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Abstract

In this research, a compact multi-layer microstrip antenna for
Multiple-Input Multiple-Output (MIMO) systems with dual-
band circular polarization capability has been designed,
simulated, and fabricated. The antenna structure employs
separate coupling networks for each frequency band, each
comprising a hairpin resonator, a straight slot, and a U-shaped
groove. This configuration enables the establishment of two
signal paths with the requisite phase difference to feed the patch.
By applying a £90° phase shift, the antenna achieves dual-band
circular polarization operation. The principal innovation of this
work is the implementation of a multi-layer feeding network
that ensures an axial ratio below 3 dB, achieved through the
combined action of the straight slot and U-shaped groove to
excite a circular polarization resonance mode. The antenna
exhibits right-hand and left-hand
characteristics in different frequency bands. Simulation and

circular polarization
experimental results validate the antenna’s performance,
demonstrating impedance bandwidths of 3.0-4.2 GHz and 5.5—
6.6 GHz, with near-complete circular polarization coverage
across the first band. The gain response increases linearly with

frequency, achieving an average value of 5 dB.
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Highlights

e  Enhanced system efficiency across dual frequency bands.
e  Improved axial ratio via novel U-slot/straight-slot hybrid feed.
e  Compact MIMO antenna with dual-band circular polarization.

Citation: M.T. Aribi, “Multi-Input Multi-Output Compact Antenna with One-Way Circular Polarization for WiMAX 3.5 and ITU-R
Applications,” Journal of Southern Communication Engineering, vol. 15, no. 57, pp. 15-27, 2025, doi:10.71656/jce.2025.1128536 [in

Persian].

COPYRIGHTS

©2025 by the authors. Published by the Islamic Azad University Bushehr Branch. This article is an open-access article

distributed under the terms and conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0) @ @

https://creativecommons.org/licenses /by /4.0



https://creativecommons.org/licenses/by/4.0
https://doi.org/10.71656/jce.2025.1128536
https://doi.org/10.71656/jce.2025.1128536
https://doi.org/10.71656/jce.2025.1128536
https://doi.org/10.71656/jce.2025.1128536
https://doi.org/10.71656/jce.2025.1128536
https://doi.org/10.71656/jce.2025.1128536
https://doi.org/10.71656/jce.2025.1128536
https://orcid.org/0000-0001-5675-7131
mailto:tohid.aribi@iau.ac.ir
mailto:tohid.aribi@iau.ac.ir

16 Journal of Southern Communication Engineering, Vol. 15/ No.57/ 2025

1. Introduction
In the era of rapid technological advancement, wireless communication systems have undergone significant

transformation, encompassing applications from satellite systems and local wireless networks to the Internet of
Things (IoT). These developments have underscored the need for antennas with specialized capabilities. Slot-fed
microstrip antennas, renowned for their stable radiation characteristics and wide bandwidth, have emerged as ideal
candidates for supporting a diverse range of wireless communication systems.

Such antennas must not only be compact but also deliver optimal performance in terms of bandwidth and gain,
complying with IEEE standards. A critical feature in contemporary antenna design is the ability to achieve circular
polarization, which offers superior resistance to multipath fading and markedly improves communication quality.
Additional benefits of circular polarization include robustness against adverse weather conditions and reduced
sensitivity to transmitter-receiver orientation.

A major design challenge lies in integrating these characteristics into compact, planar structures that can be
seamlessly combined with active components. Printed antennas employing varied feeding techniques and
configurations are widely regarded as the most promising solution for meeting the demands of high-frequency
systems.

Designing MIMO antennas capable of covering multiple frequency bands with satisfactory radiation performance
presents a considerable challenge in antenna engineering. These antennas must demonstrate adequate impedance
bandwidth, effective axial ratio, desirable gain, and optimal radiation patterns across their operational bands.

2. Innovation and contributions

In this paper, a novel MIMO antenna structure is proposed. The design significantly enhances system efficiency
by optimizing performance across both operational frequency bands. A hybrid feeding structure combining U-slot
and straight-slot elements is introduced to improve the axial ratio, ensuring high-quality circular polarization. The
compact MIMO antenna achieves dual-band circular polarization, making it well-suited for modern wireless
applications that demand miniaturization and multi-band operation.

3. Materials and Methods

The U-shaped groove serves a dual purpose, functioning both as a coupling structure and as a single-mode
resonator, delivering a resonant frequency comparable to that of a circular resonator. For the directly fed patch
antenna, the circle radius is set at 12 mm in accordance with cavity antenna theory, ensuring operation at a single
resonant frequency. In contrast, the U-slot and circular patch design employs a slot-coupled feed to establish
coupling between the ground plane and the radiating patch. This approach not only enhances the radiation
characteristics of the antenna but also introduces additional resonances, resulting in improved bandwidth.
Furthermore, duplexing and filtering capabilities are seamlessly incorporated into the dual-band patch antenna.
The integration of these functions into a single device holds the potential to reduce the size, complexity, and
manufacturing costs of wireless systems, offering a compact and efficient solution for modern communication
applications.

4. Results and Discussion

To validate the antenna’s performance, the multi-layer structure was fabricated and experimentally evaluated at
the Antenna and Microwave Research Center of Islamic Azad University, Urmia Branch. The measured results
demonstrate good agreement with simulations, confirming the correct functionality of the proposed design.
Figure I presents a comparison between the simulated and measured return loss (Si:) of the antenna. Minor
discrepancies observed are primarily attributed to non-ideal connector effects and frequency-dependent substrate
dispersion.

Figure II displays the measured axial ratio performance. The results confirm that circular polarization is
maintained across the impedance bandwidth of 2.8-4.3 GHz, fully covering the first operational band. This
consistent circular polarization across the entire band represents a key achievement of the design.
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Figure I: Return Loss Curves of the Proposed Antenna in Both Simulated and Measured States.
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Figure I1I: Antenna Gain Variation Characteristics under Two Operational Conditions

The second resonator, configured as a hairpin, U-slot, and patch resonator, establishes a mutually coupled
network. This configuration creates two distinct paths to deliver the input signal to the patch resonator, exciting
two orthogonal modes. A 90-degree phase delay is incorporated to fulfill the theoretical requirements for exciting

orthogonal modes, thereby enabling circular polarization.
Figure III illustrates the variation of antenna gain as a function of frequency. The gain demonstrates a quasi-linear

increasing trend across the operational band.
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5. Conclusion

This paper presents the design, simulation, and fabrication of a compact multi-layer microstrip MIMO antenna
with dual-band circular polarization capability. The antenna structure employs separate coupling networks for
each frequency band, each comprising a hairpin resonator, a straight slot, and a U-shaped groove. This
configuration enables the generation of right-hand and left-hand circular polarization in distinct frequency bands.
Simulation and experimental results validate the antenna’s performance, demonstrating impedance bandwidths of
3.0-4.2 GHz and 5.5-6.6 GHz. Circular polarization is maintained across nearly the entire first band. The antenna
gain exhibits a linearly increasing trend with frequency, achieving an average gain of 5 dB.
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Figure 1. Proposed dual-layer antenna configuration
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in mm Feature
[1] 1x25x25 1 x 3
This Work 1/6x50x50 3 e 5
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