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@  Imaging  method,  apparatus,  and  product. 
A  method  for  generating  a  latent  image  on  a  substrate 

surface  using  a  low  current  (e.g.,  less  than  about  2x10-3 
amperes),  non-pulsating  electrical  discharge.  The  method 
may  be  used,  for  example,  to  image  lithographic  plates,  with 
a  resolution  of  approximately  1,000  lines/inch,  directly from  a 
digital  source  of  image  data.  The  discharge  is  confined 
within  a  thin  stream  of  a  relatively  inert  gas  (48)  which  is 
directed  at  the  plate  surface  (20)  with  a  velocity  of  at  least 
about  Mach  0.05. 





This  i n v e n t i o n   r e l a t e s   to  an  improved  method  and 

appa ra tu s   for  imaging  a  s u b s t r a t e   having  a  coa t ing   t h e r e o n  

which  is  t r a n s f o r m a b l e   by  means  of  a  r e l a t i v e l y   low  c u r r e n t  

e l e c t r i c a l   d i s c h a r g e ,   and  the  product   produced  t h e r e b y .  

More  p a r t i c u l a r l y ,   th is   i nven t ion   r e l a t e s   to  a  method  and 

appa ra tus   whereby  commonly  a v a i l a b l e   d i a z o - t y p e   l i t h o g r a p h i c  

p r i n t i n g   p l a t e s   may  be  e l e c t r o n i c a l l y   imaged  i n e x p e n s i v e l y  

and  with  r e l a t i v e l y   high  r e s o l u t i o n ,   and  subsequen t ly   u sed  

in  conven t iona l   l i t h o g r a p h i c   p r i n t i n g   p rocesses   w i t h o u t  

r e q u i r i n g   a  pho tocompos i t ion   or  p h o t o - t y p e s e t t i n g   s t e p .  

BACKGROUND  OF  THE  INVENTION 

In  most  l i t h o g r a p h i c   p r i n t i n g   systems  in  use  t o d a y ,  

the  l i t h o g r a p h i c   p r i n t i n g   p la te   is  imaged  by  means  of  a 

pho tog raph ic   process   during  which  a 

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

t r a n s p a r e n c y   c a r ry ing   the  des i r ed   image  is  f i r s t   p r e p a r e d  

and  then  p r o j e c t e d   onto  or  exposed  in  con t ac t   with  the  l i g h t  

s e n s i t i v e   su r face   of  the  p l a t e .   In  c e r t a i n   systems  t h e  

p la te   may  be  exposed  d i r e c t l y   by  the  o r i g i n a l   copy  w i t h o u t  

the  need  for  an  i n t e r m e d i a t e   film  t r a n s p a r e n c y   ( i . e . ,   by 

r e f l e c t i o n ) ,   but  such  systems  s t i l l   r equ i r e   the  i n i t i a l  

p r e p a r a t i o n   of  "camera-ready"  copy .  

Attempts  have  been  made  to  e l i m i n a t e   the  need  for  a r t  

and  copy  p r e p a r a t i o n ,   as  well  as  the  need  for   v a r i o u s  

pho toconve r s ion   process  s t eps ,   by  g e n e r a t i n g   an  image 



c a r r i e r ,   i . e . ,   an  imaged  l i t h o g r a p h i c   p r i n t i n g   p l a t e ,  

d i r e c t l y   from  e l e c t r o n i c a l l y   s tored  or  g e n e r a t e d   data.   Such 

systems  may,  for  example,  rely  upon  a  l a s e r   beam  which 

impinges  upon  a  l i g h t   s e n s i t i v e   p la te   s u r f a c e ,   or  rely  upon 

an  e l e c t r i c a l   spark  or  arc ,   or  other   source  of  energy,   which 

removes  one  or  more  layers   of  ma te r ia l   from  the  sur face   of  a 

l i t h o g r a p h i c - t y p e   p l a t e ,   often  a  p la te   having  a  s p e c i a l  

c o n s t r u c t i o n ,   or  may  use  e l e c t r o s t a t i c   charges   to  def ine  t h e  

d e s i r e d  i m a g e .  

L i t h o g r a p h i c   p la te   imaging  systems  of  these   t y p e s  

f r e q u e n t l y   have  s i g n i f i c a n t   sho r t comings ,   among  the  most  

s i g n i f i c a n t   being  one  or  more  of  the  f o l l o w i n g :   t h e  

r e l a t i v e   complexi ty   and  t h e r e f o r e   high  cos t   and  low 

r e l i a b i l i t y   of  the  appara tus   necessary   to  implement  t h e s e  

systems,   the  high  cost   of  the  s p e c i a l l y   f o rmula t ed   and 

prepared  unimaged  l i t h o g r a p h i c   p l a t e s   which  g e n e r a l l y   must  

be  used  in  such  systems,   or  the  g e n e r a l l y   low  q u a l i t y   of  t h e  

r e s u l t i n g   p r i n t e d   image  genera ted  by  p l a t e s   which  have  been 

imaged  by  such  s y s t e m s .  

Other  known  processes   invented  by  o the r s   include  a 

process   which  provides   an  e f f i c i e n t ,   i n e x p e n s i v e   system  f o r  

g e n e r a t i n g ,   for  example,  an. image  of  high  q u a l i t y   on  a 

v a r i e t y   of  r e l a t i v e l y   inexpensive   diazonium  r e s i n  

l i t h o g r a p h i c   p l a t e s   of  convent ional   de s ign ,   wi thout   the  need 

for  s p e c i a l i z e d   p l a t e   c o a t i n g s ,   or  the  need  f o r  

p h o t o c o m p o s i t i o n ,   "camera-ready"  a r t   or  copy  p r e p a r a t i o n ,   o r  



pho toconve r s ion   s t e p s ,   and  p r e f e r a b l y   using  image  data  which 

is  e l e c t r o n i c a l l y   gene ra t ed   or  s t o r ed .   In  th i s   p r e v i o u s l y  

known  p r o c e s s ,   which  is  the  sub jec t   of  o u r   c o p e n d i n g  

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   No.  84  3 0 4 1 0 5 . 4  

( p u b l i s h e d   as  EP  0 1 3 0 0 2 8 )   by  F.  S.  Love,  a 

r e l a t i v e l y   low  c u r r e n t   e l e c t r i c a l   d i scha rge   is  used  t o  

produce  a  l a t e n t   image  capable  of  conven t iona l   image 

development  on  the  p l a t e   sur face   by  inducing  a  chemica l  

change  in  the  m a t e r i a l   found  on  the  face  of  the  p la te   (which 

may  be  a  photopolymer   or  other   p l a t e ,   a l though  d i azon ium 

r e s i n - t y p e   p l a t e s   are  g e n e r a l l y   p r e f e r r e d )   which  changes  t h e  

r e l a t i v e   s o l u b i l i t y   of  the  p l a t e   coa t ing   in  the  areas  t r a c e d  

by  the  d i s c h a r g e ,   wi thou t   d i s p l a c i n g   or  removing  s i g n i f i c a n t  

q u a n t i t i e s   of  the  coa t ing   ma te r i a l   as  is  u s u a l l y   done  w i t h  

s p a r k - t y p e   sys t ems ,   and  without   r e ly ing   upon  p h o t o - i n d u c e d  

processes   commonly  encounte red   in  l a se r   s y s t e m s .  

A  l i m i t a t i o n   of  th i s   p r ev ious ly   known  process   is  an 

i n a b i l i t y   to  g e n e r a t e   l ine   segments  or  dots  of  good  p r i n t  

q u a l i t y   having  a  width  or  d iameter   smal le r   than  about  4  to  5 

mils .   In  o ther   words,  by  using  the  process   d i s c l o s e d   by 

Love,  one  is  l i m i t e d   to  gene ra t i ng   images  of  good  v i s u a l .  

q u a l i t y   having  an  e f f e c t i v e   p r i n t   r e s o l u t i o n   o f  

approx imate ly   200  l i nes   per  inch.  The  process   is  capable   o f  

g e n e r a t i n g   images  having  higher  r e s o l u t i o n ,   up  to  about  300 

to  400  l ines   per  inch,   but  only  with  a  d ramat ic   decrease   i n  

image  q u a l i t y ,   i . e . ,   i r r e g u l a r   l ine  widths  and  e d g e s ,  



u n i n t e n d e d  b r e a k s   in  l ine   segments ,   missing  image  dots  o r  

groups  of  do ts ,   e tc .   The  imaging  speed  ( i . e . ,   speed  a t  

which  the  s t y lu s   sweeps  over  p l a t e   areas  to  be  imaged)  i s  

r e l a t i v e l y   slow  in  the  process  d i s c l o s e d   by  Love  and  would 

be  a  s u b s t a n t i a l   l i m i t a t i o n   in  many  commercial  s i t u a t i o n s .  

The  method  and  appara tus   of  the  inven t ion   d i s c l o s e d  

herein  overcomes  the  l i m i t a t i o n   on  e f f e c t i v e   p r i n t  

r e s o l u t i o n ,   and  at  the  same  time  i n c r e a s e s   the  imaging 

speed.  In  but  one  of  several   embodiments,   th is   i n v e n t i o n  

comprises  c o n t a c t i n g   an  unimaged  p r i n t i n g   p la te   with  a  low 

c u r r e n t ,   l o c a l i z e d   type  e l e c t r i c a l   d i scharge   which  i s  

a l igned  wi th in   a  thin  stream  of  a  r e l a t i v e l y   i ne r t   gas,  whch 

is  d i r e c t e d   at  the  p la te   sur face   with  a  v e l o c i t y   of  at  l e a s t  

about  Mach  0 . 0 5 .  

U t i l i z i n g   the  t each ings   of  th i s   i n v e n t i o n ,   the  f u l l  

scope  of  which  will   be  b e t t e r   unders tood   upon  reading  t h e  

d e s c r i p t i o n   herein   below,  l a t e n t   images  on  many  d iazonium 

res in   or  o ther   p l a t e s   may  be  genera ted   which  conta in   l i n e  

segments  or  dots  having  a  width  or  d iameter   of  a p p r o x i m a t e l y  

1  mil ,   which  t h e r e f o r e   makes  p o s s i b l e   l i t h o g r a p h i c a l l y  

p r in ted   images  having  an  e f f e c t i v e   p r i n t   gauge  o f  

approx imate ly   1000  l ines   per  inch.  It  has  been  found  t h a t  

the  method  and  appara tus   of  th is   i nven t ion   r e s u l t   in  a  low 

c u r r e n t   e l e c t r i c a l   d i scharge   which  is  much  more  l o c a l i z e d  

than  tha t   of  the  process  d i s c l o s e d   by  Love.  Because  of  t h i s  

i n c r e a s e d  l o c a l i z a t i o n ,   i t   is  be l i eved   the  r e s u l t i n g  



e l e c t r i c a l   d i scha rge   is  s i g n i f i c a n t l y   more  in tense   w i t h  

r e s p e c t   to  the  area  of  d i scha rge   con t ac t   on  the  p l a t e  

s u r f a c e .   It  is  t h e r e f o r e   p o s s i b l e   to  i nc r ea se   the  speed  a t  

which  the  d i scha rge   is  made  to  sweep  over  the  p la te   s u r f a c e  

with  no  s i g n i f i c a n t   deg rada t ion   in  image  q u a l i t y .   It  i s  

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

p l a t e   su r f ace   can  be  increased   by  a  f a c t o r   of  ten  or  more 

when  compared  with  the  r e l a t i v e   l i n e a r   speeds  p o s s i b l e   u s i n g  

the  t e a c h i n g s   of  Love. 

A  d e t a i l e d   d e s c r i p t i o n   of  the  i nven t ion   f o l l ows ,   i n  

which  yet  o ther   f e a t u r e s   and  advantages   of  th is   i n v e n t i o n  

will   become  appa ren t ,   and  in  which  r e f e r e n c e   is  made  to  t h e  

Figures   summarized  below.  

Figure  1  s c h e m a t i c a l l y   d e p i c t s   an  appara tus   which  may 

be  used  to  image  a  p r i n t i n g   p l a t e ,   in  accordance  with  t h e  

t e a c h i n g s   of  this   i n v e n t i o n .  

Figure  2  is  a  sec t ion   view  of  the  appara tus   shown  in  

Figure  1,  taken  along  the  l ines   I I - I I ,   showing  d e t a i l s   o f  

the  s t y lu s   a s sembly ;  

F igu re  3   is  an  enlarged  s e c t i o n   view  of  the  t ip   of  t h e  

s t y lu s   dep ic t ed   in  Figure  2 ;  

Figure  4  is  a  sec t ion   view  of  the  s t y lu s   assembly  o f  

Figure  2,  taken  gene ra l ly   along  the  l ines   IV-IV;  

Figure 5A  is  a  diagrammatic  en la rged   sec t ion   view  o f  

the  t ip   of  the  s ty lus   of  Figure  3,  showing  the  " d i f f u s e "  

e l e c t r i c a l   d i scharge   e f f e c t   de sc r i bed   h e r e i n ;  



Figure  5B  is  a  diagrammatic  s e c t i o n   view  of  the  t ip   o f  

the  s ty lus   of  Figure  3,  showing  the  l o c a l i z e d ,   n o n - p u l s a t i n g  

e l e c t r i c a l   d i scha rge   e f f e c t   desc r ibed   h e r e i n ;  

Figures  6A  through  6D  are  g e n e r a l i z e d   p lo ts   showing 

the  parameter   regions   in  which  the  var ious   d i scha rge   e f f e c t s .  

are  o b s e r v e d ;  

Figure  7  is  a  schematic   diagram  of  a  swi tch ing   c i r c u i t  

which  may  be  used  in  connec t ion   with  th i s   i n v e n t i o n .  

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

An  appara tus   and  process  embodying  th i s   inven t ion   as  

app l i ed   to  p l a t e s   commonly  used  in  conven t iona l   o f f s e t  

l i t h o g r a p h y   are  s c h e m a t i c a l l y   dep ic ted   in  Figure  1.  Roll  10 

serves   as a  suppor t   for  convent iona l   l i t h o g r a p h i c   p la te   20.  

Appropr i a t e   secur ing   means  12,  14  may  be  employed  to  a t t a c h  

p l a t e   20  s ecu re ly   to  rol l   10  during  the  imaging  p r o c e s s  

desc r ibed   below.  Means  12,  14  may  be  any  means  capable  o f  

a t t a c h i n g   and  holding  a  l i t h o g r a p h i c   p l a t e   of  c o n v e n t i o n a l  

design  on  a  rol l   s u r f a c e ,   such  as,  for  example,   means 

employing  an  ar ray  of  tapered  pins  as  is  used  by  many  o f f s e t  

l i t h o g r a p h i c   press  manufac tu re r s   to  a t t a c h   and  s e c u r e  

l i t h o g r a p h i c   p l a t e s   having  a  row  of  holes  for  accommodating 

the  pins  along  each  end.  It  is  p r e f e r r e d   tha t   the  p l a t e  

i t s e l f   be  at  l e a s t   moderate ly   e l e c t r i c a l l y   conduc t i ve ,   so 

tha t   the  p la te   may  be  e l e c t r i c a l l y   grounded  during  t h e  

imaging  p rocess .   To  f a c i l i t a t e   the  grbunding  a r r a n g e m e n t ,  

means  12,  14  may  be  designed  to  a f fo rd   a  grounding  path  from 



pla te   20,  as,  for  example,  by  e l e c t r i c a l l y   grounding  rol l   10 

and  ensur ing   tha t   means  12,  14  are  in  e l e c t r i c a l   c o n t a c t  

with  both  the  ro l l   10  and  the  conduc t ive   p la te   20.  O t h e r  

a r rangements   for  e l e c t r i c a l l y   grounding  p la te   20  may  be  used  

as  w e l l .  

To  f a c i l i t a t e   p lac ing  the  de s i r ed   l a t e n t   image  on  t h e  

r o l l ,   ro l l   10  may  be  r o t a t ed   by  means  of  motor  5  and  b e l t  

drive  7.  Angular  d i sp lacement   sensor   16  may  also  be 

a s s o c i a t e d   with  rol l   10.  Such  sensor   may  be  used  t o  

i n d i c a t e   the  p r ec i s e   r o t a t i o n a l   p o s i t i o n   of  rol l   10,  and  i s  

p a r t i c u l a r l y   d e s i r a b l e   if  the  p a t t e r n   is  to  be  placed  on  t h e  

p la te   a u t o m a t i c a l l y   by  e l e c t r o n i c   means,  as  is  d i s c u s s e d  

below.  

Opposi te   the  sur face   of  ro l l   10  and  p la te   20  i s  

p o s i t i o n e d   an  e l e c t r i c a l   imaging  assembly,   shown  g e n e r a l l y  

at  30.  In  the  embodiment  depic ted   in  Figures   1-4,  a s sembly  

30  comprises  an  e l e c t r o d e   or  s ty lus   31  for  e s t a b l i s h i n g   an 

e l e c t r i c a l   d i s cha rge   wi thin   a  d i s c h a r g e   region  between 

e l e c t r o d e   or  s t y lus   31  and  the  opposing  su r f ace   of  p la te   20 ,  

gas  supply  l ine   48  for  supplying  the  d i s c h a r g e   region  with  a 

gas  in  the  manner  d i s c l o s e d   he re in ,   and  i o n i z a t i o n   p romot ion  

means  55  d i r e c t e d   into  the  d i scha rge   region  between  the  t i p  

of  s ty lus   31  and  the  opposing  su r face   of  p la te   20.  A 

primary  f unc t i on   of  e l e c t r i c a l   imaging  assembly  30  is  t o  

e s t a b l i s h   and  i n t e r r u p t ,   or  modulate ,   in  accordance  w i t h  

e x t e r n a l l y   supp l i ed   p a t t e r n   i n f o r m a t i o n ,   a  p a r t i c u l a r   k ind  



of  l o c a l i z e d   e l e c t r i c a l   d i scha rge   wi th in   the  region  between 

the  su r face   of  p la te   20  and  the  t ip   of  s t y lu s   31  which  i s  

capable   of  forming  a  l a t e n t   image  on  the  su r f ace   of  p la te   20 

in  accordance  with  the  t each ings   h e r e i n .   Imaging  a s sembly  

30  is  desc r ibed   in  more  de t a i l   be low.  

Stylus  31  is  a  hollow  n e e d l e - l i k e   sha f t   having  an 

i n t e r n a l   bore  diameter   of  between  about  0.001  and  a b o u t  

0.008  inch,  through  which  an  i ne r t   gas  may  be  d i r e c t e d   a t  

v e l o c i t i e s   g r e a t e r   than  about  Mach  0.05.  S tylus   t ip  r a d i i  

wi th in   the  range  of  about  .002  inch  to  about  .004  inch  have 

been  used  with  success ,   a l though  t ip   r ad i i   ou t s ide   t h i s  

range  may  be  advantageous  in  c e r t a i n   a p p l i c a t i o n s .   S t y l u s  

31  may  be  c o n s t r u c t e d   of  any  s u i t a b l e   e l e c t r i c a l l y  

conduc t ive   m a t e r i a l .  

As  dep ic ted   in  Figures  2  through  4,  s t y lu s   31  may  be 

c o n s t r u c t e d   from  a  d i s p o s a b l e   s tee l   needle  32  of  the  k ind  

normally  a s s o c i a t e d   with  a  hypodermic  s y r i n g e ,   which  has 

been  modified  by  s ecu re ly   f i t t i n g   a  s e c t i o n   of  tubing  of  t h e  

a p p r o p r i a t e   dimensions  wi thin   the  d i s t a l   end  of  needle  32. 

Such  a t t achment   may  be  made  by  adhes ive   bonding,   s o l d e r i n g ,  

b raz ing ,   welding,   e tc .   If  n e c e s s a r y ,   tubing  of  t h e  

a p p r o p r i a t e   ins ide   d iameter   may  be  made  by  crimping  t u b i n g  

having  a  l a rge r   than  des i r ed   ins ide   d iameter   about  a  s o l i d  

wire  having  the  des i red   d iamete r ,   and  r e t r a c t i n g   the  s o l i d  

wire.   Stylus  31  may  be  p a r t i a l l y   encased  in  a  block  o f  

p r o t e c t i v e ,   e l e c t r i c a l l y   i n s u l a t i n g   m a t e r i a l ,   dep ic ted   at  35 



in  Figures  2  and  4,  to  e l e c t r i c a l l y   i s o l a t e   and  f a c i l i t a t e  

handl ing  and  p o s i t i o n i n g   of  the  s ty lus   t i p .   Block  35  i n  

turn  is  secured  wi thin   s t y l u s   assembly  block  40 .  

As  depic ted   in  Figures   2  and  4,  block  40  has  a  channe l  

44  of  c i r c u l a r   cross  s e c t i o n   which  extends  through  t h e  

cen t r a l   por t ion  of  the  block.   This  channel  is  s ized  so  as  

to  snugly  accommodate  c o l l a r   42  a s s o c i a t e d   with  needle  32.  

If  d e s i r e d ,   block  40  may  be  made  in  the  form  of  two  or  more 

mating  sec t ions   of  a c r y l i c   p l a s t i c   or  other   s u i t a b l e  

m a t e r i a l .   Screw  38  may  be  used  to  provide  e l e c t r i c a l  

c o n n e c t i o n ,   via  tab  39,  between  s ty lus   31 and  an  a p p r o p r i a t e  

e l e c t r i c a l   source,   d i s c u s s e d   in  more  d e t a i l   below.  As  i s  

apparen t   from  the  F igu re s ,   one  end  of  channel  44  h o u s e s  ,  

s t y lu s   31  and  i ts   a s s o c i a t e d   f i t t i n g s .   The  oppos i t e   end  o f  

channel  44  is  s ecu re ly   connec ted ,   by  means  of  f i t t i n g   46,  t o  

a  source ,   not  shown,  of  an  i o n i z a b l e   gas  which  is  at  some 

p re s su re   above  a tmospher ic   and  which  is  r e l a t i v e l y   i n e r t  

with  r e spec t   to  the  p l a t e   su r f ace   in  the  absence  of  an 

e l e c t r i c   d i s cha rge .   Among  o t h e r s ,   commercia l ly   a v a i l a b l e  

r e l a t i v e l y   i ne r t   gases  in tended  for  spark  chamber  

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

s a t i s f a c t o r y .   Such  gases  can  have  helium  and  neon  a s  

p r i n c i p a l   c o n s t i t u e n t s .   The  presence  of  oxygen  in  t h e  

d i scharge   gap  appears  to  i n h i b i t   the  imaging  process   of  t h i s  

i nven t ion .   Genera l ly   speak ing ,   a  r e l a t i v e l y   uniform  gas 

p ressure   s u f f i c i e n t   to  gene ra t e   a  stream  of  i o n i z a b l e   gas 



through  s ty lus   31  at  a  v e l o c i t y   within  the  range  of  a b o u t  

Mach  0.05  to  about  Mach  0.4  or  higher   is  d e s i r e d ;   i t   i s  

contemplated  tha t   s tream  v e l o c i t i e s   of  up  to  about  Mach  0 . 9 ,  

or  perhaps  even  h i g h e r ,   may  be  u s e d .  

The  t ip  of  s t y l u s   31  is  p r e f e r a b l y   p o s i t i o n e d   r a d i a l l y  

pe rpend i cu l a r   to  the  su r f ace   of  p la te   20,  at  a  d i s t a n c e  

ranging  from  about  0.001  inch  to  about  0.010  inch,   v i a  

micrometer  stage  50,  a l though  it   should  be  emphasized  t h a t  

d i s t ances   outs ide   th i s   range  are  known  to  be  o p e r a b l e .  

H e r e i n a f t e r ,   the  immediate  region  between  the  t ip  of  s t y l u s  

31  and  the  opposed  su r f ace   of  p la te   20  shal l   be  r e f e r r e d   t o  

as  the  d ischarge   gap.  To  f a c i l i t a t e   scanning  of  the  s t y l u s  

across  the  face  of  p l a t e   20,  the  s ty lus   may  be  a t t ached   to  a 

t r a n s l a t i n g   stage  52  capable   of  p r e c i s e l y   c o n t r o l l a b l e .  

motion  along  the  r o t a t i o n a l   axis  of  rol l   10;  data  s p e c i f y i n g  

the  r e l a t i v e   p o s i t i o n   of  s tage   52  is  p r e f e r a b l y   made 

a v a i l a b l e   to  a  p a t t e r n   data  p rocessor   75  to  f a c i l i t a t e   t h e  

r e l a t i v e   p o s i t i o n i n g   of  s t y lus   31  over  the  su r f ace   of  p l a t e  

20  and  to  assure  proper   s y n c h r o n i z a t i o n   of  the  flow  o f  

pa t t e rn   data  to  the  s t y l u s   to  mainta in   a ccu ra t e   image 

r e - c r e a t i o n   on  the  p l a t e   s u r f a c e .  

I on i za t i on   or  breakdown  promotion  means  55  may  be  any 

means  which  is  found  e f f e c t i v e   in  promoting  e l e c t r i c a l  

breakdown  of  the  gas  in  the  d i scharge   gap.  It  is  b e l i e v e d  

that   use  of  such  means  55  can  minimize  c e r t a i n   time  l a g s  

a s s o c i a t e d   with  e l e c t r i c a l   d i scha rges   in  gases  by  ac t ing   as  



a  source  or  g e n e r a t o r   of  free  e l e c t r o n s   or  nega t i ve   i o n s  

which  i n i t i a t e   the  subsequent   secondary  i o n i z a t i o n   p r o c e s s e s  

u l t i m a t e l y   r e s p o n s i b l e   for  the  avalanche  behav ior   leading  t o  

breakdown.  By  use  of  such  means  55,  the  time  lag  be tween 

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

between  the  s t y l u s   and  the  p la te   and  the  e s t a b l i s h m e n t   o f  

the  p a r t i c u l a r   kind  of  e l e c t r i c a l   d i scha rge   u t i l i z e d   in  t h i s  

i nven t ion   may  be  reduced  d r a m a t i c a l l y .   It  should  be  n o t e d  

tha t   the  vo l tage   neces sa ry   to  i n i t i a t e   such  breakdown  i s  

lowered  by  the  a c t i on   of  means  55  as  wel l .   In  one 

embodiment  of  the  i n v e n t i o n ,   means  55  may  be  a  s h i e l d e d  

co ro t ron   dev ice ,   compr is ing   a  short   s ec t ion   of  t ungs t en   w i r e  

p o s i t i o n e d   wi th in   a  s e m i - c y l i n d r i c a l ,   e l e c t r i c a l l y   grounded 

s h i e l d ,   s i m i l a r   to  t h a t   commonly  employed  in  e l e c t r o s t a t i c  

copying  machines  as  an  ion  source  for  charging  t h e  

xe rog raph ic   p l a t e .   A l t e r n a t i v e l y ,   a  r e l a t i v e l y   low-powered 

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

may  be  used,  as  is  dep i c t ed   at  55  in  Figures  2  and  4 .  

O p t i o n a l l y ,   no  i o n i z a t i o n   or  breakdown  promotion  means  need 

be  employed.  

It  is  be l i eved   t ha t   the  e l e c t r i c a l   d i s c h a r g e  

phenomenon  u t i l i z e d   in  th i s   invent ion   is  s e p a r a t e   and 

d i s t i n c t   from  the  arc  or  spark  d ischarge   phenomenon 

de sc r i bed   g e n e r a l l y   in  the  l i t e r a t u r e .   Much  of  t h e  

l i t e r a t u r e   addres ses   e l e c t r i c a l   d ischarge   phenomena  which 

occur  at  low  or  ex t remely   low  p r e s s u r e s ,   and  wherein  a 



r e l a t i v e l y   large  anode  is  p o s i t i o n e d   at  a  s u b s t a n t i a l  

d i s t a n c e   from  a  r e l a t i v e l y   la rge   cathode.   In  the  i n s t a n t  

i n v e n t i o n ,   however,  the  e l e c t r i c a l   d i scha rge   may  occur  at  o r  

near  a tmospher ic   p r e s s u r e ,   and  occurs  between  a  n e e d l e - l i k e  

s t y l u s   and  a  s u b s t a n t i a l l y   f l a t   p l a t e ,   with  a  gap  spacing  o f  

only  perhaps  0.001  to  0.010  inch  or  so.  T y p i c a l  

t ime-ave raged   e l e c t r i c a l   c u r r e n t   values  may  range  from  a b o u t  

2x10-6  amperes  to  about  2x10-3  amperes,  a l though  o p e r a t i o n  

above  th is   range,   but  below  the  spark  d i scha rge   regime,   may 

be  p r e f e r r e d   under  some  c o n d i t i o n s .   With  commonly  a v a i l a b l e  

diazonium  res in   p l a t e s ,   time  averaged  c u r r e n t   values   w i t h i n  

the  range  of  from  about  2x10 -5  amperes  to  about  2x10 -3 

amperes  have  been  found  to  be  p r e f e r a b l e .   It  is  t h e r e f o r e  

not  p o s s i b l e   to  d i r e c t l y   c o r r e l a t e   some  of  the  p h y s i c a l  

parameter   values  r e c i t e d   here in   with  all  r e f e r e n c e s   found  in  

the  l i t e r a t u r e .   It  appears   c l e a r ,   however,  tha t   e l e c t r i c a l  

a r c i n g ,   as  the  term  is  g e n e r a l l y   unders tood  in  t h e  

e l e c t r i c a l   d i scharge   a r t ,   is  not  involved.   Arcs  may  be 

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

i nvo lv ing   cu r r en t s   g r e a t e r   than  one  ampere  or  so,  r a t h e r  

than  the  r e l a t i v e l y   low  t ime-ave raged   c u r r e n t s   d i s c u s s e d  

he re in .   (See  e . g . ,   Gaseous  E l e c t r o n i c s ,   Volume  I,  Edited  by 

Hirsh  and  Oskam,  pages  294-295)  

It  is  also  be l ieved   tha t   the  e l e c t r i c a l   d i s c h a r g e  

phenomenon  u t i l i z e d   in  th i s   inven t ion   is  d i s t i n c t   from  t h e  

e l e c t r i c a l   d i scharge   phenomena  descr ibed   by  Love.  By  u s i n g  



the  v o l t a g e s ,   gap  s i z e s ,   and  g a s - i n t r o d u c t i o n   t e c h n i q u e s  

taught   by  Love,  the  r e s u l t i n g   e l e c t r i c a l   d i scharge   c rea tes   a 

b r igh t   glow  region  within  the  d i scha rge   gap  which,  when 

viewed  with  the  aid  of  a  microscope ,   has  a  g e n e r a l l y  

outwardly  f l a r i n g   cross  sec t ion   (measured  p e r p e n d i c u l a r   t o  

the  axis  of  the  s t y l u s ) ,   as  dep ic ted   in  Figure  5A.  The  glow 

region  g e n e r a l l y   con tac t s   the  p la te   su r face   in  an  area  which 

is  s u b s t a n t i a l l y   l a rge r   than  the  c r o s s - s e c t i o n a l   area  of  t h e  

s t y l u s ,   and  appears  somewhat  d i f f u s e .   Fur thermore ,   t h e  

vol tage  measured  between  point   P  of  Figure  1  and  ground  w i t h  

the  aid  of  an  o s c i l l o s c o p e   during  such  d i scha rge   may  be  s een  

to  have  a  small  o s c i l l a t i n g   component  which  causes  t h e  

observed  waveform  to  have  a  d i s t i n c t   sawtooth  a p p e a r a n c e ,  

with  the  sawtooth  component  having  a  f requency  within  t h e  

range  of  about  20  kHz  to  about  200  kHz,  and  an  amplitude  on 

the  order  of  10  vo l t s   or  l ess .   This  type  d i scharge   may 

t h e r e f o r e   be  desc r ibed   as  v i s u a l l y   d i f f u s e   and  e l e c t r i c a l l y  

p u l s a t i n g .  

It  has  now  been  d iscovered   tha t   the  i n t r o d u c t i o n   of  a 

gas  in  accordance  with  the  t each ings   h e r e i n ,   e . g . ,   via  t h e  

bore  of  p e r p e n d i c u l a r l y - o r i e n t e d   hollow  s ty lus   31,  when 

employed  with  the  other   process  parameters   d i s c lo sed   h e r e i n ,  

can  cause  the  e l e c t r i c a l   d i scharge   u t i l i z e d   by  Love  t o  

undergo  a  change  in  which  the  width  or  c r o s s - s e c t i o n a l   a r e a  

of  the  observed  glow  region  within  the  d i scharge   gap,  when 

viewed  with  the  aid  of  a  microscope,   appears  to  shrink  bo th  



a b r u p t l y   and  d r a m a t i c a l l y ,   r e s u l t i n g   in  a  much  more 

l o c a l i z e d   e l e c t r i c a l   d i scha rge   which  appears  to  emanate  

p r i n c i p a l l y   from  within  the  d i s t a l   end  or  bore  of  s ty lus   31 

and  which  has  a  d i s t i n c t ,   b r igh t   n o n - f l a r i n g   "core"  as  

dep ic t ed   in  Figure  58.  The  r e s u l t i n g   glow  region  appears  t o  

main ta in   a  g e n e r a l l y   uniform  diameter   as  it   p r o g r e s s e s  

toward  the  p la te   su r f ace ;   the  area  of  the  p la te   s u r f a c e  

which  appears  to  be  con tac t ed   by  the  e l e c t r i c a l   d i scharge   i s  

t h e r e f o r e   approx imate ly   equal  to  the  area  of  the  bore  o f  

s t y lu s   31.  A d d i t i o n a l l y ,   the  vol tage  measured  between  p o i n t  

P  (Figure  1)  and  ground  with  the  aid  of  an  o s c i l l o s c o p e  

during  such  d i scharge   con ta ins   no  observable   p u l s a t i o n s   o r  

s a w t o o t h - l i k e   components.  This  l o c a l i z e d   d i scha rge   i s  

s i g n i f i c a n t l y   d i f f e r e n t   than  the  d i f f u s e   d i scha rge   obse rved  

using  the  teachings   of  Love  even  with  coaxial   feeding  of  t h e  

gas,  as  depic ted   in  Figure  5A,  wherein  the  d i scharge   f l a r e s  

outwardly  from  the  s ty lus   t ip  to  the  p la te   s u r f a c e ,   and 

wherein  the  cen t ra l   b r i gh t   "core"  f l a r e s   outwardly  as  w e l l ,  

r e s u l t i n g   in  a  d i scharge   " f o o t p r i n t "   on  the  p la te   which  i s  

s u b s t a n t i a l l y   l a rge r   than  the  area  of  the  bore  of  s ty lus   31.  

This  d i f f e r e n c e   is  be l ieved   to  r e s u l t   in  an  a b i l i t y   to  image 

a  p la te   using  a  l o c a l i z e d - t y p e   d i scha rge ,   as  d e s c r i b e d  

above,  with  a  r e s o l u t i o n   t o t a l l y   beyond  that   a v a i l a b l e   u s i n g  

the  t eachings   of  Love,  as  well  as  an  a b i l i t y   to  image  a 

p l a t e   using  much  higher  r e l a t i v e   t r ac ing   speeds  between 

s ty lus   and  p la te   sur face   ( i . e . ,   s i g n i f i c a n t l y   l e s s  



"exposure"   time  to  the  i n f l u e n c e   of  the  d i s cha rge   i s  

r equ i red   to  bring  about  the  changes  in  the  p la te   s u r f a c e  

necessa ry   to  gene ra te   a  l a t e n t   image)  than  is  p o s s i b l e   w i t h  

the  d i f f u s e - t y p e   d i scharge   t echn iques   taught   by  Love. 

Figures   6A  through  6D  d i a g r a m m a t i c a l l y   i l l u s t r a t e   t h e  

d i f f e r e n t   d i s cha rge   e f f e c t s   which  have  been  observed  w i t h  

the  appara tus   dep ic ted   in  Figure  1.  These  graphs  r e p r e s e n t  

g e n e r a l i z a t i o n s   of  exper imenta l   p lots   of  appl ied   v o l t a g e ,  

measured  from  point   P  (Figure  1)  and  ground,  versus  gap 

s i z e ,   ob ta ined   with  a  hollow  s t y lu s   having  an  i n s i d e  

d iameter   of  0.002  inch  and  using  helium  gas  at  the  i n d i c a t e d  

flow  r a t e .   As  may  be  seen,  for  vo l tage   l eve l s   below  a 

c e r t a i n   minimum  t h r e s h o l d ,   no  d i s cha rge   of  any  kind  i s  

observed  r e g a r d l e s s   of  gap  s ize  (Region  I) .   I nc reas ing   t h e  

vo l tage   r e s u l t s   in  the  e s t a b l i s h m e n t   of  a  d i f f u s e - t y p e  

d i s c h a r g e ,   and  i n c r e a s i n g   gap  s ize   g e n e r a l l y   d i c t a t e s  

i n c r e a s i n g   the  gap  vol tage   to  main ta in   the  d i scha rge   (Region 

I I ) .   I n c r e a s i n g   the  vol tage   above  a  second  t h r e s h o l d   v a l u e  

while  m a i n t a i n i n g   a  small  gap  spacing  r e s u l t s   in  the  a b r u p t  

t r a n s i t i o n   of  the  d i scha rge   from  the  d i f f u s e   type  to  t h e  

l o c a l i z e d   type  (Region  I I I ) .  

The  r e l a t i v e   vol tage   values  "A"  and  "B"  i n d i c a t e d   in  

Figure  6A  r e p r e s e n t   ope ra t ing   poin ts   which  may  be  used  t o  

take  advantage  of  the  speed  at  which  th i s   abrupt   t r a n s i t i o n  

takes  place  in  c o n t r o l l i n g   the  p a t t e r n   or  image  imparted  t o  

the  p l a t e .   F i r s t   a  rol l   speed  is  chosen  which  is  s low 



enough  to  permit   a  l o c a l i z e d   type  d i scharge   to  induce  t h e  

necessa ry   i n s o l u b i l i z i n g   e f f e c t   on  the  p l a t e ,   yet   f a s t  

enough  to  render   the  d i f f u s e   type  d i scharge   t o t a l l y  

i n e f f e c t i v e   in  imaging  the  p l a t e .   One  may  then  set   t h e  

r e l a t i v e   vo l tage   levels   so  tha t   a  non-imaging  d i f f u s e   t y p e  

d i s cha rge   is  p resen t   at  all  times  ( i . e . ,   at  vo l tage   l e v e l  

"B")  except   when  an  image  is  to  be  formed,  at  which  time  a 

vo l tage   pulse  at  vol tage  level  "A"  is  used  to  form  an  image 

by  i n i t i a t i n g   an  abrupt  t r a n s i t i o n   from  the  d i f f u s e   t y p e  

d i s cha rge   to  the  l o c a l i z e d   type  d i s c h a r g e .  

It  is  be l ieved  that   i n t r o d u c t i o n   of  the  thin  gas  

stream  into  the  d i scharge   region  and  aga ins t   the  p l a t e  

su r f ace   area  to  be  imaged  need  not  be  coaxial   with  t h e  

s ty lus   or  e l e c t r o d e ,   a l though  th is   is  a  p r e f e r r e d  

embodiment.  Within  broad  l i m i t s ,   the  e l e c t r i c a l   d i s c h a r g e  

appears   to  fol low  p r e f e r e n t i a l l y   the  flow  of  gas,  even  i f  

the  path  of  the  gas  stream  is  not  along  the  l ine   d e f i n i n g  

the  s h o r t e s t   d i s t ance   between  the  s ty lus   t ip  and  the  p l a t e .  

It  is  be l i eved   th is   is  due  to  the  fac t   that   the  i o n i z a t i o n  

p o t e n t i a l   wi thin   the  gas  stream  is  s i g n i f i c a n t l y   lower  t h a n  

the  i o n i z a t i o n   p o t e n t i a l   in  the  ambient  a i r   su r round ing   t h e  

gas  s t ream,   thereby  making  i o n i z a t i o n   within  the  gas  s t r e a m  

much  more  l i k e l y .   It  is  t h e r e f o r e   foreseen  t h a t ,   u n d e r  

c e r t a i n   c o n d i t i o n s ,   the  s ty lus   and  the  means  by  which  t h e  

thin  gas  stream  is  in t roduced   and  d i r e c t e d   onto  the  p l a t e  

may  be  s e p a r a t e   s t r u c t u r e s   mounted  independent ly   i n  ,  



p r o x i m i t y   to  the  d i scharge   gap,  and  need  not  be  mounted 

p e r p e n d i c u l a r l y   to  the  su r face   of  the  p l a t e .   Of  course ,   i f  

high  r e s o l u t i o n   is  d e s i r e d ,   i t   is  impor tant   tha t   t h e  

c r o s s - s e c t i o n a l   area  of  the  gas  s t ream,   as  it  con t ac t s   t h e  

p l a t e ,   be  minimized.  It  is  t h e r e f o r e   g e n e r a l l y   p r e f e r r e d  

tha t   the  means  for  d e l i v e r i n g   the  gas  to  the  d i s c h a r g e  

region  be  capable  of  forming  the  gas  into  a  f ine  s t r e a m  

having  an  a p p r o p r i a t e l y   small  c r o s s - s e c t i o n a l   a rea ,   and 

having  the  r e q u i s i t e   v e l o c i t y ,   i . e . ,   a  v e l o c i t y   above  a b o u t  

Mach  0 .05,   and  p r e f e r a b l y   s u b s o n i c .   In  g e n e r a l ,   s t y lus   b o r e  

i n s i d e   d iameters   within  the  range  of  about  0.002  to  a b o u t  

0.004  inch  are  p r e f e r r e d ,   which  in  turn  g e n e r a t e  

c o r r e s p o n d i n g l y   thin  gas  s t r e ams ;   bore  d iameters   o u t s i d e  

th i s   range  may  be  used  so  long  as  gas  v e l o c i t i e s   of  at  l e a s t  

about  Mach  0.05  are  g e n e r a t e d .  

It  is  bel ieved  the  e l e c t r i c a l   d i scha rge   u t i l i z e d   i n  

th i s   i nven t ion   is  not  s u f f i c i e n t l y   i n t ense   to  remove 

s i g n i f i c a n t   or  s u b s t a n t i a l   q u a n t i t i e s   of  the  p la te   c o a t i n g .  

No  phys ica l   change  in  the  unde r ly ing   p la te   su r face   i s  

observed .   The  nature  of  the  t r a n s f o r m a t i o n   mechanisms 

involved  are  not  known.  To  what  ex t en t   the  same  chemica l  

r e a c t i o n s   which  occur  in  conven t iona l   imaging  ( e . g . ,  

pho tog raph i c )   processes   occur  during  the  imaging  process  o f  

th is   i nven t ion   is  not  known;  i t   merely  appears  that   t h e  

p o s t - t r e a t m e n t   behavior  of  the  r e s u l t i n g   l a t e n t   image  i s  

g e n e r a l l y   s i m i l a r ,   al though  not  always  i d e n t i c a l ,   to  that   o f  



a  c o n v e n t i o n a l l y   imaged  p l a t e .   It  is  be l ieved  t h e  

e l e c t r i c a l   d ischarge   forms  a  stream  of  ions  which  a r e  

d i r e c t e d   into  the  p la te   c o a t i n g ,   and  tha t   the  f a s t   moving 

stream  of  gas  serves  to  " con ta in"   or  " d i r e c t "   the  ions  in  a 

stream  which  is  more  c o n c e n t r a t e d   or  focused,   or  l e s s  

d i f f u s e ,   than  the  ion  stream  genera ted   using  the  t e a c h i n g s  

of  Love.  The  i n t e r a c t i o n   of  these   ions  with  the  chemica l  

compunds  in  the  coat ing  is  be l i eved   to  cause  a  chemica l  

t r a n s f o r m a t i o n   in  the  coa t ing   which  modif ies   the  r e l a t i v e  

s o l u b i l i t y   of  the  coa t ing .   The  term  " i n s o l u b i l i z i n g   e f f e c t "  

is  used  here in   to  mean  the  chemical  (or  whatever  o t h e r )  

e f f e c t s   which  such  d i scharge   t r e a t m e n t   has  on  these  p l a t e s  

which  permit   such  p la tes   to  be  developed  and  used  in  a 

manner  s i m i l a r   to  convent ional   p l a t e s   which  have  been  

exposed  or  imaged  by  conven t iona l   ( e . g . ,   p h o t o g r a p h i c )  

me thods .  

Current   l imi t ing   r e s i s t o r   60  may  be  used  to  p r e v e n t  

the  e l e c t r i c a l   cur ren t   between  the  s ty lus   31  and  the  s u r f a c e  

of  p l a t e   20  from  becoming  e x c e s s i v e .   Excessive  c u r r e n t   can  

r e s u l t   in  the  t r a n s i t i o n   of  the  d i scha rge   phenomenon  be tween  

s ty lus   31  and  plate   20  from  the  normal  low  c u r r e n t  

e l e c t r i c a l   d i scharge   used  in  th i s   inven t ion   to  the  a r c  

d i s cha rge   behavior   descr ibed   in  the  l i t e r a t u r e .   E x c e s s i v e  

cu r r en t   can  also  r e s u l t   in  the  u n d e s i r a b l e   r ea r rangement   o r  

removal  of  s u b s t a n t i a l   po r t ions   of  the  coat ing  on  t h e  

sur face   of  p la te   20.  The  use  of  a  cu r r en t   l im i t i ng   r e s i s t o r  



p r e v e n t s   the  d i scharge   c u r r e n t   from  approaching  values  which 

would  c h a r a c t e r i z e   an  a r c - t y p e   d i s c h a r g e .   Because  

i n c r e a s i n g   the  t ime-averaged   c u r r e n t   within  the  d i s c h a r g e  

gap  a lso   tends  to  inc rease   the  width  of  the  image  l ines   ( s e e  

Example  IV),  changing  the  value  of  such  r e s i s t o r   al lows  f o r  

a d j u s t m e n t   of  the  width  of  the  l ines   appear ing  on  t h e  

r e s u l t i n g   imaged  p l a t e .   Line  width  may  also  be  a d j u s t e d   by 

vary ing   the  c r o s s - s e c t i o n a l   area  of  the  gas  s t ream,   t h e  

speed  of  the  plate   sur face   r e l a t i v e   to  the  s t y l u s ,   e t c . ,   i f  

d e s i r e d .  

The  blocks  des igna ted   70,  75,  80,  and  85  c o l l e c t i v e l y  

comprise  e l e c t r o n i c   c i r c u i t r y   which  expedi te   the  g e n e r a t i o n  

of  a  l a t e n t   image  on  the  su r face   of  p la te   20  in  a  t i m e l y  

manner  from  e l e c t r o n i c a l l y   s t o r e d ,   gene ra t ed ,   or  t r a n s m i t t e d  

p a t t e r n   data .   Block  80  s c h e m a t i c a l l y   dep ic t s   a 

vo l t age   source  adapted  to  provide  vo l tages   wi th in   the  r a n g e  

of  about  200  to  about  2000  v o l t s ,   at  cu r r en t   l e v e l s   wi thin   a 

range  of  between  about  2x10-6  and  about  2x10 3  a m p e r e s .  

Block  85  dep ic t s   a  high  speed  switch  capable  of  s w i t c h i n g  

the  vo l t age   generated  by  the  vo l tage   source  80  at  t h e  

f r e q u e n c i e s   necessary  for  the  des i r ed   image  r e s o l u t i o n   o r  

p r i n t   gauge.  The  necessary   swi tch ing   f requency  i s ,   o f  

cou r se ,   a  funct ion   of  the  speed  at  which  the  su r f ace   o f  

p l a t e   20  is  t raced  over  or  scanned  by  s ty lus   31,  the  d e s i r e d  

image  r e s o l u t i o n ,   as  well  as  o ther   f a c t o r s ,   such  as  t h e  

delay  between  the  a p p l i c a t i o n   of  the  r e q u i s i t e   vo l t age   and 



the  i n i t i a t i o n   of  the  des i red   e l e c t r i c a l   d i scha rge .   It  has  

been  found  t h a t ,   for  imaging  small  ( e . g . ,   10  x  15  i n c h )  

l i t h o g r a p h i c   p l a t e s   at  a  roll   c i r c u m f e r e n t i a l   speed  of  a b o u t  

72  inches  per  second  and  a  p r i n t   gauge  of  about  1,000  l i n e s  

per  inch,   swi tch ing   f r equenc ies   wi th in   the  range  of  about  0 

to  about  72  k i l o h e r t z   are  n e c e s s a r y .  

An  example  of  one  c i r c u i t   which  may  be  used  in  t h i s  

a p p l i c a t i o n   is  shown  s c h e m a t i c a l l y   in  Fig.  7.  The  c i r c u i t  

opera tes   as  fo l lows :   Data  input  at  nodes  A,  B  in  the  form 

of  a  t r a i n   of  +5  volt   pulses  are  s h i f t e d   from  a  ground 

r e f e rence   to  a  bias  vol tage   r e f e r e n c e   across   nodes  C,  D  by 

vol tage  level  s h i f t e r   100.  MOSFET  Q2  then  ampl i f ies   t h e  

output   of  level  s h i f t e r   100,  r e l a t i v e   to  the  bias  v o l t a g e .  

This  r e s u l t s   in  a  s ignal   V   
GD  wherein  the  +5  volt   d a t a  

pulses  are  now  on  the  order  of  +400  v o l t s ,   r e fe renced   to  t h e  

+250  vol t   bias  vo l t age .   MOSFET  Q2  acts   as  a  v o l t a g e  

fo l l ower ,   decoupl ing   the  output  of  MOSFET  d r iver   Q1  from  t h e  

d ischarge   gap  and  load  r e s i s t o r   Rl.  Voltage  √JF 

r e p r e s e n t s   the  bu f f e r ed ,   a m p l i f i e d ,   s h i f t e d   data  output   o f  

high  speed  switch  85.  The  output   vo l t age   of  a p p r o x i m a t e l y  

650  vol ts   is  d iv ided  between  c u r r e n t   l i m i t i n g   r e s i s t o r   Rl 

and  the  gap  formed  between  the  s t y lu s   t ip   and  the  p l a t e  

s u r f a c e .  

The  c i r c u i t   depic ted   in  Fig.  7  may  be  any  by  which  a 

logic  s ignal   of  modest  vol tage  ( e . g . ,   5  vo l t s )   from  t h e  

pa t t e rn   g e n e r a t i o n   means  may  be  impressed  upon  a  r e l a t i v e l y  



high  vol tage   d .c .   bias  (e .g .   300  v o l t s ) .   For  example,  an 

op t i ca l   couple r   such  as  that   a v a i l a b l e   from  Texas 

Ins t ruments   (of  Da l l as ,   Texas)  as  Model  TIL  111  may  be  used .  

Use  of  such  a  bias  scheme  permits  the  s tage   shown  in  F igu re  

7  to  achieve  swi tch ing   of  approx imate ly   900  vol ts   ( t o  

ground)  with  only  about  600  vol ts   across   the  o u t p u t  

t r a n s i s t o r s .  

The  p a t t e r n   data  p rocessor   r e p r e s e n t e d   by  block  75 

r e p r e s e n t s   the  means  by  which  the  r e q u i r e d   s w i t c h i n g  

i n s t r u c t i o n s   d i c t a t e d   by  the  p a t t e r n   data  from  block  70  a r e  

sent  to  the  high  speed  switch  85  so  tha t   the  des i red   p a t t e r n  

data  is  synchron ized   with  the  a p p r o p r i a t e   r e l a t i v e   l o c a t i o n  

of  the  s ty lus   on  the  face  of  p la te   20,  and  in  r e g i s t r y   w i t h  

the  l a t e n t   image  p r e v i o u s l y   genera ted   on  the  face  of  p l a t e  

20,  thereby  r e s u l t i n g   in  the  proper  sw i t ch ing   of  t h e  

e l e c t r i c a l   d i s cha rge   from  the  d i f f u s e   mode  of  Love  to  t h e  

l o c a l i z e d   mode  d i s c l o s e d   he re in ,   and  vice  ve r sa ,   as  t h e  

s ty lus   sweeps  over  the  areas  of  the  p l a t e   in tended  to  c a r r y  

the  p a t t e r n .   Any  s u i t a b l e   means  for  g e n e r a t i n g   o r  

r e t r i e v i n g   such  i n s t r u c t i o n s   may  be  employed.  Pa t t e rn   d a t a  

of  course  may  be  genera ted   manual ly,   but  in  most  s i t u a t i o n s  

e l e c t r o n i c   g e n e r a t i o n   or  r e t r i e v a l   of  p a t t e r n   data  o r  

swi tching  i n s t r u c t i o n s   is  p r e f e r r e d ,   for  example,  t h rough  

the  use  of  analog  or  d i g i t a l   data  s t o r a g e   means  such  as  

magnetic  or  paper  t ape ,   a  ROM,  RAM,  or  EPROM,  a  bubble  

memory,  e tc .   Appropr i a t e   data  from  the  angu la r   d i s p l a c e m e n t  



sensor  16  a s s o c i a t e d   with  rol l   10  may  be  input  to  p r o c e s s o r  

75  to  f a c i l i t a t e   the  necessary   task  of  conver t ing   t h e  

p a t t e r n   data  to  a  s e r i e s   of  swi tch ing   i n s t r u c t i o n s   t o  

swi tch ing   means  85,  and  t r a n s l a t i n g   i n s t r u c t i o n s   t o  

t r a n s l a t i n g   means  52  which  will  r e s u l t   in  a  t r a i n   o f  

c o r r e c t l y   timed  and  sequenced  e l e c t r i c a l   d i s cha rges   of  t h e  

de s i r ed   type  between  s ty lus   31  and  the  r e l a t i v e l y   moving 

face  of  p la te   20. 

It  is  contemplated   t h a t ,   in  a d d i t i o n   to  m e r e l y  

g e n e r a t i n g   a  s e r i e s   of  "on-off"   swi tch ing   i n s t r u c t i o n s   which  

would  s e q u e n t i a l l y   e s t a b l i s h   and  e x t i n g u i s h   the  e l e c t r i c a l  

d i s cha rge   in  d i g i t a l   fashion   in  r i g id   accordance  w i t h  

p a t t e r n   da ta ,   one  may  wish  to  modulate  the  e l e c t r i c a l  

d i scha rge   by  varying  the  d i scha rge   cu r r en t   over  a  range  o f  

values  which  l ie   s u b s t a n t i a l l y   wi thin   the  d i scha rge   c u r r e n t  

envelope  r e c i t e d   he re in .   The  range  of  values  may  be  d e f i n e d  

by  a  s e r i e s   of  p re -de te rmined   d i s c r e t e   l e v e l s ,   o r ,  

a l t e r n a t i v e l y ,   may  employ  a  m o r e - o r - l e s s   continuum  of  v a l u e s  

wi th in   p re -de te rmined   l i m i t s .   In  e i t h e r   case,   the  d e s i r e d  

r e s u l t   is  the  a b i l i t y   to  vary  the  e f f e c t i v e   area  in  which  

the  l a t e n t   image-forming  chemical  t r a n s f o r m a t i o n   takes  p l a c e  

wi thin   the  sur face   of  p la te   20  t r aced   by  the  s t y l u s ,   and 

thereby  vary  the  e f f e c t i v e   r e s o l u t i o n   or  e f f e c t i v e   p r i n t  

gauge  of  the  imaging  p rocess .   Genera l ly   speaking ,   l o w e r  

t ime -ave raged   cu r r en t   values  r e s u l t   in  narrower  l i nes   formed 

on  the  p l a t e   su r face .   By employing  th is   method  f o r  



d i s c r e t e l y   or  c o n t i n u o u s l y   modulating  the  c u r r e n t   a s s o c i a t e d  

with  e s t a b l i s h i n g   or  ma in ta in ing   a  low  c u r r e n t   e l e c t r i c a l  

d i s c h a r g e ,   l a t e n t   images  con t a in ing   wel l - formed  l ines   o r  

dots  having  a  wide  range  of  widths  or  d iamete rs   a r e  

p o s s i b l e .   For  example,  dots  of  e x c e l l e n t   q u a l i t y   and 

u n i f o r m i t y   having  d iameters   of  approx imate ly   one  mil  have 

been  produced  on  o r d i n a r y   diazonium  res in   p l a t e s   by  using  a 

loca l i zed-mode   d i s c h a r g e ,   as  taught   herein   (see  Example  I ) .  

Fur thermore ,   one  or  more  dots  of  almost  any  de s i r ed   d i a m e t e r  

wi th in   the  range  of  the  system  may  be  g e n e r a t e d ,   wi thout   t h e  

need  for  having  to  l im i t   dot  size  to  one  of  a  r e l a t i v e l y   few 

a v a i l a b l e   cho ices ,   or  having  to  build  l a r g e r   "dots"  from  t h e  

massing  or  a g g r e g a t i o n   of  smal le r   dots  of  uniform  s i z e ,   a s  

is  done  in  many  conven t iona l   l a se r   systems.   Such  c a p a b i l i t y  

is  advantageous  in  producing  l a t e n t   images  wherein  e x t r e m e l y  

fine  d e t a i l   or  h a l f - t o n e   graphics   are  d e s i r e d .  

While  the  p l a t e s   s u i t a b l e   for  use  with  th i s   i n v e n t i o n  

are  c o n v e n t i o n a l ,   p h o t o s e n s i t i v e   l i t h o g r a p h i c   p l a t e s   which 

may  be  imaged  by  conven t iona l   methods  using  a  high  i n t e n s i t y  

l i gh t   source ,   i t   is  be l i eved   tha t   the  l i g h t   produced  by  t h e  

low  energy  e l e c t i c a l   d i scha rge   employed  in  th i s   i n v e n t i o n  

does  not  c o n t r i b u t e   s u b s t a n t i a l l y   to  the  imaging  p r o c e s s .  

The  i n t e n s i t y   of  the  l i g h t   given  off  by  the  e l e c t r i c a l  

d i scha rge   employed  here in   is  qui te   modest  by  c o n v e n t i o n a l  

p l a t e   exposure  s t a n d a r d s .   The  apparent   d iameter   of  t h e  

v i s i b l e   e l e c t r i c a l   d i s cha rge   is  comparable  to  the  r e s u l t i n g  



l ine   width  which  is  produced  by  the  d i s c h a r g e .   No  masking 

of  nonimaged  areas  from  the  l i g h t   genera ted   from  t h e  

d i scha rge   appears  to  be  necessa ry .   Sharp,  m i c r o s c o p i c a l l y  

w e l l - d e f i n e d   boundar ies   may  be  observed  between  those  l i n e s  

t raced   by  the  e l e c t r i c a l   d i scharge   and  areas  i m m e d i a t e l y  

ad jacen t   to  such  l i n e s ,   which  areas  have  been  exposed  to  t h e  

l i g h t   of  the  d i s c h a r g e ,   but  not  to  the  d i scha rge   i t s e l f .   I t  

is  be l i eved   the  exper iment   desc r ibed   in  Example  V  i n d i c a t e s  

tha t   the  l i g h t   of  the  d i scharge   is  not  a  p r i n c i p a l   o r  

primary  c o n t r i b u t o r   to  the  i n s o l u b i l i z i n g   e f f e c t   which  t h e  

d i scharge   is  observed  to  have  on  conven t iona l   d i a z o n i u m  

res in   p l a t e s .  

Following  the  ope ra t ion   of  one  embodiment  of  t h i s  

i n v e n t i o n ,   p a t t e r n   data  in format ion   gene ra t ed   or  s tored  i n  

data  source  70  is  fed  to  pa t t e rn   data  p r o c e s s o r   75,  which 

rece ives   the  i n s t r u c t i o n s   along  with  data  on  the  r o t a t i o n a l  

p o s i t i o n   of  rol l   10  from  angular   d i sp l acemen t   sensor   16. 

Processor   75  then  genera tes   two  sets   of  i n s t r u c t i o n s .   One 

set  of  i n s t r u c t i o n s   is  sent  to  t r a n s l a t i n g   s tage  52  t o  

assure   c o r r e c t   placement  of  the  imaging  s t y lu s   along  t h e  

axis  of  rol l   10.  A  second  set  of  i n s t r u c t i o n s   is  sent  t o  

high  speed  switch  85  to  genera te   the  t r a i n   of  vo l tage   p u l s e s  

necessary   to  e s t a b l i s h   the  sequence  of  e l e c t r i c a l   d i s c h a r g e s  

which  serve  to  image  the  p la te   with  the  des i r ed   p a t t e r n  

i n f o r m a t i o n .  



The  c u r r e n t   sent   from  switch  85  passes  through  RL,  a 

load  r e s i s t o r   which  serves  to  l imi t   the  d i r e c t   c u r r e n t  

d e l i v e r e d   to  s t y l u s   31,  which  s ty lus   may  be  p r e c i s e l y   spaced  

from  the  su r f ace   of  p la te   20  by  means  of  a  m i c r o m e t e r  

assembly  50  or  o ther   means.  For  most  p l a t e s   imaged  u s i n g  

the  process  d i s c l o s e d   he re in ,   the  vo l t age   impressed  upon 

s ty lus   31  is  e l e c t r i c a l l y   p o s i t i v e   with  r e s p e c t   to  t h e  

p l a t e ,   a l though  in  some  cases ,   a  nega t i ve   s t y l u s   p o l a r i t y  

may  be  p r e f e r r e d .  

Imaging  assembly  30  is  t r a v e r s e d   across   the  face  o f  

p la te   20  by  t r a n s l a t i n g   stage  52.  A  c o n t r o l l e d   q u a n t i t y   o f  

a  r e l a t i v e l y   i n e r t   gas  such  as  helium  or  a  mixture   of  he l ium 

and  neon  is  d i r e c t e d ,   via  s ty lus   bore  33,  into  the  d i s c h a r g e  

gap,  i . e . ,   the  region  between  s t y lu s   31  and  the  su r face   o f  

p la te   20,  in  the  d i r e c t i o n   of  p la te   20  at  a  v e l o c i t y   i n  

excess  of  about  Mach  0.05.  I o n i z a t i o n   promotion  means  55  i s  

d i r e c t e d   toward  the  region  between  s t y l u s   31  and  the  s u r f a c e  

of  p la te   20  for  reasons  d i scussed   above.  Motor  5  is  used  t o  

turn  roll   10  at  a  cons t an t   rate   via  be l t   7  the reby   a l l o w i n g  

s ty lus   31  to  scan  over  the  e n t i r e   su r face   of  p l a t e   20,  which 

is  t empora r i l y   but  s ecu re ly   a t t ached   to  the  pe r ime te r   o f  

rol l   10  and  a l lowing  the  e l e c t r i c a l   d i s cha rge   from  s ty lus   31 

to  sweep  over  all  p a t t e r n   areas  on  the  p l a t e .   By 

e s t a b l i s h i n g   and  c o n t r o l l i n g   the  r e q u i s i t e   e l e c t r i c a l  

d i scharge   in  the  p a t t e r n   or  image  areas   of,   for  example ,  

diazonium  res in   p l a t e s   under  these  c o n d i t i o n s ,   the  p l a t e  



sur face   in  those  areas  becomes  r e s i s t a n t   to  ( i . e . ,  

r e l a t i v e l y   i n s o l u b l e   in)  the  developing  m a t e r i a l s   used  i n  

developing  such  p l a t e s .   By  c a r e f u l l y   a d j u s t i n g   the  d e s i r e d  

vol tage   and  gap  s i z e ,   and  by  proper ly   e s t a b l i s h i n g   the  f low 

of  gas,  in  accordance  with  the  t each ings   h e r e i n ,   t h e  

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

may  be  u t i l i z e d   to  image  p la tes   with  an  image  r e s o l u t i o n   o f  

approx imate ly   1,000  l ines   per  inch.  These  p l a t e s ,   imaged  by 

the  e l e c t r i c a l   d i s cha rge   process  of  th is   i n v e n t i o n ,   may 

t h e r e a f t e r   be  developed  using  convent ional   d e v e l o p i n g  

t e c h n i q u e s .  

The  e l e c t r i c a l   d i scharge   employed  in  t h i s   i n v e n t i o n  

has  been  used  to  place  a  l a t e n t   image  e x h i b i t i n g   e x t r e m e l y  

f ine  d e t a i l ,   as  well  as  e x c e l l e n t   so l id   image  a r e a s ,   on  a 

v a r i e t y   of  commercia l ly   a v a i l a b l e ,   l i t h o g r a p h i c - t y p e  

p r i n t i n g   p l a t e s   under  a  v a r i e t y   of  ope ra t i ng   c o n d i t i o n s ,   as  

may  be  determined  from  the  fol lowing  i l l u s t r a t i v e   e x a m p l e s ,  

which  are  not  in tended  to  be  l im i t i ng   in  any  way. 

A d d i t i v e - t y p e   p l a t e s   have  been  found  to  be  p a r t i c u l a r l y  

s u i t a b l e   for  use  in  connec t ion   with  th is   i n v e n t i o n .  

EXAMPLE  1 

An  appara tus   s i m i l a r   to  that   s c h e m a t i c a l l y   dep ic t ed   in  

Figure  1  was  used,  in  accordance  with  the  f o l l o w i n g  

s p e c i f i c a t i o n s   and  o p e r a t i o n a l   parameter  v a l u e s :  

P la te :   3M  "R",  a  negat ive  working,  a d d i t i v e - t y p e  

p h o t o s e n s i t i v e   p l a t e   d i s t r i b u t e d   by  3M 



Corpora t ion ,   St.  Paul,   Minnesota,   c o n v e n t i o n a l l y  

mounted  with  the  m e t a l l i c   p la te   s u r f a c e  

e l e c t r i c a l l y   grounded  to  the  e l e c t r i c a l l y  

conduct ive  rol l   via  convent iona l   c o n d u c t i v e  

f a s t en ing   pins  a t t a c h i n g   the  p la te   to  the  r o l l .  

S ty lus :   Hollow  s tee l   tube  having  an  i n s i d e  

diameter   of  0.002  inch,   and  a  t ip  radius   o f  

approximate ly   0.002  inch.  The  s ty lus   t ip   i s  

spaced  approx ima te ly   0.0015  inch  from  the  p l a t e  

su r face .   The  s ty lus   shank  is  embedded  in  t h e  

bore  of  a  hypodermic  needle .   A  channel  i s  

provided  for  the  d e l i v e r y   of  gas  to  the  d i s c h a r g e  

area  via  the  bore  of  the  tube,   as  dep ic ted   i n  

Figures  2  and  4 .  

Gas:  Helium,  fed  through  the  c o n f i g u r a t i o n  

ind ica ted   in  Figures  2  and  4  at  a  flow  ra te   of  31 

s tandard  cubic  c e n t i m e t e r s / m i n u t e .  

Breakdown  Promotion  Means:  A  UV  lamp  Model 

22SC-35  (Ul t ra   Vio le t   P roduc ts ,   Inc.  San  G a b r i e l ,  

C a l i f o r n i a   91778)  is  p o s i t i o n e d   in  c l o s e  

proximity  ( app rox ima te ly   0.75  inch)  to  the  s t y l u s  

t ip  and  p la te   su r face   (see  Figures  2  and  4 ) .  



Current  L imi t ing   R e s i s t o r   (RL):  5.00  Megohms, 

0.5  w a t t .  

High  Speed  Switch:  S imi lar   to  tha t   dep ic t ed   i n  

Figure  7 .  

Source  of  P a t t e r n   Data:  PDP  11/40  Computer  

( d i s t r i b u t e d   by  Dig i ta l   Equipment  C o r p o r a t i o n ,  

Maynard,  M a s s a c h u s e t t s )   with  a p p r o p r i a t e  

a s s o c i a t e d   e l e c t r o n i c s   of  conven t iona l   d e s i g n .  

With  the  a b o v e - s p e c i f i e d   a p p a r a t u s ,   the  p l a t e   was 

con t inuous ly   r o t a t e d   on  the  rol l   with  a  ro l l   c i r c u m f e r e n t i a l  

speed  of  app rox ima te ly   72  i nches / s econd .   Ambient  l i g h t   i n  

the  v i c i n i t y   of  the  appara tus   was  subdued  to  p revent   f o g g i n g  

of  the  p h o t o s e n s i t i v e   p l a t e .   Applied  vo l t age   of  t h e  

e l e c t r i c a l   d i s cha rge   during  the  imaging  per iod   was  900 

v o l t s ,   r e s u l t i n g   in  a  l o c a l i z e d   type  d i s c h a r g e ,   and  was 

maintained  at  300  vo l t s   during  the  non-imaging  p e r i o d ,  

r e s u l t i n g   in  a  d i f f u s e   type  d i s c h a r g e ,   with  the  p o l a r i t y   o f  

the  vol tage  on  the  s t y l u s   being  p o s i t i v e   at  al l   times  w i t h  

r e spec t   to  the  grounded  p la te   r o l l .   The  s t y lu s   was  s l o w l y  

and  a u t o m a t i c a l l y   t r a v e r s e d   along  the  axis  of  ro l l   r o t a t i o n  

at  a  rate  of  app rox ima te ly   0.2  i n c h / m i n u t e ,   the reby   c a u s i n g  

the  s ty lus   to  t r ace   a  c lo se ly   spaced  h e l i c a l   path  on  t h e  

p la te   su r face .   The  de s i r ed   pa t t e rn   was  a  t y p o g r a p h i c a l   t e s t  



form  p a t t e r n ,   r e q u i r i n g   minimum  dot  d iameters   o f  

approx imate ly   0.001  inch.  The  maximum  swi tch ing   f r e q u e n c y  

was  about  72  k i l o h e r t z .  

After   the  l a t e n t   image  of  the  de s i r ed   pa t t e rn   was 

c rea ted   on  the  coated  surface   of  the  p l a t e   by  contac t   w i t h  

the  l o c a l i z e d   type  e l e c t r i c a l   d i s c h a r g e ,   the  p la te   was 

removed  from  the  roll   and  developed  c o n v e n t i o n a l l y ,   i . e . ,  

the  p la te   was  t r e a t e d   with  process   gum  (R  Process  Gum,  a 

product  of  3M  Corpora t ion   of  St.  Paul ,   Minneso ta ) ,   then  w i t h  

a  l acquer   deve loper   (Re l i ab le   Red  Lacquer  D e v e l o p e r ,  

d i s t r i b u t e d   by  Anchor/Lithkemco  of  H i c k s v i l l e ,   New  York)  f o r  

image  r e i n f o r c e m e n t ,   and  then  t r e a t e d   with  a  50-50  (by 

weight)  mixture  of  gum  arabic   and  d i s t i l l e d   water .   Dur ing  

the  development  p rocess ,   the  areas  con t ac t ed   by  t h e  

l o c a l i z e d   type  e l e c t r i c a l   d i scha rge   appeared  to  behave 

s i m i l a r l y   to  areas  on  s i m i l a r   p l a t e s   imaged  c o n v e n t i o n a l l y ,  

i . e . ,   imaged  p h o t o g r a p h i c a l l y   via  a c t i n i c   l i g h t ,   while  a r e a s  

con tac ted   by  the  d i f f u s e   type  d i scha rge   behaved  as  though 

unexposed.  The  r e s u l t i n g   developed  p la te   exh ib i t ed   v i s u a l l y  

ou t s t and ing   d e t a i l .   The  p la te   was  then  placed  on  a  s h e e t  

fed  o f f s e t   l i t h o g r a p h i c   d u p l i c a t o r   of  convent iona l   d e s i g n .  

The  ink  chosen  was  0/S  Washfast  Black  NC  23424  d i s t r i b u t e d  

by  S i n c l a i r   and  Valent ine   of  C h a r l o t t e ,   North  Caro l ina .   The 

dampening  s o l u t i o n   was  3M  Dup l i ca to r   Fountain  C o n c e n t r a t e ,  

d i s t r i b u t e d   by  3M  Corporat ion  of  St.  Paul,   Minneso ta ,  

d i l u t ed   as  d i r e c t e d   (1-15  parts   by  volume).  The  pape r  



chosen  was  a  conven t iona l   white  bus iness   paper  having  a 

basis   weight  of  20  pounds,  d i s t r i b u t e d   by  I n t e r n a t i o n a l  

Paper  Company.  The  r e s u l t i n g   p r in t ed   shee t s   c a r r i e d   an 

e x c e p t i o n a l l y   c l e a r   and  d e t a i l e d   image  c o r r e s p o n d i n g   to  t h e  

areas  of  the  p la te   con tac ted   by  the  l o c a l i z e d   t y p e  

e l e c t r i c a l   d i s c h a r g e ,   with  no  undes i red   b a c k g r o u n d .  

EXAMPLE  I I  

The  procedures   of  Example  I  were  fo l lowed ,   except  t h a t  

the  plate   used  was  an  LKK  brush  grain  "wipe-on"  type  p l a t e ,  

of  6  mil  t h i c k n e s s ,   and  LKK  6110  S e n s i t i z e r   Base  and  LKK 

6110  S e n s i t i z e r   Powder  was  used,  all  d i s t r i b u t e d   by 

Anchor/Lithkemco  of  Lynbrook,  New  York,  and  the  l o a d  

r e s i s t o r   used  was  2.5  Megohms.  As  in  Example  I,  the  image 

obtained  on  the  p la te   was  well  de f ined ,   with  e x c e l l e n t  

c o n t r a s t   and  r e s o l u t i o n .  

EXAMPLE  I I I  

The  procedure  of  Example  I  was  fol lowed  except   t h a t  

the  plate  used  was  a  3M  type  "E"  p l a t e ,   d i s t r i b u t e d   by  3M 

Corpora t ion ,   St.  Paul,  Minnesota.   The  p la te   was  imaged 

using  the  inven t ion   d i s c l o s e d   he re in ,   and  was  developed  as  

in  Example  I.  The  image  obta ined  on  the  p l a t e   was  we l l  

de f ined ,   with  e x c e l l e n t   c o n t r a s t   and  r e s o l u t i o n .  



EXAMPLE  IV 

The  p la te   of  Example  I  was  imaged  and  developed  i n  

accordance   with  the  t e a c h i n g s   of  Example  I,  except   tha t   t h e  

gas  flow  rate  was  25  s t anda rd   cubic  c e n t i m e t e r s / m i n u t e ,   r o l l  

c i r c u m f e r e n t i a l   speed  was  20  y a r d s / m i n u t e ,   and  t h e  

r e s i s t a n c e   values  for  the  c u r r e n t   l i m i t i n g   r e s i s t o r   Rl  were  

va r i ed   over  a  range  which  p e r m i t t e d   moni tor ing  of  c u r r e n t   i n  

the  d i scharge   region.   The  approximate   a s s o c i a t e d   l ine   w i d t h  

achieved  (based  upon  r e p r o d u c t i o n   of  a  s e r i e s   of  s p a c e d  

p a r a l l e l   l ines)   is  given  be low.  



Image  q u a l i t y   in  all  cases  was  e x c e l l e n t .  

EXAMPLE  V 

A  small  s e c t i o n   of  Mylar-brand  p o l y e s t e r   p l a s t i c   f i l m  

having  a  t h i ckness   of  5  mils  and  having  a  conduc t ive   c o a t i n g  

on  one  side  was  i n t e r p o s e d   between  the  s t y lu s   and  t h e  

surface   of  the  p la te   of  Example  I,  with  the  c o n d u c t i v e  

coat ing  facing  the  s t y l u s .   The  p l a s t i c   film  is  d i s t r i b u t e d  

by  S i e r r a c i n   Corpora t ion   of  Sylmar,  C a l i f o r n i a   under  t h e  

tradename  " I n t r e x " .   The  p l a s t i c   film  as  used  was  p a r t i a l l y  

t r a n s p a r e n t   to  v i s i b l e   l i g h t ,   the  t r a n s m i s s i o n   having  been 

measured  over  the  v i s i b l e   region  of  the  spectrum  and 

averaging  approx imate ly   50%.  The  cond i t ions   of  Example  I 

were  used  to  cause  an  e l e c t r i c a l   d i scharge   to  be  e s t a b l i s h e d  

between  the  s ty lus   and  the  conduct ive   sur face   of  the  f i l m ,  

except  tha t   the  gas  flow  rate   was  25  s t andard   c u b i c  

c e n t i m e t e r s / m i n u t e ,   the  r e l a t i v e   speed  between  the  s t y l u s  

and  the  film  su r face   was  0.1  i n c h e s / s e c o n d ,   and  the  s t y l u s  



was  p o s i t i o n e d   approximate ly   0.002  inch  from  the  f i l m  

s u r f a c e .   To  take  into  account  the  p a r t i a l   t r a n s m i s s i v i t y   o f  

the  f i lm  to  l i g h t   and  the  i nc rease   d i s t a n c e   between  t h e  

s ty lus   and  the  p l a t e ,   the  rate   of  t r a v e r s e   of  the  s t y l u s  

across   the  su r face   was  made  smal ler   than  in  Example  I.  The 

conduc t ive   su r face   of  the  film  was  s u i t a b l y   grounded  to  t h e  

rol l   c a r r y i n g   the  p l a t e .  

It  was  observed  that   the  c h a r a c t e r i s t i c s   of  t h e  

var ious   d i s c h a r g e s   between  the  s t y l u s   and  the  c o n d u c t i v e  

film  s u r f a c e ,   in  p a r t i c u l a r ,   the  shape  and  luminos i ty   of  t h e  

d i s c h a r g e s ,   were  s u b s t a n t i a l l y   i d e n t i c a l   to  those  which  were  

observed  in  Example  I.  After  exposure  as  above,  the  f i l m  

was  removed  from  the  surface   of  the  p l a t e   and  the  p la te   was 

developed  as  in  Example  I.  No  developed  images  of  any  k ind  

were  o b s e r v e d .  

It  is  be l ieved   that   v i s i b l e   l i g h t   a lone ,   as  p roduced  

by  the  d i s cha rge   of  the  i n s t an t   i n v e n t i o n ,   is  i n s u f f i c i e n t  

in  i n t e n s i t y   to  form  a  l a t e n t   image  on  th i s   p l a t e .   Because  

the  l i g h t   i n t e n s i t y   to  which  the  p l a t e   is  exposed  in  t h i s  

Example  is  c a l c u l a t e d   to  be  app rox ima te ly   ten  times  t h e  

i n t e n s i t y   to  which  the  plate   is  exposed  in  Example  I  ( h a v i n g  

taken  into  account  the  t r a n s m i s s i v i t y   of  the  film  and  t h e  

inc reased   spacing  of  the  d i scha rge   from  the  p la te   s u r f a c e  

because  of  the  f i n i t e   th ickness   of  the  f i l m ) ,   i t   i s  

t h e r e f o r e   concluded  t h a t ,   in  the  p r a c t i c e   of  th is   i n v e n t i o n  

as  exempl i f i ed   in  Examples  I  through  IV  above,  t h e  



impingment  of  ions  on  the  su r f ace   is  the  p r i n c i p a l  

mechanism,  and  tha t   the  i n c i d e n t i a l   p roduct ion   of  l i g h t  

a s s o c i a t e d   with  the  e l e c t r i c a l   d i s cha rges   of  t h i s   i n v e n t i o n  

does  not  play  a  s i g n i f i c a n t   r o l e .  

To  insure  that   l i g h t   from  a  convent iona l   source ,   i f  

s u f f i c i e n t l y   i n t e n s e ,   would  be  capable  of  producing  a  l a t e n t  

image  a f t e r   passing  through  the  p a r t i a l l y   t r a n s m i s s i v e   f i l m  

used  above,  a  p la te   i d e n t i c a l   to  the  one  used  above  was 

p a r t i a l l y   covered  with  a  small  s ec t i on   of  film  as  used  above  

and  then  exposed  to  a  source  of  convent iona l   l i g h t .   A f t e r  

exposure ,   the  film  s ec t i on   was  removed  and  the  p l a t e  

developed  as  above.  It  was  observed  tha t   both  the  r e g i o n s  

d i r e c t l y   exposed  to  the  l i g h t   and  those  which  were  b e n e a t h  

the  fi lm  developed  to  the  same  degree ,   thus  e s t a b l i s h i n g   t h e  

f ac t   tha t   the  film  is  capable   of  t r a n s m i t t i n g   at  l e a s t   some 

of  those  wave  lengths  of  l i g h t   to  which  the  p la te   s u r f a c e   i s  

s e n s i t i v e .  



1.  A  process  for  c r e a t i n g   a  des i red   l a t e n t   image  on 

an  unimaged,  e l e c t r i c a l l y   conduc t ive   s u b s t r a t e   s u r f a c e ,   s a i d  

su r f ace   c a r r y i n g   an  unimaged  m a t e r i a l   t he reon ,   said  m a t e r i a l  

being  capable   of  being  i n s o l u b i l i z e d   when  acted  upon  by  a 

low  c u r r e n t   n o n - p u l s a t i n g   e l e c t r i c a l   d i scharge   to  form  a 

l a t e n t   image  thereon  whch  t h e r e a f t e r   may  be  developed  f o r  

use  in  a  p r i n t i n g   process  by  conven t iona l   l i t h o g r a p h i c - t y p e  

developing   p r o c e s s e s ,   compris ing  c o n t a c t i n g   areas  of  s a i d  

ma te r i a l   on  said  sur face   co r r e spond ing   to  said  image  with  a 

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

d i s cha rge   being  of  s u f f i c i e n t   energy  d e n s i t y  t o  

i n s o l u b i l i z e ,   with  r e spec t   to  conven t iona l   l i t h o g r a p h i c - t y p e  

developing   m a t e r i a l s ,   said  ma te r i a l   only  in  said  a r e a s  

c o n t a c t e d  b y   said  d i s c h a r g e .  

2.  The  process  of  claim  1  wherein  said  e l e c t r i c a l  

d i scha rge   is  s u b s t a n t i a l l y   coaxial   with  a  stream  of  a 

r e l a t i v e l y   i n e r t   gas  d i r e c t e d   at  said  s u b s t r a t e   su r face   at  a 

subsonic   v e l o c i t y   of  at  l e a s t   about  Mach  0 . 0 5 .  

3.  A  process  for  c r e a t i n g   a  l a t e n t   image  on  an 

unimaged  p r i n t i n g   p l a t e ,   said  p l a t e   having  an  unimaged 

coat ing   thereon  in  which  an  i n s o l u b i l i z i n g   e f f e c t   may  be 

induced  by  a  low  cu r ren t   l o c a l i z e d   type  e l e c t r i c a l  

d i s c h a r g e ,   comprising  the  s teps  o f :  



(a)  p o s i t i o n i n g   an  e l e c t r o d e   in  close  p roximi ty   t o  

the  coated  sur face   of  said  p la te   thereby  f o r m i n g  

a  d i scharge   gap;  

(b)  d i r e c t i n g   a  r e l a t i v e l y   i n e r t   gas  into  said  gap  i n  

the  d i r e c t i o n   of  said  p la te   sur face   in  the  form 

of  a  t h in ,   w e l l - d e f i n e d   stream  having  a  v e l o c i t y  

of  at  l e a s t   about  Mach  0 . 0 5 ;  

(c)  i n i t i a t i n g   a  low  c u r r e n t   l o c a l i z e d - t y p e  

e l e c t r i c a l   d i scha rge   between  said  e l e c t r o d e   and 

said  p la te   su r f ace ,   wi th in   said  gas  s t ream,   and 

(d)  ma in ta in ing   the  t ime -ave raged   cu r ren t   flow  w i t h i n  

said  d i scharge   to  a  value  s u f f i c i e n t   to  induce  an 

i n s o l u b i l i z i n g   e f f e c t   in  said  coat ing  c o n t a c t e d  

by  said  d i s c h a r g e .  

4.  The  process  of  claim  3  wherein  said  value  of  t h e  

t ime-ave raged   cu r r en t   flow  wi th in   said  d i scharge   gap  i s  

between  about  2x10-6  and  about  2x10-3  amperes .  

5.  The  process  of  claim  3  wherein  the  vol tage   a c r o s s  

said  gap  is  n o n - p u l s a t i n g .  

6.  The  process  of  claim  3  wherein  said  gas  s t r e a m  

has  a  minimum  t r a n s v e r s e   c r o s s - s e c t i o n a l   area  of  less  t h a n  

about  2x10-5  square  i n c h e s .  



7.  The  product   of  the  process   of  claim  6,  w h e r e i n  

the  r e s u l t i n g   l a t e n t   image  has  a  minimum  uniform  d o t  

d i ame te r   of  less  than  about  0.004  i n c h .  

8.  The  process  of  claim  3,  wherein  said  gas  s t r e a m  

is  d i r e c t e d   from  an  a p e r t u r e   a s s o c i a t e d   with  said  e l e c t r o d e .  

9.  The  process  of  claim  3,  wherein  said  e l e c t r o d e   i s  

a  tube ,   and  said  gas  stream  is  d i r e c t e d   from  the  tube  b o r e .  

10.  The  method  of  claim  3  wherein  said  cu r ren t   f l o w  

is  l im i t ed   to  a  maximum  value  which  is  i n s u f f i c i e n t   t o  

d i s p l a c e   said  coat ing  so  as  to  s u b s t a n t i a l l y   expose  s a i d  

p l a t e   under  said  c o a t i n g .  

11.  The  method  of  claim  3  wherein  said  e l e c t r o d e   i s  

scanned  over  said  p la te   su r f ace   by  means  of  r e l a t i v e  

movement  between  said  e l e c t r o d e   and  said  p la te   su r f ace ,   and 

said  l o c a l i z e d - t y p e   d i scha rge   is  ma in ta ined   only  while  s a i d  

e l e c t r o d e   is  opposi te   areas  of  said  p la te   sur face   whe re in  

said  i n s o l u b i l i z i n g   e f f e c t   is  d e s i r e d .  

12.  The  method  of  claim  11  wherein  said  d i f f u s e - t y p e  

d i s cha rge   is  mainta ined  at  times  o ther   than  those  when  s a i d  

l o c a l i z e d - t y p e   d i scharge   is  being  m a i n t a i n e d .  



13.  The  method  of  claim  3  wherein  the  c u r r e n t   flow  i n  

said  d i scharge   is  modulated  in  accordance  with  p a t t e r n  

i n f o r m a t i o n .  

14.  An  appa ra tu s   for  c r ea t ing   a  l a t e n t   image  on  an 

unimaged  p r i n t i n g   p l a t e ,   said  p la te   having  an  unimaged 

coat ing  thereon  in  which  an  i n s o l u b i l i z i n g   e f f e c t   may  be 

induced  by  a  low  c u r r e n t   l o c a l i z e d - t y p e   e l e c t r i c a l  

d i s c h a r g e ,   c o m p r i s i n g :  

(a)  means  for  p o s i t i o n i n g   an  e l e c t r o d e   in  c l o s e  

proximi ty   to  the  coated  sur face   of  said  p l a t e  

thereby   forming  a  d ischarge   g a p ;  

(b)  means  for  d i r e c t i n g   a  r e l a t i v e l y   i n e r t   gas  i n t o  

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

in  the  form  of  a  t h in ,   w e l l - d e f i n e d   stream  hav ing  

a  subsonic   v e l o c i t y   of  at  l e a s t   about  Mach  0 . 0 5 ;  

(c)  means  for  i n i t i a t i n g   a  low  c u r r e n t   l o c a l i z e d - t y p e  

e l e c t r i c a l   d i scharge   between  said  e l e c t r o d e   and 

said  p l a t e   s u r f a c e ,   within  said  gas  s t ream,   and 

(d)  means  for  ma in ta in ing   the  t i m e - a v e r a g e d   c u r r e n t  

flow  wi th in   said  d ischarge   to  a  value  s u f f i c i e n t  

to  induce  an  i n s o l u b i l i z i n g   e f f e c t   in  s a i d  

coat ing   con tac t ed   by  said  d i s c h a r g e .  

15.  The  appa ra tu s   of  claim  14  which  f u r t h e r   i n c l u d e s  

means  for  varying  the  t ime-averaged   c u r r e n t   flow  wi thin   s a i d  

d i scharge   in  accordance   with  pa t t e rn   i n f o r m a t i o n .  



16.  The  appara tus   of  claim  14  wherein  said  means  f o r  

p o s i t i o n i n g   said  e l e c t r o d e   may  be  con t ro l l ed   in  a c c o r d a n c e  

with  pa t t e rn   i n f o r m a t i o n .  

17.  The  appara tus   of  claim  14  wherein  said  e l e c t r o d e  

comprises  a  hollow  s ty lus   having  a  long i tud ina l   bore  and 

wherein  said  means  for  d i r e c t i n g   said  gas  into  said  gap 

comprises  said  s ty lus   b o r e .  

18.  The  appara tus   of  claim  17  wherein  said  s t y l u s  

bore  has  a  maximum  diameter   of  about  0.004  i n c h .  














	bibliography
	description
	claims
	drawings

