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

Patentamt 

European  Patent  Office  @  Publication  number:  0   0 5 8   8 4 9  

Office  europeen  des  brevets 

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82100748.1  ©  Int.  CI.3:  H  01  H  1 3 / 7 0  

@  Date  of  filing  :  03.02.82 

@  Priority:  19.02.81  US  236075  @  Applicant:  MOTOROLA,  INC.,  1303  East  Algonquin  Road, 
Schaumburg  Illinois  60196  (US) 
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@  Membrane  keyboard  assembly. 

The  assembly  includes  a  flexible  insulating  film  (12) 
with  indicia  (21)  visible  on  the  upper  surface  and  conductive 
contacts  (14,  16,  18)  on  the  lower  surface.  The  top  film  may 
be  comprised  of  two  separate  films  (20,  12)  for  ease  of 
applying  the  indicia  and  the  contacts.  The  other  contact  of 
each  SPST  switch  is  a  ground  or  reference  contact  formed 
by  a  chassis  (10)  or  other  relatively  large  and  rigid 
conductive  surface.  A  resilient  spacer  (22)  is  retained 
between  the  upper  and  lower  switch  contact  surfaces  and 
contains  an  aperture  in  registration  with  each  upper  switch 
contact. 



B a c k g r o u n d   o f  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  t he   f i e l d   of  m e m b r a n e  

k e y b o a r d s   a n d ,   more  p a r t i c u l a r l y ,   to   a  k e y b o a r d   a s s e m b l y  

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

p r o t e c t i o n   a g a i n s t   damage   f rom  s t a t i c   c h a r g e s .  

Membrane   s w i t c h e s   have   g e n e r a l l y   been   made  in  one  o f  

two  g e n e r a l   t y p e s ,   r i g i d   and  f l e x i b l e .   W h i l e   f l e x i b l e  

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

r e q u i r e   a  v e r y   f i r m   and  v e r y   f l a t   m o u n t i n g   s u r f a c e .  

R i g i d   s w i t c h e s   have   used   p r i n t e d   c i r c u i t   b o a r d s   w i t h   o n e  

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

n u m b e r   of  known  s t r u c t u r e s   f o r   m e m b r a n e   s w i t c h  

a s s e m b l i e s ,   mos t   of  w h i c h   have   p r o b l e m s   a n d / o r   a r e  

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

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

e l e c t r o n i c   s w i t c h e s   o r - m e c h a n i c a l   s w i t c h e s   and ,   in  a l l  

c a s e s ,   a  m e m b r a n e   s w i t c h   a s s e m b l y   is   t h i n n e r   t h a n   a n y  
o t h e r   known  t y p e .   The  f l a t   s u r f a c e   of  t he   m e m b r a n e  

s w i t c h   a l s o   l e n d s   i t s e l f   to  a  w ide   v a r i e t y   of  i n d i c i a  

a r r a n g e m e n t s ,   c o l o r s ,   e t c .  

A  m a j o r   p r o b l e m   in  d e s i g n   h e r e t o f o r e   has   b e e n   t o  

p r o v i d e   p r o t e c t i o n   a g a i n s t   damage   to  t he   a s s o c i a t e d  

c i r c u i t r y   f rom  c h a r g e s   on  t he   body  of  t h e  u s e r   s i n c e   a  



p e r s o n   w a l k i n g   a c r o s s   a  w e l l   waxed  f l o o r   may  q e n e r a t e   a  

s t a t i c   v o l t a g e   of  f rom  4  to   15  kV,  d e p e n d i n g   on  h u m i d i t y ,  

e t c .   T h e r e   a r e ,   of  c o u r s e ,   many  v a r i e t i e s   of  c i r c u i t r y  

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

t h e s e   c o m p l i c a t e   d e s i q n   and  add  to  t he   c o s t   t h e r e o f .   I n  

some  a p p l i c a t i o n s ,   a  p r o t e c t i v e   o v e r l a y   has   been   p r o v i d e d  

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

o v e r l a y   is   v e r y   t h i c k ,   t h e   o p e r a t i o n   of  t h e   s w i t c h e s   i s  

a f f e c t e d .   In  some  e x t r e m e   c a s e s ,   s p e c i a l   p l a s t i c  

" o p e r a t o r s "   have   b e e n   p r o v i d e d  b e t w e e n   t h e   o p e r a t o r ' s  

f i n g e r   and  the   s w i t c h .   In  s o m e  c a s e s ,   a  g r o u n d e d   b o r d e r  

is   u s e d   to  i n t e r r u p t   s u r f a c e   c u r r e n t s   due  to  c o n t a c t  

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

e f f e c t s   of   t he   b o r d e r .   To  d a t e   none  of   t h e s e   s o l u t i o n s  

has   been   c o m p l e t e l y   s u c c e s s f u l .  

Summary  of   t h e   I n v e n t i o n  

I t   is   an  o b j e c t ,   t h e r e f o r e ,   of  t he   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   an  i n e x p e n s i v e   m e m b r a n e   s w i t c h   w h i c h   i s   e a s y  

to   c o n s t r u c t   and  e a s y   to  i n s t a l l .  

I t   i s   a  p a r t i c u l a r   o b j e c t   to   p r o v i d e   such   a  s w i t c h  

h a v i n q   t h e   maximum  amoun t   of  p r o t e c t i o n   a g a i n s t   d a m a g e  

f rom  s t a t i c   c h a r g e s .  

T h e s e   o b j e c t s   and  o t h e r s   a re   p r o v i d e d   in  an  a s s e m b l y  

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

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

as  by  p r i n t i n g ,   to  one  s u r f a c e .   Each  a r e a   c o n s i s t s   of  a t  

l e a s t   one  pad  p o r t i o n   and  a  c o n n e c t i n g   l i n k   e x t e n d i n g  

f rom  t h e   pad  to  t h e   edge   of   t he   f i l m .   The  f i l m   may  a l s o  

have   g r a p h i c s   a p p l i e d   to  i n d i c a t e   s w i t c h   f u n c t i o n s .   A 

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

to   t he   one  s u r f a c e   of  t he   f i l m ,   and  has   a p e r t u r e s   t h e r e i n  

c o r r e s p o n d i n g   to  t h e   pad  p o r t i o n s   of  t h e   c o n d u c t i v e  

a r e a s .   A  r i g i d   c o n d u c t i v e   m e m b e r ,   wh ich   may  be  a  

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



t he   foam  s p a c e r .   The  r i g i d   member   is  c o n n e c t e d   to   a  

c i r c u i t   g r o u n d   or  r e f e r e n c e   p o i n t   w h e r e b y ,   when  a  u s e r ' s  

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

s w i t c h ,   the   pad  p o r t i o n   on  t h e   d e p r e s s e d   a r e a   is  m o v e d  

t h r o u g h   an  a p e r t u r e   in  t he   s p a c e r   and  c o u p l e d   to  t h e  

g r o u n d .   The  c i r c u i t   c o u p l e d   to  t he   c o r r e s p o n d i n g  

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

f u n c t i o n   in  t he   a s s o c i a t e d   d e v i c e .  

B r i e f   D e s c r i p t i o n   o f  t h e   D r a w i n g  

The  s i n g l e   d r a w i n g   f i g u r e   is  an  e x p l o d e d   v i e w   of  t h e  

k e y b o a r d   s t r u c t u r e   of   t h e   i n v e n t i o n .  

D e t a i l e d   D e s c r i p t i o n   of  a  P r e f e r r e d   E m b o d i m e n t  

In  t he   d r a w i n g   f i g u r e ,   a  r i g i d   m e t a l   p l a t e   10  f o r m s  

a  common  c o n t a c t   f o r   a l l   s w i t c h e s   of  t h e   k e y b o a r d ,   e a c h  

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

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

c l o s e d .   In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t he   p l a t e   10  is  a  

t e r n e - p l a t e d   s t e e l   c h a s s i s ,   bu t   i t   c o u l d   be  of  any  l o w  

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

so  t h a t   t h e   c o n t a c t   r e s i s t a n c e   of  the   s w i t c h   d o e s   n o t  

c h a n g e   w i t h   t i m e .   A  t h i n   i n s u l a t i n g   f l e x i b l e   f i l m   12  h a s  

a  p a t t e r n   of  c o n d u c t i n g   a r e a s   a f f i x e d   to  a  l o w e r   s u r f a c e .  

T h e s e   a r e a s   a r e   t h e   s e c o n d   c o n t a c t s   of  t he   r e s p e c t i v e  

s w i t c h e s   and  a r e   p r e f e r a b l y   s c r e e n   p r i n t e d   on  w i t h   a  

c o n d u c t i v e   ink   such   as  E l e c t r o d a g ®   m a n u f a c t u r e d   b y  

A c h e s o n   C o l l o i d s   Co.  E l e c t r o d a q   423SS  is  c o m p r i s e d   o f  

g r a p h i t e   in  a  v i n y l   b i n d e r ,   w h i c h   has   good  a d h e s i o n   t o  

p o l y e s t e r   f i l m s   such   as  M y l a r ,   and  has   a  s h e e t   r e s i s t a n c e  

of  f rom  30  to   50  Q / s q .   at   a  10  mi l   t h i c k n e s s   as  is  k n o w n  

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



at   l e a s t   one  pad  p o r t i o n   14  and  a  c o n n e c t i n g   l i n k   16 

e x t e n d i n g   f rom  t he   pad  p o r t i o n   to  or  n e a r   to  t he   edge  o f  

t h e   f i l m   12.  The  c o n n e c t i n g   l i n k s   may  e x t e n d   o n t o   a  t a b  

p o r t i o n   18  to   a  c o n n e c t o r   ( n o t   s h o w n ) ,   or  may  be  c o u p l e d  

to  t h e   c o r r e s p o n d i n g   c i r c u i t s   in  any  s u i t a b l e   f a s h i o n .   A 

s e c o n d   f i l m   20  may  be  s u p e r i m p o s e d   on  t he   f i l m   12  t o  

c a r r y   g r a p h i c s   21  i n c l u d i n g   i n d i c i a   as  to  s w i t c h   l o c a t i o n  

and  f u n c t i o n .   If   d e s i r e d ,   f i l m s   12  and  20  may  c o m p r i s e  

one  l a y e r   of  f i l m   b e a r i n g   b o t h   g r a p h i c s   21  and  c o n d u c t i n g  

a r e a s   14,  16.  The  p r e f e r r e d   m a t e r i a l   f o r   t he   f i l m s   i s  

t he   m a t e r i a l   s o l d   c o m m e r c i a l l y   as  M y l a r .   I n t e r m e d i a t e  

t he   f i l m   12  and  t he   p l a t e   10,  and  a d h e s i v e l y   a t t a c h e d   t o  

b o t h ,   i s   a  t h i n   r e s i l i e n t ,   i n s u l a t i n g   foam  s p a c e r   22  w i t h  

a p e r t u r e s   24,   a p p r o x i m a t e l y   c o r r e s p o n d i n g   in  s i z e   a n d  

s h a p e   to  t he   c o n d u c t i v e   pad  p o r t i o n s   14.  The  m a t e r i a l   o f  

t h e   foam  s p a c e r   w i l l   p r e f e r a b l y   be  t he   t y p e   of  m a t e r i a l  

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

a t t o r n e y ' s   d o c k e t   No.  A P - 8 0 2 6 6 ,   a s s i g n e d   to  t he   a s s i g n e e  

of   t h e   p r e s e n t   i n v e n t i o n   and  i n c o r p o r a t e d   h e r e i n   b y  

r e f e r e n c e .   In  any  c a s e ,   t he   s p a c e r   22  w i l l  

h a v e   s u f f i c i e n t   r e s i l i e n c e   to   a l l o w   a r e a s   of  t h e   f i l m   12 

to  be  d e p r e s s e d   to  c o n t a c t   t h e   p l a t e   10,  bu t   to  p r e v e n t  

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

s u c h   as  to  r e t a i n   i t s   r e s i l i e n c e   o v e r   a  l ong   span   of  t i m e  

and  much  u s e .  

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

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

10  w i l l   d e p r e s s   t he   i n s u l a t i n g   f i l m   20  w i t h i n   t he   a r e a  

d e s i g n a t e d   by  t h e   i n d i c i a   f o r   t h a t   s w i t c h .   D e p r e s s i o n   o f  

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

c o n d u c t i v e   pad  14  on  t he   u n d e r s i d e   of   t h a t   a r e a   of  t h e  

f i l m   12  i n t o   c o n t a c t   w i t h   t he   m e t a l   p l a t e   10.  S i n c e   o n l y  

t h e   r e s i s t a n c e   of   t h e   c a r b o n   ink   i s   now  in  t h e   s w i t c h e d  

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

a c h i e v e d .   As  i s   w e l l - k n o w n ,   g r o u n d i n g   a  p r e d e t e r m i n e d  

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



in   t he   r e s p e c t i v e   c i r c u i t .   The  p r e s e n t   s w i t c h   w i l l ,   o f  

c o u r s e ,   be  used   w i t h   such   c i r c u i t s .   In  one  a p p l i c a t i o n ,  

t h e   s w i t c h e s   a re   d e s i g n e d   to  pu t   f rom  6  to   20  k i l o h m s  

a c r o s s   each   r e s p e c t i v e   c i r c u i t ,   and  w i l l   even   work  w i t h  

up  to  75  k i l o h m s .   Such  c i r c u i t r y   has  been   d e t e r m i n e d   t o  

be  l e s s   e x p e n s i v e   to  p r o d u c e   t h a n   the   c i r c u i t r y   r e q u i r e d  

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

A  m a j o r   a d v a n t a g e   of  t h e   a b o v e   d e s c r i b e d   s t r u c t u r e  

i s   t h a t   any  s t a t i c   c h a r g e   d e v e l o p e d   on  the   body  of  t h e  

u s e r   is   p r e v e n t e d   f rom  d a m a g i n g   t he   d e l i c a t e   e l e c t r o n i c  

c i r c u i t r y ,   s i n c e   a  s u b s t a n t i a l   a r e a   (or   v o l u m e )   o f  

" g r o u n d "   is  a v a i l a b l e   to  a b s o r b   t he   c h a r g e   when  a  s w i t c h  

pad  is  d e p r e s s e d   by  the   f i n g e r   of  t he   u s e r .   N a t u r a l l y ,  

any  s t a t i c   c h a r g e   t r a n s m i t t e d   to  t he   s w i t c h   a s s e m b l y   i n  

any  o t h e r   f a s h i o n   is  l i k e w i s e   g r o u n d e d   h a r m l e s s l y .  

Thus  t h e r e   has   been   shown  and  d e s c r i b e d   a  s i m p l e   a n d  

r e l a t i v e l y   i n e x p e n s i v e   m e m b r a n e   k e y b o a r d   a s s e m b l y   w h e r e i n  

damage   to  t h e   a s s o c i a t e d   e l e c t r o n i c   c i r c u i t r y   i s  

p r e v e n t e d   by  u s i n g   the   c h a s s i s   or  o t h e r   r e l a t i v e l y   l a r q e  

and  r i g i d   c o n d u c t i v e   s u r f a c e   as  t he   common  c o n t a c t   f o r  

e a c h   of  t he   s w i t c h e s   of  the   a s s e m b l y .   T h u s ,   s t a t i c  

c h a r g e ,   as  on  the   body  of   t he   u s e r ,   is   p r e v e n t e d   f r o m  

d a m a g i n a   the   c i r c u i t r y   c o u p l e d   to  the   k e y b o a r d   a s s e m b l y .  

What  is   c l a i m e d   i s :  



1.  A  m e m b r a n e   k e y b o a r d   a s s e m b l y   f o r   a  d e v i c e  

i n c l u d i n g   e l e c t r o n i c   c i r c u i t r y   and  c o m p r i s i n g :  

a  f l e x i b l e   i n s u l a t i n g   member   ( 1 2 ) ;  

c o n d u c t i v e   a r e a s   (14 ,   16 ,   18)  on  a  f i r s t   s u r -  
f a c e   of  t h e   i n s u l a t i n g   m e m b e r ,   e a c h   a r e a   i n c l u d i n g   a t  

l e a s t   one  pad  p o r t i o n   and  a  c o n n e c t i n g   l i n k   e x t e n d i n g   a t  

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

r e s p e c t i v e   p o r t i o n s   of  t h e   e l e c t r o n i c   c i r c u i t r y ;  

a  r i g i d   c o n d u c t i v e   member   (10)  a d a p t e d   to   b e  

c o u p l e d   t o   a  r e f e r e n c e   t e r m i n a l   in   t h e   c i r c u i t r y ;   a n d  

a  r e s i l i e n t   i n s u l a t i n g   foam  s p a c e r   (22)  w i t h  

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

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

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

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

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

a r e a s .  



2.  A  m e m b r a n e   k e y b o a r d   a s s e m b l y   in  a c c o r d a n c e   w i t h  

c l a i m   1  w h e r e i n   t h e   r i g i d   c o n d u c t i v e   member   f o r m s   a t  

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

3.  A  m e m b r a n e   k e y b o a r d   a s s e m b l y   in  a c c o r d a n c e   w i t h  

c l a i m   1  w h e r e i n   t h e   f l e x i b l e   i n s u l a t i n g   member   i s  

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

4.  A  m e m b r a n e   k e y b o a r d   a s s e m b l y   in   a c c o r d a n c e   w i t h  

c l a i m   1  w h e r e i n   t h e   f l e x i b l e   i n s u l a t i n g   m e m b e r  i s   c o m -  

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

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