
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  3 0 5   5 2 5  

A 1  

©  EUROPEAN  PATENT  APPLICATION 
published  in  accordance  with  Art.  158(3)  EPC 

©  Application  number:  88900801.7  ©  Int.  CI.3:  H  01  B  5 / 1 4  

^   H  01  B  7/08,  G  09  F  13/00 
(22)  Dateoffiiing:  12.01.88 

Data  of  the  international  application  taken  as  a  basis: 

©  International  application  number: 
PCT/JP88/00024 

©  International  publication  number: 
WO88/05206  (14.07.88  88/15) 

©  Priority:  12.01.87  JP  5585/87 
12.09.87  JP  228947/87 

©  Date  of  publication  of  application: 
08.03.89  Bulletin  89/10 

©  Designated  Contracting  States: 
BE  DE  FR  GB  IT  NL 

©  Applicant:  SEKISUI  KAGAKU  KOGYO  KABUSHIKI 
KAISHA 
4-4  Nishitenma  2-chome  Kita-ku 
Osaka-shi  Osaka  530(JP) 

©  Inventor:  HASHIKAWA,  Takaaki 
14-11,  Kotobuki  1  -chome 
Taito-ku  Tokyo  11  1(JP) 

©  Representative  :  Dipl.-lng.  Schwabe,  Dr.  Dr.  Sandmair,  Dr. 
Marx 
Stuntzstrasse16 
D-8000Munchen80(DE) 

If) 
N  
If) 

If) 
O  
w  

a .  
LU 

©  ELECTRICALLY  CONDUCTIVE  TRANSPARENT  MATERIAL  AND  A  DISPLAY  DEVICE  USING  THE  ELECTRICALLY 
CONDUCTIVE  M A T E R I A L . .   _ 
An  electrically  conductive  transparent  material  that  is  i 

preferably  used  as  a  feeding  means,  and  a  display  device  J  
which  employs  the  electrically  conductive  transparent  mat-  /  
erial.  The  electrically  conductive  transparent  material  is  com- 
prised  of  a  substrate  unit  made  of  an  electrically  insulating  FED 
transparent  material  and  an  electrically  conductive  trans-  Sj  
parent  unit  buried  in  the  substrate  unit.  The  electrically  con-  -1  1  Ml ductive  transparent  unit  is  provided  in  the  form  of  a  plurality  "  

(  Mj 
of  layers  maintaining  a  predetermined  distance  in  the  sub-  Wi 
strate  unit.  Another  electrically  cpnductive  transparent  mat-  HQ 
erial  is  comprised  of  a  substrate  unit  made  of  an  electrically  1  2"^   tg l , /0   n insulating  transparent  material  and  an  electrically  conductive  Ml 
transparent  unit  buried  in  the  substrate  unit.  The  electrically  IfijJ 
conductive  transparent  unit  consists  of  a  plurality  of  electric-  H3 
ally  conductive  wires  that  do  not  intersect  with  each  other.  fflW 
The  display  device  comprises  the  electrically  conductive  55} 
transparent  material  and  display  elements  whose  feeder  ter-  j§[j*1  2 
minals  are  connected  to  a  plurality  of  transparent  conductive  Wt 
portions  provided  in  the  electrically  conductive  transparent  Mj 
material.  fljfl 
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TITLE  OF  THE  INVENTION 

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

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

5  c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  

TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   t o   an  e l e c t r i c a l l y  

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

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

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

15  a  f e e d i n g   means   f o r   v a r i o u s   k i n d s   of   d i s p l a y   d e v i c e s  

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

l i k e .  

BACKGROUND  ART 

2 0  

G e n e r a l l y ,   d i s p l a y   d e v i c e s   c o m p r i s i n g   d i s p l a y  

e l e m e n t s   s u c h   as  i l l u m i n a n t s   o r   t h e   l i k e   a r e   c o n -  

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

s u p p o r t   t h a t   i s   n o t   t r a n s p a r e n t .   H o w e v e r ,   b e c a u s e   t h e  

25  s a i d   s u p p o r t   i s   n o t   t r a n s p a r e n t ,   w h e n   t h e   d i s p l a y  

d e v i c e   i s   b e i n g   l o o k e d   a t ,   i t   c a n   be  s e e n   t h a t   t h e  

d i s p l a y   e l e m e n t s   a r e   h e l d   on  t h e   s u p p o r t .   T h u s ,  

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

o f f e r e d   to   t h e   v i e w e r .   A l s o ,   d e p e n d i n g   on  t h e   d i r e c -  

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

d e v i c e ,   t h e   l i g h t   e m i t t e d   f rom  t h e   d i s p l a y   e l e m e n t s   m a y  
be  o b s t r u c t e d   by  t h e   s u p p o r t ,   in   w h i c h   c a s e   i t   may  n o t  

be  p o s s i b l e   to   s e e   t h e   d i s p l a y   d e v i c e   c l e a r l y .  
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For   t h e s e   r e a s o n s ,   one  p o s s i b l e   s o l u t i o n   i s  

to   fo rm  t h e   s u p p o r t   f rom  a  t r a n s p a r e n t   m a t e r i a l   made  o f  

t r a n s p a r e n t   r e s i n   or  t h e   l i k e .   When  a  d i s p l a y   d e v i c e  

5  c o n s t r u c t e d   by  t h e   a t t a c h m e n t   of  d i s p l a y   e l e m e n t s   t o  
t h i s   k i n d   of   a  t r a n s p a r e n t   s u p p o r t   i s   b e i n g   l o o k e d   a t ,  
t h e   s a i d   d i s p l a y   e l e m e n t s   l o o k   as  i f   t h e y   a r e   f l o a t i n g  
in   t h e   a i r .   For   t h a t   r e a s o n ,   t h e   d i s p l a y   e f f e c t s   a r e  
i m p r o v e d ,   and   t h e   l i g h t   e m i t t e d   f r o m   t h e   d i s p l a y  

10  e l e m e n t s   i s   n o t   o b s t r u c t e d   by  t h e   s u p p o r t .   H o w e v e r ,   i f  
t h e   s u p p o r t   i s   made  of  a  t r a n s p a r e n t   m a t e r i a l   as  i s  
d e s c r i b e d   a b o v e ,   t h e r e   a r e   t h e   f o l l o w i n g   d e f e c t s .  

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

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

s u p p o r t ,   w h i c h   w i r e s   a r e   d i s p o s e d   a l o n g   t h e   s u r f a c e   o f  
t h e   s u p p o r t ,   so  t h e   s a i d   f e e d i n g   w i r e s   can   be  s e e n   f r o m  
t h e   o u t s i d e .   T h u s ,   when  t h e   d i s p l a y   d e v i c e   i s   b e i n g  
l o o k e d   a t   f rom  i t s   o u t s i d e ,   t h e   f e e d i n g   w i r e s   can   a l s o  

20  be  s e e n ,   and  t h e   a p p e a r a n c e   of   t h e   d i s p l a y   d e v i c e   i s  

d a m a g e d .   I t   i s   n e c e s s a r y   to   a t t a c h   t h e   s a i d   w i r e s   t o  
t h e   s u p p o r t   so  t h a t   t h e y   w i l l   n o t   move,   w h i c h   l o w e r s  

p r o d u c t i v i t y .   When  a  p l u r a l i t y   of   d i s p l a y   d e v i c e s   a r e  
to   be  a t t a c h e d   to   t h e   s u p p o r t ,   t h i s   t e n d e n c y   i s   e v e n  

25  more   m a r k e d .  

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

30  n o t   a  f e e d i n g   m e a n s ,   b u t   t h i s   i s   u s e d   as  a  means   t o  
p r e v e n t   s t a t i c   e l e c t r i c i t y .   T h i s   e l e c t r i c a l l y   c o n -  
d u c t i v e   t r a n s p a r e n t   m a t e r i a l   i s   made  up  of  one  l a y e r   o f  
c o n d u c t i v e   mesh  made  of  v e r y   t h i n   s t r a n d s ,   w h i c h   c o n -  

i t )  
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d u c t i v e   mesh  i s   b u r i e d   in   a  b a s e   made  of  an  e l e c t r i c a l -  

ly   i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l .   Or,  t h e   e l e c t r i -  

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

5  s u r f a c e   of  t h e   b a s e .  

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

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

10  c o n d u c t i v e   mesh  b u r i e d   in   a  b a s e ,   t h e   e l e c t r i c a l l y   c o n -  
d u c t i v e   t r a n s p a r e n t   m a t e r i a l   c a n n o t   h a v e   i t s   c o n d u c t i v e  

mesh  d i v i d e d   i n t o   two  or  more   p o r t i o n s   ( p o s i t i v e   a n d  

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

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

15  t r a n s p a r e n t   m a t e r i a l s   to   be  u s e d   as  a  f e e d i n g   means   f o r  
t h e   s u p p l y   of   e l e c t r i c i t y   t o   b o t h   t h e   p o s i t i v e   a n d  

n e g a t i v e   t e r m i n a l s   of  d i s p l a y   e l e m e n t s ,   l i g h t i n g   e q u i p -  

m e n t s ,   or   t h e   l i k e .  

20  DISCLOSURE  OF  THE  INVENTION 

T h i s   i n v e n t i o n   s o l v e s   t h e   a b o v e - m e n t i o n e d  

p r o b l e m s ,   and   m a k e s   p o s s i b l e   t h e   o b j e c t i v e s   o f  

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

25  m a t e r i a l   t h a t   i s   s u i t a b l e   f o r   u se   as  a  f e e d i n g   m e a n s  
t h a t   i s   t r a n s p a r e n t   i n   a p p e a r a n c e ;   a n d   p r o v i d i n g   a  

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

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

30  e l e m e n t s   l o o k   as  i f   t h e y   w e r e   f l o a t i n g   in   t h e   a i r   w h e n  

v i e w e d   f rom  t h e   o u t s i d e .  
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nummary   or  r n e   i n v e n t i o n  

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

5  an  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   u n i t   b u r i e d   i n  
t h e   s a i d   s u b s t r a t e   u n i t ,   t h e   s a i d   e l e c t r i c a l l y   c o n d u c -  
t i v e   t r a n s p a r e n t   u n i t   b e i n g   p r o v i d e d   in   t h e   fo rm  of  a  
p l u r a l i t y   of  l a y e r s   a t   f i x e d   i n t e r v a l s   w i t h i n   t h e   s a i d  
s u b s t r a t e   u n i t s ,   t h e r e b y   a t t a i n i n g   t h e   a b o v e - m e n t i o n e d  

10  o b j e c t i v e s .   The  s a i d   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s -  
p a r e n t   u n i t   c a n   be  f o r m e d   f r o m   an  e l e c t r i c a l l y  
c o n d u c t i v e   mesh .   T h i s   e l e c t r i c a l l y   c o n d u c t i v e   mesh  i s  
p r e f e r a b l y   f o r m e d   of  e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   w i t h  
a  d i a m e t e r   of  0 .1   mm  or   l e s s .   The  s a i d   e l e c t r i c a l l y  

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

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

20  made  of   an  e l e c t r i c a l l y   i n s u l a t i n g   t r a n s p a r e n t   m a t e -  
r i a l ,   and  an  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   u n i t  
b u r i e d   in   t h e   s a i d   s u b s t r a t e   u n i t ,   t h e   s a i d   e l e c t r i -  
c a l l y   c o n d u c t i v e   t r a n s p a r e n t   u n i t   c o n s i s t i n g   o f   a  
p l u r a l i t y   of   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   t h a t   do  n o t  

25  i n t e r s e c t   w i t h   e a c h   o t h e r ,   t h e r e b y   a t t a i n i n g   t h e   a b o v e -  
m e n t i o n e d   o b j e c t i v e s .   The  s a i d   e l e c t r i c a l l y   c o n d u c t i v e  
w i r e s   p r e f e r a b l y   h a v e   i n d i v i d u a l   d i a m e t e r s   of   0 . 1   mm  o r  
l e s s .   The  s a i d   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
u n i t   c an   a l s o   be  f o r m e d   f rom  a  p l u r a l i t y   of   e l e c t r i -  

30  c a l l y   c o n d u c t i v e   w i r e s   t h a t   a r e   a r r a n g e d   a p p r o x i m a t e l y  
i n   p a r a l l e l   and  f rom  e l e c t r i c a l l y   i n s u l a t i n g   w i r e s   t h a t  
a r e   c o n t a i n e d   in   t h e   n e t w o r k   of   t h e   s a i d   p l u r a l i t y   o f  
e l e c t r i c a l l y   c o n d u c t i v e   w i r e s ,   as   t h e   f a b r i c a t i n g  
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m a t e r i a l .   I t   i s   p r e f e r a b l e   f o r   t h e   d i a m e t e r s   of  t h e  

e l e c t r i c a l l y   c o n d u c t i v e   w i r e   and   t h e   e l e c t r i c a l l y  

i n s u l a t i n g   w i r e   to   be  0 .1   mm  or   l e s s .  

5  In  t h e   s u b s t r a t e   u n i t   t h a t   i s   p r o v i d e d   f o r  

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

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

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

10  u n i t .   A l s o ,   t h e   s u b s t r a t e   u n i t   can   be  f o r m e d   by  t h e  

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

t o g e t h e r   by  an  a d h e s i v e ,   a n d   t h e   e l e c t r i c a l l y   c o n -  
d u c t i v e   t r a n s p a r e n t   u n i t   c a n   be  a r r a n g e d   i n   t h e  

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

15  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   u n i t   can   be  p o s i -  

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

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

t h e   s u b s t r a t e   u n i t .  

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

a  c o n d u c t i v e   mesh ,   m e t a l   f o i l   w i t h   a  n u m b e r   of   p o r e s ,   a  
n u m b e r   of   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s ,   or   t h e   l i k e ,  

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

25  has   t h e s e   t r a n s p a r e n t   c o n d u c t i v e   p o r t i o n s   l o o k s   t r a n s -  

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

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

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

30  i n t o   two  or   m o r e   p o r t i o n s   ( p o s i t i v e   a n d   n e g a t i v e  

p o r t i o n s ) .   The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
u n i t   i s   p r o v i d e d   w i t h i n   t h e   s u b s t r a t e   u n i t ,   so  t h e r e   i s  

no  p o s s i b i l i t y   of  a  p e r s o n   c o m i n g   i n t o   c o n t a c t   w i t h   t h e  
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e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   u n i t   f r o m   t h e  

o u t s i d e   t o   g e t   an  e l e c t r i c   s h o c k .   When  t h e   e l e c -  

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

5  p o s s i b i l i t y   of   i t s   p e e l i n g   or   of  i t s   damage   f rom  t h e  

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

t r a n s p a r e n t   u n i t   i s   b u r i e d   in   t h e   s u b s t r a t e   u n i t ,   s o  
t h e r e   i s   no  e x p o s u r e   o f   t h e   e l e c t r i c a l l y   c o n d u c t i v e  

10  t r a n s p a r e n t   u n i t   to   t h e   o u t s i d e   of  t h e   s u b s t r a t e   u n i t .  

T h u s ,   t h e r e   i s   no  d a n g e r   of  c o r r o s i o n   of  t h e   e l e c t r i -  

c a l l y   c o n d u c t i v e   t r a n s p a r e n t   u n i t   b e c a u s e   of  c o n t a c t  
w i t h   t h e   o u t s i d e   a i r   or   of  c o n t a m i n a t i o n   by  means   o f  

p a r t i c l e s   in   t h e   a i r   or   t h e   l i k e .  

15  

In  p a r t i c u l a r ,   as  t h e   e l e c t r i c a l l y   c o n d u c t i v e  

t r a n s p a r e n t   u n i t   c o n s i s t s   of   a  p l u r a l i t y   of  e l e c t r i -  

c a l l y   c o n d u c t i v e   w i r e s   t h a t   do  n o t   i n t e r s e c t   w i t h   e a c h  
o t h e r ,   and  e l e c t r i c a l l y   i n s u l a t i n g   w i r e s   as  t h e   f a b r i -  

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

c a l l y   c o n d u c t i v e   w i r e s   r e a d i l y   in   t h e   s u b s t r a t e   u n i t   a t  
f i x e d   i n t e r v a l s   w i t h   a c c u r a c y .   A l s o ,   t h e   e l e c t r i c a l l y  
c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   i s   i n s t a l l e d   o v e r  
a l m o s t   t h e   e n t i r e   s u r f a c e   of  t h e   s u b s t r a t e   u n i t ,   so  i t  

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

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

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

30  i s   p o s s i b l e   to   p r o v i d e   t h e   i n s i d e   of   t h e   s u b s t r a t e   u n i t  
w i t h   a  p l u r a l i t y   o f   t r a n s p a r e n t   c o n d u c t i v e   p o r t i o n s  
t h a t   a r e   e l e c t r i c a l l y   i n s u l a t e d .   T h e r e f o r e ,   i t   i s  
p o s s i b l e   t o   s u p p l y   e l e c t r i c i t y   t o   s u r f a c e   e l e m e n t s ,  
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l i g h t i n g   e q u i p m e n t s ,   and  t h e   l i k e   by  t h e   c o n n e c t i o n   o f  

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

e l e m e n t s ,   l i g h t i n g   e q u i p m e n t ,   a n d   t h e   l i k e   w i t h   t h e  

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

5  r e g i o n   o r   in   t h e   e d g e   r e g i o n s   o f   t h e   t r a n s p a r e n t  

s u b s t r a t e   u n i t .   A l s o ,   t h e   e l e c t r i c a l l y   c o n d u c t i v e  

t r a n s p a r e n t   m a t e r i a l   of  t h i s   i n v e n t i o n   i s   t r a n s p a r e n t  

and  can   be  u s e d   as  a  s a f e   and  s t a b l e   f e e d i n g   m e a n s .  

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

10  be  u s e d   as  a  t r a n s p a r e n t   f e e d i n g   m e a n s   w i t h o u t  

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

u s e d   f o r   an  d i s p l a y   d e v i c e   and  t h e   l i k e .  

The  d i s p l a y   d e v i c e   o f   t h i s   i n v e n t i o n   i s  

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

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

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

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

20  a t t a i n i n g   t h e   a b o v e - m e n t i o n e d   o b j e c t i v e s .   O p e n i n g s   a r e  

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

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

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

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

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

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

p o s i t i o n   a  p l u r a l i t y   of   t h e   s a i d   d i s p l a y   e l e m e n t s .   I n  

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

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

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

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

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

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

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

t r a n s p a r e n t   c o n d u c t i v e   p o r t i o n s   t h a t   a r e   e x p o s e d   on  t h e  

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

5 

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

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

p o r t i o n s   t h a t   a r e   i n t e r n a l i z e d   i n   t h e   t r a n s p a r e n t  

10  s u b s t r a t e   u n i t .   T h u s ,   t h e   d i s p l a y   e l e m e n t s   can   o p e r a t e  
i n   t h e   i n n e r   s e c t i o n   o r   o u t e r   s e c t i o n   o f   t h e  

t r a n s p a r e n t   s p a c e   p r o v i d e d   in   t h e   s u b s t r a t e   u n i t ,   s o  
t h a t   t h e r e   c a n n o t   be  s e e n   i n t r i c a t e   f e e d i n g   w i r e s   i n  
t h e   s a i d   i n n e r   t r a n s p a r e n t   s p a c e .   As  t h e   t r a n s p a r e n t  

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

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

f l o a t i n g   i n   t h e   a i r   when  t h e   d i s p l a y   d e v i c e   i s   b e i n g  
v i e w e d .   T h u s ,   t h e   v i e w e r   i s   g i v e n   an  u n e x p e c t e d  

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

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

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

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

25  BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

E x a m p l e   1 

As  shown  i n   F i g u r e s   1  and  2,  an  e l e c t r i c a l l y  
c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   10  i s   c o m p r i s e d   of   a  

30  s u b s t r a t e   u n i t   11  made  of   an  e l e c t r i c a l l y   i n s u l a t i n g  
t r a n s p a r e n t   m a t e r i a l   and   an  e l e c t r i c a l l y   c o n d u c t i v e  

t r a n s p a r e n t   u n i t   c o n s i s t i n g   of   a  p l u r a l i t y   of   t r a n s -  

p a r e n t   c o n d u c t i v e   p o r t i o n s   12  and  12  b u r i e d   in   t h e   s a i d  
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s u b s t r a t e   u n i t   11  so  as  to   be  e l e c t r i c a l l y   i n s u l a t e d  

f rom  e a c h   o t h e r .  

The  s u b s t r a t e   u n i t   11  i s   m a d e   o f   an  e l e c -  

5  t r i c a l l y   i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l   (  s u c h   a s  

r e s i n ,   g l a s s ,   and   t h e   l i k e )   t h a t   i s   u n c o l o r e d   o r  
c o l o r e d .   The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
u n i t   12  i s   p r o v i d e d   in   t h e   fo rm  of  a  c o n d u c t i v e   mesh  o f  

e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   12a  t h a t   a r e   a r r a n g e d   i n  

10  a  n e t w o r k .   The  s a i d   n e t w o r k s   of  c o n d u c t i v e   mesh   12  a r e  

a r r a n g e d   so  as  to   make  a  p l u r a l i t y   of  l a y e r s   i n s i d e   t h e  

s u b s t r a t e   u n i t   11  a t   f i x e d   i n t e r v a l s .   B e c a u s e   t h e r e   i s  

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

p r o p e r t i e s   b e t w e e n   t h e   two  c o n d u c t i v e   m e s h e s   12  and  1 2 ,  

15  t h e   c o n d u c t i v e   m e s h e s   12  a n d   12  a r e   b o t h   i n s u l a t e d  

e l e c t r i c a l l y   by  t h e   s u b s t r a t e   m a t e r i a l .  

The  c r o s s   - s e c t i o n a l   s h a p e   of  t h e   e l e c t r i c a l l y  

c o n d u c t i v e   w i r e s   12a  t h a t   fo rm  t h e   c o n d u c t i v e   m e s h e s   1 2  

20  ° a n   be  e i t h e r   c i r c u l a r   or   s q u a r e .   I t   i s   p r e f e r a b l e  

t h a t   t h e   d i a m e t e r   o r   w i d t h   o f   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   w i r e s   12a  be  0 .1   mm  or   l e s s .   The  s p a c i n g  

b e t w e e n   two  a d j a c e n t   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   1 2 a  

and  12a  can   be  s e t   so  t h a t   when  a  p e r s o n   i s   v i e w i n g   t h e  

25  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   10  f rom  a  

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

r e s p e c t   t o   t h e   o u t e r   s u r f a c e   o f   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   10 ,   t h e   t r a n s p a r e n t  

mesh  12  c a n n o t   be  s e e n   c l e a r l y .   For   e x a m p l e ,   when  t h e  

30  s t r a n d s   of   t h e   c o n d u c t i v e   m e s h   12  a r e   e l e c t r i c a l l y  

c o n d u c t i v e   w i r e s   12a  w i t h   a  d i a m e t e r   of  a b o u t   0 . 1   mm, 
t h e   s p a c i n g   b e t w e e n   t h e   a d j a c e n t   e l e c t r i c a l l y  

c o n d u c t i v e   w i r e s   12a  and  12a  can   be  s e t   a t   a b o u t   10  mm 
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or   m o r e .   When  e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   12a  w i t h   a  
d i a m e t e r   of  a b o u t   20  u  m  a r e   u s e d   as  s t r a n d s   f o r   t h e  

c o n d u c t i v e   mesh  12,  t h e   s p a c i n g   b e t w e e n   t h e   a d j a c e n t  

e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   12a  and  12a  can   be  s e t   a t  
a b o u t   1  mm.  As  s u c h   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   1 2 a ,  
t h e r e   c an   be  u s e d   m e t a l   s t r a n d s   s u c h   a s '   g o l d   w i r e s ,  
s i l v e r   w i r e s ,   c o p p e r   w i r e s ,   z i n c   w i r e s ,   s t a i n l e s s   s t e e l  

w i r e s ,   e t c . ,   or   s t r a n d s   made  of   r e s i n   s u c h   as  p o l y e s t e r  

w i r e s ,   n y l o n   w i r e s ,   e t c . ,   t h e   o u t e r   s u r f a c e   of   w h i c h   i s  
c o v e r e d   w i t h   m e t a l   by  v a p o r   d e p o s i t i o n ,   m e t a l   p l a t i n g ,  
or   t h e   l i k e .  

The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   10,   as   s h o w n   i n   F i g u r e   3,  c a n   be  f o r m e d  

i n t e g r a l l y   by  t h e   l a m i n a t i n g   t o g e t h e r   of  two  t r a n s p a r -  
e n t   p l a t e s   11A  and  11B  t h a t   a r e   made  of   an  e l e c t r i c a l l y  

i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l ,   i n   w h i c h   o n l y   o n e  
l a y e r   o f   t h e   c o n d u c t i v e   m e s h   12  m e n t i o n e d   a b o v e   i s  
b u r i e d .   When  two  c o n d u c t i v e   m e s h e s   12  a n d   12  a r e  
d i s p o s e d   so  as  to   fo rm  p a r a l l e l   l a y e r s ,   t h a t   i s ,   w h e n  
t h e   c o n d u c t i v e   mesh  12  of  F i g u r e   4A  i s   o v e r l a i d   by  t h e  
c o n d u c t i v e   mesh  12  of  F i g u r e   4B,  and  t h e   d i r e c t i o n a l i t y  
of  t h e   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   12a  of   t h e   s a i d  
two  c o n d u c t i v e   m e s h e s   12  i s   t h e   s a m e   o r   a l m o s t   t h e  

s ame ,   a  m o i r e   p h e n o m e n o n   o c c u r s ,   and  t h e   t r a n s p a r e n c y  
of  t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   1 0  
i s   d e c r e a s e d ;   a t   t h e   s ame   t i m e ,   t h e   a p p e a r a n c e   i s  

i n t r i c a t e ,   w h i c h   i s   n o t   a p p r o p r i a t e .   T h e r e f o r e ,   w h e n  
t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   10  i s  

m a n u f a c t u r e d ,   i t   i s   p r e f e r r e d   t h a t   t h e   c o n d u c t i v e  
mesh   12  o f   F i g u r e   4A  i s   o v e r l a i d   by  t h e   c o n d u c t i v e  
mesh  12  of   F i g u r e   4C  so  t h a t   t h e   d i r e c t i o n a l i t i e s   o f  
t he   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   12a  and  12a  of   t h e  
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s a i d   two  c o n d u c t i v e   m e s h e s   12  and  12  a r e   a t   45  w i t h  

r e s p e c t   to   e a c h   o t h e r .  

A  d i s p l a y   d e v i c e   1  u s i n g   an  e l e c t r i c a l l y  

5  c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   10  c o n s t r u c t e d   in   t h i s  

way  i s   made  as  f o l l o w s .  

As  s h o w n   i n   F i g u r e s   5  t o   7  ,  t h e   d i s p l a y  
d e v i c e   1  i s   p r o v i d e d   w i t h   t h e   e l e c t r i c a l l y   c o n d u c t i v e  

10  t r a n s p a r e n t   m a t e r i a l   10,  a  f o o t   s e c t i o n   7  t h a t   s u p p o r t s  
t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   10  i n  

a  v e r t i c a l   p o r t i o n ,   and  l i g h t   b u l b s   13  as  one   e x a m p l e  
of   d i s p l a y   e l e m e n t s   t h a t   a r e   c o n n e c t e d   to   t h e i r   f e e d e r  

t e r m i n a l s   on  t h e   c o n d u c t i v e   mesh  12  of   t h e   e l e c t r i c a l l y  

15  c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   1 0 .  

At  t h e   b o t t o m   e d g e   of  t h e   e l e c t r i c a l l y   c o n -  
d u c t i v e   t r a n s p a r e n t   m a t e r i a l   10,  a  p a i r   of   c o n d u c t i v e  

m e s h e s '   12  and   12  t h a t   h a v e   t h e i r   e l e c t r i c a l l y  

20  c o n d u c t i v e   w i r e s   12a  and  12a  e x p o s e d   a r e   c o n n e c t e d   to   a  
c o r d   5,  t h e   s a i d   c o r d   5  b e i n g   c o n n e c t a b l e   t o   a n  
e l e c t r i c a l   p o w e r   s o u r c e   by  means   of   a  p l u g   6  t h a t   i s  
a t t a c h e d   to   t h e   end  of  t h e   c o r d   5.  T h e r e   i s   an  a r r o w -  

s h a p e d   o p e n i n g   17  in   t h e   e l e c t r i c a l l y   c o n d u c t i v e  

25  t r a n s p a r e n t   m a t e r i a l   10,  f o r m e d   by  t h e   c u t t i n g   o u t   of  a  

p o r t i o n   of  t h e   s a i d   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   10 .   A r o u n d   t h e   e d g e s   o f   t h i s   o p e n i n g   1 7 ,  
t h e r e   a r e   a  p l u r a l i t y   of  e n d s   of   t h e   a b o v e - m e n t i o n e d  

e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   12a  t h a t   a r e   b u r i e d   i n  

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

n u m b e r   of   l i g h t   b u l b s   13  a r e   f i x e d   i n   p l a c e   a l o n g   t h e  

e d g e s   of   t h e   o p e n i n g   17,   a n d   t h e   f e e d e r   t e r m i n a l s  

( p o s i t i v e   and   n e g a t i v e   t e r m i n a l s )   o f   t h e   s a i d   l i g h t  
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b u l b s   13  a r e   c o n n e c t e d   t o   t h e   e x p o s e d   p o r t i o n s  

( p o s i t i v e   p o r t i o n s )   of   e l e c t r i c a l l y   c o n d u c t i v e  

w i r e s   12a  t h a t   a r e   e x p o s e d   as  m e n t i o n e d   a b o v e .  

1 0  

2 5  

3 0  

F i g u r e   7  i s   a  s c h e m a t i c   d i a g r a m   s h o w i n g   t h e  

e l e c t r i c a l   c i r c u i t   of  t h e   d i s p l a y   d e v i c e   1.  In  t h i s  

f i g u r e ,   t h e   e l e c t r i c a l   s o u r c e   i s   r e p r e s e n t e d   b y  
r e f e r e n c e   n u m e r a l   8,  and  t h e   s w i t c h   i s   r e p r e s e n t e d   b y  
r e f e r e n c e   n u m e r a l   9 .  

Wi th   t h e   d i s p l a y   d e v i c e   1  m e n t i o n e d   a b o v e ,   i f  

t h e   l i g h t   b u l b s   13  a r o u n d   t h e   e d g e s   of   t h e   o p e n i n g   17  

f o r m e d   i n   t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   10  a r e   l i g h t e d ,   t h e   s a i d   l i g h t   b u l b s   seem  t o  

25  be  f l o a t i n g   i n   t h e   a i r   w h e n   t h i s   e l e c t r i c a l l y  
c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   10  i s   v i e w e d .   A l s o ,  
t h e   e x i s t e n c e   of   t h e   f e e d i n g   w i r e s   12  t o   s u p p l y  
e l e c t r i c i t y   to   t h e   l i g h t   b u l b s   13  c a n n o t   be  s e e n   f r o m  

i t s   s u r r o u n d i n g s ,   r e s u l t i n g   i n   an  u n c l u t t e r e d   a p p e a r -  

20  a n c e   f o r   t h e   d i s p l a y   d e v i c e   1 .  

A l s o ,   in   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 e  

e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   u n i t   12  t h a t   i s  
i n t e r n a l i z e d   i n   t h e   s u b s t r a t e   u n i t   11  c a n   be  f o r m e d  

25  f rom  p a r a l l e l   w i r e s   made  of  2  or   more   e x t r e m e l y   t h i n  
s t r a n d s   o r   e l s e   f r o m   c o n d u c t i v e   f i l m s   o f   v a p o r -  
d e p o s i t e d   S i 0 2   - i n d i u m   a l l o y .   D i s p l a y   e l e m e n t s   13  c a n  
b e ,   i n   a d d i t i o n   t o   l i g h t   b u l b s ,   f l u o r e s c e n t   l i g h t s ,  
n e o n   t u b e s ,   l i g h t - e m i t t i n g   d i o d e s ,   m i c r o m i n i a t u r e  

30  l a m p s ,   e l e c t r o l u m i n e s c e n t   p a n e l s ,   p l a s m a   d i s p l a y   p a n e l  
l a m p s ,   and   o t h e r   i l l u m i n a n t s .   In   a d d i t i o n ,   i n   t h i s  

e x a m p l e ,   as  o b j e c t s   to   w h i c h   e l e c t r i c a l l y   c o n d u c t i v e  
w i r e s   12a   o f   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
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m a t e r i a l   10  can   s u p p l y   e l e c t r i c i t y ,   t h e r e   a r e   l i q u i d -  

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

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

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

5  s o u n d   d i s p l a y   d e v i c e s   s u c h   as  s p e a k e r s .  

E x a m p l e   2 

F i g u r e   8  and  F i g u r e   9  show  o t h e r   e x a m p l e s   o f  

e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l s   20.  I n  

10  t h i s   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   2 0 ,  

t h r e e   c o n d u c t i v e   p o r t i o n s   22A,  22B,  and  22C  a r e   b u r i e d  

t o g e t h e r   a t   c e r t a i n   i n t e r v a l s   in   t h e   s u b s t r a t e   u n i t   21  

so  as  to   fo rm  p a r a l l e l   l a y e r s .   When  t h i s   e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   20  i s   u s e d   to   c o n s t r u c t  

15  a  d i s p l a y   d e v i c e   2,  t r a n s p a r e n t   c o n d u c t i v e   p o r -  

t i o n s   22A,  22B,   and   22C  a r e   e x p o s e d   on  t h e   o u t e r  

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

t r a n s p a r e n t   m a t e r i a l   20  or   on  t h e   e d g e s   of  an  o p e n i n g  

in   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   20  t h a t  

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

b u l b s   23  (23A  and   2 3 B ) .   The  t r a n s p a r e n t   c o n d u c t i v e  

p o r t i o n   22C  shown  in   F i g u r e   9  f u n c t i o n s   as  t h e   c o m m o n  

w i r e .   The  r e f e r e n c e   n u m e r a l   8  in   t h e   f i g u r e   i s   t h e  

p o w e r   s o u r c e ,   and  t h e   r e f e r e n c e   n u m e r a l s   9A  and  9B  a r e  

25  s w i t c h e s .   Wi th   t h i s   d i s p l a y   d e v i c e ,   t h e   s w i t c h i n g   o n  

and  o f f   t h e   l i g h t   b u l b s   23A  and  23B  can   be  c o n t r o l l e d  

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

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

t r a n s p a r e n t   c o n d u c t i v e   p o r t i o n s   22  i n t e r n a l i z e d   in   t h e  

30  b a s e   21  can   be  m u l t i l a y e r e d ,   w i t h   f o u r   or   more   l a y e r s .  

Wi th   t h i s   d i s p l a y   d e v i c e   2,  i t   i s   p o s s i b l e   to   s u p p l y  

e l e c t r i c i t y   to   t h e   l i g h t   b u l b s   23A  and  23B  i n d e p e n d e n t -  

l y ,   so  as  to   h a v e   a  c o m p l e x   p a t t e r n   of  l i g h t i n g ;   i f   a  
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n u m b e r   of  l i g h t   b u l b s   23  a r e   c o n n e c t e d ,   i t   i s   p o s s i b l e ,  
f o r   e x a m p l e ,   to   t u r n   on  t h e   l i g h t   b u l b s   in   o r d e r   f r o m  

t h e   f i r s t   l i g h t   b u l b   23  to   t h e   l a s t   l i g h t   b u l b   2 3 ,  
f o l l o w e d   by  t u r n i n g   on  a l l   of  t h e   l i g h t   b u l b s   23  a t   t h e  

5  same  t i m e ,   and  to   r e p e a t   t h i s   p r o c e d u r e .  

E x a m p l e   3  

F i g u r e   10  and  F i g u r e   11  shown  a n o t h e r   e x a m p l e  
of   t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   3 0  

10  of   t h i s   i n v e n t i o n .   The  s a i d   e l e c t r i c a l l y   c o n d u c t i v e  

t r a n s p a r e n t   m a t e r i a l   30  h a s   e l e c t r i c a l   i n s u l a t i o n  

c o n s t r u c t e d   in   t h e   same  way  as  t h e   s u b s t r a t e   u n i t   o f  

E x a m p l e   1;  i t   a l s o   has   t h r e e   t r a n s p a r e n t   p l a t e s   3 1 A ,  
31B,   and   31C  ( s u b s t r a t e   u n i t   31 )   a n d   t r a n s p a r e n t  

15  c o n d u c t i v e   p o r t i o n s   32  t h a t   a r e   i n s e r t e d   in   t h e   s p a c e s  
b e t w e e n   t h e   t r a n s p a r e n t   p l a t e s   31A,  31B,  and  3 1 C .  

The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
u n i t   32  i s   p r o v i d e d   in   t h e   fo rm  of   a  m e t a l   f o i l   w i t h   a  
n u m b e r   o f   s m a l l   p o r e s   t h e r e i n ,   and   t h e   s a i d   m e t a l  
f o i l s   32  a r e   p o s i t i o n e d   so  as  to   be  i n s e r t e d   in   t h e  

s p a c e s   b e t w e e n   t h e   t r a n s p a r e n t   p l a t e s   31A,   31B,   a n d  
31C.  T h u s ,   two  s h e e t s   of  m e t a l   f o i l   32  c o n s t i t u t e   t h e  

l a y e r s   t h a t   a r e   i n s u l a t e d   e l e c t r i c a l l y   w i t h   t h e  

t r a n s p a r e n t   p l a t e   31B  i n t e r p o s e d   t h e r e b e t w e e n .   T h e  
t h r e e   t r a n s p a r e n t   p l a t e s   31A,  31B,  and  31C  can   be  m a d e  
of  t h e   same  m a t e r i a l   or   of   d i f f e r e n t   m a t e r i a l s .  

The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   30  c a n   be  made   as   s h o w n   i n   e i t h e r   1  o r   2 
b e l o w .  
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1.  On  t h e   s u r f a c e   of   t h e   t r a n s p a r e n t  
p l a t e   31A  made  of  s y n t h e t i c   r e s i n ,   t h e   a b o v e - m e n t i o n e d  

m e t a l   f o i l   32  w i t h   a  n u m b e r   o f   p o r e s ,   a  t r a n s p a r e n t  
p l a t e   31B  made  of   s y n t h e t i c   r e s i n ,   and  a n o t h e r   m e t a l  

5  f o i l   32,  on  w h i c h   t h e r e   i s   t r a n s p a r e n t   p l a t e   31C  m a d e  
of   s y n t h e t i c   r e s i n ,   a r e   a r r a n g e d   i n   l a y e r s ,   i n   t h i s  
o r d e r .   N e x t ,   t h i s   l a y e r e d   s t r u c t u r e   i s   h e a t e d ,   a n d  
a l s o   p r e s s e d   f rom  a b o v e   and  b e l o w ,   so  as  to   make  t h e  

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

10  r e s i n .  

2.  On  t h e   s u r f a c e   of   t r a n s p a r e n t   p l a t e   3 1 A  

made   o f   s y n t h e t i c   r e s i n ,   t h e   a b o v e - m e n t i o n e d   m e t a l  
f o i l   32 ,   a  t r a n s p a r e n t   p l a t e   31B  m a d e   o f   s y n t h e t i c  

15  r e s i n ,   a n o t h e r   m e t a l   f o i l   32 ,   a n d   a  t r a n s p a r e n t  
p l a t e   31C  made   o f   s y n t h e t i c   r e s i n   a r e   a r r a n g e d   i n  

l a y e r s ,   in   t h i s   o r d e r .   A l s o ,   i n t o   t h e   s p a c e s   b e t w e e n  
t h e   m e t a l   f o i l s   32  and   32  a n d   t h e   t r a n s p a r e n t  

p l a t e s   31A,  31B,   and   31C,   t h e r e   i s   i n t r o d u c e d   a  

20  t r a n s p a r e n t   a d h e s i v e   a g e n t .   N e x t ,   t h e   a d h e s i v e   a g e n t  
i s   a l l o w e d   to   h a r d e n ,   w h i c h   makes   t h e   l a y e r e d   s t r u c t u r e  
i n t o   one  p i e c e .  

In  F i g u r e s   12  to   17,  v a r i o u s   k i n d s   of  m e t a l  
f o i l s   32  t h a t   a r e   u s e d   in   t h i s   e x a m p l e   a r e   s h o w n .   T h e  
s m a l l   p o r e s   p r o v i d e d   in   t h e   m e t a l   f o i l   32,  f o r   e x a m p l e ,  

a r e   o p e n e d   by  u s e   of  t h e   p h o t o l i t h o g r a p h i c   m e t h o d   so  a s  
to  be  a  f i x e d   s h a p e   by  b e i n g   e t c h e d ,   or   t h e y   c an   b e  

o p e n e d   by  u s e   of   a  m e c h a n i c a l   means   so  as  to   be  of  a  
f i x e d   s h a p e   by  b e i n g   p u n c h e d ,   b u t   t h e   m e t h o d   to   be  u s e d  

is   n o t   l i m i t e d   t h e r e t o ,   and  any  means   t h a t   c an   g i v e   a  
number   of  s m a l l   p o r e s   of  a  f i x e d   s h a p e   c an   be  u s e d ,  

r h e r e   i s   no  s p e c i a l   r e s t r i c t i o n   as  to   t h e   s h a p e   of   t h e  
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oma-LA  p u i e a .   f t i s o ,   t n e   m a t e r i a l   u s e d   f o r   t h e   m e t a l  
f o i l   can   be  c o p p e r ,   i r o n ,   s t a i n l e s s   s t e e l ,   a l u m i n i u m ,  
or   o t h e r   m a t e r i a l s   t h a t   can   be  f o r m e d   i n t o   a  f o i l .  

5  I t   i s   p r e f e r a b l e   f o r   t h e   t h i c k n e s s   o f   t h e  
s a i d   m e t a l   f o i l   32  to   be  30  urn  or   l e s s ,   and  f o r   t h e  
w i d t h   of   t h e   w i r e   to   be  30  um  or   l e s s ;   t h e   p e r m e a b i l i t y  
of   t h e   m e t a l   f o i l   32  to   l i g h t   s h o u l d   be  70%  or   m o r e .  
I f   t h e   t h i c k n e s s   of  t h e   m e t a l   f o i l   32  i s   30  um  or   m o r e ,  

L0  i f   t h e   w i d t h   of  t h e   w i r e   i s   30  um  or   m o r e ,   or   i f   t h e  
p e r m e a b i l i t y   of  t h e   m e t a l   f o i l   32  to   l i g h t   i s   70%  o r  
l e s s ,   t h e   t r a n s p a r e n c y   of  t h e   e l e c t r i c a l l y   c o n d u c t i v e  
t r a n s p a r e n t   m a t e r i a l   30  t h a t   i s   made  t h e r e w i t h   w i l l   b e  
d e c r e a s e d .   T h e n ,   i n   a  d i s p l a y   d e v i c e   3  t h a t   i s  

L5  c o n s t r u c t e d   by  t h e   i n s t a l l a t i o n   of  d i s p l a y   e l e m e n t s   3 3  
on  b o t h   s i d e s   o f   s u c h   an  e l e c t r i c a l l y   c o n d u c t i v e  
t r a n s p a r e n t   m a t e r i a l   30,  when  t h e   d i s p l a y   e l e m e n t s   3 3  
on  b o t h   s i d e s   a r e   o b s e r v e d   f rom  one  s i d e ,   t h e   c l e a r n e s s  
of   t h e   d i s p l a y   of  t h e   d i s p l a y   e l e m e n t s   33  on  t h e   o t h e r  

»0  s i d e   i s   d e c r e a s e d .  

A l s o ,   as  i s   s h o w n   i n   F i g u r e   18 ,   i t   i s  
p o s s i b l e   t o   f o r m   a t t a c h e d   h o l e s   35  f o r   a  n u m b e r   o f  
d i s p l a y   e l e m e n t s   33  i n   t h e   s u b s t r a t e   u n i t   31 ,   w h i c h  

;5  a t t a c h e d   h o l e s   35  e x t e n d   to   b o t h   m e t a l   f o i l s   32  and  3 2 .  
A t t a c h e d   h o l e s   35  can   a l s o   be  f o r m e d   w h e r e   t h e   d i s p l a y  
e l e m e n t s   33  of   t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   30  a r e   to   be  i n s e r t e d .   In  t h i s   e x a m p l e ,   t h e  
l i g h t   b u l b s   33A  to   33H  a r e   a r r a n g e d   so  as  to   l i g h t   u p  

0  i n   o r d e r ,   m a k i n g   an  a r r o w   t h a t   i n d i c a t e s   an  e n t r a n c e .  

In  a d d i t i o n ,   as  shown  i n   F i g u r e s   19  to   21,  i f  
a  n u m b e r   of   a t t a c h e d   h o l e s   35  a r e   f o r m e d   in   a  v a r i e t y  
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of   p a t t e r n s   i n   t h e   s u b s t r a t e   u n i t   31 ,   t h e   d i s p l a y  

e l e m e n t s   33  c a n   be  s i m p l y   i n s e r t e d   i n   t h e   r e q u i r e d  

p o s i t i o n s ,   w h i c h   i s   c o n v e n i e n t   when  c h a n g i n g   t h e   d e s i g n  

of  t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   3 0  

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

e l e m e n t s   a r e   i n s t a l l e d .   T h a t   i s ,   by  t h e   f o r m a t i o n   i n  

s u b s t r a t e   u n i t   31  of   a t t a c h e d   h o l e s   35  i n   w h i c h   t h e  

d i s p l a y   e l e m e n t s   33  can   be  p l a c e d   or   f rom  w h i c h   t h e y  

can   be  r e m o v e d ,   t h e   p a t t e r n ,   l e t t e r i n g ,   c o l o r ,   e t c .   ,  o f  

10  t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   30  c a n  

be  c h a n g e d   a t   w i l l .  

F i g u r e   22  s h o w s   a n o t h e r   e x a m p l e   o f   t h e  

e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   30A  o f  

15  t h i s   i n v e n t i o n .   The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s -  

p a r e n t   m a t e r i a l   30A  i s   d i f f e r e n t   f rom  t h e   e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   30  m e n t i o n e d   a b o v e   i n  

t h a t   t h e   t h r e e   l a y e r s   of  m e t a l   f o i l s   32A,  32B,  and  3 2 C ,  

a r e   b u r i e d   t h e r e i n .   As  shown  in   F i g u r e s   23  to   25,  t h e  

20  m e t a l   f o i l s   31A,  31B,   and   31C  a r e   e x p o s e d   a t   t h e  

s u r f a c e s   of   t h e   o u t e r   p a r t   o f   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   30  or   a t   t h e   a t t a c h e d  

h o l e s   35 ,   and   t h e   e x p o s e d   p o r t i o n s   o f   t h e   m e t a l  

f o i l s   31A,  31B,   and   31C  c a n   be  c o n n e c t e d   w i t h   t h e  

25  f e e d e r   t e r m i n a l s   of   l i g h t   b u l b s   33A  a n d   33B .   M e t a l  

f o i l   32C  f u n c t i o n s   as   t h e   c o m m o n   w i r e .   R e f e r e n c e  

n u m e r a l   8  i n   t h e   f i g u r e   i s   t h e   p o w e r   s o u r c e   a n d  

r e f e r e n c e   n u m e r a l s   9A  and  9B  a r e   t h e   s w i t c h e s .   In  t h e  

d i s p l a y   d e v i c e   3  w i t h   t h i s   e l e c t r i c a l   c i r c u i t ,   t h e  

30  t u r n i n g   on  and  o f f   of  t h e   l i g h t   b u l b s   33A  and  33B  c a n  

be  c o n t r o l l e d   i n d e p e n d e n t l y ,   so  i t   i s   p o s s i b l e   to   b r i n g  

a b o u t   a  c h a n g e   in   t h e   d i s p l a y   c o n d i t i o n .  
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f i g u r e   Z4  i s   an  p a r t i a l l y   e n l a r g e d   p l a n   v i e w  
of  an  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   3 0  
i n   w h i c h   a t t a c h e d   h o l e s   35  f o r   d i s p l a y   e l e m e n t s   a r e  
o p e n e d   o v e r   t h e   e n t i r e   s u r f a c e ,   a n d   l i g h t - e m i t t i n g  

5  d i o d e s   33C  a r e   i n s t a l l e d   so  as  to   fo rm  a  p a t t e r n   of   t h e  
l e t t e r s   A  and  B.  In  F i g u r e   24,  t h e   p o s i t i v e   t e r m i n a l s  
( s h o w n   i n   t h e   f i g u r e   as  b l a c k   d o t s )   o f   t h e   l i g h t -  
e m i t t i n g   d i o d e s   33C  ( w h i c h   c o r r e s p o n d   to   t h e   33A  of  t h e  
e l e c t r i c a l   c i r c u i t   s h o w n   i n   F i g u r e   23)   t h a t   a r e  

10  a r r a n g e d   in   t h e   p a t t e r n   of  a  l e t t e r   A  a r e   c o n n e c t e d   t o  
t h e   m e t a l   f o i l   32A,  and  t h e   n e g a t i v e   t e r m i n a l s   ( s h o w n  
in   t h e   f i g u r e   as  w h i t e   d o t s )   a r e   c o n n e c t e d   to   t h e   m e t a l  
f o i l   32C;  t h e   p o s i t i v e   t e r m i n a l s   ( s h o w n   in   t h e   f i g u r e  
as  b l a c k   d o t s )   of   t h e   l i g h t - e m i t t i n g   d i o d e s   33D  ( w h i c h  

15  c o r r e s p o n d   t o   t h e   33B  of   t h e   e l e c t r i c a l   c i r c u i t   o f  
F i g u r e   23)  t h a t   a r e   a r r a n g e d   in   t h e   p a t t e r n   of   a  l e t t e r  
B  a r e   c o n n e c t e d   to   t h e   m e t a l   f o i l   33B,  and  t h e   n e g a t i v e  
t e r m i n a l s   ( s h o w n   i n   t h e   f i g u r e   as   w h i t e   d o t s )   a r e  
c o n n e c t e d   to   t h e   m e t a l   f o i l   33C.  By  t h e   c o n t r o l   of   t h e  

20  o p e n i n g   and  c l o s i n g   of  t h e   s w i t c h e s   9A  and  9B,  i t   i s  
p o s s i b l e   t o   i l l u m i n a t e   o n l y   t h e   l e t t e r   A,  o n l y   t h e  
l e t t e r   B,  or   b o t h   t h e   l e t t e r s   A  and  B  a t   t h e   same  t i m e .  

F i g u r e   25  i s   a  p e r s p e c t i v e   v i e w   s h o w i n g   o n e  
15  e x a m p l e   of   a  d i s p l a y   d e v i c e   3  e m p l o y i n g   t h e   p r i n c i p l e s  

shown  in   F i g u r e s   23  and  24  a b o v e .   The  w h i t e   d o t s   s h o w  
an  i l l u m i n a t e d   l i g h t ,   and  t h e   b l a c k   d o t s   show  a  l i g h t  
t h a t   i s   n o t   i l l u m i n a t e d .   For   e x a m p l e ,   d u r i n g   b u s i n e s s  
h o u r s ,   t h e   d i s p l a y   e l e m e n t s   33  t h a t   a r e   a r r a n g e d   i n   a  

10  p a t t e r n   t h a t   s p e l l s   o u t   t h e   w o r d   "OPEN"  c a n   b e  
i l l u m i n a t e d ,   and   a f t e r   b u s i n e s s   h o u r s ,   t h e   d i s p l a y  
e l e m e n t s   33  t h a t   a r e   a r r a n g e d   i n   a  p a t t e r n   t h a t   s p e l l s  
o u t   t h e   w o r d   "CLOSED"  c a n   be  i l l u m i n a t e d ,   w h i l e   t h e  
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d i s p l a y   e l e m e n t s   33  t h a t   a r e   a r r a n g e d   in   r n e   p a r t e m  

t h a t   s p e l l s   o u t   t h e   word  "OPEN"  a r e   t u r n e d   o f f .  

A l s o ,   in   t h i s   e x a m p l e ,   i t   i s   p o s s i b l e   to   h a v e  

i  a  p l u r a l i t y   of   l a y e r s   of   m e t a l   f o i l   32  n u m b e r i n g   4  

l a y e r s   or   more  i n t e r n a l i z e d   in   t h e   s u b s t r a t e   u n i t   3 1 .  

I t   i s   n o t   n e c e s s a r y   to   a r r a n g e   t h e   m e t a l   f o i l s   32  a t  

t h e   c e n t e r   p a r t   in   t h e   d i r e c t i o n   of   t h i c k n e s s   of  t h e  

s u b s t r a t e   u n i t   31;   i t   i s   p o s s i b l e   t o   h a v e   a  l a y e r  

.0  e x t e n d i n g   f rom  t h e   c e n t r a l   p o s i t i o n   in   t h e   d i r e c t i o n   o f  

t h i c k n e s s   t o w a r d   one   s u r f a c e .   The   k i n d s   o f   d i s p l a y  

e l e m e n t s   33  l i s t e d   in   E x a m p l e   1  a b o v e   a r e   a l l   s u i t a b l e  

f o r   u s e   in   t h i s   e x a m p l e ,   as  w e l l .  

L5  E x a m p l e   4  

F i g u r e s   26  and  27  show  a n o t h e r   e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   40  of   t h i s   i n v e n t i o n .  

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

20  t r a n s p a r e n t   m a t e r i a l   40  c o m p r i s e s   a  p a i r   of   t r a n s p a r e n t  

p l a t e s   41A  and   41B  ( s u b s t r a t e   u n i t   4 1 )   t h a t   f o r m   a  

p l a t e   ( t h e   c o n s t i t u e n t   s u b s t r a t e )   made  of   an  e l e c t r i -  

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

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

25  m e s h   42  i n s t a l l e d   b e t w e e n   t h e   two   t r a n s p a r e n t  

p l a t e s   41A  and  41B.  The  t r a n s p a r e n t   p l a t e s   40A  and  40B  

c a n   be  made   o f   t h e   s ame   m a t e r i a l   o r   o f   d i f f e r e n t  

m a t e r i a l s   . 

30  The  c o n d u c t i v e   m e s h   42  i s   c o n s t r u c t e d ,   a s  

s h o w n   i n   F i g u r e s   28  t o   36 ,   o f   a  n e t w o r k   i n   w h i c h   a  

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

w i r e s   42a   a r e   c o m b i n e d   w i t h   e l e c t r i c a l l y   i n s u l a t i n g  
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w i r e s   42b  as  t h e   f a b r i c a t i n g   m a t e r i a l .   The  m a t e r i a l  

t h a t   i s   u s e d   f o r   t h e   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   4 2 a  

and   t h e   s p a c i n g s   b e t w e e n   t h e   a d j a c e n t   e l e c t r i c a l l y  
c o n d u c t i v e   w i r e s   42a   and   42a   c a n   be  t h e   s a m e   a s  

5  d e s c r i b e d   i n   E x a m p l e   1  a b o v e .   The   e l e c t r i c a l l y  
c o n d u c t i v e   w i r e s   42a  a r e   f o r m e d   f rom  v e r y   f i n e   s t r a n d s  
w i t h   a  d i a m e t e r   or   a  w i d t h   of  0 . 1   mm  or   l e s s .   As  t h e  

e l e c t r i c a l l y   i n s u l a t i n g   w i r e s   42b,   t h e r e   can   be  u s e d  
s t r a n d s   made  of  r e s i n   s u c h   as  p o l y e s t e r   w i r e s ,   n y l o n  

10  w i r e s ,   e t c .   In  an  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   40  c o n s t r u c t e d   i n   t h i s   w a y ,   e l e c t r i c a l l y  
c o n d u c t i v e   w i r e s   42a   and   e l e c t r i c a l l y   i n s u l a t i n g  
w i r e s   42b  t h a t   c o n s t i t u t e   a  c o n d u c t i v e   mesh  42  a r e   m a d e  
of   v e r y   f i n e   s t r a n d s ,   so  t h e   e n t i r e   s t r u c t u r e   i s  

15  t r a n s p a r e n t ,   and  may  be  e i t h e r   c o l o r l e s s   or   c o l o r e d .  

A l s o ,   t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   40  h a s   b u r i e d   i n   t h e   s u b s t r a t e   u n i t   41  a  
c o n d u c t i v e   mesh  42  t h a t   has   e l e c t r i c a l l y   i n s u l a t i n g  
w i r e s   42b  as   t h e   f a b r i c a t i n g   m a t e r i a l ,   so  i t   i s  

20  p o s s i b l e   to   e s t a b l i s h   and  m a i n t a i n   t h e   f i x e d   s p a c i n g   o f  
t h e   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   42a  w i t h   a c c u r a c y   a n d  

e a s e .  

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

25  m a t e r i a l   40  has   a  c o n d u c t i v e   mesh  42  b u r i e d   a t   a b o u t  
t h e   c e n t e r   p a r t   in   t h e   d i r e c t i o n   of   t h i c k n e s s   of  t h e  
s u b s t r a t e   u n i t   41,  so  t h a t   t h e   t r a n s p a r e n t   p l a t e   41A  o r  
41B  c an   be  r e m o v e d   in   p a r t s ,   and  t h e   a d h e s i v e   l a y e r   c a n  
be  r e m o v e d   by  u s e   of   a  s o l v e n t ,   so  as   t o   e x p o s e  

30  p o r t i o n s   of   t h e   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   42a  o f  
t h e   c o n d u c t i v e   mesh  42,  so  t h a t   t h e y   can   be  u s e d   a s  
t e r m i n a l s   f o r   t h e   s u p p l y   of   e l e c t r i c i t y .  
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A l s o ,   t h e   c o m b i n e d   c o n d i t i o n   of   t h e   e l e c t r i -  

c a l l y   i n s u l a t i n g   w i r e s   42b   w i t h   t h e   e l e c t r i c a l l y  

c o n d u c t i v e   w i r e s   42a  has   a  p l u r a l i t y   of  p o s s i b i l i t i e s ,  

as  i s   shown  in   F i g u r e s   28  to   3 6 .  

5 
The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  

m a t e r i a l   40  can   be  m a n u f a c t u r e d   by  t h e   m e t h o d s   n u m b e r e d  

1  to   3  b e l o w .  

10  1.  On  t o p   of  a  t r a n s p a r e n t   p l a t e   41A,  a  c o n d u c t i v e  

mesh  42  i s   p l a c e d .   N e x t ,   on  t o p   of   t h e   t r a n s p a r e n t  

p l a t e   41A  and  t h e   c o n d u c t i v e   mesh  42,  an  a d h e s i v e   l a y e r  

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

a g e n t   i n   l i q u i d   f o r m   or   by  t h e   a t t a c h m e n t   o f   a  

15  t r a n s p a r e n t   a d h e s i v e   a g e n t   in   s h e e t   f o r m .   T h e r e a f t e r ,  

w h i l e   t h e   s a i d   a d h e s i v e   l a y e r   i s   n o t   y e t   h a r d e n e d ,  

a n o t h e r   t r a n s p a r e n t   p l a t e   41B  i s   p l a c e d   on  t o p   of   t h e  

a d h e s i v e   l a y e r   and   f i x e d   by  t h e   a p p l i c a t i o n   o f  

p r e s s u r e .  

2 0  
2.  On  t o p   of  a  t r a n s p a r e n t   p l a t e   41A,  a  c o n d u c t i v e  

mesh  42  i s   p l a c e d .   N e x t ,   on  t o p   of   t h e   t r a n s p a r e n t  

p l a t e   41A  and  t h e   c o n d u c t i v e   mesh  42,  an  a d h e s i v e   l a y e r  

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

25  a g e n t   i n   l i q u i d   f o r m   or   by  t h e   a t t a c h m e n t   o f   a  

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

a d h e s i v e   l a y e r   i s   a l l o w e d   t o   h a r d e n .   A f t e r   t h e  

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

t r a n s p a r e n t   m a t e r i a l   i n   l i q u i d   f o r m   i s   p o u r e d   ( o r  

30  s p r a y e d )   on  t o p   of  t h e   a d h e s i v e   l a y e r   and  a l l o w e d   t o  

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

m a t e r i a l   f o r m s   a  t r a n s p a r e n t   p l a t e   41B  w h e n   i t   h a s  

h a r d e n e d   . 
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o.  un  t o p   or  a  t r a n s p a r e n t   p l a t e   41A,  a  c o n d u c t i v e  
mesh  42  i s   p l a c e d .   N e x t ,   t h e   t r a n s p a r e n t   p l a t e   41A  i s  
s o f t e n e d   by  t h e   a p p l i c a t i o n   of  h e a t ,   and  a t   t h e   s a m e  

5  t i m e ,   t h e   c o n d u c t i v e   m e s h   42  i s   p r e s s e d   i n t o   t h e  
s u r f a c e   of   t h e   t r a n s p a r e n t   p l a t e   41A  by  t h e   a p p l i c a t i o n  
of   p r e s s u r e ,   by  w h i c h   means   t h e   c o n d u c t i v e   mesh  42  i s  
a t t a c h e d   to   t h e   t r a n s p a r e n t   p l a t e   41  A.  T h e r e a f t e r ,   i n  
t h e   same  way  as  i s   d e s c r i b e d   a b o v e ,   a  t r a n s p a r e n t   p l a t e  

10  41B  i s   f o r m e d   on  t o p   of   t h e   s a i d   a d h e s i v e   l a y e r   i n  
l i q u i d   fo rm  or   s h e e t   f o r m .  

E x a m p l e   5 

A  d i f f e r e n t   f o r m   of   E x a m p l e   4  i s   s h o w n   i n  

L5  F i g u r e   3 7 .  

In   t h i s   e x a m p l e ,   a  s u b s t r a t e   u n i t   51  i s  
f o r m e d   f r o m   a  t r a n s p a r e n t   p l a t e   51A  m a d e   o f   a n  
e l e c t r i c a l l y   i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l ,   and  a n  

20  a d h e s i v e   l a y e r   51B.   An  e l e c t r i c a l l y   c o n d u c t i v e  
t r a n s p a r e n t   m a t e r i a l   50  i s   c o m p r i s e d   of  a  c o n d u c t i v e  
m e s h   52  p l a c e d   t o w a r d   o n e   s u r f a c e   o f   t h e   s a i d  
t r a n s p a r e n t   p l a t e   51A,  and   an  a d h e s i v e   l a y e r   51B  t o  
a t t a c h   t h e   s a i d   c o n d u c t i v e   mesh  52  o n t o   t h e   t r a n s p a r e n t  

>5  p l a t e   51A.  The  a d h e s i v e   l a y e r   51B  i s   f o r m e d   f r o m   a  
t h i n   f i l m   t h a t   i s   t h i n n e r   t h a n   t h e   t r a n s p a r e n t  
p l a t e   51A,  b e i n g   f o r   e x a m p l e ,   a  t h i n   f i l m   w i t h   t h e  
t h i c k n e s s   of   2  mm  or   l e s s ,   so  t h e   c o n d u c t i v e   mesh  5 2  
c a n   be  p o s i t i o n e d   o f f - c e n t e r   t o w a r d   t h e   s u r f a c e   of   t h e  

10  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   50.  By  
t h e   d i s s o l v i n g   of   t h i s   a d h e s i v e   l a y e r   5  IB  by  u s e   of   a  
s o l v e n t ,   i t   i s   p o s s i b l e   to   o b t a i n   t h e   t e r m i n a l s   r e a d i l y  
f o r   t h e   s u p p l y   of   e l e c t r i c i t y .   A l s o ,   by  t h e   d i s s o l v i n g  
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of   one   p a r t   of   t h e   t r a n s p a r e n t   p l a t e   51A  t h a t  

c o n s t i t u t e s   t h e   s u b s t r a t e   u n i t   51,  i t   i s   p o s s i b l e   t o  

e x p o s e   one  p a r t   of  t h e   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   5 2  
t h a t   a r e   i n t e r n a l i z e d   w i t h i n   t h e   s u b s t r a t e   u n i t   51,  a n d  

5  t h e r e f o r e   to   u s e   them  as  t e r m i n a l s   f o r   t h e   s u p p l y   o f  

e l e c t r i c i t y .  

E x a m p l e   6 

A n o t h e r   d i f f e r e n t   fo rm  of  E x a m p l e   4  i s   s h o w n  

10  in   F i g u r e   3 8 .  

The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   60  has   a  s u b s t r a t e   u n i t   61  t h a t   can   be  m e l t e d  

by  t h e   a p p l i c a t i o n   of  h e a t ,   and  a  c o n d u c t i v e   mesh  62  

15  t h a t   i s   h a l f - b u r i e d   i n   t h e   s u r f a c e   o f   t h e   s a i d  
s u b s t r a t e   u n i t   61  by  t h e   u se   of   h e a t - f u s i o n .   A l t h o u g h  
one  p a r t   of  t h e   c o n d u c t i v e   mesh  62  i s   e x p o s e d   on  t h e  

s u r f a c e   of  s u b s t r a t e   u n i t   61,  t h e r e   i s   no  p r o b l e m   w h e n  

a  s m a l l   e l e c t r i c a l   c u r r e n t   t h a t   has   no  e f f e c t   on  t h e  

20  human  body   f l o w s   t h r o u g h   t h e   c o n d u c t i v e   mesh  62.  When  

a  l a r g e   e l e c t r i c a l   c u r r e n t   t h a t   can   c a u s e   an  e l e c t r i c  
s h o c k   to   t h e   human  body   f l o w s   t h r o u g h   t h e   c o n d u c t i v e  
mesh  62,  t h e   s u r f a c e   of  t h e   c o n d u c t i v e   mesh  62  m u s t   b e  

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

25  m a t e r i a l   a f t e r   t h e   f e e d e r   t e r m i n a l s   a r e   c o n n e c t e d   t o  
t h e   c o n d u c t i v e   mesh   62.   Two  p i e c e s   o f   e l e c t r i c a l l y  
c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   60  c o n s t r u c t e d   in   t h i s  

ways  a r e   a r r a n g e d   so  t h a t   t h e   e x p o s e d   p o r t i o n s   of  t h e i r  
c o n d u c t i v e   m e s h e s   62  f a c e   e a c h   o t h e r ,   and  t h e   r e s u l t i n g  

30  s t r u c t u r e   can   be  u s e d   as  a  t o u c h   p a n e l   as  w e l l .   A l s o ,  

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

s u b s t r a t e   u n i t   61  has   h a r d e n e d ,   t h e   c o n d u c t i v e   mesh  6 2  

i s   b u r i e d   in   t h e   s a i d   a d h e s i v e   l a y e r   so  as  to   be  h a l f -  
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. . ^ ^   ai.  um;.  a m i a c e   or  t n e   s u o s t r a t e  
u n i t   61,  and  t h e n   t h e   a d h e s i v e   l a y e r   can   be  a l l o w e d   t o  
h a r d e n .   A l s o ,   when   t h e   s u b s t r a t e   u n i t   61  m a d e   o f  
s y n t h e t i c   r e s i n   i s   f o r m e d ,   i t   i s   p o s s i b l e   to   b u r y   a  

5  p a r t   o f   t h e   c o n d u c t i v e   m e s h   62  i n s i d e   t h e   s a i d  
s u b s t r a t e   u n i t   61,  p r o v i d i n g   an  e l e c t r i c a l l y   c o n d u c t i v e  
t r a n s p a r e n t   m a t e r i a l   6 0 .  

E x a m p l e   7 

LO  Yet   a n o t h e r   e x a m p l e   i s   shown  in   F i g u r e s   39  t o  
41 .   T h i s   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   70  i s   c o m p r i s e d   o f ,   as  t r a n s p a r e n t   c o n d u c t i v e  
p o r t i o n s ,   a  p l u r a l i t y   of   e l e c t r i c a l l y   c o n d u c t i v e  
w i r e s   72  t h a t   a r e   l i n e d   up  i n s i d e   a  p l a t e - s h a p e d  

.5  s u b s t r a t e   u n i t   71  so  as  to   be  a p p r o x i m a t e l y   p a r a l l e l   t o  
e a c h   o t h e r .  

The  s u b s t r a t e   u n i t   71  h a s   a  p a i r   o f  
t r a n s p a r e n t   p l a t e s   71A  and  7  IB  made  of  an  e l e c t r i c a l l y  

;0  i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l ,   a n d   an  a d h e s i v e  
l a y e r   79  t h a t   c o n n e c t s   t h e   two  t r a n s p a r e n t   p l a t e s   71A 
a n d   71B  t o   e a c h   o t h e r .   The  e l e c t r i c a l l y   c o n d u c t i v e  
t r a n s p a r e n t   m a t e r i a l   70  can   be  m a n u f a c t u r e d   in   t h e   s a m e  
way  as  i n   E x a m p l e   4  a b o v e .   T h i s   e l e c t r i c a l l y   c o n -  

5  d u c t i v e   t r a n s p a r e n t   m a t e r i a l   70  h a s   i n t e r n a l i z e d  
t h e r e i n   a  p l u r a l i t y   of  e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   7 2  
t h a t   a r e   l i n e d   up  so  as  to   be  a p p r o x i m a t e l y   p a r a l l e l   t o  
e a c h   o t h e r ,   so  i t   i s   p o s s i b l e   t o   s e p a r a t e   t h e  
e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   72  i n t o   two   o r   m o r e  

D  r e g i o n s   e l e c t r i c a l l y ,   and  in   a d d i t i o n ,   t h e   same  e f f e c t s  
as  f o r   t h e   a b o v e   e x a m p l e s   can   be  o b t a i n e d .  
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E x a m p l e   8 

A  d i f f e r e n t   f o r m   of   E x a m p l e   7  i s   s h o w n   i n  

F i g u r e s   42  to   4 6 .  

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

m a t e r i a l   80  s h o w n   in   F i g u r e   42  i s   c o m p r i s e d   o f   a  

s u b s t r a t e   u n i t   81  made  of   an  e l e c t r i c a l l y   i n s u l a t i n g  

t r a n s p a r e n t   m a t e r i a l ,   and  a  p l u r a l i t y   of  e l e c t r i c a l l y  

c o n d u c t i v e   w i r e s   82.  The  s u b s t r a t e   u n i t   71  has   a  p a i r  

10  o f   t r a n s p a r e n t   p l a t e s   81A  and   8IB  m a d e   o f   a n  

e l e c t r i c a l l y   i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l ,   and  a n  

a d h e s i v e   l a y e r   89  t h a t   c o n n e c t s   t h e   two   t r a n s p a r e n t  

p l a t e s   81A  and  81B  to  e a c h   o t h e r .   T h i s   e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   80  can   be  m a n u f a c t u r e d  

15  as  f o l l o w s .  

1.  On  t o p   of   a  t r a n s p a r e n t   p l a t e   81A,   a n  

a d h e s i v e   l a y e r   89  i s   f o r m e d   by  t h e   a p p l i c a t i o n   o f   a  

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

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

f o r m .   A  p l u r a l i t y   of  e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   8 2  

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

l a y e r   89 .   N e x t ,   on  t o p   o f   t h e   s a i d   e l e c t r i c a l l y  

c o n d u c t i v e   w i r e s   82,   a  t h i c k e r   a d h e s i v e   l a y e r   89  i s  

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

a g e n t   i n   l i q u i d   f r o m   o r   by  t h e   a t t a c h m e n t   o f   a  

t r a n s p a r e n t   a d h e s i v e   a g e n t   in   s h e e t   f o r m .   S u b s e q u e n t -  

l y ,   w h i l e   t h e   a d h e s i v e   l a y e r   89  i s   n o t   y e t   h a r d e n e d ,  

a n o t h e r   t r a n s p a r e n t   p l a t e   8  IB  i s   p l a c e d   on  t o p   of   t h e  

s a i d   a d h e s i v e   l a y e r   89  and  f i x e d   by  t h e   a p p l i c a t i o n   o f  

p r e s s u r e .   T h e r e a f t e r ,   t h e   s a i d   a d h e s i v e   l a y e r   9  i s  

a l l o w e d   to   h a r d e n .  
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Z.  On  t o p   of   a  t r a n s p a r e n t   p l a t e   81A,   a n  
a d h e s i v e   l a y e r   89  i s   f o r m e d   by  t h e   a p p l i c a t i o n   o f   a  
t r a n s p a r e n t   a d h e s i v e   a g e n t   i n   l i q u i d   f o r m   o r   by  t h e  
a t t a c h m e n t   of   a  t r a n s p a r e n t   a d h e s i v e   a g e n t   i n   s h e e t  

5  f o r m .   On  t o p   of   t h e   s a i d   a d h e s i v e   l a y e r   89 ,   a  
p l u r a l i t y   o f   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   82  a r e  
a r r a n g e d   in   p a r a l l e l .   N e x t ,   on  t o p   of   t h e   s a i d   e l e c -  

t r i c a l l y   c o n d u c t i v e   w i r e s   82 ,   a  t h i c k e r   a d h e s i v e  

l a y e r   89  i s   f o r m e d   by  t h e   a p p l i c a t i o n   of   a  t r a n s p a r e n t  

10  a d h e s i v e   a g e n t   in   l i q u i d   form  or   by  t h e   a t t a c h m e n t   of   a  
t r a n s p a r e n t   a d h e s i v e   a g e n t   in   s h e e t   f o r m ,   and  t h e n   t h e  
s a i d   a d h e s i v e   l a y e r   79  i s   a l l o w e d   to   h a r d e n .   A f t e r   t h e  
s a i d   a d h e s i v e   l a y e r   89  has   h a r d e n e d ,   an  e l e c t r i c a l l y  
i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l   i n   l i q u i d   f o r m   i s  

15  p o u r e d   ( o r   s p r a y e d )   on  t o p   of   t h e   a d h e s i v e   l a y e r   89  a n d  
a l l o w e d   t o   h a r d e n ,   w h i c h   e l e c t r i c a l l y   i n s u l a t i n g  
t r a n s p a r e n t   m a t e r i a l   f o r m s   a  t r a n s p a r e n t   p l a t e   8  IB  w h e n  
i t   h a s   h a r d e n e d .  

20  E x a m p l e   9 

An  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   90  of   t h i s   i n v e n t i o n   c an   a l s o   be  m a n u f a c t u r e d  

as  i s   shown  in   F i g u r e   4 3 .  

25  1.  On  t o p   o f   a  t r a n s p a r e n t   p l a t e   91A,   a  
p l u r a l i t y   o f   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   92  a r e  
a p p l i e d   w i t h   h e a t   and  p r e s s u r e   so  as  to   b u r y   them  h a l f -  

way.   N e x t ,   on  t o p   of   t h e   t r a n s p a r e n t   p l a t e   91A  and  t h e  

e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   92,  an  a d h e s i v e   l a y e r   99  

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

a g e n t   i n   l i q u i d   f o r m   or   by  t h e   a t t a c h m e n t   o f   a  
t r a n s p a r e n t   a d h e s i v e   a g e n t   in   s h e e t   f o r m .   When  t h i s  
a d h e s i v e   l a y e r   99  has   n o t   h a r d e n e d ,   a n o t h e r   t r a n s p a r e n t  
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p l a t e   91B  i s   p l a c e d   on  t o p   of  t h e   a d h e s i v e   l a y e r   99  a n d  

f i x e d   by  t h e   a p p l i c a t i o n   of  p r e s s u r e .  

2.  On  t o p   of   a  t r a n s p a r e n t   p l a t e   91A,   a n  

5  a d h e s i v e   l a y e r   99  i s   f o r m e d   by  t h e   a p p l i c a t i o n   o f   a  

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

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

f o r m .   On  t o p   of   t h e   s a i d   a d h e s i v e   l a y e r   99 ,   a  

p l u r a l i t y   of   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   92  a r e  

10  a r r a n g e d   i n   p a r a l l e l .   N e x t ,   on  t o p   o f   t h e   s a i d  

e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   92,  a  t h i c k e r   a d h e s i v e  

l a y e r   99  i s   f o r m e d   by  t h e   a p p l i c a t i o n   of  a  t r a n s p a r e n t  

a d h e s i v e   a g e n t   in   l i q u i d   fo rm  or   by  t h e   a t t a c h m e n t   of  a  

t r a n s p a r e n t   a d h e s i v e   a g e n t   in   s h e e t   f o r m .   T h e r e a f t e r ,  

15  t h e   a d h e s i v e   l a y e r   99  i s   a l l o w e d   to   h a r d e n .   When  t h e  

a d h e s i v e   l a y e r   99  h a s   h a r d e n e d ,   an  e l e c t r i c a l l y  

i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l   i n   l i q u i d   f o r m   i s  

p o u r e d   ( o r   s p r a y e d )   on  t o p   of   t h e   a d h e s i v e   l a y e r   99  a n d  

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

20  t r a n s p a r e n t   m a t e r i a l   f o r m s   a  t r a n s p a r e n t   p l a t e   9  IB  w h e n  

i t   has   h a r d e n e d .  

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

m a t e r i a l s   70  to   90  in   t h e   t r a n s p a r e n t - p l a t e   s h a p e s   t h a t  

25  a r e   c o n s t r u c t e d   as  d e s c r i b e d   a b o v e   h a v e   a  p a i r   o f  

t r a n s p a r e n t   p l a t e s   71  to   91  ( s u b s t r a t e   u n i t )   made  of   a n  

e l e c t r i c a l l y   i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l ,   t r a n s -  

p a r e n t   a d h e s i v e   l a y e r s   79  t o   99  t h a t   c o n n e c t   t h e  

t r a n s p a r e n t   p l a t e s   71  t o   9 1 , .   a n d   e l e c t r i c a l l y  

30  c o n d u c t i v e   w i r e s   72  to   92  b u r i e d   w i t h i n   t h e   a d h e s i v e  

l a y e r s   79  to   99.  T h e r e f o r e ,   by  t h e   s e p a r a t i o n   of  t h e  

t r a n s p a r e n t   p l a t e s   71  to   91  f rom  e a c h   o t h e r   i n   p a r t s ,  

and  by  t h e   d i s s o l v i n g   of   t h e   a d h e s i v e   l a y e r s   79  to   99  
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ay  ubb  ui   a  s o l v e n t ,   i t   i s   p o s s i b l e   to   e x p o s e   p o r t i o n s  
of   t h e   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   72  to   92  to   t h e  
o u t s i d e   of  t h e   b a s e s   71  to   91.  The  e x p o s e d   p o r t i o n s   o f  
t h e   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   72  to   92  c an   be  u s e d  

5  as  t e r m i n a l s   f o r   t h e   s u p p l y   of  e l e c t r i c i t y .   As  t h e  
a d h e s i v e   l a y e r   79,  t h e r e   can   be  u s e d   a d h e s i v e   a g e n t s  
t h a t   a r e   d i s s o l v e d   by  u s e   of  s o l v e n t s   s u c h   as  p a i n t  
t h i n n e r ,   a c e t o n e ,   x y l e n e ,   m e t h y l e t h y l   k e t o n e ,   and  t h e  
l i k e .  

10  

E x a m p l e   1 0  

F i g u r e s   44  to   46  show  a n o t h e r   d i f f e r e n t   f o r m  
of  E x a m p l e   7 .  

L5  The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   100  s h o w n   i n   F i g u r e   44  i s   m a d e   i n   t h e  
f o l l o w i n g   way.  On  t o p   of  a  t r a n s p a r e n t   p l a t e   101A,  a  
p l u r a l i t y   o f   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   102  a r e  
a r r a n g e d   r o u g h l y   in   p a r a l l e l ,   and  t h e n ,   on  t o p   of  t h e  

20  t r a n s p a r e n t   p l a t e   101A  and  t h e   e l e c t r i c a l l y   c o n d u c t i v e  
w i r e s   1 0 2 ,   t h e r e   i s   f o r m e d   a  t r a n s p a r e n t   p l a t e   1 0 1 B  
made   by  t h e   a p p l i c a t i o n   o r   t h e   p o u r i n g   o f   a n  
e l e c t r i c a l l y   i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l   i n   l i q u i d  
f o r m .   The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  

>5  m a t e r i a l   110  s h o w n   i n   F i g u r e   45  i s   m a d e   i n   t h e  
f o l l o w i n g   way.  On  t o p   of   a  t r a n s p a r e n t   p l a t e   111A,  a  
p l u r a l i t y   o f   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   112  a r e  
a r r a n g e d   r o u g h l y   i n   p a r a l l e l ,   a n d   t h e n ,   w h i l e   t h i s  
s t r u c t u r e   i s   b e i n g   h e a t e d ,   e l e c t r i c a l l y   c o n d u c t i v e  

10  w i r e s   112  a r e   p r e s s e d   i n t o   t h e   s i d e   of   t h e   t r a n s p a r e n t  
p l a t e   111A  w i t h   t h e   a p p l i c a t i o n   of  p r e s s u r e .   B e c a u s e  
of   t h e   m e l t i n g   of   t h e   t r a n s p a r e n t   p l a t e   111A,  e l e c t r i -  
c a l l y   c o n d u c t i v e   w i r e s   112  i s   b u r i e d   in   t h e   t r a n s p a r e n t  
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p l a t e   111A.  One  p o r t i o n   of  t h e   e l e c t r i c a l l y   c o n d u c t i v e  

w i r e s   112  i s   b u r i e d   in   t h e   t r a n s p a r e n t   p l a t e   111A,  a n d  

on  t o p   o f   t h i s   p l a t e ,   a  t r a n s p a r e n t   p l a t e   111B  i s  

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

5  e l e c t r i c a l l y   i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l   in   l i q u i d  

f o r m .   R e f e r e n c e   n u m e r a l   111  in   t h e   f i g u r e   i s   t h e   b a s e  

made  of   t r a n s p a r e n t   p l a t e s   111A  and  11  I B .  

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

10  m a t e r i a l   120  shown  in  F i g u r e   46  i s   f o r m e d   in   one  p i e c e ,  

when   t h e   b a s e   121  i s   f o r m e d   f r o m   an  e l e c t r i c a l l y  

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

e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   122  in   t h e   m a t e r i a l   u s e d  

in   t h e   f o r m a t i o n   a t   t h e   same  t i m e .  

15  
The  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  

m a t e r i a l s   100  t o   120  c o n s t r u c t e d   as   d e s c r i b e d   a b o v e  

h a v e   t h e i r   e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   102  t o   1 2 2  

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

20  t h e   b a s e s   101  to   121,   so ,   as  d e s c r i b e d   a b o v e ,   by  t h e  

d i s s o l v i n g   of  t h e   s u b s t r a t e   u n i t s   101  to   121  by  u s e   o f  

a  s o l v e n t ,   i t   i s   p o s s i b l e   to   e x p o s e   t e r m i n a l s   f o r   t h e  

s u p p l y   of  e l e c t r i c i t y   to   t h e   s u r f a c e s   of   t h e   s u b s t r a t e  

u n i t s   101  to   1 2 1 .  

2 5  
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  s e c t i o n a l   v i e w   of   one   e x a m p l e  

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

3 0  
F i g u r e   2  i s   a  p l a n   v i e w   of   t h e   e l e c t r i c a l l y  

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

5  F i g u r e s   4A,  4B,  and  4C  a r e   p a r t i a l   p l a n   v i e w s  
of   d i f f e r e n t   c o n d u c t i v e   m e s h e s .  

F i g u r e   5  i s   a  p e r s p e c t i v e   v i e w   of  a  d i s p l a y  
d e v i c e   u s i n g   an  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  

10  m a t e r i a l .  

F i g u r e   6  i s   a  s e c t i o n a l   v i e w   t a k e n   a t   l i n e   A -  
A  of   F i g u r e   5 .  

15  F i g u r e   7  i s   an  e l e c t r i c   c i r c u i t   d i a g r a m   o f  
t h e   d i s p l a y   d e v i c e .  

F i g u r e   8  i s   a  s e c t i o n a l   v i e w   o f   a n o t h e r  
e x a m p l e   o f   an  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  

20  m a t e r i a l   . 

F i g u r e   9  i s   an  e l e c t r i c   c i r c u i t   d i a g r a m .  

F i g u r e   10  i s   a  p l a n   v i e w   o f   s t i l l   a n o t h e r  

>5  e x a m p l e   o f   an  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   . 

F i g u r e   11  i s   a  s e c t i o n a l   v i e w   t a k e n   a t   l i n e  
A-A  of   F i g u r e   1 0 .  

10 

F i g u r e s   12  to   17  a r e   p l a n   v i e w s   of   d i f f e r e n t  
m e t a l   f o i l s   w i t h   a  n u m b e r   of  p o r e s .  
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F i g u r e   18  i s   a  p e r s p e c t i v e   v i e w   of   a n o t h e r  

e x a m p l e   of  a  d i s p l a y   d e v i c e .  

F i g u r e s   19  t o   21  a r e   p l a n   v i e w s   o f   o t h e r  

5  e x a m p l e s   of   an  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   . 

F i g u r e   22  i s   a  s e c t i o n a l   v i e w   o f   s t i l l  

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

IQ  t r a n s p a r e n t   m a t e r i a l .  

F i g u r e   23  i s   an  e l e c t r i c   c i r c u i t   d i a g r a m .  

F i g u r e   24  i s   a  f r a g m e n t a r y   p l a n   v i e w   of   s t i l l  

15  a n o t h e r   e x a m p l e   of   an  e l e c t r i c a l l y   c o n d u c t i v e  

t r a n s p a r e n t   m a t e r i a l .  

F i g u r e   25  i s   a  p e r s p e c t i v e   v i e w   o f   s t i l l  

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

2 0  
F i g u r e   26  i s   a  p l a n   v i e w   o f   s t i l l   a n o t h e r  

e x a m p l e   of   an  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l   . 

25  F i g u r e   27  i s   a  s e c t i o n a l   v i e w   t a k e n   a t   l i n e  

A-A  of   F i g u r e   2 6 .  

F i g u r e s   28  to   36  a r e   p a r t i a l   p l a n   v i e w s   o f  

d i f f e r e n t   c o n d u c t i v e   m e s h e s .  

3 0  
F i g u r e   37  i s   a  s e c t i o n a l   v i e w   o f   s t i l l  

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

t r a n s p a r e n t   m a t e r i a l .  
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F i g u r e   38  i s   a  s e c t i o n a l   v i e w   o f   s t i l l  
a n o t h e r   e x a m p l e   of   an  e l e c t r i c a l l y   c o n d u c t i v e  

t r a n s p a r e n t   m a t e r i a l .  

5 

F i g u r e   39  i s   a  p l a n   v i e w   o f   s t i l l   a n o t h e r  

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

10  F i g u r e   40  i s   a  s e c t i o n a l   v i e w   t a k e n   a t   l i n e  
A-A  of   F i g u r e   3 9 .  

F i g u r e   41  i s   a  f r a g m e n t a r y   p e r s p e c t i v e   v i e w  
of   t h e   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l .  

1 5  

F i g u r e s   42  to   46  a r e   s e c t i o n a l   v i e w s   of   s t i l l  
o t h e r   e x a m p l e s   o f   an  e l e c t r i c a l l y   c o n d u c t i v e  

t r a n s p a r e n t   m a t e r i a l .  

20  10,  20,  30,  30A,  40,  50,  60,  70,  80,  90,  1 0 0 ,  
110,   and  120  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
m a t e r i a l s   . 

11,  21,  31,   41,  51,  61,  71,  81,  91,  101,   1 1 1 ,  

25  and  121  s u b s t r a t e   u n i t s .  

12,  22,  32,  42,  52,  62,  72,  82,  92,  102,   1 1 2 ,  
a n d   122  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t  
u n i t s   . 

30 

13,  23,  and  33  d i s p l a y   e l e m e n t s .  
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CLAIMS 

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

c o m p r i s i n g   a  s u b s t r a t e   u n i t   made   o f   an  e l e c t r i c a l l y  

5  i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l ,   and  an  e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   u n i t   b u r i e d   in   s a i d   s u b s t r a t e  

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

u n i t   i s   p r o v i d e d   in   t h e   fo rm  of  a  p l u r a l i t y   of  l a y e r s  

a t   f i x e d   i n t e r v a l s   w i t h i n   s a i d   s u b s t r a t e   u n i t .  

10 
2.  An  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  

a c c o r d i n g   t o   c l a i m   1,  w h e r e i n   s a i d   e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   u n i t   i s   p r o v i d e d   i n   t h e   fo rm  o f  

an  e l e c t r i c a l l y   c o n d u c t i v e   m e s h .  

15  
3.  An  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  

a c c o r d i n g   to   c l a i m   2,  w h e r e i n   s a i d   c o n d u c t i v e   mesh  i s  

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

of   0 . 1   mm  or   l e s s .  

2 0  
4.  An  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  

a c c o r d i n g   t o   c l a i m   1,  w h e r e i n   s a i d   e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   u n i t   i s   p r o v i d e d   i n   t h e   f o rm  o f  

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

2 5  
5.  An  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  

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

i n s u l a t i n g   t r a n s p a r e n t   m a t e r i a l ,   and  an  e l e c t r i c a l l y  

c o n d u c t i v e   t r a n s p a r e n t   u n i t   b u r i e d   in   s a i d   s u b s t r a t e  

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

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

w i r e s   t h a t   a r e   a r r a n g e d   a p p r o x i m a t e l y   p a r a l l e l .  
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u  •  c A B u t i A u a i i y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  
a c c o r d i n g   t o   c l a i m   5,  w h e r e i n   s a i d   e l e c t r i c a l l y  
c o n d u c t i v e   w i r e s   h a v e   i n d i v i d u a l   d i a m e t e r s   of   0 . 1   mm  o r  
l e s s .  

5 
7.  An  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  
a c c o r d i n g   t o   c l a i m   5,  w h e r e i n   s a i d   e l e c t r i c a l l y  
c o n d u c t i v e   t r a n s p a r e n t   u n i t   c o n s i s t s   of   a  p l u r a l i t y   o f  
e l e c t r i c a l l y   c o n d u c t i v e   w i r e s   t h a t   do  n o t   i n t e r s e c t  

L0  w i t h   e a c h   o t h e r   and  e l e c t r i c a l l y   i n s u l a t i n g   w i r e s   t h a t  
a r e   c o n t a i n e d   i n   a  n e t w o r k   o f   s a i d   p l u r a l i t y   o f  
e l e c t r i c a l l y   c o n d u c t i v e   w i r e s .  

8.  An  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  
L5  a c c o r d i n g   t o   c l a i m   7,  w h e r e i n   s a i d   e l e c t r i c a l l y  

c o n d u c t i v e   w i r e s   and  s a i d   e l e c t r i c a l l y   i n s u l a t i n g   w i r e s  
h a v e   i n d i v i d u a l   d i a m e t e r s   of   0 . 1   mm  or   l e s s .  

™*  Bi .c i ; i . j . j .L ;a±j .y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  
10  a c c o r d i n g   to   c l a i m   1  or   5,  w h e r e i n   t h e   s u b s t r a t e   u n i t  

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

5  10 .   An  e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l  
a c c o r d i n g   to   c l a i m   1  or   5,  w h e r e i n   s a i d   s u b s t r a t e   u n i t  
i s   f o r m e d   by  t h e   a t t a c h m e n t   o f   a  p l u r a l i t y   o f  
c o n s t i t u e n t   s u b s t r a t e s   t o g e t h e r   by  an  a d h e s i v e   a g e n t ,  
and  s a i d   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   u n i t   i s  

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

a c c o r d i n g   to   c l a i m   1  or   5,  w h e r e i n   s a i d   e l e c t r i c a l l y  
c o n d u c t i v e   t r a n s p a r e n t   u n i t   i s   p o s i t i o n e d   f r o m   t h e  
c e n t r a l   p a r t   i n   t h e   d i r e c t i o n   o f   t h i c k n e s s   o f   t h e  

5  s u b s t r a t e   u n i t   t o w a r d   one   s u r f a c e   o f   t h e   s u b s t r a t e  
u n i t   . 

12.   A  d i s p l a y   d e v i c e   c o m p r i s i n g   an  e l e c t r i c a l l y  
c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l   a c c o r d i n g   to   c l a i m   1  o r  

10  5  and   d i s p l a y   e l e m e n t s   t h a t ,   r e s p e c t i v e l y ,   a r e  
c o n n e c t e d   e l e c t r i c a l l y   t o   f e e d e r   t e r m i n a l s   f o r   a  
p l u r a l i t y   of  t r a n s p a r e n t   c o n d u c t i v e   p o r t i o n s   p r o v i d e d  
f o r   s a i d   e l e c t r i c a l l y   c o n d u c t i v e   t r a n s p a r e n t   m a t e r i a l .  

15  13.   A  d i s p l a y   d e v i c e   a c c o r d i n g   t o   c l a i m   12 ,   w h e r e i n  

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

20  e l e m e n t s   a r e   c o n n e c t e d   e l e c t r i c a l l y   w i t h   t h e   t r a n s p a r -  
e n t   c o n d u c t i v e   p o r t i o n s   t h a t   a r e   e x p o s e d   on  s a i d  
o p e n i n g s   . 

14.  A  d i s p l a y   d e v i c e   a c c o r d i n g   to   c l a i m   13,  w h e r e i n   a  
25  p l u r a l i t y   of   s a i d   d i s p l a y   e l e m e n t s   a r e   p o s i t i o n e d  

a r o u n d   s a i d   o p e n i n g s .  

15.   A  d i s p l a y   d e v i c e   a c c o r d i n g   t o   c l a i m   12 ,   w h e r e i n  
s a i d   s u b s t r a t e   u n i t   i s   p r o v i d e d   w i t h   c o n c a v e   p o r t i o n s  

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

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

16.  A  d i s p l a y   d e v i c e   a c c o r d i n g   to   c l a i m   12,  w h e r e i n   a  

p l u r a l i t y   of  s a i d   d i s p l a y   e l e m e n t s   a r e   a r r a n g e d   a l o n g  

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

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

t r a n s p a r e n t   c o n d u c t i v e   p o r t i o n s   t h a t   a r e   e x p o s e d   on  t h e  

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