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Abstract: An ultra-wideband (UWB) multiple-input multiple- output (MIMO) antenna having double band-notched
attributes is expected for FR4 substrate (1.6 mm). The antenna is composed of a better ground plane and dual microstrip
feeding lines with a minimized dimension. By properly choosing the shape of the patch and the required output is
expected. Measurement and simulation are utilized to concentrate on the antenna execution as far as isolation between
the two input ports, envelope correlation coefficient, impedance matching, efficiency, radiation pattern and peak gain.
CST Studio Suite is used to design the proposed antenna. UWB-MIMO is Better adapted for radar, tracking, monitoring
systems of communications equipment, and infrastructure applications.
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L INTRODUCTION

The use of wireless devices is the latest trend in communication technology, and there is a constant demand for
compactness or miniaturization of wireless electronic devices, as well as an increase in speed and data rate for these
devices. In this regard, UWB MIMO antenna systems are being considered for better performance, and they present
antenna engineers with many design challenges. This project has given us the opportunity to explore the world of
telecommunication. Ultrawide band antennas will have multi frequencies which can be used in different systems at the
same time. Using MIMO gives us faster speeds, increased capacity, and robustness. With these advantages, MIMO
technology has been introduced to portable terminals such as laptops, mobile phones, USB dongles and others to realize
high-speed data transmission. The demand for higher data rates over longer distances has been one of the primary
motivations behind the development of MIMO antenna.

We are using CST studio suite 2024 for the purpose of antenna designing and antenna simulation. We used CST Studio
Suite software to design and simulate our antenna structure. Instead of using other types of substrates we are using FR4
substrate since it is readily available and is not as costly as other substrates. In this software we are checking the radiation
pattern, the S-parameters and the diversity gain of the antenna and implementing a multiple input and multiple outputs
(MIMO) structure to radiate in the WIMAX and WLAN bands CST Studio Suite is a hopped-up 3D EM examination
software package for conniving, looking over the graphs and advancing electromagnetic constituents. Magnetic solvers
for solicitations across the EM spectrum are comprised within a non-multiuser interface in CST Studio Suite.

II. LITERATURE REVIEW

[1]. Tiwari, R.N.; Singh, P.; Kanaujia, B.K.; Srivastava, K. “Neutralization technique based two and four port high
isolation MIMO antennas for UWB communication”.

MIMO antennas with 2 and 4 ports for UWB use. Used a neutralization line to reduce mutual coupling (which means
better signal quality and less interference between ports). Achieved high isolation between antenna elements very
important for MIMO performance. The antennas operate over a wide frequency range: 3.52 GHz to 10.08 GHz.Physical
size of the antenna is 48 x 34 x 1.6 mm?>.The gain ranged between 0.95 to 2.91 db.

[2]. Tiwari, R.N.; Singh, P.; Kanaujia, B.K.
"A compact UWB MIMO antenna with neutralization line for WLAN/ISM/mobile applications".

A compact UWB MIMO antenna (small size but high performance). Incorporated a neutralization line to improve
isolation between antenna elements. Designed specifically to work for WLAN, ISM, and mobile applications — so it's
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practical for real-world wireless use. The design supports Ultra-Wideband (UWB) frequencies, allowing high-speed data
transmission and better system capacity. They achieved good performance in terms of return loss, gain,
isolation, and efficiency.

[3]. Barani, .LR.R.; Wong, K.L.; Zhang, Y.X.; Li, W.Y.
“Low-profile wideband conjoined open-slot antennas fed by grounded coplanar waveguides for 4 x 4 5G MIMO
operation”.

Alow-profile, wideband MIMO antenna system using conjoined open-slot antennas. The antenna is fed by grounded
coplanar waveguides (GCPW), which helps achieve compact size and efficient performance. Designed for 4 x 4 MIMO
operation, meaning it supports 4 transmitting and 4 receiving antennas — ideal for 5G applications. The antenna is
optimized to be compact and suitable for integration in modern mobile devices. Achieved wide bandwidth, low mutual
coupling, and high isolation, which are critical for 5G MIMO performance.

III. METHODOLOGY

A detailed study of existing UWB MIMO antenna designs was carried out to establish design goals focused on
miniaturization, wide bandwidth (2.3-12.4 GHz), and high isolation. FR-4 was selected as the substrate for its
affordability and suitable electrical properties (er = 4.3, loss tangent = 0.02) with a thickness of 1.6 mm.

An initial microstrip patch antenna was modeled using simulation tools like HFSS or CST, incorporating an octagonal
radiator and partial ground to enhance bandwidth and reduce reflections. A compact two-element MIMO configuration
was developed with techniques like orthogonal element placement and isolation slots to minimize mutual coupling.
Simulations analyzed S-parameters, gain, efficiency, radiation patterns, and ECC across 1-15 GHz.

After optimization, the design was fabricated using PCB technology and tested using a Vector Network Analyzer (VNA).
The measured results closely matched simulations, confirming multiband UWB performance, effective radiation, and
strong isolation between antenna elements.

IV. ANTENNA DESIGN

This chapter presents the finite element analysis of a two-element MIMO antenna system. The proposed MIMO antenna
has compact dimensions of 19 mm x 38 mm and operates over a wide frequency range from 2.39 GHz to 12.4 GHz,
effectively covering almost the entire ultra-wideband (UWB) spectrum.

The configuration of the proposed antenna is illustrated in Fig. 4.1. The antenna is designed on an FR-4 substrate, which
has a thickness of 1.6 mm, a relative permittivity of 4.3, and a loss tangent of 0.02. FR-4 was selected for its cost-
effectiveness and easy availability, making it a practical choice without significantly compromising performance when
compared to other substrate materials. The detailed dimensions of the antenna design are provided in Table 3.1. The
antenna layout is developed on a rectangular substrate measuring 19 x 38 mm2,

The design features a ground plane along the bottom edge and incorporates two microstrip feed lines at the base of the
dielectric substrate. To achieve ultra-wideband performance, a large rectangular slot is etched into the ground plane. The
radiator features an octagonal geometry, which enhances isolation between radiating elements compared to many other
configurations. A 50-ohm feed line is used to excite the antenna, resulting in improved parametric performance.

Figure 3.1 shows the custom-designed antenna model. The first view displays the front of the antenna with the feed
positioned on top of the substrate, while the second view shows the back, highlighting the ground structure.
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Fig 3.1: Proposed antenna (a) Front view (b) Back view
V. CST MICROWAVE STUDIO

CST MICROWAVE STUDIO is a full-featured software package for Electromagnetic analysis and design in the
highfrequency range. It simplifies the process of inputting the structure by providing a powerful solid 3D modelling front
end. Strong graphic feedback simplifies the dentition of your device even further. After the component has been modelled,
a fullyautomatic meshing procedure is applied before a simulation engine is started.

CST MICROWAVE STUDIO is part of the CST DESIGN STUDIO suite and offers a number of different solvers for
different types of application. Since no method works equally well in all application domains, the software contains four
different simulation Techniques (transient solver, frequency domain solver, integral equation solver, Eigen mode solver)
to best fit their applications. The most flexible tool is the transient solver, which can obtain the entire broadband frequency
behavior of the simulated device from only one calculation run (in contrast to the frequency step approach of many other
simulators). It is based on the Finite Integration Technique (FIT)introduced in electrodynamics more than three decades
ago. This solver is efficient for most kinds of high frequency applications such as connectors, transmission lines, filters,
antennas and more

VL. SIMULATION WORKFLOW

After starting CST DESIGN ENVIRONMENT, choose to create a new CST MICROWAVE STUDIO project. You will
be asked to select a template for a structure which is closest to your device of interest, but you can also start from scratch
opening an empty project. An interesting feature of the on-line help system is the Quick Start Guide, an electronic assistant
that will guide you through your simulation. You can open this assistant by selecting Help quick start guide if it does not
show up automatically. If you are unsure of how to access a certain operation, click on the corresponding line.

The quick start guide will neither run an animation showing the location of the related menu entry or open the
corresponding help page. As shown in the quick start-dialog box which should now be positioned in the upper right corner
of the main view, the following steps must be accomplished for a successful simulation. CST STUDIO SUITE and its
various products are employed for the design and optimization purposes of devices operating in wide range of
frequencies.

It is used in several applications such as Microwave and RF applications, low frequency applications, PCBs and packages,
cable harnesses and for calculation of temperature and mechanical stress. An overview of this tool is given, and its method
of proceedings are shown. Microstrip antennas find growing applications in numerous fields due to their reduced
interference and cost effectiveness. The four most popular feed techniques used are the microstrip line, coaxial probe,
aperture coupling and proximity coupling were reviewed.
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VII. SIMULATION RESULT

The modelled S-parameters shown in Fig. 1.1 confirm that the antenna supports UWB operation with multiple resonant
bands at 2.6 GHz, 3.6 GHz, 6.8 GHz, and 10.5 GHz. It offers an impedance bandwidth (S22 < -10 dB) from 2.3 GHz to
beyond 12 GHz. The Su: plot shows deep notches, especially at 10.60 GHz (-43.83 dB), indicating strong impedance
matching and minimal reflection. Meanwhile, consistently low S.1 values (below -10 dB) suggest limited signal
transmission, highlighting the antenna’s potential use as a band stop or notch filter to suppress interference, particularly

in the WLAN band.
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Fig 1.1: S-Parameter of the proposed antenna

1.2 RADIATION PERFORMANCE

The Fig. 1.2 depicts the radiation pattern of the presented antenna work in the report. The 2D-polar radiation patterns of
the proposed microstrip antenna at the center frequency are portrayed when the ports are invigorated independently. The
radiation pattern of the produced antenna is displayed at 2.6 GHz and 10.6 GHz. The radiation patterns are plotted for

both the port, port 1 and port 2.
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Fig 1.2.1: a). Radiation pattern for port 1 at 2.6 GHz
b). Radiation pattern for port 2 at 2.6 GHz
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Fig 1.2.2: a). Radiation pattern for port 1 at 10.6 GHz
b). Radiation pattern for port 2 at 10.6 GHz
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1.3 ANTENNA GAIN
In the Fig 1.3, the curve of gain vs frequency is shown. Within the desired frequency range, the antenna has a favourable

gain value. By utilizing the proposed method, the gain is diminished emphatically in the notch band while great radiation
execution is accomplished over the other frequency e value of gain of the proposed antenna is of 4 db.
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Fig 1.3: Gain of Proposed Antenna
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Fig 1.4: Directivity of Proposed Antenna
VIII. CONCLUSION

This report presented the work on the analysis and design of UWB MIMO antenna with optimal characteristics such as
bandwidth, isolation, gain, ECC and Efficiency. An ultra-wideband (UWB) multiple-input multiple- output (MIMO)
antenna having double band-notched attributes is expected for FR4 substrate (1.6 mm). The antenna’s modelled S-
parameter have a UWB frequency range with multi band such as 2.6 GHz, 3.6 GHz, 6.8 GHz and 10.5 GHz. It is exhibited
that the antenna has an impedance bandwidth (for s22< -10 dB) from 2.3 GHz to more than 12 GHz. Multi band made
to repress obstruction in the WLAN band. The ECC is underneath 0.002 all through UWB. Also, the antenna radiation
efficiency on average is observed to be 70%. A diversity gain of near about 9.9 dB has been observed. The entirety of
UWRB antenna research is aimed at improving short-range wireless communication systems that require omni-directional
patterns. However, there are other applications where no impediments exist, such as through-the-wall radar imaging. A
directional antenna with high gain is necessary for this application. As a result, research work into high gain UWB
directional antennas and antenna array may be carried out ahead.
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