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Abstract—A novel compact dual-band bandpass filter using tri-
section stepped impedance resonators (SIRs) is presented for Wireless
Local Area Network (WLAN). SIRs and one stub between parallel
couple line are employed to realize two satisfactory passbands.
Meanwhile, one transmission zero is generated between the two
passbands to achieve a high out-of-band rejection. Simulated results
show that two central frequencies are located at desired 2.4 and 5.2 GHz
with 3dB fractional bandwidths of 6.3% and 3.4% respectively. The
measured results are in good agreement with the simulated ones.

1. INTRODUCTION

With the rapid development of wireless communication systems, there
have been increasing demands for dual-band radio frequency (RF)
devices. Dual-band bandpass filters are the essential components in
the RF front ends of both receiver and transmitter. Compact size,
low losses, high selectivity, low cost, and high performance bandpass
filters are the goals for modern wireless communication applications.
In response to this need, many methods used to realize the dual-
band filter have been investigated. The traditional methods include:
a wide-band bandpass filter and a bandstop filter cascaded [1] and
two different filters set in parallel [2]. However, these solutions suffer
from large overall sizes. Other methods contain utilizing SIRs to shift
the spurious frequencies of the SIRs to create the second passband [3—
12]. However, it is difficult to control the passbands individually by
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using SIR, since the dual passbands response is synthesized by the two
resonator responses synchronously. In [13-17] although these filters
have high selectivity and low losses, the design procedure is complex.

To solve these problems, in this paper we propose a novel compact
structure of 2.4/5.2 GHz dual-band filters by cascading two folded SIRs
for WLAN applications. The proposed filter is simple in structure and
compact in size. In particular, one transmission zero can increase the
isolation between two separate passbands, and can reduce image signals
from the receiver link. Simulated and measured results are presented
to prove the feasibility of this design method.

2. FILTER DESIGN

The traditional folded half-wavelength SIR is shown in Fig. 1(a) and
the Proposed tri-section folded SIR is in Fig. 1(b). From Fig. 1(b) we
can see a half wavelength folded SIR is a dual-mode resonator, which

(a) (b)

Figure 1. (a) Traditional folded stepped impedance resonator. (b)
Proposed tri-section folded stepped impedance resonator. (c) Structure
of odd-even modes.
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can motivate odd mode and even mode. Fig. 1(c) shows the structure
of even-odd mode.

Ignoring the impact of step discontinuity and open-edge
capacitance, when even mode motivates, the input admittance is given
below:

Yeven
tanfy  tan 63+ K, tan 02+ K1 Ko tan 61 — Ko tan 0 tan 62 tan 63 + tan Og

Z1 75 717 <—K1 +tan 6o tan 03+tan 01 (tan 6]3;1(1 tan 6g) ) Z%

= (1)
1 <tan 04  tanf3+K; tan O+ K1 Ko tan 61 — Ko tan 01 tan 6o tan 03) tan 6o

2 Z4 Zz(—K1+tan 02 tan 93+tan 9, (tan 9}3;}(1 tan 62))

With three sections of the SIR assumed to have the same electric length
(i.e., 01 = 63 = 03 = 0), then the parallel resonance conditions can be
written:

(K3 tan @y + Ko tan ) (Ko tan 63 + (1 + K| + Ky) tan 6°

—K1(1+K2)tan9—K1K2) =0 (2)
where K= Z3/Zs, Ko= Zs/Zy and Ks= Zy/Z, are the impedance
ratio. From the formula, we can understand the even mode resonance
condition of the SIR depends on 6y, 6, 84 and the impedance ratio K1,
Ky, Ks.

When odd mode motivates, the expression of input admittance
can be shown:

Zitan 0y + Zytan 0, — Zy tan 0y tan 07 tan 0,
jZ1Zytan 01 tan 04 4+ jZ1 tan 90(21 tan 01 + Z4 tan 94)
So the parallel resonance condition can be given:

Kstanf; + Kotan04(1 — tanfytanf;) =0 (4)
From the formula, we know the odd mode resonance condition depend
on 6y, 61, 8, and the impedance ratio Ko and Kj.

Figure 2 shows the mode distribution with different length L
shown in Fig. 1(b). It can be seen that the odd mode resonant
frequencies are scarcely affected by the length L and even mode
resonant frequency can be shifted by changing the length L.

The structure of the proposed dual-band bandpass filter is shown
in Fig. 3. It mainly consists of two symmetrically folded tri-section
SIRs with one stub loaded between parallel couple line. From the
above analysis the two center frequencies can be determined by the
length L and the impedance ratio K;, Ko and K3 conveniently. The
stub is loaded between parallel couple line to improve the performance
of passbands, which can be seen from Fig. 3 and Fig. 4. Without A
stub the return loss is unsatisfactory at the two passbands. With A
stub, the two center frequencies of filter do not change obviously and
the performance of filter is improved.

Yodd = (3)
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Figure 2. Odd-even modes of folded stepped impedance resonator.

Figure 3. Structure of proposed microstrip filter.
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Figure 4. Comparison of with and without A stub.

Figure 5. Photograph of fabricated filter.

3. SIMULATED AND MEASURED RESULTS

To verify the above-mentioned analysis, a novel filter is designed and
simulated by an EM simulation software, Sonnet. According to the
above analysis procedure, the dimensions of the filter are as follows:
W1 =6mm, Wy = 0.6mm, W3 = 6.7mm, L; = 12.8 mm, Lo = 6 mm,
L3=0.6mm, Ly =1.2mm, Ly = 1.2mm, Lg = 7.2mm, L7 = 1.8 mm,
G = 1.6mm, S = 0.2mm. The thickness of the substrate is 0.8 mm,
and corresponding relative dielectric constant is 10.2. The overall size
of the filter is 24 mm x 30mm. Fig. 5 shows the photograph of
fabricated filter. The simulated and measured responses are compared
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Figure 6. Comparison of simulated and measured frequency
responses.

in Fig. 6. The S-parameters are measured by using an Agilent 8722ES
vector network analyzer. From Fig. 6 simulated results show that the
proposed filter yields two passbands at the centre resonant frequencies
of 2.4 and 5.2 GHz, respectively. Additionally, there is one transmission
zero located near the passband edges, resulting in sharp roll-off. In the
lower passband, the filter has a return loss > 15dB and the insertion
loss is < 3dB within 2.3-2.45 GHz. In the upper passband, the filter
has a return loss > 15dB and the insertion loss is < 3dB within 5.14—
5.32 GHz. The filter has bandwidth of 6.3% at 2.4 GHz and 3.4% at
5.2 GHz. The insertion loss is mainly attributed to the SMA connector,
conductor and dielectric loss. The slight shift of the frequency might
be due to the unexpected tolerance of fabrication. Comparison of
measured and simulated results shows very good agreement.

4. CONCLUSION

A novel compact dual-band bandpass filter by cascading two folded
tri-section SIRs is presented. Two passbands are centred at desired
2.4 and 5.2 GHz, with 3dB fractional bandwidths of 6.3% and 3.4%
respectively.  One transmission zero is realized between the two
passbands, resulting in high selectivity. Design curves are given for
the filter design procedure. An experimental circuit is fabricated and
measured to validate the design concept. Measured results show that
the proposed filter is suitable for WLAN applications.



Progress In Electromagnetics Research, Vol. 117, 2011 363

ACKNOWLEDGMENT

This work is supported by the National and Shanghai Natural Science
Foundation (61077068 and 10ZR1411900) and Leading Academic
Discipline Project and STCSM (S30108 and 08DZ2231100).

REFERENCES

1.

Tsai, L.-C. and C.-W. Huse, “Dual-band bandpass filters
using equallength coupled-serial-shunted lines and Z-transform
techniques,” IEEE Trans. Microw. Theory Tech., Vol. 52, 1111-
1117, 2004.

Miyake, H., S. Kitazawa, T. Ishizaki, T. Yamada, and
Y. Nagatomi, “A miniaturized monolithic dual band filter using
ceramic lamination technique for dual mode portable telephones,”
IEEE MTT-S Int. Dig., Vol. 2, 789-792,1997.

Yeung, L.-K. and K.-L. Wu, “A dual-band coupled-line balun
filter,” IEEE Trans. Microw. Theory Tech., Vol. 55, 2406—2411,
2007.

Sun, S. and L. Zhu, “Compact dual-band microstrip bandpass
filter without external feeds,” IEEE Microw. Wireless Compon.
Lett., Vol. 15, 644-646, 2005.

Alkanhal, M. A. S., “Dual-band bandpass flters using inverted
stepped-impedance resonators,” Journal of Electromagnetic
Waves and Applications, Vol. 23, Nos. 8-9, 1211-1220, 2009.
Wang, J.-P., B.-Z. Wang, Y.-X. Wang, and Y.-X. Guo,
“Dual-band microstrip stepped-impedance bandpass filter with
defected ground structure,” Journal of Electromagnetic Waves
and Applications, Vol. 22, No. 4, 463-470, 2008.

Weng, M.-H., S.-K. Liu, H-W. Wu, and C.-H. Hung, “A
dual-band bandpass filter having wide and narrow bands
simultaneously using multilayered stepped impedance resonators,”
Progress In Electromagnetics Research Letters, Vol. 13, 139-147,
2010.

Velazquez-Ahumada, M. D. C., J. Martel-Villagr, F. Medina, and
F. Mesa, “Application of stub loaded folded stepped impedance
resonators to dual band filter design,” Progress In Electromagnetic
Research, Vol. 102, 107-124, 2010.

Weng, M.-H., H-W. Wu, and Y.-K. Su, “Compact and low
loss dual-band bandpass filter using pseudo-interdigital stepped
impedance resonators for WLANs,” IEEE Microw. Wireless
Compon. Lett., Vol. 17, 187-189, 2007.



364

10.

11.

12.

13.

14.

15.

16.

17.

Ma et al.

Chang, Y.-C., C.-H. Kao, M.-H. Weng, and R.-Y. Yang, “Design
of the compact dual-band bandpass filter with high isolation
for GPS/WLAN applications,” IEEE Microw. Wireless Compon.
Lett., Vol. 19, 780-782, 20009.

Weng, M.-H., C.-H. Kao, and Y.-C. Chang, “A compact dual-
band bandpass filter using cross-coupled asymmetric SIRs for
WLANS,” Journal of Electromagnetic Waves and Applications,
Vol. 24, Nos. 2-3, 161-168, 2010.

Lee, C.-H., I1.-C. Wang, and C.-I. G. Hsu, “Dual-band balanced
BPF wusing quarter wavelength stepped-impedance resonators

and folded feed lines,” Journal of Electromagnetic Waves and
Applications, Vol. 23, Nos. 17-18, 2441-2449, 2009.

Kazerooni, M. and A. Cheldavi, “Simulation, analysis, design and
applications of array defected microstrip structure (ADMS) filters
using rigorously coupled multi-strip (RCMS) method,” Progress
In Electromagnetics Research, Vol. 63, 193-207, 2006.
Khalaj-Amirhosseini, M., “Microwave filters using waveguides
filled by multi-layer dielectric,” Progress In FElectromagnetics
Research, Vol. 66, 105-110, 2006.

Jung-Woo, B., Z. Lei, and K. Young-Silk, “Dual-mode dual-
band bandpass filter using balun structure for single substrate
configuration,” IFEE Microw. Wireless Compon. Lett., Vol. 20,
613-615, 2010.

Chen, J.-X., T.-Y. Yum, J.-L. Li, and Q. Xue, “Dual-mode dual-
band bandpass filter using stacked-loop structure,” IEEE Microw.
Wireless Compon. Lett., Vol. 16, 502-504, 2006.

Zhang, X.-Y. and Q. Xue, “Novel dual-mode dual-band filters
using coplanar-waveguide-fed ring resonators,” IEEE Trans.
Microw. Theory Tech., Vol. 55, 2183-2190, 2007.



