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ABSTRACT: This article proposes a miniaturized dual notched ultrawide bandpass filter (BPF) for ultra-wideband (UWB) indoor appli-
cations. The initial operational spectrum recognition is realized through the resonances of multiple mode resonator (MMR). Then, both
the passband and stopband characteristics are improved substantially by mounting distinctly shaped meander resonators cascaded with
open loop ring resonator on the MMR. Further, the interdigital coupled lines are also meandered to contribute in filter size reduction
along with tightening the coupling between the effective filter structure and input/output ports. The elimination of interfering signals
within the passband caused by C-band satellite downlink and fixed satellite service uplink is facilitated by two sharp notches at 3.76 GHz
and 6.82 GHz frequencies. Concurrently, this miniaturized filter is also characterized by its wide passband of 6.42 GHz with fractional
bandwidth (FBW) 110.88%, good selectivity of 0.85, minimal insertion loss differing between 0.44 dB and 0.85 dB, wide upper stopband
of 5.11 GHz, etc. ensuring its suitability as a practical UWB filter. The design is fabricated and measured to compare with the simulated
outcomes and validated by the obtained resemblance between the measured and simulated filter outputs.

1. INTRODUCTION

ecently, every aspect of our lives has been ubiquitously
Rinﬂuenced by the applications of wireless communication
systems. Nowadays, we are using a hefty of different inter-
net of things (IoT) and portable devices to perform many auto-
mated tasks along with conventional cellular communications
and other wireless services. Day by day, these devices and an-
tennas are getting smaller in size, demanding cost-effective,
lightweight, and highly miniaturized circuits. On the other
hand, the progress in technology has been increasing the num-
ber of users sharply. As a result, spectrum congestion and in-
terference issues have also risen simultaneously. Therefore, not
only developing compact circuits but eliminating interference
has also become a prime concern for researchers. At this cur-
rent juncture, the assignment of the 3.1-10.6 GHz spectrum by
Federal Communications Commissions (FCC) for unlicensed
ultra-wideband applications has unfolded an immense oppor-
tunity to develop compact, low-cost UWB antennas and filters
having high bandwidth and gain [1]. UWB bandpass filters are
an indispensable part of the UWB system. Filters are also used
in filtering antennas [2—4] where filters are integrated with an-
tennas.

Numerous techniques have been introduced by researchers
thereafter to design UWB filters. Initially, parallel coupled
resonators were used to realize transmission zeros at passband
edges, but the main drawback of this kind of filter was their
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large size and narrow stopband [5]. Cascading high pass and
low pass filters partially resolved the signal interference prob-
lem that prevailed due to narrow stopbands, though the issues
related to large size and high insertion loss still lingered [6].
Meanwhile, the development in design based on applying mul-
tiple mode resonator (MMR) structure and microstrip to copla-
nar waveguide transition technology came into view as the so-
lution to the above problems [7,8]. Due to design simplic-
ity and flexibility in allocating its leading resonant modes to
form the passband, MMR method is perhaps the most conve-
nient method. UWB signals with large bandwidths (3.1 GHz—
10.6 GHz) coexist with licensed radio services like WiMAX
(2.3, 2.5, 3.5GHz), WLAN (5, 5.85 ~ 5.925GHz), Wi-Fi
(6 GHz), C band (4 ~ 8 GHz), X band (8 ~ 12 GHz), and satel-
lite communication (8 GHz), so the focus of the recent research
activities in this field is on measures to minimize interference
effects. This purpose is served by the notches introduced in the
passband at desired frequencies or by developing multiband fil-
ters and placing stopband at the desired frequency. Available
notch-generating techniques are reviewed intensively and dis-
cussed below.

The UWB antenna designed by the authors in [9] comprises
four fractal-shaped circular radiators connected with a tapered
feedline placed orthogonally on the top plane. The bottom
plane has partial ground connected to antenna elements through
parasitic elements, which contributes to good isolation. An
asymmetric tri-step stepped impedance resonator (ATSSIR) has
been introduced in [10] to develop a UWB bandpass filter.
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Additionally, loading two stepped impedance stubs and one
shorted stub to the ATSSIR facilitates a notch at 5 GHz to mit-
igate WLAN interference. In [11], initially, the UWB band-
pass filter is formed by three short-circuited quarter-wavelength
stubs mounted to the transmission line, and they are separated
from each other by a half-wavelength distance. To dismiss the
interference produced by WLAN devices, a notch at 5.5 GHz
has been developed by converting the short-circuited stubs into
exponentially tapered impedance line stubs. The bandpass fil-
ter structure in [12] consists of U-shaped resonators shorted
with microstrip lines on the top surface and slotted semi-ellipse
coplanar waveguide (CPW) on the bottom. The addition of
open-circuited stubs to the microstrip line on the top surface
is utilized to circumvent the X-band satellite downlink fre-
quency at 7 GHz. The authors in [13] have designed a band-
pass filter by employing defected ground structure (DGS) units,
low-impedance microstrip lines, and quasi-interdigital capaci-
tors. Each DGS unit has two isosceles right triangles joined by
straight slots. Filter performance is enhanced by two notches at
7.8 and 5.5 GHz produced by the meander line slot and folded
coupling arm, respectively. In [14], the authors have designed
a CPW in butterfly shape on the ground plane. Implementing
surface-to-surface transition technology, microstrip lines on top
surface are amalgamated with folded split ring resonators (FS-
RRs) to generate a UWB notched bandpass filter. Two notches
at 6.1 and 8.1 GHz are produced to remove the C-band and X-
band interferences, respectively. A compact wideband band-
pass filter has been presented in [15] where the ring resonator is
rectangular and stub-loaded. Later performance enhancement
is realized by modifying the structure into a novel asymmet-
ric structure, resulting in four notches in the passband at 4.34,
5.48, 6, and 9.3 GHz, alleviating interference caused by S-band
radar, WLAN, Wi-Fi 6E, and X band radar signals, respec-
tively. In [16], an elliptical split ring resonator (SRR) has been
embedded as the integrated part of a distinctly shaped ring that
is mounted on an MMR. This configuration is able to facilitate
two notches or three notches in the passband of this UWB BPF
by changing only the axial ratio of SRR. For double-notched
filter, WLAN (wireless local area network) and satellite com-
munication signals are suppressed by the notches occurring at
5.58 and 8.06 GHz. On the other hand, for triple-notched fil-
ters, notches that emerged at 5.48, 7.68, and 8.82 GHz can ef-
ficiently remove the interference from WLAN, C-band, and X-
band radar, respectively. In [17], an elliptical monopole radia-
tor is embedded with a stepped impedance stub-loaded MMR-
based bandpass filter to develop a reconfigurable filtenna. The
filtenna is tuned to operate in two states, namely the UWB state
for spectrum sensing and the C band for communication in a
cognitive radio environment, by employing two PIN diodes.
In latest research articles, the application of meander lines
has gained focus to generate miniaturized filters or antennas.
For instance, in [18], a triple-passband negative group delay
filter has been presented, where the compact size of the filter
is obtained by converting the conventional step impedance res-
onator (SIR) into a meander step impedance resonator (MSIR).
In [19], a multiband antenna is realized by removing slots in the
bottom plane beneath the microstrip transmission line on the
top surface. Gain enhancement of the antenna is obtained by

introducing fractalized uniplanar meander line electromagnetic
band gap (EBQG) surrounding the microstrip line. The bandgap
of'the EBG lies in the WiMAX (3.6 GHz) and WLAN (5.2 GHz)
bands. In [20], adjustable wideband and multiband antennas
have been presented, applying slot meander patch concept for
4G long-term evolution handheld devices. The authors in [21]
have designed a miniaturized dual-band bandpass filter by in-
tegrating a bandstop filter and a bandpass filter. The bandpass
filter comprises SIR along with a coupling structure, and the
bandstop filter is constructed by a T-shaped line integrated with
meander lines.

Taking into account the overall filter size reduction and per-
formance enhancement capability of meander lines, this article
presents a new design approach for a compact UWB bandpass
filter employing distinctly shaped meander resonators. Mean-
der resonators cascaded with an open loop ring resonator are
mounted on the MMR. Meandered interdigital coupled lines
also play a part in filter size reduction. Two notches possessing
high rejection ability are introduced in the passband by this fil-
ter configuration. In this work, the proposed design is simulated
in High Frequency Structure Simulator (HFSS) software using
an Arlon AD250C substrate having a thickness of 0.76 mm, a
relative permittivity of 2.5, and a loss tangent of 0.0015 [22].
Here, Section 2 discusses the proposed design of the filter and
its equivalent circuit analysis. Section 3 demonstrates the simu-
lated performance of the proposed filters along with the signifi-
cance of the meander resonator in the proposed design. Section
4 shows the measured results, and Section 5 draws the conclu-
sion.

2. DESIGN OF DUAL NOTCHED FILTER

2.1. Design of Notched Band UWB BPF

An ultrawide bandpass filter is configured first by employing
MMR and aperture-backed interdigital coupled lines connected
to incoming/outgoing feed lines, as depicted in Fig. 1(a). High
impedance lines of the MMR along with interdigital coupled
lines are meandered by bending them in a ‘Z’ shape, resulting in
an overall reduction in the filter size. Next, inverse ‘L’-shaped
slots are cut from the ground plane below the interdigital cou-
pled arms, ensuring a tight coupling between feedlines and the
filter structure. The basic ultrawide bandpass filter developed
by the design presented in Fig. 1(a) is revamped as depicted in
Fig. 1(b). Two open-loop new distinctly shaped meander res-
onators and one open-loop ring resonator of a particular shape
are cascaded in series. Thus, a compact structure is formed,
and this whole structure is mounted on the MMR through two
vertical stubs. This compact layout not only enhances the fil-
ter performance by inducing high selectivity and increasing the
width of both the passband and stopband but also generates two
notches in the passband at 3.76 GHz and 6.82 GHz to discard
the C band satellite downlink signal and fixed satellite service
uplink signal, respectively. For further improvement in terms
of loss reduction, three open-ended stubs are suspended from
three cascaded resonators.

The ultimate shape and dimensions of the ring resonator and
meander resonators are obtained after conducting a large num-
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FIGURE 1. Proposed UWB BPF. (a) MMR based basic configuration, (b) notched band structure using meander resonator, (c) perspective view.

ber of simulation studies. Optimum dimensions (in mm) of the
filter referring to Fig. 1 are mentioned in Table 1.

2.2. Chronological Formation of the Filter

The progressive evolution process of the filter, proposed in this
article, is portrayed explicitly in Fig. 2. Performance compari-
son in terms of | Sy | characteristic related to each stage is ex-
plained in Fig. 3. In the first step, an MMR is coupled to the
input/output port through aperture-backed interdigital coupled
lines, resulting in a bandpass response having a 6.82 GHz wide
passband at 3 dB and a 4.03 GHz wide stopband with a 15 dB at-
tenuation level. Though the passband resulting from three res-
onant modes is wide, the transition bands obtained in this step
are not sharp. In the second step, corresponding to Fig. 2(b),
two microstrip meander open loop resonators at two sides and
one open loop ring resonator in the middle are joined to each
other, and the resulting structure is connected to the MMR by
two vertical stubs. This step generates one transmission zero at
2.43 GHz, i.e., the lower edge of the passband, and the other
at 10.1 GHz, i.e., the upper edge of the passband, causing a
rapid switch between in-band and out-of-band. Moreover, two

notches are also introduced in the passband at 3.76 GHz and
7.12 GHz, but further improvement is needed because of poor
stopband characteristics and a high insertion loss of 3.75 dB in
the passband. In the third step, as shown in Fig. 2(c), open-
ended bent stubs are loaded to feed lines, broadening the upper
stopband width to 4.47 GHz. A suspended stub, connected to
the ring resonator, located in the middle of the cascaded struc-
ture in the fourth step, assists in reducing the passband insertion
loss as shown in Fig. 2(d). Finally, Fig. 2(e) presents the com-
plete design of the proposed filter. In this step, another two
vertical stubs are suspended from the two meander resonators
located on both sides of the ring resonator to produce a pass-
band with minimized insertion loss. The second notch occurs
at 6.82 GHz by slight left shifting while the sharpness and at-
tenuation level of both the notches are increased to a certain
degree.

2.3. Equivalent Circuit Analysis

Due to symmetry, the filter structure can be separated into odd
and even modes for analysis, as depicted in Fig. 4. Reso-
nances of the simulated design appear at 3.1, 4.62, 6.72, and
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TABLE 1. Proposed filter dimensions.

Parameters | VALUE (MM) Parameters Value (mm) Parameters Value (mm) | Symbol Parameters | Value (mm)
ap 3 c3 0.48 ds 2.1 €10 2.5
as 1.6 Ca 14 d=d; +d2+ds 9.22 el 32
as 2 Cs 1.94 g1 0.21 €12 0.5
aq 0.65 Cg 0.14 g2 0.21 €13 0.5
as 0.4 c=c1tca2tecs 9.22 e1 0.96 €14 4
ag 3.5 =cotcqates e 0.5 eis 4.3
ary 0.5 d1 2.3 €3 2.09 €16 4.7
b1 3.06 d2 5.12 €4 0.34 €17 0.4
b2 1.8 d3 1.8 €5 0.66 €18 0.8
b3 5.76 d4 0.9 Ce 0.5 €19 2.7
ba 1.82 ds 1.32 er 4 €20 0.15
c1 2.86 ds 1.6 es 4.5 €21 0.5
C2 5.88 d7 15.48 €9 0.5 €10 2.5

FIGURE 2. Progressive stages of filter formation, (a) step 1, (b) step 2, (c) step 3, (d) step 4, (e) step 5.
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FIGURE 3. Step-wise |S21| response comparison.

8.25GHz. Input admittances related to odd mode and even
mode are marked as Y, oqq and Yiy, even. Each transmission
line section in Fig. 4 is recognized by its electrical length 6 and
characteristic admittance Y, respectively, which can be calcu-
lated using the dimensions of the respective lines as given in
Table 1. The length of the compact cascaded structure is con-

sidered as 2[, where [ = e3 + 3e12 + 2eg — eg + 2e7 + 2e19 +
e11 +ea+eis/2+ e + epo.

Equations that express Yj, oqq and Yi, cven are given be-
low [23]. Simplification of Y, ,44 includes Equations (1)—(2),
and simplification of Yj,, cver, includes Equations (3)—(8).

The maximum and minimum variations of odd mode fre-
quency f,1 in Fig. 5 (a) are 250 MHz and 120 MHz. For
odd mode frequency f,2, these variations are 460 MHz and
160 MHz, respectively. In Fig. 5(b), the maximum and mini-
mum variations for even mode frequency f.; are 40 MHz and
0. The variations are minimal for even mode frequencies feo.
Similarly in Fig. 5(c), the maximum and minimum variations
of frequency in even mode frequency f.; are 80 MHz and
40MHz. For even mode frequency f.o, maximum and min-
imum variations are 80 MHz and 0. All these variations are
within the bandwidth of the filter.

Yrin,odd = Yl (KTLQ + JYI tan 91)/(Y1 + ]KnQ tan 01) (1)
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FIGURE 4. Equivalent circuit of the compact cascaded structure loaded on MMR, (a) odd mode, (b) even mode.
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FIGURE 5. Response of the resonant frequencies varying with resonator dimensions, (a) odd mode (b), (c) even mode.
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Where,
Ying = —jYacotbs 2

Y;n,even = Yl (}/;nQ + .]Yl tan 91)/(Y1 + ]}/zn2 tan 91) (3)
Where,

Yine = Yo (Yins + jYatanby)/(Ya + jYinstan6s) (4)

Ying = Y3(Yipsa + jYatan03) /(Y3 + jYinatan6z)  (5)

Yina = Ya(Yins + jYatan6s)/(Ya + jYinstan6y) (6)
( )/( )

Yins = Y5(Yine +jYstants)/(Ys + jYinc tanfls) (7)

and,
Yine = jYs tans 3

Two odd mode resonances, such as f,1, fo2, and two even mode
resonances, namely, f.1, fe2, are obtained by evaluating the
aforementioned equations. Calculated resonant peaks are close
to the resonant frequencies obtained in simulation, and thus the

design is substantiated. The impact of high-impedance line sec-
tions (length = ‘d’, width = “d,’) of the MMR on odd mode res-
onances is described in Fig. 5(a). For three different values of
length ‘d’ (8.22 mm, 8.72 mm, and 9.22 mm), variations of f,;
and f,o are observed by changing the width ‘d4’ from 0.2 mm
to 1.2mm. While the design is simulated in software, values
of ‘d’ and ‘d,’ are optimized at 9.22 mm and 0.9 mm. Fig. 5(a)
also depicts that there is a close match between simulated and
calculated odd mode resonances for this particular length and
width. Next, Fig. 5(b) and Fig. 5(c) describe the characteristics
of even mode resonances. It is noted from Fig. 5(b) that f.o
varies with the open-ended stub of length e and width eq7.
However, the other even mode resonance f.; does not vary with
this stub. On the other hand, the value of f.; varies with the
length (21) and width (eg) of the compact cascaded structure,
as shown in Fig. 5(c). The length has a crucial effect on f,1;
below 35.59 mm and above 36.39 mm, the peak f.; disappears.
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FIGURE 6. Simulated outputs of dual notched UWB bandpass filter, (a) S parameters, (b) group delay.

3. SIMULATION RESULTS

3.1. Performance of the Notched UWB Filter

Band characteristics of the presented filter are elucidated in
Fig. 6(a) by S parameters. This filter has produced a 6.42 GHz
wide passband ranging between 2.58 GHz and 9 GHz. |So;|
characteristic depicts a low insertion loss varying within a range
of 0.44 dB to 0.85 dB. The input reflection coefficient value is
—11.21 dB, which is much lower than —10 dB as per the FCC
specified standard. Moreover, the passband characteristic is en-
riched by two notches appearing at 3.76 GHz and 6.82 GHz,
possessing deep suppression levels of 31 dB and 29 dB, respec-
tively. The first notch has an FBW of 28.26%, and the second
notch has an FBW of 8.5%, both measured at 3 dB. Concur-
rently, the lower stopband width is 1.6 GHz, and the upper stop-
band width is 5.11 GHz (ranging from 9.27 GHz to 14.38 GHz).
The upper stopband has a high rejection capability with an at-
tenuation level of 16.73 dB. Besides, the group delay variation
throughout the passband is also small, i.e., 0.32ns to 0.76ns,
excluding the notch frequencies as portrayed in Fig. 6(b). The
proposed dual-notched bandpass filter consumes an area of
1.02A4 x 0.32),.

Following observing the resonance characteristics and band
characteristics, the essentiality of applying apertures on the
ground plane underneath the interdigital coupled line is re-
ported in Fig. 7. Correctly placed and shaped apertures can
influence the filter performance eminently. A tight coupling
between the interdigital coupled arms and the effective filter
structure in the presence of apertures ensures the transferring
of maximum power and minimization of signal reflection from
the input port. Fig. 7 demonstrates a considerable degradation
of the passband uniformity both for |S11| and |So;| character-
istics in the absence of apertures.

il

S parameters (dB)

-40 - ---|S,,| without aperture 'v,'; """"
=50 - ,,,,,|S“| with aperture
60 |SZI| with aperture ‘ ‘ ‘ ]
2 4 6 8 10 12 14 16
Frequency (GHz)

FIGURE 7. Magnitude of S parameters for dual notched UWB bandpass
filter without and with apertures.

Next, the surface current distribution patterns through the
filter at two notch frequencies and cutoff frequencies are dis-
played in Fig. 8. At notch frequencies such as 3.76 GHz and
6.82 GHz, meander resonators and ring resonator hold the max-
imum surface current density. On the other hand, at lower
(2.58 GHz) and upper (9 GHz) cut-off frequencies, feed lines
in both the input/output sides and interdigital couple lines have
substantial surface current density.

3.2. Performance Analysis of the Meander Resonator

To evaluate the efficacy of meander resonators in the overall
filter performance improvement in terms of |Sy;| characteris-
tic, a parametric examination is conducted in this section. First,
Fig. 9 depicts the transformation of a straight transmission line
into a meander transmission line. Meander lines are the close-
packed version of the straight line, providing similar output re-
sponses and thus allowing a reduction in circuit size. Bends in
meander lines cause a reduction in inductance in that area, and
this reduction is compensated by increasing line length. By ap-
plying this approach, a new meander resonator is designed, and
a cascaded form of open-loop meander resonators and open-
loop ring resonators is composed. The comparative responses
between the outcomes throughout the passband and stopband of
the filter with and without employing the meandering approach
are explained in Fig. 10. It is inferred that in parameters like
selectivity of the passband, insertion loss, and sharpness of the
notches, the filter outputs are improved to a certain degree due
to the utilization of meandering approach.

In this context, it is mentioned that the filter discussed in the
proposed article is a microstrip filter. Generally, in a microstrip
filter, when the electromagnetic waves flow through different
paths, they can interfere and cancel each other out. Thus, at a
specific frequency or at a narrow band of frequency, no signal
is transmitted, and that frequency is known as a notch. The pro-
cess of generation of notches can be varied in different types of
microstrip filters. A notch can appear in a coupled line filter if
the signal propagation path undergoes a 180-degree phase shift
at a certain frequency, and the signals are cancelled out at the
output. On the other hand, in the microstrip filters having mul-
tiple resonators, for instance, stub-loaded resonators, hairpin
resonators, and parallel-coupled line resonators, a transmission
zero, hence a notch, can emerge due to coupling between non-
adjacent elements. Furthermore, introducing short-circuited or
open-circuited stubs in the structure of a microstrip filter can
form a notch in the passband, as the change of impedances of
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FIGURE 8. Surface current distribution in dual notched UWB bandpass filters at (a) 3.76 GHz (b) 6.82 GHz (¢) 2.58 GHz (d) 9 GHz.
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FIGURE 9. Geometry of (a) straight transmission line (b) meander trans-
mission line.

the stubs can cause interference in the signal path. Addition-
ally, etching on the ground plane beneath the microstrip line
can create a notch by reflecting energy at resonant frequency.
Also, notches can be formed due to structural asymmetry of
the resonators or parasitic coupling between resonators or feed
lines.

A comparison between the obtained band characteristics of
the proposed filter and the available related recent filters in the
literature is reported in Table 2. Here, column-wise table entries
indicate reference number, brief description of filter composi-
tion, dielectric constant/thickness of the substrate used, pass-
band span, insertion loss, upper stopband width with attenu-
ation, number of notches, center frequency of the notch with
attenuation, and filter size measured in guided wavelength cal-
culated at center frequency. All simulation works of the pro-
posed filter are operated on 6.85 GHz, taking guided wave-
length (Ag) as 27.69 mm. The structure proposed in this article
is more compact in size than other structures [10, 11, 14,24,27—
29,31,32]. The bandwidths achieved for passband are much

S,,| (@B)

[ Response of (a)
- ‘—Response of (b)
)

2 4 6 8 10 12 14 16
Frequency (GHz)

FIGURE 10. Magnitude of |S21| without (Figure (a) in inset) and with
(Figure (b) in inset) applying meander line.

less in some designs [21, 30]. Also, the narrow stopband in [21]
prevents the proper isolation of desired signals from higher-
order frequencies. Further, the attenuation level of the stop-
band is very low in [25]. Also, the insertion loss appearing in
the passband is high in [26] compared to the proposed filter.
The filter size reduction and performance enhancement capa-
bility of meander lines are successfully utilized in this article
through a new and compact design. A meander resonator of
distinct-shape integrated with MMR is presented here. Inter-
digital coupled lines are also meandered.

4. MEASURED RESULTS

Arlon AD250C substrate is used for fabrication of the designed
filter, as exhibited in Fig. 11. Fig. 12 provides a comparison
between the simulated and measured results. A considerable
resemblance is observed between the simulated and measured
outputs for both S parameters and group delay plots. The cou-
pling effects of different elements over the frequency are dif-
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TABLE 2. Comparison of proposed filter attributes with the contemporary published papers.

. USB (GHz)/ Notch frequency . .
. . e/t Passband | Insertion Loss . No of ) Filter size
Ref. Filter composition (mm) (GHz) (dB) Attenuation notches (GHz)/attenuation Og X Ag)
(dB) (dB) s
Multi stubs
[10] loaded asymmetric 2.2/0.787 | 3.1-11.02 <1 4.5/15 1 5/> 40 0.67 x 0.46
tri-step SIR
Microstrip resonator
[11] loaded with 4416 | 27-11 <3 0.5/10 1 5.5/32 1.48 x 0.53
exponentially tapered
impedance line stubs
Microstrip line with
6.1/> 15.5,
[14] folded SRRs and 4.4/0.8 |2.75-10.7 0.87-1.8 7/15.8 2 8.1/> 15.5 1.01 x 0.76
butterfly shaped CPW
SIR having meandered
21] high impedance line, | ¢\ 541 5 15455 0.024 317 1 3.75/45 0.42 x 0.29
folded structure, and
T shaped meander line
T shaped resonator
placed close to
S 3.5/25.2,
[24] transmission line 2.2/1  (2.62-10.62 0.8 NA 2 75173 1.08 x 0.34
having L shaped defect
microstrip structure
Two pairs of high
[25] impedance half 2.2/0.787 | 3.4-10 0.7-2.4 9/10 1 5.2/22.7 0.8 x 0.32
wavelength resonators
m resonator and LC
[26] resonator attached to 3.55/0.254| 2.9-10.6 <13 3.5/27 1 5.82/19 0.34 x 0.73
suspended strip line
SIW based filter
7y | Withconventionaland -, 5y g 103 | 0.7-1.84 4/20 1 546/>14 | 0.35 x 1.06
dual split square
complementary SRRs
Double T-shaped 58/14
[28] MMR, folded SRRs, and 3.38/0.8 | 3.5-10.1 0.86-1.3 6/20 2 8/ 1é 1.66 x 0.75
complementary SRRs
MMR, stub loaded
[29] SIR, DGS, coupled 43/1.62 | 3.3-9.75 0.8 8.5/13 1 6.2/24 1.35 x 0.54
folded arm resonator
[30] Radial stubs 3.66/0.508 | 5.35-6.64 1.12 6/>40 | NA NA 0.385 x 0.295
attached with SIR
multi-layer structure
[31] of microstrip-slot 3 300 sog| 3.7-7.5 <15 12.5/105 | NA NA 0.5 x 0.93
wire-microstrip wide
edge coupling
Transmission lines
[32] | and Modified-Minkowski 3.5/1.5 5-11 0.26-1 NA 3 5/2';”1/52';85/25’ 0.85 x 0.54
resonators are employed
MMR loaded with cascaded
[This |~ structure having meander |, 50 76 | 558 9 | 044-085 | 5.11/16.73 2 376131, 1.02 x 0.32
work] resonators and 6.82/29
ring resonator
8 WWwWw.jpier.org
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FIGURE 11. View of the dual-notched bandpass filter after fabrication, (a) top, (b) bottom.
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FIGURE 12. Comparison between simulated and measured outcomes, (a) S parameters, (b) group delay.

ferent, which impacts notch bandwidth. Also, the power loss
occurring due to the metal (ohmic) loss in feed line, while at-
taching feed to SMA connector, results in an insertion loss near
the lower edge of the passband. Thus, notch formed near the
lower edge of the passband is also affected by this loss, but in
the case of second notch this work has achieved a noticeable
narrowness.

5. CONCLUSION

This article comes up with a new design approach of a dual-
notched miniaturized ultra-wideband bandpass filter employ-
ing a combination of components such as MMR, interdigital
coupled lines, an open-loop ring resonator, new particularly
shaped meander resonators, and vertical stubs. The proposed
filter structure is a combined structure where spacing gaps be-
tween the different lines are different, and the microstrip line
widths are also different in different places in the filter struc-
ture. Therefore, it is difficult to determine the coupling co-
efficient in the whole structure. However, the impact of the
coupling coefficients between different line segments is con-
sidered to present the characteristics of the proposed filter in
simulated and measured outcomes of S parameters and group
delay (Fig. 12). The external quality factor of a filter repre-
sents how effectively the designed filter couples to the external
circuits, which represents the energy lost to the external circuits
per cycle. In this work, the filter is designed but not used for any
external circuit. Therefore, the information of external quality
factor is not provided.

The proposed notched filter has exhibited its superiority in
suppressing the coexisting authorized radio frequency (RF) in-
terferences that appeared in the passband due to the C-band

satellite downlink signal and fixed satellite service uplink sig-
nal by producing two sharp notches at frequencies of 3.76 GHz
and 6.82 GHz having FBWs of 28.26% and 8.5%, respectively.
The passband attained by this designed filter is 6.42 GHz, with
the FBW of 110.88%. Apart from that, an upper stopband of
5.11 GHz with an attenuation level of 16.73 dB is achieved,
where a 2.92 GHz stopband adjacent to the upper edge of the
passband ensures isolation by suppressing higher-order spuri-
ous frequencies up to 20 dB. Moreover, the other features like
return loss of 11.21dB, insertion loss varying minimally be-
tween 0.44 dB and 0.85 dB, a high value of selectivity, i.e., 0.85
computed at 20 dB, compactness in size (1.021, % 0.32),), etc.
prove the pertinence of the design to UWB applications.
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