Journal of Southeast University (English Edition)

Vol. 26, No. 4, pp. 509 -512

Dec. 2010 ISSN 1003—7985

Compact dual-band bandpass filter for WLAN systems
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Abstract: A novel dual-band planar microstrip filter using
parallel coupled microstrip lines and open-loop stepped-
impedance resonators ( SIRs) loaded with two shunt open stubs
is presented. By tuning the physical lengths of open-loop SIRs,
parallel coupled microstrip lines and two stubs, the bandpass
filter has good dual-passband performance at 2.55 and 5. 35
GHz and high isolation between the two passbands. The relative
bandwidths of the two passbands are 11.8% and 16.8%,
respectively. Compared with the conventional open-loop SIR
filters, the designed filter has a comparatively broader fractional
bandwidth at the second passband. So it can cover all the
wireless LAN(local area network) bands. In addition, the filter
has the features of low loss, high rejection and low ripple. The
measured results are in good agreement with the simulated
responses by HFSS software.
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ecent development of various modern wireless commu-
Rnication applications has created a demand for micro-
wave communication systems with multi-band devices. For
example, the wireless local area network (WLAN) uses two
frequency bands: one is the unlicensed industrial-scientific-
medical (ISM) 2.4 GHz band for IEEE 802. 11b and IEEE
802. 11g, and the other is the ISM 5.2 GHz band for IEEE
802. 11a. Since most of the WLAN systems support at least
two standards simultaneously in practical applications, such
as IEEE 802. 11a and IEEE 802. 11g, dual-band bandpass
filters (BPFs) have received much attention for WLAN ap-
plications in recent years. In WLAN systems, the important
issues for an RF filter are simple configuration, low cost,
and high performance. Many works have been done to ex-
plore advanced dual-band wireless systems, and various du-
al-band filters have been proposed!'™ . To achieve dual-
band BPFs, the conventional ways are 1) to use a cascade
connection of a broadband bandpass filter and a bandstop fil-
ter''; 2) to use reduced-length parallel coupled lines'';
and 3) to connect the main transmission line with shunt
stubs and shunt serial resonators”'. However, the aforemen-
tioned approaches increase the circuit complexity and the
circuit size. There are some other ways to reduce the size of
BPFs, such as using stepped-impedance resonators ( SIRs)
with new coupling schemes'', using novel E-type resona-

Received 2010-07-06.

Biographies: Zhu Chen (1985—), male, graduate; Zhou Jianyi ( corre-
sponding author), male, doctor, professor, jyzhou@ seu. edu. cn.
Foundation items: The National Natural Science Foundation of China ( No.
60621002, 60702027, 60921063), the National Basic Research Program of
China (973 Program) (No.2010CB327400), the National High Technolo-
gy Research and Development Program of China (863 Program) ( No.
2008ZX03005-001, 2008AA017223, 2009AA011503).

Citation: Zhu Chen, Zhou Jianyi. Compact dual-band bandpass filter for
WLAN systems [ J]. Journal of Southeast University ( English Edition),
2010,26(4):509 —512.

tors with controllable bandwidths”’, and using half-wave-
length SIRs with sinuous configurations'”. Unfortunately,
there is low isolation between the two passbands. When
high isolation for the two passbands is achieved, such as
using hairpin resonators'”' or a ring resonator'®', the inser-
tion loss is poor. When SIRs”™” and joint sharing of input
and output ports of the two resonators are used''"’ to achieve
good performance, the bandwith of each filter at the second
passband is not wide. So there is a demand to design a dual-
band bandpass filter with the characteristics of compact size,
high isolation loss, low insertion loss and wide band.

In this paper, on the basis of the previous work!*', we
present a new configuration of a dual-band filter using two-
stub-loaded open-loop SIRs and parallel coupled microstrip
lines. The schematic of the proposed dual-band filter is
shown in Fig. 1. The two stubs in the resonators are used to
control even-mode resonant frequencies. The two parallel
coupled microstrip lines are used to increase the coupling
coefficient to obtain a greater bandwidth of the second pass-
band. The filter has low insertion loss and high return loss
at each passband, and high isolation between the two pass-
bands. In addition, the features of small size, simple con-
figuration and wide band at the second passband are also
achieved. Finally a dual-band filter that covers these two
ISM bands (2.4 and 5.2 GHz) is optimally designed and
fabricated. And the measurement results show good agree-
ment with the simulated responses by the HFSS software.
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Fig.1 Schematic of proposed dual-band microstrip bandpass filter

1 Analysis of Dual-Band Filter

First, we analyze the structure of the one-stub-loaded re-
sonator. As can be seen from Fig. 2, it consists of one main
line and an open-ended stub with different characteristic ad-
mittances Y, and Y, and electrical lengths 6, and #,. The
open-ended stub is at the middle of the main microstrip line.
Since the structure of the resonator is symmetric, the even-
odd mode theory is adopted to analyze its characteristics.
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Fig.2 One stub-loaded resonator. (a) Structure; (b) Odd-
mode equivalent circuit; (c) Even-mode equivalent circuit

For odd-mode excitation, the open stub-loaded resonator
can be seen as an electrical wall, where the voltage is zero,
at the symmetric plane. So its input admittance can be ob-
tained as

Y, Y 1
47 jtan(6,/2) D
where 6, =L, is the electrical length of the main microstrip
line. The resonance condition is Y, =0, so we can obtain

the odd-mode resonant frequency,

Foo= 2n-1)c
odd —
2L1V‘9cff

where n =1, 2, 3; c is the speed of light in free space; &
is the effective dielectric constant of the medium. We can
clearly see that the odd-mode resonant frequency is not in-
fluenced by the open-ended stub.

For even-mode excitation, there is no current at the cen-
tro-symmetric plane, which can be seen as an open end. So
the input admittance can be obtained,

(2)

., 2Ytan(6,/2) +Y,tang,
even —J L1 2YI - thal’l( 01/2) tanﬁz

(3)

where 6, = BL, is the electrical length of the open-ended
stub. Correspondingly, the resonance condition is the same
as the odd-mode condition, so we can obtain the even-mode
resonant frequency,

Jon = (4)

nc
(L, +2L,) \/eu

It indicates that the length of the open-ended stub L, has
an impact on the even-mode resonant frequency.

Because the two-stub-loaded resonator has similar charac-
teristics with the one-stub-loaded resonator and the proposed
filter structure in this paper is more complex than the analyt-
ic one-stub-loaded structure, we do not theoretically analyze
the two-stub-loaded SIRs. But we use the full-wave simula-
tion tool HFSS to verify that the even-mode resonant fre-
quencies can be flexibly controlled whereas the odd-mode
resonant frequencies are fixed. First, we fix all of the varia-
bles except for the lengths of the two shunt stubs. Second-

ly, we change their lengths step by step to see the change in
the second passband. It can be found from Fig. 3 that when
the lengths L, of the two shunt stubs increase, the first pass-
band is fixed whereas the second passband exhibits the trend
towards a lower band.
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Fig.3 Operating frequencies vs. stub length

2 Design of Dual Passband Filter

As can be seen from Fig. 1, by using the two stubs in the
resonators, we can ensure that the even-mode resonant fre-
quencies are controlled flexibly whereas the odd-mode reso-
nant frequencies are fixed and the second passband can be
more flat. By adding two parallel coupled microstrip lines,
the coupling coefficient can be increased to obtain a wider
bandwidth for the second passband.

The proposed dual-band filter consists of two coupled
open-loop SIRs, two open stubs which extend from the mid-
dle side of each resonator, and two parallel coupled micros-
trip lines at the middle of the top and bottom of the resona-
tors. The fundamental resonance frequency is related to the
total length of the resonator. In order to obtain the central
passband frequency, the length of the resonator is fixed.
The second passband frequency can be adjusted by changing
the relative position and size of the stubs and the lengths of
the two coupled microstrip lines. The main function of the
two parallel coupled microstrip lines is to make the band-
width of the second passband wider by increasing the ratio
of the coupling coefficient between the two open-loop SIRs.
Because the second passband frequency is not twice the first
passband frequency, adopting the two-stub loaded SIR
structure, the BPF has more variables and becomes more
flexible compared with the conventional one-stub loaded
uniform-impedance resonators ( UIRs). The design proce-
dure can be divided into two steps: the first step is to deter-
mine the length and the width of the resonators with satisfac-
tory performance in the first band, and the second step is to
adjust relative dimensions toward good transmission in the
second band.

According to the discussion in Ref. [12], this structure is
optimized to obtain high electronic coupling between the two
open-loop resonators and between the resonators and parallel
coupled microstrip lines. High rejection is achieved in the
forbidden bands. The dual-band filter is fabricated on a sub-
strate of F4B with a relative dielectric constant of 2. 65, a
loss tangent of 0. 002 and a thickness of 0.5 mm. The di-
mensions of the proposed filter obtained by the HFSS soft-
ware are as follows: W, =W, =0.8 mm, W, =W, =0.8
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mm, W,=0.6mm; L, =6.5mm, L, =6.0mm, L,=1.7
mm, L, =18.8 mm; g, =0.2 mm, g, =0.3 mm, g, =
0. 15 mm.

Compared with the conventional stub-load resonators, the
proposed filter has two stubs, coupled microstrip lines and a
SIR structure, which means that there is no increase in the
size of the normal resonators to obtain dual-band and wider
bandwidth in the second passband.

3 Fabrication and Experimental Results

Fig. 4 shows a photograph of the proposed filter, and the
total size of the filter is less than 32 mm x 24 mm.
Moreover, the proposed filter will be smaller if it is applied
in the circuit. The proposed filter has attractive features, in-
cluding dual-band applications, small size, adjustable sec-
ond passband and a comparatively broader band compared
with the conventional microstrip square open-loop filters. So
the proposed dual-band bandpass filter is suitable for WLAN
applications.

Fig.4 Photograph of the fabricated dual-band microstrip
bandpass filter

Simulation is performed by the HFSS software. Measure-
ments are tested from 1 to 7 GHz with an E5230A vector
network analyzer. Fig.5 shows the measured S parameters
and the full-wave simulation results from HEFSS 11. We can
clearly see that the measurements agree with the simulation
in general with no modifications in the layout. The basic pa-
rameters are shown in Tab. 1. It can also be seen that the
experimental results are in good agreement with the simula-
tion results. We believe that there is a possibility to make
the dual-band filter cover all the WLAN frequency bands
due to the wider second passband.
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Fig.5 Comparison of simulated and measured results of
the proposed dual-band bandpass filter

Tab.1 Measured and simulated parameters of the dual-band
bandpass filter at 2.55 and 5.35 GHz

Bandwidth/ % Insertion loss/dB  Return loss/dB
Dual-band - - -
filter First Second First Second First Second
band band band band band band
Simulation 12.7 17.3 0.13 0.2 21.7 22.6
Measurement  11.8 16.8 1.17 0.85 19.8 35.6

In addition, the proposed dual-band filter can generate
transmission zeros and provide a better cutoff rate in the
stopband. The two measured transmission zeros of the first
stopband are —37.43 dB at 2. 04 GHz and -38.18 dB at
3.57 GHz, and the transmission zeros of the second stop-
band are —38. 18 dB at 3. 57 GHz and -29.94 dB at 6. 22
GHz. We can see that they share the same transmission zero
at 3.47 GHz. So good selectivity is achieved in the lower
band whereas some defect exists in the higher band. It is
necessary to introduce another transmission zero at the high
passband to realize better selective performance. The exist-
ence of insertion loss is mainly due to both the conductor
and the dielectric loss of circuit. The slight difference be-
tween the simulation results and the measurement results
may be due to fabrication errors or the variations of material
properties. It can be improved by more careful fabrication
and measurement.

4 Conclusion

In this paper, a novel configuration comprised of parallel
coupled microstrip lines and open-loop SIRs loaded with two
shunt open stubs is presented to design a dual-band planar
bandpass filter, which has good frequency responses at 2. 55
and 5. 35 GHz. By a simple theoretical analysis, we obtain
the properties of the dual-band filter by simulation and
measurement. Using the simple compact configuration, the
proposed dual-band filter has significantly miniaturized the
overall size, and achieved good dual-passband filtering per-
formances at the two specified bands. The dual-band BPF
has low insertion loss and high return loss at each passband,
and high isolation between two passbands. The measure-
ment results are found to be in good agreement with the sim-
ulation results.
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