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Abstract

results verifies the proposed design.

In this paper, a quad-mode dual-band bandpass filter (BPF) only using a stub-loaded circular resonator is presented.
The odd- and even-mode resonant frequencies can be easily computed and flexibly controlled by the radius of the
circle and the two sets of stubs, as all odd- and even-mode equivalent circuits are half-wavelength resonators
(double-ended short-circuited uniform transmission line resonator). Introducing the resonator makes the filter be
analyzed and designed easily. To further improve the isolation between the two passbands, a dual-band BPF is
designed by introducing the source-load coupling technique; the simulation and test S-parameter curves show that
the designed BPF has four controllable transmission zeros. The good agreement of measured data with simulation
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1 Introduction

With the development of microwave and millimeter-wave
technology, there is an increasing need of the high per-
formance and miniaturization of multi-frequency band fil-
ter in communication systems [1].

In [2], a dual-band bandpass filter (BPF) was achieved by
a dual-mode circular resonator; however, there were only
two transmission poles in each passband. A resonator with
a cross slot and unbalanced stubs has been proposed [3]
for the design of dual-band BPF. A dual-band BPF [4]
makes common-mode rejection be improved by introdu-
cing four coupled U-shaped defected ground structures
below the resonators, and the differential mode is not sig-
nificantly affected. In [5], some resonators were used to de-
sign dual-band filter, but resonant frequencies were
dependent. Unfortunately, the poor in-band performance
of the dual-band filter is also an existing disadvantage of
the revised method in [2-4]. Meanwhile, these solutions
increase the complexity of structure and analytical method
in [2-10].

In this letter, a stub-loaded quad-mode circular reson-
ator is presented to design the dual-band bandpass filter.
This resonator can generate four independent resonant
frequencies. The properties of the presented resonator are
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analyzed theoretically and simulated by full-wave simula-
tion software.

A passband controllable dual-band BPF can be formed
by adding a suitable external coupling structure. To greatly
improve the isolation between the two passbands, the
source-load coupling is introduced, which increases the
transmission zeros between the two passbands. Finally, the
dual-band filter with 1.25 GHz and 2.0 GHz is presented,
and the measurement results show good performance.

2 Methodology of the proposed resonator

2.1 Analysis of the proposed resonator

The proposed stub-loaded quad-mode circular resonator
structure consists of a circular resonator and four
short-circuited stubs, which is shown in Fig. la. Due to
the symmetrical structure of the resonator, the theory of
odd and even modes can be used to analyze it [11-13].

As shown in Fig. 1b, it was clear that the equivalent cir-
cuits of odd and even mode still have a symmetrical
structure feature of the resonator with double-ended
short-circuit, and the short-circuited stub shunted at the
midpoint of the resonator. Consequently, we can utilize
the odd- and even-mode theory to analyze its odd- and
even-mode equivalent circuits again. That is the main idea
of our proposed method. The analytical results are shown
in Fig. 2a and b, respectively.
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Fig. 1 a The stub-loaded quad-mode circular resonator. b The odd- and even-mode equivalent circuit

It can be seen from Fig. 2 that the four equivalent cir- (2n-1)c
cuits are all double-ended short-circuited resonators in fs= 1 (3)
the form of a uniform transmission line. The frequencies 2% (2 R + Ll) V Eeff
corresponding to the four resonant modes are denoted
by fi, fo, f3 and fi, respectively. According to the odd- (2n-1)c
i fa= (4)
and even-mode theory, the resonant frequencies can be 4 1
derived as 2 x <§ R + Ly + L2> V/Eeff
_ In the case of L, > Ly, there is a relationship existing
(2n-1)c
fi= 71 N (1) among the four frequencies: f; < f5 < f3 <fi. It is not hard
2 X <§ ﬂR> / Eeff to find, stub L; exists only in f; and f, and L, exists in f;
and f;. All the resonant frequencies will reduce as the ra-
dius R increases. By changing the length of the stub L,
f, = (2n-1)c (2) only f3 and f; can be affected. Similarly, f; and f; are only
9 % (1 7R + L2> N affected by the length of the stub L,. In order to verify
2 the above theoretical conclusions, full-wave simulation is

Fig. 2 a The odd- and even-mode equivalent circuits of the odd-mode equivalent circuit. b The odd- and even-mode equivalent circuits of the
even-mode equivalent circuit
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Fig. 3 The effects of structural parameters on the resonant frequency.
a The R radius of the circle. b The length of the stub L. ¢ The length

of the stub L,
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carried out, and the simulation results shown in Fig. 3
coincide with the theoretical analysis.

2.2 The source-load coupling technique
According to the above analysis, the four resonant fre-
quencies can be divided into two groups in accordance
with their values, the first group including f; and f, forms
the first passband and the second group including f; and
f3 forms the second passband. In the basis of the reson-
ator, a dual-band BPF can be designed by adding the
arc-shaped parallel coupling feeder. That way we can con-
trol the center frequencies and relative bandwidths of the
dual-band by adjusting the values of each resonant fre-
quencies and the strength of coupling. In order to further
improve the performance of the filter and enhance the iso-
lation between the two passbands, the source-load coup-
ling technique is introduced.

As shown in Fig. 4 (for simplicity, get arc-shaped
feeder structure straightened out), both ends of the
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Fig. 4 Source-load coupling. a The structure characteristic without
the source-load coupling technique. b The structure characteristic
with the source-load coupling technique. ¢ The comparison of S

parameters between with and without source-load coupling
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Fig. 5 Filter configuration

feeder that is close to each other are extended and then
bent down. Source-load coupling technique refers to the
introduction of a certain resonant coupling structure be-
tween the two ports so that some signals at the source
end are directly coupled to the load through the coup-
ling structure, while the other part is coupled to the load
through the resonator. When the amplitude is equal and
the phase difference is 180°, the transmission zeros can
be generated as shown in Fig. 4c. The position of trans-
mission zeros can be flexibly controlled by controlling
the resonant frequency and coupling size of the coupling
structure. Such a way makes the design of the resonator
and feeders become more convenient.
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3 Results and discussion

3.1 Structure of the dual-band BPF

Based on the proposed structure and the analysis of the
resonant characteristics above, a dual-band BPF in
other frequency is designed. The design parameters of
the filter are as follows: The center frequencies of the
two passbands are 1.25 GHz and 2 GHz, respectively.
The insertion losses are less than 1.5 dB, and the return
losses are greater than 15 dB. The first passband has a
relative bandwidth of 7 to 12%, and the second is from
10 to 15%.

According to the above performance indicators and the
material of existing dielectric substrates, the FABMX di-
electric substrates with a dielectric constant of 2.65 and a
thickness of 1 mm were selected. The specific design ideas
are as follows:

Firstly, according to Formula (1), the radius R of the ring
is calculated preliminarily so that the resonant frequency
of the ring is near the central frequency of the second
passband. Then, the radius R is optimized by eigen-mode
solution through HFSS.

Secondly, adding branch L; to the model and optimiz-
ing its length makes the coupling of resonant frequen-
cies f] and f; reach the required strength.

Thirdly, the resonant frequencies f, and f; of the ring
resonator are located near the central frequency of the
first passband by adding a branch L, and optimizing its
length in the model.

Fourth, by optimizing the length of the feeder Ln and
the distance between Ls and the resonator g, the exter-
nal coupling strength can meet the requirements of their
respective passband bandwidth.
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Fig. 6 Frequency responses of the filter with four transmission zeros
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Table 1 Comparison with some prior dual-band BPF
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Center frequency (GHz) Return loss (dB)

Insertion loss (dB) 3-dB relative bandwidth (%) Transmission zeros

Filter in [2] 24/58 20/25
Filter in [3] 24/5.16 212

Filter in [5] 1.7/2.15 15/18
Filter in this paper 1.25/2.0 18/27

14/3.2 12/- 2
06/14 137/6.3 2
35/48 6.35/4.6 4
0.8/0.5 7.8/106 4

Finally, according to the theory of source-load coup-
ling, the length of Ly, is optimized, and the location of
transmission zeros is determined.

The configuration of structure is shown in Fig. 5. The
dimensions are determined as follows: R =32.98 mm,
L, =259 mm, L, =265 mm, W=0.5 mm, g; =0.35 mm,
£ =07 mm, d=14 mm, Ly = 27.14 mm, and Lp = 3.2 mm.
The short-circuited effect is achieved with a metalized
via of 1 mm diameter at the end of the short-circuited
stub.

3.2 Simulated and measured results of the dual-band BPF
Figure 6 shows the simulated and measured results. The
center frequencies of the two passbands are 1.25 GHz
and 2 GHz, respectively. The insertion losses of the
lower and upper passbands are only 0.4dB and 0.5dB,
respectively. The measured return losses of the lower
and upper passbands are 18 dB and 27 dB, respectively.
These meet the needs of design targets. The error be-
tween simulation and measurement results is very small,
and there is a good agreement between them. Some of
these deviations may be due to machining errors and
SMA connectors.

3.3 Comparison between the existing filters and the
proposed filter

The comparison with the existing filters is summarized in
Table 1. It can be observed that the developed filter offers
many advantages in this letter, such as better performance
in the return losses and passbands, lower insertion losses,
independently controlling bandwidths, and simple
structure. It is conducive to the realization of the filter
miniaturization. But the filter still has many shortcomings
in design, and better performance filters will definitely be
realized in the future.

4 Conclusion

In this letter, a stub-loaded circular resonator is pro-
posed. Because all odd- and even-mode equivalent cir-
cuits have the same structure, the resonant frequencies
can be easily obtained and flexibly controlled. To further
improve the selectivity of the filter, a dual-band BPF is
designed by introducing the source-load coupling tech-
nique so that the BPF has four controllable transmission
zeros. The measured results agree well with simulated
ones, and the filter has high performance.

Abbreviation
BPF: Bandpass filter
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