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(54)  Method  of  trimming  thin  metal  resistors. 

A  thin  metal  film  resistor  (15)  of  a  capacitative  graphic 
tablet  is  trimmed  to  make  the  resistor  linear  within  about 
0.25%.  Alternating  voltage  is  applied  along  the  resistor  by  a 
source  (40).  The  resistance  of  the  resistor  is  measured  at 
discrete  points  by  a  capacitative  probe  (34)  and  the  resist- 
ance  readings  are  stored  in  a  data  processor  (45).  A  profile  is 
calculated  in  the  processor  from  the  stored  readings  and  a 
trim  operation  is  made  by  an  electro-erosion  apparatus. 



This   i n v e n t i o n   r e l a t e s   to   m e t h o d s   of  t r i m m i n g   t h i n   m e t a l  

f i l m   r e s i s t o r s .  

The  i n v e n t i o n   is   p a r t i c u l a r l y ,   bu t   no t   e x c l u s i v e l y ,  

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

US  4 , 0 8 7 , 6 2 5 ,   DE  2 , 7 5 3 . 9 6 8 ,   FR  2 , 3 7 6 , 3 9 9   and  GB  1 , 5 4 6 , 3 1 7 .  

Th i s   t a b l e t   is   p a r t i c u l a r l y   a d a p t e d   to  be  m o u n t e d   on  t h e   f a c e  

of   a  d i s p l a y   ( s u c h   as  a  gas  p a n e l   or  a  c a t h o d e   r ay   t u b e )  

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

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

t h e r e   a r e   two  l a y e r s   of  o r t h o g a n a l l y   e x t e n d i n g   e l e c t r o d e s  

(and  an  i n t e r v e n i n g   l a y e r   of  i n s u l a t i o n )   f o r   s e n s i n g   X  and  Y 

c o - o r d i n a t e s   of  t h e   p o s i t i o n   of  t h e   pen  t h a t   is  h e l d   on  t h e  

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

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

a c r o s s   t h e   t o p   and  b o t t o m   e d g e s   (or   a c r o s s   t he   s i d e   e d g e s )   o f  

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

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

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

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

to  a  pen  t h a t   is  h e l d   to  a  s e l e c t e d   p o i n t   on  the   d i s p l a y   by  a  

u s e r   of  t h e   d i s p l a y .   The  pen  v o l t a g e   is  p r o p o r t i o n a l   to  t h e  

p o s i t i o n   of  t h e   pen  in  t h e   X  -   Y  c o - o r d i n a t e   s y s t e m   of  t h e  

t a b l e t .  

I t   is   d e s i r a b l e   f o r   t h e   two  v o l t a g e   d i v i d i n g   r e s i s t o r s  

to  be  c l o s e l y   l i n e a r   to  e s t a b l i s h   a  l i n e a r   r e l a t i o n s h i p  
b e t w e e n   t h e   p o s i t i o n   of  t h e   pen  a l o n g   the   X  d i m e n s i o n   and  t h e  



a m p l i t u d e   of  t h e   pen  s i g n a l .   R e s i s t o r   l i n e a r i t y   is   l e s s  

s i g n i f i c a n t   f o r   t a b l e t   o p e r a t i o n   in  t h e   Y  d i m e n s i o n .   T h i s  

l i n e a r i t y   can   be  a c h i e v e d   by  f o r m i n g   t h e   r e s i s t o r s   and  t h e  

t r i a n g u l a r   e l e c t r o d e s   on  t he   g l a s s   s u b s t r a t e   by  any  t e c h n i q u e  

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

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

of  t h i s   i n v e n t i o n   i s   to   p r o v i d e   a  new  and  i m p r o v e d   m e t h o d   a n d  

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

US  4 , 1 8 4 , 0 6 2   t e a c h e s   a  r e s i s t o r   made  of  a  s t r i p   of   f i l m  

m a t e r i a l   w i t h   a  t r i m m i n g   c u t   made  a l o n g   one  edge   of  t h e  

r e s i s t o r   by  means   of  a  l a s e r .   As  t h e   l a s e r   t r i m   o p e r a t i o n  

p r o c e e d s   f rom  one  end  of  t he   r e s i s t o r   to   t he   o t h e r ,   t h e  

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

is  m e a s u r e d .   The  s l i d e r   of  a  p r e c i s e   m a s t e r   r e s i s t o r   i s  

moved  in  s t e p   w i t h   t h e   t r i m m i n g   o p e r a t i o n .   Where  t h e  

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

t h e   s l i d e r   of  t h e   m a s t e r   r e s i s t o r   e q u a l s   t he   v o l t a g e   a t   t h e  

p o i n t   of  t h e   t r i m .   C i r c u i t s   s e n s e   any  d i f f e r e n c e   b e t w e e n   t h e  

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

n e c e s s a r y   to  r a i s e   t h e   r e s i s t a n c e   of  t he   r e s i s t o r   b e i n g  
t r i m m e d   or  o u t w a r d   to   d e c r e a s e   t h e   r e s i s t a n c e   of  t h e   r e s i s t o r  

b e i n g   t r i m m e d .  

T h i s   i n v e n t i o n   s e e k s   to  p r o v i d e   a  m e t h o d   f o r   t r i m m i n g   a  

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

of  t he   r e s i s t o r .   I t   a l s o   s e e k s   to   t r i m   a  r e s i s t o r   to   b e  

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

i n v e n t i o n   f u r t h e r   s e e k s   to  t r i m   a  r e s i s t o r   to  a  l i n e a r   s h a p e  
in  a  way  t h a t   r e m o v e s   t he   l e a s t   a m o u n t   of  t he   c o n d u c t i v e  

l a y e r   and  t h e r e b y   m a i n t a i n s   t h e   l o w e s t   r e s i s t a n c e   w i t h  
l i n e a r i t y .   The  i n v e n t i o n   a l s o   s e e k s   to  p r o v i d e   a  n e w  
r e s i s t o r   t r i m m i n g   m e t h o d   t h a t   i s   s i m p l e   to  use   f o r   m a k i n g   a  



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

had  a t   l e a s t   an  i n i t i a l   t r i m .  

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

a l o n g   t h e   edge   of  t he   r e s i s t o r   to  i n c r e a s e   t he   r e s i s t a n c e .  

T h i s   t e c h n i q u e   is   a c c u r a t e   o n l y   i f   t h e   m e a s u r e m e n t   and  t h e  

t r i m   a r e   made  t o g e t h e r .   T h i s   i n v e n t i o n   s e e k s   to  p r o v i d e   a n  

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

m e a s u r e m e n t s   a re   made  i n d e p e n d e n t l y   of  t he   t r i m   o p e r a t i o n .  

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

the   i n f o r m a t i o n   a b o u t   t he   r e s i d u a l   n o n l i n e a r i t y   of  t he   t a b l e t  

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

minimum  m i s m a t c h .  

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 t h o d   of  t r i m m i n g   a  t h i n  

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

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

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

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

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

r e s i s t o r   a l o n g   an  edge   a c c o r d i n g   to  t he   r e s i s t a n c e   p r o f i l e .  

In  a  m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n ,   t he   r e s i s t a n c e  

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

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

" s e e s "   an  a r e a   of  t he   r e s i s t o r   t h a t   is  l a r g e   e n o u g h   to  a v o i d  

any  p i n   h o l e s   in  t he   r e s i s t o r   f i l m   a f f e c t i n g   t h e   r e s i s t a n c e  

r e a d i n g .   The  r e s i s t a n c e   m e a s u r e m e n t s   a r e   s t o r e d   in  a  d a t a  

p r o c e s s i n g   s y s t e m   and  a r e   u s e d   to  c a l c u l a t e   a  p r o f i l e   f o r   a  
r e s i s t o r   t r i m   o e p r a t i o n .   The  t r i m   is  p e r f o r m e d   b y  
c o n v e n t i o n a l   a p p a r a t u s   s u c h   as  e l e c t r o - e r o s i o n   a p p a r a t u s .  
The  r e s i s t a n c e   is  m e a s u r e d   a g a i n   and  i f   n e c e s s a r y ,   a  s e c o n d  
or  s u b s e q u e n t   t r i m   is  m a d e .  



The  s c o p e   of  t h e   i n v e n t i o n   i s   d e f i n e d   by  t h e   a p p e n d e d  

c l a i m s ;   and  how  i t   can  be  c a r r i e d   i n t o   e f f e c t   is  h e r e i n a f t e r  

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

d r a w i n g s ,   in  w h i c h   : -  

FIGURE  1  shows   a  t a b l e t   in  w h i c h   r e s i s t o r s   to  be  t r i m m e d  

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

FIGURE  2  shows   an  edge   v i e w   of  t h e   t a b l e t   and  a p p a r a t u s   f o r  

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

one  p a r t   of  t h e   m e t h o d ;  

FIGURE  3  i s   a  g r a p h   i l l u s t r a t i n g   t h e   r e s i s t a n c e   m e a s u r e m e n t s ;  

FIGURES  4  and  5  a r e   g r a p h s   i l l u s t r a t i n g   s t e p s   in  t h e  

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

FIGURE  6  is   a  t o p   v i e w   of  a  r e s i s t o r   of  t h e   t a b l e t   of  F i g . l  

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

FIGURE  7  is  a  v i e w   s i m i l a r   to   F i g . 2   i l l u s t r a t i n g   t he   r e s i s t o r  

t r i m   o p e r a t i o n   and  a p p a r a t u s .  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   as  a p p l i e d   to  t h e  

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

d i s c l o s e d   in  U S - 4 , 0 8 7 , 6 2 5 ,   D E - 2 , 7 5 3 , 9 6 8 ,   F R - 2 , 3 7 6 , 3 9 9   a n d  

G B - 1 , 5 4 6 , 3 1 7 .   The  t a b l e t   shown  in  F i g . l ,   c o u l d   be  in  a  

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

in  a  s u b s t a n t i a l l y   h o r i z o n t a l   p l a n e   f o r   use   in  an  a p p l i c a t i o n  

s u c h   as  p r o v i d i n g   h a n d w r i t t e n   i n p u t   to   a  c o m p u t e r   s y s t e m .  
The  t e r m s   " T o p " ,   " B o t t o m " ,   " S i d e s "   and  "Up" ,   "Down",   " R i g h t " ,  
" L e f t "   w i l l   be  u s e d   to   d e s i g n a t e   p o s i t i o n s   and  d i r e c t i o n s   i n  
t h e   p l a n e   of  t h e   d r a w i n g .   M o t i o n s   in  a  d i r e c t i o n   o r t h o g o n a l  



to   t h e   p l a n e   of  t h e   d r a w i n g   w i l l   be  c a l l e d   " R a i s i n g "   a n d  

" L o w e r i n g "   as  is  c o n v e n t i o n a l   f o r   d e s c r i b i n g   p o s i t i o n s   of  a  

h a n d - h e l d   p e n .  

The  t a b l e t   has   a  s u b s t r a t e   12  of   g l a s s .   A  f i l m   of  a  

t r a n s p a r e n t   c o n d u c t o r   s u c h   as  i n d i u m - t i n   o x i d e   is   v a c u u m  

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

form  a  p a t t e n   of  e l e c t r o d e s   i d e n t i f i e d   as  14,  15,   16,  17,  1 8 ,  

19,   20,   21,   22  and  23.  E l o n g a t e d   r e c t a n g u l a r   e l e c t r o d e s   14  

and  15,  w h i c h   a c t   as  r e s i s t o r s ,   e x t e n d   a l o n g   o p p o s i t e   e d g e s  

of  t h e   t a b l e t .   Sma l l   c o n n e c t o r   e l e c t r o d e s   16  and  17  e x t e n d  

a t   f i x e d   i n t e r v a l s   f rom  t h e   e l e c t r o d e s   14  and  1 5 ,  

r e s p e c t i v e l y .   E l o n g a t e d   t r i a n g u l a r   e l e c t r o d e s   18  and  19  

e x t e n d   in  i n t e r d i g i t a t e d   f o r m a t i o n   from  t he   e l e c t r o d e s   16  a n d  

17,  r e s p e c t i v e l y ,   and  form  t h e   a c t i v e   a r e a   of  t h e   t a b l e t .  

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

can   be  s e n s e d   c a p a c i t a t i v e l y   by  a  c o n v e n t i o n a l   c a p a c i t a t i v e  

pen  ( n o t   s h o w n ) .   The  pen  v o l t a g e   is  p r o p o r t i o n a l   to  t h e  

p o s i t i o n   of  t h e   pen  in  e i t h e r   t h e   X  or  Y  d i m e n s i o n ,   d e p e n d i n g  

on  t h e   way  in  w h i c h   t h e   e l e c t r o d e s   a r e   e n e r g i z e d .   S c r e e n e d  

wide   m e t a l   t a b s   26  and  27  c o n n e c t   to  t he   l e f t   ends   of  t h e  

e l e c t r o d e s   14  and  15,  r e s p e c t i v e l y .   S i m i l a r   t a b s   28  and  29 

c o n n e c t   to   t h e   r i g h t   ends   of  t h e   e l e c t r o d e s .   The  t a b s  

c o n n e c t   t h e   e l e c t r o d e s   to  c i r c u i t s   (no t   shown)  f o r   n o r m a l  

o p e r a t i o n s   t h a t   e s t a b l i s h   an  a l t e r n a t i n g   v o l t a g e   g r a d i e n t  

a c r o s s   one  d i m e n s i o n   of  t he   t a b l e t .   These   t a b s   a r e   a l s o   u s e d  

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

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

In  t h e   p r e f e r r e d   o r i e n t a t i o n ,   t he   e l e c t r o d e s   e x t e n d  
h o r i z o n t a l l y   and  the   r e s i s t o r s   a r e   l o c a t e d   a l o n g   t he   s i d e s  
b e c a u s e   t h e   a c t i v e   a r e a   i s   o r d i n a r i l y   made  w i d e r   t h a n   i t   i s  
h i g h   and  t h i s   o r i e n t a t i o n   of  t he   e l e c t r o d e s   p e r m i t s   a  s m a l l e r  
a r e a   to   be  u s e d   f o r   t h e   r e s i s t o r s .  



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

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

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

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

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

is   s e n s e d   by  t h e   p e n .   C o n s e q u e n t l y ,   t h e   pen  does   n o t   s e n s e  

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

e l e c t r o d e s   16  and  17  when  a  v o l t a g e   is  a p p l i e d   a c r o s s   t h e  

e l e c t r o d e s   14  and  1 5 .  

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

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

o p e r a t i o n s .  

For   s e n s i n g   t h e   pen  p o s i t i o n   in  t h e   Y  d i m e n s i o n ,   t h e  

u p p e r   r e s i s t o r   e l e c t r o d e   14  (or   t h e   l o w e r   r e s i s t o r   e l e c t r o d e  

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

g r o u n d i n g   i t s   two  t a b s   26  and  28  (or   27  and  29)  so  t h a t   e a c h  

of  t h e   a s s o c i a t e d   t r i a n g u l a r   e l e c t r o d e s   18  (or   19)  i s   a l s o   a t  

g r o u n d   p o t e n t i a l .   The  l o w e r   r e s i s t o r   e l e c t r o d e   15  (or  t h e  

u p p e r   r e s i s t o r   e l e c t r o d e   14)  i s   g i v e n   an  a l t e r n a t i n g   v o l t a g e  

u n i f o r m l y   a c r o s s   i t s   l e n g t h   by  c o n n e c t i n g   b o t h   t a b s   27  and  29  

(o r   26  and  28)  to   an  a l t e r n a t i n g   v o l t a g e   p o i n t   so  t h a t   e a c h  

of  t h e   a s s o c i a t e d   t r i a n g u l a r   e l e c t r o d e s   19  (or   18)  a l s o  

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

on  t h e   t a b l e t ,   i t   r e c e i v e s   an  a l t e r n a t i n g   v o l t a g e   b y  

c a p a c i t a t i v e   c o u p l i n g   to  t h e   n e a r b y   t r i a n g u l a r   e l e c t r o d e s   18  

and  19.   Th i s   c a p a c i t a t i v e   c o u p l i n g   is  p r o p o r t i o n a l   to  t h e  

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

a  pen  i s   p o s i t i o n e d   t o w a r d s   t h e   b o t t o m   (or  t op )   of   t h e  
t a b l e t ,   i s   r e c e i v e s   n e a r l y   t h e   f u l l   a l t e r n a t i n g   v o l t a g e   o f  
t he   r e s i s t o r   e l e c t r o d e   15  (or   1 4 ) .   As  t h e   pen  is   m o v e d  
t o w a r d s   t h e   top   (or  b o t t o m )   of  t h e   t a b l e t ,   t h e   c a p a c i t a t i v e  



c o u p l i n g   to  e l e c t r o d e s   18  (or  1 9 ) ,   w h i c h   a r e   a t   g r o u n d  

p o t e n t i a l ,   b e c o m e s   g r e a t e r   and  t he   pen  v o l t a g e   f a l l s   i n  

p r o p o r t i o n   to  i t s   Y  d i m e n s i o n   p o s i t i o n .  

When  t he   t a b l e t   is  o p e r a t e d   in  t h e   mode  j u s t   d e s c r i b e d ,  

t h e   m o v e m e n t   of  t h e   pen  h o r i z o n t a l l y   a c r o s s   t h e   t a b l e t  

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

p r o d u c e   no  c h a n g e   in  t h e   pen  v o l t a g e .   To  a c h i e v e   t h i s   t a b l e t  

l i n e a r i t y ,   t he   v o l t a g e   a t   e a c h   c o n n e c t o r   e l e c t r o d e   17  (or   16 )  

m u s t   be  k e p t   e s s e n t i a l l y   i d e n t i c a l   in  s p i t e   of  t he   f a c t   t h a t  

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

18  and  19  f l o w   in  r e s i s t o r   e l e c t r o d e s   14  and  15  and  a r e  

g r e a t e r   t o w a r d   t he   o u t s i d e   ends   of  t he   r e s i s t o r   e l e c t r o d e s  

t h a n   t o w a r d   t h e   m i d d l e .   A c c o r d i n g l y ,   f o r   a c c u r a c y   in  t h e   Y 

d i m e n s i o n   o p e r a t i o n ,   t h e   r e s i s t o r   e l e c t r o d e s   14  and  15  s h o u l d  

h a v e   a  low  r e s i s t a n c e   v a l u e .   The  t h i c k n e s s   of  r e s i s t o r  

e l e c t r o d e s   14  and  15  is   l i m i t e d   by  t h e   r e q u i r e m e n t   t h a t   t h e  

a s s o c i a t e d   t r i a n g u l a r   e l e c t r o d e s   18  and  19  mus t   be  t h i n   i n  

o r d e r   to  be  t r a n s p a r e n t .   The  t h i c k n e s s   of  t he   e l e c t r o d e s   i s  

of   t h e   o r d e r   of  1300  A n g s t r o m s .   The  w i d t h   of  t he   r e s i s t o r  

e l e c t r o d e s   14  and  15  is   l i m i t e d   by  t h e   r e q u i r e m e n t   to  m a k e  

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

l i m i t e d   o v e r a l l   d i m e n s i o n s   of  t he   g l a s s   s u b s t r a t e   1 2 .  

For   s e n s i n g   t h e   p o s i t i o n   of  t h e   pen  in  t he   X  d i m e n s i o n ,  

t h e   l e f t   (or  r i g h t )   ends   of  b o t h   r e s i s t o r   e l e c t r o d e s   14  a n d  

15  a r e   h e l d   a t   g r o u n d   p o t e n t i a l   and  t h e   r i g h t   (or  l e f t )   e n d s  

a r e   g i v e n   t he   same  a l t e r n a t i n g   v o l t a g e .   The  two  r e s i s t o r  

e l e c t r o d e s   14  and  15  a r e   made  l i n e a r   so  t h a t   t he   p o t e n t i a l   a t  

a  c o n e c t o r   e l e c t r o d e   16  of  a  t r i a n g u l a r   e l e c t r o d e   18  i s  
i d e n t i c a l   to  t he   p o t e n t i a l   a t   t he   c o n n e c t o r   e l e c t r o d e   17  o f  
t h e   c o r r e s p o n d i n g   t r i a n g u l a r   e l e c t r o d e   19.  A  p a i r   o f  
t r i a n g u l a r   e l e c t r o d e s   18  and  19  t h e n   has  t he   e f f e c t   of  a  



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

a s s o c i a t e d   c o n n e c t o r   e l e c t r o d e s   16,  17.  When  a  l i n e a r   t a b l e t  

is   o p e r a t e d   f o r   s e n s i n g   t h e   p o s i t i o n   of  t h e   pen  in   t h e   X 

d i m e n s i o n ,   t h e   pen  can  be  moved  up  and  down  t h e   t a b l e t   a t   a  

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

t h a t   is   s e n s e d   by  t he   p e n .   When  t h e   pen  is  moved  f rom  l e f t  

to  r i g h t   a c r o s s   t h e   t a b l e t ,   t h e   pen  v o l t a g e   i n c r e a s e s  

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

For  t h i s   o p e r a t i o n   b o t h   r e s i s t o r  e l e c t r o d e s   14  and  15  m u s t   b e  

l i n e a r   so  t h a t   t h e   a l t e r n a t i n g   v o l t a g e   w i l l   be  i d e n t i c a l   a t  

c o r r e s p o n d i n g   p o i n t s   on  t h e   two  r e s i s t o r   e l e c t r o d e s .  

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

two  r e s i s t o r   e l e c t r o d e s   to   be  i d e n t i c a l .   T h u s ,   an  o b j e c t   o f  

t h i s   i n v e n t i o n   is  to  p r o v i d e   a  r e s i s t o r   t r i m   o p e r a t i o n   t h a t  

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

t a b l e t   ( in   c o n t r a s t   to  t r i m m i n g   t h e   r e s i s t o r s   of  e a c h   t a b l e t  

to   a  s p e c i f i e d   r e s i s t a n c e   v a l u e ) .  

M e a s u r i n g   R e s i s t o r   L i n e a r i t y  

A  r e s i s t a n c e   m e a s u r i n g   p r o b e   34  ( F i g . 2 )   has   a  m e t a l  

e l e c t r o d e   35  and  a  d i e l e c t r i c   body   36  p r e f e r a b l y   of  a  

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

e n h a n c e   t h e   c a p a c i t a t i v e   c o u p l i n g .   The  e l e c t r o d e   35  i s  

s p a c e d   by  d i e l e c t r i c   f rom  a  t a b l e t   e l e c t r o d e   to   e s t a b l i s h   a  

c a p a c i t a t i v e   c i r c u i t   so  t h a t   t h e   p r o b e   v o l t a g e   is   r e l a t e d   t o  

t h e   v o l t a g e   of  t h e   t a b l e t   e l e c t r o d e   as  in  n o r m a l   t a b l e t  

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

The  t a b l e t   c o m p r i s i n g   t h e   s u b s t r a t e   12  and  t h e  
e l e c t r o d e s   i s   p o s i t i o n e d   in  a  vacuum  c h e c k   or  o t h e r   s u i t a b l e  
f i x t u r e   ( n o t   shown)  and  t he   p r o b e   34  i s   c o n n e c t e d   b y  
c o n v e n t i o n a l   m e a n s ,   r e p r e s e n t e d   by  l i n e   38,  to   an  X-Y  s t e p p e r  



p o s i t i o n i n g   m e c h a n i s m   39.   The  p r o b e   is   f i r s t   p o s i t i o n e d   a t  

one  end  of  r e s i s t o r   e l e c t r o d e   15  a p p r o x i m a t e l y   on  the   c e n t r e  

l i n e   ( to   a v o i d   edge   e f f e c t s )   and  t h e n   s t e p p e d   a l o n g   t h e  

r e s i s t o r   e l e c t r o d e   in  i n c r e m e n t s   of  a b o u t   12.7mm  ( . 50   i n c h ) .  

D u r i n g   t h i s   r e s i s t a n c e   t e s t ,   an  o s c i l l a t o r   40  s u p p l i e s   a n  

a l t e r n a t i n g   v o l t a g e   to  t he   t a b   29  l o c a t e d   a t   t h e   r i g h t   end  o f  

r e s i s t o r   15  and  t h e   t a b   27  a t   t h e   l e f t   end  of  t h e   r e s i s t o r   i s  

c o n n e c t e d   to  g r o u n d .   T h u s ,   t he   v o l t a g e   of  o s c i l l a t o r   40 

a p p e a r s   b e t w e e n   t a b s   29  and  27  and  r e s i s t o r   e l e c t r o d e   15 

r e s i s t i v e l y   d i v i d e s   t h i s   v o l t a g e   so  t h a t   an  a l t e r n a t i n g  

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

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

r e s i s t a n c e .   The  v o l t a g e   of  t he   a r e a   of  r e s i s t o r   e l e c t r o d e   15  

u n d e r   p r o b e   34  i s   c a p a c i t a t i v e l y   c o u p l e d   to  t h e   e l e c t r o d e   35 

and  t h i s   v o l t a g e   is  t r a n s m i t t e d   to  a  c o n v e n t i o n a l  

a n a l o g - t o - d i g i t a l   c o n v e r t e r   44.  D i g i t a l   v a l u e s   of  t h e  

v o l t a g e   a r e   s u p p l i e d   to  a  c o n v e n t i o n a l   d a t a   p r o c e s s o r   45 

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

p r o c e s s o r   45  is  a l s o   c o n n e c t e d   to  c o n t r o l   t he   o p e r a t i o n   o f  

t h e   s t e p p e r   m e c h a n i s m   3 9 .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   a l t e r n a t i n g   v o l t a g e   may 
be  a p p l i e d   to  o p p o s i t e   ends   of  t he   e l e c t r o d e   15,  and  t h a t   t h e  

o p e r a t i o n   i s   r e p e a t e d   f o r   t h e   e l e c t r o d e   1 4 .  

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

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

For   e x a m p l e ,   t he   s p a c i n g   b e t w e e n   e l e c t r o d e s   15  and  35 

p r o d u c e s   an  a v e r a g i n g   e f f e c t   as  has  been   e x p l a i n e d   fo r   t h e  
o p e r a t i o n   of  the   t a b l e t .   The  s p a c i n g   is  made  g r e a t   enough   t o  
a v e r a g e   o u t   t h e   e f f e c t   of  p i n   h o l e s   t h a t   may  o c c u r   i n  
r e s i s t o r   e l e c t r o d e s   14  and  15,  b e c a u s e   t h e   p r o b e   e l e c t r o d e  



" s e e s "   an  a r e a   of  t h e   e l e c t r o d e   t h a t   is   s u i t a b l e   in  s i z e .  

O t h e r w i s e ,   t he   s p a c i n g   b e t w e e n   e l e c t r o d e   35  and  e l e c t r o d e   14 

or   15  i s   made  s m a l l   to   p r o d u c e   good  c a p a c i t a t i v e   c o u p l i n g   f o r  

a  s t r o n g   s i g n a l   and  to  a v o i d   e f f e c t s   f rom  any  n e a r b y   edge   o f  

t h e   r e s i s t o r   e l e c t r o d e   so  t h a t   t h e   r e s i s t o r   e l e c t r o d e   a p p e a r s  

as  an  e s s e n t i a l l y   i n f i n i t e   p l a n e .  

The  R e s i s t a n c e   D a t a  

F i g u r e   3  i s   a  g r a p h   w h i c h   i l l u s t r a t e s   t h e   d a t a   o b t a i n e d  

f rom  t h e   r e s i s t a n c e   m e a s u r i n g   a p p a r a t u s   j u s t   d e s c r i b e d .   T h e  

n u m b e r s   O  to  10  a l o n g   t h e   h o r i z o n t a l   a x i s   r e p r e s e n t   d i s c r e t e  

s a m p l e   p o i n t s .   The  v e r t i c a l   a x i s   r e p r e s e n t s   t h e   v o l t a g e  

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

27.   A  l i n e   c o n n e c t i n g   p o i n t s   on  t he   g r a p h   i l l u s t r a t e s   t h a t  

t h e   r e s i s t o r   i s   s l i g h t l y   n o n l i n e a r .   The  n o n - l i n e a r i t y   i s  

m e a s u r e d   by  c a l c u l a t i n g   a  l e a s t   mean  s q u a r e d   e r r o r   l i n e a r  

f u n c t i o n   by  l i n e a r   r e g r e s s i o n   a n a l y s i s   (a  c o n v e n t i o n a l  

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

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

a r e   w i t h i n   a  s u i t a b l e   p e r c e n t a g e   ( p r e f e r a b l y   0 . 2 5 % ) ,   t h e  

r e s i s t o r   i s   a c c e p t e d   f o r   p r o d u c t   use   w i t h o u t   t h e   t r i m  

o p e r a t i o n .  

F i g u r e   4  i s   a  g r a p h   w h i c h   i l l u s t r a t e s   t h e   n e x t   s t a g e   i n  

p r o c e s s i n g   t h e   d a t a   r e p r e s e n t e d   in  F i g . 3 .   In  F i g . 4 ,   t h e  

l e f t - h a n d   v e r t i c a l   a x i s   r e p r e s e n t s   t h e   i n c r e m e n t a l   r e s i s t a n c e  

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

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

s u b t r a c t i n g   one  r e s i s t a n c e   v a l u e   f rom  t h e   n e x t .   The  h e i g h t  
of  a  p o i n t   in  F i g . 4   c o r r e s p o n d s   to  t h e   s l o p e   of  t h e   l i n e   i n  
F i g . 3 .  



The  h i g h e s t   i n c r e m e n t a l   r e s i s t a n c e ,   in  t h i s   c a s e   a t  

p o i n t s   5  and  6,  is   o b t a i n e d   by  c o m p a r i s o n   and  a  n o r m a l i z e d  

r e s i s t a n c e   f o r   e a c h   p o i n t   o b t a i n e d   by  d i v i d i n g   e a c h   v a l u e   b y  
t h e   h i g h e s t   v a l u e ,   w h i c h   o c c u r s   a t   p o i n t s   5  and  6.  T h e  

r i g h t - h a n d   v e r t i c a l   a x i s   i n d i c a t e s   t h e   n o r m a l i z e d   r e s i s t a n c e  

v a l u e s .   T h u s ,   p o i n t s   5  and  6  have   n o r m a l i z e d   v a l u e s   of  1  a n d  

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

n o r m a l i z e d   v a l u e s   a r e   u s e d   to  d e t e r m i n e   t he   a b s o l u t e   w i d t h   o f  

t h e - t r i m   as  e x p l a i n e d   h e r e i n a f t e r .   The  n o r m a l i z e d   r e s i s t a n c e  

v a l u e s   a r e   s u b t r a c t e d   f rom  1  to  g i v e   t he   g r a p h   in  F i g . 5 ,   a  

m i r r o r   image  of  F i g . 4 .   At  p o i n t s   5  and  6,  w h i c h   have   max imum 

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

of  1,  a  z e r o   v a l u e   o c c u r s .  

The  g r a p h   of  F i g . 5   i s   a  s u i t a b l e   p r o f i l e   f o r   t h e  

r e s i s t o r   t r i m   o p e r a t i o n .   No  t r i m   s h o u l d   be  r e q u i r e d   a t  

p o i n t s   5  and  6  of   h i g h e s t   i n c r e m e n t a l   r e s i s t a n c e .   S i m i l a r l y ,  
t h e   g r e a t e s t   t r i m   s h o u l d   be  made  a t   p o i n t   2,  whe re   t he   l o w e s t  

i n c r e m e n t a l   r e s i s t a n c e   i s   m e a s u r e d .  

The  Trim  O p e r a t i o n  

The  t r i m m i n g   c u t   is   p r e f e r a b l y   made  by  a  s p a r k   e r o s i o n  

a p p a r a t u s   as  shown  in  F i g . 7 ,   bu t   s i m i l a r   m e t a l   c u t t i n g  

o p e r a t i o n s   can  be  made  by  a  l a s e r ,   and  t h e   i n v e n t i o n   i s  

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

p r o c e s s o r   45  s u p p l i e s   t h e   a p p r o p r i a t e   commands  to  t he   X-Y 

s t e p p e r   p o s i t i o n i n g   m e c h a n i s m   39  to  p o s i t i o n   an  e l e c t r o d e   50 

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

p a t h .   The  e l e c t r o d e   50  is  c o n n e c t e d   in  c i r c u i t   w i t h   a  
c u r r e n t   s o u r c e   51  f o r   t h e   s p a r k   e r o s i o n   a p p a r a t u s   and  is  i n  
c o n t a c t   w i t h   t he   r e s i s t o r   e l e c t r o d e   1 5 .  



The  m e c h a n i s m   39  moves   t h e   e l e c t r o d e   50  a l o n g   t h e   l e n g t h  

t h e   X  d i m e n s i o n   of  t h e   r e s i s t o r   e l e c t r o d e   in  s t e p s   of  a  f i x e d  

d i s t a n c e   p r e f e r a b l y   2.54mm  ( 0 . 1   i n c h )   or  one  f i f t h   of  t h e  

d i s t a n c e   b e t w e e n   s a m p l e   p o i n t s .   At  t he   end  of  a  s t e p ,   t h e  

m e c h a n i s m   39  u n d e r   t h e   c o n t r o l   of  t h e   p r o c e s s o r   45  moves   t h e  

e l e c t r o d e   s i d e w a y s   (up  or  down  in  t h e   Y  d i m e n s i o n )   by  a n  

amound  e q u a l   to  one  f i f t h   of  t h e   d i f f e r e n c e   b e t w e e n   t h e  

n o r m a l i z e d   r e s i s t a n c e s   a t   a d j a c e n t   s a m p l e   p o i n t s .   T h u s ,   t h e  

t r i m   p r o f i l e   of  F i g . 5   i s   f o l l o w e d   in  a  s t e p   f a s h i o n - b y   t h e  

e l e c t r o d e   50  and  t h e   a c t u a l   t r i m   a p p r o x i m a t e s   a  c o n t i n u o u s  

f u n c t i o n   of  r e s i s t a n c e   w i t h   r e s p e c t   to  p o s i t i o n   on  t h e  

r e s i s t o r   e l e c t r o d e .  

T h i s   has  b e e n   e x a g g e r a t e d   f o r   i l l u s t r a t i o n   in   F i g . 6 ,  

w h e r e   t he   i n c r e m e n t a l   r e s i s t a n c e   a t   p o i n t s   7  and  8  is   o n l y  

two  t h i r d s   of  t h e   maximum  v a l u e   w h i c h   o c c u r s   a t   p o i n t s   5,  6 

and  10.  B e c a u s e   t h e   i n c r e m e n t a l   r e s i s t a n c e   is  a p p r o x i m a t e l y  

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

b e t w e e n   p o i n t s   7  and  8  to   two  t h i r d s   t he   t o t a l   w i d t h   r a i s e s  

t h e   i n c r e m e n t a l   r e s i s t a n c e   to   t h e   v a l u e   a t   t h e   m a x i m u m  

p o i n t s .  

The  e l e c t r o d e   50  makes   a  c u t   53  t h a t   p r o d u c e s   a  s e l v e d g e  

15'   w h i c h   is  n o t   e l e c t r i c a l l y   c o n n e c t e d   to  t h e   ma in   body  o f  

t h e   e l e c t r o d e   1 5 .  

A f t e r   t h e   r e s i s t o r s   h a v e   b e e n   t r i m m e d ,   t h e   r e s i s t a n c e  

m e a s u r e m e n t   and  d a t a   p r o c e s s i n g   is  r e p e a t e d .   In  many  c a s e s ,  

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

l i n e a r i t y .   If   n o t ,   a  s e c o n d   t r i m   is  made .   T h i s   o p e r a t i o n   i s  
s i m i l a r   to   t h e   s t e p s   a l r e a d y   d e s c r i b e d   e x c e p t   t h a t   t h e   w i d t h  
of  t h e   s e c o n d   t r i m   is  c a l c u l a t e d   from  t h e   l i n e   53  of  t h e  
f i r s t   t r i m .  



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

m e t a l   f i l m   r e s i s t o r   is  to  be  t r i m m e d   to  be  l i n e a r   b u t   t h e  

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

A l t h o u g h   t he   c a p a c i t a t i v e   p r o b e   and  the   a s s o c i a t e d  

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

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

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

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

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

be  s u i t a b l y   c o n t a c t e d   by  an  Ohmic  p r o b e .   The  i n v e n t i o n   c a n  

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

a p p a r a t u s   and  w i t h   a  v a r i e t y   of  m e t a l   c u t t i n g   t e c h n i q u e s .  

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

t he   t r i m   p r o f i l e   from  t he   r e s i s t a n c e   s a m p l e s   a r e   w e l l   k n o w n  

and  can  be  i m p l e m e n t e d   r e a d i l y   in  many  p r o g r a m m i n g  

l a n g u a g e s .   The  a n a l y s i s   of  t he   r e s i s t a n c e   m e a s u r i n g  

t e c h n i q u e   has  been   p r e s e n t e d   in  t e r m s   of  r e s i s t a n c e  

m e a s u r e m e n t s ,   b u t   i t   can  be  p r e s e n t e d   e q u i v a l e n t l y   in  t e r m s  

of  c o n d u c t a n c e   ( t h e   r e c i p r o c a l   of  r e s i s t a n c e )   or  f rom  o t h e r  

v i e w p o i n t s .  



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

c o m p r i s i n g   a p p l y i n g   an  a l t e r n a t i n g   v o l t a g e   (40)  a c r o s s   t h e  

r e s i s t o r   ( 1 5 ) ,   c a p a c i t a t i v e l y   m e a s u r i n g   t h e   v o l t a g e   of  t h e  

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

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

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

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

2  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  in  w h i c h   t h e   c a l c u l a t i o n  

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

r e s i s t a n c e   v a l u e s   b e t w e e n   d i s c r e t e   p o i n t s   ( F i g . 4 ) .  

3  A  m e t h o d   a c c o r d i n g   to   c l a i m   2,  in  w h i c h   t h e   c a l c u l a t i o n  

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

i n c r e m e n t a l   r e s i s t a n c e   v a l u e s   to  t he   maximum  i n c r e m e n t a l  

r e s i s t a n c e   v a l u e   ( F i g . 4 ) .  

4  A  m e t h o d   a c c o r d i n g   to   c l a i m   3,  in  w h i c h   t h e   r e s i s t a n c e  

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

v a l u e s   by  d e d u c t i n g   them  from  t he   maximum  n o r m a l i z e d  

i n c r e m e n t a l   r e s i s t a n c e   v a l u e   ( F i g . 5 ) .  

5  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,   in  w h i c h  

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

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

( F i g . 6 ) .  



6  A  m e t h o d   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   in  wh ich   t h e  

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

c a p a c i t a t i v e   p r o b e   (34)  a t   a  s u f f i c i e n t   d i s t a n c e   a b o v e   t h e  

r e s i s t o r   to  a v o i d   t he   e f f e c t s   of  any  p i n h o l e s   in  t h e  

r e s i s t o r .  

7  A  m e t h o d   a c c o r d i n g   to   c l a i m   4  or  any  c l a i m   a p p e n d a n t  

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

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

minimum  i n c r e a s e   in  t o t a l   r e s i s t a n c e   is  a c h i e v e d .  

8  A  m e t h o d   a c c o r d i n g   to  c l a i m   5  or  any  c l a i m   a p p e n d a n t  

t h e r e t o ,   in  w h i c h   t he   r e s i s t o r   t r i m m e r   is  s t e p p e d   in  a  

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

w h i c h   a p p r o x i m a t e s   to  a  c o n t i n u o u s   f u n c t i o n .  

9  A  m e t h o d   of  t r i m m i n g   t h e   t h i n   m e t a l   f i l m   r e s i s t o r s   of  a  

g r a p h i c   t a b l e t   of  t he   t y p e   h a v i n g   two  r e s i s t o r s   ( 1 4 , 1 5 )  

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

i n t e r d i g i t a t e d   t r i a n g u l a r   e l e m e n t s   ( 1 8 , 1 9 )   e x t e n d i n g   from  t h e  

r e s i s t o r s   in  t h e   a c t i v e   a r e a   of  t he   t a b l e t ,   c o m p r i s i n g   t h e  

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

m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m .  
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