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Abstract

The dominant and the first four higher order modes

in a unilateral fin-line are accurately described from

a tkrou$ Spectral Domain Approach. Then, coupling coef-
ficients between eigenmodes at a discontinuity that
have to be introduced into the scattering matrix formu-
lation, are directly computed in the Spectral Domain.

Finally, fin-line discontinuities often used for impe-

dance transformation are investigated and comparison

with measurements in Ka band are given .

Introduction

Recently, fin-line discontinuities often used for
impedance transformation 1>2 have been investigated by

a direct modal analysis 3 in a manner which could be be-

lieved very atraightforward for computer aided design of
some active circuits 4?5 .In fact, the efficiency of

the direct modal analysia for solving waveguide discon-

tinuity problems especially depends upon existing faci-

lities to evaluate the set of eigenmodes.

Till now, there are mainly two kinds of numerical

methods that can succeed in eigenmodes evaluation in

fin-line structures. The first kind includes methods

which are basically derived from a mode matching opera-

tion with rectangular waveguide modes 6,7 while the se-

cond kind rather gathers spectral analysis in FOURIER

domain.

Despite appearances, a complete review of numerous

works about fin-line discontinuity problems reveals the

lack of both theoretical and experimental results esta-
blishing a solid basis for fin-line circuit design.

The aim of this paper is three-fold : 1) to give an

accurate evaluation of five eigenmodes of the unilateral

fin-line (figure 1) via a thorough Spectral Domain Ap-

proach, 2) to perform calculations of the generalized
scattering matrix with 10x1O elements in the case of the

single step slot width discontinuity (figure 1) by com-

bining the direct modal analysis and the Spectral Domain
Approach, 3) to compare between theory and experiments

in the Ka band.

1- Evaluation of eiqenmodes of a unilateral fin-line

In the conventional Spectral Domain Approach, the

field compon~nts of the h brid guided wave are expressed

+in terms of Ez(an,y) and *(an,y) the n th coefficient
of the FOURIER series with respect to x of the axial
electric and magnetic field components EZ(X,Y) and

Hz(x,y). For a unilateral fin-line, the standard compu-
tational scheme uses an admittance representstion of

continuity and discontinuity conditions at the slot in-

terface y ❑ D. The advantage of such a representation

lies in the possibility to describe with a good preci-

sion rather the aperture field in the slot more than the
current distribution on metallic fins.

Therefore, the key point for an efficient eigenmode
evaluation in an unilateral fin-line lies in the suita-
ble choice of the set of basis functions into which, the
slot aperture field have to be expanded. Aa shown in 9

the dominant mode can be accurately described by means
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Fiqure 1: Step slot width discontinuity in a
unilateral fin-line with a boxed -

in substrate.

of a single EX(X,D) basis function : the unit rectangu-
lar pulse denoted fl(x) in tsble I. However, to descri-
be both the dominant and the higher order modes, the
aperture field expanded with the basis functions deno-
ted fl(x), f2(x), f3(x) and f4(x) in table I aPPears as
a more judicious choice. Checks of this aperture field
have been made in two limit cases for the unilateral

fin-line : the standard rectangular waveguide (er~l;

M/B—-l) and the rectangular waveguide loaded symmetri-
cally by a dielectric slab (WiB~l). They allowed to

conclude about its completeness at least on five eigen-

modes

T- 1: Basis functions and associated~ th
FOURIER coefficient. (tire ❑ Zm ~)
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Dispersion characteristics of the five first eigen-

modes of a unilateral fin-line in Ka band are plotted

in figure 2. They show that its frequency band for a
single mode operation is quite identical-to those of

the standard WR 28 rectangular waveguide.
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Fiqure 2: Dispersion characteristics of eigenmodes in
a unilateral fin-line

Another check of the aperture field is to compute
the eigenmode distribution to be sure of the boundary

conditions as shown in figure 3 for the Excomponent of
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Fiqure 3: Ex field component of the second evanescent

mode. F. 40 GHz.

II -Sinqle step slot width discontinuity in a unilateral

fin-line

The scattering matrix formulation of an axial wave-
guide discontinuity derived from a direct modal analysis

is concisely described in 3. It assembles=two reflec-

~ion and two transmission blocks denoted Sll,~22 and

S12, ~21 respectively. These matrix blocks have MXN ele-
ments according to the numbers Mand B of eigenmodes that
are used in field expansion in waveguides at each side

of the discontinuity plane z . 0 (see figure 1). During
the derivation of matrix elements both coupling coeffi-
cient between eigenmodes at the discontinuity plane and

power flow incident on it, have to be computed. By
transforming them to the FOURIER domain and using the

PARSEVAL’S theorem, the computation ie made easier with
the eigenmode epectral field components.

Figure 4 gives both the insertion and the return
losses of a single slot width discontinuity in Ka band.

Presently, the number of eigenmodes employed in each
waveguide is the same i.e. M = N. Systematic tests of
convergence reported in figures 4 and 5 show that ins-
tabilities of the results versus the number of eigen-

modes concern the phases rather than the moduli.
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Fiqure 4: Moduli of reflection and transmission

coefficients of a step slot width disconti-

nuity in a unilateral fin-line
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Figure 5: Phases of reflection and transmission

coefficients of a step slot width disconti-

nuity in a unilateral fin-line.

Because of the choice of the mode ration M/N has
not been found of crucial importance, it can be conjec-
tured that the relative convergence phenomena is not a
redhibitory problem. Numerous tests of convergence

within the heuristic criterion M/N = W1/W2 have given

quite similar results to those reported in figures 4

and 5.

III-Comparison between theory and experiment in Ka band

In order to evaluate objectively effectiveness of

the direct modal analysis for computer aided design of
fin-line circuits, the device shown in figure 6 has

been fabricated and its characteristics calculated and
atlast measured. The aim was to determine the insertion
and return leases of a pair of interacting “back to
back” steps in slot width (a notch with the terminology

in 4, through “back to back” waveguide to unilateral

fin-line transitions. The main difficulty was of course
to match the transitions i.e. to prevent unwanted re-
flections from both thewaveguideto fin–line junction
and the fin-line taper.

These imperfections in the transition has been ta-
ken in consideration in the calculations through the

computation of their scattering matrix.

Results depicted in figure 7 reveals that the tran-
sition waveguideto fin-line indeed reflects amounts of

the incident power and emphasizes the imperfections
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inherent in the reflectometer. Nethertheless, at frequen-

cies for which the transitions are matched (return loss

greater than +25 DE in figure 7)the effect of the ex-

traneous sources of error in the reflectometer is mini-

mized and then the theory and experiments are found
consistent.
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Figure 6: Transition waveguide to unilateral fin-line——
notch.
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Figure 7: Reflection and transmission of the transition——
waveguide to unilateral fin-line.
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Figure 8: R eflection_—
(lenght:l.5

and-transmission of a notch

mm)

Fiqure 9: Reflection and transmission of a notch

(lenght:7.mm)

Conclusions

The spectral Domain Approach combined with the

direct modal analysis appears as a very promising

technique for calculation of scattering matrix elements

of fin-line discontinuities.

Convergence is necessary both in the waueguide ei-
genmode evaluation and in the waveguide discontinuity
problem. In the case of a unilateral configuration, re-

sults show that a relatively simple slot aperture field

allowed an unambiguous identification of five eigenmo-
des. Moreover, they show that within such an identifi-
cation the relative convergence phenomena on scattering

parameters can be ignored.

Practical waveguide to fin-line transitions must be

improve for bringing more decisive conclusionsabout the
comparison between the theory and the experiments.
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