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1. INTRODUCTION

The microwave filter is a component that provides the selectivity of a frequency in mobile and satellite
communication, radar and remote sensing system operating at the microwave frequency. The microstrip filter
is a two port network that allows the desired frequency while attenuating the unwanted signal frequency of the
filter [1-2]. Microwave multi-band especially dual-band bandpass filter becomes important component circuits
in modern wireless communication system since it helps to enhance the reliability [3]. They also need to be
compact and high selectivity. Multiband filter design has been seen as the other forms of multimode resonators
(MMRs). MMR has an even-mode frequency and odd-mode frequency which can be analyzed in the circuits.
The types of MMR include the ring resonators (RLR), stub-loaded resonator (SLR), stepped-impedance
resonators (SIR) and fractal-shape resonators (FSR) [4-9]. The small size of a filter can be obtained by reducing
the size of a resonator [10].

A single multi-mode resonator can extend to the multiple mode resonator filters which have a good
performance and much compact size. The multimode resonator can be analyzed by using the equivalent circuit
which contains two modes, which is the odd-mode and even-mode [5].

In this paper, dual-band bandpass filter using stub-loaded resonator is designed and characterized with
the operating frequencies at 2.4 GHz and 3.6 GHz. These frequencies are chosen for the application of the Wi-
Fi and WLAN by following the Institute of Electrical and Electronic Engineers (IEEE) 802.11 standard. Both
frequencies are chosen as the best frequency for this design to achieve a compact size that is dependent on the
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resonator and stub length. The even-mode resonant frequency can be conveniently tuned, while the odd-mode
resonant frequency remains constant.

2. DESCRIPTION OF THE PROPOSED DESIGN

Figure 1 shows the proposed stub-loaded resonator (SLR) which consists of a half-wavelength
resonator and open stub. Y1, Y2, L1, and L2 represents the admittance and the length of the microstrip lines.
Two modes, odd-mode and even-mode are used in order to analyze the proposed design filter.

Y2 Lz

@)

Y1, 11/2

Yin/odd

(b)

Figure 1. Structures of dual-band filter (a) The overall layout (b) Odd mode (c) Even mode

The studied design filter consists of two resonators loaded with the two stubs at the center of the
respective microstrip lines. Since the stub-loaded resonator is symmetrical in structure, the odd-mode and even-
mode resonant frequency can be adopted to characterize it.

2.1. Odd-mode resonator
There is a voltage null along the middle of the SLR. The input admittance or odd-mode, Y, 5aq is
expressed as:

- _"n
Yinoda = jtan(6,/2) ’

where the electric length of the microstrip line is 6, = BL,. Since Y, 544 =0,

_ (@2n-1)c
foaa = 2Ly feerf )

where n =1, 2, 3.... In this paper, n = 1 is chosen since a higher value of n will lead to the large size of the
filter. Thus, n =1 is used to maintain the compactness of the design filter.

2.2. Even-mode resonator
At the even-mode, there is no current flow through the symmetrical plane. The result of the input
admittance for even-mode Y;, .yen Can be expressed as:

2Y; tan(61/2)+ Y, tan (63) (3)
2Y1-Y, tan(601/2) tan (67)

Yin,even = jyl

where 8, = SL, is the open stub electric length. Since Y;, o.en,= 0, the even-mode resonant frequency is:

cot (6,/2) tan( 8,) = —% 4

For the special case of v, = 2Y;

cot(6;/2)tan(8,) = —1 (5)
Therefore, the resonance condition for this case is:
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0,/2 + 6, =nn (6)
or
Ly/2+L=nly/2 @)

where 4, is the guided wavelength at even-mode resonance. The frequency at the even-mode, L, can be
obtained from equation (8):

nc
feven = O (8)

To verify the above analysis, full-wave EM simulation has been carried out. The dual-mode resonator
is designed to achieve the desired resonant frequencies. The required frequency is fixed by the length of
resonator, L; and the even-mode resonant frequency can be achieved by adjusting the length of the stub, L.
Two microstrip line with 50 Q characteristic impedance is utilized to feed the proposed SLR filter using a loose
coupling. The length of the L; is fixed at 35.3 mm, while L; is varied from 1 mm to 7 mm as shown in Figure
2. The value of 5.8 mm is chosen as the best stub length for this design and labeled with a blue color.

As can be seen in Figure 2, the stub-length does not affect the S; response at an odd-mode frequency
at 2.4 GHz, whereas the even-mode frequency can be shifted by controlling the value of L,. The higher the
value of Ly, the lower the value of f,,.,.
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Figure 2. Simulated parameter with different stub length

3. DUAL-BAND FILTER DESIGN

Based on proposed SLR, a dual-band bandpass filter which has a benefit of compact size is designed.
The configuration of the filter which consists of two folded SLRs is shown in Figure 3 while Figure 4 shows
the fabricated dual-band filter. The Rogers RO4003C is used as the substrate for this design which has a relative
dielectric constant, ¢, of 3.38, a thickness of 0.508 mm and the dissipation factor, tan § of 0.0027. The
dimensions of the proposed filter are shown in Table 1.

Table 1. Dimensions of the Filter

Parameters Value (mm)
Length of resonator, L, 35.3
Length of stub, L, 5.8
Width of resonator, W, 0.9
Width of stub, W, 18
Distance, d 0.6
Gap, S;and S, 0.3

According to expression (1) to (8), the length of the resonator and stub can be obtained where f is the
center frequency of the filter and c is the speed of light. The effective dielectric constant, &, and ratio W/d
is calculated from the following expression.
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il o1 a.-1
Eopy =T+ = (1+ 1272 9)
w _ ge4
7= e% (10)

The simulation is done by using the EM simulation in the ADS software and measured with the PNA
network Analyzer, respectively.
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Figure 3. Layout of dual-band filter Figure 4. Fabricated dual-band filter

4. RESULTS

Figure 5 and 6 illustrates the simulated and measured result of the S-parameters respectively to the
studied dual-band bandpass filter which operated at two central frequencies, 2.4 GHz, and 3.6 GHz. Based on
the simulated result, it shows that the both frequency is located at the 2.4 GHz and 3.6 GHz respectively with
a small frequency shifting is observed.

From the calculation, it can be analyzed that the guided wavelength, 4, as highlighted below is
depending on the value of dielectric constant of the substrate. Meanwhile, the value of the relative permittivity,
&, will affect the effective dielectric constant.

c
/‘{9 - fEerf (11)

Consistent with the design filter, the observed fractional bandwidth of measured result is 8% and 6%
while the simulated fractional bandwidth is 7% and 5%. The reflection coefficient, S1; is decreased compared
to the simulated result which is -11.94 dB and -14.51 dB. There are two transmission zeroes at the second
frequency of simulated result compared to no transmission zeroes at the measured result. The reflection
coefficient for the second frequency of simulated result is decreased from -25.47 dB to -26.99 dB. The
reflection coefficient performance of both results is satisfied.
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Figure 5. Simulated and measured Si; parameters of dual-band filter
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Next, the transmission coefficients, Sz; of simulated and measured results are illustrated in Figure 6.
The simulated transmission coefficient at the first frequency is -1 dB and -1.24 dB while the measured result
has transmission coefficient at -1.45 dB and -1.96 dB. The transmission coefficient in the measured result is
decreased with 0.45 dB. The measured transmission coefficient is degraded compared to the simulated results
because of the fabrication tolerances.
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Figure 6. Simulated and measured S,; parameters of dual-band filter

The bandwidth for the simulated result at 2.4 GHz and 3.6 GHz is 170 MHz and 187 MHz and the
bandwidth for the measured result at is 200 MHz and 225 MHz. The simulated fractional bandwidth is 0.07 at
the first frequency and 0.05 at the second frequency. The measured fractional bandwidth for odd-mode
frequency is 0.08 and 0.06 at the even-mode frequency which is second frequency. Note that the even-mode,
feven 1S controlled by varying the value of the stub length, L, while the odd-mode, f, ;4 can be dominated by
varying the resonator length, L; which can be calculated from expression (2).

5. CONCLUSION

In this paper, a multi-mode technique to obtain dual-band filter, SLR is proposed. The properties of
the SLR are obtained by simulation analysis in the ADS software and verified experimentally by fabricating
and measuring the S-parameters of the prototype. Besides having an advantage on its compact size, the resonant
frequency of even-mode can be controlled by varying the length of stub while the odd-mode resonant frequency
is kept constant. The measured results were agreed well with the simulated result.
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