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@  Photographic  elements  sensitive  to  near  infrared. 

0   Photographic  elements  which  may  be  imaged  by  laser 
scanners  emitting  in  the  near  infrared  without  the  formation 
of  interference  fringes  comprising  a  support  bearing  one  or 
more  layers  of  a  silver  halide  emulsion  having  grains  of  a 
average  diameter  of  no  more  than  0.4  micron,  the  element 
including  one  or  more  of: 

(i)  a  topcoat  layer  which  is  an  outermost  layer  on  the 
same  side  of  the  support  as  the  photosensitive  emulsion 
which  topcoat  layer  is  a  diffuse  transmitting  layer  with 
respect  to  near  infrared  radiation, 

(ii)  a  backing  layer  which  is  an  outermost  layer  on  the 
side  of  the  support  remote  from  the  photosensitive  emulsion 
which  backing  layer  is  a  diffuse  reflecting  layer  or  absorbing 
layer  with  respect  to  near  infrared  radiation, 

(iii)  a  subbing  layer  which  is  positioned  between  the 
support  and  the  photosensitive  emulsion  which  subbing 
layer  is  a  diffuse  transmitting  or  absorbing  layer  with  respect 
to  near  infrared  radiation. 

Whereby  the  the  element  may  be  imaged  by  a  laser 
scanning  system  emitting  near  infrared  radiation  substantial- 
ly  without  formation  of  non-contact  interference  fringes. 



FIELD  OF  THE  INVENTION 

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

e l e m e n t s   s e n s i t i v e   to  l i g h t   e m i t t e d   in  t h e  

n e a r - i n f r a r e d   p o r t i o n   of  t he   s p e c t r u m ,   f rom  750  nm  a n d  

a b o v e ,   e s p e c i a l l y   750  to  1500  nm,  and  in  p a r t i c u l a r   t o  

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

q u a l i t y   r e c o r d i n g   medium  f o r   l a s e r   d i o d e   s c a n n i n g  

s y s t e m s .  

BACKGROUND  OF  THE  INVENTION 

A  w i d e l y   used   image   p r o c e s s i n g   t e c h n i q u e   is  t o  

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

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

v i s i b l e   i m a g e .   Such  e l e c t r o n i c   e n c o d i n g   i s  

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

s t o r a g e   of  i m a g e s .   I t   is   known  to  r e c o n v e r t  

e l e c t r o n i c   d a t a   i n t o   v i s i b l e   i m a g e s   by  means   of  a  

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

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

s e n s i t i v e   medium  in  a  s u c c e s s i o n   of  a b u t t i n g   r a s t e r  

l i n e s ,   w h i l s t   m o d u l a t i n g   t h e   i n t e n s i t y   of  l i g h t   so  a s  

to  r e p r o d u c e   the   r e q u i r e d   image   d e n s i t i e s ,   b a s e d   o n  

the   e l e c t r o n i c   s i g n a l s .  

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

h e l i u m - n e o n   or  h e l i u m - c a d m i u m   m i x t u r e s   as  t he   g a s  

l a s i n g   m e d i a ,   have   been   u s e d   as  s o u r c e s   of  h i g h  

i n t e n s i t y   l i g h t   fo r   t h i s   i m a g i n g   t e c h n i q u e .   H o w e v e r ,  

t he   l a s e r s   a l l   s u f f e r   t h e   d i s a d v a n t a g e   of  r e q u i r i n g   a n  



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

e x p e n s e   of  m a n u f a c t u r e .  

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

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

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

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

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

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

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

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

n e a r - i n f r a r e d   (NIR)  p o r t i o n   of  t he   s p e c t r u m ,   f rom  7 5 0  

to   1500  nm.  A c c o r d i n g l y ,   in  o r d e r   to   u t i l i z e   l a s e r  

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

n e c e s s a r y   to   p r o v i d e   a  r e c o r d i n g   med ium  which   i s  

s e n s i t i v e   to   l i g h t   in  t h e   NIR  r a n g e .  
I t   is  known  to  s p e c t r a l l y   s e n s i t i s e  

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

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

e x a m p l e ,   Mees  and   J a m e s ,   The  T h e o r y   of  t h e  

P h o t o g r a p h i c   P r o c e s s ,   3rd  E d i t i o n ,   M a c M i l l a n ,   1 9 6 6 ,  

pp.   1 9 8 - 2 0 1   and  r e f e r e n c e s   c i t e d   t h e r e i n .  

I t   has   been   f o u n d   t h a t   NIR  s e n s i t i s e d  

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

h a l i d e   g r a i n s   of  mean  d i a m e t e r   l e s s   t h a n   0 .4  m i c r o n ,  

when  s u p p o r t e d   by  the   e d g e s   in   a  g l a s s l e s s   h o l d e r ,   t o  

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

u n i f o r m   o v e r a l l   e x p o s u r e   f rom  a  l a s e r   d i o d e   s c a n n e r  

s y s t e m   e m i t t i n g   a t   820  nm,  p r o d u c e   i m a g e s   c o v e r e d   w i t h  

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



h e r e i n a f t e r   as  " n o n - c o n t a c t   s c a n n e r   f r i n g e s ' .   T h e s e  

f r i n g e s   a r e   b e l i e v e d   to   a r i s e   as  a  r e s u l t   of  t h e  

r e f l e c t i o n   of  t he   e x p o s i n g   l i g h t   f rom  the   t w o  

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

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

the   t op   s u r f a c e   of  t he   f i l m   and  the   b o t t o m   s u r f a c e   i s  

c o n t r o l l e d   by  the   t h i c k n e s s   of  t he   f i l m   a t   a  g i v e n  

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

d e s t r u c t i v e   or  c o n s t r u c t i v e   i n t e r f e r e n c e ,   c a u s i n g  

e i t h e r   d i m i n i s h e d   or  i n c r e a s e d   e x p o s u r e   to  b e  

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

t h a t   g i v e n   p o i n t .   The  f r i n g e s   t h e r e f o r e   f o l l o w  

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

f i l m   e l e m e n t   i t s e l f ,   and  c o v e r   t h e   w h o l e   of  the   i m a g e  

a r e a   w i t h   b r o a d   l i n e s   u s u a l l y   a b o u t   1  mm  a p a r t   a n d  

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

N o n - c o n t a c t   i n t e r f e r e n c e   f r i n g e s   have   n o t  

p r e v i o u s l y   been   r e p o r t e d   in  t he   l i t e r a t u r e   in  r e l a t i o n  

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

d o e s   no t   o c c u r   u n d e r   t h e   n o r m a l   c o n d i t i o n s   of  e x p o s u r e  

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

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

the   r e f l e c t i o n s   f rom  t he   back   of  the   f i l m   e l e m e n t .  

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

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

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

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

t e n d e n c y   to  form  i n t e r f e r e n c e   p a t t e r n s .   Thus ,   a  

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

mean  d i a m e t e r   0 . 2 8   m i c r o n ,   w i t h   a  c o a t i n g   w e i g h t   o f  

s i l v e r   of  3  g /m2 ,   shows   d e t e c t a b l e   f r i n g e s .   L o w e r i n g  

t he   g r a i n   s i z e   to  0 . 2 3   m i c r o n   or  r e d u c i n g   the   c o a t i n g  

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

e m u l s i o n s   of  mean  g r a i n   d i a m e t e r   0 . 2 0   m i c r o n   or  l e s s  



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

s c a n n i n g .  

N o n - c o n t a c t   s c a n n e r   f r i n g e s   s e r i o u s l y   d e g r a d e  
the   q u a l i t y   of  s c a n n e r   i m a g e s ,   e s p e c i a l l y   t h o s e   h a v i n g  
c o n t i n u o u s   t o n e   g r a d a t i o n .   They   a r e   no t   o n l y  

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

i m p o r t a n t   i n f o r m a t i o n   c o n v e y e d   by  s m a l l   d e n s i t y  
d i f f e r e n c e s   in  the   i m a g e .   I t   i s   d e s i r a b l e   to   be  a b l e  

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

d i a m e t e r   l e s s   t h a n   0 .4   m i c r o n   p r e f e r a b l y   l e s s   t h a n  

0 . 3 0   m i c r o n .   F i n e   g r a i n   e m u l s i o n s   h a v i n g   a  g r a i n   s i z e  

of  0 .4   m i c r o n   or  l e s s   a r e   a d v a n t a g e o u s   in  p e r m i t t i n g  

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

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

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

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

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

of  s u p p r e s s i n g   n o n - c o n t a c t   i n t e r f e r e n c e   f r i n g e s .  

The  p h e n o m e n o n   of  i n t e r f e r e n c e   f r i n g e s   i s   n o t  

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

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

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

or  c o n t a c t   p r i n t i n g   n e g a t i v e s ,   a  common  p r o b l e m   is  t h e  

o c c u r r e n c e   in   the   d e v e l o p e d   image   of  c l o s e l y   s p a c e d  

c o n c e n t r i c   f r i n g e   p a t t e r n s ,   known  as  " N e w t o n ' s   r i n g s " ,  

s e e ,   E n c y c l o p e d i c   D i c t i o n a r y   of  P h y s i c s ,   J .   T h e w l i s ,  

E d . ,   P e r g a m o n ,   L o n d o n ,   1 9 6 1 ,   p.  878 .   T h e s e   f r i n g e s  

a r i s e   due  to   o p t i c a l   i n t e r f e r e n c e   b e t w e e n   r e f l e c t i o n s  

f r o m   t h e   t op   s u r f a c e   of  t he   f i l m   and  the   b o t t o m  

s u r f a c e   of  t h e   c o n t a c t i n g   s u p p o r t ;   t he   s i z e   of  t h e  

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

t h e s e   two  s e t s   of  r a y s ,   and  h e n c e   w h e t h e r   t h e i r   p h a s e  

d i f f e r e n c e   g i v e s   r i s e   to   a  l i g h t   or  d a r k   f r i n g e  

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



t r a n s m i t t e d   i n t o   t he   e m u l s i o n   l a y e r .   N e w t o n ' s   r i n g s  
t e n d   to  fo rm  i s o l a t e d   a r e a s   of  p a t t e r n ,   r a d i a t i n g  

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

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

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

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

the   b r o a d   s w i r l i n g   n o n - c o n t a c t   s c a n n e r   f r i n g e s   w h i c h  

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

a b o u t   1  mm  a p a r t   and  o f t e n   s e v e r a l   c e n t i m e t r e s   i n  

l e n g t h .  

M e t h o d s   a r e   known  i n  t h e   a r t   to   p r e v e n t  

f o r m a t i o n   of  N e w t o n ' s   r i n g s .   For  e x a m p l e ,  i t   is   k n o w n  

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

of  f i l m s .   E x a m p l e s   of  known  m a t t i n g   p a r t i c l e s   i n c l u d e  

s i l i c a ,   p o l y - m e t h y l   m e t h a c r y l a t e   (PMMA),  o t h e r  

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

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

l e s s   t h a n   0 .1   g /m2)   of  f a i r l y   l a r g e   p a r t i c l e s   u s u a l l y  

5  to  10  m i c r o n   in  d i a m e t e r   as  d i s c l o s e d   in   U n i t e d  

S t a t e s   P a t e n t   S p e c i f i c a t i o n  N o s .   4  2 3 5  9 5 9 ,   4  022  6 2 2 ,  

3  754  924  and  2  322  037 ,   to  a  p a r t i c l e   w e i g h t   o f  

g r e a t e r   t h a n   up  to  1  g/m2  or  50%  of  t h e   t o p c o a t  

b i n d e r s   as  d i s c l o s e d   in  B r i t i s h   P a t e n t   S p e c i f i c a t i o n  

N o s .  2   077  935  and  2  033  596  and  U n i t e d   S t a t e s   P a t e n t  

S p e c i f i c a t i o n   Nos .   3  507  678  and  2  992  101  u t i l i z i n g  

s m a l l e r   p a r t i c l e   s i z e s .  

Use  of  v i s i b l e   l a s e r   l i g h t   as  i l l u m i n a t i o n   f o r  

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

p a r t i c u l a r l y   s e v e r e   N e w t o n ' s   r i n g s   f r i n g e s . .   U n i t e d  

S t a t e s   P a t e n t   S p e c i f i c a t i o n   No.  4  3 4 3   873  d i s c l o s e s   a  

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

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

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



The  l i g h t - s c a t t e r i n g   p a r t i c l e s   h a v e   a  d i a m e t e r   of  f r o m  
50  to  150%  of  t he   w a v e l e n g t h   of  t he   i l l u m i n a t i n g  

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

o u t e r   l a y e r   on  t h e   p h o t o g r a p h i c   e l e m e n t   or  b e n e a t h  

o t h e r   l a y e r s .  

I t   is   a l s o   known  to  u se   m a t t i n g   a g e n t s   i n  

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

as  r e s i s t a n c e   to   a d h e s i o n ,   a b r a s i o n   r e s i s t a n c e ,  

r e t o u c h a b i l i t y ,   good   d r a w - d o w n   in  vacuum  f r a m e s ,   a n d  

r e d u c e d   s t a t i c   e f f e c t s .   An  e x a m p l e   of  t he   use   of  a  

m a t t i n g   a g e n t   i s   an  i n f r a r e d   s e n s i t i v e   f i l m   i s  

d i s c l o s e d   in  U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n   N o .  

4  266  010  w h i c h   d e s c r i b e s   an  e m u l s i o n   t o p c o a t  

c o n t a i n i n g   PMMA  of  s i z e   in  t h e   r a n g e   0 .2   to   10  m i c r o n  

in  an  a c i d - p r o c e s s e d   g e l a t i n   b i n d e r ,   s t a t i n g   t h i s   t o  

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

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

d i s c l o s e d   in  U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n   N o .  

3  695  888  w h i c h   d e s c r i b e s   a  p h o t o g r a p h i c   e m u l s i o n  

s e n s i t i s e d   to  i n f r a r e d   l i g h t   by  c y a n i n e   dyes   w i t h  

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

s e n s i t i s e r s ,   s t a t i n g   t h a t   s u c h   e l e m e n t s   can  c o n t a i n  

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

o x i d e ,   s i l i c a ,   p o l y m e r i c   b e a d s ,   i n c l u d i n g   1  to  4 

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

c o p o l y m e r   d i s c l o s e d   in  U n i t e d   S t a t e s   P a t e n t  

S p e c i f i c a t i o n   N o .  2   992  101  and  1  to   20  m i c r o n  

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

p o l y m e r i s a t i o n   as  d i s c l o s e d   in   U n i t e d   S t a t e s   P a t e n t  

S p e c i f i c a t i o n   N o .  2   701  2 4 5 .  

I t   has   b e e n   f o u n d   t h a t   t h e   known  t y p e s   o f  

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

N e w t o n ' s   r i n g s   do  n o t   p r e v e n t   t h e   f o r m a t i o n   o f  



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

BRIEF  DESCRIPTION  OF  THE  INVENTION 

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

t r a n s p a r e n t   to  nea r   i n f r a r e d   r a d i a t i o n   a b o v e   750  nm,  

g e n e r a l l y   in  the   r a n g e   750  to  1500  nm,  one  or  m o r e  

l a y e r s   of  a  s i l v e r   h a l i d e   e m u l s i o n   h a v i n g   g r a i n s   of  a n  

a v e r a g e   d i a m e t e r   of  no t   more  t h a n   0 .4  m i c r o n ,  

s e n s i t i s e d   to  nea r   i n f r a r e d   r a d i a t i o n ,   c h a r a c t e r i s e d  

in  t h a t   t he   e l e m e n t   c o m p r i s e s  o n e   or  more  o f :  

( i )   a  t o p c o a t   l a y e r   w h i c h   is  an  o u t e r m o s t  

l a y e r   on  the   same  s i d e   of  t he   s u p p o r t   as  t h e  

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

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

i n f r a r e d   r a d i a t i o n ,  

( i i )   a  b a c k i n g   l a y e r   w h i c h   is   an  o u t e r m o s t  

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

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

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

r e s p e c t   to  new  i n f r a r e d   r a d i a t i o n ,  

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

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

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

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

r a d i a t i o n ,   w h e r e b y   the   e l e m e n t   may  be  i m a g e d   by  a  

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

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

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

A  p h o t o g r a p h i c   e l e m e n t   in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   is   r e s i s t a n t   to  t he   f o r m a t i o n   of  i n t e r n a l  



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

f i n e   g r a i n   n e a r - i n f r a r e d   f i l m s   to   become   c o v e r e d   i n  

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

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

e x p o s u r e .  
T h r e e   ma in   t e c h n i q u e s   have  been   f o u n d   f o r  

p r e v e n t i n g   f o r m a t i o n   of  n o n - c o n t a c t   i n t e r f e r e n c e  

f r i n g e s ,   w h i c h   t e c h n i q u e s   may  be  u s e d   a l o n e   or  i n  

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

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

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

i n h i b i t i n g   t he   f o r m a t i o n   of  i n t e r f e r e n c e   f r i n g e s .   A 

m i c r o s c o p i c   s u r f a c e   r o u g h n e s s   h a v i n g   2 0 0 , 0 0 0  

p r o t r u s i o n s   pe r   s q u a r e   m i l l i m e t r e   p r o v i d e s   a  m a r k e d  

r e d u c t i o n   in   t he   f o r m a t i o n   of  i n t e r f e r e n c e   f r i n g e s   a n d  

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

2 5 0 , 0 0 0   p r o t r u s i o n s   p e r   s q u a r e   m i l l i m e t r e   w i l l  

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

f r i n g e s ,   as  w i l l   a  s u r f a c e   r o u g h n e s s   of  more   t h a n  

2 5 0 , 0 0 0 ,   p r e f e r a b l y ,   4 5 0 , 0 0 0   p r o t r u s i o n s   pe r   s q u a r e  

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

A  s e c o n d   t e c h n i q u e   of  i n h i b i t i n g   t he   f o r m a t i o n  

of  i n t e r f e r e n c e   f r i n g e s   i s   to   p r o v i d e   a  b a c k i n g   o r  

s u b b i n g   l a y e r   c o n t a i n i n g   a  dye  a b s o r b i n g   l i g h t   in  t h e  

w a v e l e n g t h   r a n g e   of  t h e   e x p o s i n g   s o u r c e .   When  s u c h   a  

l a y e r   i s   u s e d   a l o n e   as  f r i n g e   s u p p r e s s i o n   l a y e r s   o f  

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

t r a n s m i s s i o n   o p t i c a l   d e n s i t y   of  a t   l e a s t   0 . 7 5 ;   w h e n  

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

s u p p r e s s i o n   means   an  o p t i c a l   d e n s i t y   of  a t   l e a s t   0 . 3  

w i l l   make  a  s i g n i f i c a n t   c o n t r i b u t i o n   to  t he   f r i n g e  

r e d u c t i o n .  



The  t h i r d   t e c h n i q u e   fo r   r e d u c i n g   f r i n g e  
f o r m a t i o n   e m p l o y s   a  b a c k i n g   a n d / o r   t o p c o a t   l a y e r  

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

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

0 .3   l a r g e r   t h a n   t h a t  o f   t he   b i n d e r ,   e . g .   d e s e n s i t i s e d  

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

T h e  u s e   of  s i l v e r   h a l i d e   p a r t i c l e s   i s  

a d v a n t a g e o u s   as  the   h a l i d e   may  be  r e m o v e d   d u r i n g   t h e  

p r o c e s s i n g   of  t he   p h o t o g r a p h i c   e l e m e n t .   The  h i g h  
r e f r a c t i v e  i n d e x   l a y e r   may  d e s i r a b l y   be  r e m o v e d  

s u b s e q u e n t   to  e x p o s u r e ,   such  as  by  a p p l y i n g   a  s o l v e n t  

f o r   t he   b i n d e r .  

I t   has  b e e n   f o u n d   t h a t   t h e r e   a re   s e v e r a l  

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

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

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

i n t e r f e r e n c e   f r i n g e s .   For  e x a m p l e ,   n o n - c o n t a c t  

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

p h o t o g r a p h i c   e l e m e n t s   i n c o r p o r a t i n g   one  or  more  of  t h e  

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

(1)  A   b a c k i n g   l a y e r   on  the   s i d e   of  t h e   f i l m   b a s e  

r e m o t e   f rom  the   p h o t o s e n s i t i v e   e m u l s i o n ,  

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

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

n o t   more  t h a n   2  m i c r o n ,   g e n e r a l l y   in  t he   r a n g e  

0.1  to  2  m i c r o n   and  p r e f e r a b l y   0 .2   to  2 

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

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

such   t h a t  e a c h   s q u a r e   m i l l i m e t r e   o f  t h a t  

s u r f a c e   c o n t a i n s   a t   l e a s t   2 5 0 , 0 0 0   p a r t i c l e s  

wh ich   p r o t r u d e   above   the   a v e r a g e   l e v e l   of  t h a t  

s u r f a c e   by  a t   l e a s t   30%  of  t h e i r   i n d i v i d u a l  

d i a m e t e r s ,   o r  b y   0 .2   m i c r o n ,   w h i c h e v e r   is   l e s s .  



(2)  A  t o p c o a t   l a y e r   on  t h e   same  s i d e   of  t h e   f i l m  

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

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

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

n o t   more  t h a n   1 .5   m i c r o n ,   g e n e r a l l y   in   t h e  

r a n g e   0 .1   to   1.5  m i c r o n ,   and  p r e f e r a b l y   0 . 2   t o  

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

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

s u c h   t h a t   e a c h   s q u a r e   m i l l i m e t r e   of  t h a t  

s u r f a c e   c o n t a i n s   a t   l e a s t   2 5 0 , 0 0 0   p r e f e r a b l y  

at   l e a s t   4 5 0 , 0 0 0   p a r t i c l e s   w h i c h   p r o t r u d e  

a b o v e   the   a v e r a g e   l e v e l   of  t h a t   s u r f a c e   by  a t  

l e a s t   30%  of  t h e i r   i n d i v i d u a l   d i a m e t e r s ,   or  b y  

0 .2   m i c r o n ,   w h i c h e v e r   i s   l e s s .  

(3)  A  b a c k i n g   or  s u b b i n g   l a y e r   c o n t a i n i n g   a n  

a n t i h a l a t i o n   dye  a b s o r b i n g   l i g h t   a b o v e   750  nm,  

p r e f e r a b l y   in   t he   w a v e l e n g t h   r a n g e   750  to   1 5 0 0  

nm  and  h a v i n g   a  p e a k   t r a n s m i s s i o n   o p t i c a l  

d e n s i t y   of  a t   l e a s t   0 . 7 5 ,  i n   t h a t   r e g i o n .  

(4)  An  o u t e r m o s t   b a c k i n g   l a y e r   c o n t a i n i n g   a n  

a n t i h a l a t i o n   dye  g i v i n g   a  p e a k   t r a n s m i s s i o n  

o p t i c a l   d e n s i t y   of  a t   l e a s t   0 . 3   w i t h   r e s p e c t  

to  l i g h t   a b o v e   750  nm,  p r e f e r a b l y   in  t h e  

w a v e l e n g t h   r a n g e   750  to   1500  nm,  a n d  

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

a v e r a g e   p a r t i c l e   s i z e   n o t   more  t h a n   2  m i c r o n ,  

g e n e r a l l y   in  the   r a n g e   0 . 1   to   2  m i c r o n ,   a n d  

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

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

s u c h   t h a t   e a c h   s q u a r e   m i l l i m e t r e   of  t h a t  

s u r f a c e   c o n t a i n s   a t   l e a s t   2 0 0 , 0 0 0   p a r t i c l e s  

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

s u r f a c e   by  a t   l e a s t   30%  of  t h e i r   i n d i v i d u a l  

d i a m e t e r s ,   or  by  0 . 2   m i c r o n ,  



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

b a c k i n g   l a y e r   c o n t a i n i n g   the   s u r f a c e  

r o u g h e n i n g   a g e n t   and  the   i n n e r   b a c k i n g   l a y e r  

c o n t a i n i n g   the   a n t i h a l a t i o n   d y e .  

(5)  The  c o m b i n a t i o n   of  a  b a c k i n g   l a y e r   h a v i n g   a  

peak   t r a n s m i s s i o n   o p t i c a l   d e n s i t y   of  at  l e a s t  

0 .3   w i t h   r e s p e c t   to  l i g h t   a b o v e   750  nm,  

p r e f e r a b l y   in  t he   w a v e l e n g t h   r a n g e   750  t o  

1500  nm,  and  an  o u t e r m o s t   t o p c o a t   l a y e r  

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

an  a v e r a g e   p a r t i c l e   s i z e   no t   more  t h a n   2 

m i c r o n ,   g e n e r a l l y   in  t he   r a n g e   0.1  to  2 

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

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

o u t e r   s u r f a c e   such   t h a t   e ach   s q u a r e   m i l l i m e t r e  

of  t h a t   s u r f a c e   c o n t a i n s   a t   l e a s t   2 0 0 , 0 0 0  

p a r t i c l e s   w h i c h   p r o t r u d e   a b o v e   the   a v e r a g e  
l e v e l   of  t h a t   s u r f a c e   by  at   l e a s t   30%  of  t h e i r  

i n d i v i d u a l   d i a m e t e r s ,   or  by  0 . 2   m i c r o n ,  

w h i c h e v e r   is   l e s s .  

(6)  The  c o m b i n a t i o n   of  an  a n t i h a l a t i o n   l a y e r  

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

a t   l e a s t   0 .3   w i t h   r e s p e c t   to  l i g h t   a b o v e  

750  nm,  p r e f e r a b l y   in  t he   w a v e l e n g t h   r a n g e   7 5 0  

to  1500  nm,  p o s i t i o n e d   b e t w e e n   t h e  

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

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

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

an  a v e r a g e   p a r t i c l e   s i z e   no t   more  t h a n   2 

m i c r o n ,   g e n e r a l l y   in  t h e   r a n g e   0.1  to  2 

m i c r o n ,   and  p r e f e r a b l y   b e t w e e n   0.1  to  2 

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



r o u g h n e s s   of  t he   o u t e r   s u r f a c e   s u c h   t h a t   e a c h  

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

l e a s t   2 0 0 , 0 0 0   p a r t i c l e s   w h i c h   p r o t r u d e   a b o v e  

the   a v e r a g e   l e v e l   of  t h a t   s u r f a c e   by  a t   l e a s t  

30%  of  t h e i r   d i a m e t e r s ,   or  by  0 . 2   m i c r o n ,  

w h i c h e v e r   i s   l e s s .  

(7)   A  t o p c o a t   l a y e r   c o n t a i n i n g   a  s u r f a c e  

r o u g h e n i n g   a g e n t   h a v i n g   an  a v e r a g e   p a r t i c l e  

s i z e   no t   more  t h a n   2  m i c r o n   g e n e r a l l y   in  t h e  

r a n g e   0 .1   to   2  m i c r o n   add  p r e f e r a b l y   b e t w e e n  

0 .2   to  2  m i c r o n ,   t h i s   l a y e r   h a v i n g   a  

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

s u c h   t h a t   e ach   s q u a r e   m i l l i m e t r e   of  t h a t  

s u r f a c e   c o n t a i n s   a t   l e a s t   2 0 0 , 0 0 0   p a r t i c l e s  

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

s u r f a c e   by  a t   l e a s t   30%  of  t h e i r   i n d i v i d u a l  

d i a m e t e r s ,   or  by  0 . 2   m i c r o n ,   w h i c h e v e r   i s  

l e s s ,   in   c o m b i n a t i o n   w i t h   an  o u t e r m o s t   b a c k i n g  

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

h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   n o t   more   t h a n  

2  m i c r o n   g e n e r a l l y   in   t h e   r a n g e   0 .1   to   2 

m i c r o n   and  p r e f e r a b l y   b e t w e e n   0 .2   t o  

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

r o u g h n e s s   of  t he   o u t e r   s u r f a c e   s u c h   t h a t   e a c h  

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

l e a s t   2 0 0 , 0 0 0   p a r t i c l e s   w h i c h   p r o t r u d e   a b o v e  

t h e   a v e r a g e   l e v e l   of  t h a t   s u r f a c e   by  a t   l e a s t  

30%  of  t h e i r   i n d i v i d u a l   d i a m e t e r s ,   or  by  0 . 2  

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

l a y e r   p o s i t i o n e d   b e t w e e n   t he   b a c k i n g   l a y e r   a n d  

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

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

of  a t   l e a s t   0 .3   w i t h   r e s p e c t   to  l i g h t   a b o v e  



750  nm,  p r e f e r a b l y   in  t h e   w a v e l e n g t h   r a n g e   7 5 0  

to  1500  n m .  

(8)  A  b a c k i n g   a n d / o r   t o p c o a t   l a y e r   c o m p r i s i n g   a  

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

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

t h a t   of  t h e   b i n d e r   ( e . g .   n o n - s e n s i t i s e d   s i l v e r  

h a l i d e   p a r t i c l e s )   s a i d   p a r t i c l e s   h a v i n g   a n  

a v e r a g e   p a r t i c l e   s i z e   b e l o w   5  m i c r o n   a n d  

p r e f e r a b l y   0 . 2   to   3  m i c r o n ,   the   l a y e r   b e i n g  

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

I t   ha s   b e e n   f o u n d   t h a t   t he   m i c r o s c o p i c  

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

t he   p r o p e n s i t y   of  t h e   e l e m e n t   to  fo rm  n o n - c o n t a c t  

i n t e r f e r e n c e   f r i n g e s   when  i m a g e d   w i t h   a  s c a n n i n g  

l a s e r .   In  p a r t i c u l a r ,   i t   has   been   f o u n d   t h a t   t h e  

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

m i c r o s c o p i c   r o u g h n e s s   h a v i n g   a t   l e a s t   2 5 0 , 0 0 0  
p r o t r u s i o n s   pe r   s q u a r e   m i l l i m e t r e   a b o v e   the   a v e r a g e  
l e v e l   of  t he   s u r f a c e   w i l l   p r e v e n t   f r i n g e   f o r m a t i o n ,  

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

of  t h e   e l e m e n t .   S i m i l a r l y ,   f r i n g e  f o r m a t i o n   can  b e  

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

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

2 5 0 , 0 0 0   p r e f e r a b l y   4 5 0 , 0 0 0   p r o t r u s i o n s   pe r   s q u a r e  
m i l l i m e t r e   a s s u m i n g   t h e   e l e m e n t   is   i r r a d i a t e d   f rom  t h e  

same  s i d e   as  t h i s   l a y e r .   T h i s   m i c r o s c o p i c   s u r f a c e  

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

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

l a y e r s   of  m a t t i n g   a g e n t s ;   in  g e n e r a l   m a t t i n g   l a y e r s   i n  

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

h a l f   t he   number   of  p r o t r u s i o n s   t h a n   t h o s e   r e q u i r e d   i n  

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

t e n t h   of  t he   number   of  p r o t r u s i o n s   t h a n   t h e   s u r f a c e s  



u s e d   in   t h e   i n v e n t i o n .  

I t   i s   p o s s i b l e   to   s u b s t a n t i a l l y   s u p p r e s s  
f r i n g e   f o r m a t i o n   by  e m p l o y i n g   a  b a c k i n g   or  s u b b i n g  

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

p e a k   t r a n s m i s s i o n   o p t i c a l   d e n s i t y   of  a t   l e a s t   0 . 7 5   i n  

t h e   r a n g e   750  to   1500  n m .  

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

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

in  w h i c h   c a s e   t he   c r i t i c a l   p a r a m e t e r s   of  s u r f a c e  

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

l a y e r   may  be  r e d u c e d   c o m p a r e d   to  t h a t   r e q u i r e d   w h e n  

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

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

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

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

s u p p r e s s i n g   l a y e r   i s   2 0 0 , 0 0 0   p r o t r u s i o n s   p e r   s q u a r e  

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

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

S u r f a c e   r o u g h e n i n g   l a y e r   i s   a t   l e a s t   0 . 3  

P a r t i c l e  - c o n t a i n i n g   s u r f a c e   l a y e r s   d e s c r i b e d  

a b o v e   a r e   p r e f e r a b l y   u s e d   on  t h e   b a c k   s u r f a c e s   of  t h e  

e l e m e n t s ,   or  on  b o t h   o u t e r m o s t   s u r f a c e s ,   r a t h e r   t h a n  

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

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

l a s e r   s c a n n e r   f r i n g e s   by  s u r f a c e   r o u g h e n e d   b a c k i n g s   i s  

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

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

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

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

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

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



U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n   N o .  2   992  1 0 1 .  

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

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

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

p o l y v i n y l   c o m p o u n d s   or  v i n y l   c o m p o u n d   c o p o l y m e r s ,   e . g .  

as  d e s c r i b e d   in  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   N o s .  

2  078  992  and   2  033  5 9 6  a n d   U n i t e d   S t a t e s   P a t e n t  

S p e c i f i c a t i o n   Nos .   4  287  299  and  3  079  257.   O t h e r  

s u i t a b l e   m a t e r i a l s   i n c l u d e   s i l i c a   or  c o m p o s i t e s   o f  

s i l i c a   w i t h   p o l y m e r ,   e . g .   as  d e s c r i b e d   in  U n i t e d  

S t a t e s   P a t e n t   S p e c i f i c a t i o n   Nos .   4  235  9 5 9 ,  

3  920  456 ,   3  591  379  and  3  222  037 ,   h a r d e n e d   g e l a t i n ,  

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

m i x t u r e s   of  t h e s e   p o l y m e r s ,   as  d e s c r i b e d   in  B r i t i s h  

P a t e n t   S p e c i f i c a t i o n   N o .  2   077  9 3 5 .  

One  t y p e   of  m a t t i n g   a g e n t   known  in  t he   a r t  

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

of  d i a m e t e r   0 .1   m i c r o n   or  l e s s .   On  d i s p e r s i o n   i n  

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

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

1  m i c r o n   or  g r e a t e r   in  d i a m e t e r ,   w h i c h   b e h a v e   a s  

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

p r o p e r t i e s   r e q u i r e d   f o r   the   p u r p o s e s   of  t h i s   i n v e n t i o n  

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

in  t he   r e q u i r e d   s i z e   r a n g e ,   or  e q u a l l y   by  use  o f  

a g g r e g a t e s ,   t h e   o v e r a l l   s i z e   of  w h i c h   f a l l s   in  t h e  

same  r e q u i r e d   r a n g e .  
S u i t a b l e   m a t e r i a l s   of  h i g h   r e f r a c t i v e   i n d e x  

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

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

r e m o v e d   by  p h o t o g r a p h i c   f i x e r s .   S i l v e r   h a l i d e s  

g e n e r a l l y   have   a  r e f r a c t i v e   i n d e x   in   the   r a n g e   2 .0   t o  

2 . 2 .   O t h e r   s u i t a b l e   m a t e r i a l s   of   h i g h   r e f r a c t i v e  



i n d e x   i n c l u d e   z i n c   o x i d e   and  c a l c i u m   c a r b o n a t e .  

G e l a t i n   i s   a  s u i t a b l e   b i n d e r   f o r   a l l   t h e s e  

l a y e r s   and  has   a  r e f r a c t i v e   i n d e x   of  a b o u t   1 . 5 .  

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

e s p e c i a l l y   t h o s e   of  mean  d i a m e t e r   1  m i c r o n   or  b e l o w ,  

a r e   u s e d   to  m a t t   t he   s u r f a c e   of  a  l a y e r   of  b i n d e r   a s  

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

t h e   a v e r a g e   s u r f a c e   l e v e l ,   and  t he   number   of  p a r t i c l e s  

p r o t r u d i n g ,   i s   d e p e n d e n t   n o t   o n l y   on  the   w e i g h t   o f  

p a r t i c l e s   c o n t a i n e d   in  t he   l a y e r ,   bu t   a l s o   on  t h e  

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

t o   s e l e c t   c o n d i t i o n s   f o r   c o a t i n g   and  d r y i n g   wh ich   g i v e  

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

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

a p p r e c i a t e d   by  a  p e r s o n   s k i l l e d   in  t he   a r t .   One  

t e c h n i q u e   w h i c h   has   p r o v e d   to  p r o v i d e   s a t i s f a c t o r y  

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

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

i n t o   a  c h i l l   z o n e   a t   130C  a t   30%  r e l a t i v e   h u m i d i t y   t o  

c a u s e   t h e   ge l   to   s e t   and  t h e r e a f t e r   to   dry   at   30°C,   a t  

30%  r e l a t i v e   h u m i d i t y .   I t   was  f o u n d   t h a t   the   t h i n  

l a y e r s   were   d ry   in   30  s e c o n d s   to  1  m i n u t e .  

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

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

a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   t h e   p h o t o g r a p h i c  

e l e m e n t   can  c o n t a i n   s m a l l   q u a n t i t i e s   ( l e s s   t h a n   0 . 1  

g / m 2 )   of  l a r g e r   p o l y m e r ,   s i l i c a   or  o t h e r   m a t t i n g   a g e n t  

w i t h   p a r t i c l e s   of  mean  d i a m e t e r   5  m i c r o n   and  g r e a t e r ,  

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

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

S i l v e r   h a l i d e   e m u l s i o n s   u s e f u l   in  t h e  

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

s i l v e r   b r o m i d e ,   s i l v e r   c h l o r i d e ,   s i l v e r   c h l o r o b r o m i d e ,  



s i l v e r   b r o m o i o d i d e   or  s i l v e r   c h l o r o b r o m o i o d i d e ,   a n d  

can  be  p r e p a r e d   by  any  of  t he   w e l l   known  p r o c e d u r e s ,  

e . g .   as  d e s c r i b e d   in  R e s e a r c h   D i s c l o s u r e   1 7 6 4 3 ,  

D e c e m b e r   1 9 7 8 ,   p a r .   I I   and  I I I .   The  e m u l s i o n s   have  a  

p a r t i c l e   s i z e   of  n o t   more   t h a n   0.4  m i c r o n ,   g e n e r a l l y  

in  the   r a n g e   0 . 0 5   to  0 .4   m i c r o n .  

The  e m u l s i o n s   can  be  s e n s i t i s e d   t o  

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

P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n   No.  0  088  595 ,   or  u s i n g  

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

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

750  to   1500  nm,  p r e f e r a b l y   750  to  900  nm,  e . g .   a s  

d e s c r i b e d   in   Mees  and  J a m e s ,   T h e  T h e o r y   of  t h e  

P h o t o g r a p h i c   P r o c e s s ,   3rd   E d . ,   pp.   1 9 8 - 1 9 9 .  

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

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

p r o t e c t e d   a g a i n s t   t he   p r o d u c t i o n   of  fog  and  can  b e  

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

k e e p i n g .   S u i t a b l e   a n t i f o g g a n t s   and   s t a b i l i s e r s   a r e  

d e s c r i b e d ,   fo r   e x a m p l e ,   in  R e s e a r c h   D i s c l o s u r e   1 7 6 4 3 ,  

D e c e m b e r   1 9 7 8 ,   p a r .   V I .  

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

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

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

in  R e s e a r c h   D i s c l o s u r e   1 7 6 4 3 ,   D e c e m b e r   1 9 7 8 ,   p a r .   V .  

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

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

i n c r e a s i n g   c o m p o u n d s ,   e . g .   t h o s e   d e s c r i b e d   in  R e s e a r c h  

D i s c l o s u r e   1 7 6 4 3 ,   D e c e m b e r   1978 ,   p a r .   X X I .  

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

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

a g e n t s ,   e . g .   t h o s e   d e s c r i b e d   in  R e s e a r c h   D i s c l o s u r e  

1 7 6 4 3 ,   D e c e m b e r   1 9 7 8 ,   p a r .   IX.  Such  c o l l o i d s   can  b e  



h a r d e n e d   by  v a r i o u s   o r g a n i c   and  i n o r g a n i c   h a r d e n e r s ,  

e . g .   t h o s e   d e s c r i b e d   in  R e s e a r c h   D i s c l o s u r e   1 7 6 4 3 ,  
D e c e m b e r   1 9 7 8 ,   p a r .   X .  

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

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

e x a m p l e ,   in   R e s e a r c h   D i s c l o s u r e   1 7 6 4 3 ,   D e c e m b e r   1 9 7 8 ,  

p a r .   XI ,   XI I   and  X I I I .  

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

can  be  c o a t e d   on  a  w ide   v a r i e t y   of  t r a n s p a r e n t  

s u p p o r t s ,   e . g .   t h o s e   d e s c r i b e d   in  R e s e a r c h   D i s c l o s u r e  

1 7 6 4 3 ,   D e c e m b e r   1 9 7 8 ,   p a r .   X V I I I .  

The  s e n s i t i s i n g   dyes   and  o t h e r   e m u l s i o n  

a d d e n d a   can   be  i n c o r p o r a t e d   i n t o   t he   l a y e r s   of  t h e  

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

a r t ,   e . g .   t h o s e   d e s c r i b e d   in  R e s e a r c h   D i s c l o s u r e  

1 7 6 4 3 ,   D e c e m b e r   1 9 7 8 ,   p a r .   XIV.  S i m i l a r l y   t h e  

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

s u p p o r t s   by  v a r i o u s   p r o c e d u r e s .   S u p p o r t s   and  c o a t i n g  

p r o c e d u r e s   a r e   d e s c r i b e d ,   f o r   e x a m p l e ,   in   R e s e a r c h  

D i s c l o s u r e   1 7 6 4 3 ,   D e c e m b e r   1978 ,   p a r .   XV  and  X V I I .  

The  s e n s i t i s e d   s i l v e r   h a l i d e   e m u l s i o n s   u s e d   i n  

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

a  v i s i b l e   s i l v e r   a n d / o r   dye  image   by  a s s o c i a t i n g   t h e  

s i l v e r   h a l i d e   w i t h   an  a q u e o u s   a l k a l i n e   med ium  in  t h e  

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

e x a m p l e ,   in  R e s e a r c h   D i s c l o s u r e   1 7 6 4 3 ,   D e c e m b e r   1 9 7 8 ,  

p a r .   X I X .  

W h i l s t   t h i s   i n v e n t i o n   is   d e s c r i b e d   in  d e t a i l  

fo r   e l e m e n t s   c o n t a i n i n g   s i l v e r   h a l i d e   g r a i n s   b e l o w   0 . 4  

m i c r o n   in   d i a m e t e r ,   t he   m e t h o d s   fo r   f r i n g e  

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

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



w h i c h   may  p e r m i t   f o r m a t i o n   of  s c a n n e r   f r i n g e s   due  t o  

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

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

s i l v e r   h a l i d e   e x c e e d i n g   0 .4  m i c r o n   in  d i a m e t e r ,   b u t   o f  

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

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

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

g r a i n s .  

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

can  be  u s e f u l   in  p h y s i c a l   d e v e l o p m e n t   s y s t e m s ,   i m a g e  

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

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

and  d i r e c t - p r i n t   s y s t e m s   a s ,   d e s c r i b e d ,   for   e x a m p l e ,  

in   R e s e a r c h   D i s c l o s u r e   1 7 6 4 3 ,   D e c e m b e r   1978,   p a r .  

X X I I ,   X X I I I ,   XXIV,  XXV,  XXVI  and  XXVII .   T h e  

i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   by  the   f o l l o w i n g  

E x a m p l e s .  

In  t h e   E x a m p l e s   t he   e v a l u a t i o n   of  t he   s a m p l e s  

was  c o n d u c t e d   as  f o l l o w s :  

E v a l u a t i o n   of  S a m p l e s   by  N o n - c o n t a c t   L a s e r   D i o d e  

S c a n n i n g ,   and  M e a s u r e m e n t   of  F r i n g e s  

S a m p l e s   were   e v a l u a t e d   by  u n i f o r m   e x p o s u r e   i n  

a  s c a n n e r   s y s t e m   in  w h i c h   the   r a d i a t i o n   from  a  H i t a c h i  

HLP  1400  l a s e r   d i o d e   e m i t t i n g   a t   815  nm  was  f o c u s e d   t o  

a  c i r c u l a r   s p o t   of  50  m i c r o n s   d i a m e t e r   on  the   s u r f a c e  

of  the   s a m p l e .   The  f o c u s e d   s p o t   was  s c a n n e d   in  r a s t e r  

p a t t e r n   of  of  200  l i n e s / c m   o v e r   t he   s a m p l e   by  means   o f  

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

i n f r a r e d   beam.   The  i n t e n s i t y   of  t he   e x p o s u r e   w a s  

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

f rom  m i n i m i n u m   to  maximum  d e n s i t y   on  the   s a m p l e .   T h e  

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



p r o c e s s o r   3M  t y p e   XP507  u t i l i s i n g   E a s t m a n   Kodak  RP 

X-Omat  p r o c e s s i n g   s o l u t i o n s .   A  v i s u a l   i n s p e c t i o n   f o r  

f r i n g e   p a t t e r n s   was  made ,   and  t h e s e   a s s e s s e d   u s i n g   t h e  

f o l l o w i n g   r a n k i n g   o r d e r :  

1  No  f r i n g e s   s e e n  

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

3  Very   f a i n t ,   s e e n   o n l y   u n d e r   c l o s e   s c r u t i n y  

4  D i f f u s e   p a t t e r n s  

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

6  R e a d i l y   n o t i c e d   f r i n g e s  

7  S h a r p l y   d e f i n e d   f r i n g e   p a t t e r n s .  

The  f r i n g e   p a t t e r n s   were   q u a n t i t a t i v e l y   e v a l u a t e d   b y  

t r a c i n g   w i t h   a  J o y c e - L o e b l   MDM6  m i c r o d e n s i t o m e t e r  

u s i n g   a  s m a l l   ( 2 . 0   x  0 . 2 5   mm)  s l i t   a p e r t u r e .   T h e  

maximum  t r a n s m i s s i o n   o p t i c a l   d e n s i t y   d i f f e r e n c e   ( O . D . )  

t h u s   m e a s u r e d   b e t w e e n   l i g h t   and  d a r k   f r i n g e s   i s   g i v e n  

in  t he   E x a m p l e s .   The  O.D.  was  m e a s u r e d   in  a r e a s  

s c a n n e d   to   mean  o p t i c a l   d e n s i t y   of  b e t w e e n   1 .0   a n d  

2 . 0 ,   in  w h i c h   r e g i o n   the   e m u l s i o n   had  c o n t r a s t   v a l u e s  

of  f rom  2 .5   to   3 . 5 .  

The  m e a s u r e m e n t   of  s u r f a c e   r e f l e c t i v i t y   of  t h e  

s a m p l e s   in  t h e   E x a m p l e s   was  c o n d u c t e d   as  f o l l o w s :  

M e a s u r e   of  d i r e c t   ( s p e c u l a r )   s u r f a c e   r e f l e c t i v i t y   o f  

m a t t e d   back  s u r f a c e s  

S a m p l e s   were   p r e p a r e d   p r i o r   to   t e s t i n g   b y  

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

and  by  a p p l i c a t i o n   of  a  d e n s e l y   I . R .   a b s o r b i n g ,  

n o n - r e f l e c t i v e   l a y e r   in  i t s   p l a c e .   The  u n t r e a t e d   s i d e  

of  t he   s a m p l e s   was  t h e n   i r r a d i a t e d   a t   an  a n g l e   of  1 0 0  

to  the   n o r m a l   w i t h   a  c o l l i m a t e d   beam  of  known  e n e r g y ,  
of  5  mm  d i a m e t e r ,   f rom  a  l a s e r   d i o d e   e m i t t i n g   a t  

815  nm.  A  r a d i o m e t r i c   d e t e c t o r   was  u s e d   to  m o n i t o r  



t h e   r e f l e c t e d   e n e r g y   a t   a  t o t a l   a n g l e   of  20°  to  t h e  

i n c i d e n t   beam  ( O p t r o n i c s   mode l   7 3 0 A ) .   T h i s   d e t e c t o r  

was  s i t e d   a t   a  d i s t a n c e   of  30  cm  f rom  the   t e s t  

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

a p e r t u r e   of  1  cm  d i a m e t e r .  

As  t h e   same  d e t e c t o r   was  u s e d   to  a s s e s s   b o t h  

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

a l l o w e d   p e r c e n t a g e   r e f l e c t i v i t y   to  be  a s c e r t a i n e d .  

C a r e   was  t a k e n   w i t h   c h o i c e   of  l a s e r   d i o d e / s a m p l e  

f i l m / d e t e c t o r   c o n f i g u r a t i o n s   to   e n s u r e   t h a t   a n y  
e x t r a n e o u s   e n e r g y   was  o m i t t e d   f rom  m e a s u r e m e n t s .  

The  e x a m i n a t i o n   of  m a t t e d   s u r f a c e s   of  t h e  

s a m p l e s   in  t h e   E x a m p l e s   was  c o n d u c t e d   as  f o l l o w s :  

S c a n n i n g   e l e c t r o n   m i c r o s c o p e   e x a m i n a t i o n   of  m a t t e d  

s u r f a c e s   ( S . E . M . )  

A  s a m p l e   ( a p p r o x i m a t e l y   1  cm2)  of  the   f i l m   w a s  

b o n d e d   to  a  p i n   s t u b ,   w i t h   t h e   s u r f a c e   to  be  e x a m i n e d  

u p p e r m o s t .   A  g o l d   c o a t i n g ,   a p p r o x i m a t e l y   25  nm  t h i c k ,  

was  a p p l i e d ,   u s i n g   an  I n t e r n a t i o n a l   S c i e n t i f i c  

I n s t r u m e n t s   I n c .   ( I S I )   PS-2  c o a t i n g   u n i t ,   at  1 .2   kV 

and   10  mA  f o r   2  m i n u t e s .   The  s a m p l e s   were   e x a m i n e d   i n  

an  ISI   S u p e r   I I I A   s c a n n i n g   e l e c t r o n   m i c r o s c o p e ,  

o p e r a t i n g   a t   10  kV.  The  s a m p l e s   w e r e   a n g l e d   a t   + 2 0 ° .  

In  e a c h   c a s e   a  p h o t o g r a p h   was  t a k e n   a t   a  p r i n t  

m a g n i f i c a t i o n   of  5000X,   u s i n g   an  i n t e r n a l   c a l i b r a t i o n  

m a r k e r .   P a r t i c l e   c o u n t s   were   made  w i t h i n   a  g r i d  

r e p r e s e n t i n g   an  a r e a   of  10  m i c r o n   x  10  m i c r o n .  

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

a b o v e   the   a v e r a g e   s u r f a c e   l e v e l   by  a t   l e a s t   30%  o f  

t h e i r   d i a m e t e r ,   or  0 .2   m i c r o n ,   w h i c h e v e r   was  s m a l l e r .  

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

p r e s e n t ,   p h o t o g r a p h s   a t   2000X  or  l o w e r   m a g n i f i c a t i o n  



were   t a k e n ,   and  c o u n t s   made  ove r   a  more  e x t e n s i v e   a r e a .  
The  r e s u l t s   r e p o r t e d   a r e   an  a v e r a g e   of  c o u n t s  

made  f rom  p h o t o g r a p h s   of  two  d i f f e r e n t   p a r t s   of  e a c h  

s u r f a c e   e x a m i n e d .  

E x a m p l e   1 

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

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

s c a n n e r   t e s t s  

An  e m u l s i o n   c o n t a i n i n g   64%  s i l v e r   c h l o r i d e  

m o l e s   and  36%  s i l v e r   b r o m i d e   m o l e s   w i t h   c u b i c   g r a i n s  

h a v i n g   an  a v e r a g e   g r a i n   s i z e   of  0 . 2 8   m i c r o n   and  a  

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

p r e c i p i t a t i o n   m e t h o d   d e s c r i b e d   in  E x a m p l e   17B  o f  

E u r o p e a n   P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n   No.  0  088  5 9 5 .  

S i m i l a r   e m u l s i o n s   h a v i n g   mean  g r a i n   s i z e s   o f  

0 . 2 3   m i c r o n ,   0 . 2 0   m i c r o n ,   0 . 1 6   m i c r o n   and  0 . 1 3   m i c r o n  

were   l i k e w i s e   p r e p a r e d ,   u s i n g   s u c c e s s i v e l y   l o w e r  

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

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

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

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

h a r d e n e r   were   a d d e d   as  d e s c r i b e d   in  the   b a s i c  

f o r m u l a t i o n   in  E x a m p l e   18  of  E u r o p e a n   P a t e n t  

A p p l i c a t i o n   P u b l i c a t i o n   No.0  088  595.   The  e m u l s i o n s  

w e r e   c o a t e d   i n d i v i d u a l l y   on  t r a n s p a r e n t   0 . 1 8   mm  s u b b e d  

p o l y e s t e r   b a s e ,   to  g i v e   2 .7   t o  

3 .0   g/m2  s i l v e r   c o a t i n g   w e i g h t .   A  s u p e r c o a t   of  200  m l  

of  5%  a q u e o u s   g e l a t i n   c o n t a i n i n g   100  mg  S u p e r a m i d e   L9C 

and  0 . 1 5   ml  T e e p o l   610  w e t t i n g   a g e n t s   and  4 . 5   ml  of  2% 

s o l u t i o n   of  f o r m a l d e h y d e   h a r d e n e r ,   bu t   no  m a t t i n g  

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

g i v e   a  t o p   l a y e r   of  1 . 3 3   g/m2  g e l a t i n .   The  b a c k  



s u r f a c e   of  t he   f i l m   b a s e   was  l e f t   u n c o a t e d .  

S u p e r a m i d e   L9C  i s   a  h i g h   a c t i v i t y   l a u r i c  

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

f rom  M i l l m a s t e r - O n y x   UK.  T e e p o l   610  is   a  s o d i u m   s a l t  

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

f rom  S h e l l   C h e m i c a l s   UK  L t d .  

The  s a m p l e s   were   e v a l u a t e d   as  d e s c r i b e d   a b o v e  

and  the   r e s u l t s   shown  in  T a b l e   1 .  

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

s e v e r i t y   of  s c a n n e r   f r i n g e s   w i t h   d e c r e a s i n g   s i l v e r  

h a l i d e   g r a i n   s i z e .  

E x a m p l e   2 

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

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

to   s c a n n e r   f r i n g e s  

E m u l s i o n s   were   p r e p a r e d ,   NIR  s e n s i t i s e d   a n d  

c o a t e d   as  in  E x a m p l e   1,  bu t   u s i n g   an  0 . 1 8   mm  s u b b e d  

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

0 .3   g/m2  of  p o l y ( m e t h y l   m e t h a c r y l a t e )   p a r t i c l e s   of  m e a n  



d i a m e t e r   0 .5   m i c r o n   in  a  g e l a t i n   b i n d e r   ( 1 . 3   g / m 2 ) ,  

wh ich   was  c o a t e d   f rom  an  a q u e o u s   s o l u t i o n   a l s o  

c o n t a i n i n g   as  in   E x a m p l e   I  S u p e r a m i d e   L9C  and  T e e p o l  
610  w e t t i n g   a g e n t s ,   and  f o r m a l d e h y d e   h a r d e n e r .  

I m m e d i a t e l y   a f t e r   c o a t i n g   o n t o   the   f i l m   b a s e ,   t he   w e t  

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

at   13°C  and  30%  r e l a t i v e   h u m i d i t y ,   c a u s i n g   the   g e l   t o  

s e t ,   d r y i n g   was  t h e n   b r o u g h t   a b o u t   a t   30°c   and  30% 

r e l a t i v e   h u m i a i t y ,   and  a p p e a r e d   to  be  c o m p l e t e   w i t h i n   1 

m i n u t e .   The  s a m p l e s   were   t e s t e d   in  the   l a s e r   d i o d e  

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

r e p o r t e d   in  T a b l e   2 .  

The  c o a t i n g s   of  t h e   same  g r a i n   s i z e   e m u l s i o n s  

in  E x a m p l e   1  a c t   as  c o n t r o l   s t a n d a r d s .  

E x a m p l e   3 

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

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

s i l v e r   h a l i d e   g r a i n s  

An  0 . 1 6   m i c r o n   c h l o r o b r o m i d e   e m u l s i o n   w a s  

c o a t e d   as  in  E x a m p l e   1,  b u t   u s i n g   a  0 . 1 8   mm  p o l y e s t e r  



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

h a l i d e   g r a i n s ,   i n s e n s i t i v e   to  NIR  l i g h t ,   in  a  g u l a t i n  

b i n d e r   ( 1 . 3   g / m 2 ) .   The  e f f e c t   on  s c a n n e r   f r i n g e s   of 

d i f f e r e n t   s i z e s   and  l o a d i n g s   of  b a c k i n g   g r a i n s   i s  

r e p o r t e d   in  T a b l e   3 .  



E x a m p l e   4 

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

A  0 . 1 6   m i c r o n   c h l o r o b r o m i d e   e m u l s i o n   w a s  

c o a t e d   as  in  Example   1,  b u t   on  a  0 . 1 8   mm  s u b b e d  

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

(mean  g r a i n   s i z e   of  0 .5   to   2 .0   m i c r o n )   o f  

a l k a l i - s o l u b l e   m e t h a c r y l i c   a c i d - e t h y l   m e t h a c r y l a t e  

c o p o l y m e r ,   in   a  g e l a t i n   b i n d e r   ( 1 . 3   g / m 2 ) ,   w h i c h   w a s  

c o a t e d   f rom  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   as  i n  

e x a m p l e   1  S u p e r a m i d e   L9C  or  T e e p o l   610  w e t t i n g   a g e n t s ,  
and  f o r m a l d e h y d e   h a r d e n e r   as  in  E x a m p l e   1.  An 

o t h e r w i s e   i d e n t i c a l   s a m p l e   was  p r e p a r e d   in  w h i c h   t h e  

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

s i l i c a   p a r t i c l e s   of  mean  d i a m e t e r   5  m i c r o n .   T h e s e  

s a m p l e s   were   t e s t e d   in  c o m p a r i s o n   w i t h   an  u n b a c k e d  

o n e ,   and  the   r e s u l t s   a r e   r e p o r t e d   in  T a b l e   4 .  



The  c o n v e n t i o n a l   s i l i c a   m a t t i n g ,   which   f a l l s  

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

c o v e r a g e ,   g i v e s   no  p r o t e c t i o n   a g a i n s t   f r i n g e   f o r m a t i o n .  



Example   5 

E f f e c t   of  a n t i h a l a t i o n   b a c k i n g   on  s c a n n e r   f r i n g e s  

( 0 . 1 6   m i c r o n   c h l o r o b r o m i d e   e m u l s i o n )  

A  0 . 1 6   m i c r o n   c h l o r o b r o m i d e   e m u l s i o n   w a s  

c o a t e d   as  in   E x a m p l e   1,  b u t   on  a  0 . 1 8   mm  s u b b e d  

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

5  g /m2,   c o n t a i n i n g   an  a n t i h a l a t i o n   dye  a b s o r b i n g  

s t r o n g l y   b e t w e e n   750  and  900  nm,  (Dye  29  in  E u r o p e a n  

P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n   No.  0  101  646)   w i t h   a n  

o p t i c a l   d e n s i t y   of  0 . 4 0   a t   820  nm.  T h i s   was  t e s t e d   i n  

c o m p a r i s o n   w i t h   an  u n b a c k e d   s a m p l e d   in  the   l a s e r   d i o d e  

s c a n n e r   s y s t e m ,   and  the   r e s u l t s   a r e   r e p o r t e d   in  T a b l e  

5 .  

E x a m p l e  6  

Use  of  i o d o b r o m i d e   e m u l s i o n s  

A  3%  i o d o b r o m i d e   e m u l s i o n   of  a v e r a g e   g r a i n  

s i z e   0 .21   m i c r o n   was  p r e p a r e d ,   c h e m i c a l l y   s e n s i t i s e d ,  

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

t r a n s p a r e n t   0 . 1 8   mm  s u b b e d   p o l y e s t e r   b a s e ,   i n  

a c c o r d a n c e   w i t h   E x a m p l e   17A  of  E u r o p e a n   P a t e n t  

A p p l i c a t i o n   P u b l i c a t i o n   No.  0  088  5 9 5 .   A  t o p c o a t   o f  

1 .3   g/m2  of  g e l a t i n   was  s i m u l t a n e o u s l y   a p p l i e d .  

S i m i l a r   c o a t i n g s   were   made  on  0 . 1 8   mm 

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

c o n s i s t i n g   of  up  to   t h r e e   c o n s e c u t i v e   l a y e r s   o f  

g e l a t i n   (5  g /m2)   c o n t a i n i n g   a  dye  (Dye  29  in  E u r o p e a n  

P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n   No.  0  101  6 4 6 ) ,  



a b s o r b i n g   s t r o n g l y   b e t w e e n   750  and  900  nm,  g i v i n g  

o v e r a l l   o p t i c a l   d e n s i t i e s   of  0 . 4 5 ,   0 .8   and  1.2  a t  

820  nm.  T h e s e   c o a t i n g s   were   t e s t e d   in  the  l a s e r   d i o d e  

s c a n n e r   s y s t e m ,   and  the   r e s u l t s   r e p o r t e a   in  T a b l e   5 .  

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

f r i n g e s .  



E x a m p l e   7 

R e l a t i o n   of  s c a n n e r   f r i n g e   f o r m a t i o n   to  s u r f a c e  

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

A  0 . 1 6   m i c r o n   c h l o r o b r o m i d e   e m u l s i o n   w a s  

c o a t e d   as  in   E x a m p l e   1,  b u t   u s i n g   0 .18   m i c r o n   s u b b e d  

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

c o n t a i n i n g   a  s e r i e s   of  c o n c e n t r a t i o n s   of  PMMA 

p a r t i c l e s   of  mean  d i a m e t e r   0 .5  m i c r o n ,   c o a t e d   in  a  

g e l a t i n   b i n d e r   ( 1 . 3   g /m2)   as   in  E x a m p l e   2.  T h e s e  

s a m p l e s   were   t e s t e d   in  t he   l a s e r   d i o d e   s c a n n e r   s y s t e m  

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

T a b l e   6 .  





E x a m p l e   8 

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

(a)   A n t i h a l a t i o n   Dye  and  C o n v e n t i o n a l   M a t t i n g   A g e n t s  

o n l y  

A  c h l o r o b r o m i d e   e m u l s i o n   of  g r a i n   s i z e   0 . 2 6  

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

of  E x a m p l e   1.  The  e m u l s i o n   was  c o a t e d   on  a  0 . 1 8   mm 

p o l y e s t e r   b a s e ,   a t   2 . 4   g/m2  s i l v e r   c o v e r a g e ,  

s i m u l t a n e o u s l y   a p p l y i n g   a  t h i n   g e l a t i n   ( 1 . 3   g / m 2 )  

t o p c o a t   c o n t a i n i n g   0 . 0 3 6   g/m2  of  PMMA  p a r t i c l e s   o f  

2 .5   m i c r o n   mean  d i a m e t e r .   The  o p p o s i t e   s i d e   of  t h e  

b a s e   was  p r o v i d e d   w i t h   a  l a y e r   of  g e l a t i n   (5  g / m 2 )  

c o n t a i n i n g   an  i n f r a r e d   a b s o r b i n g   dye  (Dye  17  i n  

E u r o p e a n   P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n   No.  0  101  6 4 6 )  

g i v i n g   an  i n f r a r e d   a b s o r p t i o n   f r o m   750  to   900  nm,  w i t h  

an  o p t i c a l   d e n s i t y   of  0 . 6   a t   815  nm  and  h a v i n g   a  

g e l a t i n   t o p c o a t   ( 1 . 3   g /m2)   c o n t a i n i n g   0 . 0 6 5   g/m2  o f  

PMMA  p a r t i c l e s   of  6  m i c r o n s   mean  d i a m e t e r   ( b a c k i n g  

l a y e r ) .   T h i s   c o a t i n g   was  t e s t e d   in   a  l a s e r   d i o d e  

s c a n n e r   and  the   r e s u l t   i s   r e p o r t e d   in   T a b l e   7 .  

(b)  A n t i h a l a t i o n   Dye  and  S u r f a c e   R o u g h e n i n g   A g e n t s  

A c c o r d i n g   to  t h e   i n v e n t i o n  

The  c o a t i n g   in  (a)   was  r e p e a t e d ,   w i t h   t h e  

a d d i t i o n   of  0 . 1 8   g/m2  of  0 . 5   m i c r o n   PMMA  s p h e r e s   t o  

b o t h   t h e   f r o n t   and  t h e   back   t o p c o a t   l a y e r s .   T h e  

s a m p l e   was  t e s t e d   in  a  l a s e r   s c a n n e r   and  t h e   r e s u l t  

r e p o r t e d   in  T a b l e   7 .  



Sample   (a)   was  f o u n d   to  g i v e   d i s t i n c t l y  

v i s i b l e ,   n o n - c o n t a c t   s c a n n e r   f r i n g e s   w h e r e a s   S a m p l e  

(b)  d i d   n o t   g i v e   any  n o n - c o n t a c t   s c a n n e r   f r i n g e s   u n d e r  

t he   most   s t r i n g e n t   c o n d i t i o n s   of  l a s e r   d i o d e   s c a n n e r  

t e s t i n g .  



E x a m p l e   9 

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

c o n t a i n i n g   p a r t i c l e s   of  an  a l k a l i - s o l u b l e   c o p o l y m e r  

A  0 . 1 6   m i c r o n   c h l o r o b r o m i d e   e m u l s i o n   w a s  

c o a t e d   as  in   E x a m p l e   1,  bu t   on  a  0 . 1 8   mm  p o l y e s t e r  

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

a l k a l i - s o l u b l e   m e t h a c r y l i c   a c i d - e t h y l   m e t h a c r y l a t e  

c o p o l y m e r ,   in  a  g e l a t i n   b i n d e r   ( 1 . 3 g / m 2 ) ,   w h i c h   w a s  

c o a t e d   f rom  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   S u p e r a m i d e  

L9C  and  T e e p o l   610  w e t t i n g   a g e n t s ,   and  f o r m a l d e h y d e  

h a r d e n e r   as  in   E x a m p l e   1.  The  c o p o l y m e r   p a r t i c l e s  

were   of  mean  d i a m e t e r   0 . 7 5   m i c r o n   b u t   i n c l u d e d   a  b r o a d  

r a n g e   of  d i a m e t e r s   up  to   2  m i c r o n .   S a m p l e s   c o n t a i n i n g  

d i f f e r e n t   d e n s i t i e s   of  t h i s   m a t t i n g   a g e n t   were   t e s t e d  

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

one ,   a n d  t h e   r e s u l t s   a r e   r e p o r t e d   in  T a b l e   8 .  





The  d e g r e e   to  w h i c h   f r i n g e s   a r e   s u p p r e s s e d   i s  

d e p e n d e n t   on  t h e   t y p e   of  c o n s t r u c t i o n ,   and  on  t h e  

s u r f a c e   d e n s i t y   of  p r o t r u d i n g   p a r t i c l e s   p r o d u c e d   b y  
t he   m a t t i n g   g e n t .   F u r t h e r   c o a t i n g s   were   made  in  a  
s i m i l a r   m a n n e r   u s i n g   the   same  0 .16   m i c r o n  

c h l o r o b r o m i d e   e m u l s i o n   and  s u s p e n s i o n s   of  c o p o l y m e r  

m a t i n g   a g e n t ,   b u t   u s i n g   a  0 . 1 8   mm  p o l y e s t e r   b a s e  

h a v i n g   a p p l i e d   to  one  s i d e   an  i n f r a - r e d   a b s o r b i n g  

a n t i h a l a t i o n   l a y e r ,   as  in   E x a m p l e   5.  The  m a t t i n g  

l a y e r s   were   a p p l i e d   d i r e c t l y   over   the   a n t i h a l a t i o n  

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

s i d e   of  t he   f i l m   b a s e .  

A  t h i r d   s e t   of  c o a t i n g s   has  made  of  t he   s a m e  

c h l o r o b r o m i d e   e m u l s i o n   on  an  u n b a c k e d   0 . 1 8   mm 

p o l y e s t e r   b a s e ,   as  in  E x a m p l e   1,  e x c e p t   t h a t   t h e   u s u a l  

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

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

a b o v e .  

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

a n t i h a l a t i o n   l o a y e r   and  t h o s e   h a v i n g   m a t t i n g  

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

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

T a b l e   8 .  



1.  A  p h o t o g r a p h i c   e l e m e n t   c o m p r i s i n g   a  s u p p o r t  
t r a n s p a r e n t   to  n e a r   i n f r a r e d   r a a i a t i o n ,   one  or  m o r e  
l a y e r s   of  a  s i l v e r   h a l i d e   e m u l s i o n   h a v i n g   g r a i n s   of  a n  

a v e r a g e   d i a m e t e r   of  no t   more  t h a n   0 .4   m i c r o n ,  
s e n s i t i s e d   to  n e a r   i n f a r e d   r a d i a t i o n ,   c h a r a c t e r i s e d   i n  

the   e l e m e n t   c o m p r i s e s   one  or  more  o f :  

( i )   a  t o p c o a t   l a y e r   wh ich   is   an  o u t e r m o s t  

l a y e r   on  the  same  s i d e   of  the   s u p p o r t   as  t h e  

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

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

i n f r a r e d   r a d i a t i o n ,  

( i i )   a  b a c k i n g   l a y e r   wh ich   is   an  o u t e r m o s t  

l a y e r   on  the   s i d e   of  the   s u p p o r t   r e m o t e   from  t h e  

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

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

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

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

b e t w e e n   the   s u p p o r t   and  the   p h o t o s e n s i t i v e   e n v i s i o n  

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

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

r a d i a t i o n ,   w h e r e b y   the   the   e l e m e n t   may  be  imaged   by  a 

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

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

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

2.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

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

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

r o u g h e n i n g   a g e n t   h a v i n g   a v e r a g e   p a r t i c l e   s i z e   no t   m o r e  

t h a n   2  m i c r o n ,   t he   b a c k i n g   l a y e r   h a v i n g   a  m i c r o s c o p i c  

r o u g h n e s s   of  the   o u t e r   s u r f a c e ,   s u c h   t h a t   each  s q u a r e  
m i l l i m e t r e   of  t h a t   s u r f a c e   c o n t a i n s   at   l e a s t   2 5 0 , 0 0 0  

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



t h a t   s u r f a c e   by  a t   l e a s t   30%  of  t h e i r   i n d i v i d u a l  

d i a m e t e r s ,   or  by  0 .2   m i c r o n ,   w h i c h e v e r   is   l e s s .  

3.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

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

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

r o u g h e n i n g   a g e n t   h a v i n g   a v e r a g e   p a r t i c l e   s i z e   no t   m o r e  

t h a n   2  m i c r o n ,   t h i s   t o p c o a t   l a y e r   h a v i n g   a  m i c r o s c o p i c  

r o u g h n e s s   of  tne   o u t e r   s u r f a c e ,   s u c h   t h a t   e ach   s q u a r e  
m i l l i m e t r e   of  t h a t   s u r f a c e   c o n t a i n s   a t   l e a s t   2 5 0 , 0 0 0  

p a r t i c l e s   wh ich   p r o t r u d e   a b o v e   the   a v e r a g e   l e v e l   o f  

t h a t   s u r f a c e   by  a t   l e a s t   30%  of  t h e i r   i n d i v i d u a l  

d i a m e t e r s ,   or  by  0 .2   m i c r o n ,   w h i c h e v e r   i s   l e s s .  

4.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in   C l a i m   1 ,  

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

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

s u r f a c e   c o n t a i n s   a t   l e a s t   4 5 0 , 0 0 0   p a r t i c l e s   w h i c h  

p r o t r u d e   a b o v e   the   a v e r a g e   l e v e l   of  t h a t   s u r f a c e   by  a t  

l e a s t   30%  of  t h e i r   i n d i v i d u a l   d i a m e t e r s ,   or  by  0 . 2  

m i c r o n ,   w h i c h e v e r   i s   l e s s ,  

5.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

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

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

a b s o r b i n g   l i g h t   in  t he   n e a r   i n f r a r e d   and  h a v i n g   a  p e a k  

t r a n s m i s s i o n   o p t i c a l   d e n s i t y   of  a t   l e a s t   0 . 7 5 ,   in  t h a t  

r a n g e .  

6.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

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

l a y e r   c o n t a i n i n g   an  a n t i h a l a t i o n   dye  g i v i n g   a  p e a k  

t r a n s m i s s i o n   o p t i c a l   d e n s i t y   of  a t   l e a s t   0 .3   w i t h  



r e s p e c t   to  l i g h t   in  t he   n e a r   i n f r a r e d ,   and  c o n t a i n i n g  
a  s u r f a c e   r o u g h e n i n g   a g e n t   of  a v e r a g e   p a r t i c l e   s i z e  

n o t   more  t h a n   2  m i c r o n ,   t h i s   l a y e r   h a v i n g   a m i c r o s c o p i c  

r o u g h n e s s   of  t he   o u t e r   s u r f a c e   such   t h a t   e a c h   s q u a r e  
m i l l i m e t r e   of  t h a t   s u r f a c e   c o n t a i n s   a t   l e a s t   2 0 0 , 0 0 0  

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

t h a t   s u r f a c e   by  a t   l e a s t   30%  of  t h e i r   i n d i v i d u a l  

d i a m e t e r s ,   or  by  0 .2   m i c r o n ,   w h i c h e v e r   is   l e s s .  

7.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

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

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

l e a s t   0 . 3   w i t h   r e s p e c t   to  l i g h t   in  t he   n e a r   i n f r a r e d ,  

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

a g e n t   h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   no t   more  t h a n   2 

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

t he   o u t e r   s u r f a c e   s u c h   t h a t   e a c h   s q u a r e   m i l l i m e t r e   o f  

t h a t   s u r f a c e   c o n t a i n s   a t   l e a s t   2 0 0 , 0 0 0   p a r t i c l e s   w h i c h  

p r o t r u d e   a b o v e   the   a v e r a g e   l e v e l   of  t h a t   s u r f a c e   by  a t  

l e a s t   30%  of  t h e i r   i n d i v i d u a l   d i a m e t e r s ,   or  by  0 . 2  

m i c r o n ,   w h i c h e v e r   i s   l e s s .  

8.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

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

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

o p t i c a l   d e n s i t y   of  a t   l e a s t   0 . 3   w i t h   r e s p e c t   to  l i g h t  

in   the   n e a r   i n f r a r e d ,   and  a  b a c k i n g   l a y e r   or  t o p c o a t  

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

a v e r a g e   p a r t i c l e   s i z e   no t   more  t h a n   2  m i c r o n ,   t h i s  

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

s u r f a c e   such  t h a t   e ach   s q u a r e   m i l l i m e t r e   of  t h a t  

s u r f a c e   c o n t a i n s   a t   l e a s t   2 0 0 , 0 0 0   p a r t i c l e s   w h i c h  

p r o t r u d e   above   the   a v e r a g e   l e v e l   of  t h a t   s u r f a c e   by  a t  



l e a s t   30%  of  t h e i r   i n d i v i d u a l   d i a m e t e r s ,   or  by  0 . 2  

m i c r o n ,   w h i c h e v e r   i s   l e s s .  

9.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 ,  
c h a r a c t e r i s e d   in  t h a t   the   e l e m e n t   c o m p r i s e s   a 

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

h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   n o t   more  t h a n   2 

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

the   o u t e r   s u r f a c e   s u c h   t h a t   e a c h   s q u a r e   m i l l i m e t r e   o f  

t h a t   s u r f a c e   c o n t a i n s   a t   l e a s t   2 0 0 , 0 0 0   p a r t i c l e s   w h i c h  

p r o t r u d e   a b o v e   t he   a v e r a g e   l e v e l   of  t h a t   s u r f a c e   by  a t  

l e a s t   30%  of  t h e i r   i n d i v i d u a l   d i a m e t e r s ,   or  by  0 . 2  

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

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

a v e r a g e   p a r t i c l e   s i z e   n o t   more  t h a n   2  m i c r o n ,   t h i s  

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

s u r f a c e   s u c h   t h a t   e a c h   s q u a r e   m i l l i m e t r e   of  t h a t  

s u r f a c e   c o n t a i n s   a t   l e a s t   2 0 0 , 0 0 0   p a r t i c l e s   w h i c h  

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

l e a s t   30%  of  t h e i r   i n d i v i d u a l   d i a m e t e r s ,   or  by  0 . 2  

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

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

a  peak   t r a n s m i s s i o n   o p t i c a l   d e n s i t y   of  a t   l e a s t   0 . 3  

w i t h   r e s p e c t   to  l i g h t   in  t he   n e a r   i n f r a r e d .  

10.   A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

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

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

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

l a r g e r   t h a n   t h a t   of  t he   b i n d e r   h a v i n g   an  a v e r a g e  

p a r t i c l e   s i z e   b e l o w   5  m i c r o n ,   t he   l a y e r ( s )   b e i n g  
r e m o v a b l e   d u r i n g   p h o t o g r a p h i c   p r o c e s s i n g .  



11.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 0 ,  
c h a r a c t e r i s e d   in  t h a t   the   e l e m e n t   is  s e n s i t i v e   t o  

r a d i a t i o n   in  t he   w a v e l e n g t h   r a n g e   750  to  900  nm.  

12.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  a n y  o n e  
of  C l a i m s   l  to   3  and  5  to  9,  c h a r a c t e r i s e d   in  t h a t   t h e  

p a r t i c l e s   of  r o u g h e n i n g   a g e n t   have   an  a v e r a g e   p a r t i c l e  
s i z e   in  t he   r a n g e   0 .2   to  2  m i c r o n .  

13.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  a n y o n e  
of  C l a i m s   1  to  3,  5  to   9  and  12,  c h a r a c t e r i s e d   in  t h a t  

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

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

m e t h y l   or  e t h y l   m e t h a c r y l a t e .  

14.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 0 ,  

c h a r a c t e r i s e d   in  t h a t   the   m a t e r i a l   of  h igh   r e f r a c t i v e  

i n d e x   has  an  a v e r a g e   p a r t i c l e   s i z e   in  the  r a n g e   0 .2  t o  

3  m i c r o n .  

15.  A  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   1 4 ,  

c h a r a c t e r i s e d   in  t h a t   the   m a t e r i a l   of  h igh   r e f r a c t i v e  

i n d e x   is  s e l e c t e d   f rom  s i l v e r   h a l i d e ,   z i n c   o x i d e   a n d  

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

16.  A  m e t h o d   of  r e c o r d i n g   an  image  s u b s t a n t i a l l y  

f r e e   of  n o n - c o n t a c t   i n t e r f e r e n c e   f r i n g e s   w h i c h  

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

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

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

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

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

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

i m a g e .  
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