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@  Programmably  variable  voltage  multiplier  for  implanted  stimulator. 

©  A  free  running  oscillator  (2)  clocks  a  counter  (4), 
which  produces  stimulation  control  signals  at  a  predeter- 
mined  count. 

An  output  stage  includes  transistors,  energized  by  the 
counter,  to  issue  stimulating  pulses  having  a  voltage  equal 
to  that  across  a  capacitor  (28)  in  parallel  with  the  output 
stage.  The  output  capacitor  is  charged,  between  output 
pulses,  by  successive  charge  sharing  cycles  with  at  least 
one  other  capacitor  (46),  which  is  enabled  by  a  stored 
program  word,  at  a  rate  determined  by  the  oscillator  out- 
put  cycles. 
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T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  i m p l a n t a b l e   body  f u n c t i o n  

c t o n r o l   a p p a r a t u s   and  p a r t i c u l a r l y ,   bu t   n o t   e x c l u s i v e l y ,   t o  

body  t i s s u e   s t i m u l a t i n g   d e v i c e s   such   as  c a r d i a c   p a c e m a k e r s .  

B a c k g r o u n d   A r t  

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

f o r   t h e   h e a r t ,   and  which   may  be  i m p l a n t e d   in  the   body ,   a r e   w e l l  

known.   O r i g i n a l l y   the   e l e c t r i c a l   c i r c u i t r y   f o r   s u c h   p a c e m a k e r s  

was  of   a n a l o g   d e s i g n ,   b u t   in  r e c e n t   y e a r s   d i g i t a l   c i r c u i t r y   h a s  

been   a l s o   e m p l o y e d .   A  d i g i t a l   a p p r o a c h   to  p a c e m a k e r s   has  l e d  

to  t h e   e v o l u t i o n   of  p r o g r a m m a b l e   p a c e m e k e r s  -   p a c e m a k e r s   h a v i n g  

p a r a m e t e r s   such   as  p u l s e   r a t e s   w h i c h .  a r e   a d j u s t a b l e   ( p r o g r a m m a b l e )  

once   t h e   p a c e m a k e r   has  been  i m p l a n t e d .   P r o g r a m m a b l e   p a c e m a k e r s  

a r e   d e s c r i b e d   in ,   f o r   i n s t a n c e ,   B r i t i s h   S p e c i f i c a t i o n s  

1 , 3 8 5 , 9 5 4   and  1 , 3 9 8 , 8 7 5 .   Such  p a c e m a k e r s   have  c i r c u i t r y   t o  

d e t e c t   and  d e c o d e   s i g n a l s   t r a n s m i t t e d   o u t s i d e   the   body  a n d  

a l t e r   t h e   p r o g r a m   a c c o r d i n g l y .   In  B r i t i s h   S p e c i f i c a t i o n  

1 , 3 8 5 , 9 5 4   ( c l a i m i n g   p r i o r i t y   b a s e d   on  U . S . S . N .   1 4 1 , 6 9 4 ,   i n  

t u r n   a  p a r e n t   of  U . S . P . N .   3 , 8 0 5 , 7 9 6   to  T e n z ) ,   the   p r o g r a m m i n g  

is   a c c o m p l i s h e d   by  means  of  a  m a g n e t i c   f i e l d   w h i c h  i s   s e n s e d  

by  a  m a g n e t i c   r e e d   s w i t c h ;   the   o p e n i n g   and  c l o s i n g   of  t h e  

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

B r i t i s h   S p e c i f i c a t i o n   1 , 3 9 8 , 8 7 5   ( b a s e d   on  U . S . P . N .   3 , 8 3 3 , 0 0 5  

to  W i n g r o v e )   the   p r o g r a m m i n g   is   by  m e a n s  o f   r a d i o   f r e q u e n c y  
t r a n s m i s s i o n   and  r e c e p t i o n .  

I t   is  d e s i r a b l e   to  m i n i a t u r i z e   p a c e m a k e r   c o m p o n e n t s  

as  f a r   a s  p o s s i b l e ,   e s p e c i a l l y   whe re   i m p l a n t e d   p a c = - = k e r s   a r e  

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



h e l p   e n o r m o u s l y   to  a c h i e v e   t h i s   aim,  the   b a t t e r y   s i z e   i s  

s t i l l   a  m a j o r   p r o b l e m .   The  moat  r e c e n t l y - a v a i l a b l e   m i n i a t u r e  

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

u s a g e   a r e   l i t h i u m   b a t t e r i e s   ( bo th   of  the   " s o l i d "   and  " v i s c o u s "  

t y p e s ) ,   and  such  b a t t e r i e s   a re   now  emp loyed   in  p a c e m a k e r s .  

U n f o r t u n a t e l y ,   l i t h i u m   b a t t e r i e s   on ly   g e n e r a t e   a b o u t  3   v o l t s  
and  a l t h o u g h   t h i s   v o l t a g e   is  s u f f i c i e n t   to  p r o v i d e   the   s u p p l y  
v o l t a g e   f o r ,   say ,   an  i n t e g r a t e d   c i r c u i t   p a c e m a k e r ,   i t   i s  

i n s u f f i c i e n t ,   in  i t s e l f ,   f o r   the   p a c e m a k e r   o u t p u t   s t a g e   w h i c h  

needs   to  g e n e r a t e   a r t i f i c i a l   s t i m u l a t i n g   p u l s e s   of  a t   l e a s t   5 
v o l t s .   Under   c e r t a i n   c i r c u m s t a n c e s ,   i t   is  even  d e s i r a b l e   t o  

g e n e r a t e   p a c i n g   p u l s e s   of  g r e a t e r   m a g n i t u d e   ( e . g .   a b o u t   7 , 5  

v o l t s ) .   A l t h o u g h   two  or  more  l i t h i u m   b a t t e r i e s   can  be  e m p l o y e d  
f o r   such   p u r p o s e s   (and,   i n d e e d ,   have   in  the   p a s t   been  s o  
e m p l o y e d ) ,   t h i s   m i l i t a t e s   a g a i n s t   t he   d e s i r e   fo r   maximum 

m i n i a t u r i z a t i o n .  

D i s c o s u r e   of  I n v e n t i o n  

We  have  now  d e s i g n e d   an  i m p l a n t a b l e   body  f u n c t i o n   c o n t r o l  

a p p a r a t u s   wh ich   employs   a  s i n g l e   r e l a t i v e l y   low  v o l t a g e   s o u r c e ,  
b u t   wh ich   g e n e r a t e s ,   by  means  of  v o l t a g e   m u l t i p l i c a t i o n ,   t h e  

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

A c c o r d i n g   to  the   i n v e n t i o n ,   t h e r e   is   p r o v i d e d   a  b o d y  
f u n c t i o n   c o n t r o l   a p p a r a t u s   c o m p r i s i n g   an  o s c i l l a t o r ,   m e a n s  

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

p u l s e   c o n t r o l   s i g n a l s ,   an  o u t p u t   s t a g e   r e s p o n s i v e   to  s i g n a l s  
f rom  t he   c o n t r o l   s i g n a l   g e n e r a t i n g   means  f o r   p r o v i d i n g   t i s s u e  

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

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

o s c i l l a t o r   and  s a i d   v o l t a g e   s o u r c e   fo r   g e n e r a t i n g   one  or  m o r e  

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

v o l t a g e   s o u r c e   and  f o r   s u p p l y i n g   s a i d   h i g h e r   v o l t a g e  ( s )   t o  
s a i d   o u t p u t   s t a g e   whe reby   t i s s u e   s t i m u l a t i n g   p u l s e s   of  v o l t a g e  

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

p r o v i d e d .  

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

p a c e m a k e r s ,   i t   i s   not   r e s t r i c t e d   t c  s u c h   use  and  c o u l d   = e  
e m p l o y e d   f o r   c o n t r o l l i n g   o t h e r   body  f u n c t i o n s .  
B r i e f   D e s c r i p t i o n   of  the   D r a w i n g  

B r e f e r r e d   f e a t u r e s   of  t he   i n v s n t i o n   a r e   i l l u s t r a t e d  



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

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

f i x e d - r a t e   i m p l a n t e d   c a r d i a c   p a c e m a k e r   a c c o r d i n g   to  t h e  

i n v e n t i o n .  

B e s t   Mode  of  C a r r y i n g   Out  the  I n v e n t i o n  

R e f e r r i n g   to  the  d r a w i n g ,   the   p a c e m a k e r   c o m p r i s e s   a n  

o s c i l l a t o r   2  which  d r i v e s   a  r i p p l e   c o u n t e r   4.  An  o u t p u t   o f  

the   r i p p l e   c o u n t e r   (which  may  a c t u a l l y   be  the   c o m b i n a t i o n  

of  s e v e r a l   s t a g e s   of  the   c o u n t e r )   s u p p l i e s   an  o u t p u t   l i n e   6 .  

The  o s c i l l a t o r   f r e q u e n c y   and  the   r i p p l e   c o u n t e r   o u t p u t  
s e l e c t e d   p r o v i d e d   s i g n a l s   on  l i n e   6  a t   an  a p p r o p r i a t e   b o d y  

s t i m u l a t i o n   p u l s e   f r e q u e n c y .   L ine   6  is  c o n n e c t e d   to  an  o u t p u t  

a m p l i f i e r   ( w i t h i n   the   b l o c k   fo rmed   by  the  d a s h e d   l i n e   1 4 ) ,  

from  whence   a m p l i f i e d   s t i m u l a t i n g   p u l s e s   a r e   p a s s e d   to  a  
c o n n e c t i o n   16  which   i t s e l f   is   c o n n e c t e d   to  the   a c t i v e  s t i m u l a t -  

ing  e l e c t r o d e   (not   shown)  d i s p o s e d   in  or  on  the   h e a r t ,   L i n e  

6  is   a l s o   c o n n e c t e d   to  a  d e l a y   u n i t   18  wh ich ,   a f t e r   an  a p p r o -  
p r i a t e   t i m e ,   r e s e t s   t he   c o u n t e r   4,  to  e n a b l e   the   n e x t   a p p r o -  
p r i a t e l y   t imed   p u l s e   to  be  t r a n s m i t t e d .  

The  o u t p u t   a m p l i f i e r   14  i n c l u d e s   an  o u t p u t   t r a n s i s t o r  

26,  a c r o s s   which  is  c o n n e c t e d   a  c a p a c i t o r   28.  One  end  of  t h e  

l a t t e r   i s   c o n n e c t e d   to  the   r a i l   VDD  of  the  s u p p l y   v o l t a g e .   T h e  

o t h e r   end  of  c a p a c i t o r   28  and  the   e m i t t e r   of  t r a n s i s t o r   26 

a r e   c o n n e c t e d   to  a  c h a i n   of  S c h o t t k y   d i o d e s   30,  32,  34,  a n d  

36  ( S c h o t t k y   d i o d e s   a re   c h o s e n   fo r   t h e i r   low  v o l t a g e   drop  wh.en 

f o r w a r d - b i a s e d ) .   The  c a t h o d e   of  d i o d e   32  is   c o n n e c t e d   to  t h e  

r a i l   VSS  of  the  s u p p l y   v o l t a g e .   F o r  t h e   p u r p o s e s   of  i l l u s t r a -  

t i o n ,   t he   s u p p l y   v o l t a g e   VSS-VDD  is  a b o u t   3  v o l t s .   The  o u t p u t  
of  o s c i l l a t o r   2  is  s u p p l i e d   to  an  i n v e r t e r   38  a n d  v i a   a  NAND 

g a t e   40  to  a  s econd   i n v e r t e r   42.  The  i n v e r t e r s   f e e d ,  

r e s p e c t i v e l y ,   c a p a c i t o r s   44  and  46  which   l e a d   i n t o   t h e   d i o d e  

c h a i n   as  i l l u s t r a t e d .   NAND  g a t e   40  is  s u p p l i e d   w i t h   a  f u r t h e r  

i n p u t ,   which   is   from  a  c o n t r o l   l i n e   22  from  a  p a c e m a k e r  

p r o g r a m   s t o r e   2 0 .  

The  p a c e m a k e r   p r o g r a m   s t o r e   20  h o l d s   a  b i n a r y   b i t  o f  
i n f o r m a t i o n   which   is  t r a n s m i t t e d   on  l i n e   22  fo r   v o l t a g e  
m u l t i p l i c a t i o n   p u r p o s e s   as  to  be  d e s c r i b e d .   A  r e c e i v e r / d e c o d e r  
24  is  a r r a n g e d   to  r e c e i v e   and  d e c o d e   d a t a   s i g n a l s   t r a n s m i t t e d  
from  o u t s i d e   t h e  p a t i e n t ' s   body  to  the  i m p l a n t e d   p a c e m a k e r ,  



and  to  employ   the   d e c o d e d   s i g n a l s   f o r   c h a n g i n g   the   p a c e m a k e r  

p r o g r a m   h e l d   in  p r o g r a m   s t o r e   20.  For   t he   p u r p o s e s   of  i l l u s t r a -  

t i o n ,   t he   r e c e i v e r / d e c o d e r   24  and  s t o r e   20  have   been   d e p i c t e d  

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

s t i m u l a t i n g   p u l s e   a m p l i t u d e .   In  p r a c t i c e   i t   wou ld   be  d e s i r a b l e  

to  make  t h e s e   f e a t u r e s   much  more  s o p h i s t i c a t e d   so  t h a t   t h e  

p r o g r a m   s t o r e   is   emp loyed   to  p r o v i d e   a  v a r y i n g   c o n t r o l   f o r  

s e v e r a l   d i f f e r e n t   p a c e m a k e r   p a r a m e t e r s   ( e . g .   n o t   o n l y   p u l s e  
a m p l i t u d e ,   b u t   a l s o   p u l s e   r a t e ,   p u l s e   w i d t h ,   h y s t e r e s i s ) .  
The  d a t a   s i g n a l s   may  be  t r a n s m i t t e d   to  t he   r e c e i v e r / d e c o d e r   24 

by  any  s u i t a b l e   means ,   b u t   p r e f e r a b l y   we  employ   d a t a   s i g n a l s  
t r a n s m i t t e d   by  t o n e   b u r s t   m o d u l a t i o n   (a  c a r r i e r   f r e q u e n c y  
b e i n g   p u l s e   w i d t h  m o d u l a t e d ) .   A  r e c e i v e r / d e c o d e r   and  p r o g r a m  
s t o r e   f o r   such   d a t a   s i g n a l s   is   d e s c r i b e d   in  c o p e n d i n g   A p p l i c a -  
t i o n   No.  f i l e d   on  even  d a t e   ( r e f .   DLD-10.  ) .  

Many  of  the   p a c e m a k e r   c o m p o n e n t s   d e s c r i b e d   a r e  
c o n s t r u c t e d   as  a  MOS  i n t e g r a t e d   c i r c u i t ,   and  t h i s   has  b e e n  

i n d i c a t e d   by  the   b l o c k   fo rmed   by  t he   d a s h e d   l i n e   50.  T h e  

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

VSS,  b u t   i t   w i l l   be  o b s e r v e d   t h a t   t he   o u t p u t   t r a n s i s t o r   26  o f  

a m p l i f i e r   14  i s   c o n n e c t e d   a c r o s s   VDD  and  V s s  i n   s e r i e s   w i t h   t h e  

d i o d e   c h a i n . a n d   w i t h   c a p a c i t o r   2 8  i n   p a r a l l e l .  
The  p a c e m a k e r   o p e r a t e s   as  f o l l o w s .   Each  p u l s e   o n  

o u t p u t   l i n e  6   a t   t he   s e l e c t e d   r a t e   i s   p a s s e d   to  o u t p u t  

a m p l i f i e r   14  where   i t   is   a m p l i f i e d   and  c o n d u c t e d   to  t h e   h e a r t ;  

i t   is   a l s o   c o n d u c t e d   to  d e l a y   u n i t   18.  A f t e r   an  a p p r o p r i a t e  

d e l a y   c o r r e s p o n d i n g   to  the   p a c i n g   p u l s e   w i d t h   d e s i r e d ,   d e l a y  
u n i t   18  r e s e t s   c o u n t e r   4  and  the   c o u n t   t hen   commences   i n  

c o u n t e r   4  f o r   the   n e x t   a p p r o p r i a t e l y   t i m e d   p u l s e   to  be  i s s u e d .  

In  n o r m a l   o p e r a t i o n  V D D   is   e s s e n t i a l l y   t h e   c i r c u i t  

g r o u n d   by  r e a s o n   of  b e i n g   c o n n e c t e d   to  t h e   p a c e m a k e r   i n d i f f e r -  

e n t   e l e c t r o d e   and  VSS  is   s u p p l i e d   a t   a b o u t   3  v o l t s .   Th i s   3 

v o l t   s u p p l y   i s   s u f f i c i e n t   f o r   t he   i n t e g r a t e d   c i r c u i t   50,  b u t  

i n s u f f i c i e n t   f o r   t he   o u t p u t   a m p l i f i e r  1 4 ,   which   in  c o n v e n t i o n a l  

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

5  v o l t s   f o r   s a t i s f a c t o r y   p a c i n g .   I t   w i l l   be  a s s u m e d   t h a t  
n o r m a l l y   a b o u t   5  v o l t s   is   d e s i r e d   f o r   each   p a c i n g  p u l s s   b u t  

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



a b o u t   7.5  v o l t s )   a re   r e q u i r e d .   The  manner   in  which   the   a p p r o x -  

i m a t e l y   5  v o l t   p u l s e s   a re   g e n e r a t e d   w i l l   f i r s t   be  d e s c r i b e d ,  

and  t h e n   the   manner   in  which   the   7.5  v o l t   p u l s e s   a re   g e n e r a t e d .  

For  5  v o l t   s t i m u l a t i n g   p u l s e s ,   a  "0"  is  h e l d   i n  

p r o g r a m   s t o r e   20  and  is  s u p p l i e d   on  l i n e   22  to  NAND  g a t e   4 0 .  

The  o u t p u t   of  NAND  g a t e   40  w i l l   be  h igh   and  p o i n t   VT  ( b e t w e e n  

i n v e r t e r   42  and  c a p a c i t o r   46)  w i l l   a lways   be  low.  VT  w i l l  

t h e r e f o r e   no t   m a n i f e s t   the   o s c i l l a t o r   s q u a r e   wave  o u t p u t ,  

On  t h e   o t h e r   hand ,   p o i n t   V   ( be tween   i n v e r t e r   38  and  c a p a c i t o r  

44)  w i l l   m a n i f e s t   the   s q u a r e   wave  o u t p u t   of  o s c i l l a t o r   2 .  

P o i n t   "X",  a t   the   j u n c t i o n   of  d i o d e s   30,  32,  36  w i l l ,   in  t h e  

a b s e n c e   of  the   o s c i l l a t o r - s q u a r e   wave  p u l s e   t r a i n   and  i g n o r i n g  

the   v o l t a g e   d rop   a c r o s s   d i o d e   32,  n o r m a l l y   be  h e l d   a t   V S S ( - 3  
v o l t s ) .   C a p a c i t o r   28  c h a r g e s   to  -30  v o l t s   v ia   d i o d e s   30  a n d  

32.  When  VD  goes   to  i t s   most   p o s i t i v e   due  to  the   s q u a r e   w a v e  

p u l s e   t r a i n   s u p p l i e d   by  o s c i l l a t o r   2,  a  3  v o l t   drop  w i l l   e x i s t  

a c r o s s   c a p a c i t o r   44  and  the  l a t t e r   w i l l   c h a r g e   v i a   d i o d e   3 2 .  

When  V   goes   n e g a t i v e   due  to  the  o s c i l l a t o r   p u l s e   t r a i n ,   p o i n t  

X  goes   f u r t h e r   n e g a t i v e .   At  t h i s   t ime  d i o d e   30  is  f o r w a r d -  

b i a s e d   and  i t   c o n d u c t s ,   c a u s i n g   c a p a c i t o r   28  to  a c q u i r e   a n  

amoun t   of  c h a r g e   due  to  the  s h a r i n g   of  c h a r g e   b e t w e e n   c a p a c i t o r s  
44  a n d  2 8 . . T a k i n g   i n t o   a c c o u n t   d i o d e   v o l t a g e   d r o p s   a n d  

a s s u m i n g   t h a t   no  c u r r e n t   is   b e i n g   drawn  from  the  o u t p u t  

a m p l i f i e r   c i r c u i t   (no  p a c i n g   p u l s e   b e i n g   i s s u e d ) ,   c a p a c i t o r   28 

w i l l   c h a r g e   to  a b o u t   5  v o l t s   ove r   s e v e r a l   c y c l e s   of  t h e  

o s c i l l a t o r   p u l s e   t r a i n   and  i t   w i l l   ho ld   i t s   c h a r g e   u n t i l   a  

p a c i n g   p u l s e   is  t r a n s m i t t e d   to  the   o u t p u t   a m p l i f i e r   14  f r o m  

the   i n t e g r a t e d   c i r c u i t   50.  With  no  c u r r e n t   b e i n g   drawn  f r o m  

the   o u t p u t   t r a n s i s t o r   26,  and  hence   no  p o t e n t i a l   drop  a c r o s s  
i t s   c o l l e c t o r   r e s i s t o r ,   t h e  5   v o l t   p o t e n t i a l   h e l d   by  c a p a c i t o r  
28  a p p e a r s   d i r e c t l y   a c r o s s   o u t p u t   t r a n s i s t o r   26  a n d  h e n c e   t h e  

a m p l i t u d e   of  the   p a c i n g   p u l s e  t r a n s m i t t e d   to  the   a c t i v e   e l e c -  
t r o d e   a t   c o n n e c t i o n   16,  when  t h i s   t r a n s i s t o r   is  s w i t c h e d   o n ,  
is   a t   a b o u t   5  v o l t s   r a t h e r   t han   the  3  v o l t s   s u p p l i e d   b y  

VDD/VSS.  I t   w i l l   be  a p p r e c i a t e d   t h a t   c a p a c i t o r   28  w i l l   c h a r g e  
to  5  v o l t s   g r a d u a l l y   ove r   s e v e r a l   c y c l e s   of  the   o s c i l l a t o r  

f r e q u e n c y ,   bu t   p r o v i d e d   t h a t   the   l a t t e r   f r e q u e n c y   i s   m u c h  

h i g h e r   t h a n   the   s t i m u l a t i n g   p u l s e   f r e q u e n c y ,   c a p a c i t o r  2 8   w i l l  



a l w a y s   be  c h a r g e d   to  5  v o l t s   r e a d y   fo r   d i s c h a r g e   on  the   n e x t  

p a c i n g   p u l s e .  
When  p a c i n g   p u l s e s   of  a b o u t   7  v o l t s   m a g n i t u d e   a r e  

d e s i r e d ,   a  "1"  is   h e l d   in  p r o g r a m   s t o r e   2Q  and  i s   s u p p l i e d   o n  
l i n e   22  to  NAND  g a t e   40.  The  o u t p u t   d o w n s t r e a m   of  i n v e r t e r  
42  (a t   VT)  i s   the   o s c i l l a t o r   s q u a r e   wave  p u l s e   t r a i n   b u t   i n  

a n t i - p h a s e   to  the   s i m i l a r   p u l s e   t r a i n   a t   VD. 
Under   such   c i r c u m s t a n c e s ,   when  V   goes  n e g a t i v e ,   p o i n t  

X  goes   f u r t h e r   n e g a t i v e ,   as  p r e v i o u s l y   e x p l a i n e d ,   and  VT  w i l l  

be  p o s i t i v e   c h a r g i n g   c a p a c i t o r   46  ( a b o u t   a b o u t   -5  v o l t s ) ,  

When  VD  goes   p o s i t i v e ,   VT  w i l l   go  n e g a t i v e   and  c a p a c i t o r   46 

w i l l   s h a r e   i t s   c h a r g e   w i t h   c a p a c i t o r   28.  The  e f f e c t   is   f o r  

c a p a c i t o r   28  to  c h a r g e   to  a  h i g h e r   v o l t a g e   t h a n   i t   would   h a v e  

done  i f   c h a r g e d   o n l y   from  c a p a c i t o r   44.  T a k i n g   i n t o   a c c o u n t  
d i o d e   d r o p s ,   and  a s s u m i n g   t h a t   no  c u r r e n t   is   drawn  f r o m  

o u t p u t   t r a n s i s t o r   26,  c a p a c i t o r   28  w i l l   c h a r g e ,   ove r   s e v e r a l  

c y c l e s   of  t he   o s c i l l a t o r   p u l s e   t r a i n ,  t o   a  p o t e n t i a l   d i f f e r e n c e  

of  a b o u t   7.5  v o l t s .   When  a  p a c i n g   p u l s e   i s   t r a n s m i t t e d   t o  
t he   o u t p u t   a m p l i f i e r   14,  t h i s   7.5  v o l t s   is   employed   to  p r o v i d e  
a  p a c i n g   p u l s e   to  c o n n e c t i o n   16  of  c o r r e s p o n d i n g   m a g n i t u d e .  

I t   w i l l   thus   be  a p p r e c i a t e d   t h a t   t he   p r e s e n c e   of  a  
"0"  or  "1"  on  l i n e   22  c o n t r o l s   t h e   m a g n i t u d e   of  t he   p a c i n g  

p u l s e s .  

A l t h o u g h   the   above  embod imen t   r e l a t e s   to   a  f i x e d - r a t e  

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

g i v e n   fo r   t he   p u r p o s e s   of  e x a m p l e ,   and  the   i n v e n t i o n   i s  

e q u a l l y - a p p l i c a b l e   to  demand  c a r d i a c   p a c e m a k e r s ,   or  to  b o d y  
f u n c t i o n   c o n t r o l   a p p a r a t u s   employed   to  p r o v i d e   s t i m u l a t i n g  

p u l s e s   of  v a r y i n g   a m p l i t u d e   to  o t h e r   p a r t s   of  the   b o d y ,  



1.  In  a  p r o g r a m m a b l e   p a c e r   s y s t e m   h a v i n g   a  r e m o t e  

s o u r c e   of  p r o g r a m   c o n t r o l   s i g n a l s ,   an  i m p l a n t a b l e   p a c e r  
c o m p r i s i n g :  

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

h a v i n g   a  f i x e d   f r e q u e n c y ;  
c)  c o u n t e r   means  fo r   g e n e r a t i n g   a  p a c e r   o u t p u t  -  
c o n t r o l   s i g n a l   upon  each  o c c u r r e n c e   of  a  p r e - d e t e r m i n e d  
number   of  o s c i l l a t o r   p u l s e s ;  
d)  memory  means  f o r   r e c e i v i n g   from  s a i d   s o u r c e   a n d  

f o r   s t o r i n g   a  p r o g r a m   c o n t r o l   s i g n a l   r e p r e s e n t a t i v e  
of  a  d e s i r e d   m u l t i p l i c a t i o n   f a c t o r   of  s a i d   s u p p l y  
v o l t a g e   fo r   p a c e r   s t i m u l a t i o n   s i g n a l s ;  
e)  o u t p u t   means ,   r e s p o n s i v e   to  s a i d   o u t p u t   c o n t r o l  

s i g n a l ,   fo r   g e n e r a t i n g   p a c e r   s t i m u l a t i o n   s i g n a l s ,  
s a i d   o u t p u t   means  i n c l u d i n g :  

.(i)  a  f i r s t   c a p a c i t o r   c o u p l e d   on  one  s i d e   t o  
s a i d   s u p p l y ,   a n d  

( i i )   t r a n s i s t o r   means ,   c o n n e c t e d   in  p a r a l l e l  
w i t h   s a i d   c a p a c i t o r   and  e n a b l e d   by  s a i d   o u t p u t  
c o n t r o l   s i g n a l ,   f o r   g e n e r a t i n g   s t i m u l a t i o n   s i g n a l s  

h a v i n g   an  a m p l i t u d e   of  the   v o l t a g e   on  s a i d   c a p a c i t o r  
a t   the   t ime  o c c u r r e n c e   of  s a i d   c o n t r o l   s i g n a l ;  

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

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

p u l s e  s i g n a l .  
2.  A  p a c e r   as  d e s c r i b e d   in  c l a i m   1  w h e r e i n   s a i d  

c a p a c i t o r   means  i n c l u d e s   a . p l u r a l i t y   of  c a p a c i t o r s ,   in  p a r a l l e l  
w i t h   one  a n o t h e r ,   and  s w i t c h i n g   means ,   c o n t r o l l e d   by  s a i d  

memory  means ,   f o r   s e l e c t i v e l y   c o u p l i n g   s a i d   p l u r a l i t y   o f  

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

3.  A  p a c e r   as  d e s c r i b e d   in  c l a i m   2  w h e r e i n   s a i d  

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



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

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

d i o d e s .  
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