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calculations were given and contrasted. This study will be beneficial for producing a
low-cost 5.8 GHz rectangular microstrip patch antenna and investigating the
parameter studies. The shared knowledge was intended to make system features
better. A significant part in wireless communication systems is played by band pass
filters. It is necessary to filter sent and received signals at a specified frequency and
bandwidth. In this study, Computer Simulation Technology (CST) was applied to build
and simulate a microstrip parallel coupled-line band pass filter with a broad bandwidth
of 1.25 GHz running at a centre frequency of 3.9 GHz. The suggested bandpass filter
was set at 3.861 GHz by modifying the width between the linked lines, and at3.926 GHz

Keywords: by adjusting the gap, with dimensions of 60 mm x 30 mm. The filter had a 1.25
Microstrip patch antenna; bandpass GHz bandwidth with a -3 dB insertion loss, -17.3 dB return loss and a -2.2 dB
filter; wireless communication systems;  bandwidth. The results addressed how the linked line's width and gap affect its centre
biomedical applications frequency.

1. Introduction

In every microwave communication system, filters are crucial. Low-pass, high-pass and band-pass
filters (BPFs) are only a few of the various types of filters that are employed in microwave systems.
BPFs are the most commonly used filters in microwave systems and they should have excellent
precision. They are employed in transmitters or receivers to filter out undesirable signals
(frequencies). Numerous designs of a BPF have been developed as a result of the desire for a narrow
bandwidth and low loss. Many factors should be taken into account while building a BPF, including
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bandwidth, low pass frequency, high frequency and centre operating frequency. As communication
devices are getting smaller, there are additional design considerations because filters are also getting
smaller.

Radio frequencies (RF) and microwave BPFs are essential parts used at the front end of
transmitters and receivers in mobile and wireless communication systems [1]. Today's challenge is to
construct compact BPFs with deep and severe rejection outside the pass band via the production of
transmission zeros and attenuation poles in order to fulfil the requirements of current wireless
communications [2]. Transmission line structures are frequently used to realise RF and microwave
BPFs. The main benefit of traditional filters is their reduced need for space; nevertheless, a big
component might actually take up room, therefore consideration should be given to the design of a
compact size microstrip filter to facilitate simple installation [3,4]. BPFs are a crucial element that
influence how well various communication systems work overall [5].

In mobile and satellite communications, metrology, radar electronic warfare and remote-sensing
systems operate at microwave frequencies (1 GHz and above), microwave filters have two port
elements (networks) that provide frequency selectivity [6,7]. Due to its ability to work across a broad
frequency range, microstrip has gained a lot of praise in recent years for its usage in the design of
integrated circuits and microwave components.

Additionally, because microstrip is simpler to manufacture, lighter, easier to integrate and less
expensive, they may be readily included in communication systems or other systems of a similar kind
for operation with other system components [8].

A nice place to start when designing a microstrip BPF with a low profile and tightened capacitive
coupling is with a coupled-parallel line filter [9]. For narrow bands, these filters are simple to
construct, but for wide bands, it becomes more difficult because additional parameters need to be
taken into account. For Butterworth, Chebyshev and binomial [10], the needed design parameters of
a BPF can be simply determined. The linked parallel line microstrip BPF is an excellent option to be
appied if we operate at GHz frequencies.

The bandwidth of produced microstrip BPF is typically small. BPF however, have a number of
drawbacks including the existence of erroneous bandpasses at the harmonics of the operating
frequency. Despite that, the spurious bandpasses at the second resonant frequency of the microstrip-
line resonator, frequently affects the performance of the microstrip BPF [11-13]. It worsens the upper
stopband's performance. This issue arises because the even and odd mode propagation velocities in
the heterogeneous dielectric media are unequal. The odd mode in a parallel-coupled microstrip line
system moves more quickly than the even mode [14], hence its phase constant is smaller than that
of the even mode. Consequently, the phase constant for the odd mode is smaller than that for the
even mode. In addition for the odd mode, the electromagnetic energy concentrates along the
metallic edges, whereas for the even mode it does so, near the central gap between the connected
lines. Figure 1 depicts an example of a BPF.

Fig. 1. An example of bandpass filter
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2. Methodology
2.1 Design development

Due to its behaviour as a good resonator, a microstrip transmission line also known as a strip line,
is now turned into a filter. In comparison to other types of filters, this micro strip line offers a better
size and performance trade-off. In general, the procedures utilized in the production of printed circuit
boards and microstrip circuits are fairly similar (PCB).

Its main benefit would be that it is mainly planar. The dielectric layer of thickness separates the
broader ground plane from the conductive strip of width (W) and thickness (t) in the microstrip
transmission lines (h) as in Figure 2.
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Fig. 2. Structure of a microstrip patch antenna
2.2 Antenna design

Step impedance, stub and linked line filters are components of a microstrip line filter [5]. Consider
the parallel linked line BPF in Figure 3 below, where the half-wavelength line resonators are
applied and are parallel to one another along their length. When compared to other filter
configurations, this parallel coupled line structure with accepted resonator spacing resulted in a good
coupling and offers the appropriate bandwidth [1]. The centre frequency of the bandpass response
corresponds to the coupled line section for, which is equal to divided by two [5]. The width, gap, length
and impedance are denoted as (W), (S), (I) and (Y0), respectively, in Figure 3.

I, Tt

W2

Fig. 3. General structure of parallel (edge)-coupled microstrip BPF
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Based on the filter application in system design, the fractional bandwidth (FBW) is calculated using
Eqg. (1) below,

(> — W
FBW =—2"1 (1)
wo

where, w1 and w2 denote the edges of the bandpass frequency. Then the odd and even resistance
calculated by using Eq. (2), (3) and (4) [7] below:

Jo1 B wFBW
Yo 20001

(2)

Jlj',j"+1 - nFBW (3)
Yo 2J§j9j+1

Jr'n,n+1 _ nFBW
Yo 20n0n+1

(4)

where, go, g1 and g(n+1) are the elements of ladder type lowpass,

By using the J inverters obtained above, the even and odd type characteristic impedance of the
coupled microstrip line resonators was identified by using Eq. (5) and (6) [7] below:

Il Jijva - Jijea 2
(Zoe)jj+1 = ?0 _1 + Yy ¥ 3 ( Y ) (5)
7 & —1 Jijer . (lijer\ 6
( 00)j,j+1 e ?0- | = YO + Yo ( )

where Zge is an even characteristic impedance and Zoo is odd characteristic impedance for j equals to
0 to n of elements. Prototype, J;+1) are the characteristic admittances of J inverters and Yo are
characteristic admittance of terminating lines.

3. Results and Discussion

The calculated both even and odd characteristic impedance is shown in Table 1 below where i
represent the stage order. Start Line Calc in Agilent Technologies' Advanced Design System (ADS)
software was used to determine each stage's width, spacing and length using even/odd
characteristic impedance. The typical assumption for the characteristic impedance, Zg was 50 Ohms.
Each stage length was a guided wavelength (g), even though it was 90 degrees longer electrically
(Eeff). Table 2 displays the calculated width, gap and length of each stage. The list of parameters
and specifications are presented as in Table 3 and 4, respectively.
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Table 1 Table 2
Dimensions of width, gap and length Calculated dimensions of width, gap and length
Stage (i, i+ 1) Zoo (Q) Zoe (Q) Stage Width (W) Gap (S) Length (L)
0,1 38.95 71.90 0 2.71 - 6.42
1,2 45.87 54.94 1 2.30 0.48 6.63
2 2.63 2.64 5.75
Table 3

Parameter list
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Table 4

Parameters and specifications

Parameters Specifications
Frequencyrange 3.25-4.5 GHz
Center Frequency (Af) 3.9 GHz
Bandwidth (BW) 1250 MHz
Insertion Loss (IL) -2.2.dB
Return Loss (RL) -17.3dB
Impedance (Zo) 49.8

3.1 CST design and simulation

The ground plane for the proposed linked line band pass filter is made of copper annealed, and
the substrate is made of FR-4 lossy, which has a dielectric constant of 4.3 and a thickness of 1.52 mm.
It is modelled using CST Studio Suite 2019 and has a rectangular shape with measurements of 60 mm
x 30 mm. Figure 4 depicts the design from a viewpoint. It was decided to keep the distance between
the linked lines on the port side constant throughout the design, and these distances are designated
as g1 and ga, respectively. Throughout the design, the gaps g2 and g3 are likewise kept constant. To
lessen filter waves, a 2.4 mm thin edge was added and blended at a 30 degree angle. The connected
line's width and gap are parametrically examined in this research.
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Fig. 4. Modeling of BPF on CST

Figure 5 illustrates the suggested design filter with all dimensions in millimetres and the angle
measured in degrees. Figure 6 to 8 depicts the fabricated BPF in CST and its parts. The real fabricated
design of BPF is shown in Figure 9. In Figure 10 and 11 however, it depicted the simulation results for
S- and S1,2 parameters respectively using CST. Then, the 3D BPF design was shown in Figure 12, also
using CST.

Fig. 5. Proposed BPF

Fig. 7. Fabrication part a

Fig. 6. The fabricated BPF in CST Fig. 8. Fabrication part b
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Fig. 9. eaI fabricated design of BPF
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_Fig. 10. Simulation results for S-Parameters using CST
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Fig. 12. 3D BPF design using CST
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3.2 Applications

The increasing need for small, straightforward and effective transceivers continues to have an
impact on radio frequency (RF) and microwave (MW) applications. Such devices must have planar
antennas and filters since they significantly affect how well wireless communication networks function
as a whole. In wireless systems of the present and the future such as green RF front ends and
wideband applications, RF interference is a significant issue. Microstrip BPFs are widely used in a
number of applications, especially in RF and MW wireless communications because of their efficacy
in reducing interference and noise signals. The bulk of microstrip filter downsizing methods focus on
identifying, managing or improving these characteristics. Several design techniques, including the
combine, open-ring, coupled-line and stepped-impedance resonator (SIR), are introduced in the
literature as well.

3.2.1 Biomedical applications

A microstrip BPF operating from 2 - 4.7 GHz, with a 1.8 V supply voltage and 180 nm CMOS, N-well
technology; a BPF was utilized for a variety of biomedical applications, including EEG, ECG and EOG.
This filter was simulated using Cadence Spectre simulator. The BPF was created with multiple
bandwidth ranges for diverse biomedical device applications, according to simulation findings.
Wearable sensors are frequently employed to track patients' medical and physical states and can give
healthcare users quantifiable data.

Biosensors based on standard CMOS technology are often employed in biomedical applications.
Commonly, the front-end stage is an amplifier. The bio-signal from the electrodes can be processed
by the analogue front end (AFE), which can also increase the desired signal. Before the analogue to
digital converter samples the signal, the required frequency is filtered out (ADC).

The input offsets off the signal by the amplifier in biomedical and communication applications
must frequently be suppressed using a very low-frequency pole, which necessitates a large R-C time
constant. Large resistors take up a lot of chip space and are typically difficult to manufacture. In order
to replace extremely high resistances, a switched-capacitor approach was adopted that employed
periodic switching of the connections of on-chip and small-valued capacitors. It may be created in such
a way.

Table 5

Bio-signals and their corresponding frequency range
Signals Frequency range (Hz)
Electroencephalogram (EEG) 0.1-100
Electrocardiogram (ECG) 0.01-300
Electrooculogram (EOG) 0.1-15
Electromyogram (EMG) 20-30000

4. Conclusion

Microstrip antennas have a wide range of uses, including for radar, power dividers, phase shifting,
band passes and mobile and satellite communications. Additionally, demonstrating how to
manufacture phase shifters, BPF and power dividers utilize CST MWS and microstrip antennas. The
comparison of their results revealed that they are nearly identical. CST were used to create and
simulate a parallel coupled line microstrip BPF by altering the coupled lines' width, gap and centre
frequency. The frequency was 3.9 GHz. The filter was created and modelled. Utilizing FR-4 as the top
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layer and copper annealed as the ground plane the substrate, with an insertion loss of -2.2 dB and
return loss of -17.3 dB at 1.25 GHz bandwidth. Using the results from the simulation, future research
will consider a filter to be made, and additional tests will be conducted to be accomplished by
modifying the filter's design parameters for industrial applications e.g. WiFi, WLAN and etc.

Acknowledgments

This work was conducted with the support of Prof. Dr. Ismail Abdel Ghafar Ismail Farag, President of
the Arab Academy for Science Technology and Maritime Transport (AASTMT) by all branches Cairo,
Alexandria, Smart Village, Port Said, Aswan — South Valley, El Alamein-EGYPT, Latakia — Syrian Arab
Republic and Sharjah — United Arab Emirates.

References

(1]
(2]

(3]

(4]

(5]
(6]
(7]

(8]

(9]

(10]

(11]

[12]

(13]

(14]

Luckring, James M., and Dietrich Hummel. "What was learned from the new VFE-2 experiments." Aerospace
Science and Technology 24, no. 1 (2013): 77-88. https://doi.org/10.1016/j.ast.2011.07.012

Boutejdar, A., A. Batmanov, M. H. Awida, E. P. Burte, and A. Omar. "Design of a new bandpass filter with sharp
transition band using multilayer-technique and U-defected ground structure." IET microwaves, antennas &
propagation 4, no. 9 (2010): 1415-1420. https://doi.org/10.1049/iet-map.2009.0357

Hariyadi, T., and S. Mulyasari. "Design and simulation of microstrip hairpin bandpass filter with open stub and
defected ground structure (DGS) at X-band frequency." In IOP conference series: Materials science and engineering,
vol. 306, no. 1, p. 012124. IOP Publishing, 2018. https://doi.org/10.1088/1757-899X/306/1/012124

Khan, M. T., M. T. Jilani, A. M. Khan, F. Hafeez, and A. K. Memon. "Effects of defected ground structure slot tuning
on frequency and circuit parameters of bandpass filter." Journal of Optoelectronics and Advanced Materials 20,
no. September-October 2018 (2018): 479-485.

Lum,Y.T.L. A. K. M., and K. M. Lum. "A stepped impedance comb-line filter design using defective ground structure
for wireless applications." In The PIERS Proceedings. 2012.

Taghizadeh, M., Gh Moloudian, and A. R. Rouzbeh. "Design and simulation of band-pass filter using micro-strip
lines." International Journal of Computer Science and Mobile Computing 4, no. 11 (2015): 331-337.

Yuan, Wentao, Xiuhan Liu, Hongshu Lu, Weiwei Wu, and Naichang Yuan. "Flexible design method for microstrip
bandstop, highpass, and bandpass filters using similar defected ground structures." IEEE Access 7 (2019): 98453-
98461. https://doi.org/10.1109/ACCESS.2019.2928816

Rehman, Sajjad Ur, and Majeed AS Alkanhal. "System-based modelling and synthesis of defected ground structure
resonators and filters." [ET Microwaves, Antennas & Propagation 13, no. 6 (2019): 774-781.
https://doi.org/10.1049/iet-map.2018.5259

Bououden, Ali, Mohamed L. Riabi, Abdelhalim A. Saadi, and Mustapha CE Yagoub. "Quasi-TEM Analysis of
Symmetrical Shielded Broadside-Coupled Microstrip Lines." Progress In Electromagnetics Research M 100 (2021):
213-224. https://doi.org/10.2528/PIERM20112707

Roonizi, Arman Kheirati, and Christian Jutten. "Forward-backward filtering and penalized least-squares
optimization: A unified framework." Signal Processing 178 (2021): 107796.
https://doi.org/10.1016/].sigpro.2020.107796

Bohra, Hussain, and Amrit Ghosh. "A Review on Different Optimization Techniques for Selecting Optimal
Parameters in Microstrip Bandpass Filter Design." International Journal of Advanced Science and Technology 28,
no. 14 (2019): 379-394.

Moitra, Sourav, and Ranjan Dey. "Design of dual band and Tri-band Bandpass Filter (BPF) with improved inter-band
isolation using DGS integrated coupled microstrip lines structures." Wireless Personal Communications 110, no. 4
(2020): 2019-2030. https://doi.org/10.1007/s11277-019-06827-8

Ismail, Nanang, Teddy Surya Gunawan, Teguh Praludi, and E. A. Hamidi. "Design of microstrip hairpin bandpass
filter for 2.9 GHz—3.1 GHz s-band radar with defected ground structure." Malaysian Journal of Fundamental and
Applied Sciences 14, no. 4 (2018): 448-455. https://doi.org/10.11113/mijfas.v14n4.1073

Wu, Xiaohu, Yingsong Li, and Xiaoguang Liu. "High-order dual-port quasi-absorptive microstrip coupled-line
bandpass filters." IEEE Transactions on Microwave Theory and Techniques 68, no. 4 (2019): 1462-1475.
https://doi.org/10.1109/TMTT.2019.2955692



https://doi.org/10.1016/j.ast.2011.07.012
https://doi.org/10.1049/iet-map.2009.0357
https://doi.org/10.1088/1757-899X/306/1/012124
https://doi.org/10.1109/ACCESS.2019.2928816
https://doi.org/10.1049/iet-map.2018.5259
https://doi.org/10.2528/PIERM20112707
https://doi.org/10.1016/j.sigpro.2020.107796
https://doi.org/10.1007/s11277-019-06827-8
https://doi.org/10.11113/mjfas.v14n4.1073
https://doi.org/10.1109/TMTT.2019.2955692

