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Properties of Dielectric-Loaded
T-Septum Waveguides

R. R. MANSOUR, MEMBER, IEEE, AND
R. H. MACPHIE, SENIOR MEMBER, IEEE

Abstract —The conservation of complex power technique is employed to
analyze T-septum waveguides. The effect of dielectric loading on the cutoff
frequency and the bandwidth is investigated. Numerical results are pre-
sented which show that loading the gap with dielectric not only improves
the power handling capability of the structure but also increases its
bandwidth.

I. INTRODUCTION

T-septum waveguides have been proposed by Mazumder and
Saha [1], [2] as an alternative to conventional ridge waveguides
due to their favorable cutoff and bandwidth characteristics. With
the use of the Ritz—Galerkin method, numerical results have been
reported in [1] and [2] which show that T-septum waveguides
offer a lower cutoff frequency and a much higher bandwidth than
can be achieved by ridge waveguides.

More recently, Zhang and Joines [3] have also applied the
Ritz—Galerkin method to analyze T-septum waveguides and re-
ported results which do not compare favorably with those pub-
lished in [2]. Their results showed that T-septum waveguides can
even offer a much greater bandwidth than that predicted by
Mazumder and Saha [2].

T-septum waveguides are potentially attractive for use in the
design of low-pass harmonic filters for many applications where
a wide stopband rejection is required. In practice, however, the
gap is usually filled with a dielectric material [4] in order to
ensure performance to the required power-handling capability.
The effect of dielectric loading in ridge waveguides has been
studied in [5]; its effect, however, on the properties of T-septum
waveguides remains to be determined.

The aim of this paper is threefold: 1) to investigate the proper-
ties of dielectric-loaded T-septum waveguides, 2) to explain the
reason for the discrepancy between the results published by
Zhang and Joines [3] and those reported by Mazumder and Saha
[2], and 3) to present an analysis of T-septum waveguides which
is different from the analyses reported in [2] and [3].

II. FORMULATION

Fig. 1(a) shows a single T-septum waveguide with dielectric
loading. Due to the symmetry around the y axis, only half of the
structure, as shown in Fig. 2, needs to be analyzed. At cutoff, the
discontinuity seen at plane 44’ of Fig. 2 is basically a junction
between a parallel-plate waveguide and a bifurcated waveguide
with a septum of thickness t. By regarding the bifurcated wave-
guide as a generalized port, the scattering parameters of this
discontinuity are given by [6], [7]

S,, = (P} +H'P{H) '(Pj —H'P[H) (1)
S = H(I+Szz) (1b)
S, =2(P{ +H'P{H) 'H'P} (10)
S, =HS,, -1 (1d)
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Fig. 1. Geometry of dielectric T-septum waveguide.
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Fig. 2. Half of the cross section of a T-septum waveguide.

where 1 is the identity matrix, ¥ denotes the Hermitian transpose,
H is the E-field mode-matching matrix, and P, and P, are
diagonal matrices whose diagonal elements are the power carried
by unit-amplitude modes in the main guide and the bifurcated
guide respectively. In view of [6], the elements of the matrices H,
P, and P, can be written as

H=[H, H,]

P, 0
mo[V e

0018-9480,/89 /1000-1654$01.00 ©1989 IEEE



IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 37, NO. 10, OCTOBER 1989

X Magnetic Wail
® Electric Wall

9 4
8 4 ———*~—~d/b=0.
7 4
6
5 4 ~ 0.2
4
; ¥* [3]
—— This Method

2_

T T T 1 T T
0.0 0.2 0.4 0.6 0.8 1.0

>——- %
fc, : fc2 fc2
10 4
9 4
* '£21
8 - ——— This Method
7 4
’,
e 6
fcI
. . ]
d/b=0.l
4 /\
24
T T T T T T
6.0 0.2 0.4 0.6 0.8 1.0
S/a
Fig. 3.
12 4
104 d/b=0. -7
Ay
a

2 Er=1.0
-=--Er=21
0 4
T T T T 1
0.3 0.4 0.5 0.6 0.7
S/a

10 4 d/bs

Bandwidth characteristics: b/a =045, W/a=0.1, /b= 0.05.

2 1 Er=10
=== Er=2.1
0 4
T T T T T
0.3 0.4 © 0.9 0.6 0.7
S/ak

Fig. 4. Variation of bandwidth characteristics with S/a: b/a =045, W/a=01, t /b= 0.05.
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where
m m R
B 5T,
Homn =\ o m_n
o b b
m,n=0,1,2,-.-

= [( 1)”Hsm( mWh )+sin(ﬂh’)]
l mn ( ’Zﬂ) ) b 1 b 1
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rm_b ( b )
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With the two waveguides of the bifurcated section terminated by
electric and magnetic walls as illusirated in Fig. 2, it can be
readily shown that the incident and reflected amplitude vectors
A, A _ defined at plane 44’ are related by

e @

where
S, =S, +S,L(I-S,,L) 'S, ®

and

| (@
L, and L, are diagonal matrices with diagonal elements given by
L,,=Te /S .
Ly ,,=— e /(S W) (Sb)

n1/2
2 nw .
a,,,=(k5€,l~(7)) , i=0,1,and 2.

1

In (5a), I'=+1 for magnetic wall symmetry and T'=—1 for
electric wall symmetry. Having determined S,, the eigenvalue
equation for the cutoff frequency can then be written as

det[I+L,S,L,] =0. (6)

where L, is a diagonal matrix with diagonal elements given by
Ly, =e /'« =5)/2 In addition to the simplicity of this analy-
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sis, it is numerically efficient: the pre and post multiplication of
matrix S, in (6) by the diagonal matrix L, whose elements decay
rapidly for large #, gives the eigenvalue equation a highly supe-
rior convergence property.

The solution for a symmetrical double T septum can be di-
rectly deduced from that of a single T septum by replacing b with
b/2 and d with d /2. For an asymmetrical double T septum, the
above analysis is still applicable; in this case, however, the
discontinuity seen at plane A4’ is a junction between a parallel-
plate waveguide and a trifurcated waveguide. The scattering
parameters for the trifurcated junction can be easily determined
using [6]. It should be also mentioned that if we let S = W in the
above equations, the same formulation can be used to determine
the characteristics of conventional single and double ridge wave-
guides.

III. NUMERICAL RESULTS AND DISCUSSION

The TE modes in T-septum waveguides can be classified into
TE modes with magnetic wall symmetry (even modes) and TE
modes with electric wall symmetry (odd modes). The dominant
mode in these structures is a TE mode with magnetic wall
symmetry. The typical spectrum of the first three TE modes in
T-septum waveguides with b/a = 0.45 is illustrated in Fig. 3. In
this figure, we also show the results calculated by the present
analysis in comparison with those reported in [2] and [3]. It is
clear that the discrepancy between the results reported in [2] and
[3] lies basically in the definition used for the bandwidth: in [2]
the bandwidth is defined as the ratio of the cutoff wavelength of
the dominant mode to that of the first higher order mode,
whereas it is defined in [3] as the ratio of the cutoff wavelength of
the dominant mode to that of the first higher order even mode.

Although the definition used in [2] has been conventionally
used for ridge waveguides [8], in many applications, such as
filters and transformers, only modes with magnetic wall symme-
try are excited and the guide exhibits a bandwidth according to
[3]. It should, however, be noted that in comparing the achievable
bandwidth of T-septum waveguides to that of ridge waveguides
the same definition should be used. In the comparison given in
[2, fig. 3] between the bandwidth of T-septum waveguides and
that of ridge waveguides, the same definition is employed for
both structures, whereas in [3, fig. 8] two different definitions are
used.

In order to demonstrate the effect of dielectric loading, Fig. 4.
shows the cutoff frequency and bandwidth of dielectric-loaded
T-septum waveguides with different structure parameters. The
results given in this figure for the bandwidth are based on the
assumption that only modes with magnetic wall symmetry are
excited. This figure also shows the calculated results for the same
structure with €, =1. It is noted that with dielectric loading, the
cutoff wavelength of the dominant mode increases with s/a and
is always greater than the case with €, =1. It is also observed that
while the cutoff wavelength of the dominant mode is consider-
ably increased by dielectric loading, that of the higher order
mode is slightly affected. This in turn leads to a considerable
increase in the bandwidth, particularly for structures with small
values of d/b. For example, the T-septum waveguide shown in
Fig. 4 with s /a=0.3, d /b= 0.1, and ¢, =1 exhibits a bandwidth
of 7.66, whereas the same structure with ¢, = 2.1 would exhibit a
bandwidth of 10.35, about 35 percent higher than that obtained
with €, =1.

In Table I we compare our results with the experimental results
reported in [3]. It is observed that there is a good agreement. The
effect of dielectric loading on the cutoff frequency and the
bandwidth is also demonstrated in this table.
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TABLE 1
Tag CUTOFF FREQUENCY AND BANDWIDTH OF A T-SEPTUM WAVEGUIDE
THIS METHOD MEASURED [3] CALCULATED [3] THIS METHOD

PARAMETERS € =10 €210 € =10 =21

Cutoff of dominant mode 202 216 200 145

(MHz)
Cutoff of first higher order 1091 1092 1085 1087
even mode (MHz)

Bandwidth 5.40 5.06 5.43 7 49

a=7301.2 mm, b=753 mm, §=150.6 mm, t=3.8 mm, d =155 mm, and W =30.1 mm.

IV. CONCLUSIONS

A simple and numerically efficient analysis is presented for the
characterization of dielectric-loaded T-septum waveguides. The
validity of the analysis has been verified by comparing the
calculated results with other available data for empty T-septum
waveguides. It has been demonstrated that loading the gap with a
dielectric material leads to a significant improvement in the
bandwidth.
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