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Abstract—In this letter, the application of a variable character-
istic impedance transmission line that can be used to design a dual-
band bandpass filter (BPF) is presented. The proposed filter of-
fers a fixed first passband and a controllable second passband. The
tuning of the second passband is achieved by varying the charac-
teristic impedance of the shunt open stub of stub loaded resonator
(SLR) with the help of a defected ground structure (DGS) trans-
mission line and varactor diodes. In order to validate the theoret-
ical predictions and simulated results, a two stage dual-band BPF
with three transmission zeros was implemented and experimen-
tally verified.

Index Terms—Bandpass filter (BPF), defected ground structure,
dual-band filter, stub loaded resonator.

I. INTRODUCTION

W ITH rapid evolution of various wireless services, the
demand of multi-band microwave communication

systems capable of adapting multiple wireless communication
platforms have greatly increased. The BPFs possessing tunable
multi-band characteristics are one of the key components
in multi-service wireless communication systems. The stub
loaded resonators are widely used in the design of BPFs [1], [2].
Recently, multi-mode resonators, such as stepped impedance
resonators (SIRs) [3], and stub loaded open loop resonators
[4], [5], have been used in the design of multi-band BPFs. It is
also of great importance to design tunable dual-band BPFs. A
centrally loaded varactor diode in a half-wavelength resonator
[6] and a capacitor loaded SIR [7] was presented in the design
of a tunable BPF. However, these techniques are mostly focused
on the use of variable reactance elements in order to tune the
center frequency of the BPFs.

Transmission lines with modified ground structure such as a
photonic band gap and a DGS, have been actively studied and
applied successfully in the design of various microwave circuits
[8], [9]. In this letter, a novel design of the dual-band BPF with
the controllable second passband is presented by utilizing the
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Fig. 1. Structure of tunable stub loaded resonator.

concept of a variable characteristic impedance DGS transmis-
sion line.

II. RESONANT PROPERTIES OF THE RESONATORS AND THE

VARIABLE CHARACTERISTIC IMPEDANCE LINE

A. Stub Loaded Resonator Characteristics

Fig. 1 shows the proposed structure of the tunable SLR, which
consists of series resonators and a shunt open stub at the junction
point between the series resonators. Assuming , and ,

as the characteristic admittance and electrical length of the
series resonators and the shunt open stub, respectively, the input
admittance of the proposed structure is given by

(1)

The resonant condition can be obtained by setting
which is obtained as

(2)

where is the ratio of the higher mode resonant frequency
to the fundamental resonant frequency . The fundamental
resonant frequency can be obtained from (2) by setting
and . The relationship between the first two resonant
frequency ratio , and the impedance ratio of
the SLR is plotted in Fig. 2 using MATLAB. From this figure,
it is clear that while keeping the electrical length of the shunt
open stub fixed, the frequency ratio can be tuned by varying
the impedance ratio, of the SLR. This SLR characteristic is
applied in the design of the dual-band BPF with the controllable
second passband.

B. Variable Characteristic Impedance Transmission Line

The key idea of this letter is to apply the variable charac-
teristic impedance transmission line to design the dual-band
BPF. Fig. 3 shows the structure of the variable characteristic
impedance transmission line which consists of a conventional
microstrip signal line, the DGS ground island and varactor
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Fig. 2. Dependence of resonant frequency ratio according to characteristic
impedance of shunt open stub.

Fig. 3. Variable characteristic impedance transmission line with DGS ground
island and varactor diodes (� � ����, � � �, � � ���, � � ���, � �
���, and � � ��� 	

�).

diodes located in the bottom plane of the microstrip line. The
varactor diodes are mounted in between the DGS ground island
and the ground plane. The characteristic impedance of the
modified microstrip line can be tuned as a result of change in
the capacitance of the ground plane of the microstrip line with
the help of the varactor diodes.

The physical dimensions of the variable characteristic
impedance transmission line are shown in Fig. 3, where the
substrate is RT/Duroid-5880 of Rogers Corporation with a
dielectric constant of 2.2 and thickness of 31 mils. The
characteristic impedance of the transmission line with the mod-
ified ground structure can be calculated by applying reflection
and transmission theories [10]. Using the method described in
[10], the proposed structure has been simulated with HFSS v11
of Ansoft and the calculated characteristic impedance is plotted
in Fig. 4. The characteristic impedance of this modified
line can be varied over 47.5–86 by changing the capacitance
between 20 and 1.5 pF.

To verify the application of variable characteristic impedance
line, the full wave electromagnetic (EM) simulation was per-
formed. The two transmission lines with characteristic imped-
ances of 50 are utilized to feed the proposed SLR using a loose
coupling. The dimension of DGS is same as shown in Fig. 3. As
seen from Fig. 5, the second resonant frequency can be con-
trolled with help of DGS and varactor diodes in ground plane,
whereas the first resonant frequency is preserved.

III. THE SIMULATION AND EXPERIMENTAL RESULTS

Fig. 6 shows the structure of the proposed dual-band BPF,
which consists of SLRs in the signal plane, the DGS ground
island and varactor diodes in the ground plane. The microstrip

Fig. 4. Calculated characteristic impedances of the proposed variable
impedance microstrip line.

Fig. 5. Resonance frequency of tunable SLR according to capacitance (� �
����, � � �
��, � � 
��� and � � ��� 	

�).

Fig. 6. Proposed dual-band bandpass filter (BPF) in top view (� � �
��,
� � ����, � � ����, � � �
��, � � ����, � � 
���, � � ���,
� � ����, and � � 
�� 	

�).

lines are folded in order to reduce the size, forming open loops.
The goal was to design the BPF with constant first passband
center frequency of 1.57 GHz and the controllable second
passband with initial center frequency of 2.40 GHz. The elec-
trical lengths of and were calculated as 90 and 30 at
1.575 GHz, respectively. The initial characteristic impedances
of the SLRs were determined as and .

The physical dimensions of the proposed filter are shown in
Fig. 6. The used varactor diodes were SMV 1234-011LF of Sky-
works, whose capacitance range is over 1.4–30 pF according to



CHAUDHARY et al.: DESIGN OF DUAL-BAND BANDPASS FILTER USING DGS WITH CONTROLLABLE SECOND PASSBAND 591

Fig. 7. Simulated and measured results of (a) return loss response and (b) inser-
tion loss response according to varactor diode bias voltage (���� � ��� �	,
��
� � �
 �	, ���� � 
 �, ��
� � ��� �).

Fig. 8. Photograph of fabricated filter.

the bias range of 15-0 V. However, the varactor diode is con-
sidered as ideal variable capacitance in simulation. The simu-
lated and measured results according to the varactor diode bias
voltage are plotted in Fig. 7. A close agreement between them
can be observed. As described in the previous section, the per-
formance of the first passband remains almost constant. With the
central frequency of 1.575 GHz, the first passband has a 3 dB
fractional bandwidth of 16.8% and the maximum insertion loss
of 0.59 dB.

The measured return loss is less than 18.9 dB at the first
passband center frequency. In addition, the second passband
center frequency is controllable between 2.38 and 2.56 GHz
( as ). The measured
insertion loss varies from 1.112 to 1.438 dB with an almost con-
stant fractional bandwidth of 7.5%. The return loss is less than

14.1 dB at center frequency of the second passband throughout
the entire controllable range.

The proposed filter creates three transmission zeros for each
bias-voltage. The two transmission zeros generated by two arms
(from tapping position to two ends of the open loop as shown
in Fig. 5) that correspond to 90 at the frequencies of two trans-
mission zeros around both sides of first passband, are fixed. The
remaining transmission zero located on the higher side of the
second passband generated as the input impedance viewed from
tapping position toward the loaded shunt stub, approaches zeros
at frequency of transmission zero, which moves synchronously
with the tuning of the second passband due to change in prop-
agation constant of shunt open stub with the help of DGS and
varactor diodes on the ground plane. These characteristics of the
proposed filter improve the selectivity of the out band frequen-
cies. The photograph of fabricated filter is shown in Fig. 8.

IV. CONCLUSION

The novel design of a dual-band BPF with controllable
second passband using a variable characteristic impedance
transmission line in the stub loaded resonator is presented in
this letter. The characteristic impedance of the transmission
line can be controlled with the help of the defected ground
structure and the varactor diodes located in the ground plane.
Both theoretical analysis and experiments were done in order
to validate the proposed structure. It was demonstrated that
the second passband can be adjusted while keeping the first
passband constant. The proposed filter provides low insertion
losses throughout the entire tuning range of the second pass-
band which is expected to be applicable to global positioning
systems (GPS) and wireless local area networks (WLANs).
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