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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  m i c r o w a v e   c i r c u i t s   i m p l e -  

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

it  c o n c e r n s   a  stub  for   a d j u s t i n g   m i c r o s t r i p   c i r c u i t s .  

One  of  the  f i e l d s   in  w h i c h   m i c r o s t r i p   s tubs   can  be  u s e d   i s  

the  m e a s u r e m e n t s   of  c h a r a c t e r i s t i c s   of  the  a c t i v e   c o m p o n e n t s .  

In  fact   to  o b t a i n   the  c o m p l e t e   d e s c r i p t i o n   of  an  a c t i v e   m i -  

c r o w a v e   d e v i c e   often  it is  not  e n o u g h   to  e f fec t   on  it  jus t   the  m e a s u r e m e n t  

of  the  known   d i f f u s i o n   p a r a m e t e r s   S,  w h o s e   d e t e r m i n a t i o n   r e q u i r e s   n o  

a d j u s t m e n t .  

In  a  n u m b e r   of  c a s e s   it  is  n e c e s s a r y   to  c o n n e c t   at  the  i n p u t  

and  at  the  ou tput   of  the  a c t i v e   d e v i c e   a p p a r a t u s e s   able  to  i n t r o d u c e   a r -  

b i t r a r y   v a r i a t i o n s   in  the  i m p e d a n c e s   t hey   p r e s e n t   at  the  a c t i v e   d e v i c e .  

This   is  va l id   fo r   i n s t a n c e   in  the  c a se   of  n o i s e - f i g u r e   m e a -  

s u r e m e n t   at  the  v a r i a t i o n   in  the  input   i m p e d a n c e   or  in  ca se   of  o p t i m u m  

i n p u t - o u t p u t   i m p e d a n c e s   m e a s u r e m e n t   to  c h e c k   the  o p e r a t i o n   of  a  p o w e r  

d e v i c e   of  n o n - l i n e a r   t y p e .  

It  would  be  of  c o u r s e   p r e f e r a b l e   to  e f f ec t   such  v a r i a t i o n s  

d i r e c t l y   on  the  m i c r o s t r i p   c i r c u i t s   c o n t a i n i n g   the  a c t i v e   dev i ce ;   b u t  

th is   is  not  c o n v e n i e n t   due  to  the  t y p i c a l   i r r e v e r s i b i l i t y   of  m i c r o s t r i p  

m a t c h i n g   d e v i c e s .  



In  fact   once  the  a d j u s t m e n t   c i r c u i t   has  been   m o d i f i e d ,   v a l -  

ues  p r i o r   to  the  a d j u s t m e n t   c a n n o t  b e   r e c o v e r e d .  

Th i s   d i f f i c u l t y   is  g e n e r a l l y   o v e r c o m e   by  m e a n s   of  c o a x i a l  

c ab l e   m a t c h i n g   d e v i c e s ,   p r o v i d e d   that   the  t r a n s i t i o n   f r o m   m i c r o s t r i p  

to  c o a x i a l - c a b l e   has  t a k e n   p l a c e .  

The  i n c o n v e n i e n t   of  the  m e a s u r e m e n t   m e t h o d   e f f e c t e d   b y  

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

be  e f f e c t e d   of  c o m p o n e n t   h o l d e r   to  m e a s u r e   the  u n k n o w n   i m p e d a n c e .  

A  f u r t h e r   f ie ld   in  which   m i c r o s t r i p   s tubs   a r e   g e n e r a l l y   u s e d  

is  the  i m p l e m e n t a t i o n   of  a m p l i f i e r s ,   o s c i l l a t o r s ,   m i x e r s   and  o t h e r s .  

F o r   t h e s e   d e v i c e s   d i r e c t   a d j u s t m e n t   is  g e n e r a l l y   r e q u i r e d   of  the  m a t -  

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

r a m e t e r   l o s s e s   c h a r a c t e r i z i n g   the  a c t i v e   c o m p o n e n t s   (as  c o m m e r c i a l l y  

a v a i l a b l e )   and  to  c o m p e n s a t e   for  p o s s i b l e  p a r a s s i t i c   p a r a m e t e r s   of  p a s -  

s ive  c i r c u i t y .  

Such  a d j u s t m e n t   is  c r i t i c a l   when  the  a c t i v e   c o m p o n e n t s   m u s t  

be  p u s h e d   b e y o n d   t he i r   t h r e s h o l d   of  p o w e r   d i s s i p a t i o n ;   c e r t a i n   load  i m -  

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

of  the  a c t i v e   c o m p o n e n t s   to  which   they  a r e   c o n n e c t e d .   T h e s e   d a n g e r s  

a r e   of ten   p r e s e n t   in  m i c r o s t r i p   c i r c u i t   e m b o d i m e n t s   as  the  known  s t u b s ,  

not  be ing   of  r e v e r s i b l e   type ,   m u s t   be  p r e c a l i b r a t e d   with  va lue s   i n  

e x c e s s   so  as  to  a l low  the  p r o g r e s s i v e   a p p r o x i m a t i o n   for  r e d u c t i o n   t o  

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

In  fact   o p e r a t i n g   on  a  m i c r o s t r i p   in  the  m i c r o w a v e   r a n g e  

(bands   X,  Ku,  e t c . . . . . ) ,   the  u s u a l l y   m e t h o d   u s e d   for  the  c i r c u i t   a d j u s t -  

m e n t   c o n s i s t s   in  r e m o v i n g   the  c o n d u c t i v e   m a t e r i a l   f o r m i n g   the  m i c r o -  

s t r i p ;   sa id   r e m o v e m e n t   is  g e n e r a l l y   o b t a i n e d   t h r o u g h   a  l a s e r   b e a m ,   a s  

the  r e q u i r e d   p r e c i s i o n   in  the  a d j u s t m e n t   is  v e r y   h i g h .  

O t h e r w i s e   m a n y   a c t i ve   p o w e r   c o m p o n e n t s   r e q u i r e   for  c o n -  

j u g a t e d   m a t c h i n g   a  v e r y   low  i m p e d a n c e ,   but  they   do  not  t o l e r a t e   s h o r t  

c i r c u i t   c o n d i t i o n s .  



O p e r a t i n g   by  l a s e r   r e m o v i n g   t e c h n i q u e ,   the  m a i n   i n c o n v e -  

n ien t   is  that   of  ac t ing   only  by  r e m o v i n g   the  m a t e r i a l   w i thou t   any  r e c o v -  

e ry ,   if  the  r e m o v e m e n t   was  too  s e v e r e .  

O b v i u o s l y ,   the  d e t e r m i n a t i o n   of  the  o p t i m a l   c o n d i t i o n   c a n  

be  o b t a i n e d   only  by  v e r i f y i n g   w o r s e   p e r f o r m a n c e s   beyond   that   c o n d i t i o n .  

Tha t   is  why  it  is  n e c e s s a r y   to  d i s p o s e   of  m i c r o s t r i p   s t u b s  

of  the  r e v e r s i b l e   type,   that   is  such  as  to  a l low  ea sy   s c a n n i n g   about   t h e  

o p t i m a l   c o n d i t i o n .  

O t h e r w i s e ,   in  the  s u p e r i o r   m i c r o w a v e   r a n g e ,   this  r e v e r s -  

i b i l i t y   c anno t   s i m p l y   be  o b t a i n e d   by  adding   o t h e r   m a t e r i a l   a f t e r   the  r e m o v -  

e m e n t   of  c o n d u c t i v e   m a t e r i a l ,   s ince :   above  all  the  p r e c i s i o n   that  c o u l d  

be  a c h i e v e d   by  add ing   f u r t h e r   m a t e r i a l   would  be  poor ,   b e s i d e s   a  m u c h  

v a r i e d   s t r u c t u r e   would  r e s u l t   with  r e s p e c t   to  the  o r i g i n a l   one  with  s u b -  

s e q u e n t   i n c r e a s e d   l o s s e s ;   f i n a l l y   such  c o r r e c t i v e   m a t e r i a l   add i t i on ,   n e c -  

e s s a r i l y   r e q u i r i n g   m a n u a l   i n t e r v e n t i o n ,   would   not  a l low  the  a u t o m a t i c  

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

O p e r a t i n g   a l w a y s   in  m i c r o s t r i p   in  the  l o w e r   m i c r o w a v e  

r a n g e   (bands   L,  C)  an  a d j u s t m e n t   m e t h o d   a l t e r n a t i v e   to  the  one  p r e v i -  

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

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

edges   of  m e t a l i z e d   s t r i p s   o f  m i c r o s t r i p   and  duly  c o n n e c t i n g   a  c e r t a i n  n u m -  

ber   to  the  m a i n   s t r i p   to  the  a t t a i n m e n t   of  the  r e q u i r e d   c o n d i t i o n s .  

In  this  case   due  to  the  r a t h e r   low  f r e q u e n c i e s   these   c o n n e c -  

t ions  do  not  p r e s e n t   s e r i o u s   p r o b l e m s .  

F r o m   the  l i t e r a t u r e   it  is  not  c l e a r   haw  the  r e v e r s i b i l i t y  

can  be  o b t a i n e d   by  u t i l i z i n g   sa id   a r e o l a e   m e t h o d .  

T h e s e   and  o t h e r   p r o b l e m s   of  the  p r e s e n t   i nven t ion   will  b e  

s o l v e d   by  a  m e t h o d   d e v i s e d   to  ob t a in   the  r e v e r s i b i l i t y   in  stub  m i c r o s t r i p  

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

stub  t o p o l o g y   a l lows   this  r e v e r s i b i l i t y   and  o p t i m a l   o p e r a t i o n   c o n d i t i o n s  

to  be  o b t a i n e d ,   o p e r a t i n g   a l w a y s   in  the  s a m e   d i r e c t i o n ,   that  is  by  t h e  



only  r e m o v e m e n t   of  c o n d u c t i v e   m a t e r i a l ,   for  i n s t a n c e   by  m e a n s   of  l a s e r ,  

or  by  the  only  a d d i t i o n   of  c o n d u c t i v e   m a t e r i a l   by  m e a n s   of  a r e o l a e   m e t h -  

od .  

A n o t h e r   c h a r a c t e r i s t i c   of  the  p r e s e n t   i n v e n t i o n   r e s i d e s   i n  

the  fact   that   sa id   s l i gh t   a d d e d   r e d u n d a n c y   c an  be   p o s i t e v e l y   u t i l i z e d   b y  

i n t e r p r e t i n g   the  s tubs   r e a l i z e d   in  that   way  as  e l e m e n t s   of  a b r o a d   b a n d  

m a t c h i n g   n e t w o r k   or  by  s e n d i n g   a  p o l a r i z a t i o n   t h r o u g h   a  choke  c o n n e c t -  

ed  to  a  s h o r t - c r i c u i t   s e c t i o n   of  the  s t u b .  

It  is  a  p a r t i c u l a r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   a  s tub  f o r  

the  a d j u s t e m e n t   of  m i c r o s t r i p   c i r c u i t s   c o n s i s t i n g   of  two  c a s c a d e d   l i n e s ,  

the  s e c o n d   of  wh ich   h a v i n g   a  l eng th   c o m p r i s e d   b e t w e e n   1/4  and  1/2  o f  

the  used   w a v e l e n g t h .  

T h e s e   and  o t h e r   c h a r a c t e r i s t i c s   of  the  p r e s e n t   i n v e n t i o n  

will  b e c o m e   c l e a r e r   f r o m   the  f o l l o w i n g   d e s c r i p t i o n  t h e r e o f   of  a  p a r t i c -  

u l a r   e m b o d i m e n t   of  the  s a m e ,   t aken   by  way  of  e x a m p l e   and  not  in  a  l i m -  

i t ing  s e n s e   in  c o n n e c t i o n   with  the  a n n e x e d   d r a w i n g s   i n  w h i c h .  

-  Fig.   1  is  the  m o s t   g e n e r a l   v e r s i o n   of a  s y m m e t r i c a l   r e v e r s i b l e   s t u b  

of  the  the  type  wi th   m e t a l i z a t i o n   a d d i t i o n   ( m e t h o d   of  a r e o l a e  ) ;  

-  Fig.  2  is  the  e q u i v a l e n t   s c h e m e   of  the  stub  d e p i c t e d i n   Fig.   1; 

-  Fig.   3  is  a  p a r t i c u l a r   a s y m m e t r i c a l   case   of  the   r e v e r s i b l e   s y m m e -  

t r i c a l   stub  d e p i c t e d   i n  F i g .   1  in  which   t h e r e  a r e   j u s t   two  s e r i e s   of  

a e r e o l a e ,   one  for  c a r r y i n g   out  the  l e n g t h e n i n g   and  the  o the r   o n e  

the  s h o r t   e n i n g ;  

-  Fig.   4  is  the  c o m p l e m e n t a r y   v e r s i o n   of  the  stub  of  Fig.  3  as  the  s h o r t -  

enning  and  the  l e n g t h e n i n g   o p e r a t i o n s   a re   e f f e c t e d   not  by  a d d i t i o n   b u t  

by  r e m o v e m e n t   of  c o n d u c t i v e   m a t e r i a l ;  

-  Fig.   5  is,  a n a l o g o u s l y   to  Fig.   4,  the  c o m p l e m e n t a r y   v e r s i o n   of  t h e  

stub  of  Fig .   1; 

-  Fig.   6  r e p r e s e n t e s   an  i n t e r m e d i a t e   a d j u s t i n g   m e t h o d   b e t w e e n   the  o n e  

d e p i c t e d   in  Fig.   1  and  tha t   o f  F ig .   5.  

Fig .   1  shows   the  t y p i c a l   f o r m   of  a  s y m m e t r i c a l   r e v e r s i b l e  

stub;  it  c o n s i s t s   of  two  c a s c a d e d   l i n e s ,   the  f is t ,   c o n n e c t e d   to  m a i n   l i n e  



L,  h a s ' h i g h   c h a r a c t e r i s t i c   i m p e d a n c e ,   and  the  s econd ,   left  in  o p e n  

c i r c u i t ,   has  low  c h a r a c t e r i s t i c   i m p e d a n c e .  

R e f e r e n c e s   w1,  11  denote   r e s p e c t i v e l y   the  width  and  t h e  

length   of  the  f i r s t   line  p r i o r   to  a d j u s t m e n t ;   r e f e r e n c e s   w2,  12  d e n o t e  

r e s p e c t i v e l y   the  a n a l o g o u s   va lue s   of  the  s e c o n d   line  p r i o r   to  a d j u s t -  

e m e n t .  

R e f e r e n c e   1"3  d e n o t e s   the  l e n g t h e n i n g   of  the  s e c o n d   line  a t  

the  open  end;  r e f e r e n c e   1'3  d e n o t e s   the  l e n g t h e i n g   of  the  s e c o n d   line  a t  

the  end  of  the  c o n n e c t i o n   with  the  f i r s t   l ine,   that  then  c o r r e s p o n d s   a l s o  

to  a  s h o r t e n i n g   of  the  f i r s t   l i n e .  

R e f e r e n c e   w'2  d e n o t e s   the  w i d e n i n g   of  the  m i c r o s t r i p   r e -  

la t ing   to  the  s e c o n d   l i n e .  

R e f e r e n c e s   a,  b,  c  deno te   some   a r e o l a e   p l a c e d   in  a d w a n c e  

while  p l a n n i n g   the  m i c r o s t r i p   in  s u i t a b l e   n u m b e r   and  s ize ,   to  c a r r y   o u t  

the  r e q u i r e d   a d j u s t m e n t s .  

In  the  e q u i v a l e n t   c i r c u i t   of  Fig.   2  r e f e r e n c e   Y0  d e n o t e s   t h e  

c h a r a c t e r i s t i c   a d m i t t a n c e   of  the  m a i n   line  L  of  Fig.   1. 

R e f e r e n c e s   Y1, 11  deno te   the  c h a r a c t e r i s t i c   a d m i t h a n c e   a n d  

the  l eng th   of  the  f i r s t   line  wi ,   11  p r i o r   to  a d j u s t e m e n t ;   r e f e r e n c e s   Y2, 

12  denote   the  a n a l o g o u s   v a l u e s   of  the  s e c o n d   line  w2,  12  a lways   b e f o r e  

a d j u s t e m e n t .  

In  Fig.   3  r e f e r e n c e s   L,  11,  12,  1'3,  1"3,  w1,  w2  denote   t h e  

s a m e   va lue s   as  in  Fig.   1. 

R e f e r e n c e   a  d e n o t e s   the  s a m e   a n o l a e   as  in  Fig.   1;  r e f e r e n c e  

c'  d e n o t e s   the  a r e o l a e   that  c o r r e s p o n d ,   in  the  a s y m m e t r i c   v e r s i o n ,   to  

those   deno t ed   by  a  in  the  s y m m e t r i c   v e r s i o n   of  Fig.  1. 

In  Fig.  4  r e f e r e n c e s   L,  11,  12,  wi ,   w2  denote   the  s a m e   v a l -  

ues  as  in  Fig.   1. 

R e f e r e n c e s   1'4,  1"4  deno te   a r e a s   of  c o n d u c t i v e   m a t e r i a l   t h a t  

can  be  p a r t i a l l y   or  t o t a l l y   r e m o v e d   to  r e a l i z e   the  wonted   a d j u s t m e n t s .  

In  Fig.  5  the  o r i g i n a r y   c o n f i g u r a t i o n   of the  m i c r o s t r i p   is  t h e  

s a m e   as  in  Fig.   1;  the  do t t ed   l ines   d e n o t e d   by  d,  e,  f,  r e p r e s e n t   a r e a s  



of  c o n d u c t i v e   m a t e r i a l   tha t   can  be  r e m o v e d   whi le   a d j u s t i n g .  

R e f e r e n c e s   11,  12,  w1,  w2  deno te   the  s a m e   v a l u e s  a s   i n  

in  Fig.   1. 

In  Fig.   6  r e f e r e n c e s   a,  b,  c  deno te   the  s a m e   a r e o l a e   as  i n  

Fig .   1,  but  this   t ime   d u r i n g  t h e   p l ann ing   t h e y  h a v e  n o t   been   p l o t t e d  

o u t s i d e   of  ( a s  t hey   have   in  F i g . 1 ) ,   but  they  have  been   p l o t t e d   i n s i d e   t h e  

o r i g i n a l   c o n f i g u r a t i o n   of  the  m i c r o s t r i p  a n d   have   been   s u b s e q u e n t l y  

c o v e r e d   with  c o n d u c t i v e   m a t e r i a l   (do t ted   zone)  e a s y   to  r e m o v e ,   f o r  

i n s t a n c e   by  a  s h a r p e n e d   s t y l u s .   R e f e r e n c e s  1 1 ,   12,  w 1   w 2  d e n o t e   t h e  

s ame   va lues   as  in  Fig .   1. 

With  r e f e r e n c e   to  the  a n n e x e d   d r a w i n g s ,   the  f u n c t i o n   w i l l  

be  now  d e s c r i b e d   of  the  a d j u s t i n g   m e t h o d   of  t h e  s t u b ,   o b j e c t   of  the  i n -  

v e n t i o n .  

With  r e f e r e n c e   to  the  g e n e r a l i z e d   v e r s i o n   with  m e t a l i z i n g  

a d d i t i o n   in  F ig .   1,  the  i n i t i a l   e q u i v a l e n t   c i r c u i t   is  the  one  of  Fig .   2 .  

By  add ing   to  a  s e c o n d   l ine  (12,  w2)  a r e o l a e   of  type  a,  l e n g t h  

12  is  i n c r e a s e d   by  an  en t i ty   that ,   f o r  i n s t a n c e ,   in  ca se   the  two  f i r s t  

a r e o l a e   of  type  a  w e r e   i n c o r p o r a t e d   is  equal   to 1"3,   i.  e.  p a s s i n g   f r o m  

leng th   12,  to  12  +  1 " 3 .  

By  add ing   to  s e c o n d   l ine  (12,  w2)  s o m e   a r e o l a e   o f  type   b ,  

width  w2  i n c r e a s e s ;   in  ca se   for   i n s t a n c e   both  a r e o l a e   b  r e p r e s e n t e d   i n  

F ig .   1  w e r e   i n c o r p o r a t e d   one  would   pas s   f r o m   wid th   w2  to  w'2:  c h a r a c -  

t e r i s t i c   a d m i t t a n c e  Y 2   of  Fig.   2  i n c r e a s e s   a c c o r d i n g l y .  

By  a d d i n g   to  the  s e c o n d   l ine  (12,  w2)  a r e o l a e   of  type  c ,  

l eng th   12  i n c r e a s e s ,   for  i n s t a n c e   in  the  case   d e p i c t e d   in  F ig .   1,  b y 1 ' 3  

and 11  d i m i n i s h e s   by  the  s a m e   v a l u e .  

Let   us  c o n s i d e r   now  the  known  e x p r e s s i o n   of  the  input   a d -  

m i t t a n c e   B,  n o r m a l i z e d   with  r e s p e c t   to  Y0 

in  w h i c h   
is  the  p h a s e   c o n s t a n t ,   c o n s i d e r e d   as   equa l ,   in  the  two  m i -  



c r o s t r i p   l i n e s .   The  e x p r e s s i o n   (1)  is  for  i n s t a n c e   r e p o r t e d   in  " F o u n d a -  

tion  for  M i c r o w a v e   E n g i n e e r i n g "   by  R.  Col l in ,   C h a p t e r   5.  New  Y o r k  

Mc  G r a w  -   Hill ,   1966 .  

From (1)   it  d e r i v e s   tha t  when   12  i n c r e a s e s   (for  i n s t a n c e   b y  

1''3),  B  i n c r e s e s ;   but  if  t a n g  β 1 2  <  0   (that  is  if  λ  4  <   12 <  λ 2  b e i n g  λ  

the  m i c r o s t r i p   w a v e l e n g t h ) ,   B  d e c r e a s e s   when  YZ  i n c r e a s e s   or  w h e n  

12  i n c r e a s e s ,   for  i n s t a n c e   by  1'3  (and  c o r r e s p o n d i n g l y   11  d e c r e a s e s   b y  

the  s a m e   v a l u e ) .  

C o n s e q u e n t l y ,   whi le   c o n n e c t i n g   a r e o l a e   of  type  a  t h e r e   i s  

an  i n c r e a s e   in  e l e c t r i c   l ength   (as  it  h a p p e n s   in  case   of  a  s ing le   l i n e  

stub),  i n c o r p o r a t i n g   a r e o l a e   of  type  a  and  b  e v e r y t h i n g   w o r k s   as  if  t h e  

stub  e l e c t r i c   l eng th   d e c r e a s e d .  

The  s a m e   r e v e r s i b i l i t y   p r o p e r t y   is  p r e s e n t   if  the  r e m o v -  

e m e n t   o p e r a t i o n   of  c o n d u c t i v e   m a t e r i a l   was  t aken   into  c o n s i d e r a t i o n  

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

In  fact ,   by  c o n s i d e r i n g   (1)  aga in   it  can  be  seen   f r o m   Fig .   5 

that  when  the  c o n d u c t i v e   m a t e r i a l   is  r e m o v e d   f r o m   s ide  d  ( that  is  w h e n  

12  d e c r e a s e s )   B  d e c r e a s e s ,   but  if  t a n g  β 1 2 < 0   B  i n c r e a s e s   when  Y2 

d e c r e a s e s   ( r e m o v e m e n t   of  m a t e r i a l   f r o m   side  e)  or  12  d e c r e a s e s   to  t h e  

a d v a n t a g   of 11  ( r e m o v e m e n t   of  m a t e r i a l   f r o m   side  f ) .  

As  a  c o n s e q u e n c e   a  s ingle   t r a n s m i s s i o n   line  in  open  c i r c u i t  

used   in  shunt   ( that  is  a  stub)  can  be  c o n v e r t e d   into  a  r e v e r s i b l e   l i n e  

(that  is  into  a  l ine  that  can  be  l e n g t h e n e d   or  s h o r t e n e d   by  the  s a m e  

m e t h o d   of  a d j u s t m e n t   no  m a t t e r   w h e t h e r   it  c o n s i s t s   of  the  a d d i t i o n   o r  

of  the  r e m o v e m e n t   of  c o n d u c t i v e   m a t e r i a l )   if  sa id   line  is  r e p l a c e d   b y  

the  c a s c a d e d   c o n n e c t i o n   of  two  d i f f e r e n t   t r a n s m i s s i o n   l i nes ,   the  s e c o n d  

of  which  has  a  l ength   12  c o m p r i s e d   b e t w e e n  λ / 4   and  λ / 2  

( λ / 4 <   12  <   λ / 2 ) ;   the  length 11  of  the  f i r s t   line  is  f r ee   and  d e p e n d s  

on  the  in i t i a l   value  p o s i t i v e   or  n e g a t i v e   of  B  that  is  to  be  r e a l i z e d .  

The  o p e r a t i n g   m o d a l i t i e s   of  the  stub  of  Fig.   6  a re   s t r i c t l y  

a n a l o g o u s   to  t hose   of  Fig.   5;  h o w e v e r   in  this  case   while   d e s i g n i n g   t h e  

m i c r o s t r i p   i n i t i a l   a r e o l a e   a,  b,  c  a r e   to  be  p r e a r r a n g e d   (as  in  Fig.  1) 



that  m u s t   be  c o v e r e d   with  c o n d u c t i v e   m a t e r i a l   of  the  soft   type  that   i s  

easy   to  r e m o v e .  

It  has  to  be  s p e c i f i e d  t h a t   the  d i a g r a m s   with  a r e o l a e   (Fig.   1, 

3  and  6)  a r e   p a r t i c u l a r l y   s u i t a b l e   for  not  too   high  f r e q u e n c i e s   ( < 3 G H z ) ;  

while  d i a g r a m s   of  F i g u r e s   1,  4  and  5  a re   n e c e s s a r y   in  ca se   of  h i g h  

f r e q u e n c i e s   ( > 3 G H z ) .  

The  m e t h o d o l o g y   d e s c r i b e d   h e r e   is  b a s e d   on  the  r e p l a c e -  

m e n t   of  a  s ing le   line  by  a  c a s c a d e   of  two  l ines   and  then  by  the  i n t r o d u c -  

tion  of  a  r e d u n d a n c y .  

Such  r e d u n d a n c y   can  be  u s e f u l l y   e m p l o y e d   a l so ,   to  send  t h e  

p o l a r i z a t i o n   to  a c t i v e   d e v i c e s   or  to  m a t c h   loads   on  wide  b a n d .  

It  is  enough   to  note  tha t   the  s e c o n d   line  (12 ,  w2)   is  a  l i n e  

with  low  c h a r a c t e r i s t i c  i m p e d a n c e   a n d  h a s   a  l ength   c o m p r i s e d   b e t w e e n  

λ / 4   and  λ / 2 .   T h e r e f o r e   an  i n t e r m e d i a t e   p o s i t i o n   e x i s t s   ( c o r r e s p o n d -  

ing  to  λ / 4 )   in  wh ich   a  s h o r t   c i r c u i t   at  r ad io   f r e q u e n c y   is  p r e s e n t   w i t h  

b r o a d   band   due  to  the  low  i m p e d a n c e   c h a r a c t e r i s t i c   of  the  l i n e .  

This  s h o r t   c i r c u i t   s e c t i o n   can  be  u t i l i z e d   t o  i n s e r t   a  c h o k e  

to  send  p o l a r i z a t i o n   v o l t a g e .  



1,  Stub  for  m a t c h i n g   m i c r o s t r i p   c i r c u i t s ,   c h a r a c t e r i z e d   in  that  i t  

c o n s i s t s   of  two  c a s c a d e d   l i ne s ,   the  s e c o n d   (12,  w2)  of  which   h a s  

a  l eng th   c o m p r i s e d   b e t w e e n   1/4  and  1/2  of  the  u sed   w a v e l e n g t h .  

2.  Stub  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   in  that   the  only  a d d i t i o n  

of  c o n d u c t i v e   m a t e r i a l   at  s u i t a b l e   poin ts   of  said  sub  c a u s e s   b o t h  

the  i n c r e a s e   and  the  d e c r e a s e   of  the  a d m i t t a n c e   (B)  c h a r a c t e r -  

i s t ic   of  the  l ine;   said  i n c r e a s e   or  said  d e c r e a s e   in  the  a d m i t t a n c e  

e x c l u s i v e l y   d e p e n d i n g   on  the  point   of  the  stub  to  which   the  c o n d u c -  

tive  m a t e r i a l   is  a d d e d .  

3.  Stub  as  in  c l a i m   1,  c h a r a c t e r i z e d   in  that  the  only  r e m o v e m e n t   o f  

c o n d u c t i v e   m a t e r i a l   at  s u i t a b l e   po in t s   of  sa id   stub  c a u s e s   both  t h e  

i n c r e a s e   and  the  d e c r e a s e   in  the  c h a r a c t e r i s t i c   a d m i t t a n c e   (B)  of  

the  l ine;   said  i n c r e a s e   or  said  d e c r e a s e   in  the  a d m i t t a n c e   d e p e n d -  

ing  only  on  the  point   of  the  stub  f r o m   which   the  c o n d u c t i v e   m a t e r i -  

al  is  r e m o v e d .  

4.  T r a n s m i s s i o n   stub  for  m a t c h i n g   m i c r o s t r i p   c i r c u i t s ,   the  w h o l e  

as  d e s c r i b e d   in  the  text   and  d e p i c t e d   in  the  a n n e x e d   d r a w i n g s .  
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