


NASA Contractor Report 2937 

Fabrication  and  Characteristics 
of Experimental Radiographic 
Amplifier Screens 

Zoltan Szepesi 

Westinghouse Electric Corporation 
Pittsburgh,  Pennsylvania 

Prepared for 
Lewis  Research Center 
under Contract NAS3-20742 

National  Aeronautics 
and Space Administration 

Scientific  and  Technical 
Information  Office 

TECH LIBRARY KAFB, NM 

0061575 





Table  of Contents  

PAGE 

1 

2 

5 

5 

5 

6 

8 

9 

10 

11 

13 

15 

16  

iii 



L i s t  of F i g u r e s  

PAGE 

1. T r a n s f e r   c h a r a c t e r i s t i c s   o f  RAS-1645 ...................... 16 

2 .  T r a n s f e r   c h a r a c t e r i s t i c s  of MS-1682 ...................... 17 

3. T r a n s f e r   c h a r a c t e r i s   t i c s   o f  RAS-1681 ...................... 18 

4 .  T r a n s f e r   c h a r a c t e r i s t i c s  of RAS-PL-4 ...................... 19 

5. C u r r e n t   v s .   v o l t a g e   c h a r a c t e r i s t i c s  of a p l a s t i c  embedded 
PC c e l l   f o r  0 ,  0 . 1  and 10 f c   i l l u m i n a t i o n  ----------------- 20 

i v  



I 

SUMMARY 

This   r epor t   desc r ibes   t he   p rob lems  m e t  d u r i n g   t h e   f a b r i c a t i o n  

o f   r a d i o g r a p h i c   a m p l i f i e r   s c r e e n s  (RAS) which  had t o  s a t i s f y  some 

s p e c i a l   r e q u i r e m e n t s .  The  main  problems w e r e :  1) Improvement  of  the 

image q u a l i t y .  2)  F a b r i c a t i o n  of a RAS w i t h   i n v e r s e   o r d e r i n g  of t h e  

photoconductor -e lec t ro luminescent  (PC-EL) l a y e r s .   T h i s   c o n s t r u c t i o n  

s e r v e s   t o   e l i m i n a t e   t h e   s t r o n g   a b s o r p t i o n  of  low energy  X-ray photons 

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

d e t e c t i o n .  3 )  F a b r i c a t i o n  of a RAS on b e r y l l i u m   s u b s t r a t e .   S i n c e   t h e  

be ry l l i um  has  a much l o w e r   a b s o r p t i o n   c o e f f i c i e n t   f o r  low energy X-ray 

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

f o r   s o f t  X-ray  imaging. 

The RAS p a n e l s  were deve loped   fo r   u se   i n   nondes t ruc t ive  

e v a l u a t i o n  (NDE) ope ra t ions   r equ i r ing   l a rge   fo rma t   (ove r  500 cm ) 

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

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

w a s  d i rec ted   toward  RAS pane l s   u sab le   fo r   i n -mot ion ,   on - l ine   r ad io -  

g r a p h i c   i n s p e c t i o n   b y  means   o f   c lo sed -c i r cu i t   t e l ev i s ion .  

2 

The requi rements  set  f o r t h  by t h e   c o n t r a c t  were o n l y   p a r t l y  

s a t i s f i e d :  1) Improved  image q u a l i t y  w a s  demonstrated on one of t h e  

d e l i v e r e d   s t a n d a r d   c o n s t r u c t i o n   p a n e l s .  2)  Inve r se   o rde r ing   o f   t he  

PC-EL l a y e r s  w a s  t r i e d   i n  two d i f f e r e n t   c o n s t r u c t i o n :   ( a )   U s i n g   a n  

evapora ted  EL f i l m   ( t h i n   f i l m  EL) a n d   s i n t e r e d  PC; ( b )   S t a r t i n g   w i t h  a 
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p l a s t i c  embedded EL l aye r ,   fo l lowed   by  a p l a s t i c  embedded PC l a y e r .  

The f i r s t   c o n s t r u c t i o n  was v e r y   p r o m i s i n g ,   b u t   c o u l d   n o t   b e   f u l l y  

developed  due t o   l a c k  of time. A p a n e l   i n   t h e   s e c o n d   c o n s t r u c t i o n  was 

d e l i v e r e d .  I t s  main  shortcoming i s  t h e   v e r y  l o w  c o n t r a s t .  3 )  One pane l  

on a b e r y l l i u m   s u b s t r a t e  was de l ivered ,   however  i t s  image q u a l i t y  i s  

s t i l l  n o t   s a t i s f a c t o r y .  

vi 



1. INTRODUCTION 

The work   r epor t ed   he re  w a s  done  under  Contract NAS3-20742 from 

March 1 t o  J u l y  31, 1977. It  w a s  t h e   c o n t i n u a t i o n  of  Contract NAS3-19902, 

desc r ibed  i n  NASA Cont rac tor   Repor t  CR-2822 [1] .*  The g o a l  of t h i s  work 

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

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

c o n t r a c t .  

.a 

The  work i n   t h i s  program w a s  performed a t  the  Westinghouse 

Research & Development  Center i n   P i t t s b u r g h ,  P a .  by D .  L e k s e l l  and 

2. Szepes i  as p r i n c i p a l   i n v e s t i g a t o r .   M a n a g e r i a l   s u p e r v i s i o n  was 

provided  by T .  P .  Brody  and D.  H.  Davies . 

* 
See References .  
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2. OBJECTIVES AND RESULTS "- 

r 

The g o a l  of t h i s  work w a s  t o   f a b r i c a t e  a n d   d e l i v e r   f o u r  RAS ' s  

i n   t h r e e   d i f f e r e n t   o o n s t r u c t i o n   g r o u p s  as l i s t e d   i n   T a b l e  I. 

TABLE I.  CONSTRUCTION OF RAS PANELS 

GROUP CONSTRUCTION SUBSTRATE SIZE-cm2 QUANTITY 

1 S tandard(PC-EL) Glass 25.4x25.4 2 

2 I n v e r s e  (EL-PC) Glass 25.4x25.4 1 

3 S tanda rd  (PC-EL) Beryllium  12.7x12.7 1 

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

t o   t h o s e   o f  RAS-1542, US-1543  or  RAS-1666 de l ive red   p rev ious ly   and  

a p p r o a c h   t h e   s p e c i f i c a t i o n   l i s t e d   i n   T a b l e  11. 

TABLE 11. GOAL CHARACTERISTICS OF RAS PANELS 

ITEM  CJIARACTERISTICS OBJECTIVES UNITS 

1 X-ray range 5-150 kV 

2 Output   spectrum 500-600 nm 

3 Resolu t ion  6- 8 l i n e s  p e r  mm 
(300-400) ( l i n e s   p e r   i n c h )  

4 D r i v i n g   v o l t a g e  100-400 VRMS 

5 Dr iv ing   f requency  60-1000 H Z  

6 Maximum c u r r e n t  775 
(5 1 

7 S e n s i t i v i t y   t h r e s h o l d  10 

8 Con t ra s t  (gamma) 6 "" 

9 T i m e  c o n s t a n t s  a t  max. g a i n  0 . 1  S 

10 Mot t l e ,   g ra in   and   spo t  0 . 3  "" 

c o n t r a s t   d e n s i t y  a t  max. g a i n .  
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The list o f   de l ive red   pane l s  i s  g i v e n   i n   T a b l e  111. 

TABLE 111. DELIVERED RAS PANELS 

SIZE 
ITEM GROUP  RAS No. 2 

~ cm ( i n 2 )  DRIVING VOLTAGE 
M A X I "  

1 1 1645 25.4x25.4  10x10  300 

2 1 1682 25.4x25.4 10x10 300 

3 1 1681 7.62x7.62  3x3  150 

4 2 PL-4 1 0 . 1 6 ~ 1 0 . 1 6  4x4  120 

5 3 1679 7.62x7.62 3x3 130 

The ampl i f i e r   s c reen   US-1681   o f   g roup  1 approached  most 

c l o s e l y   t h e   s p e c i f i c a t i o n s  of Table  11. However i t s  s i z e   a n d  i t s  

c o n t r a s t  (y = 3.3) were somewhat smaller t h a n   s p e c i f i e d .  Its rise 

t i m e  a t  maximum gain   (a t   about   1 .3R/min)  w a s  several hundred m s ,  i t s  

decay t i m e  l onge r .  I ts  t r a n s f e r   c h a r a c t e r i s t i c s  are shown i n   F i g u r e   3 .  

The o ther   two  pane ls  of group 1 (RAS-1645 and RAS-1682) 

s a t i s f i e d   t h e   s i z e   s p e c i f i c a t i o n s  and   a l so  items 1 t o  6 of  Table  11. 

F igures  1 and 2 show t h e   t r a n s f e r   c h a r a c t e r i s t i c s   o f   t h e   p a n e l s  

US-1645  and RAS-1682 r e s p e c t i v e l y .  A s  i t  i s  s e e n   t h e r e ,   t h e   s e n s i t i v i t y  

t h r e s h o l d  i s  around  100 mR/min f o r   b o t h   a m p l i f i e r   s c r e e n s ,   a n d   t h e  

maximum c o n t r a s t s  are y = 1.5   and  2 . 1 7  r e s p e c t i v e l y .  The  lower 

c o n t r a s t  w a s  made fo r   w iden ing   t he   work ing   X- ray   i n t ens i ty   r ange  similar 

t o   t h a t  of  US-1666  (Fig. 6 i n  Ref .   1 ) .  It  c a n   b e   s e e n   i n   F i g u r e  3 

t h a t   t h e   p a n e l  RAS-1681 h a s   o n l y  a one  decade  input   working  range,  

meanwhile  the RAS-1645 and RAS-1682 have   about   th ree   decades   o f   working   range .  

But f o r   t h e   w i d e r   w o r k i n g   r a n g e   o n e   h a d   t o   s a c r i f i c e   t h e   c o n t r a s t .  

max 
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However h ighe r   con t r a s t   can   be   ob ta ined   by   u s ing  a h ighe r   f r equency  

d r i v i n g   v o l t a g e .  The response  times of t h e   p a n e l  RAS-1645 are somewhat 

faster and  those  of  RAS-1682 q u i t e   s l o w e r   t h a n   t h o s e  of RAS-1681. The 

image q u a l i t y   o f   t h e  two a m p l i f i e r   s c r e e n s  are n o t  as good as t h a t  

of US-1681. F u r t h e r   d i s c u s s i o n  of t h i s   f a c t  is  g i v e n   i n   S e c t i o n  3A. 

The   ampl i f i e r   s c reen   w i th   i nve r se   o rde r ing   o f   t he  PC-EL 

l a y e r s  (MS-PL-4) has  a ve ry  low con t ra s t   (See   F igu re  4 )  and  shows 

a f i n e   g r a i n y   s t r u c t u r e .  Its t o p   e l e c t r o d e  (on t h e  PC l a y e r )  is  a 

th in   f i lm   o f   gado l in ium  ( abou t  0 .03 urn) and  gold.  Its main use   could  

b e   t h e   d e t e c t i o n   o f   n e u t r o n   r a d i a t i o n .   I f   t h e   t h i c k n e s s   o f   t h e  Gd f i l m  

i s  not   enough,   the  Gd s h e e t   ( d e l i v e r e d   w i t h   i t )   c o u l d   b e   p l a c e d   o n   t o p  

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

S i m i l a r  arrangementrswith  group 1 s c r e e n s ,   p l a c i n g   t h e  Gd s h e e t  on t h e  

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

p a n e l s   a l s o .  

The B e  s u b s t r a t e   a m p l i f i e r   s c r e e n  (RAS-1679) h a s  a c o n t r a s t  

of n e a r l y   u n i t y .  I ts  image   qua l i t y  a t  maximum g a i n  i s  good,  but a t  lower 

e x c i t a t i o n  some s p o t t y   s t r u c t u r e  i s  v i s i b l e .  However, i t  shou ld   g ive  

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

ampl i f i e r   s c reens ,   and   s andwiched   t o   t he  Gd s h e e t  i t  c o u l d   b e   u s e f u l  

f o r   n e u t r o n   d e t e c t i o n .  
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3 .  CONSTRUCTION PROBLEMS 
_” 

The f a b r i c a t i o n   p r o c e d u r e  of t h e   a m p l i f i e r   s c r e e n s   i n   g r o u p  1 

and 3 w a s  p r i n c i p a l l y   t h e  same as d e s c r i b e d   i n   p a g e s  10 t o   1 4  of 

Refecence 1. However, some problems  a rose   dur ing   th i s   work   and   a l so  

t h e   c o n s t r u c t i o n  of t h e   i n v e r s e   o r d e r  PC-EL pane l   p re sen ted  some 

p rob lems .   In   t he   fo l lowing   t hese   p rob lems  w i l l  be   d i scussed .  

A.  Standard Glass S u b s t r a t e   P a n e l s  

A l .  Image q u a l i t y  

The m a i n   g o a l   i n   t h e   s t a n d a r d   c o n s t r u c t i o n  was t o  improve 

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

m o t t l e d   s t r u c t u r e s  on the  output   image.  It w a s  f o u n d   i n   p r e v i o u s  work 

tha t   non-un i fo rmi t i e s   and   p inho les   i n   t he   t i n -ox ide   coa t ing  of t h e  

g l a s s   subs t r a t e   cause   non-un i fo rmi t i e s   and   spo t s   i n   t he   image .   A l so  a 

b a d   t i n - o x i d e   c o a t i n g   c a n   r e s u l t   i n  a gra iny   and   mot t led   image   s t ruc ture .  

Coa t ing   t he   t i n -ox ide   f i lm   w i th  a t h i n   i n a c t i v e   i n s u l a t i n g   f i l m  

as A 1  0 o r   S i 0   c a n   e l i m i n a t e   m o s t  of t he   above   de f i c i enc ie s .  We 

d e p o s i t e d   b y   e l e c t r o n  beam gun  evaporat ion  about  1 pm t h i c k   S i 0   f i l m  

2 3  

on smaller (7.6 cm x 7.6 cm) subs t r a t e s   and   obse rved   t he   improvemen t   i n  

image q u a l i t y .  The d e l i v e r e d   p a n e l  RAS-1681 w a s  b u i l t  on  such a 

s u b s t r a t e .  

5 



S i n c e   t h e   s i z e  of t h e   s u b s t r a t e   i n   t h e  EB-gun u n i t  w a s  l i m i t e d  

to   abou t  16  cm x 16 cm, a n o t h e r  vacuum sys tem was u s e d   f o r   t h e   l a r g e  

s u b s t r a t e s ,   w h e r e   t h e   S i 0  was evapora t ed   by   t he rma l   hea t ing .   In   t hese  

exper iments   the   image   qua l i ty  w a s  n o t  as good as on t h e  smaller pane l s .  

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

d i f f e r e n c e  and t h e   d e l i v e r e d   l a r g e   p a n e l s  were b u i l t   w i t h o u t   t h e   S i 0  

coa t ing   f i lm.   Consequent ly   more   def ic ienc ies  are v i s i b l e  on the   ou tpu t  

image e s p e c i a l l y  a t  low i n t e n s i t y   i n p u t .  

Bes ide   the   t in -oxide   coa t ing ,   any  small d u s t   p a r t i c l e   f a l l e n  

on t h e  PC l a y e r   c a n   c a u s e   b r i g h t   o r   d a r k   s p o t s   i n   t h e   i m a g e .  Most 

c r i t i c a l  i s  t h e  t i m e  u n t i l   t h e   e n d  of t h e   s e n s i t i z i n g ,   b e c a u s e  a ve ry  

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

a d o n o r   o r   a c c e p t o r   a n d   r e s u l t s   i n  a much l a r g e r  and   d i s tu rb ing   spo t .  

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

atmosphere i s  e s s e n t i a l .  Most  of t h e   p r e p a r a t i o n  of t he   pane l  w a s  

made i n  a super-clean  laminar-flow  bench,  however some s t e p s   h a d   t o  

be  done i n  a much less clean  a tmosphere.  

A2.  High  dark   cur ren t  

From the   beg inn ing  of t h i s  work  program f o r   q u i t e  a long 

time a d i s tu rb ing   p rob lem was a h i g h   d a r k   c u r r e n t   i n   t h e  PC l a y e r ,  

which  caused  high  background  br ightness   and low c o n t r a s t  on   the   ou tput  

image. Many s e r i e s  of e x p e r i m e n t s   w e r e   c a r r i e d   o u t   f o r   f i n d i n g   t h e  

cause   o f   t he   h igh   da rk   cu r ren t .  It was thought   tha t   an   excess  

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

seemed t o   b e   c o n f i r m e d   b y   t h e   f a c t   t h a t  a water wash  of  the PC l a y e r  

2 
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l a r g e l y   d e c r e a s e d   t h e   d a r k   c u r r e n t .  However i n t e n s i f i e r   p a n e l s   b u i l t  

on such PC p a n e l s  showed  some pa t t e rns   caused   by   t he   wash ing ,   t he re fo re  

the   washing   d id   no t   so lve   the   p roblem.   Severa l   exper iments  were t r i e d  

a f t e r   t h i s   t o   c o m p e n s a t e   o r   e l i m i n a t e   t h e   h i g h  CdCl o r   donor  

c o n c e n t r a t i o n ,  as : 

2 

1. Addit ional   copper   evaporat ion  and  subsequent   baking  of   the 

h i g h   d a r k   c u r r e n t  PC l a y e r  

2. New CdSe-S powder mixtures   p repared   wi th   h igher   copper  

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

3 .  Using  newly made v e r y  p u r e  CdCl and new s o l u t i o n  2 

of C U C l 2 .  

4 .  Clean ing   t he   s ens i t i z ing   fu rnace ,   wh ich   cou ld   have  a l a r g e  

q u a n t i t y  of CdC12 d e p o s i t e d  on i t s  w a l l s .  

5. Changing  the  Xylene  used i n   t h e   s e t t l i n g  of t h e  PC powder. 

Though  most of t h e s e   s t e p s   r e s u l t e d  2n some dec rease  of t h e  

dark   cur ren t ,   they   d id   no t   b r ing   about   the   expec ted   change .  

A t  the   end two o b s e r v a t i o n s   c l e a r e d  up t h e   h i g h   d a r k   c u r r e n t  

problem: 

1. The t e m p e r a t u r e   c o n t r o l l e r   o f   t h e   f u r n a c e  was not  working 

c o r r e c t l y .   T h i s   r e s u l t e d   i n  a 100°C higher   baking  temperature   (1060°C 

instead  of   960°C)  of   the  pure CdSe-S m i x t u r e ,   a n d   i n c r e a s e d   g r a i n   s i z e .  

Af t e r   t he   dop ing   o f   t he  powder it was f o u n d   t h a t   t h e   d a r k   c u r r e n t  was 

higher   with  the  higher   temperature   baked  powder .  

2 .  S t i l l  a s t r o n g e r   e f f e c t  w a s  produced by t h e   a d d i t i o n   o f  

e t h y l c e l l u l o s e   t o   t h e  PC powder  and t o   t h e  X y l e n e   u s e d   f o r   t h e   s e t t l i n g  

of the  powder. 
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In t h e   s t a n d a r d   p r e p a r a t i o n   p r o c e s s  a 0.1% e t h y l c e l l u l o s e  

Xylene   so lu t ion  was u s e d   f o r  the s e t t l i n g .   W i t h o u t  the e t h y l c e l l u l o s e  

t h e  CdSe-S l a y e r   e a s i l y   s e p a r a t e d   f r o m  the s u b s t r a t e   a n d  several times 

caused the r e j e c t i o n  of the p a n e l .  It was s u p p o s e d   t h a t  the e t h y l -  

ce l lu lose   d i sappea r s   du r ing   t he   subsequen t   h igh   t empera tu re   (520" -540°C)  

baking .  

S i n c e   t h e   e t h y l c e l l u l o s e   d o e s   n o t   d i s s o l v e   e a s i l y   i n   X y l e n e ,  

i t s  c o n c e n t r a t i o n  was g e n e r a l l y  less than  0.1%. S ince  a t  the   beg inn ing  

of t h e  work a f a i l u r e   i n   t h e   a d h e s i o n  of t h e  PC l a y e r  w a s  exper ienced  

s p e c i a l  care w a s  t a k e n   i n   d i s s o l v i n g   t h e   e t h y l c e l l u l o s e  powder.  Even 

o c c a s i o n a l l y  a small amount  of e t h y l c e l l u l o s e  w a s  mixed t o   t h e  PC powder 

f o r   t h e   b a l l   m i l l i n g   o p e r a t i o n .  It  was f i n a l l y   p r o v e d   t h a t   t h i s   i n c r e a s e  

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

an i n s t a b i l i t y   o f   t h e  PC l a y e r .   S e t t l i n g   i n   p u r e   X y l e n e  

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

than   any   prev ious ly  made p a n e l s   h a d ) .  

B. Inverse  Ordering  of  PC-EL Layers 

The s t a n d a r d   f a b r i c a t i o n  method  does   no t   permi t   changing   the  

o r d e r   o f   t h e  PC-EL l a y e r   d e p o s i t i o n ,   b e c a u s e   t h e   p l a s t i c  embedded EL 

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

t h e  PC layer.   Four  methods were cons idered  to s o l v e   t h i s   p r o b l e m :  

1. Th in   f i lm  EL (TF-EL) a n d   s i n t e r e d  PC l a y e r  

2 .  P l a s t i c  embedded EL a n d   p l a s t i c  embedded PC 

3 .  TF-EL and TF-PC 

4 .  Glass embedded EL + s i n t e r e d  PC. 
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Because   o f   the   l imi ted  time, exper iments  were conducted  only  according 

t o   c o n s t r u c t i o n s  1 and 2.  

B1. Tx-EL a n d   s i n t e r e d  PC l a y e r  

The  breakthrough i n   t h e  development  of  high  brightness,  

long l i f e   a n d   h i g h   c o n t r a s t  TF-EL ce l l s  [ 2 ]  o f f e r e d   t h e   p o s s i b i l i t y   n o t  

o n l y   t o   f a b r i c a t e   a n   a m p l i f i e r   s c r e e n   i n   i n v e r s e   o r d e r i n g   o f   t h e  PC-EL. 

l a y e r s ,   b u t   a l s o   t o   i n c r e a s e   t h e   r e s o l u t i o n  of t h e  image  appreciably,  

mos t ly   by   us ing   an   evapora ted  PC f i l m   w i t h   t h e  TF-EL. The main 

problem i n   t h i s   c o n s t r u c t i o n  i s  t o  eliminate i n t e r d i f f u s i o n  of i m p u r i t i e s  

between  the EL and PC l a y e r s .  Due t o   t h e   l i m i t e d  time, o n l y   v e r y  f e w  

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

Experiments were made b y   d e p o s i t i n g   f i r s t   t h e  TF-EL on a 

NESA c o a t e d   g l a s s ,   f o l l o w e d   b y   t h e   d e p o s i t i o n   o f   t h e  PC powder.  During 

the   h igh   t empera tu re   s ens i t i z ing   o f   t he  PC l a y e r ,   b o t h   t h e  EL and   t he  

PC l a y e r s  were poisoned.  

t 

Depos i t ing  a 0 . 7  pm t h i c k   S i 0   f i l m   b e t w e e n   t h e  EL and PC 

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

A t h i c k e r  , (about  

s t i l l  t h e  EL b r i g h t n e s s  w a s  

It w a s  p l a n n e d   t o  

f o r   t h e   s e p a r a t i o n ,   t h e r e b y  

1.2 pm) S i 0  f i l m  w a s  t r i e d   n e x t ,   b u t  

l o s t .  

use   about  2 pm t h i c k   S i 0   o r  A1203 f i l m  

p rov id ing  a good p r o t e c t i o n  of t h e  EL 

f i l m ,   b u t   t h e r e  was n o t  enough t i m e  t o  do t h i s  

t T r a n s p a r e n t   t i n   o x i d e .  
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B2. P l a s t i c  embedded EL a n d   p l a s t i c  embedded PC 

By u s i n g   p l a s t i c  embedded  powders f o r   b o t h   l a y e r s ,   h i g h  

tempera ture   baking  i s  not   needed   and   there  i s  no danger   of   impuri ty  

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

I n  a p rev ious  work  program [ 3 ] ,  t h e   p r e p a r a t i o n  of p l a s t i c  

embedded PC powders was developed.   This   technique w a s  used i n   b u i l d i n g  

RAS-PL-4. 

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

1. A s t a n d a r d   p l a s t i c  embedded EL l a y e r  was depos i t ed  on a 

NESA c o a t e d   s u b s t r a t e   g l a s s  by the  usual   spray-method.  

2. The s e n s i t i z e d  PC powder (1OOg) was mixed i n  a p l a s t i c - s o l v e n t  

s o l u t i o n  of t he   fo l lowing   compos i t ion :  

0 . 3 g   e t h y l   c e l l u l o s e  

14  m l  xy lene  

10 rnl amylalcohol  

1.6ml d i - b u t y l   p h t a l a t e  

0.13 ml b u t a n o l  

3. The PC p l a s t i c   m i x t u r e  was doctor-bladed  above  the EL l a y e r  

( th ickness   about   150  um) 

4 .  Drying was done in a 135°C f u r n a c e   f o r  30 minutes .  

5.  Gadolinium was evapora ted  on top   o f   t he  PC l a y e r .  

6. A g o l d   f i l m  w a s  evapora ted  on top   o f   t he  Gd s i n c e   t h e  conduc- 

t i v i t y  of t h e  Gd was too  low. 
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A t h i n   i n s u l a t i n g   l a y e r   o f   a c r y l i c   p l a s t i c   ( K r y l o n   C r y s t a l  

Clear Spray  Coating, Type 1302) w a s  app l i ed   i n   an   expe r imen t   be tween  

t h e  EL and PC l a y e r s ,   b u t   s i n c e  i t  d i m i n i s h e d   t h e   c o n t r a s t ,  i t s  u s e  

w a s  d i scon t inued .  

The main  problem i n   t h i s   c o n s t r u c t i o n  i s  t h e   v e r y  low 

c o n t r a s t  of the  output   image  which i s  c a u s e d   b y   t h e   h i g h   s u p e r l i n e a r i t y  

o f   t h e   v o l t a g e - c u r r e n t   c h a r a c t e r i s t i c  of t h e  PC l a y e r .   F i g u r e  5 shows 

t h e   c h a r a c t e r i s t i c s   o f   t h e  PC l a y e r   u s e d   i n   t h e  RAS-PL-4 pane l .  We see 

t h a t   t h e  maximum s lope   o f   t hese   cu rves  i s  about 8 (I Q, V ) .  By a d j u s t i n g  

properly  the  impedances of t h e  two l a y e r s  (PC and EL) one  should  be 

a b l e   t o   i m p r o v e   t h e   c o n t r a s t  of the   ou tput   image ,   bu t   there  w a s  n o t  

enough time t o  do t h i s .  

8 

C. Be ry l l i um  Subs t r a t e  

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

s u b s t r a t e s w a s   e x a c t l y   t h e  same as t h a t  on g l a s s   s u b s t r a t e s .  

The  main  problem  here  was  the  non-uniform  oxidization  of  the 

B e  s u r f a c e ,  as d i scussed  on pages 3 and 4 of t h e   p r e v i o u s   r e p o r t  [l]. 

The same method,   which   e l imina ted   the   imperfec t ions   o f   the  NESA c o a t i n g  

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

Several pane ls   on  B e  s u b s t r a t e s  were f a b r i c a t e d   b y :  

1) Etch   c l ean ing   t he  B e  s u b s t r a t e   i n  a 10% o x a l i c   a c i d   d u r i n g  

30 minutes .  

2)  Depos i t ing  a S i 0   f i l m  on t h e  Be p l a t e  

3 )  Cont inu ing   w i th   t he   depos i t i on  

e x a c t l y   t h e  same way as i n   t h e  

f a b r i c a t i o n   p r o c e s s .  
11 

of t h e  PC powder etc.  

g l a s s   s u b s t r a t e   s t a n d a r d  
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The d e l i v e r e d   p a n e l  RAS-1679 had  an  about 1 pm t h i c k   S i 0   c o a t -  

ing  which s t i l l  w a s  n o t  enough  (or   the   adhes ion   to   the  B e  was n o t   p e r f e c t )  

and  the  panel  shows some g r a i n y   s t r u c t u r e .  It i s  t h o u g h t   t h a t   t h i c k e r  

Si0 o r  A 1  0 s h o u l d   e l i m i n a t e   t h i s   s p o t t i n e s s .  The s h o r t n e s s  of  time 

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

2 3  

1 2  
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4 .  DISCUSSION AND RECOMMENDATIONS 

The work of t h i s  program  proceeded   a long   th ree   l ines  as fo l lows:  

(a) F a b r i c a t e  two l a r g e  area (25 .4  cm x 25.4  cm) s o l i d  s ta te  U S - s  

w i th   improved   image   qua l i t y   and   w i th   spec i f i ed   o the r   cha rac t e r i s t i c s .  

(b)   Fabr ica te  a RAS w i t h   i n v e r s e   o r d e r i n g   o f   t h e  PC-EL l a y e r s .  

( c )  F a b r i c a t e  a RAS on Be s u b s t r a t e .  

Several problems  emerged  during  the  short   work  per iod of t h i s  

program  and  the time d i d   n o t   p e r m i t   t h e   t h o r o u g h   s o l v i n g   o f  a l l  problems. 

Consequen t ly   t he   de l ive red   pane l s  do n o t   r e p r e s e n t   t h e   b e s t   t h a t   c o u l d  

have  been  achieved i f  more t i m e  had   been   ava i l ab le .  

An i m p r o v e d   p i c t u r e   q u a l i t y  was o b t a i n e d   i n   t h e   s t a n d a r d  

g l a s s   s u b s t r a t e   a m p l i f i e r   s c r e e n   b y   t h e   d e p o s i t i o n   o f  a S i 0   f i l m  on t h e  

NESA c o a t e d   s u b s t r a t e .  A smaller (7.6 c m  x 7.6 cm) pane l  w a s  d e l i v e r e d  

t o  NASA to   demonst ra te   th i s   improvement .  

Two approaches were t r i e d   i n   t h e   f a b r i c a t i o n  o f   t h e   i n v e r s e  

o r d e r i n g  EL-PC pane l s .  The i d e a l   s o l u t i o n ,   b u i l d i n g   t h e   p a n e l   w i t h  

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

th i s  short  program.  However, some exper iments  were made wi th   evapora t ed  

TF-EL a n d   s i n t e r e d  PC l a y e r ,   b u t   t h e  t i m e  w a s  n o t  enough t o  make a 

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

The d e l i v e r e d  EL-PC p a n e l  w a s  b u i l t  of c o m p l e t e l y   p l a s t i c  

embedded l a y e r s .  Its low con t ra s t   and  a f i n e   g r a i n y   s t r u c t u r e  are t h e  

m o s t   o b j e c t i o n a b l e   c h a r a c t e r i s t i c s   o f   t h i s   c o n s t r u c t i o n .  
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The B e  s u b s t r a t e   p a n e l   d i d   n o t   h a v e  a s a t i s f a c t o r y  image  qual-  

i t y .  It i s  s t r o n g l y  f e l t  t h a t   w i t h  a s m a l l   e f f o r t   b o t h   t h e   l a r g e   s i z e  

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

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

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

of   an   acceptab le  TF-EL a n d   s i n t e r e d  PC c o n s t r u c t i o n   a m p l i f i e r   s c r e e n .  

However, t h e   i d e a l   c o n s t r u c t i o n   w i t h  TF-EL and TF-PC, which  could  bring 

a l a r g e  improvement i n   r e s o l u t i o n  and  image qua l i ty ,   wou ld   need  a 

m a j o r   e f f o r t .  
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Fig. 1 - Transfer  characteristics of R A S -  1645. Driving voltage: 
250 volts ; frequency: 60 Hz; X -  ray tube  voltage: 70 kV P. 
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Fig. 2 -  T r a n s f e r   c h a r a c t e r i s t i c s   o f   R A S -  1682. Dr 
frequency 60 Hz; X -  r a y  tube voltage: 70 kVP. 
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Fig. 3 - Transfer  characteristics of R A S -  1681. Dr iv ing voltage: 150 volts ; 
frequency: 60 Hz ; X- ray  tube  voltage: 70 kVP. 
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Fig. 4 - Transfer  characteristics of R A S -  PL- 4 . Driving voltage: 
120 volts;  frequency60 Hz; X -  ray  tube voltage: 70 kVP. 
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Fi?. 5 - Current vs. voltage c h a r a c t e r i s t i c s  of 
placi ic ernbedded PC c e l l s  
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