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@  Microwave  filter. 

@  An  electrical  assembly  comprises  a  board  (13)  mounted  on 
the  bottom  wall  of  an  aluminium  box  (10)  and  having  an  in- 
sulating  layer  (16)  mounted  on  a  conductive  layer  (17),  a  micro- 
strip  circuit  (18,19,20)  formed  on  the  insulating  layer  (16),  and 
a  comb-line  microwave  filter  which  includes  a  set  of  resonant 
elements  (22  to  25)  extending  form  the  conductive  layer  into 
a  cavity  (27).  The  element  (22)  is  insulated  from  the  conduc- 
tive  layer  (17)  and  is  connected  to  a  point  in  the  microstrip  cir- 
cuit.  By  providing  the  microstrip  circuit  and  filter  on  a  common 
board,  no  connected  leads  are  needed.  Other  filters  may  be 
combined  with  a  microstrip  circuit  in  a  similar  manner. 



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

Where   a  m i c r o s t r i p   c i r c u i t   r e q u i r e s   a  m i c r o w a v e  

f i l t e r ,   t h e   f i l t e r   may  e i t h e r   t a k e   t h e   form  of  a  

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

c i r c u i t   by  c o n n e c t i n g   l e a d s   or  a  m i c r o s t r i p   f i l t e r  

f o r m e d   as  an  i n t e g r a l   p a r t   of  t h e   m i c r o s t r i p   c i r c u i t .  

I t   i s   s o m e t i m e s   p r e f e r r e d   to   p r o v i d e   t h e   f i l t e r   as  a  

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

l o s s e s   t h a n   a  m i c r o s t r i p   f i l t e r   and  a l s o   a  c o m b - l i n e  

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

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

r e p r e s e n t s   a  d i s a d v a n t a g e   of  t h i s   a r r a n g e m e n t .  

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   t o  

p r o v i d e   a  m i c r o w a v e   f i l t e r   in   an  i m p r o v e d   f o r m .  

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

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

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

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

a  s e t   of  e l e m e n t s   e x t e n d i n g   f rom  t h e   c o n d u c t i v e   l a y e r  

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

l e a s t   one   of  s a i d   e l e m e n t s   b e i n g   i n s u l a t e d   f rom  t h e  

c o n d u c t i v e   l a y e r   and  b e i n g   c o n n e c t e d   to   a  p o i n t   in   t h e  

m i c r o s t r i p   c i r c u i t .  

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

of  t h e   m i c r o w a v e   f i l t e r   on  a  common  b o a r d ,   t h e   n e e d   t o  

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

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



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

T h i s   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   m o r e  
d e t a i l   by  way  of   e x a m p l e   w i t h   r e f e r e n c e   to   t h e  

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

F i g u r e   1  i s   a  p l a n   v i e w   of  a  box   and  e l e c t r i c a l  

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

e m b o d y i n g   t h i s   i n v e n t i o n ;  

F i g u r e   2  i s   a  p l a n   v i e w   of  t h e   box  w i t h   t h e   b o a r d  

r e m o v e d ;  

F i g u r e   3  i s   a  s e c t i o n   on  t h e   l i n e   3-3  in   F i g u r e   1 ;  

a n d  

F i g u r e   4  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   s h o w i n g   a  
m o d i f i c a t i o n   t o   t h e   a s s e m b l y   of   F i g u r e   1 .  

R e f e r r i n g   now  to   F i g u r e s   1  to   3  of  t h e   d r a w i n g s ,  

t h e r e   i s   shown   an  e l e c t r i c a l   a s s e m b l y   w h i c h   c o m p r i s e s   a  

box   10  made  f r o m   c o n d u c t i v e   m a t e r i a l ,   w h i c h   in   t h e  

p r e s e n t   e x a m p l e   i s   a l u m i n i u m ,   and   w h i c h   h a s   a  h o l l o w  

b o d y   11  and  a  l i d - 1 2 .   The  box  10  h a s   a  w i d t h   W  of  50mm 

and  a  d e p t h   D  of  42mm.  A  b o a r d   13  i s   m o u n t e d   i n s i d e   t h e  

box  10  on  t h e   b o t t o m   w a l l   of  t h e   b o d y   11  by  n i n e   b r a s s  

s c r e w s   w h i c h   p a s s   t h r o u g h   h o l e s   14  and  15  f o r m e d   in   t h e  

b o a r d   13.   The  b o a r d   13  c o m p r i s e s   an  i n s u l a t i n g   l a y e r  
16  f o r m e d   of   p l a s t i c s   m a t e r i a l   m o u n t e d   on  a  c o n d u c t i v e  

l a y e r   17  w h i c h   in   t h e   p r e s e n t   e x a m p l e   i s   f o r m e d  

f r o m   b r a s s .   In   o r d e r   to   p r o v i d e   a  good   e l e c t r i c a l  

c o n t a c t   b e t w e e n   t h e   l a y e r   17  and  t h e   b o d y   11,   t h e   h o l e s  

15  h a v e   an  e n l a r g e d   p a r t   in   t h e   i n s u l a t i n g   l a y e r   16  s o  
t h a t   t h e   u n d e r s i d e   of  t h e   s c r e w   h e a d s   e n g a g e s   t h e   u p p e r  
s u r f a c e   of  t h e   b r a s s   l a y e r   1 7 .  

A  m i c r o s t r i p   c i r c u i t   w h i c h   f o r m s   p a r t   of  a  

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

l a y e r   16  f r o m   c o p p e r   s t r i p   p r o v i d e d   w i t h   p r o t e c t i v e  

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



c o m p o n e n t s   s u c h   as  t h e   c o m p o n e n t   i n d i c a t e d   a t   18  a n d  

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

i n d i c a t e d   a t   19  w h i c h   p r o t r u d e s   a b o v e   t h e   b o a r d   13  a n d  

t h e   c o m p o n e n t   20  w h i c h   p r o t r u d e s   b e n e a t h   t h e   b o a r d   1 3 .  

The  m i c r o s t r i p   c i r c u i t   h a s   an  i n p u t   21.   The  c o m p o n e n t  

19  i s   c o n n e c t e d   to   a  l e a d   19a  w h i c h   p r o v i d e s   a  b i a s  

c o n n e c t i o n   f o r   t h e   f r e q u e n c y   m u l t i p l i e r .  

The  a s s e m b l y   a l s o   i n c l u d e s   a  m i c r o w a v e   c o m b - l i n e  

f i l t e r   w h i c h   c o m p r i s e s   f o u r   r e s o n a n t   e l e m e n t s   22  to   2 5  

w h i c h   e x t e n d   f rom  t h e   c o n d u c t i v e   l a y e r   17  i n t o   a  t r o u g h  

s h a p e d   c a v i t y   27  f o r m e d   in   t h e   b o t t o m   w a l l   of  t h e   b o x  

10.   The  r e s o n a n t   e l e m e n t   22  i s   c o n n e c t e d   to   a  p o i n t   i n  

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

c o n d u c t i v e   l a y e r   17  by  an  i n s u l a t i n g   w a s h e r   ( n o t  

s h o w n ) .   The  r e s o n a n t   e l e m e n t   22  i s   c o n n e c t e d   to   t h e  

b o t t o m   w a l l   of  box   10  by  a  s t e p   r e c o v e r y   d i o d e   29.  T h e  

e l e m e n t   22  f o r m s   t h e   i n p u t   of  t h e   m i c r o w a v e   f i l t e r .   T h e  

r e s o n a n t   e l e m e n t s   23  to   25  a r e   of  c y l i n d r i c a l  

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

b o a r d   13  w i t h   s i l v e r   l o a d e d   e p o x y .   The  r e s o n a n t  

e l e m e n t s   23  to   25  a r e   a s s o c i a t e d   w i t h   a  s e t   of  b r a s s  

t u n i n g   s c r e w   30  to   32  m o u n t e d   in   t h e   b o t t o m   w a l l   of  t h e  

box  10.  The  r e s o n a n t   e l e m e n t   25  f o r m s   t h e   o u t p u t   o f  

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

c o - a x i a l   c o n n e c t o r   33.   The  c o m b - l i n e   f i l t e r   a l s o   f o r m s  

p a r t   of  t h e   f r e q u e n c y   m u l t i p l i e r .  

In  o r d e r   to   a v o i d   h i g h   f r e q u e n c y   l o s s e s   in   t h e  

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

of  t h e   j u n c t i o n   of  t h e   r e s o n a n t   e l e m e n t s   23  to   2 5  

w i t h   t h e   c o n d u c t i v e   l a y e r   17  i s   b r o k e n   down  and  c o v e r e d  

w i t h   c o p p e r   or  s i l v e r   p l a t e .   T h i s   may  be  a c h i e v e d   b y  

v a p o u r   b l a s t i n g   t h e   e p o x y   and  i t s   s u r r o u n d i n g s .  

A l t e r n a t i v e l y ,   a  c a t a l y s t   may  be  s p r e a d   o v e r   t h e  

e p o x y   s u r f a c e   a f t e r   r e m o v i n g   a  l a y e r   by  an  e t c h i n g  

p r o c e s s ,   and  a  p a l l a d i u m   f i l m   may  be  l a i d   d o w n  



i n   o r d e r   t o   p e r m i t   p l a t i n g   w i t h   c o p p e r   or  s i l v e r .  

The  c o m b - l i n e   f i l t e r   o p e r a t e s   as  a  b a n d - p a s s  

f i l t e r   w h i c h   may  be  t u n e d   by  a d j u s t i n g   t h e   s c r e w s   30  t o  

32 .   In   t h e   p r e s e n t   e x a m p l e ,   t h e   f i l t e r   o p e r a t e s   a t   a  

f r e q u e n c y   of  a p p r o x i m a t e l y   l 6 G H z .  

R e f e r r i n g   to   F i g u r e   4  t h e r e   i s   shown  a  

m o d i f i c a t i o n .   In   t h i s   a r r a n g e m e n t   t h e   e l e m e n t   22  a c t s  

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

a  t h r e a d e d   end  35  w h i c h   i s   c o n n e c t e d   to   t h e   b o t t o m   w a l l  

of   t h e   box   10  by  a  n u t   36 .   T h i s   a r r a n g e m e n t   a l s o  

i n c l u d e s   an  o u t p u t   i m p e d a n c e   m a t c h i n g   t r a n s f o r m e r   2 6  

w h i c h   i s   a l s o   c o n n e c t e d   i n c l u d e s   a  t h r e a d e d   end  37  t o  

t h e   b o t t o m   w a l l   by  a  n u t   38.   The  t o p   of  e l e m e n t   26  i s  

c o n n e c t e d   to   a  s t r i p   f o r m e d   on  t h e   i n s u l a t i n g   l a y e r   1 6  

and   w h i c h   a c t s   as   an  o u t p u t .   The  e l e m e n t s   22  to   2 6  

f o r m   a  c o m b - l i n e   f i l t e r .  

W h e r e a s   t h e   c o m b - l i n e   f i l t e r   shown  in  F i g u r e s   1  t o  

3  i s   s p e c i f i c a l l y   d e s i g n e d   to   f o rm  p a r t   of  a  f r e q u e n c y  

m u l t i p l i e r ,   t h e   c o m b - l i n e   f i l t e r   shown   in  F i g u r e   4  m a y  
be  u s e d   w i t h   a  m i c r o s t r i p   c i r c u i t   of  any   d e s i r e d  

c o n f i g u r a t i o n .  

The  e l e m e n t s   22  to   26  a r e   made  of  b r a s s   or  c o p p e r  
w h i c h   i s   s i l v e r   p l a t e d   and  t h e n   p r o v i d e d   w i t h   a  g o l d  

f l a s h .  

A l t h o u g h   in   F i g u r e s   1  to   4  t h e   p r e s e n t   i n v e n t i o n  

i s   a p p l i e d   to   a  c o m b - l i n e   f i l t e r ,   t h e   same  t e c h n i q u e  

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

f i l t e r s .   In   t h e   c a s e   o f  a n   i n t e r d i g i t a l   f i l t e r ,   a  

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

u p w a r d l y   f rom  t h e   b o t t o m   of  c a v i t y   27  t o w a r d s   t h e   b o a r d  

13  and  w h i c h   a r e   i n t e r l e a v e d   w i t h   t h e   e l e m e n t s   22  to   2 6 .  



I t   i s   to   be  n o t e d   t h a t   t h e   box  10  i s   of  s u f f i c i e n t  

s i z e   to   h o u s e   f u r t h e r   c i r c u i t   b o a r d s .   Where   f u r t h e r  

b o a r d s   a r e   n o t   r e q u i r e d ,   a  s m a l l e r   box  may  be  u s e d .  



1.  An  e l e c t r i c a l   a s s e m b l y   i n c l u d i n g   a  b o a r d   ( 1 3 )  

f o r m e d   f rom  an  i n s u l a t i n g   l a y e r   (16)   m o u n t e d ' o n   a  

c o n d u c t i v e   l a y e r   ( 1 7 ) ,   a  m i c r o s t r i p   c i r c u i t   ( 1 8 , 1 9 , 2 0 )  

f o r m e d   on  t h e   i n s u l a t i n g   l a y e r   ( 1 6 ) ,   and  a  m i c r o w a v e  

f i l t e r ,   c h a r a c t e r i z e d   in   t h a t   t h e   m i c r o w a v e   f i l t e r  

i n c l u d e s   a  s e t   of   e l e m e n t s   ( 2 2 , 2 3 , 2 4 , 2 5 , )   e x t e n d i n g  

f r o m   t h e   c o n d u c t i v e   l a y e r   (17)   i n t o   a t   l e a s t   one   c a v i t y  

(27)   h a v i n g   c o n d u c t i v e   w a l l s ,   a t   l e a s t   one   (22)   of  s a i d  

e l e m e n t s   b e i n g   i n s u l a t e d   f r o m   t h e   c o n d u c t i v e   l a y e r   ( 1 7 )  

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

c i r c u i t   ( 1 8 , 1 9 , 2 0 ) .  

2.  An  e l e c t r i c a l   a s s e m b l y   as  c l a i m e d   in   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   e l e m e n t s   ( 2 2 , 2 3 , 2 4 , 2 5 , )   a r e  

m o u n t e d   in   l i n e   in   a  s i n g l e   c a v i t y   so  as  to   fo rm  a  

c o m b - l i n e   f i l t e r .  

3.  An  e l e c t r i c a l   a s s e m b l y   as  c l a i m e d   in   c l a i m   2 ,  

c h a r a c t e r i z e d   in   t h a t   t h e r e   a r e   two  e l e m e n t s   ( 2 2 , 2 6 )  

i n s u l a t e d   f r o m   t h e   c o n d u c t i v e   l a y e r   ( 1 7 ) ,   one  (22)   o f  

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

t h e   o t h e r   (26)   p r o v d i n g   t h e   o u t p u t   of   t h e   f i l t e r .  

4.  An  e l e c t r i c a l   a s s e m b l y   as  c l a i m e d   in   any   one  o f  

t h e   p r e c e d i n g   c l a i m s   c h a r a c t e r i z e d   in   t h a t   t h e   b o a r d  

(13)   i s   m o u n t e d   on  a  w a l l   i n s i d e   a  c o n d u c t i v e   box  ( 1 0 ) ,  

s a i d   a t   l e a s t   one   c a v i t y   (27)   b e i n g   f o r m e d   in  s a i d   w a l l .  
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