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ABSTRACT: Currently, various microwave filter designs contend for the use in wireless communications. Among several microstrip filter
designs, the tunable filter presents more advantages and better prospects for wireless communication applications, being compact in size,
cost effective, and light in weight. These reconfigurable microwave filters can reduce the number of switches between the electronic
components. The number of switches among the electronic devices can be decreased using tunable BPF. The tunable BPF is designed
for X-band satellite communication applications as well as n77, n78, and n79 5G applications, and HSCH 3486 PIN diode is used to
achieve the filter’s tunability. An impedance bandwidth of 2.4GHz and 2GHz (fractional bandwidth of 25%) has been achieved with an
S21 less than−1.5 dB,−2 dB and S11 of−22 dB and−31 dB at both the resonating frequencies. Semicircular cavity bandpass filter has
been designed with the center frequency of 3.7GHz. Switching between the two passbands has been obtained by attaching a PIN diode
between the input and output feed lines.

1. INTRODUCTION

The 3GPP developed the new radio (NR) for the fifth genera-
tion (5G) of cellular networks, which is a newRadio Access

Technology (RAT) for the 5G mobile network. It was intended
to serve as the worldwide standard for 5G networks’ air inter-
face. n77, n78, n79, and 5G Wi-Fi, which comprise the US’
3.3 to 4.2GHz 5G band, Japan’s 4.4 to 5GHz 5G band, and
5G Wi-Fi’s 5.15 to 5.85GHz band. Modern wireless commu-
nication system advancements have led to enormous demand
for microwave devices with multifunctional features like multi-
band operation. A tunable and reconfigurable filter is a widely
investigated because it is an essential part that effectively satis-
fies the criteria of multiband operation. BPFs can be designed
using various techniques, including multi-layer circuits, con-
nected structures, and balancing circuits. A dual-band BPF us-
ing a SIW was disclosed in [1]. For WLAN applications, a
hybrid structure microstrip dual-band BPF was designed with
−30 dB suppression level [2]. This BPF’s dimensions and com-
plex structure are undesired features. Stepped impedance trans-
mission lines and PIN diodes have been utilised to obtain the
second passband [3]. Short and open-ended stubs were used
to design a dual band BPF [4]. These BPFs’ size is appropri-
ate, but their large passband insertion losses make them unsuit-
able for the X-band and Ku-band. BPFs with substantial S11 in
passbands were designed using a rectangular waveguide struc-
ture [5]. A triple-layer BPF employing λ/4 UIRs was described
in [6], wherein physical characteristics were used to modify
the stopband. This arrangement also has a significant S21 in
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the passband and complicated geometry. In [7], another BPF
with a conductor-backed SIW was designed. This filter has
tunable passband frequencies; however, its large size and S21

in passbands are the disadvantages. In [8], new architectures
made of coupled stubs were studied, and these circuits were
analysed using an LC model. Combining U-shaped structures
and T-shaped structures on the ground plane with coupled res-
onators produced a dual-layer balancing BPF with substantial
return loss in passbands [9]. [10, 11] present the design of a
bandpass filter for RF/microwave applications with high isola-
tion by utilising microstrip transmission lines. [12] presents the
design of a compact bandpass filter using stub loaded stepped
impedance resonators, and the major drawback is that the fil-
ter offers a narrow bandwidth. In [13], a dual-layer BPF for
WLAN networks was designed with stepped impedance res-
onators. Despite having a complicated construction, this fil-
ter performed well, with practical frequencies and high return
losses in passbands. A tunable BPF with a high/low impedance
structure was shown in [14], with input and output ports con-
nected to the fundamental structure. With a−10 dB level taken
into consideration, this filter’s stopband rejection width is nar-
row, and it only suppresses up to the second harmonic. In [15],
a dual band BPF was designed by using hexagon-shaped res-
onators and a Y-shaped high/low impedance resonator. The
circuit’s drawbacks include low suppression in the stopband
area and substantial insertion losses in the passbands. In [16],
a stepped-impedance structure-based circular BPF was intro-
duced. This filter’s physical size can be altered to change the
passband positions. To achieve dual-band BPF, an asymmet-
rical architecture was designed in [17] employing bent feeding
lines and high/low impedance stubs. It has a big size and sub-
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TABLE 1. Geometric parameters of the proposed BPF.

Parameter Values (mm)
Substrate Length (L1) 40
Substrate Width (W1) 40

Length of the resonator (L2) 2
Width of the resonator (W2) 16
Length of the resonator (L3) 0.5
Width of the resonator (W3) 4
Width of the resonator (W4) 11
Width of the resonator (W5) 6
Width of the resonator (W6) 2.5
Width of the resonator (W7) 5.5
Radius of the circle (r1) 2
Radius of the circle (r2) 1.8

stantial passband insertion losses. A reconfigurable BPF was
constructed in [18] to function at WLAN frequencies. Tunable
BPF has been designed by utilising semicircular resonators and
symmetrical coupled structures, and the major drawback of this
filter is narrow stopband and large insertion loss in the pass-
band. The bent structures in [19] that lack a distinct transition
band and small size were used to develop the BPFs. A ba-
sic BPF operating at 1.78 and 2.1GHz frequencies, based on a
high/low impedance construction, was introduced in [20]. De-
spite the relatively large circuit size, two high/low impedance
resonators were also utilised to form the second passband. In
order to construct the second passband, a symmetrical BPF has
been utilised [21]. A small folded stepped-impedance resonator
was chosen for this purpose. However, slow transition-bands
are this filter’s most notable drawback. The BPFs reported
in [22–23] often have narrow stopbands. [24–27] present the
design of bandpass filters by using different types of resonators,
and the drawback of these filters is that they are not compact.
The BPFs presented in [28–30] employed large substrates and
offered narrow bandwidth with low isolation.
In this paper, a reconfigurable dual-band/single band BPF

utilising a semi-circular cavity and coupled feeding lines is sim-
ulated, fabricated, and analysed. The response of the filter is
controlled by varying the physical dimensions. Ansys HFSS
v13 has been utilised in simulating the filter. The tunable BPF
is fabricated on a 1.6mm thickness FR-4 epoxy with material
characteristics having γr of 4.4 and δ of 0.02. Chemical etch-
ing has been used in fabricating the filter, and the tunable BPF
is measured by utilising VNA. Section-2 contains the design
and analysis of a reconfigurable BPF, by utilizing PIN diodes.
Section-3 contains the parametric analysis, as well as the results
and discussions, and the paper is concluded with Section-4.

2. DESIGN AND ANALYSIS

2.1. Tunable BPF
The proposed tunable BPF is made of FR4 epoxy material, hav-
ing εr of 4.4, δ of 0.02, and thickness of 1.6mm. The tun-

able BPF occupies an area of 40× 40× 1.6mm3, and Figure 2
presents the photograph of the tunable BPF, and the fabrication
of the filter is obtained by using chemical etching. The pro-
posed tunable BPF is simulated by using HFSSv13. The design
comprises two circular rings, and two circles are subtracted to
form a trapezoidal pattern. A circular slot is incorporated in the
middle trapezoidal portion of the filter. Due to the implemen-
tation of capacitive slots, the electric fields are distributed, and
the intensity of electric field is also enhanced. The semicircu-
lar cavity filter selectively passes or reject certain frequencies
in communication devices. The proposed tunable BPF com-
bines the characteristics of cavity and resonator filter, which is
open to transmission. This filter design consists of several key
components, including a trapezoidal stub that is loaded with
circular slot. To simulate its electromagnetic behaviour, the
electromagnetic simulator tool is employed. The mathemati-
cal formula utilized in designing the proposed bandpass filter
has been mentioned below. The dimensions that are utilized in
designing the bandpass filter are mentioned in Table 1.
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FIGURE 1. Evolution of the tunable BPF (a) Step-1, (b) Step-2, (c) Step-3, (d) Step-4 and (e) Step-5.

(a) (b) 

FIGURE 2. Tunable BPF. (a) Simulated design. (b) Photograph.

where F = 8.791∗109
fr

√
εr

in which Fr is the resonant frequency;

εr is the relative permittivity of the substrate; εref is the effec-
tive relative permittivity of the substrate; h is the thickness of
the substrate; L and W are length and width of the substrate;
and a is the radius of the substrate. Figure 1 represents the it-
eration based design of a tunable BPF. In the first step, three
circular stubs are fully loaded on top of the substrate. The filter
produces no response within the frequency band. Step 2 is ob-

tained by etching two rectangular strips from the circular stubs
to form a semicircular cavity on both sides of the filter. In Step
3, a filter is obtained by subtracting two circular rings from the
middle circular resonator. In Step 4, a diagonal square is etched
from the main circular stub on the four ends. Besides, a circu-
lar slot is also etched from the main stub. Finally, in Step 5
the other two diagonal square stubs are etched from the main
stub. The major purpose of the bandpass filter is to enhance
selectivity and to achieve lower insertion loss, isolating chan-
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FIGURE 3. HSCH 3486 PIN diode. (a) Diode ON condition. (b) Diode OFF condition. (c) HFSS model.

FIGURE 4. Tunable BPF’s parametric analysis by varying length (Diode ON).

nels, and separating frequency bands in wireless communica-
tion. Filtering out undesired frequencies using BPFs results in
an improvement in the signal-to-noise ratio, thereby enhancing
the overall quality of both transmitted and received signals.

2.2. Analysis of PIN Diode

Applications for PIN diodes range from microwave frequen-
cies to ultrahigh frequencies. Its bias current directly controls
its frequency like a variable resistor in radiofrequency and mi-
crowaves [11]. Microwave PIN diode is a perfect component
for the use in compact, broadband RF signal control circuits
because of its small physical size in relation to its wavelength,
high switching speed, and low packaging parasitic reactance.
Furthermore, PIN diode can regulate high amounts of RF signal
strength with substantially lower control power [12]. With less
power management, PIN diode can regulate strong RF signals.
Insertion loss (forward biassed) is caused by the low resistance
Rs of the equivalent circuit when it is in the ON state. The
equivalent circuit employs reverse bias resistance (RP ) and to-
tal capacitance (Cp) in parallel while a PIN diode is in its OFF
state. The data sheets that the manufacturers supply for each
PIN diode contain all of the values required for the circuit mod-
els. Figure 3 illustrates how the PIN diode is utilised in HFSS
using lumped RLC boundary conditions. The first part isL, and
the second part is either Rs for the ON state or a shunt combi-
nation of Rp and Cp for the OFF state. To provide a high level

of frequency band reconfiguration dependability, these diodes
are used.
HSCH 3486 PIN diode has been utilised to obtain the recon-

figurability of the filter. According to the manufacturer’s data
sheet, the RLC boundary values of the diodes in HFSS during
the ON state are L = 0.3 nH and Rs = 20Ω, and during the
OFF state the RLC values are Rp = 244Ω and Cp = 0.01 pF.

3. RESULTS & DISCUSSIONS

Return loss is the front-end parameter that is to be measured for
any RF device. The parametric analysis of the tunable BPF is
shown in Figures 4 and 5, where the length of the lumped RLC
values is varied to represent the diode’s ON and OFF states.
By changing the length and width of the lumped element in
the design, a significant reflection coefficient has been obtained
at the resonant frequency of 3GHz–5.4GHz (Diode ON) and
6.7GHz (5.8GHz–7.8GHz) with return losses of −22 dB and
−31 dB. Insertion loss is one of the important parameters that is
to be measured for a microwave filter, and it should be less than
3 dB for any microwave filter. The insertion loss parametric
analysis of the tunable BPF is shown in Figures 6 and 7, where
the length of the lumped RLCs during the diode’s ON and OFF
conditions is varied. By changing their length, a significant
insertion loss has been obtained at the resonant frequency of
3GHz–5.4GHz (Diode ON) and 6.7GHz (5.8GHz–7.8GHz)
with insertion losses of −1.5 dB and −2 dB.
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FIGURE 5. Tunable BPF’s parametric analysis by varying length (Diode OFF).

FIGURE 6. Tunable BPF’s parametric analysis by varying length (Diode ON).

FIGURE 7. Tunable BPF’s parametric analysis by varying length (Diode OFF).

Figure 8 indicates the S11 of the tunable BPF during the ON
and OFF conditions of the diode. The return loss at both the
resonating frequencies is less than −10 dB. In fact, it is even
less than −10 dB, and the transmission coefficient is less than
3 dB at both the resonant frequencies as represented in Figure 8.
The tunable BPF resonates at 3.7GHz and 5.2GHz when the
diode is turned ON, and it offers an impedance bandwidth of
2.4GHz, return losses of−15 dB,−22 dB, and insertion losses
of −1.5 dB, 2 dB.

Figure 9 presents the simulated and measured S21 of the
tunable BPF. When the diode is turned ON, the tunable BPF
resonates at 3.7GHz and 5.2GHz and satisfies the require-
ment of n77 (3300–4200MHz), n78 (3300–3800MHz), and
n79 (4400–5000MHz) 5G applications. When the diode is
turned OFF, the tunable BPF resonates at 6.7GHz and satis-
fies the requirement of X-band satellite communication appli-
cations. The tunable BPF functions as a narrow band frequency
tunable BPF at 6.7GHz and offers an impedance bandwidth of
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FIGURE 8. S11 of the tunable BPF during ON and OFF conditions of the diode.

FIGURE 9. Simulated and measured S21 of the tunable BPF during diode ON and OFF conditions.

FIGURE 10. Simulated and measured S-parameters of the tunable BPF during diode ON and OFF conditions.

2GHz, a reflection coefficient of −22 dB, and a transmission
coefficient of −2 dB, which is suitable for satellite communi-
cation applications.
Figure 10 presents the S-parameters of the tunable BPF dur-

ing the ON and OFF conditions of the diode. The tunable BPF
resonates at 3.7GHz and 5.2GHz with return losses of−15 dB,

−22 dB and insertion losses of −1.5 dB, 2 dB during the diode
ON condition. The tunable BPF resonates at 6.7GHz with a
reflection coefficient of−22 dB and an insertion loss of −2 dB
during the diode OFF condition. Figure 11 shows the time do-
main properties of the tunable BPF, which are computed using
the group delay. The delay obtained by the filter is consistent,
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FIGURE 11. Group delay of the tunable BPF during diode OFF condition.

FIGURE 12. Surface current distribution of the tunable BPF.

TABLE 2. Comparison of the tunable BPF with the other tunable BPF’s available in the literature.

References F(GHz) FBW IL (dB) RL (dB) Group Delay (nS) Size (λ2
g)

[1] 3.5/5.24 — 1.5/1.6 12/13 — 1.4×1.4
[2] 2.55/3.65 6.72/5.45 1.2/2 19/19 0.9 0.89×0.89
[3] 2.49/3.50 15.60/8 1.22/1.22 13/13 0.4 0.87×0.87
[4] 2.53/5.76 4/3 1.3/1.4 15/14 0.963 1.5×1.7
[5] 2/4 5.5/4 1.22/1.23 17/17 0.879 1.2×1.32
[6] 2.4/3.8 12/10 2/1 18/19 0.756 0.87×0.87
[7] 2.5/1.3 2/0.9 0.99/0.55 17/19 0.854 0.68×0.68
[8] 2.5/5.6 — 0.58/1.8 16/15 — 0.258×0.258
[9] 2.1/2.6 1.4/2.1 1.9/1.63 15/19 0.778 0.798×0.798

This study 3.7, 5.2/6.7 2.4/2 −1.5, −2/−2 −15, −22/−31 0.2/0.2 0.188×0.188
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resulting in minimal signal distortion, and offers a group delay
2 nS for the simulated and 1.7 nS for the measured filter. Fig-
ure 12 presents the surface current distribution of the tunable
BPF, which shows the signal transmission across the semicir-
cular cavities
The performance of the tunable BPF in this article is com-

pared with that of several other tunable BPFs stated in Table 2.
It is demonstrated that our filters outperform the filters in the
references at the same size level in terms of insertion and re-
turn losses. Moreover, the insertion losses continue to be the
lowest among the equivalents. It is evident from a compari-
son of the results that this tunable bandpass filter has superior
bandwidth and insertion loss.

4. CONCLUSION
This work contains a unique tunable BPF made up of a semi-
circular cavity that can reconfigure the frequency. The tun-
able BPF is made up of a semicircular cavity and a circular
ring that are scalable and reproducible. The prototype is in-
expensive, small, and is capable of doing several operations.
This tunable BPF handles the issues of dynamic spectrum ac-
cess, efficient spectrum usage, bandwidth management, and
many more wireless communication applications. The tunable
BPF is designed for high band rejection, steep passband edges,
and low insertion loss. The proposed tunable BPF is suitable
for n77 (3300–4200MHz), n78 (3300–3800MHz), and n79
(4400–5000MHz) 5G applications and X-band satellite com-
munication applications.
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