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photoconductive  layer  whose  arsenic  concentration  changes 
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 A n   image  pickup  tube  target  includes  a  Se-As-Te 
photoconductive  layer  whose  arsenic  concentration  changes 
in  a  direction  of  thickness  of  the  Se-As-Te  photoconductive 
layer,  a  carrier  extraction  layer  having  a  high  arsenic 
concentration  and  being  contiguous  to  the  Se-As-Te  photo- 
conductive  layer,  a  capacitive  layer  having  a  low  arsenic 
concentration  and  being  contiguous  to  the  carrier  extraction 
layer,  a  doped  layer  obtained  by  doping  In2O3,  MoO2  or  a 
mixture  thereof  in  an  interface  between  the  carrier  extraction 
layer  and  the  capacitive  layer. 





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

I.  F i e l d   of  t he   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   t o  a n   image   p i c k u p  

t ube   t a r g e t   and ,   more  p a r t i c u l a r l y ,   to  a  s t r u c t u r e   of  a  

S e - A s - T e   t y p e   c h a l c o g e n   p h o t o c o n d u c t i v e   f i l m   ( S a t i c o n  

f i l m )   w i t h   i m p r o v e d   s t i c k i n g   c h a r a c t e r i s t i c s .  

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

F i g .   1  shows  a  s e c t i o n   of  a  main   p a r t   of   a  

c o n v e n t i o n a l   image  p i c k u p   t u b e   t a r g e t   and  a  c o n c e n t r a t i o n  

d i s t r i b u t i o n   of  s e l e n i u m ,   a r s e n i c   and  t e l l u r i u m   as  m a j o r  

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

R e f e r r i n g   to  F i g .   1,  a  t r a n s p a r e n t   c o n d u c t i v e  

f i l m   2  c o n t a i n i n g   Sn02  or  I n 2 0 3   as  a  m a j o r  

c o n s t i t u t e n t   is  f o r m e d   on  t h e   r e a r   m a j o r   s u r f a c e   of   a  

d i s c - l i k e   t r a n s l u c e n t   g l a s s   s u b s t r a t e   1.  A  v e r y   t h i n  

N - t y p e   t r a n s p a r e n t   Ce02  c o n d u c t i v e   f i l m   3  s e r v i n g   as  a  

b l o c k i n g   l a y e r   is  f o r m e d   on  t h e   r e a r   m a j o r   s u r f a c e   of   t h e  

t r a n s p a r e n t   c o n d u c t i v e   f i l m   2.  A  P - t y p e   p h o t o c o n d u c t i v e  

f i l m   4  c o m p r i s i n g   a  P - t y p e   S e - A s - T e   a m o r p h o u s  

s e m i c o n d u c t o r   f i l m   is  f o r m e d   on  t h e   r e a r   m a j o r   s u r f a c e   o f  

t he   N - t y p e   t r a n s p a r e n t   c o n d u c t i v e   f i l m   3.  A  P - t y p e  

Sb2S3  p h o t o c o n d u c t i v e   f i l m   5  s e r v i n g   as  a  beam  l a n d i n g  

l a y e r   is  f o r m e d   on  t he   r e a r   m a j o r   s u r f a c e   of  t h e   P - t y p e  



p h o t o c o n d u c t i v e   f i l m   4.  The  P - t y p e   p h o t o c o n d u c t i v e   f i l m   4 

c o n s i s t s   of   f i r s t ,   s e c o n d   and  t h i r d   P - t y p e   p h o t o c o n d u c t i v e  

l a y e r s   4 a ,   4b  and  4c .   The  f i r s t   P - t y p e   p h o t o c o n d u c t i v e  

l a y e r   4a  c o m p r i s e s   a  P - t y p e   S e - A s   a m o r p h o u s   s e m i c o n d u c t o r  

f i l m   h a v i n g   an  Se  c o n c e n t r a t i o n   of  97  to  88  wt%  and   an  As 

c o n c e n t r a t i o n   of   3  to  12  wt%  and  is  f o r m e d   on  t h e   r e a r  

m a j o r   s u r f a c e   of   t h e   N - t y p e   t r a n s p a r e n t   c o n d u c t i v e   f i l m   3 

to  h a v e   a  t h i c k n e s s   o f   30  to  60  nm.  The  s e c o n d   P - t y p e  

p h o t o c o n d u c t i v e   l a y e r   4b  c o m p r i s e s   a  P - t y p e   S e - A s - T e  

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

a b o u t   67  wt%,  an  As  c o n c e n t r a t i o n   of   3  wt%,  and  a  Te  

c o n c e n t r a t i o n   of  a b o u t   30  wt%  and  is   f o r m e d   on  t h e   r e a r  

m a j o r   s u r f a c e   of  t he   f i r s t   P - t y p e   p h o t o c o n d u c t i v e   l a y e r   4 a  

to  h a v e   a  t h i c k n e s s   of   a b o u t   60  nm.  The  t h i r d   P - t y p e  

p h o t o c o n d u c t i v e   l a y e r   4c  i s   f o r m e d   on  t h e   r e a r   m a j o r  

s u r f a c e   of   t h e   s e c o n d   P - t y p e   p h o t o c o n d u c t i v e   l a y e r   4b  s u c h  

t h a t   a  t o t a l   t h i c k n e s s   of   t h e   m u l t i l a y e r   f i l m   4  is   s e t   t o  

be  a b o u t   3900  nm,  fo r   e x a m p l e .   The  t h i r d   P - t y p e  

p h o t o c o n d u c t i v e   l a y e r   4c  c o m p r i s e s   a  P - t y p e   S e - A s  

a m o r p h o u s   s e m i c o n d u c t o r   f i l m   w h e r e i n   in  t h e   S e - A s  

c o n c e n t r a t i o n   d i s t r i b u t i o n ,   t he   As  c o n c e n t r a t i o n  

c o n t i n u o u s l y   c h a n g e s   f r o m   20  to  30  wt%  to  3   2  wt%  o v e r   a  

t h i c k n e s s   of   4 5  ±   20  nm  w h i c h   s t a r t s   f rom  t h e   i n t e r f a c e  

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

4b  and  4c .   The  3  t   2  wt%  As  c o n c e n t r a t i o n   r e m a i n s  

u n c h a n g e d   as  t he   t h i c k n e s s   i n c r e a s e s .   The  P - t y p e  

p h o t o c o d u c t i v e   f i l m   5  i s   f o r m e d   on  t h e   r e a r   m a j o r   s u r f a c e  



of  t h e   m u l t i l a y e r   f i l m   4.  A  l i g h t   beam  6  is   i n c i d e n t   o n  

the   f r o n t   m a j o r   s u r f a c e   of   the   g l a s s   s u b s t r a t e   1,  and  a  

s c a n n i n g   e l e c t r o n   beam  7  is  s u p p l i e d   to  t h e   P - t y p e  

p h o t o c o n d u c t i v e   f i l m   5 .  

In  t he   image   p i c k u p   t u b e   t a r g e t   h a v i n g   t h e  

s t r u c t u r e   d e s c r i b e d   a b o v e ,   t he   g r a d i e n t   As  c o n c e n t r a t i o n  

l a y e r   as  p a r t   of  t h e   t h i r d   P - t y p e   p h o t o c o n d u c t i v e   l a y e r   4 c  

s e r v e s   as  a  c a r r i e r   e x t r a c t i o n   l a y e r   f o r   e f f e c t i v e l y   a n d  

s t a b l y   e x t r a c t i n g   c a r r i e r s   g e n e r a t e d   in  t h e   Te  l a y e r   o f  

t h e   s e c o n d   P - t y p e   p h o t o c o n d u c t i v e   f i l m   4b.   The  g r a d i e n t  

As  c o n c e n t r a t i o n   l a y e r   a l s o   s e r v e s   to  p r e v e n t   t he   Te  l a y e r  

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

v o l t a g e - p h o t o c u r r e n t   c h a r a c t e r i s t i c   (V-I   c h a r a c t e r i s t i c )  

f o r m i n g   p a r t   of  e v a l u a t i o n   c r i t e r i o n .   The  u n i f o r m   3  I   2 

wt%  As  c o n c e n t r a t i o n   l a y e r   c o n t i g u o u s   to  t h e   g r a d i e n t   As 

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

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

4c  i n c l u d i n g   the   g r a d i e n t   As  c o n c e n t r a t i o n   l a y e r   and  t h e  

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

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

t he   t a r g e t   in  u s e .  

H o w e v e r ,   when  a  h i g h l y   l u m i n o u s   o b j e c t   or  a  s t i l l  

o b j e c t   is  p h o t o g r a p h e d   w i t h   an  image  p i c k u p   t u b e   h a v i n g  

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

p h e n o m e n o n   o c c u r s   w h e r e i n   a  p r e v i o u s   image   s t i c k s   to  t h e  

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

m a i n l y   d e p e n d e n t   on  t h e   P - t y p e   p h o t o c o n d u c t i v e   f i l m   4 .  



E s p e c i a l l y ,   when  a  S a t i c o n   f i l m   is   u s e d ,   t h e   s t i c k i n g  

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

c o n c e n t r a t e d   a r s e n i c   in  t h e   t h i r d   P - t y p e   p h o t o c o n d u c t i v e  

l a y e r   4c .   With   t he   c o n t e n t   of   a r s e n i c   d e c r e a s e d ,   t h e  

s t i c k i n g   can   be  s u p p r e s s e d   b u t   s u f f i c i e n t   e x t r a c t i o n   o f  

the   c a r r i e r s   from  t he   Te  l a y e r   c a n n o t   be  s u s t a i n e d .   As  a  

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

o b t a i n e d .  

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

I t   i s ,   t h e r e f o r e ,   an  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   to  p r o v i d e   an  image   p i c k u p   t u b e   t a r g e t   c a p a b l e  

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

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

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

a  d e c r e a s e   in  c a r r i e r   e x t r a c t i o n   e f f e c t   due  to  a  d e c r e a s e  

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

can   be  c o m p e n s a t e d   f o r .  

In  o r d e r   to  a c h i e v e   t h e   a b o v e   o b j e c 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 e   is  p r o v i d e d   an  image   p i c k u p   t u b e  

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

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

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

c o n d u c t i v e   f i l m   s e r v i n g   as  a  b l o c k i n g   l a y e r   and  f o r m e d   o n  

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

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

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

a r s e n i c   and   t e l l u r i u m   as  m a j o r   c o n s t i t u e n t s ,   w h i c h   i s  



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

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

w h i c h   has   an  a r s e n i c   c o n c e n t r a t i o n   d i s t r i b u t i o n   c h a n g i n g  

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

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

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

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

f i l m ;   and  a  l a y e r   d o p e d   w i t h   a  d o p a n t   h a v i n g   n e g a t i v e  

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

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

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

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

F i g .   1  is  a  d i a g r a m   fo r   e x p l a i n i n g   a  c o n v e n t i o n a l  

image   p i c k u p   t u b e   t a r g e t ;  

F i g .   2  is  a  d i a g r a m   f o r   e x p l a i n i n g   an  i m a g e  

p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  an  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 ;  

F i g .   3  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   u s e f u l   i n  

e x p l a i n i n g   e f f e c t s   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g s .   4a  to  4c  a r e   d i a g r a m s   s h o w i n g   v a r i o u s  

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

F i g .   5  is  a  d i a g r a m   s h o w i n g   an  a c t u a l   c o n t o u r   o f  

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

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

D e t a i l e d   D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t s  

F i g .   2  shows  a  s e c t i o n   of   a  main  p a r t   of  an  i m a g e  

p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  an  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 ,   and  a  d i a g r a m   of   a  S e - A s - T e  

c o n c e n t r a t i o n   d i s t r i b u t i o n .   In  F i g s .   1  and  2,  t he   s a m e  

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

d e t a i l e d   d e s c r i p t i o n   of  wh ich   w i l l   be  o m i t t e d .  

R e f e r r i n g   to  F i g .   2,  a  t h i r d   P - t y p e  

p h o t o c o n d u c t i v e   l a y e r   4d  as  a  c a r r i e r   e x t r a c t i o n   l a y e r   i s  

f o r m e d   on  t h e   r e a r   m a j o r   s u r f a c e   of   a  s e c o n d   P - t y p e  

p h o t o c o n d u c t i v e   l a y e r   4b  as  a  c a r r i e r   g e n e r a t i n g   l a y e r   t o  

h a v e   a  t h i c k n e s s   of  1 2  =   6  nm.  The  l a y e r   4d  c o m p r i s e s   a  

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

c o n c e n t r a t i o n   d i s t r i b u t i o n   s u c h   t h a t   t h e   Se  c o n c e n t r a t i o n  

is  7 5  ±   5  wt%  and  t h e   As  c o n c e n t r a t i o n   is  2 5  ±  5   wt%.  A 

f o u r t h   P - t y p e   p h o t o c o n d u c t i v e   l a y e r   4e  s e r v i n g   as  a  

c a p a c i t i v e   l a y e r   is  f o r m e d   on  t h e   r e a r   m a j o r   s u r f a c e   o f  

t h e   t h i r d   P - t y p e   p h o t o c o n d u c t i v e   l a y e r   4d  to  h a v e   a  

t h i c k n e s s   s u c h   t h a t   a  m u l t i l a y e r   f i l m   4'  has   a  t o t a l  

t h i c k n e s s   o f ,   f o r   e x a m p l e ,   a b o u t   3900  nm.  The  f o u r t h  

P - t y p e   p h o t o c o n d u c t i v e   l a y e r   4e  c o m p r i s e s   a  P - t y p e   S e - A s  

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

t h a t   t he   Se  c o n c e n t r a t i o n   is  9 7  t   2  wt%  and  t he   As 

c o n c e n t r a t i o n   is  3  ±  2   wt%.  I n 2 0 3   h a v i n g   n e g a t i v e  

s p a c e   c h a r g e s   in  s e l e n i u m   is  d o p e d   to  a  t h i c k n e s s   of   3  t o  

30  nm  at   a  c o n c e n t r a t i o n   of  100  to  3 , 0 0 0   wtppm  a c r o s s   a n  

i n t e r f a c e   b e t w e e n   the   t h i r d   and  f o u r t h   P - t y p e  

p h o t o c o n d u c t i v e   l a y e r s   4d  and  4e ,   so  t h a t   a n  

I n 2 0 3 - d o p e d   l a y e r   4f  is  f o r m e d   n o t   to  c o n t a c t   t h e   T e  

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



A l t h o u g h   t h e   l a y e r   4f  is  i l l u s t r a t e d   as  d o p e d   w i t h  

I n 2 0 3 ,   o t h e r   d o p a n t s   such   as  MoO2  or  a  m i x t u r e   o f  

I n 2 0 3   and  MoO2  w h i c h   have   n e g a t i v e   s p a c e   c h a r g e s   i n  

s e l e n i u m   may  a l s o   be  u s e d .  

In  t h e   P - t y p e   m u l t i l a y e r   f i l m   4'  h a v i n g   t h e  

s t r u c t u r e   d e s c r i b e d   a b o v e ,   t he   a r s e n i c   c o n t e n t  

( c o n c e n t r a t i o n   x  t h i c k n e s s )   in  t h e   t h i r d   P - t y p e  

p h o t o c o n d u c t i v e   l a y e r   4d  as  t he   c a r r i e r   e x t r a c t i o n   l a y e r  

is  d e c r e a s e d   to  1 /3   to  1 /6   of  t h a t   of   t h e   c o n v e n t i o n a l  

image  p i c k u p   t u b e   t a r g e t .   In  a d d i t i o n ,   t he   d o p e d   l a y e r   4 f  

of  I n 2 0 3 ,   MoO2  or  m i x t u r e   t h e r e o f   w h i c h   has  n e g a t i v e  

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

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

t h i r d   and  f o u r t h   P - t y p e   p h o t o c o n d u c t i v e   l a y e r s   4d  and  4 e ,  

so  t h a t   t h e   c a r r i e r   e x t r a c t i o n   e f f i c i e n c y   is  g r e a t l y  

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

d e c r e a s e d .   In  t h i s   c a s e ,   when  t h e   a r s e n i c   c o n t e n t   of  t h e  

c a r r i e r   e x t r a c t o n   l a y e r   is  d e c r e a s e d   to  a b o u t   1/6  o r  

l o w e r ,   t h e   e f f e c t   f o r   p r e v e n t i n g   t e l l u r i u m   f rom  b e i n g  

d i f f u s e d   f rom  t h e   s e c o n d   P - t y p e   p h o t o c o n d u c t i v e   l a y e r   4 b  

is  i m p a i r e d .   T h e r e f o r e ,   the   a r s e n i c   c o n t e n t   in  a  

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

to  a b o u t   1 /6   or  l o w e r .  

F i g .   3  shows  the   r e l a t i o n   b e t w e e n   the   p o s i t i o n   o f  

the   i n d i u m - d o p e d   l a y e r   4f  and  t he   s t i c k i n g   c o n t r a s t   f o r  

v a r i o u s   I n 2 0 3   d o p i n g   c o n t e n t s   ( w t p p m . n m )   as  d e f i n e d   b y  

c o n c e n t r a t i o n  y   (wtppm)  x  t h i c k n e s s  x   (nm).   C u r v e s   1  to  4 



c o r r e s p o n d   to  d o p i n g   c o n t e n t s   of  90000  w t p p m · n m   ( 3 0 0 0  

wtppm  x  30  nm) ,   15000  w t p p m · n m   (1000  wtppm  x  15  nm) ,   8 0 0 0  

w tppm-nm  (750  wtppm  x  12  nm)  and  300  w t p p m · n m   (100  wtppm  x  

3  nm),   r e s p e c t i v e l y .   P o i n t s   P l ,   P2  and  P3  c o r r e s p o n d   t o  

p o s i t i o n s   of   t h e   i n d i u m - d o p e d   l a y e r   as  shown  in  F i g s .   4 a ,  

4b  and  4c ,   r e s p e c t i v e l y .   I t   w i l l   t h e n   be  a p p r e c i a t e d   t h a t  

when  t h e   i n d i u m - d o p e d   l a y e r   is  f o r m e d   a c r o s s   t h e   i n t e r f a c e  

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

a l l   t he   c h a r a c t e r i s t i c   c u r v e s   1  to  4  r e p r e s e n t a t i v e   of  1 0 0  

to  3000  wtppm  I n 2 0 3   d o p i n g   c o n c e n t r a t i o n s   and  3  t o  

30  nm  i n d i u m - d o p e d   l a y e r   t h i c k n e s s e s   f a l l   in  an  a l l o w a b l e  

s t i c k i n g   c o n t r a s t  r a n g e   as  h a t c h e d .  

In  t he   f o r e g o i n g   e m b o d i m e n t ,   t he   I n 2 0 3   l a y e r  

is  f o r m e d   in  a  t h i c k n e s s   r e g i o n   h a v i n g   as  a  c e n t e r   t h e  

i n t e r f a c e   or  b o u n d a r y   X  w h e r e   t h e   a r s e n i c   c o n t e n t   (25  t   5 

wt%)  of   the   t h i r d   P - t y p e   p h o t o c o n d u c t i v e   l a y e r   4d  i s  

a b r u p t l y   d e c r e a s e d   to  t h e   a r s e n i c   c o n t e n t   ( 3  ±   2  wt%)  o f  

the   f o u r t h   P - t y p e   p h o t o c o n d u c t i v e   l a y e r   4e .   In  e f f e c t ,  

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

a t   s o l i d   l i n e   or  d o t t e d   l i n e   in  F i g .   5.  In  t h i s   c a s e ,   t h e  

I n 2 0 3   l a y e r   may  be  f o r m e d   in  a  t h i c k n e s s   r e g i o n   h a v i n g  

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

t h i r d   P - t y p e   p h o t o c o n d u c t i v e  l a y e r   4d  is  d e c r e a s e d   to  10% 

of   an  a r s e n i c   c o n c e n t r a t i o n   d i f f e r e n c e   b e t w e e n   t h e   t h i r d  

and  f o u r t h   P - t y p e   p h o t o c o n d u c t i v e   l a y e r s   4d  and  4e .   T h i s  

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

a p p l i c a t i o n .   F u r t h e r ,   t h e   t o t a l   t h i c k n e s s   of  P - t y p e  



p h o t o c o n d u c t i v e   l a y e r   4'  is   n o t   l i m i t e d   to  3900  nm  and  t h e  

e f f e c t s   of   t he   p r e s e n t   i n v e n t i o n   can  be  a t t a i n e d  

i r r e s p e c t i v e   of  t h e   t o t a l   t h i c k n e s s .   For  e x a m p l e ,   t h e  

t o t a l   t h i c k n e s s   may  be  5900  nm  w i t h   the   p h o t o c o n d u c t i v e  

l a y e r   5  e n d i n g   a t   6000  nm.  

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

a b o v e ,   I n 2 0 3 ,   MoO2 o r   a  m i x t u r e   t h e r e o f   is  d o p e d   i n  

a  h i g h l i g h t   s t i c k i n g   p r e v e n t i o n   S a t i c o n   f i l m   ( J a p a n e s e  

P a t e n t   A p p l i c a t i o n   No.  5 5 - 1 5 7 0 8 4 )   d o p e d   w i t h   L i - F   a c r o s s  

an  i n t e r f a c e   b e t w e e n   the   f i r s t   and  s e c o n d   P - t y p e  

p h o t o c o n d u c t i v e   l a y e r s   4a  and  4b  as  shown  a t   d o t t e d   l i n e  

in  F i g .   2,  to  form  a  d o p e d   l a y e r   4 f .   In  t h i s  

m o d i f i c a t i o n ,   t h e   s t i c k i n g   p h e n o m e n o n   can  be  p r e v e n t e d   i n  

the   same  m a n n e r   as  in  t he   a b o v e   e m b o d i m e n t .   In  a d d i t i o n ,  

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

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

As  has  been   d e s c r i b e d ,   a c c o r d i n g   to  t he   i m a g e  

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

p h e n o m e n o n   due  to  h i g h l y   l u m i n o u s   i n c i d e n t   l i g h t   can  b e  

g r e a t l y   d e c r e a s e d   to  o b t a i n   a  h i g h - q u a l i t y   i m a g e .  

The  p r e s e n t   i n v e n t i o n   is  no t   l i m i t e d   to  t h e  

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

c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  w i t h i n   t h e   s p i r i t  

and  s c o p e   of  t he   p r e s e n t   i n v e n t i o n .  



1.  An  image   p i c k u p   t u b e   t a r g e t   c o m p r i s i n g :  

a  t r a n s l u c e n t   s u b s t r a t e ;  

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

r e a r   m a j o r   s u r f a c e   of   s a i d   t r a n s l u c e n t   s u b s t r a t e ;  

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

b l o c k i n g   l a y e r   and  f o r m e d   on  a  r e a r   m a j o r   s u r f a c e   of   s a i d  

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

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

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

s e l e n i u m ,   a r s e n i c   and  t e l l u r i u m   as  m a j o r   c o n s t i t u e n t s ,  

w h i c h   is  f o r m e d   on  a  r e a r   m a j o r   s u r f a c e   of  s a i d   s e c o n d  

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

t h i c k n e s s   and  w h i c h   has   an  a r s e n i c   c o n c e n t r a t i o n  

d i s t r i b u t i o n   c h a n g i n g   in  a  d i r e c t i o n   of   t h i c k n e s s   of   s a i d  

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

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

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

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

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

c h a r g e s   in  s e l e n i u m   and  f o r m e d   a c r o s s   an  i n t e r f a c e   b e t w e e n  

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

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

2.  An  image   p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  c l a i m   1 

w h e r e i n   t h e   d o p a n t   is   I n 2 0 3 .  



3.  An  image   p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  c l a i m   1 

w h e r e i n   d o p a n t   i s   M o 0 2 .  

4.  An  image   p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  c l a i m   1 

w h e r e i n   d o p a n t   is   a  m i x t u r e   of   I n 2 0 3   and  MoO2. 

5.  An  i m a g e   p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   s a i d   i n t e r f a c e   is  a  b o u n d a r y   w h e r e   the   a r s e n i c  

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

6.  An  image   p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   s a i d   i n t e r f a c e   is  a  b o u n d a r y   whe re   t he   a r s e n i c  

c o n c e n t r a t i o n   is  d e c r e a s e d   to  a b o u t   10%  of  an  a r s e n i c  

c o n c e n t r a t i o n   d i f f e r e n c e   b e t w e e n   s a i d   t h i r d   and  f o u r t h  

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

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

7.  An  image   p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  c l a i m   1 ,  

5  or  6,  w h e r e i n   s a i d   doped   l a y e r   is  c e n t e r e d   to  s a i d  

i n t e r f a c e .  

8.  An  image   p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  c l a i m   7 ,  

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

is  doped   to  a  c o n c e n t r a t i o n   of  100  to  3 , 0 0 0   wtppm  to  a  

t h i c k n e s s   f a l l i n g   w i t h i n   a  r a n g e   of   3  to  30  nm. 

9.  An  image   p i c k u p   t u b e   t a r g e t   a c c o r d i n g   to  c l a i m   1 



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

i n t e r f a c e   b e t w e e n   s a i d   f i r s t   and  s e c o n d   P - t y p e  

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