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Design and Fabrication of a Compact SIW Diplexer in C-Band
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Abstract: In this paper, a compact 6.8/7.6 GHz diplexer is provided with the help of
substrate integrated waveguide (SIW) structures. The use of this structure is for satellite
communication systems. The designed diplexer includes a T-junction. In addition, our
structure consists of two SIW filters of the type of bandpass. The relative bandwidth of the
upper channel is 3.3% at the center frequency of 7.6 GHz and its lower channel is 3.7% at
the center frequency of 6.8 GHz. The proposed diplexer offers a great benefit in terms of
size decrease. In addition, it displays an optimal insertion loss. While giving the low return
loss. Ultimately, the designed structure displays ideal rates of isolation and rejection. The
diplexer incorporates a planar form and can be simply integrated with to the integrated
circuits of the microwave. The insertion and return losses are 1.8 dB and 15d B in the lower
band and they are 1.9 dB and 17 dB in the upper band. Simulations have been implemented
with CST Microwave Studio. The Diplexer is completely built into a standard printed
circuit board (PCB) procedure. A very favorable compromise is reached among the results
of the construction and the measurement, which is the evidence of the proposed method.
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1 Introduction

N general, a substrate integrated waveguide (SIW) is

a flat structure that filled with dielectric. Its form is
similar to rectangular waveguide. While  being
associated with the category of substrate integrated
circuits (SICs). SIW is a famous method for achieving a
swap solution between the waveguide and planar
structures. It is made using common techniques such as
PCB, low-temperature ceramic co-fired (LTCC), and so
forth. Among the benefits of SIW are: high-quality
factor and gain, flat structure, low cost, easy
construction, low radiation loss rates and so on.
Diplexers are the needed elements in the world of
modern technology. They usually consist of two
bandpass filters. Diplexers are usually used to separate
two different RF signals. Recently, SIW structures make
a great contribution to the creation of diplexers.

Basically, diplexers have several constructional
topologies. SIW diplexers are provided with a branch
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port forms which has an angle of 90° among the two
output ports [1]. The SIW diplexers type of T-junction
is provided with an angle of 180° between two output
ports [2-4]. Diplexers using a circulator instead of T-
junction, with an angle of 120° between the output
ports [5]. Y-type SIW diplexers using curved microstrip
ports [6, 7]. SIW diplexers using a square dual mode
cavity as a joint resonator that presenting the T-
junction [8]. Diplexers with port orientation backward
diplexer [9].

A compact SIW diplexer is provided in this paper.
The use of this structure is for the C-band satellite
communication antennas. The proposed diplexer in this
paper is the type of T-junction. Also, the designed
structure has two fourth-order SIW filters. The used
filters are the type of bandpass. Compared to other
articles, the proposed diplexer offers important benefits
in terms of size reduction, the simplicity of fabrication,
and low cost. In the beginning, a brief preface to the
subject of the discussion will be described (Section 2).
Then the components of the proposed diplexer are
explained (Section 3). The simulation and measurement
results of the SIW filters are reported. Finally, by testing
and measuring the fabricated prototype, the validity of
the proposed method is verified (Section 4).
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2 Diplexer Idea

The basic design of the SIW diplexer in CST software
is shown in Fig.1. In this structure, the T-junction
through the transition lines is linked to fourth order SIW
filters. Basically, fourth order SIW filters are used to
obtain high isolation. The components are implemented
in a standard PCB procedure on the Rogers RO4003.
The substrate thickness is 0.508 mm. The dielectric
constant of the substrate is & = 3.38. The loss tangent of
the substrate is tand'= 0.0027. All vias of left and right
side filters should be drilled with diameters of 0.5 mm
and 0.4 mm respectively. While the diameters of the
central vias on the left and right side filters are 0.7 mm
and 0.6 mm, respectively.

3 Elements Design

In the discussion below, the extension of two filters
and a T-junction is reported.

3.1 Design Fourth-Order SIW Filter

The SIW filter configuration is depicted in Fig. 2. The
SIW filter coupling diagram is presented in Fig. 3.

Designing this way begins. Initially, the coupling
matrix for the quasi-elliptic characteristic of the suitable
fourth-order filter is specified with a return loss of
15 dB. Coupling matrixes are obtained using (1) or the
following formula [10]:

Fig. 2 The configuration of the fourth order SIW filter.

0 Resonator
@ Source/Load

Direct coupling

Cioss coupling ——

Fig. 3 Coupling diagram of the SIW filter.
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By using this relation, the coupling matrix is obtained in
the form of the matrix (2).

0 -004 0 02

004 0 02 O

K. = 2
i 0 02 0 005 )

0200 0 0050 O

The coupling coefficients K12 and Kz are equal, while
their signs are negative. The presence of negative sign
displays the transmission zero attendance after the
passband at a frequency of 7.2 GHz. It is visible in
Fig.5. The filter central frequency occurs at
fo=6.8 GHz and the bandwidth of the filter is
BW =0.23 GHz. By applying these values and using
(3), the generalized coupling matrix [11] is obtained as
the matrix (4).

f, 6.8

Mij =Kij><BW =Kij><—o-23=Kij><29.6 )
[0 16 0 0 0 0]
16 0 -12 0 59 O
0 -12 0 59 0 16
M i = (4)
0 0O 590 O 1500 O
0 59 0 150 0 0
L0 0 16 0 0 0 |

Then the sizes belonging to the square cavity are
estimated. For this purpose, the dimensions of the iris
are corrected. This setting helps to achieve optimal
coupling coefficients. In fact, this is a necessary
condition for full wave simulation belonging to the
coupled cavities. Finally, the dimensions of the cavities
should be adjusted. The purpose of this action is to
compensate for the resonance displacement created by
the irises [12-16].

The quality factor of the structure Qex1 is obtained
from (5). In which Af.go means the bandwidth in which
phase change is equal to 90 [10].

f0
=——=719
Qextl Af‘QO (5)

F

Also, using (6), which represents the bandwidth
ratio [10], Qex2 = 80.85 is obtained.

BWl :Qextz fﬂ (6)
BWZ Qextl f02

In Fig. 4, the electric field pattern is drawn.

The design is relatively straightforward. In Table 1,
the dimensions of the fourth-order SIW filters are
classified.
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Figs. 5 and 6 respectively provide the frequency
responses of the left and right side filters in the CST
software.

The insertion loss in the passbhands of 6.8 GHz and 7.6
GHez filters are near to 1.8 dB and 1.9 dB, respectively.
The return loss is 15 dB in the lower band, while it is 17
dB in the upper band. In addition, the 6.8 GHz filter
stopband isolation in the 7.6 GHz filter passband is
about 23 dB. Transmission zero is located in 7.2 GHz. It
presents a great rejection rate in the inverse channel
band.

3.2 T-Junction

The proposed structure in this paper is formed by
joining two fourth-order bandpass SIW filters via a
middle T-junction. Typically, the attendance of the T -
junction changes the response of the filters from optimal
to undesirable. So some necessary predictions should be
taken. The T-junction is considered in accordance with
Fig. 7.

4 Implementation of the Diplexer

Our desirable diplexer comes from a compound of
described elements in the previous section. The entire
structure of the diplexer is depicted in Fig. 8. General
port or port 3 is above. Port 1 or 6.8 GHz is on the left
side. Port 2 or 7.6 GHz is on the right side.

The simulated frequency response results of the
designed diplexer by the CST software is shown in
Fig. 9.

Fig. 4 Electric field pattern in CST software.
Table 1 The fourth-order SIW filter dimensions.

Filter dl dz d3 W1 Wy h a
[GHz] [mm] [mm] [mm] [mm]  [mm] [mm] [mm]

6.8 0.7 0.5 3.3 10.7 5.8 8.8 19.4
7.6 0.6 0.4 2.9 9.6 5.2 7.9 175
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Fig. 5 Simulated results of the left side SIW filter in CST
software.
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Fig. 6 Simulated results on the right side SIW filter in CST
software.

Fig. 7 The T-junction.
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Fig. 8 Complete configuration of SIW diplexer in CST
software.
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Fig. 9 Simulated results of 6.8 GHz/7.6 GHz single mode
diplexer; a) Sis, S23 & Ssz and b) Si1, S22, S13 & Sza.
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The response is essentially similar to the
characteristics of the filters (see Figs. 5 and 6). The
equivalent circuit of the proposed SIW diplexer
structure with full details is evident in Fig.10.

The fabricated model of the suggested diplexer is
illustrated in Fig. 11.

The obtained results of the measurement are shown in
Fig. 12. As it is seen, an excellent agreement is got
between the results of the simulation and the
measurement (Figs. 9 and 12). The comparison between
the proposed SIW diplexer specification and other
presented diplexers in the articles is evident in Table 2.

5 Conclusion

A compact SIW diplexer is presented that used in C-
band satellite communication antenna. This diplexer
consists of three main parts: 1. T-junction 2. SIW filter
on the left. 3. SIW filter on the right. One of the
important parameters of the system is the isolation
between the receiver and transmitter at frequencies of
6.8 GHz and 7.6 GHz, respectively. In the lower band
(6.8 GHz), return loss is 15 dB, with a 1.8 dB insertion
loss, while the bandwidth is 0.25 GHz. In the upper
band (7.6 GHz), return loss is 17 dB, with a 1.9 dB
insertion loss, while the bandwidth is 0.25 GHz. The
design of the diplexer and its components are described
in detail. Simulations have been implemented with CST

o o
Filter Filter
6.8 GHz 7.6 GHz
o . Lo
Port 1 Port 2

Fig. 10 Simulated results of the left side SIW filter in CST
software.

(b)
Fig. 11 The photo of the fabricated diplexer; a) The image of
the top view and b) The image of the bottom view.
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software. The proposed diplexer offers a great benefit in
terms of size decrease. In addition, it displays an
optimal insertion loss. While giving the low return loss.
Ultimately, the designed structure displays ideal rates of
isolation and rejection. The structure is designed and
manufactured in a single-layer PCB procedure.
Construction and simulation results are so similar,
which confirms the correctness of the method. Finally,
the features of the diplexer can be mentioned as the
ideal isolation of 23 dB at 7.6 GHz.
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Fig. 12 Frequency response results from measurement of the

fabricated SIW diplexer; a) Ss3, S13, Sa1 & S11, b) Sss, S23, S32
& S22, and ¢€) Su1, S12, S21 & Szz.
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Table 2 Comparisons between articles and suggested diplexer.

References Size ﬂgzgrféog] Loss [dB] Rejection [dB] IscE:jagllon
[1] 2.7140%x3.3540%0.009 4 2.6/3.2 12.5/175 55dB@5.42GHz/55dB@5.96GHz 53
[3] 2.0440x0.6540%0.053 10 1.6/2.1 42dB@9.50GHz/37dB@10.50GHz 35
[17] 1.440x0.9820x0.022 40 2.2/24 17.5/175 22dB@7.75GHz/22dB@8.25GHz -
[18] 0.2720x0.220%0.008 40 1.6/2.3 12.9/129 43dB@4.66GHz/28dB@5.80GHz 32

(With regardless of
microstrip feeds)
In This Study  1.640x0.7240x0.014 1.8/1.9 15.0/17.0 23.7dB@6.80GHz/24.9dB@7.60GHz 23

While Ao is the free space wavelength. Its function is at the central frequency of the first channel.
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