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(w)  Overcoated  photoresponsive  devices. 
A  layered  photoresponsive  device  comprising  in  the 

order  stated:  a  substrate  (3),  a  hole  transport  layer  (5) 
comprised  of  an  arylamine  dispersed  in  a  resinous  binder 
composition,  a  charge  carrier  photogenerating  layer  (7),  and  a 
protective overcoating  layer (9)  comprising  an  ultraviolet  light 
absorbing  composition. 



This  invention  is  generally  directed  to  a  layered  pho to respons ive  

device,  and  more  specifically,   the  present  invention  is  directed  to  such  a  

device  of  the  kind  comprising,  in  the  order  s tated,   a  substrate;   a  ho le  

transport  layer  comprising  an  arylamine  dispersed  in  a  res inous  b i n d e r  

composition;  a  charge  carrier  photogenerat ing  layer;  a n d  a   p r o t e c t i v e  

overcoating  l aye r .  

Photoresponsive  devices,  including  layered  pho to respons ive  

devices  containing  charge  transport   layers,  and  charge  generating  layers  o f  

selenium,  selenium  alloys,  phthalocyanines,   and  the  like  are known.  Also,  

photoreceptor   mater ia l s   comprised  of  inorganic  or  organic  compos i t i ons  

wherein  the  charge  carrier   generation  and  charge  carrier  t r a n s p o r t  

functions  are  accomplished  by  d i sc re t e  



c o n t i g u o u s   layers   are  d i s c l o s e d   in  the  prior  art.  A d d i t i o n a l l y ,  

p h o t o r e c e p t o r   m a t e r i a l s   are  d i s c l o s e d   in  the  prior  art  which  inc lude   a n  

o v e r c o a t i n g   layer  of  an  e lec t r i ca l ly   insu la t ing   polymeric   mater ia l ,   a n d  

in  c o n j u n c t i o n   with  this  o v e r c o a t e d   type  p h o t o r e c e p t o r ,   the re   h a v e  

been   p r o p o s e d   a  n u m b e r   of  imag ing   m e t h o d s .  

R e c e n t l y ,   t h e r e   has  b e e n   d i s c l o s e d   layered  p h o t o r e s p o n s i v e  

d e v i c e s   c o m p r i s e d   of  g e n e r a t i n g   layers   and  t r anspor t   layers,   r e f e r e n c e  

U.S.  P a t e n t   4 , 2 6 5 , 9 9 0 ,   and   o v e r c o a t e d   p h o t o r e s p o n s i v e   m a t e r i a l s  

c o n t a i n i n g   a  hole  inject ing  layer,  o v e r c o a t e d   with  a  c h a r g e   t r a n s p o r t  

layer,  fo l lowed  by  an  o v e r c o a t i n g   of  a  p h o t o g e n e r a t i n g   layer,  and  a  t o p  

coa t ing   of  an  insu la t ing   o r g a n i c   resin,   r e f e r ence   U.S.  P a t e n t  

4 , 2 5 1 , 6 1 2 .   E x a m p l e s   of  p h o t o g e n e r a t i n g   c o m p o s i t i o n s   d i s c l o s e d   in  

these   p a t e n t s   i n c l u d e   t r igonal   s e l e n i u m ,   var ious   p h t h a l o c y a n i n e s ,   a n d  

the  like,  while  e x a m p l e s   of  c h a r g e   t r a n s p o r t   layers  inc lude   t h o s e  

c o m p r i s e d   of  d i a m i n e s .   Addi t ional ly ,   t h e r e   is  d i sc losed   in  U.S.  P a t e n t  

3 , 0 4 1 , 1 1 6   a  p h o t o c o n d u c t i v e   mate r ia l   c o n t a i n i n g   a  t r a n s p a r e n t   p l a s t i c  

mater ia l   o v e r c o a t e d   on  a  layer  of  v i t r e o u s   se len ium  which  is  c o n t a i n e d  

on  a  r e c o r d i n g   s u b s t r a t e .   A p p a r e n t l y   in  opera t ion ,   the  s u r f a c e   of  t h e  

t r a n s p a r e n t   p las t ic   is  e l e c t r o s t a t i c a l l y   c h a r g e d   to  a  d e s i r e d   po l a r i t y ,  

fo l lowed  by  e x p o s i n g   the  d e v i c e   to  act ivat ing  rad ia t ion ,   w h i c h  

g e n e r a t e s   a  hole  e l e c t r o n   pair  in  the  p h o t o c o n d u c t i v e   layer,  c a u s i n g  

e l e c t r o n s   to  m o v e   to  the  p las t ic   layer  and  neut ra l ize   the  p o s i t i v e  

c h a r g e s   c o n t a i n e d   on  the  free  s u r f a c e   of  the  plast ic   layer,  t h u s  

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

in  s o m e   of  the  prior  art  d e v i c e s ,   the  d iamine   t r a n s p o r t   m o l e c u l e s  

c o n t a i n e d   in  the  t r a n s p o r t   layer  c a n   be  adverse ly   a f fec ted ,   a n d  

d e g r a d e d   by  u l t rav io te t   light,  and  c o r o n a   e x p o s u r e s ,   r e n d e r i n g   s u c h  

d e v i c e s   s u b s t a n t i a l l y   u s e l e s s   for  ob t a in ing   c o n t i n u o u s   high  q u a l i t y  

images .   This  is  par t icu lar ly   a  p r o b l e m   with  r ega rd   to  d e v i c e s  

c o n t a i n i n g   a  top  p h o t o g e n e r a t i n g   layer,  which  is  c h a r g e d   pos i t ive ly .  



Apparent ly ,   the  d i amines   c o n t a i n e d   in  the  t r anspo r t   layer  a r e  

c o n v e r t e d   to  a  ca t ionic   radical  by  ul t raviolet   light,  this  radical  c a u s i n g  

the  posi t ive  c h a r g e s   con ta ined   on  the  s u r f a c e   of  the  layered  i m a g i n g  

m e m b e r   to  be  undes i rab ly   e l imina ted .   More  speci f ica l ly   t h e  

o v e r c o a t i n g   layer  of  the  p h o t o r e s p o n s i v e   device  of  the  p r e s e n t  

invent ion  is  c o m p r i s e d   of  mater ia ls   that   will  abso rb   d a m a g i n g   s h o r t  

w a v e l e n g t h   light,  while  t ransmit t ing  the  longer   w a v e l e n g t h s   to  t h e  

p h o t o g e n e r a t i o n   layer.  Since  the  d a m a g i n g   light  radiat ion  e x t e n d s  

into  the  visible,  that  is  w a v e l e n g t h   of  450  n a n o m e t e r s   t h e  

pho tosens i t i v i t y   is  r educed   in  the  blue  by  a  purely  a b s o r p t i v e   l aye r .  

The  p h o t o s e n s i t i v i t y   at  these  blue  w a v e l e n g t h s   can  h o w e v e r   b e  

r e s to red   by  us ing  as  an  o v e r c o a t   layer  mater ia ls   that   a r e  

p h o t o s e n s i t i v e   to  the  the  short  w a v e l e n g t h s   they  a b s o r b .  

Accord ing ly ,   t he re   is  a  need  for  e l imina t ing   the  d e g r a d a t i o n   of  s u c h  

d iamine   m o l e c u l e s .   The  improved  layered   p h o t o r e s p o n s i v e   dev ice   o f  

the  p r e s e n t   invent ion   a c c o m p l i s h e s   this  impor tan t   o b j e c t i v e .  

Additionally,   it  is  known  that  the  app l i c a t i on   of  p ro tec t ive   c o a t i n g s  

to  p h o t o c o n d u c t i v e   s u b s t a n c e s ,   part icularly  i n o r g a n i c  

p h o t o c o n d u c t i v e   materials ,   can  be  e f f ec t ed   primarily  for  the  p u r p o s e  

of  e x t e n d i n g   the  useful  life  of  t h e s e   devices .   Without   s u c h  

o v e r c o a t i n g s ,   de te r io ra t ion   of  the  p h o t o c o n d u c t i v e   m e m b e r   o c c u r s  b y ,  

for  example ,   the  m e c h a n i c a l   ab ras ion   a t t e n d e n t   to  the  deve lop ing   a n d  

c lean ing   p r o c e s s e s .   In  view  of  this,  and  for  other  r e a s o n s ,   v a r i o u s  

p ro tec t ive   o v e r c o a t i n g s   have  been   applied  to  i n o r g a n i c  

p h o t o r e s p o n s i v e   devices .   Thus  for  e x a m p l e ,   there  is  d i s c l o s e d   in  U . S .  

Pa ten t   3 ,397 ,982   an  e lec t ros ta t ic   imaging   dev ice   c o m p r i s i n g   a  

p h o t o c o n d u c t i v e   layer  containing  an  i n o r g a n i c   g lass   material ,   and  a  

p h o t o c o n d u c t i v e   layer  with  an  o v e r c o a t i n g   c o m p r i s e d   of  v a r i o u s  

oxides,   such   as  ge rman ium  oxides,   the  oxides  of  v a n a d i u m ,   a n d  

s i l icone  d i o x i d e s .  



Moreover,  there  is  disclosed,  for  example  in  US  Patent   3  655  377 

the  use  of  an  arsenic  selenium  alloy  as  an  overcoat ing  on  te l lur ium 

selenium  alloy  pho togenera to r   layer.  This  prior  art,  however  is  silent  wi th  

regard  to  protect ing  the  diamine  t ranspor t   molecule  from  damage  by 

radiat ion  and  corona  e f f l u e n t s .  

Fur the rmore ,   there  is  disclosed  in  US  Patent   2  886  434  processes  

for  protec t ing   selenium  photoconduct ive   substances  with  a  thin,  t r a n s p a r e n t  

film  of  a  mater ia l   having  e lec t r ica l   cha rac te r i s t i c s   comparable  to  

selenium.  Examples  of  mater ia l s   disclosed  as  p ro tec t ive   layers  in  th is  

pa tent   include  zinc  sulfide,  silica,  various  silicates,  alkaline  earth  f luorides,  

and  the  like.  Never the less ,   there  continues  to  be  a  need  for  p r o t e c t i v e  

overcoat ings ,   par t icular ly   for  layered  photoresponsive  devices  containing 

charge  t ranspor t   layers,  and  photogenera t ing   layers,  which  overcoa t ings  

also  function  s imul taneously   as  an  u l t raviole t   light  absorber  layer  for  t h e  

purpose  of  preventing  degradat ion  of  the  diamines  contained  in  the  cha rge  

t ranspor t   l aye r .  

There  also  continues  to  be  a  need  for  improved  l ayered  

photoresponsive  devices  which  not  only  generate   acceptable   images  bu t  

which  can  be  repea tedly   used  in  a  number  of  imaging  cycles  wi thou t  

de te r io ra t ion   thereof   from  the  machine  environment   or  surrounding 

condit ions.   Additionally,  there  continues  to  be  a  need  for  improved  l ayered  

imaging  devices,  wherein  the  hole  t ransport ing  composit ions  selected  fo r  

use  in  these  devices  do  not  degrade  after   extended  usage.  Further,   t h e r e  

also  continues  to  be  a  need  for  improved  photoresponsive  devices  which 

contain  hole  t ranspor t   layers  photogenera t ing   layers,  and  an  overcoa t ing  

p ro tec t ive   layer,  which  devices  are  sensitive  to  visible  light  and  in f ra - red  

i l lumination,   thereby  allowing  these  devices  to  be  se lected  for  use  in  a  

number  of  imaging  and  printing  s y s t e m s .  

It  is  therefore   an  object  of  the  present  invention  to  provide  an 

improved  photoresponsive  member   which  is  sensitive  to  visible  light  as  well  

as  to  infra-red  light,  and  which  overcomes  the  above-noted  d i sadvantages .  



The  present  invention  provides  a  photoresponsive  device  of  t h e  

kind  specified  which  is  cha rac te r i sed   in  that  the  overcoating  l aye r  

comprises  an  ul t raviolet   light  absorbing  compos i t ion .  

Accordingly  there  is  provided  a  layered  photoresponsive  imaging 

device  wherein  the  aryldiamine  molecules  that  escape  f r o m  t h e   hole 

transport   layer  are  prevented  from  degradat ion  by  the  p r o t e c t i v e  

overcoating  layer.  The  overcoat ing  layer  functions  as  an  ultraviolet  l ight  

absorbant  substance,   while  s imultaneously  functioning  as  a  visible  l ight  

photogenerat ion  layer,  and  as  a  physical  p ro t ec t an t   layer  for  the  o t h e r  

layers  contained  in  the  dev ice .  

The  improved  photoresponsive  devices  of  the  present  invent ion  

can  be  prepared  by  a  number  of  known  methods,  the  process  parameters   and  

the  order  of  coating  the  layers  being  dependent   on  the  device  des i red .  

Thus,  for  example,  the  improved  photoresponsive  device  of  the  p r e s e n t  

invention  can  be  prepared  by  providing  a  conductive  substrate ,   and  applying 

thereto  by  solvent  coating  processes,  laminating  processes,  so lven t  

spraying  processes,  or  other  methods,  a  hole  transport   layer,  a 

photogenerat ing  layer,  and  a  pro tec t ive   overcoat ing.   More  spec i f ica l ly ,  

the  improved  photoresponsive  device  of  the  present  invention  can  be 

prepared  by  depositing  the  hole  t ransport   layer  and  photogenerat ing  l aye r s  

by  a  solvent  spraying  process,  followed  by  application  of  the  p r o t e c t i v e  

overcoating  layer  by  vacuum  deposition.  In  this  p r o c e s s ,  t h e   ho le  

transport,   and  photogenerat ing  layers  are  generally  deposited  a t  r o o m  

tempera ture ,   while  the  overcoating  layer  is  applied  at  higher  t e m p e r a t u r e s ,  

with  the  thickness  of  the  layers  being  controlled  for  example  by  t h e  

proportions  of  solvent  to  hole  t ransport   layer  or  p h o t o g e n e r a t i n g  l a y e r  

utilized,  and  by  repeating  the  coating  process  as  appropriate.   Examples  o f  

solvents  that  may  be  selected  in  the  solvent  spraying  process  include 

methylene  chloride,  ethylene  chloride,  and  mixtures  t h e r e o f .  



The  improved   l aye red   p h o t o r e s p o n s i v e   dev ice   of  the  p r e s e n t  

invent ion  can  be  s e l e c t e d   for  use   in  various  imag ing   s y s t e m s ,   a n d  

more   impor tan t ly ,   can   func t ion   in  imaging  a n d / o r   pr int ing  s y s t e m s  

utilizing  visible  light  a n d / o r   infrared  light  Thus ,   the  i m p r o v e d  

p h o t o r e s p o n s i v e   d e v i c e s   of  the  p r e s e n t   invention  c an   be  s e l e c t e d   fo r  

use  in  imaging   d e v i c e s   w h e r e   the   device  is  pos i t ive ly   c h a r g e d   a n d  

whe re in   the  a ry l amine   m a t e r i a l s   s e l e c t e d   for  use  in  the   t r a n s p o r t   l a y e r  

are  not  d e g r a d e d   by  u l t ravio le t   light.  in  one  e m b o d i m e n t ,   the  i m a g i n g  

m e t h o d   of  the  p r e s e n t   invent ion   involves  pos i t ive ly   c h a r g i n g   t h e  

p h o t o r e s p o n s i v e   d e v i c e   d e s c r i b e d   herein,  s u b j e c t i n g   the  d e v i c e   t o  

i m a g e w i s e   c h a r g i n g   for  the  p u r p o s e   of  forming  an  e l e c t r o s t a t i c   l a t e n t  

image  t h e r e o n ,   d e v e l o p i n g   the  latent  image  with  a  d e v e l o p e r  

c o m p o s i t i o n   c o m p r i s e d   of  toner   part icles  and  c a r r i e r   p a r t i c l e s ,  

fol lowed  by  t r a n s f e r r i n g   the   image   to  a  sui table   s u b s t r a t e   s u c h   a s  

paper ,   and   p e r m a n e n t l y   affixing  the  image  t h e r e t o .  

In  a n o t h e r   e m b o d i m e n t   of  the  p r e s e n t   inven t ion ,   t h e  

p h o t o r e s p o n s i v e   d e v i c e   can   be  s e l e c t e d   for  use  in  pr in t ing   s y s t e m s ,  

that   is  in  t h o s e   a p p a r a t u s e s   where in   a  iaser,  s u c h   as  a  g a l l i u m  

a r s e n i d e   laser,   or  i m a g e   ba r s   are  u s e d   for  g e n e r a t i n g   the  image   t o  

be  d e v e l o p e d .  

For  a  be t t e r   u n d e r s t a n d i n g   of  the  p resen t   i nven t ion ,   and  f u r t h e r  

f e a t u r e s   t he reof ,   r e f e r e n c e   is  made   to  the  fo l lowing  d e t a i l e d  

d e s c r i p t i o n   of  va r ious   p r e f e r r e d   e m b o d i m e n t s   w h e r e i n :  

Figure   1  is  a  par t ia l ly   s c h e m a t i c   c r o s s - s e c t i o n a l   view  of  t h e  

improved   p h o t o r e s p o n s i v e   device   of  the  p resen t   i n v e n t i o n ;  



Figure  2  is  a  partially  s c h e m a t i c   c r o s s - s e c t i o n a l   view  of  a  p r e f e r r e d  

p h o t o r e s p o n s i v e   dev ice   of  the  p r e s e n t   invention;  a n d  

Figure  3  is  a  partially  s c h e m a t i c   c r o s s - s e c t i o n a l   view  of  a  p r e f e r r e d  

p h o t o r e s p o n s i v e   dev ice   of  the  p r e s e n t   i n v e n t i o n .  

I l lustrated  in  F igure   1  is  the  improved   p h o t o r e s p o n s i v e   dev i ce   o f  

the  p r e s e n t   invent ion ,   general ly   d e s i g n a t e d   1,  and  c o m p r i s i n g   a  

s u b s t r a t e   3,  a  hole   or  cha rge   t r a n s p o r t   layer  5,  c o n t a i n i n g   a  h o l e  

t r a n s p o r t i n g   c o m p o s i t i o n   d i s p e r s e d   in  an  inert  r e s i n o u s   b inde r   6,  a  

c h a r g e   ca r r i e r   p h o t o g e n e r a t i n g   layer  7,  con t a in ing   a  p h o t o g e n e r a t i n g  

p igment   op t iona l ly   d i s p e r s e d   in  an  inert  r e s i n o u s   b inder   8,  and   a  

p ro tec t ive   o v e r c o a t i n g   layer  9. 

The  s u b s t r a t e   layer  3  may  be  o p a q u e   or  subs t an t i a l ly   t r a n s p a r e n t ,  

and  may  c o m p r i s e   sui table  mater ia ls   having  the  a p p r o p r i a t e  

m e c h a n i c a l   p r o p e r t i e s .   Generally,   the  s u b s t r a t e   is  c o m p r i s e d   of  a n  

insulat ing  mater ia l ,   such   as  an  o rgan ic   or  i no rgan i c   p o l y m e r i c  

material ,   a  layer  of  an  organic   or  inorgan ic   mater ia l   having  a  s e m i -  

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

such   as  for  e x a m p l e ,   a luminum,   ch romium,   nickel,  indium,  t i n  o x i d e ,  

brass ,   or  the  like.  Example s   of  insulat ing  layers  that   can  be  s e l e c t e d  

as  the  s u b s t r a t e   include  var ious   r e s inous   mater ia l s ,   s u c h   a s  

p o l y c a r b o n a t e s ,   po lyes te r s ,   and  the  like,  however ,   the  s u b s t r a t e   f s  

p re fe rab ly   c o m p r i s e d   of  a  material   c o m m e r c i a l l y   ava i l ab le   a s  

a lumin ized   Mylar.  The  s u b s t r a t e   may  be  flexible  or  rigid,  and  m a y  

have  a  n u m b e r   of  different  c o n f i g u r a t i o n s ,   inc luding   a  p l a t e ,  

cylindrical   drum,   a  scroll,  an  e n d l e s s   flexible  b e l t ,   and  t h e   l ike.  

Preferably ,   the  s u b s t r a t e   is  in  the  form  of  an  e n d l e s s   flexible  belt,  o r  a  

rigid  cyl indr ical   d r u m .  



T h e   t h i c k n e s s   of  the   s u b s t r a t e   layer  var ies   d e p e n d i n g   upon   m a n y  

f a c t o r s ,   i n c l u d i n g   e c o n o m i c a l   c o n s i d e r a t i o n s ,   thus  this  layer  may  b e  

of  s u b s t a n t i a l   t h i c k n e s s ,   for  e x a m p l e ,   over  10  mi l l ime te r s ,   or  o f  

m i n i m u m   t h i c k n e s s ,   p rov id ing   t h e r e   are  no  a d v e r s e   e f f e c t s   with  t h e  

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

layer   r a n g e s   f rom  a b o u t   3  mi l l imeters   to  a b o u t   10  m i l l i m e t e r s .  

T h e   ho le   t r a n s p o r t   layer  5  can   be  c o m p r i s e d   of  a  n u m b e r   o f  

s u i t a b l e   m a t e r i a l s   w h i c h   are   c a p a b l e   of  t r a n s p o r t i n g   ho le s ,   this  l a y e r  

g e n e r a l l y   h a v i n g   a  t h i c k n e s s   in  the  range   of  from  a b o u t   5  to  a b o u t   5 0  

m i c r o m e t e r s ,   and   p r e f e r a b l y   this  layer  is  of  a  t h i c k n e s s   of  from  a b o u t  

20  to  a b o u t   40  m i c r o m e t e r s .   T r a n s p o r t   layer  5  t hus   c o m p r i s e s   a n  

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

m a t e r i a l   6.  I l lus t ra t ive   e x a m p l e s   of  e l ec t ron   d o n o r   m o l e c u l e s   i n c l u d e  

t h o s e   as  d e s c r i b e d   in  U.S.  P a t e n t   4 , 2 6 5 , 9 9 0  
 ̀ Spec i f i c   i l lus t ra t ive  e x a m p l e s  

of  e l e c t r o n   d o n o r   m o l e c u l e s   i n c i u d e   aryl  amines ,   s u c h   as  s u b s t i t u t e d  

N , N , N ' , N ' - t e t r a p h e n y l - [ 1 , 1 ' - b i p h e n y l ] 4 , 4 ' - d i a m i n e s   of  the   f o r m u l a   a s  

i l l u s t r a t e d   in  t he   4 , 2 6 5 , 9 9 0   p a t e n t .  

T h e   inert   highly  i n su la t ing   r e s inous   b inder   6,  w h i c h   has   a  

res i s t iv i ty   of  at  l e a s t  1 0 1 2   o h m - c m   to  p r even t   u n d u e   d a r k   d e c a y ,   is  a  

m a t e r i a l   w h i c h   is  not  n e c e s s a r i l y   c a p a b l e   of  s u p p o r t i n g   the   in jec t ion   o f  

h o l e s   from  the   p h o t o g e n e r a t o r   layer,  and  is  not  c a p a b l e   of  a l l o w i n g  

the  t r a n s p o r t   of  t h e s e   h o l e s   t h r o u g h   the  mater ia l .   H o w e v e r ,   the   r e s i n  

b e c o m e s   e l e c t r i c a l l y   ac t ive   w h e n   it  c o n t a i n s   from  a b o u t   10  to  7 5  

w e i g h t   p e r c e n t   of  t he   s u b s t i t u t e d   N , N , N ' , N ' - t e t r a p h e n y l - [ 1 , 1 ' -  

b i p h e n y l ] 4 , 4 ' - d i a m i n e s .   S p e c i f i c   e x a m p l e s   of  such   d i a m i n e s   i n c l u d e ,  

N , N ' - d i p h e n y l - N , N ' - b i s ( a l k y l p h e n y l ) - [ 1 , 1 ' - b i p h e n y l ] - 4 , 4 ' - d i a m i n e  

w h e r e i n   alkyl  is  s e l e c t e d   from  the  g roup  c o n s i s t i n g   of  methyl ,   s u c h   a s  

2 - m e t h y l ,   3 -me thy l ,   and   4 -methy l ,   ethyl,  propyl,   butyl,  hexyl,   and  t h e  

like.  With  halo  s u b s t i t u t i o n ,   the  amine   is  N , N ' - d i p h e n y l - N , N ' -  



b i s ( h a l o p h e n y l ) - [ 1 , 1 ' - b i p h e n y l ] - 4 , 4 ' - d i a m i n e   w h e r e i n   halo  is  2 - c h l o r o ,  

3 -ch loro ,   or  4 - c h l o r o .  

Other   e l e c t r i c a l l y   active  d o n o r   c o m p o s i t i o n s   which  can   b e  

d i s p e r s e d   in  the  e l ec t r i ca l l y   inac t ive   resin  to  form  a  layer  which   will 

t r a n s p o r t   holes   i n c l u d e   the  a r y l a m i n e s ,   t r i p h e n y l a m i n e ,   b i s - (4 -  

d i e t h y l a m i n o - 2 - m e t h y l p h e n y l ) p h e n y l m e t h a n e ;   b i s - (4 -  

d i e t h y l a m i n o p h e n y l ) p h e n y l m e t h a n e ;   1  - p h e n y l - 3 - ( 4 ' -  

d i e t h y l a m i n o s t e a r y l ) - 5 - ( 4 " - d i e t h y l a m i n o p h e n y l )   pyrazo l ine ;   4 -  

d i e t h y l a m i n o b e n z a l d e h y d e - 1 , 1 - d i p h e n y l   h y d r a z o n e ;   2 , 5 - b i s -  

( 4 ' d i e t h y l a m i n o p h e n y l ) - 1 , 3 , 4 - o x a d i a z o l e ;   and  1 , 4 - b i s - [ b i s ( 4 ' -  

( p h e n y l m e t h y l ) - a m i n o - 2 ' - m e t h y l p h e n y l ) m e t h y l ]   b e n z e n e .  

A  p r e f e r r ed   hole   t r a n s p o r t   layer,  in  a  t h i c k n e s s   of  from  a b o u t  1 0  

m i c r o m e t e r s   to  a b o u t   20  m i c r o m e t e r s ,   is  c o m p r i s e d   of  35  p e r c e n t   b y  

weight   of  the  d i a m i n e   N , N ' - d i p h e n y l - N , N ' - b i s ( 3 - m e t h y l p h e n y l ) 1 , 1 ' -  

b i p h e n y l - 4 , 4 ' - d i a m i n e ,   d i s p e r s e d   in  65  p e r c e n t   by  weight   of  t h e  

p o l y c a r b o n a t e   resin  c o m m e r c i a l l y   avai lable   as  M a k r o l o n .  

Illustrative  e x a m p l e s   of  insu la t ing   r e s i n o u s   b i n d e r s   6  for  the  h o l e  

t r a n s p o r t   layer  i n c l u d e   in  addi t ion   to  p o l y c a r b o n a t e   r e s i n s  

c o m m e r c i a l l y   a v a i l a b l e   as  Makro lon ,   Merlon  and  Lexan ,   p o l y s u l f o n e s  

po lys ty rene ,   and  the  like.  Genera l ly ,   the  d i amine   t r a n s p o r t   m o l e c u l e   is 

d i s p e r s e d   in  the  r e s i n o u s   b inder ,   in  an  a m o u n t   r ang ing   from  a b o u t   2 5  

p e r c e n t   by  we igh t   to  70  p e r c e n t   by  weight ,   and  p re fe rab ly   in  a n  

a m o u n t   of  from  a b o u t   30  p e r c e n t   by  weight   to  a b o u t   50  p e r c e n t   b y  

w e i g h t .  

The  p h o t o g e n e r a t i n g   l a y e r   7  i nc ludes   for  e x a m p l e ,   n u m e r o u s  

p h o t o c o n d u c t i v e   c h a r g e   ca r r ie r   g e n e r a t i n g   ma te r i a l s   providing  t h e y  

are  e l ec t ron i ca l l y   c o m p a t i b l e   with  the  c h a r g e   car r ie r   t r a n s p o r t   l aye r ,  

that  is,  they  can  inject   p h o t o e x c i t e d   c h a r g e   ca r r i e r s   into  the  t r a n s p o r t  



layer  and  c h a r g e   c a r r i e r s   can  travel  in  both  d i r ec t i ons   a c r o s s   t h e  

in te r face   b e t w e e n   the   two  layers.  Thus,   the  p h o t o g e n e r a t i n g   layer  7  

can  be  c o m p r i s e d   of  i n o r g a n i c   p h o t o s e n s i t i v e   p i g m e n t s   such   a s  

t r igonal   s e l e n i u m ,   m i x t u r e s   of  G r o u p s   IA  and  IIA  e l e m e n t s ,   c a d m i u m  

se len ide ,   c a d m i u n   sulfur   s e l e n i d e ,   c o p p e r   and  c h l o r i n e   d o p e d  

c a d m i u m   sul f ide ,  and  t r igonal   s e l e n i u m   d o p e d   with  s o d i u m   c a r b o n a t e  

r e f e r e n c e   U.S.  P a t e n t s   4 , 2 3 2 , 1 0 2   and  4 ,233,283,   and   the  l ike, 

opt ional ly   d i s p e r s e d   in  va r ious   r e s i n o u s   b i n d e r s .  

The  p h o t o g e n e r a t i n g   layer  can  also  con ta in   o rgan ic   c h a r g e   c a r r i e r  

g e n e r a t i n g   m a t e r i a l s   s u c h   as  p h t h a i o c y a n i n e s ,   inc luding  for  e x a m p l e ,  

metal  p h t h a l o c y a n i n e s ,   metal  free  p h t h a l o c y a n i n e s ,   v a n a d y l  

p h t h a l o c y a n i n e s ,   s q u a r a i n e   p igmen t s ,   such   as  methyl   s q u a r i l i u m  

p igment s ,   h y d r o x y   squa r i l ium  p igmen t s ,   and  m ix tu r e s   t h e r e o f ,  

opt ional ly   d i s p e r s e d   in  r e s i n o u s   b i n d e r s .  

Other   p h o t o g e n e r a t i n g   ma te r i a l s   not  d i s c lo sed   he re in   can  b e  

s e l e c t e d   for  the  p h o t o r e s p o n s i v e   device   of  the  p r e s e n t   i n v e n t i o n  

including,   for  e x a m p l e ,   o ther   p h t h a l o c y a n i n e s ,   s u c h   as  c o p p e r  

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

x-form  of  metal   f r ee   p h t h a l o c y a n i n e ,   and  the  like. 

The  p h o t o g e n e r a t i n g   p i g m e n t s   are  usually  d i s p e r s e d   in  an  i n a c t i v e  

r e s inous   binder ,   8,  i l lustrat ive  e x a m p l e s   of  which  i n c l u d e   p o l y e s t e r s ,  

p o l y c a r b o n a t e s ,   p o l y s t y r e n e s ,   po lysu l fones ,   p h e n o x y   res ins ,   e p o x y  

resins,   and  the  like,  with  p o l y e s t e r s   being  p r e f e r r e d .   Genera l ly ,   t h e  

p h o t o g e n e r a t i n g   p i g m e n t   is  c o n t a i n e d   in  the  r e s i n o u s   b inder   in  a n  

a m o u n t   of  from  a b o u t   5  p e r c e n t   by  weight   to  abou t   80  p e r c e n t   b y  

weight,   and  p r e f e r a b l y   in  an  a m o u n t   of  from  abou t   10  p e r c e n t   b y  

weight   to  a b o u t   40  p e r c e n t   by  weight .   Accord ing ly ,   in  t h i s  

e m b o d i m e n t   the  r e s i n o u s   b inder  i s   p r e s e n t   in  an  a m o u n t   of  from  a b o u t  

95  p e r c e n t   by  w e i g h t   to  a b o u t   20  p e r c e n t   by  weight,   and  p re fe rab ly   in  



an  a m o u n t   of  from  about   90  p e r c e n t   by  weight  to  abou t   60  p e r c e n t   b y  

w e i g h t .  

The   t h i c k n e s s   of  the  p h o t o g e n e r a t i n g   layer  d e p e n d s   on  a  n u m b e r  

of  f a c t o r s   including  the  t h i c k n e s s e s   of  the  other   layers,   g e n e r a l l y ,  

h o w e v e r ,   this  layer  r a n g e s   in  t h i c k n e s s   of  from  about   0 .01 

m i c r o m e t e r s   to  abou t   10  m i c r o m e t e r s ,   and  p re fe rab ly   is  of  a  t h i c k n e s s  

of  from  abou t   0.1  m i c r o m e t e r s   to  about   1.0  m i c r o m e t e r s .   T h e  

m a x i m u m   t h i c k n e s s   of  this  layer  is  d e p e n d e n t   primarily  on  f a c t o r s  

such  as  m e c h a n i c a l   c o n s i d e r a t i o n s ,   while  the  minimum  t h i c k n e s s   of  

this  layer  is  d e p e n d e n t   on  for  e x a m p l e ,   the  p igmen t   part icle  s i ze ,  

opt ical   dens i ty   of  the  p h o t o g e n e r a t i n g   p igment ,   and  the  like. 

The   o v e r c o a t i n g   layer  9,  which  genera l ly   r a n g e s   in  t h i c k n e s s   of 

from  abou t   0.05  m i c r o m e t e r s   to  a b o u t   10  m i c r o m e t e r s ,   and  p r e f e r a b l y  

is  o f  a   t h i c k n e s s   of  from  a b o u t   0.2  m i c r o m e t e r s   t o  a b o u t   5  

m i c r o m e t e r s ,   is  c o m p r i s e d   of  m a t e r i a l s   that  are  c a p a b l e   of  a b s o r b i n g  

ul traviolet   light  so  as  to  p revent   the   d e g r a d a t i o n   of the  e l ec t ron   d o n o r  

a ry l amine   mate r ia l s   c o n t a i n e d   in  the   t r anspo r t   layer  5,  wh ich   m a t e r i a l s  

diffuse  to  s o m e   extent   into  layer  7.  Also,  this  layer  can  funct ion   as  a  

p ro t ec t ive   layer  for  the  p h o t o r e s p o n s i v e   device.   Illustrative  e x a m p l e s  

of  ma te r i a l s   s e l e c t e d   for  layer  9  i nc lude   se len ium,   alloys  of  s e l e n i u m ,  

such  as  a r sen ic   se len ium,   c o n t a i n i n g   0.1  to  50  p e r c e n t   by  weight   of  

a r sen ic ,   and  99.9  to  a b o u t   50  p e r c e n t   by  weight   s e l en ium,   a r s e n i c  

s e l e n i u m   alloys  con ta in ing   h a l o g e n s ,   such   as  ch lor ine   or  iodine,  in  a n  

a m o u n t   of  from  about   1  part  per  million  to  abou t   1  pe rcen t ,   as  well  a s  

s e l e n i u m   tel lurium  alloys,  a r sen ic   s e l e n i u m   tellurium  alloys,  the  a b o v e  

s e l e n i u m   alloys  con ta in ing   g e r m a n i u m ,   and  the  like. 

O the r   o v e r c o a t i n g   mater ia ls   not  specif ical ly   d i s c l o s e d   herein   m a y  

also  be  s e l ec t ed   providing  the  o b j e c t i v e s   of  the  p r e s e n t   invent ion  a r e  

a c h i e v e d   including,   for  e x a m p l e ,   other  inorgan ic   and  o r g a n i c  



mate r i a l s ,   such   as  v a c u u m   d e p o s i t e d   p h t h a l o c y a n i n e s ,   s u b j e c t   to  t h e  

p rov i s ion   that   t h e s e   ma t e r i a l s   a b s o r b   ultraviolet   light,  and  func t ion   a s  

an  e l ec t r i ca l ly   ac t ive   c h a r g e   g e n e r a t i n g   layer.  Addit ionally,   s o l v e n t  

c o a t e d   o r g a n i c   p o l y m e r s   may  be  u s e d   p rov ided   they  a b s o r b   u l t r a v i o l e t  

light,  or  c o n t a i n   u l t ravio le t   a b s o r b i n g   addi t ives ,   and  further ,   p r o v i d i n g  

tha t   the  c o a t i n g   p r o c e s s   does   not   resul t   in  the  diffusion  of  t h e  

a r y l a m i n e   t r a n s p o r t   m o l e c u l e   into  the   o v e r c o a t i n g   layer  9.  I l lus t r a t ive  

e x a m p l e s   of  o r g a n i c   ma te r i a l s   that   may  be  s e l e c t e d   for  t h e  

o v e r c o a t i n g   layer  9  i nc lude   v a r i o u s   po lymers   c o n t a i n i n g   t h e r e i n  

o r g a n i c   a n d / o r   i n o r g a n i c   ul t raviolet   light  a b s o r b e r s .   E x a m p l e s   o f  

t h e s e   ma t e r i a l s   i n c l u d e   p o l y c a r b o n a t e s ,   po lyes t e r s ,   s i l icon  p o l y m e r s ,  

s i l o x a n e s ,   and  the  like,  having  d i s p e r s e d   there in   ul t raviolet   l i gh t  

a b s o r b e r s ,   such   as  zinc  oxide,   a m o r p h o u s   or  c rys ta l l ine   pa r t i c les   o f  

s e l e n i u m ,   a r s e n i c ,   or  s e l e n i u m   te l lur ium  alloys,  p h e n i d o n e ,   uv inu l ,  

and  the  like.  Gene ra l ly ,   the  u l t raviole t   light  a b s o r b e r s   are  p r e s e n t   in  

the  o r g a n i c   mater ia l   in  an  a m o u n t   r ang ing   from  a b o u t   5  p e r c e n t   b y  

w e i g h t   to  a b o u t   40  p e r c e n t   by  we igh t ,   and  p re fe rab ly   in  an  a m o u n t   o f  

f rom  a b o u t  1 0   p e r c e n t   by  we igh t   to  a b o u t   20  p e r c e n t   by  w e i g h t .  

While  it  is  not  d e s i r e d   to  be  limited  by  theory,   it  is  be l ieved   t h a t  

o v e r c o a t i n g   layer  9  p r e v e n t s   the   d e g r a d a t i o n   of  the  a r y l a m i n e s  

c o n t a i n e d   in  the  c h a r g e   t r a n s p o r t   layer   that   have   m i g r a t e d   or  d i f f u s e d  

into  the  p h o t o g e n e r a t i n g   layer  dur ing ,   for  e x a m p l e   the  so lven t   c o a t i n g  

of  this  layer.  The   o v e r c o a t i n g   layer  is  be l ieved  to  p r e v e n t   t h e  

p e n e t r a t i o n   into  the  p h o t o r e s p o n s i v e   dev ice   of  ul t raviolet   light,  a n d  

ion ized   m o l e c u l e s   r e su l t ing   from  c o r o n a   e i p o s u r e .   The  ac t ion   o f  

u l t rav io le t   light  and   ion ized   m o l e c u l e s   on  the  c h a r g e   t r a n s p o r t   a m i n e  

m o l e c u l e s   is  be l i eved   to  resul t   in  the  fo rma t ion   of  ca t ions .   This  c a u s e s  

the  p h o t o r e s p o n s i v e   d e v i c e   to  h a v e   u n s t a b l e   e l ec t r i c a l s   due   to  t h e  

t r a p p e d   ca t ion   r ad ica l s .   T h e s e   u n s t a b l e   e l ec t r i ca l s   c a u s e   an  i n c r e a s e  

r e s idua l   vo l t age   or  loss  in  c h a r g e   a c c e p t a n c e   of  the  p h o t o r e s p o n s i v e  

d e v i c e   due   to  c h a r g e   s w e e p o u t ,   a d v e r s e l y   affect ing  the  dev ice   a n d  

r e su l t ing   in  i m a g e s   of  very  low  q u a l i t y .  



Addt ional ly   while  the  primary  func t ion   of  the  o v e r c o a t i n g   layer  9  is 

to  p reven t   u l t raviole t   light  from  migra t ing   to  the  p h o t o g e n e r a t i n g   l ayer ,  

the  o v e r c o a t i n g   layer  can  also  act   as  a  p ro t ec t an t ,   both  phys ica l   a n d  

chemica l ,   for  the  p h o t o r e s p o n s i v e   device ,   and  further,   this  o v e r c o a t i n g  

layer  p r e v e n t s   ions  g e n e r a t e d   by  the   c o r o n a   cha rg ing   dev ice   to  r e a c h  

the  p h o t o g e n e r a t i n g   layer.  More  spec i f ica l ly ,   as  a  p r o t e c t i v e   layer,  t h e  

o v e r c o a t i n g   layer  p r e v e n t s   the  m e c h a n i c a l   ab ra s ion   a n d / o r   c h e m i c a l  

d a m a g e   re la t ing  to  the  d e v e l o p i n g ,   c h a r g i n g   and  c l e a n i n g   p r o c e s s e s  

s e l e c t e d   for  e l e c t r o s t a t o g r a p h i c   imaging  m e t h o d s .   Also,  t h i s  

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

p h o t o r e s p o n s i v e   dev i ce   in  that  it  c o m b i n e s   for  e x a m p l e   e x c e l l e n t   b l u e  

and  visible  p h o t o r e s p o n s e   of  the   s e l e n i u m   alloy,  o v e r c o a t i n g   l a y e r  

with  e x c e l l e n t   red  and  infrared  p h o t o r e s p o n s e   of  the  p h t h a l o c y a n i n e  

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

T h e  p h o t o r e s p o n s i v e   dev ice   of  the  p r e sen t   invent ion   is  u s e f u l  

primarily  as  an  infrared  imaging  device ,   that  can  be  s e l e c t e d   f o r  

i n c o r p o r a t i o n   into  var ious   imaging   sys tems ,   where in   light  emi t ted   b y  

lasers   are  util ized.  Such   a  dev ice   has  sens i t iv i ty   r ang ing   from  a b o u t  

700  n a n o m e t e r s   to  abou t   900  n a n o m a t e r s ,   and  thus  can  be  s e l e c t e d  

for  use  with  solid  s tate   lasers,   inc luding  h e i i u m - n e o n   lasers ,   a n d  

gallium  a r s e n i d e   lasers.   However ,   as  d i s c l o s e d   here in ,   t h e  

p h o t o r e s p o n s i v e   d e v i c e s   of  the  p r e s e n t   invent ion  are  also  s ens i t i ve   t o  

visible  light,  that   is  light  having  a  w a v e l e n g t h   of  from  a b o u t   4 0 0  

n a n o m e t e r s   to  a b o u t   700  n a n o m e t e r s .  

I l lus t ra ted  in  Figure  2  is  a  p re fe r r ed   layered  p h o t o r e s p o n s i v e  

device   of  the   p r e s e n t   invention  d e s i g n a t e d   10,  and  c o m p r i s e d   of  a  

s u b s t r a t e   15  of  an  a luminum  d rum  in  a  t h i c k n e s s   of  4  mil l imeters ,   a  

hole  t r a n s p o r t   layer  17,  c o n t a i n i n g   35  p e r c e n t   by  we igh t   of  N,N'-  

d i p h e n y l - N , N ' - b i s ( 3 - m e t h y l p h e n y l ) 1 , 1 ' - b i p h e n y l - 4 , 4 ' - d i a m i n e   d i s p e r s e d  

in  18,  65  p e r c e n t   by  weight   of  a  p o l y c a r b o n a t e   c o m m e r c i a l l y   a v a i l a b l e  



as  Merion,   this  layer  having  a  t h i c k n e s s   of  from  a b o u t   10  m i c r o m e t e r s  

to  abou t   25  m i c r o m e t e r s ,   a  p h o t o g e n e r a t i n g   layer  19,  c o m p r i s e d   of  3 0  

p e r c e n t   by  weight   of  vanadyl   p h t h a l o c y a n i n e ,   d i s p e r s e d   in  20,  7 0  

p e r c e n t   by  weight   of  a  po lyes t e r   material ,   PE-100,   c o m m e r c i a l l y  

ava i lab le   from  G o o d y e a r   C o r p o r a t i o n ,   this  layer  having  a  t h i c k n e s s   of  

1  m i c r o m e t e r ,   and  layer  21,  the  p ro tec t ive   layer,  c o m p r i s e d   of  a n  

a r s e n i c   s e l e n i u m   alloy,  c o n t a i n i n g   2  weight   p e r c e n t   of  a rsen ic ,   and  9 8  

weight   p e r c e n t   of  s e l e n i u m ,   this  layer  having  a  t h i c k n e s s   of  1 .0  

m i c r o m e t e r s .  

I l lus t ra ted   in  F igure   3  is  a  a n o t h e r   e m b o d i m e n t   of  the  i m p r o v e d  

p h o t o r e s p o n s i v e   d e v i c e   of  the  p r e s e n t   invent ion  d e s i g n a t e d   25,  t h i s  

dev ice   be ing   c o m p r i s e d   of  a  s u b s t r a t e   30,  of  an  e l e c t r o f o r m e d   n i cke l  

belt  in  a  t h i c k n e s s   of  100  m i c r o m e t e r s ,   a  c h a r g e   t r a n s p o r t   layer  32 ,  

having  a  t h i c k n e s s   of  16  m i c r o m e t e r s ,   and  c o n t a i n i n g   40  p e r c e n t   by  

weight   of  N , N ' - d i p h e n y l - N , N ' - b i s ( 3 - m e t h y l p h e n y l ) 1 , 1 ' - b i p h e n y l - 4 , 4 ' .  

d iamine ,   and  60  p e r c e n t   by  weight   of  a  p o l y c a r b o n a t e ,   c o m m e r c i a l l y  

avai lable   as  Merlon,  a  p h o t o g e n e r a t i n g   layer  34  c o n t a i n i n g   30  p e r c e n t  

by  we igh t   of  t r igonal   s e l e n i u m ,   d i s p e r s e d   in  33,  70  p e r c e n t   by  w e i g h t  

of  a  p o l y e s t e r   mater ia l ,   PE-49 ,000 ,   c o m m e r c i a l l y   ava i lab le   from  E  I. 

d u P o n t   Co.,  this  layer  having  a  t h i c k n e s s   of  0.8  m i c r o m e t e r s ,   and  a  

p ro tec t ive   layer  36,  0.5  m i c r o m e t e r s   in  t h i c k n e s s   c o n t a i n i n g   a  

s e l e n i u m   a r s e n i c   alloy,  con ta in ing   36  weight   p e r c e n t   of  a r s en i c ,   a n d  

64  we igh t   p e r c e n t   of  s e l e n i u m .  

This  invent ion  will  now  be  d e s c r i b e d  i n   detail   with  r e f e r e n c e   to  t h e  

spec i f ic   p r e f e r r ed   e m b o d i m e n t s   thereof ,   it  being  u n d e r s t o o d   that  t h e s e  

e x a m p l e s   are  i n t e n d e d   to  be  Illustrative  only,  and  the  invent ion   is  n o t  

i n t ended   to  be  limited  to  mater ia ls ,   c o n d i t i o n s ,   p r o c e s s   p a r a m e t e r s ,  

and  the  like  rec i ted   he re in .   All  par ts   and  p e r c e n t a g e s   are  by  w e i g h t  

un less   o t h e r w i s e   i n d i c a t e d .  



Moreove r ,   in  the   e x a m p l e s   that  follow,  the  p r o c e s s i n g   s teps   w e r e  

a c c o m p l i s h e d   in  a  room  conta in ing   red  safe   lights  so  as  to  not  e x p o s e  

the  ma te r i a l s ,   pa r t i cu la r ly   the  a m i n e   c h a r g e   t r a n s p o r t   materials ,   t o  

light  of  w a v e l e n g t h s   less  than  500  A n g s t r o m s ,   in  order   to  p r e v e n t  

ul t raviolet   light  d e g r a d a t i o n   of  such   m a t e r i a l s .  

E X A M P L E   I 

An  o v e r c o a t e d   p h o t o r e c e p t i v e   dev ice   was  p r e p a r e d   by  a p p l y i n g ,  

with  sp ray ing ,   with  a  Model  No.  21  spray   gun,   commerc i a l l y   a v a i l a b l e  

from  Binks,  Inc.,  an  amine  c h a r g e   t r a n s p o r t   layer  onto  a  c l e a n  

a luminum  cy l inde r   having  a  d i ame te r   of  83  mil l imeters .   The  s p r a y i n g  

was  a c c o m p l i s h e d   in  a  laminar  air  flow  boo th   d e s i g n e d   to  p r o c e s s  

volatile  s o l v e n t s   c o n t a i n i n g   an  e n t r a n c e   m e a n s   and  e x h a u s t   m e a n s .  

Th i s   booth   also  c o n t a i n e d   a  motor   driven  mandre l   with  the  a l u m i n u m  

cyl inder   m o u n t e d   t he r eon ,   which  cyl inder   was  rota ted  about   t h e  

vertical  axis  of  the  mandre l   at  290  r evo lu t ions   per  minute.   The  B i n k s  

spray   gun  was  l o c a t e d   20  c e n t i m e t e r s   from  the  a l uminum  cylinder,  a n d  

the  spray   boo th   was  mainta ined   at  a  t e m p e r a t u r e   of  20  d e g r e e s  

c e n t i g r a d e   and  a  relat ive  humidity  of  abou t   40  p e r c e n t .  

Prior  to  s p r a y i n g   the  a luminum  cyl inder   was  c l e a n e d   by  dipping  it 

into  a  so lu t ion   c o n t a i n i n g   3  p e r c e n t   of  sod ium  c a r b o n a t e   and  3  

p e r c e n t   of  s o d i u m   t r i phospha t e ,   for  1  minute .   S u b s e q u e n t l y ,   t h e  

a luminum  cy l inde r   was  removed  from  the  solut ion,   w a s h e d   with  w a t e r  

and  i m m e r s e d   for  0.5  minutes   in  c o n c e n t r a t e d   nitric  acid,  67  w e i g h t  

pe rcen t .   The  cy l inde r   was  then  r e m o v e d   from  the  nitric  acid  a n d  

rinsed  t h o r o u g h l y   with  deionized  w a t e r .  

The  c h a r g e   t r a n s p o r t   layer  appl ied   c o n t a i n e d   a  4  pe rcen t   so l i d  

solut ion  of  a  mix ture   of  65  p e r c e n t   by  weight   of  the  p o l y c a r b o n a t e  

resin,  Merlon  M  39N,  and  35  p e r c e n t   by  weight   of  N ,N ' -d ipheny l -N ,N ' -  



b i s ( 3 - m e t h y l p h e n y l ) - 1 , 1 ' - b i p h e n y l - 4 , 4 ' - d i a m i n e .   This  mixture   w a s  

p r e p a r e d   by  d i s so lv ing   in  a  0.5  liter  a m b e r   bottle,  the   p o l y c a r b o n a t e  

resin,   Merlon  M39N  ava i l ab le   c o m m e r c i a l l y   from  Mobay   Chemica l ,   in  a  

so lu t ion   c o n t a i n i n g   60  p e r c e n t   by  vo lume  of  m e t h y l e n e   ch lo r ide   a n d  

40  p e r c e n t   by  v o l u m e   1 , 1 , 2 - t r i c h l o r o e t h a n e .   The  p o l y c a r b o n a t e   r e s i n  

was   d i s so lved   by  t umbl ing   the  so lu t ion   mixture   for  one   hour   on  a  

pa in t   shake r ,   and  af ter   tumbling  the  resul t ing   mix ture   was  a l lowed  t o  

s t a n d   for  abou t   24  h o u r s   at  room  t e m p e r a t u r e .  

T h e r e   was  t hen   a d d e d   to  the  resul t ing  so lu t ion   N , N - d i p h e n y l - N , N -  

b i s ( 3 - m e t h y l p h e n y l ) - 1 , 1 ' - b i p h e n y l - 4 , 4 ' - d i a m i n e ,   which   d i amine   w a s  

d i s s o l v e d   there in   by  tumbl ing   the  mixture  for  two  h o u r s   on  a  p a i n t  

s h a k e r .   After  t u m b l i n g ,   the  resul t ing   mixture   was  a l l owed   to  remain  a t  

room  t e m p e r a t u r e   for  a b o u t   24  h o u r s .  

The   resul t ing  s o l u t i o n   was  then  appl ied   to  the  a l u m i n u m   c y l i n d e r ,  

by  s p r a y i n g   with  t he   Model  No.  21  spray  gun  fo l lowed  by  drying  a t  

4 0 ° C   for  20  m i n u t e s ,   and  160°C  for  60  minutes ,   the   drying  b e i n g  

a f f e c t e d   in  a  f o r c e d   air  oven.  T h e r e   r esu l ted   an  a l u m i n u m   c y l i n d e r  

c o n t a i n i n g   t h e r e o n   in  a  t h i c k n e s s   of  15  m i c r o m e t e r s ,   a  c h a r g e  

t r a n s p o r t   layer  c o m p r i s e d   of  35  p e r c e n t   by  we igh t   of  the  a m i n e  

i n d i c a t e d ,   and  65  p e r c e n t   by  we igh t   of  the  p o l y c a r b o n a t e   r e s i n  

s p e c i f i e d .  

T h e r e   was   then   app l i ed   to  the  t r a n s p o r t   layer,  by  s p r a y i n g   with  t h e  

a b o v e   Binks  Model   No.  21  sp ray   gun,  a  p h o t o g e n e r a t i n g   l a y e r  

c o n t a i n i n g   30  p e r c e n t   by  weight   of  vanadyl   p h t h a l o c y a n i n e ,   d i s p e r s e d  

in  70  p e r c e n t   by  w e i g h t   of  a  p o l y e s t e r .  

The   p h o t o g e n e r a t i n g   c o m p o s i t i o n   was   p r e p a r e d   by  mixing  3 0  

p e r c e n t   by  of  w e i g h t   vanadyl   p h t h a l o c y a n i n e ,   and  70  p e r c e n t   b y  

w e i g h t   of  a  p o l y e s t e r ,   c o m m e r c i a l l y   ava i lab le   from  G o o d y e a r   as  P E -  



100  po lyes t e r .   This  mixture  was  p l aced   in  a  1  liter  a m b e r   b o t t l e ,  

c o n t a i n i n g   in  a  6 0 / 4 0   volume  ratio,  a  mixture   of  so lven t s   of  m e t h y l e n e  

ch lo r ide   and  1 ,1 ,2 - t r i ch lo roe thy lene .   To  the  bottle  was  a d d e d   s t e e l  

shot,   3  mi l l imeters   in  d iameter .   The  c o n t e n t s   of  the  bottle  were   t h e n  

mixed  on  a  paint  s h a k e r   for  24  h  ours. 

After  r emov ing ,   the  steel  she  by  filtration  there   was  a d d e d   to  t h e  

resul t ing  slurry  sufficient   addit ional   so lven t s   so  as  to  resu l t   in  a  

mixture   c o n t a i n i n g   1  pe rcen t   so  i  s ,   of  vanadyl   p h t h a l o c y a n i n e   and  t h e  

PE-100  po lyes t e r .   This  mixture  was   then  s p r a y e d   onto  the  a b o v e  

p r e p a r e d   d i a m i n e   c h a r g e   transp  ort  layer,  with  the  Binks  spray  g u n .  

After  sp ray ing ,   the  resulfing  device  was  dried  at  100°C  for  1 . 2 5  

hours   in  a  forced  air  oven,  re  sulting  in  a  p h o t o g e n e r a t i n g   l a y e r  

having  a  dry  t h i c k n e s s   of  1  m i c r o m e t e ,  

A  top  ul t raviolet   light  abso rb ing   over  oating  aye r   was  then   a p p l i e d  

to  the  above   p h o t o g e n e r a t i n g   layer  by  p  \cing th  e  a l u m i n u m   c y l i n d e r ,  

c o n t a i n i n g   the  c h a r g e   t ranspor t   layer,  an'  the  p h o t o g e n e r a t i n g   l a y e r  

in  a  v a c u u m   c h a m b e r ,   and  vacuum  e v a p o r a t i n g   on  t h e  

p h o t o g e n e r a t i n g   layer,  an  alloy  c o n t a i n i n g   98  p e r c e n t   by  weight   o f  

s e l e n i u m   and  2  p e r c e n t   by  weight   of  a rseni   The  v a c u u m   c h a m b e r  

c o n t a i n e d   a  hor izonta l ly   rotating,  mo to r   driv  n  shaft,   a  s tr ing  of  f o u r  

c ruc ib le s ,   longer   in  length  than  the  a l u m i n u m   l i n d e r ,   these   c r u c i b l e s  

being  of  the  size  of  2.5  x  12.5  cm,  which  cr  ables   were  p l a c e d  

30  c m   in  d i s t a n c e   away  from  the  cyl inder .   Th  e  was   also  inc luded   i n  

the  v a c u u m   c h a m b e r   a  radiant  h e a t e r ,   which  was  p l aced   a b o v e   t h e  

cyl inder ,   at  a  d i s t a n c e   of  5  c e n t i m e t e r s   t h e r e   im.  These   c r u c i b l e s  

were  loaded   with  the  a r s e n i c - s e l e n i u m   alloy  i 1;  ets,  e a c h   c r u c i b l e  

c o n t a i n i n g   abou t   two  grams  of  pel le ts .   The  vG vi  im  c h a m b e r   w a s  

then  e v a c u a t e d   to  a  p re s su re   of  less  than  a  r  c o  Torr,  and  t h e  

a l u m i n u m   cyl inder   was  rotated  at  a  s p e e d   of  .)(  r evo lu t ions   p e r  



minute ,   while  be ing   h e a t e d   to  7 0 ° C   with  the  radiant  hea t e r s .   T h e  

a r s e n i c   s e l e n i u m   alloy  was   c a u s e d   to  e v a p o r a t e   and  was   d e p o s i t e d   o n  

the  p h o t o g e n e r a t i n g   layer   by  h e a t i n g   each   of  the  c ruc ib les   to  3 0 0 ° C .  

After  coo l ing ,   t h e r e   resu l ted   on  the  p h o t o g e n e r a t i n g   layer   a n  

o v e r c o a t i n g   l ayer   of  an  a r sen i c   s e l e n i u m   alloy,  conta in ing   2  p e r c e n t   b y  

weight   of  a r s e n i c   and  98  p e r c e n t   by  weight   of  s e l e n i u m ,   w h i c h  

o v e r c o a t i n g   had   a  t h i c k n e s s   of  1.5  m i c r o m e t e r s .  

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

o rde r   s ta ted   of  (1)  an  a luminum  s u b s t r a t e ,   (2)  a  d iamine   t r a n s p o r t  

layer,  (3)  a  p h o t o g e n e r a t i n g   layer  of  vanadyl   p h t h a l o c y a n i n e ,   and  (4) 

and  o v e r c o a t i n g   layer  c o n t a i n i n g   a  s e l e n i u m   arsenic   a l loy .  

The  a b o v e   p r e p a r e d   d e v i c e   was  then   c h a r g e d   pos i t ive ly   t o  

800  volts  with  a  c o r o t r o n   and  was   found   to  be  electrically  s tab le ,   o v e r  

100,000  imaging   cyc le s ,   in  that  t h e   device   re ta ined  a  posi t ive  c h a r g e  

of  800  volts  as  m e a s u r e d   with  an  e l e c t r o s t a t i c   voltmeter,   c o m m e r c i a l l y  

ava i lab le   from  M o n r o e   E l e c t r o n i c s   Inc.  of  R o c h e s t e r   New  Y o r k .  

Moreover ,   the   p h o t o r e s p o n s i v e   d e v i c e   sensitivity  r a n g e d   f rom  9 0  

v o l t s / e r g / c m 2   at  400  n a n o m e t e r s   to  60  v o l t s / e r g / c m 2   at  9 0 0  

n a n o m e t e r s ,   as  m e a s u r e d   wi th   an  e l ec t ros t a t i c   v o l t m e t e r ,  

c o m m e r c i a l l y   a v a i l a b l e   from  M o n r o e   E lec t ron ics   Inc.  of  R o c h e s t e r  

New  York,  w h i c h   i n d i c a t e s   that  i m a g e s   can  be  formed  on  this  d e v i c e  

over  a  w a v e l e n g t h   r a n g i n g   from  400   n a n o m e t e r s   to  900  n a n o m e t e r s .  

The  a b o v e - p r e p a r e d   p h o t o r e s p o n s i v e   device  was   i n c o r p o r a t e d  

as  a  p h o t o r e c e p t o r   into  a  c o m m e r c i a l l y   avai lable  Xerox  3300  c o p y i n g  

a p p a r a t u s ,   c o n t a i n i n g   e x p o s u r e   lamps  gene ra t i ng   visible  l ight ,  

c o r o t r o n s ,   a  d e v e l o p i n g   station,   a  fixing  s ta t ion,   a  t r ans fe r   s ta t ion ,   a n d  

a  fusing  s t a t ion .   S u b s e q u e n t   to  d e v e l o p m e n t   with  t one r   p a r t i c l e s  

con t a in ing   a  s t y r e n e   n - b u t y l m e t h a c r y l a t e   resin  copo lymer   and  c a r b o n  

b lack   there   r e s u l t e d   for  2,000  i m a g i n g   cycles   high  quali ty  i m a g e s   w i th  



e x c e l l e n t   solid  area  c o v e r a g e   and  i o w  b a c k g r o u n d ,   as  d e t e r m i n e d   by  a  

visual  o b s e r v a t i o n   of  t h e s e   i m a g e s .  

Addi t iona l ly , the   a b o v e - p r e p a r e d   p h o t o r e s p o n s i v e d e v i c e   w a s  

i n c o r p o r a t e d   as  a  p h o t o r e c e p t o r   into  a  c o m m e r c i a l l y   avai lable   X e r o x  

2700  pr int ing  device .   The  r esu l t ing   i m a g e s   s u b s e q u e n t   t o  

d e v e l o p m e n t   with  toner   pa r t i c l e s   c o n t a i n i n g   a  s ty rene   n- 

b u t y l m e t h a c r y l a t e   c o p o l y m e r   and  c a r b o n   black  pa r t i c les ,   were  of 

e x c e l l e n t   r eso lu t ion   with  good  solid  a r ea   c o v e r a g e   for  100,000  i m a g i n g  

cycles ,   as  d e t e r m i n e d   by  a  visual  o b s e r v a t i o n   of  t hese   i m a g e s .  

E x a m p l e  I I  

A  p h o t o r e s p o n s i v e   device   was  p r e p a r e d   by  apply ing   with  a  Bi rd  

a p p l i c a t o r   gap   t h i c k n e s s   of  125  m i c r o m e t e r s   an  amine   t r a n s p o r t   l aye r ,  

onto  a  c l ean   nickel  sheet ,   having  a  t h i c k n e s s   of  50  m i c r o m e t e r s .   T h e  

nickel  s h e e t   was  c l e a n e d   by  r e p e a t i n g   the  p r o c e s s   s t e p s   of  Example   I 

as  they  apply   to  the  c lean ing   of  the  a l u m i n u m   c y c l i n d e r .  

T h e r e   was   then  appl ied  to  the  nickel  shee t ,   with  a  Bird  app l i ca to r   a  

so lu t ion   p r e p a r e d   in  a  one  liter  a m b e r   bott le   c o n t a i n i n g   8.4  g r ams   of  

the  ava i lab le   po lyes te r   resin  Makrolon ,   and  5.6  g rams   of  N , N ' - d i p h e n y i -  

N , N ' - b i s ( 3 - m e t h y l p h e n y l ) - 1 , 1 ' - b i p h e n y l - 4 , 4 ' - d i a m i n e   in  62  milliliters  of  

m e t h y l e n e   chloride.   The  device   was  then  dried  in  a  fo rced   air  oven  a t  

1350C  for  60  minutes ,   result ing  in  a  t r a n s p o r t   layer  having   a  t h i c k n e s s  

of  20  m i c r o m e t e r s .  

The  t r a n s p o r t   layer  was  then  o v e r c o a t e d   with  a  p h o t o g e n e r a t i o n  

layer  as  f o l l o w s :  

In  a  one   liter  a m b e r   bottle,  1.77  g r a m s   of  Makro lon   was  d i s s o l v e d  



in  15.6  milliliters  of  m e t h y l e n e   ch lor ide .   Added  to  this  so lu t ion   w a s  

0.43  g r a m s   of  h y d r o x y   s q u a r i l i u m   and  glass   b e a d s   for  mixing.  T h i s  

mixture   was   then  p l a c e d   on  a  paint   shake r   for  90  m i n u t e s   and  t h e  

resul t ing   slurry,  af ter   r e m o v a l   of  the  glass  b e a d s   by  filtration  w a s  

c o a t e d   with  a  Bird  a p p l i c a t o r   to  a  dry  t h i c k n e s s   of  a b o u t   1  m i c r o m e t e r ,  

on  the  a m i n e   t r a n s p o r t   layer.   The  device   was  dried  at  1200C  for  6 0  

minu te s   in  a  fo rced   air  o v e n .  

An  o v e r c o a t i n g   layer  of  a r s e n i c   t r i se lenide   (As2Se3)   39  p e r c e n t   b y  

we igh t   of  a r s en i c ,   and   61  p e r c e n t   by  weight  of  s e l e n i u m   was   a p p l i e d  

to  the  p h o t o g e n e r a t i n g   layer  in  a  vacuum  c h a m b e r   by  v a c u u m  

d e p o s i t i o n ,   by  r e p e a t i n g   the   a p p r o p r i a t e   p r o c e s s   s t e p s   of  E x a m p l e   1. 

The  dev ice   was  m a i n t a i n e d   at  room  t e m p e r a t u r e   while   s u f f i c i e n t  

A s 2 S e 3   was   e v a p o r a t e d   to  p r o d u c e   an  ove rcoa t ing   layer  t h i c k n e s s   o f  

0.1  m i c r o m e t e r s .  

The  a b o v e - p r e p a r e d   d e v i c e   was   then  c h a r g e d   pos i t ive ly   to  8 0 0  

volts  with  a  c o r o t r o n ,   and  was  found   to  be  e lec t r ica l ly   s table ,   o v e r  

30 ,000   imaging   c y c l e s   in  tha t   the  dev ice   re ta ined  a  pos i t ive   c h a r g e   o f  

800  volts  as  m e a s u r e d   with  an  e l e c t r o s t a t i c   vol tmeter ,   c o m m e r c i a l l y  

ava i lab le   from  M o n r o e   E lec t ron ics ,   Inc.  M o r e o v e r ,   t h e  

p h o t o r e s p o n s i v e   d e v i c e   sensi t iv i ty   r anged   from  10  v o l t s / e r g / c m 2 ,   a t  

400  n a n o m e t e r s ,   to  30  v o l t s / e r g / c m 2 ,   at  900  n a n o m e t e r s ,   a s  

m e a s u r e d   with  an  e l e c t r o s t a t i c   vol tmeter ,   c o m m e r c i a l l y   ava i l ab le   f r o m  

Monroe   E l e c t r o n i c s ,   Inc.,  ind ica t ing   that  images   cou ld   be  fo rmed   o n  

this  d e v i c e .  

EXAMPLE III 

A  p h o t o r e s p o n s i v e   dev ice   was  p r epa red   by  r e p e a t i n g   t h e  

p r o c e d u r e   of  E x a m p l e   I  with  the  excep t ion   that  the  top  o v e r c o a t i n g  

layer  of  the   s e l e n i u m   a r s e n i c   alloy  was  not  a p p l i e d   to  t h e  

p h o t o g e n e r a t i n g   layer,   t h u s   resul t ing   in  a  p h o t o r e s p o n s i v e   d e v i c e  



c o m p r i s e d   in  the  o rder   s t a t e d - o f   (1)  an  a l u m i n u m   s u b s t r a t e ,   (2)  a  

d i a m i n e   t r a n s p o r t   layer,  and  (3)  a  p h o t o g e n e r a t i n g   layer  of  v a n a d y l  

p h t h a l o c y a n i n e .   This  d e v i c e   was  then  i n c o r p o r a t e d   as  a  

p h o t o r e c e p t o r   into  the  Xerox  2700   printer,  r e f e r e n c e   E x a m p l e   II,  a n d  

after  1 ,000  imaging   cyc l e s   s u b s t a n t i a l l y   no  i m a g e s   r e s u l t e d   s i n c e  

a p p a r e n t l y   the  a m i n e   t r a n s p o r t   layer,  some   of  the  m o l e c u l e s   of  w h i c h  

d i f fused   into  the  p h o t o g e n e r a t i n g   layer,  were   a d v e r s e l y   a f f e c t e d .  

S u b s e q u e n t   to  2 ,000  imaging   cycles ,   and  e x p o s u r e   of  t h e  

p h o t o r e s p o n s i v e   dev ice   to  room  f l u o r e s c e n t   light,  e l e c t r i c a l  

m e a s u r e m e n t s   of  the  dev i ce   with  an  e l e c t r o s t a t i c   v o l t m e t e r ,  

c o m m e r c i a l l y   ava i l ab le   from  M o n r o e   E lec t ron ics ,   Inc.,  i n d i c a t e d   t h a t  

the  c h a r g e   a c c e p t a n c e   of  this  d e v i c e   without   an  o v e r c o a t i n g   l aye r ,  

u n d e s i r a b l y   d e c r e a s e d   from  850  volts  to  100  volts,  i nd ica t ing   that  n o  

i m a g e s   would  be  o b t a i n a b l e .  

-   In  c o n t r a s t ,   the  o v e r c o a t e d   p h o t o r e s p o n s i v e   d e v i c e   p r e p a r e d   in 

a c c o r d a n c e   with  E x a m p l e   I  was   i n c o r p o r a t e d   as  a  p h o t o r e c e p t o r   in 

the  s a m e   Xerox  2700  pr in ter   and  af ter   50,000  i m a g e s   w e r e   f o rmed   a n d  

d e v e l o p e d ,   no  image   d e g r a d a t i o n   was  o b s e r v e d   in  that   the  i m a g e s  

were  of  high  r e so lu t ion   with  g o o d   solid  b a c k g r o u n d .   Fur ther ,   t h e  

o v e r c o a t e d   d e v i c e   after  50 ,000   imag ing   cycles   and  e x p o s u r e   to  r o o m  

f l u o r e s c e n t   light,  s h o w e d   that   the  c h a r g e   a c c e p t a n c e   r e m a i n e d   at  8 5 0  

volts  with  no  d e c r e a s e ,   as  m e a s u r e d   by  an  e l e c t r o s t a t i c   v o l t m e t e r ,  

c o m m e r c i a l l y   ava i lab le   from  M o n r o e   E lec t ron ic s ,   i n c .  

EXAMPLE  IV 

Two  p h o t o r e s p o n s i v e   d e v i c e s   were  p r e p a r e d ,   by  r e p e a t i n g   t h e  

p r o c e d u r e s   of  E x a m p l e s   l a n d   III,  resul t ing  in  the  p h o t o r e s p o n s i v e  

dev i ce   wi thout   a  s e l e n i u m   alloy  o v e r c o a t i n g ,   and   a  p h o t o r e s p o n s i v e  

dev i ce   with  a  s e l e n i u m   alloy.  Both  p h o t o r e s p o n s i v e   d e v i c e s   were   t h e n  

e x p o s e d   to  light  of  a  w a v e l e n g t h   of  400  n o a n o m e t e r s ,   at  an  in tens i ty   o f  

2  m i l l i w a t t s / c m 2 ,   for  5  minutes .   The   device   with  no  s e l e n i u m   a l l py  



overcoating  a c c e p t e d   less  than  100  volts,  as  measured  with  an  e l e c t r o s t a t i c  

vol tmeter ,   c o m m e r c i a l l y   available  from  Monroe  Electronics,   Inc.,  while  t h e  

device  containing  the  arsenic  alloy  overcoat ing,   re fe rence   the  device  o f  

Example  I,  was  una f f ec t ed   and  accepted  charge  of  8D0  volts.  These  

measuremen t s   ind ica ted   that  the  non-overcoated   device  would  not  f o r m  

images,  since  charge   acceptance   was  not  suff icient ,   and  that  t h e  

overcoated  device  would  form  images .  

Fur ther ,   the  photoresponsive  devices  as  prepared  in  a c c o r d a n c e  

with  Examples  I-IV,  were  individually  tes ted  for  ul t raviolet   l igh t  

degradation  by  exposing  these  devices  to  unfi l tered  light  from  a  1  k i l o w a t t  

Xenon  lamp  for  a  period  of  30  seconds,  for  the  purpose  of  d e t e r m i n i n g  

whether  the  devices  would  accept  charge  since  accep tance   of  c h a r g e  

indicates  that   these  devices  would  form  images  and  were  not  degraded  by 

ul traviolet   light.  Measurements   were  accomplished  with  an  e l e c t r o s t a t i c  

vol tmeter ,   c o m m e r c i a l l y   available  from  Monroe  Electronics,   Inc.  Those  

devices  containing  the  arsenic  alloy  overcoating,   re ference   the  device  as 

prepared  in  Example  I,  accepted  800  volts  of  charge,  while  those  dev ices  

that  did  not  conta in   a  selenium  alloy  overcoat ing,   accepted  0  vo l t s ,  

indicating  subs tan t ia l   degradation  of  the  mater ia ls   in  the  dev ice .  



1.  A  layered  photoresponsive  device  comprising  in  the  order  s t a t e d :  

a  substrate   (3);  a  hole  transport   layer  (5)  comprising  an  arylamine  d ispersed 

in  a  resinous  binder  composition;  a  charge  carrier  photogenerat ing  layer  (7); 

and  a  pro tec t ive   overcoating  layer  (9);  character ised  in  that  t he  

overcoat ing  layer  comprises  an  ul t raviolet   light  absorbing  compos i t ion .  

2.  A  photoresponsive  device  in  accordance  with  Claim  1  wherein  t he  

protec t ive   overcoat ing  layer  (9)  comprises  amorphous  se lenium.  

3.  A  photoresponsive  device  in  accordance  with  Claim  1  wherein  t h e  

protec t ive   overcoat ing  layer  (9)  comprises  a  selenium  alloy,  and  t he  

arylamine  comprises  a  subst i tuted  N,N,N ' ,N ' - te t raphenyl - [1 ,1 ' -b iphenyl ] -  

4,4'-diamine  dispersed  in  a  resinous  b inder .  

4.  A  photoresponsive  device  in  accordance  with  Claim  3  wherein  t h e  

arylamine  is  N,N ' -d iphenyl -N,N' -b is (a lkylphenyl ) - (1 ,1 ' -b iphenyl ] -4 ,4 ' -  

diamine,  or  N,N'-diphenyl-N,N',   bis(  3 -me thy lpheny l ) - I , I ' , -b ipheny l -4 ,4 ' , -  

d iamine .  

5.  A  photoresponsive  device  in  accordance  with  Claim  3  wherein  t he  

protec t ive   selenium  alloy  overcoating  contains  from  0.1  percent  by  weight  

to  50  percent   by  weight  of  arsenic,  and  from  99.9  percent  by  weight  to  50 

percent   by  weight  of  se lenium.  

6.  A  photoresponsive  device  in  accordance  with  Claim  3  wherein  t h e  

protect ive   selenium  alloy  overcoat ing  contains  2  percent  by  weight  of  

arsenic,  and  98  percent  by  weight  of  selenium,  or  wherein  the  p r o t e c t i v e  

selenium  alloy  overcoating  contains  40  percent  by  weight  of  arsenic,  and  60 

percent  by  weight  of  se lenium.  

7.  A  photoresponsive  device  in  accordance  with  Claim  3  where in  

there  is  incorporated  into  the  selenium  alloy  a  halogen  m a t e r i a l .  



8.  A  photoresponsive  device  in  accordance  with  Claim  7  wherein  t h e  

halogen  is  chlorine  present   in  an  amount  of  20  parts  to  200  parts  pe r  

mil l ion.  

9.  A  photoresponsive  device  in  accordance  with  any one  of  Claims  1 

to  8  wherein  the  thickness  of  the  substrate   (3)  ranges  from  3  mill imeters  to  

10  mil l imeters ,   the  thickness  of  the  hole  t ranspor t   layer  (5)  ranges  from  5 

mic romete r s   to  50  mic rome te r s ,   the  thickness  of  the  photogenerat ing  l ayer  

(7)  ranges  from  0.01  m ic rome te r s   to  10  mic romete rs ,   and  the  thickness  of  

the  protect ive   overcoa t ing   layer  (9)  ranges  from  0.1  micrometers   to  10 

m i c r o m e t e r s .  

10.  A  method  of  imaging  which  comprises   charging  t h e  

photoresponsive  device  of  any one  of  Claims  1  to  9,  followed  by  imagewise  

exposure  of  this  device,  developing  the  latent  e l e c t r o s t a t i c   image  fo rmed ,  

t ransfer r ing   the  image  to  a  suitable  substrate,   and  optionally  p e r m a n e n t l y  

affixing  the  image  t h e r e t o .  
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