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. 

Two g e n e r a l  t y p e s  of pho toconduc to r s  have  been  made, 

each o f  which c a n  meet t h e  r e q u i r e m e n t s  of t h e  c o n t r a c t .  One 

t y p e  uses a f i l m  of  CdS d e p o s i t e d  o n t o  g lass  w i t h  l i g h t  i n c i -  

d e n t  t o  t h e  glass  surface. A second uses a f i l m  of CdS 

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

g r i d  o v e r l a y i n g  t h e  CdS. Th i s  is packaged i n  clear p l a s t i c  

with t h e  l i g h t  p a s s i n g  through t h e  p l a s t i c  and  s c r e e n  o p e n i n g s  

t o  the  CdS. The second method is p r e f e r r e d  f o r  weight  r educ -  

t i o n  and  mechanica l  i n t e g r i t y .  Samples o f  e a c h  t y p e  have  

been  p r e p a r e d ,  t e s t e d ,  and s u b m i t t e d .  I t  is f e l t  t h a t  t h e  

ce l l  on  metal f o i l  is s u f f i c i e n t l y  f l e x i b l e  i n  d e s i g n  to  

meet any  f u t u r e  r e q u i r e m e n t s  for large area,  low d e n s i t y  

d e t e c t o r s .  
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I NTRODUCTI ON 

The g o a l  of t h i s  program is t h e  development  of  a 

l i g h t  weight  l a r g e  area photoconductor  which is s t ab le  a t  sea 

l e v e l  environment  for p e r i o d s  of t h e  o r d e r  of a month. I n  

o p e r a t i o n ,  t h e  c e l l  w i l l  be  covered  w i t h  a n  opaque l a y e r  of 

a l u m i n i z e d  p l a s t i c  and the s e n s i t i v i t y  of t h e  d e v i c e  is to  

be s u c h  t h a t  i n  d i r e c t  s u n l i g h t ,  a d e t e c t a b l e  change i n  c e l l  

r e s i s t a n c e  s h a l l  o c c u r  when t h e  f i l m  is p i e r c e d  t o  form a one  

m i l  diameter h o l e .  

METHODS OF APPROACH 

Two g e n e r a l  c e l l  c o n f i g u r a t i o n s  c a n  be used, and 

t h e s e  are shown i n  F i g u r e s  1 and 2,  I n  F i g u r e  1, t h e  photo-  

c o n d u c t o r  is f a b r i c a t e d  on a p i e c e  of g las s  which h a s  been 

c o a t e d  w i t h  a c o n d u c t i n g  layer  of  t i n  ox ide .  CdS is d e p o s i t e d  

o n t o  t h e  t i n  o x i d e ,  t rea ted ,  and a metal l a y e r  d e p o s i t e d  o n t o  

t h e  CdS for a n  e l e c t r o d e .  The t i n  o x i d e  and  metal l a y e r  a re  

the  t w o  t e r m i n a l s .  A l a y e r  of  S i 0  is t h e n  d e p o s i t e d  o v e r  t h e  

metal  t o  s ea l  the c e l l  from t h e  atmosphere.  I n  F i g u r e  2 ,  t h e  

CdS l a y e r  is d e p o s i t e d  o n t o  a sheet o f  molybdenum f o i l  and h e a t  

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

t h e  CdS and t h e  whole c e l l  l amina ted  between two s h e e t s  of 

Kel-F p l a s t i c .  E lec t r ica l  c o n n e c t i o n s  are made t o  t h e  molyb-  

denum and g o l d  f o i l  by s i l v e r  f o i l  tabs  e x t e n d i n g  o u t  p a s t  

t he  p l a s t i c  f i l m .  
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I n  p r i n c i p l e ,  e i t h e r  of t h e s e  approaches  w i l l  p ro -  

duce a d e v i c e  t o  s a t i s f y  t h e  r e q u i r e m e n t s .  The choice is t o  

b e  made on  the  bas i s  of mechanica l  and material c o n s i d e r a t i o n s .  

To de t e rmine  which was the more f e a s i b l e  method, cel ls  were 

made from b o t h  p r o c e s s e s .  

CONSTRUCTION 

S p e c i f i c a l l y ,  t h e  c o n s t r u c t i o n  p r o c e s s e s  are a s  

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

l a y e r  of t i n  o x i d e  on o n e  s u r f a c e .  T h i s  is accompl ished  by 

t h e  w e l l  known p y r o l y s i s  of SnC14 i n  a i r  a t  a b o u t  500°C on 

g lass .  The r e s u l t i n g  l a y e r  has a res i s tance  of a b o u t  100 ohms 

p e r  s q u a r e  and a v i s i b l e  t r a n s m i s s i o n  of  abou t  80%. A water 

s u s p e n s i o n  is made from 1 p a r t  CdS p o w d e r ,  10% by weight  CdC12. 

2*H20 and 0.1% CuC1. 

E l e c t r o n i c  Chemical Cadmium S u l f i d e  118-8-2 w i t h  p a r t i c l e  s ize  

i n  t h e  r a n g e  of  1 t o  2 micron diameter. A l l  o t h e r  chemica l s  

are  r e a g e n t  grade. 

The CdS powder is G e n e r a l  E lec t r ic  

The  g l a s s  s u b s t r a t e  is h e a t e d  t o  100°C and t h e  sus- 

p e n s i o n  s p r a y e d  o n t o  t h e  g l a s s  w i t h  a n  a i r  b rush .  The 

material is a p p l i e d  i n  l a y e r s  w i t h  enough pause  between layers  

for t h e  water t o  e v a p o r a t e .  The s p r a y e d  l a y e r  is neve r  w e t  

enough t o  r u n  or l e v e l  i t s e l f .  A l a y e r  abou t  100 microns  t o t a l  

t h i c k n e s s  is a p p l i e d  which s h o u l d  r e s u l t  i n  h o l e - f r e e  s t r u c t u r e .  

The e n t i r e  d e v i c e  is  t h e n  h e a t e d  t o  600°C i n  a i r  for  5 minu tes  

a n d  coo led .  To e l i m i n a t e  s h o r t s  t h rough  p i n h o l e s  i n  t h e  CdS 
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l a y e r ,  s i l i c o n e  v a r n i s h  is squeegeed o v e r  t h e  s i n t e r e d  CdS. 

A s t r i p e  of t i n  o x i d e  on g lass  is l e f t  exposed f o r  o n e  

e lec t r ica l  c o n t a c t  and a 1000 W l a y e r  of  g o l d  e v a p o r a t e d  

o n t o  t h e  CdS f o r  t h e  o t h e r  c o n t a c t .  To protect t h e  ce l l  

from t h e  a tmosphere ,  3000 8 of Si0 are e v a p o r a t e d  o n t o  the  

CdS-gold s u r f a c e  w i t h  o n e  s p o t  masked for t h e  e l e c t r o d e  

c o n t a c t .  

The p rocedure  f o r  making t h e  metal backed c e l l  is 

q u i t e  similar. The substrate  is a s h e e t  of molybdenum 2 

m i l s  t h i c k  which h a s  been c l e a n e d  and  e t c h e d .  The molyb- 

denum is 2 m i l s  t h i c k  and  is purchased  from F a n s t e e l  Corpora- 

t i o n .  For c l e a n i n g ,  t h e  metal is sc rubbed  i n  a h o t  s o l u t i o n  

of t r i s o d i u m  phosphate to remove any  o i l .  I t  is t h e n  etched 

i n  1:l "03 to  water s o l u t i o n  fo r  3 to 5 s e c o n d s ,  r i n s e d  i n  c o l d  

r u n n i n g  water, and  q u i c k l y  d ipped  i n t o  c o n c e n t r a t e d  H C 1  f o r  

o n e  minute  and  a g a i n  r i n s e d  i n  c o l d  r u n n i n g  water. The 

chemicals a re  r e a g e n t  g rade .  The water s u s p e n s i o n  o f  CdS, 

CdC12 and  CuCl  d e s c r i b e d  p r e v i o u s l y  is s p r a y e d  o n t o  t h e  

molybdenum h e a t e d  t o  100°C. The same a i r  brush t e c h n i q u e  is 

used a g a i n  t o  o b t a i n  t h e  100 micron  t h i c k  l a y e r .  Care is 

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

t h i s  w i l l  cause t h e  more s o l u b l e  c h e m i c a l s  to  c o n c e n t r a t e  i n  

t h e  area which d r i e s  l a s t .  The subs t ra te  and  CdS are t h e n  

h e a t e d  i n  a i r  t o  600°C for 5 minutes .  A f t e r  c o o l i n g ,  t h e  metal 

mesh is l a i d  o n  t h e  CdS s u r f a c e  and  s i l v e r  f o i l  tabs a t t a c h e d  

t o  t h e  mesh and  molybdenum. The e n t i r e  s t r u c t u r e  is t h e n  sand-  

wiched between two l a y e r s  of 5 m i l  t h i c k  KEL-F p l a s t i c .  

5 



T h i s  s e c u r e s  t h e  e lec t r ica l  c o n n e c t i o n s  and seals t h e  c e l l  

from t h e  a tmosphere .  For more s t r i n g e n t  e n v i r o n m e n t a l  s p e -  

c i f i c a t i o n s ,  t h e  p l a s t i c  can be made thicker.  The metal mesh 

e l e c t r o d e  is made o f  g o l d  and h a s  a s q u a r e  mesh c o n f i g u r a t i o n  

of 1 m i l  by 1 m i l  wires w i t h  85% opening .  I t  is made by a n  

e l e c t r o f o r m i n g  p r o c e s s  by t h e  Buckbee Mears C o r p o r a t i o n .  

RESULTS 

C e l l s  were f a b r i c a t e d  by b o t h  p r o c e s s e s  and t r e a t e d .  

The first p r o t o t y p e  d e l i v e r e d  was made on a 1 x 3 i n c h  

p y r e x  p l a t e  1/16" t h i c k ,  The s e n s i t i v i t y  was s a t i s f a c t o r y  

and no d e t e c t a b l e  d e g r a d a t i o n  was obse rved  due t o  a tmosphe r i c  

humid i ty .  S i n c e  t h e  u l t i m a t e  goal was a d e v i c e  a b o u t  1/32" 

t h i c k ,  l a t e r  e f f o r t s  were c o n c e n t r a t e d  on t h e  metal backed 

ce l l .  T h i s  was n e c e s s a r y  s i n c e  t h e  p r o c e s s  f o r  forming  t i n  

o x i d e  on g lass  g e n e r a t e s  high stresses i n  t h e  g lass .  Our 

e x p e r i e n c e  h a s  been t h a t  a 30 m i l  sheet of py rex  2 t o  3 i n c h e s  

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

is a p p l i e d .  Commercial s u p p l i e r s  do n o t  o f f e r  t i n  o x i d e  c o a t e d  

p y r e x  i n  t h i c k n e s s e s  less than 1/16 i n c h .  

The metal backed c e l l s  a l so  produced s a t i s f a c t o r y  

s e n s i t i v i t e s  and no d e t e c t a b l e  a t m o s p h e r i c  d e g r a d a t i o n .  The 

mass of  a 2 i n c h  d i ame te r  c e l l  is 3 grams, or a s u r f a c e  d e n s i t y  

of a b o u t  0.15 grams/cm2. The con templa t ed  c o n f i g u r a t i o n  of a 
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49 i n c h  d i a m e t e r  d i s c  would t h e n  have  a mass of a b o u t  15 grams. 

The s e n s i t i v i t y  was measured as  f o l l o w s .  The c e l l  was cove red  

e x c e p t  f o r  a 1 c m 2  area on  which l i g h t  was i n c i d e n t .  

lamp w i t h  a f i l a m e n t  t e m p e r a t u r e  of 2850°K prov ided  t h e  i l l u -  

mina t ion .  The i n t e n s i t y  was v a r i e d  by i n s e r t i n g  1/3 t r a n s -  

m i s s i o n  s c r e e n s  i n  t h e  beam. The i n t e n s i t y  was measured by a 

cal ibrated s i l i c o n  s o l a r  ce l l .  A l l  t h r e e  pho toconduc to r s  gave 

e s s e n t i a l l y  i d e n t i c a l  r e s u l t s  and t h e  performance of  o n e  is 

shown i n  F i g u r e  3. The abscissa is i n t e n s i t y  i n  e q u i v a l e n t  

sea l e v e l  r u n s  and t h e  o r d i n a t e  is t h e  r e s i s t a n c e  of  t h e  c e l l  

w i t h  3 v o l t s  b i a s .  The s l o p e  of 0.83 decades  change i n  

r e s i s t a n c e  p e r  decade change of i n t e n s i t y  is t h a t  obse rved  i n  

commercial pho toconduc to r s .  T h i s  test  is c o n s e r v a t i v e  i n  t h a t  

t h e  change i n  r e s i s t a n c e  is l a r g e r  a s  t h e  same t o t a l  l i g h t  

f l u x  is c o n c e n t r a t e d  i n  a smaller area. A l s o ,  t h e  CdS is 

more s e n s i t i v e  i n  t h e  b l u e  end of  t h e  spec t rum and t h e  s i l i c o n  

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

r e g i o n s .  N o  d e t e c t a b l e  change i n  s e n s i t i v i t y  was obse rved  

o v e r  t h e  e n t i r e  c e l l  s u r f a c e .  The change i n  r e s i s t a n c e  of t h e  

c e l l  is less t h a n  75% o v e r  t h e  r a n g e  from 20°C to  6OoC f o r  

l i g h t  l e v e l s  of  s u n s  and less.  C y c l i n g  from room 

t e m p e r a t u r e  t o  100°C produced no permanent change. 

A t u n g s t e n  
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