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BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   in  general   to  e l e c t r o l u m i n e s c e n t  

th in   f i lm  d i s p l a y   dev ices   and  the  a s s o c i a t e d   p rocess   o f  

f a b r i c a t i o n .   More  p a r t i c u l a r l y ,   the  p resen t   i n v e n t i o n   p e r t a i n s   t o  

an  e l e c t r o l u m i n e s c e n t   th in   f i lm  d i s p l a y   device  t ha t   has  d i e l e c t r i c  

l a y e r s   t ha t   p rov ide   for  improved  e l e c t r i c a l   and  chemical  p r o t e c t i o n  

of  the  phosphor  th in   f i lm  of  the  d e v i c e .  

The  Government  has  r i g h t s   in  t h i s   i n v e n t i o n   p u r s u a n t   to  C o n t r a c t  

No.  DAAK20-81-C-0433  awarded  by  the  Department  of  the  Army. 

In  the  f a b r i c a t i o n   of  an  e l e c t r o l u m i n e s c e n t   th in   f i lm  d i s p l a y  

dev i ce ,   the re   are  a  number  of  th in   fi lm  l aye r s   t ha t   are  d e p o s i t e d  

upon  a  base  g lass   s u b s t r a t e .   These  l ayers   inc lude   a  t r a n s p a r e n t  

c o n d u c t o r ,   a  rear   e l e c t r o d e ,   phosphor  l aye r ,   and  d i e l e c t r i c   l a y e r s .  

In  the  e x i s t i n g   p r o c e s s ,   the  d e p o s i t i o n   of  the  phosphor  thin  f i lm  i s  

preceded  by  d e p o s i t i o n   of  an  y t t r i a   f i lm,   and  is  fo l lowed   by 

s u b s e q u e n t   d e p o s i t i o n   of  a  second  y t t r i a   f i lm.   In  o ther   words,  t h e  

phosphor  f i lm  is  sandwiched  between  two  y t t r i a   d i e l e c t r i c   f i l m s .  

FIG.  1,  d e s c r i b e d   in  f u r t h e r   d e t a i l   h e r e i n a f t e r ,   shows  the  normal 

sequence  of  l a y e r s   d i sposed   between  the  glass   s u b s t r a t e   and  a  

p r o t e c t i v e   g l a s s .  

The  purpose  of  the  y t t r i a   d i e l e c t r i c   f i lms  is  to  p r o v i d e  
e l e c t r i c a l   p r o t e c t i o n   for  the  phosphor  f i lm.   The  d i e l e c t r i c   f i l m s  
make  i t   p o s s i b l e   to  apply  an  AC  vo l t age   across   the  phosphor  fi lm  o f  
s u f f i c i e n t   magni tude   for  e l e c t r o l u m i n e s c e n c e .   E l e c t r i c   breakdown  a t  
d e f e c t s   or  th in   areas   of  the  phosphor  is  p reven ted   because  t h e  

d i e l e c t r i c   f i lms   l i m i t   the  e l e c t r i c   charge  t ha t   may  flow  each  h a l f  

cycle   of  the  app l i ed   AC  v o l t a g e .   However,  the  l i m i t i n g   of  e l e c t r i c  

charge  i s   e f f e c t i v e   only  when  the  y t t r i a   f i lms   are  o p t i m a l l y   o f  

uniform  t h i c k n e s s .   The  e l e c t r i c   f i e l d   in  the  y t t r i a   f i lms   is  n o t  

uniform  if  the  t h i c k n e s s   of  the  f i lms  is  not  un i form.   The  l imi t   on 

the  e l e c t r i c   charge   t h a t   may  flow  is  de te rmined   by  the  e l e c t r i c  



f i e l d   t h a t   is  impressed   at  t h in   po in t s   in  the  y t t r i a   f i l m .   The 

y t t r i a   f i lm  tends   to  be  th in   over  edges  of  the  e l e c t r o d e   p a t t e r n   on 

the  s u b s t r a t e   and  also  tends   to  be  thin  over  any  p r o t r u b e r a n c e s   t h a t  

may  be  p r e s e n t   in  the  phosphor  f i lm .   Because  of  n o n - u n i f o r m i t i e s   o f  

the  y t t r i a   f i lm  t h i c k n e s s   t h e . e l e c t r i c   f i e l d   is  l i k e w i s e   n o n - u n i f o r m  

r e s u l t i n g   in  a  r e l a t i v e l y   low  e l e c t r i c   breakdown  level   which  in  t u r n  

l i m i t s   o p e r a t i n g   lamp  b r i g h t n e s s .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   i t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

an  e l e c t r o l u m i n e s c e n t   t h in   f i lm   d i s p l a y   device   t h a t   has  th in   f i l m  

d i e l e c t r i c   l a y e r s   tha t   p rov ide   for  improved  e l e c t r i c a l   and  chemica l  

p r o t e c t i o n - o f   the  phosphor  t h in   f i lm  of  the  d e v i c e .  

Another   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rov ide   a n  

improved  d i e l e c t r i c   f i lm  used  for  p r o t e c t i o n   of  the  phosphor  l a y e r  

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

a c h i e v i n g   h ighe r   o p e r a t i n g   lamp  b r i g h t n e s s .  

A  f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rov ide   an 

improved  th in   f i lm  d i e l e c t i c   l aye r   d e p o s i t e d   on  e i t h e r   s ide   of  t h e  

phosphor   l aye r   and  which  is  c h a r a c t e r i z e d   by  p r o v i d i n g - i m p r o v e d  

chemica l   p r o t e c t i o n   of  the  phosphor   l ayer   i n c l u d i n g   p r o t e c t i o n  

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

ha logen   ions  from  the  s u b s t r a t e .  

S t i l l   ano the r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  provide  an 

e l e c t r o l u m i n e s c e n t   th in   f i lm   d i s p l a y   device   in  which  the  d i e l e c t r i c  

l a y e r s   t h a t   sandwich  the  phosphor   th in   f i lm  l aye r   of  the  device  a r e  

c a p a b l e   of  being  d e p o s i t e d   to  a  more  uniform  t h i c k n e s s .  

S t i l l   a  f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  provide  an 

e l e c t r o l u m i n e s c e n t   thin  f i lm  d i s p l a y   device  having  p r o t e c t i v e  

d i e l e c t r i c   l a y e r s   for  the  phosphor   th in   f i lm  s e l e c t e d   to  e n a b l e  

g r e a t e r   charge   flow  l e v e l s   b e f o r e   breakdown  in  compar ison  w i t h  

e x i s t i n g   d i e l e c t r i c   l a y e r s .  



To  accompl i sh   the  f o r e g o i n g   and  o ther   o b j e c t s   of  the  p r e s e n t  

i n v e n t i o n ,   t he re   is  p rov ided   a  s i l i c o n   n i t r i d e   d i e l e c t r i c   fi lm  which  

has  been  found  to  p rov ide   more  e l e c t r i c a l   and  chemical  p r o t e c t i o n   t o  

the  phosphor  f i lm  than  the  p r e v i o u s l y   used  y t t r i a   d i e l e c t r i c   f i l m s .  

F u r t h e r m o r e ,   t h i s   improved  performance  has  been  accompl ished   w i t h o u t  

s a c r i f i c i n g   e l e c t r o l u m i n e s c e n t   pe r fo rmance .   In  f a c t ,   t h e - s i l i c o n .  

n i t r i d e   d i e l e c t r i c   f i lms   permit   more  e l e c t r i c   charge  to  flow  e a c h  

ha l f   cycle   of  the  AC  cyc le   so  as  to  achieve   h igher   o p e r a t i n g   lamp 

b r i g h t n e s s   in  compar i son   with  p r io r   d i s p l a y   dev ices   employing  t h e  

p r e v i o u s l y   used  y t t r i a   f i l m s .   S i l i con   n i t r i d e   is  also  more 

impervious   to  wate r   or  OH-ions,  and  thus  p rov ides   p r o t e c t i o n   to  t h e  

phosphor  l ayer   from  the  adverse   e f f e c t s   p r e s e n t   in  a  humid 

a tmosphere .   The  s i l i c o n   n i t r i d e   is  more  imperv ious   to  halogen  i o n s ,  

and  is  thus  a  b a r r i e r   a g a i n s t   d i f f u s i o n   of  such  halogen  i o n s  f r o m  

the  base  s u b s t r a t e .   It  has  also  been  found  t ha t   the  s i l i c o n   n i t r i d e  

is  d e p o s i t e d   in  a  more  uniform  layer   p rov id ing   a  more  u n i f o r m  

t h i c k n e s s   t h e r e o f   which  is  p a r t i c u l a r l y   i m p o r t a n t   in  areas   where  t h e  

s i l i c o n   n i t r i d e   l a y e r   is  over  unde r ly ing   s u r f a c e   i r r e g u l a r i t i e s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Numerous  o the r   o b j e c t s ,   f e a t u r e s   and  advan tages   of  the  i n v e n t i o n  

s h o u l d   now  become  a p p a r e n t   upon  a  reading  of  the  f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n  t a k e n   in  c o n j u n c t i o n   with  the  accompanying  d rawing  

showing  one  c o n s t r u c t i o n   of  thin  fi lm  l a y e r s   of  a  th in   f i l m  

e l e c t r o l u m i n e s c e n t   d i s p l a y   device  c o n s t r u c t e d   in  accordance   with  t h e  

p r i n c i p l e s   of  t h i s   i n v e n t i o n .  

DESCRIPTION  OF  PREFERRED  EMBODIMENT 

As  i n d i c a t e d   h e r e i n b e f o r e ,   in  accordance  with  the  p r e s e n t  

i n v e n t i o n ,   t he re   is  p rovided  a  s i l i c o n   n i t r i d e   d i e l e c t r i c   film  which 

is  d e p o s i t e d   on  e i t h e r   s ide  of  the  phosphor  l ayer   for  providing  b o t h  

e l e c t r i c a l   and  chemical   p r o t e c t i o n   t h e r e o f .   The  s i l i c o n   n i t r i d e  



f i lms  have  been  found  to  p rov ide   more  e l e c t r i c a l   and  c h e m i c a l  

p r o t e c t i o n   than  was  p r e v i o u s l y   p rov ided   with  the  use  of  y t t r i a  
d i e l e c t r i c   f i l m s .   Moreover,  the  e l e c t r i c a l   and  chemical   p r o t e c t i o n  

is  p r o v i d e d   w i t h o u t   s a c r i f i c i n g   e l e c t r o l u m i n e s c e n t   pe r fo rmance   and 

in  f a c t   pe r fo rmance   is  enhanced  with  the  use  of  the  s i l i c o n   n i t r i d e  

f i l m s .  

S i l i c o n   n i t r i d e   has  a  lower  p e r m i t t i v i t y   than  y t t r i a   and  as  such  

one  would  expec t   t ha t   vo l t age   breakdown  would  occur  at  a  l o w e r  

e l e c t r i c   charge   level   than  with  the  h igher   p e r m i t t i v i t y   y t t r i a .  

However,  i t   has  been  found  t h a t   the  s i l i c o n   n i t r i d e   has  a  g r e a t e r  
d i e l e c t r i c   s t r e n g t h   than  the  y t t r i a   and  can  s u s t a i n   a  h i g h e r  

e l e c t r i c   f i e l d ,   and  t h e r e f o r e   g r e a t e r   e l e c t r i c   cha rge ,   w i t h o u t  

breakdown,  in  comparison  with  the  y t t r i a   f i l m s .   It  i s . t h e o r i z e d  

tha t   the  h i g h e r   d i e l e c t r i c   s t r e n g t h   of  the  s i l i c o n   n i t r i d e   may  be  

r e l a t e d   to  the  band  gap  of  the  m a t e r i a l .   The  "band  gap"  r e l a t e s   t o  

the  ene rgy   t h a t  i s   r e q u i r e d   to  d i s l o d g e   e l e c t r o n s   from  each  ion.  I t  

is  a l so   t h e o r i z e d   t h a t   the  improved  e l e c t r i c a l   p r o t e c t i o n   and 

chemical   p r o t e c t i o n   is  due  at  l e a s t   in  par t   to  the  f a c t   t ha t   s i l i c o n  

n i t r i d e   c h a r a c t e r i s t i c a l l y   is  d e p o s i t e d   in  a  more  uni form  t h i c k n e s s  

which  is  p a r t i c u l a r l y   s i g n i f i c a n t   for   d e p o s i t i o n s   over  u n d e r l y i n g  

s u r f a c e   i r r e g u l a r i t i e s .  

FIG.  1  shows  a  sequence  of  th in   f i lm  l a y e r s   t h a t   may  be  used  i n  

c o n s t r u c t i n g   a  device   in  accordance   with  the  p r e s e n t   i n v e n t i o n .   In 

FIG.  1  t h e r e   is  p rovided  a  g lass   s u b s t r a t e   20.  FIG.  1,  f o r  

i l l u s t r a t i v e   p u r p o s e s ,   shows  each  of  the  l aye r s   e s s e n t i a l l y   exp loded  

off  of  the  g l a s s   s u b s t r a t e   20.  However,  i t   is  u n d e r s t o o d   t ha t   each  

of  t h e s e   t h in   f i lm  l ayers   are  d e p o s i t e d ,   one  on  top  of  the  o t h e r .  

The  l a y e r s   are  then  p r o t e c t e d   by  a  r ea r   g lass   22  and  a s s o c i a t e d  

h e r m e t i c   seal   24.  H e r e i n a f t e r ,   a  more  d e t a i l e d   d e s c r i p t i o n  o f   t h e  

manner  in  which  the  l aye r s   are  d e p o s i t e d   is  g i v e n .  

The  t h i n   f i lm  l aye r s   s c h e m a t i c a l l y   i l l u s t r a t e d   in  FIG.  1  i n c l u d e  

a  t r a n s p a r e n t   conduc to r   26,  a  r e a r   e l e c t r o d e   28,  a  dark  f i e l d   l a y e r  

30,  and  a  phosphor   layer   32.  In  the  d e p o s i t i o n   p r o c e s s ,   t h e  

d e p o s i t i o n   of  the  phosphor  th in   f i lm  32  is  preceded  by  a  d e p o s i t i o n  

of  a  s i l i c o n   n i t r i d e   f i lm  l ayer   34,  and  is  fo l lowed   by  t h e  



d e p o s i t i o n   of  a  second  s i l i c o n   n i t r i d e   d i e l e c t r i c   l ayer   36.  Thus ,  
the  phosphor   l a y e r   is  e s s e n t i a l l y   sandwiched  between  two  s i l i c o n  

n i t r i d e   t h i n   f i lm  l a y e r s   34,  3 6 .  

The  f o l l o w i n g   is  one  example  of  a  lamp  f a b r i c a t e d   w i t h  

d i e l e c t r i c   l a y e r s   of  s i l i c o n   n i t r i d e .   The  lamp  is  f a b r i c a t e d   by 

d e p o s i t i n g   s u c c e s s i v e   f i lms   onto  a  t in   o x i d e - c o a t e d   soda  lime  f l o a t  

g lass   s u b s t r a t e .   This  d e p o s i t i o n   is  c a r r i e d   out  by  s p u t t e r i n g .   In 

a d d i t i o n   to  the  use  of  t in   oxide  as  a  t r a n s p a r e n t   c o n d u c t o r ,   one  may 

also  use  indium  t in   ox ide .   The  s u b s t r a t e   is  i n i t i a l l y   baked  in  an 

oven  under  vacuum  and  at  a  t e m p e r a t u r e   h igher   than  i t   is  to  be 

s u b j e c t e d   to  at  any  o ther   time  in  the  d e p o s i t i o n   p r o c e s s .   Upon  t h e  

t in  oxide  t r a n s p a r e n t   conduc tor   is  d e p o s i t e d   s i l i c o n   n i t r i d e .   T h i s  

d e p o s i t i o n   is  by  s p u t t e r i n g   a  s i l i c o n   t a r g e t   in  a  magnetron  p lasma 

in  n i t r o g e n   at  t h r e e   mic romete r s   p r e s s u r e   and  100  sccm  flow  a t  

r e l a t i v e l y   low  s u b s t r a t e   t e m p e r a t u r e .   The  d e p o s i t i o n   t e m p e r a t u r e   i s  

c a r r i e d   out  over  a  d e p o s i t i o n   per iod   to  provide   a  t h i c k n e s s   of,  f o r  

example,   150  nm  ( n a n o m e t e r s ) .   The  next  s tep  in  the  p rocess   is  t o  

r ehea t   the  s u b s t r a t e .   T h e r e a f t e r ,   zinc  su lph ide   and  manganese,   f o r  

example,   may  be  d e p o s i t e d   by  known  s p u t t e r i n g   t e c h n i q u e s   to  p r o v i d e  

a  phosphor   l aye r   of  a  t h i c k n e s s   of  say  500  nm.  After   the  phosphor  

layer   is  d e p o s i t e d   then  the  second  s i l i c o n   n i t r i d e   f i lm  is  d e p o s i t e d  

in  the  same  manner  as  the  f i r s t ,   but  w i thou t   s u b s t r a t e   hea t .   A l s o ,  

the  second  l a y e r   is  cooled  in  the  p r e sence   of  n i t r o g e n .   F i n a l l y ,   i n  

the  d e p o s i t i o n   p r o c e s s ,   as  i n d i c a t e d   by  the  sequence  of  FIG.  1,  an 
aluminum  e l e c t r o d e   is  d e p o s i t e d   by  vacuum  e v a p o r a t i o n   to  a  t h i c k n e s s  

of  say  about  400  nm. 

The  d e p o s i t i o n   of  the  s i l i c o n   n i t r i d e   may  be  with  the  use  o f  

e i t h e r   a  s i l i c o n   t a r g e t   or  a  s i l i c o n   n i t r i d e   t a r g e t .   The  s p u t t e r i n g  

gas  may  i n c l u d e   argon  if  a  h igher   d e p o s i t i o n   r a t e   is  d e s i r e d .   The 

d e p o s i t i o n   p r e s s u r e   used  in  the  s p u t t e r i n g   t echn ique   may  be  in  t h e  

range  of  1-20  m i c r o m e t e r s ,   and  the  flow  may  be  less   than  100 

s t a n d a r d   cubic   c e n t i m e t e r s   per  minute  (sccm)  if  r e s i d u a l   gas  flow  i s  

low. 

The  degree   of  e l e c t r i c a l   and  chemical   p r o t e c t i o n   t ha t   i s  

p rovided   by  the  s i l i c o n   n i t r i d e   depends  at  l e a s t   to  some  ex ten t   upon 
the  t h i c k n e s s   of  the  depos i t ed   f i l m s .   I nc reased   t h i c k n e s s ,   i n  



g e n e r a l ,   p rov ides   i n c r e a s e d   p r o t e c t i o n ,   provided  tha t   the  s i l i c o n  

n i t r i d e   m a i n t a i n s   s t r u c t u r a l   i n t e g r i t y .   H e r e i n b e f o r e   i t   was 

men t ioned   t h a t   the  s i l i c o n   n i t r i d e   f i lm  t h i c k n e s s   is  on  the  order  o f  

150  nm.  A c t u a l l y ,   i t   has  been  found  tha t   the  t h i c k n e s s   i s  

p r e f e r a b l y   in  the  range  of  100  nm-300  nm.  Th icknesses   below  t h i s  

range  do  n o t - p r o v i d e   s u f f i c i e n t   p r o t e c t i o n   a n d  t h i c k n e s s e s   above 

t h i s   range  tend  to  be  c h a r a c t e r i z e d   by  degraded  s t r u c t u r a l   i n t e g r i t y  

of  the  s i l i c o n   n i t r i d e .  

In  the  example  of  the  lamp  j u s t   g iven,   when  the  lamp  i s  

o p e r a t e d ,   i t   is  p o s s i b l e   to  r a i s e   the  charge  flow  level   to  a  v a l u e  

on  the  o rder   of  4.3  microcoulombs   per  square  c e n t i m e t e r   b e f o r e  

e l e c t r i c   breakdown  o c c u r s .   This  va lue   compares  with  one  of  on  t h e  

order   of  3.4  microcoulombs  per  square   c e n t i m e t e r   for  e l e c t r i c  

breakdown  in  connec t ion   with  an  y t t r i a - p r o t e c t e d   lamp.  In  t h e  

measurements   t aken ,   both  lamps  are  s u b j e c t e d   to  24  hours  o f  

o p e r a t i o n   at  b r i g h t n e s s   l e v e l s   of  about  100  f t - L a m b e r t s .  

Having  d e s c r i b e d   one  embodiment  of  the  p r e s e n t   i n v e n t i o n ,   i t  

should   now  be  appa ren t   to  those   s k i l l e d   in  the  ar t   tha t   numerous 

o the r   embodiments  are  c o n t e m p l a t e d   as  f a l l i n g   wi th in   the  scope  o f  

t h i s   i n v e n t i o n .  



1.  In  an  e l e c t r o l u m i n e s c e n t   th in   f i lm  d i s p l a y   dev ice   h a v i n g  

m u l t i p l e   t h in   f i lm  l aye r s   i n c l u d i n g   a  phosphor  l a y e r ,   t h e  

improvement  compr i s ing   f i r s t   and  second  d i e l e c t r i c   p r o t e c t i v e   l a y e r s  

d e p o s i t e d   on  e i t h e r   r e s p e c t i v e   s ide   of  the  phosphor  l a y e r   f o r  

p r o t e c t i o n   t h e r e o f ,   both  said  f i r s t   and  second  d i e l e c t r i c   l a y e r s  

being  of  s i l i c o n   n i t r i d e   to  p rov ide   enhanced  e l e c t r i c a l   and  chemica l  

p r o t e c t i o n   of  the  phosphor  l aye r   and  capable   of  d e p o s i t i o n   to  a 

uniform  l a y e r   t h i c k n e s s .  

2.  In  an  e l e c t r o l u m i n e s c e n t   thin  f i lm  d i s p l a y   dev ice   as  s e t  

f o r t h   in  Claim  1  wherein  said  d i e l e c t r i c   l aye r s   are  d e p o s i t e d   by 

s p u t t e r i n g   from  a  s i l i c o n   n i t r i d e   t a r g e t .  

3.  In  an  e l e c t r o l u m i n e s c e n t   t h in   fi lm  d i s p l a y   dev ice   as  s e t  

f o r t h   in  Claim  1  wherein  said  d i e l e c t r i c   l ayers   are  d e p o s i t e d   by 

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

4.  In  an  e l e c t r o l u m i n e s c e n t   thin  fi lm  d i s p l a y   dev ice   as  s e t  

f o r t h   in  Claim  3  wherein  the  s p u t t e r i n g   is  c a r r i e d   out  in  a 

magnetron  plasma  in  n i t r o g e n   at  about  3  micrometers   and  100  sccm 

flow  at  a  r e l a t i v e l y   low  s u b s t r a t e   t e m p e r a t u r e .  

5.  In  an  e l e c t r o l u m i n e s c e n t   thin  fi lm  d i s p l a y   device   as  s e t  

f o r t h   in  Claim  1  wherein  the  s i l i c o n   n i t r i d e   is  d e p o s i t e d   to  a 

t h i c k n e s s   on  the  order  of  150  n a n o m e t e r s .  

6.  In  an  e l e c t r o l u m i n e s c e n t   th in   fi lm  d i s p l a y   dev ice   as  s e t  

f o r th   in  Claim  1  wherein  the  s i l i c o n   n i t r i d e   is  d e p o s i t e d   to  a 

t h i c k n e s s   in  the  range  of  100-300  n a n o m e t e r s .  

7.  In  an  e l e c t r o l u m i n e s c e n t   thin  fi lm  d i s p l a y   device   as  s e t  

fo r th   in  Claim  1  wherein  the  s p u t t e r i n g   is  c a r r i e d   out  at  a  p r e s s u r e  

range  of  1-20  m i c r o m e t e r s .  



8.  In  an  e l e c t r o l u m i n e s c e n t   th in   f i lm  d i s p l a y   dev ice   as  s e t  

f o r t h   in  Claim  1  wherein  breakdown  charge  level   is  on  the  order   o f  

4.3  m i c r o c o u l o m b  s per  square  c e n t i m e t e r .  
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