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5G MIMO Antenna: Compact Design at 28/38 GHz with
Metamaterial and SAR Analysis for Mobile Phones

Abstract. Meeting the challenge of preserving the compact form of 5G smartphones while accommodating millimeter-wave (mm-wave) bands with a
substantial frequency difference, we have introduced an ultra-compact 4-port dual-band multiple-input, multiple-output (MIMO) antenna. This
innovative design utilizes a metamaterial-inspired electromagnetic bandgap (EBG) structure to minimize mutual coupling (MC) effectively across a
wide frequency range. Constructed on a Rogers TMM4 substrate, the antenna has overall dimensions of 17.76 x 17.76 mm?2 It incorporates four
planar patch antennas placed at the corners, arranged perpendicularly. Each antenna element is optimized for dual-band operation at 28/38 GHz,
featuring a rectangular patch with four slots and a full ground plane. The gap between patches measures 0.5 Ao, and the EBG ensures efficient and
cost-effective reduction of mutual coupling among the MIMO antenna elements. Specific absorption rate (SAR) analysis validates the suitability of
this MIMO antenna for 5G mobile phones operating within the targeted frequency band.

Streszczenie. Speftniajgc wyzwanie polegajgce na zachowaniu kompaktowej formy smartfonéw 5G, jednocze$nie obstugujac pasma fal
milimetrowych (fale mm) ze znaczng rdéznicg czestotliwo$ci, wprowadzilismy ultrakompaktowy 4-portowy, dwuzakresowy, wielokanatowy,
wielowejsciowy | wielowyjsciowy (MIMQO) ) antena. Ta innowacyjna konstrukcja wykorzystuje inspirowang metamateriatem strukture
elektromagnetycznego pasma wzbronionego (EBG), aby skutecznie minimalizowa¢ wzajemne sprzezenie (MC) w szerokim zakresie czestotliwosci.
Antena, zbudowana na podfozu Rogers TMM4, ma wymiary catkowite 17,76 x 17,76 mm?Z Zawiera cztery ptaskie anteny krosowe umieszczone w
rogach, utozone prostopadle. Kazdy element anteny jest zoptymalizowany do pracy dwuzakresowej w pasmie 28/38 GHz, z prostokatng fatka z
czterema szczelinami i peing ptaszczyzng uziemienia. Szczelina miedzy polami wynosi 0,5 Ao, a EBG zapewnia wydajng i opfacalng redukcje
wzajemnego sprzezenia pomiedzy elementami anteny MIMO. Analiza wspéfczynnika absorpcji specyficznej (SAR) potwierdza przydatno$é tej
anteny MIMO do telefonéw komérkowych 5G dziatajgcych w docelowym pasmie czestotliwosci. (Antena 5G MIMO: kompaktowa konstrukcja przy

28/38 GHz z metamateriatami i analizq SAR dla telefonéw komérkowych)
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Introduction

The rapid evolution of 5G technology brings
improvements in  wireless communication network
performance, such as reduced latency, enhanced data
throughput, better connectivity, and increased spectral
efficiency [1-3]. MIMO antenna technology plays a crucial
role in 5G devices, positively impacting channel capacity
across various systems [4], [5]. Millimeter-wave
communications offer advantages like extensive bandwidth,
expanded spectrum resources, and compact antenna
dimensions [6], [7]. The FCC has allocated frequencies in
the 28 GHz, 37 GHz, 39 GHz, and 64 - 71 GHz range for
5G use [8].

Addressing signal attenuation challenges in these
bands, antenna experts design high-gain, broad-spectrum
antennas to combat path loss and atmospheric absorption
[9-13]. The proliferation of antenna elements enhances
system capacity, signal quality, and reduces multipath
interference [14—16].

Maintaining separation between MIMO elements is a
challenge impacting mutual coupling within the desired
frequency range [17], [18]. Implementing a MIMO approach
with robust isolation improves overall system performance,
offering higher data rates, increased capacity, reduced
multipath interference, and improved reliability [19-21].

Recent research highlights dual-frequency MIMO
antennas operating at 28/38 GHz, showcasing various
designs with high isolation and peak gains [2, 7, 10, 15, 22,
23]. This study builds on a single-element design [24],
adapting dimensions and shape to create a 4-port
orthogonal MIMO antenna with a Dielectric Resonator (DR)
method for mutual coupling reduction.

The proposed antenna supports 5G millimeter-wave
frequencies at 28/38 GHz, featuring four dual-band
channels. Utilizing the EBG technique for high isolation, the
antenna is cost-effective, constructed on a Rogers TMM4
substrate (17.76 x 17.76 mm?). Importantly, it allows for a

significant increase in the number of antenna elements
while effectively reducing mutual coupling.

Four-Port MIMO Antenna Design with SAR Analysis

This section addresses the configuration of a 4-port
MIMO antenna and explores the methods employed to
enhance isolation among its components. To achieve high
isolation between ports, we present EBG reduction
technique. The dimensions of every four-port MIMO array
design that has been proposed are 17.76 mm x17.76 mm x
1.52 mm. Fig. 1(a) illustrates the arrangement of four
identical single antenna units, each positioned 5mm apart
from the others, oriented orthogonally to one another. The
Rogers TMM4 substrate, is the foundation for the proposed
antenna array. The optimum MIMO dimensions is listing as
follow: X =Y = 17.76 mm, and g.=gy=5 mm. CST
Microwave Studio 2019 is used to simulate the antenna
array. In Fig. 1(b), you can see the representation of the
equivalent resonance circuit model for the four orthogonal
elements of the MIMO system. Each element is individually
excited through a separate 50 Q terminal. It's important to
note that there is always some degree of coupling between
nearby antennas. This coupling, which occurs between the
adjacent antennas, is mathematically modeled using LC
series lumped elements. You can find the specific values for
each component in Table 1. The return loss of the proposed
MIMO antenna resonates at two main frequencies, which
are 28 GHz and 38 GHz as shown in Fig.1(c). Fig. 2
illustrates the mutual coupling across ports in a quad-port
MIMO array without the use of any isolation techniques. In
this depiction, you can observe insufficient isolation within
the desired frequency band.

Metamaterial-Inspired EBG for the Design of a 4-Port
MIMO with Low MC

Enhancing the MIMO parameters is a primary objective
in the development of 5G millimeter-wave wireless
terminals. To achieve this, the utilization of an EBG
structure is proposed as a means to bolster these attributes.
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Additionally, the square shape employed in this design as
an EBG enhances the mutual interaction between antenna
elements and MIMO parameters. EBGs are designed to
substitute dielectric lenses for gain improvement by
providing an effect of high refractive index. The MIMO
antenna along with EBG cells are presented in Figs. 3(a),
3(b) and 3(c).
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Fig.1. Geometry of the MIMO antenna array, as depicted in both its
(a) top and bottom views, and (b) equivalent circuit and (c) return
loss.

Table 1. Summarizes the equivalent circuit variables for the
suggested MIMO antenna array.
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Fig. 2. Displays the simulated mutual coupling between the ports in
the absence of any decoupling techniques.

Table 2 lists the planned EBG unit cell's measurements.
The substrate is made of Rogers TMM4 material, which has
a typical thickness of 1.52 mm (¢ = 4.5). As an initial
estimation for the EBG sheet that should be inserted
between the MIMO antenna elements, the suggested EBG
unit cell is analyzed. This investigation involves using CST
with EBG periodic boundary conditions to simulate multiple
cells, as depicted in Fig.3 (c). In Fig. 3 (d), the equivalent
circuit of the EBG unit cells is depicted. In this context, Ce4
corresponds to the capacitance arising from the presence of
an air gap between adjacent EBG unit cells. Ce2, on the
other hand, represents the capacitance resulting from the
dielectric gap situated between the top metallic patch and
the ground plane. The symbol 'L' represents the inductance
of the metallic vias, which is contingent on the radius
denoted as 'r.' When working with an EBG structure
characterized by specific parameters, including 1) substrate
thickness (h), 2) patch width “ascertain the magnitudes of
the inductor (L) and capacitors (C4 and Cy) by utilizing the

formulas:

_ &Wp g+Wp
(1) Cyy =— arch( P )

_ eogrw sinh(z(W+g)/4h)
(2) Cep = - arch( sinh(2) )

o Lemlo(=E2) o]

(4) FO:ZT[\/E

Here, W =1-2S/W2W,, S=nr?, a=W + g, C = Cpy + Cop,
and S S denotes the area of the cross-section of the via
hole, with p,, &, representing the vacuum's permeability and
permittivity, respectively. Fig. 3 (e) displays the
methodology steps of applying EBG technique.

Table 2. Variables for the suggested MIMO antenna with EBG
geometry (all dimensions in mm).

variables Value
X 17.76
Y 17.76
74 1.4
w, 4.4
|74 74
w, 0.4
'R 0.1
9 0.1

The properties, including permeability, refractive index,
and effective permittivity, are shown in Fig.4. According to
Fig.4, the permittivity at the two resonance frequencies of
28 GHz and 38 GHz is less than unity. The antenna's gain
can therefore be increased by printing the array of unit cells.
The Rogers TMM4 substrate, which has a 4.5 dielectric
constant, is the foundation for the proposed antenna array.
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Fig.3. A quad-port MIMO antenna representation with EBG. (a) Top
view, (b) EBG sheet, (c) EBG unit cell simulation condition, (d)
Equivalent circuit of EBG, and (e) flow chart of applying EBG
technique.
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Fig.4. The properties of the suggested EBG unit cell, including
refractive index (n), as well as permittivity and permeability.

Radiation Characteristics and Influence of User Hand
and Head

The assessment of electromagnetic (EM) energy
absorbed by the human body during mobile phone usage is

expressed through a metric referred to as Specific
Absorption Rate (SAR). Given that the suggested MIMO
antenna structure is affixed to the back cover, it's essential
to predict its Specific Absorption Rate (SAR) value. This
back cover is made from a dielectric material with a
permittivity of 3.32 and a loss tangent of 0.002. Fig.5 (a)
illustrates the antenna's configuration with the back cover,
which has dimensions of 150x70x%1.2 mm3.

@

(b)

Fig.5. (a) Antenna schematic with a dielectric back cover, (b) the
configuration of the antenna arrangement involving a hand
phantom model, and (c) the design for SAR analysis utilizing a

head phantom model.
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Fig.6. Displays the simulated SAR at 15 dBm for the proposed
MIMO antenna configuration with a back cover, focusing on 28
GHz. It provides SAR results for (a) 1 g and (b) 10 g, and also
includes data at 38 GHz, featuring (c) 1 g and (d) 10 g.

Given that the envisaged antenna is intended for mobile
handsets, it is crucial to anticipate its SAR. As shown in Fig.
5(b), the arrangement layout is designed to assess the
electromagnetic energy absorbed by the human head using
a human head phantom model. The antenna is situated at
an angle of 650 degrees with reference to the negative
vertical axis. It's worth noting that the SAR value is
significantly influenced by the separation distance between
the antenna element and different parts of the human body.
In our study, the simulation positions the MIMO antenna 5
mm away from the head phantom model, specifically near
the ear and mouth regions of the head phantom model.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 4/2024 173



In Fig.5 (c), the setup arrangement of the MIMO
antenna is displayed over a Single Hand Mode model
(SHM), designed to evaluate its performance in data mode.
The orientation and positioning of the antenna are
optimized to align with the most comfortable user scenarios.
Notably, there exists a minimal gap of approximately 0.2
mm between the ground plane of the MIMO antenna and
the hand phantom model.

Fig.6 illustrates the simulated SAR value, and it is
noteworthy that the calculated SAR falls within the
acceptable range of standard SAR values (1.6 W/Kg). The
impact of the user's hand on the MIMO antenna is assessed
for both resonance frequencies of 28 GHz and 38 GHz.
Importantly, the position of the antenna over the hand
significantly affects the antenna's performance

Conclusions

In this study, we introduced a quad-port MIMO array
distinguished by robust port isolation. Our approach
involved implementing the Electromagnetic Band Gap
(EBG) technique to mitigate mutual coupling between
antennas, and we thoroughly evaluated its effectiveness.
Using CST STUDIO SUITE version 2019, we conducted
simulations to optimize the dimensions of the radiating
elements. The suggested MIMO antenna was specifically
designed to operate at two resonance frequencies, which
are 28/38 GHz. The EBG technique played a crucial role in
enhancing the isolation between antennas, primarily due to
the introduction of additional capacitance in the circuit. The
results obtained from these analyses consistently exhibited
positive trends within the two operational frequency bands.
This suggests that our recommended antenna structure
holds promise for utilization in 5G millimeter-wave and
mobile phones.
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