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Abstract- In this article, the primary focus is on improving selectivity through the design of a dual-band bandstop filter
(BSF), which is the abbreviation for bandstop filter. For the design of the filter, a dual-path Step Impedance Resonator,
or DP-SIR, is utilised. A theoretical analysis of the suggested DP-SIR structure is presented in this body of work. At 3.76
and 11.04 GHz, the proposed architecture produces a dual-band BSF with fractional bandwidths of 50.5% and 16.36%,
respectively. The comprehensive study demonstrates that the resonant frequencies can be controlled by adjusting the
electrical length of the SIR. In addition, it has been found that dual-path SIR is involved in the production of finite
frequency transmission poles, which results in an improvement in selectivity. This was discovered by accident. The
results of the measurements and the simulations are fairly consistent with one another.
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I. INTRODUCTION

The evolution of sophisticated communication systems
has increased the demand for high-quality RF microwave
filters. The rising demand necessitates immediate action to
optimise the use of an increasingly congested electromagnetic
spectrum. The presence of spurious frequencies within a
communication channel, on the other hand, poses a greater
challenge. The quality of a bandstop filter is determined by
some critical figures of merit (FOM). These include Passband
Ripples, Stopband Attenuation, High Selectivity, Low Return
Loss, and Group Delay. Various approaches have been offered
to design a dual-band bandstop filter. In [1], a dual-bandstop
response is achieved using bandstop resonators coupled with
the transmission line. The proposed design has increased filter
order, steep roll-off characteristics, and better narrow-band
performance. In [2], DBBSF is realized by combining two
different methodologies, i.e., Spurline and Stepped Impedance
Resonators  (SIRs), with electronically tuned Barium
Strontium Titanate (BST) Capacitors. This novel filter
provides two stopbands, which are independently tuned,
thereby reducing size and cost. A compact dual-wideband
bandstop filter with high isolation using open coupled lines
and the transversal signal-interference concept is proposed in
[3]. However, a third-order stopband with high selectivity and
a wider upper passband has been realized. In [4], a Defected
Microstrip Structure (DMS) based wideband bandstop filter is
depicted with the main focus on reducing electromagnetic
compatibility (EMC). In the illustrated structure, two wide-
stopbands have been controlled using two identical DMS but
different sizes. In [5], a four-notch dual-band bandstop filter
is analyzed via an M-shaped DMS approach. The main

(e

advantage is that the filter’s frequency may be adjusted
depending on changes to DMS parameters. Whereas
fabrication difficulty is the main drawback of the DMS
approach. In [6], a unique wideband bandstop filter design
utilising a Defected Ground Structure (DGS) and a Stepped
Impedance Resonator (SIR) is proposed.

By adjusting the impedance of the transmission line
sections, the stopband's bandwidth can be changed.
Moreover, the circuit is difficult to fabricate. A microstrip
bandstop filter is discussed in [7] using varying electrical
lengths of parallel-coupled microstrip lines. The reported
design has provided higher selectivity, higher return loss, and
low insertion loss in the passband. In [8], the dual-band Split
Ring Resonator (SRR) methodology is demonstrated based on
the bandwidth ratio model. It provides a good idea to control
parameters simultaneously, such as resonant frequencies and
bandwidth ratio, using unequal ring resonators. In [9], an open
or short microstrip coupled line method is elaborated. In this
design, the stopband frequencies are adjusted by changing the
coupled lines' even or odd mode impedances. Similarly, in
[10], the filter is understood by placing two symmetrical
coupled line stubs whose points are shorted to get stopband
characteristics. [11] proposes a compact bandstop filter with
four transmission poles (TPs) made up of parallel-coupled
lines and open stubs. Further, a DBBSF is provided in [12],
using typical open stub resonators and embedding strip lines.
One stripline is embedded between the line connecting the two
open stubs, while the others are on the edge of the open stubs.
Finally, a novel methodology is presented in [13] by cascading
dual-coupled resonators to realize microstrip BSF with an
arbitrarily short-through line.
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e Doing so enables them to have an arbitrary phase
shift between the adjacent cascaded sections
without increasing the length of the transmission

line.
e This paper illustrates an exact synthesis
procedure. The dual-band bandstop filter

topology is validated using the advanced
synthesis technique.

Section Il realizes the proposed topology based on an open
stub-loaded ring resonator having a step impedance resonator
(SIR). Instead of a uniform transmission line, SIR is suited to
shorten the middle length, eventually achieving compactness.
As opposed to this, adding SIR also results in bandstop
behaviour, which muffles the spurious resonances at higher
frequencies. Section Il provides the simulation and results
from the analysis. The comparison of results is also given in
this section. Whereas section 1V concludes the findings and
rationale of the proposed filter design.

Il. PROPOSED DUAL-BAND BANDSTOP FILTER

A. Design of Proposed Filter

Figure 1 (a) depicts the proposed transmission line
structure, composed of Path 1 and Path 2 as the transmission
paths. Path 1 entails an open-circuit stub hanging in between
the Stepped-Impedance Resonators (SIR). However, from
Fig. 1, path 2 entails a straight transmission line. An
equivalent model of SIR; is also given in Fig.1 (b). The SIR is
a transmission line resonator (TEM and quasi-TEM mode
resonator) made of more than two transmission lines with
various characteristic impedances [24]. An open-circuit stub
(OCS) is represented as a resonator with a characteristic
impedance. However, the electrical length of the transmission
line and stub resonators at the designed frequency is.
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FIGURE 1: Ideal model design for DBBSF (b) SIR with three-step-
impedance TL

B. Synthesis Analysis of Proposed Filter

The proposed filter design parameters are obtained by
following the synthesis procedure with the ultimate goal of
extracting the filtering function. The transmission coefficient
parameter of the proposed filter is derived by translating
ABCD parameters into Y-parameters and vice versa. The
relationship between the ABCD transfer matrix is given as;

2
T A+B+C+D &y

However, the generalized approximation for the filtering
function is agreed upon as;

1
S(o)? = ——=—
1512 Gw)l 1+ e2F2 ()
From (2), Fy(w) = N™ order filtering function and, € =
ripple level. The overall transmission (ABCD) matrix of Path
1is given in (3), which is obtained by multiplying the transfer
matrix of all the cascaded sections, respectively.
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[(Tlparur = Igi gi]mml = [Tsir] X [Tocs] X [Tsir] (3)
Where,
[Tsir] = [T1] X [T] X [T4] 4

However, from Fig. 1, path 2 entails a straight transmission
line. Therefore, the transmission matrix of a transmission line
is represented in (5).

cos@ jZgsinf

[g g]: jsin@ 056 (5)

N

Where, Z is the characteristics impedance and 6 is the
corresponding electrical length. The matrix (5) for the
transmission line and its corresponding SIR structure are
identical and may be employed with SIR configuration by
interchanging it with two matrices for each SIR section. Using
eq.3, the overall transmission matrix for Path 1 is as follows.

[Tlparu1 = l_[ jsin®
cos@

2 [cose stian
1

p=

1 0

X sin 8 l (6)
—jZ,cos@

The first and second matrices show the transfer function
of two-step impedance resonators and open-circuit stubs,
respectively. The relation (6) gives the transfer function for
Path 1.

It has been seen from Fig. 1 that both paths 1 and 2 are
parallel to each other. Therefore, it would be prudent to
consider admittance (Y-parameter) instead of impedance. The
Y-parameter matrix for Path 1 is evaluated from the ABCD
transfer matrix (6) using the following set of parameters.

(BC) — (AD) 1
_EF 12=Ti 21 B ;

Therefore, Y-matrix for Path 1 is written as.
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[Y]PATHI - Y21 YZZ (7)

Subsequently, the generated Y-matrix for Path 2 may be
written as;

[Y]PATHZ
[ Icos(26) I(—cos(26)* — sin(26)?)]
| Zzsin@e) Z,sin(26) ®
B [ 1 Icos(26) J
Z¢sin(26) Zsin(26)
Using eq. 7 and eq. 8, [Y ] ijzer IS Obtained.
Y1rater = Ylparur + [Ylparuz C))

Again, Y-parameters are converted to ABCD parameters.
Using (1), the transmission coefficient is solved by putting in
values of A, B, C, and D. In the next step, the filtering function
is evaluated from the transmission coefficient by using (2).
whereas (10) gives a general relation, which determines the
order of a filter.

N=k+3 (10)

Where k = length factor of a step impedance. As given
in Fig. 1, k = 1. On simplifying, the filtering function of the
4™ order proposed filter is derived in (11). For the sake of
simplicity, € = 1.

a cos*0 + B cos30 +y cos?0 + 5 cosO + p
F(0) = o

(11D

From abovea =y # 0, so the extracted variables are
given as under.

—((z5 — 1)z — 25)*(z + 229)*((z + 1)z + 2,)°
a =
7272

(12)
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Here, z,z, and z;, > 0. As the highest degree suggests in
(11), it indicates that the maximum of four transmission poles
can be achieved by choosing suitable characteristic
impedances. From (11), 6 can be solved as

—b £ Vb? —4ac
0 =0p, =cos! | ———— (17)
2a
0
frz=5"1o (18)

0

Where (18) gives the relation between frequency and
electrical length. From (11), the filtering function can be
approximated to Chebyshev polynomial Type-I to evaluate
electrical parameters. By substituting characteristics
impedance and electrical length values of Zi, = 77.2 Q, 0in =
90°% Z, =90 Q, 6s = 50.5°. As the model indicates, the twin
SIRs are connected with a half-wavelength transmission line
having impedance Z; = 59.74 Q and electrical length 6; =
23.3% Whereas a quarter wavelength open-circuit stub (OCS)
is represented as a resonator with characteristic impedance Zs
=43.04 Q and 0s = 50.5° respectively.

The frequency response shown in Fig.2 reveals that two
stopbands are achieved with a rejection level of greater than
58.5 dB. whereas seven transmission poles ensure the good
electrical performance of a proposed design. Furthermore, the
coefficients a, B,y & p provided concerning 12-18, shifts the
position of transmission poles (TPs) peak values. The
superposition of the total electrical length of path 1 and path 2
leads to dual-stopbands at desired frequencies.

C. Analysis of Proposed Filter

This section discusses the effect on the frequency concerning
changes in the path 1 open stub resonator's electrical length.
The open stub has an electrical length of 50.5°. The
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FIGURE 2: Response of ideal transmission Model

corresponding result shows that decreasing the electrical
length produces a right shift in TZs. Increasing the electrical
length produces a left shift in TZs. The variations in TZs
frequency are represented in Fig.3, respectively. However, a
considerable shift in TZs is observed in the second stopband
of the dual-bandstop result.
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FIGURE 3: Effect on TZs by varying electrical length
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I1l. RESULTS AND MEASUREMENTS

For the actual response of the proposed design, the circuit
is designed using microstrip transmission lines (TLs). Due to
parasitic losses, the performance of DBBSF is changed
compared to the ideal circuit's response. Due to good dielectric
properties and available resources, Roger Duriod RT/5880
substrate is engaged in realizing the proposed DBBSF. In
microstrip design, physical parameters are extracted using
electrical parameters from the ideal design. Due to the lossless
nature of ideal design, microstrip-based design is important to
overcome the losses incurred in the ideal design. The designed
filter has symmetrical stepped-impedance resonators which
are separated by an open circuit stub ws mm, lg/2 mm. The
symmetric SIRs also contain an MSTEP line which is nothing,
just a variant of widths ws and w.. Whereas the two SIRs
connect with the main microstrip transmission line at w; and
L (Ii+ws). However, the physical parameters in width and
length of step, open stub, and main transmission line are
provided using line calculator in Advanced Design System
(ADS) win =2.97012, iy = 6.57372, wy = 0.8876, I, = 12.3762,
w, = 0.505508, |, = 13.7677, wz = 2.3725 and |3 = 7.0858. All
the units are in ‘mm’. As illustrated in Fig.4, the superposition
of signals generates six TPs located at frp, =
5.58GHz, frp, = 7.4 GHz, frp, = 9.4 GHz, frp, =
12.47 GHz, frp, = 13.39 GHz, and frp, = 15.71 GHz.
However, the in-band insertion loss of each stopband is
greater than 20 dB. In addition to that four TZs are obtained at
frz, = 3.54 GHz, fr;, = 3.94GHz, frz, =
10.79 GHz, frz, = 11.35 GHz respectively.
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FIGURE 4: Simulated and measured S-parameters response

It has been measured that the first stopband has 3-dB
bandwidth from 2.53 GHz to 4.91 GHz. Whereas the second
stopband has 3-dB bandwidth from 10.14 GHz to 11.94 GHz,
respectively. However, their centre frequencies are measured
at 3.72 GHz and 10.77 GHz, respectively. It has also been
observed that the minimum measured insertion loss (IL) at the
first centre frequency is 29.1 dB. Whereas the measured IL at
the second centre frequency is 24.07 dB, respectively.

]

FIGURE 5: Current distribution across the proposed resonant structure at
(a) 3.3GHz (b) 3.6 GHz (c) 10 GHz (d) 11.6 GHz resonant peaks

The tested prototype obtained TZs at 3.6, 3.93, 10.85, and
11.36 GHz, respectively. To understand the mechanism of
EM wave transmission, the current distribution has also been
analyzed in the proposed structure of DBBSF. For this
reason, the current distribution of the resonant structure in
both stopbands of resonant peaks is illustrated in Fig. 5. The
result demonstrates that in the 1st stopband, the symmetrical
distribution of current takes place along the left and right
sides at 3.5GHz and 3.9GHz. Whereas in another response,
the symmetrical distribution of current is shown for the 2nd
stopband located at resonant peaks of 10.7 GHz & 11.39
GHz.

FIGURE 6: Simulated and measured S-parameters response

The results have depicted that a strong electrical resonance
occurs when the symmetrical distribution of currents across
the structure takes place. When the frequency of the input EM
wave is identical to the resonant frequency, practically all EM
wave energy may be utilized to maintain the electron
oscillation due to the strong resonant. When the incoming EM
wave's frequency is not the resonant frequency, however,
practically all of the energy flows through the device. Table |
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below shows the comparison with previously designed dual-

band bandstop filters.
Table I: Comparison with different discussed topologies

Ref. CPF’s TPs, TZs, | Circuit Size,
(GH2) Su1 S12 (AgxNg)
[14] 1/1.9 3 3 Not given
[15] 1.5/3.16 3 2 0.44x 0.37
[16] 9.8/11.4 1 3 Not given
[17] 15/3.15 4 2 1.09x 0.70
[18] 2.69/2.86 2 2 0.30 x 0.265
[19] 1.16/3.5 4 5 Not given
[20] 3.8/5.3 3 4 |0.201x0.101
[21] 1.7/5 7 4 Not given
[22] 1.8/5.2 2 2 0.29x 0.13
[23] 15/2.4 9 9 0.65x 0.38
ngfr 3.76/11.04 7 4 0.52x0.33

It is easy to observe that the proposed bandstop filter has
performed better than the compared topologies. Thus
providing a low insertion loss, compact size, and greater
number of transmission zeros. It is also noticeable that the
proposed topology is very simple and easy to fabricate. The
fabricated DBBSF is shown in Fig. 6.

IV. CONCLUSION

This paper presents an explanation of a highly selective dual-
band bandstop filter that is based on dual-path SIR. A dual-
band BSF is produced by the design that is being proposed,
and its fractional bandwidths are 50.5% and 16.36% at 3.76
and 11.04 GHz, respectively. The theoretical concepts and
analysis were validated through the construction and testing
of a prototype. The proposed dual-band BSF is a viable option
for contemporary wireless communication systems thanks to
its adaptable design and high out-of-band insertion.
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