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Test  apparatus  for  signal  timing  measurement. 
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(§7)  Test  apparatus  enables  the  relative  timing  of  two  signals 
picked  up  by  probes  16,  18  to  be  determined.  The  two  signals 
are  fed,  via  switchable  polarity  and  level  changing  circuitry  10, 
11,  13,14  to  a  simple  flip-flop  12,  which  comprises  two  cross- 
coupled  transistors  plus  two  input  transistors.  With  both  in- 
puts  at  0,  the  flip-flop  is  in  an  abnormal  state  with  both  cross- 
coupled  flip-flops  in  the  same  state.  The  first  input  signal  to  go 
to  1  causes  the  flip-flop  to  enter  a  corresponding  one  of  its  two 
normal  states  (the  cross-coupled  flip-flops  in  opposite  states). 
Detection  circuitry  24  and  display  means  15  signal  this  state. 

A  low  frequency  bias  oscillator  20  shifts  the  sloping  tran- 
sitions  of  one  signal  up  and  down  relative  to  the  other,  chang- 
ing  their  relative  timing.  For  a  part  of  each  slow  cycle  depen- 
dent  on  the  relative  timings  of  the  two  signals,  their  effective 
timings  at  the  flip-flop  will  be  reversed.  Hence  the  mean  output 
from  24  will  be  dependent  on  the  time  difference  between  the 
two  signals. 
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Test  apparatus  enables  the  relative  timing  of  two  signals 
picked  up  by  probes  16, 18  to  be  determined.  The  two  signals 
are  fed,  via  switchable  polarity  and  level  changing  circuitry  10, 
11, 13,14  to  a  simple  flip-flop  12,  which  comprises  two  cross- 
coupled  transistors  plus  two  input  transistors.  With  both  in- 
puts  at  0,  the  flip-flop  is  in  an  abnormal  state  with  both  cross- 
coupled  flip-flops  in  the  same  state.  The  first  input  signal  to  go 
to  1  causes  the  flip-flop  to  enter  a  corresponding  one  of  its  two 
normal  states  (the  cross-coupled  flip-flops  in  opposite  states). 
Detection  circuitry  24  and  display  means  15  signal  this  state. 

A  low  frequency  bias  oscillator  20  shifts  the  sloping  tran- 
sitions  of  one  signal  up  and  down  relative  to  the  other,  chang- 
ing  their  relative  timing.  For  a  part  of  each  slow  cycle  depen- 
dent  on  the  relative  timings  of  the  two  signals,  their  effective 
timings  at  the  flip-flop  will  be  reversed.  Hence  the  mean  output 
from  24  will  be  dependent  on  the  time  difference  between  the 
two  signals. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   t e s t   a p p a r a t u s   f o r  

m e a s u r i n g   t h e   t i m e   d i f f e r e n c e   b e t w e e n   two  s i g n a l s ,   p a t i c u -  

l a r l y   s i g n a l s   w h i c h   a r e   c y c l e d   r e p e a t e d l y .  

Such   a p p a r a t u s   i s   f r e q u e n t l y   r e q u i r e d   in   t h e   d e v e l o p -  

ment   and  m o n i t o r i n g   of  d i g i t a l   e l e c t r o n i c   c i r c u i t r y .   T h e  

p r i m a r y   n e e d   i s   o f t e n   m e r e l y   to   d e t e r m i n e   w h i c h   of   two  s i g -  

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

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

t w e e n   t h e   two  s i g n a l s .  

A  v a r i e t y   of  t e c h n i q u e s   a r e   known  f o r   a c h i e v i n g   t h i s .  

For   e x a m p l e ,   a  c l o c k   o s c i l l a t o r   and  c o u n t e r   can  be  u s e d ,  

w i t h   g a t i n g   c i r c u i t r y   w h i c h   o p e n s   a  g a t e   to   a l l o w   c l o c k   p u l -  

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

c l o s e s   t h e   g a t e   to   f r e e z e   t h e   c o u n t   in   t h e   c o u n t e r   when  t h e .  

s e c o n d   s i g n a l   c h a n g e s .   A n o t h e r   known  t e c h n i q u e   i s   to   u s e  

an  o s c i l l o s c o p e ,   e i t h e r   a  s i n g l e   t r a c e   o s c i l l o s c o p e   w i t h   t h e  

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

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

The  known  t e c h n i q u e s  g e n e r a l l y   i n v o l v e   a  s u b s t a n t i a l  

a m o u n t   of  c o m p l e x   and   e x p e n s i v e   e q u i p m e n t .   A l s o ,   when  t h e  

t i m e   i n t e r v a l s   to   be  m e a s u r e d   a r e   v e r y   s m a l l ,   in   t h e   s u b -  

n a n o s e c o n d   r a n g e ,   some  of  t h e   known  t e c h n i q u e s   f a i l   b e -  

c a u s e   t h e y   c a n n o t   cope   w i t h   s u c h   s p e e d s .  

The  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   i s   to   p r o v i d e   t e s t  

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

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

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

c h a r a c t e r i z e d   by  a  p a i r   of  p r o b e s   f o r   p i c k i n g   up  t h e   t w o  

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

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

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

to   a p p l y   t h e   s i g n a l s   to   t h e   f l i p - f l o p   so  as  to   c a u s e   t h e  

f l i p - f l o p   to   c h a n g e   f rom  an  i n i t i a l   a b n o r m a l   s t a t e   w i t h  

b o t h   t r a n s i s t o r s   in   t h e   same  s t a t e   to   a  n o r m a l   s t a t e   w i t h  



t h e   two  t r a n s i s t o r s .  i n   o p p o s i t e   s t a t e s ,   d e t e c t i o n   c i r c u i t r y  

f e d   f r o m   t h e   two  t r a n s i s t o r s   to   d e t e r m i n e   t h e   d i f f e r e n c e  

b e t w e e n   t h e i r   o u t p u t s ,   and  d i s p l a y   m e a n s   f e d   by  t h e   d e t e c t -  

i o n   c i r c u i t r y .  

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

d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e   d r a w i n g s  

in   w h i c h :  

F i g u r e   1  i s   a  b l o c k   d i a g r a m   of   t h e   a p p a r a t u s ;  

F i g u r e   2  i s   a  c i r c u i t   d i a g r a m   of  a  f l i p - f l o p   in   t h e  

a p p a r a t u s ;   a n d  

F i g u r e s   3  to   5  a r e   w a v e f o r m s   w h i c h   i l l u s t r a t e   t h e   o p -  

e r a t i o n   of  t h e   a p p a r a t u s .  

F i g u r e   1  s h o w s   t h e   m a i n   u n i t s   of   t h e   t e s t   a p p a r a t u s .  

Two  p r o b e s   16  and  18  a r e   a t t a c h e d   to   t h e   two  p o i n t s   a t   w h i c h  

t h e   two  s i g n a l s ,   w h o s e   t i m i n g s   a r e   to  be  c o m p a r e d ,   a p p e a r .  
Two  s w i t c h e s   20  and  21  s e l e c t   t h e   p r o b e   o u t p u t s   e i t h e r  

d i r e c t   or   v i a   l e v e l   c h a n g i n g   c i r c u i t s   10  and  13,  w h i c h   a r e  

TTL  to   CML  l e v e l   s h i f t e r s .   The  s w i t c h e s   20  and  21  f e e d  

r e s p e c t i v e   CML  b u f f e r s   11  and  14,   f r o m   w h i c h   e i t h e r   t h e   p o s -  

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

can  be  s e l e c t e d   by  two  more   s w i t c h e s   22  and  23.   The  t w o  

s w i t c h e s   22  and  23  f e e d   a  CML  f l i p - f l o p   c i r c u i t   12,  w h i c h  

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

12  f e e d s   a  d e t e c t i o n   c i r c u i t   24,  w h i c h   in   t u r n   f e e d s   a  d i s -  

p l a y   u n i t   15  w h i c h   d i s p l a y s   an  i n d i c a t i o n   of  t h e   t i m i n g  

d i f f e r e n c e   b e t w e e n   t h e   two  s i g n a l s .  

A  b i a s   o s c i l l a t o r   20,   w h i c h   p r o d u c e s   a  s i n e   wave  o u t -  

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

c o m p a r e d ,   i s   c o u p l e d   to   one  i n p u t   to   t h e   f l i p - f l o p   1 2 .  

A  p o w e r   s u p p l y   25  p r o v i d e s   p o w e r   f o r   t h e   r e m a i n d e r   of  t h e  

c i r c u i t r y .   In  some  c i r c u m s t a n c e s ,   t h e   c i r c u i t r y   can   o b -  

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

s t e a d   of   h a v i n g   i t s   own  i n d e p e n d e n t   p o w e r   s u p p l y   2 5 .  

F i g u r e   2  s h o w s   t h e   CML  f l i p - f l o p   12  in   d e t a i l .   T h i s  

c o m p r i s e s   two  t r a n s i s t o r s   Q2  and  Q3,  c r o s s - c o u p l e d   a n d  

c o n n e c t e d   in   s e r i e s   w i t h   two  r e s i s t o r s   R1  and  R2  r e s p e c t i v e l y  



as  s h o w n ,   to   f o r m   a  b i s t a b l e   c i r c u i t ,   t o g e t h e r   w i t h   t w o * i n -  

p u t   t r a n s i s t o r s   Q1  and  Q2  c o n n e c t e d   a c r o s s   Q2  and  Q3  a s  

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

of  f l i p - f l o p ,   w i t h o u t   any  of   t h e   e l a b o r a t i o n   of  i n p u t   c i r -  

c u i t r y   and  c l o c k i n g   w h i c h   i s  n o r m a l l y   i n c l u d e d   in   f l i p - f l o p s  

as  u n d e r s t o o d   n o w a d a y s .   We  w i l l   a d o p t   t h e   c o n v e n t i o n   t h a t  

l o g i c a l   1  i s   h i g h ,   l o g i c a l   0  i s   low.   The  " n o r m a l "   or   q u i -  

e s c e n t   s t a t e   of  t h e   i n p u t s   to   t h e   f l i p - f l o p   i s   b o t h   0 

( l o w ) .   T h i s   m e a n s   t h a t   Q1  and  Q4  a r e   b o t h   t u r n e d   o f f .   T h e  

f l i p - f l o p   can   be  in   e i t h e r   of  i t s   two  " n o r m a l "   s t a t e s :  

e i t h e r   Q2  on  and  Q3  o f f ,   or  Q2  o f f   and   Q3  on.   A  " n o r m a l "  

c h a n g e   of   f l i p - f l o p   s t a t e   i s   a c c o m p l i s h e d   by  one  or  o t h e r ,  

b u t   n o t   b o t h ,   of  t h e   i n p u t s   g o i n g   m o m e n t a r i l y   to   1.  S a y  

t h e   i n p u t   to  Q1  g o e s   b r i e f l y   to   1.  T h i s   t u r n s   on  Q1,  f o r c -  

i n g   t h e   c o l l e c t o r   of  Q1  and   h e n c e   t h e   b a s e   of  Q3  low,   a n d  

h e n c e   t u r n i n g   o f f   Q3  and   f o r c i n g   t h e   b a s e   of  Q2  h i g h ,   s o  

t u r n i n g   on  Q2.  T h i s   f o r c e s   t h e   f l i p - f l o p   to   one  of  i t s  

two  n o r m a l   s t a t e s ,   and   i t   r e m a i n s   in   t h a t   s t a t e   when  t h e  

i n p u t   to   Q1  g o e s   b a c k   to   0 .  

H o w e v e r ,   i f   b o t h   i n p u t s   to   t h e   f l i p - f l o p   go  to   1  t o -  

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

w h i c h   Q1  and  Q4  a r e   b o t h   on  and  t h e   b a s e s   of  Q2  and  Q3  a r e  

b o t h   l ow.   I f   now  one  or   o t h e r   of  t h e   two  i n p u t s   s h o u l d   g o  

to  0,  s a y   t h e   i n p u t   to   Q1,  t h e   c o r r e s p o n d i n g   i n p u t   t r a n -  

s i s t o r   Q1  w i l l   t u r n   o f f ,   and  t h e   f l i p - f l o p   w i l l   c h a n g e   t o  

a  n o r m a l   s t a t e   in   w h i c h   one  of  t h e   two  t r a n s i s t o r s   Q2  a n d  

Q3  ( i n   f a c t ,   Q2)  w i l l   go  o f f   and  t h e   o t h e r   ( h e r e ,   Q3)  w i l l  

r e m a i n   on.   T h i s   s t a t e ,   of  c o u r s e , w i l l   p e r s i s t   i f   t h e  

o t h e r   i n p u t   t h e n   a l s o   g o e s   to   0.  C o n v e r s e l y ,   i t   i s   o b v i o u s  

t h a t   i f   b o t h   i n p u t s   a r e   a t   1  and  t h e   i n p u t   to   Q4  g o e s   to   0 ,  

t r a n s i s t o r   Q3  w i l l   go  o f f   and  Q2  w i l l   s t a y   on,   and  t h i s  

s t a t e   w i l l   p e r s i s t   when ,   l a t e r ,   t h e   i n p u t   to   Q1  a l s o   g o e s  

to  0 .  

T h i s   i s   i l l u s t r a t e d   in   F i g u r e   3,  w h e r e   s i g n a l s   Q l b  

and  Q4b  a r e   t h e   i n p u t   s i g n a l s   a p p l i e d   t o   t h e   b a s e s   of  Q1 

and  Q4,  and  s i g n a l s   Q2c  and  Q3c  a r e   t h e   s i g n a l s   a p p e a r i n g  



at   t h e   c o l l e c t o r s   of  Q2  and   Q3.  The  i n p u t   s i g n a l s   a r e  

b o t h   i n i t i a l l y   a t   1;  t h e   f u l l   l i n e   g r a p h s   show  w h a t   h a p p -  

ens   when  t h e   i n p u t   to   Q1  i s   t h e   f i r s t   to  f a l l   to   0,  and  t h e  

b r o k e n   l i n e   g r a p h s   show  w h a t   h a p p e n s   when  t h e   i n p u t   to   Q4 
i s   t h e   f i r s t   to   d r o p   to   0 .  

The  two  i n p u t s   to   t h e   f l i p - f l o p   a r e   t h e   two  s i g n a l s  

p i c k e d   o f f   by  t h e   p r o b e s   16  and   18.  I t   i s   a s s u m e d   t h a t  

t h e s e   two  s i g n a l s   a r e   b o t h   i n i t i a l l y   a t   1,  and  i t   i s   r e q u i r -  
ed  to   d e t e r m i n e   w h i c h   i s   t h e   f i r s t   to   d r o p   to   0.  ( I f   e i t h e r  

or   b o t h   i s   c h a n g i n g   f r o m   0  to  1,  t h e   CML  b u f f e r s   11  and  1 4  

can  be  u s e d   to   i n v e r t   t hem  a p p r o p r i a t e l y . )   At  t i m e   t 0 ,  

when  b o t h   h a v e   d r o p p e d   to   0,  t h e   s t a t e   of   f l i p - f l o p   12  i s  

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

c h a n g e .  

.The   d e t e c t i o n   c i r c u i t   24  i s   f e d   by  t h e   c o l l e c t o r s   o f  

b o t h   t r a n s i s t o r s   Q2  and  Q3  of  f l i p - f l o p   12  as  s h o w n ,   a n d  

f o r m s   t h e   d i f f e r e n c e   b e t w e e n   t h e   two  v o l t a g e s .   T h i s   d i f f -  

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

f l o p   when  t h e   f l i p - f l o p   i s   in   e i t h e r   n o r m a l   s t a t e ,   as  i n -  

d i c a t e d   in   F i g u r e   3.  H e n c e   a  p o s i t i v e   v o l t a g e   f r o m   c i r -  

c u i t   24  i n d i c a t e s   t h a t   t h e   s i g n a l   on  p r o b e   16  w a s   t h e   f i r s t  

to   c h a n g e ,   a  n e g a t i v e   v o l t a g e ,   t h a t   t h e   s i g n a l   on  p r o b e   1 8  

was  t h e   f i r s t   to   c h a n g e .   The  d i s p l a y   d e v i c e   15  i n d i c a t e s  

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

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

t e s t   w i l l   be  c y c l i n g ,   and  t h e   s i g n a l s   p i c k e d   up  by  t h e   p r o -  

b e s   w i l l   r e t u r n   to   1  a t   some  t i m e   a f t e r   t 0 ,   p r o b a b l y   ( b u t  

n o t   n e c e s s a r i l y )   in   t h e   same  s e q u e n c e   t h a t   t h e y   w e n t   to   0 .  

The  f l i p - f l o p   12  w i l l   t h e n   be  f o r c e d   b a c k   to   t h e   a b n o r m a l  

s t a t e ,   and  w i l l   r e t u r n   to   t h e   n o r m a l   s t a t e   as  s o o n   as  o n e  

or  o t h e r   of  i t s   i n p u t   s i g n a l   g o e s   b a c k   to   0.  Thus   t h e  

o u t p u t   f r o m   t h e   d e t e c t i o n   c i r c u i t   24  w i l l   p r o b a b l y   be  a  

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

T h i s   b i a s   o s c i l l a t o r   20  p r o v i d e s   a  s i n u s o i d a l   b i a s  

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

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



t h e   t i m e   i n t e r v a l   b e t w e e n   t h e   c h a n g e s   of   t h e   two  s i g n a l s  

b e i n g   p i c k e d   up  by  p r o b e s   16  and  18  to   be  m e a s u r e d ,   i n -  

s t e a d   of  m e r e l y   t h e   s i g n   of  t h i s   t i m e   i n t e r v a l   b e i n g   d e t e r -  

m i n e d ,   as  has   b e e n   d e s c r i b e d   so  f a r .  

C o n s i d e r i n g   t h e   i n p u t   v o l t a g e s   to   t h e   f l i p - f l o p   1 2  

in  more   d e t a i l ,   t h e s e   w i l l   in   f a c t   c h a n g e   b e t w e e n   t h e i r   2 

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

p o i n t   a t   w h i c h   t h e   t r a n s i s t o r s   Q1  and  Q4  c h a n g e   b e t w e e n   o n  
and  o f f   w i l l   be  some  c r i t i c a l   v o l t a g e   l e v e l   Vc  b e t w e e n   t h e  

two  l o g i c   l e v e l s .   H e n c e   t h e   two  i n p u t   v o l t a g e s   V1  and   V2 

w i l l   be  s o m e w h a t   as  shown  in   F i g u r e   4,  w i t h   t h e   t r a n s i s t o r s  

Q1  and  Q4  t u r n i n g   o f f   as  V1  and  V2  c r o s s   t h e   c r i t i c a l   v o l t -  

age  V c .  

I f   a  b i a s   v o l t a g e   Vb  i s   a d d e d   to   v o l t a g e   V1,  t h i s   w i l l  

move  t h e   w a v e f o r m   V1  v e r t i c a l l y   up  or   down,   and  w i l l   t h e r e -  

f o r e   c h a n g e   t h e   p o i n t   a t   w h i c h   t h e   c o m b i n e d   v o l t a g e   V1  +  Vb 

c r o s s e s   t h e   c r i t i c a l   v o l t a g e   Vc.  In  p a r t i c u l a r ,   f o r   a  

s u i t a b l e   v a l u e   of   Vb  as  shown  in   F i g u r e   4,  t h e   c o m b i n e d   v o l t -  

age  V1  +  Vb  can   be  made  to   c r o s s   Vc  a t   t h e   same  i n s t a n t   a s  

d o e s   V2.  For   o t h e r   v a l u e s   of   Vb,  t h e   c r o s s i n g   p o i n t   f o r   V1 

+  Vb  w i l l   be  b e f o r e   or   a f t e r   t h e   c r o s s i n g   p o i n t   f o r   V 2 .  

T h i s   m e a n s   t h a t   i f   t h e   s l o p e   of  t h e   s i n g a l s   i s   k n o w n  

( a s   w i l l   o f t e n   be  t h e   c a s e ,   s i n c e   t h e   s l o p e   w i l l   b e  d e t e r -  

m i n e d   by  known  c i r c u i t   p a r a m e t e r s ) ,   t h e n   t h e   t i m e   d i f f e r e n c e  

b e t w e e n   t h e   two  s i g n a l s   i s   e q u i v a l e n t   to   a  v o l t a g e   d i f f -  

e r e n c e .   I t   i s   t h e r e f o r e   p o s s i b l e ,   by  a d j u s t i n g   t h e   b i a s  

v o l t a g e   to   t h e   p o i n t   w h e r e   t h e   f l i p - f l o p   12  t a k e s   up  b o t h  

s t a t e s   more   or   l e s s   e q u a l l y   o f t e n   as  t h e   s y s t e m   u n d e r   t e s t  

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

t h e   two  s i g n a l s .  

P r e f e r a b l y   h o w e v e r   a  s l o w   s i n e   wave  b i a s   i s   u s e d ,   a s  

a l r e a d y   s t a t e d .   The  e f f e c t   of  t h i s   i s   shown  in   F i g u r e   5 .  

The  two  s i g n a l s   V1  and  V2  a r e   shown  c y c l i n g   r e p e a t e d l y .  

As  t h e   s l o w   s i n e   wave  Vb  c a r r i e s   t h e   s i g n a l   V1  up  and  d o w n  

w i t h   r e s p e c t   to   t h e   c r i t i c a l   v o l t a g e ,   so  t h e   i n s t a n t   a t  

w h i c h   t h e   v o l t a g e ' V 1   +  Vb  c r o s s e s   t h e   c r i t i c a l   v o l t a g e   w i l l  



move  r e l a t i v e   to   t h e   i n s t a n t   a t   w h i c h   t h e   s i g n a l   V2  c r o s s e s  

Vc.  At  some  p o i n t   in   t h e   Vb  c y c l e ,   t h e s e   two  i n s t a n t s   w i l l  

c o i n c i d e .   Up  to   t h a t   p o i n t ,   t h e   o u t p u t   Q 2 c  -   Q3c  of  t h e  

f l i p - f l o p   12  w i l l   c o n s i s t   of  a  s e r i e s   of   p o s i t i v e   p u l s e s ,  

as  t h e   f l i p - f l o p   i s   r e p e a t e d l y   s e t   to   t h e   same  s t a t e   o n  

e a c h   s i g n a l   c y c l e .   At  t h i s   p o i n t ,   t h e   f l i p - f l o p   w i l l   b e  

s e t   to   t h e   o t h e r   s t a t e ,   and  i t s   o u t p u t   w i l l   t h e r e f o r e   be  a  

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

v o l t a g e   Vb  d r o p s   b a c k   to   t h e   l e v e l   w h e r e   t h e   c h a n g e - o v e r  

o c c u r r e d .  

The  d e t e c t i o n   c i r c u i t   24  w i l l   t h e r e f o r e   be  f e d   w i t h   a  

s i g n a l   s o m e w h a t   as  shown  in  F i g u r e   5.  I t   i s   e v i d e n t   t h a t  

by  s m o o t h i n g   t h i s   s i g n a l ,   a  s t e a d y   v o l t a g e   can   be  o b t a i n e d  

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

t u d e   and  s i g n   of  t h e   t i m i n g   d i f f e r e n c e   b e t w e e n   t h e   two  s i g -  

n a l s   V1  and  V 2 .  

I t   w i l l   be  s e e n   f r o m   F i g u r e   3  t h a t   t h e   l e n g t h   of   t h e  

o u t p u t   p u l s e   f r o m   t h e   f l i p - f l o p   12  i s   t h e   t i m e   d u r i n g   w h i c h  

e i t h e r   of  t h e   two  i n p u t   s i g n a l s   i s   a t   0.  H e n c e   as  t h e   r e l -  

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

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

f l i p - f l o p   12  w i l l   c h a n g e ,   i n c r e a s i n g   s o m e w h a t   as  t h e   t i m i n g s  

of   t h e   two  s i g n a l s   move  a p a r t .  



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

b e t w e e n   two  s i g n a l s ,   c h a r a c t e r i z e d  b y   a  p a i r   of  p r o b e s  

( 1 6 , 1 8 )   f o r   p i c k i n g   up  t h e   two  s i g n a l s ,   c i r c u i t r y   ( 1 0 ,  

2 0 , 1 1 , 2 2 , 1 3 , 2 1 , 1 4 , 2 3 )   f o r   a d j u s t i n g   t h e   p o l a r i t i e s  

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

t r a n s i s t o r s   ( Q 2 , Q 3 )   f o r m i n g   a  s i m p l e   f l i p - f l o p   ( 1 2 ) ,  

i n p u t   c i r c u i t r y   ( Q 1 , Q 4 )   to   t h e   f l i p - f l o p   ( 1 2 )   to   a p p l y  

t h e   s i g n a l s   to   t h e   f l i p - f l o p   so  as  to   c a u s e   t h e   f l i p -  

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

b o t h   t r a n s i s t o r s   (Q2,  Q3)  in   t h e   same  s t a t e   to   a  

n o r m a l   s t a t e   w i t h   t h e   two  t r a n s i s t o r s   in  o p p o s i t e  

s t a t e s ,   d e t e c t i o n   c i r c u i t r y   ( 2 4 )   f e d   f r o m   t h e   two  t r a n -  

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

p u t s ,   and  d i s p l a y   m e a n s   ( 1 5 )   f e d   by  t h e   d e t e c t i o n  

c i r c u i t r y   ( 2 4 ) .  

2.  T e s t   a p p a r a t u s   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i z e d   b y  

b i a s   means   ( 2 0 )   f o r   a d d i n g   a  v a r i a b l e   b i a s   to   one  o f  

t h e   s i g n a l s .  

3.  T e s t   a p p a r a t u s   a c c o r d i n g   to   C l a i m   2,  c h a r a c t e r i z e d   i n  

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

f r e q u e n c y   much  l o w e r   t h a n   t h e   c y c l e   f r e q u e n c y   of  t h e  

two  s i g n a l s .  
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