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@  Program  alteration  security  for  programmable  pacers. 

In  order  to  prevent  erroneous  interpretations  of  spur- 
ious  alterations,  a  distinct  enabling  signal  is  required  in 
order  for  programming  alteration  of  data  signals  to  be 
logically  processed  by  the  pacer.  A  magnetic  enabling 
signal  is  coupled  to  the  patient,  during  which  time  pulse 
width  modulated  programming  alteration  bits  are  separa- 
tely  magnetically  coupled  to  the  pacer.  The  logical  com- 
bination  of  both  such  signals  is  required  for  programming 
changes. 



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 o n -  

t 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 ,   to   b o d y  

t i s s u e   s t i m u l a t i n g   d e v i c e s   s u c h   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  w h i c h   may  be  i m p l a n t e d   in   t h e   b o d y ,   a r e  

w e l l   known .   O r i g i n a l l y   t h e   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 ,   bu t   i n   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   b e e n   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   t o  

p a c e m a k e r s   h a s   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 a 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   s u c h   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   h a s  

b e e n   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   i n ,  

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   h a v e   c i r c u i t r y   to   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   t h e   body   and  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  

o n  U . S . S . N .   1 4 1 , 6 9 4 ,   in   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 )   t h e   p r o g r a m m i n g   i s   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 ;  

t h e   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 .   In   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 )   t h e  

p r o g r a m m i n g   i s   by  means   of   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   a n d  

r e c e p t i o n .  



Bany   p a c e m a k e r s   a r e   of  t h e   d e m a n d - t y p e  -   t h a t   i s   t h e y  

o n l y   s u p p l y   a  s t i m u l a t i n g   p u l s e   to   t h e   h e a r t   when  a  n a t u r a l  

h e a r t   b e a t   i s   a b s e n t .   To  a c c o m p l i s h   t h i s ,   demand   p a c e m a k e r s  

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

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

a p p r o p r i a t e .   One  f a c t o r   of  m a j o r   i m p o r t a n c e   w h i c h   m u s t   n o t  

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

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

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

n o i s e ,   so  as  to   p r e v e n t   t h e   p a c e m a k e r   f o r   c o n s i d e r i n g   t h a t  

t h e   s e n s e d   n o i s e   r e p r e s e n t s   a  n a t u r a l   h e a r t   b e a t   and  t h a t   n o  

s t i m u l a t i n g   p u l s e   i s   r e q u i r e d .  

We  b e l i e v e   t h a t   n o i s e   mus t   s i m i l a r l y   be  t a k e n   i n t o  

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

as  p a c e m a k e r s   ( w h e t h e r   of  t h e   d e m a n d - t y p e   or  o t h e r w i s e )   s o  

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

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

I f ,   f o r   e x a m p l e ,   t he   p r o g r a m   can   be  a l t e r e d   by  means   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 ,   t h e n   i t   i s  

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

i n d e p e n d e n t   s o u r c e   ( i . e .   n o i s e )   c o u l d   be  i n t e r p r e t e d   by  t h e  

a p p a r a t u s   as   an  i n s t r u c t i o n   to   c h a n g e  t h e   p r o g r a m .  
D i s c l o s u r e   of   I n v e n t i o n  

I n   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   we  r e d u c e   t h e  

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

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

a t   l e a s t   two  s i g n a l s   of  d i s s i m i l a r   c h a r a c t e r i s t i c s .   T h e  

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

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

r e m o t e .  

A c c o r d i n g   to   t he   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  p r o g r a m m -  
a b l e   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   h a v i n g   a  c o n t r o l   m e a n s  

f o r   i n f l u e n c i n g   a  f u n c t i o n   of  t h e   b o d y ,   means   f o r   c h a n g i n g  

a t   l e a s t   one  c h a r a c t e r i s t i c   of   t h e   c o n t r o l   means   so  t h a t  

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



d e t e c t i o n   means   f o r   d e t e c t i n g   d a t a   s i g n a l s   w h i c h   c h a n g e   t h e  

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

m e a n s   i n c l u d i n g   means   f o r   d e t e c t i n g   a t   l e a s t   two  s i g n a l s   o f  

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

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

of  s a i d   a t   l e a s t   two  s i g n a l s   i s   o b t a i n e d   by  t h e   d e t e c t i o n  

m e a n s .  

P r e f e r a b l y   t h 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   i s   a  

body   t i s s u e   s t i m u l a t o r ,   i n   w h i c h   c a s e   t h e   c o n t r o l   means   m a y  

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

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

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

c h a r a c t e r i s t i c s   ( e . g .   r a t e )   o f   t h e   p a c e r   p u l s e s .  

P r e f e r a b l y   t h e   p r o g r a m   d e t e c t i o n   means   and  t h e   p r o g r a m  
s t o r e   h a v e   d i g i t a l   c i r c u i t r y ,  a n d   t he   means   f o r   e n a b l i n g   t h e  

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

d e n c e   g a t e   s u c h   as  AND  or  NOR  g a t e   so  t h a t   t h e   c o i n c i d e n t  

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

i s   r e q u i r e d   b e f o r e   p r o g r a m m i n g   o u t p u t   s i g n a l s   a r e   p r o v i d e d  

a t   t h e   o u t p u t .  

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

of  two  s i g n a l s   of  d i s s i m i l a r   c h a r a c t e r i s t i c s ,   one  of  t h e  

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

o t h e r   s i g n a l   r e p r e s e n t i n g   a  p r o g r a m   " e n a b l e "   s i g n a l .  

The  s i g n a l s   of   d i s s i m i l a r   c h a r a c t e r i s t i c s   can   be  c h o s e n  

f r o m   a  w ide   s e l e c t i o n   of  p o s s i b l i t i e s  -   t h e   a im  b e i n g   t o  

p r o v i d e   a  c h o i c e   w h i c h   i s   u n l i k e l y   to   a r i s e   as   n o i s e .   T h e  

c h o i c e   can   be  made ,   f o r   e x a m p l e ,   by  s e l e c t i n g   s i g n a l s   f r o m  

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

and  w h i c h  c a n   be  e a s i l y   and  s a f e l y   d e t e c t e d   by  t h e   a p p a r a t u s  

when   i m p l a n t e d   i n   t h e   b o d y .   F o r   e x a m p l e ,   t h e   d a t a   s i g n a l s  

c a n   be  p r o v i d e d   i n   r a d i o   f r e q u e n c y - f o r m   and  t h e   p r o g r a m  
e n a b l e   s i g n a l s   i n   u l t r a s o n i c ,   i n f r a r e d ,  o r   v i s i b l e   l i g h t  

f o r m .   W i t h   an  u l t r a s o n i c / R F   c o m b i n a t i o n   i t   i s   d e s i r a b l e   t o  

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

t h e   u l t r a s o n i c   f r e q u e n c i e s ,   and  w i t h   an  i n f r a r e d   or   v i s i b l e  

l i g h t / R F   c o m b i n a t i o n   i t   i s   s i m i l a r l y   d e s i r a b l e   t o   use   R F .  



s i g n a l s   of  l o w e r   f r e q u e n c y .   T h i s   of  c o u r s e   a r i s e s   f r o m   t h e  

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

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

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

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

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

s i g n a l   p r o v i d e d   by  a  m a g n e t   ( p r o v i d i n g   a  p r o g r a m   e n a b l e  

s i g n a l )   and  p u l s e - c o d e d   s i g n a l s   t r a n s m i t t e d   w i t h   a  c a r r i e r  

f r e q u e n c y   of  a b o u t   10KHz  ( w h i c h   a r e   e m p l o y e d   to   a l t e r   t h e  

s t o r e d - p r o g r a m ) .  

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

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

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

e l e c t r i c a l   c i r c u i t r y   of  t h 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  

when   i n   t h e   f o r m   of  an  i m p l a n t a b l e ,   p r o g r a m m a b l e ,   c a r d i a c  

p a c e m a k e r .  

B e s t   M o d e f o r   C a r r y i n g   Out  t h e   I n v e n t i o n  

R e f e r r i n g   to  t he   d r a w i n g   t h e   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   1  w h i c h   d r i v e s   a  r i p p l e   c o u n t e r   2.  T h e  o u t p u t s  

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

i s   known   in   t h e   a r t   by  m e a n s   of   l o g i c   g a t e s   ( n o t   s h o w n )   t o  

p r o v i d e   e i g h t   o u t p u t   l i n e s   3.  T h e . o s c i l l a t o r   f r e q u e n c y   a n d  

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

t h e   e i g h t   o u t p u t   l i n e s   3  p r o v i d e   r e s p e c t i v e l y   e i g h t   d i f f e r e n t  

body   s t i m u l a t i o n   p u l s e   f r e q u e n c i e s   ( e . g .   40,   5 0 ,  6 0 ,   70 ,   8 0 ,  

90,   100  and  110  p u l s e s   p e r   m i n u t e ) .   The  e i g h t   o u t p u t   l i n e s  

3  a r e   s u p p l i e d   to   a  r a t e   d e c o d e r 4   p r o v i d e d   w i t h   t h r e e   i n p u t  

c o n t r o l   l i n e s   5.  By  e m p l o y i n g   b i n a r y   l o g i c   c i r c u i t r y   t h e  

l o g i c   l e v e l s   on  t h e   l i n e s   5  can   be  e m p l o y e d   to   s e l e c t  

u n i q u e l y   one  f r o m   e i g h t   of  t h e   e i g h t   l i n e s   3  and  t r a n s m i t  

t h e   s e l e c t e d   p u l s e   f r e q u e n c y   on  l i n e   6.  L i n e   6  i s   c o n n e c t e d  

v i a   an  o u t p u t   a m p l i f i e r   A  to   a  c o n n e c t i o n   7  l e a d i n g   to   a  

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

h e a r t ,   and  a l s o   to   a  d e l a y   u n i t   8  w h i c h ,   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   to  e n a b l e   t h e   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  t r a n s m i t t e d .   The  d e l a y   p r o v i d e d   by  d e l a y  

u n i t   8  s e t s   t h e   p u l s e   w i d t h   f o r   e a c h   of   t h e   s t i m u l a t i n g  

p u l s e s   e m i t t e d .  



The  b i t   v a l u e s   s u p p l i e d   on  l i n e s   5  to  r a t e   d e c o d e r   4 

a r e   d e r i v e d   f rom  a  t h r e e - b i t   p r o g r a m   s t o r e   9  whose   v a l u e s  

a r e   s e t   by  c o r r e s p o n d i n g   v a l u e s   o b t a i n e d   by  a  p r o g r a m  
d e c o d e r   10.  The  b i n a r y   v a l u e s   h e l d   by  p r o g r a m   d e c o d e r   1 0  

a r e   l o a d e d   i n t o   t he   p r o g r a m   s t o r e   9  by  means   of  a  s t r o b e  

p r o g r a m   l o a d   l i n e   11.  The  p r o g r a m   s t o r e   9  and  p r o g r a m  
d e c o d e r   10  can   be  f o r m e d   in   a  v a r i e t y   of  w a y s ,   d e p e n d i n g  

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

c h a n g i n g   t h e   p r o g r a m   a r e   t r a n s m i t t e d   to   t h e   d e c o d e r   10  

f r o m - o u t s i d e   t he   b o d y .  

In   t h e   p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n   t h e   d a t a  

s i g n a l s   a r e   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   h a v i n g   a  

c a r r i e r ,   or  m o d u l a t i n g   f r e q u e n c y   of   a b o u t   10KHz.  By  " t o n e  

b u r s t "   m o d u l a t i o n   we  mean  p u l s e   w i d t h   m o d u l a t i o n   whe re   t h e  

p u l s e s   of  v a r y i n g   w i d t h   ( f o r   b i t s   0  or  1)  m o d u l a t e   a  

c a r r i e r   f r e q u e n c y   ( a b o u t   10KHz  i n   our   e x a m p l e ) .   A  p r e f e r r e d  

f o r m   of   p r o g r a m   s t o r e   9  and  d e c o d e r   10  f o r   use   w i t h   t o n e  

b u r s t   m o d u l a t e d   d a t a   s i g n a l s   i s   d e s c r i b e d   i n   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  e v e n  d a t e   ( r e f :   D L D - 1 0 )  

and  f u r t h e r   d e t a i l s   may  be  o b t a i n e d   t h e r e f r o m .  

The  p r o g r a m   d e c o d e r   10  i s   f e d   f r o m   an  A N D  g a t e   12  

h a v i n g   two  i n p u t s .   One  i n p u t   i s   f r o m   a  r e e d   s w i t c h   13  

c o n n e c t e d   b e t w e e n   an  e l e c t r i c a l   s o u r c e   and   n o r m a l l y   h e l d  

o p e n ,   and   an  i n v e r t e r   14.  The  s e c o n d   i n p u t   to   t h e   AND  g a t e  

12  i s   f r o m   a  p r o g r a m   r e c e i v e r   and  a m p l i f i e r   15  w h i c h   i s  

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

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

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 .   W i t h   a  3  b i t   p r o g r a m  
m a i n t a i n e d   in   t he   p r o g r a m   s t o r e   9 , t h e   r a t e   d e c o d e r   4  s e l e c t s  

t h e  a p p r o p r i a t e   1  f rom  8  c o u n t s   p r e s e n t e d   by  c o u n t e r   2  i n  

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

i n p u t   c o n t r o l   l i n e s   5.  The  s e l e c t e d   c o u n t   i s  p r e s e n t e d  

a s  a   p a c i n g   p u l s e   to  t e r m i n a l   7,  t h e   c o u n t e r   r e s e t s ,   a n d  

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

I f   i t   i s   d e s i r e d   to  c h a n g e   t h e   p a c i n g   r a t e ,   t h e   p r o g r a m  
s t o r e d   by  s t o r e   9  mus t   be  c h a n g e d   to   p r o v i d e   a  d i f f e r e n t  

c o m b i n a t i o n   of  l o g i c   l e v e l s   on  l i n e s  5   to   d e c o d e r  4 .   F o r  



as  l o n g   as  r e e d   s w i t c h   13  r e m a i n s   o p e n ,   t h e   i n p u t   t o  

i n v e r t e r   14  r e m a i n s   h i g h   and  c o n s e q u e n t l y  t h e   c o r r e s p o n d i n g  

i n p u t   to   AND  g a t e   12  i s   low  t h u s  d i s a b l i n g   t h e   l a t t e r .   I n  

c h a n g i n g   t h e   p r o g r a m ,   a  m a g n e t   16  i s   b r o u g h t   a d j a c e n t   t h e  

p a t i e n t ' s   body  c l o s e   to   t h e   s i t e   of  t h e   i m p l a n t e d   p a c e m a k e r .  

T h i s   c l o s e s   s w i t c h   13  and  p r o v i d e s   a  h i g h   i n p u t   on  t h e  

c o r r e s p o n d i n g   l i n e   to   AND  g a t e   12.  S i m u l t a n e o u s l y ,   t o n e  

b u r s t   m o d u l a t e d   d a t a   s i g n a l s   a r e   t r a n s m i t t e d   f r o m   o u t s i d e  

t h e   body   f r o m   a  p r o g r a m   e n c o d e r   and  t r a n s m i t t e r   17,  and  a r e  

d e t e c t e d   and  a m p l i f i e d   by  r e c e i v e r / a m p l i f i e r   15.  S i n c e   t h e  

i n p u t   to   AND  g a t e   12  f r o m   t h e   r e e d   s w i t c h   13  i s   h i g h ,   t h i s  

l a t t e r   a c t s   as  a  " p r o g r a m   e n a b l e "   to  a l l o w   g a t e   12  to  p a s s  
t h e   d a t a   s i g n a l s   f r o m   r e c e i v e r / a m p l i f i e r   15  to  p r o g r a m  
d e c o d e r   10.  A  " l o a d   t h e   p r o g r a m   i n t o   t h e   s t o r e "   s i g n a l   i s  

t h e n   g e n e r a t e d   on  l i n e   11  and  t h e   d a t a   s i g n a l s   r e c e i v e d  

by  d e c o d e r   10  c l o c k e d   i n t o   p r o g r a m   s t o r e   9.  The  l o g i c  

l e v e l s   on  l i n e s   5  w i l l   t h e n   c h a n g e   i n   a c c o r d a n c e   w i t h   t h e  

new  s t o r e d   p r o g r a m   to  s e l e c t   a  d i f f e r e n t   1  of  t h e   8  c o u n t s  

p r e s e n t e d   by  t h e   c o u n t e r   2,  t h u s   c h a n g i n g   t h e   p a c e m a k e r  

p u l s e   r a t e . -  

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

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

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

b o t h   i n p u t s   to   AND  g a t e   1 2  -   t h i s  i s ,   t h e   e x i s t e n c e   of  a  

m a g n e t   16  i n   s u f f i c i e n t l y   c l o s e   p r o x i m i t y   t o   s w i t c h   13  t o  

c l o s e   t h e   l a t t e r ,   c o i n c i d e n t   w i t h   t h e   t r a n s m i s s i o n   of  t o n e  

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

a m p l i f i e r   1 5 .  A l t h o u g h   e x t e r n a l   n o i s e   m i g h t   be  d e t e c t e d  

by  r e c e i v e r / a m p l i f i e r   15,  t h e   c h a n c e   t h a t   i t   w o u l d   o c c u r  

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

s w i t c h   13  i s   e x t r e m e l y   r e m o t e   and  t h u s   t h e   c i r c u i t   a s  

d e s c r i b e d   a c t s   as  a  p r o t e c t i o n   a g a i n s t   n o i s e   b e i n g  t r e a t e d  

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

u n d e s i r a b l e .  



1.  A  p r o g r a m m 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  

h a v i n g   a  c o n t r o l   means   f o r   i n f l u e n c i n g   a  f u n c t i o n   of  t h e  

body ,   means   f o r   c h a n g i n g   a t   l e a s t   one  c h a r a c t e r i s t i c   o f  

t h e   c o n t r o l   means   so  t h a t   t h e   c o n t r o l l e d   i n f l u e n c e   m a y  
a l s o   be  c h a n g e d ,   a  p r o g r a m   s t o r e   f o r   c o n t r o l l i n g   s a i d  

c h a n g i n g   m e a n s ,   and  p r o g r a m   d e t e c t i o n   means   f o r   d e t e c t i n g  

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

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

d e t e c t i n g   a t   l e a s t   two  s i g n a l s   of  d i s s i m i l a r   c h a r a c t e r i s t i c s  

and  f o r   e n a b l i n g   t h e   d a t a   s i g n a l s   to   c h a n g e   t h e   s t o r e d  

p r o g r a m   o n l y   when  a  c o i n c i d e n c e   of  s a i d   a t   l e a s t   two  s i g n a l s  

i s   o b t a i n e d   by  t h e   d e t e c t i o n   m e a n s .  

2.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

d e t e c t i n g   means   d e t e c t s   two  s i g n a l s   of  d i s s i m i l a r   c h a r a c t e r -  

i s t i c s   f o r   e n a b l i n g .  

3.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

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

c o i n c i d e n c e   of  s a i d   a t   l e a s t   t w o  s i g n a l s   f o r   s a i d   e n a b l i n g .  

4.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   3  w h e r e i n  s a i d  

l o g i c   means  i n c l u d e s   an  AND  or  NOR  l o g i c   g a t e .  

5.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   1  w h e r e i n   one  o f  

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

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

s i g n a l .  

6.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   5  w h e r e i n   s a i d   a t  

l e a s t   two  s i g n a l s   a r e   s e l e c t e d   f rom  v e r y   d i f f e r e n t   p o s i t i o n s  

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

7.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   5  w h e r e i n   o n e  

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

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

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

a  m a g n e t i c   f i e l d .  

8.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   7  w h e r e i n   s a i d  

d e t e c t i n g   means   i n c l u d e s   means   f o r   d e t e c t i n g   s a i d   s i g n a l  

in   t h e   e l e c t r o m a g n e t i c   s p e c t r u m   and  s w i t c h   means   a c t u a b l e  

by  s a i d   m a g n e t i c   f i e l d .  



9.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   8  w h e r e i n   t h e  

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

m o d u l a t e d .  

10.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   9  w h e r e i n   t h e   p u l s e  

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

11.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1  w h e n  i n   t h e   f o r m  

of  a  body  t i s s u e   s t i m u l a t o r   w h e r e i n   s a i d   c o n t r o l   m e a n s  

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

12.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   11  w h e r e i n   s a i d  

body  t i s s u e   s t i m u l a t o r   i s   an  i m p l a n t a b l e   c a r d i a c   p a c e m a k e r .  

13.  A  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   t o   c l a i m   12  w h e r e i n  

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

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

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

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