£

ATLANTIS
PRESS

Advances in Engineering Research (AER), volume 116

International Conference on Communication and Electronic Information Engineering (CEIE 2016)

Design of dual-band microstrip filter using SIR

Yin-Xia Zhu, Jian Zhang, Jian Cheng and Hong-Peng Zhu

PLA University of Sicience and Technology, Nanjing, China
E-mail: Zhuyinxia516@163.com

Two novel dual-band microstrip filters using 442 Stepped-Impedance-Resonator(SIR)
resonators are proposed in this paper. The prominent feature of the SIR filter is that the
spurious response can be controlled by the impedance ratio R, and the length ratio of the
resonator. Simulated results show that the prototype of the dual-band filterl achieves
insertion loss of 0.4dB and 0.5dB, return loss of 23dB and 23.7dB, and fractional
bandwidth of 9.8%and 8.2% at 2.4GHz and 5.2GHz, respectively. And the filter2
achieves insertion loss of 1.6dB and 2.8dB, and fractional bandwidth of 6.2% and 5.1% at
2.4GHz and 5.2GHz, respectively, and the isolation between two passband is well. The
proposed dual-band band pass filters are designed and fabricated. A good agreement is
achieved between measured and simulated results.

Keywords: Dual-band Filter; Stepped-Impedance-Resonator; Impedance Ratio; Insertion
loss; Fractional Bandwidth.

1. Introduction

In the last few years, along with the high development and the need of wireless
communications, the dual-band portable telephones and WLAN(wireless local
area network) are quite popular, and the Dual-band filters become the key
components in the front of these communications systems.

The main methods to realize dual-band filters are: 1.Combination of two single-
band filters, however, this approach not only consumes twice the size of a
single-band  filter, but also requires additional impedance-matching
block.[1].2.Using resonators that consist of open or short stubs in parallel or in
series to create two passbands with three transmission zeros. 3. Use spurious
response of coupling resonator of band pass filter.

In this paper, based on the idea put forwarded by M.Makimoto and S.Yamashita
that applying the to the SIR microwave passband filter, a Dual-band filter for
WLAN (IEEE-802.11a/b/g) without any external feeds is presented, this filter
consists of two cascaded resonators with Ag/2 SIR, it appears very compact and
easy to fabricate. The fundamental resonance frequency related to the total
length of the resonator is used to create the lower passband of the Dual-band
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filter while the first spurious resonance frequency of the resonator are used to
achieve the higher passband by changing its impedance ratio Rz and the length
ratio. The impedance ratio and physical length of SIR are varied to adjust the
fundamental resonance (f;) and the second resonance (f,) over a wide frequency
range. The prototype of the proposed Dual-band filter is fabricated and
measured. The good agreement between electromagnetic simulation and
measure results shows the validity of the theory analysis and the design process.

2. Dual-band Filter Design

Figure 1shows the Schematic layout of the proposed dual-band filter and the
basic structure of /g/2 SIR resonators. The Ag/2 SIR resonators consists of
electrical length 26, with the characteristic impedance Z; and electrical length
20, with the characteristic impedance Z,, 6, is the total electrical length of the
SIR resonator.

SIR 1

@ (b)
Fig. 1 (a)Schematic of the proposed dual-band filter (b)Basic structure of the Ag/2 stepped-
impedance-resonator

The input admittance Y;, of the resonator is given as .[2]:

2(R, tan g, +tand,) (R, —tané tand,)
R, (l—tan®4)(1-tan®6,) — 2(1— R%)tan 4, tan 6,

Yin = _jYz (1)

Where Rz=Z,/Z;.Let Y, =0. We can obtain the fundamental resonant frequency
f; and the first spurious response resonant frequency f,, from the following Eq.[3]

R, —tang tang, =0 (f=1) (2
tan @, +R; tang =0 (f=1,) 3)

For convenient design we choose 6,=6,, define u=6,/(6,+6,), 6=2(0,+6), from
the Eq. (2)and (3), we can get Eq. (4) and (5).
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a-w 6, ug, \ 3
R, —tan (Tjtan (T) =0 (f=1) (4)

tan (U_:’tj +R, tan (%j =0 (f=1,) (5)

We note that if Rz and u are confirmed, then the resonant frequency f; and f, are
ensured. Figure 2(a) shows the curve of f,/ f; with the u under different Rz (Rz
=0.4, 0.8, 1.5). Figure 2(b) shows the curve of the total electrical length 6, with
the u under different R; (R; =0.4, 0.8, 1.5).
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Fig. 2 (a) Curve of f2/f1 with u under different RZ (b) Curve of the 6t with u under different RZ

Fig 2(a) and (b) clearly shows that, the smaller R is, the larger the maximum
ratio of f,/ f; is, and the smaller the electrical length is, If f,>2 f; is required then
R2<I1 should be chosen.

In this design, we choose Rz =0.8, Z,=50Q, then Z,=56Q. The designed two
passbands of the dual-band filter are at 2.4GHz and 5.2GHz, so f,/ f;=2.17, from
Fig 2(a) u can explicitly be determined as nearly 0.57, then from Fig 3(b), 6; can
be determined as 168<

By adjusting the structure parameters, with the help of the HFSS simulation
software we can obtain a optimized dual-band filter and two dual-band filters are
obtained with lower insertion loss and higher return loss between two passhands.

3. Simulated and Measured Resulted

The two designed filters are printed on the Rogers RO3010 substrate with
thickness of 0.635mm and relative permittivity of 10.2. The filter 1 parameters
are wl=0.45mm, w2=0.7mm, w3=0.6mm, L1=9mm, L2=6.6mm, sl=1mm,
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s2=0.5mm, t=1.2mm. The total size of the filter with feeding is
27>28>0.635mm3.The photograph of the fabricated filter is shown in Figure
3(a). The filter 2 parameters are w1=0.6mm, w2=0.9mm, w3=0.6mm,
L1=12.7mm, L2=4.6mm, s1=0.3mm, s2=0.25mm, t=1.2mm. The photograph of
the fabricated filter is shown in Figure 3(b). The total size of the filter with
feeding is 28>31>0.635mma3.

@ ()
Fig. 3 Photograph of the fabricated filter .(a) filter 1. (b) filter 2

The frequency response of the proposed Dual-band filters are measured in an
Agilent 8722ES network analyzer. Figure 4 shows the simulated and measured
results of the two filters.
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Fig. 4 Simulated and measured frequency responses of the proposed filter.(a) filter 1. (b) filter 2

For filterl, the simulated results show the c of 0.4dB, the return loss of 23dB,
the Ripple coefficient of 0.1dB, fractional bandwidth of 9.8% at 2.4GHz, and the
insertion loss of 0.5dB, the return loss of 23.7dB, the Ripple coefficient of 0.5dB,
fractional bandwidth of 8.2% at 5.2GHz, besides, the transmission zero at
3.5GHz with insertion loss of 43dB which lead to a good isolation between two
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passbands. The measurement results show the insertion loss of 0.45dB, the
return loss of 25dB, the Ripple coefficient of 0.3dB, fractional bandwidth of
9.6% at 2.4GHz, and the insertion loss of 0.55dB, the return loss of 30dB, the
Ripple coefficient of 0.55dB, fractional bandwidth of 7.9% at 5.2GHz, and the
transmission zero with insertion loss of 45dB is obtained at 3.5GHz.

For filter2, in the first pass band of 2.4GHz, the insertion loss of the simulation
results and test results were 1.6 dB and 3.2 dB, and the relative bandwidth is
11.5% and 9.7% respectively. In the second pass band of 5.25 GHz, the insertion
loss of the simulation results and test results were 1.7 dB and 2.8 dB, and the
relative bandwidth is 6.2% and 5.1% respectively. The mesaured results show
that the stopband rejection of a bandpass filter is perfect, the insertion loss reach
41dB at 3.4GHz and 4.6GHz and 6.7GHz, the isolation between two passband
is well.

Both filter 1 and filter 2 reveals that the simulated and measured results are in
good agreement. Both can meet the requirements in engineering design.

4. Conclusion

Two novel compact dual-band filters with low insertion loss are proposed,
which have a good performance at 2.4/5.2GHz without any external impedance-
matching block at the input and output. The designed filters are manufactured
and measured, a good agreement between the simulated and measured results
are demonstrated.
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