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A switchable single-wideband (SWB)-to-dual-
wideband (DWB) bandpass filter (BPF), which is
realized by using lumped switches, is presented in this
paper. By alternating the operation modes—ON and
OFF—in which the ON mode is achieved by placing
the capacitors at the switching spots and the OFF
mode is achieved by replacing the capacitors with
inductors, DWB-to-SWB BPF can be achieved on the
same device. In addition, by changing the capacitor
values, the center frequency (CF) of the lower
passband of DWB BPF can be easily tuned from
1.69 GHz to 2.22 GHz, while the higher passband
stays almost unchanged. As an example, an SWB-to-
DWB BPF is designed, fabricated, and measured. This
BPF exhibits good performance including wideband,
high isolation, compact size, and ability to switch.
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I. Introduction

The rapid development of wireless communication
technology requires radio frequency (RF) front-end to
be miniature, multifunctional, wideband, and multiband
in recent decades. Therefore, microwave bandpass filters
(BPFs) with high performance have been widely
investigated using various techniques, which include the
multi-mode resonator (MMR) [1]–[7], defected ground
structure (DGS) [8]–[13], signal multi-path propagation
[14]–[17], and combining several BPFs using common
ports [18]–[20]. Owing to its simple structure, flexible
regulation, and compact size, MMR is a very promising
candidate in filter design. In [4], dual-/tri-band and ultra-
wideband BPFs are implemented by using the same
configuration of a single MMR by carefully arranging
the resonant modes. However, poor out-of-band
rejection should be improved. In order to overcome the
drawback of poor out-of-band rejection, DGS has been
widely used to improve the stopband. Various unit cells
of DGS are listed in [8], including the U-shaped
resonator, open-loop shaped resonator, and cross-shaped
resonator. DGS provides an extra degree of freedom in
design, in which the excitation and propagation of an
electromagnetic wave can be manipulated by changing
the dimensions and shape of a defected structure in the
ground plane at the cost of increasing the complexity
of fabrication. In [15], [16], tri-/quint-band BPFs are
implemented using a signal multi-path propagation
method, which can produce multiple transmission zeros
between the adjacent passbands. In [18]–[20], the center
frequencies (CFs) and the bandwidths can be easily
controlled, but this suffers from the drawback of
relatively larger circuit dimensions.
In order to meet the requirement of modern

communication systems, it is imperative to develop BPFs
with reconfigurable and switchable passbands. Recently,
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active switching or tuning elements such as the varactor
diode [21]–[23], p-i-n diode [24]–[26], ferroelectric
varactor [27], [28], and microelectromechanical system
(MEMS) devices [29], [30] are widely used for
reconfigurable and switchable BPF design.
In addition, using passive switching element [23], [27],

[31] is also believed to be practical in reconfigurable
BPF design. Although the filters [21]–[30] have
fully demonstrated the performance of switching or
reconfiguration, the high insertion loss in the passband,
which is very common when active switching or tuning
elements are used, should be further reduced. Moreover,
BPFs with narrow bandwidth is insufficient to meet the
requirements of high data rate, high transmission
capacity, and multi-wideband services in modern com-
munication systems.
Therefore, SWB/DWB BPFs should be developed to

meet that requirement. In recent years, some SWB/DWB
BPFs have been presented, among which the methods of
MMR [1]–[3], [21], DGS [10]–[13], signal multi-path
propagation [14], [17], and combing individual MMRs or
BPFs [18], [19] are successfully applied to designing
SWB/DWB BPFs. However, there are few reports on a
switchable SWB-to-DWB BPF using passive switching
elements.
In this paper, a switchable SWB-to-DWB BPF, which is

realized by using lumped switches, is presented. The
operating modes, ON and OFF, are determined by
whether the switch is a capacitor or inductor. In this work,
ON mode is realized by placing the capacitors at the
switching spots, which corresponds to the DWB BPF,
whereas OFF mode is realized by replacing the capacitors
with inductors at the switch spots, which corresponds to
an SWB BPF. In addition, by changing the lumped
switches, reconfigurability is obtained for the same device.
For validation, an SWB-to-DWB BPF is designed,
fabricated, and measured, which shows that the
experimental results are in good agreement with the full-
wave electromagnetic simulation results.

II. Filter Design and Analysis

1. Prototype Structure

The transmission line model (TLM) of the initial
structure is illustrated in Fig. 1, which consists of a multi-
mode step impedance resonator (SIR) with shorted circuit.
Owing to its symmetrical property, the classical even- and
odd-mode analysis method is employed to analyze this
structure. The equivalent even- and odd-mode circuits are
shown in Figs. 1(b) and 1(c). According to the transverse

resonant condition, we have

ImðYe;l þ Ye;rÞ ¼ 0; (1)

ImðYo;l þ Yo;rÞ ¼ 0; (2)

where

Ye;l ¼ jY3ðY4 tanh4þY3 tanh3Þ
Y3�Y4 tanh4 tanh3

; (3)

Ye;r ¼ jY 1ðY 1 tanh1�Y 2 coth2=2Þ
Y 1þY 2 coth2 tanh1=2

; (4)

Yo;l ¼ jY3 Y4 tanh4þY3 tanh3ð Þ
Y3�Y4 tanh4 tanh3

; (5)

Yo;r¼�jY1 coth1: (6)

Here, Yn(n = 1, 2, 3, 4) and hn(n = 1, 2, 3, 4) represent
the corresponding stubs’ characteristic admittances and
electrical lengths, respectively. According to resonant
conditions (1) and (2), we can derive the following
equations:

ðk3k4 tan h4 þ k23 tan h3Þð1þ 0:5 cot h2 tan h1Þþ
ðtan h1 � 0:5 cot h2Þðk3 � k4 tan h4 tan h3Þ ¼ 0;

(7)

k3 coth1� k4 tanh4 tanh3 coth1� k3k4 tanh4� k23 tanh3 ¼ 0;

(8)

where k3 = Y3/Y1 and k4 = Y4/Y1.
In order to understand the characteristics of the resonant

frequencies of this structure fully, (3) and (4) have been
solved to determine its real roots using the method of
numerical calculation under variations of h2, h4, k3, and k4.
As sketched in Fig. 2, six modes fi (i = 1, 2, . . . , 6) are
excited, among which f1 and f2 compose the 1st passband,
and f3, f4, f5, and f6 form the 2nd passband. In this case,
the other parameters will be fixed at h1 = 80�, h2 = 20�,
h3 = 39�, h4 = 59�, k3 = 1.25, and k4 = 0.8 when a
certain one is changed. As shown in Fig. 2(a), f1, f3, and f5
shift down with an increase in h2, while the other resonant

Port1
(a)

(b) (c)

Port2

Y4, θ4 Y1, θ1

Y2, θ2

Y3, θ3

Y4, θ4 Y3, θ3 Y1, θ1 Y2 / 2, θ2 Y4, θ4 Y3, θ3 Y1, θ1

Y e,l  Y e,r Yo,l  Yo,r

Fig. 1. Proposed (a) SIR, (b) even-mode equivalent circuit, and
(c) odd-mode equivalent circuit.
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frequencies are unchanged. It can be observed from
Fig. 2(b) that the CF of the 2nd passband will shift down
with an unchanged bandwidth, while the 1st passband has
almost no influence. As depicted in Fig. 2 (c) and 2(d), k3
and k4 mainly affect the 2nd passband bandwidth with
fixed CF, while it has the opposite trend as k3 and k4
become large.

2. SWB-to-DWB BPF

The configuration of the switchable SWB-to-DWB BPF
is depicted in Fig. 3. Two switch elements are embedded
in the stubs, whose physical lengths are equal to
L1(L1L + S2 + L1R). As shown in Fig. 4(a), |S21| is
simulated using TLM, where the switches are considered
as two capacitors with a value of 1.1 pF. It can be found
that six resonant modes are excited under the weak
coupling, among which the first two modes are used to
form the first passband, and the other four modes are

employed to build the second one. In this design, source
and load coupling determined by S1 is employed, which is
shown in Fig. 4(b).
The frequency responses of |S21| with a varied

capacitor and W3 are plotted in Fig. 5. It can be observed
from Fig. 5(a) that capacitors mainly affect the 1st
passband, but they have almost no influence on the 2nd
passband. However, the situation is quite different when
W3 increases from 0.2 mm to 1 mm. W3 mainly impacts
the 2nd passband, whereas it has almost no effect on the
1st passband. As shown in Fig. 6, the CFs and fractional
bandwidths (FBWs) are extracted using a full-wave
electromagnetic simulator. It can be seen that CF and
FBW of the 1st passband are mainly impacted by the
capacitors, whereas the FBW of the 2nd passband is
influenced by W3. Therefore, the FBW of two passbands
can be independently controlled by properly turning the
capacitor and W3.
When the switches operate in OFF mode, in which

capacitors are replaced by inductors at the switch spots,
the DWB BPF will switch to a SWB BPF, as shown in
Fig. 7(a). The frequency responses of |S21| under the ON
mode and OFF mode are simulated using a full-wave
electromagnetic simulator. It can be observed that a DWB
BPF is built when capacitors are employed, and an SWB
BPF is formed when inductors are adopted. To understand
the effects of the inductor on the SWB BPF, the frequency
responses of the SWB BPF are simulated using a full-
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Fig. 2. Resonant frequencies versus (a) h2, (b) h4, (c) k3, and (d) k4.
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Fig. 3. Configuration of switchable SWB-to-DWB BPF.
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wave electromagnetic simulator with varied inductor
values, as shown in Fig. 7(b). It can be observed that the
return losses will be better as the inductor’s value
decreases.
Figure 8(a) and 8(b) show the frequency responses of

an SWB-to-DWB BPF with varied L1R under a fixed L1.
Here, the parameter L1R represents the switch position. It
can be found that L1R has minor effects on insertion loss,
whereas the return loss will be changed as L1R gets large.
In order to get the best return loss for an SWB BPF and
DWB BPF, L1R = 5.2 mm is chosen.

III. Filter Implementation and Experiment

For verification, a switchable SWB-to-DWB BPF using
capacitors and inductors as switch elements is designed
and fabricated on a substrate of Rogers 4003C in which
er = 3.55, h = 0.508 mm, and tan d = 0.0027. The
specific dimensional parameters of this BPF are listed in
Table 1, indicating the overall size is approximately 0.22
kg 9 0.068 kg (excluding the feed lines), where kg is
the guided wavelength at 1.92 GHz. Figure 9 shows
photographs of the fabricated switchable BPFs.
The measured frequency responses are characterized

using an Agilent E5071C vector network analyzer

(VNA). Figure 10(a) shows the measured |S21| with
varied capacitor values on the same tested sample. The
minimum insertion losses in passbands with different
capacitors are recorded in Fig. 10(b). It can be found that
the CF of the 1st passband will shift down from
2.22 GHz to 1.69 GHz when the capacitor values
increase from 0.75 pF to 2.2 pF, whereas the 2nd
passband is almost unchanged. Correspondingly, its 3-dB
passband of the 1st passband can cover the GPS band
(1.57 GHz), LTE band (1.8 GHz), and ISM band
(2.4 GHz).
The experimental results and simulation results in ON

mode (capacitor values are equal to 1.2 pF) and OFF
mode (inductor values are equal to 1.2 nH) are shown in
Figs. 11(a) and 11(b), respectively. It can be observed
from Fig. 11(a) that the measured CFs of a DWB BPF are
centered at 1.92 GHz and 5.74 GHz with a 3-dB FBW of
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Table 1. Dimension parameters of this BPF (uint: mm).
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Fig. 9. Photograph of the switchable BPF (a) DWB BPF and (b) SWB BPF.
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36.5% and 49.8%. The measured insertion loss and return
loss of two passbands are 1.13 dB/1.61 dB and 30.9 dB/
14.8 dB, respectively. The measured isolation of band-to-
band is better than 35.9 dB. Five TZs at 0.26 GHz,
2.97 GHz, 3.61 GHz, 7.82 GHz, and 9.01 GHz are
clearly observed from the simulation results. It can be
found that the CF of the SWB BPF is centered at
5.75 GHz with a 3-dB FBW of 50.9%. Its measured
minimum insertion loss in the passband is 1.4 dB, and the
return loss is better than 11.9 dB. Table 2 shows a
performance comparison between some reported BPFs
and this work in terms of CFs, 3-dB FBWs, switchable
capability, insertion loss (IL), and circuit size. The
presented BPF shows good performance including

wideband, high isolation, compact size, and ability to
switch.

IV. Conclusion

In this paper, a switchable SWB-to-DWB BPF, which is
switched by alternating the operation mode, is presented.
By replacing the lumped switches, reconfigurability is
obtained for a same device. The semi-lumped wideband
BPF shows good performance including wideband, high
isolation, compact size, and ability to switch. This makes
the new SWB-to-DWB BPF very attractive with regard to
high data rate, high transmission capacity, and multi-
functional communication systems.
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Table 2. Comparison with some reported BPFs.

Filter CFs (GHz) 3-dB FBWs (%)
Switchable
capability

IL (dB) Size (kg 9 kg)

[1] 3.32/5.32 27.7/19.2 ✗ 0.62/0.91 0.4 9 0.18

[5] 2.45/5.2 18/4.8 ✗ 0.6/0.9 0.23 9 0.11

[15] 1.575/1.8/2.4 6.5/3.1/3.5 ✗ 0.7/0.9/0.9 0.21 9 0.12

[19] 2.34/3.46 25.6/21.4 ✗ 0.84/1.21 0.21 9 0.2

[25] 1.2/3.5 3.5/4 U 2.79/2.96 0.21 9 0.064

[26] 1.8/3.5 9/7 U –3/–2.3 0.27 9 0.27

This work 1.92/5.74 36.5/49.8 U 1.13/1.61 0.22 9 0.068
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