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Abslrait S ym m etric  c ap a c itiv e  and  in d u c tiv e  w avegu ide  w indow s have been analysed using  varia l.una l techn ique  The norm alised  
siisttpuncc for those tw o types o f  w indow s have been found out both theoretically  and experim entally Results ob tained  thcoictically  shows 
better agreem ent than  stan d ard  results availab le  w ith experim ental results U sing w aveguide w indow s a w aveguide filter has been designed and 
LApcrimcnially v cn fied  Finally , a sw itch  has been  designed using  the filter w hich shows an isolation o f  over AO dB,

keywords W aveguide, con d u ctin g  s trip i. RF field  analysis
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T In tro d u c tio n

\^avcguidc s tru c tu re s  a re  c o m p o s ite  re g io n s  c o n ta in in g  not 

only uniibrm o r n o n u n ifo rm  w a v e g u id e  re g io n s  b u t a lso  

(lisconiinuity reg io n s . T h e  c o m p le te  d e sc r ip tio n  o f  th e  f ie ld s  

vMihin a d isco n tin u ity  re g io n  g e n e ra l ly  re q u ire s  in a d d itio n  

10 the dom inant m o d e , an  in f in ity  o f  n o n p ro p a g a t in g  m o d e s  

A waveguide r e g io n  c a n  b e  r e p r e s e n te d  b y  a s in g le  

[transmission line a p p ro p r ia te  to  th e  p ro p a g a t in g  m o d e s . T h e  

discontinuity can b e  re p re s e n te d  b y  m e a n s  o f  lu m p e d  c o n s ta n t 

equivalent c irc u its  to g e th e r  w ith  th e  tr a n s m is s io n  lin e  

representative o f  th e  a s s o c ia te d  w a v e g u id e  w h ich  se rv e s  to  

describe the fie ld s  a lm o s t  e v e ry w h e re  w ith in  a  g e n e ra l 

'waveguide s tru c tu re . T h e  w a v e g u id e  w in d o w s  w h ic h  a re  

discontinuities a re  d e a lt  h e re . T h e  th e o re t ic a l  d e te rm in a tio n  

equivalent c ir c u it  p a ra m e te r s  re q u ire s  m a th e m a tic a l 

'ods that d o  n o t p ro p e r ly  lie  w ith in  th e  re a lm  o f  

t^wavc n e tw o rk  e n g in e e r in g . In s te a d , su c h  d e te n n in a tio n  

‘rally involve th e  s o -c a lle d  b o u n d a ry  v a lu e  o r fie ld  

l̂erns. V a ria tio n a l m e th o d  h a s  b e e n  u se d  h e re  to  f in d  o u t 

lonnalised su s c e p ta n c e  o f  c a p a c i tiv e  o r  in d u c tiv e  w in d o w

gives an a p p ro x im a tio n  to  th e  d e s ire d  q u a n tity . T h ech

■̂rila is s ta tio n ary  a b o u t  th e  c o r r e c t  so lu tio n  w h ic h  m e a n s  

form ula is r e la tiv e ly  in s e n s it iv e  to  v a r ia tio n s  in  an 

field a b o u t th e  c o r r e c t  f ie ld .

2. T h e o r e t ic a l  a n a ly s is  a n d  e x p e r im e n ta l  v e r i f ic a t io n  f o r  

c a p a c i t iv e  a n d  in d u c t iv e  w in d o w

L et us c o n s id e r  th e  re c ta n g u la r  w a v e g u id e  o f  F ig u re  1.

F ig u re  1. R ectangular w aveguide

L et El == 0 an d  £ ,  =f(x,  b e  k n o w n  o v e r  th e  2  = 0 c ro ss  

sec tio n . T h e  T E , m o d es  h av e  no  so  a su p e rp o s itio n  o f  

th e se  m o d es  has b een  tak en . T h e  w a v e fn n e tio n  can  b e  

w ritte n  as
00 00

s in (w ;rA :/a )c o s{ /7 ;ry / /7 )c  ( | )

w n-0

w h e re  A„„ a re  m o d e  a m p litu d es  an d  are  m o d e -p ro p ag a tio n  

c o n s ta n ts . at z 0  is g iv en  b y  [1]

s in (m ;rx /a )c o s (n ;ry / fc )  (2)
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F o r a  cap a c itiv e  w av eg u id e  ju n c tio n  as show n  in F igure  2 (a ) 

th e  a p e rtu re  a d m i t t a n c e 's  g iv en  by

Ya-{yo) ajlh-^ y ^ s in ^ (/7 ;rc /2 /7 )

(3 )

N o w , p ro c e e d in g  in the  sam e w ay [1] in case  o f  a cap ac itiv e  

d ia p h ra g m  as sh o w n  in F ig u re  2 (b , c ) th e  n o rm a lised  

su sccp tan cc  is o b ta in ed  as

n I

^ f { y ) c o s ( n m ' / b ) ( J y

L V 2  c /2  ,

hl2vcl2
\ ] \ y )

/V2-C/2
(4)

Incident
Wive

Y 7 Z Z Z Z 2 T
L_________ V / / / / / A  _ ^ x  T

(a) (h) (c)

F ig u re  2. (a) C apacilivc w aveguide ju n c tio n , (b) C apacitive diaphragm  

and (c ) Li]u I valent circuit

F or an in d u c tiv e  ju n c tio n  as sh o w n  in F ig u re  3 (a) the 

ap e rtu re  su sccp tan cc  is g iv en  by

f t ,  =
U ^ m n l a )  - ( ;r /c )

X |sin(m;r/2 4 /77/r(cy2a) +sin(w;r/2 - /w;rc/2a)} '

F o r an in d u c tiv e  d iap h rag m  as sh ow n  in F ig u re  3 (b , c) the 

n o rm a lised  su sc c p ta n c c  is g iv en  by

B I  \p .n jc f  l \^7t laf  |  (5 )

T h e  va lues o f  n o rm a lised  su scep tan ce  o b ta in ed  fo r 0 .9 "  ^ 0 .2" 

c a p a c itiv e  w in d o w  and  0 .7 " >^0.2" in d u c tiv e  w in d o w  are

► Incident wave 

1 ______  _ *̂ 1̂
■ I

(a) (b) (c)

usin g  s lo tted  line te c h n iq u e  an d  v e c to r n e tw o rk  analyser 

(H P  8 4 IOC). T h e  re su lts  a re  sho w n  in F ig u re s  4 and 5
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F ig u re  4, N orm alised susccptancc vs frequency for a capacitive wmdov
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F ig u re  5. Norm alised Susccptancc vs frequency for an inductive wmdem

3. D esig n  o f  a  f i l te r  a n d  a  sw itc h

A filte r h a s  been  d es ig n ed  u s in g  w a v eg u id e  w indow s as 
show n  in F igu re  6. I f  on  o n e  s id e  o f  th e  w a v eg u id e  a window

A

I
B

T

b z L , " - H

M atched  termination

F ig u re  3. (a) Inductive junc tion , (b) Inductive diaphragm , (c) E quivalent 

c ircuit

co m p a re d  w ith  th e  c o rre sp o n d in g  v a lu es o b ta in ed  from  

M a rc u v itz ’s fo rm u la tio n  [2]. E x p erim en ta l v a lu es are o b ta in ed

>2 -  1 -  jb ,  + jb ,  Yi *  1 + jb  

F ig u re  6. W aveguide f il te r

a lo n g  w ith  a  m a tc h e d  te rm in a tio n  is u sed  th a n  a t a particular 
freq u en cy  th e  n o rm a lise d  a d m itta n c e  a t p o in t B will be 

y  = H - jb,  w h e re  b is th e  n o rm a lise d  su scep tan ce  at that 

freq u en cy  d u e  to  th e  w in d o w . U s in g  sm ith  c h a rt th e  minimuin 
d is tan ce  a t w h ich  th e  n o rm a lise d  c o n d u c ta n c e  is 1 is found 

ou t. L et the  n o rm a lised  su sc e p ta n c e  th e re  b e  -Jb\. A window
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which g ives n o rm a lis e d  su sc e p ta n c e  of+jh\  al th e  freq u en cy  

concerned is u s e d  a t  p o in t A so  th a t th e  n o rm a lise d  ad m ittan ce  

becomes s im p ly  1 a n d  h e n c e  th e  re f le c tio n  c o e ff ic ie n t is z e ro  

and the w h o le  sy s te m  a c ts  as  a n a rro w b a n d  filte r. T h e  d esig n  

frequency is c h o s e n  to  b e  9.2 GHz. T h e  n o rm a lis e d  

susceptance al th a t p a r t ic u la r  fre q u e n c y  \s b = B/Yq  ̂ 0 .4 4

l iRutf 7 . Kdlcction coeiricient v.s frequency for the designed microwave
slid
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as fo u n d  from  v ec to r n e tw o rk  a n a ly se r  m e a su re m e n t fo r  a 

c ap ac itiv e  w in d o w  o f  size  0 .9 ” 0 .2 ” . F ro m  S m ith  C h a rt, it 

has b een  found  th a t a sam e w in d o w  w h ich  g iv es  n o rm a lise d  

su scep tan ce  o f  0 .44  is to  b e  p la c e d  at a d is ta n c e  o f  0 2 1 6  

i,e 1.01 cm . S ince  the leng th  is v e ry  sm all so  it is p la c e d  

at fu r th e r a h a lf  w av e len g th  d is tan ce  ap a rt. T h e  re f le c tio n  

and  tran sm iss io n  ch a ra c te ris tic s  cu rv es  fo r the  d e s ig n e d  filter 

as o b ta in ed  u sin g  H F 8 7 5 7 C  S ca la r  N e tw o rk  A n a ly se r  are  

show n  in F ig u res 7 and  8 . 1 'he fille r m ay  be u sed  as a  sw itch  

by u s in g  FIN  d io d es  ac ro ss  the  w in d o w s.

I Icie copper strips have been utilised acro.ss both windows. 
Number of strips were increased step by step. Ultimately 
using seven strips an isolation of over 40 dB has been 
achieved which is .shown in Figure 9

l'i|;urc 8. Vratvmission coefTiciem vs frequency lor the designed microwave 
tiller

Figure 9. Iransmission cocllkienl curve of ihc .switch

4. C o n c lu s io n s

T h e  re su lts  o b ta in ed  u sin g  v a ria tio n a l m e th o d  sh o w s b e tte r  

ag reem en t w ith  e x p e rim e n ta l d a ta  than  u s in g  M a rc u v itz ’s 

fo iTnulation . T h e  sw itch  d o es  n o t show  n a rro w b a n d  re sp o n se . 

T h e  a u th o r  su g g es ts  th a t a n a ly s is  m ay  be d o n e  u s in g  m eth o d  

o f  m o m en ts  (M O M ).
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