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@  Multicolour  gas  discharge  display  memory  panel. 

©  A  gas  display  panel  has  improved  resolution,  coloar, 
memory  margin  and  brightness  by  using  helium  based  mix- 
tures  in  a  panel  structure  using  evaporated  glass  technology, 
e.g.,  borosilicate  glass  technology.  Multicolour  emissions 
are  achieved  directly  from  the  helium  based  mixtures,  and 
additional  colour  enhancement  and  selection  is  accomp- 
lished  by  varying  the  gas  parameters  of  pressure  and  dopant 
concentration  and  the  sustain  voltage  waveform  drive  condi- 
tions.  Colour  selection  from  the  helium  based  mixtures  with 
molecular  dopants  is  made  using  an  optical  filter  or  a  col- 
oured  glass  substrate. 

,  A  gas  panel  is  obtained  that  emits  white  light  using  a 
'  helium  based  mixture  doped  with  oxygen.  The  mixture  is  a 
'  Penning  mixture  with  optical  radiation  in  the  visible  part  of 
,  the  spectrum  due  to  systems  of  emission  bands  from  the 
ionized  oxygen  molecules.  The  first  negative  system  exhibits 

|  four  strong  bands  that  vary  from  75  to  125A  in  width  and 
account  for  green,  yellow  and  red  colours.  In  addition,  four 

i  weaker  bands  are  observed  for  the  second  negative  system 
i  which  account  for  the  blue  colour. 
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A   gas  display  panel  has  improved  resolution,  coloar, 
memory  margin  and  brightness  by  using  helium  based  mix- 
tures  in  a  panel  structure  using  evaporated  glass  technology, 
e.g.,  borosilicate  glass  technology.  Multicolour  emissions 
are  achieved  directly  from  the  helium  based  mixtures,  and 
additional  colour  enhancement  and  selection  is  accomp- 
lished  by  varying  the  gas  parameters  of  pressure  and  dopant 
concentration  and  the  sustain  voltage  waveform  drive  condi- 
tions.  Colour  selection  from  the  helium  based  mixtures  with 
molecular  dopants  is  made  using  an  optical  filter  or  a  col- 
oured  glass  substrate. 

A  gas  panel  is  obtained  that  emits  white  light  using  a 
helium  based  mixture  doped  with  oxygen.  The  mixture  is  a 
Penning  mixture  with  optical  radiation  in  the  visible  part  of 
the  spectrum  due  to  systems  of  emission  bands  from  the 
ionized  oxygen  molecules.  The  first  negative  system  exhibits 
four  strong  bands  that  vary  from  75  to  125A  in  width  and 
account  for  green,  yellow  and  red  colours.  In  addition,  four 
weaker  bands  are  observed  for  the  second  negative  system 
which  account  for  the  blue  colour. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   AC  gas   d i s c h a r g e   d i s -  

p l a y   and  memory  p a n e l s .  

One  of  t h e   l i m i t a t i o n s   of  t h e   c o n v e n t i o n a l   AC  gas   d i s -  

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

t h a t   i t   p r o d u c e s   o n l y   one  g i v e n   c o l o u r ;   e . g . ,   r e d d i s h - o r a n g e  
c o l o u r   f r o m   n e o n   p l u s   a r g o n   m i x t u r e   and  b l u e   c o l o u r   f r o m  

a r g o n   p l u s   m e r c u r y   m i x t u r e .   The  p r i o r   a r t   d o e s   n o t   show  h o w  

to   o b t a i n   f l e x i b i l i t y   of  c o l o u r   p r e s e n t a t i o n   w i t h   h i g h  

l u m i n o u s   i n t e n s i t y .  

A l t e r n a t i v e   c o l o u r   c a p a b i l i t y   in   gas   d i s c h a r g e   d i s p l a y  

p a n e l s   has   b e e n   p u r s u e d   in   t h e   p r i o r   a r t   by  an  i n d i r e c t   m e t h o d .  

B a s i c a l l y ,   t h i s   i n d i r e c t   m e t h o d   u t i l i z e s   p h o t o s e n s i t i v e   p h o s -  

p h o r s   In  t h e   a c t i v e   d i s c h a r g e   r e g i o n ,   w h i c h   p h o s p h o r s   a r e  
s t i m u l a t e d   by  u l t r a v i o l e t   e m i s s i o n   f rom  a  s u i t a b l e   gas   m i x t u r e .  

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

u t i l i z i n g   t h i s   p r i n c i p l e .   H o w e v e r ,   s i n c e   t h e   p r i n c i p l e  

u t i l i z e s   b u l k   p h o s p h o r s   s t i m u l a t e d   by  e m i s s i o n   f rom  t h e   g a s ,  

a d d i t i o n a l   and  s o m e w h a t   c o m p l e x   p a n e l   f a b r i c a t i o n   i s   r e q u i r e d ,  

and  b r i g h t n e s s   and  e f f i c i e n c i e s   a r e   l o s t .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   an  AC 

gas   d i s c h a r g e   d i s p l a y   p a n e l   h a v i n g   an  o p e n   p a n e l   s t r u c t u r e  

w i t h   a t   l e a s t   two  s u b s t r a t e s   and  r e s p e c t i v e   d i e l e c t r i c   l a y e r s  



t h e r e o n ,   a  l u m i n o u s   i o n i z a b l e   g a s e o u s   med ium  b e t w e e n   s a i d  

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

t h e   g a s e o u s   m e d i u m   may  p e r i o d i c a l l y   be  d r i v e n   by  t h e   d r i v e  

v o l t a g e   t h e r e f o r e   to   d i s c h a r g e   c o n d i t i o n   t h e r e a c r o s s ,  

c h a r a c t e r i s e d   in   t h a t   t h e   g a s e o u s   med ium  i s   a  h e l i u m   b a s e d  

g a s e o u s   m e d i u m   d o p e d   w i t h   o x y g e n   to   p r o v i d e   a  l u m i n o u s  

g a s e o u s   m e d i u m   w h i c h   e x h i b i t s   m u l t i c o l o u r   e m i s s i o n . d u e   t o  

t h e   e f f i c i e n t   r e c o m b i n a t i o n   of  o x y g e n   i o n s   d u r i n g   s a i d   d i s -  

c h a r g e   c o n d i t i o n .  

A  f e a t u r e   of  t h i s   i n v e n t i o n   i s   a  m u l t i p l e   c o l o u r   g a s  

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

m a r g i n   a t   h i g h   f r e q u e n c y   d r i v e   l e v e l s ,   e . g . ,   >1  MHz.  

A n o t h e r   f e a t u r e   of  t h i s   i n v e n t i o n   i s   a  m e t h o d   f o r   i m -  

p r o v i n g   gas   d i s p l a y   p a n e l   p e r f o r m a n c e   w i t h   i m p r o v e d   r e s o -  

l u t i o n ,   c o l o u r ,   m a r g i n   and  b r i g h t n e s s   as  a  r e s u l t   of  h e l i u m  

b a s e d   m i x t u r e s   in   a  p a n e l   s t r u c t u r e   u s i n g   e v a p o r a t e d   g l a s s  

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

w i t h   m o l e c u l a r   d o p a n t s   can   be  e n h a n c e d   u s i n g   o p t i c a l   f i l t e r s .  

A n o t h e r   f e a t u r e   of  t h i s   i n v e n t i o n   i s   t h e   u s e   of  o t h e r  

t h a n   He  p l u s   02  m i x t u r e s   w i t h   a l t e r n a t i v e   d o p a n t s   f o r   s h o r t  

w a v e l e n g t h   ( u l t r a v i o l e t )   e m i s s i o n s .  - T h e s e   p r o p e r t i e s   can   b e  

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

w i t h   m i n i m a l   s p u t t e r i n g .   I l l u s t r a t i v e l y ,   a  m i x t u r e   of   He  

p l u s   0 .2%H2  p r o d u c e s   a  y e l l o w   c o l o u r   of  7  f t - l a m b e r t s   a t   2 4 0  

KHz  w i t h   a  25  v o l t s   m a r g i n   f o r   s u s t a i n   v o l t a g e s   of  1 1 2 / 8 7  

Vmaxa/Vmins  f o r  a   p a n e l   s t r u c t u r e   s i m i l a r   t o   t h a t   u s e d   w i t h   He 

p l u s   0.2%  O2  m i x t u r e s .  



T a b u l a r   D a t a   f o r   t h e   I n v e n t i o n  

T a b l e   I  shows  t h e   w a v e l e n g t h s   and  b a n d w i d t h s   f rom  o x y g e n  
whose   s u p e r p o s i t i o n   g i v e s   an  e x e m p l a r y   w h i t e   p a n e l   o u t p u t .  

In  T a b l e   I  t h e   a s t e r i s k s   d e n o t e   t h o s e  b a n d s   a s s o c i a t e d  

w i t h   t h e   o x y g e n   s e c o n d   n e g a t i v e  s y s t e m .   L i t t l e   c o n t r i b u t i o n  

to   t h e   c o l o u r   i s   made  by  a t o m i c   o x y g e n   a n d  h e l i u m   s p e c t a l  

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

p r e s s u r e   i s   t o o   low  (<100  T o r r )   o r   i f   t h e   o x y g e n   c o n c e n -  

t r a t i o n   i s   t o o   i n s u f f i c i e n t   ( l e s s   t h a n   0 . 1 % ) .  

T a b l e   I I   shows   t y p i c a l  o p e r a t i n g   c h a r a c t e r i s t i c s   f o r   a n  

AC  p l a s m a   p a n e l   f i l l e d   to   400  T o r r   w i t h   a  He  p l u s   0.2%  O2 
m i x t u r e .  



P h y s i c s   of   t h e   I n v e n t i o n  

The  d i s c h a r g e   c o n d i t i o n   f a v o u r s   t h e   e x c i t a t i o n   of  He  

m e t a s t a b l e   s t a t e s   as  d i r e c t   e l e c t r o n   e x c i t a t i o n   or   c h a r g e  
t r a n s f e r   to   02  a t o m s   i s   n e g l i g i b l e .   B a s i c a l l y ,   t h e   l i g h t  
e m i s s i o n   f r o m   t h e   g a s   d i s c h a r g e   p a n e l   of  t h i s   i n v e n t i o n   i n -  

v o l v e s   a  t h r e e - s t e p   o p e r a t i o n .   In  t h e   f i r s t   s t e p   t h e r e   i s  

p o p u l a t i n g   of   t h e   m a i n   s o u r c e ,   He,  to   m e t a s t a b l e   s t a t e s .  

D u r i n g   t h e   s e c o n d   s t e p ,   t h e r e   i s   t r a n s f e r   of  c o l l i s i o n a l  

e n e r g y   ( P e n n i n g   i o n i z a t i o n )   f r o m   t h e   He  m e t a s t a b l e   s t a t e s  

to   t h e   02  m o l e c u l e s   to   f o r m   02  i o n s   and  e x c i t e d   02  m o l e c u l e s .  

F i n a l l y ,   i n   t h e   t h i r d   s t e p ,   t h e   02  i o n s   r e c o m b i n e   w i t h  

e l e c t r o n s   t o   f o r m   02  a t o m s   and  e m i t   w h i t e   l i g h t ,   w h i c h   i s  

a  c o m b i n a t i o n   of   t h e   v a r i o u s   v i s i b l e   s p e c t r a l   l i n e s .  

AC  o p e r a t i o n s   i n v o l v e s   a  memory   or   s t o r a g e   e f f e c t  

a c h i e v e d   by  c h a r g i n g   up  t h e   c a p a c i t a n c e   a c r o s s   a  g i v e n   c e l l .  

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

t h e   c o n d u c t i v e   l i n e s .   A l t e r n a t e   s i d e s   of  t h e   c e l l   c h a r g e  

up  w i t h   a l t e r n a t e   p o l a r i t y   on  a l t e r n a t e   h a l f   c y c l e s   of  t h e  

AC  s i g n a l .   W i t h i n  a   g i v e n   h a l f   c y c l e ,   when  t h e   c e l l   h a s  

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

i n t e r v e n i n g   gas   of  t h e   c e l l   d r o p s   to   a p p r o x i m a t e l y   z e r o .  

T h i s   a l t e r n a t e   c h a r g i n g   o v e r   h a l f   c y c l e s   of  t h e   a p p l i e d   a l t e r -  



n a t i n g   v o l t a g e s   o c c u r s   r e l a t i v e l y   r a p i d l y .   T h a t   i n t e r v a l  

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

i . e . ,   a c h i e v e   a  G a u s s i a n   e n e r g y   d i s t r i b u t i o n   and  to   p e r m i t  

an  e f f i c i e n t   r e c o m b i n a t i o n   w i t h   t h e   02  i o n s .  

The  p a r t i c u l a r   g a s   m i x t u r e  e m p l o y e d   in   a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n   e x h i b i t s   t h e   b i s t a b l e   c h a r a c t e r i s t i c s  

r e q u i r e d   f o r   AC  o p e r a t i o n .   P u r e   h e l i u m   d o e s   n o t   show  a  b i -  

s t a b l e   h y s t e r e s i s   c h a r a c t e r i s t i c .   In  a d d i t i o n ,   e f f i c i e n t  

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

b e t w e e n   t h e   He  m e t a s t a b l e s   (5eV)  and  t h e   i o n i z a t i o n   l e v e l  

(4eV)  of  t h e   02  m o l e c u l a r .  

In   o r d e r   t h a t   t h e   i n v e n t i o n   may  be  f u l l y   u n d e r s t o o d  

p r e f e r r e d   e m b o d i m e n t s   t h e r e o f  w i l l   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  

FIG.   1  i s   a  s c h e m a t i c   d i a g r a m   of  t h e   g a s   p a n e l   w h o s e  

d i e l e c t r i c   l a y e r s   a r e   f a b r i c a t e d   in   a c c o r d a n c e   w i t h   t h e  

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

FIG.   2  i s   a  m o d i f i c a t i o n   of   t h e   s t r u c t u r e   of  FIG.   1 

s h o w i n g   t h e   e l e c t r o n   e m i s s i v e   MgO  l a y e r .  

FIG.   3  r e p r e s e n t s   a  t y p i c a l   AC  g a s   d i s c h a r g e   d i s p l a y  

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

FIG.   4  i s   a  s c h e m a t i c   d r a w i n g   s h o w i n g   a n  e v a c u a t e d   c h a m -  

b e r   e m p l o y i n g   an  e v a p o r a t i o n  s y s t e m   f o r   d e p o s i t i n g  g l a s s  

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

n e s s   of   t h e   l u m i n o u s  g a s   m i x t u r e   in   a c c o r d a n c e   w i t h   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 .  



FIGS.   5 - 7  p r e s e n t   d a t a   in   g r a p h   f o r m a t   on  o p e r a t i o n  
of   a  gas   d i s c h a r g e   p a n e l   u s i n g   a  h e l i u m   p l u s   o x y g e n   g a s  
m i x t u r e   in   a c c o r d a n c e   w i t h   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  
w h e r e i n :  

FIG.   5  shows   t h e   r e l a t i o n s h i p   b e t w e e n   l u m i n o u s   b r i g h t -  
n e s s   of   t h e   p a n e l   and  t h i c k n e s s   of  t h e   d i e l e c t r i c - l a y e r   o n  
t h e   c o n d u c t o r s ;  

FIG.   6  shows   t h e   l i n e a r   d e p e n d e n c e   of  p a n e l   b r i g h t -  

n e s s   r e v e r s e s   f r e q u e n c y   of  t h e   d r i v e   v o l t a g e ;   a n d  

FIG.   7  s h o w s   t h e   r e l a t i o n s h i p s   b e t w e e n   gas   p r e s s u r e  
and  b r i g h t n e s s   and  g a s   p r e s s u r e   and  t h e   s u s t a i n   d r i v e  

v o l t a g e s .  

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

o p e r a t i n g   c u r r e n t - v o l t a g e   c h a r a c t e r i s t i c s ,   t h e   gas   m i x t u r e  

s h o u l d   f a l l   w i t h i n   t h e   f o l l o w i n g   l i m i t s :   p r e s s u r e ,   3 0 0 -  

500  T o r r ;   and  o x y g e n   c o n c e n t r a t i o n ,   0 . 1 - 5 % .   The  p r e s s u r e  
l i m i t   r e l a t e s   to   s u p p r e s s i n g   t h e   h e l i u m   e m i s s i o n   w h i c h   o u t  

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

t h e   a c t i v e   d i s c h a r g e   s i t e s .   The  o x y g e n   c o n c e n t r a t i o n   i s  

d e p e n d e n t   on  t h e   p a n e l   s u r f a c e   a r e a .   As  t h e   e q u i l i b r i u m  

i s   e s t a b l i s h e d   b e t w e e n   t h e   gas   and  s u r f a c e ,   some  of   t h e   o x y g e n  
i s   a b s o r b e d   on  t h e   MgO  s u r f a c e .   The  a m o u n t   of  o x y g e n   l o s t  

to   t h e   s u r f a c e   i s   d e p e n d e n t   on  t h e   s u r f a c e   a r e a   of  t h e   MgO 

. t o p c o a t .   As  an  e x a m p l e ,   f o r   a  l a r g e r   p a n e l   t h i s   a b s o r b t i o "  

of  o x y g e n   m u s t   be  c o m p e n s a t e d   f o r   by  f i l l i n g   t h e   p a n e l   w i t h  

more   h i g h l y   d o p e d   o x y g e n   m i x t u r e .   A  r e s u l t   of  t h e   o x y g e n  

b e i n g   a b s o r b e d   on  t h e   s u r f a c e   i s   to   e n h a n c e   i t s   s t o i c h i o m e t r y  

w h i c h   r e s u l t s   in   a  more   u n i f o r m   MgO  s u r f a c e .   T h i s   i s   e v i d e n t  

by  t h e   w i d t h   of  t h e   v o l t a g e   s p r e a d   w h i l e   i g n i t i n g   a l l   c e l l s  

on  or   o f f .  



One  s i g n i f i c a n t   r e s u l t   o b t a i n e d   f rom  t h e   o x y g e n   i n t e r -  

a c t i o n   w i t h   t h e   MgO  and  t h e   r e l a t i o n s h i p   of  p a n e l   b r i g h t n e s s  
to   b o r o s i l i c a t e   g l a s s   t h i c k n e s s   v a r i a t i o n   i s   an  a p p r e c i a b l e  
i n c r e a s e   in   t h e   p a n e l   m a r g i n   w h i c h   i s   t h e   d i f f e r e n c e   b e t w e e n  

t h e   maximum  v o l t a g e   r e q u i r e d   t o   i n i t i a t e   gas   d i s c h a r g e   of  a  
c e l l   and  t h e   min imum  v o l t a g e   w h i c h   w i l l   s u s t a i n   i t   t h e r e a f t e r .  

For   e x a m p l e ,   a  p a n e l   m a r g i n   as  h i g h   as  26  v o l t s   w i t h  

105/79Vmaxs/Vmins   s u s t a i n   v o l t a g e s   h a s   b e e n   m e a s u r e d   on  s e v e r a l  

240  c h a r a c t e r   p a n e l s   w i t h   3  µm  ( m i c r o n   ≡10 -6   m e t r e )   t h i c k n e s s  

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

i n ,   t h e   p a n e l s   a r e   s t a b l e   w i t h   t h e   I -V  c h a r a c t e r i s t i c s   b e i n g  
q u i t e   r e p r o d u c i b l e .  

A n o t h e r   r e s u l t   a c h i e v e d   w i t h   t h e   He  p l u s   d o p a n t ,   e . g . ,  

02 ,   m i x t u r e ,   in   a c c o r d a n c e   w i t h   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 ,   i s   an  i m p r o v e d   g low  c o n f i n e m e n t   a t   t h e   a c t i v e   g a s  

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

p a n e l .   P a n e l s   made  of   e l e c t r o d e   l i n e   d e n s i t i e s   as  h i g h   a s  

125  l i n e s / i n c h   w i t h   1,  2  and  4  m i l   l i n e   w i d t h s   show  n o  

a p p r e c i a b l e   l o s s   in   m a r g i n .   T h e s e   same  p a n e l s   a r e   l e s s  

s e n s i t i v e   to   c h a m b e r   gap  v a r i a t i o n s .   For   c o n v e n t i o n a l   p a n e l s  

t h a t   c o n t a i n   n e o n   b a s e d   m i x t u r e s   a  l o s s   in   m a r g i n   o c c u r s   a s  

50  l i n e s / i n c h   i s   e x c e e d e d .  

W i t h i n   t h e   l i m i t s   of  gas   p r e s s u r e s   and  o x y g e n   c o n c e n -  

t r a t i o n s   s p e c i f i e d   h e r e i n b e f o r e   f o r   t h e   p r a c t i c e   of  t h i s  

i n v e n t i o n ,   i t   i s   n e c e s s a r y   t o   v a r y   t h e   p a n e l   d r i v e   f r e q u e n c y  

and  t h e   d i e l e c t r i c   t h i c k n e s s   f o r   o p t i m u m   b r i g h t n e s s   c o n d i -  

t i o n s .   To  e n h a n c e   t h e   p a n e l   b r i g h t n e s s ,   h i g h e r   f r e q u e n c y  

s u s t a i n   w a v e f o r m s   can   be  u s e d .   For   e x a m p l e   a  3  µm  b o r o -  

s i l i c a t e   g l a s s   p a n e l ,   o p e r a t e d   a t   240  KHz  p r o d u c e s   20  f t -  

l a m b e r t s   of   w h i t e   l i g h t   or   4  f t - l a m b e r t s   of   g r e e n   l i g h t .  

No  d e g r a d a t i o n   of   p a n e l   m a r g i n   i s   e v i d e n t   a t   t h i s   h i g h e r  

f r e q u e n c y .   P a n e l   m a r g i n s   h a v e  b e a n   m e a s u r e d   a t   as  h i g h   a s  



3  m e g a h e r t z   w i t h   no  a p p r e c i a b l e   m a r g i n   d e g r a d a t i o n .   C o n v e n -  
t i o n a l   n e o n - a r g o n   m i x t u r e s   show  a  c o l l a p s e   of  m a r g i n   s t a r t i n g  
a t   a p p r o x i m a t e l y   100  k i l o h e r t z .  

F a b r i c a t i o n   t e c h n o l o g y   s u i t a b l e   f o r   an  e x e m p l a r y   s t r u c -  

t u r e   f o r   p r a c t i c e   of   t h i s   i n v e n t i o n   w i l l   now  be  o u t l i n e d  

h e r e i n .  

For   e x e m p l a r y   p r a c t i c e   of  t h i s   i n v e n t i o n ,   FIG.   1  i l l u s -  

t r a t e s   a  t y p i c a l   g a s   p a n e l   d i s p l a y   u n i t   2  w h i c h   c o m p r i s e s  

a  s i n g l e   p a n e l   or  p l a t e   3  c o n s i s t i n g   of  a  g l a s s   s u b s t r a t e  

4  h a v i n g   p a r a l l e l   l i n e s   of  m e t a l   6  e i t h e r   on  or  i m b e d d e d   i n  .  

s u b s t r a t e   4.  A  d i e l e c t r i c   m a t e r i a l   8  i s   d e p o s i t e d   by  a n  

e l e c t r o n - g u n   d e p o s i t i o n   t e c h n i q u e   to   be  d e s c r i b e d   h e r e i n a f t e r  

w i t h   p a r t i c u l a r   r e f e r e n c e   to   FIG.   4.  B o r o s i l i c a t e   g l a s s  

i s   an  a c c e p t a b l e   and  p r e f e r r e d   m a t e r i a l   8 .   The  d i e l e c t r i c  

m a t e r i a l  8   m u s t   be  e l e c t r o n   e m i s s i v e ,   w h i c h   can   be  a c c o m -  

p l i s h e d   e i t h e r   by  i n c o r p o r a t i n g   e l e c t r o n   e m i s s i v e   m a t e r i a l  

w i t h i n   t h e   b o r o s i l i c a t e   g l a s s   8  or  by  d e p o s i t i n g   an  e l e c t r o n  

e m i s s i v e   l a y e r   21  o v e r   l a y e r   8  as  shown  i n   FIG.   2.  A  s u i t a b l e  

e l e c t r o n   e m i s s i v e   l a y e r   i s   MgO. 

A  s e c o n d   p a n e l   3'  w h i c h   i s   i d e n t i c a l   to   t h e   f i r s t   p a n e l  

c o m p r i s e s   a  g l a s s   s u b s t r a t e   4 ' ,   i n t o   w h i c h   a r e   i m b e d d e d  

p a r a l l e l   m e t a l   l i n e s   6'  w i t h   an  e l e c t r o n - g u n   d e p o s i t e d   l a y e r  

8 '   of   b o r o s i l i c a t e   g l a s s .   The  p a r a l l e l   m e t a l   l i n e s   6  of  o n e  

p a n e l   a r e   e s t a b l i s h e d   o r t h o g o n a l   t o   a l l   t h e   m e t a l   l i n e s   6 '  

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

w i t h  a   r e c t a n g u l a r   f r a m e   10  p l a c e d   b e t w e e n   t h e   p a n e l s   of  a  

s o l i d   t u b u l a r - s h a p e d   s e a l i n g   g l a s s   r o d .   P r e s s u r e   may  b e  

u s e d  t o  e n h a n c e   t h e   f u s i n g   of  t h e   two  p a n e l s   t o g e t h e r   w h e n  

t h e   s e a l i n g   g l a s s   r o d   10  i s   h e a t e d .   D u r i n g   t h e   f u s i n g   s t e p ,  

a  s h i m   ( n o t   shown)   i s   p l a c e d   b e t w e e n   t h e   g l a s s   p a n e l s   t o  



s e t   min imum  s e p a r a t i o n   of  t h e   p a n e l s   as  h e a t   i s   u n i f o r m l y  
a p p l i e d   to   b o t h   p a n e l s   to   a c h i e v e   a  r e q u i s i t e   s e p a r a t i o n  
b e t w e e n   p a n e l s .  

A  h o l e   14  i s   d r i l l e d   t h r o u g h   one  of  t h e   two  g l a s s   p a n e l s  
3'  and  a  t u b e   16  i s   g l a s s   s o l d e r e d   to   t h a t   o p e n i n g   so  t h a t  

a f t e r   t h e   2-4  m i l   s p a c i n g   b e t w e e n   p a n e l s   3  and  3'  ha s   b e e n  

e v a c u a t e d ,   s u i t a b l e   gas   m i x t u r e   in   a c c o r d a n c e   w i t h   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   i s   i n s e r t e d   t h r o u g h   t h e   t u b e   a t   a  

p r e s s u r e   in   t h e   a p p r o x i m a t e   r a n g e   of  3 0 0 - 5 0 0   t o r r .   A f t e r  

t h e   i o n i z a b l e   gas   has   b e e n   i n s e r t e d   i n t o   t h e   p a n e l   s p a c e ,  
t h e   h o l e   14  i s   s e a l e d   o f f   by  t i p p i n g   o f f   t h e   t u b e   16.   C u r r e n t -  

c a r r y i n g   l e a d s   20  a r e   c o n n e c t e d   to   e a c h   m e t a l   l i n e   6  a n d  

6 ' ,   so  t h a t   a p p r o p r i a t e   a c t u a t i n g   s i g n a l s   can   be  s e n t   t h r o u g h  
them  f o r   e x c i t i n g   or  d e - e x c i t i n g   t h e   gas   d i s c h a r g e   p a n e l .  

FIG.   3  i s   a  p e r s p e c t i v e   v i e w   of  an  AC  gas   d i s c h a r g e  

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

as  p r e s e n t e d   in   c r o s s - s e c t i o n a l   v i e w s   in   F IGS.   1  and  2 .  

The  p a n e l   c o m p r i s e s   an  u p p e r   g l a s s   p l a t e   3  and  a  l o w e r   g l a s s  

p l a t e   3'  s e p a r a t e d   f r o m   and  s e a l e d   to   p r o v i d e   an  i n t e r v e n i n g  

c h a m b e r   w h i c h   i s   f i l l e d   w i t h  a   gas   m i x t u r e   in   a c c o r d a n c e  

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

E l e c t r i c a l l y   c o n d u c t i v e   p a r a l l e l   l i n e s   6 a - 6 h   a r e   d i s -  

p o s e d   on  t h e   l o w e r   s i d e   of  t h e   u p p e r   p l a t e   4,  and  s e r v e   a s  

e l e c t r o d e s   f o r   s u p p l y i n g   a  g i v e n   e l e c t r i c a l   s i g n a l   to   t h e  

i n t e r v e n i n g   s e a l e d   c h a m b e r   b e t w e e n   t h e   p l a t e s .   E l e c t r i c a l l y  

c o n d u c t i v e   p a r a l l e l   l i n e s   6 ' a - 6 ' j   a r e   d i s p o s e d   on  t h e   u p p e r  

s i d e   of   t h e   l o w e r   g l a s s   p l a t e   4'  and   s e r v e   as  e l e c t r o d e s  

f o r   s u p p l y i n g   a  g i v e n   e l e c t r i c a l   s i g n a l   to   t h e   o t h e r   s i d e  

of   t h e   i n t e r v e n i n g   s e a l e d   c h a m b e r   b e t w e e n   t h e   p l a t e s .  

T y p i c a l l y ,   t h e   s e t s   of  p a r a l l e l   l i n e s   a r e   o t h o g o n a l   to   o n e  

a n o t h e r   and  c o m p r i s e   A l - C u - A l   or   A l - C u   a l l o y   c o n d u c t o r s .  



The  l i n e s   on  e a c h   p l a t e   a r e   c o a t e d   w i t h   a  d i e l e c t r i c   g l a s s  
w h i c h   i s   c o a t e d   w i t h   a  r e f r a c t o r y   l a y e r ,   s u c h   as  MgO. 

In  o r d e r   to   e v a c u a t e   t h e   i n t e r v e n i n g   s e a l e d   c h a m b e r  

b e t w e e n   p l a t e s   3  and  3'  and  f i l l   i t   w i t h   t h e   l u m i n o u s   g a s  
p r o v i d e d   in   a c c o r d a n c e   w i t h   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 ,   a  t u b u l a t i o n   a s s e m b l y   19  i s   p r o v i d e d ,   w h i c h . i s   t h e  

t u b e   16  of  F IG.   1  shown  as  s e a l e d   o f f .  

The  d e p o s i t i n g   of  t h e   b o r o s i l i c a t e   g l a s s   l a y e r s   8  a n d  

8'  and  t h e   MgO  l a y e r   21  w i l l   now  be  d e s c r i b e d   w i t h   r e f e r -  

e n c e   to   t h e   s y s t e m   shown  s c h e m a t i c a l l y   in   FIG.   4.  I t   c o n s i s t s  

of  an  e v a c u a t e d   c h a m b e r   22  i n   w h i c h   s u b s t r a t e   4  i s   e s t -  

a b l i s h e d   and   g l a s s   l a y e r   8  and   MgO  l a y e r   21  a r e   d e p o s i t e d  

in   two  s e q u e n t i a l   e v a p o r a t i o n s   f r o m   a  s i n g l e   p u m p d o w n .   C h a m -  

b e r   22  i s   e v a p o r a t e d   by  c o n v e n t i o n a l   v a c u u m   pump  t e c h n o l o g y ,  

n o t   s h o w n ,   v i a   t u b e   16.  B u l k   b o r o s i l i c a t e   g l a s s   s o u r c e   26  

i s   p l a c e d   in   a  c o p p e r   b o a t   24  w i t h i n   t h e   c h a m b e r   22 .   A 

t u n g s t e n   f i l a m e n t   28  w i t h i n   t h e   b o a t   h o u s i n g   i s   c o n n e c t e d  

to   a  s o u r c e   30  of  e l e c t r i c a l   e n e r g y   f o r   h e a t i n g   s a i d   f i l a -  

m e n t   28.   E l e c t r o n s   32  e m i t t e d   f r o m   f i l a m e n t   28  a r e   a t t r a c t e d  

by  a  m a g n e t   M,  shown  in   d o t t e d   l i n e   w i t h i n   t h e   b o a t   24,   b u t  

n o t   shown  in   b o a t   24 '   f o r   c l a r i t y ,   o n t o   t h e   s o u r c e   m a t e r i a l  

26  f o r   h e a t i n g   i t .  

An  X-Y  sweep   c o n t r o l   u n i t   31  p r o v i d e s   f o r   l o n g i t u d i n a l  

beam  p o s i t i o n i n g   and   f o r   a u t o m a t i c   c o n t r o l   of  s w e e p i n g   o f  

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

A  l a r g e   s u r f a c e   a r e a   of   t h e   s o u r c e   m a t e r i a l   26  i s   u n i f o r m l y  

h e a t e d   and   m e l t e d .   S h u t t e r s   38  and   38 '   a r e   i n t e r p o s a b l e  

b e t w e e n   t h e   s o u r c e   m a t e r i a l s   26  and  26'   r e s p e c t i v e l y   a n d  

s u b s t r a t e   4  w i t h   m e t a l l u r g y   6.  S h i e l d   36,   s e p a r a t e s   b o a t s  

24  and  24 '   and   a l s o   h e l p s   to   p r e v e n t   c r o s s   c o n t a m i n a t i o n .  



C h u n k s   of  MgO  s i n g l e   c r y s t a l   s o u r c e   26'   a r e   p l a c e d   i n t o   t h e  

b o a t   2 4 ' ,   and  d e p o s i t i o n   of  t h e   MgO  l a y e r   21  o v e r   t h e   g l a s s  

l a y e r   8  i s   c a r r i e d   o u t   by  o p e n i n g   s h u t t e r s   38'   and  39  d u r i n g  
t h e   e v a p o r a t i o n   of  d e s i r e d   a m o u n t   of   MgO.  S h u t t e r   38'   i s  

in   a n o t h e r   p l a n e   t h a n   t h a t   of  s h u t t e r   38  so  t h a t   t h e   MgO 

s o u r c e   26'   i s   b o m b a r d e d   w i t h   e l e c t r o n s   f rom  e l e c t r o n   f i l a -  

m e n t   s o u r c e   2 8 ' .   E l e c t r i c a l   p o w e r   c o n n e c t i o n s   f o r   h e a t i n g  

t h e   f i l a m e n t   28'   and  f o r   d e f l e c t i n g   e m i t t e d   e l e c t r o n s   o n t o  

MgO  s o u r c e   26'   a r e   n o t   s h o w n .   S u b s t r a t e   4  i s   h e l d   a t   a p p r o x -  

i m a t e l y   10  i n c h e s   away  f r o m   t h e   e v a p o r a t i o n   s o u r c e .   A  h e a t e r  

48  m a i n t a i n s   i t   a t   d e s i r e d   e l e v a t e d   t e m p e r a t u r e s   d u r i n g  

t h e   d e p o s i t i o n s   of   g l a s s   l a y e r   8  and  of  e l e c t r o n   e m i s s i v e  

l a y e r   21.  The  t h i c k n e s s   of  t h e   d e p o s i t e d   l a y e r s   8  and  2 1  

a r e   m o n i t o r e d   by  a  d e t e c t o r   42  d u r i n g   t h e   s e p a r a t e   d e p o s i t i o n s .  

As  an  i l l u s t r a t i v e   e x a m p l e ,   a  b o r o s i l i c a t e   g l a s s   s o u r c e  

26  i s   h e a t e d   by  e l e c t r o n   beam  b o m b a r d m e n t   in   t h e   e v a c u a t e d  

c h a m b e r   w h i c h   i s   m a i n t a i n e d   a t   1 0   t o r r   so  t h a t   a  m o l t e n  

p o o l   of  b o r o s i l i c a t e   i s   c r e a t e d   h a v i n g   an  a r e a   in   t h e   a p p r o x -  
i m a t e   r a n g e   of  2  to   10  cm2.  The  p o w e r   s u p p l i e d   to   e v a p o r a t e  

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

so  t h a t   t h e   p r e - s e t   a r e a   i s . h e a t e d   u n i f o r m l y   to  a  l e v e l  

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

a  d e s i r e d   s t e a d y   e v a p o r a t i o n   r a t e .   D u r i n g   t h e   i n i t i a l   h e a t i n g  

p e r i o d ,   i t   i s   n o t   d e s i r a b l e   to   e x c e e d   t h e   p o w e r   l e v e l   n e e d e d  

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

of  20%  or  l e s s   of  t h a t   p o w e r   l e v e l   i s   t o l e r a b l e .   A  l a r g e  

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

a t i o n   of   t h e   b o r o s i l i c a t e   g l a s s .   C o n t r o l   of  b o t h   l o n g i -  

t u d i n a l   and  l a t e r a l   e l e c t r o n   beam  sweep   and  a  s i m u l t a n e o u s  

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

a  l a r g e   a r e a .   S h u t t e r   38  i s   i n t e r p o s e d   b e t w e e n   s o u r c e   26 



and  s u b s t r a t e   4  u n t i l   t h e   s o u r c e   26  i s   e v a p o r a t i n g   a t   a  

s t e a d y   r a t e .   I l l u s t r a t i v e l y ,   t h e   s u b s t r a t e   i s   m a i n t a i n e d  

a t   200°C  d u r i n g   e v a p o r a t i o n   of  t h e   b o r o s i l i c a t e   g l a s s .  

T h e n ,   t h e   s h u t t e r   38  i s   t a k e n   o u t   of  t h e   p a t h   of  t h e   e v a p o r -  
a t i n g   s o u r c e   26.  A c c o r d i n g l y ,   3  to   3 .5   m i c r o n   t h i c k   l a y e r  
8  of   t r a n s p a r e n t   and  s m o o t h   b o r o s i l i c a t e   g l a s s   c an   b e  

d e p o s i t e d   in   l e s s   t h a n   10  m i n u t e s .  

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

i n v e n t i o n   w i l l   now  be  p r e s e n t e d .  

C o l o u r   s e l e c t i o n   or  e n h a n c e m e n t   can   be  a c h i e v e d   f o r  

t h e   p r a c t i c e   of  t h i s   i n v e n t i o n   i s   s e v e r a l   e x e m p l a r y   w a y s :  
(1)  one  or  more   o p t i c a l   b a n d   p a s s   f i l t e r s   a r e   a s s o c i a t e d  

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

(2)  a p p l i e d   v o l t a g e   w a v e f o r m   s e l e c t i o n ;   v a r y i n g   gas   c o m -  

p o . s i t i o n   and   p r e s s u r e .   A n c i l l a r y   t e c h n o l o g y   f o r   s e l e c t i n g  

and  e n h a n c i n g   a  p a r t i c u l a r   c o l o u r   w i l l   be  i l l u s t r a t e d   w i t h  

r e f e r e n c e   t o   F IG.   3  w h e r e i n   an  o p t i c a l   f i l t e r   l a y e r   2 1 - 1  

i s   s h o w n  o n   t h e   p l a t e   3 ' .   In  t h i s   i n s t a n c e ,   t h e   f i l t e r  

2 1 - 1   i s   a  t h i n   f i l m   s e l e c t e d   to   p a s s   f r e q u e n c i e s   f o r   a  

p a r t i c u l a r   c o l o u r ,   e . g . ,   b l u e ,   f r om  a  gas   m i x t u r e   of  He 

p l u s   O 2 .  

I a s t e a d   of   o p t i c a l   f i l t e r s ,   p h o s p h o r s   or   e l e c t r o -  

l u m i n e s c e n t   m a t e r i a l s   c a n  b e   p l a c e d   a t   s e l e c t e d   d i s p l a y  

c a l l   l o c a t i o n s   ( d e f i n e d   by  p a i r s   of  e l e c t r o d e s )   to   be  e x c i t e d  

by  l i g h t   e m i s s i o n   f r o m   t h e   g a s   m i x t u r e .   The  m e m o r y ,   i . e . ,  

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

t h u s   be  b e n e f i c i a l l y   u t i l i z e d .  

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

p r e c i s i o n   i n   c o n t r o l l i n g   t h e   d i e l e c t r i c   f i l m   t h i c k n e s s .  



I t   has   b e e n   d i s c o v e r e d   f o r   t h e   p r a c t i c e   of  t h i s   i n v e n t i o n  

t h a t   t h e   t h i c k n e s s   of  t h e   d i e l e c t r i c   l a y e r   when  a p p l i e d  
to  an  AC  p l a s m a   d i s p l a y   p a n e l   d e t e r m i n e s   to  a  l a r g e   m e a s u r e  
t h e   c a p a c i t i v e   r e a c t a n c e   of   t h e   d i s c h a r g e   c e l l .   T h i s   i n  

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

t h r o u g h   t h e   c e l l   w h i c h   i s   d i r e c t l y   p r o p o r t i o n a l   to   t h e   o p t i c a l  
e m i s s i o n   l e v e l   or  b r i g h t n e s s .   FIG.   5  shows  d a t a   on  h o w  

t h e   b r i g h t n e s s   i s   c o n t r o l l e d   o v e r   t h e   3 - 1 0   m i c r o n   d i e l e c t r i c  

l a y e r   t h i c k n e s s   r a n g e ,   e . g . ,   l a y e r s   8  and  8'  of  FIGS.   1 

and  2.  P r e c i s i o n   of  t h e   d i e l e c t r i c   t h i c k n e s s   m u s t   be  c a r e f u l l y  
c o n t r o l l e d   b e l o w   a b o u t   3  m i c r o n s   b e c a u s e   d i e l e c t r i c   b r e a k d o w n  

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

FIG.   5  a r e :   .2%  0 2 / H e   gas   m i x t u r e ;   gas   p r e s s u r e   of  5 0 0  

T o r r . ;   and  d r i v e   f r e q u e n c y   of  240  k i l o h e r t z .  

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

c a p a b i l i t y   to   o p e r a t e   a t   h i g h   f r e q u e n c i e s   e . g . ,   a t   3  m e g a -  

h e r t z   and  a b o v e ,   w i t h o u t   a  s i g n i f i c a n t   l o s s   of  p a n e l   m a r g i n  

or  i n c r e a s e   in   s u s t a i n   v o l t a g e   l e v e l s .   T h i s   p r o p e r t y   a l l o w s  

t h e   f r e q u e n c y   to   be  a d j u s t e d  t o   a c h i e v e   a  b r i g h t n e s s   l e v e l  

s u i t a b l e   f o r   t h e   d e s i r e d   d i s p l a y   a p p l i c a t i o n .   FIG.   6  s h o w s  

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

f o r   a  .2%  0 2 / H e   m i x t u r e   a t   500  T o r r   o p e r a t i n g   in   a  t y p i c a l  

AC  p l a s m a   p a n e l   s t r u c t u r e .  

FIG.  7  shows   t h e   s u s t a i n   v o l t a g e   and  b r i g h n e s s   r e l a t i o n -  

s h i p   f o r   a  .2%  0 2 / H e   m i x t u r e   a t   500  T o r r   u n d e r   a  240  KHz 

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

p a n e l   s t r u c t u r e   was  e m p l o y e d   t h a t   had   3  m i c r o n   t h i c k   d i e l e c -  

t r i c   l a y e r s ,   8  and  8 ' ,   MgO  t o p c o a t   21  and  a  4  m i l   c h a m b e r  

s p a c i n g   b e t w e e n   p l a t e s   3  and  3 ' .   I t   i s   o b s e r v e d   t h a t   t h e  

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



s h o w n .   A c t u a l l y ,   t h i s   h o l d s   up  to   a t   l e a s t   1000  T o r r ,   t h e  
l i m i t   of   m e a s u r e m e n t   c a p a b i l i t y   a v a i l a b l e   h e r e f o r .   As  s h o w n  

in  FIG.   7,  t h e   v o l t a g e   d i f f e r e n c e   b e t w e e n   t h e   two  s u s t a i n  

l e v e l s   i s   20  v o l t s   or   g r e a t e r ,   w h i c h   n u m b e r   can   be  r e f e r r e d  

to   as  t h e   p a n e l   memory   m a r g i n .   I t   i s   n o t e d   t h a t   an  o p t i m u m  

m a r g i n   v o l t a g e   l e v e l   o c c u r s   in   t h e   4 0 0 - 5 0 0   T o r r   r a n g e .  

I t   h a s   b e e n   d e t e r m i n e d   f o r   t h e   p r a c t i c e   of  t h i s   i n v e n -  

t i o n   t h a t   an  a p p r o p r i a t e   r a n g e   of   t h i c k n e s s   f o r   t h e   s e c o n d a r y  
e l e c t r o n   e m i s s i o n   l a y e r   e . g . ,   MgO  l a y e r   21  of   FIG.   1,  i s  

a p p r o x i m a t e l y   in   t h e   r a n g e   of   0 . 2   to   1 . 0   m i c r o n s ;   and   f o r  

t h e   g l a s s   d i e l e c t r i c   l a y e r   8  and  8'  of  F IGS.   1  and  2  i s  

a p p r o x i m a t e l y   in   t h e   r a n g e   of  3  to   10  m i c r o n s .  

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

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

t e c h n o l o g y   a l l o w   h i g h   l i n e   d e n s i t y   i . e .   g r e a t   r e s o l u t i o n ,   a n d  

h i g h   m a r g i n   p a n e l s .   F u r t h e r ,   s u c h   h e l i u m   b a s e d   gas   m i x t u r e s  

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

T h i s   r e s u l t s   a l s o   in   h i g h   b r i g h t n e s s   f o r   h i g h   l i n e   d e n s i t y  

u s i n g   n a r r o w   l i n e s ,   e . g . ,   1  m i l   or   l e s s ,   f o r   b o t h   m u l t i c o l o u r  

and  w h i t e   l i g h t   c a p a b i l i t y .  

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

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

t h e   d i s c h a r g e   of  gas   m i x t u r e s   of   He  d o p e d   w i t h   e i t h e r   k r y p t o n  

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

e n h a n c e d   s t a t i c   m a r g i n .  

A  g a s   m i x t u r e   c o n t a i n i n g   .25%  k r y p t o n   i n   h e l i u m   w a s  

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

of  2  i n c h   x  2  i n c h   p l a t e s .   T h e s e   p l a t e s   had   a  7   m i c r o n  

b o r o s i l i c a t e   l a y e r   w i t h   a  2000Å  MgO  o v e r c o a t .   The  c h a m b e r  

f i l l e d   t o   400  T o r r   w i t h   t h e   .25%  K r / H e   m i x t u r e   and  p a n e l  



o p e r a t i o n   was  o b t a i n e d   w i t h   t h e   p l a t e s   s e t   to   a  4  m i l   c h a m b e r  

s p a c i n g .   The  p r i m a r y   s p e c t r a l   e m i s s i o n   l i n e s   w e r e   f r o m  

o x i t e d   k r y p t o n   s t a t e s   w i t h   s t r o n g   ( b l u e )   e m i s s i o n   b e i n g  

r e c o r d e d   a t   4274Å,   4320Å,   4363Å,   4454Å,   4464R  and  4 5 0 2 Å .  

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

d e f i n e d .   The  p a n e l   b r i g h t n e s s   w i t h   t h e   .25%  K r / H e   gas   m i x t u r e  

was  2  f t . - l a m b e r t s   a t   a  30  KHz  d r i v e r   f r e q u e n c y .   T h e  

o p e r a t i n g   v o l t a g e   r a n g e   was  133/102Vmaxs/Xmins   f o r   a  s t a t i c  

m e a s u r e m e n t   w h i c h   y i e l d s   a  31  v o l t   m a r g i n .   Time  r e s o l u t i o n  

of  t h e   h e l i u m   and  k r y p t o n   s p e c t r a l   l i n e s   s h o w e d   t h e   h e l i u m  

e m i s s i o n   to   be  s l i g h t l y   l e s s   t h a n   l p s e c .   in   d u r a t i o n   w i t h  

t h e   k r y p t o n   b e i n g   75  m i c r o s e c o n d s   w h i c h   i s   an  i n d i c a t i o n  

of  a  P e n n i n g   i n t e r a c t i o n   b e t w e e n   t h e   h e l i u m   and  m e t a s t a b l e  

a t o m s   and  t h e   k r y p t o n   a t o m s .  

The  f o l l o w i n g   T a b l e   I I I   p r e s e n t s   e x e m p l a r y   o p e r a t i o n a l  

d a t a   f o r   c o m p a r i s o n   of  s e v e r a l   d i f f e r e n t   gas   m i x t u r e s   i n  

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

AC  gas   p a n e l   was  p r e s s u r e d   to   500  T o r r ;   t h e   b o r o s i l i c a t e  

g l a s s   l a y e r   t h i c k n e s s   was  3 .2   m i c r o n s ;   and  t h e   d r i v e   f r e a n c y  

was  240  k i l o h e r t z .  



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

u t i l i z i n g   h e l i u m   b a s e d   g a s   m i x t u r e   h a s   b e e n   p r e s e n t e d   h e r e i n -  

b e f o r e .   The  s p e c i e s   f o r   d o p i n g   h e l i u m   to   o b t a i n   P e n n i n g  

i n t e r a c t i o n s   has   b e e n   e x e m p l a r y .   By  r e f e r e n c e   to   t h e   l i t e r -  

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

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

E x a m p l e s   a r e   (1)  "The  I d e n t i f i c a t i o n   of   M o l e c u l a r  S p e c t r a " ,  

by  R .W.B.   P e a r s e   and  A.G.   G a y d o n ,   3 rd   E d i t i o n ,   Chapman   a n d  

H a l l   L t d . ,   L o n d o n ,   1 9 6 5 ;   (2)  " T a b l e s   of  S p e c t r a l   L i n e s   o f  

N e u t r a l   and  I o n i z e d   A t o m s " ,   A .R .   S t r i g a n o v   and   N . S .   S v e n t i t s k i i ,  

I .   F.  I . / P l e n u m ,   New  Y o r k - W a s h i n g t o n ,   1 9 6 8 .  

C o l o u r   s e l e c t i o n   and  e n h a n c e m e n t   can   be  a c h i e v e d   f o r  

t h e   p r a c t i c e   of   t h i s   i n v e n t i o n   by  a d j u s t i n g   t h e   s h a p e   a n d  

w i d t h   of   t h e   v o l t a g e   w a v e f o r m   to   m a t c h   t h e   h e l i u m   b a s e d  

m i x t u r e   e m p l o y e d .   T h i s   t a k e s   i n t o   a c c o u n t   t h e   v e r y   f a s t  

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

m i x t u r e s   w i t h   n a r r o w   d o p a n t s .  



1.  An  AC  gas   d i s c h a r g e   d i s p l a y   p a n e l   h a v i n g   an  o p e n   p a n e l  

s t r u c t u r e   w i t h   a t   l e a s t   two  s u b s t r a t e s   and  r e s p e c t i v e   d i -  

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

b e t w e e n   s a i d   d i e l e c t r i c   l a y e r s   and  e x h i b i t i n g   c h a r a c t e r i s t i c s  

s u c h   t h a t   t h e   g a s e o u s   med ium  may  p e r i o d i c a l l y   be  d r i v e n  

by  t h e   d r i v e   v o l t a g e   t h e r e f o r e   to   d i s c h a r g e   c o n d i t i o n   t h e r e -  

a c r o s s ,   c h a r a c t e r i s e d   in   t h a t   t h e   g a s e o u s   med ium  is   a  h e l i u m  

b a s e d   g a s e o u s   med ium  d o p e d   w i t h   o x y g e n   to   p r o v i d e   a  l u m i n o u s  

g a s e o u s   med ium  w h i c h   e x h i b i t s   m u l t i c o l o u r   e m i s s i o n   due  t o  

t h e   e f f i c i e n t   r e c o m b i n a t i o n   of  o x y g e n   i o n s   d u r i n g   s a i d   d i s -  

c h a r g e   c o n d i t i o n .  

2.  An  AC  gas   d i s c h a r g e   d i s p l a y   p a n e l   as  c i a i m e d  i n   c l a i m  

1  f u r t h e r   c h a r a c t e r i s e d   in   t h a t   s a i d   h e l i u m   b a s e d   g a s e o u s  

medium  c o m p r i s e s   h e l i u m   in  an  a p p r o x i m a t e   p r e s s u r e   r a n g e  

of  b e t w e e n   100  to  1000  T o r r .  

3.  An  AC  gas   d i s c h a r g e   d i s p l a y   p a n e l   as  c l a i m e d   in   c l a i m  

2  f u r t h e r   c h a r a c t e r i s e d   in   t h a t   s a i d   h e l i u m   i s   a t   l e a s t  

a t   300  T o r r   and  i s   d o p e d   w i t h   o x y g e n   a t   a  c o n c e n t r a t i o n  

l e v e l   of  f rom  0 . 1   to   5%  of  t h e   t o t a l   g a s e o u s   c o n c e n t r a t i o n .  

4.  An  AC  g a s   d i s c h a r g e   d i s p l a y   d e v i c e   as  c l a i m e d   in   c l a i m  

3  f u r t h e r   c h a r a c t e r i s e d   in   t h a t   s a i d   gas   d i s c h a r g e   d i s p l a y  

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



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

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

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

w i t h   t h e   s u r f a c e   of   one  s i d e   t h e r e o f   in   c o n t a c t   w i t h   s a i d  

h e l i u m   b a s e d   g a s e o u s   med ium  and  e a c h   b e i n g   of   t h i c k n e s s  

to   o p t i m i s e   l u m i n o u s   b r i g h t n e s s   of  s a i d   e x c i t e d   g a s e o u s  
m e d i u m .  

5.  An  AC  g a s   d i s c h a r g e   d i s p l a y   p a n e l   as  c l a i m e d   in   c l a i m  

4  f u r t h e r   c h a r a c t e r i s e d   in   t h a t   s a i d   h i g h   s e c o n d a r y   e l e c t r o n  

e m i s s i o n   r e f r a c t o r y   l a y e r   i s   an  MgO  l a y e r   w h i c h   e n h a n c e s  

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

6.  An  AC  g a s   d i s c h a r g e   d i s p l a y   p a n e l   c o n t a i n i n g   t h e r e i n   a  

l u m i n o u s   i o n i z a b l e   g a s e o u s   m e d i u m   s e a l e d   b e t w e e n   a  p a i r   o f  

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

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

l i n e s   c o v e r e d   w i t h   a t   l e a s t   one  l a y e r   o f   d i e l e c t r i c   m a t e r i a l  

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

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

f e r r e d   t h e r e t o   t o   e s t a b l i s h   a  d i s c h a r g e   c o n d i t i o n   a c r o s s   s a i d  

g a s e o u s   m e d i u m ,   c h a r a c t e r i s e d   i n   t h a t   s a i d   g a s e o u s   m e d i u m  

c o m p r i s e s   a  P e n n i n g   m i x t u r e   of   h e l i u m   and   a  s p e c i e s   f o r   o b -  

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

7.  A  p a n e l   as  c l a i m e d   i n   c l a i m   6  c h a r a c t e r i s e d   i n   t h a t  

t h e r e   i s   p r o v i d e d   an  a s s o c i a t e d   f i l t e r   to   s e l e c t   a  g i v e n  

c o l o u r   of   s a i d   m u l t i c o l o u r   f o r   d i s p l a y .  

8.  An  AC  gas   d i s c h a r g e   p a n e l   as  c l a i m e d   in   c l a i m   7  f u r t h e r  

c h a r a c t e r i s e d   in   t h a t   s a i d   m o l e c u l a r   s p e c i e s   i s   s e l e c t e d   f r o m  

t h e  g r o u p   c o m p r i s i n g   02 ,   N2,  and   H 2 .  
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