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@  Ion  flow  modulator. 

  An  ion  flow  modulator  with  high  reliability  used  in  a 
photocopying  machine  to  obtain  a  high  quality  image.  The 
ion  flow  modulator  (37)  includes  an  insulating  substrate  (38), 
a  common  electrode  (42)  formed  on  one  major  surface  of  the 
insulating  substrate  (38),  a  plurality  of  ion  flow  control  elec- 
trodes  (40)  formed  on  the  other  major  surface  of  the  insu- 
lating  substrate  (38),  a  photoconductive  layer  (46)  formed  on 
the  insulating  substrate  (38)  and  connected  to  one  end  of 
each  of  the  ion  flow  control  electrodes  (40),  a  first  voltage 
application  electrode  (48)  formed  on  the  insulating  substrate 
(38)  and  connected  to  the  photoconductive  layer  (46),  a  re- 
sistance  layer  (50)  formed  on  the  insulating  substrate  (38) 
and  connected  to  the  other  end  of  each  of the  ion flow  control 
electrodes  (40)  so  as  to  interpose  the  ion  flow  control  elec- 
trodes  (40)  between  the  photoconductive  layer  (46)  and  the 
resistance  layer  (50),  a  second  voltage  application  electrode 
(52)  formed  on  the  insulating  substrate  and  connected  to  the 
resistance  layer  (50),  and  a  DC  power  source  (49,  54)  for 

applying  voltages  having  opposing  polarities  to  the  first  and 
second  voltage  application  electrodes  (48,  52).  The  ion  flow 
passage  holes  (44)  are  formed  through  the  insulating  sub- 
strate  (38)  and  the  common  electrode  (42).  A  means  is  pro- 
vided  for  generating  ions  to  pass  through  the  ion  flow 
passage  holes. 



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  an  ion  f l o w  

m o d u l a t o r   used   in  a  p h o t o c o p y i n g   m a c h i n e .  

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

have   been  c o n v e n t i o n a l l y   p r o p o s e d .   The  p r i n c i p l e   o f  

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

g i v e n   as  f o l l o w s .   L i g h t   i r r a d i a t e s   a  d o c u m e n t ,   a n d  

l i g h t   ( d o c u m e n t  i m a g e )   r e f l e c t e d   by  the   d o c u m e n t   i s  

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

of  an  ion  f l o w   m o d u l a t o r   to  be  d e s c r i b e d   in  d e t a i l  

l a t e r .   The  ion  f l o w   m o d u l a t o r   has  an  a r r a y   of  a  

p l u r a l i t y   of  h o l e s   so  as  to  c a u s e   i ons   to  f l o w  

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

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

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

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

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

i m a g e .   T o n e r  i s   a t t r a c t e d   to  t h e  l a t e n t   image  on  t h e  

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

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

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

ion  f l ow  m o d u l a t o r   ( J a p a n e s e   P a t e n t   D i s c l o s u r e  

N o .   5 6 - 3 5 1 5 0 )   is  shown  in  F i g .  1 .   R e c t a n g u l a r   i o n   f l o w  

c o n t r o l   e l e c t r o d e s   12  a r e   f o r m e d   on  an  i n s u l a t i n g  

s u b s t r a t e   10  p a r a l l e l   to   each   o t h e r .   Ion   f l o w   p a s s a g e  
h o l e s   14  a r e   f o r m e d   n e a r   end  p o r t i o n s   of  the   c o n t r o l  



e l e c t r o d e s   12,  in  t h e   s u b s t r a t e   10  and  in  a  common 

e l e c t r o d e   24  to  be  d e s c r i b e d   l a t e r .   A  common 

p h o t o c o n d u c t i v e   l a y e r   16  is   f o r m e d   on  the   r e s p e c t i v e  

c o n t r o l   e l e c t r o d e s   12 ,   and  a  t r a n s p a r e n t   e l e c t r o d e   18  i s  

f o r m e d   on  t he   l a y e r   16.  A  s i n g l e   r e s i s t a n c e   l a y e r   2 0  

common  to  t h e   r e s p e c t i v e   h o l e s   14  of  t he   c o n t r o l  

e l e c t r o d e s   is  f o r m e d   a t   t h e   o t h e r   end  p o r t i o n s   of  t h e  

c o n t r o l   e l e c t r o d e s   12.  A  t r a n s p a r e n t   e l e c t r o d e   22  i s  

f o r m e d   on  t h e   l a y e r   20.   A  common  e l e c t r o d e   24  is  f o r m e d  

on  t h e   l o w e r   s u r f a c e   of  t h e   s u b s t r a t e   10.  Power   s o u r c e s  

26  and  28  a r e   c o n n e c t e d   to   t h e   e l e c t r o d e s   18  and  22  t o  

a p p l y   p o s i t i v e   and  n e g a t i v e   v o l t a g e s   to  t he   l a y e r s   16 

and  22,  r e s p e c t i v e l y .   T h e s e   power   s o u r c e s   a re   a l s o  

c o n n e c t e d   to  t he   e l e c t r o d e   24.  A  c o r o n a   c h a r g e r   30  as  a  

means   f o r   g e n e r a t i n g   an  ion   f l o w   is  a r r a n g e d   u n d e r   t h e  

h o l e s   1 4 . -   The  c h a r g e r   30  c o m p r i s e s   a  c o r o n a   d i s c h a r g e  

e l e c t r o d e   32  and  a  s h i e l d   e l e c t r o d e   34.  The  e l e c t r o d e  

32  i s   c o n n e c t e d   to  a  DC  p o w e r   s o u r c e   3 6 .  

An  ion   f l o w   g e n e r a t e d   f rom  the   e l e c t r o d e   32  f l o w s  

t h r o u g h   t h e   h o l e s   14  and  r e a c h e s   a  d i e l e c t r i c   drum  ( n o t  

s h o w n ) .   The  number   of  i o n s   f l o w i n g   t h r o u g h   the  h o l e s   14  

is   c o n t r o l l e d   by  p o t e n t i a l s   of  the   e l e c t r o d e s   12  h a v i n g  

t h e   h o l e s   14.  More  p a r t i c u l a r l y ,   when  i o n s   g e n e r a t e d  

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

t h e   number   of  t he   i o n s   f l o w i n g   t h r o u g h   t he   h o l e s   14  i s  

d e c r e a s e d   by  t he   p o s i t i v e   p o t e n t i a l s   of  t he   e l e c t r o d e s  

12,   and  i s   i n c r e a s e d   by  t h e   n e g a t i v e   p o t e n t i a l s .   I n  

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

p o t e n t i a l s   at   t he   e l e c t r o d e s  1 2  i s   f o r m e d   on  t h e  

d i e l e c t r i c   drum  ( n o t   s h o w n ) . f -   W h e n  l i g h t   does  n o t  

i r r a d i a t e   t he   p h o t o c o n d u c t i v e  l a y e r   16,  t he   r e s i s t a n c e  

of  t he   p h o t o c o n d u c t i v e   l a y e r   16  is  l a r g e r   t han   t h a t   o f  

t h e   r e s i s t a n c e   l a y e r   20 ,   so  t h a t   the   p o t e n t i a l s   of  t h e  

e l e c t r o d e s   12  a r e   n e g a t i v e   u n d e r   t he   c o n t r o l   of  t h e  

p o w e r   s o u r c e   28  and  t h e   number   of  i o n s   f l o w i n g   t h r o u g h  

t h e   h o l e s   is  i n c r e a s e d .   H o w e v e r ,   when  l i g h t   i r r a d i a t e s  

t h e   p h o t o c o n d u c t i v e   l a y e r   16,  t he   r e s i s t a n c e   of  t h e  



p h o t o c o n d u c t i v e   l a y e r   16  is  d e c r e a s e d ,   and  t h e  

p o t e n t i a l s   at   t he   c o n t r o l   e l e c t r o d e s   12  a r e   c o n t r o l l e d  

by  t he   power   s o u r c e   26,  t h e r e b y   d e c r e a s i n g   t he   number   o f  

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

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

r e c e i v e   l i g h t   is  s m a l l ,   but   the   n u m b e r   of  i o n s   f l o w i n g  

t h r o u g h   c o n t r o l   e l e c t r o d e s   which   do  n o t   r e c e i v e   l i g h t   i s  

l a r g e .   T h e r e f o r e ,   the   l a t e n t   image   c o r r e s p o n d i n g   to  t h e  

o p t i c a l   p a t t e r n   o b t a i n e d   by  the   l a y e r   16  is  f o r m e d   o n  

t h e   d i e l e c t r i c   d r u m .  

The  a b o v e - d e s c r i b e d   c o n v e n t i o n a l   ion   f l o w   m o d u l a t o r  

has   t he   f o l l o w i n g   p r o b l e m s .   F i r s t ,   a  s t r i p e   p a t t e r n  

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

of  t he   r e s u l t a n t   image  t e n d s   to  o c c u r .   T h e s e   e v e n t s  

a r e   b a s e d   upon  v a r i a t i o n s   in  t h i c k n e s s   of  t h e  

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

c o n t r o l   of  e ach   c o n t r o l   e l e c t r o d e   is   p e r f o r m e d   b y  

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

a l o n g   t he   d i r e c t i o n   of  t h i c k n e s s   t h e r e o f .   When  t h e  

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

c o n t r o l   e l e c t r o d e s   is  n o n u n i f o r m ,   t h e   n u m b e r   of  i o n s  

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

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

t h e r e b y   d e g r a d i n g   the  c o p i e d   image   q u a l i t y .   I n  

p r a c t i c e ,   i t   is  ve ry   d i f f i c u l t   to   o b t a i n   a  u n i f o r m  

t h i c k n e s s   of  t he   p h o t o c o n d u c t i v e   l a y e r .   S e c o n d ,   w h e n  

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

t h e   d i r e c t i o n   of  t h i c k n e s s   t h e r e o f ,   t h e   p h o t o c o n d u c t i v e  

l a y e r   is   s u b j e c t   to  d i e l e c t r i c   b r e a k d o w n   and  DC  c u r r e n t  

f l o w s   in  the   c o n t r o l   e l e c t r o d e   i m m e d i a t e l y   u n d e r   s u c h  

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

s i n c e   t h e   h o l e s   a re   r e n d e r e d   c o n d u c t i v e   by  t h e  

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

c a n n o t   be  c o n t r o l l e d .   T h i r d ,   s i n c e   l i g h t   f rom  t h e  

d o c u m e n t   is  i n c i d e n t   on  the   p h o t o c o n d u c t i v e   l a y e r  

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

d e g r a d e d .  



I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  the   p r e s e n t  

i n v e n t i o n   t o   p r o v i d e   an  ion  f l o w   m o d u l a t o r   w h e r e i n   t h e  

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

p a s s a g e   h o l e s   w i l l   no t   v a r y   and  s t r i p e   p a t t e r n   a n d  

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

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

copy   f u n c t i o n   w i l l   no t   be  i m p a i r e d   even   i f   p i n h o l e s   a r e  

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

s e n s i t i v i t y   image   can  be  o b t a i n e d .  

In  o r d e r   to  a c h i e v e   the   a b o v e   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 ,   t h e r e   i s   p r o v i d e d   an  ion  f l o w   m o d u l a t o r  

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

ion  f l o w   c o n t r o l   e l e c t r o d e s   on  one  m a j o r   s u r f a c e   t h e r e o f  

and  a  common  e l e c t r o d e   on  t he   o t h e r   m a j o r   s u r f a c e  

t h e r e o f .   T h e ` i o n   f l o w   c o n t r o l   e l e c t r o d e s   r e s p e c t i v e l y  

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

i n s u l a t i n g   s u b s t r a t e   and  t he   common  e l e c t r o d e .   A 

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

s u b s t r a t e   and   is   c o n n e c t e d   to  one  end  of  e a c h   ion   f l o w  

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

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

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

h a v i n g   t h e   i on   f l o w   c o n t r o l   e l e c t r o d e s .   A  r e s i s t a n c e  

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

n e c t e d   t o   t h e   o t h e r   end  of  e ach   ion  f l o w   c o n t r o l  

e l e c t r o d e .   A  s e c o n d   v o l t a g e   a p p l i c a t i o n   e l e c t r o d e   i s  

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

c o n n e c t e d   to   t h e   end  of  t h e   r e s i s t a n c e   l a y e r   w h i c h  

o p p o s e s   t h e   end  h a v i n g   t he   ion  f l o w   c o n t r o l   e l e c t r o d e s .  

V o l t a g e s   h a v i n g   o p p o s i t e   p o l a r i t i e s   a re   a p p l i e d   to   t h e  

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

power   s o u r c e   is  c o n n e c t e d   to  the   common  e l e c t r o d e .   I n  

a d d i t i o n ,   m e a n s   is  p r o v i d e d   f o r   g e n e r a t i n g   i o n s   p a s s i n g  

t h r o u g h   t h e   ion   f l o w   p a s s a g e   h o l e s .  

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

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

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



c o n t r o l   p o t e n t i a l s   at  t h e   c o n t r o l   e l e c t r o d e s .   For  t h i s  

r e a s o n ,   even   i f   the   t h i c k n e s s   of  t he   p h o t o c o n d u c t i v e  

l a y e r   v a r i e s ,   no  i n f l u e n c e   is   i m p o s e d   on  the   p o t e n t i a l  

c o n t r o l   of  the   c o n t r o l   e l e c t r o d e s .   The  t w o - d i m e n s i o n a l  

s i z e   of  the   p h o t o c o n d u c t i v e   l a y e r   can  be  c o n t r o l l e d   w i t h  

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

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

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

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

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

e l e c t r o d e s   w i l l   not   c h a n g e   even   i f   p i n h o l e s   a r e   f o r m e d  

in  t he   p h o t o c o n d u c t i v e   l a y e r   a l o n g   the   d i r e c t i o n   o f  

t h i c k n e s s   t h e r e o f .   F u r t h e r m o r e ,   l i g h t   d i r e c t l y  

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

good  s e n s i t i v i t y .  

T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   in  c o n -  

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

F i g .   1  is  a  p e r s p e c t i v e   v i ew   of  a  c o n v e n t i o n a l   i o n  

f l o w   m o d u l a t o r ;  

F i g s .   2  and  3  a r e   p e r s p e c t i v e   v i e w s   of  ion  f l o w  

m o d u l a t o r s   a c c o r d i n g   to  e m b o d i m e n 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 .   4  and  5  a re   r e p r e s e n t a t i o n s   s h o w i n g   t h e  

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

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

ion   f l o w   p a s s a g e   h o l e s   a r r a n g e d   l i n e a r l y   and  in  a  

s t a g g e r e d   m a n n e r ;  

F i g s .   6  and  7  a r e   i l l u s t r a t i v e   r e p r e s e n t a t i o n s   o f  

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

copy   m o d e s ;  

F i g .   8  is  a  s e c t i o n a l   v i e w   f o r   e x p l a i n i n g   t h e  

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

an  ion  f l o w   m o d u l a t o r   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   9  is  an  e n l a r g e d   v i e w   of  the   main   p a r t   of  t h e  

p h o t o c o p y i n g   m a c h i n e   shown  in  F i g .   8;  a n d  

F i g s .   10  to  12  a r e   i l l u s t r a t i v e   r e p r e s e n t a t i o n s   o f  



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

An  ion   f l o w   m o d u l a t o r   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   is  i l l u s t r a t e d   in  F i g .   2.  An 

ion   f l o w   m o d u l a t o r   37  i n c l u d e s   an  i n s u l a t i n g   s u b s t r a t e  

38.  Any  m a t e r i a l   w h i c h   has  good  i n s u l a t i n g   p r o p e r t i e s  

and  w h i c h   can  be  s u b j e c t e d   to  d e p o s i t i o n   of  a  m e t a l  

s u c h   as  g o l d   or   s u i t a b l e   p l a t i n g  m a t e r i a l   can  be  u s e d  

as  t h e   s u b s t r a t e .   For   e x a m p l e ,   t he   s u b s t r a t e   38  may  b e  

a  p o l y i m i d e   f i l m   h a v i n g   a  t h i c k n e s s   of  20  to  100  pm.  

A  common  e l e c t r o d e   42  is  f o r m e d   on  t h e   l o w e r   s u r -  

f a c e   of  t he   s u b s t r a t e   38.  The  e l e c t r o d e   42  may  be ,   f o r  

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

100  nm  to  1  µm.  

Ion  f l o w '   c o n t r o l   e l e c t r o d e s   40  a r e   f o r m e d   on  t h e  

s u b s t r a t e   38  and  a r e   p a r a l l e l   to   each   o t h e r .   E a c h  

e l e c t r o d e   40  may  be ,   f o r   e x a m p l e ,   a  g o l d   d e p o s i t i o n  

f i l m   h a v i n g   a  t h i c k n e s s   of  100  nm  to  1  pm.  T h e  

e l e c t r o d e   40  has   a  w i d t h   ( i . e . ,   a  l e n g t h   a l o n g   a  d i r e c -  

t i o n   p e r p e n d i c u l a r   to  t he   l o n g i t u d i n a l   d i r e c t i o n  

t h e r e o f )   of  a p p r o x i m a t e l y   30  to   70  pm.  The  d i s t a n c e  

b e t w e e n   e v e r y   two  a d j a c e n t   e l e c t r o d e s   40  is  a p p r o x i -  

m a t e l y   30  to   60  pm.  The  e l e c t r o d e   40  may  be  f o r m e d   o f  

a n o t h e r   n o n - r u s t i n g   m e t a l   s u c h   as  n i c k e l .   Ion   f l o w  

p a s s a g e   h o l e s   44  e x t e n d   t h r o u g h   the   s u b s t r a t e   38  and  t h e  

e l e c t r o d e   42  and   a r e   a l i g n e d   l i n e a r l y .   Each   h o l e   44  i s  

f o r m e d   n e a r   one  end  of  a  c o r r e s p o n d i n g   one  of  t h e  

e l e c t r o d e s   40.  U s u a l l y ,   e a c h   h o l e   44  has   a  d i a m e t e r   o f  

20  µm  to  200  µm.  

A  p h o t o c o n d u c t i v e   l a y e r   46  is  f o r m e d   on  t h e  

s u b s t r a t e   38  and  is  c o n n e c t e d   to   one  end  of  e a c h  

e l e c t r o d e   44.  A  p h o t o c o n d u c t i v e   m a t e r i a l   is  known  i n  

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

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

c o m p o u n d .   In   a d d i t i o n ,   an  o r g a n i c   p h o t o c o n d u c t i v e  

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

in  p l a c e   of  t h e   a b o v e   p h o t o c o n d u c t i v e   m a t e r i a l .   An  e n d  



of  t h e   p h o t o c o n d u c t i v e   l a y e r   46  a l o n g   t he   l o n g i t u d i n a l  

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

e l e c t r o d e s   40.  The  p h o t o c o n d u c t i v e   l a y e r   46  p r e f e r a b l y  

has   a  t h i c k n e s s   of  1  to  2  µm. 

A  f i r s t   v o l t a g e   a p p l i c a t i o n   e l e c t r o d e   48  is  f o r m e d  

on  t he   s u b s t r a t e   3 8  a n d   is  c o n n e c t e d   to  an  end  o f  

t h e   l a y e r   46  wh ich   o p p o s e s   t h e   end  o v e r l a p p i n g   t h e  

e l e c t r o d e s   40.  The  e l e c t r o d e   48  s e r v e s   to   a p p l y   a  

p o s i t i v e   v o l t a g e   to  t he   l a y e r   46.  The  end  of  the   l a y e r  

46  w h i c h   is  l o c a t e d   at   t he   s i d e   of  t h e   e l e c t r o d e   48 

o v e r l a p s   t he   c o r r e s p o n d i n g   end  of  t he   e l e c t r o d e   48.  A 

f i r s t   DC  power   s o u r c e   49  is  c o n n e c t e d   to  t h e   e l e c t r o d e  

48  to  a p p l y   a  p o s i t i v e   v o l t a g e   t h e r e t o .  

A  r e s i s t a n c e   l a y e r   50  i s   f o r m e d   on  t h e   s u b s t r a t e   38 

at   t he   o t h e r   end  of  e a c h   e l e c t r o d e   40.  The  r e s i s t a n c e  

l a y e r   50  is  c o n n e c t e d   to  e a c h   c o n t r o l   e l e c t r o d e .   T h e  

r e s i s t a n c e   l a y e r   50  may  be  made  of  S i 3 N 4 .   A  s e c o n d  

v o l t a g e   a p p l i c a t i o n   e l e c t r o d e - 5 2   is  f o r m e d   on  t h e  

s u b s t r a t e   38  and  is  c o n n e c t e d   to   t h e   l a y e r   50.  T h e  

e l e c t r o d e   52  s e r v e s   to  a p p l y   a  v o l t a g e   to  t h e   l a y e r   5 0 .  

The  two  ends   of  the   l a y e r   50  o v e r l a p   the   c o r r e s p o n d i n g  

e n d s   of  t he   e l e c t r o d e s   40  and  52,   r e s p e c t i v e l y .   A 

s e c o n d   DC  power   s o u r c e   54  is  c o n n e c t e d   to  t h e   e l e c t r o d e  

52  so  as  to  a p p l y   a  n e g a t i v e   v o l t a g e   t h e r e t o .  

Means   56  f o r   g e n e r a t i n g   i o n s   p a s s i n g   t h r o u g h   t h e  

h o l e s   44  is  a r r a n g e d   t h e r e u n d e r .   The  i o n   g e n e r a t i n g  

means   56  has  the  same  a r r a n g e m e n t   as  t h a t   of  the   c o n -  
v e n t i o n a l   ion  f l o w   m o d u l a t o r .   The  means   56  u s u a l l y  

c o m p r i s e s   a  c o r o n a   d i s c h a r g e   e l e c t r o d e   58  and  a  s h i e l d  

e l e c t r o d e -  6 0 .   A  h i g h - v o l t a g e   s o u r c e  6 2   is   c o n n e c t e d   t o  

t h e   e l e c t r o d e   5 8 .  

The  o p e r a t i o n   of  the   ion   f l o w   m o d u l a t o r   a c c o r d i n g  

to  t h i s   e m b o d i m e n t   w i l l   be  d e s c r i b e d   h e r e i n a f t e r .   A 

d o c u m e n t   image  to  be  c o p i e d   is   g u i d e d   by  a  c o n v e n t i o n a l  

o p t i c a l   s y s t e m   to  the   p h o t o c o n d u c t i v e   l a y e r   46.  T h e  

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

d o e s   no t   r e c e i v e   l i g h t .   H o w e v e r ,   t h e   p h o t o c o n d u c t i v e  



m a t e r i a l   has   a  s m a l l   r e s i s t a n c e   when  i t   r e c e i v e s   l i g h t .  

In  t h e   l a y e r   46 ,   t h e   p o r t i o n   wh ich   a c t u a l l y   r e c e i v e s  

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

no t   r e c e i v e   l i g h t   has   as  l a r g e   a  r e s i s t a n c e   as  u s u a l .  

The  p o t e n t i a l   a t   t h e   e l e c t r o d e   40  c o n n e c t e d   to   t h e   p o r -  

t i o n   of   t h e   l a y e r   46  w h i c h   r e c e i v e s   l i g h t   i s   p o s i t i v e  

due  to   t h e   p o t e n t i a l   a t   t h e   e l e c t r o d e   48  s i n c e   t h e   p o r -  
t i o n   h a s   a  s m a l l   r e s i s t a n c e .   H o w e v e r ,   t h e   e l e c t r o d e   40 

c o n n e c t e d   to   t h e   p o r t i o n   of  t he   l a y e r   46  w h i c h   d o e s   n o t  

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

c o n t r o l   of   t h e   e l e c t r o d e   52  t h r o u g h   the   l a y e r   50  s i n c e  

t h i s   p o r t i o n   has   t he   l a r g e   r e s i s t a n c e .  

As  d e s c r i b e d   a b o v e ,   the   e l e c t r o d e   40  c o n n e c t e d   t o  

t h e   p o r t i o n  o f   t he   p h o t o c o n d u c t i v e   l a y e r   46  w h i c h  

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

e l e c t r o d e   40  c o n n e c t e d   to   the  p o r t i o n   w h i c h - d o e s   n o t  

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

e m b o d i m e n t   shown  in  F i g .   2,  s i n c e   a  p o s i t i v e   v o l t a g e   i s  

a p p l i e d   t o   t h e   e l e c t r o d e   58,  p o s i t i v e   i o n s   a r e   e m i t t e d  

t h e r e f r o m .   P o s i t i v e   i o n s   p a s s i n g   t h r o u g h   t h e   h o l e s   44 

f o r m e d   in   t h e   n e g a t i v e l y   c h a r g e d   e l e c t r o d e s   40  a r e  

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

a c c e l e r a t e d ,   so  t h a t   a  l a r g e   number   of  p o s i t i v e   i o n s  

p a s s   t h r o u g h   t h e   c o r r e s p o n d i n g   h o l e s   44.  H o w e v e r ,  

when  p o s i t i v e   i o n s   p a s s   t h r o u g h   the   h o l e s   44  of  t h e  

p o s i t i v e l y   c h a r g e d   e l e c t r o d e s   40 ,   t h e y   a r e   r e p e l l e d  

by  t h e   p o s i t i v e   p o t e n t i a l   of  t he   h o l e s   44 ,   t h e r e b y  

d e c r e a s i n g   t h e   number   of  p o s i t i v e   i o n s   p a s s i n g   t h e r e -  

t h r o u g h   or   p r e v e n t i n g   a l l   the   p o s i t i v e   i o n s   f rom  p a s s i n g  

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

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

on  t h e   l a y e r   46 ,   i . e . ,   c o r r e s p o n d i n g   to  t h e   d e n s i t y   o f  

t he   d o c u m e n t   to   be  c o p i e d   is  f o r m e d   on  t h e   d i e l e c t r i c  

drum  r e c e i v i n g   t he   p o s i t i v e   i o n s   p a s s i n g   t h r o u g h   t h e  

h o l e s   4 4 .  

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

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



i n s u l a t i n g   s u b s t r a t e   38  is  p r e p a r e d ,   and  a  m e t a l   s u c h  

as  g o l d   is  d e p o s i t e d  o n   two  s u r f a c e s   t h e r e o f .   T h e  

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

p h o t o e t c h i n g   t e c h n i q u e   to  form  t he   e l e c t r o d e s   40,  t h e  

h o l e s   44,  and  t h e   e l e c t r o d e s   48  and  52.  The  f i l m  

d e p o s i t e d   on  t h e   o t h e r   s u r f a c e   is  u s e d   as  t he   common 
e l e c t r o d e   42  w i t h o u t   m o d i f i c a t i o n .   The  l a y e r s   46  a n d  

50  a r e   s e l e c t i v e l y   d e p o s i t e d   by  t h e   w e l l - k n o w n   CVD 

m e t h o d   on  an  e x p o s e d   p o r t i o n   of  t h e   s u b s t r a t e   38 

b e t w e e n   the   e l e c t r o d e s   40  and  48  and  an  e x p o s e d  

p o r t i o n   t h e r e o f   b e t w e e n   the   e l e c t r o d e s   40  and  5 2 .  

The  a b o v e   i n d i v i d u a l   s t e p s   a re   known  to  t h o s e   who 

a r e   s k i l l e d   in  t h e   a r t ,   and  a  d e t a i l e d   d e s c r i p t i o n  

t h e r e o f   w i l l   be  o m i t t e d .  

The  ion  f l o w   m o d u l a t o r   h a v i n g   t h e   a r r a n g e m e n t  

d e s c r i b e d   a b o v e   has  the   f o l l o w i n g   a d v a n t a g e s :  

(1)  S i n c e   the   l a y e r   46  is  f o r m e d   on  t he   u p p e r   s u r -  

f a c e   p o r t i o n   b e t w e e n   the   e l e c t r o d e s   40  and  4 8  s o   as  t o  

c o n n e c t   t he   e l e c t r o d e s   40  and  48,  t h e   r e s i s t a n c e   of  t h e  

l a y e r   46  is  d e t e r m i n e d   by  the   w i d t h   t h e r e o f .   As  a  

r e s u l t ,   t he   r e s i s t a n c e   of  the   l a y e r   46  can   be  a c c u r a t e l y  

c o n t r o l l e d   to  p r e v e n t   v a r i a t i o n s   in   t h e   number   of  i o n s  

p a s s i n g   t h r o u g h   the   h o l e s   44.  When  t h i s   ion   f l o w  

m o d u l a t o r   is  a p p l i e d   to  an  image  f o r m i n g   s y s t e m ,   n e i t h e r  

t h e   s t r i p e   p a t t e r n   is  f o rmed   nor   d o e s   t h e   l i n e a r  

o m i s s i o n   o c c u r ,   t h e r e b y   p r o v i d i n g   good   image   f o r m a t i o n .  

(2)  For   t h i s   r e a s o n ,   even  i f   p i n h o l e s   a re   f o r m e d  

in  t h e   l a y e r   46,   d i e l e c t r i c   b r e a k d o w n   of  t he   l a y e r   46 

can   be  p r e v e n t e d ,   u n l i k e   the   s t r u c t u r e   w h e r e i n   t h e  

p h o t o c o n d u c t i v e  . l a y e r i s   s a n d w i c h e d   b e t w e e n   t he   ion  f l o w  

c o n t r o l   e l e c t r o d e s   and  the  t r a n s p a r e n t   e l e c t r o d e .   As  a  

r e s u l t ,   a  h i g h l y   r e l i a b l e   ion  f l o w   m o d u l a t o r   can  b e  

a c h i e v e d .  

(3)  S i n c e   t h e   l a y e r   46  is  n o t   c o v e r e d   w i t h  t h e  

t r a n s p a r e n t   e l e c t r o d e   but   is  e x p o s e d ,   t h e   s e n s i t i v i t y   o f  

t h e   l a y e r   46  w i l l   no t   be  d e g r a d e d   when  i t   r e c e i v e s  

l i g h t .  



(4)  In  t he   a b o v e   e m b o d i m e n t ,   t h e   p l u r a l i t y   o f  

e l e c t r o d e s   40  and  t h e   f i r s t   and  s e c o n d   v o l t a g e   a p p l i c a -  

t i o n   e l e c t r o d e s   48  and  52  a r e   f o r m e d   on  the   u p p e r   s u r -  

f a c e   of  t he   s u b s t r a t e   38.   The  e l e c t r o d e s  4 0 ,   48  and  5 2  

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

d e p o s i t e d   on  t he   s u b s t r a t e   38.  T h u s ,   t h e   ion  f l o w  

m o d u l a t o r   can  be  m a n u f a c t u r e d   a t   low  c o s t ,   as  c o m p a r e d  

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

46  f o r m e d   on  the   u p p e r   s u r f a c e   p o r t i o n   of  t he   s u b s t r a t e  

38  b e t w e e n   the   e l e c t r o d e s   40  and  48  can   be  f o rmed   by  CVD 

or   e v a p o r a t i o n   m e t h o d   a f t e r   t h e   e l e c t r o d e s   40,  48  and  5 2  

a r e   f o r m e d .   The  l a y e r   46  n e e d   no t   be  made  t h i c k   t o  

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

c o s t   a d v a n t a g e .  

(5)  U n l i k e   t h e   c o n v e n t i o n a l   s t r u c t u r e   w h e r e i n   t h e  .  

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

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

p h t h a l o c y a n i n e   c o m p o u n d   can   be  u s e d   as  w e l l   as  s t a b l e  

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

and  a m o r p h o u s   s i l i c o n .  

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

F i g .   3 .   An  ion  f l o w   m o d u l a t o r   of  F i g .   3  is  s u b s t a n -  

t i a l l y   t he   same  as  t h a t   of  F i g .   2,  and  the   same  p a r t s   a s  

in   F i g .   3  d e n o t e   t h e   same  p a r t s   as  in  F i g .   2 .  

In  t he   e m b o d i m e n t   shown   in  F i g .   3,  ion  f l o w  

p a s s a g e   h o l e s   44  a r e   f o r m e d   in  a  s t a g g e r e d   m a n n e r .  

P h o t o c o n d u c t i v e   l a y e r s   46  a r e   f o r m e d   on  ion  f l o w   c o n t r o l  

e l e c t r o d e s   40.  The  l a y e r s   46  a r e   a l s o   s t a g g e r e d   i n  

t h e   same  m a n n e r   as  t h e   h o l e s   44.  The  d i a m e t e r   o f  

e a c h   h o l e   44  is  l a r g e r   t h a n   t h e   w i d t h   of  e a c h   e l e c t r o d e  

40.  The  w i d t h   of  t h e   e l e c t r o d e s   40  is  a p p r o x i m a t e l y  

70  µm,  and  the   d i s t a n c e   b e t w e e n   e v e r y   two  a d j a c e n t  

h o l e s   is  30  pm.  The  w i d t h   and  l e n g t h   of  e a c h   l a y e r  

46  a r e   80  µm. 

A c c o r d i n g   to  t h e   i o n   f l o w   m o d u l a t o r   of  t h i s   e m b o d i -  

m e n t ,   t he   h o l e s   40  a r e   d e n s e ,   and  a  h i g h   q u a l i t y   i m a g e  

can   be  o b t a i n e d .   The  r e a s o n   w i l l   be  d e s c r i b e d   w i t h  



r e f e r e n c e   to  F i g s .   4  and  5 .  

F i g s .   4  and  5  show  e n l a r g e d   i m a g e s   o b t a i n e d   w h e n  

a  s i n g l e   s t r a i g h t   l i n e   e x t e n d i n g   a l o n g   t he   h o l e s   i s  

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

in  l i n e   and  in  a  s t a g g e r e d   m a n n e r ,   t o g e t h e r   w i t h   t h e  

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

F i g .   4,  when  t he   m o d u l a t o r   h a v i n g   t h e   h o l e s   44  a l i g n e d  

in  l i n e   is  u s e d ,   t h e   s t r a i g h t   l i n e   is  d i v i d e d   i n t o  

d a s h e s   s i n c e   a  gap  is  p r e s e n t   b e t w e e n   e v e r y   t w o  

a d j a c e n t   h o l e s   44.  H o w e v e r ,   when  the   m o d u l a t o r   h a v i n g  

t h e   h o l e s   44  a l i g n e d   in  a  s t a g g e r e d   m a n n e r   is  u s e d ,   a s  

shown  in  F ig .   5,  t h e   s t r a i g h t   l i n e   w i l l   not   be  d i v i d e d  

i n t o   d a s h e s   bu t   is  g i v e n   as  a  c o n t i n u o u s   l i n e   a l o n g   t h e  

a l i g n m e n t   d i r e c t i o n   of  t he   h o l e s   44  s i n c e   no  gap  i s  

p r e s e n t   b e t w e e n   e v e r y   two  a d j a c e n t   h o l e s .   A l t h o u g h   t h e  

two  s i d e s   of  t he   s t r a i g h t   l i n e   r e g i o n   a r e   i n d e n t e d   i n  

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

44,   when  the   z i g z a g   p a t t e r n   of  the   h o l e s   44  is  made, ,_as  

s t r a i g h t   as  p o s s i b l e   w i t h o u t   f o r m i n g   a  gap  b e t w e e n   e v e r y  
two  a d j a c e n t   h o l e s   44,  t h e   i n d e n t a t i o n   p a t t e r n   c a n n o t   b e  

v i s u a l l y   p e r c e i v e d   by  t h e   naked   eye .   In  t h i s   m a n n e r ,  
when  the   h o l e s   44  a r e   s t a g g e r e d ,   a  c o n t i n u o u s   h i g h -  

q u a l i t y   image  can  be  o b t a i n e d .  

In  t he   e m b o d i m e n t   shown  in  F i g .   3,  when  t h e  

s t a g g e r e d   p a t t e r n   of  t h e   h o l e s   44  is  t he   same  as  t h a t   o f  

t h e   l a y e r s   46,  an  image   of  e q u a l   s i z e   can  be  o b t a i n e d .  

H o w e v e r ,   as  shown  in  F i g .   6,  when  t he   s t a g g e r e d   p a t t e r n  

of  the   h o l e s   44  is  l a r g e r   t h a n   t h a t   of  t he   l a y e r s   46,  a n  

e n l a r g e d   image  can  be  o b t a i n e d .   C o n v e r s e l y ,   as  shown  i n  

F i g .   7,  when  t he   s t a g g e r e d   p a t t e r n   of  t he   h o l e s   44  i s  

s m a l l e r   t h a n   t h a t   of  t h e   l a y e r s   46,  a  r e d u c e d   image  c a n  

be  o b t a i n e d .   In  t h i s   m a n n e r ,   a c c o r d i n g   to  the   p r e s e n t  

i n v e n t i o n ,   an  e n l a r g e d   or  r e d u c e d   image  can  e a s i l y   b e  

o b t a i n e d .  

The  ion  f l o w   m o d u l a t o r   of  the   p r e s e n t   i n v e n t i o n   c a n  

be  m a n u f a c t u r e d   in  t h e   same  m a n n e r   as  in  the   c o n v e n -  

t i o n a l   ion  f l o w   m o d u l a t o r .   F i g .   8  s c h e m a t i c a l l y   s h o w s  



a  p h o t o c o p y i n g   m a c h i n e   in  wh ich   the   ion  f l o w   m o d u l a t o r  

of  t h e   p r e s e n t   i n v e n t i o n   is  a p p l i e d ,   and  F i g .   9  is  a n  

e n l a r g e d   v i e w   s h o w i n g   t h e   ma in   p a r t   t h e r e o f .   A s  

i n d i c a t e d   by  t h e   d i r e c t i o n   of  t he   a r r o w ,   some  of  t h e  

l i g h t   c o m p o n e n t s   f r o m   a  l i g h t   s o u r c e   64  a r e  r e f l e c t e d  

by  a  d o c u m e n t   p l a c e d   on  a  d o c u m e n t   t a b l e   66  and  a r e  

g u i d e d   to   t h e   ion   f l o w   m o d u l a t o r   37  t h r o u g h   a  l i g h t  

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

l e n s   a r r a y .   The  m o d u l a t o r   37  c o m p r i s e s   an  e q u a l - s i z e  

copy  mode  i o n   f l o w   m o d u l a t i o n   u n i t   3 7 - 1 ,   an  e n l a r g e m e n t  

copy   mode  i o n   f l o w   m o d u l a t i o n   u n i t   37-2   and  a  r e d u c t i o n  

copy   mode  i o n   f l o w   m o d u l a t i o n   u n i t   37-3   w h i c h   a r e  

a r r a n g e d   to   f o r m   a  c y l i n d e r .   In  t h i s   c a s e ,   one  of  t h e  

u n i t s   3 7 - 1 ,   37 -2   and  37 -3   is  s e l e c t e d   by  a  p i v o t  

m e c h a n i s m   ( n o t   s h o w n ) .   Ion  f l o w   p a s s a g e   h o l e s   44  o f  

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

r e f e r e n c e   n u m e r a l s   4 4 - 1 ,   44-2   and  4 4 - 3 .   The  p h o t o -  

c o n d u c t i v e   l a y e r s   46  of  t he   r e s p e c t i v e   u n i t s   a r e  

r e p r e s e n t e d   by  r e f e r e n c e   n u m e r a l s   4 6 - 1 ,   46 -2   and  4 6 - 3 .  

F i g .   9  s h o w s   an  e x a m p l e   w h e r e i n   the   u n i t   37-1  is  u s e d .  

The  l a y e r   4 6 - 1   o p p o s e s   the   f o c u s i n g   l e n s   a r r a y ,   a n d  

t h e   h o l e   44  o p p o s e   a  d i e l e c t r i c   drum  68  f o r   f o r m i n g  

a  l a t e n t   i m a g e   t h e r e o n .   A  c o r o n a   c h a r g e r   70  i s  

a r r a n g e d   to   n e g a t i v e l y   c h a r g e   the   d i e l e c t r i c   drum  6 8 .  

The  d i e l e c t r i c   drum  68  is  r o t a t e d   in  s y n c h r o n i s m   w i t h  

m o v e m e n t   of  t h e   d o c u m e n t   t a b l e   66.  P o s i t i v e   i o n s  

e m i t t e d   f r o m   t h e   ion   g e n e r a t i n g   means   56  and  s e l e c t i v e l y  

s u p p l i e d   f r o m   t h e   e l e c t r o d e s   40  so  as  to  c o r r e s p o n d  

to   t he   d e n s i t y   of  t h e   d o c u m e n t   a re   c a p t u r e d   by  t h e  

d i e l e c t r i c   drum  68  t h r o u g h   t he   c o r r e s p o n d i n g   h o l e s   4 4 .  

A  l a t e n t   i m a g e   is  f o r m e d   on  t he   d i e l e c t r i c   d r u m  

a c c o r d i n g   to   t h e   d e n s i t y   of  t he   d o c u m e n t .   T o n e r   i s  

s u p p l i e d   f r o m   a  t o n e r   h o p p e r   72  and  is  a t t r a c t e d   to  t h e  

l a t e n t   i m a g e   on  t h e   d i e l e c t r i c   drum.  A  v i s i b l e   image   o r  

t o n e r   i m a g e   i s   t r a n s f e r r e d   to  a  s h e e t   78  f e d   f rom  a  

p a p e r   f e e d   m e c h a n i s m   76  to  a  t r a n s f e r   s e c t i o n   74.  T h e  

t r a n s f e r r e d   image   is   t h e n   f i x e d   by  a  f i x i n g   m e c h a n i s m   80 



by  means   of  p r e s s u r e   or  h e a t .   The  r e s i d u a l   t o n e r   p a r -  
t i c l e s   on  t h e   d i e l e c t r i c   drum  68  a re   r e m o v e d   by  a  

c l e a n e r   8 2 .  

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

m a c h i n e   is  v e r y   p r e c i s e   s i n c e   t h e   m a c h i n e   i n c o r p o r a t e s  

an  ion  f l o w   m o d u l a t o r   h a v i n g   a  s p e c i f i c   s t r u c t u r e .   I n  

a d d i t i o n ,   e n l a r g e m e n t   and  r e d u c t i o n   copy  modes  c a n   b e  

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

been   a b l e   to   be  s e t   by  u s i n g   t h e   s e l f - f o c u s i n g   l e n s  

a r r a y .   By  d i f f e r e n t i a t i n g   a  s p e e d   ( i . e . ,   t he   m o v i n g  

s p e e d   of  the   d o c u m e n t   t a b l e   66  in  F ig .   8)  r e p r e s e n t i n g  

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

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

t h e   d i e l e c t r i c   drum  in  F i g .   8)  r e p r e s e n t i n g   r e l a t i v e  

m o v e m e n t   b e t w e e n   t h e   h o l e s   and  the   d i e l e c t r i c   d r u m ,   t h e  

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

can  be  v a r i e d   f r o m   t h a t   a l o n g   t he   t r a n s v e r s e   d i r e c t i o n .  

In  a d d i t i o n ,   u n l i k e   t he   c o n v e n t i o n a l   e l e c t r o p h o t o g r a p h i c  

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

u s e d   in  t he   l a t e n t   image   c a r r y i n g   member ,   t h e r e b y  

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

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

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

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

and  r e f l e c t e d   f r o m   the   o b j e c t   a r e   not   i n c i d e n t   on  t h e  

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

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

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

A c c o r d i n g   to   t h e   ion  f l o w   m o d u l a t o r   of  t he   p r e s e n t  

i n v e n t i o n ,   v a r i o u s   o t h e r   m o d i f i c a t i o n s   can  be  made  i n  

a d d i t i o n   to  t h e   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 .   F o r  

e x a m p l e ,   as  shown   in  F i g .   10,  t h e   h o l e s   44  can  b e  

s t a g g e r e d   in  t h r e e   rows .   As  shown  in  F ig .   11,  p h o t o -  

c o n d u c t i v e   l a y e r s   46  need   not   be  p r o v i d e d   f o r  e a c h  

e l e c t r o d e   40.  A  c o n t i n u o u s   p h o t o c o n d u c t i v e   l a y e r  

46  can  be  f o r m e d   to   c o v e r   the   d i s c o n n e c t e d   p o r t i o n s  

of  t he   e l e c t r o d e s   40  in  u n i t s   of  rows  of  t he   e l e c t r o d e s  



40.  The  a b o v e   e x p l a n a t i o n   d e r i v e s   f rom  t h e   f a c t  

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

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

the   i o n   f l o w   m o d u l a t o r   and  the   o b j e c t   and  b e t w e e n  

the   m o d u l a t o r   and  the   l a t e n t   image  c a r r y i n g   d i e l e c t r i c  

body  a r e   t h e   s ame .   H o w e v e r ,   when  t h e s e   m o v i n g   d i r e c -  

t i o n s  o p p o s e   e a c h   o t h e r ,   t h e   h o l e s   44  a r e   f o r m e d   t o  

be  s y m m e t r i c a l   w i t h   t he   l a y e r s   46  a b o u t   a  c e n t r a l   l i n e ,  

as  shown  in  F i g .   1 2 .  

E x a m p l e   1 

The  i o n   f l o w   m o d u l a t o r   shown  in  F i g .   2  was  m a n u f a c -  

t u r e d   by  t h e   f o l l o w i n g   s t e p s .   N i c k e l   was  p l a t e d   on  

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

1  µm.  The   p o l y a m i d e   f i l m   had  a  t h i c k n e s s   o f   100  µm. 

T h e r e a f t e r ,   t h e   g o l d   f i l m   on  one  s u r f a c e   was  e t c h e d   t o  

form  t h e   e l e c t r o d e s   40,  48  and  52.  The  n i c k e l   f i l m   o n  

the   o t h e r   s u r f a c e   was  no t   e t c h e d   to  c o n s t i t u t e   t h e  

common  e l e c t r o d e   42.  The  p h o t o c o n d u c t i v e   a m o r p h o u s  

s i l i c o n   l a y e r   46  was  f o r m e d   by  a  c o m b i n a t i o n   of  a  

w e l l - k n o w n   CVD  ( C h e m i c a l   V a p o r   D e p o s i t i o n )   m e t h o d   a n d  

s e l e c t i v e   e t c h i n g .   Each  of  t he   e l e c t r o d e s   40  and  t h e  

l a y e r   46  had   a  w i d t h   of  0 .1   mm,  and  t he   l a y e r   46  had  a  

t h i c k n e s s   of  1  pm.  S u b s e q u e n t l y ,   t he   h o l e s   44  e a c h  

h a v i n g   a  d i a m e t e r   of  80  µm  were  f o r m e d   by  a  l a s e r   b e a m  

and  e x t e n d e d   f rom  the   e l e c t r o d e s   40  to  t h e   f i l m   38  a n d  

to   t h e   common  e l e c t r o d e   42.  M a c h i n i n g   was  p e r f o r m e d  

such   t h a t   t h e   d i s t a n c e   b e t w e e n   e v e r y   two  a d j a c e n t   h o l e s  

4 4  w a s   0 . 1 5   mm. 

I t   was  f o u n d   t h a t   even   i f   a  DC  v o l t a g e   of  800  V 

was  a p p l i e d   b e t w e e n   t he   e l e c t r o d e s   40  and  48  in  t h e  

r e s u l t a n t   ion   f l o w   m o d u l a t o r ,   no  d i e l e c t r i c   b r e a k d o w n  

o c c u r r e d ,   and  t h e   ion  f l o w   c o u l d   be  c o n t r o l l e d   a t   h i g h  

s p e e d .   H o w e v e r ,   in  t he   c o n v e n t i o n a l   ion   f l o w   m o d u l a t o r  

of  F i g .   1,  t h e   d i e l e c t r i c   b r e a k d o w n   v o l t a g e   of  t h e  

n o r m a l   p h o t o c o n d u c t i v e   m a t e r i a l   is  a b o u t   1 0 0 , 0 0 0   V / c m ,  

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

be  s e v e r a l   t e n   m i c r o n s .  



E x a m p l e   2 

The  ion   f l ow  m o d u l a t o r   shown  in  F i g .   3  was  m a n u f a c -  

t u r e d   by  t he   f o l l o w i n g   s t e p s .   N i c k e l   was  p l a t e d   on  t w o  

s u r f a c e s   of  a  p o l y a m i d e   f i l m   to   a  t h i c k n e s s   of  1  µm. 
The  p o l y a m i d e   f i l m   had  a  t h i c k n e s s   of  50  µm.  The  n i c k e l  

f i l m   on  one  s u r f a c e   w a s  e t c h e d   to   f o r m   the   e l e c t r o d e s  

40,   48  and  52,  as  shown  in  F i g .   3.  The  n i c k e l   f i l m   o n  

t h e   o t h e r   s u r f a c e   was  not   e t c h e d ,   t h e r e b y   c o n s t i t u t i n g  

t h e   common  e l e c t r o d e   42.  Each   e l e c t r o d e   40  had  a  w i d t h  

of  a p p r o x i m a t e l y   20  µm.  Each  h o l e   44  had  a  d i a m e t e r   o f  

a p p r o x i m a t e l y   100  µm.  A m o r p h o u s   h y d r o g e n   s i l i c i d e   f i l m s  

were   d e p o s i t e d   by  p l a s m a   CVD  to  fo rm  t he   l a y e r s   46  e a c h  

h a v i n g   a  s i z e   of  80  µm  x  80  µm.  A m o r p h o u s   s i l i c o n   was  

u s e d   to  form  the   r e s i s t a n c e   l a y e r   50  in  t h e   same  s t e p   a s  
in  f o r m a t i o n   bf  the   l a y e r s   46.  The  l a y e r   was  a d h e r e d  

w i t h   a  b l a c k   i n s u l a t i n g   t a p e   to   s h i e l d   i t   f rom  l i g h t .  

When  a  v o l t a g e   of  500  V  was  a p p l i e d   to  t h e  

e l e c t r o d e s   40  a n d  4 8 ,   a  d a r k   r e s i s t a n c e   of  e a c h   l a y e r   46  

of  t h e   r e s u l t a n t   ion  f l ow  m o d u l a t o r   was  a p p r o x i m a t e l y  

10  MΩ.  In  a d d i t i o n ,   a  da rk   r e s i s t a n c e   b e t w e e n   t h e  

e l e c t r o d e s   48  and  40  was  a p p r o x i m a t e l y   10  MΩ. 

By  u s i n g   the   r e s u l t a n t   i on   f l o w   m o d u l a t o r   and  a  

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

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

w h i c h   had  a  t h i c k n e s s   of  a p p r o x i m a t e l y   20  µm,  t he   p h o t o -  

c o p y i n g   m a c h i n e   shown  in  F i g .   8  was  p r e p a r e d .   V o l t a g e s  

of  +100  V  and  -200  V  w i th   r e s p e c t   to  t he   p o t e n t i a l   a t  

t h e   common  e l e c t r o d e   42  were  a p p l i e d   to  t he   e l e c t r o d e s  

48  and  52.  A  v o l t a g e   of  - 1 , 0 0 0   V  w i t h   r e s p e c t   to  t h e  

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

42.  A  v o l t a g e   of  +7  KV  was  a p p l i e d   to   t he   e l e c t r o d e  

58,   t h e r e b y   p e r f o r m i n g   image  e x p o s u r e .   As  a  r e s u l t ,   a  

h i g h   q u a l i t y   image  was  o b t a i n e d .  

E x a m p l e   3 

The  e n l a r g e m e n t   and  r e d u c t i o n   copy  mode  ion  f l o w  

m o d u l a t i o n   u n i t s   were  p r e p a r e d   in  t he   same  m a n n e r   as  i n  

E x a m p l e   2.  As  f o r   the   e n l a r g e m e n t   copy  mode  u n i t ,  



r e f e r r i n g   to   F i g .   6,  e v e r y   t h r e e   l a y e r s   46  w e r e   f o r m e d  

to   c o n s t i t u t e   an  e q u i l a t e r a l   t r i a n g l e   whose   s i d e   h a d  

a  l e n g t h   of  200  µm.  The  h o l e s   44  were  f o r m e d   t o  

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

200  x   1 . 4 1 4  µ m .   Each   h o l e   44  had  a  d i a m e t e r   of  a p p r o x i -  

m a t e l y   140  µm  w h i c h   was  l a r g e r   t han   t h a t   of  E x a m p l e   2 .  

In  t he   r e d u c t i o n   c o p y   mode  u n i t ,   one  s i d e  o f   t h e  

e q u i l a t e r a l   t r i a n g l e   c o n s t i t u t e d   by  t he   h o l e s   44  h a d  

a  l e n g t h   of  200  pm,  and  one  s i d e   of  t he   e q u i l a t e r a l  

t r i a n g l e   c o n s t i t u t e d   by  t h e   l a y e r s   46  had  a  l e n g t h   o f  

200  x  1 . 4 1 4   pm.  A  h i g h   q u a l i t y   image  was  o b t a i n e d   b y  

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

u n i t s .  

E x a m p l e   4 

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

m a n n e r   a s  E x a m p l e   4,  e x c e p t   t h a t   a  p h t h a l o c y a h i n e   o r  

p e r y l e n e   p i g m e n t   was  u s e d   to   c o n s t i t u t e   t he   l a y e r s   4 6 .  

A  h i g h   q u a l i t y   image   was  o b t a i n e d   in  t h e   same  m a n n e r   a s  

E x a m p l e   2  when  e i t h e r   p i g m e n t   was  u s e d .  



1.  An  ion   f l o w   m o d u l a t o r   c o m p r i s i n g :  

an  i n s u l a t i n g   s u b s t r a t e ;  

a  common  e l e c t r o d e   f o r m e d   on  one  m a j o r   s u r f a c e   o f  

s a i d   i n s u l a t i n g   s u b s t r a t e ;  

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

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

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

b e i n g   p r o v i d e d   w i t h   one  ion  f l o w   p a s s a g e   h o l e ,   s a i d   i o n  

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

s u b s t r a t e   and  s a i d   common  e l e c t r o d e ;  

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

f l o w   p a s s a g e   h o l e ;  

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

s u b s t r a t e   and  c o n n e c t e d   to  one  end  of  each   of  s a i d  

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

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

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

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

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

s u b s t r a t e   and  c o n n e c t e d   to  the   o t h e r   end  of  each   o f  

s a i d   p l u r a l i t y   of  ion  f low  c o n t r o l   e l e c t r o d e s   so  as  t o  

i n t e r p o s e   s a i d   ion   f l o w   c o n t r o l   e l e c t r o d e s   b e t w e e n   s a i d  

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

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

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

r e s i s t a n c e   l a y e r ;   a n d  

a  DC  power   s o u r c e ,   c o n n e c t e d   to  s a i d   common 

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

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

e l e c t r o d e s .  

2.  The  ion   f l o w   m o d u l a t o r   of  c l a i m   1,  c h a r a c -  

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

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

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

3.  The  ion  f l o w   m o d u l a t o r   of  c l a i m   1 ,  



c h a r a c t e r i z e d   in  t h a t   s a i d   r e s i s t a n c e   l a y e r   is  a  s i n g l e  

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

ion   f l o w   c o n t r o l   e l e c t r o d e s .  

4.  An  i on   f l o w   m o d u l a t o r   c o m p r i s i n g :  

an  i n s u l a t i n g   s u b s t r a t e ;  

a  common  e l e c t r o d e   f o r m e d   on  one  m a j o r   s u r f a c e   o f  

s a i d   i n s u l a t i n g   s u b s t r a t e ;  

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

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

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

b e i n g   p r o v i d e d   w i t h   one  ion  f l o w   p a s s a g e   h o l e ,   s a i d   i o n  

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

s u b s t r a t e   and  s a i d   common  e l e c t r o d e   in  a  s t a g g e r e d  

m a n n e r ;  

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

f l o w   p a s s a g e   h o l e ;  

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

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

c o n n e c t e d   to  one  end  of  a  c o r r e s p o n d i n g   one  of  s a i d  

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

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

m a n n e r   s i m i l a r   to   t h a t   of  s a i d   ion   f l o w   p a s s a g e   h o l e s ;  

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

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

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

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

s u b s t r a t e   and  c o n n e c t e d   to  t he   o t h e r   end  of  e ach   of  s a i d  

p l u r a l i t y   of  ion   f l o w   c o n t r o l   e l e c t r o d e s   so  as  t o  

i n t e r p o s e   s a i d   ion   f l o w   c o n t r o l   e l e c t r o d e s   b e t w e e n   s a i d  

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

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

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

r e s i s t a n c e   l a y e r ;   a n d  

a  DC  p o w e r   s o u r c e ,   c o n n e c t e d   to  s a i d   common 

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

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

e l e c t r o d e s .  



5.  The  ion  f l o w   m o d u l a t o r   of  c l a i m   4,  c h a r a c -  

t e r i z e d   in  t h a t   e ach   of  s a i d   p l u r a l i t y   of  ion  f l o w  

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

s a i d   ion  f l o w   c o n t r o l   h o l e s   has   a  d i a m e t e r   l a r g e r   t h a n   a  

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

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

t h e r e o f .  

6.  The  ion  f l o w   m o d u l a t o r   of  c l a i m   4,  c h a r a c -  

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

of   s a i d   p l u r a l i t y   of  ion  f l o w   p a s s a g e   h o l e s   to  t h a t   o f  

s a i d   p l u r a l i t y   of  p h o t o c o n d u c t i v e   l a y e r s   is  1  :   1 .  

7.  The  ion  f l o w   m o d u l a t o r   of  c l a i m   4,  c h a r a c -  

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

of   s a i d   p l u r a l i t y   of  ion  f l o w   p a s s a g e   h o l e s   to  t h a t   o f  

s a i d   p l u r a l i t y   of  p h o t o c o n d u c t i v e   l a y e r s   is  no t   1  :   1 .  

8 .   The  ion   f l o w   m o d u l a t o r   of  c l a i m   4 ,  c h a r a c -  

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

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

i o n   f l o w   c o n t r o l   e l e c t r o d e s .  
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