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Full-Wave Modal Analysis of NRD Guide T-Junction
François Boone, Member, IEEE,and Ke Wu, Senior Member, IEEE

Abstract—A full-wave analysis is made for a nonradiative di-
electric (NRD) guide T-junction. It is developed on the basis of a
mode-matching scheme combined with a cascading procedure that
allows formulating generalized admittance and generalized scat-
tering matrices. Results obtained by this technique are compared
with HFSS results and they are found in an excellent agreement.
Our calculations indicate a strong coupling that may take place
between LSE and LSM modes among ports of the junction.

Index Terms—Generalized scattering matrix, mode-matching
method, NRD guide, T-junction.

I. INTRODUCTION

M MILLIMETER-WAVE technology holds the key for fu-
ture broadband systems. It consists of planar and/or non-

planar building blocks including various waveguides. The non-
radiative dielectric (NRD) guide [1] has been recognized as the
one of the most attractive structures due to its unmatched prop-
erties such as radiationless and low-loss transmission as well as
potentially low cost. Recently, a hybrid integration technology
has been proposed and it offers the possibility of combining ad-
vantages of planar circuit and NRD-guide platforms, and at the
same time overcoming their drawbacks [2], [3]. To date, design
aspects and modeling results have well been documented for
planar circuits. However, limited modeling work has been re-
ported for basic NRD structures such as T-junction, which are
critical in the design of NRD-related circuits and devices.

In this work, a NRD T-junction is studied by a
mode-matching approach coupled with a cascading pro-
cedure. This scheme allows the formulation of a generalized

-matrix derived from a generalized admittance matrix, thereby
leading to a very accurate and efficient algorithm. Since the
present analysis technique for NRD-guide T-junction is not
necessarily restricted to its standard geometrical form, a much
more complicated shape of T-junction can be considered that
leads to a more generalized T-junction.

II. THEORY

A generalized three-port NRD-guide junction is represented
in Fig. 1. The cross section of each NRD port is defined with
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Fig. 1. Generalized three-port NRD junction. (a) Top and cross-sectional
views for each port. (b) Its equivalent circuit.

height and width . The white square region defined by a co-
ordinate may be in the form of any NRD circuit. Then,
electromagnetic fields can be expressed for each port as

(1)

(2)

where and are the normalized modal fields of LSE or
LSM mode. In this way, equivalent modal voltage and
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Fig. 2. Typical convergence behavior of a NRD T-junction atf = 28 GHz.

equivalent modal current can be given in terms of incident
and reflected waves [4]

(3)

(4)

Since LSE and LSM modes are mutually orthogonal in power,
the following relation should be verified:

(5)

and the equivalent modal current at portis simply given by

(6)

An equivalent circuit can be deduced and it is represented in
Fig. 1(b) [5]. The admittance matrix is then defined by

(7)

where and are vectors of order is a matrix
and
If all ports are short-circuited except portby electric wall, all
the equivalent modal voltages are equal to zero except

. Thus the sub-matrix admittance is defined by

(8)

Following a procedure similar to that in [6], each sub-matrix ad-
mittance can be calculated by using a mode matching tech-
nique combined with (6) as the definition of equivalent modal
current where is the total magnetic field on the electric wall
at port excited by port . Therefore, a generalizedmatrix is
derived from its corresponding matrix through

(9)

where is the identity matrix.

III. N UMERICAL RESULTS

The developed algorithm is used to analyze a T-junction de-
fined by mm, mm,

mm, and mm, where is the

(a)

(b)

(c)

Fig. 3. CalculatedS-parameters with the present algorithm and HFSS package
for a NRD T-junction. (a) Transmission characteristics from port 1 to port 2. (b)
Reflection characteristics at ports 1 and 2. (c) Transmission characteristics from
port 2 to port 3.

length of the open-end stub. Moreover, in our modeling, the
transverse section of each port is terminated by metallic walls
that are placed at 10 mm from the center of dielectric part. This
length is found large enough to avoid field interference in 26 to
30 GHz frequency band. Under such a geometrical condition,
two fundamental guided modes are present at each port, that
is LSE mode and the LSM mode. Usually, the LSM fun-
damental mode is preferred in the design with its lowest loss
properties [7]. Nevertheless, the LSEmode is known to have
its cut-off frequency lower than its LSM counterpart, suggesting
that modal coupling and power transfer between them may be
inevitable in a discontinuity region such as T-junction. In our
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studies, modes numbered 1, 3, and 5 are LSEmodes, and
modes numbered 2, 4, and 6 are LSMones.

Now, the first step is to check the convergence characteristics
of this method with respect to the number of mode used in the
algorithm. Since the structure is lossless, the following power
error matrix can be defined:

(10)

from which the average, maximum and minimum power errors
are easily extracted. In this way, error-bar plots may be per-
formed and numerical results for a typical example is shown
in Fig. 2.

A large number of multi-port structures were studied, and
it is found that 30 modes are a good tradeoff in view of the
computational accuracy and efficiency. Note that this developed
algorithm is much faster and more efficient for our modeling
problems than its discretization-based counterparts such as the
finite element method as used in the commercial package HFSS.

Results from this algorithm and HFSS are plotted together
in Fig. 3, showing a very good agreement between the two dif-
ferent approaches. The symmetry of structure is respected and
therefore the following results have been established:

(11)

(12)

(13)

(14)

This example indicates that there is a strong coupling between
LSE-3 mode (respectively, LSM-4 mode) at portand LSM-2
mode (respectively, LSE-1 mode) at port. It can be expected
that a complete mode transfer is realizable from LSE to LSM

from port and to port if the T-junction geometry is
adequately designed.

IV. CONCLUSION

A full-wave algorithm is developed for modeling the gener-
alized NRD T-junction. It is based on a mode-matching method
combined with a cascading procedure. Our results are well com-
pared with HFSS results, also showing a strong coupling be-
tween LSE and LSM modes in the junction.
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