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a  thin,  transparent  layer  located  between  the  image  receiving 
layer  and  the  light  scattering  layer  and  operates  to  minimize 
nonlinear  density  effects  of  multiple  internal  reflections. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t he   I n v e n t i o n  

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

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

r e f l e c t i o n   t y p e   image   c a r r y i n g   m e d i a   in  w h i c h   an  image   i s  

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

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

M u l t i l a y e r e d   image  c a r r y i n g   m e d i a   in  w h i c h   a n  

image  f o r m e d   t h e r e i n   is  v i e w e d   a g a i n s t   a  l i g h t   s c a t t e r i n g  

b a c k g r o u n d   a re   k n o w n .   Such  m e d i a   a r e   g e n e r a l l y   s t r u c t u r e d  

as  a  s e r i e s   of  t h i n   l a y e r s   o v e r l y i n g   one  a n o t h e r   a n d  

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

l a y e r s   in  w h i c h   the   image  is  f o r m e d   by  an  i m a g e w i s e   a n d  

d e p t h w i s e   d i s t r i b u t i o n   of  image  f o r m i n g   c o m p o n e n t s .   O n e  

s u r f a c e   of  the  i m a g e - r e c e i v i n g   l a y e r   is  u s u a l l y   in  c o n t a c t  

w i t h   a  l i g h t   s c a t t e r i n g   l a y e r   a g a i n s t   w h i c h   the  image   i s  

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

l a y e r .   For  p u r p o s e s   of  v i e w i n g ,   the   image   is  i l l u m i n a t e d   b y  

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

the  i m a g e - r e c e i v i n g   l a y e r   and  image   a f t e r   w h i c h   i t   i s  



r e f l e c t e d   f rom  the   l i g h t   s c a t t e r i n g   l a y e r   and  t h e n   in  p a r t  

is  t r a n s m i t t e d   back   t h r o u g h   the   image   and  i m a g e - r e c e i v i n g  

l a y e r   to  the   v i e w e r .  

A  w e l l - k n o w n   e x a m p l e   of  such   m u l t i l a y e r e d   i m a g e  

c a r r y i n g   m e d i a   is  the  p h o t o g r a p h i c   c o l o r   p r i n t   w h i c h   t y p -  

i c a l l y   has   the   s t r u c t u r e   shown  d i a g r a m m a t i c a l l y   in  F i g .   1 .  

As  can  be  s e e n   in  F i g .   1,  the   u s u a l   c o l o r   p r i n t   s t r u c t u r e  

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

b a r y t a   l a y e r .   The  b a r y t a ,   l a r g e l y   b a r i u m   s u l f a t e   p o w d e r  

s u s p e n d e d   in  g e l a t i n ,   o p e r a t e s   as  an  e f f i c i e n t   d i f f u s e  

r e f l e c t o r .   The  image  f o r m i n g   l a y e r s   a re   c o a t e d   on  t h e  

b a r y t a   and  t y p i c a l l y   c o m p r i s e   e i t h e r   t h r e e   s e p a r a t e   l a y e r s  

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

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

l a y e r   w h i c h   t a k e s   up  a l l   t h r e e   image  d y e s .   C o l o r   p r i n t s  

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

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

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

is  t h a t   t he   r e f l e c t i o n   d e n s i t i e s   s e e n   by  the  o b s e r v e r   ( o r  

m e a s u r e d )   a re   n o n l i n e a r   and  no t   n e a r l y   p r o p o r t i o n a l   to  d y e  

c o n c e n t r a t i o n   as  is  the   c a s e   w i t h   t r a n s p a r e n c i e s .   T h i s   i s  

due  to  f i r s t   s u r f a c e   r e f l e c t i o n s   and  to  i n t e r n a l   r e f l e c t i o n  

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

l a y e r s .  

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

c o l o r   p r i n t s   has   been   m o d e l e d   by  W i l l i a m s   and  C l a p p e r ,  

J o u r n a l   of   t h e   O p t i c a l   S o c i e t y   of  A m e r i c a ,   v o l .   43,   no.  7 ,  

595  ( 1 9 5 3 ) .   T h e i r   t r e a t m e n t   a c c o u n t s   f o r   s t a i n i n g   of  h i g h -  

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

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

t h i s   m e c h a n i s m .   T h e s e   i d e a s   have  a l s o   been   a d v a n c e d   by  a  

number   of  o t h e r   p e o p l e ;   n o t a b l y   N.  O h t a ,   P h o t o g r a p h i c  

S c i e n c e   and  E n g i n e e r i n g ,   v o l .   16 ,   no.  5  ( 1 9 7 2 ) ,   who  h a s  

w o r k e d   o u t   some  c o l o r   g a m u t s   in  d e t a i l .  

H o w e v e r ,   i t   is  b e l i e v e d   t h a t   the   p r e v i o u s   work  o n  

m u l t i p l e   i n t e r n a l   r e f l e c t i o n s   l a c k s   an  i m p o r t a n t   f e a t u r e  



w h i c h   is  b e l i e v e d   to  be  s i g n i f i c a n t   in  c e r t a i n   k i n d s   o f  

c o l o r   p r i n t s .   T h i s   f e a t u r e   r e l a t e s   to  the  p r o x i m i t y   of  t h e  

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

p i g m e n t   as  the  c a s e   may  be.  With   a  s e p a r a t i o n   of  on ly   a  f e w  

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

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

d y e s   can  become  u n w e l c o m e   p a r t i c i p a n t s   in  the  m u l t i p l e  

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

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

t o t a l   r e f l e c t i o n   at  the  p i g m e n t   b o u n d a r y   w o u l d   be  f r e e   o f  

dye  a b s o r p t i o n :   o n l y   l i g h t   l e a v i n g   the   p i g m e n t   a n d  

p e n e t r a t i n g   the   e n t i r e   t h i c k n e s s   of  the   dye  r e c e i v i n g   l a y e r  

or  l a y e r s   is  a f f e c t e d   by  the  d y e s .   But  in  c a s e s   w h e r e   t h e  

d y e s   a re   v e r y   c l o s e   to  the  p i g m e n t   l a y e r ,   a  new 

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

h e r e t o f o r e   been   r e c o g n i z e d   and  w h i c h   makes   the  m u l t i p l e  

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

be  d e s c r i b e d   in  the  d e t a i l e d   d i s c l o s u r e .  

T h u s ,   i t   is  a  p r i m a r y   o b j e c t   of  the  p r e s e n t  

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

image  c a r r y i n g   m e d i a   in  which   an  image   is  f o r m e d   n e a r   a  

r e f l e c t i n g   b a c k g r o u n d   a g a i n s t   w h i c h   i t   is  v i e w e d .  

O t h e r   o b j e c t s   of  the   i n v e n t i o n   w i l l   in  p a r t   be  

o b v i o u s   and  w i l l   in  p a r t   a p p e a r   h e r e i n a f t e r .  

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

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

e l e m e n t s   e x e m p l i f i e d   in  the  f o l l o w i n g   d e t a i l e d   d i s c l o s u r e  

and  m e t h o d s   or  p r o c e s s e s   i n h e r e n t   in  t h e i r   u s e .  

I n t r o d u c 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  t he   p r o v i s i o n   o f  

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

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

p u r p o s e s   of  m i n i m i z i n g   the  e f f e c t s   of  m u l t i p l e   i n t e r n a l  

r e f l e c t i o n s   in  c a s e s   where   the  image   f o r m i n g   c o m p o n e n t s ,  

w h i c h   may  be  d y e s ,   a re   at  or  n e a r l y   at  the  i n t e r f a c e   b e t w e e n  



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

l a y e r   a g a i n s t   w h i c h   the   image   is  v i e w e d   by  a m b i e n t   l i g h t  

r e f l e c t e d   from  the  l i g h t   s c a t t e r i n g   l a y e r .   To  f u l l y   u n d e r -  

s t a n d   the   n a t u r e   and  a d v a n t a g e s   of  the   i n v e n t i o n ,   h o w e v e r ,  

t he   p r o b l e m   i t   s o l v e s   w i l l   f i r s t   be  i l l u s t r a t e d   by  c o n s i d e r -  

ing  the   s i m p l e   m u l t i l a y e r e d   image   c a r r y i n g   med ium  shown  i n  

F i g .   2  and  d e s i g n a t e d   at   10.   H e r e ,   the  s t r u c t u r e   of  t h e  

medium  10  is  q u i t e   g e n e r a l   f rom  an  o p t i c a l   p o i n t   of  v i e w ,   i t  

b e i n g   u n d e r s t o o d   t h a t   the   v a r i o u s   l a y e r s   shown  may  be  

p r o v i d e d   in  a  v a r i e t y   of  w e l l - k n o w n   ways  t h r o u g h   the  use  o f  

a p p r o p r i a t e   c h e m i c a l s   and  a s s o c i a t e d   p r o c e s s e s .  
The  image  med ium  10  can  be  s e e n   to  c o m p r i s e   a n  

image  r e c e i v i n g   l a y e r   12  h a v i n g   an  i n d e x   of  r e f r a c t i o n ,   n ,  

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

t h i n   l a y e r   at  or  n e a r l y   at  the   i n t e r f a c e   b e t w e e n   the  i m a g e  

r e c e i v i n g   l a y e r   and  a  l i g h t   s c a t t e r i n g   l a y e r   14  w h i c h   may  b e  

f o r m e d ,   f o r   e x a m p l e ,   of  T i02   p i g m e n t s .   The  l i g h t   s c a t t e r i n g  

l a y e r   14  has   an  i n d e x   of  r e f r a c t i o n ,   m,  and  d i f f u s e l y  

r e f l e c t s   a m b i e n t   l i g h t   w h i c h   i l l u m i n a t e s   t he   image  f o r  

v i e w i n g   p u r p o s e s .  
The  p i g m e n t   in  the  l i g h t   s c a t t e r i n g   l a y e r   14  c a n  

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

t h a t   the   l a y e r   14  can  be  c o n s i d e r e d   a  L a m b e r t   r e f l e c t o r ,   a n d  

l i g h t   w i t h i n   the  p i g m e n t   l a y e r   14  is  r e s c a t t e r e d   f rom  g r a i n  

to  g r a i n   many  t i m e s   a f t e r   w h i c h   i t   e m e r g e s .   The  e m e r g e n t  

l i g h t   may  be  in  one  of  t h r e e   f o r m s :  

I .   At  s m a l l   a n g l e s  ,   91,   f rom  the   p e r p e n d i c u l a r   l i g h t  

p a s s e s   t h r o u g h   the  l a y e r   12  and  t h r o u g h   any  a d d i t i o n a l  

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

and  r e a c h e s   the  o u t e r   a i r .  

I I .   At  or  b e y o n d   a  c e r t a i n   c r i t i c a l   a n g l e ,   @1c,  d e f i n e d   b y  

the   b u l k   r e f r a c t i v e   i n d e x   of  the  p i g m e n t   m i x t u r e ,  

e m e r g i n g   l i g h t   p a s s e s   t h r o u g h   the  dye  l a y e r ,   t h r o u g h  

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

t o t a l   r e f l e c t i o n   at  the   a i r   i n t e r f a c e ,   and  r e t u r n s   t o  



the   p i g m e n t .   Note   t h a t   the   ray  at  the  c r i t i c a l   a n g l e  

in  the  p i g m e n t   w i l l   a s s u m e   the  l o c a l   c r i t i c a l   a n g l e   i n  

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

I I I .   Beyond   a  s e c o n d   c r i t i c a l   a n g l e ,   92c ,   d e f i n e d   by  t h e  

r a t i o   of  r e f r a c t i v e   i n d e x   b e t w e e n   the  p i g m e n t   l a y e r  

( n o r m a l l y   r a t h e r   h i g h )   and  the   a d j a c e n t   dyed   l a y e r ,  

l i g h t   w i l l   be  t o t a l l y   r e f l e c t e d   back  i n t o   t he   p i g m e n t  

w i t h o u t   p e n e t r a t i n g   the  dyed   l a y e r   in  the  f a m i l i a r  

way.  N o r m a l l y   t h i s   form  of  e m e r g e n c e   has  been   n e g l e c -  

t e d ,   and  i t   is  the  p u r p o s e   h e r e   to  a c c o u n t   f o r   i t .  

The  m o d e l   d e v e l o p e d   by  W i l l i a m s   and  C l a p p e r ,  

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

e m e r g e n c e .   S p e c i f i c a l l y ,   the   r a t i o   of  II  ( t h e   i n t e r n a l l y  

r e f l e c t e d   l i g h t )   to  the  sum  of   I  and  II   ( v i e w e d   l i g h t   p l u s  

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

A  L a m b e r t   d i f f u s e   r e f l e c t o r   has  a  r e m a r k a b l e  

p r o p e r t y :   i t   r e m a i n s   a  L a m b e r t   r e f l e c t o r   as  i t   is  i m m e r s e d  

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

S n e l l ' s   l aw .   T h i s   h a p p e n s   b e c a u s e   "the  d i f f e r e n t i a l   form  o f  

S n e l l ' s   law  is  the   r a t i o   of  the   c o s i n e s   of  the   i n t e r n a l   a n d  

e x t e r n a l   a n g l e s .  

In  F i g .   2,  the   r e g i o n s   I ,   I I ,   and  I I I   c o r r e s p o n d  

to  the  t h r e e   k i n d s   of  e m e r g e n t   l i g h t .   S i n c e   the  p i g m e n t  

l a y e r   14  is  a  t h o r o u g h   i s o t r o p i c   s c a t t e r   of  l i g h t ,   a n  

o b s e r v e r   i m m e r s e d   in  the  c l e a r   l a y e r   12  w o u l d   see   the  s a m e  

b r i g h t n e s s   e m i t t e d   by  the  s u r f a c e   at   a l l   a n g l e s ,   so  t h e  

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

in  any  one  d i r e c t i o n   would   be  w e i g h t e d   by  the  L a m b e r t  

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

I f   we  i n t e g r a t e   w i t h i n   the   l a y e r   of  i n d e x ,   n,  t o  

d e t e r m i n e   how  much  l i g h t   g e t s   o u t   ( f o r m   I)  c o m p a r e d   to  t h e  

t o t a l   e n t e r i n g   the   l a y e r   ( f o r m   I  p l u s   form  I I )   we  h a v e :  



If   we  i n t e g r a t e   w i t h i n   the   p i g m e n t   l a y e r ,   of  i n d e x  

m,  to  f i n d   the  same  r a t i o ,   we  a g a i n   s i m p l y   use  the  c o s i n e  

w e i g h t i n g   f a c t o r ,   and  h a v e :  

S i n c e   the   same  two  q u a n t i t i e s   of  l i g h t   a re   b e i n g  

c o m p a r e d ,   the  r a t i o   is  of  c o u r s e   t he   same.   Note   t h a t   m,  t h e  

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

m o d e l .   I t   is  m a s k e d   by  the  c l e a r   l a y e r   of  i n d e x   n  above   i t .  

The  f r a c t i o n   of  " e m e r g e n t "   l i g h t   r e f l e c t e d   a t   t h e  

n/m  b o u n d a r y   is  t h e n :  



A d d i t i o n a l   l a y e r s   p i l e d   o n t o   t he   t o p   of  t h i s  

s t r u c t u r e   d e l a y   t he   e v e n t u a l   r e f l e c t i o n   bu t   do  n o t   c h a n g e  

the   a n g l e s   d i s c u s s e d   so  f a r ,   and  so  do  no t   c h a n g e   t h e s e  

r a t i o s .  

To  t a k e   an  e x a m p l e ,   l e t   m  - 2 . 4 ,   and  n ≈ 1 . 5 4 6 .  

T h e n ,   t h e   r a t i o   of  ( f o r m   I)  e m e r g e n c e   to  ( f o r m   I  p l u s   f o r m  

I I )   is  1 /n2   =  0 . 4 1 8   and  some  0 . 5 8   of  the   l i g h t   s t r i k i n g   t h e  

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

The  t o t a l   l i g h t   b u d g e t   upon  " l e a v i n g "   t h e   p i g m e n t  

i s :  

I  .174   i n t o   a i r  

II   .241  r e f l e c t e d   a t   a i r   s u r f a c e  

I I I   .585   r e f l e c t e d   a t   p i g m e n t   s u r f a c e  

If  done   a  l i t t l e   more  a c c u r a t e l y ,   w i t h   i n c l u s i o n  

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

c r i t i c a l   a n g l e ,   t he   .174  w o u l d   d r o p   a  few  p o i n t s   and  t h e  

. 5 8 5   w o u l d   r i s e   a  few  p o i n t s .  

I n s o f a r   as  t h e   f o rm  I I I   l i g h t   u n d e r g o e s   no  d y e  

a b s o r p t i o n   we  can  m e r e l y   i g n o r e   i t ,   in  t h e   f o o t s t e p s   o f  

W i l l i a m s   and  C l a p p e r ,   f o r   i t   w i l l   be  s c a t t e r e d   a g a i n   by  t h e  

p i g m e n t   and  w i l l   r e t u r n   to   t he   b o u n d a r y   f o r   a n o t h e r   t r y .  

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

if   the   r e c e i v i n g   l a y e r   is   d i s t r i b u t e d   a t   100  m g / f t . 2 ,   i t  

w o u l d   h a v e   a  t h i c k n e s s   of  1 . 0 8   m i c r o n   f o r   a  s p e c i f i c   g r a v i t y  

of  1.  For  a  s p e c i f i c   g r a v i t y   of  a b o u t   1.2  i t   w o u l d   be  0 . 9  

m i c r o n ,   or  1 .6   vacuum  w a v e l e n g t h s ,   or  2.5  w a v e l e n g t h s   i n  

t h i s   m a t e r i a l ,   or  3.9  w a v e l e n g t h s   of  l i g h t   in  t he   h i g h - i n d e x  



p i g m e n t .   B a s e d   on  some  p r e v i o u s   work  on  a t t e n u a t e d   t o t a l  

r e f l e c t i o n   done   by  H.  J.  H a r r i c k   and  p u b l i s h e d   in  h i s   b o o k ,  

I n t e r n a l   R e f l e c t i v e   S p e c t r o s c o p y ,   J o h n   W i l e y   and  S o n s ,   I n c . ,  

NY  ( 1 9 6 7 ) ,   e x a c t l y   at   the  c r i t i c a l   a n g l e   (92  =  4 0 . 2 ° )   t h e  

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

At  41°  the   p e n e t r a t i o n   is  down  to  a b o u t   1  w a v e l e n g t h .   A t  

45°  i t   is  down  to  a b o u t   .5  w a v e l e n g t h ,   at   50°  a b o u t   . 2 5 ,   b u t  

e v e n   at  90°  is  s t i l l   more  t h a n   .2  w a v e l e n g t h .   The  e f f e c t i v e  

t h i c k n e s s   f o r   a b s o r p t i o n   ( H a r r i c k   p a g e s   46  and  47,   c u r v e   7 )  

is  more  r e p r e s e n t a t i v e   of  the   s i t u a t i o n ,   and  d e c r e a s e s   m o r e  

s l o w l y .   The  p e r p e n d i c u l a r   and  p a r a l l e l   p o l a r i z e d   c o m p o n e n t s  

d r o p   to  a b o u t   .5  w a v e l e n g t h   at   80°  and  85° .   T h e s e   e f f e c t i v e  

t h i c k n e s s e s   a re   s m a l l   c o m p a r e d   w i t h   the  8  o r   more  w a v e -  

l e n g t h s   of  the   m o s t   d i r e c t   i n - a n d - o u t   p a s s a g e   of  f o rm  I .  

But  at  l e a s t   t h r e e   t i m e s   as  much  l i g h t   is  p r e s e n t   in  f o r m  

I I I ,   the  s o l i d   a n g l e s   a re   l a r g e ,   and  so  the   p o t e n t i a l  

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

a c t u a l   a m o u n t   d e p e n d s   upon  how  the   dye  is  d i s t r i b u t e d   a c r o s s  

the   t h i c k n e s s   of  the   r e c e i v i n g   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  m o s t   e f f e c t i v e   c o r r e c t i o n   f o r   t h i s   p r o b l e m   i s  

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

i n e r t ,   o p t i c a l   b a r r i e r   l a y e r   (16)   b e t w e e n   t he   p i g m e n t   a n d  

the  dye  r e c e i v i n g   l a y e r   as  shown  in  F i g .   3.  Any  t h i c k n e s s  

i s   h e l p f u l ,   and  mos t   of  the  b e n e f i t   s h o u l d   be  a c h i e v e d   a t   30  

to  50  m g / f t . 2 .   A  low  i n d e x   is  m o s t   a d v a n t a g e o u s ,   b u t   e v e n  

an  i n d e x   of  1 . 5   o r   1 .6   wou ld   r e l i e v e   the   a t t e n u a t e d   t o t a l  

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

such   a  l a y e r   w o u l d   be  g e l a t i n ,   c r o s s - l i n k e d   p o l y a c r y l a m i d e ,  

or  h y d r o e t h y l c e l l u l o s e .   A  few  w a v e l e n g t h s   t h i c k   or  more  i s  

p r e f e r r e d   bu t   e v e n   a  t h i c k n e s s   of  0 .5   m i c r o m e t e r s   w o u l d  

w o r k .   I t   is  b e l i e v e d   t h a t   no  p r e v i o u s   c o n s i d e r a t i o n   h a s  

been   g i v e n   to  t h i s   p r o b l e m ,   nor   has  the  o p t i c a l   b a r r i e r   as  a  

s o l u t i o n   to  i t   b een   p r o p o s e d .  

To  be  more  q u a n t i t a t i v e   a b o u t   the  e f f e c t i v e n e s s   o f  

the  o p t i c a l   b a r r i e r   l a y e r   16  a  m a t h e m a t i c a l   mode l   has  b e e n  



w o r k e d   o u t   b e g i n n i n g   w i t h   t he   W i l l i a m s   and  C l a p p e r   r e s u l t .  

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

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

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

r e s u l t s   much.  The  W i l l i a m s   and  C l a p p e r   r e s u l t   r e w r i t t e n   c a n  

be  shown  to  b e :  

Here   n  is   t he   i n d e x   of  t he   image   r e c e i v i n g   l a y e r   12  and  R  i s  

t h e   a p p a r e n t   d i f f u s e   r e f l e c t i v i t y   (0°  and  45° )   g e o m e t r y   o f  

the   p r i n t   when  t  is   t he   one  way  t r a n s m i s s i o n   t h r o u g h   t h e  

i m a g e - r e c e i v i n g   l a y e r   1 2 .  

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

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

been   d e r i v e d   w h e r e :  

Here   m  is   t he   h u l k   i n d e x   of   t h e   p i g m e n t   l a y e r  

( 1 . 6 8   wet  to  2.4  d r y ) ,   @'  is  r e l a t e d   to  @  by  mSine   =  n S i n @ ' ,  



and  w ( @ ,  λ ,   n/m)  is  the   v a r i a t i o n   of  " e f f e c t i v e   t h i c k n e s s "  

w i t h   a n g l e   and  i n d e x   as  d e r i v e d   by  H a r r i c k .   I f ,   f o r  

e x a m p l e ,   n  =  1 .55   and  m  =  2 . 4 ,   a  u s e f u l   a p p r o x i m a t i o n   f o r   w, 
o b t a i n e d   f rom  H a r r i c k ' s   g r a p h s   at  pp.   4 6 - 4 7 ,   F i g s .   17  a n d  

18,  c u r v e   7,  is  w =  . 8 0 / ( 9  -   3 9 ° ) ,   w i t h   w  in  u n i t s   o f  λ   / m .  

When  s i m p l i f i e d   by  a  c h a n g e   of  v a r i a b l e   a n d  

s u b s t i t u t i o n   of  some  n u m b e r s ,   the   new  e x p r e s s i o n   b e c o m e s  

The  i n t e g r a l s   may  now  be  c a r r i e d   ou t   n u m e r i c a l l y  

f o r   any  d e s i r e d   c o m b i n a t i o n   of  t  a n d  B .   The  v a l u e s   of  t  

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

and  B  may  be  t h o u g h t   of  as  a  c o u p l i n g   c o e f f i c i e n t ,   c o n t r o l -  

l ed   by  how  l o c a l i z e d   the  dye  may  be  in  t he   b o t t o m   p a r t   o f  

the   r e c e i v i n g   l a y e r   12  as  shown  in  F i g .   4  w h e r e i n   t h e  

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

d e n s i t y ,   Dt,  a g a i n s t   a  100%  r e f l e c t i n g   m i r r o r .   For   a n y  

g i v e n   t ,   more  l o c a l i z e d   dye  w i l l   c o r r e s p o n d   to  h i g h e r  B .  

When  e i t h e r   8  =  0  or  w  =  0,  the   new  e x p r e s s i o n   r e d u c e s   t o  

the   W i l l i a m s - C l a p p e r   f o r m u l a .  

Some  c o n c l u s i o n s   can  be  d r awn   now.  The  new 

c o n t r i b u t i o n   can  have  an  e n o r m o u s   e f f e c t   on  maximum  d e n s i t y  

w h e n  0   i s   l a r g e .   For  s m a l l   B,  the   e f f e c t   on  the  f i l m  

c h a r a c t e r i s t i c   c u r v e   is  to  r a i s e   the  h i g h e r   d e n s i t y   s o m e w h a t  

and  s t e e p e n   the  s l o p e .   T h i s   e f f e c t   is  s t r o n g l y   w a v e l e n g t h -  

d e p e n d e n t   t h r o u g h   the  e f f e c t i v e   t h i c k n e s s ,   w,  so  d e n s i t y   i s  

i n c r e a s e d   more  for   red  l i g h t   t han   f o r   b l u e .   For  t h e  

f o r e g o i n g   r e a s o n s ,   the   a d d i t i o n   of  30  to  50  m g / f t . 2   o f  

b a r r i e r   l a y e r   s h o u l d   l o w e r   the  red  maximum  d e n s i t y   s u b s t a n -  



t i a l l y ,   the   g r e e n   s o m e w h a t   l e s s ,   and  the  b l u e   l e a s t   of  a l l .  

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

m a t u r e s ,   and  may  r e d u c e   any  c o l o r   i r r e g u l a r i t y   b e i n g  

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

r e c e i v i n g   l a y e r .  

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

r e f l e c t i o n   c o n c e r n   is  l e s s   if   the   p i g m e n t s   have  l o w e r   i n d e x  

( s u c h   as  b a r y t a ) ,   and  may  be  e n t i r e l y   n e g l i g i b l e   if  t h e  

i m a g e - r e c e i v i n g   l a y e r   12  is  v e r y   much  t h i c k e r   t han   t h e  

p e n e t r a t i o n   d e p t h   of  l i g h t   r e f l e c t e d   at  the  p i g m e n t - i m a g e -  

r e c e i v i n g   l a y e r   b o u n d a r y .  

I t   w i l l   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   in  t h e  

p h o t o g r a p h i c   a r t s   t h a t   the  o p t i c a l   b a r r i e r   l a y e r   of  t h e  

p r e s e n t   i n v e n t i o n   may  be  i n c o r p o r a t e d   in  a  v a r i e t y   of  m u l t i -  

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

are   l o c a t e d   w i t h i n   a  few  w a v e l e n g t h s   of  a  l i g h t   s c a t t e r i n g  

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

r e d u c i n g   the   e f f e c t s   of  m u l t i p l e   i n t e r n a l   r e f l e c t i o n s .   F o r  

e x a m p l e ,   the   o p t i c a l   b a r r i e r   l a y e r   may  be  i n c o r p o r a t e d   i n  

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

in  U .S .   P a t e n t   No.  3 , 4 1 5 , 6 4 4   i s s u e d   on  D e c e m b e r   10,   1968  t o  

Edwin  H.  L a n d .   H e r e ,   p h o t o g r a p h i c   p r o d u c t s   and  p r o c e s s e s  

a r e   d e s c r i b e d   in  wh ich   a  p h o t o s e n s i t i v e   e l e m e n t   and  a n  

i m a g e - r e c e i v i n g   e l e m e n t   a re   m a i n t a i n e d   in  f i x e d   r e l a t i o n s h i p  

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

p r o c e s s i n g   and  image   f o r m a t i o n .   In  t h o s e   t y p e   p r o d u c t s   a n d  

p r o c e s s e s ,   w h i c h   a re   shown  d i a g r a m m a t i c a l l y   b e f o r e   and  a f t e r  

p r o c e s s i n g   in  F i g .   5,  the  f i n a l   image  is  v i e w e d   t h r o u g h   a  

t r a n s p a r e n t   ( s u p p o r t )   e l e m e n t   a g a i n s t   a  r e f l e c t i o n ,   i . e . ,  

w h i t e   b a c k g r o u n d .   P h o t o e x p o s u r e   is  made  t h r o u g h   the  t r a n s -  

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

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

w h i t e   b a c k g r o u n d   for   v i e w i n g   the   f i n a l   image  t h r o u g h   t h e  

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

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

o p a c i f y i n g   f u n c t i o n .   If   the  image   f o r m i n g   c o m p o n e n t s   i n  



such   f i l m   u n i t   s t r u c t u r e s   were  l o c a t e d   in  the   i m a g e -  

r e c e i v i n g   l a y e r   w i t h i n   a  few  w a v e l e n g t h s   of  the   t i t a n i u m  

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

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

and  wou ld   be  m i n i m i z e d   by  p l a c i n g   the  o p t i c a l   b a r r i e r   l a y e r  

of  the  i n v e n t i o n   b e t w e e n   the   i m a g e - r e c e i v i n g   l a y e r   and  t h e  

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

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

t h i c k   o v e r   the  i m a g e - r e c e i v i n g   l a y e r .   In  f i l m   s t r u c t u r e s   o f  

t h i s   t y p e ,   the  o p t i c a l   b a r r i e r   l a y e r   ( 1 6 )   is  p r e f e r a b l y  

c h e m i c a l l y   i n e r t   and  p e r m e a b l e   w i t h   r e s p e c t   to  d y e s   w h i c h  

need  to  d i f f u s e   t h e r e t h r o u g h   to  form  the  i m a g e ,   b u t  

i m p e r m e a b l e   w i t h   r e s p e c t   to  the  p i g m e n t s   i n c l u d e d   in  t h e  

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

h e r e i n b e f o r e   have  t h e s e   c h a r a c t e r i s t i c s   and  may  be  a p p l i e d  

as  l a y e r s   in  w e l l - k n o w n   m a n n e r s .  

O t h e r   a p p l i c a t i o n s   fo r   the   o p t i c a l   b a r r i e r   l a y e r  

in  m u l t i - l a y e r e d   i m a g e - c a r r y i n g   m e d i a   w i l l   be  o b v i o u s   t o  

t h o s e   s k i l l e d   in  the   a r t   b a s e d   on  the  t e a c h i n g s   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 f o r e ,   i t   is  i n t e n d e d   t h a t   a l l  

m a t t e r   c o n t a i n e d   in  t he   a b o v e   d e s c r i p t i o n   or  shown  in  t h e  

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

and  not  in  a  l i m i t i n g   s e n s e .  



1.  An  image  c a r r y i n g   medium  c o m p r i s i n g :  

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

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

a  g i v e n   i n d e x   of  r e f r a c t i o n ;  

a  p l u r a l i t y   of  l i g h t - a b s o r b i n g   image  f o r m i n g  

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

l a y e r   d e f i n i n g   an  image  t h e r e o v e r   and  l o c a t e d   a t   or  n e a r l y  

at  one  s u r f a c e   of  s a i d   i m a g e - r e c e i v i n g   l a y e r ,   s a i d   i m a g e  

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

i m a g e - r e c e i v i n g   l a y e r ;  

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

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

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

h a v i n g   an  i n d e x   of  r e f r a c t i o n   w h i c h   is  no  g r e a t e r   than   t h a t  

of  s a i d   i m a g e - r e c e i v i n g   l a y e r ;   a n d  

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

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

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

s a i d   i m a g e - c a r r y i n g   medium  b e i n g   s t r u c t u r e d   s o  

t h a t   s a i d   image  t h e r e o f   is  v i e w e d   t h r o u g h   s a i d   o t h e r   s u r f a c e  

of  s a i d   i m a g e - r e c e i v i n g   l a y e r   a g a i n s t   s a i d   l i g h t   s c a t t e r i n g  

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

image   is  i l l u m i n a t e d   by  a m b i e n t   l i g h t   w h i c h   f i r s t   p a s s e s  

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

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

a f t e r   w h i c h   p a r t   of  s a i d   r e f l e c t e d   l i g h t   is  t r a n s m i t t e d   b a c k  

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

i m a g e - r e c e i v i n g   l a y e r   to  the  v i e w e r ,   s a i d   o p t i c a l   b a r r i e r  

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

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

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

s a i d   image   is  v i e w e d ,   i t s   h i g h l i g h t s   a re   b r i g h t e n e d   and  i t s  

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

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



2.  An  image  c a r r y i n g   medium  in  wh ich   an  image  may 

be  f o r m e d   of  l i g h t   a b s o r b i n g   i m a g e - f o r m i n g   c o m p o n e n t s ,   s a i d  

medium  c o m p r i s i n g :  

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

g i v e n   i n d e x   of  r e f r a c t i o n   and  a d a p t e d   to  have  s a i d   i m a g e  

f o r m e d   by  s a i d   i m a g e - f o r m i n g   c o m p o n e n t s   at  or  n e a r l y   at  o n e  

s u r f a c e   t h e r e o f ,  

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

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

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

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

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

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

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

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

a m b i e n t   l i g h t   p a s s i n g   i n t o   s a i d   med ium  b e i n g   a b s o r b e d   b y  

s a i d   i m a g e - f o r m i n g   c o m p o n e n t s   s u b s e q u e n t   to  i t s   b e i n g  

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

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

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

and  s a i d   i m a g e - f o r m i n g   c o m p o n e n t s ,   s a i d   o p t i c a l   b a r r i e r  

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

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

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

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

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

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

i n d e x   of  r e f r a c t i o n   no  g r e a t e r   t h a n   t h a t   of  s a i d   l i g h t  

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

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

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

o p t i c a l   b a r r i e r   l a y e r ,   w h e r e b y ,   when  s a i d   image   is  v i e w e d ,  

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

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

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



3.  A  d i f f u s i o n   t r a n s f e r   p r o c e s s   f i l m   u n i t  

c o m p r i s i n g :  

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

i m a g e - f o r m i n g   c o m p o n e n t s ;  

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

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

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

c o m p o n e n t s   a f t e r   e x p o s u r e   t h e r e o f ;  

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

g i v e n   i n d e x   of  r e f r a c t i o n   and  a d a p t e d   to  have   an  i m a g e  

f o r m e d   at   or  n e a r l y   at  the   s u r f a c e   t h e r e o f   f a c i n g   s a i d  

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

f rom  s a i d   s h e e t - l i k e   e l e m e n t   a f t e r   e x p o s u r e   and  t h e  

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

means   fo r   e s t a b l i s h i n g   a  l i g h t   s c a t t e r i n g   p i g m e n t  

l a y e r ,   h a v i n g   an  i n d e x   of  r e f r a c t i o n   h i g h e r   t han   s a i d   g i v e n  

i n d e x   of  r e f r a c t i o n ,   i n t e r m e d i a t e   s a i d   s h e e t - l i k e   e l e m e n t  

and  s a i d   i m a g e - r e c e i v i n g   l a y e r ,   s a i d   image   when  f o r m e d   b e i n g  

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

f i r s t   p a s s e s   t h r o u g h   the  o t h e r   s u r f a c e   of  s a i d  

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

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

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

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

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

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

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

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

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

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

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

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

c o m p o n e n t s   may  be  d i f f u s e d   t h e r e t h r o u g h   in  the  p r o c e s s   o f  

f o r m i n g   s a i d   image  and  w h i c h   has  an  i n d e x   of  r e f r a c t i o n   no  

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



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

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

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

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

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

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

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

4.  The  i n v e n t i o n   of  c l a i m   3  w h e r e i n   s a i d   l i g h t  

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

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

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

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

as  t h a t   t hey   c a n n o t   d i f f u s e   t h e r e t h r o u g h .  

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

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

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

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

o p t i c a l   b a r r i e r   l a y e r   has  an  i n d e x   of  r e f r a c t i o n   w h i c h   i s  

l e s s   t han   t h a t   of  s a i d   l i g h t   s c a t t e r i n g   l a y e r .  

7.  The  i n v e n t i o n   of  c l a i m s   1,  2,  or  3  w h e r e i n  

s a i d   o p t i c a l   b a r r i e r   l a y e r   is  at  l e a s t   0 . 5   m i c r o n s   t h i c k .  

8.  The  i n v e n t i o n   of  c l a i m s   1,  2,  or   3  w h e r e i n  

s a i d   o p t i c a l   b a r r i e r   l a y e r   c o m p r i s e s   g e l a t i n   or  c r o s s - l i n k e d  

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

9.  The  i n v e n t i o n   of  c l a i m   8  w h e r e i n   s a i d   l i g h t  

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

10.  In  a  p r o c e s s   for   f o r m i n g ,   w i t h i n   a n  

i m a g e - c a r r y i n g   m e d i u m ,   an  image  of  i m a g e - f o r m i n g   c o m p o n e n t s  
w h i c h   a re   d i f f u s e d   t h r o u g h   a  l i g h t   s c a t t e r i n g   p i g m e n t e d  

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

i m a g e - r e c e i v i n g   l a y e r   h a v i n g   an  i n d e x   of  r e f r a c t i o n   l o w e r  

t h a n   s a i d   g i v e n   i n d e x   of  r e f r a c t i o n ,   s a i d   image   b e i n g   f o r m e d  

a t   or  n e a r   the  s u r f a c e   of  s a i d   i m a g e - r e c e i v i n g   l a y e r   f a c i n g  

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

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

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



r e f r a c t i o n   no  g r e a t e r   t h a n   the   i n d e x   of  r e f r a c t i o n   of  s a i d  

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

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

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

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

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

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

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

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

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

is  v i e w e d ,   the   h i g h l i g h t s   of  s a i d   image  a re   b r i g h t e n e d   a n d  

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

the   a p p e a r a n c e   of  s a i d   image   a b s e n t   s a i d   o p t i c a l   b a r r i e r  

l a y e r .  

11.  The  p r o c e s s   of  c l a i m   10  w h e r e i n   s a i d   o p t i c a l  

b a r r i e r   l a y e r   is  at   l e a s t   0 . 5   m i c r o n s   t h i c k .  

12.  The  p r o c e s s   of  c l a i m   11  w h e r e i n   s a i d   o p t i c a l  

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

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