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Abstract: In wireless communication, design of filters play an important role in narrowing and broadening the bandwidth and ensures
the reliability, efficiency and performance of any system by depending on the requirement of any application. In this article, a microstrip
band pass filter is designed based on stepped impedance resonators using microstrip feed lines at input and input ports. The proposed
design of the filter covers the frequency range 28GHz to 35GHz which helps in fulfilling the requirements of 5G applications. The
rectangular slots which are placed on two sides of microstrip lines are used to improve the stop band characteristics of a filter. By
changing the slot width of the rectangular slots on two sides in the range from 0.25mm,0.45mm and 0.65mm the designed filter can
resonate at triple band frequencies 33.02GHz, 32.72GHz and 31.00GHz with return loss -20.05dB,-20.51dB and -23.57dB and insertion
loss -1.15dB,-1.01dB and -1.15dB provides good performance. The design of band pass filter is designed on polyamide substrate with
thickness 0.15mm and surface area is 104.5mm? . The optimization and simulation is done in HFSS software.

Keywords: Band pass filter, rectangular slots, microstrip, HFSS, 5G.

1. Introduction

In recent days, there are much advancement in
technologies like 5G and sub 6G applications with the
demand of increase in high performance and high data
rates. Currently, the deployment of 5G will occur in one of
the three frequency bands i.e. low band, mid band and high
frequency band. The high band whose frequency is above
25 GHz is accessible for high speed, high latency and high
security which are accessible for large communication
networks.

The microwave band pass filter is a very important
component in any communication systems in order to
enhance the system performance because of having light
weight, low cost and planar structure. In the design of filter
to meet the requirements of 5G, the factors like size and
weight has to be miniaturized for the development of
compact and portable devices. To achieve this, the
miniaturization techniques used are microstrip and
substrates integrate waveguide techniques. The microstrip
parameters are obtained using chebyshev and butter worth
prototypes. The filter is capable of accepting the pass band
signal characteristics and helps in attenuating the stop band
characteristics. However the traditional methods like
hybrid microstrip or defected ground structure cells are
used to in the design of BPF but they result in less
transmission zeros which in turn reduces the ability of
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selectivity.

In the design and implementation of microstrip band pass
filter, several types are in-corporated like composite
right/left resonator, cross coupled resonator, stepped
impedance resonators and stub impedance resonators. The
band pass filters is composed of two resonators which
helps in achieving zero transmission characteristics. Thus
this characteristic helps to design an excellent high
frequency microstrip line with high selectivity by
generating a zero transmission outside the pass band.

2. Literature Survey

The following section describes some recent research on
design of filters.

Kiouach et.al[13] suggested design of a novel bandpass
filter  specifically tailored for 5G mm-Wave
communications. The filter utilizes a rectangle loop
resonator loaded with a stepped impedance line stub at its
center and incorporates Rogers RT/duroid 5880 substrate
with a relative dielectric constant of 2.2, a loss tangent of
0.0009, and a thickness of 0.64 mm.The resulting filter
exhibits a center frequency at 22.65 GHz, with a
bandwidth of 10.5 GHz The reflection coefficient is
approximately -39.12 dB, while the insertion loss of about
-0.59 dB.

Boddu et.al [14] suggested a design of a 2.6 GHz
microstrip filtering antenna for 4G and 5G global mobile
services. The filtering antenna is designed using a hairpin
bandpass filter integrated with an elliptical microstrip
aerial. Achieved 10 dB return loss bandwidth of the
filtering antenna is approx. 5.7%, with the maximum gain
for the elliptical filtering antenna of approx. 2.2 dB.
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Wang et.al [15] suggested the design a low-profile dual-
polarized filtering microstrip patch antenna (MPA) with
improved gain and bandwidth is realized without
requirement of filtering circuit. Here,the characteristic
mode analysis (CMA) method is adopted to analyze the
antenna performances. Achieved a impedance bandwidth
reaches to about 7.4% with a low-profile of about 0.038
free-space wavelength. Besides, a stable enhanced gain of
around 10 dBi is achieved over the operating band.

Upesh Patel et.al[16] suggested a Design of a fractal
antenna in the shape of a crossed flower with a split ring
resonator geometry. This suggested antenna serves the
Sub-6 GHz 5G and satellite repeater applications for
wireless devices operating in the frequency range of 4.01-
4.82 and 7.6-7.94 GHz. Acheived an electrical impedance
bandwidth of —10dB at lower frequency band (4.01-
4.82 GHz) and upper frequency band (7.6-7.94 GHz) of
-10 dB.

3. Design Structure of Band Pass Filter

In RF and microwave circuits, the type of filter used is
microstrip bad pass filter which allows only specific
frequencies. For compact designs a microstrip technology
is used where a conducting strip is placed on a substrate
and on the other side of a substrate ground plane is placed.
The impedance depends on the thickness of substrate,
width of strip and dielectric constant of substrate. The
important parameters to be considered in the design are
insertion loss, return loss and center frequency. The design
involve the use of resonators which can be implemented
using open or short circuited stubs for proper impedance
matching so that maximum power and less reflections can
be achieved at input and ouput ports of filter.

Many of the existing researches proposed stepped
impedance resonators in the design of band pass filters
because of its advantages. So the resonator based band
pass filter is introduced to reject spurious response with the
use of stepped impedance resonator. SIR’s are used to
suppress higher order frequencies.

A

-

Fig 1.Proposed BPF

The schematic of proposed design is shown below in fig.1.
In the proposed design, a microstrip band pass filter is
designed using stepped impedance resonator to improve
the stop band characteristics and open loop stub resonators
for impedance matching. The polyamide substrate is used
in the design with thickness h=0.15mm, dielectric constant
&=4.3, loss tangent tan & =0.004, relative permeability =1
and simulation is done in the High Frequency structure
simulator (HFSS) software. A ground plane is placed on
the back of substrate in order to make the components used
in the design compatible with the filter.

The dimensions of the filter by HFSS software are as
follows: A=9.5mm, B=0.5mm, C=1.9mm, D=1.65mm,
E=1mm, F=1mm, G=0.5mm, H=2.25mm, [=1.3mm,
J=2mm, K=0.6mm, L=1.65mm, M=1mm, N=0.75mm,
0=0.5mm and P=2.5mm.

4. Analysis of Equivalent circuit model

The equivalent circuit model is shown in fig 2.1t consists of
two units one is stepped impedance units and the other is
band response unit. Mathematical model is done using equi
ripple approach which is cheybyshev filter design of order
6.In the design of filter, two rectangular slots are placed in
two low impedance sections which is separated from one
high impedance sections. By changing the width of the
slots the filter can be resonated at different frequencies
used for 5G applications.
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Fig 2.Eq.circuit model

The conditions to find the resonant frequency of SIR is
given as

tanB;=Rcotf.(odd mode) at f=f; (1)
cotf1= -Rcoth,(even mode) at f=f> (2)

where R=impedance ratio and is given as

R Ze. ®3)
Zl

The length of type of SIR is given by 64 which is given as
0a=2(011+0,)=n/2 “4)

When R>1, resonator attains a maximum value
and when R<1,resonator achieves minimum value. For
getting a maximum and minimum length the condition is

6,=6,=0,=tan*VR (5)
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By changing the impedance ratio R, the frequency 5 S Faamele Por 2 ﬂi’%}?&
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loss performance
The width and corresponding eer Of the substrate is

. In the analysis, when 1=0.25mm, the filter resonates at
obtained from

33.02GHz with return loss of -20.05 dB and insertion

60 |, (Sh w) (10) loss of -1.15dB.

Z, = o
0 4h

Eetf

2. when slot width=0.45mm
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By using the above equations the design of band pass filter
is proposed.
5. Simulation Results

The microstrip band pass filter is resonated at different
frequencies by changing the slot widths. The slot widths
are changed in the range 0.25mm, 0.45mm and 0.65mm to
achieve better insertion loss and return loss and also used
to fulfil the requirements of 5G applications at the desired
cut off frequency 28GHz.

1.when slot width=0.25mm
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Fig 4 (a) Slot width 1=0.45mm (b) return loss and insertion
loss performance
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In the analysis, when 1=0.45mm, the filter resonates at
32.72GHz with return loss of -20.57 dB and insertion loss
of -1.01dB.

3. when slot width=0.65mm

(b).Slot width=0.45mm

(@)
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(c).Slot width=0.65mm

W Fig 6 (a),(b),(c) Surface current distributions
(®) The summary of effect of slow widths in the
Fig 5 (a) Slot width 1=0.65mm (b) return loss and insertion ~ design of band pass filter is given in table.1.

loss performance Tablel. Summary of effect of slot widths in filter design

In the analysjis, when 1=0.65mm, the filter Slot Resonating Return Insertion
_resonz_ates at 31.02GHz with return loss of -23.57 dB and width(mm) | Frequency(GHz) | loss(dB) loss(dB)
insertion loss of -1.15dB.

. 0.25mm 33.02GHz -20.05 -1.15dB

4. Surface current distributions dB
0.45mm 32.72GHz -20.57 -1.01dB

dB
0.65mm 31.02GHz -23.57 -1.15dB

dB

6. Conclusions

The design of microstrip Band pass filter with stepped
impedance resonator and open loop stub loaded impedance
resonator for 5G applications is proposed. The proposed
Band pass filter is resonating at three different frequencies
at 33.02GHz, 32.72GHz and 31.00GHz with return loss -
(a) Slot width=0.25mm 20.050B,-20.51dB and -23.57dB and insertion loss -
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1.15dB,-1.01dB and -1.15dB by changing the slot widths
0.25mm,0.45mm and 0.65mm.It is designed on a
polyamide substrate with dielectric constant &=4.4 and
thickness h=0.15mm. Furthermore, the filter can be
integrated with antennas, microwave devices and RF
circuits.
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