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Membrane  switch  assembly. 
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®  A  membrane  switch  assembly  (10)  is  comprised  of 
spaced  apart  layers  (12,  16)  having  corresponding  patterns 
of  conductive  switch  contacts  (28,  28')  arranged  in  series 
thereon,  the  layers  (12,  16)  being  separated  by  spacing 
means  (20)  having  openings  therein.  The  switch  contacts 
(28,  28')  on  each  layer  are  spaced  along  a  single  conductive 
path  (24,  24')  so  that  a  regular  unit  value  of  impedance 
means  exists  between  the  switch  contacts  (28,  28').  When  the 
electrical  circuit  is  completed  by  closing  a  switch  site,  the 
resulting  total  impedance  is  essentially  equal  to  the  sum  of 
the  unit  values  of  the  impedance  means  along  the  circuit 
path  formed  by  the  closed  switch. 
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The  i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o   m e m b r a n e  

or   d i a p h r a g m   s w i t c h e s ,   and  more   s p e c i f i c a l l y ,   t o  

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

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

r e l i a b l e   and  e c o n o m i c a l   m e m b r a n e   or   d i a p h r a g m   k e y b o a r d  

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

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

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

m e a n s .   The  s p a c i n g   means   has   a  p l u r a l i t y   of  o p e n i n g s  

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

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

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

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

in   t h e   s p a c i n g   m e a n s .  

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

a r r a n g e d   in  t h e   f o r m   of  a  m a t r i x .   The  c i r c u i t   p a t h  

i s   c o m p l e t e d   b e t w e e n   t h e   rows   and   c o l u m n s   of  t h e  

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

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

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

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

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

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

c o m p r i s e d   of  a  b a s e   s u b s t r a t e   and   a t   l e a s t   one   f l e x i b l e  

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

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

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

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

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

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



in  t h e   s p a c i n g   m e a n s ,   t h e   m e m b r a n e   s w i t c h   a s s e m b l y  

i s   c h a r a c t e r i s e d   i n - t h a t :  

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

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

p a t h ,  

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

t h e   r e s p e c t i v e   s i n g l e   p a t h s   so  t h a t   in  e a c h   p a t h  

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

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

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

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

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

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

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

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

s w i t c h   c o n t a c t s   of  t h e   s u b s t r a t e   and  f l e x i b l e   l a y e r ,  

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

to   t h e   sum  of  t h e   u n i t   v a l u e s   of   t h e   i m p e d a n c e   m e a n s  

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

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

on  e a c h   l a y e r   a r e   i n t e r c o n n e c t e d   in   s e r i e s   a l o n g  

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

u n i t   v a l u e   of   i m p e d a n c e   m e a n s   e x i s t s   b e t w e e n   t h e  

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

on  one  l a y e r   may  be  t h e   same  or   d i f f e r e n t   f r o m   t h e  

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



M o r e o v e r ,   i t   ha s   b e e n   d i s c o v e r e d   t h a t   f o r   e a s e   o f  

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

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

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

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

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

be  v a r i e d   in   any   p r o p o r t i o n   w i t h o u t   d e p a r t i n g   f r o m  

t h e   s p i r i t   or   s c o p e   of  t h e   i n v e n t i o n .   The  i m p e d a n c e  

m e a n s   may  p r e s e n t   r e s i s t a n c e ,   c a p a c i t a n c e   or   a n  

i n d u c t a n c e   b e t w e e n   s u c c e s s i v e   s w i t c h   c o n t a c t s .  

When  t h e   c i r c u i t   i s   c o m p l e t e d   a t   a  s w i t c h   s i t e ,  

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

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

a n a l o g   s i g n a l   can   be  d i r e c t l y   c o n v e r t e d   to   d i g i t a l .  

T h e r e   i s   an  e c o n o m y   of  e l e c t r o n i c   i m p l e m e n t a t i o n  

by  u t i l i z a t i o n   of  an  a n a l o g   t o   d i g i t a l   c o n v e r t e r .  

I n c r e a s e d   n u m b e r   of  s w i t c h e s   c a n   be  u t i l i z e d   f o r  

a  g i v e n   s u m m a t i o n   of  u n i t   i m p e d a n c e   m e a n s   by  u t i l i z -  

a t i o n   of   i n c r e a s e d   d i g i t a l   w o r d   l e n g t h   of  t h e   A/D 

c o n v e r t e r .  

I f   more   t h a n   one   s w i t c h   i s   c l o s e d   a t   t h e   s a m e  

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

h a v i n g   t h e   s h o r t e s t   c i r c u i t   p a t h .   The  i n v e n t i o n  

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

r e a d i n g s   o w i n g   to   t h e   " p h a n t o m . k e y "   e f f e c t   w h i c h  

c a n   o c c u r   w i t h   a  m a t r i x   s w i t c h   a r r a y .  

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

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

m e a n s   to   t h a t   s w i t c h   s i t e   t o   a  r e f e r e n c e   i m p e d a n c e  

or   t o   t h e   t o t a l i t y   of  u n i t   v a l u e   o f  



impedance   means .   The  o u t p u t   s ignal   t h e r e f o r e   is  i n d e p e n d e n t   o f  

v a r i a t i o n s   in  e n v i r o n m e n t a l   and  phys i ca l   c h a n g e s   tha t   may  o c c u r  
to  the  s w i t c h e s .  

The  inven t ion   will  now  be  d e s c r i b e d   by  way  of  example   w i t h  

r e f e r e n c e   to  the  a c c o m p a n y i n g   pa r t l y   d i a g r a m m a t i c   d r a w i n g s   in 

w h i c h :  

FIGURE  1  is  an  e x p l o d e d   view  of  the  p r e s e n t   i n v e n t i o n .  

FIGURE  2  is  a  c i r cu i t   s chema t i c   for  the  here in   d i s c l o s e d  

i n v e n t i o n .  

As  is  shown  in  F igu re   1,  the  membrane   switch  a s sembly   10 

is  compr i sed   of  an  i n s u l a t i n g   s u b s t r a t e   12,  an  i n s u l a t i n g   s p a c i n g  

means  20  and  an  i n s u l a t i n g   film  layer   16.  Spac ing   means  20 

s e p a r a t e s   the  i n t e rna l   s u r f a c e   14  of  s u b s t r a t e   12  and  the  i n t e r n a l  

s u r f a c e   18  of  layer   16.  Spac ing   means  20  has  o p e n i n g s   22 

t he re in   which  c o n s t i t u t e   swi tch   s i t e s .  

The  in te rna l   s u r f a c e s   14  and  18  have  a  p a t t e r n   of  c o n -  

d u c t i v e   switch  c o n t a c t s   28  and  28'  r e s p e c t i v e l y ,   t h e r e o n .   T h e  

c o n t a c t s   28  on  s u r f a c e   14  are  i n t e r c o n n e c t e d   in  a  se r ies   along  a 

s ingle  c o n d u c t i v e   path  24.  The  c o n t a c t s   28'  on  s u r f a c e   18  a r e  

i n t e r c o n n e c t e d   in  a  se r ies   along  a  s ingle   c o n d u c t i v e   path  24 ' .  

Switch  c o n t a c t s   28  are  s p a c e d   a p a r t   and  a l igned   with  s w i t c h  

c o n t a c t s   28'  and  with  swi tch   s i tes  22  in  the  comple ted   a s s e m b l y .  

In  a c c o r d a n c e   with  the  i n v e n t i o n ,   c o n d u c t o r s   24  and  24'  a r e  

d e p o s i t e d   on  s u r f a c e s   14  and  18  r e s p e c t i v e l y ,   so  that   a  r e g u l a r  

unit   value  of  impedance   means  30,  30'  ex i s t s   be tween   s u c c e s s i v e  

switch  c o n t a c t s   28,  28'.  The  uni t   va lues   of  impedance   30  a n d  

30'  need  not  be  the  same  for  both  l a y e r s .  

In  the  p r e f e r r e d   e m b o d i m e n t ,   the  impedance   means  p r e s e n t s  

a  r e s i s t a n c e   be tween   s u c c e s s i v e   switch  c o n t a c t s .   For  ease  o f  

m a n u f a c t u r e ,   d i f f e r e n t   unit  va lues   of  r e s i s t a n c e   are  used  on  t h e  

l aye r s .   In  a d d i t i o n ,   the  c h a n g e   of  impedance   be tween   any  t w o  

ad j acen t   switch  c o n t a c t s   is  un i fo rmly   i n c r e m e n t a l .   C o n d u c t i v e  

ink  is  used  for  the  c o n d u c t o r   pa th s   in  the  p r e f e r r e d  

embodiment .   Other   means  as  known  in  the  art   can  be  used  t o  



form  the  c o n d u c t i v e   p a t h s .  

F igure   2  is  the  c i r cu i t   s chema t i c   for  the  p r e f e r r e d   e m b o d i -  

ment .   S u c c e s s i v e   switch  si tes  22'  and  r e s i s t o r s   34  are  d e n o t e d  

by  s u b s c r i p t s .   When  force  is  app l i ed   at  a  swi tch  site  22,  t h e  

signal   is  e s s e n t i a l l y   equal   to  the  s u m m a t i o n   of  the  s e r i e s   of  u n i t  

va lues   of  impedance   along  with  the  pa th   of  the  comple ted   e l e c t r i -  

cal  c i r c u i t .   T h u s ,   if  the  c i r cu i t   is  comple t ed   at  swi tch  site  222 ,  

the  signal   would  be  equal   to  the  sum  of  the  impedance   of  r e s i s -  

tors   341,  342.  
The  i nven t ion   as  d i s c lo sed   can  be  u s e d ,   for  e x a m p l e ,   in 

c a l c u l a t o r s ,   and  k e y b o a r d s   for  t y p e w r i t e r s   and  c o m p u t e r s .   T h e  

i n v e n t i o n   also  can  be  used  for  mul t ip le   l aye r s   of  sw i t ches   b y  

us ing  add i t i ona l   f lexible   c o n d u c t i v e   l a y e r s .   The  i n v e n t i o n   f u r -  

t he r   can  be  used  in  touch  e n t r y   d e v i c e s   for  moun t ing   on  C R T ' s  

if  in  add i t ion   to  layer  16,  s u b s t r a t e   12  and  spac ing   means  20  a r e  

also  f lex ib le   l a y e r . s .  

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

c h a r a c t e r i s t i c   i s   r e s i s t a n c e ,   t h e   p a t h s   may  be  i n d u c t i v e  

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

c a p a c i t i v e   i m p e d a n c e   i s   s e n s e d .   For   e x a m p l e   t h e  

c o n d u c t i v e   p a t h s   may  be  d e f i n e d   by  p a i r s   of  s p a c e d  

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



1.  A  m e m b r a n e   s w i t c h   a s s e m b l y   (10)   c o m p r i s e d   o f  

a  b a s e   s u b s t r a t e   ( 1 2 )  a n d   a t   l e a s t   one  f l e x i b l e   l a y e r  

(16)   s e p a r a t e d  f r o m   e a c h   o t h e r   by  s p a c i n g   means   ( 2 0 ) ,  

t h e   s p a c i n g   m e a n s   (20)   h a v i n g   a  p l u r a l i t y   of  o p e n i n g s  

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

s u r f a c e s   ( 1 4 , 1 8 )   of  l a y e r s   ( 1 2 , 1 6 )   a d j a c e n t   t h e   s p a c i n g  

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

( 2 8 , 2 8 ' )   t h e r e o n ,   t h e   s w i t c h  c o n t a c t s   ( 2 8 , 2 8 ' )   o n  

t h e   s u r f a c e s   ( 1 4 , 1 8  )   b e i n g   a l i g n e d   w i t h   t h e   o p e n i n g s  

(22)  in   t h e   s p a c i n g   m e a n s   ( 2 0 ) ,   t h e   m e m b r a n e   s w i t c h  

a s s e m b l y   (10)   b e i n g   c h a r a c t e r i s e d   in   t h a t :  

t h e   c o n d u c t i v e   s w i t c h   c o n t a c t s   ( 2 8 , 2 8 ' )   on  e a c h  

s u r f a c e   ( 1 4 , 1 8  )   a r e   i n t e r c o n n e c t e d   in   s e r i e s   a l o n g  

a  s i n g l e   c o n d u c t i v e   p a t h   ( 2 4 , 2 4 ' ) ,  

t h e   c o n t a c t s   ( 2 8 , 2 8 ' )   of  t h e   s e r i e s   a r e   s p a c e d  

a l o n g   t h e   r e s p e c t i v e   s i n g l e   p a t h s   so  t h a t   in  e a c h  

p a t h   t h e   v a l u e   of  i m p e d a n c e   ( 3 0 , 3 0 ' )   e x i s t i n g   b e t w e e n  

s u c c e s s i v e   s w i t c h   c o n t a c t s   ( 2 8 , 2 8 ' )   b e a r s   a  r e g u l a r  

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

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

t h e   c h a n g e   in   i m p e d a n c e   b e t w e e n   e a c h   p a i r   of  a d j a c e n t  

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

t h e   p a t h   w h e r e b y ,   when  an  e l e c t r i c a l   c i r c u i t   i s  c o m p l e t e  

by  a p p l y i n g   f o r c e   to   t h e   f l e x i b l e   l a y e r   (16)   to   b r i n g  

t o g e t h e r   t h e   c o n d u c t i v e   s w i t c h   c o n t a c t s   ( 2 8 , 2 8 ' )  

of  t h e   s u b s t r a t e   (12)   and  f l e x i b l e   l a y e r   ( 1 6 ) ,   t h e  

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

t h e   sum  of  t h e   u n i t   v a l u e s   of  t h e   i m p e d a n c e   m e a n s  

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

2.  The  m e m b r a n e   s w i t c h   a s s e m b l y   (10)   as  r e c i t e d  

in  c l a i m   1  f u r t h e r   c h a r a c t e r i s e d   in   t h a t   t h e   i m p e d a n c e  



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

p a t h s   ( 2 4 , 2 4 ' ) .  

3.  The  m e m b r a n e   s w i t c h   a s s e m b l y   (10)   as  r e c i t e d  

in  c l a i m   1  f u r t h e r   c h a r a c t e r i s e d   in   t h a t   t h e   i m p e d a n c e  

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

p a t h s   ( 2 4 , 2 4 ' ) .  

4.  The  m e m b r a n e   s w i t c h   a s s e m b l y   (10)   as  r e c i t e d  

in  c l a i m   1  f u r t h e r   c h a r a c t e r i s e d   in  t h a t   t h e   i m p e d a n c e  

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

p a t h s   ( 2 4 , 2 4 ' ) .  

5.  The  m e m b r a n e   s w i t c h   a s s e m b l y   (10)   as  r e c i t e d  

in  c l a i m   2  w h e r e i n   t h e   r e s i s t a n c e   b e t w e e n   any  t w o  

a d j a c e n t   s w i t c h   c o n t a c t s   ( 2 8 , 2 8 ' )   i n c r e a s e s   w i t h  

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

a d j a c e n t   S w i t c h   c o n t a c t s   ( 2 8 , 2 8 ' ) .  

6.  A  s w i t c h   a s s e m b l y   as  c l a i m e d   in   c l a i m   1,  c h a r a c t e r -  

i s e d   in  t h a t   t h e   c o n d u c t i v e   s w i t c h   c o n t a c t s   ( 2 8 )  

of  t h e   s u b s t r a t e   (12)   a r e   i n t e r c o n n e c t e d   so  t h a t  

t h e   i m p e d a n c e   (30)   b e t w e e n   s u c c e s s i v e   a d j a c e n t   s w i t c h  

c o n t a c t s   (28)   of  t h e   s e r i e s   p r e s e n t s   an  e q u a l   f i r s t  

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

c o n t a c t s   ( 2 8 ' )   of  t h e   f l e x i b l e   l a y e r   (16)   a r e   i n t e r -  

c o n n e c t e d   so  t h a t   t h e   i m p e d a n c e   b e t w e e n   s u c c e s s i v e  

a d j a c e n t   s w i t c h   c o n t a c t s  o f   t h e   s e r i e s   p r e s e n t s   a n  

e q u a l   s e c o n d   v a l u e   of  r e s i s t a n c e .  

7.  The  m e m b r a n e   s w i t c h   a s s e m b l y   (10)   as  r e c i t e d  

in  c l a i m   6  w h e r e i n   s a i d   c o n d u c t i v e   p a t h s   ( 2 4 , 2 4 ' )  

on  l a y e r s   ( 1 4 , 1 8 )   a r e   c o n d u c t i v e   i n k .  

8.  The  m e m b r a n e   s w i t c h   a s s e m b l y   (12)   as  r e c i t e d  

in  c l a i m   6  w h e r e i n   s a i d   f i r s t   v a l u e   of  r e s i s t a n c e  

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

r e s i s t a n c e .  






	bibliography
	description
	claims
	drawings

