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Abstract

This paper presents a triple-band microstrip bandpass filter with a broad harmonic suppression based on
stepped-impedance resonators. This stepped-impedance resonator structure reduces the microstrip open-loop
halfwave length resonator filter's circuit size. The straightforward design technique is based on three
independently different bandpass filters combined in the triple-band filter form. The three independent filters
are designed at 900, 1800 MHz, and 2450 MHz center frequency. The excited coupling feeders have also
produced the transmission zeros between each filter. An acquirement of their transmission zeros between each
passband results in a sharp out-off band rejection. Simulated and measured results show a remarkable
agreement that the insertion losses /S,,/ inside three passbands are less than 2.1 dB.

Keywords: Triple-band; microstrip bandpass filter; open-loop stepped-impedance; microwave filter.

1. Introduction

Recently, the advance of Radio Frequency
(RF)/microwave communication requires a high
quality of transmitting and receiving the signal with a
small circuit component for multi-channel paths.
Dual-band and multiband filters play an essential
role in meeting these requirements of multiband
services. Various methods are suggested for designing
dual- and triple-band bandpass filters (BPFs).

Microstrip dual- and triple-band-based microstrip

structures are more flexible circuit designs with low
loss, small circuit size, and lightweight circuit layout
filtters [1]. The microwave dual-band filters are highly
desirable in wireless communication systems and are
discussed in many research works. A dual-band
bandpass filter has been presented in [2]; however,
the configuration still occupies a large area as a
cascade connection of a wide-band bandpass filter
and a band-stop filter. Dual-band filter design which

is tunable dual-band resonators, presented with
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stepped-impedance transmission-line sections [3].
Cross-coupled filters with a dual-passband response
are designed as compact miniaturized hairpin
resonators, which are elliptic function type designs
[4]. Controllable fractional bandwidths of dual-band
bandpass filters are constructed by multiple
stepped-impedance  resonators and  parallel-
coupled microstrip lines [5]. Dual-band bandpass
filters (BPFs) with a simple design method are
suggested using two independently controllable
bandwidths [6]. Half-mode substrate integrated
waveguide (HMSIW) resonators are introduced as a
compact dual-band filter using the quasi-TEM mode
and the TE102 mode of the novel HMSIW resonator
[71. A Dual-band bandpass filter utilizing an
asymmetrical  stepped-impedance resonator s
designed as a high-selectivity response for a dual-
band filter [8]. The microstrip filters based on
stepped-impedance resonators have a compact size
and high signal performance resonator structure.
Two adjacent coupling half-wavelength stepped-
impedance resonators (SIRs) with a defective ground
structure (DGS) is presented as dual-band bandpass
filter [9]. Meandering stepped impedance resonators
(SIRs) exhibit a size reduction in a miniaturized dual-
band narrow bandpass filter (BPF) [10]. A coupling
configuration of the stepped impedance resonator
(SIR) has been introduced to design dual-band
bandpass filters with a small circuit size [11]. Dual-
and triple-band characteristics are achieved using
Coupling structures with both Chebyshev and quasi-
elliptic frequency responses [12].

Moreover, the dual- and triple-band filters are
fabricated on various materials such as metal cavities
and dielectric resonators. In [13], the dual- and triple-

band tunable filters in a single cavity are achieved

by putting two or three identical sets of metal-post

pairs. The manifold approach is used to design new
multiband waveguide filters as in [14]. Triple-band
dielectric resonator in a metallic cavity is
represented in [15]. However, the design structure
based on metallic waveguides is still in large
constructions. A triple-band filter has been proposed
in [16] with a half-wavelength resonator to design the
miniaturizing planar circuit. A triple-band high
temperature superconducting (HTS) filter using
coupled-line stepped impedance-resonator (C-SIR)
has been proposed in [17]. In [18], planar filters are
designed by using a multi-stub-loaded differential-
mode. Low profile and lightweight structures can be
designed by substrate integrated waveguide (SIW),
with a low-cost structure while maintaining good
performance. SIW- are represented in [19]-[21] for
dual- and triple-band resonator filters. All of these
multiband filters are focused on various materials
and structures. However, microstrip RF/microwave
filters provide a flexible design with a small circuit,
low loss, and low complexity designs.

This paper presents a triple-band microstrip
bandpass filter with a wide harmonic suppression
based on stepped-impedance resonators to offer
low loss, low cost, and good rejection responses.
The independent three resonator filters are
combined using the same coupling feeder, which

helps reduce tuning resonant frequencies.

2. Materials and Methods

The basis of the stepped-resonator filter design can
be explained in this section. Microstrip stepped-
impedance resonator can be represented in the form
of a half-wavelength shown in figure 1(a). The
stepped-impedance resonator configuration consists
of two lines of different characteristic impedance Z,

and Z, admittance Y; and Y,, and electrical lengths
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6, and 6,, respectively. The ABCD matrix can explain
the non-uniform stepped impedance structure like
the following matrix.

(1

0y

cos 62 JZ,sin 0, |cos 29, jZ,sin 0 [cos 6, jZ;sin 6,
e ool e e ]
2

cos 0, cos 0,

The input admittance V;, of the symmetric

stepped-impedance can be expressed as;

2(K tan 6,4+ tan 6,)-(K— tan 6,- tan 6,) (2)
K(1- tan? 6,) (1- tan?0,)—-2 (1+K?) tan 6, - tan 6,

Yin=fYz

Where K'is the ratio of characteristic impedances
of Z,/Z,=(Rz <1). At resonant condition, Y;, is zero, then
the first mode and second mode frequencies of the

stepped-impedance resonator are explained in [22].

tan 0, =Rz cot 0, (at f=f,) (3)

Where R, is the ratio of characteristic
impedance Z, to Z;, and the electrical length of the
resonator is denoted as 0, and 0, for the first mode
(f). The second mode (f,) can be calculated as

cot B,=-R, cot B, (at f=f) (4)

When (R, <1), the resonator has a small size and
wide stopband by selecting a ratio value of R,.

The triple-band stepped-impedance resonator
can achieve by using the filter design based on an
independent filter. Firstly, the filter is designed
independently at the center frequency of 900 MHz,
1800 MHz, and 2450 MHz. Based on the coupling
method, the input/output external quality factors,
Q., and the internal coupling coefficient between
the adjacent resonators, Kij can be expressed in the
following equation.

_ 9001
Q. = 2% (5)

-FBW
K..:

U (6)

Where FBW is the fractional bandwidth of the
bandpass filter, element values g, and g, are 1.0, and
g, is 1.4142 for Chebyshev lowpass filter elements
[23]. The proposed triple-band filter for the center
frequencies of 900MHz, 1800MHz, and 2450MHz with
fractional bandwidth (FBW=6.6% at 900 MHz, 4.4%
at 1800 MHz, and 3.5% at 2450 MHz), respectively.
The corresponding external quality factors (Q,) are
21.23 for the first band, 31.85 for the second band,
and 48.49 for the third band. The coupling coefficient
Ky, is 0.046 for fundamental resonant frequency f; =
900 MHz. The coupling coefficient K;, is 0.037 for the
first mode f; = 1800 MHz, and K, is 0.029 at 2450
MHz, respectively.

A beginning design for the miniaturization of the
filter structure is used to be the beginning structure
of these triple-band stepped-impedance resonator
filters, as shown in Fig. 1(b). Typically, a symmetric
feeder placed near the center of the resonator has
no attenuation poles. In contrast, an asymmetric
feeder, including the feed placed near the
resonator's edge, has two attenuation poles beside
the passband, which has sharp cutoff rejection near
the passband. However, the feeding position is
shown in Fig. 1(b) still has two attenuation poles
between the lower side- and upper-sideband.
Besides, the wide harmonic suppression can be
improved at the upper side-band. With the help of
topology in Fig. 1(b) and the frequency response in
Fig. 1 (0), the location of the feed line (t) can be
selected to meet the high performance of wide
harmonic suppression on the upper side-band of the
operating frequency band. Harmonic suppression is
reduced by adjusting distance (t) from the beginning
point of the center (t=0) to (t=20 mm) of the
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coupling feed line, as plotted in Fig. 1(c). It has been
found that the harmonic level is less than -20 dB
when TZs are located between the passband filter.
The relationship between the external coupling
factors (Q,) and the gap (¢) is shown in Fig. 1(d). The
coupling coefficient (K;) is depicted in Fig.1 (e).
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Fig. 1 (a) Basic layout of the stepped-impedance

resonator (Rz<1)
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Fig. 1 (b) topology of the filter by changing feeding
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Fig. 1 (c) TZs and wide-band frequency response
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Fig. 1 (e) coupling coefficient (Kj)

3. Results and Discussion
3.1 Dual-band open-loop stepped-impedance
resonator filter design

The filter was designed separately from each
other and then combined to form dual-band and
triple-band, respectively, to demonstrate the dual-
band as the first example in this section. The
input/output (I/O) structure is used to couple
between microstrip lines and stepped-impedance
resonators. An example of a dual-band resonator
filter is operating at the frequency of 900 MHz, and
the second resonator filter is designed at the
operational frequency of 1800 MHz. The IE3D

program is used to develop the filters with dielectric
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substrate height h= 1.27mm and relative dielectric
constant &, =6.15.

Fig. 2 (a) shows the dual-band filter's schematic
structure, designed in the form of two bandpass
filters independently. The dimensions of the filters
are listed in Table 1.

Table 1 The sizes of stepped-impedance dual-band and

triple-band resonator

Dimensions F1=900 F2=1800 F3=2450
MHZ MHZ MHZ
Resonator widith (w;) 6mm 58mm 54mm
SteppecHimpedance width (w,) 4mm 4mm 4.29mm
Feed width (w,)
The gap between couplingfeed and Imm Imm Imm
stepped-impedance resonator (g) 025mm 031mm 06mm
Spading between resonators(s)
Feed length (U
Resonator length (Ly)
Resonator length (L) 0.73mm 093mm 107mm
Resonator length (L)
Distance between resonator fitter (O,) 75.13mm
Distance between resonator filter ©,) | 29.67mm
144mm
96mm
546mm 546mm
589 mm 589 mm

Moreover, Fig. 2(b) and 2(c) show the density of
current flows on the resonator's metallic surface at
the center frequencies of 900 MHz and 1800 MHz,
respectively. When the dual-band operates in the
first resonant filter (900 MHz), The current flows from
the input port to the output port at its resonant
frequency band at 900 MHz, not for the second band
(1800 MHz). On the other hand, when the second
resonant frequency band (1800 MHz) is operated,
most electric current flows via the second resonator
at its resonant frequency. The independent design
can work adequately in its resonant frequency and
cooperate very well when combining in the form of

a dual-band filter.

The implementation of the dual-band second-
order resonator filter is shown in Fig. 3(a). A circuit
board plotter produces the dual-band filter
prototype. The network analyzer is used to measure
the reflection and insertion loss. The dual-band filter
frequency response at 900 MHz and 1800 MHz is
portrayed in Fig.3(b). The insertion loss in both
frequency bands is better than 1.8 dB, and the
passband's return loss is greater than 20 dB. The
frequency responses demonstrate the emergence of
the transmission zeros on both sides of the passband
at 900 MHz and 1800 MHz, improving the filter
performance. Most of the losses are due to the SMA

connectors and fabrication process.

Port 2

Port 1
Fie. 2 (a) Layout of the dual-band filter at 900 and

1800 MHz

Port 2

_
[ EE

—— —
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Port 1
Fig. 2 (b) Current distribution of the dual-band at the

[]

first resonant frequency at 900 MHz
Port 2

o ] [ ]
[0 ) [ —

=== High current distributions === Low current distributions

Port 1
Fig. 2 (c) Current distribution of the dual-band at the

second resonant frequency at 1800 MHz
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Fig. 3 (b) Frequency responses of the simulated
results and the measured results.

Moreover, the principle of dual-band filter design
can be proved by another dual-band frequency. Here,
the dual-band filter at 1800 MHz and 2450 MHz can be
introduced as another example. The dual-band filter
structure was designed and simulated by the IE3D
program, as shown in Fig. 4 (a). All dimensions are
tabulated in table 1. Fig. 4(b) and 4(c) show the electric
current distribution over the designed dual-band filter's
strip conductor surface at the center frequencies of

1800 MHz and 2450 MHz, respectively.
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Fig. 4 (a) The filter at 1800 and 2450 MHz
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Fig. 4 (b) Distributed current at 1800 MHz
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B
=

Port 1
Fig. 4 (c) Distributed current at 2450 MHz

Fig. 5(a) displays the dual-band filter
prototype at 1800 and 2450 MHz operating
frequency, respectively. Fig. 5(b) shows the S-
parameter responses of the dual-band filter in which
the insertion loss inside the mid-band is better than
1.8 dB at 1800 MHz and 1.92 dB at 2450 MHz,
respectively. The return losses are greater than 23
dB in both passbands. The filter exhibits two
transmission zeros between the first- and the second
frequency bands, improving the cut off rate of the
filter response. The out-of-band rejections of both

filters are more than 35 dB.

Fig. 5 (a) Fabricated dual-band filter at 1800 and 2450

MHz

n Volume 8 Issue 1 January - June 2023



RMUTL. Eng. J

Rajamangala University of Technology Lanna (RMUTL) Engineering Journal

T T T T T T T T T T T T
0

104 [—=—Measured S,;: RL
4 —+—Measured S,,: IL
g |—— Simulated S,,: RL
@ 207 [——simulated S, IL §
L]
[
£ -30-
o
©
&
o) -40 4

-50 4

-60

T T T
06 08 1.0 12 14 16 18 20 22 24 26 28 3.0
Frequency (GHz)

Fig. 5 (b) Frequency responses of the simulated results
and the measured results

3.2. Triple-band stepped-resonator filter design

The triple-band filter geometry comprises three
independent filters, as illustrated in Fig. 6(a). The
design technique based on three filters with different
frequencies is joined to form the triple-band filter. A
coupled line is used to feed the signal between the
input and output ports. To achieve the triple-band
filter, the numerical simulator (IE3D program) can be
used to simulate the current density and the S-
parameters results. Fig.6(b), (c), and (d) show the
distributed current flows of the designed triple-band
filter at the center frequencies of 900 MHz, 1800
MHz, and 2450 MHz, respectively. All associated
dimensions of the microstrip triple-band filter are

detailed in Table 1

Fig. 6 (a) The triple-band resonator filter
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Fig. 6 (b) Distributed current at 900 MHz

Fig. 6 (c) Distributed current at 1800 MHz

High current distributions === Low current distributions |

Port 1

Fig. 6 (d) Distributed current at 2450 MHz
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Table 2 The comparison with some previous triple-band bandpass filter (NG: Not Given)

Reference Resonator type Circuit size (mm) Order 1%/2™ /3%passbands (GHz) IL (dB)
[14] Waveguide resonator 3 11/115/12 06/26
[15] Dielectric resonator NG 3 38/4/42 036/041
[16] Shorted-dircuit steppecHimpedance resonator 2 349/4.13/557 4.15/4.18/45

High-temperature superconducting fitter using

[17] couplecHine stepped impedance resonator
Microstrip stepped impedance resonator 15X20 2 157/35/55 0.1/02/066
This work 80X30 2 09/1.8/245 1.75/18/192

A photograph of the fabricated triple-band filter is
pictured in Fig. 7(a). The designed triple-band filter
was also measured using an HP network analyzer.
The measured performance is shown in Fig. 7(b). The
microstrip triple-band is designed at the operational
frequency of 900 MHz, 1800 MHz, and 2450 MHz with
fractional bandwidth (FBW=6.6% at 900 MHz, 4.4%
at 1800 MHz, and 3.5% at 2450 MHz), respectively.
The passband insertion loss (IL) is less than 1.75 dB,
1.8 dB, and 1.92 dB. The return loss (RL) in three
channels is better than 20 dB in the passband, as
shown in Fig. 7(b). The losses are mainly attributed
to the conductor loss of copper. The transmission
zeros are located at 600 MHz, 1100 MHz, 1500 MHz,
2000 MHz, 2300 MHz, and 2550 MHz, improving the
selectivity of the triple-band filter. The microstrip
triple-band filter can enhance the out-of-band
rejection of more than 35 dB between each band.
The comparison with some reference triple-band

filter has listed in Table 2.

11
Jaj_gL 5

Fig. 7 (a) Fabricated triple-band filter at 900, 1800,

and 2450 MHz, respectively
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Fig. 7 (b) Frequency responses of the simulated

results and the measured results

4. Conclusions

This work presents the ease of a triple-band
bandpass  filter  utilizing  stepped-impedance
resonators with coupled-feed lines. A compact
triple-band high-performance filter is easily realized
to design with multi-frequency bands. The triple-
band filter is achieved by using three independently
resonant filters combined input/output coupled-
feed lines. All six transmission zeros are also
continuously produced. As a result, the triple-band
filter's out-of-band rejection performance has been
greatly improved by more than 35 dB. The measured
insertion losses inside the three passbands are lower

than 2 dB. Finally, this proposed triple-band filter can

achieve ease of structure and fabrication process.
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