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Highlights

e A new MIMO antenna with a gate-coupled feeding method was introduced. In this design, the proposed
MIMO antenna consists of four microstrip patch antennas side by side.

e  The proposed MIMO antenna can cover the frequency bands of 7/54 - 7/12 GHz, 8/72 - 8/27 GHz, and 10/96
- 10/33 GHz in each port.

e Inall three frequency bands, the gain of MIMO antenna is positive, and the gain fluctuations are acceptable.
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1. Introduction

The rapid advancement of wireless communication systems has intensified the need for high-performance
antennas that can effectively support multiple-input multiple-output (MIMO) technology. MIMO systems provide
substantial improvements over conventional single-antenna setups, offering increased channel capacity, better
spectral efficiency, and enhanced resilience against multipath fading effects. These advantages are especially
valuable for contemporary applications like 5G networks, satellite communications, radar systems, and Internet
of Things devices that require dependable high-speed data transfer.

This research concentrates on developing a MIMO antenna specifically optimized for X-band (8-12 GHz)
applications, a frequency range extensively employed in satellite communications, military radar systems, and
scientific exploration due to its optimal balance between atmospheric penetration capabilities and available
bandwidth. However, creating MIMO antennas for this frequency band involves overcoming several design
obstacles, such as ensuring strong isolation between antenna elements, preserving compact form factors, and
achieving wide bandwidth coverage.

Existing studies have investigated various approaches to tackle these challenges, including aperture-coupled
feeding mechanisms, defected ground structures, and multi-layer configurations. Among these, aperture-coupled
feeding stands out for its benefits like minimized spurious radiation and enhanced impedance matching
characteristics, making it particularly suitable for MIMO antenna implementations. The current study expands
upon these established techniques by introducing an innovative multi-layer MIMO antenna design incorporating
aperture-coupled feeding, with the goal of attaining exceptional performance metrics regarding bandwidth, port
isolation, and radiation efficiency.

The key goals of this investigation include developing a space-efficient, multi-band MIMO antenna with aperture-
coupled feeding for X-band applications while simultaneously optimizing the antenna's geometry to achieve
superior port isolation and directional radiation characteristics. Through these efforts, this work aims to contribute
meaningfully to the progression of MIMO antenna technology, presenting a viable solution for emerging wireless
communication system requirements.

2. Antenna Design and Simulation

The proposed MIMO antenna is designed with a multi-layer structure to achieve optimal performance in the X-
band. The antenna consists of two FR4 substrates (relative permittivity & = 4.4, loss tangent tan & = 0.02) and
three conductive layers. The lower substrate houses the microstrip feed lines and a ground plane with four ports,
while the upper substrate supports the radiating patches. The ground plane between the two substrates features
rectangular slots that facilitate aperture-coupled feeding, enabling efficient energy transfer from the feed lines to
the radiating patches.

The radiating patches are designed as quarter circles, strategically placed to minimize mutual coupling and
enhance isolation between the MIMO elements. The feed lines are terminated with A/4 microstrip stubs to ensure
proper impedance matching, which is critical for maximizing power transfer and minimizing reflections. The
orthogonal arrangement of the slots and patches further improves isolation by reducing electromagnetic coupling
between adjacent elements.

To wvalidate the design, extensive simulations were conducted using ANSYS HFSS, a high-frequency
electromagnetic simulation tool. The simulations focused on key performance metrics, including:

e Impedance matching (S-parameters): The antenna demonstrates three clear operational bands
covering 7.12-7.54 GHz, 8.27-8.72 GHz, and 10.33-10.96 GHz, maintaining Si: parameters below -10
dB throughout these ranges, confirming effective power transfer efficiency.

e Isolation between ports: Through the orthogonal configuration of slots and patches, the design achieves
exceptional port-to-port isolation exceeding 20 dB, as verified by S21 and Ss1 parameter measurements
for both adjacent and co-linear port combinations.

e Radiation patterns: The antenna produces stable directional radiation patterns across all operational
bands, reaching a peak gain of 4 dB in the highest frequency band (10.33-10.96 GHz), with pattern
consistency that enables reliable beamforming applications.

Parametric optimization studies were conducted to refine key geometric parameters including slot dimensions
(length/width) and radiating patch size. The investigation demonstrated a strong correlation between slot length
and resonant frequency characteristics, providing valuable tuning capability for application-specific requirements.
Simulation results verify the antenna successfully achieves all design targets, delivering a reliable multi-band
MIMO solution for X-band communication systems with:

Frequency-agile performance through slot length adjustment

Consistent radiation characteristics across operational bands

Maintained isolation and impedance matching properties

Compact form factor preservation
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The design's tunability and stable performance metrics make it particularly suitable for adaptive X-band systems
requiring reconfigurable frequency operation

3. Antenna Fabrication and Experimental Results

The fabricated MIMO antenna prototype was experimentally characterized following its implementation using
standard PCB techniques. The manufacturing process involved precise etching of microstrip feed lines and
radiating patches on FR4 substrates, followed by careful layer alignment and bonding with 0.lmm positional
tolerance. SMA connectors were integrated with all four ports to enable comprehensive testing.

Experimental measurements using a vector network analyzer confirmed the antenna's triple-band operation,
showing good agreement with simulated results across the 7.1-7.6 GHz, 8.2-8.8 GHz, and 10.3-11.0 GHz
frequency ranges. The measured port isolation consistently exceeded 20dB throughout all operational bands. Far-
field measurements revealed peak gains of 0.9dB, 3.1dB, and 3.8dB at center frequencies of 7.4GHz, 8.5GHz,
and 10.7GHz, respectively.

The prototype demonstrates several advantages compared to existing designs, including its compact
26%x26%3.2mm?* form factor, simultaneous multi-band operation, and high port isolation. These characteristics,
combined with the design's cost-effectiveness and straightforward fabrication process, make it particularly
suitable for practical X-band MIMO system implementations. The close correlation between simulated and
measured results validates the design methodology and confirms the antenna's real-world performance
capabilities.

4. Conclusions
This paper presents the design, simulation, fabrication, and testing of a novel multi-layer MIMO antenna with
aperture-coupled feeding for X-band applications. The antenna's innovative geometry features quarter-circular
radiating patches and orthogonal slots, enabling high isolation between ports and stable directional radiation
patterns. Simulation and experimental results demonstrate triple-band operation at 7.12-7.54 GHz, 8.27-8.72 GHz,
and 10.33-10.96 GHz, with the latter two bands falling within the X-band range.
The key achievements of this work include:
e A compact and cost-effective design using FR4 substrates and standard PCB fabrication techniques,
ensuring affordability and scalability for mass production.
e High performance with excellent impedance matching, port isolation exceeding 20 dB, and directional
radiation characteristics suitable for MIMO applications in satellite communications, radar systems, and
IoT devices.
e Experimental validation demonstrating close agreement between simulated and measured results,
confirming the design's reliability.

Future work could investigate extended bandwidth capabilities, adaptation for higher frequency ranges, or
incorporation of reconfigurable technologies to enable dynamic frequency adjustment. The developed antenna
constitutes an important advancement in MIMO antenna technology, providing a viable approach to address
contemporary wireless communication requirements.
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Figure 1. 3D and top view of proposed sigle element antenna
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Figure 4. S11 parameter of proposed sigle element antenna vs. different slot lengths

0.00

-10.00

E-ZO 00—
2

-30.00 |

-40.00
0.00

Port-1 Port-3

-10.00]

e d
£-20.00
v

-30.00 |
Port-4 1

-40.00.

7.00 8.00 9.00 11.00 12.00 13.00

Freq [GH)
Laslyo 5 olaio slac 50 Gt OseYoial 5 (0S5 Sl Jloged wsoleitin o1 2l b 0 UK
Figure 5. Final antenna design, and its return loss and isolation between orthogonal and unidirection ports
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Figure 9. Fabricated layers and final assembled antenna structure
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Figure 10. Simulated and measured return loss for proposed antenna
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Table 1. Comparison of charcteristics of this work and others

Ref. Operation band (GHz) Isolation(dB) Gain Dimenssions(mm)
[13] 6.6-7.6&8.3-10 17 1.7 42*17
[14] 5.55-5.86&7.93-8.36 18.7 35 21.29*50.54
[15] 3.3-3.6&5-6&7.2-8.4 15 5 58*45
This work 7.02-7.37&7.78-8.18&10.32-10.76 40 4 26%26
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