i t y l e n e ,   p r e h n i t e n e ,   i s o d u r e n e ,   d u r e n e ,  
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p e n t a m e t h y l   b e n z e n e ,   h e x a m e t h y l   b e n z e n e ,   e t h y l b e n z e n e ,  

p r o p y l   b e n z e n e ,   c u m e n e ,   s t y r e n e ,   b i p h e n y l ,   t e r p h e n y l ,  

d i p h e n y l m e t h a n e   ,  t r i p h e n y l m e t h a n e ,   d i b e n z y l ,   s t i l b e n e ,  

i n d e n e ,   n a p h t h a l e n e ,   t e t r a l i n ,   a n t h r a c e n e ,   and  p h e n a n t h r e n e .  

When  t h e   a-C  l a y e r   i s   f o r m e d   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n ,   two  k i n d s   of   t h e   a b o v e   o r g a n i c   c o m p o u n d s  

or   m o r e   may  be  c o - u s e d   as  a  m i x t u r e .   V a r i o u s   k i n d s   o f  

c o p o l y m e r   ( b l o c k   c o p o l y m e r ,   g r a f t   c o p o l y m e r   and  so  on)  a r e  

p r o d u c e d   in   t h e   a-C  l a y e r   so  as  to   i m p r o v e   t h e   h a r d n e s s   a n d  

a d h e s i v e   p r o p e r t y .   I f   an  a l k a n e   h y d r o c a r b o n   (C  H  ̂ „)  i s  
n  Z n + 2  

u s e d ,   i - C   l a y e r ,   w h i c h   has   a  V i c k e r s   h a r d n e s s   o f   n o t   l e s s  

t h a n   2 0 0 0 ,   i . e .   d i a m o n d   l i k e   s u p p e r   h a r d n e s s ,   and  a n  
9 e l e c t r i c   r e s i s t a n c e   of  10  ohm.  cm  can   be  o b t a i n e d .   H o w e v e r ,  

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

p r e s s u r e   and  h i g h   p o w e r   m u s t   be  e m p l o y e d   w i t h   t h e  

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

As  a  c a r r i e r   g a s ,   i n e r t   gas   s u c h   as  H  ,  Ar,  N,  He 

and  t h e   l i k e   i s   s u i t a b l e .  

In  o r d e r   to   p r o d u c e   t h e   a-C  l a y e r   of   t h e   p r e s e n t  

i n v e n t i o n   v a r i o u s   k i n d s   of  p l a s m a   m e t h o d   s u c h   as  d i r e c t  

c u r r e n t ,   h i g h   f r e q u e n c y ,   low  f r e q u e n c y   or  m i c r o   wave  p l a s m a  

m e t h o d   a r e   a p p l i c a b l e .   As  s t a t e d   h e r e i n a f t e r   t h e  

c o m b i n a t i o n   of  an  e l e c t r o m a g n e t i c   wave  ( X - r a y ,   l a s e r   l i g h t  

e t c . )   w i t h   t h e   p l a s m a   m e t h o d   i s   a l s o   a p p l i c a b l e .   A c c o r d i n g  

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

d i f f e r e n t   in   p r o p e r t i e s   can   be  o b t a i n e d   f rom  t h e   s a m e  

m o n o m e r .   Fo r   i n s t a n c e ,   u s i n g   low  f r e q u e n c y   p l a s m a   m e t h o d  
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( f r e q u e n c y   i s   f r o m   t e n s   Hz  to   h u n d r e d s   KHz)  ,  a-C  l a y e r  

h a v i n g   a  h i g h   h a r d n e s s   c an   be  o b t a i n e d .  

In  t h e   c a s e   t h a t   t h e   c h a r g e   g e n e r a t i n g   l a y e r   i s  

f o r m e d   by  t h e   h i g h   f r e q u e n c y   p l a s m a   or   P-CVD,  a-C  l a y e r   i s  

p r e f e r a b l y   f o r m e d   by  a  m e t h o d   s i m i l a r   to   t h e   a b o v e   in  t h e  

a s p e c t   o f   d e v i c e   c o s t   and   p r o c e s s   s a v i n g .  

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

m e m b e r   a c c o r d i n g   t o   t h e   i n v e n t i o n   i s   n o t   r e s t r i c t e d   to   a n y  

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

e x a m p l e ,   a m o r p h o u s   s i l i c o n   ( a - S i )   ( w h i c h   may  c o n t a i n   h e t e r o  

e l e m e n t s ,   e . g . ,   H,  C,  0,   S,  N,  P,  B,  a  h a l o g e n ,   and  Ge  t o  

c h a n g e   t h e   p r o p e r t y ,   and   a l s o   may  be  a  m u l t i l a y e r )   ,  S e ,  

S e - A s ,   S e - T e ,   CdS  ,  or  a  r e s i n   c o n t a i n i n g   i n o r g a n i c  

s u b s t a n c e s   s u c h   as  a  c o p p e r   p h t h a l o c y a n i n e   and  z i n c   o x i d e  

a n d / o r   o r g a n i c   s u b s t a n c e s   s u c h   as  a  b i s a z o   p i g m e n t ,  

t r i a l l y l m e t h a n e   d y e ,   t h i a z i n e   d y e ,   o x a z i n e   d y e ,   x a n t h e n e  

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

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

p i g m e n t ,   p o l y c y c l i c   q u i n o n e   p i g m e n t ,   b i s - b e n z i m i d a z o l e  

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

p h t h l o c y a n i n e   p i g m e n t .  

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

may  be  u s e d   as  a  c h a r g e   g e n e r a t i n g   m a t e r i a l .   T h e  

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

i n o n o c h l o r o a l u m i n u m   m o n o c h l o r o p h t h a l o c y a n i n e   ( A l C l P c   (Cl)  )  , 

t i t a n i l   p h t h a l o c y a n i n e   (T iOPc)   ,  m e t a l   f r e e   p h t h a l o c y a n i n e  

(H  Pc)  ,  a l u m i n u m   m o n o c h l o r o p h t h a l o c y a n i n e   ( A l C l P c )   ,  z i n c  
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p h t h a l o c y a n i n e   (ZnPc)   ,.  m a g n e s i u m   p h t h a l o c y a n i n e   •  (MgPc)  a n d  

t h e   l i k e .  

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

m a t e r i a l s   may  i n c l u d e   Al  0  ,  CaO,  CeO,  C e 0 o ,   CdO,  C r « O _ ,  

CuO,  Cu2O,  F e 2 O 3 ,   I n 2 O 3 ,   MgO,  MnO2  ,  Mo03,  KiO,  PbO,  S i O ,  

S i O 2 ,   SnO2,   Ta2O5 ,   T iO,   TiO2  ,  T i ^ ,   WO3  ,  ^ 2 ° 3 '   Zn0  '  Zr02  '  

ZnS,  CdS,  C d S e ,   CdTe,   PbS  ,  ZnSe ,   MgF2  and  t h e   l i k e .  

In   o r d e r   to   a c h i e v e   t h e   o b j e c t s   of   t h e   p r e s e n t  

i n v e n t i o n   more   e f f e c t i v e l y ,   A l C l P c ( C l ) ,   T iOPc   or   H_Pc  as  a  

p h t h a l o c y a n i n e   p i g m e n t s ,   and  ZnS,  A12O3  or   SiO  as  a n  

i n o r g a n i c   c o m p o u n d   may  be  u s e d   in  c o m b i n a t i o n .   E x a m p l e s   o f  

t h e   m o s t   p r e f e r a b l e   c o m b i n a t i o n s   a r e   A l C l P c ( C l )   w i t h   Z n S ,  

and  T iOPc   w i t h   Z n S .  

B e s i d e s   t h e   e x a m p l e s   m e n t i o n e d   a b o v e ,   t h e   c h a r g e  

g e n e r a t i n g   l a y e r   may  be  of  any  m a t e r i a l   t h a t   i s   c a p a b l e   o f  

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

h i g h   e f f i c i e n c y .  

The  c h a r g e   g e n e r a t i n g   l a y e r   may  be  p r o d u c e d   by  a  

c o n v e n t i o n a l   m e t h o d ,   f o r   e x a m p l e ,   a  m e t h o d   of  c o a t i n g   a  

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

m a t e r i a l s ,   p l a s m a   m e t h o d   and  t h e   l i k e .   I f   t h e   c h a r g e  

t r a n s p o r t i n g   l a y e r   i s   f o r m e d   by  the   p l a s m a   m e t h o d ,   i t   i s  

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

p l a s m a   m e t h o d   b e c a u s e   of  t h e   d e v i c e   c o s t   and  t h e   p r o c e s s  

s a v i n g .   In  t h e   c a s e   t h a t   t h e   c h a r g e   g e n e r a t i n g   l a y e r   i s  

p r o d u c e d   by  a  c o n v e n t i o n a l   m e t h o d ,   i t   i s   p r e f e r a b l e   to  u s e  

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

p l a s m a   p o l y m e r i z a t i o n .   When  t h e s e   i n o r g a n i c   m a t e r i a l s ,   d y e s  

or   p i g m e n t s   a r e   d i s p e r s e d   in   a  r e s i n ,   d i s p e r s i b i l i t y   , 

r e s i s t i v i t y   to   a  s o l v e n t ,   and   p r e v e n t i o n   of  s p o i l a g e   w i l l   b e  

a c h i e v e d .  

-  -  A  c h a r g e   g e n e r a t i n g   l a y e r   a c c o r d i n g   to  t h e  

i n v e n t i o n   can   be  f o r m e d   a t   any  p o s i t i o n   in   a  p h o t o s e n s i t i v e  

m e m b e r ,   t h a t   i s ,   f o r   e x a m p l e ,   i t   c an   be  f o r m e d   a t   any  of  t h e  

t o p - m o s t ,   i n t e r m e d i a t e   and  l o w e s t   l a y e r s .   The  t h i c k n e s s   o f  

t h e   l a y e r   m u s t   in   g e n e r a l   be  s e t   s u c h   t h a t   a  l i g h t   of  550  nm 

can   be  a b s o r b e d   90%  or   m o r e ,   t h o u g h   d e p e n d e d   on  t h e   k i n d   o f  

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

c h a r a c t e r i s t i c ,   l i g h t   s o u r c e   f o r   e x p o s u r e ,   p u r p o s e ,   e t c .  

W i t h   a - S i   as  t h e   m a t e r i a l   t h e   t h i c k n e s s   m u s t   be  w i t h i n   t h e  

r a n g e   of  0 .1   -  3  m i c r o n s .  

To  a d j u s t   t h e   c h a r g i n g   p r o p e r t y   of  an  a-C  c h a r g e  

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

c a r b o n   and  h y d r o g e n ,   c an   be  i n c o r p o r a t e d   i n t o   t h e   m a t e r i a l  

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

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

h o l e ,   a t o m s   in  G r o u p   I I I   in   t h e   p e r i o d i c   t a b l e   or   h a l o g e n  

a t o m s   can   be  i n c o r p o r a t e d .   To  p r o m o t e   t h e   t r a n s p o r t i n g  

c h a r a c t e r i s t i c   of  t h e   e l e c t r o n ,   a t o m s   in   Group   V  in  t h e  

p e r i o d i c   t a b l e   o r   a l k a l i   m e t a l   a t o m s   can   be  i n c o r p o r a t e d .  

To  p r o m o t e   t h e   t r a n s p o r t i n g   c h a r a c t e r i s t i c   of  b o t h  

p o s i t i v e   and  n e g a t i v e   c a r r i e r s ,   a t o m s   of  S i ,   Ge,  an  a l k a l i  

e a r t h   m e t a l ,   or   an  c h a l c o g e n   can   be  i n c o r p o r a t e d .   T h e s e  
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a d d i t i v e   a t o m s   can  be  u s e d   in  a  p l u r a l i t y   of   k i n d s   t o g e t h e r ,  

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

a c c o r d i n g   to   t h e   p u r p o s e ,   can  h a v e   a  d e n s i t y   g r a d i e n t ,   or  i n  

some  o t h e r   s p e c i f i c   m a n n e r .  

F i g s .   1  t h r o u g h   12  i l l u s t r a t e   e m b o d i m e n t s   of  t h e  

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

r e p r e s e n t a t i o n   of  m o d e l s ,   w h e r e i n   (1)  d e n o t e s   a  s u b s t r a t e ,  

(2)  an  a-C  l a y e r   as  a  c h a r g e   t r a n s p o r t i n g   l a y e r ,   and  (3)  a 

c h a r g e   g e n e r a t i n g   l a y e r .   When  a  p h o t o s e n s i t i v e   member   o f  

t h e   m o d e l   shown  in  F i g .   1  i s   p o s i t i v e l y   c h a r g e d   and  t h e n  

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

c h a r g e   g e n e r a t i n g   l a y e r   (3)  and  t h e   e l e c t r o n   n e u t r a l i z e s   t h e  

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

s u b s t r a t e   (1)  u n d e r   g u a r a n t e e   of  a  good  c h a r g e - t r a n s p o r t i n g  

c h a r c t e r i s t i c   of  t he   a-C  l a y e r   (2)  .  When  t h e   p h o t o s e n s i t i v e  

member   shown  in  F i g .   1  i s   n e g a t i v e l y   c h a r g e d ,   c o n t r a r i l y   t h e  

e l e c t r o n   i s   t r a n s p o r t e d   t h r o u g h   t h e   a-C  l a y e r   (2)  . 

The  p h o t o s e n s i t i v e   member   i l l u s t r a t e d   in  F i g .   2  i s  

an  e x a m p l e   w h e r e i n   an  a-C  l a y e r   (2)  f o r m s   t h e   t o p m o s t   l a y e r .  

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

t h r o u g h   t h e   a-C  l a y e r   (2)  and ,   when  n e g a t i v e l y   c h a r g e d ,   t h e  

h o l e   i s   t r a n s p o r t e d   t h r o u g h   t h e   a-C  l a y e r   (2)  . 

F i g .   3  i l l u s t r a t e s   an  e m b o d i m e n t   of   a  

p h o t o s e n s i t i v e   member   of  t he   p r e s e n t   i n v e n t i o n ,   in  w h i c h   o n  

a  s u b s t r a t e   .(1)  a  c h a r g e   t r a n s p o r t i n g   l a y e r   (2)  ,  a  c h a r g e  

g e n e r a t i n g   l a y e r   (3)  and  t h e n   a  c h a r g e   t r a n s p o r t i n g   l a y e r  

(2)  a r e   f o r m e d   in  t h i s   o r d e r .  
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F i g s .   4  t h r o u g h .   6  i l l u s t r a t e   t h e   s a m e  

p h o t o s e n s i t i v e   m e m b e r s   as  F i g s .   1  t h r o u g h   3,  e x c e p t   t h a t  

e a c h   a d d i t i o n a l l y   has   a  s u r f a c e - p r o t e c t i v e   o v e r c o a t   (4)  w i t h  

t h i c k n e s s   i n   t h e   r a n g e   of   0 . 0 1   -  5  m i c r o n s ,   w h i c h ,   i n  

k e e p i n g   w i t h   t h e   o p e r a t i n g   m a n n e r   of   t h e   r e s p e c t i v e  

p h o t o s e n s i t i v e   member   and   t h e   e n v i r o n m e n t   w h e r e   i t   i s   u s e d ,  

i s   d e s i g n e d   to   p r o t e c t   t h e   c h a r g e   g e n e r a t i n g   l a y e r   (3)  o r  

t h e   c h a r g e   t r a n s p o r t i n g   a-C  l a y e r   (2)  and  t o   i m p r o v e   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   as  w e l l .   Any  s u i t a b l e   m a t e r i a l   i n  

p u b l i c   k n o w l e d g e   c an   be  u s e d   to   make  t h e   s u r f a c e   p r o t e c t i v e  

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

t o   make   t h e m   by  a  t e c h n i q u e   of  o r g a n i c   p l a s m a   p o l y m e r i z a t i o n  

f r o m   t h e   v i e w p o i n t   of   m a n u f a c t u r i n g   e f f i c i e n c y ,   e t c .   An  a - C  

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

p u r p o s e .   H e t e r o a t o m s ,   when  r e q u i r e d ,   can   be  i n c o r p o r a t e d  

i n t o   t h e   p r o t e c t i v e   l a y e r   (4)  . 

F i g s .   7  t h r o u g h   9  i l l u s t r a t e   t h e   s a m e  

p h o t o s e n s i t i v e   m e m b e r s   as  F i g s .   1  t h r o u g h   3,  e x c e p t   t h a t  

e a c h   a d d i t i o n a l l y   has   an  u n d e r c o a t   (5)  w i t h   a  t h i c k n e s s   i n  

t h e   r a n g e   of   0 . 0 1   -  5  m i c r o n s   w h i c h   f u n c t i o n s   as  an  a d h e s i o n  

l a y e r   or   a  b a r r i e r   l a y e r .   D e p e n d i n g   on  t h e   s u b s t r a t e   (1)  o r  

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

a d h e s i o n   and   p r e v e n t s   i n j e c t i o n .   Any  s u i t a b l e   m a t e r i a l   i n  

p u b l i c   k n o w l e d g e   can   be  u s e d   to  make  t h e   u n d e r c o a t .   In  t h i s  

c a s e ,   t o o ,   i t   i s   d e s i r a b l e   to   make  them  by  a  t e c h n i q u e   o f  

o r g a n i c   p l a s m a   p o l y m e r i z a t i o n .   An  a-C  l a y e r   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   can   a l s o   be  u s e d   f o r   t h e   p u r p o s e .   T h e  
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p h o t o s e n s i t i v e   m e m b e r s   shown  by  F i g s .   7  t h r o u g h   9  can   a l s o  

be  p r o v i d e d   w i t h   an  o v e r c o a t   (4)  as  i l l u s t r a t e d   by  F i g s .   4 

t h r o u g h   6  ( s e e   F i g s .   10  t h r o u g h   12)  . 

In  t h e   e m b o d i m e n t s   t h a t   t h e   a-C  l a y e r   i s   f o r m e d   o n  

t h e   t o p   s u r f a c e   as  shown  in  F i g s .   2,  3,  8  or  9  ,  t h e   s u r f a c e  

p r o p e r t i e s   may  be  i m p r o v e d   by  t h e   r a d i a t i o n   of  p l a s m a   o f  

o x y g e n ,   h y d r o g e n ,   i n e r t   g a s e s ,   g a s e s   f o r   a  d r y - e t c h i n g   ( e . g .  

h a l o g e n i z e d   c a r b o n s )   a n d / o r   n i t r o g e n   e t c .   By  t h i s   t r e a t m e n t  

t h e   a n t i - m o i s t u r e ,   r e s i s t a n c e   to   r u b b i n g   and  c h a r g e a b i l i t y  

c an   be  more   i m p r o v e d .  

A  p h o t o s e n s i t i v e   member   of   t h e   p r e s e n t   i n v e n t i o n  

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

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

p r o c e s s e s .   When,  f o r   e x a m p l e ,   an  a - S i   l a y e r   p r o d u c e d   b y  

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

c h a r g e   g e n e r a t i n g   l a y e r ,   t h e   same  v a c u u m   e q u i p m e n t   can   b e  

u s e d   f o r   p l a s m a   p o l y m e r i z a t i o n ,   and  i t   i s   n a t u r a l l y  

p r e f e r a b l e   in  s u c h   c a s e s   to   p r o d u c e   t h e   a-C  c h a r g e  

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

b a r r i e r   l a y e r ,   e t c . ,   by  p l a s m a   p o l y m e r i z a t i o n .  

I t   i s   p r e f e r a b l e ,   in  t h e   p r e s e n t   i n v e n t i o n - ,   t h a t  

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

i s   p r o d u c e d   by  t h e   s o - c a l l e d   p l a s m a - p o l y m e r i z i n g   r e a c t i o n ,  

t h a t   i s ,   f o r   e x a m p l e :  

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

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

w h i c h   a c t i v e   n e u t r a l   s e e d s   or  c h a r g e d   s e e d s   a r e   c o l l e c t e d   o n  
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t h e   s u b s t r a t e   by  d i f f u s i n g ,   e l e c t r i c a l   or  m a g n e t i c   g u i d i n g ,  

e t c .   and  d e p o s i t e d   as  a  s o l i d   on  t h e   s u b s t r a t e   t h r o u g h  

r e c o m b i n a t i o n   r e a c t i o n .  

F i g .   13  i l l u s t r a t e s   an  e q u i p m e n t   f o r   t h e  

p r o d u c t i o n   of   a  p h o t o s e n s i t i v e   member   of  t h e   p r e s e n t  

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

e q u i p m e n t .   E x e m p l i f y i n g   a  p h o t o s e n s i t i v e   m e m b e r   h a v i n g   a  

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

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

a c c o r d i n g   to   F i g .   3 .  

In   F i g .   13,  t h e   n u m e r a l s   (701)   -  (706)   d e n o t e   N o .  

1  t a n k   t h r o u g h   No.  6  t a n k   w h i c h   a r e   f i l l e d   w i t h   a  f e e d s t o c k  

(a  c o m p o u n d   in   t h e   v a p o r   p h a s e   a t   n o r m a l   t e m p e r a t u r e s )  

and  a  c a r r i e r   g a s ,   e a c h   t a n k   c o n n e c t e d   w i t h   one   of   s i x  

r e g u l a t i n g   v a l v e s   No.  1  t h r o u g h   No.  6  (707)   -  (712)   and  o n e  

of  s i x   f l o w   c o n t r o l l e r s   No.  1  t h r o u g h   No.  6  (713)   -  ( 7 1 8 ) .  

(719)   -  (721)  show  v e s s e l s   No.  1  t h r o u g h   No.  3 

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

l i q u i d   p h a s e   or  in   t h e   s o l i d   p h a s e   a t   n o r m a l   t e m p e r a t u r e s ,  

t h e   t e m p e r a t u r e   of  e a c h   v e s s e l   b e i n g   c a p a b l e   of  b e i n g  

c o n t r o l l e d   t o ,   f o r   e x a m p l e ,   a  room  t e m p e r a t u r e   to   150°C  o r  

f r o m   -50  °C  to   a  room  t e m p e r a t u r e   by  m e a n s   of  one  of   t h r e e  

h e a t e r s   No.  1  t h r o u g h   No.  3  (722)   -  ( 7 2 4 ) .   E a c h   v e s s e l   i s  

c o n n e c t e d   w i t h   one  of  t h r e e   r e g u l a t i n g   v a l v e s   No.  7  t h r o u g h  

No.  9  (725)   -  (727)  and  a l s o   w i t h   one   of  t h r e e   f l o w   • 

c o n t r o l l e r s   No.  7  t h r o u g h   No.  9  (728)  -  ( 7 3 0 ) .  
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T h e s e   g a s e s   a r e   m i x e d   in   a  m i x e r   (731)   and  s e n t  
t h r o u g h   a  main   p i p e   (732)   i n t o   a  r e a c t o r   ( 7 3 3 ) .   The  p i p i n g  
i s   e q u i p p e d   a t   i n t e r v a l s   w i t h   p i p e   h e a t e r s   (734)   so  t h a t   t h e  

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

p r e v e n t e d   f rom  c o n d e n s i n g   or   c o n g e a l i n g   in   t h e   p i p e s .  

In  t h e   r e a c t i o n   c h a m b e r ,   t h e r e   a r e   a  g r o u n d i n g  
e l e c t r o d e   (735)  and  a  p o w e r - a p p l y i n g   e l e c t r o d e   ( 7 3 6 )  
i n s t a l l e d   o p p o s i t e l y ,   e a c h   e l e c t r o d e   w i t h   a  h e a t e r   (737)   f o r  
h e a t i n g   t h e   e l e c t r o d e .  

S a i d   p o w e r - a p p l y i n g   e l e c t r o d e   i s   c o n n e c t e d   to   a  
h i g h   f r e q u e n c y   p o w e r   s o u r c e   (739)  w i t h   a  m a t c h i n g   box  ( 7 3 8 )  
f o r   h i g h   f r e q u e n c y   p o w e r   i n t e r p o s e d   in  t h e   c o n n e c t i o n  

c i r c u i t ,   to  a  low  f r e q u e n c y   p o w e r   s o u r c e   (741)   l i k e w i s e   w i t h  
a  m a t c h i n g   box  (740)   f o r   low  f r e q u e n c y   p o w e r ,   and  to   a  
d i r e c t   c u r r e n t   p o w e r   s o u r c e   (743)  w i t h   a  l o w - p a s s   f i l t e r  

(742)   i n t e r p o s e d   in  t h e   c o n n e c t i o n   c i r c u i t ,   so  t h a t   by  a  

c o n n e c t i o n - s e l e c t i n g   s w i t c h   (744)  t h e   m e c h a n i s m   p e r m i t s  

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

The  p r e s s u r e   in  t he   r e a c t i o n   c h a m b e r   can   b e  

a d j u s t e d   by  a  p r e s s u r e   c o n t r o l   v a l v e   ( 7 4 5 ) ,   and  t h e  

r e d u c t i o n   of  t h e   p r e s s u r e   in  t h e   r e a c t i o n   c h a m b e r   can  b e  
c a r r i e d   o u t   t h r o u g h   an  e x h a u s t   s y s t e m   s e l e c t i n g   v a l v e   ( 7 4 6 )  
and  by  o p e r a t i n g   a  d i f f u s i o n   pump  (747)   and  an  o i l - s e a l e d  

r o t a r y   vacuum  pump  (748)  in  c o m b i n a t i o n   or  by  o p e r a t i n g   a  

c o o l i n g - e l i m i n a t i o n   d e v i c e   ( 7 4 9 ) ,   a  m e c h a n i c a l   b o o s t e r   p u m p  
(750)  and  an  o i l - s e a l e d   r o t a r y   vacuum  pump  in  c o m b i n a t i o n .  
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The  e x h a u s t   g a s   i s   d i s c h a r g e d   i n t o   t h e   a m b i e n t   a i r  

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

e l i m i n a t i o n   d e v i c e   (753)   . 

The  p i p i n g   in   t h e   e x h a u s t   s y s t e m ,   t o o ,   i s   e q u i p p e d  

w i t h   p i p e   h e a t e r s   a t   i n t e r v a l s   in   t h e   p i p e   l i n e s   so  t h a t   t h e  

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

t h e   l i q u i d   or   s o l i d   s t a t e   a t   n o r m a l   t e m p e r a t u r e s   a r e  

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

For   t h e   same  r e a s o n   t h e   r e a c t i o n   c h a m b e r ,   t o o ,   i s  

e q u i p p e d   w i t h   a  h e a t e r   (751)   f o r   h e a t i n g   t h e   c h a m b e r ,   and  a n  

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

( 7 5 2 )   f o r   t h e   p u r p o s e .  

F i g .   13  i l l u s t r a t e s   a  c o n d u c t i v e   s u b s t r a t e   ( 7 5 2 )  

f i x e d   to   a  g r o u n d i n g   e l e c t r o d e   (735)   ,  b u t   i t   may  be  f i x e d   t o  

t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)   and  t o   b o t h   t h e  

e l e c t r o d e s   as  w e l l .  

F i g .   14  i s   a  s c h e m a t i c   v i e w   of   a  

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

p r e p a r a t i o n   of  c h a r g e   g e n e r a t i o n   l a y e r   by  a  v a c u u m   v a p o r  

d e p o s i t i o n .  

The  e q u i p m e n t   i n c l u d e s   v a c u u m   c h a m b e r   (101)  , 

s u b s t r a t e   h o l d e r   (102)   ,  s u b s t r a t e   (103)   ,  s h u t t e r   (104)  , 

b o a t s   (105)  and  (106)  ,  o u t l e t   f o r   d i s c h a r g e   (107)  a n d  

e l e c t r o d e s   (108)  . 

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

i n v e n t i o n   may  be  made  by  t h e   f o l l o w i n g   p r o c e s s e s .  
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The  b o a t s   (105)   and  (106)   w h i c h   c o n t a i n  

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

a r e   s e t   up  to   t h e   e l e c t r o d e s   (108)   ,  and  t h e   s u b s t r a t e   ( 1 0 3 )  

i s   to   t h e   s u b s t r a t e   h o l d e r   (102)   .  The  v a c u u m   c h a m b e r   ( 1 0 1 )  

i s   v a c u u m e d   t h r o u g h   t h e   o u t l e t   (107)   by  a  v a c u u m   pump  ( n o t  

i l l u s t r a t e d   in   F i g .   14)  .  The  a m o u n t   of  t h e   m a t e r i a l s  

d e p o s i t e d   on  t h e   s u b s t r a t e   (103)   f rom  t h e   b o a t s   (105)   a n d  

(106)  can   be  c o n t r o l l e d   by  t h e   s h u t t e r   ( 1 0 4 ) .   A  s h i e l d   ( n o t  

shown  in  F i g .   14)  may  be  p r o v i d e d   b e t w e e n   t h e   b o a t s   ( 1 0 5 )  

and  (106)   to   p r e v e n t   m u t u a l   i n f l u e n c e   in   t h e   t e m p e r a t u r e   o f  

t h e   e a c h   b o a t .  

The  c o n d i t i o n   of   t h e   v a p o r   d e p o s i t i o n   s u c h   as  t h e  

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

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

may  be  s e l e c t e d   a c c o r d i n g   to   a  v a r i a t i o n ,   a  t h i c k n e s s   o f  

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

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

A  c h a r g e   g e n e r a t i n g   l a y e r   and  a  c h a r g e  

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

i n c o r p o r a t i n g   a  v a p o r   d e p o s i t i o n   e q u i p m e n t   as  shown  in  F i g .  

14  i n t o   a  g low  d i s c h a r g e   d e c o m p o s i t i o n   e q u i p m e n t   as  shown  i n  

F i g .   1 3 .  

Wi th   r e f e r e n c e   to   F i g .   13  a g a i n ,   t h e   r e a c t i o n  

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

p r e l i m i n a r i l y   d e c r e a s e d   to   a  l e v e l   in  t h e   r a n g e   of   a b o u t  
-4  - 6  10  to   10  T o r r   by  t h e   d i f f u s i o n   pump,  t h e   d e g r e e   o f  

v a c u u m   i s   c h e c k e d ,   and  t h e n   t h e   gas   a b s o r b e d   in  t h e  
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e q u i p m e n t   i s   r e m o v e d .   S i m u l t a n e o u s l y ,   by  t h e   h e a t e r   f o r  

e l e c t r o d e ,   t h e   e l e c t r o d e   a n d   t h e   c o n d u c t i v e   s u b s t r a t e   f i x e d  

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

T h e n ,   f rom  s i x   t a n k s ,   N o . l   t h r o u g h   No.  6,  and   f r o m  

t h r e e   v e s s e l s ,   No.  1  t h r o u g h   No.  3,  g a s e s   of   t h e   r a w  

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

t h e   g a s   f l o w s   a t   c o n s t a n t   r a t e s   u s i n g   t h e   n i n e   f l o w  

c o n t r o l l e r s ,   No.  1  t h r o u g h   No.  9  and   s i m u l t a n e o u s l y   t h e  

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

s p e c i f i e d   l e v e l   by  a  p r e s s u r e   r e g u l a t i n g   v a l v e .  

A f t e r   t h e   g a s   f l o w s   h a v e   s t a b i l i z e d ,   t h e  

c o n n e c t i o n - s e l e c t i n g   s w i t c h   i s   p u t   in   p o s i t i o n   f o r ,   f o r  

e x a m p l e ,   t h e   h i g h   f r e q u e n c y   p o w e r   s o u r c e   so  t h a t   h i g h  

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

An  e l e c t r i c a l   d i s c h a r g e   b e g i n s   b e t w e e n   t h e   two  e l e c t r o d e s  

and   an  a -C  l a y e r   i n   t h e   s o l i d   s t a t e   i s   f o r m e d   on  t h e  

c o n d u c t i v e   s u b s t r a t e   w i t h   t i m e .  

In   t h e   a b o v e   c o n s t i t u t i o n ,   f o r   e x a m p l e ,   when  t h e  

p h o t o s e n s i t i v e   m e m b e r   shown  in  F i g .   1  i s   p r o d u c e d ,   a f t e r   t h e  

r e a c t i o n   c h a m b e r   (733)   i s   c o n t r o l l e d   t o   a  g i v e n   v a c u u m  

s t a t e ,   C2H4  g a s   f r o m   No.  1  t a n k   (701)   and  H2  gas   as  c a r r i e r  

g a s   f r o m   No.  2  t a n k   (702)  a r e   s u p p l i e d   t h r o u g h   t h e   gas   l i n e  

(732)   .  On  t h e   o t h e r   h a n d ,   an  e l e c t r i c   p o w e r   ( e . g .   10  w a t t s  

- I K   w a t t s )   i s   a p p l i e d   to   t h e   u p p e r   e l e c t r o d e   (736)  t h r o u g h  

t h e   h i g h   f r e q u e n c y   p o w e r   s o u r c e   (739)   to   c a u s e   p l a s m a  

d i s c h a r g e   b e t w e e n   t h e   two  e l e c t r o d e s   to   f o r m   t h e   a-C  c h a r g e  

t r a n s p o r t i n g   l a y e r   (2)  h a v i n g   a  t h i c k n e s s   of   5  to   50  m i c r o n  
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m e t e r   on  a  p r e v i o u s l y   h e a t e d   Al  s u b s t r a t e   p l a t e .   (752)   .  T h e  

r a t i o s   of   n ^ n ^ ,   n ^ / n ^   and  n 5 / n g   s p e c i f i e d   in   t h e  

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

a p p l y i n g   a  b i a s   e l e c t r i c   p o w e r   of   10  V  to   1  KV  f rom  t h e  

d i r e c t   e l e c t r i c   p o w e r   s o u r c e   (743)   t h o u g h   d e p e n d e d   on  o t h e r  

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

c a r b o n ,   t h e   n u m b e r   of  s a t u r a t e d   c a r b o n   b o n d i n g   w i t h  

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

w i t h   h y d r o g e n   a t o m s   in  an  a-C  l a y e r   a r e   d e c r e a s e d   b y  

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

a-C  l a y e r   i t s e l f   can   be  i n c r e a s e s   by  t h e   s a m e .   The  a - C  

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

e x c e l l e n t   in   a  t r a n s m i t t a n c e ,   a  d a r k   r e s i s t a n c e ,   and   a  

t r a n s p o r t a b i l i t y   of   c h a r g e   c a r r i e r   r e m a r k a b l y .   The  p o l a r i t y  

of   t h i s   l a y e r   may  be  c o n t r o l l e d   to   P  or  N  t y p e   b y  

i n t r o d u c i n g   B2Hg  gas   f rom  No.  4  t a n k   (704)  or  PH3  gas   f r o m  

No.  5  t a n k   (705)   to   i n c r e a s e   t h e   c h a r g e   t r a n s p o r t a b i l i t y .  

The  c h a r g e   g e n e r a t i n g   l a y e r   (3)  may  be  p r o d u c e d   b y  

i n t r o d u c i n g   H2  gas   f rom  No.  2  t a n k   (702)  and  S iH.   gas   f r o m  

No.  3  t a n k   (703)   as  a  l a y e r   e s s e n t i a l l y   c o n s i s t i n g   of   a - S i .  

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

c h a m b e r   (733)   f o r   t h e   f o r m a t i o n   of   a  c h a r g e   t r a n s p o r t i n g  

l a y e r   i s   a  l i q u i d   m a t e r i a l ,   t h e   gas   may  be  i n t r o d u c e d   i n t o  

t h e   c h a m b e r   (733)   to   c a u s e   p l a s m a - p o l y m e r i z a t i o n .  

In  t h e   c a s e   t h a t   t h e   a-C  l a y e r   i s   made  f r o m  

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

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

i r r a d i a t e d   on  t h e   s u b s t r a t e   t o   p o l y m e r i z e   t h e m   ( s o - c a l l e d  

p l a s m a - p o l y m e r i z a t i o n )   . 

In   t h e   p l a s m a - p o l y m e r i z a t i o n   of   a -C  l a y e r   of  t h e  

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

u l t r a v i o l e t ,   X - r a y   or   e l e c t r o n   beam  may  be  i r r a d i a t e d   a l o n e  

o r   as  a  s u p p l e m e n t   ( p h o t o - a s s i s t   m e t h o d )   ,  or   t h e   a s s i s t a n c e  

of   m a g n e t i c   f i e l d   o r   b i a s   d i r e c t   e l e c t r i c   f i e l d   may  b e  

e f f e c t i v e l y   u s e d .   The  p h o t o - a s s i s t   m e t h o d   i s   e f f e c t i v e   t o  

q u i c k e n   t h e   d e p o s i t i o n   r a t e   of   t h e   a-C  l a y e r ,   to   s h o r t e n   t h e  

p r o d u c t i o n   t i m e   and   to   i n c r e a s e   t h e   h a r d n e s s   of   t h e   a - C  

l a y e r   . 

T h o u g h   t h e   m a i n   a p p l i c a t i o n   of   t h e   a-C  l a y e r   o f  

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

a f o r e m e n t i o n e d ,   t h e   a-C  l a y e r   of   t h e   p r e s e n t   i n v e n t i o n   m a y  

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

t r a n s p o r t a b i l i t y .   Even   in   t h e   c a s e   t h a t   t h e   a-C  l a y e r   o f  

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

an  e x c e l l e n t   d u r a b i l i t y ,   of   c o u r s e ,   can   be  a c h i e v e d   w i t h o u t  

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

T h i s   i n v e n t i o n   w i l l   now  be  e x p l a i n e d   w i t h  

r e f e r e n c e   to   e x a m p l e s   h e r e u n d e r .  

EXAMPLE  1 

(I)  F o r m a t i o n   of  an  a-C  L a y e r :  

In  a  s y s t e m   of  g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13,   f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  
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a p p r o x i m a t e l y   10~  T o r r ,   and  t h e n   by  o p e n i n g   No.  1  and  No.  2 

r e g u l a t i n g   v a l v e s   (707)   and  ( 7 0 8 ) ,   C2H4  g a s   f rom  No.  1  t a n k  

(701)  and  H_  gas   f r o m   No.  2  t a n k   (702)   w e r e   l e d ,   u n d e r  

o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of  1  K g / c m   ,  i n t o   m a s s   f l o w  

c o n t r o l l e r s   (713)   and  (714)   .  T h e n ,   t h e   m a s s   f l o w   c o n t r o l l e r s  

w e r e   s e t   so  as  to   make  C H .   f l o w   a t   60  seem  and  H»  f l o w   a t  

80  s eem,   and  t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n  

c h a m b e r   (733)  .  A f t e r   t h e   r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,  

t h e   i n t e r n a l   p r e s s u r e   of  t h e   r e a c t i o n   c h a m b e r   (733)   w a s  

a d j u s t e d   to   0  .  5  T o r r .   On  t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   s u b s t r a t e   (752)   ,  w h i c h   was  an  a l u m i n u m   p l a t e   of  3 

x  50  x  50  mm,  was  p r e l i m i n a r i l y   h e a t e d   up  to   2 5 0 ° C ,   a n d  

w h i l e   t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   w e r e  

s t a b i l i z e d ,   i t   was  c o n n e c t e d   to   t h e   h i g h   f r e q u e n c y   p o w e r  

s o u r c e   (739)  and  150  w a t t s   p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz)  w a s  

a p p l i e d   to  t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)  .  A f t e r   p l a s m a  

p o l y m e r i z a t i o n   f o r   a p p r o x i m a t e l y   f o u r   h o u r s ,   t h e r e   w a s  

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

a p p r o x i m a t e l y   5 .5   m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   ( 7 5 2 ) .  

From  t h e   a n a l y s i s   of  t h e   p l a s m a   p o l y m e r i z e d  

p o l y e t h y l e n e   l a y e r   by  F o u r i e r   t r a n s f o r m   i n f r a r e d   a b s o r p t i o n  

s p e c t r o s c o p e   (made  by  P e r k i n   E l m e r )   ,  C-NMR  a n a l y z e r   ( m a d e  

by  N i p p o n   D e n s h i   K.K.   :  s o l i d   NMR)  ,  and  H-NMR  a n a l y z e r   ( m a d e  

by  N i p p o n   D e n s h i   K . K . :   s o l i d   NMR)  t h e   r a t i o   of  t h e   n u m b e r   o f  

u n s a t u r a t e d   c a r b o n   (n..)  to   t h e   n u m b e r   of   s a t u r a t e d   c a r b o n  

(n-)   was  1 : 4 .   The  d a r k   r e s i s t a n c e   of   t h e   l a y e r   was  l e s s  
12  t h a n   1  x  10  ohm  cm  and  t h e   r a t i o   o f   t h e   d a r k   r e s i s t a n c e   t o  



0 2 4 1 , 0 3 3  
-  34  -  ■  ,  

' " "   " 

t h e   l i g h t   r e s i s t a n c e   was  m o r e   t h a n   102  -  104 .   T h e r e f o r e ,   i t  

i s   u n d e r s t a n d a b l e   t h a t   t h i s   p l a s m a   p o l y m e r i z e d   p o l y e t h y l e n e  

l a y e r   c a n   be  u s e d   as  a  p h o t o s e n s i t i v e   member   f o r  

e l e c t r o p h o t o g r a p h y   . 

( I I )   F o r m a t i o n   of   a  c h a r g e   g e n e r a t i n g   l a y e r :  

A f t e r   t h e   p l a s m a - p o l y m e r i z e d   p o l y e t h y l e n e   l a y e r  

was  d e p o s i t i o n   s u b s t r a t e   (1)  a c c o r d i n g   to   t h e   p r o c e s s   (I)  , 

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

(739)   was  s t o p p e d   f o r   a  t i m e   and  t h e   r e a c t i o n   c h a m b e r   w a s  

v a c u u m i z e d   i n s i d e .  

By  o p e n i n g   No.  3  and   No.  2  r e g u l a t i n g   v a l v e s   ( 7 0 9 )  

and   (708)   ,  SiH4  g a s   f r o m   No.  3  t a n k   (703)   and  H2  gas   f r o m  

No.  2  t a n k   (702)   w e r e ,   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   o f  

1  K g / c m 2 ,   l e d   i n t o   t h e   m a s s   f l o w   c o n t r o l l e r s   (715)  a n d .  

( 7 1 4 ) .   T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as  t o  

make  S iH4   f l o w   a t   90  seem  and   H2  f l o w   a t   210  seem,   and  t h e  

g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r .   A f t e r   t h e  

r e s p e c t i v e   f l o w s   had   s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e   o f  

t h e   r e a c t i o n   c h a m b e r   (733)  was  a d j u s t e d   to   1  .  0  T o r r .  

W h i l e   t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   w e r e  

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

(739)   was  s u p p l i e d   and  a  30  W  p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz) 

was  a p p l i e d   to   t h e   e l e c t r o d e   (736)  to   g e n e r a t e   g l o w  

d i s c h a r g e .   A f t e r   10  m i n u t e s   of  g low  d i s c h a r g e ,   t h e r e   w a s  

f o r m e d   an  a - S i : H   c h a r g e   g e n e r a t i n g   l a y e r   w i t h   a  t h i c k n e s s   o f  

1  m i c r o n .  

( I l l )   T e s t   of  p r o p e r t y   of  p h o t o s e n s i t i v e   m e m b e r :  
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The  p h o t o s e n s i t i v e   member   p r o d u c e d   a c c o r d i n g   t o  

t h e   a b o v e   p r o c e s s e s   (I)  and  ( I I )   was  e v a l u a t e d   in   i t s  

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

p h o t o s e n s i t i v e   member   as  i l l u s t r a t e d   in  F i g .   1 5 .  

The  s a m p l e   of  t h e   p h o t o s e n s i t i v e   member   p r o d u c e d  

(35)  was  p u t   on  t h e   s c a n n i n g   t a b l e   (37)  ,  and  f i x e d   by  t h e  

s h i e l d   c o v e r   (36)  .  The  s c a n n i n g   t a b l e   (37)  was  moved   to   t h e  

c h a r g e d   a r e a   (52)  ,  and  a  h i g h   e l e c t r i c   power   s u p p l i e d   f r o m  

t h e   d i r e c t   h i g h   e l e c t r i c   p o w e r   (40)  of  +7 .7   KV  was  a p p l i e d  

to   t h e   c h a r g e r   (42)  to   g e n e r a t e   c o r o n a   d i s c h a r g e   on  t h e  

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

t a b l e   (37)  was  moved   to   t h e   d i s c h a r g e   a r e a   (51)  .  T h e  

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

by  t he   t r a n s p a r e n t   e l e c t r o d e   (48)  to   be  i n d i c a t e d   on  t h e  

s u r f a c e   p o t e n t i a l   m e t e r   (49)  ,  and  t h e n   p u t   o u t   on  t h e  

r e c o r d e r   (50)  .  The  p h o t o s e n s i t i v e   member  of  t h e   a b o v e  

showed  an  e x c e l l e n t   c h a r g e a b i l i t y .  

F u r t h e r ,   t h e   s h u t t e r   (47)  was  o p e n e d   to   i r r a d i a t e  

t he   l i g h t   f rom  t h e   h a l o g e n   lump  (43)  ,  w h i c h   was  r e f l e c t e d   o n  

the   m i r r o r   ( 4 4 ) ,   on  t h e   s u r f a c e   of   t h e   c h a r g e d   s a m p l e   ( 3 5 ) .  

The  i r r a d i a t i o n   was  e f f e c t e d   t h r o u g h   t he   t r a n s p a r e n t  

e l e c t r o d e   (48)  ,  and  t h e   c h a n g e   of  t he   s u r f a c e   p o t e n t i a l   b y  

t he   i r r a d i a t i o n   was  p u t   o u t   on  t h e   r e c o r d e r   (50)  as  w e l l   a s  

t he   e l e c t r i c   c u r r e n t   a t   t h e   same  t i m e   was  s e n s e d   by  t h e  

p h o t o - e l e c t r i c   c u r r e n t   m o n i t o r   (38)  .  The  p h o t o s e n s i t i v e  

member  of  t he   a b o v e   showed   a  h a l f - r e d u c e d   e x p o s u r e   v a l u e  



36  0 2 4 1 0 3 3  
-  Jo  -  .  v  . . . . .  

E  o f   a b o u t   0 . 6   l u x .   s e c   f o r   an  i n i t i a l   s u r f a c e   p o t e n t i a l  

(Vo)  o f   - 5 0 0   v o l t .  

F u r t h e r m o r e ,   a  drum  t y p e   of   a  p h o t o s e n s i t i v e  

member   was  made  i n   t h e   same  m a n n e r   as  t h e   E x a m p l e   1 

e x c e p t i n g   t h a t   t h e   e l e c t r i c   p o w e r   of   250  W,  t h e   f l o w   r a t i o  

of   C  H  of   300  s e e m ,   and   t h e   f l o w   r a t i o   of   H2  o f   650  s e e m  

w e r e   u s e d   as  t h e   c o n d i t i o n   of   t h e   p r o d u c t i o n   f o r   the .   c h a r g e  

t r a n s p o r t i n g   l a y e r ,   and  t h e   e l e c t r i c   p o w e r   of  250  W,  SiH4  o f  

180  s eem  and   H2  o f   500  seem  w e r e   u s e d   as  t h e   c o n d i t i o n   f o r  

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

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

u s i n g   a  t e s t e r   o f   d rum  t y p e   p h o t o s e n s i t i v e   member   ( n o t  

shown)   .  T h e r e   was  o b t a i n e d   a  s t a b l e   s t a t i c   e l e c t r i c  

p r o p e r t y   e v e n   a f t e r   t h e   r e p e a t   of  50000   t i m e s   of  f u l l  

c o p y i n g   p r o c e s s   ( c h a r g e   -  e x p o s u r e   -  t r a n s f e r r i n g   and  c h a r g e  

f o r   r e m o v a l   -  e r a s i n g )   . 

C o m p a r a t i v e   E x a m p l e   1 

I n s t e a d   of   t h e   p l a s m a - p o l y m e r i z e d   p o l y e t h y l e n e  

l a y e r   p r o d u c e d   by  t h e   p r o c e s s   (I)  of  t h e   E x a m p l e   1  a  l o w  

d e n s i t y   p o l y e t h y l e n e   l a y e r   ( t h e   r a t i o s   of  r ^ / n , ,   and  n 5 / n 6   i n  

t h i s   l a y e r   w e r e   as   f o l l o w s :   ^   :  n2  =  1  :  9  99  ;  n5  :  ng  =  1 

:  5  x  10~3)   was  p r o d u c e d   in   t h e   t h i c k n e s s   of  6  m i c r o n   m e t e r  

by  a  c o n v e n t i o n a l   o r g a n i c   p o l y m e r i z a t i o n ,   on  w h i c h   a - S i  

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

E x a m p l e   1.  The  p o l y e t h y l e n e   m e m b r a n e   t h u s   o b t a i n e d   was  a n  

i n s u l a t o r   h a v i n g   an  e l e c t r i c   r e s i s t a n c e   of  a b o u t   10  ohm 

c m .  
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In  t h e   o b t a i n e d   p o l y e t h y l e n e   l a y e r   l i t t l e  

u n s a t u r a t e d   c a r b o n   was  d e t e c t e d   by  IR  s p e c t r u m   and  13C-NMR.  

T h a t   i s ,   t h e   n u m b e r   of   u n s a t u r a t e d   c a r b o n   i s   o n l y   a b o u t   0 . 1  

%,  i . e .   o u t   of  t h e   r a n g e   of  5  t o   50  %. 

As  t h e   r e s u l t   of   t h e   t e s t   ( I I I )   t h e   o b t a i n e d  

p h o t o s e n s i t i v e   member   had   no  p h o t o s e n s i t i v i t y   and  w a s  

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

to   an  e l e c t r o p h o t o g r a p h y .  

C o m p a r a t i v e   E x a m p l e   2 

U s i n g   t h e   e q u i p m e n t   in   E x a m p l e   1  as  v a r y i n g   t h e  

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

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

i m p o s s i b l e   to   make  an  a-C  l a y e r   h a v i n g   n2  of   l e s s   t h a n   0 . 5  

as  w e l l   as  one  h a v i n g   ng  of  more   t h a n   0 . 5 ,   when  a s s u m i n g  

t h a t   n1  or  n5  i s   1  ( t h e   l a y e r   was  c h a n g e d   to   g i v e   a  l a y e r  

h a v i n g   n2  b e i n g   more  t h a n   1)  .  Even   i f   s u c h   a  l a y e r   c o u l d   b e  

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

t h e   l a y e r ,   or  t h e   p o l y e t h y l e n e   l a y e r s   b e c a m e   so  s o f t   o r  

s t i c k y   t h a t   t h e y   c o u l d   n o t   be  u s e d   as  m a t e r i a l s   f o r   a  

p h o t o s e n s i t i v e   m e m b e r .  

C o m p a r a t i v e   E x a m p l e   3 

A  p h o t o s e n s i t i v e   member   c o m p r i s i n g   an  a - S i   l a y e r  

a l o n e   on  an  a l u m i n u m   s u b s t r a t e   .was  p r o d u c e d   in  a  s i m i l a r  

m a n n e r   as  in   t h e   E x a m p l e   1,  w h i c h   a - S i   l a y e r   was  f o r m e d   f o r  

3 . 2 5   h o u r s   a t   t h e   t h i c k n e s s   of  6  .  5  m i c r o n   m e t e r s .  

The  o b t a i n e d   p h o t o s e n s i t i v e   member   had  a  h a l f  

r e d u c e d - e x p o s u r e   v a l u e   E1 /2   of  a b o u t   2 .7   l u x .   sec   f o r   a n  
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i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  of   - 1 0 0   V,  and  a  s u f f i c i e n t  

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

EXAMPLE  2 

(I)  F o r m a t i o n   of   an  a-C  L a y e r ;  

In  a  s y s t e m   of  g low  d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in  F i g .   13,   f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10~6  T o r r ,   and  t h e n   by  o p e n i n g   No.  1  and  No.  2 

r e g u l a t i n g   v a l v e s   (707)   and  (708)  ,  C2H2  gas   f rom  No.  1  t a n k  

(701)   and   H2  g a s   f r o m   No.  2  t a n k   (702)   w e r e   l e d ,   u n d e r  

o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of   1  Kg /cm  ,  i n t o   mass   f l o w  

c o n t r o l l e r s   (713)   and   (714)  .  T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s  

w e r e   s e t   so  as  t o   make   C2H2  f l o w   a t   60  seem  and  H2  f l o w   a t  

60  s eem,   and   t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n  

c h a m b e r   (733)   .  A f t e r   t h e   r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,  

t h e   i n t e r n a l   p r e s s u r e   of   t h e   r e a c t i o n   c h a m b e r   (733)  w a s  

a d j u s t e d   to   0  .  6  T o r r .   On  t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   s u b s t r a t e   (752)  ,  w h i c h   was  an  a l u m i n u m   p l a t e   of  2 

x  50  x  50mm,  was  p r e l i m i n a r i l y   h e a t e d   up  to  200°C ,   and  w h i l e  

t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   we re   s t a b i l i z e d ,   i t  

was  c o n n e c t e d   t o   t h e   h i g h   f r e q u e n c y   p o w e r   s o u r c e   (739)  a n d  

50  w a t t s   p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz)  was  a p p l i e d   to   t h e  

p o w e r - a p p l y i n g   e l e c t r o d e   (7  36)  .  A f t e r   p l a s m a   p o l y m e r i z a t i o n  

f o r   a p p r o x i m a t e l y   1 . 5   h o u r s ,   t h e r e   was  f o r m e d   a  c h a r g e  

t r a n s p o r t i n g   l a y e r   w i t h   a  t h i c k n e s s   of  a p p r o x i m a t e l y   10 

m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)   . 
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The  r a t i o   ( n ^ r ^ )   in   t h e   o b t a i n e d   a-C  l a y e r   w a s  

1 : 1 . 4 3 .  

( I I )   F o r m a t i o n   of  a  c h a r g e   g e n e r a t i n g   l a y e r :  

The  p o w e r   a p p l i c a t i o n   f rom  t h e   h i g h   f r e q u e n c y  

p o w e r   s o u r c e   (739)  was  s t o p p e d   f o r   a  t i m e   and  t h e   r e a c t i o n  

c h a m b e r   was  v a c u u m i z e d   i n s i d e .  

By  o p e n i n g   No.  4  and  No.  2  r e g u l a t i n g   v a l v e s   ( 7 1 0 )  

and  (708)   ,  SiH4  gas   f rom  No.  4  t a n k   (704)   and  H2  gas   f r o m  

No.  2  t a n k   (702)  w e r e ,   u n d e r   o u t p u t   p r e s s u r e   gage   r e a d i n g   o f  
2 1  Kg /cm  ,  l e d   i n t o   t he   mass  f l o w   c o n t r o l l e r s   (716)  a n d  

(714)   .  T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as  t o  

make  S i H .   f l o w   a t   90  seem  and  H?  f l o w   a t   210  s eem,   and  t h e  

g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r .   A f t e r   t h e  

r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e   o f  

t h e   r e a c t i o n   c h a m b e r   (733)  was  a d j u s t e d   to   1  .  0  T o r r .  

VJhi le   t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   w e r e  

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

(739)   was  s u p p l i e d   and  a  30  W  p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz) 

was  a p p l i e d   to  t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)  t o  

g e n e r a t e   g l o w   d i s c h a r g e .   A f t e r   10  m i n u t e s   of  g l o w  

d i s c h a r g e ,   t h e r e   was  f o r m e d   an  a - S i : H   c h a r g e   g e n e r a t i n g  

l a y e r   w i t h   a  t h i c k n e s s   of  1  m i c r o n .  

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   showed  a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E.  ,„  of  0 .5   l u x .   sec   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  - 4 9 0   v o l t .   T h i s   p h o t o -  

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

c l e a r   i m a g e s .  
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E x a m p l e   3  

(I)   F o r m a t i o n   of   an  a-C  l a y e r :  

In  a  s y s t e m   of   g low  d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13,   f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c c u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10~6  T o r r ,   and  t h e n   by  o p e n i n g   No.  1,  No.  2 

and   No.  3  r e g u l a t i n g   v a l v e s   ( 7 0 7 ) ,   (708)   and   ( 7 0 9 ) ,   C2H4  g a s  

f r o m   No.  1  t a n k   (701)   ,  CH4  gas   f r o m   No.  2  t a n k ,   and   H2  g a s  

f r o m   No.  3  t a n k   (703)   w e r e   l e d ,   u n d e r   o u t p u t   p r e s s u r e   g a g e  

r e a d i n g   o f   1  K g / c m 2 ,   i n t o   mass   f l o w   c o n t r o l l e r s   (713)   ,  ( 7 1 4 )  

a n d   (715)   .  T h e n ,   t h e   m a s s   f l o w   c o n t r o l l e r s   w e r e   s e t   so  a s  

to   make   C2H4  f l o w   a t   55  s e e m ,   CH4  f l o w   a t   100  seem  and   H2 

f l o w   a t   120  s e e m ,   and   t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e  

r e a c t i o n   c h a m b e r   ( 7 3 3 ) .   A f t e r   t h e   r e s p e c t i v e   f l o w s   h a d  

s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e   of   t h e   r e a c t i o n   c h a m b e r  

(733)   was  a d j u s t e d   t o   0  .  8  T o r r .   On  t h e   o t h e r   h a n d ,   t h e  

e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e   (752)   ,  w h i c h   was  a n  

a l u m i n u m   p l a t e   of   2  x  50  x  50mm,  was  p r e l i m i n a r i l y   h e a t e d   u p  

to   2 5 0 ° C ,   and   w h i l e   t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e  

w e r e   s t a b i l i z e d ,   i t   was  c o n n e c t e d   to   t h e   h i g h   f r e q u e n c y  

p o w e r   s o u r c e   (739)   and   200  w a t t s   p o w e r   ( f r e q u e n c y :   1 3 . 5 6  

MHz)  was  a p p l i e d   t o   t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)   . 

A f t e r   p l a s m a   p o l y m e r i z a t i o n   for.   a p p r o x i m a t e l y   4  h o u r s ,   t h e r e  

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

a p p r o x i m a t e l y   6  y  on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)   .  T h e  

r a t i o   ( n . , : n   )  in   t h e   o b t a i n e d   a-C  l a y e r   was  1 : 7 . 8 .  
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On  t h e   o b t a i n e d   a-C  l a y e r ,   a  c h a r g e   g e n e r a t i n g  

l a y e r   was  f o r m e d   a c c o r d i n g   to   E x a m p l e   2  ( I I )   to   g i v e   a  

p h o t o s e n s i t i v e   m e m b e r .   T h i s   p h o t o s e n s i t i v e   member   had  a n  

E l / 2   of   1>2  l u x - s e c -   f ° r   an  i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo) 

of   - 5 2 0   v o l t .   The  p h o t o s e n s i t i v e   m e m b e r ,   t e s t e d   f o r   t h e  

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

EXAMPLE  4 

(I)  F o r m a t i o n   of   an  a-C  L a y e r :  

In  a  s y s t e m   of  g low  d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13,   f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)  was  v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10"  T o r r ,   and  t h e n   by  o p e n i n g   No.  1  -  No.  3 

r e g u l a t i n g   v a l v e s   (707)  -  ( 7 0 9 ) ,   C ^ ^   gas   f rom  No.  1  t a n k  

( 7 0 1 ) ,   CH4  gas   f rom  No.  2  t a n k   (702)  and  H2  gas   f rom  No.  3 

t a n k   (703)  were   l e d ,   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of  1 
2 Kg/cm  ,  i n t o   mass   f l o w   c o n t r o l l e r s   (713)   -  (715)  .  T h e n ,   t h e  

mass   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as  to   make  C2H  f l o w   a t   60 

s e e m ,   CH4  f l o w   a t   60  s eem,   and  H2  f l o w   a t   100  seem,   and  t h e  

g a s e s   were   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r   (733)  .  A f t e r  

t h e   r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e  

of  t h e   r e a c t i o n   c h a m b e r   (733)  was  a d j u s t e d   to   2  .  0  T o r r .   On 

t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e   (752)  , 
w h i c h   was  an  c y l i n d r i c a l   a l u m i n u m   s u b s t r a t e   of  2  x  50  x  

50mm,  was  p r e l i m i n a r i l y   h e a t e d   up  to   200  °C,  and  w h i l e   t h e  

gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   w e r e   s t a b i l i z e d ,   i t   w a s  

c o n n e c t e d   to  t h e   h i g h   f r e q u e n c y   p o w e r   s o u r c e   (739)  and  180  

w a t t s   power   ( f r e q u e n c y :   1 3 . 5 6   MHz)  was  a p p l i e d   to  t h e  
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p o w e r - a p p l y i n g   e l e c t r o d e   (736)   .  A f t e r   p l a s m a   p o l y m e r i z a t i o n  

f o r   a p p r o x i m a t e l y   3  h o u r s ,   t h e r e   was  f o r m e d   a  c h a r g e   _ 

t r a n s p o r t i n g   l a y e r   w i t h   a  t h i c k n e s s   of   a p p r o x i m a t e l y   5 . 5  

m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)   . 

The  r a t i o   ( n ^ n ^   in   t h e   o b t a i n e d   a-C  l a y e r   w a s  

l i l .   2 2 .  

A  c h a r g e   g e n e r a t i n g   l a y e r   was  f o r m e d   on  t h e   a b o v e  

a -C   l a y e r   in   t h e   same  m a n n e r   as  in   E x a m p l e   2 ( 1 1 )   to   g i v e   a  

p h o t o s e n s i t i v e   m e m b e r .  

The  o b t a i n e d   p h o t o s e n s i t i v e   m e m b e r   showed   a  

h a l k - r e d u c e d   e x p o s u r e   v a l u e   E 1 / 2   of   1 . 3   l u x .   sec   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (VQ)  =  - 5 3 0   V.  T h i s  

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

p r o d u c e d   c l e a r   i m a g e s . .  

EXAMPLE  5 

(I)  F o r m a t i o n   o f   an  a -C   L a y e r :  

In  a  s y s t e m   of   g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13 ,   f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c u u m i z e d   i n s i d e   t o   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10"6  T o r r ,   and   t h e n   by  o p e n i n g   No.  6  and  No.  7 

r e g u l a t i n g   v a l v e s   (712)   and  (725)   ,  H2  g a s   f rom  No.  6  t a n k  

2 
(706)   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of   1  Kg/cm  ,  a n d  

s t y l e n e   g a s   f rom  No.  1  v e s s e l   ( 719 )   t h a t   was  h e a t e d   a t   a b o u t  

20°C  by  No.  1  h e a t e r   (722)  w e r e   l e d   i n t o   m a s s   f l o w  

c o n t r o l l e r s   (718)   and  (728)   .  T h e n ,   t h e   m a s s   f l o w  

c o n t r o l l e r s   w e r e   s e t   so  as   to   make  H2  f l o w   a t   30  seem  a n d  

s t y l e n e   f l o w   a t   60  s e e m ,   and  t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e  
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r e a c t i o n   c h a m b e r   (733)   .  A f t e r   t h e   r e s p e c t i v e   f l o w s   h a d  

s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e   of   t h e   r e a c t i o n   c h a m b e r  

(733)   was  a d j u s t e d   to   0 . 4   T o r r .   On  t h e   o t h e r   h a n d ,   t h e  

e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e   (752)   ,  w h i c h   was  a n  

a l u m i n u m   p l a t e   o f   2  x  50  x  50  mm,  was  p r e l i m i n a r i l y   h e a t e d  

up  to   1 5 0 ° C ,   and  w h i l e   t h e   g a s   f l o w s   and  t h e   i n t e r n a l  

p r e s s u r e   w e r e   s t a b i l i z e d ,   i t   was  c o n n e c t e d   to   t h e   l o w  

f r e q u e n c y   p o w e r   s o u r c e   ( 7 3 6 )   and  150  w a t t s   p o w e r   ( f r e q u e n c y :  

30  KHz)  was  a p p l i e d   to   t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)  . 

A f t e r   p l a s m a   p o l y m e r i z a t i o n   f o r   a p p r o x i m a t e l y   4  0  m i n u t e s ,  

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

t h i c k n e s s   of  a p p r o x i m a t e l y   9  v  on  t h e   c o n d u c t i v e   s u b s t r a t e  

(752)  . 

The  r a t i o   ( n ^ r r ^ )   of   t h e   o b t a i n e d   a-C  l a y e r   w a s  

1 : 0 . 6 1 .  

On  t h e   a-C  l a y e r   o b t a i n e d   a  c h a r g e   g e n e r a t i n g  

l a y e r   was  f o r m e d   in   t h e   same  m a n n e r   as  in  E x a m p l e   2 (11)   t o  

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

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   showed   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E1 /2   of  2 .8   l u x .   s ec   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (V_)  =  - 6 7 0   V.  T h i s  

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

p r o d u c e d   c l e a r   i m a g e s .  

E x a m p l e   6 

U s i n g   t h e   v a p o r   d e p o s i t i o n   e q u i p m e n t   of  F i g .   1 4 ,  

t i t a n i l   p h t h a l o c y a n i n e   was  d e p o s i t e d   on  an  a l u m i n u m  

s u b s t r a t e   u n d e r   a  v a c u u m   of   n o t   more  t h a n   1  x  10~5  T o r r ,   a n d  
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t h e   b o a t   t e m p e r a t u r e   o f   400  to   6 0 0 ° C .   The  o b t a i n e d   t i t a n y l .  

p h t h a l o c y a n i n e   l a y e r   h a d   a  t h i c k n e s s   of   600  a n g s t r o m .  

On  t h e   t i t a n y l   p h t h a l o c y a n i n e   l a y e r   an  a-C  l a y e r  

was  f o r m e d   i n   t h e   same   m a n n e r   as  in   t h e   p r o c e s s   of   E x a m p l e   5 

(I)   t o   g i v e   a  p h o t o s e n s i t i v e   m e m b e r .   The  r a t i o   (nx  :  n2)  o f  

t h e   a -C  l a y e r   was  1  :  4 . 0   ,  and   t h e   p h o t o s e n s i t i v e   m e m b e r  

o b t a i n e d   s h o w e d   a  h a l f - r e d u c e d   e x p o s u r e   v a l u e   E i / 2   of  6 . 0  

l u x .   s e c   f o r   t h e   i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  550  V,  t h e  

s e n s i t i v i t y   of   E 1 / 2   o f   1 5 . 4   e r g / c m 2   u n d e r   s e m i c o n d u c t o r  

l a s e r   of   780  n m .  

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

m a n n e r   as   t h e   a b o v e   was  f o r m e d   on  t h e   c h a r g e   g e n e r a t i n g  

l a y e r   made  o f   a m o r p h o u s   S e - T e   and   S e - A s   h a v i n g   a  t h i c k n e s s  

of   1 . 2   m i c r o n   m e t e r   e a c h .   The  o b t a i n e d   p h o t o s e n s i t i v e  

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

C o m p a r a t i v e   E x a m p l e   3 

(I)   F o r m a t i o n   of   an  a-C  l a y e r :  

In  a  s y s t e m   of   g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as   i l l u s t r a t e d   in   F i g .   13,  f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c c u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10~6  T o r r ,   and   t h e n   by  o p e n i n g   No.  1  and  No.  2 

r e g u l a t i n g   v a l v e s   (707)   and   ( 7 0 8 ) ,   H2  gas   f rom  No.  1  t a n k  

(701)   and  C3H8  g a s   f r o m   No.  1  v e s s e l   (719)   w e r e   l e d ,   u n d e r  

o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of   1  K g / c m 2 ,   i n t o   mass   f l o w  

c o n t r o l l e r s   (713)   and   (714)   .  T h e n ,   t h e   mass   f l o w  

c o n t r o l l e r s   w e r e   s e t   so  as  to   make  H2  f l o w   a t   60  seem  a n d  

C  H  f l o w   a t   60  s e e m ,   and  t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e  
3  8 
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r e a c t i o n   c h a m b e r   (733)   t h r o u g h   t h e   m i x e r   (731)   and  t h e   m a i n  

p i p e   ( 7 3 2 ) .   A f t e r   t h e   r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,   t h e  

i n t e r n a l   p r e s s u r e   o f   t h e   r e a c t i o n   c h a m b e r   (733)   was  a d j u s t e d  

to   1 .6   T o r r   by  t h e   p r e s s u r e   c o n t r o l l i n g   v a l v e .   On  t h e   o t h e r  

h a n d ,   t h e   e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e   (752)  ,  w h i c h   w a s  

an  a l u m i n u m   p l a t e   of   3  x  50  x  50mm,  was  p r e l i m i n a r i l y   h e a t e d  

up  to  270  °C,  and  w h i l e   t h e   g a s   f l o w s   and  t h e   i n t e r n a l  

p r e s s u r e   w e r e   s t a b i l i z e d ,   i t   was  c o n n e c t e d   to   t h e   h i g h  

f r e q u e n c y   p o w e r   s o u r s e   (739)   ,  w h i c h   was  p r e v e o u s l y   c o n t a c t e d  

w i t h   t h e   s e l e c t i o n   s w i t c h   (744)   and  250  w a t t s   p o w e r  

( f r e q u e n c y :   1 3 . 5 6   MHz)  was  a p p l i e d   to   t h e   p o w e r - a p p l y i n g  

e l e c t r o d e   (736)  .  A f t e r   p l a s m a   p o l y m e r i z a t i o n   f o r  

a p p r o x i m a t e l y   18  h o u r s ,   t h e r e   was  f o r m e d   a  c h a r g e  

t r a n s p o r t i n g   l a y e r   w i t h   a'  t h i c k n e s s   of  a p p r o x i m a t e l y   15  p  o n  

t h e   c o n d u c t i v e   s u b s t r a t e   (752)   . 

The  h y d r o g e n   c o n t e n t   of  t h e   o b t a i n e d   a-C  l a y e r   w a s  

2  6  a t o m i c   %  b a s e d   on  t h e   t o t a l   a m o u n t   of  t h e   c a r b o n   a t o m s  

and  t h e   h y d r o g e n   a t o m s   f r o m   t h e   a n a l y s i s   of  m e t a l   ONH  u s i n g  

EMGA-1300  ( a v a i l a b l e   f rom  H o r i b a   S e i s a k u s h o )   .  The  r a t i o  

(n1  :  n2)  of  t h e   a-C  l a y e r   was  1  :  47  f rom  a  s o l i d   NMR 

a n a l y s i s ,   a  FTIR  a n a l y s i s ,   and  an  e l e m e n t a l   a n a l y s i s .  

The  p h o t o s e n s i t i v e   member  o b t a i n e d   s h o w e d   h i g h  

maximum  c h a r g e d   p o t e n t i a l   of   - 1 4 9 0   V,  b u t   E - .   of   1 .3   K  l u x  

s e c ,   w h i c h   i n d i c a t e s   t h a t   an  a-C  l a y e r   h a v i n g   a  r a t i o   (n  : 

n2)  of  1  :  more  t h a n   20  c a n n o t   be  u s e d   f o r   a  p h o t o s e n s i t i v e  

m e m b e r .  

EXAMPLE  7 
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(I)  F o r m a t i o n   of   an  a -C   L a y e r ;  

In   a  s y s t e m   of   g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13,   f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c u u m i z e d   i n s i d e   to  a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   1 0 " 6   T o r r ,   and  t h e n   by  o p e n i n g   No.  1  and   No.  2 

r e g u l a t i n g   v a l v e s   (707)  and   ( 7 0 8 ) ,   C2H4  gas   f rom  No.  1  t a n k  

(701)   and  H2  g a s   f r o m   No.  2  t a n k   (702)  were   l e d ,   u n d e r  

o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of   1  Kg/cm  ,  i n t o   mass   f l o w  

c o n t r o l l e r s   (713)   and  (714)   .  T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s  

w e r e   s e t   so  as   t o   make  C2H4  f l o w   a t   30  seem  and  H2  f l o w   a t  

65  s e e m ,   and  t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n  

c h a m b e r   (733)  .  A f t e r   t h e   r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,  

t h e   i n t e r n a l   p r e s s u r e   of   t h e   r e a c t i o n   c h a m b e r   (733)  w a s  

a d j u s t e d   to   0 . 5   T o r r .   On  t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   s u b s t r a t e   (752)   ,  w h i c h   was  an  a l u m i n u m   p l a t e   of   2 

x  50  x  50  mm,  was  p r e l i m i n a r i l y   h e a t e d   up  to   250  °C,  a n d  

w h i l e   t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   w e r e  

s t a b i l i z e d ,   i t   was  c o n n e c t e d   to   t h e   h i g h   f r e q u e n c y   p o w e r  

s o u r c e   (739)   and   100  w a t t s   p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz)  w a s  

a p p l i e d   to   t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)  .  A f t e r   p l a s m a  

p o l y m e r i z a t i o n   f o r   a p p r o x i m a t e l y   f o u r   h o u r s ,   t h e r e   w a s  

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

a p p r o x i m a t e l y   6  m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)   . 

The  r a t i o   of   t h e   n u m b e r   of   u n s a t u r a t e d   c a r b o n  

a t o m s   (n3)  b o n d i n g   w i t h   h y d r o g e n   t o   t h e   n u m b e r   o f  

u n s a t u r a t e d   c a r b o n   s t o m s   (n4)  n o t   b o n d i n g   w i t h   h y d r o g e n   w a s  

1  ;  0 . 8 9 .   The  d a r k   r e s i s t a n c e   of   t h e   l a y e r   w a s  
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12  l e s s   t h a n   a b o u t   1  x  10  ft.  cm  and  t h e   r a t i o   of  t h e   d a r k  

r e s i s t a n c e   to   t h e   l i g h t   r e s i s t a n c e   was  more  t h a n   102  -  10  4 .  

T h e r e f o r e ,   i t   i s   u n d e r s t a n d a b l e   t h a t   t h i s   p l a s m a   p o l y m e r i z e d  

p o l y e t h y l e n e   l a y e r   can   be  u s e d   as  a  p h o t o s e n s i t i v e   m e m b e r  

f o r   e l e c t r o g r a p h y .  

( I I )   F o r m a t i o n   of   a  c h a r g e   g e n e r a t i n g   l a y e r :  

The  p o w e r   a p p l i c a t i o n   f rom  t h e   h i g h   f r e q u e n c y  

p o w e r   s o u r c e   (739)  was  s t o p p e d   f o r   a  t i m e   and  t h e   r e a c t i o n  

c h a m b e r   was  v a c u u m i z e d   i n s i d e .  

By  o p e n i n g   No.  3  and  No.  2  r e g u l a t i n g   v a l v e s   ( 7 0 9 )  

and  (708)  ,  SiH4  gas   f rom  No.  3  t a n k   (703)  and  II.  g a s   f r o m  

No.  2  t a n k   (702)   w e r e ,   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   o f  
2 1  Kg/cm  ,  l e d   i n t o   t h e   m a s s   f l o w   c o n t r o l l e r s   (715)   a n d  

(714)  .  T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s   were   s e t   so  as  t o  

make  SiH^  f l o w   a t   90  seem  and  H_  f l o w   a t   210  s e e m ,   and  t h e  

g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r .   A f t e r   t h e  

r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e   o f  

t h e   r e a c t i o n   c h a m b e r   (733)  was  a d j u s t e d   to   1  .  0  T o r r .  

W h i l e   t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   w e r e  

s t a b i l i z e d ,   t he   c i r c u i t   to   t h e   h i g h   f r e q u e n c y   p o w e r   s o u r c e  

(739)  was  s u p p l i e d   and  a  30  W  p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz) 

was  a p p l i e d   to  t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)  t o  

g e n e r a t e   g l o w   d i s c h a r g e .   A f t e r   10  m i n u t e s   of  g l o w  

d i s c h a r g e ,   t h e r e   was  f o r m e d   an  a - S i : H   c h a r g e   g e n e r a t i n g  

l a y e r   w i t h   a  t h i c k n e s s   of  1  m i c r o n .  

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   w a s  

e v a l u a t e d   in   t h e   same  m a n n e r   as  in   E x a m p l e   1  ( I I I )   ,  a n d  
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s h o w e d   a  h a l f - r e d u c e d   e x p o s u r e   v a l u e   E 1 / 2   of   0 . 7   l u x .   sec   f o r  

t h e   i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  - 4 9 5   v o l t .   T h i s   p h o t o -  

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

c l e a r   i m a g e s   . 

C o m p a r a t i v e   E x a m p l e   4 

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

r a t i o   o f   n3  :  i»4  of   1  :  0 . 1 8   w i t h   a  t h i c k n e s s   of   5  .  5.  m i c r o n  

m e t e r   was  o b t a i n e d   in   t h e   same  m a n n e r   as  in   E x a m p l e   7 

e x c e p t i n g   t h a t   t h e   f l o w   r a t e s   of   C2H4  and   H2  w e r e   100  s e e m  

and  180  s e e m   r e s p e c t i v e l y ,   t h e   i n t e r n a l   p r e s s u r e   of  t h e  

r e a c t i o n   c h a m b e r   was  1 .2   T o r r ,   a p p l i e d   p o w e r   was  230  w a t t s ,  

and   r e a c t i o n   t i m e   was  5  h o u r s   a t   t h e   p r o d u c t i o n   of   a - C  

l a y e r .  

The  a - S i   l a y e r   w i t h   a  t h i c k n e s s   of   1  m i c r o n   m e t e r  

was  f o r m e d   in   t h e   same  m a n n e r   as  in   E x a m p l e   7  . 

The  o b t a i n e d   p h o t o s e n s i t i v e   member   was  e v a l u a t e d  

in   t h e   same  m a n n e r   as  in  E x a m p l e   1  ( I I I )   ,  and  s h o w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E 1 / 2   of   1 0 . 5   l u x .   s e c   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  - 6 1 0   v o l t .  

C o m p a r a t i v e   E x a m p l e   5 

In   a  s y s t e m   of  g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13,  f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10"6  T o r r ,   and  t h e n   a l o x y m e n e   gas   was  l e d   t o  

No.  7  f l o w   c o n t r o l l e r   (728)   f r o m   No.  1  v e s s e l   (719)   a s  

h e a t i n g   by  No.  1  h e a t e r   (722)  a t   1 0 0 ° C ,   and  as  m a k i n g   t h e  
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g a s   f l o w   a t   20  seem  to   be  a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r  

(733)   t h r o u g h   t h e   m i x e r   (731)   and  t h e   m a i n   p i p e   (732)  . 
A f t e r   t h e   r e a c t i o n   f l o w   had  s t a b i l i z e d ,   t h e  

i n t e r n a l   p r e s s u r e   of   t h e   r e a c t i o n   c h a m b e r   (733)   was  a d j u s t e d  

to   1 .5   T o r r   by  t h e   p r e s s u r e   c o n t r o l l i n g   v a l v e   ( 7 4 5 ) .   On  t h e  

o t h e r   h a n d ,   t h e   e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e   (752)  , 
w h i c h   was  an  a l u m i n u m   p l a t e   of  3  x  50  x  50  mm,  w a s  

p r e l i m i n a r i l y   h e a t e d   up  to   180°C  ,  and  w h i l e   t h e   gas  f l o w s  

and  t h e   i n t e r n a l   p r e s s u r e   we re   s t a b i l i z e d ,   i t   was  c o n n e c t e d  

to   t h e   low  f r e q u e n c y   p o w e r   s o u r c e   ( 7 4 1 ) ,   w h i c h   w a s  

p r e v i o u s l y   c o n t a c t e d   w i t h   t h e   s e l e c t i o n   s w i t c h   (744)  and  1 2 0  

w a t t s   power   ( f r e q u e n c y :   35  KHz)  was  a p p l i e d   to  t h e  

p o w e r - a p p l y i n g   e l e c t r o d e   ( 7 3 6 ) .   A f t e r   p l a s m a   p o l y m e r i z a t i o n  

f o r   a p p r o x i m a t e l y   2  h o u r s   and  4  0  m i n u t e s ,   t h e r e   was  f o r m e d   a  

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

15  m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)  .  A f t e r   t h e  

l a y e r - f o r m a t i o n ,   t h e   p o w e r   a p p l y i n g   was  s t o p p e d ,   t h e   c o n t r o l  

v a l v e   was  c l o s e d ,   and  t h e n   t h e   r e a c t i o n   c h a m b e r   (733)  w a s  

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

The  o b t a i n e d   a-C  l a y e r   was  a n a l y z e d   w i t h   ONH 

a n a l y s i s   u s i n g   EMGA-1300  ( a v a i l a b l e   f rom  H o r i b a   S e i s a k u s h o )   . 
The  c o n t e n t   of   t h e   h y d r o g e n   a tom  in  t h e   a-C  l a y e r   was  23 

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

t h e   c a r b o n   a t o m s ,   and  t h e   r a t i o   (n3  :  n4)  of   t he   a-C  l a y e r  

was  1  :  5 . 2 .  

( I I )   F o r m a t i o n   of  a  c h a r g e   g e n e r a t i n g   l a y e r :  
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By  o p e n i n g   No.  1  and   No.  6  r e g u l a t i n g   v a l v e s   ( 7 0 7 )  

a n d   ( 7 1 2 ) ,   H2  g a s   f r o m   No.  1  t a n k   (701)   and  SiH4  g a s   f r o m  

No.  6  t a n k   (706)   w e r e ,   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   o f  

1  K g / c m   ,  l e d   i n t o   t h e   m a s s   f l o w   c o n t r o l l e r s   (713)   a n d  

(718)   .  T h e n ,   t h e   m a s s   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as  t o  

make  H?  f l o w   a t   200  s eem  and   S iH4  f l o w   a t   100  s e e m ,   and  t h e  

g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r   (733)  .  A f t e r  

t h e   r e s p e c t i v e   f l o w s   had   s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e  

of   t h e   r e a c t i o n   c h a m b e r   (733)   was  a d j u s t e d   to   0 .8   T o r r .  

W h i l e   t h e   s u b s t r a t e ,   on  w h i c h   a-C  l a y e r   w a s  

f o r m e d ,   was  h e a t e d   to   2 5 0 ° C ,   and   t h e   g a s   f l o w   and  t h e  

p r e s s u r e   w e r e   s t a b i l i z e d , "   t h e   c i r c u i t   t o   t h e   h i g h   f r e q u e n c y  

p o w e r   s o u r c e   (739)   was  s u p p l i e d   and   35  W  p o w e r   ( f r e q u e n c y :  

1 3 . 5 6   MHz)  was  a p p l i e d   t o   g e n e r a t e   g l o w   d i s c h a r g e .   A f t e r   5 

m i n u t e s   of   g l o w   d i s c h a r g e ,   t h e r e   was  f o r m e d   an  a - S i : H   c h a r g e  

g e n e r a t i n g   l a y e r   w i t h   a  t h i c k n e s s   of   0 . 3   y .  

The  p h o t o s e n s i t i v e   m e m b e r   t h u s   o b t a i n e d   showed   a  

h i g h   maximum  c h a r g e d   p o t e n t i a l   o f   - 8 0 0   V,  b u t   a  h a l f - r e d u c e d  

e x p o s u r e   v a l u e   E.  ,2  of   17  l u x .   s e c ,   w h i c h   means   t h e  

p h o t o s e n s i t i v i t y   r e m a r k a b l y   d e c r e a s e s   in   t h e   c a s e   of  t h e  

r a t i o   ( n ^ : n . )   b e i n g   1  :  more   t h a n   4 .  

EXAMPLE  8 

(I)  F o r m a t i o n   of   an  a-C  L a y e r :  

In  a  s y s t e m   of   g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13,  f i r s t   t he   r e a c t i o n   - 

c h a m b e r   (733)   was  v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10  T o r r ,   and   t h e n   by  o p e n i n g   No.  1  and  No.  2 
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r e g u l a t i n g   v a l v e s   (707)  and  (708)   ,  C2H2  gas   f rom  No.  1  t a n k  

(701)  and  H_  gas   f rom  No.  2  t a n k   (702)  were   l e d ,   u n d e r  

2 o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of   1  Kg/cm  ,  i n t o   mass   f l o w  

c o n t r o l l e r s   (713)  and  (714)  .  T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s  

w e r e   s e t   so  as  to   make  C~H~  f l o w   a t   60  seem  and  H.  f l o w   a t  

80  seem,   and  t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n  

c h a m b e r   ( 7 3 3 ) .   A f t e r   t he   r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,  

t h e   i n t e r n a l   p r e s s u r e   of  t h e   r e a c t i o n   c h a m b e r   (733)  w a s  

a d j u s t e d   to  0  .  8  T o r r .   On  t h e   o t h e r   h a n d ,   t he   e l e c t r i c a l l y  

c o n d u c t i v e   s u b s t r a t e   (752)  ,  an  a l u m i n u m   p l a t e   of  2  x  50  x 

50mm,  was  p r e l i m i n a r i l y   h e a t e d   up  to  2 0 0 ° C ,   and  w h i l e   t h e  

gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   were   s t a b i l i z e d ,   i t   w a s  

c o n n e c t e d   to  t h e   h i g h   f r e q u e n c y   power   s o u r c e   (739)  and  85 

w a t t s   power   ( f r e q u e n c y :   1 3 . 5 6   MHz)  was  a p p l i e d   to   t h e  

p o w e r - a p p l y i n g   e l e c t r o d e   (736)   .  A f t e r   p l a s m a   p o l y m e r i z a t i o n  

f o r   a p p r o x i m a t e l y   1 .2  h o u r s ,   t h e r e   was  f o r m e d   a  c h a r g e  

t r a n s p o r t i n g   l a y e r   w i t h   a  t h i c k n e s s   of  a p p r o x i m a t e l y   10 

m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)  . 

The  r a t i o   ( n _ : n . )   of   t h e   o b t a i n e d   a-C  l a y e r   w a s  

1 : 1 . 2 7 .  

( I I )   F o r m a t i o n   of  a  c h a r g e   g e n e r a t i n g   l a y e r ;  

The  p o w e r   a p p l i c a t i o n   f rom  t h e   h i g h   f r e q u e n c y  

power   s o u r c e   (739)  was  s t o p p e d   f o r   a  t i m e   and  t h e   r e a c t i o n  

c h a m b e r   was  v a c u u m i z e d   i n s i d e .  

By  o p e n i n g   No.  4  and  No.  2  r e g u l a t i n g   v a l v e s   ( 7 1 0 )  

and  (708)  ,  SiH  gas   f rom  No.  4  t a n k   (704)  and  H  gas  f r o m  

No.  2  t a n k   (702)  w e r e ,   u n d e r   o u t p u t   p r e s s u r e   gage   r e a d i n g   o f  
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1  K g / c m 2 ,   l e d   i n t o   t h e   mass   f l o w   c o n t r o l l e r s   (716)   a n d  

( 7 1 4 ) .   T h e n ,   t h e   m a s s   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as   t o  

make  SiH4  f l o w   a t   90  seem  and  H2  f l o w   a t   210  s e e m ,   a n d   t h e  

g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r .   A f t e r   t h e  

r e s p e c t i v e   f l o w s   had   s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e   o f  

t h e   r e a c t i o n   c h a m b e r   (733)  was  a d j u s t e d   t o   1 . 0   T o r r .  

W h i l e   t h e   gas   f l o w s   and   t h e   i n t e r n a l   p r e s s u r e   w e r e  

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

(739)   was  s u p p l i e d   and  a  30  W  p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz) 

was  a p p l i e d   t o   t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)   t o  

g e n e r a t e   g l o w   d i s c h a r g e .   A f t e r   10  m i n u t e s   o f   g l o w  

d i s c h a r g e ,   t h e r e   was  f o r m e d   an  a - S i : H   c h a r g e   g e n e r a t i n g  

l a y e r   w i t h   a  t h i c k n e s s   of   1  m i c r o n .  

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   s h o w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E ± / 2   of   0 . 5   l u x .   s e c   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  - 4 9 0   v o l t .   T h i s   p h o t o -  

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

c l e a r   i m a g e s .  

E x a m p l e   9 

(I)  F o r m a t i o n   of   an  a-C  l a y e r :  

In  a  s y s t e m   of  g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13,   f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c c u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10"6   T o r r ,   and  t h e n   by  o p e n i n g   No.  1  -  No.  3 

r e g u l a t i n g   v a l v e s   (707)  -  ( 7 0 9 ) ,   C ^   g a s   f rom  No.  1  t a n k  

( 7 0 1 ) ,   CH4  g a s   f r o m   No.  2  t a n k   ( 7 0 2 ) ,   and   H2  gas   f r o m   No.  3 

t a n k   (703)   w e r e   l e d ,   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of  1 
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K g / c m   ,  i n t o   m a s s   f l o w   c o n t r o l l e r s   ( 7 1 3 ) ,   (714)  and  ( 7 1 5 ) .  

T h e n ,   t h e   m a s s   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as  to  make  C  H 

f l o w   a t   45  s e e m ,   CH4  f l o w   a t   100  s e e m ,   and  H,  f l o w   a t   1 2 0  

a c c m ,   and  t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r  

(733)   .  A f t e r   t h e   r e s p e c t i v e   f l o w s   had   s t a b i l i 2 e d ,   t h e  

i n t e r n a l   p r e s s u r e   of  t h e   r e a c t i o n   c h a m b e r   (733)  was  a d j u s t e d  

to   1 . 0   T o r r .   On  t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y   c o n d u c t i v e  

s u b s t r a t e   (752)   ,  w h i c h   was  an  a l u m i n u m   p l a t e   of  2  x  50  x  

50mm,  was  p r e l i m i n a r i l y   h e a t e d   up  t o   2 5 0 ° C ,   and  w h i l e   t h e  

g a s   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   we re   s t a b i l i z e d ,   i t   w a s  

c o n n e c t e d   to   t h e   h i g h   f r e q u e n c y   p o w e r   s o u r c e   (739)  and  2 5 0  

w a t t s   p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz)  was  a p p l i e d   to  t h e  

p o w e r - a p p l y i n g   e l e c t r o d e   (736)   .  A f t e r   p l a s m a   p o l y m e r i z a t i o n  

f o r   a p p r o x i m a t e l y   5  h o u r s ,   t h e r e   was  f o r m e d   a  c h a r g e  

t r a n s p o r t i n g   l a y e r   w i t h   a  t h i c k n e s s   of  a p p r o x i m a t e l y   6  p  o n  

t h e   c o n d u c t i v e   s u b s t r a t e   ( 7 5 2 ) .   The  r a t i o   ( n 3 : n . )   in  t h e  

o b t a i n e d   a-C  l a y e r   was  1 : 0 . 5 2 .  

On  t h e   a-C  l a y e r ,   a  c h a r g e   g e n e r a t i n g   l a y e r   w a s  

f o r m e d   in  t h e   same  m a n n e r   as  in  E x a m p l e   2 (11 )   to  g i v e   a  

p h o t o s e n s i t i v e   m e m b e r .  

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   s h o w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   ^ 1 / 2   o f   1-5  l u x - s e c   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (VQ)  .=  - 5 2 0   v o l t .   T h i s  

p h o t o s e n s i t i v e   m e m b e r ,   t e s t e d   f o r   t h e   image   t r a n s f e r ,  

p r o d u c e d   c l e a r   i m a g e s .  

EXAMPLE  10 

(I)  F o r m a t i o n   of  an  a-C  L a y e r :  



0 2 4 1 0 3 3  -  54  -  

In   a  s y s t e m   of   g low  d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13,  f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c u u m i z e d   i n s i d e   to  a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10~6  T o r r ,   and  t h e n   by  o p e n i n g   No.  1  -  No.  3 

r e g u l a t i n g   v a l v e s   (707)   -  ( 7 0 9 ) ,   C ^   gas   f rom  No.  1  t a n k  

(701)   ,  CH4  g a s   f r o m   No.  2  t a n k   (702)  and  H2  gas   f rom  No.  3 

t a n k   (703)   w e r e   l e d ,   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of   1 

K g / c m 2 ,   i n t o   mass   f l o w   c o n t r o l l e r s   (713)  -  ( 7 1 5 ) .   T h e n ,   t h e  

m a s s   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as  to   make  C2H4  f l o w   a t   60 

s e e m ,   CH-  f l o w   a t   60  s e e m ,   and  H2  f l ow  a t   100  seem,   and  t h e  

g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r   ( 7 3 3 ) .   A f t e r  

t h e   r e s p e c t i v e   f l o w s   had   s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e  

of   t h e   r e a c t i o n   c h a m b e r   (733)   was  a d j u s t e d   to  1 .5   T o r r .   On 

t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e   ( 7 5 2 ) ,  

an  a l u m i n u m   p l a t e   of   2  x  50  x  50mm,  was  p r e l i m i n a r i l y   h e a t e d  

up  t o   2 5 0 ° C ,   and  w h i l e   t h e   gas   f l o w s   and  t h e   i n t e r n a l  

p r e s s u r e   w e r e   s t a b i l i z e d ,   i t   was  c o n n e c t e d   to  t h e   h i g h  

f r e q u e n c y   p o w e r   s o u r c e   (739)  and  200  w a t t s   power   ( f r e q u e n c y :  

1 3 . 5 6   MHz)  was  a p p l i e d   to   t h e   p o w e r - a p p l y i n g   e l e c t r o d e  

(736)   .  A f t e r   p l a s m a   p o l y m e r i z a t i o n   f o r   a p p r o x i m a t e l y   5 

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

t h i c k n e s s   of   a p p r o x i m a t e l y   5  m i c r o n s   on  t h e   c o n d u c t i v e  

s u b s t r a t e   ( 7 5 2 ) .  

The  r a t i o   ( n 3 : n 4 )   of  t h e   o b t a i n e d   a-C  l a y e r   w a s  

1 : 2 . 1 .  
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A  c h a r g e   g e n e r a t i n g   l a y e r   was  f o r m e d   on  t h e   a - C  

l a y e r   in   t h e   same  m a n n e r   as  in   E x a m p l e   2  ( I I )   to   g i v e   a  

p h o t o s e n s i t i v e   m e m b e r .  

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   s h o w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E. j .2   of   1 .8   l u x .   sec   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (VQ)  =  - 5 3 0   v o l t .   T h i s  

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

p r o d u c e d   c l e a r   i m a g e s .  

EXAMPLE  1 1  

(I)  F o r m a t i o n   of  an  a-C  L a y e r :  

In  a  s y s t e m   of  g low  d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in  F i g .   13,  f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10  T o r r ,   and  t h e n   by  o p e n i n g   No.  6  and .   No.  7 

r e g u l a t i n g   v a l v e s   (712)   and  ( 7 2 5 ) ,   H2  gas   f rom  No.  6  t a n k  

(706)  u n d e r   o u t p u t   p r e s s u r e   gage   r e a d i n g   of  1  K g / c m 2 ,   a n d  

s t y l e n e   g a s   f r o m   No,  1  v e s s e l   (719)  t h a t   was  h e a t e d   a t   a b o u t  

50°C  by  No.  1  h e a t e r   (722)  we re   l e d   i n t o   mass   f l o w  

c o n t r o l l e r s   (718)   and   (728)  .  T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s  

w e r e   s e t   so  as  to   make  H_  f l o w   a t   30  seem  and  s t y l e n e   f l o w  

a t   50  s eem,   and  t h e   g a s e s   we re   a l l o w e d   i n t o   t h e   r e a c t i o n  

c h a m b e r   ( 7 3 3 ) .   A f t e r   t h e   r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,  

t h e   i n t e r n a l   p r e s s u r e   of  t h e   r e a c t i o n   c h a m b e r   (733)   w a s  

a d j u s t e d   to   0  .  5  T o r r .   On  t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   s u b s t r a t e   ( 7 5 2 ) ,   w h i c h   was  an  a l u m i n u m   p l a t e   of  2 

x  50  x  50  mm,  was  p r e l i m i n a r i l y   h e a t e d   up  to  1 5 0 ° C ,   a n d  

w h i l e   t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   w e r e  
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s t a b i l i z e d ,   i t   was  c o n n e c t e d   t o   t h e   low  f r e q u e n c y   p o w e r  

s o u r c e   (736)   and   150  w a t t s   p o w e r   ( f r e q u e n c y :   30  KHz)  w a s  

a p p l i e d   t o   t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)   .  A f t e r   p l a s m a  

p o l y m e r i z a t i o n   f o r   a p p r o x i m a t e l y   50  m i n u t e s ,   t h e r e   w a s  

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

a p p r o x i m a t e l y   8  m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)   . 

The  r a t i o   ( n 3 : n 4 )   o f   t h e   a-C  l a y e r   was  1 : 0 . 3 3 .  

A  c h a r g e   g e n e r a t i n g   l a y e r   was  f o r m e d   on  t h e   a - C  

l a y e r   a c c o r d i n g   to   t h e   same  m a n n e r   as  in   E x a m p l e   2 ( 1 1 )   t o  

g i v e   a  p h o t o s e n s i t i v e   m e m b e r .  

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   s h o w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E 1 / 2   of   4 .0   l u x .   s e c   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  - 6 2 0   v o l t .   T h i s   p h o t o -  

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

c l e a r   i m a g e s   . 

E x a m p l e   12  

U s i n g   t h e   v a p o r   d e p o s i t i o n   e q u i p m e n t   o f   F i g .   1 4 ,  

t i t a n y l   p h t h a l o c y a n i n e   was  d e p o s i t e d   on  an  a l u m i n u m  

s u b s t r a t e   u n d e r   a  v a c u u m   of   n o t   more   t h a n   1  x  10~  T o r r ,   a n d  

a  b o a t   t e m p e r a t u r e   of   400  t o   6 0 0 ° C .   The  o b t a i n e d   t i t a n y l   . 

p h t h a l o c y a n i n e   l a y e r   had   a  t h i c k n e s s   of   600  a n g s t r o m .  

On  t h e   t i t a n y l   p h t h a l o c y a n i n e   l a y e r ,   an  a-C  l a y e r  

was  f o r m e d   in   t h e   same  m a n n e r   as  in   t h e   p r o c e s s   of   E x a m p l e  

11  (I)  t o   g i v e   a  p h o t o s e n s i t i v e   m e m b e r .   The  r a t i o   (n3  :  n 4 )  

of   t h e   a -C   l a y e r   was  1  :  1 . 0 ,   and  t h e   p h o t o s e n s i t i v e   m e m b e r  

o b t a i n e d   showed   a  h a l f - r e d u c e d   e x p o s u r e   v a l u e   E 1 / 2   of   6 . 0  

l u x .   s ec   f o r   t h e   i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  550  V,  t h e  
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s e n s i t i v i t y   of   E . j , 2   o f   1 5 . 4   e r g / c m   u n d e r   s e m i c o n d u c t o r  

l a s e r   of  780  n m .  

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

m a n n e r   as  t h e   a b o v e   was  f o r m e d   on  t h e   c h a r g e   g e n e r a t i n g  

l a y e r   made  of   a m o r p h o u s   S e - T e   and  Se -As   h a v i n g   a  t h i c k n e s s  

of   1 .2   m i c r o n   m e t e r   e a c h .   The  o b t a i n e d   p h o t o s e n s i t i v e  

member   had  e x c e l l e n t   p r o p e r t i e s   f o r   e l e c t r o p h o t o g r a p h y .  

EXAMPLE  1 3  

(I)  F o r m a t i o n   of   an  a-C  L a y e r :  

In  a  s y s t e m   of   g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13,  f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10~  T o r r ,   and  t h e n   by  o p e n i n g   No.  1  and  No.  2 

r e g u l a t i n g   v a l v e s   ( 7 0 7 )   and  ( 7 0 8 ) ,   C2H4  gas   f r o m   No.  1  t a n k  

(701)   and  H2  gas   f r o m   No.  2  t a n k   (702)  we re   l e d ,   u n d e r  

o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of  1  Kg/cm  ,  i n t o   mass   f l o w  

c o n t r o l l e r s   (713)   and   (714)   .  T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s  

w e r e   s e t   so  as  to   make   C2H.  f l o w   a t   30  seem  and  H_  f l o w   a t  

60  seem,   and  t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n  

c h a m b e r   (733)   .  A f t e r   t h e   r e s p e c t i v e   f l o w s   had   s t a b i l i z e d ,  

t h e   i n t e r n a l   p r e s s u r e   of   t h e   r e a c t i o n   c h a m b e r   (733)  w a s  

a d j u s t e d   to   0  .  5  T o r r .   On  t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   s u b s t r a t e   (752)   ,  w h i c h   was  an  a l u m i n u m   p l a t e   of   2 

x  50  x  50  mm,  was  p r e l i m i n a r i l y   h e a t e d   up  to   2 5 0 ° C ,   a n d  

w h i l e   t h e   gas   f l o w s   and   t h e   i n t e r n a l   p r e s s u r e   w e r e  

s t a b i l i z e d ,   i t   was  c o n n e c t e d   to  t h e   h i g h   f r e q u e n c y   p o w e r  

s o u r c e   (739)   and  100  w a t t s   power   ( f r e q u e n c y :   1 3 . 5 6   MHz)  w a s  
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a p p l i e d   t o   t h e   p o w e r -   a p p l y i n g   e l e c t r o d e   (736)  .  A f t e r   p l a s m a  

p o l y m e r i z a t i o n   f o r   a p p r o x i m a t e l y   f o u r   h o u r s ,   t h e r e   w a s  

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

a p p r o x i m a t e l y   6  m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)  . 

The  r a t i o   of   t h e   n u m b e r   of  s a t u r a t e d   c a r b o n   a t o m s  

(n  )  t o   t h e   n u m b e r   of   s a t u r a t e d   c a r b o n   a t o m s   (n6)  n o t  

b o n d i n g   w i t h   h y d r o g e n   ( n 5 : n g )   was  1  :  0 . 2 9 .   The  d a r k  

r e s i s t a n c e   of   t h e   l a y e r   was  l e s s   t h a n   a b o u t   5  x  10  f i . c m  

and  t h e   r a t i o   o f   t h e   d a r k   r e s i s t a n c e   to   t h e   l i g h t   r e s i s t a n c e  

was  m o r e   t h a n   102  -  104 .   T h e r e f o r e ,   i t   i s   u n d e r s t a n d a b l e  

t h a t   t h i s   p l a s m a   p o l y m e r i z e d   p o l y e t h y l e n e   l a y e r   can   be  u s e d  

as  a  p h o t o s e n s i t i v e   m e m b e r   f o r   e l e c t r o p h o t o g r a p h y .  

( I I )   F o r m a t i o n   of   a  c h a r g e   g e n e r a t i n g   l a y e r :  

The  p o w e r   a p p l i c a t i o n   f rom  t h e   h i g h   f r e q u e n c y  

p o w e r   s o u r c e   (739)   was  s t o p p e d   f o r   a  t i m e   and  t h e   r e a c t i o n  

c h a m b e r   was  v a c u u m i z e d   i n s i d e .  

By  o p e n i n g   No.  3  and  No.  2  r e g u l a t i n g   v a l v e s   ( 7 0 9 )  

and  ( 7 0 8 ) ,   SiH4  gas   f r o m   No.  3  t a n k   (703)  and  H2  gas   f r o m  

No.  2  t a n k   (702)  w e r e ,   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   o f  

1  K g / c m 2 ,   l e d   i n t o   t h e   m a s s   f l o w   c o n t r o l l e r s   (715)  a n d  

(714)  .  T h e n ,   t h e   m a s s   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as  t o  

make  S iH4  f l o w   a t   90  seem  and  H2  f l o w   a t   210  s eem,   and  t h e  

g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r .   A f t e r   t h e  

r e s p e c t i v e   f l o w s   had   s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e   o f  

t h e   r e a c t i o n   c h a m b e r   (733)   was  a d j u s t e d   to   1 .0   T o r r .  

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

s t a b i l i z e d ,   t h e   c i r c u i t   to   t h e   h i g h   f r e q u e n c y   p o w e r   s o u r c e  
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(739)   was  s u p p l i e d   and  a  30  W  p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz) 

was  a p p l i e d   to   t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)  t o  

g e n e r a t e   g low  d i s c h a r g e .   A f t e r   10  m i n u t e s   of  g l o w  

d i s c h a r g e ,   t h e r e   was  f o r m e d   an  a - S i : H   c h a r g e   g e n e r a t i n g  

l a y e r   w i t h   a  t h i c k n e s s   of   1  m i c r o n .  

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   s h e w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E . , 2   of   0 .5   l u x .   sec   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  - 5 1 0   v o l t .   T h i s   p h o t o -  

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

c l e a r   i m a g e s .  

EXAMPLE  14 

(I)  F o r m a t i o n   of   an  a-C  L a y e r :  

In  a  s y s t e m   of   g low  d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in  F i g .   13,   f i r s t   t he   r e a c t i o n  

c h a m b e r   (733)  was  v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10"  T o r r ,   and  t h e n   by  o p e n i n g   No.  1  and  No.  2 

r e g u l a t i n g   v a l v e s   (707)  and  ( 7 0 8 ) ,   C2H2  gas   f rom  No.  1  t a n k  

(701)   and  H2  gas   f rom  No.  2  t a n k   (702)  were   l e d ,   u n d e r  

o u t p u t   p r e s s u r e   gage   r e a d i n g   of  1  Kg/cm  ,  i n t o   mass   f l o w  

c o n t r o l l e r s   (713)  and  ( 7 1 4 ) .   T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s  

w e r e   s e t   so  as  to   make  C2H2  f l o w   a t   70  seem  and  H.,  f l o w   a t  

80  s e e m ,   and  t h e   g a s e s   were   a l l o w e d   i n t o   t h e   r e a c t i o n  

c h a m b e r   (733)  .  A f t e r   t h e   r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,  

t h e   i n t e r n a l   p r e s s u r e   of  t h e   r e a c t i o n   c h a m b e r   (733)  w a s  

a d j u s t e d   to   1  .  0  T o r r .   On  t h e   o t h e r   h a n d ,   t he   e l e c t r i c a l l y  

c o n d u c t i v e   s u b s t r a t e   (752)  ,  an  a l u m i n u m   p l a t e   of  2  x  50  x  

50mm,  was  p r e l i m i n a r i l y   h e a t e d   up  to   200  °C,  and  w h i l e   t h e  
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g a s   f l o w s   and   t h e   i n t e r n a l   p r e s s u r e   w e r e   s t a b i l i z e d ,   i t   w a s  

c o n n e c t e d   t o   t h e   h i g h   f r e q u e n c y   p o w e r   s o u r c e   (739)   and   90  

w a t t s   p o w e r   { f r e q u e n c y :   1 3 . 5 6   MHz)  was  a p p l i e d   t o   t h e  

p o w e r - a p p l y i n g   e l e c t r o d e   ( 7 3 6 ) .   A f t e r   p l a s m a   p o l y m e r i z a t i o n  

f o r   a p p r o x i m a t e l y   1 .5   h o u r s ,   t h e r e   was  f o r m e d   a  c h a r g e  

t r a n s p o r t i n g   l a y e r   w i t h   a  t h i c k n e s s   o f   a p p r o x i m a t e l y   9 

m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)   . 

The  r a t i o   ( n 5 : n g )   of   t h e   o b t a i n e d   a -C  l a y e r   w a s  

1 : 0 . 2 1 .  

( I I )   F o r m a t i o n   of  a  c h a r g e   g e n e r a t i n g   l a y e r :  

The  p o w e r   a p p l i c a t i o n   f r o m   t h e   h i g h   f r e q u e n c y  

p o w e r   s o u r c e   (739)   was  s t o p p e d   f o r   a  t i m e   and   t h e   r e a c t i o n  

c h a m b e r   was  v a c u u m i z e d   i n s i d e .  

By  o p e n i n g   Ho.  4  and  No.  2  r e g u l a t i n g   v a l v e s   ( 7 1 0 )  

and   ( 7 0 8 ) ,   S iH4  g a s   f rom  No.  4  t a n k   (704)   and   H2  g a s   f r o m  

No.  2  t a n k   (702)   w e r e ,   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   o f  

1  K g / c m 2 ,   l e d   i n t o   t h e   mass   f l o w   c o n t r o l l e r s   (716)   a n d  

( 7 1 4 ) .   T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as  t o  

make  SiH4  f l o w   a t   90  seem  and  H2  f l o w   a t   210  s e e m ,   and  t h e  

g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r .   A f t e r   t h e  

r e s p e c t i v e   f l o w s   had   s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e   o f  

t h e   r e a c t i o n   c h a m b e r   (733)  was  a d j u s t e d   to   1 . 0   T o r r .  

W h i l e   t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e   w e r e  

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

(739)   was  s u p p l i e d   and  30  W  p o w e r   ( f r e q u e n c y :   1 3 . 5 6   MHz)  w a s  

a p p l i e d   t o   t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)   t o   g e n e r a t e  

g l o w   d i s c h a r g e .   A f t e r   10  m i n u t e s   of   g l o w   d i s c h a r g e /   t h e r e  
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was  f o r m e d   an  a - S i : H   c h a r g e   g e n e r a t i n g   l a y e r   w i t h   a  * 

t h i c k n e s s   of  1  m i c r o n .  

The  p h o t o s e n s i t i v e   m e m b e r   t h u s   o b t a i n e d   s h o w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E 1 / 2   o f   0 . 5   l u x .   sec   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  - 4 6 0   v o l t .   T h i s   p h o t o -  

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

c l e a r   i m a g e s .  

E x a m p l e   1 5  

(I)  F o r m a t i o n   o f   an  a-C  l a y e r ;  

In  a  s y s t e m   of   g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in   F i g .   13  ,  f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)   was  v a c c u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   10"  T o r r ,   and  t h e n   by  o p e n i n g   No.  1,  No.  2 

and  No.  3  r e g u l a t i n g   v a l v e s   ( 7 0 7 ) ,   (708)   and  ( 7 0 9 ) ,   C  H  g a s  

f rom  No.  1  t a n k   (701)   ,  CH4  gas   f r o m   No.  2  t a n k ,   and  H  g a s  

f rom  No.  3  t a n k   (703)   w e r e   l e d ,   u n d e r   o u t p u t   p r e s s u r e   g a g e  
2 r e a d i n g   of  1  Kg/cm  ,  i n t o   mass   f l o w   c o n t r o l l e r s   (713)  ,  ( 7 1 4 )  

and  (715)  .  T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s   we re   s e t   so  a s  

to   make  C2H4  f l o w   a t   60  s e e m ,   CH4  f l o w   a t   100  seem  and  H 

f l o w   a t   120  accm,   and  t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e  

r e a c t i o n   c h a m b e r   ( 7 3 3 ) .   A f t e r   t h e   r e s p e c t i v e   f l o w s   h a d  

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

(733)  was  a d j u s t e d   to   0  .  8  T o r r .   On  t h e   o t h e r   h a n d ,   t h e  

e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e   (752)   ,  w h i c h   was  a n  

a l u m i n u m   p l a t e   of  2  x  50  x  50mm,  was  p r e l i m i n a r i l y   h e a t e d   u p  

to  250°C ,   and  w h i l e   t h e   gas   f l o w s   and  t h e   i n t e r n a l   p r e s s u r e  

we re   s t a b i l i z e d ,   i t   was  c o n n e c t e d   to   t h e   h i g h   f r e q u e n c y  
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p o w e r   s o u r c e   ( 7 3 9 )   and   200  w a t t s   p o w e r   ( f r e q u e n c y :   1 3 . 5 6  

MHz)  was  a p p l i e d   t o   t h e   p o w e r -   a p p l y i n g   e l e c t r o d e   (736)   . 

A f t e r   p l a s m a   p o l y m e r i z a t i o n   f o r   a p p r o x i m a t e l y   4  h o u r s ,   t h e r e  

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

a p p r o x i m a t e l y   6  y  on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)   .  T h e  

r a t i o   ( n 5 : n 6 )   o f   t h e   a-C  l a y e r   was  1 : 0 . 3 9 .  

A  c h a r g e   g e n e r a t i n g   l a y e r   was  f o r m e d   on  t h e   a - C  

l a y e r   in   t h e   s ame   m a n n e r   as  i n   E x a m p l e   2 ( 1 1 )   t o   g i v e   a  

p h o t o s e n s i t i v e   m e m b e r .  

The   p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   s h o w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   B 1 / 2   of   1 .5   l u x .   s e c   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (VQ)  =  - 5 4 0   v o l t .   T h i s  

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

p r o d u c e d   c l e a r   i m a g e s .  

EXAMPLE  16  

( I )   F o r m a t i o n   of   an  a-C  L a y e r :  

In   a  s y s t e m   of  g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as   i l l u s t r a t e d   in   F i g .   13,   f i r s t   t h e   r e a c t i o n  

c h a m b e r   ( 7 3 3 )   was   v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  

a p p r o x i m a t e l y   1 0 " 6   T o r r ,   and   t h e n   by  o p e n i n g   No.  1  -  No.  3 

r e g u l a t i n g   v a l v e s   (707)  -  ( 7 0 9 ) ,   C ^   gas   f r o m   No.  1  t a n k  

(701)   ,  CH4  g a s   f r o m   No.  2  t a n k   (702)  and  H2  g a s   f rom  No.  3 

t a n k   (703)   w e r e   l e d ,   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of  1 

K g / c m 2 ,   i n t o   m a s s   f l o w   c o n t r o l l e r s   (713)  -  ( 7 1 5 ) .   T h e n ,   t h e  

m a s s   f l o w   c o n t r o l l e r s   w e r e   s e t   so  as  to   make  C ^   f l o w   a t   55 

s e e m ,   CH4  f l o w   a t   60  s e e m ,   and  H^  f l o w   a t   100  s e e m ,   and  t h e  

g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n   c h a m b e r   (733)   .  A f t e r  
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t h e   r e s p e c t i v e   f l o w s   had   s t a b i l i z e d ,   t h e   i n t e r n a l   p r e s s u r e  

of  t h e   r e a c t i o n   c h a m b e r   (733)   was  a d j u s t e d   to   1  .  5  T o r r .   On 

t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e   ( 7 5 2 ) ,  

w h i c h   was  an  a l u m i n u m   p l a t e   of   2  x  50  x  50mm,  w a s  

p r e l i m i n a r i l y   h e a t e d   up  t o   250  °C,  and  w h i l e   t h e   gas   f l o w s  

and  t h e   i n t e r n a l   p r e s s u r e   w e r e   s t a b i l i z e d ,   i t   was  c o n n e c t e d  

to  t h e   h i g h   f r e q u e n c y   p o w e r   s o u r c e   (739)   and  200  w a t t s   p o w e r  

( f r e q u e n c y :   1 3 . 5 6   MHz)  was  a p p l i e d   to   t h e   p o w e r - a p p l y i n g  

e l e c t r o d e   (736)   .  A f t e r   p l a s m a   p o l y m e r i z a t i o n   f o r  

a p p r o x i m a t e l y   5  h o u r s ,   t h e r e   was  f o r m e d   a  c h a r g e  

t r a n s p o r t i n g   l a y e r   w i t h   a  t h i c k n e s s   of   a p p r o x i m a t e l y   5 

m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   ( 7 5 2 )  

The  r a t i o   ( n 5 : n 6 )   of   t h e   o b t a i n e d   a-C  l a y e r   w a s  

1 : 0 . 1 8 .  

A  c h a r g e   g e n e r a t i n g   l a y e r   was  f o r m e d   on  t h e   a - C  

l a y e r   in  t h e   same  m a n n e r   as  in   E x a m p l e   2 ( 1 1 )   to  g i v e   a  

p h o t o s e n s i t i v e   m e m b e r .  

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   s h o w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E 1 / 2   of  1  .  9  l u x .   sec   f o r   t h e  

i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  - 5 3 0   v o l t .   T h i s   p h o t o -  

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

c l e a r   i m a g e s   . 

EXAMPLE  17 

(I)  F o r m a t i o n   of  an  a-C  L a y e r :  

In  a  s y s t e m   of   g l o w   d i s c h a r g e   d e c o m p o s i t i o n   w i t h  

e q u i p m e n t   as  i l l u s t r a t e d   in  F i g .   13,  f i r s t   t h e   r e a c t i o n  

c h a m b e r   (733)  was  v a c u u m i z e d   i n s i d e   to   a  h i g h   l e v e l   o f  
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a p p r o x i m a t e l y   10  6  
T o r r ,   and  t h e n   by  o p e n i n g   No.  6  and   No.  7 

r e g u l a t i n g   v a l v e s   (712)   and  (725)   ,  H2  g a s   f rom  No.  6  t a n k  

2 
( 7 0 6 )   u n d e r   o u t p u t   p r e s s u r e   g a g e   r e a d i n g   of   1  Kg/cm  ,  a n d  

s t y l e n e   g a s   f r o m   No.  1  v e s s e l   (719)   t h a t - w a s   h e a t e d   a t   a b o u t  

5 0 ° C   by  No.  1  h e a t e r   (722)   w e r e   l e d   i n t o   mass   f l o w  

c o n t r o l l e r s   (718)   and  (728)   .  T h e n ,   t h e   mass   f l o w   c o n t r o l l e r s  

w e r e   s e t   so  as  t o   make  H2  f l o w   a t   30  seem  and  s t y l e n e   f l o w ,  

a t   50  s e e m ,   and  t h e   g a s e s   w e r e   a l l o w e d   i n t o   t h e   r e a c t i o n  

c h a m b e r   (733)   .  A f t e r   t h e   r e s p e c t i v e   f l o w s   had  s t a b i l i z e d ,  

t h e   i n t e r n a l   p r e s s u r e   of   t h e   r e a c t i o n   c h a m b e r   (733)  w a s  

a d j u s t e d   to   0 . 3   T o r r .   On  t h e   o t h e r   h a n d ,   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   s u b s t r a t e   (752)   ,  w h i c h   was  an  a l u m i n u m   p l a t e   of   2 

x  50  x  50  mm,  was  p r e l i m i n a r i l y   h e a t e d   up  to  1 5 0 ° C ,   a n d  

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

s t a b i l i z e d ,   i t   was  c o n n e c t e d   to   t h e   low  f r e q u e n c y   p o w e r  

s o u r c e   (736)   and   150  w a t t s   p o w e r   ( f r e q u e n c y :   30  KKz)  w a s  

a p p l i e d   to   t h e   p o w e r - a p p l y i n g   e l e c t r o d e   (736)  .  A f t e r   p l a s m a  

p o l y m e r i z a t i o n   f o r   a p p r o x i m a t e l y   35  m i n u t e s ,   t h e r e   w a s  

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

a p p r o x i m a t e l y   8  m i c r o n s   on  t h e   c o n d u c t i v e   s u b s t r a t e   (752)  . 

The  r a t i o   ( n 5 : n 6 )   of   t h e   o b t a i n e d   a - c   l a y e r   w a s  

1 : 0 . 1 5 .  

A  c h a r g e   g e n e r a t i n g   l a y e r   was  f o r m e d   on  t h e   a - C  

l a y e r   in   t h e   same  m a n n e r   as  in   E x a m p l e   2 ( 1 1 )   to   g i v e   a  

p h o t o s e n s i t i v e   m e m b e r .  

The  p h o t o s e n s i t i v e   member   t h u s   o b t a i n e d   s h o w e d   a  

h a l f - r e d u c e d   e x p o s u r e   v a l u e   E 1 / 2   of   5 .9   l u x .   sec   f o r   t h e  
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i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  - 6 5 0   v o l t .   T h i s   p h o t o -  

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

c l e a r   i m a g e s .  

E x a m p l e   18 

U s i n g   t h e   v a p o r   d e p o s i t i o n   e q u i p m e n t   of  F i g .   1 4 ,  

t i t a n y l   p h t h a l o c y a n i n e   was  d e p o s i t e d   on  an  a l u m i n u m  

s u b s t r a t e   u n d e r   a  v a c u u m   of   n o t   more   t h a n   1  x  10~5  T o r r ,   a n d  

a  b o a t   t e m p e r a t u r e   of  400  to   6 0 0 ° C .   The  o b t a i n e d   t i t a n y l  

p h t h a l o c y a n i n e   l a y e r   had  a  t h i c k n e s s   of   600  a n g s t r o m .  

On  t h e   t i t a n y l   p h t h a l o c y a n i n e   l a y e r ,   an  a-C  l a y e r  

was  f o r m e d   in   t h e   same  m a n n e r   as  in   t h e   p r o c e s s   of  E x a m p l e  

17  (I)  to   g i v e   a  p h o t o s e n s i t i v e   m e m b e r .   The  r a t i o   (n  :  n  ) 

of   t h e   a-C  l a y e r   was  1  :  0 . 2 ,   and   t h e   p h o t o s e n s i t i v e   m e m b e r  

o b t a i n e d   s h o w e d   a  h a l f - r e d u c e d   e x p o s u r e   v a l u e   E17_  of  6 . 0  

l u x .   s ec   f o r   t h e   i n i t i a l   s u r f a c e   p o t e n t i a l   (Vo)  =  550  V,  t h e  

2 s e n s i t i v i t y   of   E^ -2   of  1 5 . 4   e r g / c m   u n d e r   s e m i c o n d u c t o r  

l a s e r   of   780  nm.  

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

m a n n e r   as  t h e   a b o v e   was  f o r m e d   on  t h e   c h a r g e   g e n e r a t i n g  

l a y e r   made  of  a m o r p h o u s   S e - T e   and  S e - A s   h a v i n g   a  t h i c k n e s s  

of   1 .2   m i c r o n   m e t e r   e a c h .   The  o b t a i n e d   p h o t o s e n s i t i v e  

member   had  e x c e l l e n t   p r o p e r t i e s   f o r   an  e l e c t r o p h o t o g r a p h y .  
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WHAT  IS  CLAIMED  I S :  

1.  A  p h o t o s e n s i t i v e   m e m b e r   c o m p r i s i n g :  

an  e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e ;  

a  c h a r g e   g e n e r a t i n g   l a y e r ;   a n d  

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

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

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

i n   w h i c h   t h e   r a t i o   of   t h e   n u m b e r   of   u n s a t u r a t e d   c a r b o n   (x i j )  

t o   t h e   n u m b e r   o f   s a t u r a t e d   c a r b o n   (n2)  i s   f r o m   1  :  20  to   1  : 

0 . 5 .  

2.  A  p h o t o s e n s i t i v e   m e m b e r   as   c l a i m e d   in   C l a i m   1 

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

r a t i o   o f   20  t o   67  a t o m i c   p e r c e n t .  

3.  A  p h o t o s e n s i t i v e   m e m b e r   as  c l a i m e d   in  C l a i m   1 

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

t h e   n u m b e r   o f   t h e   s a t u r a t e d   c a r b o n   i s   p r e f e r a b l y   1  :  10  t o  

1:  1 . 0 .  

4.  A  p h o t o s e n s i t i v e   m e m b e r   as  c l a i m e d   in  C l a i m   1 

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

p o l y m e r i z a t i o n   . 

5.  A  p h o t o s e n s i t i v e   m e m b e r   as  c l a i m e d   in  C l a i m   1 

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

c a r b o n   b o n d i n g   w i t h   h y d r o g e n   <n3>  to   t h e   n u m b e r   of   c a r b o n  

n o t   b o n d i n g   w i t h   h y d r o g e n   (n4>  b e i n g   f r o m   1  :  4  to   1  :  0 . 2 .  
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6.  A  p h o t o s e n s i t i v e   member   as  c l a i m e d   in  C l a i m   5 

w h e r e i n   t h e   r a t i o   o f   n_  to   n.  i s   p r e f e r a b l y   1  :  2  to   1  : 

0 . 5 .  

7.  A  p h o t o s e n s i t i v e   member   as  c l a i m e d   in  C l a i m   5 

w h e r e i n   t h e   c o n t e n t   of   t h e   u n s a t u r a t e d   c a r b o n   i s   5  to   50  

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

8.  A  p h o t o s e n s i t i v e   member   as  c l a i m e d   in   C l a i m   1 

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

c a r b o n   b o n d i n g   w i t h   h y d r o g e n   (n5)  to  t h e   n u m b e r   of   c a r b o n  

n o t   b o n d i n g   w i t h   h y d r o g e n   (ng)  b e i n g   f r o m   1  :  0  .  5  to   1  : 

0 . 1 4 .  

9  .  A  p h o t o s e n s i t i v e   member   as  c l a i m e d   in   C l a i m   8 

w h e r e i n   t h e   r a t i o   o f   n5  to   ng  i s   p r e f e r a b l y   1  : 0 . 1 4   to   1  : 

0 . 5 .  

10.   A  p h o t o s e n s i t i v e   member   as  c l a i m e d   in   C l a i m   8 

w h e r e i n   t h e   c o n t e n t   of   t h e   s a t u r a t e d   c a r b o n   i s   40  to   90  

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

11.   A  p h o t o s e n s i t i v e   member   as  c l a i m e d   in  C l a i m   1 

w h e r e i n   t h e   s a t u r a t e d   c a r b o n   i n c l u d e s   a  n e o - c a r b o n ,   m e t h i n e ,  

m e t h y l e n e   or   m e t h y l   g r o u p .  
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