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Gaseous  discharge  display  devices. 
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The  invention  relates  to  a  gaseous  discharge  display 
device  (gas  panel)  of  the  kind  comprising  a  pair  of  glass 
plates  each  having  an  array  of  parallel  conductors  formed 
thereon  overlaid  with  a  dielectric  layer,  the  plates  being 
sealed  together  at  their  edges  in  superimposed  spaced 
parallel  relationship  with  the  conductor  arrays  being  dis- 
posed  substantially  orthogonally  to  one  another  to  define 
a  plurality  of  discharge  gaps,  each  formed  at  the  cross- 
point  of  a  conductor  of  one  array  with  a  conductor  of  the 
other  array,  and  metal  spacers  disposed  between  the  di- 
electric  layers  for  maintaining  the  discharge  gaps  precisely 
spaced  over  the  area  of  the  display  device. 

The  spacers  are  in  the  form  of  rods  9  having  a  trape- 
zoidal  cross-section  so  that  light  13  or  15  emanating  from 
an  adjacent  gas  discharge  tends  to  be  reflected  downwardly 
into  the  panel,  as  shown  by  rays  17  and  19,  rather  than 
outwardly  from  the  panel.  This  reduces  the  visibility  of  the 
spacers  9  when  the  panel  is  viewed  from  the  front. 



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

d e v i c e s ,   h e r e i n a f t e r   r e f e r r e d   to   as  gas   p a n e l s .  

I t   i s   n e c e s s a r y   w i t h   l a r g e   a r e a   h i g h   r e s o l u t i o n  

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

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

d o e s   no t   i n h i b i t   t h e   f l o w   of  gas   p a r t i c l e s   w i t h i n   t h e  

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

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

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

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

gap  b e t w e e n   o p p o s i n g   g l a s s   p l a t e s   of  a  gas   p a n e l ,  

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

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

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

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

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

H o w e v e r ,   s u c h   d e v i c e s   a r e   d i f f i c u l t   to  f a b r i c a t e ,  

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

a b o u t   5 , 0 0 0   c e l l s   p e r   s q u a r e   i n c h .  

A  f u r t h e r   t e c h n i q u e   u s e s   m e t a l l i c   s p a c e r s   w h i c h   a r e  

l o c a t e d   on  one  of  t h e   g l a s s   p l a t e s   p r i o r   to  t h e  

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



Such  a  t e c h n i q u e ,   h o w e v e r ,   makes   i t   e x t r e m e l y   d i f f i c u l t  

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

s u r f a c e   of  t h e   p a n e l   so  t h a t   t h e   d i e l e c t r i c   s u r f a c e  

in  t h e   s p a c e r   a r e a s   i s   n o t   p e r f e c t l y   f l a t   and  i s  

m e c h a n i c a l l y   weak ,   and  u n s t a b l e   p o i n t   c o n t a c t   may  r e s u l t .  

A d d i t i o n a l l y ,   d i f f e r e n c e s   in   d i e l e c t r i c   t h i c k n e s s   i n  

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

a r r a n g e m e n t s   r e q u i r e   v a r i a t i o n s   in   t h e   e l e c t r i c a l  

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

d e v i c e ,   and  e l i m i n a t e   or  s e v e r e l y   r e s t r i c t   t h e   p a n e l  

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

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

a f f e c t e d   due  to  t h e   m e n i s c u s   e f f e c t   of  t h e   d i e l e c t r i c  

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

a l t e r s   t h e   d i e l e c t r i c   t h i c k n e s s   o v e r   c o n d u c t o r   l i n e s  

a d j a c e n t   to   t h e   s p a c e r   e l e m e n t s ,   t h e r e b y   p r e v e n t i n g  

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

T h i s   d i s a d v a n t a g e   i s   a v o i d e d   by  t h e   t e c h n i q u e  

d e s c r i b e d   in   U . S .   P a t e n t   3 , 9 9 8 , 5 1 0 ,   w h e r e i n   m e t a l   s p a c e r s  

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

of  t h e   d i e l e c t r i c   c o a t i n g s .   I t   i s   s t a t e d   t h a t   U . S .  

P a t e n t   t h a t   in  t h e   r e s u l t i n g   p a n e l   t h e   s p a c e r s   a r e  

s u b s t a n t i a l l y   i n v i s i b l e   to   t h e   o b s e r v e r .   W h i l e   t h i s   m a y  

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

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

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

a r e a   f o r   r e f l e c t i o n .   The  u se   of  r o d - f o r m   s p a c e r s   w o u l d  

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



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

r e d u c e   t h e   n u m b e r   of  s p a c e r s   w h i c h   a r e   r e q u i r e d  

c o m p a r e d   to  t h a t   r e q u i r e d   i f   d i s c - s h a p e d   s p a c e r s   w e r e   u s e d  

as  d e s c r i b e d   in   U .S .   P a t e n t   3 , 9 9 8 , 5 1 0 ,   and  a l s o   w o u l d  

f a c i l i t a t e   t h e i r   h a n d l i n g   and  p l a c e m e n t   due  to  t h e i r  

l a r g e r   s i z e .   H o w e v e r ,   as  m e n t i o n e d   a b o v e ,   t h e   l o n g  

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

a r e a   f o r   r e f l e c t i o n   and  e a c h   w o u l d   be  v i s i b l e   to  v i e w e r s  

as  a  n a r r o w   l i n e   of  l i g h t   in   t h e   d i s p l a y e d   i m a g e .  

Thus   i t   i s   an  o b j e c t   of  t h e   i n v e n t i o n   to   p r o v i d e   a  

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

w h i c h   t h e   v i s i b i l i t y   of  t h e   s p a c e r s   i s   s u b s t a n t i a l l y  

r e d u c e d .  

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

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

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

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

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

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

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

d i s c h a r g e   g a p s ,   e a c h   f o r m e d   at   t h e   c r o s s - p o i n t   of  a  

c o n d u c t o r   of  one  a r r a y   w i t h   a  c o n d u c t o r   of  t h e   o t h e r  

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

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

s p a c e d   o v e r   t h e   a r e a   of  t h e   d i s p l a y   d e v i c e ,   c h a r a c t e r i s e d  

in  t h a t   t h e   s p a c e r s   (9)   a r e   in  t h e   f o rm  of  r o d s   h a v i n g   a  

t r a p e z o i d a l   c r o s s - s e c t i o n   w i t h   t h e   n o n - p a r a l l e l   e d g e s  

t h e r e o f   c o n v e r g i n g   in   a  d i r e c t i o n   away  f rom  t h e   f r o n t  

p l a t e   ( 3 1 )   of  t h e   d e v i c e .  



An  e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   now  b e  

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 :  

F i g .   1  i s   an  e n l a r g e d   p l a n   v i e w   of  a  p o r t i o n   o f  

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

of  t h e   p r e s e n t   i n v e n t i o n ,  

F i g .   2  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   d e v i c e  

shown  in  F i g .   1  t a k e n   a l o n g   t h e   l i n e s   2 -2   of  F i g .   1 ,  

a n d  

F i g .   3  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  s p a c e r  
u s e d   in   t h e   d e v i c e   of  f i g u r e s   1  and  2 .  

R e f e r r i n g   now  to  t h e   d r a w i n g s ,   t h e   g a s e o u s  

d i s c h a r g e   d i s p l a y   d e v i c e   (o r   gas   p a n e l )   t h e r e   s h o w n  

c o r r e s p o n d s   g e n e r a l l y   to  t h a t   d e s c r i b e d   in   U . S .   P a t e n t  

3 , 8 3 7 , 7 2 4 ,   and  t h e   f a b r i c a t i o n   s t e p s   a r e   g e n e r a l l y  

s i m i l a r   e x c e p t   in  so  f a r   as  t h e y   r e l a t e   to  d e t a i l s   o f  

t h e   s p a c e r s   as  d e s c r i b e d   b e l o w .  

In  t h e   p l a n   v i e w   shown  in   F i g .   1,  a  p l u r a l i t y  

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

v e r t i c a l   l i n e s   s u c h   as  t h a t   d e s i g n a t e d   V3,  and  g r o u p s  

of  n i n e   h o r i z o n t a l   l i n e s   s u c h   as  t h o s e   d e s i g n a t e d   H5 
and  H7'  The  h o r i z o n t a l   l i n e s   a r e   f o r m e d   on  t h e   f r o n t   p l a t e  

of  t h e   d e v i c e   ( u p p e r   p l a t e   in   f i g .   2 ) ,   w h i l e   t h e   v e r t i c a l  

l i n e s   V3  a r e   f o r m e d   on  t h e   b a c k   p l a t e   of  t h e   p a n e l .  

Each   i n t e r s e c t i o n   of  a  g r o u p   of  h o r i z o n t a l   l i n e s   a n d  

a  g r o u p   of  v e r t i c a l   l i n e s   d e f i n e s   an  8  x  9  do t   m a t r i x  

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

b e i n g   g e n e r a t e d   w i t h i n   a  7  x  9  s u b - m a t r i x   so  as  t o  

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



F i g .   2  i s   a  s e c t i o n a l   v i e w   o f ' t h e   gas   p a n e l .  

The  b o t t o m   or  b a c k   g l a s s   p l a t e   21  has   m e t a l l i c  

c o n d u c t o r s   23  f o r m e d   t h e r e o n   ( c o r r e s p o n d i n g   to  t h e  

v e r t i c a l   c o n d u c t o r s   s u c h   as  V3)  and  i s   o v e r c o a t e d  

w i t h   a  l a y e r   of  d i e l e c t r i c   25.  W h i l e   n o t   s t r i c t l y  

n e c e s s a r y ,   t h e   d i e l e c t r i c   l a y e r   25  may  be  o v e r c o a t e d  

w i t h   a  l a y e r   of  r e f r a c t o r y   s e c o n d a r y   e m i s s i v e   m a t e r i a l   2 7  

s u c h   as  MgO.  The  u p p e r   or  f r o n t   p l a t e   31  h a s  

c o n d u c t o r s   33  f o r m e d   t h e r e o n   ( c o r r e s p o n d i n g   to  t h e  

h o r i z o n t a l   c o n d u c t o r s   s u c h   as  H5  or  H 7 ) '   t h e   c o n d u c t o r s  

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

c o n d u c t o r s   23,  and  t h e   p l a t e   31  i s   a l s o   o v e r c o a t e d  

w i t h   a  d i e l e c t r i c   l a y e r   35.  B o n d e d   to  t h e   d i e l e c t r i c  

l a y e r   35  a r e   m e t a l l i c   s p a c e r s   9,  b o t h   t h e   l a y e r   35  a n d  

s p a c e r s   9  b e i n g   o v e r c o a t e d   w i t h   a  f u r t h e r   l a y e r   37  o f  

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

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

The  p l a n   v i e w   shown  in  F i g .   1  p o r t r a y s   an  i d e a l i z e d  

s i t u a t i o n ,   s i n c e   t h e   s p a c e r s   9  a r e   shown  l o c a t e d   o n l y  

b e t w e e n   rows   of  c h a r a c t e r s   w h i c h ,   in  m o s t   p r a c t i c a l  

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

s p a c e r s .   R a t h e r ,   t h e   s p a c i n g   m e m b e r s   a r e   d e s i g n e d   f o r  

p o s i t i o n i n g   b e t w e e n   any  p a i r   of  a d j a c e n t   d r i v e   l i n e s ,  

p r e f e r a b l y   b e t w e e n   h o r i z o n t a l   d r i v e   l i n e s ,   and  t h i s   p e r m i t s  

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

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

d e s c r i b e d   in  t h e   p r e v i o u s l y   m e n t i o n e d   U .S .   p a t e n t ,   t h e  

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

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

p r e f e r a b l y   h a v e   a  r e s o l u t i o n   of  a b o u t   70  l i n e s   p e r   i n c h  

in  e a c h   d i r e c t i o n   w i t h   3  m i l .   w ide   c o n d u c t o r s   s p a c e d  

on  14  m i l .   c e n t r e s ,   g i v i n g   a  s e p a r a t i o n   of  11  m i l s .  



b e t w e e n   a d j a c e n t   c o n d u c t o r s .   The  s p a c e r s   9  of  t h i s  

e m b o d i m e n t   a r e   5  m i l s .   w i d e   ( a t   t h e i r   b a s e ) ,   4  m i l s .  

t h i c k   and  250  m i l s .   l o n g ,   and  a r e   p o s i t i o n e d   c e n t r e   t o  

c e n t r e   in  b o t h   v e r t i c a l   and  h o r i z o n t a l   d i r e c t i o n s  

w i t h   r e s p e c t   to   a d j a c e n t   s p a c e r s   2 , 0 0 0   m i l s .   o r  
2  i n c h e s .   I t   ha s   b e e n   d e t e r m i n e d   t h a t   t h e   s p a c e r s   9 

s h o u l d   be  s e p a r a t e d   f r o m   t h e   a d j a c e n t   c o n d u c t o r s   3 3  

by  2  m i l s .   to   a v o i d   an  a d v e r s e   e f f e c t   on  t h e   e l e c t r i c a l  

c h a r a c t e r i s t i c s   on  a d j a c e n t   c o n d u c t o r s ,   p a r t i c u l a r l y  

t h e   p a n e l   m a r g i n   or   t h e   d i f f e r e n c e   b e t w e e n   Vs  max  a n d  

Vs  min  w h e r e   Vs  r e p r e s e n t s   t h e   s u s t a i n   s i g n a l .   T h u s  

t h e   s p a c e r s   9  mus t   be  p o s i t i o n e d   to   an  a c c u r a c y   o f  

+  1  m i l .   to  a v o i d   s u c h   p r o b l e m s .  

As  m e n t i o n e d   b e f o r e ,   one  of   t h e   p r o b l e m s   a s s o c i a t e d  

w i t h   m e t a l   s p a c e r s   r e l a t e s   to   t h e i r   v i s i b i l i t y ,   w h i c h  

i s   c a u s e d   p r i m a r i l y   by  r e f l e c t i o n   f rom  t h e   s u r f a c e   of  t h e  

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

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

t h e   n o r m a l   to   t h e   d i s p l a y   s u r f a c e .   One  way  t o  

r e d u c e   r e f l e c t i o n   f rom  m e t a l   s p a c e r s   i s   to   o x i d i z e  

t h e   s u r f a c e   of  t h e   s p a c e r s   to  r e d u c e   t h e   r e f l e c t i v i t y .  

The  s p a c e r s   9  in  t h e   p r e s e n t   c a s e   a r e   c o m p o s e d   of  a  

n i c k e l - i r o n   a l l o y   h a v i n g   a p p r o x i m a t e l y   e q u a l   p e r c e n t a g e s  

by  w e i g h t   of  t h e   two  c o m p o n e n t   e l e m e n t s ,   and  t h e   s p a c e r s   a r e  

o x i d i s e d   p r i o r   to   a s s e m b l y   of  t h e   p a n e l .   An  a d d i t i o n a l  

a d v a n t a g e   of  t h e   o x i d e   c o a t i n g   i s   t h a t   t h e   s p a c e r s  

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

o p e r a t i o n .   The  s p a c e r s   9  a r e   s e c u r e d   to   t h e  

d i e l e c t r i c   35,  p r i o r   to  a s s e m b l y   of  t h e   l o w e r   p l a t e  

21,  by  c o n v e n t i o n a l   t h e r m a l   c o m p r e s s i o n   or   u l t r a s o n i c  

b o n d i n g   t e c h n i q u e s   d e p e n d i n g   on  t h e   b o n d i n g   m e d i u m .  

In  one  f o rm  of  b o n d i n g ,  a   d r o p   of  s o l d e r   g l a s s  

a p p r o x i m a t e l y   5  m i l s .   in  d i a m e t e r   and  1  m i l .   t h i c k   i s  



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

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

d i e l e c t r i c   s u r f a c e   35  u n d e r   a p p r o p r i a t e   l o a d i n g   s u c h   a s  
15  g r ams   and  s u f f i c i e n t   h e a t   i s   a p p l i e d   to  e f f e c t   a  

g l a s s - s o l d e r   b o n d .   Load  and  h e a t   a r e   c h o s e n   t o  

o p t i m i z e   t h e   s t r e n g t h   of  t h e   bond   and  t h e   r e l i a b i l i t y  

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

Wi th   r e s p e c t   to   p o s i t i o n i n g   t h e   s p a c e r s   on  t h e  

d i e l e c t r i c   35,   t e c h n i q u e s   f o r   a u t o m a t e d   p l a c e m e n t   a s  

w e l l   a s  b o n d i n g   a r e   w e l l   known  in  t h e   a r t ,   a n d  

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

c o u l d   be  c o n t r o l l e d   by  a  m o d i f i e d   X-Y  t a b l e   w h i c h  

c o u l d   o p e r a t e   u n d e r   d i g i t a l   p r o g r a m m i n g   c o n t r o l   t o  

p o s i t i o n   t h e   s p a c e r s   at   any  s e l e c t e d   l o c a t i o n   u s i n g  

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

a  h o r i z o n t a l ,   v e r t i c a l   or   b o t h   d i r e c t i o n s   as  s p e c i f i e d .  

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

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

maximum  l o a d   b e a r i n g   w i t h   a  10"  x  12"  d i s p l a y   s u r f a c e ,  

s i n c e   l o a d s   of  up  to  5 0 , 0 0 0   P S I ,   n e a r   t h e   b r e a k i n g  

p o i n t   of  t h e   d i e l e c t r i c   c o a t i n g ,   may  be  e n c o u n t e r e d  

d u r i n g   t h e   b a c k f i l l   o p e r a t i o n   or  u n d e r   maximum  v a c u u m  

c o n d i t i o n s .   In  a d d i t i o n   to  r e d u c i n g   s p a c e r   v i s i b i l i t y ,  

t h e   o x i d i z e d   s u r f a c e   of  t h e   s p a c e r   i m p r o v e s   t h e  

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

a l s o   i m p r o v e s   t h e   a d h e s i o n   of  t h e   MgO  l a y e r   37  

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

35  and  t h e   s p a c e r s   9  to  p r o v i d e   a  r e f r a c t o r y   s u r f a c e  

w h i c h   p r o t e c t s   t h e   d e v i c e   f rom  s p u t t e r i n g   of  t h e  

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

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

l o w e r   o p e r a t i n g   v o l t a g e s .   The  u s e   of  m a g n e s i u m   o x i d e   f o r  

b o t h   p u r p o s e s   i s   w e l l   known.   The  n i c k e l - i r o n   a l l o y  



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

e x p a n s i o n   w o u l d   m a t c h   t h a t   of  t h e   p l a t e   g l a s s   on  w h i c h  

i t   i s   m o u n t e d .  

The  e s s e n t i a l   f e a t u r e   of  t h e   s p a c e r s   9  r e l a t e s  

to  t h e i r   s h a p e .   The  m e t a l l i c   s p a c e r s   9  a r e   in   r o d   f o r m  

and  h a v e   a  c r o s s - s e c t i o n   w h i c h   c o r r e s p o n d s   to  a n  

i n v e r t e d   t r a p e z o i d   as  shown  in  F i g .   3,  t h e   b a s e   o r  

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

t h e   f r o n t   or  u p p e r   p l a t e   31.  T h u s ,   i t   w i l l   be  s e e n  

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

s l o p e d   e d g e s   of  t h e   t r a p e z o i d ,   as  i n d i c a t e d   by  l i g h t  

r a y s   13  and  15  e m i n a t i n g   f r o m   o p p o s i t e   s i d e s   of  t h e  

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

i n t o   t h e   p a n e l ,   as  shown  by  t h e   r e l f e c t e d   l i g h t   r a y s   1 7  

and  19,  r a t h e r   t h a n   o u t w a r d l y   f rom  t h e   d i s p l a y ,   t h u s  

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

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

of  t h e   s p a c e r s .   T h i s   c o m b i n e d   w i t h   t h e   o x i d a t i o n   of  t h e  

s u r f a c e   of  t h e   s p a c e r s   r e n d e r s   them  s u b s t a n t i a l l y  

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

d e s i r a b l e   r e s u l t .  

I t   i s   to  be  u n d e r s t o o d   t h a t   t h e   c o n d u c t o r  

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

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

a p p a r a t u s   by  w h i c h   t h e   c h a m b e r   i s   e v a c u a t e d   and  t h e n  

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

in  t h e   a r t ,   and  a r e   d i s c l o s e d ,   f o r   e x a m p l e ,   in  t h e  

a b o v e - m e n t i o n e d   U . S .   P a t e n t   3 , 8 3 7 , 7 2 4 .   A c c o r d i n g l y ,  

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

p r e s e n t   s p e c i f i c a t i o n   in  t h e   i n t e r e s t   of  s u c c i n c t n e s s  

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

i n v e n t i o n .  



1.  A  g a s e o u s   d i s c h a r g e   d i s p l a y   d e v i c e   c o m p r i s i n g  

a  p a i r   of  g l a s s   p l a t e s   e a c h   h a v i n g   an  a r r a y   of  p a r a l l e l  

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

l a y e r ,   t h e   p l a t e s   b e i n g   s e a l e d   t o g e t h e r   at   t h e i r   e d g e s  

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

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

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

of  d i s c h a r g e   g a p s ,   e a c h   f o r m e d   at   t h e   c r o s s - p o i n t  

of  a  c o n d u c t o r   of  one  a r r a y   w i t h   a  c o n d u c t o r   of  t h e  

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

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

p r e c i s e l y   s p a c e d   o v e r   t h e   a r e a   of  t h e   d i s p l a y   d e v i c e ,  

c h a r a c t e r i s e d   in  t h a t   t h e   s p a c e r s   (9)   a r e   in   t h e   f o r m  

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

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

away  f rom  t h e   f r o n t   p l a t e   ( 3 1 )   of  t h e   d e v i c e .  

2.  A  d e v i c e   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   s u r f a c e  

of  t h e   s p a c e r s   i s   o x i d i z e d .  
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