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Adjustment  to  desired  value  (trimming)  on  thin  film  resistors  by  ion  sputtering. 

A  technique  for  adjusting  to  the  desired  value,  thin  film 
integrated  resistors  is  made  known.  This  method  consists  in 
exposing  a  resistor,  whose  thickness  is  greater  than  that  neces- 
sary  for  the  desired  resistance,  to  ionic  sputtering  of  the  resistive 
material  until  a  the  resistor  thickness  is  such  as  to  correspond  to 
the  desired  electric  resistance. 

lon-sputter  etching  is  realised  iether  by  means  of  a  plasma 
or  by  means  of  an  ion-gun. 



This  i n v e n t i o n   r ega rds   a  t e c h n o l o g i c a l   procedure   for  tr imming  ( a d -  

g u s t i n g   to  de s i r ed   value)   of  thin  film  i n t e g r a t e d   r e s i s t o r s   by  means 

of  i o n - s p u t t e r  e t c h i n g .  

The  t e chn iques   most  used  at  p r e sen t   for  the  trimming  of  thin  film  r e -  

s i s t o r s   are  the  f o l l o w i n g :  

1)  E l e t r o -   e r o s i o n  

2)  S a n d  b l a s t i n g  

3)  Laser  e r o s i o n  

4)  Anodic  o x i d a t i o n  

With  the  excep t ion   of  anodic  o x i d a t i o n   (which  c o n s i s t s   in  the  o x i d a t i o n  

of  the  r e s i s t o r   su r f ace   and  reduc ing   in  th i s   way  the  u se fu l   c o n d u c t i -  

ve  c r o s s - s e c t i o n )   a l l   the  above  t e c h n i q u e s   are  based  on  change  the  i n i -  

t i a l   geometry  ( l eng th   and  width)  of  the  said  r e s i s t o r ,   a  s i t u a t i o n  

which  is  u n a c c e p t a b l e   for  microwave  c i r c u i t s .  

Anodic  o x i d a t i o n   which  does  not  p r e s e n t   t h i s   i nconven ience   i s  however  

only  a p p l i c a b l e   to  tan ta lum  r e s i s t o r s   which  are  more  d i f f i c u l t   t o  

r e a l i s e   and  fu thermore   are  l i t t l e   used  in  microwave  c i r c u i t s   t e c h n o -  

l o g y .  



The  p r e s e n t   i n v e n t i o n   tends  to  avoid  these   i nconven iencens   by  p r o p o -  

sing  a  t echnology   based  on  a  c o n t r o l l e d   and  uniform  t h i n n i n g   of  t h e  

r e s i s t i v e   film  by  means  of  ion  s p u t t e r i n g .  

This  s p u t t e r i n g   is  ob ta ined   by  bombarding  the  s u r f a c e ,   on  which  h a s  

been  d e p o s i t e d   the  r e s i s t i v e   f i lm,   with  an  homogeneous  f lux  of  p a r -  

t i c l e s   ( g e n e r a l l y   gaseous  ions)  which  as  a  r e s u l t   of  the  s p u t t e r i n g  

phenomenon  ( c a t h o d i c   sp ray ing   or  c a thod i c   p u l v e r i s a t i o n )   v o l a t i l i z e  

pa r t   of  the  r e s i s t i v e   s u r f a c e   fi lm  with  an  etch  r a t e   ( t ha t   i s ,  q u a n -  

t i t y   of  m a t e r i a l   removed  per  un i t   time  per  su r f ace   area)  which  depends  

on  the  p a r t i c l e s   used,  on  t h e i r   energy  and  on  the  angle  with  which  

they  mpinge  on  the  s u r f a c e .  

Due  to  the  c h a r a c t e r i s t i c s   of  the  s p u t t e r i n g   phenomenon,a  f i r s t   a d -  

v a n t a g e  i s   t h a t   t h e  t h i n n i n g   can  be  c a r r i e d   out  with  extreme  c a r e ,  

e v e n t u a l l y   even  slowing  down  the  etch  r a t e   once  near  the  p r e d e t e r -  

m i n e d  v a l u e .  I n   gene ra l   for  s lowing  down  the  etch  r a t e   one  can  c o n t r o l  

the  q u a n t i t y   and  energy  of  the  ion ic   f l u x .  

Another  advantage  of  ion-   s p u t t e r i n g   is  due  to  i t s   u n i f o r m i t y   and  c o n -  

t r o l a b i l i t y ,   the  p o s s i b i l i t y   of  tr imming  one  or  many  r e s i s t o r s   w i -  

t hou t   a  "dynamic"  c o n t r o l   of  the  o p e r a t i o n ,   tha t   is  wi thout   the  need  

to  measure  d i r e c t t y   and  c o n t i n u o u s l y   the  r e s i s t a n c e   v a r i a t i o n s ,  o f  

the  r e s i s t o r s   s u b j e c t e d   to  t r i m m i n g .  

This  r e p r e s e n t s   a  g r ea t   advantage  in  a l l   those  cases  in  which  t h e  

c i r c u i t   c o n f i g u r a t i o n   r ende r s   imposs ib l e   a  d i r e c t   r ead ing   of  t h e  

r e s i s t e r   value  and  for  which  one  must  r e ly   on  near  -by  r e s i s t o r s   o r  

a  r e f e r e n c e   "moni to r " .   A  f u t h e r   advantage  is  the  p o s s i b i l i t y   o f  

t r imming  s i m u l t a n e o u s l y   many  r e s i s t o r s   on  the  same  s u b s t r a t e   and  a l -  

so  many  s u b s t r a t e s   t o g e t h e r ,   in  a l l   those  cases ,   in  which  the  d e v i a -  

t ion   from  the  p r o j e c t e d   value  is  e s s e n t i a l l y   due  to  a  uniform  d e v i a -  

t ion  of  the  value  of  su r f ace   r e s i s t i v i t y   of  the  r e s i s t i v e  

f i l m .  

With  r ega rds   to  the  o p e r a t i n g   time  n e c e s s a r y   for  t r imming  with  t h e  

t e c h n i q u e   of  t h i s   invention  we  can  say  t ha t   even  at  the  very  s i m p l e  



level   with  which  we  are  o p e r a t i n g   at  the  moment,  the  times  t a k e n  

(owing  to  the  extreme  r a p i d i t y   of  the  vacuum  chamber)  are  compar -  

ble  the  those  neces sa ry   for  an  anodic  o x i d a t i o n   p r e c e s s .  

In  a d d i t i o n   to  t h i s ;   the  procedure   accord ing   to  the  p r e s e n t   i n v e n -  

t ion  lends  i t s e l f   to  an  au tomat ion   which  can  d r a s t i c a l l y   reduce  t h e  

r e a l i s a t i o n   t imes .   For  exaple  by  using  a  loading   lock  and  by  u s i n g  

an  ion  beam  t o g e t h e r   with  an  X-Y  mobile  suppor t   t ab l e   i t   could  t h e  

p o s s i b l e ,   even  for  la rge   numbers  of  c i r c u i t s ,   a  high  p r e c i s i o n   t r imm-  

ing  i n d i v i d u a l   r e s i s t o r s .  

Trimming  by  ion  s p u t t e r i n g   can  be  r e a l i s e d   by  means  of  e i t h e r   d . c .  

or  r . f .   plasma  s p u t t e r i n g   systems  (  c a thod ic   p u l v e r i s a t i o n   w i t h  

plasma)  in  which  the  c i r c u i t  t o   be trimmed  is  exposed  (masked  or  n o t )  

to  ion  b o m b a r d a m e n t  ( g e n e r a l l y   gaseous)   which  c o s t i t u t e   the  d i s c h a r -  

ge  a tmosphere  of  t h e  s y s t e m ,   th i s   a tmosphere  may or  may  not  be  r e a -  

c t i v e  f o r   the  time  and  with  the  power  n e c e s s a r y .   Otherwise  s p u t t e -  

r ing  can  be  achieved  by  means  of  an  ion  beam.  In  th i s   case  the  c i r -  

cu i t   to  be  trimmed  is  exposed  to  the  bombardment  of  an  ion  beam 

( n e u t r a l l i s e d   or  not)  for  the  time  and  with  the  power  n e c e s s a r y .  

The  r e s i s t o r   (or  r e s i s t o r s )   may or  may  not  be  s u b j e c t e d   to  a  d y n a -  

mic  measurement,   t ha t   is  c a r r i e d   out  s i m i l t a n e o u s l y   whit  the  s p u t t e -  

r ing  o p e r a t i o n .  

In  order   to  i l l u s t r a t e   the  p r a c t a b i l i t y   of  t h i s   i n v e n t i o n ,   we  w i l l  

b r i e f l y   d e s c r i b e   two  a p p l i c a t i o n s   of  the  t e chn ique ,   one  with  p l a s m a  

s p u t t e r i n g   and  one  with  ion-beam  s p u t t e r i n g .  

Figure  1  r e p r e s e n t s   a  system  for  plasma  s p u t t e r i n g   by  means  of  a 

d i s cha rge   ob ta ined   e i t h e r   by  d .c .   or  r . f .   power.  With  2  is  i n d i c a t e d  

the  d i s cha rge   chamber  which  is  connected   to  the  vacuum  system  ( n o t  

i n d i c a t e d )   by  means  of  the  o u t l e t   4.  Through  a  c e n t r a l   hole  in  t h e  

top  wall  of  the  vacuum  chamber  2'  passes   by  means  of  a  vacuum  s e a l  

which  is  not  i s o l a t e d   from  the  main  chamber  the  suppor t   6'  of  t h e  

double  walled  anode  through  which  passed  water  for  c o o l i n g .  

Through  a  c e n t r a l   hole  in  the  wall  2"  at  the  bottom  of  the  chamber  



passed  by  means  of  an  i s o l a t e d   vacuum  seal  ( i . e .   thermal  and  e l e -  

c t r i c a l   i s o l a t i o n   with  r e s p e c t   to  the  chamber  wal ls)   the  suppor t   10 '  

of  the  cathode  10,  t h i s   also  with  water  coo l ing   c i r c u l a t i o n   p a s s i n g  

through  i t .  

The  thermal   and  e l e c t r i c a l   i s o l a t i o n   of  the  cathode  suppor t   is  u s s u -  

red  by  a  r ing  of  ceramic  m a t e r i a l   12  p ressed   a g a i n s t   the  e x t e r n a l  

su r f ace   of  the  bottom  of  the  chamber  by  means  of  a  m e t a l l i c   p l a t e  

16  with  a  c e n t r a l   secrew  18  which  locks  between  i t , a n d   r e s p e c t i v e l y  

the  chamber  wall  and  a  t h read   of  the  suppor t   10 ' , two  c o n c e n t r i c   0 -  

r ing   s ea l s   12  and  14.  The  p l a t e   16  is  connected  to  a  d .c .   or  r . f .  

g e n e r a t o r   for  g e n e r a t i n g   a  plasma  d i s cha rge   in  the  chamber .  

An  ea r th   s h i e l d   24  p r o t e c t s  t h e   cathode  from  below  and  from  i t s   s i d e s  

l e a v i n g ' e x p o s e d   o n l y  t h e   top  su r f ace   f ac ing   the  anode .  

On  the  f l a t   su r f ace   of  the  cathode  f ac ing   the  anode  are  p laced  t h e  

r e s i s t o r s   26  for  t r imming.   After   the  vacuum  in  the  chamber  2  h a s  

reached  a  p r e d e t e r m i n e d   value,   the  plasma  gas  is  i n t r o d u c e d   a c r o s s  

the  valve  20  and  pipework  21  t o g e t h e r   with  even tua l   r e a c t i v e   g a s -  

ses.   The  plasma  d i s c h a r g e   28  is  then  i n i t i a t e d   and  s u s t a i n e d   for  t h e  

n e c e s s a r y   time  and  r e q u i r e d   i n t e n s i t y .  

Figure  2  r e p r e s e n t s   a  system  for  s p u t t e r i n g   by  means  of  an  j o n - b e a m .  

In  Figure  2  the  p a r t i c u l a r s   analogous  to  those  in  f i g u r e   1  are  i n d i -  

cated  with  the  same  numbers .  

The  vacuum  chamber  2  is  connected  to  the  pumping  system  (not  i n d i c a -  

ted  by  means  of  the  o u t l e t   4.  Ins ide   chamber  2  is  p o s i t i o n e d   the  s u b -  

s t r a t e   suppor t   10,  which  is  water  cooled  and  f u n c t i o n s   as  a  cold  c a -  

thode  onto  which  are  placed  r e s i s t o r s   26  to  be  adgus ted .   To  the  w a l l  

2'  is  p o s i t i o n e d   a  second  chamber  30  which  c o n s t i t u t e s   the  m e n t i o -  

ned  ion-gun  34.  The  ion-gun  c o n s i s t s   of  a  c y l i n d r i c a l   c o n t a i n e r   32 

in  c o n t a c t   with  the  chamber  2  by  means  of  the  a p e r t u r e   36.  In  t h e  

c o n t a i n e r   32  en te r   the  tube  21,  which  can  be  c losed  by  means  of  t h e  

valve  20,  for  i n t r o d u c i n g   the  plasma  gas  in  the  c o n t a i n e r   32 .  

Ins ide   the  c o n t a i n e r   c lose   to  the  c y l i n d e r   walls   is  p o s i t i o n e d   an 



openn  ended  c y l i n d e r   46  a c t i ng   as  an  anode .  

The  c o n t a i n e r   sorrounded  by an  e l e c t r o m a g n e t i c   winding  38  for  c o n t a i -  

ning  the  plasma  39  away  from  the  c o n t a i n e r   wal ls .   The  c o n t a i n e r   a l s o  

c o n s i s t s   of  at  one  end  a  hot  cathode  and  at  the  o ther   end,  near  t h e  

opening  36  to  the  main  chamber,  an  e x t r a c t i o n   and  a c c e l e r a t i o n g   g r i d  

and  a  n e u t r a l i s a t i o n   f i l a m e n t   44.  The  system  d e s c r i b e d   above  as  i s  

well  known  gives  r i s e   to  a  f a s t   ax i a l   flux  of  p o s i t i v e   ions  d e r e c t e d  

onto  the  r e s i s t o r s   to  be  trimmed  producing   r e s u l t s   s i m i l a r   to  i o n i c  

s p u t t e r i n g   which  c o n s t i t u t e s   the  aim  of  the  i n v e n t i o n .  

The  i n v e n t i o n   can  be  app l i ed   to  any  p r o d u c t i v e   cycle  of  i n t e g r a t e d  

th in   film  r e s i s t o r s   and  has  been  f u l l y   t e s t e d   in  a  small  batch  p r o -  

duc t ion   l i n e .  



1.  Method  for  adyus t i ng   the  value  of  th in   fi lm  r e s i s t o r s ,   which  c o n -  

s i s t s   in  exposing  for  an  adeguate   time  the  th in   f i lm,  whose  t h i -  

chness  is  g r e a t e r   than  t ha t   neces sa ry   for  r e a l i z i n g   the  n e c e s -  

sary  r e s i s t o r ,   to  an  ion ic   bombardment of  a  heavy  gas  with  s u f f i -  

c i e n t   energy  to  produce  a  film  t h i c k n e s s   to  a  value  c o r r e s p o n d i n g  

to  the  d e s i r e d   r e s i s t a n c e .  

2.  Method  for  a d j u s t i n g   the  value  of  th in   fi lm  r e s i s t o r s   as  in  c l a i m  

1,  in  which  the  th in   film  to  be  a d j u s t e d   is  pos i t ioned  on to   t h e  

cathode  of  a  plasma  e t c h i n g   system  and  s u b j e c t e d   to  the  bombardment 

of  the  ions  which  c o n s t i t u t e   the  d i s c h a r g e   atmosphere  for  the  t i -  

me  and  power  n e c e s s a r y   to  ob ta in   a  r e d u c t i o n   of  the  th in   film  t h i -  

ck  ness  such  as  to  convey  to  the  r e s i s t o r   the  d e s i r e d   r e s i s t a n c e  

v a l u e .  

3.  Method  for  a d j u s t i n g   the  value  of  th in   fi lm  r e s i s t o r s   as  in  c l a i m  

1,  in  which  the  th in   f i lm  to  be  a d j u s t e d   is  exposed  to  the  bom- 

bardment  of  an  ion-beam  produced  by  an  ion-gun  for  the  time  and 

with  the  neces sa ry   power  to  reduce  the  th in   film  t h i c k n e s s   t o  

such  a  l eve l   as  to  give  the  r e s i s t o r   the  d e s i r e d   r e s i s t a n c e   v a -  

l u e .  
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