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ABSTRACT

In this paper, a full-wave analysis of equi-
valent circuit parameters of gap discontinuities
in suspended striplines is investigated rigorously
by resonance method and variational technique. A
set of charts of the parameters at W- and Ka-band
are evaluated. A Ka-band prototype bandpass filter
has been designed and realized to demonstrate the
feasibility of the present analysis. The mesured
results agree well with the theoretical prediction.

INTRODUCTION

Though the suspended stripline has been exten-
sively used in 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 method gave
out some emperical or approximate results.[1] [2]

In this paper, the gap discontinuities in
suspended stripline including microstrip are inves-
tigated rigorously by resonance method together
with variational technique. Full wave analysis is
applied and frequency dispersion effects are taken
into account. A set of design charts at Ka-band
and W-band are evaluated. Using these results a Ka-
band prototype bandpass filter has been designed
and tested to demonstrate the feasibility of the
present analysis. The measured results agree well

with the theoretical predictions.
THEORY

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 1, and l2 respectively away from
the left and right reference plane of the discon-
tinuity so that a closed resonator is formed. Due
to symmetry, 11= 12 =1, the equivalent circuit
parameters can be determined from the following
resonance conditions:

Y, =Y —jtan( A1)

11~ Y12 )
-jtan( A1)

(2)

Yo+ Y

where g is the phase constant of the dominant mode
of uniform suspended stripline. ]‘o and le are dis-
tances between the magnetic wall and the reference
plane when the symmetric plane of the circuit is
electric and magnetic wall respectively. Therefore
the problem of calculating Y11 and Y12 becomes

a problem of calculating lo and ]‘e which are
evaluated by varitional technique.

In Fig.3 the resonator contains the suspended
stripline discontinuity and is enclosed by a housing
with electric and magnetic walls. Let E and H re-
present the trial fields inside the resonator, J
and M stand for current density and magnetic current
density in all three regions T, Ty and Ty, and j-s
'I\TE are coresponding currents on each boundary sur-
faces. Then E and H satisfy the following varias=.
tional equation [3] and Maxwell$ equations:

VY¥H = jweE + J
VXE = —jouf - W

m@f JeH .—gf/fd'u#jj(ﬁ.j: +-]FI.T4:) ds
S¢

(3)

0 (4)

T

If E and T are so chosen that in region‘nl'cz‘iand T 3
both J and M are equal to zero then the first term
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of equation (4) vanishes. The secord 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 boundary at y=h3
has no contribution to the surface integration. The
that at
y= h3+d. The tangential components of electric

only boundary needing consideration is

fields are still continuous at y=h3+d. Hence no
magnetic current exists on that boundary. While
the tangential components of magnetic fields are
not continuous on the stripline surface Sw.
F)_7(2)_ {—Js’ on Sw
t t 0 , except Sw
Therefore the variational equation (4) becomes

—(1) =&
KEt . Js ds = 0

Sw
can be expressed in terms of Hertz potential

(5)

(6)

-Et(:l)
Tyh and _n_e for TE and T™M mode respectively. By

applying boundary conditions and after some

necessary manipulation the expression of Eél) a

s
a function of surface current density J_S and a set
of dimemsions of the resonator is derived. Then

let “Ts expanded into an appropriate series of base

function 3—5 i as follows

Js :z Ck Js,k (7)
where j;’k= Jzk(x,z)'ﬁ'Z + Jxk(X’Z)G;( (8)
and 1 sin 8 (h-|z-z )
J, (x,z) = A ! Zk‘
zk
1 - (_ZE_)Z sin (/5 h)
W
z=kh, |yl<w, |z-zl<h,
2xw
sin(T) sinls (h—lz—zkl)

Jxk(X’Z) =

A/ 2% (2
1—(—w—)

7= (k=1)h, lylkw, lz—zk|< h.

sin (/B h)

Substituting Eq. (7) and (8) into (6) and applying
Rayleigh-Ritz method yield a set of homogeneous
equations which can be expressed in terms of the
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following matrix equation
(Al [cl =0 (9)

wvhere [C] = [C1

(A e

The matrix element Akl is a function of frequency

[a] =

and the dimensions of the resonator. Once frequency
and the configuration of the resonator are given
the distance lo and le can be obtained from the
following equation

det [A] =0

Then from Eq. (1) and (2) Y, and Y, are evaluated

RESULTS

A set of equivalent parameters B= Y15 and
ijz Y1+ Yoo 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—dependent. Fig.8 is a proto-
type Ka-band bandpass filter designed for demon-
stration. The measured result shown in Fig.9 is

in good agreement with the theoretical prediction.
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