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Six  port  waveguide  structure. 
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@  A  six  port  waveguide  junction  which  can  be  used  for  com- 
bining  power  from  four  reflection  amplifiers  is  disclosed.  One 
port  (50)  acts  as  the  input/output  and  four  symmetrically  dis- 
posed  ports  (10,  20,  30,  40)  are  adapted  for  coupling  to  re- 
spective  reflection  amplifiers.  A  sixth  port  (60)  is  terminated 
and  provides  a  ballasting  effect  to  the  interaction  of  the  amplifi- 
ers.  The  structure  associated  with  the  four  symmetrically  dis- 
posed  ports  resemble  two  rectangular  waveguides  in  cross  in- 
tersection  so  as  to  make  a  4-way  H-plane  junction.  The  rectan- 
gular  input/output  port  is  located  on  the  axis  of  the  cross 
formed  by  the  four  arms  and  is  rotated  45  degrees  so  that  it 
couples  equally  to  the  four  arms.  The  rectangular  sixth  port  is 
on  the  same  axis  as  the  input/output  port  but  on  the  opposite 
side  of  the  junction  and  is  rotated  by  90  degrees  with  respect 
to  the  input/output  with  which  it  is  thus  cross-coupled. 
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BACKGROUND  OF  THE  INVENTION 

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

f o r   e l e c t r o m a g n e t i c   w a v e s ,   and  more  p a r t i c u l a r l y   to   a n  

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

t y p e .  

In  p o w e r   c o m b i n i n g   c i r c u i t s ,   t h e r e   i s   an  u p p e r  

l i m i t   to  t h e   n u m b e r   of  d e v i c e s   whose   s i g n a l s   can   b e  

c o m b i n e d   and  once   t h i s   l i m i t   i s   r e a c h e d ,   to   c o m b i n e   m o r e  

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

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

b i n e r s ,   i . e . ,   c o m b i n i n g   of  c o m b i n e r s .   For   e x a m p l e ,   i n  

o r d e r   to  c o m b i n e   s i g n a l s   f r o m   f o u r   s o u r c e s   by  u s i n g  

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

i n t o   p a i r s   and   e a c h   p a i r   m u s t   be  c o m b i n e d   in   i t s   o w n  

2-way  h y b r i d   c o m b i n e r .   Then   t h e   o u t p u t s   of  t h e s e   t w o  

2-way  h y b r i d   c o m b i n e r s   m u s t   be  c o m b i n e d   in  a  t h i r d   2 - w a y  

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

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

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

o u t p u t   r e s u l t s   in   a  s i g n i f i c a n t   p o w e r   l o s s   due  t o  

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

a r e a   is   r e q u i r e d   due  to  t h e   s i z e   of  t h e   t h r e e   s e p a r a t e  

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

r e q u i r e d   to  d i v i d e   a  s i g n a l   f r o m   a  s i n g l e   w a v e g u i d e  

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



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

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

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

As  i s   w e l l   known  to  t h o s e   s k i l l e d   in   t h e   a r t ,   a  

t u r n s t i l e   j u n c t i o n   c o m p r i s e s   two  w a v e g u i d e s   in   a  90  d e g r e e  

c r o s s   i n t e r s e c t i o n   w h i c h   makes   a  4 -way   H  p l a n e   j u n c t i o n   t o  

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

o r t h o g o n a l   to   t h e  f i r s t   two  w a v e g u i d e s ,   i . e . ,   on  t h e   a x i s  

of  t h e   c r o s s   f o r m e d   by  t h e   f o u r   w a v e g u i d e   a r m s .   T h i s  

t h i r d   s e c t i o n   d o e s   n o t   c r o s s   t h r o u g h   t h e   j u n c t i o n ,   b u t  

m e r e l y   e n t e r s   i t   f r o m   one  s i d e .   On  t h e   o p p o s i n g   s i d e   o f  

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

m a t c h i n g   i m p e d a n c e s   in   o r d e r   to   m i n i m i z e   r e f l e c t e d   e n e r g y  
in   t h e   j u n c t i o n .   Means  c o m m o n l y   e m p l o y e d   in   m a t c h i n g  

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

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

s e c t i n g   w a v e g u i d e   s e c t i o n s .   By  s y s t e m a t i c a l l y   p o s i t i o n i n g  

t h e   p i n   and   t h e   c o n c e n t r i c   s l e e v e s ,   t h e   j u n c t i o n   may  b e  

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

G e n e r a l l y ,   t h e   two  c r o s s   i n t e r s e c t i n g   w a v e g u i d e s   a r e   o f  

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

w a v e g u i d e   s e c t i o n   i s   of  a  c i r c u l a r   c r o s s - s e c t i o n .   F o r   a  

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

and  G o l d b e r g ,   A p p l i c a t i o n s   of  t h e   T u r n s t i l e   J u n c t i o n ,  

IRE  T r a n s a c t i o n s - M i c r o w a v e   T h e o r y   and  T e c h n i q u e s ,   D e c e m b e r  

1 9 5 5 ,   p a g e s   4 0 - 4 5 ;   and  M o n t g o m e r y ,   D i c k e ,   and   P u r c e l l ,  

P r i n c i p l e s   of   M i c r o w a v e   C i r c u i t s ,   R a d i a t i o n   Lab  S e r i e s ,  

Vo lume   8,  1 9 4 8 ,   p a g e s   4 5 9 - 4 6 6 .  

In  u s i n g   t h e   t u r n s t i l e   j u n c t i o n   as  a  p o w e r   d i v i d e r ,  

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

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

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

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

o r i e n t e d  i n   a  d i r e c t i o n   o t h e r   t h a n   as  d e s c r i b e d   i m m e -  

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



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

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

m a g i c   t e e .   The  s i m i l a r i t y   i s   f o u n d   in   t h e   h y b r i d   t e e ' s  

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

i s o l a t i o n   of  one  c o l l i n e a r   arm  when  t h e   s i g n a l   i s   i n t r o -  

d u c e d   i n t o   t h e   o t h e r   c o l l i n e a r   a rm.   The  same  p r o p e r t y  

is   f o u n d   in   t h e   t u r n s t i l e   j u n c t i o n ,   i . e . ,   when  a  s i g n a l  

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

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

i n s t e a d   t h e   p o w e r   w i l l   s p l i t   i n t o   p a r t s .   O n e - h a l f   o f  

t h e   p o w e r   w i l l   be  c o n d u c t e d   up  t h e   c i r c u l a r   w a v e g u i d e  

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

a g a i n   and   e a c h   h a l f   w i l l   be  c o n d u c t e d   i n t o   an  a d j a c e n t  

s y m m e t r i c a l   a rm.   The  t u r n s t i l e   j u n c t i o n   d i f f e r s   f r o m  

t h e   h y b r i d   t e e   in   t h a t   t h e   t u r n s t i l e   j u n c t i o n   c o n t a i n s  

two  p a i r s   of  c o l l i n e a r   a rms   ( s o m e t i m e s   h e r e i n   r e f e r r e d  

to  as  f o u r   s y m m e t r i c a l   a r m s )   w h i l e   t h e   h y b r i d   t e e   c o n t a i n s  

o n l y   one  p a i r ,   and  f u r t h e r ,   t h e   t u r n s t i l e   j u n c t i o n   e m p l o y s  

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

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

p l a n e   arm  w h i c h   c u t s   o f f   E -mode   p r o p a g a t i o n .  
In   t h e   c a s e   w h e r e   t h e   t u r n s t i l e   j u n c t i o n   i s  u t i l i z e d  

as  a  4 - w a y   c o m b i n e r ,   p o w e r   d i f f e r e n c e s   or  i m b a l a n c e s   i n  

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

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

t h r o u g h   t h e   o r t h o g o n a l   c i r c u l a r   w a v e g u i d e .   T h i s   i s   d u e  

to  t h e   i n t e r a c t i o n   b e t w e e n   t h e s e   c o l l i n e a r   a r m s .   E v e n  

t h o u g h   t h e   j u n c t i o n   i s   o p t i m a l l y   m a t c h e d   as  was  d i s c u s s e d  

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

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

arms  w i l l   c a u s e   an  o u t p u t   s i g n a l   p o l a r i z a t i o n   c h a n g e  
w h i c h   may  r e d u c e   l i n e a r l y   p o l a r i z e d   p o w e r   o u t p u t .   T h i s  

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

c o n n e c t e d   to   t h e   t u r n s t i l e   j u n c t i o n ,   one  to   e a c h   p o r t   o f  

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



were   i d e n t i c a l   and  o p t i m a l   m a t c h i n g   i n   t h e   j u n c t i o n   h a d  

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

t i o n   i t s e l f   w o u l d   be  e l i m i n a t e d   and   maximum  p o w e r   c o m -  

b i n i n g   c o u l d   o c c u r .   H o w e v e r ,   i n   p r a c t i c e ,   a m p l i f i e r  

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

w i t h i n   t h e   t u r n s t i l e   j u n c t i o n   w i l l   p r o b a b l y   o c c u r .   I t  

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

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

o u t p u t   and  a  p o s s i b l e   i n s t a b i l i t y   p r o b l e m   due  to   o s c i l l a -  

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

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

SUMMARY  OF  THE  INVENTION 

T h e r e f o r e ,   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   an  i m p r o v e -  

ment   u p o n   t h e   t r a d i t i o n a l   t u r n s t i l e   j u n c t i o n   h a s   b e e n   m a d e .  

A  s i x t h   p o r t   has   b e e n   a d d e d   to   t h e   t u r n s t i l e   j u n c t i o n  

and  i s   u t i l i z e d   to   a b s o r b   p o w e r   d i f f e r e n c e s   w h i c h   e x i s t  

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

i . e ,   t h e   f o u r   s y m m e t r i c a l   p o r t s   of  t h e   4 - w a y   H - p l a n e  

j u n c t i o n .   As  u s e d   h e r e i n ,   a  p a i r   of  c o l l i n e a r   p o r t s   a r e  

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

l i n e .   The  s i x t h   p o r t   i s   e q u a l l y   c o u p l e d   to   a l l   f o u r  

p o r t s   i n   t h e   two  p a i r s   of   c o l l i n e a r   p o r t s   and  may  b e  

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

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

p o r t s   of  t h e   two  p a i r s   of  c o l l i n e a r   p o r t s .   The  s i x t h  

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

d e v i c e   i n t e r a c t i o n s   a r e   a b s o r b e d   w i t h i n   t h e   j u n c t i o n  
due  to   t h e   p h a s e   r e l a t i o n s h i p s   c r e a t e d   by  t h e   p h y s i c a l  

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

f o u r   p o r t s   of  t h e   two  p a i r s   of  c o l l i n e a r   p o r t s   a r e   n e u -  

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



A l s o ,   in   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   t h e   f i f t h  

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

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

i t   mus t   be  e q u a l l y   c o u p l e d   to   e a c h   of  t h e   two  p a i r s   o f  

c o l l i n e a r   p o r t s   as  t h e   s i x t h   p o r t   i s ,   b u t   mus t   be  c r o s s -  

c o u p l e d   to  t h e   s i x t h   p o r t .   The  p r e f e r r e d   m e t h o d   o f  

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

s i x t h   and  f i f t h   p o r t s   by  o r i e n t i n g   t h e m   a t   90  d e g r e e s   t o  

e a c h   o t h e r .   H o w e v e r ,   b o t h   t h e   f i f t h   and   s i x t h   p o r t s   a r e  

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

c o l l i n e a r   p o r t s   by  o r i e n t a t i n g   t h e   f i f t h   and  s i x t h   p o r t s  

so  t h a t   an  a x i s   t h r o u g h   t he   c e n t e r   of  e a c h   r e s p e c t i v e  

p o r t   a l o n g   i t s   l o n g   d i m e n s i o n ,   f o r   e x a m p l e   a x i s   41  o f  

F i g u r e   3,  i s   o r i e n t e d   a t   45  d e g r e e s   w i t h   t h e   l o n g i t u d i n a l  

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

Each   l o n g i t u d i n a l   a x i s   p a s s e s   t h r o u g h   two  p o r t s   o n  

o p p o s i t e   s i d e s   of   t h e   4 -way   j u n c t i o n .   For   p o r t s   10  a n d  

30,  t he   l o n g i t u d i n a l   a x i s   i s   d e s i g n a t e d   by  r e f e r e n c e  

n u m e r a l   42  in  F i g u r e   3 .  

The  b a s i s   f o r   r e q u i r i n g   t h e   c o u p l i n g   of  t h e   s i x  

p o r t s   to   one  a n o t h e r   as  d e t a i l e d   a b o v e   i s   shown  by  a  

p r i m a r y   a p p l i c a t i o n   of  t he   i n v e n t i o n .   Where   e a c h   of  t h e  

c o l l i n e a r   p o r t s   i s   c o n n e c t e d   to   i t s   own  r e f l e c t i o n   a m p l i -  

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

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

an  i n p u t   p o r t   and  an  o u t p u t   p o r t .   The  o r i g i n a l   s i g n a l  

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

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

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

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

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

a m p l i f y   t h e   s i g n a l   and  o u t p u t   i t   b a c k   i n t o   t h e   j u n c t i o n .  
The  j u n c t i o n   w i l l   c o m b i n e   t h e   f o u r   r e f l e c t i o n   a m p l i f i e r  

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

t h r o u g h   t h e   f i f t h   p o r t .   D i f f e r e n c e s   in   t h e   o u t p u t s   o f  



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

be  a b s o r b e d   by  t h e   s i x t h   p o r t   w h i c h   c o n t a i n s   a  l o a d  

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

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

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

S i n c e   t h e   s i x t h   p o r t   has   b e e n   a d d e d ,   t h e   m a t c h i n g  

means   w h i c h   a r e   commonly   a s s o c i a t e d   w i t h   t h e   t u r n s t i l e  

j u n c t i o n   as  d i s c u s s e d   p r e v i o u s l y ,   h a s   b e e n   r e m o v e d ;   h o w -  

e v e r ,   any  c o n v e n t i o n a l   m a t c h i n g   a r r a n g e m e n t   may  be  u s e d  

so  l o n g   as  j u n c t i o n   s y m m e t r y   i s   m a i n t a i n e d .   A  p r e f e r r e d  

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

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

t i v e   i r i s e s   o v e r   any  p o r t .   The  a m o u n t   of  p r o t r u s i o n   o f  

t h e   p o s t s   and   t h e   s i z e   of  t h e   i r i s e s   e m p l o y e d   may  b e  

a d j u s t a b l e   in   o r d e r   to   a c h i e v e   o p t i m u m   m a t c h i n g .  

T h e r e f o r e ,   i t   i s   a  p u r p o s e   of  t h e   i n v e n t i o n   t o  

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

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

p a r t s .  

I t   i s   a n o t h e r   p u r p o s e   of   t h e   i n v e n t i o n   to  p r o v i d e  

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

I t   i s   a n o t h e r   p u r p o s e   of   t h e   i n v e n t i o n   to   p r o v i d e  

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

o v e r   a  b r o a d   f r e q u e n c y   r a n g e .  
I t   i s   a n o t h e r   p u r p o s e   of  t h e   i n v e n t i o n  t o   p r o v i d e  

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

I t   i s   a n o t h e r   p u r p o s e   of  t h e   i n v e n t i o n   to   p r o v i d e  

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

m a n u f a c t u r e d   t h a n   p r i o r   a r t   and  w h i c h ,   f o r   many  a p p l i c a -  

t i o n s ,   i s   more   r e a d i l y   a d a p t e d   f o r   c o n n e c t i o n   to   e x t e r n a l  

d e v i c e s .  

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

t e r i s t i c   of  t h i s   i n v e n t i o n ,   b o t h   as  t o   i t s   o r g a n i z a t i o n  



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

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

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

a c c o m p a n y i n g   d r a w i n g s :  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  p e r s p e c t i v e   v i e w   of  t h e   f r o n t   a n d  

top   of  an  i m p r o v e d   t u r n s t i l e   t y p e   w a v e g u i d e   j u n c t i o n   i n  

a c c o r d a n c e   w i t h   t h e   s u b j e c t   i n v e n t i o n ;  

F i g u r e   2  is   a  p e r s p e c t i v e   v i e w   of  t h e   r e a r   a n d  

b o t t o m   of  t h e   s t r u c t u r e   of  F i g u r e   1 ;  

F i g u r e   3  is   a  t op   v i e w   of  F i g u r e   1 ;  

F i g u r e   4  shows   a  s e c o n d   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 e r e   t h e   s t r u c t u r e   i s   c o m p o s e d   of  r e c t a n g u l a r   w a v e g u i d e ;  

F i g u r e   5  shows   a  t h i r d   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 c h   i s   f o r m e d   w i t h i n   two  h a l v e s   of  a  m e t a l   b l o c k .   T h e  

t e r m i n a t i o n   and  i n p u t / o u t p u t   p o r t s   a r e   c o n s t r u c t e d   i n  

t h e   m e t a l   b l o c k   h a l v e s   to   c o n n e c t   to   e x t e r n a l   d e v i c e s .  

The  d e v i c e s   ( n o t   s h o w n )   w h i c h   c o n n e c t   to   t h e   two  p a i r s   o f  

c o l l i n e a r   p o r t s   a r e   a d a p t e d   to   be  l o c a t e d   w i t h i n   t h e  

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

c h a n n e l s   f o r m e d   in   t h e   m e t a l ;   a n d  

F i g u r e   6  i s   a  s c h e m a t i c   d i a g r a m   of  t h e   i n v e n t i o n  

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

t h e   two  p a i r s   of  c o l l i n e a r  p o r t s   and  t h e   c o n n e c t i o n   o f  

a  l o a d   d e v i c e .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In   F i g u r e s   1,  2  and  3  t h e r e   i s   shown  a  w a v e g u i d e  
t u r n s t i l e   t y p e   j u n c t i o n .   The  j u n c t i o n   d e p i c t e d   in   t h e s e  

f i g u r e s   c o m p r i s e s   two  p a i r s   of  c o l l i n e a r   p o r t s   10 ,   2 0 ,  
30  and  40;  an  i n p u t / o u t p u t   p o r t   50;   and  a  t e r m i n a t i o n  

p o r t   60.  The  two  p a i r s   of  c o l l i n e a r   p o r t s   10,  20,   30  

and  40  a r e   i d e n t i c a l   in  s i z e ;   h o w e v e r ,   p o r t s   50  and  60 

n e e d   n o t   be  i d e n t i c a l   to  any  o t h e r   p o r t .   P o r t s   10,   2 0 ,  



30,   40,  50  and  60  a r e   p r e f e r a b l y   r e c t a n g u l a r   in   c r o s s -  

s e c t i o n .   P o r t s   10 ,   20,  30  and  40  a r e   p r e f e r a b l y   i d e n t i c a l  

i n   c r o s s - s e c t i o n   s i z e   in   o r d e r   to   o b t a i n   e q u a l   s p l i t t i n g  

of  t h e   i n p u t   s i g n a l   i n t r o d u c e d   t h r o u g h   p o r t   50.   P o r t s  

50  and  60  n e e d   n o t   be  i d e n t i c a l   in   s i z e   to   p o r t s   10,   2 0 ,  

30  and   40  b u t   a r e   to   be  of  a  s i z e   w h i c h   w i l l   a c h i e v e   t h e  

d e s i r e d   e f f i c i e n c y   in   p o w e r   t r a n s f e r .   The  two  p a i r s   o f  

c o l l i n e r   p o r t s   c o n s i s t   of  p o r t s   10  and  30  w h i c h   a r e  

c o l l i n e a r  a n d   p o r t s   20  and  40  w h i c h   a r e   a l s o   c o l l i n e a r .  

T h e r e   i s   an  a n g l e   of  90°  b e t w e e n   e a c h   a d j a c e n t   p o r t .  

I n p u t / o u t p u t   p o r t   50  o r t h o g o n a l l y   i n t e r s e c t s   t h e  

j u n c t i o n   made  by  p o r t s   10 ,   20 ,   30  and  40.  P o r t   50  i s  

o r i e n t e d   a t   t h e   j u n c t i o n   so  as  to  e q u a l l y   e l e c t r i c a l l y  

c o u p l e   to   a l l   of  t h e   p o r t s   10 ,   20,   30  and  40.  In   o r d e r  

to  a c c o m p l i s h   t h i s   an  a x i s   41  t h r o u g h   t h e   c e n t e r   of  t h e  

b r o a d   d i m e n s i o n   of  p o r t   5 0  f o r m s   a  45°  a n g l e   w i t h   b o t h  

l o n g i t u d i n a l   a x e s   42  and  43  w h i c h   l i e   t h r o u g h   t h e   t w o  

p a i r s   of  c o l l i n e a r   p o r t s   10  and   30,   20  and  40.  T e r m i n a -  

t i o n   p o r t   60  a l s o   o r t h o g o n a l l y   i n t e r s e c t s   t h e   j u n c t i o n  

made  by  p o r t s   10,   20,   30  and  40;  h o w e v e r ,   p o r t   60  i n t e r -  

s e c t s   t h i s   j u n c t i o n   on  t h e   o p p o s i t e   s i d e   f r o m   p o r t   50 ' .  

P o r t   60  i s   so  o r i e n t e d   t h a t   i t   t o o   e q u a l l y   e l e c t r i c a l l y  

c o u p l e s   w i t h   a l l   of  t h e   c o l l i n e a r   p o r t s   10,   20,  30  a n d  

40.   H o w e v e r ,   i t   i s   o r i e n t e d   so  t h a t   i t   d o e s   n o t   e l e c t r i -  

c a l l y   c o u p l e   w i t h   p o r t   50.   In   o r d e r   to   a c c o m p l i s h   t h i s  

o r i e n t a t i o n ,   t h e   b r o a d   d i m e n s i o n   of  p o r t   60  a l s o   f o r m s   a  
45°  a n g l e   w i t h   b o t h   l o n g i t u d i n a l   a x e s   42  and  43  and  i s  

a l s o   o r i e n t e d   so  t h a t   t h e   b r o a d   d i m e n s i o n   of  p o r t   60  

f o r m s   a  90°  a n g l e   w i t h   b r o a d   d i m e n s i o n   of  p o r t   5 0 .  

E f f e c t i v e   o p e r a t i o n   of   t h e   j u n c t i o n   does   n o t   r e q u i r e  
t h a t   t h e r e   be  no  r e f l e c t e d   e n e r g y ,   h o w e v e r ,   in   m o s t  

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



r e f l e c t e d   e n e r g y   be  e l i m i n a t e d .   T h a t   i s ,   t h e   j u n c t i o n  
s h o u l d   be  o p t i m a l l y   m a t c h e d   in   o r d e r   to   o b t a i n   m a x i m u m  

p o w e r   t r a n s f e r   to  and  f r o m   t h e   two  p a i r s   of  c o l l i n e a r  

p o r t s   and  to   and  f r o m   t h e   i n p u t / o u t p u t   p o r t .   F i g u r e s   1 ,  
2  and  3  show  some  a r r a n g e m e n t s   f o r   m a t c h i n g   t h e   j u n c t i o n .  

S c r e w s   51  and  61  a r e   u t i l i z e d   to  p r o v i d e   c a p a c i t i v e  

r e a c t a n c e   in   an  a m o u n t   a p p r o p r i a t e   to   c o m p e n s a t e   f o r   o r  

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

i m p e d a n c e   d i f f e r e n c e s   b e t w e e n   a t t a c h e d   e x t e r n a l   d e v i c e s .  

I r i s   47  or  s i m i l a r   p r o j e c t i o n s   a r e   u t i l i z e d   to  p r o v i d e  

a d d i t i o n a l   r e a c t a n c e .   The  i r i s   or  s i m i l a r   p r o j e c t i o n  

may  be  i n s t a l l e d   in   any  p o r t   as  r e q u i r e d   f o r   c o m p e n s a t i o n  

and  m a t c h i n g .  

As  F i g u r e s   1,  2  and  3  show,   t h e   c a p a c i t i v e   s c r e w s   o r  

p o s t s   a r e   p l a c e d   on  two  s i d e s   of  t h e   j u n c t i o n ,   i . e . ,   o n  
t h e   s i d e   w h e r e   p o r t   50  i s   l o c a t e d   and  on  t h e   s i d e   w h e r e  

p o r t   60  i s   l o c a t e d .   In   a d d i t i o n ,   t h e y   a r e   p l a c e d   a d j a -  

c e n t   to  t h e   b r o a d   w a l l s   of  t h e   p o r t s   and  a r e   e q u a l l y  

s p a c e d   in   o r d e r   to   m a i n t a i n   j u n c t i o n   s y m m e t r y .   T h e  

p o s t s   as  shown  a r e   a d j u s t a b l e   t h r o u g h   t h e   m e a n s  o f  

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

t he   p o s t   in   one  d i r e c t i o n   or   t h e   o t h e r   w h i c h   r e s u l t s   i n  

more  or  l e s s   p r o t r u s i o n   i n t o   t he   J u n c t i o n   as  r e q u i r e d   f o r  

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

a c c e p t a b l e .   In  F i g u r e   2,  i r i s   47  has   b e e n   i n s t a l l e d   i n  

p o r t   40,  h o w e v e r ,   i t   c o u l d   be  i n s t a l l e d   in   any  p o r t .   T h e  

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

a c h i e v e   t h e   d e s i r e d   a m o u n t   of   m a t c h i n g .   I t   i s   to   b e  

u n d e r s t o o d   t h a t   t h e   a b o v e   d e s c r i b e d   m a t c h i n g   m e t h o d s   a r e  
w e l l   known  in  t h e   a r t   and   m a t c h i n g   can   a l s o   be  a c c o m -  

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

a r t .  



F i g u r e  4   i s   a  s e c o n d   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 e r e i n   t h e   s t r u c t u r e   i s   f o r m e d   by  w a v e g u i d e   s e c t i o n s  9 2  

t h r o u g h   9 7 .  

F i g u r e   5  i s   a  t h i r d   e m b o d i m e n t   w h e r e i n   t h e   i n v e n t i o n  

is   c o n s t r u c t e d   w i t h i n   t h e   h a l v e s   of  a  m e t a l   b l o c k .   F o u r  

r e f l e c t i o n   a m p l i f i e r s   ( n o t   s h o w n )   c o u l d   be  f a b r i c a t e d   i n  

s p a c e s   n u m b e r e d   70.  T h e s e   a m p l i f i e r s   a r e   n o t   s h o w n   in   t h e  

d r a w i n g   in   o r d e r   to   m a i n t a i n   t h e   c l a r i t y   t h e r e o f .   T h e  

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

p a i r s   of  p o r t s   10 ,   20,   30  and  40  f o r m e d   in   t h e   m e t a l  

h a l v e s .   The  r e m a i n i n g   two  p o r t s   50  and  60  of  t h e   i n v e n -  

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

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

d e v i c e s .  

F i g u r e   6  is   a  s c h e m a t i c   d i a g r a m   of  t h e   i n v e n t i o n  

s h o w i n g   f o u r   r e f l e c t i o n   a m p l i f i e r s   80  t h r o u g h   83  c o n n e c t e d  

to  t h e   two  p a i r s   of  c o l l i n e a r   p o r t s   10,   20,  30  and  4 0 .  

P o r t   50  i s   u t i l i z e d   as  an  i n p u t / o u t p u t   p o r t   and  p o r t   6 0  

is   c o n n e c t e d   to   a  l o a d   d e v i c e   84  w h i c h   a b s o r b s   p o w e r  
r e f l e c t i o n s   w h i c h   o c c u r   b e t w e e n   t h e   c o l l i n e a r   p o r t s   a n d  

p o r t   6 0 .  

T h u s ,   t h e r e   has   b e e n   d e s c r i b e d   a  new  and  u s e f u l  

s i x   p o r t   w a v e g u i d e   s t r u c t u r e .  



1.  A  w a v e g u i d e   s t r u c t u r e   c o m p r i s i n g   two  p a i r s   o f  

c o l l i n e a r   p o r t s   a r r a n g e d   to   f o r m   a  4 - w a y   H - p l a n e   j u n c t i o n  

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

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

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

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

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

o u t p u t   t h r o u g h   s a i d   f i f t h   p o r t ,   w h e r e i n   t he   i m p r o v e m e n t  

c o m p r i s e s :  

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

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

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

c o l l i n e a r   p o r t s   e q u a l l y ;   a n d  

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

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

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

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

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

e l e c t r i c a l l y   i s o l a t e d   f r o m   s a i d   f i f t h   p o r t .  

2.  The  s t r u c t u r e   of  C l a i m   1  w h e r e i n   s a i d   f i f t h   p o r t  
is  o r i e n t e d   s u c h   t h a t   an  a x i s   t h r o u g h   t h e   c e n t e r   of   s a i d  

p o r t   a l o n g   i t s   l o n g   d i m e n s i o n   i s   o r i e n t e d   a t   45  d e g r e e s  
w i t h   r e s p e c t   to   t h e   l o n g i t u d i n a l   a x i s   of  e a c h   o f   s a i d   t w o  

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

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



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

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

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

a t   45  d e g r e e s   w i t h   r e s p e c t   to   t h e   l o n g i t u d i n a l   a x i s   o f  

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

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

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

4.  The  s t r u c t u r e   of  C l a i m s   1  or  2  f u r t h e r  

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

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

p o r t s   and  s a i d   s i x t h   p o r t .  

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

f i f t h   and  s i x t h   p o r t s   a r e   o r i e n t e d   a t   a p p r o x i m a t e l y   90  

d e g r e e s   w i t h   r e s p e c t   to   e a c h   o t h e r .  

6.  A  w a v e g u i d e   s t r u c t u r e   c o m p r i s i n g   two  p a i r s   o f  

c o l l i n e a r   w a v e g u i d e   s e c t i o n s   w h i c h   i n t e r s e c t   a t   a  90  

d e g r e e   a n g l e   to   f o r m   a  4 - w a y   H - p l a n e   j u n c t i o n   o f   t h e  

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

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

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

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

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

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

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

i m p r o v e m e n t   c o m p r i s e s :  

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

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

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

of  t h e   two  p a i r s   of  c o l l i n e a r   w a v e g u i d e   s e c t i o n s   e q u a l l y ;  

a n d  



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

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

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

w a v e g u i d e   s e c t i o n   and  o r i e n t e d   s u c h   t h a t   t h e   s i x t h   w a v e -  

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

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

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

s e c t i o n .  
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