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ABSTRACT

In this paper, a full-wave amlysis of equi-

valent circuit parameters of gap discontinuities

in suspended striplines is investigated rigorously

byresonance mthodandvariatioml technique. A

set of charts of the parameters at W- and Ka-band

are evaluated. A Ka-band prototype bandpass filter

has been designed ami realized to demonstrate the

feasibility of the present analysis. The mesured

results agree well with the theoretical prediction.

INTRODUCTION

Though the

sively used in

suspended stripline has been exten–

microwave and millimeter wave in–

tegrated circuits for a long time, the rigorous

analysis of its discontinuities has not been

published yet in literature. Only few papers dis–

cussing such a problem by quasi-static methcxl gave

out some emperical or approximate results.[11 [21

In this paper, the gap discontinuities in

suspended stripline including microstrip are inves–

tigated rigorously by resonance methcd together

with variatioml technique. N1 wave analysis is

applied and frequency dispersion effects are taken

into account. A set of design charts at Ka-band

andh%and are evaluated. Using these results a KE–

band prototype bandpass filter has been designed

and tested to demonstrate the feasibility of the

present analysis. ‘lhemeasure dresults agree well

with the theoretical predictions.

TS-IIK)RY

Fig.1 shows the configuration of the gap
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discontinuity in a a suspended stripline and Fig.2

is its equivalent network. Suppose two magnetic wall

set at a distance 11 and 12 respectively away frOrn

the left and right reference plane of the discon–

tinuity so that a closed resonator is formed. Due

to s-try, 11= 12 = 1, the equivalent circuit

parameters canbe detennined from the following

resonance conditions:

Yll - Y12 ‘–@’(P1o) (1)

’11
+Y12 =-jtan(}le) (2)

where~ is the phase constant of the dominant mde

of uniform suspended stripline. 10 and le are dis-

tances between the magnetic wall and the reference

plane when the symnetric plane of the circuit is

electric and magnetic wall respectively. Therefore

the problem of calculating Yll and Y12 becomes

a problem of calculating 10 and le which are

evaluated by variational technique.

In Fig.3 the resonator contains the suspended

stripline discontimity and is enclosed by a housing

with electric and magnetic walls. Let% ami~ re-

present the trial fields inside the resonator, ~

ard??’stand for current density and magnetic current

density in all three regions~1,~2 and _G3, and rs

~; are corresponding currents on each boundary sur–

faces. Then~and~ satisfy the following varias.

timnal equation [3] ard MamelL6 equations:

VX7T= jOtE+.7
(3)

vX~=-juy(fi.~

If~and% are so chosen that i)nregion~1T2andU3

hth~and% are equal to zero then the first term
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of equation (4) vanishes. The second term depends

on various boundary conditions. Since the wall of

the resonator is either electric wall or magnetic

wall, the surface integration of this part is zero.

For the boundary at y=h3 the tangential components

of electric fields on each side are continuous. So

do magnetic fields. Therefore the bmndary at y=h3

has no contribution to the surface integration. The

only boundary needing consideration is that at

y= h3+d. The tangential components of electric

fields are still continuous at y=h3+d. Hence no

magnetic current exists on that lxmndary. While

the tangential components of magnetic fields are

not continuous on the stripline surface Sw.

~(I)_R(2) -~syOnsw

t {t = O , except Sw
(5)

Therefore the variational equation (4) becomes

J~(l) J

t“
Jsds=O (6)

Sw
~(l)
th

can be expressed in terms of Hertz potential

~ and ~e for TE and TMncde respecki~ely. By

applying boundary conditions and after some
-(1)

necessary mmipulation the expression of Et as

a function of surface currenC density J; Snd a set

OE dimensions of the resonator is derived. Then

let 7’ expanded into an appropriate series of base

function~s ~as follows
>

7s .~\7s,k (7)

where 7s ~= Jzk(x,z)iiz +.JA(x,z)~x (8)

and sin ~ (h- lz-~~ )
Jzk(x,z) =

e %)2
sin (~h)

2xlT
sin(~) sin? (h- lz-~1 )

‘*(X”) ‘m ‘in(~h)

Substituting Eq. (7) and (8) into (6) and applying

Rayleigh-Ritz method yield a set of homogeneous

following matrix e~tion

[A] [c]=O (9)

where [C] = [C1C2C3 . . . ..\]T

[A] = [~llk,k

The matrix element ~ is a function of frequency

and the dimensions of the resonator. Once frequency

and the configuration of Fhe resonator are given

the distance 10 and le can be obtained from the

following equation

det [A] ==0

Then fromEq. (1) and (2) Yll andY12 are evaluated

RESULTS

A set of equivalent parameters jBs= -Ylz and

jBp= Yll+ Y12 of the gap discontinuity in suspended

stripline are calculated. Fig.4 and 5 show the

parameters at W-band. Fig.6 and 7 show the parame=

ters at Ka-band. It is evident that all these

curves are frequency~ependent. Fig.8 is a proto-

type Ka-band bandpass filter designed for demon-

stration. The measured result shown in Fig.9 is

in gocd agreement with the theoretical prediction.
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