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ABSTRACT

The waveguide n-junction with an inductive post is uti-
lized as the element of a multiple-way power divider in a
slotted waveguide array. Based on the port reflection co-
efficient method (PRCM), an efficient fullwave approach is
proposed for the accurate characterization of the #-junction.
Scattering behaviors of the four-port junction are provided
as a function of the geometric dimensions of the structure,
and they are helpful for the design of power dividers using
this m-junction configuration. The results are compared with
available data, and good agreement is found.

INTRODUCTION

Waveguide T-junction is one of the most commonly used
components in microwave circuits. It is also one of the key
building blocks for many other components, such as multi-
plexers, power dividers, couplers and filters, etc. [1]. Studies
on waveguide T-junctions have been performed extensively
in the past decades, and many analysis methods have been
proposed, which evolved from the initial approximate elec-
trostatic equivalent circuit model [2], to various numerical
approaches developed in recent years [3}-[7].

The continued demand for high performance microwave
circuits has resulted in the development of new refined cir-
cuit structures. As a consequence, waveguide T-junctions
with more complicated configurations have been suggested
and investigated for meeting a variety of application require-
ments. In [8], a ridge waveguide T-junction was proposed
for wide bandwidth usage, and in [9] and [10] a waveguide
T-junction was loaded with an inductive post for lowering
reflection at the input port. The characteristics of a slit-
coupled T-junction were discussed in [11} and [12] by two
different approaches. -

In this paper, the scattering characteristics of a complex
waveguide four-port junction, illustrated in Fig. 1(a), are
investigated. This structure was proposed by [13] as the
basic element of a multiple-way power divider in a single-
layer slotted waveguide array, shown in Fig. 1(b), and was
called waveguide 7-junction.

The waveguide 7-junction can be obviously divided into
two parts, a slit-coupled 7-junction and a waveguide bifur-
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cation, and these two parts are linked by a wider waveguide
of dimensions (ag+t+a4) xh, in which the higher TEs, mode
propagates. Because of the higher order mode interactions
between the T-junction and the wavegnide bifurcation, these
two parts can not be treated separately in the analysis, but
need to be considered as a whole. This means that the so-
phisticated analysis techniques and numerical results for the
three-port T-junctions can not be applied to this {four-port
-junction.
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Fig. 1. (a) Waveguide n-junction with an inductive post. (b) Feed

structure of a single-layer slotted waveguide array. (c)The resulting
two-port configuration for solving reflections at Ports 3 and 4.
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To accomplish accurate characterization of the waveguide
m-junction, numerical approaches like the finite element me-
thod (FEM), the boundary element method (BEM), etc., can
be employed. However, a well known shortcoming of these
approaches is that they require large computer memories and
heavy numerical computations. The Galerkin’s method of
moments of [13] yielded fairly accurate results. However,
it costed considerable efforts in both analytical formulation
and numerical computation.

In this contribution, an efficient fullwave approach is de-
veloped for characterizing the waveguide w-junction with an
inductive post. This approach is based on the port reflec-
tion coefficient method (PRCM), proposed by the authors
[14] for the treatment of multi-port microwave network prob-
lems, and its main process is described as follows: First we
terminate Ports 1 and 2 by short circuits, as shown in Fig.
1(a). Then, looking from Ports 3 and 4, the original four-
port structure is turned into a two-port configuration, shown
by Fig. 1(c), which consists of cascaded waveguide discon-
tinuities: a waveguide bifurcation, a metal slit of width w
and thickness g, and an inductive-post-loaded waveguide of
length a;. Using the mode-matching method, we solve the
scattering matrices of all these discontinuities, and by em-
ploying the generalized scattering matrix technique, we find
the reflection coefficients looked at Ports 3 and 4. Repeat
the above process seven times, each time with a move of the
short circuit at Port 1 or 2, we get seven different groups of
reflection coefficients at the ports. (The numbers above the
short circuits in Fig. 1(a) indicate a possible sequence for
moving the short circuits.) Substituting the obtained reflec-
tion coefficients into formulations given in [14], we have the
desired scattering parameters of the m-junction. Since the
original four-port problem is turned into a one-port wave-
guide cascaded discontinuity problem, the analysis and the
solution procedures are extremely simplified.

NUMERICAL RESULTS AND DISCUSSIONS

The validity and accuracy of this method is first proved
by comparing the obtained results with those of [13] using
the Galerkin’s method of moments. The dimensions of the
calculated m-junction are: @) = a3 = a4 = 58.1 mm, g = 1.6
mm, k= 34.0 mm, { = 3.2 mm, w = 30.0 mm, s = 0.0 mm,
p = 43.0 mm and ¢ = 5.0 mm. In Fig. 2, the frequency
dependence of the divided powers to Ports 3 and 4, Sy; and
Sy1, and the reflection S;; at Port 1 are illustrated. It is seen
that the calculated results by the two approaches are in good
agreement. We note that the inductive post of [13] was a cir-
cular one with a diameter 2r = 4 mm, but the post in our
computation is a square one with dimensions determined by
the approximate equivalent relation, ¢ = d = 4r/2.365 ~ 3.4
mm [15]. However, the present approach is applicable to
posts of arbitrary cross sections. For a circular post of di-
ameter 2r = 4 mm, for example, we can approximate it by
staircases, and our computations demonstrate that a seven
staircases division yields converged results that are coinci-
dent with those of [13].
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Fig. 2. Frequency dependence of the power reflection and
transmusston coefficients of a wavegurde #-junction,
calculated by two different approaches

The dimensions of the above m-junction were designed by
[13] for realizing equal transmitted powers to Ports 3 and 4
while suppressing reflection at Port 1. This is ended by ad-
Jjusting the slit width w to control the coupling of power, and

" changing the location of the inductive post to minimize the
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reflection Sy;. The working frequency is 3.95 GHz. From Fig.
2 we see clearly that by introducing the inductive post, the
reflection at frequencies around 3.95 GHz is lowered down
drastically. The difference between the transmitted powers
to Ports 3 and 4 is illustrated in Fig. 3, and we see that the
average amplitude difference is about 0.3 dB and the phase
difference 1.5 degree. Measured results of [13] are also indi-
cated by dots, and they agree favorably with the calculated
ones.
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Fig. 3 Comparison between the calculated and measured
results of the difference between the transmitted power to
Ports 3 and 4 of a waveguide R-junction,



In Fig. 4, the frequency dependence of the divided power
to Ports 3 and 4, and the reflection S); at Port 1 are depicted
for square posts with three different widths, c=d=2 mm, 3.4
mm and 6 mm, respectively. It is seen that when c=d=3.4
mm, the reflection coefficient is below —30 dB from 3.84 GHz
to 4.05 GHz (5.4% bandwidth), reaching a minimum point
of —58 dB at the designed 3.95 GHz. The amplitude and
phase differences between the transmitted powers to Ports 3
and 4 are of the same level for all of the three cases, as we
can see from Fig. 4.
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Fig. 4. Frequency dependence of the power reflection and
transmission coefficients of the waveguide m-junctions
with different dimensions of the post.

Similar behaviors are found in Figs. 5 and 6, where the
locations of the post are varied with different values of p or
¢ (refer to Fig. 1). It is seen that the frequency at which
the minimum reflection occurs shifts from high to low values
when the value of p is increased or the value of q is decreased.

We stated above that the slit width w can be changed
for controling the power transmitted to Ports 3 and 4. This
is demonstrated by Fig. 7. When the value of w is changed
from 25 mm to 35 mm, the power transmitted to Ports 3 and
4 at 3.95 GHZ is increased approximately from-12 dB to -7.2
dB. Also we see that the frequency at which the minimum
reflection occurs shifts from high to low values as the value
of w is increased.

Finally, the frequency dependence of the divided powers
to Ports 3 and 4, and the reflection S;; at Port 1 are com-
pared in Fig. 8 for rectangular posts with different aspect
ratios. The solid line is for ¢ = d = 3.4 mm, the dotted line
for ¢ = 2.0 mm and d = 4.8 mm, and the dashed line for
¢ = 4.8 mm and d = 2.0 mm. In each case, the perimeter
of the post is maintained a constant, i.e., 2(c + d) = 13.6
mm. The results reveal that while the difference between
the transmitted powers to Ports 3 and 4 is kept nearly un-
varied, and the reflection at Port 1 is maintained a low level
at frequencies around 3.95 GHz, the frequency at which the
minimum reflection occurs can be shifted by adjusting the
aspect ratio of the post.

763

DT

Amplitude (dB)

Vo)

m

=

(]

el

B

H
_]25.1.1 [P WP { T
36 37 38 39 40 41 42 43

Frequency (GHz)

Fig. 5. Frequency dependence of the power reflection and
transmission coefficients of the waveguide m-junctions
with different values of p of the post location.
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Fig. 6. Erequency dependence of the power reflection and
transmission coefficients of the waveguide m-junctions
with different values of g of the post location.

CONCLUSIONS

An efficient fullwave approach is developed for charac-
terizing the waveguide n-junction with an inductive post.
The analysis and the solution are easy to perform because
they are simplified to the computations of field reflections
at waveguide step-junction type discontinuities. Variation
behaviors of the scattering parameters of this m-junction are
demonstrated as a function of the geometric dimensions, and
they are verified by available results. A simple equivalent re-
lation between circular and square inductive posts in such a
w-junction is numerically proved valid.
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Fig. 7. Frequency dependence of the power reflection and
transmission coefficients of the waveguide m-junctions
with different values of w of the stit width.
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Fig. 8. Frequency dependence of the power reflection and
transmission coefficients of the waveguide m-junctions
with different aspect ratios of the post.

ACKNOWLEDGMENT

The authors thank Professor Naoto Kishi of the Uni-
versity of Electro-communications for his helpful discussions.
As a Research Fellow of the Japan Society for the Promotion
of Science (JSPS), one of the authors, Ma, would also like to
express his gratitude to JSPS for partial financial support.

REFERENCES

[1 ] L. Matthaei, L. Young, and E. M. T. Jones, Microwave
Impedance Matching Networks, and Coupling Structures.

764

New York: McGraw-Hill, 1964.

[2 ] N. Marcuvitz, Waveguide Handbook. vol. 10, Radiation
Laboratory Series. New York: McGraw-Hill, 1951.

[3 ] E. D. Sharp, “An exact calculation for a T-junction of rect-
angular waveguides having arbitrary cross sections,” IEEE
Trans. Microwave Theory Tech., vol. MTT-15, pp. 109-
116, Feb. 1967.

[4 ] M. Koshiba and M. Suzuki, “Application of the boundary-
element method to waveguide discontinuities,” IEEE Trans.
Microwave Theory Tech., vol. MTT-34, pp. 301-307, Feb.
1986.

[5 ] F. Arndt, 1. Ahrens, U. Papziner, U. Wiechmann, and R.
Wilkeit, “Optimized E-plane T-junction series power di-
viders,” IEEFE Trans. Microwave Theory Tech., vol. MTT-
35, pp. 1052-1059, Nov. 1987.

[6 ] W. K. Gwarek, “Analysis of arbitrary-shaped two-dimensional
microwave circuits by finite-difference time-domain method,”
IEEE Trans. Microwave Theory Tech., vol. MTT-36, pp.
738-744, Apr. 1988.

[7 1X.P. Liang, K. A. Zaki, and A. E. Atia, “A rigorous three
plane mode-matching technique for characterizing waveg-
uide T-junctions, and its application in multiplexer de-
sign,” IEEE Trans. Microwave Theory Tech., vol. MTT-
39, pp. 2138-2147, Dec. 1991.

[8 ]H. W. Yao, A. Abdelmonem, J. F. Liang, X. P. Liang, K. A.
Zaki, and A. Martin, “Waveguide and ridge waveguide T-
junctions for wide band applications,” IEEE MTT-S Int.
Microwave Symp. Dig., 1993, pp. 601-604.

[9 ] J. Hirokawa, K. Sakurai, M. Ando, and N. Goto, “An anal-
ysis of a waveguide T junction with ar inductive post,”
IEEE Trans. Microwave Theory Tech., vol. MTT-39, pp.
563-566, Mar. 1991.

[10 ] Z. Ma and E. Yamashita, “Efficient fullwave analysis of a
waveguide T-junction with an inductive post,” 1994 Asia-
Pacific Microwave Conference Proceedings (APMC’94), To-
kyo, Japan, Dec. 1994, pp. 259-262.

[11 ] P. Lampariello and A. A. Oliner, “New equivalent networks
with simple closed-form expressions for open and slit cou-
pled E-plane Tee junction,”IEEE Trans. Microwave The-
ory Tech., vol. MTT-41, pp. 839-847, May 1993.

[12 ] A. Abdelmonem, H. W. Yao, and K. A. Zaki, “Slit coupled
E-plane rectangular T-junctions using single port mode
matching technique,” IEEE Trans. Microwave Theory Tech.,
vol. MTT-42, pp. 903-907, May 1994.

[13 ]J. Hirokawa, M. Ando, and N. Goto, “Waveguide x-junction
with an inductive post,” IEICE Trans. Electron., vol. E75-
C, pp. 348-351, Mar. 1992.

[14 ] Z. Ma and E. Yamashita, “Port reflection coefficient method
for solving multi-port microwave network problems,” IEEE
Trans. Microwave Theory Tech., vol. MTT-43, Feb. 1995.

[15 ] F. Arndt, J. Beike, D. Grauerholz, C. Lingemann, and
J. Bornemann, “E-planre integrated parallel-strip screen
waveguide filters,” IEEE Trans. Microwave Theory Tech.,
vol. MTT-33, pp. 654-659, July, 1985.



