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Abstract—This paper presents a new design of planar diplexer
based on substrate integrated waveguide single mode filters with
circular cavity. The diplexer consists of two bandpass filters. The
design is based on Substrate Integrated Waveguide (SIW)
substrate fabricated by printed circuit board technique. The
individual bandpass filters using the TMy;, mode SIW circular
resonator were designed at 2.2 GHz and 2.4 GHz. The simulation
return losses for the lower and upper channels are greater than
20.94 dB and 30.92 dB respectively. The minimum insertion
losses obtained are 0.87 dB and 0.74 dB at each band. The
diplexer provides isolation better than 15 dB at both channels.
The simulation results are in good congruent with the ideal
electrical modelling response. The proposed SIW diplexer has a
promising application for the uplink/downlink RF front end
subsystem that is essential for wireless communications systems.

Index Terms— circular resonator, diplexer, power divider,
substrate integrated waveguide

I. INTRODUCTION

Waveguide diplexers or multiplexers are indispensable
components in  RF/microwave wireless communication
systems. They are also widely employed to all types of
communication systems such as microwave and millimeter-
wave applications. Their applications are used to filter
between wanted and unwanted signal frequencies. Diplexers
and filters that are manufactured separately in conventional
design are bulky in size thus uses more materials and space in
fabrication process. In order for them to connect with each
other, there is in need of transmission line and other matching
circuits which will contribute to losses. This is when they
come up with miniaturized filters and diplexers structure that
are integrated into substrates resulting in smaller and compact
but capable of operating with the same performance [2].
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Fig. 1: Operation principle of the proposed SIW diplexer.

In general, the diplexer and its operation principle are
shown in Fig. 1. Diplexer is a two-way three-port network
used to separate a common input into two different output
frequencies. In transmitting mode, two signals with different
frequencies are injected in port 1: one of them exits from port
2, while the other one from port 3. In receiving mode, port 2
and 3 receive two different signals, which exit from port 1. A
waveguide or its cavity, when it is synthesized in a planar
substrate-based circuit and the propagating waves are
constrained by linear arrays of metallic vias, is then referred to
as a substrate integrated waveguide (SIW). Its basic structure
is similar to a microstrip structure but it works in TE or TM
modes, instead of the quasi-TEM mode of microstrip line.

Many work have been carried out to replace all-metallic
waveguide structures to SIW circuits. The first device
manufactured in SIW was a filter by Deslandes and Ke Wu
[1]. Paper [2] presented a compact SIW diplexer design
employing two cross coupling filters combined using a
circulator designed with metal inductive window. In [3] a
design of K-band SIW diplexer is introduced using an efficient
Mode-Matching Technique which operates at a significantly
higher frequency. The SIW offers advantages such as high Q
factor, low insertion loss, low cost and high power-handling
capacity [4,5]. Apart from the well-known advantages, this
technique widely appears in various subsystems such as filters,
couplers, power dividers, and antennas [6-11]. However, the
main drawbacks of SIW are when a single row of vias is used,
the leakage loss can be substantial. This leakage limits the
isolation between adjacent resonators, producing small but
non-zero coupling coefficients. In this paper, the performance
of the first order diplexer was investigated by simulation. The
electrical and physical modelling were attained using ADS
software and the full-wave EM simulator CST, respectively.
The results of simulation were compared.



INTERNATIONAL JOURNAL OF ELECTRICAL AND ELECTRONIC SYSTEMS RESEARCH, VOL. 10 JUNE 2017

Il. DIPLEXER DESIGN

A. Circuit Synthesis

The synthesis and design techniques of a 2.2 GHz and 2.4
GHz diplexer is proposed and demonstrated employing SIW
technology. The diplexer is synthesized from the generalized
low-pass prototypes Chebyshev configurations. The working
mode for the diplexer is TMg mode. Firstly, individual
bandpass filters using the TMg;o mode SIW circular resonator
were designed at 2.2 GHz and 2.4 GHz. Then, the two filters
are combined together to work as diplexer. Normally, the
diplexer employs a 3-port device to connect the two filters
thus for feeding the two filters, a microstrip T-junction power
divider is used. 50-Ohm microstrip lines with inset feed are
used to directly excite the filters. Simulated results are
presented and compared.

A network that meets Table 1 design specification is
synthesized using standard filter theory starting with a low-
pass filter [12]. Then the lowpass prototype is transformed
into bandpass filter at the desired frequencies with -10 dB
passband return loss bandwidth of 20 MHz. The lumped
element equivalent circuit of the first-order diplexer is shown
in Fig. 2. The circuit was built and simulated in ADS. This
network consists of two bandpass filters coupled with the
admittance inverters JO1 and J12 used as the input and output
coupling of the filter which is designed to operate from a
normalized 1 ohm generator into a 1 ohm load.

TABLE 1. FIRST-ORDER TMgy SIW FILTER SPECIFICATIONS

Centre frequency, fy 2.2 GHz and 2.4 GHz

The shunt connected resonators are calculated using equations

(1)-(4), as shown below:
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where o is the bandwidth scaling factor and w, is the midband
frequency. All the element values for the diplexer are shown

in Table 2.

TABLE 2. ELEMENT VALUES FOR SINGLE-MODE DIPLEXER

Element Value (2.2 GHz) Value (2.4 GHz)
L'y=1L1" 0.9865 pH 0.8289 pH
cy=C, 5.3052 nF 5.3052 nF

J01 = J12 1 1

Based on the simulation results depicted in Fig. 3 and 4, both
output ports (Ports 2 and 3) have more than 20 dB of isolation
between each other and very good transmission (S,; and Ss;)
characteristics to input Port 1 having center frequencies at 2.2
GHz and 2.4 GHz with 10 dB passband return loss bandwidth
of 20 MHz. The reflection characteristics in Fig. 5 suggest that
only less than -10 dB of the input signal is reflected off of Port
1 for the two designed frequency bands.
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Fig. 2: Lumped element equivalent circuit for the diplexer
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Fig. 3: Circuit model transmission between outputs and input
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Fig. 5: Circuit model input port reflection

B. Electromagnetic Simulation

The fundamental parameter in designing the cavity of the SIW
filter is the resonant frequency. The radius of the circular SIW
cavity is approximated according to the resonant frequency
using the following formula [13], and then the radius is
optimized by electromagnetic software.

2
(frfilter 7(")1\14; — 4 < 2.4049) (5)

21 pr€r Afilter

where c is the speed of light in free space; u, is the relative
permeability while &, is the dielectric permeability of the
substrate respectively. The value 2.4049 is the first zero of the
Bessel function and as is the radius of the SIW filter. The
design rules related to the pitch and via diameters to ensure
that the radiation loss is kept at negligible level are already
given in literature [1]. In this design, the matching from 50-
Ohm microstrip line to the SIW cavity resonator section is
achieved by the inset excitation structure which converts

quasi-TEM mode propagating in microstrip line to the TMyy
mode of the SIW cavity resonator. The configurations of the
proposed diplexer with the transitions are shown in Fig. 6. The
optimized geometric parameter of the proposed structure is
shown in Table 3. The topology comprises of a metallic top
layer and a conductive ground layer (t1), two circular cavity
resonators, inset couplings, and linear arrays of via holes to
form a circular via wall around the cavity resonators.
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Fig. 6: Configuration of the First-order SIW diplexer (a) top view, (b) side
view.

TABLE 3. GEOMETRIC DIMENSIONS OF FIRST-ORDER DIPLEXER

Symbol Value Symbol Value
(mm) (mm)
Al 20.75 LP1 11
A2 19.05 LP2 11
b 35 LS 53
D 1 WF 1.76
hi 1.28 WP1 45
11 30.7 WP2 41
12 11.5 WS 180
13 30 tl 0.035

The proposed diplexer was simulated and optimized using
the full-wave EM simulator CST. The analysis for the
parameter of radius for both SIW cavities was conducted and
the results are shown in Fig. 7 and 8. Both figures show the
response that change in Sy; and S,; when the radius of the SIW
cavities are varied. It can be observed that when the radius is
increase, the frequency will decrease or shift to the left side.
Referring to the theory given in equation 5, the radius is
inversely proportional to the frequency. Thus, with the
changes in the radius will result in changes of the resonance
frequency and this will affect the frequency response as well.
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Fig. 7: Simulated |S;,| and |S,, | for the 2.2 GHz SIW cavity with
different Al
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Fig. 8: Simulated [S;,| and |S5, | for the 2.4 GHz SIW cavity with
different A2

The full-wave simulation S parameters results for the
proposed diplexer are shown in Fig. 9, 10 and 11. According
to the simulation results in Fig. 9, the transmission or
minimum insertion losses obtained are 0.87 dB and 0.74 dB at
each band. Also the bandwidth of the S21 and S31 are wider
than in the lumped element circuit model. Fig. 10 shows that
both output ports (Ports 2 and 3) have under 19 dB of isolation
between each other which is similar to the circuit model.
It could be observed that from Fig. 11 there were two resonant
points namely 2.2 GHz and 2.4 GHz. From this plot, the
simulation reflection or return losses for the lower and upper
channels are greater than 20.94 dB and 30.92 dB respectively.
The full-wave S parameter simulated responses show a good
agreement with the lumped element circuit model responses.
Fig. 12 revealed the corresponding E-field distribution in the
cavity resonator at 2.2 GHz. The surface current distribution
of the proposed diplexer is shown in Fig. 13. A strong current

distribution is contained within the SIW cavity and port 2 at
2.2 GHz. Similarly in Fig. 14, the same observation is seen
within the SIW cavity and port 3 at 2.4 GHz.
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Fig. 9. Transmission responses of diplexer full-wave simulation
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Fig. 10. Isolation between output ports of diplexer full-wave simulation
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Fig. 11. Input port reflection responses of diplexer full-wave simulation



Baba et. al: Planar SIW Diplexer Using Circular Cavity Resonator

Fig. 14. The diplexer surface current distribution in the cavity at 2.4 GHz.

1. CONCLUSIONS

A planar SIW diplexer is proposed employing single-mode
circular cavity resonators having center frequencies at 2.2
GHz and 2.4 GHz, and which is proposed for LTE/WiFi
applications. The EM simulated response shows a good
agreement with the ideal electrical modelling response. The
diplexer features low insertion loss, compact, simple structure
and easy to connect to other circuits. This design provides an
alternative solution for the uplink/downlink RF front end
subsystem that is essential for wireless communications
systems. The functionality of the presented results will be
validated experimentally in near future.
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