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Abstract — A novel method to design compact wideband
dual-band substrate integrated waveguide (SIW) bandpass
filters (BPF) is proposed in this paper. By loading
a novel beeline compact microstrip resonant cells
(BCMRCs) with band-gap characteristics on top layer of
SIW, two wide passbands separated by a stopband are
generated. In order to enable the filter to have lower
reflection coefficients in the two passbands, we use a
tapered gradient line embedded with rectangular slots
and loaded open stubs as the transition structure from
microstrip line to SIW. The wideband dual-band BPF
(DBBPF) is fabricated. The lower-band and upper-band
fractional 3-dB bandwidths are 58.2% and 22.6%, while
the measured minimum insertion losses (ILs) are 0.7
and 0.92 dB, respectively. The stepped-impedance open-
loop ring resonator (SIOLRR) is introduced in order
to improve the selectivity of the filter. The wideband
DBBPF with SIOLRR is studied, simulated and
measured. Two transmission zeros are generated in the
stop band between the two passbands. Good agreement
between simulated and measured results can be obtained.

Index Terms — Complementary split ring resonators,
defected ground structure, dual-band bandpass filter,
stepped-impedance open-loop ring resonator, substrate
integrated waveguide.

I. INTRODUCTION

With the rapid development of wireless
communication technologies, frequency spectrum
resources have become increasingly scarce, thus dual-
band system have received more and more attention.
As an important passive component of wireless
communication, DBBPF has been widely studied and
developed [1-6]. But up to now, most DBBPFs are based
on microstrip technology. Although they are simple
structure and low in cost, disadvantages such as low
power-banding capacity and poor performance limit
their application [7-9]. Waveguide filters and dielectric
resonator filters can effectively overcome the
shortcomings mentioned above, but they are costly and
bulky [10]. Fortunately, a new planar integration scheme
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called substrate integrated waveguide (SIW) has
emerged and attracted tremendous attentions. It is a type
of waveguide-like structure which enjoys not only the
advantages of classical rectangular waveguide features,
but also the benefits of planar circuit, thereby providing
a promising platform to develop excellent filters which
can satisfy the stringent requirements of modern wireless
communication systems [11-13]. In [14] a dual-band
SIW filter is obtained by loading E-shaped defected
ground structure (DGS) on either top or bottom sides. In
[15], two same or different sized complementary split
ring resonators (CSRRs) are etched on the top side of
SIW cavity to achieve a dual-band frequency response.
The dual-band balanced SIW bandpass filter is
demonstrated in [16], by vertically cascading two square
SIW cavities. However, the all dual-band SIW filters
mentioned above are narrow-bandwidth. As a result, they
are not suitable in broadband wireless communication
systems.

This paper presents a novel method to design
compact wideband SIW DBBPFs. It combines the
SIW and BCMRC technologies, which allow the
implementation of two wide passbands. In order to
improve the selectivity of the wideband SIW DBBPFs,
the SIOLRRs are loaded on the input and output ports of
the filter. Detailed working mechanisms and design
method are explained as follows. For verification, two
wideband SIW DBBPFs are proposed, fabricated and
measured.

1. DUAL-BAND BANDPASS FILTERS
STRUCTURE AND DESIGN

Figure 1 depcits the configuration and optimal
physical parameters of the wideband DBBPF with
SIOLRR. It directly excited by two 50 Q standard
microstrip feeding lines. The SIW structure consists of a
dielectric substrate comprised between a pair of metal
plates which are connected through via holes. The used
substrate is Rogers 4350B with the thickness h=0.508
mm and its bottom is covered completely by a metal. A
periodic BCMRCs unit is loaded on the top layer of the
SIW. Electromagnetic waves are confined to the inside of
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SIW cavity, hence it can be considered as a planar circuit
transformation of non-planar rectangular waveguide
(RGW). If the electromagnetic waves are lower than the
cutoff frequency, it will not be able to propagate in the
SIW cavity. Since a periodic BCMRCs structure usually
presents stopband characteristics, a compact DBBPF is
obtained by combining the characteristics of SIW and
BCMRCs. The DBBPF can be considered as a cascade
connection of a highpass filter with a bandstop filter to
form dual-passbands separated by a stopband, and the
bandwidth of dual passbands is mainly determined by
BCMRCs.
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Fig. 1. Configuration of the wideband DBBPF with
SIOLRR: (a) three-dimensional (3D) view, (b) planar
view, where b=0.7 mm, C=0.5 mm, R=0.5 mm, p=0.9
mm, m=0.3 mm, n=1.5 mm, $;=1.2 mm, S,=0.3 mm,
S3=0.5 mm, Wy=3.5 mm, W;=0.5 mm, W,=0.75 mm,
W3=0.2 mm, W;=1.7 mm, W=6.3 mm, W,=8.7 mm,
Ls=8.37 mm, Lsw=27.1 mm, Lp=0.495 mm, L=2.6 mm,
L;=4.5 mm, L,=5.2 mm, L3=3 mm, L,=1.675 mm.

A novel beeline structure is shown in Fig. 2, which
is composed of five horizontal microstrip lines and
one vertical microstrip line, and the three horizontal
microstrip lines in the middle are connected in parallel
and run through the entire unit structure. With the
help of 3D simulation software HFSS, the simulated
frequency response of a novel periodic BCMRCs unit
with three beeline structure is shown in Fig. 3. As seen
in Fig. 3, the BCMRCs structure plays not only the role
of a low-pass, but also produces a passband.
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Fig. 2. The novel beeline structure.
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Fig. 3. Simulated results of a novel periodic BCMRCs
unit.

It is well known that a SIW is similar to a RGW as
a high-pass filter. According to the theory of typical
RGW, the cutoff frequency of the fundamental mode in
the SIW cavity can be calculated as:

o 1

foo = 2 e i 2!
[Wsm _095pj

where c is the light velocity in vacuum, ¢, and x, are

M

relative permittivity and relative permeability, Wsiw is
the spacing between the rows of two metallic vias on the
SIW, d is the diameter of metalized vias and p is the
center-to-center pitch between adjacent via-holes. In
addition, since the SIW is not an ideal homogenous
rectangular waveguide, the gap between the aligned
metallic vias may trigger frequency-dependent leakage
loss. To prevent radiation loss, the parameters of the
typical SIW structure must be sustained to meet the
following condition [17]:

d <0.24,
d <0.2W,, . 2
d>0.5p
Where A4 can be calculated by:
A= a , ®3)

9

2
o 2

2(Wy,, —d?/0.95p)
where Jo is the free space wavelength. According to
the target specifications and these relations mentioned
above, all the examples presented in this paper are
designed with d=0.5 mm and p=0.9 mm.

In order to verify the proposed design method, the
prototype DBBPF is simulated by full-wave simulator
HFSS. As seen in Fig. 4, due to the slow wave effect
produced by the loaded BCMRCs, the cutoff frequency
of the SIW of the same size has been moved from 9.7
GHz to 4.4 GHz. According to (1), the loaded BCMRCs
reduces the equivalent width of SIW by about 55%. At
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the same time, by loading the BCMRCs with band-gap
characteristics on top layer of SIW, two wide passbands
separated by a stopband are generated.
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Fig. 4. Simulated S-parameters of the initial SIW and the
SIW with BCMRCs.

In order to enable the wide DBBPF to have lower
reflection coefficients, a tapered gradient line embedded
with rectangular slots and open stubs are introduced. The
simulated results of the dual-band filter with or without
rectangular slots and open stubs in Fig. 5. As seen in Fig.
5, by loading rectangular slots and loaded open stubs
on the transition structure of microstrip-SIW, the return
losses of the two passbands are better than 10 dB.
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Fig. 5. Simulated frequency responses of the DBBPF
with or without rectangular slots and open stubs.

The simulated results of the wideband DBBPF with
rectangular slots and open stubs is shown in Fig. 6. The
lower passband is from 4.2 GHz to 7.65 GHz, while the
upper passband frequency covers from 11.65 GHz to
14.85 GHz. The simulated 3dB fractional bandwidths
are 58.2% and 24.2%, and the return losses of the two
passbands are below 10dB, respectively. The center
frequency and bandwidth of the two passbands can be
flexibly adjusted in this filter. As seen in Fig. 7, the
bandwidth of two passbands decreases as m increases,
while the upper passband has a greater change than the
lower passband. Moreover, if Ls increases, the bandwidth
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of the two passbands becomes lager, but the lower
passhand changes more than the upper passbhand.
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Fig. 6. Simulated results of the wideband DBBPF.
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Fig. 7. Simulated frequency responses of: (a) m and (b) Ls.
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Fig. 8. Simulated frequency responses of the wideband
DBBPF with SIOLRR.



However, the DBBPF have poor frequency
selectivity between two bands. In order to improve the
frequency selectivity, the SIOLRRSs is loaded on both
sides of the input and output ports of the filter, and its
frequency response results are shown in Fig. 8. As seen
in Fig. 8, two transmission points are generated in the
stop band between the two passbands, and it is obvious
that the wideband DBBPF with SIOLRR has a better
frequency selectivity.

IHl. EXPERIMENTAL RESULTS

According to the analysis and discussion above, the
two prototype wideband DBBPFs are designed, fabricated
and measured. Figure 9 shows the photograph of the
fabricated filters. The overall circuit size of the DBBPF
i$ 9.7 mmx45.7 mm (0.26 13x1.22 1g), and the size of the
DBBPF with SIOLRR is 9.7 mmx49.7 mm (0.26 1¢4x1.35
Ag), Where g is the guided wavelength in the substrate at
center frequency (CF) of the first passband.

(b)

Fig. 9. Photograph of the fabricated DBBPFs: (a) the
DBBPF without SIOLRR, and (b) the DBBPF with
SIOLRR.

The simulated and measured results are shown in
Fig. 10. In Fig. 10 (a), the lower-band and upper-band of
the proposed DBBPF have the measured CFs at the
5.93 and 13.35 GHz with 3 dB fractional bandwidths of
3.45 and 3 GHz (58.2% and 22.5%), while the measured
minimum ILs are 0.7 and 0.92 dB, respectively. In Fig.
10 (b), the measured minimum ILs are 0.55 and 1.4 dB
in the lower and upper passbands centered at 5.8 and
13.05 GHz with 3 dB relative bandwidths of 58.6% and
20.7%, while two transmission points are generated in
the stop band between the lower and upper passbands,
respectively. Good agreements between the simulated
and measured results are obtained both in the DBBPF
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and the DBBPF with SIOLRR.

Table 1 illustrates the comparisons of our presented
SIW DBBPFs with other reported advanced ones.
Compared with the designs in [9]-[11], our proposed
ones provide more widely bandwidths, smaller size and
widely separated passbands from SIW and BCMRCs
technology. Compared to the designs in [12], our
proposed DBBPFs provide more widely bandwidths and
lower ILs.
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Fig. 10. Simulated and measured S-parameters of: (a) the
DBBP without SIOLRR, and (b) the DBBPF with
SIOLRR.

Table 1: Performance comparisons with some previous
DBBPFs

il | cq | 9B FBW | IL(B) | Size

(GHz) ©6) 150720 | 1st/20d | (342)
[11] 2021 | 105 | 15143 | 1.37/1.1 |2.18x1.44
[12]-A 12/14 |1.167| 553/4.04 | 1.21/1.34 | 1.15x1.10
[12]-B 12/16 [1.333| 3.8/347 | 1.79/1.76 |2.16x1.25
[13]-A 12/16 [1.333| 8.75/7.06 | 1.07/0.95 | 1.12x1.71
[13]-B 12115 | 125 | 7/66 | 1.24/0.85 |1.66x1.29
[14] 24/52 | 225 | 58645 | 3.6/31 |0.15x0.16
witl‘-\I;JT:;\:OOrIIfRR 59/13.4 | 2.27 | 58.2/225 | 0.70/0.92 | 0.26x1.22
Thiél"(‘gc’l_rgé"“h 5.8/13.1 | 2.26 | 58.6/20.7 | 0.55/1.4 |0.26x1.35
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1V. CONCLUSION

In this paper, two compact SIW DBBPFs with
wide bandwidths and wide separated passbands has
been proposed. The structure and design strategy have
been analyzed in detail. The SIW provides a highpass
performance and the BCMRCs generates a bandstop
characteristic. They can be effectively combined to obtain
a wideband dual-band filter. Finally, the simulations and
measurements of the demonstrative filters are in good
agreement, while the measured separated passhands are
much wider than those of the previous reported works.
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