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Abstract. This work provides the design and analysis of a 1x2 slot-loaded array
antenna operating in the 70GHz millimeter-wave(mm Wave)band,aimed at high
frequency wireless communication applications. The two radiating parts that
make up the suggested antenna have slots positioned carefully to improve
radiation performance, bandwidth, and impedance matching. The application of
a slot-loading technique improves the antennas gain and efficiency by
optimizing current distribution across that radiating structure. Antenna design is
based on Rogers RT Duroid 5880, chosen for its low dielectric loss and high
performance at mmWave frequencies ,ensuring minimal attenuation and
improved signal propogation. Simulations and parametric studies are conducted
using HFSS, analyzing key performance metrics such as efficiency, gain,
radiation pattern, and return loss. The outcomes show that the antenna achieves
steady radiation characteristics, strong directivity, and a wide impedance
bandwidth. The compact size, enhanced gain, and efficient slot-loading
technique validate the proposed 1x2 array antenna as a possible option for
mmWave communication networks of the future.
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I.Introduction

Millimeter-Wave(mmWave) technology is increasingly important for hogh speed
wireless communication, paricularly in applications like 5G and beyond. Antennas are
crucial components in these systems, and microstrip patch antennas are often
preferred due to their low profile,ease of fabrication,and cost- effectiveness.
Achieving high gain in microstrip patch antennas can be chellenging. This project
addresses this by incorporating a slotloaded structure to enhance the antennas
performance. The main objective is to design and simulate a high-gain 1x2 microstrip
patch antenna with a slot loaded structure operating at 70GHz for mmWave
applications.

The project involves using electromagnetic simulation software to design and
optimize the antenna structure. The design incorporates a slot-Loaded configuration to

© The Author(s) 2025

J. K. Katiyar et al. (eds.), Proceedings of International Conference on Computer Science and Communication
Engineering (ICCSCE 2025), Advances in Computer Science Research 124,
https://doi.org/10.2991/978-94-6463-858-5_182


http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-858-5_182&domain=pdf

Design of High Gain 1x2 Microstrip Patch Antenna With Slot-Loaded ... 2185

improve gain and impedance matching. The project is expected to produce a high-
gain antenna design suitable for mmWave applications. The results will be evaluated
based on parameters such as return loss, gain, and radiation pattern.The designed
antenna can be used in various mmWave applications, inlcuding 5G/6G, automotive
radar, and satellite communication.

2. LITERATURE SURVEY

The comprehensive literature helps to identify research gaps, avoid duplicationn of
effort, and buid upon existing methodology knowledge in the field. It also provides a
strong foundation for the analysis of results. The wide interest for telecommunications
and the latest communications hardware in the ongoing years is obvious in the across
the board expansion of cell phones making lives easy , operational, and intuitive by
the internet. However, using the array techniques limits the channel capacity which is
one of the main aims of 5G; hence the array technique cannot utilize the multipath
property, which can be helpful in enhancing the channel capacity. This mean the
higher frequencies are greatly suffering from the atmospheric attenuation conditions.
2.1 MICROSTRIP PATCH ANTENNAS

It cosists of a conducting patch on a dielectric substrate with a ground plane
underneath a conducting patch. The adhesive radiates when an AC signal excites it,
and the antennas resonant frequency is determined. The efficiency and bandwidth are
influenced by the substrate material and patch shape for the better performance.

2.2 mmWAVE ANTENNAS

The millimeter wave frequencies, typically between 30GHz and 300GHz. These
frequencies allow for high data transfer rates.These are used for different applications
like 5G communication and radar systems. mmWave antennas are compact , but they
suffer from higher path loss and sensitivity to obstacles. To compensate, they often
use beamforcing techniques to direct signals more efficiently.

Fig .1. mmWave Antenna

2.2.1 OPERATION OFmmWave ANTENNA

1. ANTENNA DESIGN:

The antenna utilises a 4-element rectangular patch antenna array. The antenna array is
small, measuring only 8x20 mmradiating patch is excited with a 50-ohm K-type
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connector and it is designed to operate at 37GHz frequency band used for 5G
applications.

2.MATERIAL:
The Rogers RT5880 substrate supports the copper making suitable for high-
frequency radiating element and broadband applications.

3.MULTIPLE ELEMENT ANTENNA ARRAYS

A group of multiple antenna elements arranged in a specific pattern to enhance
antenna capabilities compared to a single antenna. These elements work together , and
their radiation patterns can be controlled by manipulating the phase and amplitude of
the signals they transmit or receive.In order to have appropriate radiation
characteristics, the 1x4 array structure’s geometry involves a power divider that is
tuned to ensure that each antenna elemnt receives the same amount of power.

(nd

L

Fig.2. The four-element array antenna’s structure

A power divider is used in the array structure, which is optimized to ensure that each
element receives the same amount of power in order to have good radiation
characteristics. The antenna element 1x4 array is optimized and operates in the
37GHz frequency band dedicated to 5G applications. One of the simplest ways to
increase the gain of the single element is the array technique.

3. PROPOSED 1x2 MICROSTRIP PATCH ANTENNA

A 1x2 microstrip patch antenna with a slot-loaded structure, the antenna is intended
for millimeter wave applications, namely in the 70GHz range. The antenna structure
is fabricated on a dielectric substrate material for Rogers RO 4003C which is ideal for
high frequency applications. The two large rectangular sections represent the
microstrip patch radiating elements. The slot-loaded structure (rectangular slots inside
the patches) is used to enhance the impedence bandwidth by modifying the current
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distribution. Slots helps in achieving better resonance characteristics and improved
radiation efficiency. The stubs are located on the sides of each patch element,
extending outward from the main radiating structure. They appear as additional
protrusions added to the main patch, contributing to enhance the impedence matching,
badwidth, and gain of the antenna. The central feed line delivers power to both
patches in a corporate feed arrangement, ensuring equal power distribution. A T-
junction power divider is used to split the signal into two equal paths leading to each
patch. The feed appears to have a gradual transition in width, which suggests a step-
graded feed structure . The step-graded feed used in this antenna ensures efficient
power transfer, minimizes losses, and enhances bandwidth-making it a key
component in high-frequency mmWave antenna designs. The 1x2 configuration helps
to improve gain and directivity , making it suitable for 70GHz mmWave applications
compared to a single patch antenna

3.1 SLOT-LOADED STRUCTURE:

The context of microstrip patch antennas, revolves around modifying the patch’s
current distribution to obtain the required antenna properties. By intoducing slots the
antenna’s effective electrical length varies, which results in effects such as frequency
tuning, bandwidth enhancement, and gain improvement. Slot disrupt the current flow
on the patch, creating new current paths and modifying the overall distribution. The
slot’s dimensions, placement, and form have a considerable impact on the current
behaviour and consequently, the antennas performance.

3.2 FEED NETWORK FUNCTION

The feed network is typically implemented using microstrip lines which are
conductive strips on a dielectric substrate. It may also incorporate phase shifters to
control the phase of the signal delivered to each element. This design focuses on gain
rather than beam steering, so phase control may not be a primary function.

3.3 CIRCUIT IMPLEMENTATION

Fig .3. Proposed 1X2 Microstrip Patch Antenna



2188 Sk. M. Subani et al.
4. SIMULATION RESULTS

It’s essential to conduct simulations using appropriate electromagnetic simulation
software. The specific results will depend on the design parameters and the simulation
setup.It includes the s-parameters, gain, return loss, VSWR, radiation pattern.

4.1. S11 PARAMETER PLOT- dB(S(1,1))

This parameter indicates the return loss or reflection coefficient, showing how well
the antenna is matched to the input impedence, a good antenna design should have an
S11 value less than -10dB at the desired frequency (70GHz in this case).

Missa:] X Y | S Parameter Plot 1 HFSSDasign! ANSYS
m e 7.
st o

TR

L —r v — e : . a8
o 1000 00 L) w0 5000 00 m0 oo

Fig .4. S11 PARAMETER PLOT- dB(S(1,1))2.

This plot shows the antennas radiation characteristics both in the H and E planes. It
illustrates the orientation and strength among the radiated signal, the radiation pattern
should have a narrow main lobe and low side lobe levels.
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Fig .5.rE plot

4.2. GAIN PLOT

The amount that the antenna amplifies the electricity in a particular direction is known
as the gain. Decibels relative to an isotropic radiator, or dBi, is the standard unit of
measurement. The design goal is to achieve high gain for the 70GHz band.
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Fig .6. Gain Plot
4.3. E-FIELD AND H-FIELD OUTCOMES:

Both the E-plane and H-plane radiation characteristics of the antenna.
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e

Fig.7. E-plane and H-plane radiation
5.CONCLUSION

The antenna exhibits excellent performance characteristics suitable for high-
frequency applications around 70GHz. With a minimum return loss of -18.06dB at
70.31GHz, it demonstrates efficient impedance matching, maintaining low power
reflection. Low power reflection is ensured by the impedance matching . The barrier
bandwidth of 4.28% (from 68.88 GHz to 71.89 GHz) confirms a moderate frequency
range, making it ideal for 5G, radar, and satellite communication. The VSWR of 1.31
at 70.07 GHz indicates high power transfer efficiency with minimal signal reflection.
Additionally, the antenna achieves a peak gain of 9.3dB, ensuring strong and
directional radiation performance, as evidenced by its E-plane and H-plane patterns,
which highlight focused energy distribution with minimal side lobes. The well-
defined radiation pattern confirms the suitability of the antenna for high-gain, directed
application such as beamforming in 5G, radar systems an dsatellite communication,
where accurate signal transmission and receiving are essential. Overall, the antenna is
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optimized for high-frequency, low-loss, and high-efficiency wireless applications
such as Advanced DriverAssistance Systems.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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