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Abstract

This paper presents a dual-band bandpass filter (BPF) operating at 9.5 GHz and 11 GHz using a substrate integrated
waveguide (SIW) technology. The filter was designed on the diplexer structure to enable the flexible control of the spacing
of two passbands. By carefully designing the input/output cavities, spacing between two passbands can be adjusted freely.
In addition, thanks to the design of each branch cavity, performance of each band is able to tune easily. The filter was
designed on a cost-effective RO4003C substrate and simulated using a CST Microwave Studio 2019 simulator based on
the time-domain analysis. The simulated insertion losses at 9.5 GHz and 11 GHz are 2.0 and 1.9 dB, respectively whereas
the return losses at these two center frequencies are -15.7 dB and 32.8 dB, respectively. The fractional bandwidth of 1-dB
insertion loss is 3.7 % and 3.6 % at the two passbands. The total size of the filter is just 2.4 x 3.5 mm?. The proposed filter
aims at using for next-generation wireless communications such as satellite communication, 5G, 6G and beyond.
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1. Introduction

Dual-band BPF is now becoming critical in various modern
wireless communication systems to meet the requirements of
the multi-band and multimode operation. Lots of methods
have been introduced to design the dual-band BPF operating
at different frequency bands. The BPF can be designed in
waveguide, microstrip and substrate integrated waveguide
(SIW) technologies. Waveguide filter offers the advantages
of the low-loss, and high-power capability but at the cost of
bulky and hard to integrate [1-6]. The microstrip technology,
on the other hand, provides a light weight and easy integration
capabilities with the planar platforms [7-12]. However, the
downside of the microstrip filters is the high-loss at high
frequencies and low power handling capabilities. SIW
technology is recently emerging as a promising candidate to
replace waveguide filters and microstrip filters because it can
deliver a relatively low-loss at high frequencies with a light
weight and high-power capability. Many studies on the SIW
filters have been widely reported [13-20]. A variety of studies
on the dual-band SIW BPFs at different frequency bands has
been reported [21-24]. In [21], authors propose a novel dual-
band BPF operating at X-band using complementary split-
ring resonators (CSRR) structure. By using the CSRR
structure, this type of filter offers a compact size with a low
insertion loss of 1.5 dB and 1.9 dB at each band. However,
the downside of this dual-band filter is the narrow bandpass
ratio of 1.12. Another dual-band CSRR SIW BPF is reported
in [22]. By using a several perturbed vias, the passband ratio
can be increased to 1.37 at the higher X-band of 9.8 GHz and
13.5 GHz. The input return loss, however, is degraded due to
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the poor matching of the slot lines. A high passband ratio of
2.49 SIW BPF was reported in [23]. Although this filter was
also realized on the CSRR structure with a low insertion loss,
it only operates at the low frequencies of 1.94 GHz and 4.84
GHz. In [24], authors propose a dual-band BPF using the
perturbed SIW circular cavity with a high bandpass ratio of
1.25 and low insertion loss. Nevertheless, this filter operates
at the lower X-band because of the high radiation loss near
the frequency bands due to the use of the slot lines. In this
papet, to realize a dual-band BPF with a high passband ratio,
low insertion loss and compactness, a dual-band SIW BPF
using rectangular cavities based on the diplexer concept is
presented. By using such a method, the passband ratio can be
controlled flexibly by setting resonant frequencies of the input
and output resonators. In addition, performance of each band
filter can be also optimized by adjusting parameters of the
channel cavities. The rest of the paper is organized as follows:
The next section presents strategy to design the dual-band
BPF, after that the simulations of the filter are conducted in
the third section, the final section concludes the paper.

2. Design Strategy of the Dual-Band BPF

The proposed BPF is designed on the diplexer concept where
its block diagram is described in Fig. 1. The filter is composed
of 4 SIW cavities, namely (1) — (4), with two identical input
and output cavities, (1) and (4). The input/output cavity
resonates at f; (9.5 GHz) and f> (11 GHz) for TEio; and TEx,
modes, respectively. After that, each cavity is employed on
each channel of the diplexer filter. The upper (2) and lower
(3) cavities are designed to resonate at f; and f> for the TE ;o
mode, respectively.
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Fig. 1. Block diagram of the dual-band BPF

By using such a diplexer filter design method, the dual-
band BPF centered at f; and f; can be easily realized. The
passband ratio can be tuned by controlling the resonant
frequencies fi and f; of the input and output cavities. This is
in turn can be determined by tuning dimensions of these
cavities. Performance of the filter at each band can be
determined by the Q-factor and bandwidth of each channel
cavity.

3. Implement and Simulation of the Dual-Band BPF

To implement the filter, each cavity needs to be constructed
first where the input/output (IO) cavity plays a critical role as
it contributes to the passband ratio as well as the insertion loss
in each band. In this study, IO cavity is a rectangular SIW
cavity, its structure along with the channel cavities, (2) and
(3) are given in Fig. 2. It is necessary to employ two 50 Q
lines at two ends of the filter to connect the filter with the
source and the load. The filter is constructed in the CST

Microwave Studio simulator.
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Fig. 2. Structure of the proposed filter in CST Microwave Studio
simulator

It is important to note that the diameter of the VIA holes
and the spacing between adjacent vias are designed to meet
the requirement of low radiation loss in the SIW waveguide.
The input and output cavities have identical dimensions. Their
dimensions determine the resonant frequency of the cavity.
The resonant frequency of an SIW cavity is given as [25]:
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where fitemon) 1S the resonant frequency of TEmon mode, c¢ is
speed of light in vacuum, &; is the relative dielectric constant
of the dielectric substrate, Weg and Leg are effective width and
length of the SIW structure and they are given as follows:

2
n/__fL_
0.95s

o

2

132

d2
0.95s

L,=

3)

where W and L are the equivalent width and length of a hollow
rectangular waveguide and d is diameter of the VIA holes in
SIW structure. In Eq.1, m and n are integer numbers
indicating the operation mode. Hence, it can be noticed that,
width, length and VIA diameter determine the resonant
frequency of the SIW cavity. Fig. 3 shows the dependence of
the resonant frequencies of TE o; mode and TE»o; mode on the
width of the IO cavity with the length of 26 mm and the VIA

diameter of 0.61 mm.
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Fig. 3. Dependence of the resonant frequency of the 10 cavity on its
width for a fixed length and VIA hole’s diameter

From this figure, width of the 1O cavity can be determined
to be 9.2 mm for the resonant frequencies of 9.5 GHz and 11
GHz. These resonant frequencies are the center frequencies of
the dual-band BPF. Fig. 4 illustrates the electric field
distribution in the IO cavity for the TE o; mode at 9.5 GHz
and TE»y; mode at 11 GHz. It can be observed the appropriate
field distribution in the cavity.

a) b)
Fig. 4. Electric field distribution in the IO cavity: a) resonant mode of
TE101 at 9.5 GHz, b) resonant mode of TE21 at 11 GHz

After the 10 cavity has been designed correctly, the
channel cavity (2) and (3) are then constructed. It is noticed
that dimensions of these cavities are calculated so that they
resonate at each resonant frequency of the IO cavity. In other
words, the cavity (2) will resonate at 9.5 GHz and the cavity
(3) resonates at 11 GHz.

Fig. 5 and Fig. 6 describe the dependence of the resonant
frequency and Q-factor of TE o mode on the width of the
channel cavity for a fixed length of 12 mm and VIA hole’s
diameter of 0.61 mm.
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Fig. 5. Dependence of the resonant frequency of the channel cavity on

its width for a fixed length and VIA hole’s diameter
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Fig. 6. Dependence of the Q-factor of the channel cavity on its width for
a fixed length and VIA hole’s diameter

From these figures, the widths of each channel cavity can
be determined to be 15.3 mm for the resonant frequency and
Q-factor of 9.5 GHz and 308 and 9.8 mm for the resonant
frequency and Q-factor of 11 GHz and 312. Fig. 7 shows the
electric field distribution in these cavities regarding the
resonant modes of TE ;.

a) b)
Fig. 7. Electric field distribution in the channel cavities: a) resonant mode
of TEi101 at 11 GHz in cavity (3), b) resonant mode of TE 101 at 9.5 GHz in
cavity (2)

After all the individual cavities including IO cavity and
channel cavities have been successfully designed, the final
filter as shown in Fig. 2 is then tested by an EM simulation in
the CST Microwave Studio 2019 simulator using a time
domain analysis using an adaptive meshing function to ensure
a high accuracy of simulations. Fig. 7 shows the simulated
frequency response of the proposed filter. It can be clearly
seen a dual passband of 9.5 GHz and 11 GHz.

The insertion losses at 9.5 GHz and 11 GHz are 2.0 and
1.9 dB, respectively whereas the return losses at these two
center frequencies are -15.7 dB and -32.8 dB, respectively. At
the center frequency of 9.5 GHz, the fractional bandwidth of
1-dB insertion loss is 3.7 % whereas this value at 11 GHz is
3.6 %.

To validate the accuracy of data shown in Fig. 8, it is
essential to display the field distribution in the filter at the two
center frequencies to ensure the correct operation of the filter.
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Fig. 8. Simulated frequency response of the proposed dual-band filter
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Fig. 9. Electric field distribution in the filter at 9.5 GHz
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Fig. 9 shows the electric field distribution in the filter at
9.5 GHz. As expected, the 10 cavity resonates at TEo; mode
at 9.5 GHz and the signal goes through the 9.5-GHz channel
that is the cavity (2) path. Similarly, Fig. 10 indicates the
electric field in the filter at 11 GHz. In this case, the 10
cavities resonate at 11 GHz for the TE»; mode whereas the
cavity (3) resonates at 11 GHz for the TE o1 mode. These
considerations confirm the accuracy of the filter design.
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Fig. 10. Electric field distribution in the filter at 11 GHz
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Tab. 1 lists the comparison of the proposed filter with
other state of the art dual-band BPF.

Table 1. Comparison of the proposed BPF with other reported
state of the art dual-band BPFs

Works | CF(GHz) | IL (dB) RL (@B) | Resonator

Type

SIW +

[4] 7.89/8.89 1.5/1.9 -15/-15 CSRR

SIW +

151 9.8/13.5 1.8/1.5 9.8/-10.6 CSRR
6] 7.7/9.6 1.9/1.6 -10/-11 SIW

17 1.9/4.8 1.22.7 -15/-16 SIW
This work 9.5/11 2.0/1.9 15/32 SIW

From the table, it can be seen that the proposed filter offers
a low-complexity, a relatively wide passband ratio at the
higher X-band with good return losses at two passbands.
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4. Conclusion

This paper presents a design of a low-complexity dual-band
SIW BPF using the diplexer-like method. The 1O cavities are
designed to realize a wide passband ratio whereas each
channel cavity is adjusted to obtain the desired performance
in each passband. The simulated results indicate the proposed
filter operates at two center frequencies of 9.5 GHz and 11
GHz with a FBW of 3.7 % and 3.6 %, respectively. The return
losses at these two center frequencies are -15.7 dB and -32.8
dB. Compared with other state of the art dual-band BPFs, the
proposed filter offers a relatively wide passband ratio at the
higher X-band with good return losses at two passbands and
a low-complexity. With these promising results, the designed

filter can be used for the next-generation wireless
communications such as satellite communication, 5G, 6G and
beyond.
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