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This paper presents a compact triple-band bandpass filter based on metamaterials. The miniaturization is realized by the

principle of phase compensation of metamaterial. Compared with the conventional half-wavelength filter, the metama-

terial filter has a small size of 10 mmx10 mm. The triple-band bandpass filter performance has been validated by the

electromagnetic simulation software of high frequency structure simulator (HFSS). The results illustrate that the filter is
designed with center frequencies of 2.4 GHz, 5.1 GHz and 8.8 GHz, bandwidths of about 7.9% (2.31—2.50 GHz),
7.8% (5.0—5.4 GHz) and 7.4% (8.50—9.15 GHz), respectively, and it shows good band pass characteristics.
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Tunable filter, as the key device in communication sys-
tem, has been widely used in mobile communications,
millimeter wave communications, satellite remote sens-
ing, satellite communications, electronic countermeasure,
and many other areas!'™. With the rapid development of
communication system, frequency resources become in-
creasingly nervous, especially of radio frequency (RF)
and microwave frequency. It is very critical to improve
the spectrum efficiency of filter. The traditional filter
usually consists of different frequency filters, leading to
the larger size of communication system. The metamate-
rials?®! are artificial periodic structures that have negative
permittivity or permeability!®. Because of the negative
refraction'”’, abnormal Doppler effect’®, and perfect
lens'”, the metamaterials have been widely used in filter
design. Also metamaterials can effectively realize the
miniaturization, owing to the principle of phase compen-
sation. In recent years, metamaterial filters have made
great progress by many scholars!'®'?!,

A. K. Gorur" proposed a dual-band bandpass filter.
Four loaded open-loop resonators were placed at the up-
per and lower sides of the main feedline to obtain two
poles in each passband. Center frequencies of the de-
signed filter were adjusted to be 2.45 GHz (WLAN) and
3.5 GHz (WiMAX). Chao Qin''"! designed the metama-
terial filter structure with the center frequency of 7.8 GHz
and the relative bandwidth of 8%—9%. Through increas-
ing the lumped capacitance, we can reduce the volume of

the device, but also reduce the loaded Q value of the filter.

Zhi-gang You'?! designed a very high frequency (VHF)

filter, by adding varactor diodes to achieve the maximum
tunable frequency range. Kai Chen!'" proposed an inter-
digital bandpass filter with tunable center frequency
based on the characteristics of varactor diode. The center
frequency is 1.23—2.3 GHz, and the relative bandwidth
is 6.5%—4.5%.

In this paper, we propose a triple-band bandpass filter
based on metamaterials. By loading tunable devices in
the metamaterials filter, we can realize tunable frequency.
The triple-band bandpass filter is designed with center
frequencies of 2.4 GHz, 5.1 GHz and 5.8 GHz, relative
bandwidths of 7.9% (2.31—2.50 GHz), 7.8% (5.0—
5.4 GHz) and 7.4% (8.50—9.15 GHz), and it shows
good bandpass characteristics.

The size of the traditional filter is restricted by its work
wavelength, which is generally half of the wavelength.
The metamaterial filter, based on the principle of phase
compensation, can effectively reduce the size and realize
miniaturization of device. In this paper, we design a tri-
ple-band bandpass metamaterials filter, to realize the
characteristics of multi frequencies and miniaturization.

The structure of the designed metamaterial filter is shown
in Fig.1. The filter consists of two layers where the upper
layer is etched as dumbbell slot structure and the lower layer
is dielectric substrate. The metamaterial structure is symme-
try on the x axis and y axis. The miniaturized metamaterial
filter can work at 5.1 GHz based on the FR4 substrate with
the dielectric constant of 4.4, loss angle tangent value of
0.02, and thickness of 0.8 mm. The metamaterial filter has a
small size of 10 mmx10 mm (0.354g%0.354g, where Ag is
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the guided wavelength of lower band). With the plane
electromagnetic simulation software of high frequency
structure simulator (HFSS), the optimized parameters in
Fig.1 are as follows: /,=10 mm, w,=10 mm, p;=2.8 mm,
p>=3.0 mm, p3=3.2 mm, and p,=7.8 mm.

Fig.1 Structure of the miniaturized metamaterial filter

The scattering coefficients of the miniaturized meta-
material filter are shown in Fig.2, where S;; is reflection
coefficient, and S,; is transmission coefficient. The simu-
lation results show that the working frequency of the fil-
ter is 5.1 GHz, and bandwidth is 7.8% (5.0—5.4 GHz),
with almost 0.4 dB insertion loss and minimum 23 dB
return loss. However, the single band filter cannot meet
the demand for communication system. Through tunable
metamaterials, multi-frequency filters can be designed.

0

Scattering coefficient (dB)

2 4 6 8 10
Frequency (GHz)

Fig.2 Scattering coefficients of the metamaterial filter

The mechanism of tunable metamaterials mainly in-
cludes three categories: The first, it is based on the
method of the circuit, where the inserted microstructure
can change the impedance circuit; The second, it is based
on the method of geometric structure, which changes its
equivalent parameters by changing the geometric struc-
ture; The last, it is based on metamaterial properties,
where the metamaterial unit is made up of the tunable
material.

In this paper, we can realize tunable frequency by in-
serting the tunable impedance circuit that can control the
permittivity and permeability of metamaterial in different
time and space distributions. The design of the proposed
triple-band bandpass filter is achieved by inserting the
tunable impedance circuit in two different stations. Fig.3
shows the structure of the designed tunable metamaterial
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filter. The first switch-off diode (it can be defined as K;)
is inserted in the middle of the station. The second
switch-off diode (it can be defined as K,) is inserted in
the middle station of the filter. According to electromag-
netic simulation software of HFSS, the triple-band band-
pass filter performance can be validated.

Fig.3 Structure of the triple-band bandpass metamate-
rial filter

The scattering coefficients of the metamaterial filter
with switch-off K; are shown in Fig.4. It shows the influ-
ence of the switch-off K; on 2.4 GHz band and 5.1 GHz
band, when the switch-off K, is opened. When K, is
opened, the metamaterial filter can work at 5.1 GHz, with
bandwidth of 7.8% (5.0—5.4 GHz). When K is closed, it
can work at 2.4 GHz, with bandwidth of 7.9% (2.31—
2.50 GHz). As shown in Fig.4, the filter exhibits almost
0.4 dB insertion loss uniformly, and 18 dB and 23 dB
return losses within the first and second passbands, re-
spectively.

The scattering coefficients of the metamaterial filter
with switch-off K, are shown in Fig.5. It shows the influ-
ence of the switch-off K, on 2.4 GHz band and 8.8 GHz
band, when the switch-off K, is closed. When K, is
opened, the metamaterial filter can work at 2.4 GHz, with
bandwidth of 7.9% (2.31—2.50 GHz). When K, is closed,
it can work at 8.8 GHz, with bandwidth of 7.4% (8.50—
9.15 GHz). As shown in Fig.5, the filter exhibits almost
0.5 dB insertion loss, and 25 dB return loss within the
8.8 GHz band.
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Fig.4 Scattering coefficients of the metamaterial filter
with switch-off K4
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Fig.5 Scattering coefficients of the metamaterial filter
with switch-off K

Accordingly, we can control the switch-off K; and K,
to achieve tunable filter design. When K; and K, are
opened, the metamaterial filter can work at 5.1 GHz,
when K; is closed and K, is opened, it can work at
2.4 GHz, and when K, and K, are closed, it can work at
8.8 GHz. Comparing Fig.4 and Fig.5, relative bandwidths
are about 7.9%, 7.8% and 7.4% within the 2.4 GHz band,
5.1 GHz band and 8.8 GHz band, respectively, so good
agreement results have been achieved.

We propose a triple-band bandpass filter based on
metamaterials. Compared with the conventional half-
wavelength filter, the metamaterial filter has a small size
of 10 mmx10 mm (0.354gx0.354g, where Ag is the
guided wavelength of lower band). By loading switch-off
diode in the metamaterial filter, we can realize tunable
frequency. The results show that the center frequencies
are 2.4 GHz, 5.1 GHz and 5.8 GHz, and the bandwidths
are about 7.9% (2.31—2.50 GHz), 7.8% (5.0—5.4 GHz)
and 7.4% (8.50—9.15 GHz), so good filter characteristics
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can be obtained.
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