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Abstract – A compact dual-band bandpass filter (DB-
BPF) is studied and implemented by using shorted
stub-loaded stepped impedance resonator (SSL-SIR) and
0
◦

feed structure in this paper. The resonance frequen-
cies of SSL-SIR can be analyzed and explained by
odd−even mode analysis method and it is used in the
design of BPF I. Then, the BPF II is created using the
theory of 0◦feed structure. Finally, the two structures
are combined together to form a DB-BPF by reasonably
adjusting the coupling between them and the position of
the feed points. The simulation results suggest that the
center frequencies of the two passbands are 3.45 and 5.2
GHz, respectively, which are suitable for modern wire-
less communication systems like 5G and WLAN. Com-
pact size, strong passband isolation, and large stopband
bandwidth are all advantages of the proposed DB-BPF
filter. A prototype is created and constructed to validate
this. The simulated results are in good agreement with
the measured results.

Index Terms – Dual-band bandpass filter (DB-BPF),
0◦feed structure, stub-loaded stepped impedance res-
onator (SSL-SIR).

I. INTRODUCTION
As we all know, filters play an essential role in

many radio frequency (RF) or microwave systems with
the development of modern technology. The filters are
widely utilized in many sectors such as WiFi, sensing
radars, and transceivers due to their great qualities such
as compact size, low cost, low insertion loss, superior
frequency selectivity, and ease of production. Recently,
with the continuous progress of multi-function wireless
communication networks, the single band transceiver
system has been unable to meet the requirement. There-
fore, the diversified function and excellent performance
of wireless devices become the focus of attention. To
meet various demands, filters that possess multiple func-
tions have been developed by researchers, such as
lowpass filters with good out-of-band suppression [1],
band-stop filters [2], tunable filters [3], reconfigurable
filters [4], and bandpass filters (BPFs) [5].

Dual-band bandpass filters (DB-BPFs) have a lot of
promise due to the growing demand for RF transceivers
that operate in several frequency bands. Many methods
have been developed, and a variety of DB-BPF structures
have been proposed using various techniques, such as
the DB-BPF based on the hexagonal split ring resonator
[6], the dual wide-band BPF based on the cross-shaped
resonator [7], the compact DB-BPF based on shorted
and open stub-loaded resonators [8, 9], and the DB-BPF
based on dual-mode resonators [10].

The DB-BPFs based on the shorted stub-loaded
stepped impedance resonator (SSL-SIR) have also been
presented in [11–14], in addition to the filters men-
tioned above. SIRs have the advantages of a simple
design, easy manufacture, and a high stopband attenu-
ation level. The DB-BPF in [11] was combined by a
pair of open stub-loaded stepped impedance resonators
(OSLSIRs) and two SSL-SIRs are embedded between
the coupled OSLSIRs to generate quasi-elliptic response
at two diverse frequencies, but its whole frame was suf-
fered from great size and complicated structure. In [12],
a pair of stub-loaded SIRs and a pair of dual-feedline
structures (DFSs) were used to design DB-BPF. How-
ever, it was lack of passband selectivity and compact-
ness. A novel compact DB-BPF based on SSL-SIR and
a pair of tri-section stepped impedance resonator (T-SIR)
was presented in [13], whereas its circuit was not com-
pact enough and simple. In [14], the DB-BPF was con-
structed by a quad-mode stub-loaded resonator, yet, it
occupied a large area.

As previously stated, the DB-BPF built by oth-
ers required a considerable dimension due to the large
number of resonators required. A miniaturized DB-
BPF based on SSL-SIR and 0◦feed structure is pro-
posed in this paper. First, the theory of odd−even mode
analysis is used to analyze SSL-SIR, and then the low
passband centered at 3.45 GHz is designed. Based on
the theory of 0◦feed structure, the upper passband cen-
tered at 5.2 GHz is formed. The two passbands are
combined together to form a DB-BPF by reasonably
adjusting the coupling between them and the position of
the feed points. Finally, a prototype is fabricated and
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and the measured results verify the rationality of the 

design. 

II. DESIGN OF BPF I 
A DB-BPF which composed of SSL-SIR and a 

two-mode resonator based on a 0
。

feed structure. Its 

topology was depicted in Figure 1. The typical SSLR, 

as shown in Figure 2, is made up of a uniform 

microstrip line and a shorted stub-loaded resonator in 

the center, with physical lengths defined as 2L1 and L2. 

Its impedances are Z1 and Z2, respectively. By replacing 

the short one to the open one, the diagram is named 

OSLR. Due to the symmetrical structures of SSLR and 

OSLR, the resonant characteristics can be easily 

analyzed by the odd−even mode analysis method.    
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Fig. 1. Geometry of the proposed DB-BPF. 
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Fig. 2. Diagram of a typical SSLR. 
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Fig. 3. (a) Structures of SSL-SIR. (b) Odd-mode 

equivalent circuit of SSL-SIR. (c) Even-mode 

equivalent circuit of SSL-SIR. 

Here, the SSL-SIR is used to form BPF I and its 

topology and the odd−even mode equivalent circuit are 

shown in Figure 3. The two characteristic impedances 

and electrical lengths of SIR are Z1, Z2, 2 θ1, and θ2. The 

impedance of the loaded short circuit uniform 

impedance stub microstrip line is Z3, and the electric 

length of corresponding microstrip line is θ3. Since 

SSL-SIR is symmetric about A, A', the resonant 

frequency of this structure can also be analyzed by 

using the odd−even mode analysis method. According 

to the transmission line theory, the input impedance of 

odd mode can be given by 
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Based on the resonance condition 1/Zino = 0, it can 

be deduced that when the resonator resonates, its 

electric length should meet condition (2). Further, 

define the electric length ratio α, θT = θ1 + θ2, α = θ1/θT, 

and formula (2) can be converted into formula (3). The 

odd-mode equivalent circuit structure is also known as 

a quarter wavelength SIR 
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It can be seen from formula (3), which determines 

the odd mode resonance frequency (fodd), that when the 

structural parameters of the loaded shorted uniform 

impedance stub of microstrip line are changed, the odd-

mode resonant frequency will not change at all. It is 

mainly determined by the impedance ratio Z1/Z2 of SIR 

and the electric lengths θ1 and θ2. 

Similarly, the input impedance of even mode can 

be given by 
2
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According to the resonance condition 1/Zine = 0, it 

can be computed that when the resonator resonates, its 

electric length should meet the following condition: 
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Further obtained: 

2 1 2 1 1 3 2 3 1 2tan tan 2 tan tan 2tan tanZ Z Z ZR R R R       

(6) 

where RZ1 = Z2/Z1 and RZ2 = Z1/Z3; hence, Z2/Z3 = RZ1RZ2. 

From (6), we can see that the even mode, resonance 

condition of SSL-SIR is not only related to the 

impedance ratio RZ1 and the electrical length θ1 and θ2 

of SIR but also related to the impedance ratio RZ2 and 

the electrical length θ3 of the loaded shorted stub. We 

first calculated the electrical parameters based on the 

fodd and feven determined by formula (3) and formula (6) 

and then optimized the final electrical parameters in the 

simulation software. In this study, the impedance ratio 

of the SSL-SIR RZ1 and RZ2 are set as 0.8 and 1.6, 

respectively, and the electric lengths θ1, θ2, and θ3 are 
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Fig. 2. Diagram of a typical SSLR.

measured, and the measured results verify the rationality
of the design.
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A DB-BPF which composed of SSL-SIR and a two-

mode resonator based on a 0◦feed structure. Its topology
was depicted in Figure 1. The typical SSLR, as shown
in Figure 2, is made up of a uniform microstrip line and
a shorted stub-loaded resonator in the center, with phys-
ical lengths defined as 2L1 and L2. Its impedances are
Z1 and Z2, respectively. By replacing the short one to
the open one, the diagram is named OSLR. Due to the
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characteristics can be easily analyzed by the odd−even
mode analysis method.
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Fig. 3. (a) Structures of SSL-SIR. (b) Odd-mode equiva-
lent circuit of SSL-SIR. (c) Even-mode equivalent circuit
of SSL-SIR.

the odd−even mode analysis method. According to the
transmission line theory, the input impedance of odd
mode can be given by:

Zino = jZ1
Z1 tanθ1 +Z2 tanθ2

Z1 −Z2 tanθ1 tanθ2
. (1)

Based on the resonance condition 1/Zino = 0, it can
be deduced that when the resonator resonates, its elec-
tric length should meet condition (2). Further, define
the electric length ratio α , θ T = θ 1 + θ 2, α = θ 1/θ T ,
and formula (2) can be converted into formula (3). The
odd-mode equivalent circuit structure is also known as a
quarter wavelength SIR.

tanθ1 tanθ2 =
Z1

Z2
, (2)

tanαθT tan[(1−α)θT ] = Z1/Z2. (3)

It can be seen from formula (3), which determines
the odd mode resonance frequency (f odd), that when
the structural parameters of the loaded shorted uniform
impedance stub of microstrip line are changed, the odd-
mode resonant frequency will not change at all. It is
mainly determined by the impedance ratio Z1/Z2 of SIR
and the electric lengths θ 1 and θ 2.

Similarly, the input impedance of even mode can be
given by:

Zine = jZ2
Z2

1 tanθ1 +Z1Z2 tanθ2

Z1Z2 −Z2
1 tanθ1 tanθ2

(4)

+2Z1Z3 tanθ3 −2Z2Z3 tanθ1 tanθ2 tanθ3

−2Z2Z3 tanθ1 tanθ3 −2Z1Z3 tanθ2 tanθ3
.

According to the resonance condition 1/Zine = 0,
it can be computed that when the resonator res-
onates, its electric length should meet the following
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condition:
Z1Z2 −Z2

1 tanθ1 tanθ2 −2Z2Z3 tanθ1 tanθ3 (5)
−2Z1Z3 tanθ2 tanθ3 = 0.

Further obtained:
RZ2 tanθ1 tanθ2 +2RZ1 tanθ1 tanθ3 (6)
+2tanθ2 tanθ3 = RZ1RZ2,

where RZ1 = Z2/Z1 and RZ2 = Z1/Z3; hence, Z2/Z3 =
RZ1RZ2. From (6), we can see that the even mode res-
onance condition of SSL-SIR is not only related to the
impedance ratio RZ1 and the electrical length θ 1 and θ 2
of SIR but also related to the impedance ratio RZ2 and the
electrical length θ 3 of the loaded shorted stub. We first
calculated the electrical parameters based on the f odd and
f even determined by formula (3) and formula (6) and then
optimized the final electrical parameters in the simula-
tion software. In this study, the impedance ratio of the
SSL-SIR RZ1 and RZ2 are set as 0.8 and 1.6, respectively,
and the electric lengths θ 1, θ 2, and θ 3 are obtained as
27◦, 57◦, and 11◦independently at 3.45 GHz.

In comparison to a traditional SSLR, the design of a
filter employing SSL-SIR will have more flexibility and
degrees of freedom, which will considerably improve the
adjustable range of filter performance in actual applica-
tions.

A small size BPF with a center frequency of 3.45
GHz was designed by reasonably selecting the electri-
cal length, impedance ratio of SSL-SIR and utilizing the
coupling of source/load. SSL-SIR bending is designed to
reduce the size of the circuit. Simultaneously, the geom-
etry of the proposed filter and its simulation results are
shown in Figure 4. The feed lines on the left and right
ends are 50 Ω. It can be seen that there are two trans-
mission zeros on the left and right sides of the passband.
The transmission zeros are introduced through the source
load coupling, which can significantly improve the selec-
tivity and out-of-band rejection response of the filter.

III. DESIGN OF BPF II
As shown in Figure 5, the design of BPF II was

inspired by [15] based on the theory of 0◦feed structure
and electric coupling. According to the previous research
results, the frequency responses of the filters designed
with different tap-line feed points may be significantly
different. It has been found in [16] that by using a 0◦feed
structure, two transmission zeros near the passband can
be generated and the stopband rejection has been signif-
icantly increased. The electrical delays of the upper and
lower paths of the coupling structure in Figure 5 are sim-
ilar to those at its fundamental resonant frequency which
has a 0◦ difference between the electric delays of the
lower and upper paths. Also, the coupling gaps between
the two resonators are modeled as π-networks, as shown
in the inset of Figure 5, where the values of C1 and C2

(a)

(b)

Fig. 4. Geometry of the proposed BPF I and its simu-
lation results. (a) Geometry of the filter (a1 = 0.11, b1 =
7.4, a2 = 1.55, b2 = 0.5, a3 = 7.91, b3 = 0.3, radius = 0.1,
W0 = 0.15, g1 = 0.1, and g2 = 0.1 all in millimeter). (b)
Simulated S parameters of the passband I.

Fig. 5. The topology structure of BPF II.

could be found from [17]. For a lower microwave fre-
quency range, the value of ωC1 is very small due to C1 <
0.01 pF, and it will be neglected.
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Fig. 6. Simulated results of BPF II with 0◦feed structure
and without 0◦feed structure. (The insets are simulated
electric field distribution in 5.2 GHz.)

The transmission matrix of BPF II can be derived
from [18], and its transmission coefficient can be further
obtained. Figure 6 is the comparison of the BPF2 with-
out 0◦ feed structure and with 0◦ feed structure at the
center frequency 5.2 GHz. One resonator is resonant at
the frequency when θ 4 approaches π/2 and the other is
resonant at the frequency when θ 5 is approximately π/2.

It can be clearly seen that two transmission zeros
which are located at 4.47 and 6.18 GHz, respectively,
which are close to the passband and on both sides of the
passband; therefore, significant increase has occurred in
the stopband injection.

IV. DB-BPF AND EXPERIMENTAL
VERIFICATION

A DB-BPF, as shown in Figure 1, is proposed based
on the study of the previous two BPFs. The coupling gap
between the two filters and the electrical coupling gap
of the second filter are tuned by combining the two pre-
viously stated BPF I (3.45 GHz) and BPF II (5.2 GHz)
together, and the DB-BPF is simply created. The sim-
ulated transmission coefficients of the sub-BPF1, sub-
BPF2, and DB-BPF are shown in Figure 7. The proposed
DB-BPF’s two passbands are clearly in good accordance
with the passbands of the two sub-filters. At the same
time, the selectivity between the two passbands and the
isolation between the two passbands are significantly
improved. The final optimized dimensions of the DB-
BPF demonstrated in Figure 1 are as follows: g = 0.1
mm, g1 = 0.4 mm, g2 = 0.12 mm, g3 = 0.3 mm, d = 2.44
mm, W1 = 0.15 mm, L1 = 0.8 mm, W5 = 0.15 mm, L5 =
8.14 mm, W4 = 0.15 mm, and L4 = 9.78 mm, where the
dimensions of BPF I are the same as Figure 4.

Fig. 7. EM simulated results of transmission coefficients
of the proposed DB-BPF and sub-filters.

For verification, a DB-BPF is fabricated and mea-
sured. Considering the advantages of dimensional sta-
bility, low loss, low water absorption, low cost of printed
circuit manufacturing, and easy drilling and plating oper-
ations. We used Taconic RF-35 substrate with a rel-
ative dielectric permittivity of 3.5 and a thickness of
0.508 mm. Figure 8(a) shows the photograph of the
fabricated DB-BPF and the comparison between the
simulated and measured results. Good agreements are
obtained between them, while the slight deviation of
the upper passband may be due to the fabrication tol-
erance and soldering errors at the two 50 Ω input–output
ports.

The two measured passbands are centered at 3.46
and 5.34 GHz with the fractional bandwidths of 6.9%
and 4.4%. The measured minimum insertion losses in
the passband are 1 and 1.21 dB. Meanwhile, the return
losses are better than 11 and 15 dB, respectively. Four
transmission zeros that are located at 2.86, 4.05, 4.8,
and 6.05 GHz improve the selectivity of each passband
and the isolation between the two passbands. Figures
8(b) and (c) show the simulated in-band group delay
responses of low passband and high passband, and the
minimum group delays in the two passbands are 1.1 and
0.96 ns, respectively. In addition, it has a wide upper
stopband ranging from 5.73 to 9.86 GHz with −15 dB
injection. The overall size of the filter is 7.74 mm ×
8.54 mm, which occupies 0.15 λg × 0.16 λg, where λg is
the guided wavelength at the center frequency of the first
passband. A performance comparison between the pub-
lished DB-BPFs and the proposed one is shown in Table
1. It shows that the proposed DB-BPF has the advan-
tages of compact size, low insertion loss, simple circuit
topology, and easy fabrication. Comparing with [13], the
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It can be clearly seen that two transmission zeros 

which are located at 4.47 and 6.18 GHz, respectively, 

which are close to the passband and on both sides of the 

passband; therefore, significant increase has occurred in 

the stopband injection. 

IV. DB-BPF AND EXPERIMENTAL 

VERIFICATION 
A DB-BPF, as shown in Figure 1, is proposed 

based on the study of the previous two BPFs. The 

coupling gap between the two filters and the electrical 

coupling gap of the second filter are tuned by 

combining the two previously stated BPF I (3.45 GHz) 

and BPF II (5.2 GHz) together, and the DB-BPF is 

simply created. The simulated transmission coefficients 

of the sub-BPF1, sub-BPF2, and DB-BPF are shown in 

Figure 7. The proposed DB-BPF’s two passbands are 

clearly in good accordance with the passbands of the 

two sub-filters. At the same time, the selectivity 

between the two passbands and the isolation between 

the two passbands are significantly improved. The final 

optimized dimensions of the DB-BPF demonstrated in 

Figure 1 are as follows: g = 0.1 mm, g1 = 0.4 mm, g2 = 

0.12 mm, g3 = 0.3 mm, d = 2.44 mm, W1 = 0.15 mm, L1 

= 0.8 mm, W5 = 0.15 mm, L5 = 8.14 mm, W4 = 0.15 mm, 

and L4 = 9.78 mm, where the dimensions of BPF I are 

the same as Figure 4. 

 

 
 

Fig. 7. EM simulated results of transmission 

coefficients of the proposed DB-BPF and sub-filters. 

 

For verification, a DB-BPF is fabricated and 

measured. Considering the advantages of dimensional 

stability, low loss, low water absorption, low cost of 

printed circuit manufacturing, and easy drilling and 

plating operations. We used Taconic RF-35 substrate 

with a relative dielectric permittivity of 3.5 and a 

thickness of 0.508 mm. Figure 8(a) shows the 

photograph of the fabricated DB-BPF and the 

comparison between the simulated and measured 

results. Good agreements are obtained between them, 

while the slight deviation of the upper passband may be 

due to the fabrication tolerance and soldering errors at 

the two 50-Ω input–output ports.  

The two measured passbands are centered at 3.46 

and 5.34 GHz with the fractional bandwidths of 6.9% 

and 4.4%. The measured minimum insertion losses in 

the passband are 1 and 1.21 dB. Meanwhile, the return 

losses are better than 11 and 15 dB, respectively. Four 

transmission zeros that are located at 2.86, 4.05, 
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Fig. 8. Responses and group delays of the proposed 

filter. (a) Simulated and measured S-parameters of the 

DB-BPF. (b) and (c) Simulated in-band group delay 

responses of passbands I and II, respectively. 

 

4.8, and 6.05 GHz improve the selectivity of each 

passband and the isolation between the two passbands. 

Figures 8(b) and (c) show the simulated in-band group 

delay responses of low passband and high passband, 

and the minimum group delays in the two passbands are 

Commented [U3]: Author: The sentence "Considering the 

advantages of dimensional stability…" seems incomplete. Please 

check. Fig. 8. Responses and group delays of the proposed
filter. (a) Simulated and measured S-parameters of the
DB-BPF. (b) and (c) Simulated in-band group delay
responses of passbands I and II, respectively.

structure required to design the low passband is simpler
and easier to design.

Table 1: Comparison of some previous dual-band filters
CF

(GHz)
FBW
(%)

IL
(dB)

TZs Size
(λg*λg)

[11] 1.63/
2.73

7.5/
5.1

1.5/
2.15

7 0.25*
0.25

[12] 2.3/3.5 2.98/
2.64

1.25/
1.72

3 0.25*
0.23

[13] 2.4/3.5 15.6/
5.2

1.07/
1.05

4 0.32*
0.11

[14] 2.4/5.2 14.8/
12.9

1.43/
1.34

4 N.A.

This
work

3.46/
5.34

6.9/
4.4

1/1.21 4 0.15*
0.16

V. CONCLUSION
A compact DB-BPF which is composed of BPF I

and BPF II, based on the SSL-SIR and 0◦feed struc-
ture, is presented in this article. SSL-SIR is first ana-
lyzed using the odd−even mode analysis approach, and
then the low passband, centered at 3.46 GHz, is built
on this premise. A high-selectivity high passband cen-
tered at 5.37 GHz is presented based on the 0◦feed struc-
ture. Without increasing the size of the circuit, a small
DB-BPF with good selectivity is created by combin-
ing two independent passbands. After all, a DB-BPF
is designed, manufactured, and tested. The measured
results are in good agreement with the simulation results.
The proposed DB-BPF has the merits of compact size,
high selectivity, and independent control of the pass-
band, making it suitable for 5G, WLAN, and narrowband
applications.
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