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This article focuses on the multi-input multi-output (MIMO) antenna with smaller

NOISIAI

dimensions and improved isolation between the ports which results in good

performance and is suitable for modern wireless communication systems, especially
USB dongle and 5G mobile applications. Two main problems with the conventional antennas
are (1) Large height between the top to ground plate and (i) Smaller isolation between the
ports. These two problems are carefully addressed in the proposed design. The height in the
proposed antenna is minimized up to 4mm between the top and to ground plate. Further
achieved isolation is more than -18dB by introducing a novel type of periodic slots in the
ground plate of the antenna. The antenna structure consists of a ground plate and two top
plates, each with defined dimensions. The parameters are optimized using software for the
best performance of the antenna to ensure efficient signal transmission and reception. The
proposed antenna aims to explore the impact of dimension parameters like impedance
matching and fractional bandwidth and isolation between the ports. The antenna resonates
for 45GHz to 5.75GHz frequency bandwidth. The return loss for impedance bandwidth is
below -20dB. The antenna is simulated on software and fabricated on substrate FR4. The
simulated and measured results are compared which indicates that this antenna with high
isolation and good impedance bandwidth is a more suitable candidate for 5G mobile
applications. Compared to the conventional same-class antenna, the proposed antenna has
good performance with minimized dimensions.
Keywords: Isolation; radiation patterns; return loss; DGS (defected ground structure), PIFA
(planer inverted IF antenna), SAR (specific absorption rate)
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Introduction:

MIMO technology plays a crucial role in exploiting multiple signal paths for data
transmission and reception. This technology is a valuable resource to achieve optimal
performance such as bandwidth, isolation, gain, and compactness to meet rigorous
requirements. It is essential to carefully design the antenna orientation and spacing to
maximize gain and ensure proper isolation for space-constrained devices. PIFAs are preferred
for their simplicity, compact size, low cost, planar structure, and reduced SAR, making them
ideal for portable applications [1][2]. MIMO antenna has the capability of handling multipath
fading with spatial diversity in the system [3][4]. Multiple methods are used to attain antenna
diversity such as pattern diversity polarization and spatial diversity. A flexible polyimide
substrate with a dielectric constant of 3.5 is utilized for isolation enhancement between 4 4-
element MIMO antenna arrays [5]. A compact dual port diversity gain planner inverted F
antenna for LTE applications was designed with isolation up to 15 dB and ECC is 0.5 whereas
the height between the top to ground plate is about 7.5mm [6]. A circular patch radiator was
incorporated to enhance the impedance bandwidth, achieving a 2.6 GHz bandwidth that
covers the frequency range from 37.7 to 40.3 GHz. Radiators for the array are developed
without any decoupling structures, yet they effectively minimize coupling between the
elements, as reported in [7].

Recently to compete with the growing demand and enhance the capacity of the 5th
generation mobile communication a wider bandwidth is a key element. The latest applications
like Smart cities, virtual reality, and autonomous vehicles are feasible in recent 5th generation
technology due to high capacity of up to 20 Gbps with latency of almost 1ms [8][7][9][10][11].
Moreover, a dielectric resonator with an array of 4 elements is suggested in [12] for isolation
improvement. In order to reduce mutual coupling between radiating elements, the elements
are placed strategically on opposite sides of a common substrate [13]. Achieving optimal
performance, particularly in terms of bandwidth and isolation in MIMO antennas remains a
major challenge in current research. Moreover, for high frequency MIMO communication
systems with broad bandwidth are special advantages like high data rates and signal reliability.
This enhancement makes it better suited for applications that demand robust and high-
performance operation within the millimeter-wave spectrum. The proposed antenna is a
MIMO antenna with a smaller structure and high isolation. A new defected ground structure
(DGS) technique is used to enhance isolation. The theoretical model of the antenna is analyzed
on HFSS software. The results of the proposed antenna structure indicate that this antenna
has a better performance compared to conventional same-class antennas. This manuscript
consists of the methodology, results and discussion, comparative study and finally concluding
remarks.

Novelty:
The distinctive aspects of the proposed antenna are summarized as follows:

o The height between the top and to ground plate is minimized to 4mm resulting in a
low profile, compact design.
. The isolation is enhanced by implementing the innovative defective ground plate
structure.
o This antenna with smaller apertures and good performance is the best candidate for
portable wireless communication.
Obijectives:

In conventional antennae maintaining the size while getting efficient performance is
critical.
The reduction in the larger gap of antenna elements from the ground plate to the top plate
and maintaining minimal isolation and ECC is a substantial challenge. These problems are
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minimized in this study, which is caused by improving signal reliability and coverage
significantly.

Methodology:

This section provides a detailed explanation of the design steps and methodologies
used for the proposed low-profile MIMO antenna. It defines requirements, design
specifications, antenna parameters, simulation and performance analysis, optimization
strategies, analyzation of the model, iterative refinement, and validation of required results.

Requirement
PIFA MIMO Antenna

!

Determine Operating
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Frequency and Bands Antenna Parameters
J' Antenna Designing
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Figure 1. Flow diagram of methodology

The low-profile MIMO antenna architecture combines an ultra-compact form factor
fit for contemporary 5G devices with a well-crafted multi-element structure meant to achieve
maximum electromagnetic performance. The antenna system consists of some primary
functional components, each carefully sized and positioned to achieve specific performance
characteristics through controlled electromagnetic interactions.

The proposed antenna is comprised of a ground plate and two top plates as antenna
elements arranged parallel to each other. The rectangular single-layer PCB (printed circuit
board) serves as a ground plate with relative dielectric constant 4 (FR4) measuring length (Lg)
55 mm and width (Wg) 24mm generates the required image currents for appropriate antenna
operation, maintains steady reference potential for the radiating components, and offers
efficient shielding from backward radiation. The two top plates with high-conductivity copper
sheets of 0.5mm thickness and measuring length (L1, L.2) 16mm and width (W1, W2) 10mm,
placed 4mm apart from each other and placed at a height of 4mm from the ground plate as

illustrated in Figure 2.
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Figure 2. Layout and parametric description of the proposed antenna
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A key impedance-matching feature that greatly improves the broadband performance
of the proposed antenna design is the shunt stub implementation. The equation (1) discussed
in [14] is used for initial calculations of the dimension parameters of the proposed antenna for
center frequency. Furthermore, this model is simulated in HEFSS software to optimize
performance through parametric study.

f C
0_3W+5.6L+3.7h—3Wf—3.7Ws—4.3Lb—2.5Ls
Where W is the width, h is the height between the top to the ground plate, shunt plate
width is W, the separation between feeding and shunt is Ly, feeding plate width is Wy, the

position of shunt stub Ls.
The two top plates are placed facing each other at the feeding end of the ground plate.

©)

Each element has its own separate feeding port and shorting stub. The rectangular 5 * 5mm?

stub for top plate 1 lies at one side of the ground plate while the same size tube is placed on

the other side of the ground plate for top plate 2. The top of this stub is connected to the top

plate (first element) and the bottom side of this stub is connected to the copper of the ground

plate. Both PIFA elements are fed by using 2 * 4mm? rectangular microstrip from ground to

top shown in Figure 3. The antenna’s dimensional parameters are discussed in Table 1.
Table 1 Dimension parameters of the proposed antenna

Description | Length(mm) | Description | Length(mm)
Lg 55 L2 16
Wg 24 W2 10
L1 16 Ws 5
W1 10 h 4

-

-

Side View

Top View

Assembled Structure

Figure 3. 3D images of antenna top view, side view, and assembled structure.

The complete model is simulated using HFSS software. The model is analyzed for the
frequency sweeping of 3.5 to 6 GHz bandwidth. The return loss and isolation of ports S11,
S22, and S12 are observed respectively. A distinctive periodic 20 slots has been added at the
side ends of the bottom ground plate. Each slot is 5mm in length and 1mm in width. The use
of a well-tuned Defected Ground Structure (DGS) under the radiating components generates
extra capacitive coupling that essentially reduces the Q-factor of the antenna, hence extending
its frequency response. The current distribution due to these slots’ changes density near short
circuit stubs as shown in figure 4.
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Figure 4. Simulated P1ctures of the proposed antenna ground plate (bottom view)
Results and Discussion:
The results obtained from low-profile MIMO antenna are discussed in this section. In
Figure 5 return loss of both ports is shown with names S11 and S22. S§11 is for port one and
S22 is for port 2. The return loss of both ports is below -10dB in working bandwidth. At the
central frequency, they are -20dB indicating good impedance matching. The similarity in the
graphs of S11 and S22 verifies that both antenna elements exhibit similar characteristics. In

Figure 5, the isolation (S§12)graph provides information about the isolation between the ports.
522

— S12/521
— 511

T . T !
3.5 4.0 4. 5 5 6.0 6.5
Frequency {GHZ)

Figure 5. Return Loss Port one (S11), Return Loss Port two (§22), and S12 is Isolation
between the ports.

Without compromising the structural integrity of the ground plane, the Defected
Ground Structure (DGS) pattern consists of precisely dimensioned rectangular slots arranged
in a periodic configuration caused by increased isolation of 10dB at the central frequency. The
isolation for overall working bandwidth is below —10dB and near the central frequency is
almost —20dB. In Figure 6, the impedance parameters are studied where real and imaginary
parts of the antenna are discussed. At the center frequency, the real part is almost 50 £ and

the imaginary part is zero. The given results show that at working frequency antennas provide

good impedance matching.

200
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Figure 6. Real and imaginary parts of impedance VS frequency
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The radiation pattern of this antenna is discussed in Figure 7 where the radiation
patterns polar diagram for 0 — 360 degrees is presented, it can be seen that for both ports of
proposed antenna elements with strength ranges confined to £0.5 dB and radiation yield
maintained over 82% across the operating bandwidth, the frequency response of the antenna
shows extraordinary stability. In this figure 7, 2D simulated radiation patterns for both
elements have pattern diversity in the working frequency ranges of proposed antenna
elements.

Figure 7. 2D radiation patterns polar diagram for both elements of the proposed antenna

As in the MIMO antenna system, isolation between the ports is a key performance
indicator that indicates the measurement of separation and reduction in mutual coupling
between the ports. There are some other parameters of the MIMO antenna that must be in
acceptable ranges like ECC (envelop correlation coefficient) and diversity gain. Figure 8
explains these parameters, The envelope correlation coefficient of the MIMO antenna in
Figure 8(a) is equal to zero which is near to ideal value for the entire frequency bandwidth.
Figure 8 (b) indicates that the total active reflection coefficient is less than -10 dB. Figure 8
(c) explains the diversity gain of the elements of the antenna which is comparable to the
theoretical value of almost 10dB.
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Figure 8 (a) ECC (Envelope Correlation Coefficient), (b) TARC (Total Active Reflection

Coefficient), and (c)DG (Diversity Gain),
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The resonant frequency and isolation results can be shifted with the different materials
of the PCB. Figure 9 (a) discussed the improvement in isolation with the defective ground,
and figures 9(b) and (c)discussed that isolation and central frequency shift at a lower frequency
by increasing the relative dielectric constant respectively.
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Figure 9 (a)Isolation with and without defected ground (b) isolation with different dielectric
constants (c) central frequency with different dielectric constants

This improvement in isolation and broad bandwidth MIMO with smaller thickness
makes the proposed antenna more novel in structure and the best antenna as compared with
conventional antennas.

This is part of the novelty of the proposed antenna structure.
Discussion on Comparative Study:

The comparison with previous work demonstrates the distinctiveness of this work and
proves the originality of this research work. Table 2 compares the proposed work with the
existing study, first, the height between the top plate and ground plate is 4 mm in low profile
MIMO antenna whereas in conventional antenna it is more than 7mm. The 7mm height was
a problem in conventional antennae because it was difficult to fit with a slim mobile PCB.
Second, the ECC in the presented antenna has a significant improvement of 0.001 for working
bandwidth whereas in the existing study, it is almost 0.1 to 0.05. Moreover, this antenna has a
less complex design with improved isolation compared to conventional antennas for the same
class.

Table 2 Comparison of proposed work with existing study

Ref. No. Size Frequency | Isolation | ECC Design
(L x Hmm?) (GHz) (dB) Complexity

[This Work] 24 x4 4.5-5.75 11 0.001 Low
[6] 95 x 7 2.5-2.7 15 0.5 Low
[15] 30 x 7.5 3.3-4.2 10.5 0.08 High
[16] 40 X 7.5 3.4-5 21 0.11 High

[17] 30 X 7, 3.3-7.5 10 0.05 Moderate

Conclusion:

The low-profile MIMO antenna presented has double channel capacity with high port
isolation and can be used in 5G mobile applications WLAN, Wi-Fi WiMAX, and USB dongle
applications. In this antenna, the height between the top plate and to ground plate is 4 mm
which makes this antenna more compact and like printed antennas. This antenna can fit easily
with the latest slim mobile with outstanding impedance matching and effective power
transmission, low return loss, and smaller thickness. The fractional bandwidth is 25% with
isolation at a central frequency below -18dB. This antenna is a low-cost structure with high
efficiency because it is designed with a simple PCB with a ground plate of 0.5mm thickness
with FR-4 dielectric and a copper sheet top plate with 0.5mm thickness. The results indicate
that the proposed antenna has better performance compared to the same class MIMO
antennas. Stable and elliptical, radiation patterns guarantee the best signal coverage.
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Furthermore, minimizing the mutual connection between the MIMO configuration's antenna
parts, therefore guaranteeing effective functioning and maximum data transmission. These
findings validate that, with great performance in a low-profile form factor, the suggested
antenna is a feasible choice for incorporation into small 5G devices.
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