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©  The  development  of  lithographic  films. 

A  lithographic  development  process  in  which  a  lithog- 
raphic  film  (6)  is  contacted  separately  and  in  either  order  with 
two  aqueous  baths: 

bath  (A)  containing  a  developing  agent  and  having  a  pH  of 
from  2.5  to  7.0  such  that  development  will  not  occur  when  the 
film  is  contacted  solely  with  the  bath,  and 

bath  (B)  having  a  pH  of  at  least  9  such  that  when  the  film  is 
contacted  with  the  baths  development  will  occur,  the  bath  (A) 
and/or  bath  (B)  containing  one  or  more  contrast  controlling 
agents  in  an  amount  of  from  0.002  g/l  to  10.0  g/l. 

Suitable  contrast  controlling  agents  are  certain  types  of 
antifoggant  compounds,  for  example  5-nitroindazole, 
6-nitrobenzimidazole,  5-methylbenzotriazole, 
5-nitrobenzotriazole,  5,6-dinitrobenzimidazole  and  benzo- 
triazole. 



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

l i t h o g r a p h i c   f i l m s .  

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

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

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

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

d o t s   of  d i f f e r i n g   s i z e s .   The  q u a l i t y   of  t h e   f i n a l   p r i n t  

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

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

t h e s e   d o t s .  

Very   h i g h   edge   c o n t r a s t   i s   r e q u i r e d   f o r   t h e   d o t s  

w h e r e b y   a r e a s   a t   t h e   edge   of  a  do t   a r e   d e v e l o p e d   to  f u l l  

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

n o t   d e v e l o p e d   or  o n l y   d e v e l o p e d   to  a  v e r y   low  d e n s i t y .  

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

t h e   f i n a l   p r i n t e d   w o r k .  

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

s p e c i a l   s o - c a l l e d   " l i t h   d e v e l o p e r s "   a r e   u s e d .   T h e s e  

d e v e l o p e r s   a r e   b e l i e v e d   to  o p e r a t e   by  an  a u t o c a t a l y t i c  

a c t i o n   due  to  a  l o c a l   h i g h   c o n c e n t r a t i o n   of  t h e   o x i d a t i o n  

p r o d u c t s   of  t h e   d e v e l o p i n g   a g e n t   w h i c h   can  b u i l d   up  as  a  

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

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

When  such   d e v e l o p e r s   a re   a t   a  h i g h   pH  as  r e q u i r e d  

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



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

s h o r t   o n c e   t h e y   b e c o m e   e x p o s e d   to  t h e   a t m o s p h e r e   a n d  

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

A n o t h e r   d i s a d v a n t a g e   w i t h   known  l i t h   d e v e l o p e r s  

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

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

a r e   b e t w e e n   1%  and  3  m i n u t e s .   For   many  p u r p o s e s   s u c h  

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

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

A c c o r d i n g l y ,   i f   t h e   p r o b l e m   of   a e r i a l   o x i d a t i o n  

c a n  b e   a v o i d e d   or   to   a  l a r g e   e x t e n t   r e d u c e d   and   t h e  

d e v e l o p m e n t   t i m e   can   be  s p e e d e d   up  w i t h o u t   s i g n i f i c a n t  

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

an  a d v a n t a g e .   I t   i s   t h e r e f o r e   an  o b j e c t   of   t h i s   i n v e n t i o n  

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

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

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

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

o r d e r   w i t h   two  a q u e o u s   b a t h s :  

b a t h   (A)  c o n t a i n i n g   a  d e v e l o p i n g   a g e n t   and  h a v i n g  

a  pH  of   f r o m   2 .5   to   7 .0   s u c h   t h a t   d e v e l o p m e n t   w i l l   n o t  

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

b a t h   (B)  h a v i n g   a  pH  of   a t  l e a s t   9  s u c h   t h a t   w h e n  

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

o c c u r ,  



the   b a t h   (A)  a n d / o r   b a t h   (B)  c o n t a i n i n g   one  or  m o r e  

c o n t r a s t   c o n t r o l l i n g   a g e n t s   (as  d e f i n e d   h e r e i n )   in  a n  

a m o u n t   of  f rom  0 . 0 0 2   g /1   to  10 .0   g / l .  

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

r e l a t i v e l y   low  pH  and  t h e r e f o r e   i t   w i l l   r e m a i n   r e l a t i v e l y  

s t a b l e   upon  e x p o s u r e   to   a i r   t h e r e b y   a v o i d i n g   t h e   p r o b l e m s  

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

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

of  h i g h   pH,  no  d e v e l o p m e n t   p r o d u c t s   a r e   f o r m e d   in  t h a t  

b a t h   and  so  i t   m e r e l y   n e e d s   t o p p i n g   up  to  r e p l a c e  

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

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

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

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

d i s p e n s i n g   of  e x h a u s t e d   or  o x i d i s e d   d e v e l o p e r .   The  b a t h  

w h i c h   i s   a t   a  h i g h   pH  can  a l s o   be  s t a b l e   s i n c e   i t   n e e d  

no t   c o n t a i n   any  c h e m i c a l s   w h i c h   a r e   s u b j e c t   t o  

d e c o m p o s i t i o n .  

P r o v i d e d   t h e   pH  of  t h e   h i g h   pH  b a t h   i s   s u f f i c i e n t l y  

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

t h e   c o n t r a s t   c o n t r o l l i n g   a g e n t   r e t a i n i n g   h i g h   edge   c o n t r a s t  

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

A f t e r   c o n t a c t   w i t h   t h e   f i r s t   b a t h ,   t h e   s u r f a c e  

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

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



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

d e v e l o p i n g   a g e n t   f o l l o w e d   by  c o n t a c t   w i t h   t h e   b a t h   o f  

h i g h   p H .  

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

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

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

d e s c r i b e d ,   f o r   e x a m p l e ,   in   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 ,   Mees  and   J a m e s ,   3rd   E d i t i o n ,   p a g e   344 .   In  o r d e r  

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

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

i n v e n t i o n   t h e   f o l l o w i n g   t e s t   has   b e e n   d e v i s e d .   F i r s t l y ,  

an  a v a i l a b l e   l i t h o g r a p h i c   f i l m   mus t   be  q u a l i f i e d   a s  

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

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

to   a s c e r t a i n   w h e t h e r   i t   i s   s u i t a b l e   f o r   u s e   as  a  c o n t r a s t  

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

( i)   Q u a l i f i c a t i o n   of  l i t h o g r a p h i c   f i l m  

The  f o l l o w i n g   s o l u t i o n s   a r e   p r e p a r e d :  



10  ml  of  s o l u t i o n   A  i s   m ixed   w i t h   40ml  o f  

s o l u t i o n   B  to   p r o d u c e   a  d e v e l o p e r   of  pH  11 .0   w h i c h   i s  

p l a c e d   in  a  c o v e r e d   t e s t   t u b e   in  a  w a t e r   b a t h   a t   4 0 ° C .  

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

s e n s i t o m e t e r   to  a  lamp  ( c o l o u r   t e m p e r a t u r e   2850oK)  w i t h  

a  d a y l i g h t   c o r r e c t i o n   f i l t e r   and  u s i n g   a  0  to  4 .0   d e n s i t y  

u n i t s   c o n t i n u o u s   n e u t r a l  t o n e   wedge  f o r   10  s e c o n d s ,   c h o o s i n g  

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

r e s u l t s .  

One  s u c h   s t r i p   i s   d e v e l o p e d   in  t h e   d e v e l o p e r   f o r  

20  s e c o n d s   f o l l o w e d   by  c o n v e n t i o n a l   f i x i n g ,   w a s h i n g   a n d  

d r y i n g .   T h i s   i s   r e p e a t e d   w i t h   a  s e r i e s   of  s t r i p s   a f t e r  

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

5 - m e r c a p t o - 1 - p h e n y l t e t r a z o l e   in  p o l y e t h y l e n e   g l y c o l   2 0 0 .  

The  number   of  s t r i p s   and  c o n c e n t r a t i o n   of  5 - m e r c a p t o - 1 -  

p h e n y l t e t r a z o l e   s o l u t i o n   is   c h o s e n   to   be  s u c h   t h a t   a  

maximum  v a l u e   of   c o n t r a s t   can  be  d e t e r m i n e d   and  such   t h a t  

p r o s p e c t i v e   c o n t r a s t   c o n t r o l l i n g   a g e n t s   can  be  d i s s o l v e d  

in  p o l y e t h y l e n e   g l y c o l   200  a t   t he   same  c o n c e n t r a t i o n .  



The  fog  d e n s i t y   and  t h e   s l o p e   of   t h e   s t r a i g h t   l i n e  

b e t w e e n   d e n s i t i e s   of  0 .1   and   2 .5   a b o v e   fog  on  t h e  

c h a r a c t e r i s t i c   c u r v e   ( t h i s   i s   t e r m e d   t h e   c o n t r a s t ,   6) 

i s   m e a s u r e d .   The  maximum  v a l u e ,   @s,  and  i t s   a t t e n d a n t  

fog  v a l u e   Dmin  i s   r e c o r d e d .   I f   @s  >  2 .0   and  Dmin  <  0 . 0 6  

t h e   f i l m   may  be  u s e d   f o r   t e s t i n g .   I f   n o t ,   a n o t h e r   l i t h  

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

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

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

e l i m i n a t e   any  of  t h e s e   e r r o r s   by  e x p r e s s i n g   t h e   m a x i m u m  

c o n t r a s t   6  as  a  r a t i o   w i t h   t h e   c o n t r a s t   r e c o r d e d   f o r  
s  

z e r o   a d d i t i o n   (@o).  T h i s   r a t i o   w i l l   be  r e f e r r e d   to   a s  

R s .  

( i i )   T e s t i n g   of   a n t i f o g g a n t   c o m p o u n d  

A  s u i t a b l y   q u a l i f i e d   l i t h   f i l m   is   s u b j e c t e d   to   a  

s e r i e s   of  d e v e l o p m e n t   t e s t s   as  d e s c r i b e d   above   b u t   w i t h  

t h e   e x c e p t i o n   t h a t   a  p o l y e t h y l e n e   g l y c o l  2 0 0   s o l u t i o n   o f  

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

d e v e l o p e r   in  p l a c e   of  t h e   5 - m e r c a p t o - l - p h e n y l   t e t r a z o l e .  

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

t h e   same  as  t h a t   of   t h e   5 - m e r c a p t o - l - p h e n y l   t e t r a z o l e  

u s e d   f o r   t h e   f i l m   q u a l i f i c a t i o n .   The  0  and  Dmin  v a l u e s  

a r e   m e a s u r e d   as  b e f o r e   and  a r e   r e c o r d e d   and  R  v a l u e s  

c a l c u l a t e d .  



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

ing   a g e n t s   in  t h i s   i n v e n t i o n   a r e   t h o s e   w h i c h   e x h i b i t  

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

t e s t   f i l m ,   i . e .   Dmin  mus t   be  ≤ 0 . 0 6   a t   an  R  v a l u e  

e  )   g r e a t e r   t h a n   Rs  of  t h e   f i l m   w h i c h   i s   u s e d .   T h e  
@ @o 

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

s u c h   c o m p o u n d s .  

T e s t   R e s u l t s  

(1)  U s i n g   3M  QA  IV  l i t h   f i l m   t h e   f o l l o w i n g   r e s u l t s   w e r e  

o b t a i n e d   w i t h   i n c r e a s i n g   q u a n t i t i e s   of  1%  s o l u t i o n   o f  

5 - m e r c a p t o - 1 - p h e n y l - t e t r a z o l e   in  p o l y e t h y l e n e   g l y c o l   2 0 0 .  

T h e s e   d a t a   g i v e   @s  =  3 .9  and  Dmin  =  0 . 0 5 ,   t h u s  

q u a l i f y i n g   t h e   f i l m .   The  v a l u e   of  Rs  =  1 . 2 6 .  



The  f o l l o w i n g   a n t i f o g g a n t s   were   t e s t e d   as  c o n t r a s t  

c o n t r o l l i n g   a g e n t s   a t   1%  c o n c e n t r a t i o n .  

(a)  5 - n i t r o i n d a z o l e  

S i n c e   R  >  Rs  a t  a D m i n   <  0 . 0 6 ,   5 - n i t r o i n d a z o l e   p a s s e s   t h e  

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

(b)  6 - n i t r o b e n z i m i d a z o l e  

S i n c e   R  >  Rs  a t  a  D m i n   <  0 . 0 6 ,   6 - n i t r o b e n z i m i d a z o l e   p a s s e s  

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



(c)  2 - m e t h y l - 6 - n i t r o - b e n z o t h i a z o i e  

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

R  <  Rs  t h i s   m a t e r i a l   does   n o t   q u a l i f y   as  a  c o n t r a s t  

c o n t r o l l i n g   a g 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 .  

(d)  2 - m e t h y l - 5 - n i t r o - b e n z o x a z o l e  

S i n c e   R  <  Rs  t h i s   i s   no t   a  c o n t r a s t   c o n t r o l l i n g   a g 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 .  



(e)  5 - m e t h y l - b e n z o t r i a z o l e  

S i n c e   R  >  Rs  a t  a  D m i r i  <   0 . 0 6   t h i s   q u a l i f i e s  a s   a  c o n t r a s t  

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

(2)  U s i n g   3M  QA  IV  l i t h   f i l m   t h e   f o l l o w i n g   r e s u l t s   w e r e  

o b t a i n e d   w i t h   i n c r e a s i n g   q u a n t i t i e s   of  3%  s o l u t i o n   o f  

5 - m e r c a p t o - l - p h e n y l   t e t r a z o l e   in  p o l y e t h y l e n e   g l y c o l   2 0 0 .  



T h i s   g i v e s   @s  =  3 . 7 2   and  Dmin  =  0 . 0 5   w h i c h   q u a l i f i e s  

t h e   f i l m .   R   =  1 . 2 0 .  

The  f o l l o w i n g   a n t i f o g g a n t s   we re   t e s t e d   as  c o n t r a s t  

c o n t r o l l i n g   a g e n t   a t   3%  c o n c e n t r a t i o n   of  p o l y e t h y l e n e  

g l y c o l   2 0 0 .  

(a)   5 - m e t h y l b e n z o t r i a z o l e  

S i n c e   R  >  R s  a t  a  D m i n   <  0 . 0 6   t h i s   q u a l i f i e s   as  a  c o n t r a s t  

c o n t r o l l i n g   a g e n t   a g r e e i n g   w i t h   t h e   t e s t   a t   t h e   1%  l e v e l .  

(b)  5 - n i t r o b e n z o t r i a z o l e  



S i n c e   R  >  Rs  a t  a  D m i n   <  0 . 0 6   t h i s   i s   a  c o n t r a s t  

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

(c)  b e n z i m i d a z o l e  

A l t h o u g h   R  was  i n c r e a s i n g ,   t h e   v a l u e   of   Dmin  a l s o   i n c r e a s e d  

so  t h a t   t h i s   c o m p o u n d   f a i l s   to   q u a l i f y   as  a  c o n t r a s t  

c o n t r o l l i n g   a g 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 .  

(3)  U s i n g   3M  QA  IV  l i t h   f i l m   t h e   f o l l o w i n g   r e s u l t s   w e r e  

o b t a i n e d   w i t h   i n c r e a s i n g   q u a n t i t i e s   of   8%  s o l u t i o n   o f  

5 - m e r c a p t o - l - p h e n y l   t e t r a z o l e   in   p o l y e t h y l e n e   g l y c o l   2 0 0 .  



S i n c e   @s  =  3 . 6 9   and  Dmin  =  0 . 0 4   t h e   f i l m   can  be  u s e d  

w i t h   t h i s   c o n c e n t r a t i o n .   R   =  1 . 2 3 .  

The  f o l l o w i n g   a n t i f o g g a n t s   were   t e s t e d   as  c o n t r a s t  

c o n t r o l l i n g   a g e n t s   a t   8%  c o n c e n t r a t i o n .  

(a)  5 , 6 - d i n i t r o b e n z i m i d a z o l e  

S i n c e   R > Rs  a t  a  D m i n   < 0 .06  t h i s   p a s s e s   t he   t e s t   as  a  

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

(b)  3 , 5 - d i n i t r o b e n z o i c   a c i d  



T h i s   s h o w e d   i n c r e a s i n g   fog   and  R  <  Rs.   T h i s   m a t e r i a l  

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

(c)  b e n z o t r i a z o l e  

S i n c e   R  >  Rs  a t  a  D m i n   <  0 . 0 6   t h i s   q u a l i f i e s   as  a  c o n t r a s t  

c o n t r o l l i n g   a g 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 .  

T h u s ,   s u i t a b l e   c o m p o u n d s   f o r   use   as  c o n t r a s t  

c o n t r o l l i n g   a g e n t s   in   t h e   p r o c e s s   and   b a t h s   o f   t h e  

i n v e n t i o n   i n c l u d e   5 - n i t r o i n d a z o l e ,   6 - n i t r o b e n z i m i d a z o l e ,  

5 - m e t h y l b e n z o t r i a z o l e ,   5 - n i t r o b e n z o t r i a z o l e ,   5 , 6 - d i n i t r o -  

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

The  c o n t r a s t   c o n t r o l l i n g   a g e n t s   may  be  p r e s e n t  

i n   e i t h e r   t h e  l o w   pH  b a t h   c o n t a i n i n g   d e v e l o p e r   or  in   t h e  

h i g h   pH  b a t h   in   an  a m o u n t   of  0 . 0 0 2   g / 1   t o   1 0 . 0   g / l .  

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

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

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

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

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



r e q u i r e d   f o r   good  do t   q u a l i t y .   G e n e r a l l y   i t   has   b e e n  

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

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

p a r t i c u l a r   compound)   t h e r e   is   a  d r a m a t i c   i n c r e a s e   i n  

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

The  t w o - b a t h   d e v e l o p m e n t   s y s t e m   u s e d   in  t h e  

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

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

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

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

w i t h   t h e   a b o v e   t e s t   may  a l s o   be  i n c l u d e d .  



For   e x a m p l e ,   b a t h   (A)  c o n t a i n i n g   h y d r o q u i n o n e  

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

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

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

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

or  s o d i u m   s u l p h a t e .   The  pH  of   t h e   b a t h   i s   in   t h e   r a n g e  

2 .5   to   7  in   o r d e r   to   p r e v e n t   any  d e v e l o p m e n t   o c c u r i n g  

in   t h e   b a t h .   The  c o n t r a s t   c o n t r o l l i n g   a g e n t s   may  b e  

i n c l u d e d   in   t h e   b a t h   in   an  a m o u n t   of  0 . 0 0 2   g /1   to   1 0 . 0   g / l .  

The  b a t h   (B)  has   a  h i g h   pH  g r e a t e r   t h a n   9  a n d  

g e n e r a l l y   i n   t h e   r a n g e   11  t o   13,  t h e   e x a c t   pH  b e i n g  

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

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

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

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

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

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

t e n d i n g   to   r e d u c e   t h e   pH  i n   t h e   l o c a l i s e d   r e g i o n s   a t  

t he   f i l m   s u r f a c e .   T h i s   l o c a l i s e d   c h a n g e   in   pH  m a y  

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

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

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

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

m a i n t a i n e d   in   t h e   r e g i o n   of   t h e   f i l m   d u r i n g   d e v e l o p m e n t .  

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



a  s t r o n g   b a s e   in  b a t h   (B),   e . g .   p o t a s s i u m   h y d r o x i d e ,  o r  

by  t he   p r e s e n c e   of  a  b u f f e r ,   e . g .   p o t a s s i u m   c a r b o n a t e  

and  s o d i u m   b i c a r b o n a t e .   The  b a t h   (B)  p r e f e r a b l y   i n c l u d e s  

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

0 . 0 0 2   g /1   to   10 .0   g / l .   O t h e r   c o m p o n e n t s   w h i c h   may  b e  

p r e s e n t   in   b a t h   (B)  i n c l u d e  s o d i u m   s u l p h i t e   as  a  d o t  

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

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

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

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

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

fo l lowing   components  the  c o n t r a s t   c o n t r o l l i n g   agents   being  p r e s e n t   i n  

e i t h e r   or  both  b a t h s :  

A d d i t i o n a l   s o l v e n t s   may  be  r e q u i r e d   f o r   t h e   d e v e l o p i n g   a g e n t  

a n d / o r   c o n t r a s t   c o n t r o l l i n g   a g e n t .   G e l a t i n   s w e l l i n g  

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



A n t i f o g g a n t   c o m p o u n d s   ( 0 . 0 0 2   to   10  g / 1 ) ,   d o t   c o n t r o l l i n g  

a g e n t s ,   e . g .   s o d i u m   s u l p h i t e   (5  to   35  g / l ,   p r e f e r a b l y  

20  to   30  g /1 )   b u f f e r e d   w i t h   a  s u l p h i t e   b u f f e r ,   e . g .  

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

and   s o l v e n t   f o r   t h e   c o n t r a s t   c o n t r o l l i n g   a g e n t   may  be  p r e s e n t .  

E x a m p l e s   of   b a t h   f o r m u l a t i o n s   a r e   as  f o l l o w s :  



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



In  B a t h   A  s i m p l e   d i l u t i o n   has   been   i n v e s t i g a t e d  

and  o v e r   t h e   c o n c e n t r a t i o n   r a n g e   i n d i c a t e d   (+10%  to   - 3 0 % )  

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

b o t h   in   d e v e l o p i n g   a c t i v i t y   and   h a l f - t o n e   d o t   q u a l i t y .  

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

c o n c e n t r a t i o n   by  5 0 %  b u t  t h e   d o t   q u a l i t y   t h e n   s u f f e r s .  

I t   h a s   b e e n   f o u n d   t h a t   t h e   r e q u i r e m e n t s   of   a  

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

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

r a p i d   a c c e s s   p r o c e s s i n g .   Mos t   r a p i d   a c c e s s   p r o c e s s i n g  

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

f i x   and  w a s h ,   and  t h e n   w o u l d   n o r m a l l y  b e   f o l l o w e d   by  a  

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

p r o c e s s o r   i s   90  to   120  s e c o n d s .   In  some  m a c h i n e s   w h e r e  

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

r o l l e r   s t a c k s ,   t h e   a g i t a t i o n   i s   low  and  one  s t a g e   o f  

w a s h i n g   i s   f o u n d   to  be  i n a d e q u a t e .   A  s e c o n d   wash  s t a g e  

is   t h e r e f o r e   i n c l u d e d   g i v i n g   a  f o u r - b a t h   m a c h i n e .  



The  t w o - b a t h   d e v e l o p m e n t   s y s t e m   f o r   use   i n .  t h e  

i n v e n t i o n   c o n v e n i e n t l y   r e q u i r e s   f o u r   b a t h s :  

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

low  pH,  

2)  a  h i g h   pH  b a t h ,  

3)  f i x ,   a n d  

4)  w a s h .  

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

q u i t e   s u i t a b l e   f o r   t h e   f i r s t ,   t h i r d   and  f o u r t h   s t a g e s  

but   i t   has   b e e n   f o u n d   t h a t   s p e c i a l   r e q u i r e m e n t s   in  b a t h   B 

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

a v a i l a b l e   m a c h i n e .  

The  main   r e a s o n   f o r   t h e s e   d i f f e r e n c e s   l i e s   i n  

the   d i f f e r e n t   way  of  d e v e l o p m e n t   f rom  t h e   c o n v e n t i o n a l  

t e c h n i q u e .   With  a  s i n g l e   b a t h   d e v e l o p e r ,   e f f o r t s   a r e  

made  by  means   of  a g i t a t i o n   to  m a i n t a i n   t he   s o l u t i o n   a t  

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

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

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

a g i t a t i o n   may  be  p r o v i d e d   by  r o l l e r s   and  l i q u i d   m o t i o n  

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

f l u i d   f l o w   a r e   d e l i b e r a t e l y   i n t r o d u c e d   in  o r d e r   to  a v o i d  

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

o x i d a t i o n   p r o d u c t s   on  or  c l o s e   to  t he   s u r f a c e   w h i c h   c a n  

be  " d r a g g e d "   f rom  a r e a s   of  h i g h   d e v e l o p m e n t   to  a r e a s   o f  



l e s s   d e v e l o p m e n t .   T h i s   g i v e s   c h a n g e s   in  do t   s i z e   w h i c h  

a r e   no t   e x p o s u r e   c o n t r o l l e d ,   and  t h e r e f o r e   u n d e s i r a b l e .  

R e m o v a l   of  " b r o m i d e   d r a g "   a d j a c e n c y   e f f e c t s   i s   a  h i g h l y  

d e s i r a b l e   f e a t u r e   of  any  p r o c e s s o r ;   and  i t   has   b e e n  

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

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

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

( a p p r o x .   11  m i n u t e s ) ,   or  even   in  r a p i d   a c c e s s   c h e m i s t r y  

w h e r e   l i t h   d e v e l o p m e n t   i s   no t   o b t a i n e d ,   t h e   f i l m / s o l u t i o n  

i n t e r f a c e   i s   in  an  e q u i l i b r i u m   s i t u a t i o n   w i t h   r e s p e c t  

to  d e v e l o p e r s   and  o x i d a t i o n   p r o d u c t s .  

The  t w o - b a t h   d e v e l o p e r   s y s t e m   u s e d   in  t h e  

i n v e n t i o n   d o e s   no t   f u n c t i o n   in  t h i s   way.   T h e r e   i s   n o  

d e v e l o p m e n t   in  b a t h   A,  o n l y   a b s o r p t i o n .   In  b a t h   B 

s o l u t i o n   t h e r e   a r e   no  d e v e l o p i n g   a g e n t s ,   and  t he   t o t a l  

d e v e l o p m e n t   r e l i e s   on  t h e   d e v e l o p e r   a l r e a d y   in  t h e  

f i l m .   A g i t a t i o n   a t   t h e   s u r f a c e   of  t h e   f i l m   in  b a t h   B 

i s   t h e r e f o r e   k e p t   to  a  min imum  in  o r d e r   to  a v o i d   w a s h i n g  

d e v e l o p e r   ou t   of  t h e   f i l m   b e f o r e   i t   has   had  a  c h a n c e   t o  

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

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

r e s u l t i n g   f rom  c o n t a c t   b e t w e e n   r o l l e r   and  e m u l s i o n   l a y e r  

i s   e n o u g h   to  g i v e   low  d e n s i t y   of  d e v e l o p m e n t   and  a  n o n -  

u n i f o r m   d e v e l o p m e n t   as  w e l l .  



T h u s ,   one  r e q u i r e m e n t   of  t h e   m a c h i n e   is  t h a t  

in  b a t h   B  no  r o l l e r s   nor   any  o t h e r   o b j e c t   come  in  c o n t a c t  

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

s u b s t a n t i a l l y   c o m p l e t e ,   i . e .   u n t i l   t he   f i l m   has  p a s s e d  

t h r o u g h   mos t   of  t h e   b a t h   and  p r e f e r a b l y   has   e m e r g e d   f r o m  

t h e   b a t h .  

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

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

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

is   e s s e n t i a l   f o r   good  h a l f - t o n e s ,   and  t h i s   r e s u l t s   i n  

two  f u r t h e r   r e q u i r e m e n t s   f o r   t h e   p r o c e s s o r .  

F i r s t ,   t he   f i l m   mus t   be  w i p e d   c l e a n   on  t h e  

s u r f a c e   a f t e r   c o m i n g   ou t   of  b a t h   A  and  b e f o r e   e n t e r i n g  

b a t h   B.  If   t h e   s u r f a c e   l a y e r   of  b a t h   A  on  t h e   f i l m   i s  

u n e v e n   as  i t   e n t e r s   b a t h   B  t he   r a t e   of  d i f f u s i o n   a n d  

r a t e   of  r i s e   of  pH  w i t h i n   t he   f i l m   is   no t   u n i f o r m   a n d  

t h i s   shows   up  as  u n e v e n   f i n a l   d e v e l o p m e n t .  

S e c o n d ,   t h e   m o t i o n   of  t h e   f i l m   t h r o u g h   t h e  

s u r f a c e   of  b a t h   B  mus t   be  u n i f o r m   a l o n g   t he   e n t i r e  

l e n g t h   of  t h e   f i l m .   T h i s   is   no t   e a s i l y   o b t a i n e d   as  t h e  

t a i l   of  t h e   f i l m   on  l e a v i n g   the   s q u e e g e e   r o l l e r s   j u s t  

b e f o r e   b a t h   (B)  o f t e n   f l i c k s   or  c u r l s .   Any  j e r k y  

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

the   f i l m .  



I t   has   b e e n   f o u n d   t h a t   t h e   p a s s a g e   of   t h e   f i l m  

t h r o u g h   t h e   b a t h   can   g e n e r a t e   waves   on  t h e   s u r f a c e   o f  

t h e   p r o c e s s i n g   s o l u t i o n   w h i c h   r e s u l t s   in  l i n e s   of  u n e v e n  

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

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

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

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

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

s u b j e c t e d   to   t h e   same  c o n d i t i o n s   on  e n t r y   i n t o   t h e  

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

S u i t a b l e   a p p a r a t u s   f o r   u se   in  t h e   p r o c e s s i n g   o f  

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

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

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

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

s a i d   c o n v e y i n g   means   and   g u i d i n g   means   b e i n g   c o n s t r u c t e d  

and  a r r a n g e d   so  t h a t   t h e   m o t i o n   of  t h e   e n t i r e   l e n g t h  

of  t h e   f i l m   f rom  e n t r y   to   e x i t   i n t o   and  o u t   of  t h e  

p r o c e s s i n g   l i q u i d   i s   u n i f o r m   and  t h e r e   i s   no  c o n t a c t  

by  any  o b j e c t   w i t h   t h e   e m u l s i o n   s u r f a c e   of   t h e   p h o t o -  

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

t h r o u g h   t h e   p r o c e s s i n g   l i q u i d .  

The  a p p a r a t u s   may  be  c o n s t r u c t e d   a n d  

a r r a n g e d   so  t h a t   t h e   f i l m   i s   i m m e r s e d  



in  t h e   b a t h   by  b e i n g   c o n t i n u o u s l y   moved  a l o n g   a  s m o o t h   c u r v e d  

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

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

a  s m o o t h   p a t h   in  a n d  o u t  o f   t h e   b a t h   w i t h o u t   any  d i s c o n t i n u i t y  

in  t he   d i r e c t i o n   of  m o t i o n .   The  n ip   r o l l e r s   a t   t h e   b e g i n n i n g  

a re   s u f f i c i e n t l y   c o m p r e s s i b l e   to  g i v e   good  s u r f a c e   w i p i n g .  

The  r o l l e r s   a r e   a r r a n g e d   so  t h a t   t he   n i p s   of  t h e   r o l l e r s   a r e  

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

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

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

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

s i d e   up  to  a v o i d   any  c o n t a c t   of   t h e   e m u l s i o n   w i t h   any  s u r f a c e  

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

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

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

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

g u i d e s   mus t   no t   e x t e n d   i n t o   t h e   s o l u t i o n   w h e r e   t h e y   m i g h t  

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

In  o r d e r   to  r e d u c e   t h e   g e n e r a t i o n   of  waves   on  t h e  

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

p r o v i d e d   w i t h   a  c o v e r   w h i c h   r e s t s   upon  t h e   s u r f a c e   of  t h e  

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

f o r   t h e   e n t r y   and  e x i t   of   t he   f i l m   i n t o   and  ou t   of  t h e   p r o c e s s -  

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

w h i c h   p r o j e c t   down  i n t o   t h e   p r o c e s s i n g   s o l u t i o n   to  p r e v e n t   t h e  

g e n e r a t i o n   of  d i s t u r b a n c e s ,   such   as  eddy  c u r r e n t s ,   t h r o u g h   t h e  

s o l u t i o n .   In  t h i s   way  i t   i s   p o s s i b l e   to  o b t a i n   u n i f o r m  

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

t h r o u g h   t h e   p r o c e s s i n g   s o l u t i o n .  



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

be  a d j u s t e d   to   r e d u c e   t h e   p r o p e n s i t y   of  t h e   l i q u i d   t o  

g e n e r a t e   waves   and  d i s t u r b a n c e s .   G e n e r a l l y ,   t h e  

v i s c o s i t y   of  t h e   s o l u t i o n   i s   a d j u s t e d   to   t h e   r a n g e   5  t o  

20  cP  ( a t   4 0 ° C ) ,   p r e f e r a b l y   in  t h e   r a n g e   15  to  20  c P .  

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

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

or  a  s i m i l a r   c o m p o u n d   in  o r d e r   to   t h i c k e n   t h e   s o l u t i o n .  

The  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   w i t h  

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

F i g u r e   1  r e p r e s e n t s   a p p a r a t u s   f o r   c o n v e y i n g  

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

F i g u r e   2  r e p r e s e n t s   a  m o d i f i e d   v e r s i o n   of  t h e  

a p p a r a t u s   of  F i g u r e   1,  a n d  

F i g u r e   3  r e p r e s e n t s   a  p l o t   of  d e n s i t y   a g a i n s t  

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

d i s c l o s e d   in  E x a m p l e   1 .  

F i g u r e   1  shows   a  s e c o n d   b a t h   2  c o n t a i n i n g   t h e  

h i g h   pH  s o l u t i o n   4.  The  f i l m   6  i s   f ed   v i a   a  p a i r   o f  

s q u e e g e e   r o l l e r s   8  w h i c h   w i p e   t h e   s u r f a c e   of  t h e   f i l m  

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

g u i d e   10.  The  s h a p e   of  t h e   f i l m   g u i d e   is   t he   n a t u r a l  

l i n e   t a k e n   by  t h e   f i l m   t r a v e l l i n g   t h r o u g h   t h e   s o l u t i o n ,  

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

a  s m o o t h   j e r k   f r e e   p a s s a g e   t h r o u g h   t h e   b a t h .   The  f i l m  



g u i d e   and  t he   r o l l e r s   8  and  12  a r e   a l i g n e d   so  t h a t   t h e  

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

r o l l e r s   is   e x a c t l y   a l o n g   the   s u r f a c e   of  t he   g u i d e .  

F i g u r e   2  shows  a  m o d i f i e d   v e r s i o n   of  t h e  

a p p a r a t u s   of  F i g u r e   1  in  w h i c h   t he   r o l l e r s   12  a r c   m o u n t e d  

v e r t i c a l l y .   In  o r d e r   to  e n s u r e   t h a t   t he   f i l m   u n d e r g o e s  

a  s m o o t h   p a s s a g e   on  e x i t   from  t h e   b a t h   a  ba r   11  i s  

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

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

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

of  t h e   l o o p   i s   i l l u s t r a t e d   a t   1 6 .  

The  a p p a r a t u s   shown  in  F i g u r e s   1  and  2  may  

be  p r o v i d e d   w i t h   a  c o v e r   p o s i t i o n e d   on  t h e   s u r f a c e   o f  

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

s l i t s   f o r   t h e   e n t r y   and  e x i t   of  t h e   f i l m .   P r e f e r a b l y ,  

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

wh ich   e x t e n d   to  j u s t   above   t he   s u r f a c e   of  t h e   f i l m .  



The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  t h e  .  

f o l l o w i n g   E x a m p l e s .  

E x a m p l e   1 

K o d a l i t h   O r t h o   3  f i l m   was  e x p o s e d   to   a  c o n t i n u o u s  

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

4 5 ° C .   The  t i m e   in  b a t h   A  was  20  s e c o n d s   a f t e r   w h i c h  

e x c e s s   s u r f a c e   l i q u i d   was  r e m o v e d   w i t h   w i p e r   b l a d e s .  

The  f i l m   was  t h e n   i m m e r s e d   in   b a t h   B  f o r   5  s e c o n d s   d u r i n g  

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

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

f i x e d ,   w a s h e d   and  d r i e d   in  t h e   u s u a l   w a y .  

Curve   A  in  F i g u r e   3  shows   t h e   t y p e   of  c h a r a c t e r -  

i s t i c   c u r v e   o b t a i n e d .   The  fog   i s   v e r y   h i g h ,   and  t h e   v a l u e  

of  Y  low.   Y  i s   a  m e a s u r e   of  t h e   s t e e p e s t   s l o p e   on  t h e  



c u r v e ,   and  f o r   c u r v e   A  t h i s   w o u l d   be  a b o u t   5.  A d d i n g  

0 .1   gm  of  6 - n i t r o b e n z i m i d a z o l e   to  b a t h   A  and  p r o c e s s i n g  

an  e x p o s e d   s t r i p   of  f i l m   as  b e f o r e   r e s u l t e d   in  a  c u r v e   B 

in  F i g u r e   3.  The  e f f e c t   of  t he   6 - n i t r o b e n z i m i d a z o l e  

i s   s e e n   to   be  t h a t   of  a  t r a d i t i o n a l   a n t i f o g g a n t ,   g i v i n g  

a  r e d u c e d   f o g ,   a  l o s s   of  s p e e d   and  a  r e d u c t i o n   in  Dmax .  

F u r t h e r   a d d i t i o n   of  a n t i f o g g a n t   c o n t i n u e d   to  r e d u c e  

s p e e d ,   fog   and  d e n s i t y   u n t i l , i n   t h e   p r e s e n t   e x a m p l e ,   a t  

a b o u t   0 . 5   gm  of  6 - n i t r o b e n z i m i d a z o l e   t h e r e   was  a  d r a m a t i c  

c h a n g e   in  t h e   s h a p e   of  t h e   c h a r a c t e r i s t i c   c u r v e   to  t h a t  

of  c u r v e   C  in  F i g u r e   3.  The  fog   is   0 . 0 4 ,   and  a  r e g i o n  

of  e x c e p t i o n a l l y   h i g h   y ( > 3 0 )   has   a p p e a r e d .   F u r t h e r  

a d d i t i o n   of  6 - n i t r o b e n z i m i d a z o l e   to  1  g  d o e s   no t   l e a d  

to  any  f u r t h e r   l a r g e   c h a n g e   in  Dmax,  b u t   i n c r e a s e s   t h e  

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

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

shown  in  c u r v e   D  in  F i g u r e  

E x a m p l e   2 

T h i s   E x a m p l e   shows  t h e   t o l e r a n c e   to  b a t h   B  t i m e  

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

f e r o c i o u s   c o n d i t i o n s .  



3M  Type  QA  IV  l i t h   f i l m   was  e x p o s e d   to  a  c o n t i n u o u s  

wedge   and  p r o c e s s e d   in  t h e  a b o v e   s o l u t i o n s   at  4 5 0 C .  

The  t i m e   in  b a t h   A  was  15  s e c o n d s .   A f t e r   v a r i o u s   t i m e s  

in  b a t h   B  t h e   f i l m   was  f i x e d ,   w a s h e d   and  d r i e d .  

A f t e r   30  s e c o n d s   t h e   fog   l e v e l   had  no t   i n c r e a s e d ,  

and  even   a f t e r   60  s e c o n d s   t he   fog   was  o n l y   1 . 6 .  

The  r e m a r k a b l e   e f f e c t   of  t h e   6 - n i t r o b e n z i m i d a z o l e  

i s   more  c l e a r l y   a p p r e c i a t e d   when  i t   i s   r e a l i s e d   t h a t   a  

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

i s   s l i g h t l y   c o n t a m i n a t e d   by  c a r r y - o v e r   f rom  b a t h   A  o f  



p r e v i o u s   t e s t s ,   g ave   a  fog  of  2 .0   in  l e s s   t h a n   10 

s e c o n d s .  

E x a m p l e   3 

The  v e r y   h i g h   y  o b s e r v e d   in  t h i s   2  b a t h   s y s t e m  

was  n o t   c o n f i n e d   to  6 - n i t r o b e n z i m i d a z o l e   as  t h e   c o n t r a s t  

c o n t r o l l i n g   a g e n t .   N e i t h e r   was  i t   n e c e s s a r y   to  have   t h e  

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

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

c o n t r o l l i n g   a g e n t   in   b o t h   b a t h s   or  o n l y   in  b a t h   B.  T h i s  

f e a t u r e   i s   i l l u s t r a t e d   in   t h i s   E x a m p l e .  

C o n t r a s t   c o n t r o l l i n g   a g e n t / a n t i f o g g a n t   was  a d d e d  

to  e i t h e r   b a t h   as  r e p o r t e d   in  t h e   f o l l o w i n g   T a b l e .   T h e  

s o l u t i o n s   were   u s e d   a t   4 5 0 C .  



3M  l i t h   f i l m   was  e x p o s e d   to  a  c o n t i n u o u s   w e d g e  

on  a  Kodak  101  s e n s i t o m e t e r   and  h a l f - t o n e   i m a g e s   w e r e  

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

a  Kodak  133  l i n e   m a g e n t a   n e g a t i v e  c o n t a c t   s c r e e n .  

The  f i l m   was  i m m e r s e d   in   b a t h   A  f o r   10  s e c o n d s ,  

and  t h e n   e x c e s s   s o l u t i o n   was  r e m o v e d   w i t h   w i p e r   b l a d e s .  

The  f i l m   was  t h e n   i m m e r s e d   in   b a t h   B  f o r   15  s e c o n d s ,  

a f t e r   w h i c h   i t   was  f i x e d ,   w a s h e d   and  d r i e d   in  t h e   u s u a l  

w a y .  

Dot  q u a l i t y   f o r   50%  d o t s   was  a s s e s s e d   v i s u a l l y ,  

r a t i n g   b e t w e e n   1  f o r   e x c e l l e n t   and  6  f o r   p o o r .  

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

u s e d   in   e a c h   b a t h   and  t h e   r e s u l t s .  





The  t e s t s   show  in  e a c h   c a s e   how  t h e   p r e s e n c e   o f  

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

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

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

r e d u c e d   a t   l o w e r   pH  l e v e l s   of  b a t h   B.  The  r e s u l t s   a l s o  

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

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

E x a m p l e   4 

The  same  b e n e f i c i a l   e f f e c t   of   v e r y   h i g h   c o n t r a s t  

i s   o b t a i n e d   w i t h   p o t a s s i u m   b r o m i d e   i n c l u d e d   in   b a t h   B .  

3M  Type  QA  IV  l i t h   f i l m   was  e x p o s e d   to  a  c o n t i n u o u s  

wedge   and  to   a  h a l f - t o n e   d o t   s c r e e n ,   and  t h e   s t r i p s  



p r o c e s s e d   in  t h e   a b o v e   s o l u t i o n s   at   40°C.   The  t i m e '  i n  

b a t h   A  was  20  s e c o n d s   and  the   t i m e   in  b a t h   B  was  a l s o  

20  s e c o n d s .   F i x i n g ,   w a s h i n g   and  d r y i n g  w e r e   c a r r i e d  

out   n o r m a l l y .  

The  c o n t i n u o u s   wedge  showed   a  fog  l e v e l   of  0 . 0 3  

and  a y   in  e x c e s s   of  25,  w h i l e   t he   d o t s   we re   of  g o o d  

q u a l i t y ,   s u i t a b l e   f o r   h a l f - t o n e   w o r k .  

E x a m p l e   5 

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

in  w h i c h   c a s e   t h e   s o l u t i o n   wou ld   not   be  r e - u s e d   b u t  

t o t a l l y   l o s t   by  w a s h i n g   o f f .  

pH  to  1 2 . 0   w i t h   s o d i u m   h y d r o x i d e .  



The  s o l u t i o n   t e m p e r a t u r e   was  45°C  in  e a c h   c a s e .  

3M  l i t h   f i l m   was  e x p o s e d   to  a  h a l f - t o n e   i m a g e  

a n d  . i m m e r s e d   in  b a t h   A  f o r   15  s e c o n d s .   A f t e r   w i p i n g  

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

b e t w e e n   two  s h e e t s   of  p o l y e s t e r   f i l m   j o i n e d   a l o n g   a n  

e d g e   to   fo rm  a  s p r e a d e r   s h e e t .   B a t h   B  was  s p r e a d   e v e n l y  

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

t h e   p o l y e s t e r   l a y e r s   c l o s e   to   t h e   j o i n e d   edge   and  t h e n  

p u l l i n g   t h r o u g h   a  p r e - a d j u s t e d   s l i t .   A f t e r   25  s e c o n d s  

t h e   f i l m  w a s   r e m o v e d ,   b a t h   B  w a s h e d   o f f ,   and  t h e n   f i x e d ,  

w a s h e d   and  d r i e d   as  u s u a l .   E x c e l l e n t   h a l f - t o n e   d o t s   w e r e  

o b t a i n e d ,   h i g h   c o n t r a s t   and   low  fog   b e i n g   e x h i b i t e d .  

E x a m p l e   6 

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



3M  Type  QA  IV  l i t h   f i l m   was  e x p o s e d   to  a  h a l f - t o n e  

image   and  i m m e r s e d   in  Ba th   A  f o r   15  to  20  s e c o n d s   at   25  

to  40°C.   A f t e r   w i p i n g   e x c e s s   s o l u t i o n   f rom  t h e   s u r f a c e  

t h e   f i l m   was  i m m e r s e d   in  Ba th   B  f o r   15  to  20  s e c o n d s   a t  

40°C.   The  f i l m   was  t h e n   f i x e d ,   w a s h e d   and  d r i e d   in  t h e .  

n o r m a l   m a n n e r .   E x c e l l e n t   h a l f - t o n e   d o t s   w e r e   o b t a i n e d ,  

h i g h   c o n t r a s t   and  low  fog  was  e x h i b i t e d .  

E x a m p l e   7 

The  c o n d i t i o n s   of  E x a m p l e   6  were   r e p e a t e d   e x c e p t  

t h a t   5 , 6 - d i n i t r o b e n z i m i d a z o l e   (80  ml  of  8%  w/w  s o l u t i o n  

in  p o l y e t h y l e n e   g l y c o l   200)  was  u s e d   in  p l a c e   of  t h e  

1%  5 - n i t r o i n d a z o l e   s o l u t i o n   in  p o l y e t h y l e n e   g l y c o l   2 0 0 .  

3M  Type  QA  IV  f i l m   a f t e r   d e v e l o p m e n t   gave   a  c o n t r a s t  

v a l u e   (@)  of  5 . 5 6   and  a  Dmin  v a l u e   of  0 . 0 4 ,   i l l u s t r a t i n g  

t h e   e f f e c t i v e n e s s   of  t h i s   compound   w h i c h   p a s s e d   t h e  

q u a l i f y i n g   t e s t .  



E x a m p l e  8  

The  c o n d i t i o n s   of  E x a m p l e   6  we re   r e p e a t e d   e x c e p t  

t h a t   3 , 5 - d i n i t r o b e n z o i c   a c i d   (80  ml  of  8%  w/w  s o l u t i o n  

in  p o l y e t h y l e n e   g l y c o l   200)  was  u s e d   in  p l a c e   of  t h e  

1%  5 - n i t r o i n d a z o l e   s o l u t i o n   in  p o l y e t h y l e n e  g l y c o l   2 0 0 .  

3M  Type  QA  IV  f i l m   a f t e r   d e v e l o p m e n t   gave   a  c o n t r a s t  

v a l u e   (@)  of  2 . 6 6   and  a  fog   l e v e l   of  0 . 3 6 ,   and  w a s  

i n e f f e c t i v e   as  a  c o n t r a s t   c o n t r o l l i n g   a g e n t .   T h i s  

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

E x a m p l e   9 

D e v e l o p i n g   b a t h s   we re   made  up  as  in   E x a m p l e   6 

e x c e p t   t h a t   t h e   5 - n i t r o i n d a z o l e   s o l u t i o n   in   p o l y e t h y l e n e  

g l y c o l   200  in  b a t h   B  was  r e p l a c e d   by  20  ml  of  3%  5 -  

m e t h y l b e n z o t r i a z o l e   in  p o l y e t h y l e n e   g l y c o l   200 .   3M  QA  I V  

f i l m   a f t e r   d e v e l o p m e n t   gave  a  c o n t r a s t   v a l u e   (@)  o f  

9 .4   and  a  Dmin  of  0 . 0 4 .   H a l f - t o n e   d o t s   w e r e   of  g o o d  

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

E x a m p l e   10 

The  c o n d i t i o n s   of  E x a m p l e   6  w e r e   r e p e a t e d   e x c e p t  

t h a t   t h e   5 - n i t r o i n d a z o l e   s o l u t i o n   was  r e p l a c e d   by  60  m l  

of   3%  5 - n i t r o b e n z o t r i a z o l e   in  p o l y e t h y l e n e   g l y c o l   2 0 0 .  

3M  QA  IV  f i l m   a f t e r   d e v e l o p m e n t   gave   a  c o n t r a s t   v a l u e  

(6)   of  9 . 6   and  a  Dmin  of  0 . 0 4 .   H a l f - t o n e   d o t s   w e r e   o f  

good   q u a l i t y .   T h i s   compound   p a s s e d   t h e   q u a l i f y i n g   t e s t .  



E x a m p l e   11 

The  c o n d i t i o n s   of  E x a m p l e   6  were   r e p e a t e d   e x c e p t  

t h a t   t h e   5 - n i t r o i n d a z o l e   s o l u t i o n   was  r e p l a c e d   by  60  m l  

of  3%  b e n z o t r i a z o l e   in  p o l y e t h y l e n e   g l y c o l   200 .   3M  QA  IV 

f i l m   a f t e r   d e v e l o p m e n t   gave   a  c o n t r a s t   v a l u e   (6)  of  9 . 7  

and  a  Dmin  of  0 . 0 5 .   The  h a l f - t o n e   d o t s   were   of  g o o d  

q u a l i t y .   T h i s   compound   p a s s e d   t h e   q u a l i f y i n g   t e s t .  

E x a m p l e   12  

The  c o n d i t i o n s   of  E x a m p l e   6  were   r e p e a t e d   e x c e p t  

t h a t   t h e   5 - n i t r o i n d a z o l e   s o l u t i o n   was  r e p l a c e d   by  60ml  o f  

3%  b e n z i m i d a z o l e   s o l u t i o n   in  p o l y e t h y l e n e   g l y c o l   2 0 0 .  

3M  QA  IV  f i l m   a f t e r   d e v e l o p m e n t   gave   a  c o n t r a s t   v a l u e   ( 6 )  

of  3 . 3 1   and  a  Dmin  of  0 . 0 5 .   Wi th   no  b e n z i m i d a z o l e   s o l u t i o n  

a d d e d   the   c o n t r a s t   was  3 .4   and  Dmin  0 . 0 5 .   H a l f - t o n e  

q u a l i t y   was  p o o r ,   b e i n g   u n a f f e c t e d   by  t h e   a d d i t i o n   of  t h e  

b e n z i m i d a z o l e   s o l u t i o n .   A  r e p e a t   t e s t   w i t h   140  ml  a d d i t i o n  

of  3%  b e n z i m i d a z o l e   gave   a  c o n t r a s t   of  3 .9   and  a  D m i n   o f  

0 . 1 4 .   T h i s   compound  is   t h e r e f o r e   i n e f f e c t i v e   as  a  c o n t r a s t  

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



E x a m p l e   13  

E f f e c t   of  b u f f e r   c a p a c i t y   on  Ba th   B 

The  s i g n i f i c a n c e   of  t h e   a b i l i t y   of  B a t h   B  t o  

m a i n t a i n   t h e   pH  at  t h e   r e g i o n   of  t h e   f i l m   d u r i n g   t h e  

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



0.1%  5 - n i t r o i n d a z o l e   in  p o l y e t h y l e n e  
g l y c o l   200  8  m l  

p o t a s s i u m   c a r b o n a t e   (1)   18  g,  (2)  20g ,   (3)   22  g 

pH  a d j u s t e d   w i t h   a c e t i c   a c i d   in  e a c h   c a s e   to  1 1 . 4  

w a t e r   to  100  m l  

U s i n g   s t a n d a r d   e x p o s u r e s   and  3M  QA  IV  f i l m   t h e   f o l l o w i n g  

d a t a   was  o b t a i n e d   (20  s e c o n d s   in  e a c h   b a t h   at  4 0 ° C ) .  

T h i s   shows  t h a t   s p e e d   i n c r e a s e s   by  a b o u t   0 .2   r e l a t i v e  

l o g   e x p o s u r e   u n i t s   f o r   e v e r y   2  g  of  p o t a s s i u m   c a r b o n a t e ,  

even   t h o u g h   t he   pH  was  t h e   same  in   e a c h   c a s e .  

The  e f f e c t   was  f u r t h e r   s u b s t a n t i a t e d   by  t h e  

f o l l o w i n g   e x p e r i m e n t .  



(1)  pH  a d j u s t e d   by  2 . 5   g  s o d i u m   b i c a r b o n a t e   to  1 1 . 3  

(2)   pH  a d j u s t e d   by  a c e t i c   a c i d   to  1 1 . 3  

The  r e s u l t s   of  d e v e l o p i n g   3M  Type  QA  IV  f i l m   f o r   2 0  

s e c o n d s   in  e a c h   b a t h   a t   40°C  w e r e :  

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

c a r b o n a t e   was  20  g  in  e a c h   b a t h   B,  t h e   use   of  s o d i u m  

b i c a r b o n a t e   to   a d j u s t   t h e   pH  r a t h e r   t h a n   a c e t i c   a c i d  

gave   a  s p e e d   i n c r e a s e   of  ~ 0 . 2   and  a  r e d u c t i o n   in  d o t  

q u a l i t y .  

R e c o g n i s i n g   t h a t :  

t he   use   of  a c e t i c   a c i d   f o r   pH  c o n t r o l   w o u l d   r e d u c e   t h e  

c a r b o n a t e   l e v e l   to   18  g  w h i c h   a g r e e d   w i t h   t he   e a r l i e r  

t e s t   w h e r e   2  g  c h a n g e   in   p o t a s s i u m   c a r b o n a t e   c h a n g e d  



s p e e d   w i t h   0 . 2 .   Ba th   B  was  t h e n   r e f o r m u l a t e d   w i t h   o n l y  

18  g  of  p o t a s s i u m   c a r b o n a t e   and  t h e   pH  a d j u s t e d   w i t h  

s o d i u m   b i c a r b o n a t e .   The  r e s u l t   was  t he   same  as  t h a t   f o u n d  

w i t h   t h e   20  g  l e v e l   a d j u s t e d   w i t h   a c e t i c   a c i d .  

E x a m p l e s   1  and  2  w h i c h   c o n t a i n   a  s t r o n g   b a s e   b u t  

no  b u f f e r   p r o v i d e   e x c e l l e n t . r e s u l t s .   Thus  w h i l s t   i t  

i s   i m p o r t a n t   f o r   b a t h   B  to  m a i n t a i n   t h e   d e s i r e d   pH  a t  

t he   s u r f a c e   of  t h e   f i l m   i t   is  no t   e s s e n t i a l   t h a t   t h e  

b a t h   c o n t a i n s   a  b u f f e r   to  m a i n t a i n   t he   p H .  



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

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

e i t h e r   o r d e r   w i t h   two  a q u e o u s   b a t h s :  

b a t h   (A)  c o n t a i n i n g   a  d e v e l o p i n g   a g e n t   and  h a v i n g  

a  pH  of  f rom  a b o u t   2 .5   to   a b o u t   7 .0   s u c h   t h a t   d e v e l o p m e n t  

w i l l   n o t   o c c u r   when  t h e   f i l m ' i s   c o n t a c t e d   s o l e l y   w i t h   t h e  

b a t h ,   a n d  

b a t h   (B)  h a v i n g   a  pH  of  a t   l e a s t   9  s u c h   t h a t   w h e n  

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

o c c u r ,  

t h e   b a t h   (A)  a n d / o r   t h e   b a t h   (B)  c o n t a i n i n g   one  or  m o r e  

c o n t r a s t   c o n t r o l l i n g   a g e n t s   (as  d e f i n e d   h e r e i n )   in   a n  

a m o u n t   of  f rom  a b o u t   0 . 0 0 2   g / l   t o   a b o u t   10 .0   g / l .  

2.  A  p r o c e s s   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   i n  

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

g r o u p   c o n s i s t i n g   o f  5 - n i t r o i n d a z o l e ,   6 - n i t r o b e n z i m i d a z o l e ,  

5 - m e t h y l b e n z o t r i a z o l e ,   5 - n i t r o b e n z o t r i a z o l e ,   5 , 6 - d i n i t r o -  

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

3.  A  p r o c e s s   as  c l a i m e d   in   C l a i m   1  or   C l a i m   2 

c h a r a c t e r i s e d   in   t h a t   t h e   f i l m  i s   c o n t a c t e d   w i t h   b a t h   (A) 

p r i o r   to  b a t h   (B)  a n d  b a t h   (B)  i n c l u d e s   a  c o n t r a s t  

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

4.  A  p r o c e s s   as  c l a i m e d   in   a n y  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   b a t h   (B)  i n c l u d e s   5  to   35  g / l  

of   a  s u l p h i t e .  



5.  A  p r o c e s s   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   i n  

t h a t   t h e   f i l m   is   f i r s t   c o n t a c t e d   w i t h   b a t h   (A) 

c o m p r i s i n g :  

and  t h e r e a f t e r   c o n t a c t e d   w i t h   b a t h   (B)  c o m p r i s i n g :  

6.  A  p r o c e s s   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   i n  

t h a t   t h e   f i l m   i s   f i r s t   c o n t a c t e d   w i t h   b a t h   (A)  c o m p r i s i n g :  



and  t h e r e a f t e r   c o n t a c t e d   w i t h   b a t h   (B)  c o m p r i s i n g :  

7.  A  two  b a t h   d e v e l o p e r   s y s t e m   c h a r a c t e r i s e d   by  t h e  

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

b a t h   (A)  c o n t a i n i n g   a  d e v e l o p i n g   a g e n t   and  h a v i n g  

a  pH  of  f rom  a b o u t   2 .5   to   a b o u t   7 .0   s u c h   t h a t   d e v e l o p m e n t  

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

b a t h ,   a n d  

b a t h   (B)  h a v i n g   a  pH  of  a t   l e a s t   a b o u t   9  s u c h   t h a t  

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

o c c u r ,  

t h e   b a t h   (A)  a n d / o r   b a t h   (B)  c o n t a i n i n g   one  o r   m o r e  

c o n t r a s t   c o n t r o l l i n g  a g e n t s   (as  d e f i n e d   h e r e i n )   in   a n  

a m o u n t   of  f rom  a b o u t   0 . 0 0 2   g /1   to   a b o u t   1 0 . 0   g / 1 .  

8.  A  two  b a t h   d e v e l o p e r   s y s t e m   as  c l a i m e d   in   C l a i m   7 

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



s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  5 - n i t r o i n d a z o l e ,  

6 - n i t r o b e n z i m i d a z o l e ,   5 - m e t h y l b e n z o t r i a z o l e ,   5 - n i t r o -  

b e n z o t r i a z o l e ,   5 , 6 - d i n i t r o b e n z i m i d a z o l e   and  b e n z o t r i a z o l e .  

9.  A  two  b a t h   d e v e l o p e r   s y s t e m   as  c l a i m e d   in  C l a i m   7 

or   C l a i m   8  c h a r a c t e r i s e d   in  t h a t   b a t h   (B)  i n c l u d e s   a  

c o n t r a s t   c o n t r o l l i n g   a g e n t   and  f rom  5  to  35  g /1   of  a  

s u l p h i t e .  

10.  A  two  b a t h   d e v e l o p e r   s y s t e m   c h a r a c t e r i s e d   in  t h a t  

b a t h   (A)  c o m p r i s e s :  

and  b a t h   (B)  c o m p r i s e s :  



11.  A  two  b a t h   d e v e l o p e r   s y s t e m   as  c l a i m e d   in  C l a i m   7 

c h a r a c t e r i s e d   in  t h a t   b a t h   (A)  c o m p r i s e s :  

and  b a t h   (B)  c o m p r i s e s :  
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