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Design of a Planar Compact Dual-Band Bandpass Filter with
Multiple Transmission Zeros Using a Stub-Loaded Structure

Guang Yong Weil, Yun Xiu Wang!> *, Jie Liu® 2, and Hai Ping Lil

Abstract—This paper presents a new compact dual-band bandpass filter (BPF) with a stub-loaded
resonator structure that can independently change its operating band to support GSM and WiFi
applications for modern wireless communications. A short-circuit stub with a metal through hole is
placed into the symmetrical resonator together with a pair of step impedance stubs and a pair of
uniform open-circuit stubs. Inside the resonator, the open stubs fold in on themselves, minimizing
the circuit for integration with other parts and enhancing the selectivity of the filter. Even-odd mode
theory can be employed to investigate the circuit because of the resonator geometric symmetry. The
first and second operational frequency bands can then be built using the calculated odd and even mode
frequencies to match our requirements. The manufactured experimental dual-band filter is compared to
the simulation results, and the statistics revealed good agreement. The calculated structural measures
0.13XAg x 0.14.

1. INTRODUCTION

With the vigorous development of modern wireless communication technology, the demand for multi-
band bandpass filters in communication is increasing. As an essential component of the RF front end,
filters provide high-quality filtered signals for the required equipment. In order to make it have excellent
performance of small circuit size and high passband selectivity, researchers have developed a variety
of bandpass filters [1-6]. As a result, numerous compact dual-band bandpass filters based on various
technologies, including stub-loaded resonators (SLRs) [7], ring resonators [8], defected ground structures
(DGSs) [9,10], and stepped impedance resonators coupling techniques [11], have been developed in
recent years. [12] describes the construction of a square ring resonator-based dual-band bandpass filter
made of two opposing square rings connected by open-circuited stubs at their ends. Because it uses two
resonators and is not precisely symmetrical, it has a greater circuit area. Similar dual-band bandpass
filters are designed in [13] and [14] using the stepped impedance resonator coupling technique and the
backside etched defect ground structure (DGS) of the dielectric substrate, but the presented filters also
have a larger circuit size and an untunable passband.

The primary goal of this work is to propose an advanced dual-band bandpass microwave filter for
GSM and WiFi applications, which has a simple structure, passbands that are easily adjusted, and
enhanced filter selectivity with numerous transmission zeros (TZs) in the stopband. The proposed BPF
configuration is based on the construction of the stub-loaded resonator. The even-odd mode approach
is initially employed to investigate the resonator, after which the necessary even-odd mode frequencies
are determined from the disassembled individual circuits. Secondly, the impacts of resonator symmetric
opencircuited stubs and the middle shortcircuited stubs on the dual-band bandwidth and the stopband
transmission zeros are described. The effect of the feed line on the in-band performance and other
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relevant parameters was then investigated. Finally, a prototype dual-band BPF is manufactured and
measured to confirm the performance of the proposed filter.

2. STUB-LOADED STRUCTURAL ANALYSIS

In Fig. 1, a simple stub-loaded resonator with two pairs of open-circuited stubs, one pair of stepped
impedance open-circuited stubs (SIOSs), and one short-circuited stub in the middle is shown. This
structure is symmetrical; therefore, the odd-even mode analysis technique can decompose the stub-
loaded resonator in Fig. 1(a) into Fig. 1(b) even mode circuit and (c) odd mode circuit. The six
resonant circuits for this even-odd mode are shown in Figs. 1(d) through 1(i), respectively.

Now, using the fundamental microwave circuit theory [15] to get the total input admittance:
Yr, + jY,tan6 (1)
Y, + jYr tanf
where § = (L is the electrical length of the stubs; 8 = 2m/), is the propagation constant; A, is the
guided wavelength. We determine the input admittance Yy, cvens and the resonant frequency feyen; from
Fig. 1(d). First, take into account the short-circuited stub “Lg” so Y7, = co. The following Equation
(2) can be obtained by inserting Y7, and Y = Y;/2 into previously mentioned Equation (1):

Y;ns = _.j (?) cot 98 (2)

where Yj,s is the short-circuited stub’s input admittance, and Ly is its length. Equation (1) can be used
to determine the value of Y;,, and Y = Y7, giving us Yiy cpens as:

Yy — 2Y] tan (61 + 02 + 03) tan(6y) 3)
2Y7 tan (6s) + Ys tan (61 + 62 + 03)

where 01 = Ly, 03 = Lo, 03 = SL3, 8 = BLs, and assume Y;/2 = Y7. According to resonance
conditions Yj, evens = 0, the following even mode resonance frequency fevens; can be obtained:

Y;n:Yo

Yin,evenl = _j 1

(2n —1)c
fevenl = 4(L1+L2+L5+LS)\/@ (4)
where n = 1,2,3,..., c represents the light speed in vacuum, and €. shows the effective permittivity
of the substrate which is given by:
lte -1 1

(5)
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where w and h are the dimensions of the dielectric substrate, and &, is the relative permittivity. The
resonator symmetry plane is also shorted for the odd-mode, with Y7, = oo, Y3 = Yj. Using Fig. 1(e), we
can also obtain the odd-mode admittance Y, oqa1:

Y;
6
jtan(01+92+93) ( )

Because the resonance condition is Yjy, ,qq; = 0, the corresponding oddmode expression can be obtained
from Equation (6):

Yvin,oddl =

(2n —1)c
1+ Lo+ L) e @)

The remaining even-odd mode frequencies can be derived using the same procedure as above using

Figs. 1((f)-(1)):

. Y; — Y tan 6, tan (92 + 63 +05)
T4 Y tan (0, + 03 + 05) + Y, tan (04)
(2n —1)c
4(Ly 4 L3 + Ly + Ls) \Eey

(8)
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B (2n —1)c
foddz = W2+ Ls + La)yeep (10)
B (2n —1)c
fe'uenf)’ - 4(L3+L5+L6+Ls)\/@ (11)
fodas = (2n —1e (12)
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Y
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Figure 1. (a) Stub-loaded resonator. (b) and (c) Even and odd mode circuits. (d)—(i) Decomposition
of (b) and (c).
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Ly

Figure 2. The proposed topology of dual-band BPF.

3. CALCULATING RESONANT FREQUENCIES

The aforementioned mathematical process is used to determine each resonator’s physical size. In Fig. 2,
a compact dual-band BPF is developed. Fig. 2 shows that the physical length of the parameter in
the denominator of Equation (13) determines the even-mode frequency of the first passband that we
calculate as follows:

(2n —1)c
4(Ls + Ly + Lo) /2oy

Equation (13) asks for the corresponding length values and yields the frequency of the first even mode,
which is feyen,7 = 0.79 GHz. The first passband consists of one even and one odd modes. The equation
for foq4,1 based on Fig. 2 is given below:

feven,] = (13)

(2n —1)c
4(Ly + Lo) Ecff

by the same token, placing L; and Ls into Equation (14) and get foqq,; = 1.17 GHz. Similarly, the even
mode feyen,2 and odd mode fyqq 2 can be calculated by Equations (15) and (16), respectively.

fodd,1 = (14)

B (2n —1)c
feven,? - 4(L5 —|—L2 +L3 +L4)\/5e7ﬁ (15)
Jodd,2 = (2n —1)c (16)

4 (LQ + L3 + L4) VEeff

Equations (15) and (16) are used to estimate the even and odd resonator frequencies for the second
passband, which are feyen,2 = 2.15GHz and f,qq,2 = 2.83 GHz, respectively. It is significant that
the nearby resonators’ magnetic coupling is what causes the minor shift in frequencies, and by using
parametric analysis in electromagnetic simulation software, we may change them to fall within our
target range.

4. PARAMETRIC STUDY

To verify the conclusion of the above analysis, the resonator parameters of interest were selected for the
study. The first and second passbands are controlled by the length L;, as illustrated in Fig. 3(a), and
shifting the length from 37.1 mm to 39.1 mm will change the widths of the two frequency bands. The
center frequency and position of transmission zeros T7; and T zo move to a lower frequency. Adjusting
the parameter can adjust the first passband to the desired location. Additionally, the lower frequency
of the second passband will be impacted by the movement of the two transmission zeros. As a result,
while the first passband is altered, the transmission zeros 171 and Tz can be moved to alter the low
frequency of the second passband.
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Figure 3. S9; frequency response of the dual-band BPF in case of varying (a) L; (b) Ls.

When the step impedance open-circuited stub length L3 is raised from 10.49 mm to 11.09 mm,
the frequency responses are shown in Fig. 3(b). The transmission zeros Tz3 and T4 change from a
higher frequency to a lower frequency as the length of Lg rises, while the transmission zeros 11, T2,
Tyz5, and Tzg almost remain fixed. This results in the center frequency of the second passband moving
to a lower frequency. Therefore, by altering the length of L3, the bandwidth of the second passband
can be obtained. As a result, it is clear from the simulation results that the length of the resonator
open-shorted stubs can be changed to alter both passbands of the proposed filter.

The second benefit is that by adjusting the parameter ¢ (height of feeder to bottom of the resonator),
the return loss in the passband may be controlled. As shown in Fig. 4(a), altering the parameter ¢ will
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Figure 4. (a) The return loss of the filter for various values of ¢. (b) Simulated resonant modes for
various values of L.
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only have an impact on the return loss of the dual passbands; the bandwidth is unaffected. Fig. 4(b)
depicts the resonant frequency distribution of various L, lengths to investigate the impact of the short-
circuited stub in the middle of the resonator on the filter. The two even-mode frequencies f.1 and feo
migrate to a lower frequency as the stub length L; is increased, but the two odd-mode frequencies f,1
and f,2 remain unchanged.

Determine the coupling coefficient “K.” and external quality factor “Q.” using the following
equations [16]:

_ It
K. = R (17)
L= 0 18
Q R, (18)

where f; and f;, show the lower and upper cutoff frequencies of the two passbands; wy represents the
central frequency; and w3 4p) represents the 3dB absolute bandwidth centered at wp.

The suggested dual-band filter’s electric coupling coefficient, which is plotted in Fig. 5(a), depends
on the parameter “g;,”. It is seen that the corresponding electric coupling decreases as the distance “g;”
grows. Equation (18), which is illustrated in Fig. 5(b) with the parameter “W;” given from Fig. 2, also
calculates the external quality factor of the filter.

0.10
o 0.09 607
.'x o
< 0.081 =
2 g 501
2 0.071 2
2 0.06 =
= . . -
S 2. 10
E” 0. 05 1 ';';
S 0.04- < 309
< =
< 0.03- £
£ 2 201
= =
g 0.02] s
= 0.01 7 104
0.00 T L] T 1 L] L L T L T L] T L] L] L] T
0.1 0.2 0.3 0.4 05 06 07 0.8 09 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
g1 (mm) W, (mm)
(a) (b)

Figure 5. (a) Electric coupling coefficient “K.” against g;. (b) External quality factor “Q.” against
“Wf’,.

5. OPTIMIZED DESIGN AND FABRICATION OF THE BPF

The filter is simulated and optimized using electromagnetic simulation software ADS and adopting
Agilent N5244A vector network analyzer to measure its parameter performance. The input and output
ports must be 1.8 mm wide since we utilize an FR4 substrate with a 0.8 mm thickness. The optimized
design parameters of the proposed filter are as follows: L = 38.17, Lo = 4.1, Ly = 10.79, Ly = 2.1,
L, =51, Wy =18, Wy = 181, W, = 1.81, Ly = 2.25, W5 = 1.02, r = 0.35, g1 = 0.9, W, = 0.5,
t = 0.1 (all dimensions are in mm). The image of the manufactured dual-band filter prototype is
shown in Fig. 6. The size is only about 23.5mm x 16.9mm (0.13\; x 0.1)\;), where )\, represents
the guided wavelength. The simulated and measured transmission and reflection characteristics of the
developed dual-band filter are shown in Fig. 7. The obvious reduction of in-band reflection in the second
frequency band may be due to the influence of manufacturing error. The dual-band BPF operates at
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0.94 GHz and 2.48 GHz, with corresponding 3dB FBW values of 39% and 27%, respectively. All two
passbands’ insertion losses were measured at 0.28 dB and 0.92dB at their respective center frequencies.
To provide a high selectivity passband filter response, six transmission zeros are produced with more
than 24 dB attenuation at the following frequencies: 1.32 GHz, 1.62 GHz, 3.3 GHz, 3.78 GHz, 4.08 GHz,
and 4.68 GHz. In Table 1, dual-band BPF is compared to previous publications that have been published
in the literature, and it is shown that the newly proposed filter has good qualities.

Figure 6. Photograph of fabricated filter prototype.
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Figure 7. Simulated and measured responses of the filter.
Table 1. Comparisons with other proposed filters.
Ref. Center freq. (GHz) | IL (dB) | 3-dB FBW (%) | TZs | Circuit size (A\g X Ag)
[9] 3.57/5.87 1.62/1.69 5.8/5.4 3 0.39 x 0.31
[11] 2.4/5.2 1.3/1.72 8/6 2 0.3x0.3
[12] 2.6/5.8 1.1/2.15 10.4/3.6 4 0.26 x 0.34
[13] 2.41/3.52 2/2.2 5.8/7.7 4 0.36 x 0.24
This work 0.94/2.48 0.28/0.92 39/27 6 0.13x0.1
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6. CONCLUSION

A novel compact dualband BPF using multi-stubs is presented and measured. The even-odd mode
approach is used to investigate the proposed BPF because of its symmetrical geometry. By controlling
the physical parameters of the stub, it is easy to generate dual frequency bands and achieve multiple
zeros in the stopband. The proposed BPF is tuned to operate at GSM-900, WiFi (2.4 GHz) bands.
Both situations have excellent agreement between the measured and simulated results. This filter is a
strong contender for wireless communication systems due to its affordable realization and adjustable
transmission zeros.
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