
University of South Carolina University of South Carolina 

Scholar Commons Scholar Commons 

Faculty Publications Electrical Engineering, Department of 

5-2-2022 

A Dual-Band Filtering Structure for Highly Selective A Dual-Band Filtering Structure for Highly Selective 

Reconfigurable Bandpass Filter and Filtering Balun Reconfigurable Bandpass Filter and Filtering Balun 

Jinqun Ge 

Guoan Wang 
University of South Carolina, gwang@cec.sc.edu 

Follow this and additional works at: https://scholarcommons.sc.edu/elct_facpub 

 Part of the Electrical and Computer Engineering Commons 

Publication Info Publication Info 
Published in International Journal of RF and Microwave Computer-Aided Engineering, Volume 32, Issue 8, 
2022. 
© 2022 The Authors. International Journal of RF and Microwave Computer-Aided Engineering published 
by Wiley Periodicals LLC. 
This is an open access article under the terms of the Creative Commons Attribution License, which 
permits use, distribution and reproduction in any medium, provided the original work is properly cited. 

This Article is brought to you by the Electrical Engineering, Department of at Scholar Commons. It has been 
accepted for inclusion in Faculty Publications by an authorized administrator of Scholar Commons. For more 
information, please contact digres@mailbox.sc.edu. 

https://scholarcommons.sc.edu/
https://scholarcommons.sc.edu/elct_facpub
https://scholarcommons.sc.edu/elct
https://scholarcommons.sc.edu/elct_facpub?utm_source=scholarcommons.sc.edu%2Felct_facpub%2F373&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/266?utm_source=scholarcommons.sc.edu%2Felct_facpub%2F373&utm_medium=PDF&utm_campaign=PDFCoverPages
http://creativecommons.org/licenses/by/4.0/
mailto:digres@mailbox.sc.edu


OR I G I N A L AR T I C L E

A dual-band filtering structure for highly selective
reconfigurable bandpass filter and filtering balun

Jinqun Ge | Guoan Wang

Department of Electrical Engineering,
University of South Carolina, Columbia,
South Carolina, USA

Correspondence
Guoan Wang, Department of Electrical
Engineering, University of South
Carolina, Columbia, SC 29208, USA.
Email: gwang@cec.sc.edu

Funding information
National Science Foundation, Grant/
Award Number: 1910853

Abstract

This article proposes a filtering structure consisting of two half-wavelength resona-

tors and two open-stub loaded resonators, which generates two third-order pass-

bands. Multiple transmission zeros are introduced by the newly developed coupling

scheme, resulting in extremely sharp roll-off desirable for highly selective filters.

The proposed structure is applied to design a PIN-diodes switch-controlled recon-

figurable dual-band bandpass filter (BPF) with four-state filtering responses: both

passbands ON, both passbands OFF, high-frequency passband ON, and low-

frequency passband ON. Stepped-impedance open stubs and one-end-grounded

coupled lines are studied and employed in the design to suppress unwanted

responses. In addition, two filtering structures are placed symmetrically to design a

dual-band balun BPF. Double-sided parallel-strip lines are added in the input port

of the filter, and their inherent out-of-phase feature enables the balun filter to con-

vert unbalanced signal to balanced signal at desired frequencies. The measured

results of both fabricated devices agree well with the simulated results. The switch-

able BPF and balun BPF have two passbands (2.8 and 4.8 GHz) with high selectivity

with the minimum roll-offs from �3 to �15 dB are 1.70 � 103 and 2.71 � 103 dB/

decade, respectively. The insertion loss of the switchable BPF is 2.3/2.0 dB and the

minimum signal suppressions level OFF state is measured as �18.2 dB. The inser-

tion loss of the balun BPF is 1.8/1.4 dB, and the phase and magnitude imbalances

are less than 0.3 dB and 5�, respectively. The excellent performances of the

implemented filter and filtering balun successfully demonstrate the advantages and

design efficacy of the proposed filtering structure for different applications.

KEYWORD S

balun BPF, dual-band, filtering structure, sharp roll-off, switchable BPF

1 | INTRODUCTION

The vigorous development of communication technolo-
gies has laid a solid foundation for various applications
such as autonomous driving, smart home appliances, and

industrial IoTs. However, current and future wireless
communication systems are demanded for technical
improvement to support multiple wireless communica-
tions bands and protocols. Multiband cognitive radio has
been widely considered as one of the prominent solutions
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to tackle the spectrum scarcity with significantly
enhanced throughput and better channel maintenance of
communication networks.1,2 Multiband and multiple
function components such as bandpass filters (BPFs) are
of great importance in improving system spectral effi-
ciency, system space-consuming, and multi-function capa-
bility.3 Yet, the rapid development of system integration
requires multiple filters to work simultaneously within
narrow proximity bands, resulting in great demand of fil-
ters with high selectivity to make best use of the limited
spectrum resources and to reject the interfering signals.4

To meet the ever-increasing requirements of multi-band
and multi-function communication systems, BPFs are
required to provide good signal selectivity and enhanced
functions simultaneously. Figure 1A gives a typical configu-
ration of a front-end module, where balun, switches, power
amplifier (PA), low-noise amplifier (LNA) and BPFs are
employed to enable multi-channel communications. If the
BPF is designed to achieve reconfigurable dual passbands,
which provides adaptive filtering response to accommodate
changes in the available spectrum, the entire module can be
significantly simplified as shown in Figure 1B.5–10

Technologies, such as combing stub-loaded resonators with
transition structures,7 using dual-frequency resonators8 or
connected-coupling lines9 and employing stepped-
impedance open stubs,10 and so forth, have been developed
to achieve switchable dual-band filtering responses. How-
ever, maintaining sharp roll-off, achieving low insertion loss
at ON-state, and providing deep signal suppression level at
OFF-state, are key technical challenges in designing switch-
able dual-band BPFs. Similarly, as depicted in Figure 1C, the
size and cost of the module are reduced by integrating dual-
band BPFs with balun function. Balun filters convert unbal-
anced signals to balanced signals and provide filtering
responses simultaneously. Although filtering balun struc-
tures have been widely achieved with microstrip branch
lines,11 substrate integrated waveguides,12 stub loaded
resonators,13 and dielectric resonators,14 the integrated tech-
nologies for balun function inevitably deteriorate the perfor-
mance of filters, including poor selectivity and extra insertion
loss.15 Thus, lower loss, smaller size, and higher selectivity
are consistent pursuits in the design of multi-functional dual-
band BPFs. Nevertheless, high selectivity of dual-band BPFs
is hard to achieve with regular filtering structures due to the
limited transmission zeros and coupling restrictions. Design-
ing dual-band BPFs with sharp roll-off and good out-of-band
rejection remains a challenging task, especially for BPFs with
frequency reconfigurability or balun functions.

In this article, a novel filtering structure enabled with
half-wavelength resonators and open-stub loaded resona-
tors is presented to provide high-order passbands. By prop-
erly designing the coupling scheme, multiple transmission
zeros are introduced to achieve extremely high selectivity at
passbands. Based on the proposed structure, a PIN-diode-
controlled reconfigurable dual-band BPF and a dual-band
filtering balun are designed and implemented to demon-
strate the design efficacy. In Section 2, the working princi-
ples of the basic filtering structure are fully investigated
with thorough theoretical analyses. In Section 3, measured
results of the PIN-diode controlled reconfigurable BPF are
presented. Furthermore, double-sided parallel-strip lines
(DSPSL) are integrated into the proposed filtering structure
to generate a balanced filtering response, and a filtering
balun is implemented with results shown in Section 4. The
measured results of the balun filter fully demonstrate the
advantages of designing highly selective and multi-
functional BPFs with the proposed filtering structure.

2 | BASIC DUAL-BAND
FILTERING STRUCTURE

Open-stub loaded resonator is widely utilized in the
design of miniaturized filter due to its inherent two reso-
nant modes.16,17 Two transmission poles are achieved

FIGURE 1 (A) Typical configuration of a front-end module.

Simplified module enabled with (B) dual-band switchable filter and

(C) dual-band balun filter
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with one resonator and their frequencies are highly
related to the line length, leading to the controllable per-
formance. To obtain better miniaturization and flexible
design, meander line technology is employed in this arti-
cle to optimize such kind of resonator. As shown in
Figure 2A, a simplified open-stub loaded resonator con-
sists of a half-wavelength resonator and an open-stub res-
onator. The lengths and the characteristic impedances of
these two resonators are represented by (L, Z) and
(L0, Z0), respectively. The two resonant modes of such
open-stub resonator are analyzed with the odd–even
method. In odd-mode, the resonator is performed as a
transmission line (L/2) with one-end-grounded and its
equivalent circuit is shown in Figure 2B. When the reso-
nance condition of Yin,odd = 0 is met, the first odd-mode
resonance occurs, and its resonant frequency is:

f odd ¼
c

2L
ffiffiffiffiffiffiffi
εeff

p ð1Þ

where, c is the speed of light in the free space and εeff is
the effective permittivity of the substrate. Obviously, by
controlling the L value, the odd-mode resonant frequency
can be shifted. On the other hand, in even mode, the res-
onator's is considered as a half-wavelength resonator
with an equivalent circuit illustrated in Figure 2C. When
the impedance of the open-stub Z00, whose width is half
of the open-stub in Figure 2A, is equal to the impedance
of the half-wavelength resonator, that is, Z = Z00, the sec-
ond even-mode resonant frequency is derived as:

f even ¼
c

Lþ2L0ð Þ ffiffiffiffiffiffiffi
εeff

p ð2Þ

This means that both L and L0 affect the even-mode reso-
nant frequency. By changing the length of L and L0 sepa-
rately, independent control of the two transmission poles
is realized, which provides a high degree of design free-
dom for reconfigurable filters.

With the integration of the open-stub loaded resona-
tors and half-wavelength resonators, a miniaturized fil-
tering structure with a third-order dual-band filtering

response is achieved. As shown in Figure 3A, two open-
stub loaded resonators are placed symmetrically with two
half-wavelength resonators and are configured in mean-
der line shape for reduced area. The coupling scheme of
this filtering structure is illustrated in Figure 3B, which
shows that multiple transmission poles and zeros are
introduced. The odd-modes and even-modes of the two
open-stub loaded resonators are denoted by 1� and 1e, 2�

and 2e, respectively. The two half-wavelength resonators
3 and 4 provide signal propagation path between the two
open-stub resonators. In odd-mode, resonators 1�, 2�, and
3 generated three transmission poles to form a low-
frequency passband. For even-mode excitation, a high-
frequency passband is generated with resonators 1e, 2e,
and 4. With the two separate transmission paths of the
passbands, the passbands' properties, for example, fre-
quency location, insertion loss, and bandwidth, can be
controlled independently. Besides the transmission poles,
the source-load coupling between the input and output
and the cross-coupling between the resonators within the
filtering structure also generate multiple transmission
zeros. By carefully locating the transmission poles and
zeros, two third-order passbands with sharp roll-off and
good out-of-band suppression are eventually realized.

To further characterize the working mechanism of
the proposed filtering structure, coupling matrixes [M]
are developed to describe the coupling relationships
among resonators. Due to the different roles of resona-
tors, the coupling coefficients Mij in the matrix are differ-
ent under odd-mode and even-mode. Based on the above
analysis, the coupling matrixes at odd-mode and even-
mode are derived as:

Mo½ � ¼

0 MS1o 0 0 MSL

MS1o M11 0 M1o3 0

0 0 M22 M2o3 M2oL

0 M1o3 M2o3 M33 0

MSL 0 M2oL 0 0

2

6666664

3

7777775

ð3Þ

FIGURE 2 (A) Simplified open-stub loaded resonator and its

equivalent circuit under (B) odd-mode, and (C) even-mode

FIGURE 3 (A) Basic dual-band filtering structure and (B) coupling

scheme of the filtering structure
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Me½ � ¼

0 MS1e 0 0 MSL

MS1e M11 0 M1e4 0

0 0 M22 M2e4 M2eL

0 M1e4 M2e4 M44 0

MSL 0 M2eL 0 0

2

6666664

3

7777775

ð4Þ

The values of the coupling coefficients Mij are determined
by the specific dimensions of the structure. Once the
structure is defined, the corresponding coupling matrix
can be obtained by fitting the initial guess for the optimi-
zation.18 The loop currents grouped in a 5 � 5 identity
matrix [I] are given as:

�jRþω0 W½ �þ Mo,e½ �½ � I½ � ¼ A½ � I½ � ¼�j e½ � ð5Þ

where, j2 = �1, [R] is a 5 � 5 matrix whose only nonzero
entries are R11 = R55 = 1, [W] is similar to [I], except that
W11 = W55 = 0. The excitation vector is [e]t = [1, 0, 0,
0, 0]. The low-pass prototype frequency ω0 is related to
the actual frequency ω by ω0 = ω0/Δω(ω/ω0 � ω0/ω),
where ω0 is the center frequency of the filtering circuit
and Δω is its bandwidth. Eventually, the transmission
and reflection coefficients of the proposed filtering struc-
ture are obtained by (load and source resistors = 1):

S21 ¼�2j A�1
� �

5,1 ð6Þ

S11 ¼ 1þ2j A�1
� �

1,1 ð7Þ

The determined model can be applied to optimize the
design of filter minimizing time-consuming full-wave
simulation.

3 | SWITCHABLE DUAL-
BAND BPF

Based on the proposed filtering structure, a dual-band
BPF is designed by Ansys HFSS with four independently
controlled passband states: both passbands ON, both
passbands OFF, high-frequency passband ON, and low-
frequency passband ON. As shown in Figure 4, the
proposed filtering structure in Section 2 is utilized to gen-
erate two third-order passbands with high selectivity.
Four PIN diodes are employed to control the connections
between signal lines and the ground (GND). The diodes
DL1 and DL2 are located at the odd-mode transmission
path to control the operating state of the low-frequency
passband. Similarly, the diodes DH1 and DH2 are arranged
at the even-mode transmission path to determine the

working state of the high-frequency passband. As shown
in Table 1, when a group of diodes are turned on, the
connected signal suppression mechanism will be acti-
vated, resulting in the OFF-state of the corresponding
passband.

To achieve better OFF-state rejection, two signal sup-
pression techniques are employed in the switchable filter.
As shown in Figure 5A, when one end of a coupled line
is grounded, the input signal from port 1 will not pass
through the coupled line to the output port 2. This tech-
nique is applied to the proposed filter by grounding one
end of the signal lines with diodes DL2 and DH2. Another
signal suppression technique of shunting a stepped-
impedance open stub to a transmission path is also
applied in this filter, as illustrated in Figure 5B. The
introduced stub generates a notch frequency response,

FIGURE 4 Architecture of the switchable dual-band BPF.

BPF, bandpass filter

TABLE 1 Four-state filtering responses summary

Activated switches Filtering states

None Both bands ON

DL1, DL2, DH1, and DH2 Both bands OFF

DH1 and DH2 Low-frequency band ON

DL1 and DL2 High-frequency band ON

FIGURE 5 Signal suppression technologies utilized in the

filter: (A) one-end-grounded coupled line and (B) stepped-

impedance open stub

4 of 9 GE AND WANG

 1099047x, 2022, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

m
ce.23215, W

iley O
nline L

ibrary on [21/10/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



thereby enhances the signal suppression. The operating
frequency of the notch response is mainly determined by
the total length of the open stub while the bandwidth is
affected by the ratios of Zs1 and Zs2. Moreover, when the
open stub is grounded, the influence of the notch
response is eliminated. Therefore, two stepped-impedance
open stubs are utilized in the proposed filter for each pass-
band, and the working states of the filter are controlled by
the diodes DL1 and DH1. Eventually, the diodes DL1 and
DL2, DH1 and DH2 are used to switch the states of low-
frequency band and high-frequency band, respectively.

The optimized switchable dual-band BPF is fabricated
on a F4B (εr = 2.65, tan δ = 0.0035) substrate with a thick-
ness of 1 mm. The values of the parameters in Figure 4 are
shown in Table 2. Figure 6 shows optical image of a fabri-
cated filter with SMP1322-079 PIN diodes from Skyworks
selected as control switches.19 The insert in Figure 6 also
illustrates the biasing circuit for each diode, which is
formed with a RF choke inductor L = 180 nH, a bypass
capacitor C = 33 pF, and a resistor R = 100 Ω, respectively.

The fabricated sample is measured by Rohde &
Schwarz ZVA 67, and the results comparisons with four-
state filtering responses are depicted in Figure 7A–D.
When all the diodes are turned off, an original filter with
two third-order passbands is presented in Figure 7A. The
center frequencies of the two passbands are measured at

2.85 and 4.86 GHz, respectively. The first passband has a
�3 dB bandwidth of 174.

MHz while the �3 dB bandwidth of the second pass-
band is 291 MHz. The minimum insertion losses of the two
passbands are 2.3 and 2.0 dB, which are slightly higher than
the simulated results. The additional loss is contributed by
the loss from PIN diodes and SMA connectors. Multiple
transmission zeros contribute to the high selectivity and
good out-of-band rejection. The minimum roll-off from �3
to �15 dB is measured as 1.70 � 103 dB/decade and the sig-
nal suppression level out of the passbands is better than
�20 dB. Instead, when all the diodes are turned on, both
passbands will become stopbands due to the activated signal
suppression technologies. The filtering response of all fre-
quency blocking is shown in Figure 7B, where signal rejec-
tions are better than �18.7 dB. Filtering response of the
switchable BPF with only one passband at low frequencies
is shown in Figure 7C. The passband at high frequencies is
disabled by turning on diodes DH1 and DH2, where the maxi-
mum rejection level is found as �19.7 dB. Similarly,
Figure 7D shows the filtering response with only one pass-
band at high frequencies. Another passband at low frequen-
cies is blocked by turning on diodes DL1 and DL2 while the
minimum rejection level is measured as �18.2 dB.

Table 3 compares the performance of the designed
switchable BPF with other similar filters. Most transmis-
sion zeros are achieved in the proposed filter, which
contributes to the highest selectivity and very good out-
of-band suppression. High-order passbands with good
miniaturization are realized with multiple meander line
resonators in the design. The bandwidth of each band
can be increased by slightly separating the transmission
poles, which are realizable with different electrical length
of the corresponding resonators. In addition, the filter
dimension can be further reduced through layout optimi-
zation, such as multilayer design.

4 | DUAL-BAND FILTERING
BALUN

Compact, efficient, and low-cost signal processing is
highly required in modern communication systems.

TABLE 2 Parameter values used in

the switchable BPF
Param. L1 L2 L3 L4 L5 L6 L7 L8 L9 L10

(mm) 10.2 12 5 16 9 5.2 11 8.8 19.9 6.6

L11 L12 L13 L14 L15 W1 W2 W3 W4 W5 W6

11.1 5.5 5.5 3.1 3.1 2.65 1 0.3 0.8 1.6 1

W7 W8 W9 W10 W11 g1 g2 d1 d2 d3 d4

1 0.3 4 0.3 3.2 1 3.8 0.4 3.9 1 1

Abbreviation: BPF, bandpass filter.

FIGURE 6 Photograph of the fabricated PIN diodes controlled

reconfigurable BPF, and biasing circuit of diode (insert). BPF,

bandpass filter
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Baluns are commonly used in these systems to convert
the unbalanced signal to the balanced signal between
multiple devices, such as filters, amplifiers, antennas, and
so forth. The integration of balun and filter can signifi-
cantly reduce the cost and size of functional blocks,
which makes the balun BPF more attractive in recent
years. In this section, a dual-band balun BPF based on
the presented filtering structure is designed for high

selectivity. The symmetrical and planar configuration of
the filtering structure makes it suitable for balun design
by integrating them back-to-back. As shown in Figure 8,
the filtering balun consists of five layers: top resonator,
top substrate, middle conductor plane, bottom substrate,
and bottom resonator. Two filtering structures are
applied on the top and bottom layers to provide dual-
band filtering responses. At the input and output of the

FIGURE 7 Simulated and measured S-parameters of the designed switchable BPF: (A) both passbands ON, (B) both passbands OFF,

(C) low-frequency passband ON, and (D) high-frequency passband ON. BPF, bandpass filter

TABLE 3 Comparison with similar references

Refs f1/f2 (GHz) IL (dB) TZs Orders Selectivity (dB/decade) Size (λg
2)

[6] 1.5/2.0 3.1/3.1 3 3/3 4.2 � 102 0.40

[7] 2.51/3.52 1.2/1.3 5 1/1 6.7 � 102 0.38

[8] 0.9/2.16 2.6/3.2 1 2/2 2.6 � 102 0.17

[9] 1.5/2.5 3.0/2.6 2 2/2 4.0 � 102 0.27

[10] 0.9/2.35 1.4/4.9 0 2/3 5.1 � 102 0.07

Proposed 2.85/4.86 2.3/2.0 6 3/3 17.0 � 102 0.16

Abbreviations: IL, insertion loss; TZs, transmission zeros; λg, guided wavelength at the first frequency band.

6 of 9 GE AND WANG
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filtering structure, two extra metal lines are added for sig-
nal diversion. The top layout and the bottom layout are
centrosymmetric along the centerline. The conductor
plane behaves as a virtual ground for microstrip lines on
both sides. It is noted that the ground layer is partially
defected, where a DSPSL is formed. The inherent out-of-
phase feature of DSPSL makes the filter easy to output
balanced signal. Since the filtering structures are excited
simultaneously at port 1 on both sides, the input energy
is equally separated to port 2 and port 3 with a 180�

phase difference.
According to,20 when the DSPSL has the same width

as the converted microstrip line, the characteristic imped-
ance of DSPSL will be twice that of the converted micro-
strip lines. This property shows great advantages of
DSPSL in high impedance applications and enables the
easy conversion between the DSPSL and the back-to-back
microstrip lines. Eventually, a dual-band balun BPF is
constructed to generate a balanced filtering response. The
theory in Section 2 is used to analyze and optimize the
filtering balun. Since the designed balun BPF consists of
two layers of identical filtering structure, the signal at

two output ports is half of the calculated results from
Equation (6), that is, the calculated transmission coeffi-
cients should minus 3 dB for the balun BPF. In addition,
the inverse output phases at port 2 and port 3 should be
considered during the calculation.

As shown in Figure 9, a well-designed balun BPF is
fabricated on F4B (εr = 2.65, tan δ = 0.0035) substrate
with dimensions listed in Table 4. The centrosymmetric
structure is realized by bonding two identical printed cir-
cuit boards (PCBs) with silver glue. In order to soldering
SMA conductors to port 2 and port 3, the PCBs are made
partially open to expose the intermediated conductor
plane without affecting the filter performance.

The simulated and measured results of the balun BPF
are presented in Figure 10. Almost the same filtering
responses are generated at port 2 and port 3, which fully
validate the design efficacy of the proposed balun BPF.
The measured center frequencies of the two passbands
are 2.89 and 4.81 GHz, respectively. The first passband
has a �3 dB bandwidth of 100 MHz while the �3 dB
bandwidth of the second passband is 180 MHz.
Extremely high selectivity of the two passbands is
achieved by the proposed coupling scheme and the mini-
mum roll off from �3 to �15 dB is 2.71 � 103 dB/decade.
The minimum insertion losses at two passbands are mea-
sured to be (1.77 + 3) and (1.41 + 3) dB. The additional
+3 dB in the insertion losses is because the input power
is equally divided into the two output ports. The extra
loss compared to the simulated results is mainly caused
by the manufacturing variation from silver gluing and
SMA connectors losses. In addition, the measured trans-
mission zeros are slightly shifted from the simulated S-
parameters, which are generated by the alignment errors
during the bonding process and the use of thicker inter-
mediate conductor plane. To further show the balanced
filtering response of the proposed balun BPF, Figure 10B

FIGURE 8 (A) 3D view of the dual-band balun BPF.

(B) Schematic layout of the top layer. BPF, bandpass filter

FIGURE 9 Photograph of the fabricated balun BPF: (A) front

view and (B) back view. BPF, bandpass filter
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gives the phase and magnitude imbalances of each pass-
band. The maximum imbalances of phase and magnitude
are measured as 0.3 dB and 5�, respectively.

Table 5 summarizes the performance comparison of
the balun BPF with other similar filters. Due to the addi-
tional transmission zeros introduced by the novel cou-
pling scheme, high selectivity and excellent out-of-band
rejection are achieved. Adoption of multiple resonators
and proper design make the designed balun BPF has
high-order passbands and good miniaturization factor.
As described in the design of the switchable BPF in
Section 3, the bandwidth of the two passbands for the
presented filtering balun can be further increased by
slightly separating the transmission poles.

5 | CONCLUSION

A novel highly selective filtering structure with a care-
fully designed coupling scheme is presented in this arti-
cle. Multiple transmission poles are introduced to form
two third-order passbands with half-wavelength resona-
tors and open-stub loaded resonators. Through the pro-
posed coupling scheme, multiple transmission zeros are
generated to increase the selectivity of the two passbands.
A dual-band BPF with reconfigurable frequency band
response and a dual-band balun filter are designed and
implemented with the proposed filtering structure. Both
devices are measured to be highly selective, with the min-
imum roll-offs of 1.70 � 103 and 2.71 � 103 dB/decade
from �3 to �15 dB, respectively. The good performance
of the implemented BPF and filtering balun fully

FIGURE 10 Simulated and measured results of the balun

BPF: (A) S-parameters and (B) phase and magnitude imbalances of

each passband. BPF, bandpass filter

TABLE 5 Comparison with similar

references
Refs f1/f2 (GHz) IL (dB) FBW (%) Selectivity (dB/decade) Size (λg

2)

[11] 2.85/3.15 1.9/1.7 5.2/5.1 1.9 � 102 1.95

[12] 9.51/15.0 2.8/2.4 2.7/5.2 19.7 � 102 0.96

[13] 2.44/3.50 2.1/2.2 4.9/2.7 3.6 � 102 0.09

[14] 1.52/1.64 0.9/0.9 0.8/0.9 14.0 � 102 1.56

[15] 3.93/4.14 0.5/0.7 1.0/1.1 22.7 � 103 0.32

Proposed 2.89/4.81 1.8/1.4 3.5/3.7 27.1 � 102 0.18

Abbreviations: IL, insertion loss; λg, guided wavelength at the first frequency band.

TABLE 4 Parameter values used in

the filtering balun
Param. L01 L02 L03 L04 L0

5 L06 L07 L08 L0
9

(mm) 7 14 16 5.2 9 11 8.9 19.9 6.4

L0
10 L011 L012 W0

1 W0
2 W0

3 W0
4 W0

5 W0
6 W0

7

11.3 11 8 5.3 1.5 0.8 1.6 1 1 1.2

W0
8 g01 g02 g03 d01 d02 d03 d04 d05 h

2.65 1 4 2.3 0.4 1.8 0.6 1 1.1 1

8 of 9 GE AND WANG

 1099047x, 2022, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

m
ce.23215, W

iley O
nline L

ibrary on [21/10/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



demonstrate the design efficacy of the proposed filtering
structure for reconfigurable and multifunctional BPFs
with high selectivity.
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