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ABSTRACT: The key challenges in the design of multi-band filters are realizing highly independent, controlled asymmetric-wide and
narrow dual-band response. To address these challenges this paper proposes the design and development of a dual-band band-pass
filter (BPF) with highly independent, controlled wide and narrow band responses. The proposed filter is constructed using only two
resonator structures, asymmetric step impedance resonator (A-SIR) and metacell. The wide and narrow band responses are independent
and are controlled independently by impedance ratio (R) and the number of cells (N) in metacell structure, respectively. Additionally
quasistatic circuit model of the metacell is used to analyze independently controlled narrow passband response. The prototype of the
filter is fabricated, and the simulation results are validated through experimental measurements.

1. INTRODUCTION

The rapid development of multiple frequency systems,
such as carrier aggregation or wireless local area network
(WLAN) bands, has created a demand for compact, high
performance, high-Q, multi-band filters with independently
controlled wide and narrow asymmetric dual-band responses.
In recent years, many researchers have focused on the design of
multi-band filters using different resonator structures [1-12].
Using symmetric open-circuited stub-loaded resonators, a
dual-band filter with fractional bandwidths of 6.5% and 4.3%
centered at 3.5 GHz and 5.23 GHz has been designed in [1]. A
tri-band BPF has been proposed using two symmetrical stub
loaded step impedance resonators (SLSIRs) separated by a
short circuited stub in [2]. Cross resonators have also been used
to implement multi-band filters [3,4]. Using wider fractional
bandwidth characteristic of the cross stub step impedance
resonator (CS-SIR), a wide dual-band filter with fractional
bandwidths of 94.19% and 33.52% has been designed in [3].
A crossed resonator consisting of a central resonator, a short
stub, and an open stub shunted at the resonator center has been
used to successfully implement triple band filter [4]. To reduce
the size of multi-band filters, a meander coupled line resonator
structure has been proposed and investigated [5]. As a result,
the size of multi-band filter has been drastically reduced,
but passband responses are dependent. High-temperature
superconducting resonators (HTSs) and substrate-integrated
waveguide (SIW) resonators [6, 7] have also been proposed to
implement multi-band filters. However, these methods have
manufacturing difficulties, and passband responses are also
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interdependent. Multimode resonators such as stub loaded
SIR [8], quarter-wavelength SIR [9], asymmetric SIR [10],
coupled-line SIR [11], and trisection SIR [12] have been the
most promising structures for designing multi-band filters
and have shown good performance parameters such as good
insertion loss and reflection coefficient. However these filters
have large size and generic, interdependent multi-band re-
sponse. Reconfigurable dual-band filters proposed in [13—15]
have conventional, highly dependent dual-band responses, and
above all these filters require additional switching components
— radio frequency (RF) micro-electromechanical system
(MEMS) switches, piezoelectric IC sensors, and memristive
switches. Lu et al. in [16] have used separate electric and
magnetic coupling to implement a highly independent response
dual-band filter. An independent multi-band filter proposed
by Chu et al. in [17] has high insertion loss. All multi-band
filters proposed in [1-15] have generic, highly dependent
multi-band responses, and moreover the responses are not
controlled independently. The dual-band BPFs proposed by
Weng et al. in [18] and Huang et al. in [19] have narrow and
wide dual-band responses, but the responses are not controlled,
and the dependency of response is not discussed.

In this paper, we extend our previous work [20] where we
discussed in detail the design of a wide and narrow asymmet-
ric response dual-band BPF based on metacell. However in
this paper, we have propose the design of a highly indepen-
dent, controlled wide and narrow response dual-band BPF. The
proposed filter is designed and fabricated on a dielectric sub-
strate RT/Duroid 5870 which has a relative dielectric constant
(er) of 2.55, thickness (k) of 0.0762 cm, and tangential loss (9)
0f 0.0009.
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FIGURE 1. Filter structures and conceptual responses. (a) wide bandpass filter and its response (b) wide and narrow dual-band filter and its dual-band
response (c)—(d) independently controlled dual-band filters and their responses .

2. METHOD

The filter structures shown in Figs. 1(a) and (b) realize single
wideband and dual wide and narrow band responses [20],
respectively.  Figs. 1(c)—(d) depict structures of proposed
highly independent controlled wide and narrow dual-band
filters. Here, highly independent controlled filter means that
wide and narrow passband responses are independent and
are controlled independently. In the proposed work, we have
shown that narrow passband performance is independently
controlled without affecting the performance of wide passband.
The wide and narrow multi-band performance is produced by
using two resonator structures: A-SIR and metacell resonator
structures with multiple rings. The A-SIR is designed for wide
passband frequency (fc1) and impedance ratio (R) greater than
unity. In Figs. 1(c) and (d), the wide passband response (fc1)
can be controlled independently by varying the impedance
ratio (R) of A-SIR, and the narrow passband (fco2) can be
controlled independently by varying the number of rings (V)
in the metacell structure.
The significant contributions of our work are as follows:

1) Most of the multi-band filters reported in the literature
have generic dual-band performance, and the responses
are also interdependent. As a novelty, our work aims at
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wide and narrow multi-band response, and each passband
response is independent.

2) Each passband response can be controlled independently
or separately.

3) The response of wide passband (fc1) can be controlled
independently by varying the impedance ratio (R) of A-
SIR.

4) The response of the narrow passband (fc2) can be con-

trolled independently by varying the number of rings (V)
in the metacell.

5) The insertion loss (Sa1) less than 1dB in both the pass-
bands is achieved by selecting an A-SIR structure with
single step discontinuity as a basic resonator structure to
design the proposed filter.

6) Steep skirt dual-band performance is achieved success-
fully to avoid interference with other bands by using a
tightly coupled feeding method.
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FIGURE 2. Metacell structures and qusistatic models, (a) single ring cell, (b) doublering cell, (c) triplering cell.

3. INDEPENDENT CONTROL OF NARROW PASSBAND
(fcz)

In the proposed dual-band filter, the narrow passband frequency
(fo2) is independent of the wide passband frequency (fc1) and
can be controlled independently by varying the number of rings
(N) in the metacell structure. To obtain an insight on the de-
pendency of narrow passband frequency (fc2) on the number
of rings (V) in the cell, the quasistatic model of the metacell
for multiple rings is analyzed. The models for single, double,
and triple rings metacells are shown in Fig. 2.

The metacell is a parallel resonator circuit, and its resonant

-1
frequency (f,) is given by f = (27r\/ LC) . For the meta-

cells shown in Figs. 2(a), (b), and (c) with single, double, and
triple rings, the resonant frequencies are expressed by Egs. (1),
(2), and (3), respectively [21]

fi = (27T\/ LTOTAL01>_1 (D
fa = (27T\/LTOTAL (Cr+ Cz))_l 2
fz = (QW\/LTOTAL (Ch+Cy+ 03))71 (3)

From Egs. (1)—(3) it is very clear that as the number of rings
in the cell structure increases, the distributed capacitances (C1,
(s, C3) increase, and resonant frequency (f,.) drops. As a re-
sult, a shift in the location of only narrow passband frequency
(fo2) is observed without disturbing the location of wide pass-
band frequency (fc1). The effect of the number of rings (N) on
the resonant frequency of the cell is also studied by ADS sim-
ulation where single, double, and triple ring cell structures are
simulated. From the simulation results it is observed that the to-
tal distributed capacitance (Crorar = Ci + C; + C3) increases
for N < 3. With a further increase in IV, the distributed capac-
itance associated with inner rings is less significant as shown in
Fig. 3(a).
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FIGURE 3. CroraL as a function of the number of rings (V).

4. SIMULATION RESULTS

Figure 4(a) shows the circuit model for the proposed highly
independent, controlled wide and narrow dual-band BPF. The
dimensions of the proposed BPF after optimization using the
ADS software are given in Table 1. The performances of the
proposed filter verified by the simulation and simulation results
are shown in Figs. 4(b)—(c). As shown in Fig. 4(b), a new trans-
mission zero is realized at 5.2 GHz which is the resonant fre-
quency of the single ring metacell, and a wide and narrow dual-
band response is achieved. The wide passband is centered at
3.3 GHz, and the narrow passband is centered at 5.8 GHz. The
addition of double and triple ring metacell structures shifts the
location of the new transmission zero from 5.2 GHz to 5.1 GHz
and 5 GHz, respectively. This shift in location of TZ y results in
a shift in location of only the narrow passband frequency from
5.8 GHz to 5.7 GHz and 5.6 GHz, respectively, without disturb-
ing the wide passband frequency as shown in Fig. 4(b). The re-
flection coefficient (S11) in both passbands is more than 10 dB
in all cases (N = 1, 2, 3) as shown in Fig. 4(c). Both wide
and narrow passbands have transmission loss less than 1 dB
indicating minimum signal attenuation. The transmission ze-
ros at 1.5 GHz and 6.3 GHz with attenuation levels of 67 dB an
54 dB respectively provide good frequency selectivity for both
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TABLE 1. Optimized dimensions of the presented filter in mm.
L1 Lz L3 L4 11 12 l3
10.2 15 19 1 17 14 7
Wi W, Wi Wi g s
32 03 02 15 12 o041
(Note: I1 ,l2, I3 are lengths of outer, middle and inner square rings in the cells is the
spacing between the cells and is constant. g is the split gap in each cell and is constant.)
TABLE 2. Comparison of simulation and experimental results.
Parameters Sin.gle ring metacell DOljlb]e ring metacell
Sim Pra Sim Pra
Wide passband frequency 34GHz | 345GHz | 34GHz | 3.45GHz
Narrow passband frequency | 5.8 GHz | 5.89GHz | 5.7GHz | 5.74GHz
S11 (dB) >10dB >10dB >10dB >10dB
S21 (dB) <1dB <1.5dB <1dB <1.5dB
TABLE 3. Performance comparison with other multi-band filters reported in the literature.
Si
Ref Passbands (GHz) | Passband BW FBW% Independent, controlled passband ) lzf\
g g
[22], 2018 2.4/5.7 Narrow/Narrow — No 0.02 )\g
[23], 2020 3.6/5.7 Narrow/Narrow — No 0.19%0.11
[24], 2018 2.45/5.85 Narrow/Narrow | 32.3/10.5 YES —
[25], 2019 1.57/2.38 Narrow/Narrow 9.9/6.5 No 1.1%0.48
[26],2020 7.6/11.5 Wide/Narrow 78.9/2.34 No 0.198 )\3
[27], 2019 0.9/2.25 Narrow/Wide 8/39 No 0.48 % 0.09
[28], 2018 0.9/2.25 Narrow/Narrow 6.4/4.4 No 0.28 % 0.23
This work 3.3/5.7 Wide/Narrow 72/2.6 YES 0.58 % 0.122
fixed first passband shift in second
(a) _@ (b) frequency li::\b?nd ' ©
_ 51
—ng\\ .
104
L2 Cc Cc X L3 —_ a 1 shift in second
—n ” ” = — ’\WY\ 4 a T 5 passband
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FIGURE 4. Circuit model and simulation results (a) lumped circuit for independent,controlled wide and narrow dual-band BPF (b) S21 response (¢)

S11 response.

passbands. These simulation findings have shown that only the
narrow passband frequency (fc2) can be controlled indepen-
dently by varying the number of rings in the metacell structure,
while wide passband response is completely independent of the
narrow passband. This study also demonstrates that with an in-
crease in the number of rings in the cell, the resonant frequency
of the cell decreases, and consequently the narrow passband
frequency decreases from 5.8 to 5.7 GHz.
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5. EXPERIMENTAL RESULTS

For experimental validation, the proposed highly independent,
controlled wide and narrow multi-band BPF is fabricated with
single and double rings in the metacell structure. Photographs
of the fabricated filters are shown in insets of Fig. 5(a). The
practical responses are compared with simulation ones in
Figs. 5(a)—(b) and are tabulated in Table 2. Finally, in Table 3
the performance of the proposed filter is compared with that of
some multi-band filters reported recently in literature.

WWwWw.jpier.org



Progress In Electromagnetics Research L, Vol. 122, 81-86, 2024

rlER Letters

(@) °

|, —— Simulated (single ring metacell) )|

—— Simulated ( Double ring metacell)
== Measured (single ring metacell)
=== Measured (Double ring metacell

’
-

| S21| aB

10

"
=
o
@

Frequency (GHz)

(®)

-10

|Su| (@B)
;

I
[N
=}

—25

=30+

=35

0

—— Simulated (single ring metacell)
—— Simulated ( Double ring metacell)
----Measured (single ring metacell)

—---= Measured (Double ring metacell

Frequency (GHz)

FIGURE 5. Experimental results (a) S21 response. (b) S11 response.

6. CONCLUSION

This article describes the successful design and implementa-
tion of a unique highly independent, controlled wide and nar-
row dual-band BPF. A multi-band response is obtained by us-
ing only two resonator structures. Moreover, our proposed fil-
ter has highly independent, controlled wide and narrow dual-
band response. As the 5.7 GHz—5.8 GHz band is used as a com-
mon frequency band for point-to-multipoint spread spectrum
communication system, high-speed wireless LAN, broadband
wireless access system, Bluetooth technology equipment, and
vehicle wireless automatic identification, our proposed filter is
much suitable for these applications along with 5G communi-
cation.
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