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Abstract—The rapid growth of modern wireless
communication and radar systems has increased the
demand for compact multiple-input multiple-output
(MIMO) antennas with high isolation, improved
bandwidth, and enhanced radiation performance.
However, conventional MIMO antenna configurations
often suffer from strong mutual coupling between closely
spaced antenna elements, which degrades system
performance, in range. To overcome these limitations, this
project proposes the design and development of a
metamaterial based high isolation MIMO antenna for S-
band applications. The proposed antenna system employs
engineered meta material structures to suppress surface
waves and reduce electromagnetic coupling between
antenna elements. By incorporating meta material unit
cells between the radiating elements, the isolation is
significantly enhanced without increasing the overall
antenna size. This approach enables compact antenna
design while maintaining high gain, improved impedance
matching, and stable radiation characteristics. The meta
material structure effectively modifies the electromagnetic
properties of the substrate, leading to better control of
near-field interactions and improved MIMO performance
parameters such as envelope correlation coefficient (ECC)
and diversity gain. The antenna design is simulated and
optimized using electromagnetic simulation tools, and a
detailed parametric analysis is carried out to study the
effects of meta material geometry, element spacing, and
substrate properties on isolation and bandwidth. The
proposed MIMO antenna is intended for S-band radar and
wireless communication applications, where compact size,
high isolation, and reliable performance are essential.
Overall, the meta material-based approach offers an
efficient solution for next generation high-performance
MIMO antenna systems. These antennas adapt to dynamic
environments and improve the gain and reducing the space
for exposed hardware. Overall, they represent the future of
antenna technology.
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Index Terms—Metamaterial, MIMO antenna, High
isolation, Mutual coupling, CST, Split Ring Resonator
(SRR), Defected Ground Structure (DGS)

I. INTRODUCTION

Multiple-Input Multiple-Output (MIMO) technology
plays a vital role in modern wireless communication
systems, enabling high data rates, improved spectral
efficiency, and enhanced system capacity. However,
one of the significant challenges in MIMO antenna
design is achieving high isolation between antenna
elements, which is essential for optimal performance.
Mutual coupling between elements can lead to signal
distortion, reduced gain, and decreased overall system
efficiency.

Metamaterials, artificial structures with unique
electromagnetic properties, offer a promising solution
to this challenge.

Metamaterials can be engineered to manipulate
electromagnetic waves in ways not possible with
natural materials, making them ideal for improving
antenna performance. By incorporating metamaterials
into MIMO antenna designs, engineers can enhance
isolation between elements, reduce mutual coupling,
and improve overall system efficiency. This approach
has led to the development of compact, high-
performance MIMO antennas suitable for various
wireless applications, including 5G, Wi-Fi, and
satellite communications. The unique properties of
metamaterials, such as negative permittivity and
permeability, allow for innovative antenna designs that
can overcome the limitations of traditional antenna
technologies.

This work focuses on designing a metamaterial-based
MIMO antenna with high isolation, exploring the
potential of metamaterials to address the challenges in
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MIMO systems. The proposed design aims to achieve
improved isolation, compact size, and enhanced
performance, making it suitable for modern wireless
communication systems. By leveraging the unique
properties of metamaterials, this design seeks to push
the boundaries of MIMO antenna technology, enabling
faster, more reliable, and more efficient wireless
communication systems.

II. RELATED WORKS

Improving isolation in MIMO antenna systems has
been a major focus of recent research, as mutual
coupling between closely spaced elements negatively
affects performance parameters such as gain,
efficiency, and diversity.

Conventional methods, including increasing the
spacing between antenna elements and employing
neutralization lines, have been widely used to reduce
coupling. However, these techniques often result in
increased antenna size and added design complexity,
making them less suitable for compact wireless
devices.

To address these limitations, researchers have
introduced techniques such as Defected Ground
Structures (DGS) interference between antenna
elements. Although these methods improve isolation,
their effectiveness can be limited by bandwidth
constraints and structural complexity.

For space platforms, particularly CubeSats with severe
volume limitations, the MSAA is a fundamental
necessity. It allows a single compact structure to
manage separate, yet critical, communication needs:
S-band: This portion is often configured for high-data
rate downlink (telemetry) to transmit large volumes of
scientific and payload data back to ground stations
efficiently.

C-band: The C-band, or a closely related frequency, is
typically reserved for telecommand (uplink) and low-
rate telemetry/tracking and command (TT&C)
functions. This separation ensures that essential,
mission-critical commands can be received reliably,
regardless of the high-volume data traffic occurring
simultaneously.

In Defense, maritime, and aerial surveillance, a single
shared aperture enables concurrent, distinct
operational modes:

S-band: With its better range and propagation
characteristics, the S-band element performs long

1IJIRT 196291

range surveillance and search, providing robust
detection of distant targets (e.g., aircraft, ships) or
secure long-haul communication links.

C-band: The higher frequency C-band element
generates a tighter, more focused beam for high-
resolution precision tracking, target illumination, and
narrow-beam data transmission

In recent years, metamaterial-based approaches have
gained significant attention due to their ability to
control electromagnetic wave propagation. Structures
such as Split Ring Resonators (SRR) and
Complementary SRR

(CSRR) are widely used to reduce mutual coupling by
blocking unwanted surface currents. These techniques
enable compact MIMO antenna designs with
enhanced isolation and improved overall performance,
making them suitable for modern wireless
communication applications.

III. PROPOSED SYSTEM ARCHITECTURE

* CST Studio Suite:

A comprehensive suite of tools for integrating two or
more radiating structures within a electromagnetic
simulation, including antenna design and analysis and
Electromagnetic Band Gap (EBG) structures, which
help suppress surface waves and reduce
electromagnetic

* Design Process:

0 Define the antenna structure using CST's 3D
modelling tools

o Set up the simulation parameters, including
frequency range, mesh settings, and solver type. o
Run the simulation to analyze the antenna's
performance, including S-parameters, radiation
patterns, and gain

o Optimize the design as needed to achieve the
desired performance.

The proposed system consists of a four-element

MIMO antenna configuration integrated with

metamaterial structures to achieve high isolation and

improved performance. The architecture is designed to

minimize mutual coupling between antenna elements

while maintaining compact size and high efficiency.

Initially, four microstrip patch antennas are arranged

on a common substrate to form the MIMO

configuration. These antenna elements are placed in
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close proximity to support compact wireless devices.
However, close spacing leads to mutual coupling,
which degrades system performance.

To overcome this issue, a metamaterial structure such
as Split Ring Resonator (SRR), Complementary SRR
(CSRR), or Defected Ground Structure (DGS) is
introduced between the antenna elements or in the
ground plane. This structure suppresses surface waves
and blocks unwanted electromagnetic interactions,
thereby significantly improving isolation.

CST provides a comprehensive environment for
designing and simulating multiband shared aperture
antennas, allowing for accurate prediction of antenna
performance and optimization of design parameters.

Metamaterial Based High Isolation MIMO Antenna Design

MIMOPatch | g
Antennas i = FR4 Substrate Low Mutual Coupling

Wireless Applications
(5G, loT, WLAN)

frequency ratio of approximately 1:1.48) reSquires
single ph12ysical space while minimizing mutual and
analysis. interference and maintaining optimal
performance in both: bands. The system overview
involves a phased design and simulation approach,
often utilizing commercial software modeling tools.
like C Set up the simulation parameters.

Feed Network Enhanced Gain

Improved Efficiency

IV. SYSTEM OVERVIEW

STEP BY STEP CST BUILD

1. New project & units

a. File — New — choose Microwave/Antennas
template or empty. b. Home — Units: set mm (length),
GHz (freq).

2. Create substrate (dielectric)

a. Modeling — Brick

1) Size X =B (50 mm), Y =L (35 mm), Z =h (choose
substrate thickness; default FR4 1.6 mm
recommended).

2) Material: Dielectric (er = 4.4, tand = 0.02) or
whichever substrate you used in original design.
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3. Create ground plane

Modeling — Brick on bottom face: PEC, matching
XxY of substrate (or slightly larger). If original design
uses a ground cut / shared ground, create rectangular
ground and any SB1/SB2 cut outs.

4. Create the two patches

a. Modeling — Brick (thin in Z = metal thickness e.g.,
0.035 mm copper) for patch A and patch B: Size for
each patch = Bl x L1 (20 x 20 mm). Place them
centered left/right across the substrate:

1)Patch A center X = -center_spacing/2, Patch B
center X =+center_spacing/2. Use center_spacing ~
30 mm to match your screenshot (you can set center
spacing variable).

2)Assign patches as copper(annealed).

5. Add vertical slots in each patch

a. Modeling — Brick (or rectangle) placed on top of
patch, size slot width x slot_length where slot length
= SL1 (15 mm) and slot width = W1 (5§ mm) and
vertically centered. Use Boolean subtract to cut the
slots (Subtract T patch - slot brick). Repeat for both
patches; SL2 may represent slot for second patch if
different, but here equal.

6. Add feed stubs / feed geometry

a. If feed is a short strip: Modeling — Brick for
feedbar: width = FB (2.8 mm), length = FL (5 mm),
thickness thin metal; place under patch center aligned
to slot bottom (see screenshot: a short feed stub under
each patch).

b. If feed is a probe (via): Modeling — Cylinder with
diameter FB (2.8 mm) from patch metal down to
ground plane. Use Boolean union to join to patch if
probe is metallic. Place discrete port across via and
ground.

7. Define ports

a. Ports — Discrete Port (for microstrip/probe) or

Coaxial port if you modeled coax:

1) Place one port per feed (two ports if two
independent feeds). Port impedance = 50 Q.

2) If using probe via: define port between via inner
metal and ground.

8. Monitors and solver
a) Solver: Time Domain (for broadband).
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b)Frequency range: Start monitors 2.0 — 6.0 GHz
(covers both 3.1 & 4.6).

¢)Add S-parameter monitor (S11, S22, S21) and far
field monitors at 3.1 and 4.6 GHz.

d)Add surface current monitors at both frequencies.

9.Mesh

Mesh — use automatic hexa mesh. Add mesh
refinement around patch edges, slot edges, feed via
arca. Ensure at least 6-10 cells through substrate
thickness. Set target meshcells ~400k—1M (your
screenshot shows ~379k; increase to ~500k for final
runs).

10.Initial run

a. Do a coarse run first (low accuracy) to confirm
resonances near targets.

b. Then run adaptive mesh refinement until SI1
converges.

Design

Parameters list

SNo Parameters Values(mm)
1 L 30
Front view ) B 50
3 L1 20
4 Bl 20
5 L2 15
6 B2 15
7 A 5
8 B 12
EEEEERE S G 9 F 4.1
: 10 H 13
11 H 2.8
12 X 5
13 X1 5
14 X2 6
§ 35 15 Y 8

Back view

IJIRT 196291 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2911



© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

5 Pty (Mogrte]
f’ — i
- ! 1 1] !
v 1
™~ ! sl : S
.
(e, 1o wm )] . . M 2
Promancy [ G4
fartorkd (123.7) (3]
yor ratea
S Prameten [Hogreste]
- — )
»
»
.-
- i
0 |

fartietd (1=3.7) (2]
e ares

ke Sandng Wove it (VSHR)

» ; Shuaveters Magntude]
— 1) o —— — T 0 T

» i 4 0 i / {\v \\/\/ ;

| Y
# 8

0 {
o ; R
5 3 i
‘UMIW)C ] hw::m w 1 " h(‘:u,-uuni ) ; 4 mw:ylah i l ] o ]

IJIRT 196291 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2912



© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

V. CONCLUSIONS AND FUTURE SCOPE

The metamaterial-based high isolation MIMO antenna
design has successfully addressed the critical
challenge of mutual coupling, achieving enhanced
performance and compact size, making it a promising
candidate for modern wireless communication
systems, including 5G and Wi-Fi applications. By
leveraging the unique electromagnetic properties of
metamaterials, this design has demonstrated improved
isolation, reduced interference, and increased
efficiency. Moving forward, future research will focus
on extending the design's capabilities, including
broadening its bandwidth and frequency range,
integrating it with other cutting-edge technologies like
beamforming and reconfigurable intelligent surfaces,
and miniaturizing it for flexible and wearable
applications. Additionally, real-world testing and
validation in practical scenarios, such as urban
environments and vehicular communications, will be
crucial to further enhance its performance and
deployment potential. With ongoing advancements,
this technology is poised to play a pivotal role in
shaping the future of wireless communications,
enabling faster, more reliable, and more efficient
systems.
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