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©  Microwave  bandpass  filter  including  dielectric  resonators. 
57  A  dielectric  resonator  microwave  bandpass  filter  in- 
cludes  a  printed  circuit  board  (40)  supported  within  a  cut-off 
waveguide  (10,  12),  with  dielectric  resonators  (44)  and 
coupling  loops  on  an  upper  surface  of  the  board  and  a  well 
(42)  beneath  the  board  so  that  the  resonators  are  well  spaced 
from  ground  planes.  Tuning  screws  (66)  beneath  the  resona- 
tors,  and  coupling  adjustment  screws  above  the  board 
adjacent  to  the  coupling  loops  and  between  adjacent  resona- 

tors,  provide  for  adjustments  to  provide  desired  filter 
characteristics  within  a  wide  range.  Isolators  (30)  within  the 
waveguide  have  ports  coupled  to  the  resonators  via  micro- 
strip  transmission  lines  comprising  conductive  tracks  on  the 
board  and  ports  coupled  to  coaxial  connectors  (28)  in  end 
walls  of  the  waveguide.  The  waveguide  is  formed  from  a  cast 
body  (10)  and  a  flat  lid  (12). 



This  i n v e n t i o n   r e l a t e s   to  microwave  bandpass  f i l t e r s  

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

It  is  known  for  example  from  Nishikawa  et  a l .   U.S.  Pa tent   No. 

4 ,143 ,344   i s sued   March  6,  1979  to  provide  a  microwave  bandpass  f i l t e r  

which  is  c o n s t i t u t e d   by  a  c u t - o f f   waveguide,   i . e .   a  waveguide  whose 

size  is  too  small  to  propagate   microwaves  in  a  d e s i r e d   range  o f  

f r e q u e n c i e s ,   i n  which   there   are  d isposed  a  p l u r a l i t y   of  t u n e d  

d i e l e c t r i c   r e s o n a t o r s   to  provide  coupl ing  of  microwaves  in  t h e  

de s i r ed   pass  band  from  an  input  coupler   to  an  ou tpu t   c o u p l e r .  

It  is  also  known  to  provide  a  microwave  bandpass  f i l t e r   i n  

the  form  of  an  i r i s   coupled  f i l t e r   which  comprises   a  waveguide ,   s i z e d  

for  p r o p a g a t i n g   microwaves  in  the  de s i r ed   pass  band,  which  is  d i v i d e d  

into  a  p l u r a l i t y   of  r e sonan t   chambers  by  p a r t i t i o n s   ac ros s   t h e  

waveguide,   each  p a r t i t i o n   having  an  a p e r t u r e   or  i r i s   which  p r o v i d e s  

for  coup l ing   microwaves  into  or  out  of  the  c h a m b e r .  

In  order   to  provide  a  des i red   bandpass  f i l t e r   c h a r a c t e r i s t i c  

it  has  been  de t e rmined   tha t   an  n-pole  f i l t e r   (n  being  an  i n t e g e r )  

g e n e r a l l y   needs  a  t o t a l   of  2n+1  coupl ing  and  tun ing   a d j u s t m e n t s .   For 

a  3-pole  i r i s   coupled  f i l t e r ,   for  example,  these   can  be  r e a d i l y  

c o n s t i t u t e d   by  3  tun ing   screws,   one  for  each  of  the  3  r e s o n a n t  

chambers  of  the  f i l t e r ,   and  4  coupl ing  sc rews ,   one  for  each  a p e r t u r e  

or  i r i s .   However,  the  i r i s   coupled  f i l t e r   has  the  d i s a d v a n t a g e   o f  

being  of  a  r e l a t i v e l y   large  s ize  for  microwave  f r e q u e n c i e s   be low 

about  10GHz.  . 

In  c o n t r a s t ,   the  d i e l e c t r i c   r e s o n a t o r   microwave  b a n d p a s s  

f i l t e r   has  a  r e l a t i v e l y   smal ler   size  due  to  i t s   use  of  a  c u t - o f f  

waveguide,   but  known  forms  of  th is   do  n o t - f a c i l i t a t e   p rov id ing   t h e  

de s i r ed   number  of  ad jus tmen t s   for  a ch i ev ing   p a r t i c u l a r  

c h a r a c t e r i s t i c s .  

Such  microwave  bandpass  f i l t e r s   are  t y p i c a l l y   used  as  channe l  

f i l t e r s   in  a  m u l t i - c h a n n e l   microwave  radio   t r a n s m i t t e r .   In  such  an 

a p p l i c a t i o n ,   each  f i l t e r   is  t y p i c a l l y   connected   between  the  ou tput   o f  

a  modula tor   and  the  i n p u t - o f   a  t r a n s m i t t i n g   a m p l i f i e r ,   and  se rves   t o  

pass  only  one  of  the  two  s idebands  of  the  modulated  s ignal   f o r  

t r a n s m i s s i o n .   Connect ion  to  an  i r i s   coupled  f i l t e r   is  c o n v e n i e n t l y  

e f f e c t e d   by  coaxia l   cable   via  an  i s o a d a p t e r ,   which  is  a  combined 



i s o l a t o r   and  w a v e g u i d e / c o a x i a l   cab le   a d a p t e r ,   but  t h i s   adds  f u r t h e r  

to  the  l a r g e   s ize   of  the  f i l t e r .   Coupling  to  a  d i e l e c t r i c   r e s o n a t o r  

f i l t e r   can  be  e f f e c t e d   in  the  same  manner  with  the  same  d i s a d v a n t a g e  

of  l a r g e   s i z e ,   or  can  be  e f f e c t e d   by  coaxia l   cab le   with  t h e  

d i s a d v a n t a g e   of  r e q u i r i n g   an  i s o l a t o r   to  be  s e p a r a t e l y   p r o v i d e d .  

Microwave  bandpass   f i l t e r s   are  also  used  as  b r a n c h i n g  

(channe l   combining  and  channel  d ropp ing )   f i l t e r s   in  microwave  r a d i o  

t r a n s m i s s i o n   sys tems .   In  such  a  case  each  f i l t e r   c o n v e n i e n t l y   has  a 

c o a x i a l   c o n n e c t i o n   at  one  port   for  coup l ing   to  a  t r a n s m i t t i n g   o r  

r e c e i v i n g   a m p l i f i e r ,   and  a  waveguide  coup l ing   at  the  o t h e r   port   f o r  

c o n n e c t i o n   to  a  c i r c u l a t o r   and  thence   to  a  t r a n s m i t t i n g   or  r e c e i v i n g  

a n t e n n a .  

An  o b j e c t   of  t h i s   i n v e n t i o n ,   t h e r e f o r e ,   i s  t o   p rov ide   an  

improved  microwave  bandpass   f i l t e r .  

According  to  t h i s   i n v e n t i o n   t he re   is  p rovided   a  microwave  

bandpass   f i l t e r   c o m p r i s i n g :   a  waveguide  of  r e c t a n g u l a r   c ross   s e c t i o n  

having  c o n d u c t i v e   upper ,   lower ,   and  side  w a l l s ;   an  i n s u l a t i n g   boa rd  

in  the  waveguide  having  upper  and  lower  s u r f a c e s   s u b s t a n t i a l l y  

p a r a l l e l   to  and  spaced  from  the  upper  and  lower  w a l l s ,   the  lower  and 

s ide   wa l l s   d e f i n i n g   a  well  beneath   the  board  and  s u p p o r t i n g   the  boa rd  

around  s u b s t a n t i a l l y   i t s   e n t i r e   p e r i p h e r y ;   a  p l u r a l i t y   of  d i e l e c t r i c  

r e s o n a t o r s   s u p p o r t e d   by  the  board  and  spaced  a long  the  waveguide;   a 

p l u r a l i t y   of  tun ing   screws  each  ex t end ing   through  the  lower  wall  i n t o  

the  well  benea th   a  r e s p e c t i v e   one  of  the  d i e l e c t r i c   r e s o n a t o r s ;   and 

means  for   c o u p l i n g   microwave  s i g n a l s   to  and  from  the  r e s o n a t o r s .  

The  board  p r e f e r a b l y   i n c l u d e s   on  i t s   lower  s u r f a c e   a  g round  

plane   c o n d u c t o r   in  r eg ions   where  the  board  is  s u p p o r t e d ,   the  g round  

plane   being  s o l d e r e d   to  the  wal ls   to  f ix   the  board  in  p o s i t i o n ,   and 

the  d i e l e c t r i c   r e s o n a t o r s   are  p r e f e r a b l y   s u p p o r t e d   above  the  b o a r d .  

E l e c t r i c a l l y   c o n d u c t i v e   s p u r i o u s   mode  s u p p r e s s o r s   p r e f e r a b l y   e x t e n d  

from  the  lower  wall  th rough   the  board  s u b s t a n t i a l l y   p e r p e n d i c u l a r l y  

t h e r e t o   each  between  two  a d j a c e n t   r e s o n a t o r s .   In  a d d i t i o n ,   c o u p l i n g  

a d j u s t m e n t   screws  a d v a n t a g e o u s l y   extend  through  a  s ide  wall  of  t h e  

waveguide   above  the  board  each  between  two  a d j a c e n t   r e s o n a t o r s   f o r  

v a r y i n g   the  coup l ing   t h e r e b e t w e e n .   For  example,   t h e r e   may  be  t h r e e  

r e s o n a t o r s   and  two  such  coup l ing   a d j u s t m e n t   s c r e w s .  

P r e f e r a b l y   each  means  for  coup l ing   microwave  s i g n a l s   to  o r  



from  a  r e s o n a t o r   compr i ses   a  coupl ing  c o n d u c t o r   on  the  b o a r d  

ex tend ing   a d j a c e n t   to  the  pe r i phe ry   of  the  r e s o n a t o r ,   each  c o u p l i n g  

conduc tor   c o n v e n i e n t l y   being  on  the  upper  s u r f a c e   of  the  board  and 

having  an  unconnec ted   end  a d j a c e n t   to  a  s ide  wall  of  the  w a v e g u i d e .  

In  t h i s   case  coup l ing   ad jus tmen t   screws  p r e f e r a b l y   a lso  e x t e n d  

through  the  side  wall  above  the  board  each  a d j a c e n t   to  t h e  

unconnected  end  of  a  r e s p e c t i v e   coupl ing  conduc to r   for  varying  t h e  

coupl ing   between  t h i s   conduc tor   and  the  r e s p e c t i v e   r e s o n a t o r .  

The  f i l t e r   p r e f e r a b l y   also  i nc ludes   wi th in   the  waveguide  a t  

l e a s t   one  i s o l a t o r   having  a  port  coupled  to  a  r e s p e c t i v e   means  f o r  

coupl ing   microwave  s i g n a l s   to  or  from  a  r e s o n a t o r .   C o n v e n i e n t l y   each  

r e s p e c t i v e   means  for  coupl ing   microwave  s i g n a l s   to  or  from  a 

r e s o n a t o r   which  is  coupled  to  an  i s o l a t o r   port   compr ises   a  m i c r o s t r i p  

t r a n s m i s s i o n   l i n e ,   compr i s ing   a  conductor   and  a  ground  plane  on 

o p p o s i t e   s u r f a c e s   of  the  board,   having  a  c h a r a c t e r i s t i c   impedance  

matched  to  t ha t   of  the  i s o l a t o r .   In  t h i s   manner  impedance  m a t c h i n g  

and  a  compact  i s o l a t o r   and  f i l t e r   a r rangement   are  r e a d i l y   a c h i e v e d .  

For  coup l ing   coaxia l   cables   to  the  f i l t e r   and  i s o l a t o r  

a r r a n g e m e n t ,   p r e f e r a b l y   the re   are  two  i s o l a t o r s   and  the  wavegu ide  

i nc ludes   two  end  wal ls   each  i nc lud ing   a  r e s p e c t i v e   coax ia l   c o n n e c t o r  

having  a  c e n t r a l   c o n n e c t i o n   ex tending   through  the  end  wall  and 

coupled  to  a  second  port   of  a  r e s p e c t i v e   i s o l a t o r .  

The  waveguide  c o n v e n i e n t l y   comprises   a  body  c o n s t i t u t i n g   t h e  

lower  and  s ide  wal ls   and  a  f l a t   l id  c o n s t i t u t i n g   the  upper  wa l l ,   and 

means  for  s e c u r i n g   the  l i d   to  the  body.  

The  i n v e n t i o n   will   be  f u r t h e r   unde r s tood   from  the  f o l l o w i n g  

d e s c r i p t i o n   with  r e f e r e n c e   to  the  accompanying  d r awings ,   in  w h i c h :  

Fig.  1  is  a  p a r t l y   cut-away  plan  view  of  a  d i e l e c t r i c  

r e s o n a t o r   microwave  bandpass  f i l t e r ,   with  a  l id   t h e r e o f   removed,  i n  

accordance   with  an  embodiment  of  the  i n v e n t i o n ;  

Fig.  2  is  a  l o n g i t u d i n a l   s e c t i o n a l   i l l u s t r a t i o n   of  the  f i l t e r  

of  Fig.  1,  the  s e c t i o n   being  taken  on  the  l i ne s   I I - I I   in  Fig.  1;  and 

Fig.  3  is  a  c ross   s e c t i o n a l   i l l u s t r a t i o n   of  the  f i l t e r ,   t h e  

s ec t i on   being  taken  on  the  l ines   I I I - I I I   in  Fig.  2 .  

Re fe r r ing   to  the  drawings ,   the  f i l t e r   i l l u s t r a t e d   t h e r e i n  

comprises   a  metal  e n c l o s u r e ,   forming  a  c u t - o f f   waveguide ,   formed  by 

an  e longa te   body  10  and  a  f l a t   l id  12  which  is  shown  only  in  Fig.  2. 



The  body  10  is  for   example  formed  by  inves tment   c a s t i n g ,   and 

s u b s e q u e n t   machining  where  n e c e s s a r y ,   from  an  a l l o y   compr i s ing   83% 

coppe r ,   7%  l ead ,   7%  t i n ,   and  3%  z inc .   The  body  10  has  a  top  f l a n g e  

14  along  the  l eng th   of  each  s i d e ,   in  which  are  formed  a  p l u r a l i t y   o f  

t h r e a d e d   holes  16  in to   which  are  screwed  screws  (not  shown)  which  

pass  through  c o r r e s p o n d i n g   holes   (not  shown)  in  the  l id   12  to  s e c u r e  

the  l id   to  the  body  10.  In  Fig.  1  the  top  f lange   14  is  i l l u s t r a t e d  

as  being  cu t -away  in  p a r t s   to  show  d e t a i l s   beneath  i t .  

The  body  10  i n c l u d e s   an  e longa te   c a v i t y   18  which  is  d e s c r i b e d  

in  d e t a i l   below.  In  the  top  f l ange   14  and  immed ia t e ly   s u r r o u n d i n g  

the  e n t i r e   p e r i p h e r y   of  the  c a v i t y   18  the  body  10  i n c l u d e s   a 

c o n t i n u o u s   groove  20  in  which  a  con t inuous   wire  mesh  f i l a m e n t   ( n o t  

shown)  is  secured  to  p rov ide   an  e l e c t r o - m a g n e t i c   seal  between  t h e  

body  10  and  the  l id   12 .  

The  body  10  a l so   has  at  each  end  a  f l ange   22  which  is  s h a p e d  

as  is  best   shown  in  Fig.   3  to  form  fee t   24  on  which  the  f i l t e r   s t a n d s  

in  use,   so  t h a t   a  lower  s u r f a c e   of  the  base  26  of  the  body  10  i s  

s u p p o r t e d   above  the  s u r f a c e   on  which  the  f i l t e r   s t a n d s ,   in  o r d e r  

to  f a c i l i t a t e   a d j u s t m e n t   of  t un ing   screws  d e s c r i b e d   b e l o w .  

The  f i l t e r   in  t h i s   embodiment  of  the  i n v e n t i o n   is  i n t ended   t o  

be  connected   between  two  c o a x i a l   c a b l e s ,   to  which  end  a  coaxia l   c a b l e  

c o n n e c t o r   28  is  mounted  e x t e r n a l l y   on  each  end  f l ange   22,  a  c e n t r a l  

pin  of  each  c o n n e c t o r   28  pa s s ing   through  an  a p e r t u r e   in  the  end 

f l ange   22,  as  shown  by  broken  l i n e s   in  Figs.   1  and  2,  to  the  end  o f  

the  c a v i t y   18  where  i t   is  e l e c t r i c a l l y   connected  to  one  por t   of  a 

r e s p e c t i v e   one  of  two  i s o l a t o r s   30.  As  is  bes t   shown  in  Fig.  2,  e a c h  

i s o l a t o r   is  a  known  form  of  s o - c a l l e d   d rop- in   i s o l a t o r   which  

compr i ses   a  m e t a l l i z e d   f e r r i t e   s u b s t r a t e   32  and  a  c y l i n d r i c a l  

permanent   magnet  34  s u p p o r t e d   t h e r e f r o m .   The  f e r r i t e   s u b s t r a t e   32  i s  

s u p p o r t e d   by  and  has  on  i t s   u n d e r s i d e   a  ground  plane  which  i s  

s o l d e r e d   to  the  base  26  of  the  body  10,  through  which  t h e r e   i s  

p rov ided   a  c y l i n d r i c a l   a p e r t u r e   36  to  accommodate  and  provide   a c c e s s  

to  the  permanent  magnet  34.  Each  a p e r t u r e   36  has  a  c o u n t e r - b o r e   38 

at  the  lower  s u r f a c e   of  the  base  26  to  accommodate  a  metal  cap  ( n o t  

shown)  for  e l e c t r o - m a g n e t i c a l l y   s e a l i n g   t h i s   a p e r t u r e .  

Between  the  i s o l a t o r s   30  the re   extends  a  p r i n t e d   c i r c u i t  

board  40  p r e f e r a b l y   of  p o l y e t h e r i m i d e   m a t e r i a l ,   such  as  t h a t   m a r k e t e d  



by  the  General  E l e c t r i c   Company  under  the  t rade   name  "Ultem",   which 

is  p h y s i c a l l y   and  t h e r m a l l y   s t a b l e .   In  th i s   r e s p e c t   i t   i s  

observed  t h a t   o ther   m a t e r i a l s   could  be  used,  but  PTFE,  which  i s  

commonly  used  for  p r in t ed   c i r c u i t   boa rds ,   is  p r e f e r a b l y   not  u sed  

because  i t   has  a  d i s c o n t i n u i t y   in  i t s   e x p a n s i o n - t e m p e r a t u r e  

c h a r a c t e r i s t i c   at  a  t e m p e r a t u r e   of  about  25°C  and  hence  lacks  t h e r m a l  

s t a b i l i t y .   For  physical   s t a b i l i t y   the  board  40  is  r e l a t i v e l y   t h i c k  

compared  wi th ,   for  example,  the  s u b s t r a t e s   32.  In  c o n s e q u e n c e ,   t h e  

upper  s u r f a c e   of  the  base  26  of  the  body  10  is  s t e p p e d ,   at  the  p o i n t  

where  each  s u b s t r a t e   32  and  the  board  40  meet,  so  t h a t   t h e i r   u p p e r  
s u r f a c e s   are  in  the  same  plane.   The  coaxia l   cable  c o n n e c t o r s   28  a r e  

p o s i t i o n e d   so  tha t   t h e i r   c e n t r a l   pins  are  also  in  t h i s   same  p l ane ,   so 

tha t   e l e c t r i c a l   connec t ions   to . . the   por ts   of  the  i s o l a t o r s   are  r e a d i l y  

ach ieved   by  so lder   br idges   between  the  a b u t t i n g   c o n t a c t s .  

As  i n d i c a t e d   by  a  broken  l ine   in  Fig.  1,  a  well  42  is  fo rmed 

in  the  base  26  of  the  body  10  beneath   the  board  40.  The  board  40  i s  

s u p p o r t e d   at  i t s   ends,  beyond  the  ends  of  the  well  42,  by  the  base  26 

as  shown  in  Fig.  2,  and  is  s u p p o r t e d   along  the  l eng ths   of  i t s   s i d e s ,  

beyond  the  s ides   of  the  well  42,  by  s tepped  s ides   of  the  base  26  a s  

shown  in  Fig.  3.  In  these   suppo r t   r eg ions   the  board  40  has  on  i t s  

lower  s u r f a c e   a  ground  plane  which  is  so lde red   to  the  base  26  t o  

secure   the  board  40  in  p lace .   The  ground  plane  does  not  extend  i n t o  

the  reg ion   of  the  well  42.  

Three  d i e l e c t r i c   r e s o n a t o r s   44  are  glued  to  the  upper  s u r f a c e  

of  the  board  40  to  form  in  t h i s   case  a  3-pole  bandpass  f i l t e r .   The 

form  and  s e l e c t i o n   of  d i e l e c t r i c   r e s o n a t o r s   to  form  bandpass  f i l t e r s  

is  g e n e r a l l y   known  and  need  not  be  d e s c r i b e d   here .   It  is  n o t e d ,  

however,   t ha t   the  d i e l e c t r i c   r e s o n a t o r s   44  are  p o s i t i o n e d   above  t h e  

region  of  the  well  42,  so  t h a t   t h e r e   is  no  ground  plane  c lose   to  t h e  

r e s o n a t o r s .   The  d i s t a n c e   between  the  r e s o n a t o r s   and  the  n e a r e s t  

ground  p lane ,   which  is  g r e a t l y   i n c r e a s e d   by  the  p r o v i s i o n   of  the  we l l  

42,  m a i n t a i n s   the  high  q u a l i t y   f a c t o r   of  the  d i e l e c t r i c   r e s o n a t o r s  

and  c o n s i d e r a b l y   f a c i l i t a t e s   t un ing   of  the  r e s o n a t o r s   over  a 

r e l a t i v e l y   wide  f requency  range  as  is  d e sc r i bed   f u r t h e r   be low.  

For  coupl ing  microwave  f r equency   s i g n a l s   between  each  o f  

the  i s o l a t o r s   30  and  the  r e s p e c t i v e   d i e l e c t r i c   r e s o n a t o r   44  which  i s  

n e a r e s t   to  i t ,   conduc t ive   t r a c k s   46  are  provided  on  the  upper  s u r f a c e  



of  the  board  40.  Each  t r a c k   46  comprises .   a  coupl ing   loop  48  which  

ex tends   par t   of  the  way  around  the  p e r i p h e r y   of  the  r e s p e c t i v e  

r e s o n a t o r   44,  a  r e l a t i v e l y   wide  t r a c k   50  which  extends  above  t h e  

ground  plane  on  the  lower  s u r f a c e   of  the  board  40  and  forms  a 

m i c r o s t r i p   t r a n s m i s s i o n   l i n e ,   and  a  t a p e r e d   po r t i on   which  couples   t h e  

m i c r o s t r i p   t r a n s m i s s i o n   l i ne   to  the  c o u p l i n g   loop.   Each  t r a c k   50  h a s  

a  width  which  is  s e l e c t e d   to  p rov ide   a  50  ohm  c h a r a c t e r i s t i c  

impedance  to  match  the  c h a r a c t e r i s t i c   impedance ,   also  50  ohms,  of  t h e  

i s o l a t o r   30  and  coax i a l   cab le   to  be  connec ted   to  the  connec to r   2 8 .  

Each  t r a c k   50  is  e l e c t r i c a l l y   connec ted   to  a  second  port  of  t h e  

r e s p e c t i v e   i s o l a t o r   30;  a  t h i r d   por t   of  each  i s o l a t o r   30  i s  

t e r m i n a t e d   with  a  r e s i s t a n c e   of  50  ohms  w i th in   the  i s o l a t o r   i t s e l f .  

The  width  of  the  t r a c k   forming  each  coupl ing   loop,   i t s  

spac ing   from  the  p e r i p h e r y   of  the  d i e l e c t r i c   r e s o n a t o r   44  to  which  i t  

c o u p l e s ,   the  angle  which  t h i s   loop  sub tends   at  the  axis  of  t h i s  

r e s o n a t o r ,   and  the  d i s t a n c e   of  the  loop  (and  hence  the  r e s o n a t o r )  

from  the  edge  of  the  well  42  are  all   s e l e c t e d   to  op t imize   t h e  

matching   and  coup l i ng   between  the  m i c r o s t r i p   connec to r   and  t h e  

r e s o n a t o r ,   for  the  d e s i r e d   pass  band  of  the  bandpass  f i l t e r .   In  a n y  

e v e n t ,   each  coup l i ng   loop  48  is  a r r anged   so  t h a t   i t s   unconnected   end 

52  is  at  one  s ide  of  the  d i e l e c t r i c   r e s o n a t o r ,   as  shown  in  Fig.  1.  A 

r e s p e c t i v e   screw  54  ex tends   th rough   a  t h r e a d e d   hole  in  the  s i d e  

wall  56  of  the  body  10  above  the  board  40  in to   p rox imi ty   with  e a c h  

end  52  and  the  a s s o c i a t e d   r e s o n a t o r   44,  and  se rves   for  a d j u s t i n g   t h e  

coup l i ng   of  the  loop  48  to  the  r e s o n a t o r   44.  Turning  the  screw  54 

to  be  c l o s e r   to  the  r e s o n a t o r   44  i n c r e a s e s   the  coup l ing   by  i n c r e a s i n g  

the  f r i n g i n g   c a p a c i t a n c e   a s s o c i a t e d   with  the  loop  end  52.  A  l o c k i n g  

nut  58  on  each  screw  54  enab l e s   the  screw  to  be  f ixed  in  p o s i t i o n  

a f t e r   i t   has  been  a p p r o p r i a t e l y   a d j u s t e d .  

Between  the  c e n t r a l   one  of  the  t h r e e   d i e l e c t r i c   r e s o n a t o r s   44 

and  each  ou te r   one  of  t hese   r e s o n a t o r s   44  t he re   is  provided  an  

e l e c t r i c a l l y   c o n d u c t i v e   u p r i g h t   bar  60  which  c o n s t i t u t e s   a  s p u r i o u s  

mode  s u p p r e s s o r .   As  is  bes t   shown  in  Fig.  2,  each  bar  60  e x t e n d s  

from  a  r e s p e c t i v e   r e c e s s   in  the  base  26  of  the  body  10,  to  which  i t  

is  t h e r e b y   e l e c t r i c a l l y   c o n n e c t e d ,   upwardly  through  an  a p e r t u r e   i n  

the  board  40  p o s i t i o n e d   mid-way  between  the  d i e l e c t r i c   r e s o n a t o r s   44  

on  each  s ide  of  i t ,   to  the  v i c i n i t y   of  the  l id   12.  The  bars  60  s e r v e  



to  suppres s   the  p r o p a g a t i o n   of  spur ious   modes  of  microwave  s i g n a l s  

th rough  the  f i l t e r   in  a  manner  known  for  example  from  Nishikawa  e t  

al .   U.S.  Patent   No.  4 ,138 ,652   issued  February  6,  1979 .  

Two  screws  62  extend  through  th readed   holes   in  the  side  wa l l  

56  of  the  body  10  above  the  board  40,  o n e  o p p o s i t e   each  of  the  b a r s  

60,  and  enable  a d j u s t m e n t   of  the  coupl ing  which  is  ach ieved   be tween  

a d j a c e n t   pa i r s   of  the  r e s o n a t o r s   44.  Lock  nuts  64  on  these   screws  62 

enable   them  to  be  f ixed  in  p o s i t i o n   a f t e r   they  have  been  

a p p r o p r i a t e l y   a d j u s t e d   to  ach ieve   des i r ed   degrees   of  c o u p l i n g .  

As  shown  in  Figs.   2  and  3,  c e n t r a l l y   beneath   each  d i e l e c t r i c  

r e s o n a t o r   44  the re   is  a  tun ing   ad jus tment   screw  66  which  e x t e n d s  

through  a  r e s p e c t i v e   t h readed   hole  in  the  base  26  of  the  body  10  i n t o  

the  well  42  below  the  board  40  to  permit  tuning  of  the  r e s o n a t o r s   44 .  

A  r e s p e c t i v e   lock ing   nut  68  on  each  of  the  t h r e e   screws  66  e n a b l e s  

the  screw  to  be  f ixed  in  p o s i t i o n   a f t e r   t u n i n g .  

The  bandpass  f i l t e r   de sc r i bed   above  p rov ides   numerous 

advan tages   and  conven iences   over  known  f i l t e r s .   For  example,   i t   has  

a  r e l a t i v e l y   small  s ize   due  to  the  use  of  d i e l e c t r i c   r e s o n a t o r s   and  a 

c u t - o f f   waveguide ,   and  the  i n c o r p o r a t i o n   of  the  i s o l a t o r s   30  w i t h i n  

the  body  10.  The  use  of  the  f l a t  l i d   12  is  a  conven i ence   i n  

m a n u f a c t u r e ,   and  because  t h i s   l id   12  does  not  i n c o r p o r a t e   a n y  

a d j u s t i n g   screws  i t   can  be  removed  and  r ep l aced   wi thou t   d i s t u r b i n g  

tun ing   and  coupl ing   a d j u s t m e n t s .  

The  p r o v i s i o n   of  the  well  42  i n c r e a s e s   the  d i s t a n c e s   be tween  

the  r e s o n a t o r s   44  and  ground  p l a n e s ,   the reby   m a i n t a i n i n g   the  h igh  

q u a l i t y   f a c t o r   of  the  d i e l e c t r i c   r e s o n a t o r s   and  f a c i l i t a t i n g  

a d j u s t m e n t   of  the  f i l t e r   for  p a r t i c u l a r   c h a r a c t e r i s t i c s   w i t h i n  

r e l a t i v e l y   wide  r anges .   The  p o s i t i o n i n g   of  the  t un ing   screws  66 

below  t h e  b o a r d   40  and  below  the  r e s o n a t o r s   44,  and  the  c o u p l i n g  

a d j u s t m e n t   screws  54  and  62  above  the  board  40  and  at  one  s ide  of  t h e  

r e s o n a t o r s   44,  p rov ides   a  s u b s t a n t i a l   degree  of  i ndependence   of  t h e  

tuning  and  coup l ing   a d j u s t m e n t s ,   so  tha t   the  coup l ing   and  t u n i n g  

a d j u s t m e n t s   do  not  mu tua l ly   and  adve r se ly   a f f e c t   one  a n o t h e r   to  a 

la rge   e x t e n t .   It  should  be  noted  tha t   the  4  coup l ing   a d j u s t m e n t  

screws  and  the  3  tun ing   screws  provided  the  d e s i r e d   t o t a l   of  7 

a d j u s t m e n t s   for  the  d e s c r i b e d   3-pole  f i l t e r .  

Although  the  above  d e s c r i p t i o n   r e l a t e s   to  a  f i l t e r  



i n c o r p o r a t i n g   i s o l a t o r s   and  for  coup l i ng   between  two  coax ia l   c a b l e s ,  

i t   shou ld   be  a p p r e c i a t e d   t h a t   at  one  or  both  ends  of  the  f i l t e r   t h e  

i s o l a t o r   c o u l d ,   if  d e s i r e d ,   be  o m i t t e d ,   and /o r   coup l ing   may  be 

e f f e c t e d   in  known  manner  to  a  waveguide  r a t h e r   than  to  a  c o a x i a l  

c a b l e   c o n n e c t o r .   It  should  a lso  be  a p p r e c i a t e d   t h a t   the  m i c r o s t r i p  

c o n n e c t o r   formed  by  the  t r ack   50  may  be  modi f i ed   or  r e p l a c e d   by  o t h e r  

s u i t a b l e   forms  of  c o u p l i n g .  

These  and  numerous  o the r   m o d i f i c a t i o n s ,   v a r i a t i o n s ,   and 

a d a p t a t i o n s   may  be  made  to  the  p a r t i c u l a r   bandpass  f i l t e r   d e s c r i b e d  

above  w i t h o u t   d e p a r t i n g   from  the  scope  of  the  i n v e n t i o n ,   which  i s  

d e f i n e d   by  the  c l a i m s .  



1.  A microwave  bandpass  f i l t e r   c o m p r i s i n g :  

a  waveguide  of  r e c t a n g u l a r   c r o s s - s e c t i o n   having  c o n d u c t i v e  

upper  (12) ,   lower  (26),   and  side  (56)  w a l l s ;  

an  i n s u l a t i n g   board  (40)  in  the  waveguide  having  upper  and 

lower  s u r f a c e s   s u b s t a n t i a l l y   p a r a l l e l   to  and  spaced  from  the  u p p e r  
and  lower  w a l l s ,   the  lower  and  side  wal ls   d e f i n i n g   a  well  (42)  

beneath   the  board  and  suppor t i ng   the  board  around  s u b s t a n t i a l l y   i t s  

e n t i r e   p e r i p h e r y ;  

a  p l u r a l i t y   of  d i e l e c t r i c   r e s o n a t o r s   (44)  suppor ted   by  t h e  

board  and  spaced  along  the  w a v e g u i d e ;  

a  p l u r a l i t y   of  tuning  screws  (66)  each  e x t e n d i n g   through  t h e  

lower  wall  in to   the  well  beneath  a  r e s p e c t i v e   one  of  the  d i e l e c t r i c  

r e s o n a t o r s ;   and 

means  (46)  for  coupl ing  microwave  s i g n a l s   to  and  from  t h e  

r e s o n a t o r s .  

2.  A  f i l t e r   as  claimed  in  claim  1  where in   the  board  (40)  

i n c l u d e s   on  i t s   lower  su r f ace   a  ground  plane  c o n d u c t o r   in  r e g i o n s  

where  the  board  is  s u p p o r t e d .  

3.  A  f i l t e r   as  claimed  in  claim  2  where in   the  ground  p l a n e  

conduc to r   is  so lde red   to  the  w a l l s .  

4.  A  f i l t e r   as  claimed  in  any  of  c la ims   1  to  3  wherein  t h e  

d i e l e c t r i c   r e s o n a t o r s   (44)  are  suppor t ed   above  the  b o a r d .  

5.  A  f i l t e r   as  claimed  in  any  of  c la ims   1  to  4  whe re in  

the re   are  t h r e e   d i e l e c t r i c   r e s o n a t o r s   ( 4 4 ) .  

6.  A  f i l t e r   as  claimed  in  any  of  c la ims  1  to  5  and  i n c l u d i n g  

at  l e a s t   one  e l e c t r i c a l l y   conduc t ive   s p u r i o u s   mode  s u p p r e s s o r   (60)  

ex t end ing   from  the  lower  wall  (26)  through  the  board  (40)  

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

r e s o n a t o r s   ( 4 4 ) .  



7.  A  f i l t e r   as  c la imed  in  any  of  c la ims  1  to  6  and  i n c l u d i n g  

at  l e a s t   one  c o u p l i n g   a d j u s t m e n t   screw  (62)  e x t e n d i n g   th rough   a  s i d e  

wall  (56)  of  the  waveguide  between  two  d i e l e c t r i c   r e s o n a t o r s   (44)  f o r  

v a r y i n g   the  c o u p l i n g   t h e r e b e t w e e n .  

8.  A  f i l t e r   as  c la imed  in  claim  7  wherein  each  c o u p l i n g  

a d j u s t m e n t   screw  (62)  ex tends   th rough  the  s ide   wall  (56)  above  t h e  

board  ( 4 0 ) .  

9.  A  f i l t e r   as  c la imed  in  any  of  c la ims  1  to  8  wherein  e a c h  

means  (46)  for  c o u p l i n g   microwave  s i g n a l s   to  or  from  a  r e s o n a t o r   (44)  

compr i se s   a  coup l i ng   c o n d u c t o r   (48)  on  the  board  e x t e n d i n g   a d j a c e n t  

to  the  p e r i p h e r y   of  the  r e s o n a t o r .  

10.  A  f i l t e r   as  c laimed  in  claim  9  wherein  each  c o u p l i n g  

c o n d u c t o r   (48)  i n c l u d e s   an  unconnected   end  (52)  a d j a c e n t   to  a  s i d e  

wall  (56)  of  the  w a v e g u i d e .  

11.  A  f i l t e r   as  c laimed  in  c la im  10  and  i n c l u d i n g   at  l e a s t  

one  c o u p l i n g   a d j u s t m e n t   screw  (54)  ex t end ing   through  the  s ide   w a l l  

(56)  of  the  waveguide  a d j a c e n t   to  the  unconnec ted   end  (52)  of  a 

r e s p e c t i v e   coup l ing   c o n d u c t o r   (48)  for  vary ing   the  c o u p l i n g   be tween  

the  coup l i ng   c o n d u c t o r   and  the  d i e l e c t r i c   r e s o n a t o r   ( 4 4 ) .  

12.  A  f i l t e r   as  c la imed  in  claim  11  wherein  each  c o u p l i n g  

c o n d u c t o r   (48)  is  on  the  upper  s u r f a c e   of  the  board  (40)  and  e a c h  

c o u p l i n g   a d j u s t m e n t   screw  (54)  extends   th rough   the  s ide  wall  (56)  

above  the  b o a r d .  

13.  A  f i l t e r   as  claimed  in  any  of  c la ims  1  to  12  and  

i n c l u d i n g   in  the  waveguide  at  l e a s t   one  i s o l a t o r   (30)  having  a  p o r t  

coupled   to  a  r e s p e c t i v e   means  (46)  for  c o u p l i n g   microwave  s i g n a l s   t o  

or  from  a  r e s o n a t o r   ( 4 4 ) .  

14.  A  f i l t e r   as  claimed  in  c la im  13  wherein  each  r e s p e c t i v e  

means  (46)  for  c o u p l i n g   microwave  s i g n a l s   to  or  from  a  r e s o n a t o r   (44)  

which  is  coupled  to  an  i s o l a t o r   por t   compr i ses   a  m i c r o s t r i p  



t r a n s m i s s i o n   l i n e ,   compr is ing   a  conduc to r   (50)  and  a  ground  plane  on 

o p p o s i t e   s u r f a c e s   of  the  board  (40) ,   having  a  c h a r a c t e r i s t i c  

impedance  matched  to  t ha t   of  the  i s o l a t o r   ( 3 0 ) .  

15.  A  f i l t e r   as  c la imed  in  claim  13  or  14  wherein  t h e  

waveguide  i nc ludes   at  l e a s t   one  end  wall  i n c l u d i n g   a  c o a x i a l  

connec to r   (28)  having  a  c e n t r a l   c o n n e c t i o n   ex tend ing   through  the  end 

wall  and  coupled  to  a  second  port   of  a  r e s p e c t i v e   i s o l a t o r   ( 3 0 ) .  

16.  A  f i l t e r   as  c la imed  in  claim  15  wherein  the  wavegu ide  

i nc ludes   two  end  walls  each  i n c l u d i n g   a  r e s p e c t i v e   coaxia l   c o n n e c t o r  

(28) ,   wherein  the re   are  two  i s o l a t o r s   (30)  each  coupled  between  a 

r e s p e c t i v e   coaxial   connec to r   and  a  r e s p e c t i v e   means  (46)  for  c o u p l i n g  

microwave  s i g n a l s .  

17.  A  f i l t e r   as  claimed  in  any  of  claims  1  to  16  wherein  t h e  

waveguide  comprises   a  body  (10)  c o n s t i t u t i n g   the  lower  (26)  and  s i d e  

(56)  walls   and  a  f l a t   l id   (12)  c o n s t i t u t i n g   the  upper  wa l l ,   and  means 

(16)  for  s ecu r ing   the  l id   to  the  body .  

18.  A  f i l t e r   as  c laimed  in  any  of  c laims  1  to  17  wherein  t h e  

board  (40)  comprises   p o l y e t h e r i m i d e   m a t e r i a l .  
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