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Abstract

Although hybrid T-junctions (magic T's) are
widely used in common microwave practice, no
efficient method of analysis of such junctions is at
present available. In this contribution we propose a
very simple, yet rigorous and efficient model for the
full-wave characterization of these junctions. The
model is based on a suitable segmentation of the
structure in conjunction with the admittance matrix
description. When suitable modal expansions of the
Green’s functions are considered, a very high
numerical efficiency is obtained. Numerical
simulations show excellent agreement with measured
data.

1. Introduction

Multiport junctions are frequently used to
achieve the desired power division among different
waveguides. In particular, T-junctions, both in the E
and H planes (later referred to as planar T-junctions)
and magic-T junctions (which will be referred to as 3-
D T-junctions) are among the most commonly
employed. The analysis of planar T-junctions has been
addressed in many papers [1-3]. In [1] a very simple
and efficient method to describe the planar junction
by means of the admittance matrix representation has
been introduced. Recently, an approach based on the
three plane mode-matching has been followed in [2].
In such an approach the conventional mode-
matching technique, based on the characterization of
the individual discontinuities by means of the
generalized scattering matrix, has been used. In order
to maintain the boundary value problem tractable,
one of the three ports was consecutively short
circuited and the resulting structure analyzed. As a
consequence, three different analyses of the double
step discontinuity have to be performed. Finally, in [3]
modal analysis has been used to describe several
planar junctions with the scattering superposition
technique.
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The 3-D magic T-junction has received
considerably less attention. In this case the
conventional mode-matching technique, although
feasible, leads to codes which are both involved and
poorly efficient. On the contrary, the 3-D T-junction
can be treated in a straightforward manner by applying
the segmentation technique introduced in [4, 5] for the
analysis of branch-guide coupler. The same technique
can be used both for the simpler planar T-junction as
well as for more complicated multiport structures
(designed to fulfill special requirements of
power/phase distribution among different ports),
which can thus be analyzed in an extremely easy and
efficient way.

b)

Fig. 1. a) H-plane T-junction; b) E-plane T-junction;
c) hybrid T-junction (magic T)

A 3-D T+junction is sketched in Fig. lc. Fig. 2
shows the same structure with the feeding
waveguides removed. This is just a rectangular
resonator with four apertures on its walls. The
analysis can be accomplished very easily using the
admittance matrix representation. It is sufficient to
compute the magnetic field on the various apertures
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when these are short-circuited, i.e. when the resonator
is completely closed (with apertures replaced by
equivalent magnetic currents). As a consequence, the
involved boundary value problem is greatly
simplified. With this technique one does not need to
analyze discontinuities, but just to characterize the
very simple geometry of the resonator. Moreover, this
characterization leads to a straightforward network
description of the overall discontinuity (3-D junction),
thus providing further insight into the coupling
mechanism between the various ports.
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Fig. 2. Segmentation of the hybrid Tee into a resonator Ry and four
feeding waveguides. Shadowed regions correspond to the apertures
on the resonator

2. Theory

Let Rgp be the resonator of Fig. 2, where four
physical outputs Sj (i=1,..,4) to be connected to the four
waveguides are produced. The EM field in Ry is
determined uniquely by the knowledge of the
tangential electric field over the output Si. By slightly
modifying the treatment in [6], the magnetic field in
Ro can be expressed in general as

H(r) = jue j{;san(r') G(r,r')dS'=

N
joe Y, fsan(r')g(r, r)ds’ e
i=1 °t

the integral over S being reduced to the only portions
5i where nxE is not zero. In (1) the quantity nxE can be
interpreted as a magnetic surface current flowing on
Si. G is the dyadic Green's function for the magnetic
field in Ro. It is a solution of

VXVXG -k°G = §(r-r') iR, @)

axVxG =0 onS 29
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where k2 = w2pe, I is the unit dyadic, & is the Dirac
delta function.

The relationships among field quantities at
the openings Sj can be formulated in terms of a
generalized admittance matrix by expanding the
tangential E- and H-fields into the modes of the
feeding waveguides,

O G!
nxE = Y Vi 0, (3a)
k=1
GERNFORC I
H 21 0y (3b)
k=1

Nj being the number of waveguide modes taken into
account on Si. The series in (3a,b) are truncated to Nj
terms for numerical reasons. The expansion
coefficient Vi (1) and Ix(i) represent the equivalent
voltage and current on the kth electrical port on the

éutput Si. They are related to the respective field
quantities on Sj by

vi= fan(r) q)(i)(r) dr (4a)
k
1= f H(r) q>k @ dr (4b)

Combining (4b) with (1) and (3a) we obtain

9= EZYU v (5)

i=1k=1
where
1(31112* f¢ @) G(r,r)e (I)k (r Yydrdr' (©6)

defines the generalized admittance matrix of Rg. This
quantity represents the amplitude of the mt# current
component entering the jth opening produced by a
unit kth component of the voltage at the ith
opening, all the other voltage components being zero.

Observe that the same method can be used no
matter how many waveguides are connected to R,. It
therefore can be applied to a stub structure, to an’
ordinary T-junction (E- or H-plane) as well as to a
cross-junctions, etc. It is also noted that no matrix
inversion is necessary to compute the generalized
admittance matrix. This is due to the fact that the
admittance matrix is the natural representation of a

cavity with conducting walls.



3. Results

The theory developed in the previous sections
enables us to calculate in a very effective way the
admittance and then the scattering matrix, of a hybrid
T-junction (magic T). In order to validate the theory,
we have compared our results with previuosly
published data. In particular, as a first example, planar
T~junctions have been simulated and fig. 3 shows the
S-parameters obtained for an H-plane waveguide T-
junction simulated and measured by Liang et al. in [2].
A good agreement is observed between both theories.
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Fig. 3 Scattering parameters of the H-plane T-junction withWR-
90. The dots refer to the simulations of [2).

A further comparison is provided in Fig 4
where the E-plane T junctions analyzed by Sieverding
and Arndt [3] are compared with our results. Also in
this case, a very good agreement can be observed.

Finally, Fig 5a shows the results of the
theoretical simulations for a magic T-junction made
with four identical WR62 waveguides, while the
relative geometry as well as the port numbering is
depicted in fig. 5b.
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Fig. 4 .E-plane T-juncrion with unequal width waveguides (port 1,
2 refer to @ WR-137, while port 3 refers to a WR-90). The dots
represent the theoretical computations reported in [1, 3]

4 Conclusions

Although hybrid T-junctions (magic T) are
widely used in common microwave practice, few
methods of analysis of such junctions are at the
present available. In this contribution, by using a
suitable segmentation of the structure and the
admittance matrix description, we have introduced a
rigorous and numerically very efficient technique for
the full-wave characterization of the hybrid T-
junction discontinuity. Numerical simulations have
been compared with measured data confirming the
high degree of accuracy attained.
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Fig. 5. Scattering parameters (a) and geometry and port numbering
(b) of the hybrid Tee.The waveguide used is the WR-62.
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