
 
Abstract— These paper proposed of designing a microstrip 

reconfigurable dual-band bandpass filter based on an existing 
dual-band bandpass filter topology using High Frequency 
Structural Simulator (HFSS). This basic filter topology involve 
couple-line with transmission line forming a dual-path that 
produce a dual-band frequency response. Overall, the basic dual-
band bandpass filter operated at center frequency 1.35 GHz and 
2.71 GHz. A pair of additional lumped capacitor converted into 
distributed element is added at suitable location on the basic 
design in order to shift the frequency response. The center 
frequency of this filter design was shifted from 2 GHz to 1.73 GHz 
by varied capacitance value in order to reconfigure the frequency 
response. 
 

Index Terms— Dual-band, bandpass filter, tunable filter, 
microwave filter, center frequency, HFSS, distributed elements, 
lumped capacitance. 

I. INTRODUCTION 

 
ARIOUS methods were used in designing dual-band 
bandpass filter such as two narrowband bandpass filter [1] 
combined together. The designs having different centre 

frequencies produce a dual-band response. A stepped-
impedance resonators was then applied to obtain its higher-
order resonances to form the first and second passbands [2] [3]. 
The semiconductor varactor method is one of the popular 
method used in designing a tunable dual-band band pass filter 
(BPF) due to its compact size, low cost and easy to be integrated 
with other system [4]–[6]. 

A tunable of dual-band band pass filter are commonly used 
for the multiband wireless communication and radar systems 
due to reduce system size and complexity [7] as well as high 
linearity in term of Radio Frequency Micro Electro Mechanical 
System (RF MEMS) technology [8]–[10]. Basically, there are 
three major methods used in RF MEMS which are switches and 
utilize semiconductor varactor. However, switches method is 
not usually implemented because it is very expensive and the 
fabrication processes are complicated [11][12]. 

In [13]–[16], tunable dual-band bandpass filter was designed 
using ferroelectric devices, piezoelectric transducer, and p-i-n 
diodes that can be used as well in designing a reconfigurable 
and tunable dual-band BPF. However, these techniques must be 
injected with voltage as an active element to the passband filter. 
Another design method of tunable filter also using by stub 
techniques which is just consist of redesigning the topology 
size. 

 
There are three methods to design a RF MEMS devices 

which is active element that inject the ultra-low voltage, stub, 
and varactor loaded adding with semiconductor component. In 
[17], researcher using injection of an ultra-low voltage in 
designing tunable dual-band pass filter based on a pseudo-
floating gate. The pseudo-floating gate is a kind of floating gate 
and it is biased weakly using high resistive resistors. These 
resistors can be made of active or passive components. 
However, there are some critical issues to minimize the size in 
this advanced technologies because it have leakages in thin 
oxides. The circuit enjoys low component spread and is very 
compact but an issue regarding the filter performance is limited 
by the varactor and the microstrip resonator Q [18]. 

In [19] and [20], researchers proposed a high-selectivity 
tunable dual-band bandpass filter using stub-loaded stepped-
impedance resonators and constructed by using inductive 
coupled lumped resonator for both first passband and second 
passband. In the analysis, for the high-selectivity tunable dual-
band bandpass filter, the researcher stated the design of T-shape 
open stub is able to reduce the types of control voltages in a 
narrow band tunable filter design, however the design method 
must be considerable to the size of stub which has an effect on 
the center frequencies of filter. 

In [21], researcher Li Gao, Xiu Yin Zhang and Bin Jie Hu 
proposed design of tunable dual-band bandpass filter by using 
varactor-loaded resonator that consist both active and passive 
elements such as capacitor and resistor. On the result, response 
of tunable passband was shifted from 735 MHz to 1135 MHz, 
which exhibits a wide frequency range of 42.7% and the upper 
passband locates at 3.5 GHz with insertion loss of 1.1 dB. 

In [22] , a group of researcher proposed a reconfigurable of 
single band filter with controllable response by adding lumped 
capacitors and varactors diodes. In lumped capacitor technique, 
researchers are used range of capacitance less than 3pF to obtain 
frequency response shift form the basic topology of single band 
filter. The center frequency of filter design shifted from 2 GHz 
to 984.4 Mhz. 

Furthermore, in [23], researcher are used capacitance 
insertion and distributed element technique in order to shift 
frequency response on an ideal topology of dual-band bandpass 
filter. In this project paper, researcher was us a lumped 
capacitor converted to distributed elements in order to obtain 
the frequency response shift using Electromagnetic (EM) 
simulator. The capacitance value that used to shift center 
frequency response from 2 GHz to 1.81 GHz are around 1.1pF 
to 1.7pF. 
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This paper present, a designed microstrip line of tunable 
dual-band bandpass filter by adding the capacitive element that 
was converted to distributed elements. The center frequency 
shifted to the left when a higher value of a pair capacitor placed 
on different locations.  

II. METHODOLOGY 
 
The process flow and project plan are show in the flow chart 

in Figure 1. 
 

 
Figure 1: Flow chart for investigation the behavior of reconfigurable dual-band 
bandpass filter 
 

This project focuses on identifying and characterizing the 
behavior of dual-band bandpass filter to obtain a suitable 
frequency response having reconfigurable elements. In this 
project the response of basic dual-band bandpass filter topology 
is obtained by optimizing the length and width of the 
transmission and couple line. The optimization process also 
involved the suitable location to match the center frequency 
from the existing design. After the basic topology response of 
dual-band bandpass filter is obtained, four major 
recommendation location of capacitor that converted to the 
distributed elements are investigated and the frequency 
responses was validated and analyzed. The center frequency 
shifted to the lower frequency when the bigger size of 
distributed elements was placed on different locations that have 
been stated. The length of certain capacitor used was changed 
to analyze the effects of response due to the different electrical 
length.  

III. DUAL-BAND BANDPASS FILTER 
 
The basic topology of dual-band bandpass filter as shown in 

Figure 2 involved three parameters which is the quarter-
wavelength coupled line that connected directly with quarter-
wavelength transmission line and connected parallel with 
another similar connection. The frequency dual-band bandpass 
filter was obtained by varying the value of line impedance, Zr 
as well as the even and odd-mode impedance of the couple-
lines, Zoe and Zoo. The basic response of this filter topology as 
shown in Figure 3 contains two band with separately by a center 
frequency fo. The first passband center frequency indicated as 
f1 while the second passband frequency as f2. There are three 
transmission zero containing in this response for better 
selectivity of frequency. 

Simulation for the basic topology was performed using HFSS 
in 3 Dimension (3D) form. The design was implemented on 
ROGER TMM10 substrate with relative dielectric constant, Ɛr 
= 9.2, substrates thickness h = 1.27 mm and tangent loss, tan δ 
= 0.0022. The center frequency, fo was achieved at 2 GHz with 
the first frequency f1 = 0.97 GHz and second frequency, f2 = 
3.12 GHz for the two passbands respectively. Figure 3 shows 
the frequency response, transmission zero and rejection band of 
basic filter topology. Transmission zero for this design are 
indicated at -52.13 dB for center frequency, -42.13 dB (first 
passband), and -27.81 dB (second passband). Meanwhile, the 
band rejection for this dual-band bandpass filter are less than 
0.99 GHz for lower rejection band more than 3.13 GHz for the 
upper rejection band. 

 
Figure 2: Layout of the basic dual-band bandpass filter topology 
 

 
Figure 3: Frequency response of the basic topology dual-band bandpass filter 
 
 The three parameters of basic topology was determined by 
seven different sizes of width and length including the gap. 
Both of thres parameters were vared in term of witdh and length 
to obtain the center frequency of 2 GHz. Figure 4 shows the 



exact location of each parameter with their width and length. 
Lio and Wio are indicated as the length and width of the input 
and output of 50 Ω feed-line, Zo. Lr and Wr are indicated as the 
length and width for line impedance, Zr. Meanwhile, Lc, Wc and 
G are represent the length, width and gap for coupled line, Zoe 
and Zoo respectively. Table 1 shows size of all width and length. 
 

TABLE 1 
WIDTH AND LENGTH OF BASIC TOPOLOGY PARAMETERS 

Parameters Size (mm) 
Lio 14.9933 
Wio 1.3152 
Lr 15.2088 
Wr 0.92253 
Lc 15.11959 
Wc 1.0795 
G 0.762 
  

 
Figure 4: Layout of microstrip line dual-band bandpass filter. 
 
 Figure 5(a), 5(b), 5(c), 5(d) and 5(e) shows the behavior of 
frequency response when one of the parameter in Table 1 
increase while others were remain constant. As shown in Figure 
5(a), transmission zero of first and second passband shift to the 
left while center frequency remain 2 GHz when Lr increase. 
Meanwhile, Figure 5(b) shows the transmission zero of both 
first and second passband shifted to right when varied Wr. 
Figure 5(c) and Figure 5(d) shows all transmission zero for 
center frequency first, second passband shifted to the left when 
increase Lc and Wc. Meanwhile, by increasing the gap, the 
frequency response move downward to the lower magnitude. 
By varying the value of gap, it also changes the filter response 
amplitude. Therefore, by changing value of length, the filter 
frequency was shifted while controlling the value of width, it 
can be seen that the frequency shift with changes in amplitude. 
 

 
Figure 5(a): Response with variations of Lr 

 
Figure 5(b): Response with variations of Wr 

 

 
Figure 5(c): Response with variations of Lc 

 

 
Figure 5(d): Response with variations of Wc 

 

 
Figure 5(e): Response with variations of gap 
 

IV. RECONFIGURABLE DUAL-BAND BANDPASS FILTER 
 

A. Capacitive elements 
 
This proposed dual-band bandpass filter need to adopt a pair 

capacitive elements in order to obtain it reconfigurable effect. 
This capacitive elements were placed diagonally in four 
different location on basic topology filter as shown in Figure 6. 
The varying four different location is to choose the suitable 
location to place in the capacitive elements. Before the 
capacitive element added into the topology, it need to convert 
in distributed elements which varying in term of width and 



length of microstrip line. The calculation width and length of 
microstip line are based on the formula as shown below. 
 
 
     𝑋𝑋𝐶𝐶 = 1

2𝜋𝜋𝜋𝜋𝜋𝜋                                                                                                             
(1) 

 (2) 

                                   (3) 

                                                                   (4) 

                                                                (5) 

                                                                     (6) 
  c = 3𝑥𝑥108 (speed of light) 

                                                                  (7) 
 
 

The value of capacitance Zc was determine by using (1), 
before calculated it into the width and length of distributed 
elements using formula (2) and (7). The value of f and Ɛr is 
center frequency and dielectric constant of design filter. Phase 
shift is indicated with Ø = 90°. However the length of the 
distributed elements were varied to investigate the best 
frequency response, band rejection and number of modes of 
signal. However, length for each location were varied not less 
than 2 mm to perform the suitable result of dual-band bandpass 
filter. 

Figure 7(a) and 7(b) shows the frequency response with added 
capacitive elements C=1.1pF at location in Figure 6. The width 
and length of each pair distributed elements which is placed in 
four different location were assigned as 552.62 μm and 1.9352 
mm respectively. 

Figure 7(a) shows center frequency of dual-band bandpass 
filter shift to 1.94 GHz while first and second passband also 
shifted from 0.99 GHz to 0.96 GHz and 3.13 GHz to 3.08 GHz 
respectively. The frequency response of distributed elements as 
shown in Figure 7(b) give the maximum shift for center 
frequency from 2 GHz to 1.86 GHz and the first passband 
remain 0.99 GHz. However, it second passband shifted from 
3.13 GHz to 3.12 GHz. 

The center frequency for distributed elements at location 2 as 
shown in Table 2 remain at 2 GHz while first and second 
passband shifted from 0.99 GHz to 0.96 GHz and 3.13 GHz to 
3.08 GHz respectively. Meanwhile, the distributed elements at 
location 4 as tabulated in Table 2 remain the center frequency 
at 2 GHz while first passband shifted from 0.99 GHz to 0.96 
GHz and second passband from 3.13 GHz to 3.06 GHz. 

Therefore, location 3 has been chosen for possible 

configuration of distributed elements on because it give the 
maximum shift for basic dual-band bandpass filter. All 
frequency shifted causing of distributed elements were 
tabulated in Table 2. 
 

 
Figure 6: Four recommendation location of a pair capacitive elements 
 

 
Figure 7(a): Frequency response with distributed elements at location 1 
 

 
Figure 7(b): Frequency response with distributed elements at location 3 
 

TABLE 2 
FREQUENCY WITH DIFFERENT LOCATION OF DISTRIBUTED ELEMENTS 
Location f1  

(GHz) 
f0  

(GHz) 
f2  

(GHz) 
Basic 0.99 2.00 3.13 

1 0.96 1.94 3.08 
2 0.97 2.00 3.08 
3 0.99 1.86 3.12 
4 0.96 2.01 3.06 
    

 
 
 
 
 
 



B. Optimization of Capacitive Elements 
 
In order to obtain wider frequency shift, capacitive element 

was optimized based on the width and length. The optimization 
on this elements is depend to the capacitance value. Figure 8 
shows the frequency response after added capacitive element at 
location that has been chosen before with variation value of 
capacitance. The width and length indicated for C=1pF is 
419.86 μm and 1.9512 mm, C=1.1pF (552.62 μm and 1.9352 
mm), C=1.2pF (695.73 μm and 1.9206 mm), C=1.5pF (1.16 
mm and 1.88369 mm), C=1.6pF (1.33 mm and 1.87331 mm), 
C=1.7pF (1.5 mm and 1.86373 mm) and C=2pF (2.01 mm and 
1.8388 mm). 

Result in Table 3 shows frequency response after adopting 
capacitive elements C=1pF to C=2pF. In C=1pF, it recorded 
center frequency shifted 7% from the ideal response. 
Meanwhile after added C=2pF, the center frequency shifted 
from 2 GHz to 1.73 GHz or 13.5% shifting from the original 
value. High value of capacitance shifted more the center 
frequency to the left. Therefore, capacitance increase, 
percentage of shifting increase. This result shows narrow down 
the width band of first passband while increase width of second 
passband. 

 

 
Figure 8: Frequency response with variation of capacitance 
 

TABLE 3 
FREQUENCY WITH DIFFERENT CAPACITIVE ELEMENTS 

Capacitance 
(pF) 

f1 
(GHz) 

f0 
(GHz) 

f2 

(GHz) 
Percentage 

(%) 
Basic 0.99 2.00 3.13 0.00 
1.0 0.99 1.86 3.12 7.00 
1.1 0.99 1.86 3.12 7.00 
1.2 0.99 1.84 3.12 8.00 
1.5 0.99 1.81 3.12 9.50 
1.6 0.99 1.79 3.12 10.50 
1.7 0.99 1.77 3.12 11.50 
2.0 0.99 1.73 3.12 13.50 

     

V. RESULT AND DISCUSSION 
 
All simulation was executed by 3 Dimension dual-band 

bandpass filter using High Frequency Structural Simulator. The 
frequency response result of basic topology and reconfigurable 
dual-band bandpass filter is shown in Figure 9 and Figure 10 
respectively. The design was implemented on ROGER TMM10 
type of substrate which have relative dielectric constant, Ɛr = 
9.2, substrates thickness h = 1.27 mm and tangent loss, tan δ = 
0.0022. By using capacitor value C=1.6pF which converted to 

distributed element at the suitable location, the center frequency 
shifted to lower frequency response from 2 GHz to 1.79 GHz. 
The frequency was shifted around 210 MHz. However, the first 
passband remain unchanged at 0.99 GHz while the second 
passband shifted around 10 MHz from 3.13 GHz to 3.12 GHz. 
The resulting of the frequency response shift was narrowed 
down the width band of first passband. 
 

 
Figure 9: Frequency response of basic topology 
 

 
Figure 10: Frequency response by adding distributed element 

VI. CONCLUSION 
 
As a conclusion, a microstrip line of reconfigurable dual-

band bandpass filter has been designed with adding capacitive 
elements which are converted into distributed elements. The 
filter design was investigated with different locations of 
distributed elements towards the greater center frequency shift. 
The investigation was performed in four different location 
which were indicated to obtain the suitable location of 
capacitive elements. Then, the design optimized it by using 
seven variation of capacitance value with same location to 
verifying how much shifted if added bigger value of 
capacitance.   
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