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ABSTRACT

A transverse resonance technique is used to
compute the resonant frequencies of a finline
resonator containing the discontinuity to be
analyzed. From this, the parameters of the equiv-
alent circuit of the discontinuity are evaluated
as functions of frequency and geometry of the
structure.

INTRODUCTION

Finlines are now recognized as a valuable
technology of millimeter wave integrated circuits.
While many theoretical works have been done con-
cerning the analysis and characterization of uni-
form finline structures [1,2], a relatively small
number of analyses of finline discontinuities have
been developed [3,4].

This paper presents a new method of analysis
which can be used for characterizing both uniform
finlines and finline discontinuities. The method
consists of computing the resonant frequencies of
a resonator obtained by short circuiting a finline
section containing the discontinuity to be ana-
lyzed. The computation of the resonant frequencies
is based on a transverse analysis technique. The
EM field is expanded in terms of LSM and LSE modes
of the rectangular waveguide housing. With respect
to other approaches based on the field expansion in
terms of finlines modes [3,4], the present one has
the advantage of a notable reduction of the comput-
ing time. In this paper, we apply the new method
to the step discontinuity in the finline, though
the method itself can be applied to a number of
other discontinuities.

Characterization of the Discontinuity

As will he shown next, the characterization of
a finline discontinuity can be reduced to the eval-
uation of the resonant frequencies of a resonator
obtained by inserting two shorting planes at some
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distances from the discontinuity. The structure so
obtained is shown in Fig. 1.

As long as the frequency is such that only dom-
inant modes can propagate in the two finline sec-
tions and higher order modes excited at the discon-
tinuity have negligible amplitudes at the shortening
planes, the discontinuity can be modeled as a two-
port network, and the resonant structure has the
equivalent circuit in Fig. 2.

In terms of the Z-parameters of the discontin-
uity, the resonance condition is

2
(Zgg ¥ 22y, + Zy) - 27, = 0 (0
where

Z; =32 tan(Bili) 1,2

ZOi are the characteristic impedances of the i-th

finline, Bi the corresponding phase constant.

, are known

which give rise to the same resonant frequency W

If three different pairs of Ql’ L

eq. (1) allows the evaluation of the three impe-
dance parameters of the discontinuity of w = w_ .

If the two finlines are identical, i.e., the
discontinuity is absent, then Bl = 62 = B, and (1)

is easily reduced to B(wl) = /2 with £ = 21 + 22.

In other words, the knowledge of the length £ cor-
responding to the resonant frequency W, allow the

evaluation of the finline phase constant at w = W,

Computation of the Resonant Frequencies

In the case of bilateral finlines, a magnetic
wall can be inserted at x = 0, so that only one
half of the structure (x 2 0) has to be analyzed.
In the following, we shall refer to this case, the
extension to the unilateral case being straightfor-
ward.

The EM fields in the dielectric slab
(0 5 x £ s/2) and in the air region (s/2 ¥ x £ a/2)
can be expanded in terms of TE and TM components
with respect to the x-direction (or LSM and LSE
components). For instance, the transverse (with
respect to x) components of the E-field
0 5 x % s/2 can be expressed as follows:
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where wmn’ ¢mn are the TE and TM potentials of a
rectangular waveguide with inner dimensions
2 =2, + 2% and b,
1 2
2 2 mr., 2 nm, 2
Yoo = Bofr - G - )

Expression (2) is such that the boundary condition

at x = 0 is already satisfied.
The transverse EM field components inside the
slot (x = s/2) can be expressed in terms of a suit-

able set of orthogonal basis function. In the pres-
ent analysis, we expanded the transverse EM field
inside the slot in terms of the modes of a wave-
guide having a stepped cross section corresponding
to the slot geometry (Fig. 1b).

The boundary conditions at x = s/2 lead
finally to a homogeneous system of equations in
the expansion coefficients of the EM field inside
the slots. The condition for non-trivial solutions
constitutes the characteristic equation of the
structure. This equation may be regarded as a real
function of w, 21, 22 equated to zero.

Computed Results

The present method has been first tested for
computing the propagation characteristics of uni-
form finlines.

Fig. 3 shows a comparison between the fre-
quency behavior of the effective permittivity

2
£7 (B/BO)
by the spectral domain approach.
quite satisfactory.
Fig. 4 shows the resonant frequency of the

finline resonator of Fig. 1 as a function of the
total length 2 = %1 + 22, with the ratio 22/21 as a

computed by the present method and

The agreement is

parameter. From these data used in the procedure
outlined in Section 2, the normalized reactance

parameters X11 - X12’ X22 - X12’ X12 of the equiva-

lent T-network of the discontinuity have been com-
puted. The results are shown in Fig. 5.

Finally, Fig. 6 shows the computed scattering
parameters of a unilateral finline discontinuity
compared with those computed by Schmidt using the
mode matching procedure [5].

CONCLUSIONS

A new method of analysis has been used for
characterizing uniform finlines as well as finline
step discontinuities. The results obtained are in
good agreement with available data.

REFERENCES
[1] H. Hofmann, "Dispersion of planar waveguides

for millimeter-wave application,'" Arch, Elek-
tron. Ubertragung., Vol. 31, pp. 40-44, 1977,

[2]

3]

(4]

[5]

415

L.-P. Schmidt, T. Itoh, "Spectral domain ana-
lysis of dominant and higher order modes in
fin-lines," IEEE Trans. MIT, Vol. MIT-28, No.
9, Sept. 1980, pp. 981-985.

A. Beyer, 'Calculation of discontinuities in
grounded finlines taking into account the
metallization thickness and the influence of
the mount-slits,'" Proc. of the 12th European
Microwave Conference, Helsinki, Finland, 1982,
pp. 681-686.

H. El Hennaway, K. Schiunemann, "Analysis of
fin-line discontinuities," Proc. of the 9th
European Microwave Conference, Brighton,
England, 1979, pp. 448-492.

L.-P. Schmidt, Private communication.

Ay

o
v

s —> <—
«— a —>
. !
dy d5
0 ' )

1=11+]2

Fig. 1 Transverse and longitudinal cross
sections of a finline discontinuity

in a shorted cavity
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Fig. 2 Equivalent circuit of Fig. 1
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Fig. 5 Reactance parameters of the
T-equivalent network of the
fin Iine step discontinuity
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