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©  Tone  generation  system  for  electronic  musical  instrument. 

(57)  A  tone  generation  system  is  intended  for  use  with  an 
electronic  musical  instrument  of  the  type  wherein  an  audible 
tone  is  generated  electronically  in  response  to  actuation  of  the 
instrument  by  a  player.  The  invention  generates  digital  sig- 
nals  capable  of  defining  either  the  waveshape  or  the  envelope 
characteristic  of  a  tone  for  each  tone  initiated  by  such  player 
actuation,  the  amplitude  thereof  being  varied  in  accordance 
with  the  intensity  of  the  player  actuation  initiating  that  tone. 
To  define  the  amplitude,  digital  electronic  circuits  (22)  are 
utilized  for  developing  a  digital  scaling  signal  corresponding 
to  the  intensity  of  actuation  of  the  instrument  by  the  player. 

|  Other  digital  circuits  develop  (10,  18)  a  digital  waveform  seg- 
'  ment  signals  which  define  portions  of  a  composite  waveform, 
'  as  represented  in  an  orthogonal  coordinate  system.  Further 
|  digital  circuits  (24)  arithmetically  manipulate  these  scaling 
}  signals  and  waveform  segment  signals  to  give  a  composite 
@  output  signal  defining  the  envelope  or  waveform  to  be  pro- 

duced. 
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T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  t o n e   g e n e r a t i o n   i n  

e l e c t r o n i c   m u s i c a l   i n s t r u m e n t s   and  more  p a r t i c u l a r l y   t o  

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

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

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

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

A  m a j o r   a r e a   of   e n d e a v o r   in   t he   e l e c t r o n i c   m u s i c a l   i n s t r u -  

ment   a r t s   has   b e e n   to  d e v e l o p   e l e c t r o n i c   s y s t e m s   f o r  

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

r i s t i c s   of  c o n v e n t i o n a l   m u s i c a l   i n s t r u m e n t s .   B e c a u s e   o f  

t h e   t i m e - v a r y i n g   and  c o m p l e x   w a v e f o r m s   and  e n v e l o p e  

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

i n s t r u m e n t s ,   i t   ha s   h e r e t o f o r e   b e e n   d i f f i c u l t   or  i m p o s s i b l e ,  

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

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

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

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

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

or  maximum  i n t e n s i t y   and  t h e r e a f t e r   d e c a y s   at   a  p r e d e t e r m i n e d  

or  i n h e r e n t   r a t e ,   e i t h e r   n a t u r a l l y   a f t e r   an  e x t e n d e d   t i m e  

p e r i o d   or  upon   r e l e a s e   of  a  key  w h i c h   c a u s e s   a  d a m p e r   t o  

e n g a g e   and  s t o p   t he   v i b r a t i n g   p i a n o   w i r e .   S i m i l a r l y ,   w i t h  

o t h e r   i n s t r u m e n t s ,   t h e r e   i s   g e n e r a l l y   an  a t t a c k   and  d e c a y  

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



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

e l e c t r o n i c a l l y .  

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

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

made  w i t h   v a r y i n g   d e g r e e s   of   s u c c e s s .   The  p r e v a l e n t  

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

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

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

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

( e . g . ,   o f   a  p i a n o )   c l o s e l y   e n o u g h   so  as  n o t   to  be  a u d i b l y  

o b j e c t i o n a b l e .   T h i s   c h a r a c t e r i s t i c   may  n o t   be  s u i t a b l e ,  

h o w e v e r ,   f o r   s i m u l a t i n g   o t h e r   i n s t r u m e n t s ,   e . g . ,   s t r i n g s  

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

p r o v i d i n g   some  means   r e s p o n s i v e   to   t h e   i n t e n s i t y   of   p l a y e r  

a c t u a t i o n   ( e . g . ,   in   a  k e y b o a r d   i n s t r u m e n t ,   t h e   i n t e n s i t y  

w i t h   w h i c h   t h e   p l a y e r   d e p r e s s e s   a  k e y )   to   p r o d u c e   a  s u i t a b l e  

s i g n a l   c o r r e s p o n d i n g   to   t h e   p e a k   or  maximum  l e v e l   of   t h e  

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

l e v e l   or   " s c a l e " .   In  t h e   p r i o r   a r t   t h i s   has   commonly   b e e n  

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

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

In  t he   c a s e   of   a  k e y b o a r d   i n s t r u m e n t   t h i s   r e q u i r e s   s u c h   a  

t r a n s d u c e r   a s s o c i a t e d   w i t h   e a c h   key   of   t h e   k e y b o a r d .   O n e  

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

G t r c h w a n d t n e r ,   U.  S.  P a t e n t   3 , 5 8 8 , 3 1 0 .   O t h e r   a r r a n g e m e n t s  
of   t h e   p r i o r   a r t   h a v e   made  u s e   of   m u l t i p l e   c a p a c i t o r   c h a r g -  

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

g a t i n g   e l e m e n t s   to   s i m u l a t e   p e r c u s s i o n   ( e . g .   p i a n o )   e n v e l o p e  

c h a r a c t e r i s t i c s .   Such   a  s y s t e m   i s   shown,   f o r   e x a m p l e ,   i n  

M a c h a n i a n   e t   a l   U.  S.  P a t e n t   3 , 9 3 5 , 7 8 3 .  

W h i l e   t h e   s y s t e m s   and  d e v i c e s   o f   t h e   a b o v e - m e n t i o n e d   p r i o r  

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

none   of   t h e   e n v e l o p e   g e n e r a t i n g   s y s t e m s   h e r e t o f o r e   k n o w n  

h a v e   e x h i b i t e d   b o t h   a  h i g h   d e g r e e   of   a c c u r a c y   in   r e p r o d u c t i o n  



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

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

e n v e l o p e   w a v e s h a p e s .  

Wi th   t he   a d v e n t   of  r e l a t i v e l y   i n e x p e n s i v e   and  f l e x i b l e  

d i g i t a l   e l e c t r o n i c   c i r c u i t s   and  p a r t i c u l a r l y   t he   a v a i l -  

a b i l i t y   of  low  c o s t   l a r g e   s c a l e   i n t e g r a t e d   c i r c u i t s   a n d  

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

a p p r o a c h e s   to   t h i s   p r o b l e m   have   become   f e a s i b l e .   F o r  

e x a m p l e ,   W h e e l w r i g h t   e t   a l ,   U.  S.  P a t e n t   4 , 0 6 7 , 2 5 3 ,   s h o w s  

one  fo rm  of  t o n e   g e n e r a t i n g   s y s t e m ,   s p e c i f i c a l l y   d e s i g n e d  

f o r   s i m u l a t i n g   an  i n s t r u m e n t   of  t he   p e r c u s s i o n   t y p e   ( e . g . ,  

a  p i a n o ) .   T h i s   p a t e n t   shows  a  s y s t e m   w h i c h   makes   u se   o f  

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

c i r c u i t s   to  a  c e r t a i n   e x t e n t .   I t   i s   t h e   i n t e n t   of  t h e  

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

and  d i g i t a l   e l e c t r o n i c   c i r c u i t s   to  an  even   g r e a t e r   e x t e n t  

and  in   d o i n g   so,   to   p r e s e n t   a  s i g n i f i c a n t   i m p r o v e m e n t   o v e r  

t h e   p r i o r   a r t .  

The  p r e s e n t   i n v e n t i o n   i n v o l v e s   t he   u se   of  d i g i t a l   p r o c e s s i n g  

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

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

may  a d v a n t a g e o u s l y   be  r e a l i z e d   as  a  s i n g l e   l a r g e   s c a l e  

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

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

s i g n a l   i n i t i a t i o n   means   as  i n p u t s .   For   e x a m p l e ,   in   t h e   c a s e  

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

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

g e n e r a t o r   f o r   e a c h   t o n e   i n i t i a t i n g   means   ( e . g . ,   k e y )  

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

to  t he   f o r c e   ( v e l o c i t y )   w i t h   w h i c h   t he   t o n e   i n i t i a t i n g  

means   i s   s t r u c k .   The  e n v e l o p e   g e n e r a t o r s   of  t he   i n v e n t i o n  

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

r e l a t i o n   of  t h e i r   o u t p u t   s i g n a l s   ( e n v e l o p e   w a v e f o r m )   t o  

t h e   f o r c e   or  v e l o c i t y   w i t h   w h i c h   t he   key  or  o t h e r   t o n e  



i n i t i a t i n g   means   i s   i n i t i a t e d ,   and  a l s o   as  to   t h e   s h a p e   o f  

t h e   e n v e l o p e   w a v e f o r m   g e n e r a t e d   t h e r e b y .   A d v a n t a g e o u s l y ,  

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

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

A c c o r d i n g l y ,   i t   i s   a  g e n e r a l   o b j e c t   of   t h e   p r e s e n t   i n v e n -  

t i o n   to  p r o v i d e   a  new  and  i m p r o v e d   e n v e l o p e   g e n e r a t i o n  

s y s t e m   f o r   an  e l e c t r o n i c   m u s i c a l   i n s t r u m e n t .  

A  more   s p e c i f i c   o b j e c t   i s   to   p r o v i d e   an  e n v e l o p e   g e n e r a t i o n  

s y s t e m   t h a t   may  r e a d i l y   be  i m p l e m e n t e d   as  a  l a r g e   s c a l e  

i n t e g r a t e d   c i r c u i t .  

A  f u r t h e r   o b j e c t   of   t h e   i n v e n t i o n   i s   to   p r o v i d e   an  e n v e l o p e  

g e n e r a t i o n   s y s t e m   of   t h e   f o r e g o i n g   t y p e   w h i c h   c o m p r i s e s  

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

l a b l e   as  to  t he   r e l a t i o n s h i p   of  i t s   o u t p u t   s i g n a l   to  t h e  

f o r c e   or  v e l o c i t y   of   t o n e   i n i t i a t i o n   or  a c t u a t i o n   as  w e l l  

as  to   t he   s h a p e   of   t h e   e n v e l o p e   g e n e r a t e d   t h e r e b y .  

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

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

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

e n v e l o p e   s h a p e .  

A  s t i l l   f u r t h e r   o b j e c t   i s   to   p r o v i d e   an  e n v e l o p e   g e n e r a t i o n  

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

r e l a t i v e l y   s i m p l e   and   i n e x p e n s i v e   in   i t s   m a n u f a c t u r e   y e t  

h i g h l y   r e l i a b l e   i n   o p e r a t i o n .  

In  a c c o r d a n c e   w i t h   t h e   f o r e g o i n g   o b j e c t s ,   a  w a v e s h a p e  

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

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

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

a  p l a y e r   of   t he   i n s t r u m e n t   c o m p r i s e s   a t   l e a s t   one  w a v e s h a p e  



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

w a v e s h a p e ,   s a i d   g e n e r a t o r   c o m p r i s i n g :   c i r c u i t   means   r e s p o n -  
s i v e   to  a  t o n e - i n i t i a t i n g   p l a y e r   a c t u a t i o n   of  t he   i n s t r u m e n t  
f o r   p r o d u c i n g   c o n t r o l   s i g n a l s ,   w a v e f o r m   c o n t r o l   c i r c u i t  

means   r e s p o n s i v e   to  s a i d   c o n t r o l   s i g n a l s   f o r   g e n e r a t i n g   a  
s e r i e s   of  p r e d e t e r m i n e d   d i g i t a l   w a v e s h a p e   s e g m e n t   d e f i n i n g  

s i g n a l s   and  a r i t h m e t i c   c i r c u i t   means   f o r   p e r f o r m i n g  
p r e d e t e r m i n e d   a r i t h m e t i c   f u n c t i o n s   u t i l i z i n g   s a i d   d i g i t a l  
w a v e s h a p e   s e g m e n t   d e f i n i n g   s i g n a l s   and  s a i d   c o n t r o l   s i g n a l s  
to  p r o d u c e   t h e r e f r o m   a  s e r i e s   of  d i g i t a l   s i g n a l s   d e f i n i n g  
s a i d   d e s i r e d   w a v e s h a p e .  

O t h e r   o b j e c t s ,   a d v a n t a g e s   and  f e a t u r e s   of  t he   p r e s e n t  

i n v e n t i o n   w i l l   become   more  r e a d i l y   a p p r e c i a t e d   upon  c o n -  
s i d e r a t i o n   of  t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   of  t h e  

i l l u s t r a t e d   e m b o d i m e n t ,   t a k e n   in  c o n j u n c t i o n   w i t h   t h e  

a c c o m p a n y i n g   f i g u r e s   of  d r a w i n g s ,   w h e r e i n :  

F i g .   1  i s   a  f u n c t i o n a l   b l o c k   s c h e m a t i c   d i a g r a m   of  t h e  

e l e c t r o n i c   c i r c u i t s   of  t he   i n v e n t i o n ;  

F i g s .   2,  3,  4,  5,  6,  7,  8  and  9  a r e   s c h e m a t i c   c i r c u i t  

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

F i g s .   10,  11A  and  11B,  12  and  13  a r e   s c h e m a t i c   c i r c u i t  

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

i n v e n t i o n .  

W h i l e   i t   i s   n o t   d e s i r e d   to  so  l i m i t   t he   i n v e n t i o n ,   t h e  

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

a r e   i n t e n d e d   p r i m a r i l y   f o r   use   in   g e n e r a t i n g   e n v e l o p e   w a v e -  

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



R e f e r e n c e   i s   d i r e c t e d   i n i t i a l l y   to  F i g .   1,  w h e r e i n   a  b l o c k  

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

s y s t e m   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n .   A d v a n t a g e o u s l y ,  

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

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

u t i l i z i n g   c o n v e n t i o n a l   LSI  f a b r i c a t i o n   t e c h n o l o g y .  

T u r n i n g   now  more  p a r t i c u l a r l y   to  F i g .   1,  t h e   n o v e l   e n v e l o p e  

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

10  w h i c h   r e c e i v e   s u i t a b l e   i n p u t s   d e s i g n a t e d   g e n e r a l l y   12  

f rom  t h e   e l e c t r o n i c   m u s i c a l   i n s t r u m e n t .   G e n e r a l l y   s p e a k i n g ,  

t h e s e   i n p u t s   12  c a r r y   s u i t a b l e   s i g n a l s   i n d i c a t i v e   of   p l a y e r  

a c t u a t i o n   of   t h e   i n s t r u m e n t   f o r   i n i t i a t i o n   of   a  t o n e .   T h e  

i n p u t   c i r c u i t s   10  r e s p o n d   by  p r o d u c i n g   a  s e r i e s   of   e n v e l o p e  

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

of   e n v e l o p e   c o u n t   s i g n a l s   o v e r   o u t p u t   l i n e s   15  and  by  p r o -  

d u c i n g   a  s c a l i n g   c o n t r o l   s i g n a l   o v e r . o u t p u t   l i n e s   1 6 .  

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

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

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

t i n g   a  t o n e .  

The  s e r i e s   of   e n v e l o p e   c o n t r o l   s i g n a l s   on  t h e   l i n e s   14  a r e  

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

s u i t a b l e   c l o c k   s i g n a l s   f r o m   c l o c k s   20.  T h e s e   e n v e l o p e  

c o n t r o l   c i r c u i t s   18  r e s p o n d ,   g e n e r a t i n g   a  s e r i e s   of   d i g i t a l  

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

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

l i n e s   16  f e e d   a  s c a l i n g   c i r c u i t   22  w h i c h   p r o d u c e s ,   i n  

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

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

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

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

i n s t r u m e n t .   The  e n v e l o p e   c o n t r o l   c i r c u i t s   18,  t h e   s c a l i n g  

c i r c u i t   22  and  t h e   o u t p u t   l i n e s   15  of  t h e   i n p u t   c i r c u i t s  

10  f e e d   a r i t h m e t i c   c i r c u i t s   24  w h i c h   a r i t h m e t i c a l l y   o p e r a t e  



upon   the   e n v e l o p e   s e g m e n t   s i g n a l s ,   upon   t h e   s c a l i n g   s i g n a l s  
and  upon  the   s e r i e s   of  e n v e l o p e   c o u n t e r   s i g n a l s   on  l i n e s   15 

f rom  the   i n p u t   c i r c u i t s   10  to  p r o d u c e   a  s e r i e s   or  s e q u e n c e  
of  d i g i t a l   e n v e l o p e   s i g n a l s   c o m p r i s i n g   t h e   d e s i r e d   e n v e l o p e  

w a v e s h a p e ,   in  d i g i t a l   r e p r e s e n t a t i o n .  

S u m m a r i z i n g ,   t h e   a r i t h m e t i c   c i r c u i t s   24  and  t he   s c a l i n g  

c i r c u i t s   22  o p e r a t e   to  p r o d u c e   a  s e r i e s   or  s e q u e n c e   o f  

d i g i t a l   e n v e l o p e   s i g n a l s   on  o u t p u t   l i n e s   28  as  a  s e q u e n c e  

or  s e r i e s   of   c o m p o s i t e   d i g i t a l   s i g n a l s   w h i c h   d e f i n e   a  
s c a l e d   e n v e l o p e   w a v e f o r m .   The  a r i t h m e t i c   c i r c u i t   24  a l s o  

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

c i r c u i t   18,  f e d   t h e r e t o   on  a  l i n e   2 5 .  

A  s u i t a b l e   m a s t   c l o c k   s i g n a l   d r i v e s   t h e   c l o c k   c i r c u i t s   2 0 .  

The  i n p u t   c i r c u i t s   10  a l s o   g e n e r a t e   e n a b l e   s i g n a l s   and  f e e d  

t h e s e   e n a b l e   s i g n a l s   to  an  e n a b l e   c i r c u i t   30,  w h i c h   p r o d u c e s  

an  e n a b l e   c o n t r o l   s i g n a l   o u t p u t   on  a  l i n e   3 2 .  

R e f e r r i n g   now  to  F i g .   2,  t he   i n p u t   c i r c u i t s   10  a re   i l l u s t r a -  

t e d   in  d e t a i l .   I t   s h o u l d   be  r e c o g n i z e d   t h a t   in   F i g .   2  a s  

w e l l   as  in  F i g .   3  t h r o u g h   F i g .   9,  i n c l u s i v e ,   d i s c r e t e   l o g i c  

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

o p e r a t i o n   of  t he   i n v e n t i o n .   The  i n v e n t i o n   i s   n o t   l i m i t e d  

t h e r e t o ,   h o w e v e r ,   i t   b e i n g   c o n t e m p l a t e d ,   f o r   e x a m p l e ,   t h a t  

the   c i r c u i t s   of  t h e   i n v e n t i o n   may  be  r e a l i z e d   as  a  s i n g l e  

LSI  c h i p .   T h o s e   s k i l l e d   in   t he   a r t   may  r e a d i l y   c o n s t r u c t  

s u c h   a  l a r g e   s c a l e   i n t e g r a t e d   c i r c u i t   c h i p   f rom  the   f o l l o w -  

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

R e f e r r i n g   now  more  p a r t i c u l a r l y   to  F i g .   2,  t he   s p e c i f i c  

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

is   a d a p t e d   f o r   u se   w i t h   an  e l e c t r o n i c   m u s i c a l   i n s t r u m e n t   o f  

t he   k e y b o a r d   t y p e .   M o r e o v e r ,   t he   i l l u s t r a t e d   e m b o d i m e n t  

is   i n t e n d e d   s p e c i f i c a l l y   f o r   use   w i t h   e i g h t   k e y s   of  s u c h   a  

k e y b o a r d   i n s t r u m e n t ,   to  i ndependen t ly   gene ra t e   a  s epa ra t e   e n v e l o p e  



w a v e f o r m   f o r   t he   r e s p e c t i v e   t o n e   a s s o c i a t e d   w i t h   e a c h   k e y .  

The  i n v e n t i o n   i s   n o t   so  l i m i t e d ,   h o w e v e r ,   t he   c h o i c e   o f  

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

A c c o r d i n g l y ,   t h e   i n p u t   c i r c u i t   10  i l l u s t r a t e d  i n   F i g .   2  i s  

b u t   one  of  e i g h t   i d e n t i c a l   s u c h   i n p u t   c i r c u i t s ,   one  s u c h  

c i r c u i t   b e i n g   a s s o c i a t e d   w i t h   e a c h   of  t h e   e i g h t   k e y s .   T h e  

r e m a i n i n g   c i r c u i t s   ( F i g s .   3 - 9 ) ,   h o w e v e r ,   a r e   u t i l i z e d  

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

In   a c c o r d a n c e   w i t h   c o n v e n t i o n a l   p r a c t i c e ,   a  k e y - o p e r a t e d  

s w i t c h   40  i s   p r o v i d e d   w h i c h   i s   m o v a b l e   by  t h e   p l a y e r  

b e t w e e n   a  n o r m a l l y   open   t e r m i n a l   (NO)  and   a  n o r m a l l y  

c l o s e d   t e r m i n a l   (NC).  T h u s ,   upon   a c t u a t i o n   of   t h e   i n s t r u -  

m e n t   by  p l a y e r   to  i n i t i a t e   a  n o t e ,   one  or   more   k e y - s w i t c h e s  

s u c h   as  t h e   k e y - s w i t c h   40  w i l l   be  a c t u a t e d   by  t h e   p l a y e r  

f r o m   i t s   n o r m a l l y   c l o s e d   (NC)  p o s i t i o n   to   i t s   n o r m a l l y  

o p e n   (NO)  p o s i t i o n .   The  NO  and  NC  t e r m i n a l s   e a c h   f e e d  

t h e   i n p u t   c i r c u i t   10  a t   a  r e s p e c t i v e   i n v e r t e r   42,  44,  e a c h  

o f   w h i c h   i s   p r o v i d e d   w i t h   a  s u i t a b l e   p u l l - u p   r e s i s t o r   4 3 ,  

45  to   a  p o s i t i v e   s u p p l y .   T h e s e   i n v e r t e r s   42  and  44  f e e d  

t h e   i n p u t s   of   a  t w o - i n p u t   OR  g a t e   46  w h i c h   i n   t u r n   f e e d s  

one  i n p u t   of  a  t w o - i n p u t   NOR  g a t e   48.  The  i n v e r t e r   4 4  

a l s o   f e e d s   a  f u r t h e r   s i m i l a r   i n v e r t e r   50,   w h i c h   f e e d s   t h e  

c l e a r   i n p u t   of  a  f l i p - f l o p   i n t e g r a t e d   c i r c u i t   52.  T h e  

i n v e r t e r   44  a l s o   f e e d s   t h e   r e s e t   i n p u t   of   a  c o u n t e r   c i r c u i t  

54,   w h i c h   in   t he   i l l u s t r a t e d   e m b o d i m e n t   i s   an  i n t e g r a t e d  

c i r c u i t   of   t he   t y p e   g e n e r a l l y   d e s i g n a t e d   7 4 L S 9 3 .  

The  NOR  g a t e   48  d e l i v e r s   i t s   o u t p u t   to   one   i n p u t   of  a  

t w o - i n p u t   AND  g a t e   56  w h i c h   r e c e i v e s   i t s   r e m a i n i n g   i n p u t  
f r o m   a  t e r m i n a l   58,  ( I n t e r v a l )   and  d e l i v e r s   i t s   o u t p u t   t o  

t h e   c o u n t   i n p u t   of   t he   c o u n t e r   54.  The  r e m a i n i n g   i n p u t  

of   t h e   NOR  g a t e   48  i s   r e c e i v e d   f r o m   a  t w o - i n p u t   OR  g a t e  

60  w h i c h   has   one  i n p u t   f e d   f r o m   t h e   Q  o u t p u t   of   t h e   f l i p -  

f l o p   52  and  i t s   o t h e r   i n p u t   f e d   f r o m   a  f i v e - i n p u t   NAND 

g a t e   62  t h r o u g h   an  i n v e r t e r   64.  The  c o u n t e r   54  i s   w i r e d  



as  a  f o u r - b i t   b i n a r y   c o u n t e r ,   h a v i n g   i t s   f o u r   o u t p u t   l i n e s  

d e l i v e r e d   to  f o u r   of  t he   i n p u t s   of  f i v e - i n p u t   NAND  g a t e   6 2 .  

A  f i f t h   b i t   is   f a c i l i t a t e d   by  the   p r o v i s i o n   of  a  s u i t a b l e  

f l i p - f l o p   66  r e c e i v i n g   the   mos t   s i g n i f i c a n t   b i t   or  o u t p u t  
l i n e   of  t he   c o u n t e r   54  and  h a v i n g   i t s   Q  o u t p u t   w i r e d   t o  

the   f i f t h   and  f i n a l   i n p u t   of  t he   NAND  g a t e   6 2 .  

The  f o u r   b i t s   of  t he   o u t p u t s   of  c o u n t e r   54  and  t h e   f i f t h  

b i t   f r om  the   Q  o u t p u t   of  t h e   f l i p - f l o p   66  a l s o   f e e d   t h e  

i n p u t s   of  a  f i v e - b i t   l a t c h   68  whose   o u t p u t s   a r e   d e s i g n a t e d  

g e n e r a l l y   70.  In  t he   i l l u s t r a t e d   e m b o d i m e n t ,   t h i s   l a t c h  

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

d e s i g n a t e d   74LS174 .   The  c l e a r   i n p u t   of  t h e   f l i p - f l o p   66 

is   f e d   f rom  i n v e r t e r   50,  s i m u l t a n e o u s l y   w i t h   t h e   s i m i l a r  

c l e a r   i n p u t   of  t he   f l i p - f l o p   52  as  a l r e a d y   d e s c r i b e d .   T h e  

Q  o u t p u t   of  f l i p - f l o p   52  f e e d s   t he   c l o c k   i n p u t   of  a  s i m i l a r  

f l i p - f l o p   72  whose   Q  and  i7   o u t p u t s   s i g n a l   a  p a i r   of  c i r c u i t  

o u t p u t   l e a d s   74,  76,  and  c o m p r i s e   e n a b l e   c o n t r o l   s i g n a l s .  

The  Q  o u t p u t   of  f l i p - f l o p   52  a l s o   f e e d s   t h e   c l o c k   i n p u t   o f  

t h e   l a t c h   68.  The  Q  o u t p u t   of  f l i p - f l o p   72  a l s o   f o r m s   o n e  

i n p u t   to  a  t w o - i n p u t   AND  g a t e   78  whose   o p p o s i t e   i n p u t   i s  

r e c e i v e d   f r o m   a  t w o - i n p u t   OR  g a t e   80.  The  AND  78  f e e d s  

an  o u t p u t   l i n e   7 7 .  

A  p a i r   of  s i m i l a r   t w o - i n p u t   AND  g a t e s   82  and  84  f e e d   t h e  

r e s p e c t i v e   i n p u t s   of  t h e   OR  g a t e   80.  The  AND  g a t e   82  i s  

f ed   f rom  an  e x t e r n a l   c l o c k ,   d e s i g n a t e d   t h e   n o r m a l   (NORM) 

c l o c k ,   w h i l e   the   AND  g a t e   84  is   fed   f rom  a  s i m i l a r   e x t e r n a l  

c l o c k ,   d e s i g n a t e d   the   f a s t   (FAST)  c l o c k .   The  r e m a i n i n g  

i n p u t s   of  the   AND  g a t e s   82  and  84  a r e   r e s p e c t i v e l y   f e d  

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

s i d e s   of  an  i n v e r t e r   86.  T h i s   i n v e r t e r   86  r e c e i v e s   i t s  

i n p u t   f rom  a  t w o - i n p u t   AND  g a t e   88  w h i c h   has   one  i n p u t   f e d  

f rom  t h e   Q  o u t p u t   of  t he   f l i p - f l o p   52  and  t he   o p p o s i t e  

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

90.  The  n o r m a l   c l o c k   and  t he   f a s t   c l o c k   e a c h   p r o v i d e s   a  



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

c l o c k   p u l s e s   b e i n g   a t   a  r e l a t i v e l y   f a s t e r   r a t e   as  w i l l   b e  

h e r e i n a f t e r   d i s c u s s e d .  

The  f a s t   c l o c k   i n p u t   a l s o   f e e d s   one  i n p u t   of   a  t h r e e - i n p u t  

AND  g a t e   92  w h i c h   has   a  s e c o n d   i n p u t   f r o m   t h e   Q  o u t p u t   o f  

t h e   f l i p - f l o p   52.  The  AND  g a t e   92  f e e d s   t h e   i n p u t   of  a  

f u r t h e r   f l i p - f l o p   94  w h o s e   Q  o u t p u t   i s   f e d   b a c k   to  t h e   r e -  

m a i n i n g   i n p u t   of   t h e   AND  g a t e   92.  The  c l e a r   i n p u t   of   t h e  

f l i p - f l o p   94  i s   f e d   f r o m   t h e   Q  o u t p u t   of  t h e   f l i p - f l o p   5 2 .  

The  o u t p u t   of  AND  g a t e   92  i s   a l s o   t i e d   to   one  i n p u t   of  a  

t w o - i n p u t   OR  g a t e   96,  w h o s e   r e m a i n i n g   i n p u t   r e c e i v e s   t h e   Q 

o u t p u t   of   a  f l i p - f l o p   98.  T h i s   f l i p - f l o p   98  r e c e i v e s   i t s  

c l e a r   i n p u t   f r o m   t h e   Q  o u t p u t   of   t h e   f l i p - f l o p   72,  w h i l e  

i t s   Q  o u t p u t   f e e d s   t h e   c l e a r   i n p u t   of   f l i p - f l o p   7 2 .  

The  o u t p u t   of   t h e   AND  g a t e   78  f o r m s   t h e   c o u n t   i n p u t   of   a  

c o u n t e r   c i r c u i t   100,   w h i c h   t o g e t h e r   w i t h   a  s i m i l a r   c o u n t e r  

c i r c u i t   102  f o r m s   an  e n v e l o p e   c o u n t e r   whose   o u t p u t   i s   t h e  

e n v e l o p e   c o u n t   s i g n a l s .   T h i s   o u t p u t   of   t h e   AND  g a t e   7 8  

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

77,  w h i c h   f o r m s  o n e   of   t h e   l i n e s   14  of   F i g .   1.  In  t h e  

i l l u s t r a t e d   e m b o d i m e n t ,   t h e   c o u n t e r   c i r c u i t s   100  and  1 0 2  

a r e   of   t h e   t y p e   g e n e r a l l y   d e s i g n a t e d   74LS93 ,   and  a r e   w i r e d  

t o g e t h e r   to   f o r m   an  e i g h t - b i t   c o u n t e r   c i r c u i t .   The  o u t p u t  
of   OR  g a t e   96  i s   t i e d   t o  t h e   r e s e t   t e r m i n a l s   of   b o t h  

c o u n t e r s   100  and  102.  The  f o u r - b i t   o u t p u t s   o f  t h e   c o u n t e r  

102  a r e   w i r e d ,   r e s p e c t i v e l y ,   to   t he   i n p u t s   of  a  f o u r - i n p u t  

AND  g a t e   104,   w h o s e   o u t p u t   f e e d s   t h e   i n p u t   of  f l i p - f l o p   9 8 .  

The  e i g h t   o u t p u t s   of   c o u n t e r s   100  and  102  a r e   d e s i g n a t e d  

X0,  X1,  X2,  X3,  X4,  X5,  X6  and   X7,  and  f o rm  a  p o r t i o n   o f  

t h e   l i n e s   15  of   F i g .   1 .  

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

F i g .   2,  i t   w i l l   be  a d v a n t a g e o u s   to   b r i e f l y   d e s c r i b e   t h e  

o p e r a t i o n   t h e r e o f .   P r i o r   to   p l a y e r   a c t u a t i o n   of   t he   k e y -  

o p e r a t e d   s w i t c h   40,   t h i s   s w i t c h   40  w i l l   be  e n g a g e d   w i t h   i t s  



n o r m a l l y   c l o s e d   (NC)  c o n t a c t .   I t   w i l l   be  n o t e d   t h a t   t h e  

c e n t e r   c o n t a c t   of  the   s w i t c h   40  is   c o n n e c t e d   to  g r o u n d .  

T h u s ,   t he   i n p u t   of  i n v e r t e r   42  i s   h i g h   or  l o g i c   1  w h i l e  

t h e   i n p u t   of  i n v e r t e r   44  i s   low  or  l o g i c   0.  As  u s e d   h e r e -  

i n a f t e r ,   and  as  g e n e r a l l y   u n d e r s t o o d   in  d i g i t a l   c i r c u i t  

t e c h n o l o g y ,   " l o g i c   1"  and  " l o g i c   0" ,   or  a l t e r n a t i v e l y ,  

" h i g h "   and  " l o w "   r e f e r   to  s e l e c t e d   u p p e r   and  l o w e r   DC  v o l -  

t a g e   l e v e l s .   A c c o r d i n g l y ,   w i t h   t he   i n p u t   of  i n v e r t e r   4 4  

low,   i t s   o u t p u t   w i l l   be  h i g h   and  c o n s e q u e n t l y   t he   o u t p u t  
of  s e r i e s - c o n n e c t e d   i n v e r t e r   50  w i l l   be  low.   T h i s   l o w  

l o g i c   l e v e l   a t   t he   i n p u t s   of  f l i p - f l o p s   52  and  66  w i l l  

c a u s e   t h e i r   Q  o u t p u t s   b o t h   to  be  low  ( l o g i c   0 ) .   T h i s   o f  

c o u r s e   a l s o   c a u s e s   t h e   o p p o s i t e   s e n s e   or  a  l o g i c   1  s i g n a l  

on  t h e   Q  o u t p u t   of   t he   f l i p - f l o p   52.  The  Q  o u t p u t   of  f l i p -  

f l o p   52  c a u s e s   t he   o u t p u t   of  AND  g a t e   92  to   go  low  and  a l s o  

c l e a r s   f l i p - f l o p   94  c a u s i n g   i t s   Q  o u t p u t   to  go  h i g h .  

The  h i g h   l o g i c   l e v e l   a t   t he   o u t p u t   of  i n v e r t e r   44  a l s o  

r e s e t s   c o u n t e r   54  c a u s i n g   i t s   f o u r   o u t p u t s   to  a l l   go  l o w ,  

s u c h   t h a t   t he   i n p u t s   of  NAND  g a t e   62  a r e   a t   a  low  l o g i c  

l e v e l ,   c a u s i n g   i t s   o u t p u t   to  go  h i g h .   I t   w i l l   be  s e e n  

t h a t   t he   l o g i c   g a t e s   46,  48,  60  and  56  a r e   t h e r e f o r e   h e l d  

a t   s u i t a b l e   l o g i c   l e v e l s   so  t h a t   t he   s i g n a l s   a t   t he   i n p u t  

t e r m i n a l   58  a r e   i n h i b i t e d   or  p r e v e n t e d   by  t he   g a t e   56  f r o m  

d r i v i n g   t he   c o u n t e r   5 4 .  

Upon  a c t u a t i o n   of  t h e   k e y - o p e r a t e d   s w i t c h   40  by  a  p l a y e r  

of  t h e   i n s t r u m e n t ,   t he   NC  c o n t a c t   w i l l   be  open   c i r c u i t e d ,  

c a u s i n g   a  h i g h   or  l o g i c   1  s i g n a l   at   t h e   i n p u t   of  i n v e r t e r  

44.  The  NO  t e r m i n a l   w i l l   a l s o   r e m a i n   open   c i r c u i t e d ,  

i n i t i a l l y .   The  f o r m e r   c o n d i t i o n   r e m o v e s   t he   c l e a r   s i g n a l s  

f rom  f l i p - f l o p s   52  and  66  and  the   r e s e t   f r o m   c o u n t e r   5 4 ,  

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

l o g i c   l e v e l s   a t   g a t e s   46  and  48  a re   t h u s   a l t e r e d ,   so  a s  

to  a l l o w   t he   s i g n a l   a t   i n p u t   58  to  be  f e d ,   by  the   a c t i o n  

of  AND  g a t e   56,  to   t he   c o u n t e r   54.  The  n a t u r e   of  t h i s  



i n p u t   s i g n a l   a t   t e r m i n a l   58  w i l l   be  d e s c r i b e d   l a t e r .   S u f -  

f i c e   i t   now  to  say   t h a t   t h i s   c o m p r i s e s   a  c l o c k   s i g n a l   o r  

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

t he   c o u n t e r   5 4 .  

As  t h e   t r a v e l   of  t h e   k e y - o p e r a t e d   s w i t c h   40  p r o g r e s s e s ,  
t h e   n o r m a l l y   open   (NO)  c o n t a c t   w i l l   e v e n t u a l l y   b e c o m e  

c l o s e d .   The  t i m e   i n t e r v a l   in   w h i c h   t h i s   t a k e s   p l a c e   o f  

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

upon  t h e   v e l o c i t y )   w i t h   w h i c h   t h e   p l a y e r   a c t u a t e s   t h e   k e y .  

When  t h e   NO  c o n t a c t   b e c o m e s   c l o s e d ,   t h e   i n p u t   of   i n v e r t e r  

42  goes   low,   d r i v i n g   i t s   o u t p u t   h i g h ,   t h u s   a g a i n   c h a n g i n g  

t h e   l o g i c   s i g n a l s   t h r o u g h   t h e   g a t e s   46  and   48  to   a g a i n  

i n h i b i t   t h e   c l o c k   s i g n a l s   a t   t e r m i n a l 5 8   a t   t h e   g a t e   5 6 .  

T h u s ,   i t   w i l l   be  r e c o g n i z e d   t h a t   t h e   o u t p u t   s t a t e   or   c o u n t  

r e a c h e d   by  t h e   c o u n t e r   54  w i l l   be  i n v e r s e l y   p r o p o r t i o n a l  

to  t h e   i n t e n s i t y   or  v e l o c i t y   of   a c t u a t i o n   of   t he   k e y -  

o p e r a t e d   s w i t c h   40  by  t h e   p l a y e r  o f   t h e   i n s t r u m e n t .  

T h i s   l o w - t o - h i g h   t r a n s i t i o n   a t   t h e   o u t p u t   of  i n v e r t e r   4 2  

a l s o   c l o c k s   t h e   f l i p - f l o p   52,  c a u s i n g   a  h i g h   a t   i t s . Q  

o u t p u t   and   a  low  on  i t s   Q  o u t p u t .   T h i s   r e s u l t s   i n   s u i t a b l e  

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

n a l   58  a t   t h e   g a t e   56.  T h i s   s e c o n d   d i s a b l i n g   p r e v e n t s   t h e  

c l o c k   s i g n a l s   f r o m   b e i n g   f e d   t h r o u g h   t h e   c o u n t e r   5 4  

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

NO  t e r m i n a l ,   and  t o  p r e v e n t   t h e   e n a b l i n g   of   g a t e   56  u p o n  
r e l e a s e   of   t h e   k e y - o p e r a t e d   s w i t c h   40.  I t   w i l l   be  n o t e d  

t h a t   s h o u l d   t h e   o u t p u t   of   c o u n t e r   54  and   t h e  a d d i t i o n a l  

b i t   t h e r e o f   p r o v i d e d   by  f l i p - f l o p   56  r e a c h   t h e  m a x i m u m  

c o u n t ,   t h e   o u t p u t   of  NAND  g a t e   62  w o u l d   t h e n   go  l ow,   a l s o  

d i s a b l i n g   t h e   c l o c k   s i g n a l   f r o m   t e r m i n a l   58  v i a   i n v e r t e r   6 4  

and  g a t e s   60,  48  and  56.  The  l o w - t o - h i g h   t r a n s i t i o n   a t   t h e  

Q  o u t p u t   of   t h e   f l i p - f l o p   52  a l s o   c a u s e s   c l o c k i n g   of  f l i p - "  

f l o p   72  to   d r i v e   t h e   o u t p u t   l i n e   74  h i g h   and  t h e   o u t p u t  

l i n e   76  low.   The  s i g n a l   a t   l i n e   74  i s   c a l l e d   t h e   e n a b l e  



s i g n a l   and  w i l l   be  f u r t h e r   u t i l i z e d   in  s u c c e e d i n g   c i r c u i t s .  

The  h i g h   t r a n s i t i o n   of  t h e   Q  o u t p u t   of  f l i p - f l o p   52  a l s o  

p r o v i d e s   a  c l o c k   p u l s e   to   t he   c l o c k   i n p u t   of  t he   l a t c h   68  

so  t h a t   t he   o u t p u t   s t a t e   or  c o u n t   r e a c h e d   by  t he   c o u n t e r  

54  i s   now  l a t c h e d   at   t h e   o u t p u t s   70  t h e r e o f .   T h i s   c o u n t   i s  

a  f i v e - b i t   n u m b e r   or  s i g n a l ,   w h i c h   c o m p r i s e s   t he   s c a l i n g  
c o n t r o l   s i g n a l .   H e n c e ,   t he   l i n e s   70  a r e   i n d i v i d u a l l y  

d e s i g n a t e d   s0,   s l ,   s2,   s3,   and  s 4 .  

Wi th   t he   Q  o u t p u t   of  f l i p - f l o p   52  h i g h ,   t h e   c o n n e c t e d   i n p u t  
of  AND  g a t e   92  is   a l s o   h i g h ,   s u c h   t h a t   i t s   o u t p u t   f o l l o w s  

i t s   i n p u t   j o i n e d   to  t he   f a s t   c l o c k .   H o w e v e r ,   o n l y   a  s i n g l e  

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

o u t p u t   of  AND  g a t e   92,  s i n c e   the   n e g a t i v e - g o i n g   edge  o f  

t h a t  f i r s t   p u l s e   w i l l   c l o c k   t he   f l i p - f l o p   94  c a u s i n g   i t s  

Q  o u t p u t ,   w h i c h   i s   j o i n e d   w i t h   t he   r e m a i n i n g   i n p u t   of  AND 

g a t e   92,  to  go  low  t h u s   d i s a b l i n g   t h e   AND  g a t e   92.  T h e  

p u r p o s e   of  t h i s   s i n g l e   p u l s e   i s   to  r e s e t   t he   c o u n t e r s   1 0 0  

and  102  v i a   t he   OR  g a t e   9 6 .  

The  e n v e l o p e   c o u n t e r   100,  102  t h e n   c o u n t s   t h e   p u l s e s  

a d m i t t e d   a t   t he   AND  g a t e   78,  f rom  0  to  240,   in   e i g h t - b i t  

d i g i t a l   f o rm.   At  t h e   2 4 0 t h   c o u n t ,   a l l   f o u r   i n p u t s   to  AND 

g a t e   104  a r e   h i g h ,  s o   t h a t   AND  g a t e   104  c l o c k s   t he   f l i p -  

f l o p   98,  t h e r e b y   r e s e t t i n g   t he   c o u n t e r s   100  and  102.  A t  

t h e   same  t i m e ,   the   f l i p - f l o p   98  w i l l   f e e d   a  low  s i g n a l   t o  

c l e a r   f l i p - f l o p   72  c a u s i n g   the   o u t p u t   l i n e   74  to  go  l o w  

and  t he   o u t p u t   l i n e   76  to  go  h i g h .   T h i s   low  s i g n a l   a t  

o u t p u t   l i n e   74  a l s o   p r o v i d e s   a  c l e a r   to   f l i p - f l o p   98,  c a u s -  

i ng   t he   r e s e t   to  be  r e m o v e d   f rom  t h e   c o u n t e r   c i r c u i t s   100  

and  102.  H o w e v e r ,   t he   c o u n t e r   r e m a i n s   at   z e r o   s i n c e   t h e  

i n p u t   t h e r e t o   at   g a t e   78  i s   d i s a b l e d   by  t h e   low  s i g n a l   o n  

l i n e   7 4 .  

T h i s   c l o c k   s i g n a l   f ed   by  g a t e   78  to  t h e   e n v e l o p e   c o u n t e r  



100,   102  c o m p r i s e s   e i t h e r   t h e   n o r m a l   or   t h e   f a s t   c l o c k  

s i g n a l ,   as  d e t e r m i n e d   by  t h e   l o g i c   s i g n a l s   a t   t he   g a t e s  

80,  82,  84,  86  and  88.  When  t h e   NO  c o n t a c t   of  s w i t c h   4 0  

is   c l o s e d ,   t h e   f l i p - f l o p   52  s e n d s   a  low  s i g n a l   to  AND  g a t e  

88,  t h u s   d i s a b l i n g   t h e   f a s t   c l o c k   s i g n a l   a t   t h e   g a t e   8 4  

and  e n a b l i n g   t he   n o r m a l   c l o c k   s i g n a l   a t   t h e   g a t e  8 2 ,  

a s s u m i n g   t h e   s u s t a i n   s w i t c h   90  r e m a i n s   o p e n .   T h u s ,   g a t e  
80  f e e d s   t h e   n o r m a l   c l o c k   s i g n a l   to   t h e   e n v e l o p e   c o u n t e r  

100,   102  v i a   AND  g a t e   78.  When  t h e   NC  c o n t a c t   i s   c l o s e d ,  

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

f a s h i o n .   When  t h e   s u s t a i n   s w i t c h   90  i s   c l o s e d   i t   w i l l  

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

r e g a r d   f o r   t h e   p o s i t i o n   of   t h e   k e y - o p e r a t e d   s w i t c h   4 0  

( i . e . ,   as  f a r   as  AND  g a t e   7 8 ) .  

I t   w i l l   be  r e m e m b e r e d   t h a t   t h e   e i g h t   o u t p u t   l i n e s   of  t h e  

c o u n t e r s   100 ,   102,   d e s i g n a t e d   x 0 - x 7 ,   i n c l u s i v e ,   c a r r y   t h e  

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

F i g .   1 .  

R e f e r e n c e   i s   n e x t   i n v i t e d   to   F i g .   3,  w h e r e i n   t h e r e   i s   s e e n  

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

m e n t .   As  m e n t i o n e d   a b o v e ,   t h e   e m b o d i m e n t   of   t h e   i n v e n t i o n  

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

e i g h t   k e y s   of   a  k e y b o a r d   m u s i c a l   i n s t r u m e n t ,   so  as  t o  

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

s u c h   k e y .   A c c o r d i n g l y ,   t h e   c i r c u i t   of   F i g .   3,  w h i c h   i s  

p a r t   of   t h e   e n v e l o p e   c o n t r o l   c i r c u i t s   18  of   F i g .   1,  p e r m i t s  

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

e n v e l o p e   c o u n t   s i g n a l s   f r o m   t h e   c i r c u i t   of   F i g .   2  a n d  

s e v e n   o t h e r   s i m i l a r   c i r c u i t s .   A c c o r d i n g l y ,   t h e   l i n e s   x 0  

t h r o u g h   x7  of  t h e   c i r c u i t   of   F i g .   2,  as  w e l l   as  s i m i l a r  

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

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

m u l t i p l e x e r   c i r c u i t s   110,   112,   114,   116,   118,   120,  122  a n d  

124.   In   t h e   i l l u s t r a t e d   e m b o d i m e n t ,   e a c h   of   t h e s e  



m u l t i p l e x e r s   is  an  i n t e g r a t e d   c i r c u i t   of  t h e   t y p e   g e n e r a l l y  

d e s i g n a t e d   7 4 L S 1 5 1 .   T h e s e   i n p u t s   a r e   d e s i g n a t e d   by  t h e  

n u m b e r s   x0  t h r o u g h   x7,   e a c h   p r e f i x e d   by  a  f u r t h e r   n u m b e r  

i n d i c a t i n g   t he   one  of   t h e   e i g h t   i n p u t   c i r c u i t s   w i t h   w h i c h  

i t   is   a s s o c i a t e d .   The  e i g h t - b i t   m u l t i p l e x e d   o u t p u t s   f r o m  

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

i n c l u s i v e .  

R e f e r e n c e   to  F i g .   4  r e v e a l s   a  m u l t i p l e x i n g   c i r c u i t   a r r a n g e -  
ment   s i m i l a r   to  F i g .   3,  b u t   i n t e n d e d   f o r   s e r i a l l y   m u l t i -  

p l e x i n g   the   s c a l i n g   c o n t r o l   s i g n a l s   f r o m   t h e   l i n e s   70  o f  

l a t c h   68  and  f o r   s e r i a l l y   m u l t i p l e x i n g   t h e   e n a b l e   s i g n a l s  

on  t h e   l i n e s   74,  f o r   e a c h   of   t he   e i g h t   i n p u t   c i r c u i t s ,  

t y p i f i e d   by  F i g .   2,  of   t h e   i l l u s t r a t e d   e m b o d i m e n t .   T h e  

c i r c u i t   of  F i g .   4  d e v e l o p s   t h e   d i g i t a l   s c a l i n g   s i g n a l  
m e n t i o n e d   e a r l i e r .   M u l t i p l e x e r   c i r c u i t s   130,   132,  1 3 4 ,  

136,   138  and  140  a r e ,   in   t he   i l l u s t r a t e d   e m b o d i m e n t ,   o f  

t h e   t y p e   g e n e r a l l y   d e s i g n a t e d   74LS151 .   A  ROM  142  is   a l s o  

u t i l i z e d   f o r   d e v e l o p i n g   the   d i g i t a l   s c a l i n g   s i g n a l ,   and  i n  

t h e   i l l u s t r a t e d   e m b o d i m e n t   i s   of  t he   t y p e   g e n e r a l l y   d e s i g -  

n a t e d   MM5202.  B r i e f l y ,   t h e   f i v e   o u t p u t s   70  of  the   l a t c h  

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

b e i n g   d e s i g n a t e d   by  t h e   o u t p u t s   s0 ,   s l ,   s2 ,   s3 ,   and  s 4 .  

T h e s e   s0  t h r o u g h   s4  o u t p u t s   of  e a c h   i n p u t   c i r c u i t ,   a s  

d e s i g n a t e d   by  t h e i r   p r e f i x e s   in   F i g .   4,  a r e   f ed   in  s e r i a l  

f a s h i o n   to  t he   m u l t i p l e x e r s   130,  132,   134,   136  and  138  i n  

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

c i r c u i t   of  F i g .   3.  S i m i l a r l y ,   t he   e i g h t   e n a b l e   l i n e s   74  

of  t he   e i g h t   i n p u t   c i r c u i t s   a r e   f ed   to  t h e   m u l t i p l e x e r   1 4 0 ,  

w h o s e   o u t p u t   f o r m s   an  e n a b l e   (En)  l i n e .  

The  o u t p u t s   of  t he   m u l t i p l e x e r s   1 3 0 - 1 3 8 ,   i n c l u s i v e   a r e  

d e s i g n a t e d   as  s'  o u t p u t s .   T h e s e   s'  o u t p u t s   a r e   f ed   t o  

r e s p e c t i v e   a d d r e s s i n g   i n p u t s   of  t he   ROM  142,   w h i c h   o u t p u t s  

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

l i n e s   d e s i g n a t e d   g e n e r a l l y   144.  T h e s e   o u t p u t   l i n e s   1 4 4  



a r e   t h e r e f o r e   l a b e l e d   SO,  S l ,   S2,  S3  and  S4.  I t   w i l l   b e  

r e c o g n i z e d   t h a t   t h e   use   of  ROM  142  p e r m i t s   a  p r e d e t e r m i n e d  

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

d e t e r m i n e d   by  t he   c o u n t   of  c o u n t e r   54  l a t c h e d   a t   l a t c h   6 8  

of   t he   i n p u t   c i r c u i t   1 0 .  

M u l t i p l e x   c o n t r o l   l i n e s   MUXA,  MUXB  and  MUXC  f e e d   t he   t h r e e  

c o n t r o l   i n p u t s   of   t h e   m u l t i p l e x e r s   110  t h r o u g h   124,   a n d  

a l s o   of  t h e   m u l t i p l e x e r s   130  t h r o u g h   140,   as  i n d i c a t e d   i n  

F i g s .   3  and  4 .  

R e f e r e n c e   i s   n e x t   i n v i t e d   to   F i g .   5,  w h e r e i n   t h e r e   i s  

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

18  of   t h e   i l l u s t r a t e d   e m b o d i m e n t .   The  o u t p u t   l i n e s   77  o f  

t h e   e i g h t   i n p u t   c i r c u i t s ,   h e r e   d e s i g n a t e d   by  p r e f i x e s   1 - 7 7 ,  

2 - 7 7 ,   e t c . ,   a r e   f e d   to   t h e   e i g h t   i n p u t s   of   a  m u l t i p l e x  

c i r c u i t   150,   w h i c h   s e r i a l l y   m u l t i p l e x e s   t h e   s i g n a l s   o n  

t h e s e   l i n e s   to  i t s   o u t p u t   152 .   T h i s   o u t p u t   152  f e e d s   o n e  

i n p u t   of  a  t w o - i n p u t   AND  g a t e   154  w h i c h   in   t u r n   f e e d s   a n  

i n v e r t e r   156.   A  s u i t a b l e   c o n t r o l   s i g n a l   i s   d e r i v e d   f o r  

t h e   r e m a i n i n g   i n p u t   of   AND  g a t e   154  by  a  l o g i c   n e t w o r k  

c o m p r i s i n g   an  AND  g a t e   158,   an  AND  g a t e   160,   and  an  i n v e r t e r  

162.   The  i n v e r t e r   162  r e c e i v e s   a  c o n t r o l   s i g n a l   a t   a  

t e r m i n a l   164,   w h o s e   d e r i v a t i o n   w i l l   be  d i s c u s s e d   l a t e r .  

S i m i l a r l y ,   t h e   c o n t r o l   s i g n a l   on  t h e   l i n e   25,  w h i c h   s i g n a l  

w i l l   a l s o   be  d e s c r i b e d   l a t e r ,   f e e d s   one  i n p u t   of   t h e   AND 

g a t e   158.  The  r e m a i n i n g   i n p u t   of   t h e  A N D   g a t e   158  i s   f e d  

f r o m   t h e   o u t p u t   of   AND  g a t e   160,   one  i n p u t   of  w h i c h   i s   f e d  

f r o m   a  MUX  CLOCK  c o n t r o l   l i n e .   The  MUXA,  MUXB  and  MUXC 

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

1 5 0 .  

The  i n v e r t e r   156  f e e d s   one  i n p u t   of   a  d e c o d e r   c i r c u i t   1 6 8 ,  

w h o s e   r e m a i n i n g   t h r e e   i n p u t s   a r e   f e d   by  t h e   MUXA,  MUXB 

and  MUXC  c o n t r o l   l i n e s .   In  t h e   i l l u s t r a t e d   e m b o d i m e n t ,  



t he   d e c o d e r   168  i s   an  i n t e g r a t e d   c i r c u i t   of  t he   t y p e  

g e n e r a l l y   d e s i g n a t e d   74LS42 ,   u s e d   as  a  t h r e e - l i n e - t o - e i g h t -  

l i n e   d e c o d e r .   The  e i g h t   o u t p u t s   of  t he   d e c o d e r   c i r c u i t   1 6 8  

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

170,  172,   174,  176,  178,  180,   182  and  184,  w h i c h   in   t h e  

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

74LS93 ,   and  a r e   w i r e d   as  f o u r - b i t   b i n a r y   c o u n t e r s .   T h u s ,  

t h e   m u l t i p l e x   c o n t r o l   s i g n a l s   MUXA,  MUXB  and  MUXC  a r e  

d e c o d e d   t h r o u g h   to  t he   e i g h t   c o u n t e r s   170  t h r o u g h   1 8 4 ,  

i n c l u s i v e ,   as  c o n t r o l l e d   by  t he   s i g n a l   d e r i v e d   a t   t h e   o u t p u t  
of  t h e   i n v e r t e r   156.  S u i t a b l e   r e s e t   s i g n a l s   a r e   a l s o  

p r o v i d e d   a t   r e s e t   l i n e s   d e s i g n a t e d   RST1  t h r o u g h   R S T 8 ,  

i n c l u s i v e ,   of  t he   c o u n t e r s   170  t h r o u g h   184.  The  r e s e t  

s i g n a l s   f o r   t h e   c o u n t e r s   170  t h r o u g h   184  a r e   t a k e n   f r o m  

t h e   r e s p e c t i v e   o u t p u t   l i n e s   76  of  t h e   e i g h t   i n p u t   c i r c u i t s  

( e . g . ,   t h e   c i r c u i t   of  F i g .   2 ) .   T h e s e   e i g h t   c o u n t e r s   1 7 0  

t h r o u g h   184  e a c h   have   f o u r   o u t p u t s ,   w h i c h   a r e   f ed   in   s e r i a l  

f a s h i o n   to   t he   i n p u t   of  f o u r   m u l t i p l e x e r   c i r c u i t s   186,   1 8 8 ,  

190  and  192.   In  t h e   i l l u s t r a t e d   e m b o d i m e n t ,   t h e s e   m u l t i -  

p l e x e r s   186  t h r o u g h   192,  as  w e l l   as  t he   m u l t i p l e x e r   150  a r e  

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

7 4 L S 1 5 1 .   More  s p e c i f i c a l l y ,   t he   o u t p u t s   of  t h e   c o u n t e r s  

170  t h r o u g h   184,   a r e   d e s i g n a t e d ,   in   b i n a r y   f a s h i o n   1 7 0 - 1 ,  

1 7 0 - 2 ,   1 7 0 - 4 ,   1 7 0 - 8 ,   and  s i m i l a r l y   f o r   t he   r e m a i n i n g  

c o u n t e r s .   I t   w i l l   be  s e e n   by  r e f e r e n c e   to  F i g .   5  t h a t   a l l  

of  t h e   -1  o u t p u t s   a r e   f e d   to  t h e   m u l t i p l e x e r   186,   t h e   - 2  

o u t p u t s   to  m u l t i p l e x e r   188  and  so  on  s u c h   t h a t   t he   o u t p u t s  

of  t he   m u l t i p l e x e r s   186  t h r o u g h   192  e a c h   c o m p r i s e   o n e  

s e r i a l l y   m u l t i p l e x e d   b i t   f r om  the   e i g h t   c o u n t e r s   170  t h r o u g h  

184.   The  o u t p u t s   of  m u l t i p l e x e r s   186  t h r o u g h   192  f o r m  

a d d r e s s   l i n e s ,   d e s i g n a t e d   AdO,  Ad l ,   Ad2,  and  A d 3 .  

R e f e r r i n g   now  to  F i g .   6,  a  f i r s t   p o r t i o n   of  t he   a r i t h m e t i c  

c i r c u i t   24  is   i l l u s t r a t e d .   The  c i r c u i t s   of  t he   i n v e n t i o n  

p r o d u c e   e n v e l o p e   s i g n a l s   of  t h e   g e n e r a l   fo rm  S(B+MX),  w h e r e  

S  i s   a  s c a l i n g   n u m b e r ,   B  i s   t h e   i n t e r c e p t   and  M  i s   t h e  



s l o p e ,   in  an  x - y   c o o r d i n a t e   r e p r e s e n t a t i o n   of  t he   e n v e l o p e  
w a v e f o r m .   In  t h i s   r e g a r d ,   t h e r e   a r e   p r o v i d e d   s i x t e e n   s e t s  
of  p a r a m e t e r s   B  a n d   M  f o r   e a c h   e n v e l o p e   ( i . e . ,   e a c h   n o t e )  

to  be  g e n e r a t e d .   Thus  e a c h   e n v e l o p e   c o m p r i s e s   s i x t e e n  

s h o r t ,   s t r a i g h t   l i n e   s e g m e n t s   when  v i e w e d   in   an  o r t h o g o n a l  

c o o r d i n a t e s   r e p r e s e n t a t i o n .   The  c i f c u i t   of  F i g .   6  p e r f o r m s ,  

in   b i n a r y   f o r m ,   t h e   o p e r a t i o n   MX,  as  a  f i r s t   s t e p   i n   d e r i v -  

i ng   t h e   o u t p u t   s i g n a l   r e p r e s e n t e d   by  t h e   e x p r e s s i o n  

S(B+MX),  as  d e s c r i b e d   a b o v e .   A  ROM  200  h o l d s   s t o r e d ,  

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

h a n d l e d   by  t h e   s y s t e m   of   t h e   i l l u s t r a t e d   e m b o d i m e n t .   T h i s  

ROM  200  f o r m s   a  p a r t   of   t h e   e n v e l o p e   c o n t r o l   c i r c u i t   18  

of  F i g .   1  and  i s   a d d r e s s e d   by  t h e   a d d r e s s   l i n e s   AdO,  A d l ,  

Ad2,  and  Ad3,  f r o m   t h e   c i r c u i t   of   F i g .   5 ,  a n d   by  t h e   MUXA, 

MUXB,  and  MUXC  c o n t r o l   l i n e s .   The  ROM  200  has   an  e i g h t - b i t  

o u t p u t   c o m p r i s i n g   t h e   s e l e c t e d   n u m b e r   M  o v e r   two  g r o u p s   o f  

f o u r   l i n e s   d e s i g n a t e d   g e n e r a l l y   202  and  204.   In  t h e  

i l l u s t r a t e d   e m b o d i m e n t   t h e s e   v a l u e s   of  M  a r e   in   8 - b i t  

b i n a r y   f o rm ,   t h e   l a s t   6  b i t s   b e i n g   f r a c t i o n a l .   H e n c e ,   M 

i s   of   t h e   f o rm  21  20  2 -1   2-2   2-3   2 - 4   2-5   2 - 6 .  

The  o u t p u t s   202  c a r r y ,   i n   o r d e r ,   t h e   m o s t   s i g n i f i c a n t   b i t s ,  

w h i l e   t h e   o u t p u t s   204  a r e   o r d e r e d   as  t h e   l e a s t   s i g n i f i c a n t  

b i t s .   T h e s e   o u t p u t s   202  and  204  a r e   f e d   t o  t h e   f i r s t   f o u r  

.  and  l a s t   f o u r ,   r e s p e c t i v e l y ,   o f   e i g h t   s i m i l a r   m u l t i p l i e r  

i n t e g r a t e d   c i r c u i t s   206 ,   208 ,   210 ,   212 ,   214,   216,   218  a n d  

2 2 0   e a c h   of   w h i c h   i s   w i r e d   as  a  f o u r - b i t - b y - f o u r - b i t  -  

m u l t i p l i e r .   In  t h e   i l l u s t r a t e d   e m b o d i m e n t ,   t he   c i r c u i t s  

206 ,   210,   214  and  218  a r e   of   t h e   t y p e   g e n e r a l l y   d e s i g n a t e d  

74284   w h i l e   t h e   r e m a i n i n g   m u l t i p l i e r   c i r c u i t s   208 ,   212 ,   2 1 6  

and  220  a r e   of   t h e   t y p e   g e n e r a l l y   d e s i g n a t e d   7 4 2 8 5 .   T h e  

e i g h t - b i t   X  s i g n a l   on  l i n e s   X0,  X1,  e t c . ,   i s   f e d   to   t h e   m u l -  

t i p l i e r s   206  t h r o u g h   220 ,   as  i n d i c a t e d   a t   t he   r i g h t   h a n d  

s i d e   of  F i g .   6,  t h e   XO  t h r o u g h   X3  b i t s   b e i n g   f e d   t o  

m u l t i p l i e r s   210,   212,   218 ,   and  220 ,   and  t h e   X4  t h r o u g h  

X7  b i t s   b e i n g   f e d   t o  m u l t i p l i e r s   206 ,   208,   214,   and  2 1 6 .  

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

c a r r i e d   ou t   by  u se   of   t h e s e   m u l t i p l i e r s   206  t h r o u g h   2 2 0 ,  



i n c l u s i v e .   The  o u t p u t s   of  t h e s e   f o u r - b i t - b y - f o u r - b i t  

m u l t i p l i e r s   206  t h r o u g h   220,   i n c l u s i v e ,   a r e   f e d   to  t h e  

i n p u t s   of  f o u r ;   f o u r - b i t   f u l l   a d d e r s   224,   226,   228,   a n d  

230,   w h i c h   in   t h e   i l l u s t r a t e d   e m b o d i m e n t   a re   of  t h e   t y p e  

g e n e r a l l y   d e s i g n a t e d   7 4 L S 8 3 .  

I t   w i l l   be  n o t e d   t h a t   t he   o u t p u t s   of  t h e   m u l t i p l i e r s   2 0 6  

t h r o u g h   220  fo rm  a  9 - b i t   b i n a r y   e n c o d e d   s i g n a l ,   t he   l a s t  

two  b i t s   of   w h i c h   a r e   f r a c t i o n a l   b i t s .   T h e s e   o u t p u t s   a r e  

j o i n e d   as  i n d i c a t e d   by  r e s p e c t i v e   p o w e r s   of  two  a t   e a c h  

i n p u t   of  a d d e r s   224  t h r o u g h   230.   I t   w i l l   be  n o t e d   f u r t h e r  

t h a t   t he   o u t p u t s   o f   m u l t i p l i e r   220  a r e   n o t   u t i l i z e d ,   a s  

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

of  t h e   o u t p u t s   of   m u l t i p l i e r   206  a r e   h i g h e r   o r d e r   b i t s  

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

The  a d d e r s   224  t h r o u g h  2 3 0   f e e d   t h e   i n p u t s   of  two  f u r t h e r  

s i m i l a r   a d d e r s   232  and  234  w h i c h   in   t h e   i l l u s t r a t e d   e m b o d i -  

ment   a r e   of  t he   t y p e   g e n e r a l l y   d e s i g n a t e d   74LS83 .   T h e  

o u t p u t s   of  t h e s e   a d d e r s ,   d e s i g n a t e d   g e n e r a l l y   236,   f o r m  

the   e i g h t - b i t   p r o d u c t   (MSB  t h r o u g h   LSB)  of  t h e   m u l t i p l i -  

c a t i o n   of   M -  X,  t he   l e a s t   s i g n i f i c a n t   b i t   (LSB)  b e i n g   a  

f r a c t i o n a l   b i t .  

A d d i t i o n a l   p o r t i o n s   of  e n v e l o p e   c o n t r o l   c i r c u i t s   18  a n d  

of  a r i t h m e t i c   c i r c u i t   24  a r e   i l l u s t r a t e d   in   F i g .   7  a n d  

F i g .   8.  In  t he   e m b o d i m e n t   i l l u s t r a t e d   f o r   p u r p o s e s   o f  

d e s c r i p t i o n ,   t h e   c i r c u i t   of  F i g .   7  p e r f o r m s   a  b i n a r y  

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

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

B-MX.  I t   w i l l   become   a p p a r e n t   t h a t   a  s i m p l e   m o d i f i c a t i o n  

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

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

s u c h   an  e n v e l o p e .   R e f e r r i n g   now  more  p a r t i c u l a r l y   t o  

F i g .   7,  a  p a i r   of  ROMs  250  and  252,   w h i c h   a r e   s i m i l a r   t o  

t he   ROM  200  of  F i g .   6,  p r o v i d e   t h e   r e m a i n i n g   s i g n a l s   f o r  



t h e   e x p r e s s i o n   (B+MX)  of   t h e   e n v e l o p e .   The  ROM  250  s t o r e s  

e i g h t - b i t   s i g n a l s   c o m p r i s i n g   t h e   i n t e r c e p t   or   B  t e r m   of  t h e  

e x p r e s s i o n .   The  ROM  252 ,   in   a c c o r d a n c e   w i t h   a n o t h e r   f e a t u r e  

of  t h e   i n v e n t i o n ,   s t o r e s   a  maximum  v a l u e   of   X  f o r   e a c h  

e n v e l o p e   to  be  p r o d u c e d .   In  s i m i l a r   f a s h i o n   to   t h e   R O M  2 0 0  

of  F i g .   6,  t he   ROMs  250  and   252  a r e   s i m u l t a n e o u s l y   a d d r e s s e d  

by  t h e   a d d r e s s   l i n e s   AdO,  A d l ,   Ad2,  Ad3  and  by  t h e   m u l t i p l e x  

c o n t r o l   l i n e s   MUXA,  MUXB,  and MUXC,  as  i l l u s t r a t e d .  

The  e i g h t - b i t   o u t p u t   of   t h e   ROM  252,   r e p r e s e n t i n g   t h e  

maximum  X  v a l u e   f o r   e a c h   key   or  n o t e   o f   t h e   e i g h t   k e y s   o r  

n o t e s   a c c o m m o d a t e d   by  t h e   i l l u s t r a t e d   e m b o d i m e n t ,   f e e d s  

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

c o m p a r a t o r   c i r c u i t s   254  and  256.   The  s e c o n d   c o m p a r e d  

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

f r o m   t h e   m u l t i p l e x e r   c i r c u i t   of   F i g .   3,  XO  t h r o u g h   X 7 ,  

as  i n d i c a t e d .   The  o u t p u t   of   t h e   c o m p a r a t o r s   254  and  2 5 6  

f o r m s   t he   c o n t r o l   s i g n a l   a t   l i n e   25,  as  m e n t i o n e d   p r e v i o u s l y  

w i t h   r e f e r e n c e   to   F i g .   5.  T h u s ,   when  t h e   s e r i a l l y   a d v a n c i n g  

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

s t o r e d   in   ROM  252  f o r   a  g i v e n   n o t e ,   t h e   c o m p a r e   s i g n a l   i s  

g i v e n ,   e n a b l i n g   o p e r a t i o n   of  t he   c i r c u i t   of   F i g .   5,  v i a  

t h e   c o n t r o l   l i n e   25.  T h i s ,   in   e f f e c t ,   s i g n a l s   t h e   s y s t e m  

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

s e g m e n t   i s   c o m p l e t e .  

The  e i g h t - b i t   o u t p u t   of   ROM  250  i s   f e d   to   one  s e t   of  i n p u t s  

of   e a c h   of  a  p a i r   of   f o u r - b i t   a d d e r   c i r c u i t s   258  and  2 6 0 ,  

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

t h e   t y p e   g e n e r a l l y   d e s i g n a t e d   74LS83 .   The  o t h e r   s e t   o f  

i n p u t s   of   e a c h   o f  t h e s e   a d d e r   c i r c u i t s   258 ,   260  r e c e i v e s  

t h e   MX  s i g n a l   f r o m   t h e   l i n e s   236,   MSB  t h r o u g h   LSB  a s  

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

g e n e r a l l y   262.   I t   w i l l   be  r e c o g n i z e d   t h a t   p r o v i s i o n   o f  

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

t h e   a d d e r s   258  and  260  to   be ,   in   e f f e c t ,   a  s u b t r a c t i o n   a s  



t he   s i g n s   or  s e n s e s   of  t he   s i g n a l s   a t   l i n e s   236  a r e   r e v e r s e d  

by  t h e   i n v e r t e r s   262.  The  o u t p u t s   of  a d d e r s   258  and  2 6 0  

a r e   d e s i g n a t e d   g e n e r a l l y   by  r e f e r e n c e   n u m e r a l   264  a n d  

i n d i v i d u a l l y   by  n u m b e r s   YO  t h r o u g h   Y7,  i n d i c a t i n g   l e a s t  

s i g n i f i c a n t   b i t   t h r o u g h   mos t   s i g n i f i c a n t   b i t .   T h i s   "Y"  

s i g n a l   i s   t he   r e s u l t   of  t h e   m a t h e m a t i c a l   o p e r a t i o n   B-MX. 

R e f e r e n c e   is  n e x t   i n v i t e d   to  F i g .   8,  w h e r e i n   a  m u l t i p l i e r  
c i r c u i t   s i m i l a r   to  t he   c i r c u i t   of  F i g .   6  p e r f o r m s   t h e  

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

s i g n a l   or  n u m b e r   S,  as  d e r i v e d   in   t h e   c i r c u i t   of  F i g .   4 ,  

by  t h e   d i g i t a l   s i g n a l   or  n u m b e r   Y  d e r i v e d   as  e x p l a i n e d   a b o v e .  
I t   w i l l   be  a p p r e c i a t e d   t h a t   t h i s   o p e r a t i o n   f o r m s   the   u l t i -  

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

i n v e n t i o n ,   of  t h e   f o rm  S ( B ± M X ) .  

E i g h t   f o u r - b i t - b y - f o u r - b i t   m u l t i p l i e r   c i r c u i t s   270 ,   2 7 2 ,  

274 ,   276 ,   278,   280,   282,   and  284  have   f i r s t   m u l t i p l i e d  

i n p u t s   f e d   by  the   s c a l i n g   s i g n a l   on  l i n e s   SO  t h r o u g h   S 4 ,  

as  i n d i c a t e d ,   w h i c h   a r e   f r o m   t he   ROM  142  of  t h e   c i r c u i t   o f  

F i g .   4.  The  r e m a i n i n g   f i r s t   m u l t i p l i e d   i n p u t s   o f  e a c h   o f  

t h e   m u l t i p l i e r s   270  t h r o u g h   284  a r e   t i e d   to  g r o u n d .   T h e  

o u t p u t   s i g n a l s   f rom  t h e   c i r c u i t   of  F i g .   7,  YO  t h r o u g h   Y 6 ,  

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

m u l t i p l i e r s   270  t h r o u g h   284,   as  i n d i c a t e d   a t   t h e   l e f t   h a n d  

s i d e   of  F i g .   8.  Four   a d d e r s   286,   288 ,   290,   and   292  r e c e i v e  

t h e   o u t p u t s   of   m u l t i p l i e r s   2 7 0 - 2 8 4 ,   t he   r e s p e c t i v e   b i t s   o f  

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

i n p u t s   by  p o w e r s   of  two,   in  s i m i l a r   f a s h i o n   to  t he   m e t h o d  

u t i l i z e d   in  F i g .   6.  T h e s e   a d d e r s   286 ,   288 ,   290,   and  2 9 2  

f e e d   f u r t h e r   a d d e r s   294  and  296,   in   s i m i l a r   f a s h i o n   t o  

t h e   o p e r a t i o n   of  F i g .   6.  The  f i n a l   or  r e s u l t a n t   o u t p u t  

s i g n a l   of  t he   c i r c u i t   of  F i g .   8  c o m p r i s e s   a  t w e l v e - b i t  

b i n a r y   s i g n a l   or  n u m b e r   on  t w e l v e   o u t p u t   l i n e s   d e s i g n a t e d  

by  the   r e f e r e n c e   c h a r a c t e r s   EO  t h r o u g h   E l l ,   f r om  m o s t  

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



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

d i r e c t l y   f rom  t he   o u t p u t   of  t he   m u l t i p l i e r   284,   t he   n e x t  

m o s t   s i g n i f i c a n t   b i t   b e i n g   t a k e n   d i r e c t l y   f r o m   the   o u t p u t  
of  a d d e r   292  w h i l e   t h e   r e m a i n i n g   s e v e n   b i t s   a r e   t a k e n   f r o m  

t h e   o u t p u t s   of  t h e   a d d e r s   294  and  2 9 6 .  

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

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

c i r c u i t s   20,  w h i c h   a r e   i l l u s t r a t e d   in   F i g .   9.  A  m a s t e r  

o s c i l l a t o r   300  f e e d s   a  f i r s t   c h a i n   of   d i v i d e r   i n t e g r a t e d  
c i r c u i t s   302,   304  and  306  and  a  s e c o n d   c h a i n   of   d i v i d e r  

c i r c u i t s   308,   310  and  312.   The  f r e q u e n c y   of   t he   m a s t e r  
o s c i l l a t o r   may  be  c o n t r o l l e d   as  d e s i r e d   i n   a n y  o n e   of  a  
n u m b e r   of   f a s h i o n s   g e n e r a l l y   known  i n   t h e   a r t ,   and  in   t h e  

i l l u s t r a t e d   e m b o d i m e n t   h a s   b e e n   c h o s e n   a t   s u b s t a n t i a l l y  
400  KHz.  I t   w i l l   be  s e e n   t h a t   t h e   f i r s t   d i v i d e r   i s   a  

d i v i d e - b y - s i x t e e n ,   t he   o u t p u t s   t h e r e o f   t h e r e f o r e   b e i n g  

s u b s t a n t i a l l y   200  KHz,  100  KHz,  50  KHz  and  25  KHz ,  

r e s p e c t i v e l y .   The  f i r s t   o u t p u t   c o m p r i s e s   t h e   c o n t r o l  

s i g n a l   a t   t e r m i n a l   164,   m e n t i o n e d   a b o v e   w i t h   r e f e r e n c e   t o  

F i g .   5,  w h i c h   i s   s u b s t a n t i a l l y   h a l f   of   t h e   m a s t e r   o s c i l l a t o r  

f r e q u e n c y .   The  n e x t   t h r e e   s u c c e e d i n g   o u t p u t s   of  d i v i d e r  

302  and   t h e   f i r s t   o u t p u t   of  t he   n e x t   s u c c e e d i n g   d i v i d e - b y -  
s i x t e e n   d i v i d e r   304  p r o v i d e   t h e   m u l t i p l e x   c o n t r o l   s i g n a l s  

MUXA,  MUXB,  MUXC  and  MUX  CLK. 

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

and  f a s t   c l o c k   s i g n a l s   f o r m i n g   t he   i n p u t s   of   g a t e s   82  a n d  

84  of   F i g .   2,  a r e   t a k e n   f r o m   s u i t a b l e   o u t p u t s   of  t h e s e  

d i v i d e r   c h a i n s   of  F i g .   9,  or  o t h e r w i s e   d e r i v e d   t h e r e f r o m ,  

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

c l o c k   s i g n a l   a t   i n p u t   t e r m i n a l   58  of   e a c h   i n p u t   c i r c u i t  

10,  as  shown  in   F i g .   2,  i s   t a k e n   or  d e r i v e d   f r o m   t h e  

c i r c u i t   of   F i g .   9.  In  t h e   i l l u s t r a t e d   e m b o d i m e n t ,   t h e  

c l o c k   s i g n a l   f o r   t h e   t e r m i n a l   58  i s   s u b s t a n t i a l l y   on  t h e  

o r d e r   of   50  h e r t z ,   w h i l e   t h e   n o r m a l   c l o c k   i s   s u b s t a n t i a l l y  



b e t w e e n   5  h e r t z   and  600  h e r t z ,   t he   f a s t   c l o c k   b e i n g   c h o s e n  

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

b e t w e e n   the   f r e q u e n c i e s   of  100  h e r t z   and  2  KHz.  O t h e r  

f r e q u e n c i e s   f o r   t h e s e   s i g n a l s   may  be  c h o s e n   w i t h o u t  

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

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

of   t h e   i n v e n t i o n   p e r m i t   i n d e p e n d e n t   p r e s e t t i n g   or  p r e s e l e c -  

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

e m b o d i m e n t   is   i n t e n d e d   to  c o o p e r a t e .   Each   of  t h e s e   w a v e -  

f o r m s   i s   d e f i n e d   by  a  s e r i e s   of  t w e l v e - b i t   d i g i t a l   o r  

b i n a r y   e n c o d e d   o u t p u t   s i g n a l s   a t   t he   "E"  o u t p u t s   of  F i g .   8 .  

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

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

g e n e r a l l y   of  t he   f o rm  S(B+MX)  w h e r e   S  is   a  d i g i t a l   s c a l i n g  

n u m b e r ,   B  i s   a  Y  i n t e r c e p t   and  M  i s   a  s l o p e ,   when  t h e  

w a v e f o r m   is   e x p r e s s e d   by  an  x - y   c o o r d i n a t e   s y s t e m .   A d v a n -  

t a g e o u s l y   t he   s c a l e   f a c t o r s   S  a r e   p r e s e l e c t e d   to  b e a r   a  

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

of  t h e   i n s t r u m e n t .   S i m i l a r l y ,   t h e   Y  i n t e r c e p t s   (B)  a n d  

t h e   s l o p e s   (M)  a r e   a l s o   p r e s e l e c t e d   f o r   e a c h   c o u n t   o r  

i n t e r v a l   X,  by  s t o r i n g   s u i t a b l e   b i n a r y   c o d e s   in   t h e  

r e s p e c t i v e   ROMs  200  and  250  of  F i g s .   6  and  7  d e s c r i b e d  

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

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

may  be  v a r i e d ,   in   a c c o r d a n c e   w i t h   t he   c o d e s   s t o r e d   by  t h e s e  

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

c o u n t   "X",   t h e r e b y   p r o d u c i n g   v i r t u a l l y   any  d e s i r e d   w a v e -  

s h a p e .   In  t h i s   r e g a r d ,   i t   w i l l   be  n o t e d   t h a t   t h e s e   d i g i t a l  

e n v e l o p e   s i g n a l s   a r e   g e n e r a t e d   in   a  s t e p - b y - s t e p   or  c o u n t e d  

f a s h i o n ,   in  a c c o r d a n c e   w i t h   t he   "X"  o u t p u t s   or  c o u n t   o f  

t h e   c o u n t e r s   100,  102  of  t he   i n p u t   c i r c u i t s .   F u r t h e r m o r e ,  

t h e   o v e r a l l   l e n g t h   in  t i m e   ( i . e . ,   t he   x - a x i s )   of  t he   w a v e -  

s h a p e   may  be  s e l e c t i v e l y   v a r i e d   by  the   s e t t i n g   of  t h e  

maximum  X  v a l u e ,   w h i c h   is   a c c o m p l i s h e d   by  t he   b i n a r y   c o d e s  



s t o r e d   i n   t he   ROM  252  of  F i g .   7.  F u r t h e r ,   t h i s   s e r i e s   o f  

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

s c a l e d   in   a c c o r d a n c e   w i t h   t he   i n t e n s i t y   of   t he   a c t u a t i o n  

of   t h e   i n s t r u m e n t   by  t h e   p l a y e r .   A d v a n t a g e o u s l y ,   t h e n ,  

t h e   e n v e l o p e   c h a r a c t e r i s t i c   of   v i r t u a l l y   any  t y p e   of  c o n -  
v e n t i o n a l   m u s i c a l   i n s t r u m e n t   may  be  e m u l a t e d   by  t he   s y s t e m  
of   t h e   i n v e n t i o n .   M o r e o v e r ,   c e r t a i n   s y n t h e s i z e d   e n v e l o p e  
w a v e f o r m s   may  a l s o   be  r e a d i l y   g e n e r a t e d   by  s u i t a b l e   p r e s e t -  

t i n g   of   t h e   s y s t e m   of  t h e   i n v e n t i o n .  

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

f a r   d e s c r i b e d   i s   i l l u s t r a t e d   in   F i g s .   10  t h r o u g h   1 3 ,  

i n c l u s i v e .  

In   t h i s   a l t e r n a t e   e m b o d i m e n t ,   t h e   i n p u t   c i r c u i t s   10  

i l l u s t r a t e d   in   F i g .   2  r e m a i n   e s s e n t i a l l y   u n c h a n g e d ,   as  d o  

t h e   m u l t i p l e x i n g   c i r c u i t s   of   F i g s .   3  and   4.  H o w e v e r ,   t h e  

n u m b e r   or   v a l u e   X  b e c o m e s   a  s e v e n - b i t   n u m b e r   i n   t h i s  

a l t e r n a t e   e m b o d i m e n t ,   r a t h e r   t h a n   t h e   e i g h t - b i t   n u m b e r  

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

c o u n t e r   102  of   F i g .   2  and  of   t he   m u l t i p l e x e r   124  of   F i g .  

3  a r e   n o t   u t i l i z e d .   A d d i t i o n a l l y ,   t h e   m u l t i p l e x e r   140  o f  

F i g .   4  i s   e l i m i n a t e d ,   as  w i l l   be  s e e n   l a t e r   w i t h   r e f e r e n c e  

to   F i g .   11B.  In  F i g .   5,  m u l t i p l e x e r s   186 ,   188,   190  a n d  

1 9 2   a r e   u t i l i z e d   as  a l r e a d y   d e s c r i b e d   to   d e r i v e   t he   a d d r e s s  

c o d e s   Ad0  t h r o u g h   Ad3.  H o w e v e r ,   F i g .   10  i l l u s t r a t e s   a n  
a l t e r n a t e   e m b o d i m e n t   of   t h e   r e m a i n d e r   o f   t h e   c i r c u i t r y   o f  

F i g .   5 .  

R e f e r r i n g   now  to  F i g .   10,  i t   w i l l   be  s e e n   t h a t   a  d e c o d e r  

1 6 8 a   and   a  g r o u p   of   e i g h t   c o u n t e r s   170a   t h r o u g h   1 8 4 a ,  

i n c l u s i v e ,   a r e   u t i l i z e d ,   a n d  a r e   e s s e n t i a l l y   t h e   same  a s  

t h e   c o m p o n e n t s   168  and  170  t h r o u g h   184,   i n c l u s i v e ,   i l l u s t r a -  

t e d   and   d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e   to   F i g .   5.  H o w e v e r ,  

a  g r o u p   of   e i g h t   f l i p - f l o p s   320  t h r o u g h   328 ,   i n c l u s i v e ,   a r e  

i n t e r p o s e d   b e t w e e n   r e s p e c t i v e   o u t p u t s   of   t h e   d e c o d e r   1 6 8 a  



and  t h e   c o u n t e r s   170a ,   t h r o u g h   184a ,   r e s p e c t i v e l y .   To 

a v o i d   u n n e c e s s a r y   r e p e t i t i o n ,   t h e   d i a g r a m   of  F i g .   10 

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

320  t h r o u g h   328,   and  o n l y   t h e   f i r s t   and  l a s t   of  the   c o u n t e r s  

170a  t h r o u g h   184a .   The  o u t p u t s   of  c o u n t e r s   170a   t h r o u g h  

184a  f e e d   t he   m u l t i p l e x e r s   186  t h r o u g h   192,  in   t he   s a m e  

f a s h i o n   i l l u s t r a t e d   and  d e s c r i b e d   above   w i t h   r e f e r e n c e   t o  

F i g .   5 .  

B r i e f l y ,   t h e n ,   e a c h   o u t p u t   of  d e c o d e r   168a  f e e d s   a  c l o c k  

i n p u t   of  one  of  t h e   f l i p - f l o p s   320  t h r o u g h   328,   whose   Q 

o u t p u t   f e e d s   an  a s s o c i a t e d   one  of  t he   c o u n t e r s   170a  t h r o u g h  

184a .   The  c l e a r   i n p u t s   of  t he   f l i p - f l o p s   320  t h r o u g h   3 2 8 ,  

i n c l u s i v e   r e c e i v e   t he   r e s p e c t i v e   l i n e s   77  a s s o c i a t e d   w i t h  

t h e   e i g h t   i n p u t   c i r c u i t s ,   e a c h   of  w h i c h   t a k e   t he   f o r m  

i l l u s t r a t e d   in   F i g .   2.  S i m i l a r l y ,   t he   r e s e t   i n p u t s   o f  

e a c h   of  t he   c o u n t e r s   170a  t h r o u g h   184a  r e c e i v e s   t h e   o u t p u t  
of  t h e   AND  g a t e   92  of  an  a s s o c i a t e d   one  of  t he   e i g h t   i n p u t  

c i r c u i t s   of  t he   f o rm  i l l u s t r a t e d   in   F i g .   2.  A c c o r d i n g l y ,  

t he   c l e a r   i n p u t s   of  f l i p - f l o p s   320  t h r o u g h   328  a r e   l a b e l e d  

77 -1   t h r o u g h   7 7 - 8 ,   w h i l e   t he   r e s e t   i n p u t s   of  c o u n t e r   1 7 0 a  

t h r o u g h   184a  a r e   l a b e l e d   9 2 a - 1   t h r o u g h   9 2 a - 8 .  

D e c o d e r   168a  r e c e i v e s   t h e   m u l t i p l e x   c o n t r o l   l i n e s   MUXA, 

MUXB,  and  MUXC,  and  t h e   o u t p u t   of  an  i n v e r t e r   330.   T h i s  

i n v e r t e r   330  i s   f e d   f rom  t h e   o u t p u t   of  a  t w o - i n p u t   AND 

g a t e   332  whose   i n p u t s   a r e   f e d   f rom  a  l i n e   340  and  f rom  t h e  

o u t p u t   of  a  f u r t h e r   t w o - i n p u t   AND  g a t e   334.  The  AND  g a t e  
334  r e c e i v e s   two  m u l t i p l e x   c o n t r o l   i n p u t s   MUX  CLK  a n d  

MUX  CLK/2.   The  d e r i v a t i o n   of  t he   s i g n a l s   a t   t e r m i n a l s   3 4 0 ,  

MUX  CLK  and  MUX  CLK/2  w i l l   be  d e s c r i b e d   h e r e i n b e l o w .  

R e f e r r i n g   now  to  F i g s .   11A  and  11B,  a  c i r c u i t   i s   i l l u s t r a t e d  

w h i c h   f o r m s   an  a l t e r n a t e   e m b o d i m e n t   of  the   c i r c u i t s  

i l l u s t r a t e d   and  d e s c r i b e d   in   F i g s .   6,  7,  and  8  h e r e i n a b o v e .  

By  way  of  i n t r o d u c t i o n ,   w h i l e   t he   c i r c u i t s   of  F i g s .   6 ,  



7  and  8  a b o v e   d e r i v e   a  w a v e f o r m   g e n e r a l l y   in   a c c o r d a n c e  

w i t h   a  f o r m u l a   Y  =  B  +  M X ,  t h e   c i r c u i t s   of   t h i s   a l t e r n a t e  

e m b o d i m e n t   p e r f o r m   an  o p e r a t i o n   Yn  +  1  =  Yn  +  A  Y .   S i m i -  

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

m u l t i p l y i n g   t h e   o u t p u t   B+MX  by  a  s c a l i n g   f a c t o r   S,  t h e  

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

f a c t o r  A  Y   to  t h e   p r e v i o u s   v a l u e   c a l c u l a t e d   a  t o t a l   of  S 

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

to   be  h e r e i n a f t e r   d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .   11A 

and   11B  and  F i g .   12  a c c o m p l i s h e s   t h i s   l a t t e r   a r i t h m e t i c  

f u n c t i o n .   The  c i r c u i t   of  F i g .   13  i l l u s t r a t e s   an  a l t e r n a -  

t i v e   fo rm  of  t h e   d e r i v a t i o n   of  t h e   v a r i o u s   t i m i n g   or  c l o c k  

s i g n a l s ,   and  as  s u c h ,   r e p r e s e n t s   an  a l t e r n a t i v e   e m b o d i m e n t  

of   t h e   c i r c u i t   of  F i g .   9 .  

R e f e r r i n g   now  to  F i g .   11A,  a  r e a d   o n l y   memory  (ROM)  3 5 0  

s t o r e s   t he   d e s i r e d   v a l u e s   of   X  MAX  a n d  A  Y   f o r   e a c h   of   t h e  

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

t y p e   shown  in   F i g .   2.  In  t h i s   r e g a r d ,   i t   w i l l   be  r e m e m b e r e d  

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

w h o s e   e n v e l o p e s   a r e   to   be  f o r m e d   t h e r e b y ,   f o r   e x a m p l e ,   i t  

may  be  a s s o c i a t e d   w i t h   e i g h t   k e y s   of   a  k e y b o a r d - t y p e  

e l e c t r o n i c   m u s i c a l  i n s t r u m e n t .   The  ROM  350,   in   t h e   i l l u -  

s t r a t e d   e m b o d i m e n t ,   i s   p r o g r a m m e d   i n   128  w o r d s   by  19  b i t s .  

The  f i r s t   s e v e n   b i t s   of   e a c h   word   r e p r e s e n t   X  MAX,  w h i l e  

t h e   r e m a i n i n g   t w e l v e   b i t s   r e p r e s e n t   A Y .   As  in   t h e   f i r s t  

e m b o d i m e n t ,   d e s c r i b e d   a b o v e ,   s i x t e e n   s u c h   w o r d s   a r e   p r o -  

g rammed   f o r   e a c h   n o t e ,   t h e r e b y   p r o v i d i n g   s i x t e e n   s e g m e n t s  

to   f o r m   t h e   e n v e l o p e   w a v e s h a p e   f o r   t h a t   n o t e .  

The  ROM  350  i s   a d d r e s s e d   by  t h e   a d d r e s s   l i n e s   Ad0  t h r o u g h  

Ad3  f rom  t h e   m u l t i p l e x e r s   186  t h r o u g h   192  of  F i g .   5.  T h r e e  

a d d i t i o n a l   memory  s e l e c t   l i n e s ,   d e s i g n a t e d   g e n e r a l l y   3 5 2  

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

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

c o r r e s p o n d i n g l y ,   w h i c h   of   t h e   e i g h t   s e c t i o n s   of  ROM  i s  



t h e r e f o r e   r e q u i r e d .  

The  t w e l v e  L  Y   o u t p u t s   of  t he   ROM  350  f e e d   t w e l v e   i n p u t s  

a t   one  s i d e   of  a  s e v e n t e e n - b i t   a d d e r   c i r c u i t ,   d e s i g n a t e d  

g e n e r a l l y   354.   In  t h e   i l l u s t r a t e d   e m b o d i m e n t ,   t h i s  

s e v e n t e e n - b i t   a d d e r   c i r c u i t   c o m p r i s e s   f ive ,   f o u r - b i t   a d d e r s  

356,   358,  360,   362  and  364.   Only  one  b i t   of  t he   a d d e r   3 6 4  

i s   u t i l i z e d .   The  f o u r   a d d r e s s   l i n e s   Ad0  t h r o u g h   Ad3  f e e d  

r e s p e c t i v e   i n p u t s   of  a  f o u r - i n p u t   OR  g a t e   366  whose   o u t p u t  
f e e d s   a  c o n t r o l   i n p u t   of  t he   f i r s t   a d d e r   356,   as  w e l l   a s  
a l l   f o u r   of  t he   a d d e d   i n p u t s   a t   one  s i d e   of  a d d e r   362  a n d  

the   s i n g l e   a d d e d   i n p u t   a t   one  s i d e   of  t h e   a d d e r   3 6 4 .  

The  o u t p u t s   of  t h e   s e v e n t e e n - b i t   a d d e r   354  c o m p r i s e   t w e l v e  

w h o l e   b i t s   and  f i v e   f r a c t i o n a l   b i t s ,   f o r   t he   p u r p o s e   o f  

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

.  a u d i b l e   " j u m p s " ,   as  w i l l   be  more  f u l l y   d i s c u s s e d   h e r e i n b e l o w .  

The  o t h e r   s e t   of  a d d e d   i n p u t s   of  t h e   a d d e r s   356  t h r o u g h   3 6 4  

a r e   a l s o   j o i n e d   to  t he   D  i n p u t s   of  a  p a i r   of  HEX  D  f l i p - f l o p  
368  and  369  whose   Q  o u t p u t s   f o rm  t he   u l t i m a t e   t w e l v e - b i t  

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

The  t w e l v e   E  o u t p u t   b i t s   a l s o   f e e d   t w e l v e   of  t he   i n p u t s   o f  

a  t h i r t e e n - i n p u t   NOR  g a t e   370,  whose   o u t p u t   372  f e e d s   t h e  

c i r c u i t   of  F i g .   12,  to   be  d e s c r i b e d   h e r e i n b e l o w .  

The  X  MAX  o u t p u t s   of   t he   ROM  350  f e e d   one  s e t   of  c o m p a r e d  

i n p u t s   of  an  e i g h t - b i t   c o m p a r a t o r   374,   whose   o p p o s i t e   s e t  

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

X6,  f rom  t he   m u l t i p l e x e r s   110  t h r o u g h   122,   i n c l u s i v e ,   o f  

F i g .   3 .  

R e f e r r i n g   now  to  F i g .   11B,  i t   w i l l   be  s e e n   t h a t   t h e  

s e v e n t e e n   b i t s   to  be  a d d e d   a t   t he   o p p o s i t e   i n p u t s   of  t h e  

s e v e n t e e n - b i t   a d d e r   354  a r e   r e c e i v e d   f rom  t h e   Q  o u t p u t   o f  

t h r e e   HEX  D  f l i p - f l o p s   376,   378,   and  380,   w h i c h   a l s o   f e e d  

t h e   D  i n p u t s   of  t h e   HEX  D  f l i p - f l o p s   368,   3 6 9  o f   F i g .   1 1 A .  



The  s u m m a t i o n   o u t p u t s   of  t h e   s e v e n t e e n - b i t   a d d e r   354  a r e  

fed   to  t h e   r e s p e c t i v e   d a t a   i n p u t s   of  an  a r r a y   of   s e v e n t e e n  

s e v e n - b i t   s h i f t   r e g i s t e r s ,   g e n e r a l l y   d e s i g n a t e d   382  and  3 8 4 .  

For   c l a r i t y   o f   i l l u s t r a t i o n ,   o n l y   t h e   f i r s t   and  l a s t   o f  

e i g h t   s u c h   s e v e n - b i t   s h i f t   r e g i s t e r s   382  and  t h e   f i r s t   a n d  

l a s t   of  n i n e   s u c h   s e v e n - b i t   s h i f t   r e g i s t e r s   384  h a v e   b e e n  

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

r e g i s t e r s   382  and  384  a r e   i d e n t i c a l ,   r e c e i v i n g   s u c c e s s i v e  

o u t p u t s   of   t h e   s e v e n t e e n - b i t   a d d e r   3 5 4 .  

The  o u t p u t s   of   t h e s e   s e v e n - b i t   s h i f t   r e g i s t e r s   382  and  3 8 4  

f e e d   r e s p e c t i v e   D  i n p u t s   of  t h e   HEX  D  f l i p - f l o p s   376 ,   3 7 8  

and  380.   The  c l o c k   i n p u t s   of  t h e   HEX  D  f l i p - f l o p s   3 7 6 ,  

378  and  380 ,   as  w e l l   as  t h e   c l o c k   i n p u t s   of  t h e   s e v e n - b i t  

s h i f t   r e g i s t e r s   382  and  384  a r e   a l l   f e d   f r o m   t h e   MUX  C L K / 2  

l i n e   v i a   an  i n v e r t e r   386.   A c c o r d i n g l y ,   t h e   s e v e n t e e n   b i t s  

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

a c c o m m o d a t e d   in   t h e   s e v e n t e e n   s e v e n - b i t   s h i f t   r e g i s t e r s   3 8 2  

and  384  and   a r e   s e r i a l l y   s h i f t e d   ou t   to  t h e   HEX  D  f l i p - f l o p s  

376,  378  and   380,   and  h e n c e   to  t h e   t w e l v e   D  f l i p - f l o p s   3 6 8  

and  E  o u t p u t s .  

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

to  t h e   HEX  D  f l i p - f l o p s   376 ,   378  and  380  f r o m   t h e   o u t p u t   o f  

a  f o u r - i n p u t   AND  g a t e   390.   T h i s   f o u r - i n p u t   AND  g a t e   3 9 0  

r e c e i v e s   t h e   MUX  CLK/2  i n p u t   f r o m   i n v e r t e r   386  and  a  s e c o n d  

i n p u t   f r o m   a  l i n e   392  w h i c h   i s   t a k e n   f r o m   F i g .   12  as  w i l l  

be  d e s c r i b e d   h e r e i n b e l o w .   A  t h i r d   i n p u t   of   AND  g a t e   3 9 0  

is   r e c e i v e d   f r o m   a  f u r t h e r   t w o - i n p u t   NAND  g a t e   394  and   t h e  

f o u r t h   i n p u t   to  AND  g a t e   390  i s   t h e   MUX  CLOCK  s i g n a l .   T h e  

two  i n p u t s   of   NAND  g a t e   394  a r e   f e d   f rom  a  p a i r   of  m u l t i -  

p l e x e r s   396 ,   398,   e a c h   of   w h i c h   r e c e i v e s   one  i n p u t   f r o m  

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

of  F i g .   2.  S p e c i f i c a l l y ,   m u l t i p l e x e r   396  r e c e i v e s   t h e  

o u t p u t s   92a  of   t h e   AND  g a t e   92  a s s o c i a t e d   w i t h   e a c h   o f  

t h e   i n p u t   c i r c u i t s ,   w h i l e   t h e   m u l t i p l e x e r   398  r e c e i v e s  



the   o u t p u t   l i n e s   74  of  e a c h   of  t h e s e   e i g h t   i n p u t   c i r c u i t s .  

The  r e m a i n i n g   i n p u t s   to  m u l t i p l e x e r s   396  and  398  a re   f r o m  

the   c o r r e s p o n d i n g   p o i n t s   on  the   r e m a i n i n g   i n p u t   c i r c u i t s  

and  a r e   g e n e r a l l y   d e s i g n a t e d   397  and  399,  r e s p e c t i v e l y .  

The  m u l t i p l e x   t i m i n g   s i g n a l s   f o r   t he   m u l t i p l e x e r s   396  a n d  

398  c o m p r i s e   t h e   MUXA,  MUXB  and  MUXC  s i g n a l s .   The  o u t p u t  
of  NAND  g a t e   394  f e e d s   t he   r e m a i n i n g   i n p u t   of  NOR  g a t e  
370  of  F i g .   11A.  

R e f e r e n c e   is   n e x t   i n v i t e d   to  F i g .   12,  w h e r e i n   t h e r e   i s  

shown  a  t y p i c a l   one  of  e i g h t   c i r c u i t s   f o r   i n t e r p o l a t i n g  

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

a c c o m m o d a t e d   by  t h e   c i r c u i t s   of  t he   i n v e n t i o n .   B r i e f l y ,  
t h i s   c i r c u i t ,   d e s i g n a t e d   g e n e r a l l y   400,   d i v i d e s   e a c h   o f  

t h e   s e g m e n t s   i n t o   32  s u b - s e g m e n t s   or  s u b - p e r i o d s ,   f o r   t h e  

p u r p o s e   of  a d d i n g   e a c h   Δ Y  to  t h e   p r e v i o u s   Y  v a l u e   S 

t i m e s ,   as  r e q u i r e d   by  t he   c o r r e s p o n d i n g   s c a l i n g   n u m b e r   S .  

As  S  may  be  a  n u m b e r   as  l a r g e   as  f i v e   b i n a r y   b i t s ,   t h e r e  

a r e   32  p o s s i b l e   S  l e v e l s ,   and  t h e r e f o r e ,   t h e   32  s u b - p e r i o d s  

p r o v i d e d   f o r   t he   r e q u i r e d   a d d i t i o n   of  L Y  i n c r e m e n t s   t o  

t h e   b i n a r y   e n c o d e d   s i g n a l .  

To  t h i s   end ,   a  f i v e - b i t   c o u n t e r   402  f e e d s   one  s e t   o f  

c o m p a r e d   i n p u t s   of  a  f i v e - b i t   c o m p a r a t o r   404  by  way  of  f i v e  

c o n t r o l l e d   b u f f e r s   406.   The  s i m i l a r   f i v e - b i t   i n p u t s   t o  

c o m p a r a t o r   404  f rom  t he   o t h e r   s e v e n   c i r c u i t s   400  a r e  

i n d i c a t e d   by  t e r m i n a l s   d e s i g n a t e d   g e n e r a l l y   408.   T h e  

o p p o s i t e   c o m p a r e d   i n p u t   of  t he   f i v e - b i t   c o m p a r a t o r   404  i s  

f ed   f r o m   t h e   S  o u t p u t s   144  of   t he   s c a l i n g   ROM  142  of  F i g .   4 .  

A c c o r d i n g l y ,   an  A  =  B  or  c o m p a r e   s i g n a l   w i l l   be  g i v e n   o n  

the   A  =  B  o u t p u t   392  (same  as  l i n e   392  in   F i g .   11B)  o f  

c o m p a r a t o r   404  when  t h e   f i v e - b i t   c o u n t   a t   c o u n t e r   4 0 2  

r e a c h e s   t he   s c a l i n g   n u m b e r   S  f r o m   ROM  142.  T h i s   c o m p a r i s o n  

s i g n a l   a t   t he   l i n e   392  f e e d s   AND  g a t e   390  of  F i g .   11B  a n d  

a l s o   f e e d s   one  i n p u t   of  a  t w o - i n p u t   AND  g a t e   410  v i a   a n  

i n v e r t e r   412.   The  o p p o s i t e   i n p u t   of  AND  g a t e   410  i s   t a k e n  



f rom  t h e   MUX  CLK/2  s i g n a l   l i n e .   R e m a i n i n g   i n p u t s   to  t h e  

i n t e r p o l a t i n g   c i r c u i t   400  c o m p r i s e   an  " i n t e r p o l a t e "   l i n e  

502,   an  o u t p u t   80a  f r o m   t h e   g a t e   80  of   a  c o r r e s p o n d i n g  

one  of  e i g h t   i n p u t   c i r c u i t s   10  as  i l l u s t r a t e d   in   F i g .   2 ,  

and  a  l i n e   396a   f r o m   t h e   o u t p u t   of  m u l t i p l e x e r   396  of  F i g .  

11B.  The  l i n e   396a   i s   f e d   to  t h e   c i r c u i t   400  v i a   a  s u i t a b l e  

i n v e r t e r   t y p e   b u f f e r   4 1 4 .  

O u t p u t s   of  t h e   c i r c u i t   400  c o m p r i s e   a  l i n e   416  w h i c h   f e e d s  

one  i n p u t   of  an  e i g h t - i n p u t   OR  g a t e   418 ,   t h e   o t h e r   s e v e n  

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

s e v e n   c i r c u i t s   400.   The  o u t p u t   of   OR  g a t e   418  f e e d s   t h e  

r e s e t   i n p u t   of   a  s e t - r e s e t   f l i p - f l o p   420  w h o s e   Q  o u t p u t  
f e e d s   one  i n p u t   of   a  t w o - i n p u t   OR  g a t e   422  w h o s e   o t h e r   i n p u t  
i s   f e d  f r o m   t h e   l i n e   372  f rom  t he   OR  g a t e   370  of   F i g .   1 1 A .  

The  o u t p u t   of   OR  g a t e   422  f e e d s   a  l i n e   424 ,   w h i c h   f o r m s   t h e  

e n a b l e   i n p u t   to  t h e   ROM  350  of  F i g .   11A.  The  s e t   i n p u t   o f  

f l i p - f l o p   420  i s   r e c e i v e d   f r o m   t h e   o u t p u t   of   a  t w o - i n p u t  

AND  g a t e   426  w h i c h   r e c e i v e s   t he   MUX  CLOCK  s i g n a l   v i a   a n  

i n v e r t e r   428  and  t h e   MUX  CLOCK/2  s i g n a l   v i a   an  i n v e r t e r   4 3 0 .  

R e f e r r i n g   now  to   t h e   c i r c u i t   400,   t h e   f i v e - b i t   c o u n t e r   4 0 2  

r e c e i v e s   i t s   c l o c k   i n p u t   f r o m   t he   Q  o u t p u t   of   a  f l i p - f l o p  

432  w h i c h   in   r e t u r n   r e c e i v e s   i t s   c l o c k   i n p u t   f r o m   t he   o u t p u t  
of   t he   AND  g a t e   410 .   A  c l e a r   i n p u t   to   t h e   f l i p - f l o p   432  i s  

r e c e i v e d   f r o m   t h e   o u t p u t   of   a  t w o - i n p u t   OR  g a t e   434.   T h e  

OR  g a t e   434  r e c e i v e s   one  i n p u t   f r o m   t h e   o u t p u t   of  a  t w o -  

i n p u t   AND  g a t e   436  and   t h e   o t h e r   i n p u t   f r o m   t h e   o u t p u t   o f  

a  d e l a y e d   o n e - s h o t   c o m p r i s i n g   NOR  g a t e s   438 ,   440,   442  a n d  

444.   R e s e t   i n p u t s   of  t h e   f i v e - b i t   c o u n t e r   402  a r e   f e d  

r e s p e c t i v e l y   f r o m   t h e   o u t p u t   of  AND  g a t e   436  and  f rom  t h e  

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

446,   448 ,   450  and   452.   The  d e l a y e d   o n e - s h o t   c o m p r i s i n g   g a t e s  

438  t h r o u g h   444  r e c e i v e s   as  i t s   i n p u t   t h e   i n t e r p o l a t e   s i g n a l  

l i n e   502,   w h i l e   t h e   d e l a y e d   o n e - s h o t   c o m p r i s i n g   OR  g a t e s   4 4 6  

t h r o u g h   452  r e c e i v e s   as  i t s   i n p u t   t h e   s i g n a l   l i n e   8 0 a .  



The  o u t p u t   l i n e   416  i s   f ed   f rom  the   o u t p u t   of  a  t w o - i n p u t  
AND  g a t e   454,   w h i c h   r e c e i v e s   one  of  i t s   i n p u t s   f rom  t h e  

Q  o u t p u t ' o f   t h e   f l i p - f l o p   432.   The  r e m a i n i n g   i n p u t   of  AND 

g a t e s   436  and  454  a r e   f e d   in  common  w i t h   t h e   c o n t r o l   i n p u t s  

of  b u f f e r s   406  f r o m   a  f i r s t   one  of  d a t a   o u t p u t   l i n e s   4 5 7  

of  a  d e m u l t i p l e x e r   or  d e c o d e r   456,   w h i c h   has   s e v e n   r e m a i n i n g  

s i m i l a r   d a t a   o u t p u t   l i n e s   457  f e e d i n g   t h e   o t h e r   s e v e n   c i r -  

c u i t s   400.   D a t a   s e l e c t   l i n e s   of   the   m u l t i p l e x e r   456  a r e  

f e d   f r o m   t h e   MUXA,  MUXB,  and  MUXC  c o n t r o l   l i n e s .   In  t h e  

i l l u s t r a t e d   e m b o d i m e n t ,   t he   d e m u l t i p l e x e r   456  i s   of  t h e  

t y p e   7 4 L S 1 3 8 .  

R e f e r r i n g   now  to  F i g .   13,  a  c i r c u i t   f o r   d e r i v i n g   s u i t a b l e  

t i m i n g   or  c l o c k   s i g n a l s   f o r   t he   c i r c u i t s   of  t h e   i n v e n t i o n  

f o r m s   an  a l t e r n a t e   e m b o d i m e n t   to  t h e   c i r c u i t   of   F i g .   9 .  

The  b a s i c   s i g n a l s   f e d   to  t h e   c i r c u i t   of  F i g .   13  a re   a  p a i r  

of  c l o c k   s i g n a l s   a t   a  r a t e   32  t i m e s   t h e   r a t e   of   t he   n o r m a l  

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

F i g .   2.  T h e s e   s i g n a l s   a r e   d e s i g n a t e d   NORM  X  32  FAST  X  32  

in   F i g .   13.  F u r t h e r   i n p u t s   a re   t he   MUX  CLK  c l o c k   s i g n a l  

and  a  STROBE  c o n t r o l   s i g n a l .   The  two  c l o c k   s i g n a l s   a r e  

e a c h   f e d   to  d i v i d e - b y - 3 2   c i r c u i t s ,   p r i o r   to  t h e   f e e d i n g  

t h e r e o f   to  t h e   n o r m a l   (NORM)  and  f a s t   (FAST)  c l o c k   i n p u t s  

of  F i g .   2 .  

B r i e f l y ,   t h e s e   d i v i d e - b y - 3 2   n e t w o r k s   e a c h   c o m p r i s e s   a  f o u r -  

b i t   c o u n t e r   c i r c u i t   464 ,   466,   and  an  o u t p u t   f l i p - f l o p   4 6 8 ,  

470.   An  i n p u t   f l i p - f l o p   460,   462  is  u s e d   to  s y n c h r o n i z e  

t h e   FAST  x  32  and  NORM x  32  c l o c k s   to  t h e   MUX  CLK  c l o c k .  

S i m i l a r l y ,   t he   MUX  CLK  i n p u t   f e e d s   a  f o u r - b i t   c o u n t e r   4 8 0 ,  

whose   f o u r   o u t p u t   b i t s   f o rm ,   r e s p e c t i v e l y   t h e   MUX  C L K / 2 ,  

MUXA,  MUXB,  and  MUXC  s i g n a l s .   The  MUXA,  MUXB,  and  MUXC 

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

i n p u t   AND  g a t e   482 ,   w h o s e   o u t p u t   f e e d s   t he   D  i n p u t   of  a  

D  f l i p - f l o p   484.   The  Q  o u t p u t   of  t he   D  f l i p - f l o p   4 8 4  

f e e d s   a  g a t e   e l e c t r o d e   of  an  FET  486,   whose   d r a i n   e l e c t r o d e  



i s   f e d   f rom  t he   STROBE  i n p u t   and  p r o v i d e d   w i t h   a  s u i t a b l e  

p u l l - u p   r e s i s t o r   487  to  a  p o s i t i v e   v o l t a g e   (B+) .   T h e  

s o u r c e   e l e c t r o d e   o f   FET  486  i s   t i e d   to   g r o u n d .   The  c l o c k  

i n p u t   of  D  f l i p - f l o p   484  i s   f e d   f rom  t h e   MUX  CLK/2  l i n e ,  
w h i c h   l i n e   a l s o   f e e d s   one   i n p u t   of  a  t h r e e - i n p u t   NAND  g a t e  
4 8 8 ,   whose   r e m a i n i n g   i n p u t s   a r e   f e d   f r o m   t h e   STROBE  c l o c k  

i n p u t   and  f rom  t h e   MUX  CLK  i n p u t ,   r e s p e c t i v e l y ,   t h e   l a t t e r  

b e i n g   f ed   v i a   an  i n v e r t e r   490 .   The  o u t p u t   of  NAND  g a t e  
488  f e e d s   r e s e t   i n p u t s   of   t h e   c o u n t e r   4 8 0 .  

The  i n t e r p o l a t e   s i g n a l   on  l i n e   502  of  e a c h   of   t h e   i n t e r p o l a t -  

i n g   c i r c u i t s   400  of  F i g .   12,  i s   p r o v i d e d   by  a  c o r r e s p o n d i n g  

c i r c u i t   d e s i g n a t e d   g e n e r a l l y   492.   One  s u c h   c i r c u i t   492  i s  

p r o v i d e d   f o r   e a c h   of   t h e   i n t e r p o l a t i n g   c i r c u i t s   400  a s  
i l l u s t r a t e d   in   F i g .   12.  The  i n p u t s   of   t h e   c i r c u i t s   4 9 2  

c o m p r i s e   an  o u t p u t   88a  of   t h e   AND  g a t e   88  of  i t s   a s s o c i a t e d  

i n p u t   c i r c u i t   10  of  F i g .   2,  t h e  Q   o u t p u t   of   f l i p - f l o p   4 6 0  

and   t h e   Q  o u t p u t   of  f l i p - f l o p   462.   The  l i n e   88a  f e e d s   a n  

i n v e r t e r   494  and  one  i n p u t   of   a  t w o - i n p u t   AND  g a t e   496 .   T h e  

o u t p u t   of  i n v e r t e r   494  f e e d s   one  i n p u t   of  a  f u r t h e r   t w o -  

i n p u t   AND  g a t e   498.   The  r e m a i n i n g   i n p u t s   of   t h e   r e s p e c t i v e  

AND  g a t e s   496  and  498  a r e  f r o m   t h e   Q  o u t p u t   of  t h e   f l i p - f l o p  

460  and  t h e  Q   o u t p u t   of   t h e   f l i p - f l o p   462 ,   r e s p e c t i v e l y .  
The  o u t p u t s   of  AND  g a t e s   496  and  498  f e e d   t h e   r e s p e c t i v e  

i n p u t s   of  a  t w o - i n p u t   O R  g a t e   500,   w h o s e   o u t p u t   f o rms   t h e  

i n t e r p o l a t e   s i g n a l   l i n e   502  f o r   t h e   a s s o c i a t e d   i n t e r p o l a t -  

i n g   c i r c u i t   4 0 0 .  

B r i e f l y ,   t h e   f o r e g o i n g   c i r c u i t s   ( F i g s .   11A  and  11B,  F i g .  

12  and  F i g .   13)  o p e r a t e   to   f o rm  an  e n v e l o p e   by  a  t e c h n i q u e  

w h i c h   may  g e n e r a l l y   be  i n t e r p r e t e d   to   as  " d e l t a   m o d u l a t i o n " .  

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

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

Yx  =  Y x - l   +  S  ( Δ  Y x ) .   A c c o r d i n g l y ,   i t   w i l l   be  s e e n ,   t h a t  

s t a r t i n g   w i t h   a  f i r s t   v a l u e ,   i . e . ,   YO  ( t h e   o u t p u t   s i g n a l   E 

o f   F i g .   11A) ,   a  s c a l e d   s i g n a l   f o r   t h e   n e x t   v a l u e   Y1 



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

( i . e . ,  A  Y )   by  the   s c a l i n g   n u m b e r   S.  T h i s   o p e r a t i o n   i s  

c a r r i e d   ou t   in  t h e   c i r c u i t s   of  t he   i n v e n t i o n   by  i n c r e m e n t i n g  

t h e   e x i s t i n g   Y  v a l u e   b y  Δ  Y   a  t o t a l   of  S  t i m e s .  

R e f e r r i n g   b r i e f l y   to  t h e   f o r e g o i n g   c i r c u i t s   ( F i g s .   11A,  

11B  and  1 2 ) ,  Δ  Y   f o r   e a c h   n o t e   i s   a  t w e l v e - b i t   n u m b e r  

o b t a i n e d   f rom  the   ROM  350.   T h e s e   b i t s   a r e   f ed   to  r e s p e c t i v e  

i n p u t   b i t s   of  f o u r - b i t   a d d e r s   356,   358  and  360,   to  be  a d d e d  

t h e r e i n   w i t h   t w e l v e   b i t s   o b t a i n e d   f rom  t h e   HEX  D  f l i p - f l o p s  

376,   378  and  380  of  F i g .   11B.  The  r e m a i n i n g   o u t p u t s   ( o f  

t he   HEX  D  f l i p - f l o p   380)  a r e   c o m b i n e d   in   f o u r - b i t   a d d e r s  

362  and  364  w i t h   t h e   b i t   o b t a i n e d   f rom  OR  g a t e   366.  T h e  

s e v e n t e e n - b i t   sum  o u t p u t   f r o m   t h e s e   a d d e r s   354  i s   f ed   t o  

t h e   s e v e n - b i t   s h i f t   r e g i s t e r s   382  and  384  of   F i g .   1 1 B ,  

w h e r e   t he   b i t s   a r e   s h i f t e d   t h r o u g h   in   s e q u e n c e   of  t h e  

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

h a n d l e d   by  t he   s y s t e m   of  t h e   i n v e n t i o n .   The  s e v e n - b i t   s h i f t  

r e g i s t e r s   in  t u r n   f e e d   t h i s   i n f o r m a t i o n   to  t h e   HEX  D  f l i p -  

f l o p s   376,   378  and  380,   w h e r e u p o n   t h i s   sum  i s   a g a i n   i n c r e -  

m e n t e d   by  ( i . e . ,   a d d e d   t o )  Δ  Y   a t   the   s e v e n t e e n - b i t   a d d e r  

c i r c u i t   354.  H e n c e ,   i t   w i l l   be  s e e n   t h a t   s u c c e s s i v e  

i n c r e m e n t s  Δ  Y   a r e   a d d e d   to   t he   s i g n a l   by  t h i s   c i r c u i t .  

The  c i r c u i t   of  F i g .   12,  t h e n ,   p r o v i d e s   s u i t a b l e   c o n t r o l  

s i g n a l s   to  t h e   c i r c u i t s   of  F i g s .   11A  and  11B  f o r   a c c o m p l i s h -  

i n g   t h i s   i n c r e m e n t a l   a d d i t i o n   o f  b Y   a  t o t a l   of  S  t i m e s ,   i n  

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

402  w i t h   t he   S  n u m b e r   a t   c o m p a r a t o r   404.   The  f i v e - b i t  

c o u n t e r   402  c o u n t s   f r o m   0  a t   i t s   r e s e t   to   t h e   s c a l i n g  

n u m b e r   S  and  t h e n   i s   n o t   a d v a n c e d   f o r   t he   r e m a i n i n g   o n e s  

of  32  s u b - p e r i o d s   ( i . e . ,   32-S  s u b - p e r i o d s )   f o r   e a c h   e n v e l o p e  

p e r i o d   of  t he   1 6 - s e g m e n t   e n v e l o p e   p r o d u c e d   by  t h e   c i r c u i t .  

The  f i v e - b i t   c o m p a r a t o r   404 ,   upon  r e a c h i n g   t h e   s c a l i n g  

n u m b e r   S,  c a u s e s   t h e   c i r c u i t s   of  F i g s .   11A  and  11B  t o  

" h o l d "   t he   o u t p u t   E  a t   t h e   n u m b e r   w h i c h   has   b e e n   r e a c h e d  

a t   t h a t   p o i n t ,   c e a s i n g   to  add  f u r t h e r   Δ Y  increments   t h e r e t o .  



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

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

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

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

w a v e f o r m   as  w e l l .   E s s e n t i a l l y ,   a l l   t h a t   n e e d   be  done   i s  

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

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

s h a p e   to   s i m u l a t e   t h e   d e s i r e d   t o n a l   q u a l i t i e s .   G e n e r a l l y  

s p e a k i n g ,   t h i s   can   r e a d i l y   be  a c c o m p l i s h e d   by  s u i t a b l e  

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

or   c l o c k s ,   of   F i g s .   9  a n d / o r   13.  In  s u c h   an  a p p l i c a t i o n ,  

t h e   i n t e r p o l a t i n g   f e a t u r e   of   t h e   c i r c u i t   400  o f   F i g .   12  

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

p r o v i d e d   by  t h e   two  d e s c r i b e d   e m b o d i m e n t s   be  s t r i c t l y  

n e c e s s a r y .   In  a l l   o t h e r   r e s p e c t s ,   h o w e v e r ,   t h e   c i r c u i t s  

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

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

d e s c r i b e d   h e r e i n ,   t h e   i n v e n t i o n   i s   n o t   l i m i t e d   t h e r e t o .  

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

c h a n g e s   may  o c c u r   to   t h o s e   s k i l l e d   in   t h e   a r t ,   and  t h e  

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

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

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



1.  In  an  e l e c t r o n i c   m u s i c a l   i n s t r u m e n t   of  t h e   t y p e   w h e r e i n  

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

an  a c t u a t i o n   of  t o n e   i n i t i a t i n g   means   of   t he   i n s t r u m e n t   b y  

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

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

w a v e f o r m ,   s a i d   d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   b e i n g  

c h a r a c t e r i z e d   by  t he   p r o v i s i o n   of   i n p u t   c i r c u i t s   ( 1 0 )  

r e s p o n s i v e   to  a c t u a t i o n   of  t h e   t o n e - i n i t i a t i n g   means   o f  

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

s i g n a l s ,   c l o c k   c i r c u i t s   (20)   f o r   g e n e r a t i n g   a  p l u r a l i t y  

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

(18)   r e s p o n s i v e   to  s a i d   d i g i t a l   c o n t r o l   s i g n a l s   and  to  s a i d  

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

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

c i r c u i t s   (24)   f o r   p e r f o r m i n g   p r e d e t e r m i n e d   a r i t h m e t i c  

f u n c t i o n s   u t i l i z i n g   s a i d   d i g i t a l   w a v e f o r m   s e g m e n t   d e f i n i n g  

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

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

s a i d   p r e s e l e c t e d   w a v e f o r m .  

2.  A  d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   s e t   f o r t h   i n  

c l a i m   1  f u r t h e r   c h a r a c t e r i z e d   by  t he   p r o v i s i o n   of   s c a l e  

e n c o d e r s   (54 ,   68)  in   s a i d   i n p u t   c i r c u i t s   (10)   r e s p o n s i v e  

to  t he   i n t e n s i t y   of  a c t u a t i o n   of   t h e   t o n e   i n i t i a t i n g  

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

i n d i c a t i v e   of  s a i d   i n t e n s i t y   of  a c t u a t i o n   and  s c a l i n g  

c i r c u i t s   (22)   c o u p l e d   to  s a i d   i n p u t   c i r c u i t s   (10)   a n d  

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

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

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

a r i t h m e t i c   c i r c u i t   (24)   a l s o   p e r f o r m s   a  f u r t h e r   p r e d e t e r -  

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

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



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

d e f i n i n g   a  s c a l e d   w a v e f o r m .  

3.  A  d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   a c c o r d i n g   t o  

c l a i m   1  or  c l a i m   2  c h a r a c t e r i z e d   in   t h a t   s a i d   a r i t h m e t i c  

c i r c u i t   (24)   p r o d u c e s   s a i d   d i g i t a l   o u t p u t   s i g n a l s   Y  i n  

a c c o r d a n c e   w i t h   t h e   e q u a t i o n   Y  =  B±MX  w h e r e   M  r e p r e s e n t s  

ones   of   a  s e r i e s   of   d i g i t a l   s l o p e   d e f i n i n g   s i g n a l s ,   X 

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

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

d e f i n i n g   s i g n a l s ,   s a i d   s l o p e   d e f i n i n g   s i g n a l s   and  s a i d  

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

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

c o n t r o l   c i r c u i t s   ( 1 8 ) .  

4.  A  d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   a c c o r d i n g   to   c l a i m  

3  f u r t h e r   c h a r a c t e r i z e d   i n   t h a t   s a i d   a r i t h m e t i c   c i r c u i t   ( 2 4 )  

a l s o   o p e r a t e s   to   p r o d u c e   s a i d   s e r i e s   of   s c a l e d   o u t p u t  

s i g n a l s   Y   in   a c c o r d a n c e   w i t h   t h e   f o r m u l a   Y1  =   S (B+MX) 

w h e r e   S  r e p r e s e n t s   s a i d   d i g i t a l   s c a l i n g   s i g n a l .  

5.  A  d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   a c c o r d i n g   to   c l a i m  

1  or   c l a i m   4  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   s a i d   w a v e f o r m  

c o n t r o l   c i r c u i t s   (18)   i n c l u d e   memory  e l e m e n t s   ( 2 0 0 ,   2 5 0 )  

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

to  s a i d   d i g i t a l , w a v e f o r m   s e g m e n t   d e f i n i n g   s i g n a l s .  

6.  A  d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   a c c o r d i n g   to   c l a i m  

5  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   s a i d   w a v e f o r m   c o n t r o l   c i r c u i t  

(18)   f u r t h e r   i n c l u d e s   a  maximum  c o u n t   g e n e r a t o r   ( 2 5 2 )   f o r  

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

maximum  d i g i t a l   c o u n t   and  a  c o m p a r a t o r   c i r c u i t   ( 2 5 4 ,   2 5 6 )  

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

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

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

p r o d u c e d   w a v e f o r m .  



7.  A  d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   a c c o r d i n g   to  c l a i m  

6  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   s a i d   maximum  c o u n t   g e n e r a t o r  

( 2 5 2 )   and  s a i d   memory  e l e m e n t s   ( 2 0 0 ,   250)  c o m p r i s e   ROMs 

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

s a i d   w a v e f o r m   c o n t r o l   c i r c u i t s   (18)   i n c l u d e   a d d r e s s i n g   c i r -  

c u i t s   ( F i g .   5)  f o r   a d d r e s s i n g   s a i d   ROMs  in   r e s p o n s e   to  s a i d  

d i g i t a l   c o n t r o l   s i g n a l s   and  s a i d   t i m i n g   s i g n a l s .  

8.  A  d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   a c c o r d i n g   to  c l a i m  

1  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   s a i d   a r i t h m e t i c   c i r c u i t   ( 2 4 )  

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

t h e   e q u a t i o n   Yx  =  YX -   1  ±  Δ  Y x   r e p r e s e n t s   o n e s   of  s a i d  

s e r i e s   of   d i g i t a l   w a v e f o r m   s e g m e n t   d e f i n i n g   s i g n a l s .  

9.  A  d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   a c c o r d i n g   t o  

c l a i m   2  f u r t h e r   c h a r a c t e r i z e d   i n   t h a t   s a i d   a r i t h m e t i c  

c i r c u i t   (24)   p r o d u c e s   s a i d   d i g i t a l   o u t p u t   s i g n a l s   Yx  i n  

a c c o r d a n c e   w i t h   t h e   e q u a t i o n   Yx  =  Y x  -   1  +  S  ·  Δ  Y x ,   w h e r e  

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

a t   w h i c h   c o u n t   a  Yx  is   p r o d u c e d ,  Δ  Y x   r e p r e s e n t s   ones   o f  

s a i d   s e r i e s   of   d i g i t a l   w a v e f o r m   s e g m e n t   d e f i n i n g   s i g n a l s  

and   S  r e p r e s e n t s   s a i d   d i g i t a l   s c a l i n g   s i g n a l .  

10.  A  d i g i t a l   w a v e f o r m   g e n e r a t i o n   s y s t e m   a c c o r d i n g   t o  

c l a i m   8  or  c l a i m   9  and  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   s a i d  

w a v e f o r m   c o n t r o l   c i r c u i t   i n c l u d e s   a  memory  e l e m e n t   ( 3 5 0 )  

f o r   s t o r i n g   a  p l u r a l i t y   of  p r e s e l e c t e d   v a l u e s   o f  Δ  Y x   f o r  

s e l e c t i o n   by  s a i d   w a v e f o r m   c o n t r o l   c i r c u i t   (18)   so  as  t o  

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