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Abstract—In this paper, we present a simple way to design sext-
band band-pass filter based on multi-shorted-stub resonators.
Each sext-band resonator consists in the parallel association of
five stepped-impedance resonators in a non-coupled structure
and allows the control of transmission zeros and bandwidths.
A second-order sext-band band-pass filter is synthesized and
realized in microstrip technology, the final circuit successfully
integrating five stubs per resonators into a single planar circuit.
Compared with coupled structures, the solution proposed here
can achieve good in-band responses, band-to-band isolation with
a simple design procedure. It also needs less optimization. All of
these merits make this filter an attractive solution for multi-band
wireless communication systems.

Index Terms—Sext-band band-pass filter, shorted-stub res-
onators, Chebyshev filter, star-like topology.

I. INTRODUCTION

Multi-band band-pass filters (BPFs) with high performance
are more and more needed in modern wireless communication
systems. Nevertheless, their design is highly challenging when
the number of bands increases. This paper focuses on the case
of sext-band BPF for which only few papers were already
published [1]- [4]. In [1], a sext-band BPF was constructed
by using various quarter-wavelength stepped-impedance res-
onators (SIRs). By controlling the combinations of SIRs with
different impedance ratios and electrical length ratios, several
resonant frequencies were achieved to design the filter. In
[2], authors developed a sext-band BPF by using semi-lumped
resonators, which consist of two identical microstrip lines and
a chip inductor at the center. Compared with half-wavelength
resonators, these semi-lumped resonators are compact and
allow a better control of the harmonic frequencies. In [3], a
single multi-mode resonator was proposed to design a sext-
band BPF with wide upper stop-band and high band-to-band
isolation. Moreover, thanks to these multi-mode resonators,
reflection zeros (RZ) and transmission zeros (TZ) can be
controlled by adjusting the electrical lengths of two open-
ended stubs. In [4], the use of SIR cascading stages, leads
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to a miniaturized sext-band BPF. However, the band-to-band
isolation and pass-band ripple level are not satisfying. All
these sext-band BPFs are synthesized by coupled structures.
However, multi-band (BPFs) based on coupled structures have
some drawbacks. It is therefore difficult to obtain an adequate
adjustment of the filter responses with most design methods.
As a result, one may rarely meet all the design requirements
for all pass-bands simultaneously. Such multi-band BPF also
suffer from in-band or band-to-band poor performance and
numerous optimization steps are often needed. Most of these
drawbacks are also true for the rare published works on BPF
with seven or more bands [5]—[8].

In this paper, we propose a non-coupled structure to de-
sign sext-band BPF based on Multi-Shorted-Stub Resonators
(MSSR) implemented in a star-like topology. A simple but
efficient method is then proposed to design the sext-band
filter. Measurements validate the proposed theory and designh
techniques. Good simulation results and show that this MSSR
topology is a good candidate for synthesizing sext-band BPFs.

II. THEORY OF NON-COUPLED MULTI-SHORTED-STUB
RESONATORS

The proposed MSSR is constructed by combining several
SIRs. As shown in Fig.1, such a resonator is composed of
five short-ended branches on a star-like implementation. For
simplicity, we assume that the electrical length of each part
of the branch i (i € [1;5]) of the MSSR equals to \/4 (or
0; = 7/2 in Fig.1) at its resonant frequency f.; which will, at
the end, correspond to a transmission zero. So the total input
admittance can be written as:

5 5 ZiQtClTLQ(%g) — Zil
Vi =y Yi=jy, e )
i=1 i=1 Zi1(Zin + Zia) tan(ri)

where Y;,; denotes the total input characteristic admittance of
the sext-band resonator, f is the frequency and Z;; and Z;o



Fig. 1. Proposed Multi-Shorted-Stub Resonators (MSSR) topology.

are the characteristic impedance of the first and the second
parts of the 7' short-ended stub (i € [1;5]). It is easy to show
that the TZ are obtained when f = f.;. In this condition, the
input admittance goes to infinity and each transmission zero
f=i determines the length of the associated branch 4. So, firstly,
five TZ are produced, one per SIR. In fact, one can also take
into account two additional TZ: one at the origin (f,o = 0 Hz)
and another, called f.g, which is the first harmonic of f,;. Of
course, these two additional TZ cannot be fixed independently.
One reflection zero can be obtained between each TZ leading
to a total of six pass-bands. These RZ appear when Y;,: = 0.
One should notice that this equation is non-linear as the one
associated to the slope parameter that can be easily deduced
from (1). So to simplify the filter conception, an optimization
was made to determine the impedances Z;; and Z;2, knowing
that the firsts need to be higher than possible and the second
relatively low to obtain narrow rejected bands between each
pass-band frequency.

An example of such a sext-band resonator was designed
with the following input parameters:

o Transmission zeros: f,1 = 1.8 GHz, f,» = 2.1 GHz,
f.3 = 2.4 GHz, f.4 = 2.7 GHz, f.5 = 3.0 GHz and so
fz6 = 2fz1 = 3.6 GHz;

o Reflection zeros: fo1 = 1.650 GHz, fopo = 1.935 GHz,
fo3 = 2.245 GHz, fou = 2.520 GHz, fo5 = 2.815 GHz,
fos = 3.115 GHz.

Its frequency response is presented in Fig.2.It was obtained
from (1) after solving for Z;; and Z;s and exhibits the required
performance of a sext-band filter with such narrow rejection
bands.

An N-order sext-band band-pass filter could then be de-
signed using N MSSR and J-inverters as presented schemati-
cally in Fig.3.
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Fig. 2. Single resonator’s S parameters with Z1; = 1382, Z12 = 23.1Q,
Zo1 = 137.8Q, Zoo = 3002, Z31 = 136Q,Z35 = 220, Z41 = 241,
Zyo = 230, Z51 = 1389, Z5o = 22Q.
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Fig. 3. The schematic of a N-order multi-band BPF based on the proposed
MSSR.

III. DESIGN AND CHARACTERIZATION OF A
SECOND-ORDER SEXT-BAND FILTER

As an example, a second-order sext-band band-pass fil-
ter has been designed. The two sext-band resonators used
here are identical and are based on the one sizing in the
previous section. The admittance value of the inverters are
Jo1 = 0.0125S and Jy2 = 0.00862S respectively. The ideal
frequency responses are presented in Fig.4 and again fulfill
the initial requirements. All the pass-bands return losses are
better than —20 dB and the bandwidths are equal to 56 MHz,
59 MHz, 55 MHz, 50 MHz, 48 MHz, 47 MHz respectively.

This filter was then implemented in microstrip technology.
It was fabricated on Rogers RO4003 substrate of height h =
0.508 mm, relative permittivity &, = 3.55 and loss tangent
tand = 0.0027. The sext-band band-pass filter was designed
using ADS 2017 from Keysight Technologies©. Mitigation of
cross-coupling was realized by appropriate arrangement of all
the resonators. A photograph of the fabricated filter is shown
in Fig.5. For each sext-band resonators, the dimensions of the
filter are the following (all in millimetres): Ly = 20.00, W, =
1.13, Lo = 18.55, Wy = 0.47, Lgo = 19.00, Wy = 0.18,
Lq1 = 26.64, Wi1 = 0.10, L1y = 23.81, W19 = 3.35, Lo =
22.83, Wa1 = 0.10, Lag = 20.73, Way = 2.38, L33 = 0.11,
W31 = 19.96, L3y = 17.60, W3y = 3.55, L4y = 17.73,
Wy = 0.12, Lyo = 15.60, Wye = 3.36, Ls; = 15.98, W51 =
0.10, Lsa = 13.8, W59 = 3.55.
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Fig. 4. S-parameters of the proposed sext-band BPF.
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Fig. 5. Layout of the fabricated sext-band filter.

Fig.6 shows the simulated and measured S parameters of
the sext-band BPF. A good correlation is obtained by EM
simulation and measurement except in terms of insertion
losses. Nevertheless, the important measured losses (between
3.3 and 5.5 dB according to the band) are mainly due to
the internal low-cost laser etching realization process which
alters the substrate characteristics. The adjacent band-to-band
isolation are above -36.1dB, -41.1dB, -38.4dB, -41.7dB and
-39.2dB respectively which shows we can achieve sharp and
deep rejections between the adjacent pass-bands.

IV. CONCLUSION

In this paper, a non-coupled sext-band BPF with a star-shape
Multi-Shorted-Stub Resonator has been presented. The design
procedure is simple and fast and high band-to-band isolation
can be easily obtained. The filter had been implemented in
microstrip technology to validate the proposed theory. Good
agreements have been achieved between simulation and mea-
surements. The proposed Multi-Shorted-Stub Resonator can
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Fig. 6. Simulation (solid lines) and measurements (dashed lines) of the
proposed sext-band BPF — S11 in red and S2; in blue; The photograph of
the fabricated sext-band filter.

be used as a building block of high-performance multi-band
band-pass filters.
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