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Circuit  for  DC  testing  of  logic  circuits. 

Logic  circuits  such  as  cascode  circuits  can  be  DC  tested 
for  normally  untestable  defects,  such  as  emitter  shorts  or 
collector  opens,  by  applying  to  the  output  of  the  circuit  (lines 
16,  17),  or  portion  of  the  circuit,  under  test  an  additional 
voltage  (at  50, 51)  through  an  impedance.  The  specific  em- 
bodiment  teaches  a  resistor  (42,  43)  and  diode  (44,  45)  in 
series  as  the  impedance. 



The  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  c i r c u i t s   u s e d   i n  

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

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

c i r c u i t s   w i t h   a  DC  t e s t .  

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

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

t h e   l e v e l   of   t e s t i n g   r e q u i r e d   of   s u c h   c i r c u i t s .   A n y  

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

d e t e r m i n a t e ,   i . e . ,   of  t h e   same  v o l t a g e   l e v e l ,   i s   p a r -  

t i c u l a r l y   i m p o s s i b l e   to   d e t e c t   w i t h   a  DC  t e s t .   When  

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

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

c h a i n   i s   u n p r e d i c t a b l e .   H i t h e r t o ,   any  s u c h   i n d e t e r -  

m i n a t e   o u t p u t   was  u n t e s t a b l e   by  s t a n d a r d   DC  t e s t i n g  

t e c h n i q u e s   s i n c e   t h e  r e s p o n e   f o r   s u c h   d e f e c t i v e   c i r -  

c u i t s   was  u n p r e d i c t a b l e .  

T y p i c a l   p r i o r   a r t   i s   t h e   f o l l o w i n g :  

IBM  T e c h n i c a l   D i s c l o s u r e   B u l l e t i n ,   V o l .   21,  #8,  J a n u a r y  

1 9 7 9 ,   p g s .   3 1 0 7 - 3 1 0 8 ,   d e s c r i b e s   t h e   t e s t i n g   of   d y n a m i c  

memory  c h i p s   by  u t i l i z i n g   o f f s e t   v o l t a g e s   d u r i n g   t e s t -  

i ng   to   d e t e r m i n e   t h e   s e n s i t i v i t y   of   t h e   l a t c h   and  t o  

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

p r o b i n g   t h e   c i r c u i t r y .  

U .S .   P a t e n t   3 , 7 9 5 , 8 5 9   t e a c h e s   t h e   t e s t i n g   of  a  m e m o r y  
c e l l   in  w h i c h   t h e   v o l t a g e   c o n d i t i o n s   on  one  of  t h e   b i t  

l i n e s   i s   v a r i e d .  



U.S .   P a t e n t   3 , 5 4 1 , 4 4 1   d e s c r i b e s   t h e   t e s t i n g   of  l o g i c  

c i r c u i t s   and  u t i l i z e s   d r i v e r s   12  w h i c h   p r o v i d e   v a r i a b l e  

a d j u s t a b l e   s i g n a l s .  

The  p r e s e n t   i n v e n t i o n   as  c l a i m e d   i s   d i r e c t e d   t o w a r d  

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

t he   c i r c u i t   w h i c h   w o u l d   n o r m a l l y   c r e a t e   i n d e t e r m i n a t e  

o u t p u t s .   M o r e o v e r   by  m o d i f i c a t i o n   of  t h e   c i r c u i t   i n  

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

can  be  done   w i t h   a  s i m p l e   DC  s t u c k   f a u l t   t e s t .  

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

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

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

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

and  a  d i o d e   in   s e r i e s .  

The  i n v e n t i o n   w i l l   b e c o m e   more   a p p a r e n t   when  t a k e n   i n  

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

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

t h e   p r e s e n t   i n v e n t i o n .  

The  f i g u r e   i l l u s t r a t e s   in   s c h e m a t i c   form  a  c a s c o d e  

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

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

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

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

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

o u s l y  a n d   a l t h o u g h   t h e   c i r c u i t   may  be  m o d i f i e d   a s  
d i c t a t e d   by  o u t p u t   and  i n p u t   r e q u i r e m e n t s   t h e   c i r c u i t r y  
is   a l w a y s   s u c h   t h a t   i t s   o p e r a t i o n   i s   d e p e n d e n t   upon   o n e  
of  a  n u m b e r   of   m u t u a l l y   e x c l u s i v e   c o n d u c t i v e   p a r t s   c o r -  

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

t i o n   e s t a b l i s h e d   by  t h e   c i r c u i t .  



In  t h e   f i g u r e ,   t h e r e   a r e   shown  two  p a i r s   of  t r a n s i s t o r s  

10,  11,  12,  and  13.  The  c o l l e c t o r s   of   t r a n s i s t o r s   10 

and  13  c o u p l e d   t o g e t h e r   and  to   a  f i r s t   o u t p u t   l i n e   16 

and  t h r o u g h   a  r e s i s t o r   14  to   a  v o l t a g e   s o u r c e   2 0 .  

S i m i l a r l y ,   t h e   c o l l e c t o r s   of   t r a n s i s t o r s   11  and  12  a r e  

b o t h   c o u p l e d   to   a  s e c o n d   o u t p u t   l i n e   17  and  t h r o u g h   a  

r e s i s t o r   15  to   t h e   v o l t a g e   s o u r c e   20.  The  e m i t t e r s   o f  

t r a n s i s t o r s   10  and  11  a r e   c o n n e c t e d  t o g e t h e r   and  to  t h e  

c o l l e c t o r   of  t r a n s i s t o r   21.  S i m i l a r l y   t r a n s i s t o r s   12  

and  13  h a v e   t h e i r   e m i t t e r s   c o u p l e d   t o g e t h e r   and  to   t h e  

c o l l e c t o r   of   a  t r a n s i s t o r   22,  t h e   e m i t t e r   of   w h i c h   i s  

c o n n e c t e d   to   t h e   e m i t t e r   of  t r a n s i s t o r   21  and  to   t h e  

c o l l e c t o r   of  a  s e c o n d   p a i r   of   t r a n s i s t o r s   23  and  2 4 .  

The  e m i t t e r s   of   t r a n s i s t o r s   10  and  11  a r e   a l s o   c o u p l e d  

to  t h e   c o l l e c t o r   of  a  t r a n s i s t o r   25  whose   e m i t t e r   i s  

c o u p l e d   to   t h e   e m i t t e r   of   t r a n s i s t o r   23  w h i l e   t h e  

e m i t t e r   of   t r a n s i s t o r s   12  and  13  a r e   c o u p l e d   to   t h e  

c o l l e c t o r   of   a  t r a n s i s t o r   26  w h o s e   e m i t t e r   i s   c o u p l e d  

to  t h e   e m i t t e r   of   t r a n s i s t o r   24.  The  e m i t t e r s   of  t r a n -  

s i s t o r s   23  and  25  a r e   a l s o   c o u p l e d   to   t h e   c o l l e c t o r  

of  a  t r a n s i s t o r   27  w h i l e   t h e   e m i t t e r s   of   t r a n s i s t o r s  

26  and  24  a r e   c o u p l e d   to   t h e   c o l l e c t o r   of  a  t r a n s i s t o r  

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

t o r   27  and  to   t h e   c o l l e c t o r   of   a  t r a n s i s t o r   29  w h o s e  

e m i t t e r   i s   c o u p l e d   t h r o u g h   a  r e s i s t o r   30  to  a  n e g a t i v e  

v o l t a g e   s o u r c e   3 1 .  

The  b a s e s   of  t r a n s i s t o r s   10  and  12  a r e   b o t h   c o u p l e d  
to  t h e   same  i n p u t   t e r m i n a l   32.  S i m i l a r l y   t h e   b a s e s   o f  

t r a n s i s t o r s   11  and  13  a r e   b o t h   c o u p l e d   to   t h e   same  i n -  

p u t   t e r m i n a l   33.  The  s i g n a l s   b e i n g   a p p l i e d   to   t e r m i n a l  

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

to  t e r m i n a l   32.  S i m i l a r l y   t h e   b a s e   of   t r a n s i s t o r  2 1   i s  

c o u p l e d   to   a  t e r m i n a l   34  w h i l e   t h e   b a s e   of  t r a n s i s t o r  

22  i s   c o u p l e d   to  a  t e r m i n a l   35  w h i c h   r e c e i v e s   t h e   c o m -  



p l e m e n t a r y   s i g n a l   of  t h a t   a p p l i e d   to   t e r m i n a l   34.  A g a i n  

t r a n s i s t o r s   23  and  26  h a v e   t h e i r   b a s e s   c o u p l e d   to   a  

common  t e r m i n a l   36  w h i l e   t h e   b a s e s   of  t r a n s i s t o r s   24  

and  25  a r e   c o u p l e d   to   a n o t h e r   common  t e r m i n a l   37.   I t  

s h o u l d   be  n o t e d   t h a t   t e r m i n a l   36  i s   c o n n e c t e d   to   a  

s i g n a l   s o u r c e   w h i l e   37  i s   c o n n e c t e d   to   t h e   c o m p l e m e n t  

of  t h e   s i g n a l   s o u r c e   a p p l i e d   on  t e r m i n a l   36.  F i n a l l y ,  

t r a n s i s t o r s   27  and  28  a r e   c o u p l e d   to   s i g n a l   s o u r c e s   38  

and  39  r e s p e c t i v e l y   w i t h   t e r m i n a l   39  b e i n g   c o n n e c t e d   t o  

t h e   c o m p l e m e n t a r y   i n p u t   of   t e r m i n a l   38.  T r a n s i s t o r   29 

has   i t s   b a s e   c o n n e c t e d   to   an  a l w a y s   on  r e g u l a t e d   p o s i -  

t i v e   v o l t a g e   s o u r c e   40.  An  a d d i t i o n a l   v o l t a g e   s o u r c e   50  

is   c o u p l e d   to  l i n e   16  v i a   an  i m p e d a n c e   c o m p r i s i n g   a  

r e s i s t o r   42  in  s e r i e s   w i t h   a  d i o d e   44.  S i m i l a r l y   s t i l l  

a n o t h e r   v o l t a g e   s o u r c e   51  i s   c o u p l e d   to  l i n e   17  v i a   a  

d i f f e r e n t   i m p e d a n c e   c o m p r i s i n g   a  r e s i s t o r   43  in  s e r i e s  

w i t h   a  d i o d e   4 5 .  

The  o p e r a t i o n   of   t h e   b a s i c   c a s c o d e   c i r c u i t r y   shown  i n  

t h e   f i g u r e   i s   as  f o l l o w s .   Wi th   t h e   c i r c u i t   shown  c o n -  

n e c t e d   o n l y   to   t h e   v o l t a g e   s o u r c e   20  and  t h e   v o l t a g e  

s o u r c e   31  and  no  s i g n a l   a p p l i e d   to  any  of  t h e   b a s e s  

of  t h e   t r a n s i s t o r s   e x c e p t   t r a n s i s t o r   40  t h e r e   i s   n o  

c o n d u c t i o n   t h r o u g h   t h e   c i r c u i t   and  t h e   v o l t a g e   l e v e l  

a p p e a r i n g   a t   t h e   o u t p u t   t e r m i n a l s   16  and  17  w i l l   b e  

s u b s t a n t i a l l y   t h a t   of   t h e   v o l t a g e   s o u r c e   20  and  t h e  

l i n e s   w i l l   be  in  t h e   s o - c a l l e d   " h i g h   s t a t e " .   H o w e v e r ,  

when  s e l e c t e d   t r a n s i s t o r s   a r e   t u r n e d   on  and  t h e r e   i s  

c o n d u c t i o n  o f   c u r r e n t   b e t w e e n   t h e   v o l t a g e   s u p p l y   20  

and  t h e   v o l t a g e   s u p p l y   31  t h e   s i g n a l   l e v e l   a t   one  o f  

t h e   o u t p u t   l i n e s   16  and  17  w i l l   be  b r o u g h t   down  to  i t s  

s o - c a l l e d   low  s t a t e .   For   e x a m p l e ,   l e t   i t   be  a s s u m e d  

t h a t   t e r m i n a l s   32,  34,  36,  and  38  a r e   a l l   made  p o s i t i v e  

t u r n i n g   on  t h e   t r a n s i s t o r s   10,  12,  21,  23,  26,  and  2 7 .  

A l t h o u g h   t r a n s i s t o r s   12  and  26  a r e   t u r n e d   on  t h e y   a r e  



n o t   e f f e c t i v e   s i n c e   t r a n s i s t o r s   22  and  28  a r e   n o t   c o n -  

d u c t i v e   b e c a u s e   t e r m i n a l s   35  and  39  a r e   c o u p l e d   to   t h e  

c o m p l e m e n t   s i g n a l   of  t h a t   a p p l i e d   to   t e r m i n a l s   34  a n d  

38,  t h a t   i s ,   t h e y   a r e   b i a s e d   n e g a t i v e   h o l d i n g   t r a n s i s -  

t o r s   22  and  28  o f f .   Thus  t h e r e   i s   o n l y   one  p r e d e t e r -  

m i n e d   c u r r e n t   p a t h   b e t w e e n   s o u r c e s   20  and  31  t h r o u g h  

r e s i s t o r   14  and  t r a n s i s t o r s   10,  21,  23,  27  and  40  a n d  

r e s i s t o r   30  and  l i n e   16  i s   p u l l e d   low.   S i n c e   t h e r e   i s  

no  c o n d u c t i v e   c u r r e n t   p a t h   f rom  t h e   v o l t a g e   s o u r c e   20 

t h r o u g h   r e s i s t o r   15  to   t h e   v o l t a g e   s o u r c e   31  t h e   l i n e  

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

b e t w e e n   l i n e s   16  and  1 7 .  

In  some  c a s e s   in  t h e s e   c a s c o d e   c i r c u i t s   a  d e f e c t   c a n  

o c c u r   w h i c h   w i l l   c a u s e   t h e   o u t p u t   of  l i n e s   16  and  17 

to  be  i n d e t e r m i n a t e .   An  i n d e t e r m i n a t e   o u t p u t   b e i n g   d e -  

f i n e d   as  one  in  w h i c h   t h e   o u t p u t s   on  l i n e s   16  and  17 

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

t h e   o u t p u t   of  any  f o l l o w i n g   l o g i c   c i r c u i t   to  w h i c h  

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

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

e x a m p l e ,   b a s e   e m i t t e r   s h o r t s   or  open   c o l l e c t o r s   i n  

any  of  t h e   t r a n s i s t o r s   in  t h e   c i r c u i t .  

Any  s u c h   d e f e c t   w h i c h   c r e a t e s   s u c h   an  i n d e t e r m i n a t e  

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

i s   a  p a r t   to   be  u n t e s t a b l e   by  s t a n d a r d   DC  t e s t i n g  

t e c h n i q u e s .   The  p r e s e n t   i n v e n t i o n   s o l v e s   t h i s   p r o b l e m  
and  t e a c h e s   t h a t   s u c h   f a u l t s   may  be  d e t e c t e d   in   s u c h  

a  c i r c u i t   w i t h   a  DC  t e s t   by  e l e c t r i c a l l y   u n b a l a n c i n g  
t h e   o u t p u t   l i n e s   16  and  17  d u r i n g   t e s t i n g .   I f   t h e  

c i r c u i t   i s   u n b a l a n c e d   in  f a v o r   of  l i n e   16  t h e n   a n  
i n d e t e r m i n a t e   o u t p u t   w i l l   be  i n t e r p r e t e d   as  l i n e   16 

b e i n g   h i g h   and  l i n e   17  b e i n g   low.   C o n v e r s e l y   i f   t h e  



c i r c u i t   i s   u n b a l a n c e d   in  f a v o r   of   l i n e   17  t h e n   a n  

i n d e t e r m i n a t e   o u t p u t   w i l l   be  i n t e r p r e t e d   as  l i n e   16 

b e i n g   low  and  l i n e   17  b e i n g   h i g h .  

In  t e s t i n g   of   t h e   c i r c u i t   i t   i s   n e c e s s a r y   t h a t   l i n e   16 

f i r s t   be  u n b a l a n c e d   in  f a v o r   of  l i n e   17  and  t h e n   l i n e  

17  i s   u n b a l a n c e d   in  f a v o r   of  l i n e   16  s u c h   t h a t   d e f e c t s  

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

q u i r e   an  AC  t e s t   can   be  t e s t e d   w i t h   a  DC  t e s t e r .  

To  a c c o m p l i s h   t h i s   end  t h e   c a s c o d e   c i r c u i t   d e s c r i b e d  

a b o v e   i s   m o d i f i e d   as  shown  in  t h e   f i g u r e   by  c o u p l i n g  

two  v o l t a g e   i n p u t s   50  and  51  to  l i n e s   16  and  17  b y  

s u i t a b l e   i m p e d a n c e   n e t w o r k s .   As  shown  t h e s e   n e t w o r k s  

c o m p r i s e   r e s i s t o r s   42  and  43  in  s e r i e s   w i t h   d i o d e s   44  

and  45.  Thus  l i n e   50  i s   c o u p l e d   to   l i n e   16  t h r o u g h  

d i o d e   44  and  r e s i s t o r   42  and  l i n e   51  i s   c o u p l e d   t h r o u g h  

r e s i s t o r   43  and  d i o d e   45  to  l i n e   17.  For   e a c h   c i r c u i t  

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

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

be  a d d e d .  

D u r i n g   n o r m a l   o p e r a t i o n  o f   t h e   c i r c u i t   t h e   i n p u t s   50  

and  51  a r e   s e t   to  a  v o l t a g e   e q u a l   to   or  more  p o s i t i v e  

t h a n   t h a t   a p p e a r i n g   on  s o u r c e   20  c a u s i n g   d i o d e s   44  

and  45  to   be  n o n - c o n d u c t i v e .   In  t h i s   c a s e   t h e   c i r c u i t  

o p e r a t e s   as  i f   t h e r e   w e r e   no  m o d i f i c a t i o n .   By  r e d u c i n g  

t h e   v o l t a g e   on,   f o r   e x a m p l e ,   t h e   i n p u t   50,  to   a  l e v e l  

b e l o w   t h a t   on  l i n e   16  t h e   d i o d e   44  b e c o m e s  f o r w a r d  

b i a s e d   and  c u r r e n t   f l o w s   f rom  s o u r c e   20  t h r o u g h   r e s i s -  

t o r s   14  and  42,  and  d i o d e   44  to   t h e   i n p u t   l i n e   50.  T h e  

v o l t a g e   on  l i n e   16  w i l l   t h u s   be  r e d u c e d   due  to  t h i s  

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

mus t   be  s u b s t a n t i a l l y   l e s s   t h a n   t h a t   of  t h e  n o r m a l  

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



t h e   c i r c u i t   in  f a v o r   of   t h e   l i n e   17,  i . e . ,   l i n e  1 6   i s  

b r o u g h t   low  w h i l e   l i n e   17  r e m a i n s   u n c h a n g e d .   R e v e r s i n g  

t h e   v o l t a g e s   on  n o d e s   50  and  51  w i l l   s i m i l a r l y   u n -  

b a l a n c e   t h e   c i r c u i t   in   f a v o r   of   l i n e   1 6 .  

Thus  t h e r e   has   b e e n   d e s c r i b e d   a  c a s c o d e   c i r c u i t   w h i c h  

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

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

DC  s t u c k   f a u l t   t e s t i n g   of   t h e   u n b a l a n c e d   l i n e s   to   a v o i d  

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

i n d e t e r m i n a t e   o u t p u t .  



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

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

a  p a i r   of   a d d i t i o n a l   v o l t a g e   i n p u t s   (50,   51)  e a c h  

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

16,  17)  v i a   a  s e m i c o n d u c t i v e   i m p e d a n c e   (44,   4 5 )  

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

a g e s   to   t h e   o u t p u t s   in  t h e   c o u r s e   of   s a i d   t e s t .  

2.  The  c i r c u i t   of   c l a i m   1  w h e r e i n   s a i d   l o g i c   c i r c u i t  

i s   s t r u c t u r e d   in   c a s c o d e   c i r c u i t   c o n f i g u r a t i o n .  

3.  The  c i r c u i t   of  c l a i m   1  or  2  w h e r e i n   s a i d   s e m i -  

c o n d u c t i v e   i m p e d a n c e   c o m p r i s e s   a  r e s i s t o r   (42 ,   4 3 )  

and  a  d i o d e   (44,   45)  in  s e r i e s   c o u p l e d   b e t w e e n  

t h e   o u t p u t   l i n e   (16 ,   17)  of   t h e   c i r c u i t   and  t h e  

v o l t a g e   s o u r c e   ( a t   50,  5 1 ) .  

4.  The  c i r c u i t   of   one  of  c l a i m s   1  to   3  w h e r e i n ,  

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

in  f a v o r   of  t h e   r e s p e c t i v e   o t h e r   o u t p u t   and  v i c e  

v e r s a .  
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