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@  Photoreceptor  construction. 

Thin  photoconductive  insulator  layers  are  desirably 
used  because  of  the  reduced  amount  of  materials  neces- 
sary  and  their  enhanced  ability  for  light  transmissivity. 
However,  the  thin  construction  tends  to  reduce  the 
amount  of  charge  that  such  a  photoconductive  layer  can 
support.  The  use  of  a  combined  porous  (14)  and  non- 
porous  (18)  barrier/charge  transport  layer  below  said 
photoconductive  insulator  layer  (20)  enables  higher  levels 
of  charging  in  a  photoconductive  construction. 



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

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  n o v e l   e l e c t r o -  

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

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

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

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

l a y e r .  

B a c k g r o u n d   of  t h e   I n v e n t i o n  

In  t he   a r t   of  e l e c t r o p h o t o g r a p h y ,   and  p a r t i c u -  

l a r l y   x e r o g r a p h y ,   i t   is  w e l l   known  to  c o a t   a  c o n d u c t i v e  

s u b s t r a t e ,   such   as  an  e l e c t r i c a l l y   c o n d u c t i v e   a l u m i n u m  

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

t i v e   i n s u l a t i n g   l a y e r   to  form  a  c o m p o s i t e ,   l a y e r e d ,   i m a g -  

ing  a r t i c l e .   The  s u r f a c e   of  the   l a y e r e d   i m a g i n g   s t r u c t u r e  

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

a  p a t t e r n   of  a c t i v a t i n g   e l e c t r o m a g n e t i c   r a d i a t i o n ,   such   a s  

l i g h t .   The  c h a r g e   is  s e l e c t i v e l y   d i s s i p a t e d   in  t h e  

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

l e a v i n g   an  e l e c t r o s t a t i c   c h a r g e   image   in  t he   n o n -  

i l l u m i n a t e d   a r e a s .   The  e l e c t r o s t a t i c   c h a r g e   image  c a n  

t h e n   be  d e v e l o p e d   by  a  number   of  means   to  form  a  v i s i b l e  

i m a g e .   If   d e s i r e d ,   t he   d e v e l o p e d   image  may  be  f i x e d   o r  

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

A l t e r n a t i v e l y ,   t he   d e v e l o p e d   i m a g e ,   in  t he   form  o f  

e l e c t r o s t a t i c a l l y   a d h e r e d   t o n e r   p o w d e r s   or  l i q u i d s ,   may  b e  

t r a n s f e r r e d   to  p a p e r   or  some  o t h e r   m a t e r i a l   a n d  

s u b s e q u e n t l y   a f f i x e d   by  some  s u i t a b l e   m e a n s .   T h i s   may  b e  

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

to  t he   c h a r g e d   a r e a s ,   t h e n   t r a n s f e r r i n g   and  f u s i n g   t h e  

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

The  c o n d u c t i v e   s u b s t r a t e   u t i l i z e d   in  s u c h  

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

as  b r a s s ,   a l u m i n u m ,   g o l d ,   p l a t i n u m ,   s t e e l   or  t he   l i k e   a n d  

may  be  of  any  c o n v e n i e n t   t h i c k n e s s ,   r i g i d   or  f l e x i b l e ,   a n d  



in  the   form  of  a  s h e e t ,   web  or  c y l i n d e r .   T h i s   s u b s t r a t e  

may  a l s o   c o m p r i s e   such   m a t e r i a l s   as  m e t a l l i z e d   p a p e r   a n d  

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

a  t h i n   c o n d u c t i v e   c o a t i n g .   In  a l l   c a s e s ,   i t   is   u s u a l l y  

p r e f e r r e d   t h a t   t he   s u p p o r t   member   be  s t r o n g   e n o u g h   t o  

p e r m i t   a  c e r t a i n   amoun t   of  h a n d l i n g .   In  some  i n s t a n c e s ,  

an  i n t e r f a c i a l   b l o c k i n g   l a y e r   f o r   at   l e a s t   one  t y p e   o f  

c h a r g e   c a r r i e r   is  u t i l i z e d   b e t w e e n   t he   b a s e   e l e c t r o d e   a n d  

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

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

u s e f u l   in  e l e c t r o p h o t o g r a p h y   i n c l u d e :   (1)  i n o r g a n i c  

c r y s t a l l i n e   p h o t o c o n d u c t o r s   such   as  cadmium  s u l f i d e ,  

c a d m i u m   s u l f o s e l e n i d e ,   c a d m i u m   s e l e n i d e ,   z i n c   s u l f i d e ,  

z i n c   o x i d e ,   and  m i x t u r e s   t h e r e o f ,   (2)  i n o r g a n i c  

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

s e l e n i u m   a l l o y s ,   and  s e l e n i u m - a r s e n i c ,   and  (3)  o r g a n i c  

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

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

w h i c h   e x t e n d   i t s   s p e c t r a l   s e n s i t i v i t y .  

The  s u r f a c e   p o t e n t i a l   is   of  t he   u t m o s t  

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

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

p o t e n t i a l   (Vc)  r e s u l t i n g   f rom  d i f f e r e n t   l e v e l s   of  e x p o s u r e  
s h o u l d   be  as  l a r g e   as  p o s s i b l e .   The  c o n t r a s t   p o t e n t i a l  

(Vc)  can   be  e x p r e s s e d   by  t he   e q u a t i o n :  

w h e r e   Acr  is   t he   c h a n g e   in  s u r f a c e   c h a r g e   d e n s i t y   u p o n  

e x p o s u r e   to  i m a g i n g   r a d i a t i o n   and  C  is  t he   c a p a c i t a n c e   p e r  
u n i t   a r e a   of  t he   p h o t o r e c e p t o r .  

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

i n c r e a s i n g   Vc  has   b e e n   to  s i m p l y   i n c r e a s e   t h e   p h o t o -  

c o n d u c t i v e   i n s u l a t o r   t h i c k n e s s .   H o w e v e r ,   t he   low  c h a r g e  

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

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

t h i c k n e s s   one  can  e m p l o y   to  d e c r e a s e   C.  If   t he   t h i c k n e s s  



i s   i n c r e a s e d   too   much,   t he   s y s t e m   w i l l   no t   have   a  u s e f u l  

d i s c h a r g e   s p e e d .   In  s y s t e m s   whe re   t h e   t h i c k n e s s   can  b e  

i n c r e a s e d   s o m e w h a t   to  d e c r e a s e   C,  t h e n   t he   i n c r e a s e d  

t h i c k n e s s   r e q u i r e m e n t   a l s o   r e s t r i c t s   t he   p h y s i c a l  

c h a r a c t e r i s t i c s ,   such   as  f l e x i b i l i t y   and  a d h e s i o n   of  t h e  

p h o t o c o n d u c t o r   to  t h e   f i n a l   p l a t e ,   drum  or  b e l t .   T h u s ,   t o  

i m p r o v e   p o t e n t i a l   c o n t r a s t   in  such  s y s t e m s ,   an  e l e c t r i c a l -  

ly  a c t i v e   t r a n s p o r t   o v e r l a y e r   on  t he   p h o t o c o n d u c t o r   h a s  

b e e n   used   a s ,   f o r   e x a m p l e ,   in  U .S .   P a t e n t   No.  3 , 9 2 8 , 0 3 4 .  

For  x e r o g r a p h i c   u s e ,   t h i s   c o n s t r u c t i o n   r e q u i r e s   t h a t   t h e  

o v e r l a y e r   be  s u b s t a n t i a l l y   t r a n s p a r e n t   and  n o n - a b s o r b i n g  

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

a d d i t i o n ,   even   t h o u g h   the   o v e r l a y e r   is   s u b s t a n t i a l l y  

t r a n s p a r e n t ,   as  i n c r e a s i n g l y   t h i c k e r   l a y e r s   a r e   r e q u i r e d ,  

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

p a r t i a l   c r y s t a l l i z a t i o n   become  s i g n i f i c a n t   and  h a v e   a  

d e t r i m e n t a l   e f f e c t   upon  the   s e n s i t i v i t y   of  t he   d e v i c e   a n d  

the   q u a l i t y   of  t he   c o p i e s   p r o d u c e d .  

The  x e r o g r a p h i c   a p p a r a t u s   d i s c l o s e d   in  U . S .  

P a t e n t   No.  3 , 6 8 4 , 3 6 8   shows  the   use  of  p h o t o r e c e p t o r  

c o n s t r u c t i o n s   wh ich   b e a r   some  s i m i l a r i t i e s   to  t h e  

c o n s t r u c t i o n s   of  t h e   p r e s e n t   i n v e n t i o n .   The  r e f e r e n c e  

shows  t he   use   of  a n o d i c ,   p o r o u s   a l u m i n u m   o x i d e   l a y e r s  

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

l a y e r   in  o r d e r   to  i m p r o v e   the   a d h e s i o n   t h e r e b e t w e e n .   T h e  

p h o t o c o n d u c t i v e   i n s u l a t i v e   l a y e r s   t e n d   to  be  t h i c k   t o  

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

t h i c k n e s s   r a n g e   b e i n g   1 0 - 1 5   m i c r o m e t e r s .   The  p o r o u s  
a l u m i n u m   o x i d e   l a y e r   shown  in  E x a m p l e   3  is  b e l i e v e d   t o  

have   a  t h i c k n e s s   of  a b o u t   0 . 1 7   m i c r o m e t e r s .  

The  x e r o g r a p h i c   p h o t o r e c e p t o r   shown  in  E x a m p l e   3 

of  U .S .   P a t e n t   No.  2 , 9 0 1 , 3 4 8   d i s c l o s e s   an  a l u m i n u m   s u b -  

s t r a t e   w i t h   a  100  A n g s t r o m   ( a p p r o x i m a t e l y   0 . 0 1   m i c r o -  

m e t e r s )   c o a t i n g   of  a l u m i n u m   o x i d e   and  a  t w e n t y   m i c r o m e t e r  

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

l a y e r .  



D e s c r i p t i o n   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  n o v e l   p h o t o -  

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

c o m p r i s i n g   a  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   t r a n s p o r t /  

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

0 . 1 5   m i c r o m e t e r s   t h i c k ,   and  a  p h o t o c o n d u c t i v e   i n s u l a t o r  

l a y e r   of  l e s s   t h a n   1  m i c r o m e t e r   in  t h i c k n e s s .  

The  p h o t o r e c e p t o r   is   a  n o v e l   t w o - l a y e r e d   p h o t o -  

r e c e p t o r   s t r u c t u r e   c o m p r i s e d   of  a  t h i n   l a y e r   of  p h o t o -  
c o n d u c t i v e   i n s u l a t o r   d e p o s i t e d   on  an  a d j a c e n t ,   r e l a t i v e l y  

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

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

d e v i c e .   I t   was  s u r p r i s i n g l y   f o u n d   t h a t   t he   r e l a t i v e l y  
t h i c k   p o r o u s   o x i d e   l a y e r   s a n d w i c h e d   b e t w e e n   the   c o n d u c t i v e  

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

as  a  c h a r g e   t r a n s p o r t   l a y e r .   M o r e o v e r ,   i t   was  f o u n d   t h a t  

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

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

t r a n s p o r t   o x i d e   l a y e r   t h i c k n e s s .   B e c a u s e   of  t h i s   n o v e l  

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

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

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

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

c o p i e s .  

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

F i g u r e   1  -   A  s e c t i o n a l   v iew  of  t he   e l e c t r o -  

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

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

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

p r o v i d e   an  i m p r o v e d   e l e c t r o p h o t o g r a p h i c   d e v i c e   can  b e s t   b e  

u n d e r s t o o d   by  r e f e r e n c e   to  t he   d r a w i n g   in  c o n j u n c t i o n   w i t h  

t he   f o l l o w i n g   d i s c u s s i o n .   The  F i g u r e   i l l u s t r a t e s   a  

p h o t o r e c e p t o r   10  a c c o r d i n g   to   t h i s   i n v e n t i o n .   S u b s t r a t e   1 2  

is  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   wh ich   is   c a p a b l e  

of  l e n d i n g   p h y s i c a l   s u p p o r t   to  t he   s t r u c t u r e   shown .   I t  



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

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

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

the   l i k e   or  a  c o m p o s i t e   m e t a l   c o a t i n g   on  a  s u f f i c i e n t l y  

r i g i d   d i e l e c t r i c   s u b s t r a t e .   The  m e t a l   may  be  s e l e c t e d  

f rom  such   m a t e r i a l s   as  a l u m i n u m ,   b r a s s ,   s t e e l ,  s i l v e r ,   o r  

t h e   l i k e .   If   i t   is  d e s i r e d   to  d i s c h a r g e   t he   d e v i c e   b y  

f l o o d i n g   r a d i a t i o n   f rom  t he   s u b s t r a t e   s i d e ,   t h e n   i t   i s  

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

s e l e c t e d   to  r e n d e r   s u b s t r a t e   12  s u f f i c i e n t l y   t r a n s p a r e n t  

to  t he   f l o o d i n g   r a d i a t i o n .  

L a y e r   14  is  a  u n i q u e   b a r r i e r   l a y e r / c h a r g e  

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

p r o d u c e d   by  t he   a n o d i z a t i o n   of  a l u m i n u m .   L a y e r   14  h a s  

p o r e s   16  in   t h e   a l u m i n u m   o x i d e   l a y e r .   An  added   a s s e t   o f  

l a y e r   14  is  t h e   b a r r i e r   l a y e r   18  l y i n g   a d j a c e n t   to  t h e  

m e t a l   s u r f a c e   in  wh ich   no  p o r e s   e x i s t .   T h i s   b a r r i e r   l a y e r  

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

( h o l e s )   and  n e g a t i v e   c h a r g e s   ( e l e c t r o n s ) .  

L a y e r   20  is  a  p h o t o c o n d u c t i v e   i n s u l a t i v e   f i l m .  

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

(1)  i n o r g a n i c   c r y s t a l l i n e   p h o t o c o n d u c t o r s   such   as  c a d m i u m  

s u l f i d e ,   c admium  s u l f o s e l e n i d e ,   c admium  s e l e n i d e ,   z i n c  

s u l f i d e ,   z i n c   o x i d e ,   and  m i x t u r e s   t h e r e o f ,   (2)  i n o r g a n i c  

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

and  (3)  o r g a n i c   p h o t o c o n d u c t o r s .   I t   is  p r e f e r a b l e   t h a t  

t h e   p h o t o c o n d u c t i v e   i n s u l a t i v e   l a y e r   20  be  c a p a b l e   o f  

b l o c k i n g   a p p r o p r i a t e   ( i . e . ,   n e g a t i v e   or  p o s i t i v e )   c h a r g e s  

a t   t he   f r e e   s u r f a c e .  

D e t a i l e d   D e s c r i p t i o n   of  t h e   I n v e n t i o n  

The  c o n d u c t i v e   s u b s t r a t e   u sed   in  t he   p r a c t i c e   o f  

t h e   p r e s e n t   i n v e n t i o n   may,  as  is  w e l l   known  in  t he   a r t ,   b e  

any  c o n d u c t i v e   s u b s t r a t e .   I t   may  c o m p r i s e   a  m e t a l   l a y e r ,  

a  m e t a l   c o a t i n g   on  a  s u b s t r a t e   such   as  a  p o l y m e r i c   r e s i n ,  

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

a  n o n - c o n d u c t i v e   p o l y m e r i c   r e s i n ,   or   t he   l i k e .   T h e  



s u b s t r a t e   may  be  r i g i d   or  f l e x i b l e ,   t r a n s p a r e n t   or  o p a q u e ,  
and  may  be  in  t he   s h a p e   of  a  c y l i n d e r ,   a  s h e e t ,   an  e n d l e s s  

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

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

p h o t o c o n d u c t i v e   i n s u l a t o r   l a y e r   as  known  in  t he   a r t   w h i c h  

is  l e s s   t h a n   2 .0   and  p r e f e r a b l y   l e s s   t h a n   1 . 0   m i c r o m e t e r s  

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

l a y e r   is  no t   c r i t i c a l   to  t he   p r a c t i c e   of  t he   p r e s e n t   i n v e n -  

t i o n   and  may  be  s e l e c t e d   f rom  a m o n g s t   any  of  t he   k n o w n  

m a t e r i a l s   in  t he   a r t   such   as  (1)  i n o r g a n i c   c r y s t a l l i n e  

p h o t o c o n d u c t o r s   such   as  cadmium  s u l f i d e ,   c admium  s u l f o s e l -  

e n i d e ,   cadmium  s e l e n i d e ,   z i n c   s u l f i d e ,   z i n c   o x i d e ,   a n d  

m i x t u r e s   t h e r e o f ,   (2)  i n o r g a n i c   p h o t o c o n d u c t i v e   g l a s s e s  

such   as  a m o r p h o u s   s e l e n i u m ,   s e l e n i u m   a l l o y s ,   a n d  

s e l e n i u m - a r s e n i c   ( e . g . ,   A r 2 S e 3 ) ,   and  (3)  o r g a n i c  

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

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

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

As  l o n g   as  t he   l a y e r   p r o v i d e s   p h o t o c o n d u c t i v e   and  i n s u l a -  

t i v e   p r o p e r t i e s ,   i t   may  be  as  t h i n   as  i t   can  be  m a d e .  

U s u a l l y   i t   w i l l   no t   be  t h i n n e r   t h a n   0 . 0 5   m i c r o m e t e r s ,  

p r e f e r a b l y   i t   is  a t   l e a s t   0 . 1 0   m i c r o m e t e r s ,   and  m o r e  

p r e f e r a b l y   0 . 1 5   m i c r o m e t e r s   to  0 .8   m i c r o m e t e r s .   The  u p p e r  
l i m i t   on  t h i c k n e s s   is  n e c e s s a r y   to  a c h i e v e   t he   c h a r g e  

c o n t r a s t   e n h a n c e m e n t   of  t he   s t r u c t u r e   of  t he   p r e s e n t  

i n v e n t i o n .  

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

u n i q u e l y   w i t h i n   t he   s t r u c t u r e   of  t h e   p r e s e n t   i n v e n t i o n .  

The  two  z o n e s   of  t h i s   s i n g l e   l a y e r   p e r f o r m s   as  b o t h   a  

b l o c k i n g   or  b a r r i e r  l a y e r   f o r   p o s i t i v e   c h a r g e s   ( h o l e s )   a n d  

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

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

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

p r o d u c e d   by  t he   a n o d i z a t i o n   of  a l u m i n u m .   A n o d i z a t i o n   i n  

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

l a y e r .   T h i s   l a y e r   p r e f e r a b l y   may  be  f rom  a b o u t   0 . 1 5   to  25  

m i c r o m e t e r s   t h i c k .   The  p o r e   d i a m e t e r s   and  t h e  



c e n t e r - t o - c e n t e r   s p a c i n g   b e t w e e n   p o r e s   i s   n o t   c r i t i c a l   t o  

t h e   p r a c t i c e   of   t h e   p r e s e n t   i n v e n t i o n   and   v a r i e s   b e c a u s e  

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

s u c h   as  t e m p e r a t u r e ,   e l e c t r o l y t e   c o n c e n t r a t i o n ,   e t c .   P o r e  

d i a m e t e r s   of   t h e   o r d e r   of  0 . 0 0 7   to   0 . 0 4 0   m i c r o m e t e r s   a n d  

a v e r a g e   c e n t e r - t o - c e n t e r   s p a c i n g   of   f r o m   0 . 0 1 0   to   0 . 4 0 0   a r e  

common.  I t   i s   p r e f e r r e d   t h a t   t h e   a v e r a g e   p o r e   d i a m e t e r s  

be  b e t w e e n   0 . 0 0 8   and   0 . 0 3 0   m i c r o m e t e r s   and   t h a t   t h e   c e n t e r -  

t o - c e n t e r   s p a c i n g   be  b e t w e e n   an  a v e r a g e   of   0 . 0 1 0   to   0 . 0 8 0 ,  

more   p r e f e r a b l y   b e t w e e n   0 . 0 2 0   and   0 . 0 6 0   m i c r o m e t e r s .   T h e  

m o s t   p r e f e r r e d   r a n g e s   a r e   0 . 0 1 0   t o   0 . 0 2 0   ( and   s p e c i f i c a l l y  

0 . 0 1 2 )   m i c r o m e t e r s   f o r   t h e   p o r e   s i z e   a n d   0 . 0 2 5   to   0 . 0 4 0  

( and   s p e c i f i c a l l y   0 . 0 3 3 )   m i c r o m e t e r s   f o r   t h e   a v e r a g e   c e n t e r -  

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

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

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

0 . 0 0 3   and  0 . 0 5   m i c r o m e t e r s ,   and   i s   p r e f e r a b l y   b e t w e e n  

0 . 0 0 6   and  0 . 0 3   m i c r o m e t e r s .   T y p i c a l   p o r e - f o r m i n g   e l e c t r o -  

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

f r o m   15%  s u l f u r i c   a c i d ,   2%  o x a l i c   a c i d ,   4%  p h o s p h o r i c   a c i d ,  

and   3%  c h r o m i c   a c i d .   One  o f   t h e   m o s t   c o m p l e t e   d i s c u s s i o n s  

of   t h e   p r o c e s s   of   a n o d i z a t i o n   and   t h e   e f f e c t s   of   p a r a m e t e r  

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

o x i d e   i s   to   be  f o u n d   in   " A n o d i c   O x i d e   F i l m s   on  A l u m i n u m " ,  

J .W.   D i g g l e ,   T .C .   D o w n i e ,   and   C.W.  G o u l d i n g ,   R u t h e r f o r d  

C o l l e g e   of   T e c h n o l o g y ,   N e w c a s t l e   u p o n   T y n e ,   E n g l a n d ,   a  

p a p e r   r e c e i v e d   J u l y   29,  1 9 6 8 ,   w h i c h   p a p e r   i s   i n c o r p o r a t e d  

h e r e i n   by  r e f e r e n c e   f o r   i t s   t e a c h i n g   of   t h e   a n o d i z a t i o n  

p r o c e s s   and  t h e   p r o p e r t i e s   of   t h e   f i l m s .  

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

by  f i r s t   r e c e i v i n g   an  i n d u c e d   c h a r g e   on  t h e   p h o t o c o n d u c -  

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

i m a g e d   w i t h   i m a g i n g   r a d i a t i o n .   L i g h t   i s   a b s o r b e d   by  t h e  

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

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

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



and  the   h o l e s   a r e   t r a n s p o r t e d   to  the   s u r f a c e   of  p h o t o -  

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

t h e   d e v i c e   w h e r e   l i g h t   s t r i k e s   in  p r o p o r t i o n   to  t h e  

i n t e g r a t e d   a m o u n t   of  l i g h t   wh ich   is   a b s o r b e d .   In  t h e  

r e g i o n s   w h e r e   r a d i a t i o n   does   no t   i m p i n g e   upon  t he   d e v i c e ,  

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

b e f o r e   t he   i m a g i n g   s t e p .   The  i m a g i n g   s t e p   is   now  c o m p l e t e  

and  t he   e l e c t r o s t a t i c   l a t e n t   c h a r g e   image   has   been   f o r m e d .  

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

t o n e r   to  fo rm  a  t o n e r   image  on  t he   e l e c t r o p h o t o g r a p h i c  

d rum.   E x c e l l e n t   copy  q u a l i t y   r e s u l t s   when  c o p i e s   a r e   m a d e  

by  t r a n s f e r r i n g   t h e   t o n e r   image  and  s u b s e q u e n t   t o n e r  

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

t he   t r a n s f e r r e d   t o n e r   image  i f   i t   is  h e a t - f u s e d   o r  

p r e s s u r e - f u s e d   to  t he   p a p e r .   The  p h o t o c o n d u c t i v e  

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

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

d e s i r e d   to  d i s c h a r g e   by  r a d i a t i o n   f rom  t h e   u n d e r s i d e ,   t h e n  

s u b s t r a t e   must   be  s u f f i c i e n t l y   t r a n s p a r e n t   to  t he   f l o o d i n g  

r a d i a t i o n .  

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

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

e x a m p l e s   w i l l   now  be  g i v e n .  

EXAMPLE  1 

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

of  0 . 5  p m   s p u t t e r   d e p o s i t e d   cadmium  s u l f i d e   (CdS)  o n  

c o m m e r c i a l l y   a v a i l a b l e   Alzak@  a l u m i n u m   (Type  I)  w h i c h   h a s  

p o r o u s   a l u m i n u m   o x i d e   on  one  f a c e   t h e r e o f .   A  5  cm  by  5  cm 

s u b s t r a t e   was  p r e p a r e d   by  r e m o v i n g   t he   p r o t e c t i v e  

a d h e s i v e - b a c k e d   p a p e r   l a y e r   and  c l e a n i n g   t he   e x p o s e d  

a l u m i n u m   o x i d e   s u r f a c e   by  i m m e r s i n g   i t   in  s u c c e s s i v e  

u l t r a s o n i c   b a t h s   of  a c e t o n e ,   t r i c h l o r o e t h y l e n e   ( b a t h   1 )  

and  t r i c h l o r o e t h y l e n e   ( b a t h   2 ) ,   f o l l o w e d   by  r i n s e s   o f  

t r i c h l o r o e t h y l e n e ,   m e t h a n o l   and  a c e t o n e .   The  s u b s t r a t e  

was  t h e n   b low  d r i e d   in  a  s t r e a m   of  N2  g a s .   The  a l u m i n u m  

o x i d e   l a y e r   on  the   c o m m e r i c a l l y   a v a i l a b l e   Alzak@  a l u m i n u m  



was  a b o u t   5  µm  t h i c k .   The  s u b s t r a t e   was  t h e n   P l a c e d   i n t o   a  

Randex@  RF  s p u t t e r   d e p o s i t i o n   vacuum  s y s t e m   and  c o a t e d  

w i t h   a b o u t   0 . 5  p m   of  s p u t t e r - d e p o s i t e d   CdS  in  t h e  

f o l l o w i n g   m a n n e r .  

The  s u b s t r a t e   was  p l a c e d   on  a  6 .3  cm  by  8 .8   cm 

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

e l e m e n t   and  a  c a l i b r a t e d   r e s i s t i v e   t e m p e r a t u r e   s e n s i t i v e  

e l e m e n t .   The  h e a t e r   b l o c k   was  s e p a r a t e d   f rom  t h e  

w a t e r - c o o l e d   J - a r m   anode   p l a t f o r m   of  a  Randex@  s p u t t e r  

m o d u l e   by  a  5  cm  by  5  cm  by  1  mm  t h i c k   p i e c e   of  q u a r t z .  

The  h e a t e r   b l o c k ,   q u a r t z   and  anode   t a b l e   were   t h e r m a l l y  

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

g r e a s e   to  each   e l e m e n t .   A l s o ,   t he   s u b s t r a t e   was  j o i n e d   t o  

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

t e m p e r a t u r e   of  t h e   s u b s t r a t e   was  n e a r l y   the   same  as  t h a t  

m e a s u r e d   at   t he   h e a t e r   b l o c k .   The  d i s t a n c e   f rom  t h e  

s u b s t r a t e   to  t he   h o t   p r e s s e d   CdS  t a r g e t   was  a b o u t   5  c m .  

The  h e a t e r   b l o c k   was  h e a t e d   to   150°C  and  t h e  

t e m p e r a t u r e   was  h e l d   c o n s t a n t   to  w i t h i n   5°C  t h r o u g h o u t   t h e  

d e p o s i t i o n .   A  p r e m i x e d   gas  c o n s i s t i n g   of  6%  H2S  and  94% 

Ar  was  a d m i t t e d   to  the   vacuum  c h a m b e r   a t   a  r a t e   of  20  s t d  

m l / m i n .   The  p u m p i n g   s p e e d   was  a d j u s t e d   by  use  of  a  

t h r o t t l e   v a l v e   l o c a t e d   b e t w e e n   the   vacuum  c h a m b e r   and  t h e  

d i f f u s i o n   pump  u n t i l   t he   p r e s s u r e   in  the   vacuum  c h a m b e r  

was  s t a b i l i z e d   a t   2 .5   mT. 

The  n o n - f u n c t i o n a l   p r o p e r t i e s   of  t he   n o v e l  

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

t h e n   m e a s u r e d .   The  s u r f a c e   was  c h a r g e d   n e g a t i v e l y   b y  

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

t i m e s   a t   a  d i s t a n c e   of  a b o u t   1  cm.  The  s u r f a c e   v o l t a g e  

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

t r a n s p a r e n t   p r o b e   and  r e c o r d e d   on  a  c h a r t   r e c o r d e r .   T h e  

p h o t o r e c e p t o r   d e s c r i b e d   above   c o u l d   be  c h a r g e d   to   2 2 0  

v o l t s .   The  t i m e   r e q u i r e d   to  d i s c h a r g e   in  t he   d a r k   t o  

o n e - h a l f   t h a t   v a l u e   (110  v o l t s )   was  two  m i n u t e s .   W h e n  

e x p o s e d   to  m o n o c h r o m a t i c   l i g h t   of  480  nm,  14  e r g s / c m 2   w e r e  

r e q u i r e d   to  d i s c h a r g e   the   s u r f a c e   f rom  220  V  to  1 1 0  V .  



EXAMPLE  2 

An  a n o d i z a t i o n   c e l l   was  f a b r i c a t e d   f rom  PVC 

p l a s t i c   to  a c c o m m o d a t e   15  cm  by  8  cm  s u b s t r a t e s   a n d  

y i e l d e d   s u b s t r a t e s   wh ich   were   u n i f o r m l y   a n o d i z e d   o v e r   a  

1 2 . 5   cm  by  7 .5   cm  a r e a .   The  c e l l   was  f a b r i c a t e d   w i t h  

t h r e e   s l o t s   at   each   end  wh ich   h e l d   t he   a n o d e   ( a l u m i n u m  

s u b s t r a t e )   and  two  c a t h o d e s   f i x e d .   The  c a t h o d e s   were   2 . 5  

cm  on  e i t h e r   s i d e   of  t he   a n o d e .   The  e l e c t r o l y t e   c o n s i s t e d  

of   15%  c o n c e n t r a t e d   H2SO4  and  85%  d e i o n i z e d   d i s t i l l e d  

w a t e r .   The  e l e c t r o l y t e   was  c o n t i n u o u s l y   c i r c u l a t e d  

t h r o u g h   a b o u t   6  m e t e r s   of  1 /4   i n c h   p l a s t i c   t u b i n g   w h i c h  

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

t he   e l e c t r o l y t e .   C u r r e n t   was  p a s s e d   f rom  t h e   a n o d e   t o  

b o t h   c a t h o d e s   a t   a  f i x e d   r a t e   wh ich   was  r e c o r d e d   a l o n g  

w i t h   t h e   v o l t a g e   b e t w e e n   t he   c a t h o d e s   and  t he   a n o d e ,   t h e  

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

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

w e r e :  

The  t h i c k n e s s   of  t he   a n o d i z e d   l a y e r   is  known  to  b e  

p r o p o r t i o n a l   to  t he   p r o d u c t   of  t he   c u r r e n t   and  t ime   f o r   a  

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

T y p i c a l l y ,   32  a m p - m i n / f t 2   w i l l   y i e l d   1 u m  of  o x i d e  

t h i c k n e s s .   S i n c e   b o t h   s i d e s   of  t he   s u b s t r a t e   a r e  

a n o d i z e d ,   b o t h   s i d e s   a r e   c o u n t e d   in  t he   a r e a .  

In  t h i s   E x a m p l e ,   t h e r e f o r e ,   a b o u t   a  1 . 5  µ m   t h i c k  

o x i d e   f i l m   was  p r o d u c e d .   Upon  r e m o v a l   f rom  the   e l e c t r o -  

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

w a t e r   f o l l o w e d   by  a  r i n s e   in  d e i o n i z e d   d i s t i l l e d   w a t e r   a n d  

in  i s o p r o p y l   a l c o h o l   and  b lown  d ry   w i t h   N2  g a s .  



A  5  cm  by  5  cm  p i e c e   was  cu t   f rom  t h i s   s u b s t r a t e  

and  p l a c e d   in  t he   Model   3140  Randex®  RF  s p u t t e r   d e p o s i t i o n  

u n i t   of  E x a m p l e   1.  A  l a y e r   a b o u t   0 .5   µm  t h i c k   of  CdS  w a s  

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

p a r a m e t e r s :  

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

-250   V.  More  t h a n   two  m i n u t e s   were   r e q u i r e d   to  d i s c h a r g e  

t h e   s u r f a c e   v o l t a g e   to  - 1 2 5   V  in  t he   d a r k .   A  mix imum  o f  

125  V  c o n t r a s t   b e t w e e n   e x p o s e d   and  u n e x p o s e d   r e g i o n s   w a s  

o b s e r v e d .   A  t h r e e   s e c o n d   e x p o s u r e   to  room  l i g h t   ( a b o u t   30  

e r g s / c m 2 )   was  r e q u i r e d   to  o b t a i n   h a l f   of  t h i s   c o n t r a s t .  

EXAMPLE  3 

A  b a r r i e r   l a y e r / c h a r g e   t r a n s p o r t   l a y e r   a b o u t   5 

m  t h i c k   was  p r e p a r e d   on  1199  a l u m i n u m   as  in  E x a m p l e   2.  A 

p h o t o c o n d u c t i v e   i n s u l a t o r   l a y e r   c o n s i s t i n g   of  a b o u t   0 . 2 4  

m  t h i c k   cadmium  s u l f i d e   was  d e p o s i t e d   on  l a y e r   18  as  i n  

E x a m p l e   2,  h o w e v e r ,   t h e   s p u t t e r i n g   gas   c o m p o s i t i o n   w a s  

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

-240   V,  t he   d a r k   d e c a y   to   -120   V  r e q u i r e d   a b o u t   12 

s e c o n d s ,   and  a  v o l t a g e   c o n t r a s t   of  40  v o l t s   was  o b s e r v e d .  

A g a i n ,   a  t h r e e   s e c o n d   e x p o s u r e   to  room  l i g h t s   ( - 3 0  

e r g s / c m 2 )   was  r e q u i r e d   to  o b t a i n   h a l f   of  t h i s   c o n t r a s t .  

EXAMPLE  4 

U s i n g   r e s i s t i v e   h e a t i n g   t e c h n i q u e s ,   a  0 . 2 5   µm 
t h i c k   p h o t o c o n d u c t i v e   i n s u l a t i v e   l a y e r   c o m p r i s e d   of  a  94% 

Se,   6%  Te  a l l o y ,   was  vacuum  d e p o s i t e d   on  t he   c o m m e r c i a l l y  

a v a i l a b l e   Alzak@  s u b s t r a t e   p r e p a r e d   as  in   E x a m p l e   1 .  

H o w e v e r ,   o n e - h a l f   of  t he   a l u m i n u m   o x i d e   b a r r i e r   l a y e r /  



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

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

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

be  c h a r g e d   to   -140   V  whe re   l a y e r   r e m a i n e d ,   bu t   to  o n l y   - 2 0  

V  w h e r e   t he   l a y e r   was  s t r i p p e d   o f f .   The  v o l t a g e   c o n t r a s t  

and  e x p o s u r e   to  o n e - h a l f   c o n t r a s t   were   s i m i l a r l y   e f f e c t e d  

by  the   p r e s e n c e   of  t he   l a y e r ,   i . e . ,   -80  V  to  -20   V  and  7 0  

e r g s / c m 2   to  20  e r g s / c m 2 ,   r e s p e c t i v e l y .  

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

t r a n s p o r t   l a y e r   of  t h i s   i n v e n t i o n   p r o d u c e s   no  a d v a n t a g e  

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

i n s u l a t i v e   l a y e r s ,   a  l a y e r   40  µm  t h i c k   of  94%  Se ,   6%  Te 

a l l o y   was  d e p o s i t e d   as  above   on  t he   s t r i p p e d   a n d  

u n s t r i p p e d   c o m m e r c i a l   A l zak®  s u b s t r a t e s .   When  c h a r g e d  

n e g a t i v e l y ,   t h e   v o l t a g e   a c c e p t a n c e   was  i n c r e a s e d   f rom  - 4 2 5  

f o r   t h e   s t r i p p e d   p o r t i o n   to   - 7 8 0   V  f o r   t he   a n o d i z e d  

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

60  V  to  z e r o .   When  c h a r g e d   p o s i t i v e l y ,   t he   v o l t a g e  

a c c e p t a n c e   was  r e d u c e d   s l i g h t l y   f rom  560  V  to   460  V  a n d  

t h e   v o l t a g e   c o n t r a s t   was  r e d u c e d   f r o m   560  V  f o r   t h e  

s t r i p p e d   p o r t i o n   to   380  V  f o r   t he   a n o d i z e d   p o r t i o n .  

EXAMPLE  5 

1  µm  of  As2Se3   was  d e p o s i t e d   u s i n g   r e s i s t i v e  

h e a t i n g   t e c h n i q u e s   o n t o   a  c o m m e r c i a l l y   a v a i l a b l e   A l z a k @  

s u b s t r a t e ,   h a l f   of  wh ich   was  s t r i p p e d   of  t he   o x i d e   l a y e r .  

The  v o l t a g e   a c c e p t a n c e   was  +113  V  when  c h a r g e d   p o s i t i v e l y ,  

and  - 1 2 0   V  when  c h a r g e d   n e g a t i v e l y   f o r   t he   a n o d i z e d  

p o r t i o n   and  +18  V,  -27   f o r   t he   s t r i p p e d   p o r t i o n .   T h e  

c o r r e s p o n d i n g   v o l t a g e   c o n t r a s t   upon  e x p o s u r e   was  a l s o  

i n c r e a s e d   f o r   t h e   a n o d i z e d   p o r t i o n   to   +35 ,   -20  f r o m   + 1 8 ,  

-15   v o l t s   when  r e s p e c t i v e l y   c h a r g e d   p o s i t i v e l y   a n d  

n e g a t i v e l y .  

In  c o n t r a s t   to  t h i s   when  a  t h i c k   l a y e r   (15  µm)  

of  A r 2 S e 3   was  d e p o s i t e d   o n t o   a  s i m i l a r   s u b s t r a t e   t h e  

v o l t a g e   c o n t r a s t   was  r e d u c e d   to  +12 ,   -0  v o l t s   f o r   t h e  

a n o d i z e d   p o r t i o n   f rom  +75 ,   -8  v o l t s   f o r   t h e   s t r i p p e d  



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

+ 3 0 5 ,   - 3 6 5   f rom  +75,   - 1 1 5   v o l t s .   T h i s   e x a m p l e   shows   t h a t  

t h e   v o l t a g e   c o n t r a s t   is  e n h a n c e d   by  the   a n o d i z e d   a l u m i n u m  

b a r r i e r - c h a r g e   t r a n s p o r t   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  

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

l a y e r s .   C o n v e r s e l y ,   i t   is   s u r p r i s i n g   t h a t   t h e  v o l t a g e  

c o n t r a s t   is  no t   e n h a n c e d   and  is  in  f a c t   r e d u c e d   w i t h  

r e l a t i v e l y   t h i c k   ( i . e . ,   >5  m i c r o m e t e r s )   p h o t o c o n d u c t i v e  

i n s u l a t o r   l a y e r s .  

EXAMPLE  6 

A  p h o t o r e c e p t o r   was  p r e p a r e d   by  c o a t i n g   a  1  µ m  

t h i c k   c o a t i n g   of   P e r y l e n e   Red  o n t o   t h e   a l u m i n u m   o x i d e  

c o a t e d   s u b s t r a t e   of  E x a m p l e   1.  T h i s   r e s u l t e d   in  a  1 . 5  µ m  

t h i c k   a n o d i z e d   a l u m i n u m   s u b s t r a t e   w h i c h   was  c o m p a r e d   to   a  

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

p h o t o r e c e p t o r   c o u l d   be  c h a r g e d   to   - 1 7 1   V  c o m p a r e d   t o   -72   V 

on  s t r i p p e d   a l u m i n u m .   The  v o l t a g e   c o n t r a s t   c o m p a r e d   167  V 

to   72  V. 

EXAMPLE  7 

A  b a r r i e r   l a y e r / c h a r g e   t r a n s p o r t   l a y e r   a b o u t   2 

m i c r o m e t e r s   t h i c k   was  p r e p a r e d   on  1100  a l u m i n i u m   as  i n  

E x a m p l e   2  u s i n g   4%  p h o s p h o r i c   a c i d   as  t h e   e l e c t r o l y t e .  

The  a n o d i z i n g   c o n d i t i o n s   w e r e :  

The  r e s u l t i n g   o x i d e   l a y e r   was  s i m i l a r   to   t h a t   in   E x a m p l e   2 

e x c e p t   t h a t   t h e   p o r e   d i a m e t e r   was  a p p r o x i m a t e l y   0 . 0 3  

m i c r o m e t e r s   and   t h e   c e n t e r - t o - c e n t e r   s p a c i n g   was  a p p r o x i -  

m a t e l y   0 . 2 8   m i c r o m e t e r s .  



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

to   - 2 3 0   v o l t s ,   t h e   d a r k   d e c a y   to   - 1 1 5   v o l t s   was  g r e a t e r  

t h a n   two  m i n u t e s ,   and  a  v o l t a g e   c o n t r a s t   of   127  v o l t s  

was  o b s e r v e d .   An  e x p o s u r e   o f   47  e r g s / c m 2   was  r e q u i r e d  

to   o b t a i n   h a l f   of   t h i s   c o n t r a s t .  



1.  An  e l e c t r o p h o t o g r a p h i c   d e v i c e   c o m p r i s i n g :  

1)  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 ,  

2)  a  b a r r i e r - c h a r g e   t r a n s p o r t   l a y e r  

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

c o m p r i s e s   a  n o n - p o r o u s   b a r r i e r   zone  a d j a c e n t  

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

z o n e ,   a n d  

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

l e s s   t h a n   two  m i c r o m e t e r s   a d j a c e n t . t h e   p o r o u s  

c h a r g e   t r a n s p o r t   zone   of  s a i d   b a r r i e r - c h a r g e  

t r a n s p o r t   l a y e r .  

2.  The  d e v i c e   of  c l a i m   1  w h e r e i n   t h e   b a r r i e r -  

c h a r g e   t r a n s p o r t   l a y e r   is  a t   l e a s t   0 . 1 5   m i c r o m e t e r s   t h i c k ,  

t h e   p o r e   d i a m e t e r s   of  t he   p o r o u s   zone   a r e   b e t w e e n   0 . 0 0 7  

and  0 . 0 4 0   m i c r o m e t e r s ,   t he   a v e r a g e   c e n t e r - t o - c e n t e r   s p a c i n g  
of  t h e   p o r e s   i s   f r om  0 . 0 1 0   to   0 . 4 0 0   m i c r o m e t e r s ,   and   t h e  

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

m e t e r s   t h i c k .  

3.  The  d e v i c e   of  c l a i m   2  w h e r e i n   s a i d  

n o n - p o r o u s   zone  is  b e t w e e n   0 . 0 0 3   and  0 . 0 5   m i c r o m e t e r s  

t h i c k .  

4.  The  d e v i c e   of  c l a i m   1  w h e r e i n   s a i d  

p h o t o c o n d u c t i v e   i n s u l a t o r   l a y e r   is   s e l e c t e d   f rom  the   c l a s s  

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

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

p h o t o c o n d u c t o r s .  

5.  The  d e v i c e   of  c l a i m   3  w h e r e i n   s a i d  

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

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

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

p h o t o c o n d u c t o r s .  



6.  The  d e v i c e   of  c l a i m   5  w h e r e i n   s a i d  

p h o t o c o n d u c t i v e   i n s u l a t o r   l a y e r   is   a t   l e a s t   0 . 0 5  

m i c r o m e t e r s  a n d   l e s s   t h a n   1 .0   m i c r o m e t e r s   in  t h i c k n e s s .  

7.  The  d e v i c e   of  c l a i m   6  w h e r e i n   s a i d  

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

c admium  s u l f o s e l e n i d e ,   c a d m i u m   s e l e n i d e   or  m i x t u r e s  

t h e r e o f .  

8.  The  d e v i c e   of  c l a i m   7  w h e r e i n   s a i d  

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

c a d m i u m   s u l f o s e l e n i d e ,   c a d m i u m   s e l e n i d e ,  o r   m i x t u r e s  

t h e r e o f .  

9.  The  d e v i c e   of  c l a i m   6  w h e r e i n   s a i d   s u b s t r a t e  

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

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

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

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

t h e r e o f .  

10.  The  d e v i c e   of  c l a i m   1  w h e r e i n   s a i d  

p h o t o c o n d u c t i v e   i n s u l a t o r   l a y e r   is   b e t w e e n   0 . 1 0   and  1 . 0  

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

s e l e c t e d   f rom  t h e   c l a s s   c o n s i s t i n g   of  i n o r g a n i c  

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

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

b a r r i e r - c h a r g e   t r a n s p o r t   l a y e r   is  b e t w e e n   0 . 1 5   and  25  

m i c r o m e t e r s ,   t h e   b a r r i e r   zone  of  s a i d   b a r r i e r - c h a r g e  

t r a n s p o r t   l a y e r   is   b e t w e e n   0 . 0 0 6   and  0 . 0 3   m i c r o m e t e r s ,   t h e  

p o r e   d i a m e t e r s   of  s a i d   p o r o u s   zone  a r e   b e t w e e n   0 . 0 0 8   a n d  

0 . 0 3 0   m i c r o m e t e r s   and  t h e   a v e r a g e   c e n t e r - t o - c e n t e r   s p a c i n g  
of  s a i d   p o r e s   i s   b e t w e e n   0 . 0 1 0   a n d  0 . 4 0 0   m i c r o m e t e r s .  
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