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Abstract – In this paper, a new high-polarization meta-
material structure design for a multiple-input, multiple-
output (MIMO) antenna with robust isolation is intro-
duced. The antenna design satisfies the requirements of
C-band and S-band wireless communication networks up
to sub-6 GHz 5G applications. The novel design of the
antenna gets three frequency bands—5.8 GHz, 3.4 GHz,
and 2.57 GHz—to be taken into consideration. After the
integration of metamaterial components and without use
of any further decoupling techniques, high isolation of
more than 20 dB is achieved. By suppressing the propa-
gation of surface waves, low-band resonators can reduce
the mutual coupling between two higher bands. Ulti-
mately, the initial coupling is canceled out using a split-
ring resonator (SRR) to minimize coupling in the low
band. The stated MIMO antenna has a maximum return
loss of -13, -18, and -21 dB and a mutual coupling of -
13, -18, and -21 dB. It covers the 2.5, 3.4, and 5.8 GHz
bands, which are used for WLAN, LTE, and 5G. Within
acceptable bounds, the envelope correlation coefficient is
less than 0.01 and the total active reflection coefficient is
less than -10 dB. The performance of MIMO antennas is
observed practically and reported.

Index Terms – 5G, meta material structure, MIMO
design, unit cell, wireless applications.

I. INTRODUCTION
Multiband antennas capable of operating in many

frequency bands are becoming increasingly important
as mobile communication networks such as WLAN and
WiMAX evolve. To make it easier to integrate the anten-
nas with other system parts, they should also have a
broad bandwidth and low profile. One effective way
to meet the prior requirements is to use printed anten-
nas. Various methods have been explored in the liter-
ature to accomplish multi-band properties. In order to
produce various resonance frequencies, the most com-
mon method involves acting on the radiating element
by etching holes or adding conducting strips [1–4]. The
metamaterials utilized significantly lessen multi-antenna
coupling. The introduction of these materials, known as

split-ring resonators (SRR), has boosted S parameters,
transmission effectiveness, diversity gain (DG), radia-
tion characteristics, and envelope correlation coefficients
(ECC) along the antenna patch plane [5–6].

Low radiative losses show that the separation
between the two patch antennas may be increased by up
to 20 dB without affecting the impedance bandwidth [6–
8]. To meet the demand for multiple frequency bands, a
number of strategies have been employed in the literature
to produce dual-band or multi-band antennas, including
a novel antenna constructed from metamaterial and with
a spiral structure to act as a complementary SRR [9–12].

If the multiple-input, multiple-output (MIMO) only
functions in one frequency band, it will be unable to
fully utilize its inherent benefits and will squander fre-
quency band resources. As a result, one of the funda-
mental technological problems confronting current wire-
less terminals and systems is developing an antenna for
wireless applications that can handle dual-band or multi-
band operations while maintaining acceptable perfor-
mance [13–14].

The literature has also reported on a number of other
MIMO antenna technologies for use in 5G smart phone
applications. When it comes to channel capacity, ECC,
and isolation, these systems excel. Many strategies,
including spatial diversity, can be used to improve iso-
lation between antenna sections [15–16]. Every antenna
part must be tiny, well decoupled, and positioned on the
phone (PCB or rim) with care. The suggested antenna
material carries effectively on a lossy fr-4 substrate. In
MIMO systems, proper port fielding and decoupling are
required in order to provide uncorrelated channels. For a
smooth integration with the increasing popularity of 5G
connections, 5G devices must make room for 2G, 3G,
and 4G MIMO/diversity antennas [17–18].

II. ANTENNA STRUCTURE AND DESIGN
The dimensions of the proposed antenna’s rectan-

gular array are 70 × 65 mm (width × length). It is
intended to be used as a tri-band MIMO antenna. Thus,
a 4-port MIMO antenna with an SRR construction is
designed. The 1:7 metamaterial SRR is meant to enhance
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the MIMO system’s performance. The outer and inner
rings are positioned between the MIMO antennas after
achieving lower coupling loss.

The suggested antenna is made using a cheap FR-
4 substrate that has a 1.6 mm dielectric constant (µr =
4.3). To build and optimize the suggested antenna con-
struction, EM Simulator CST Studio Suite was utilized.
In Fig. 1, the antenna diagram is displayed.

Figure 2 shows that simulated reflection coefficients
perform the highest return loss and radiate 90% of the
power with a combination of metamaterial structure.
Two concentric metallic rings engraved on a dielectric

Fig. 1. Proposed antenna structure.

Fig. 2. Reflection coefficient of four antennas.

substrate in the form of a circle or square make up
the SRR.

A. MIMO antenna design
In MIMO systems, contact between the antenna

components via surface and space waves creates mutual
coupling. As little as -10 dB is the reported gap
between MIMO components 1 and 4. The high inter-
action between antennas 1 and 3 in space and surface
waves is the reason for this poor isolation. The sug-
gested MIMO system achieves a maximum gain of 4.4
dBi. The isolation and gain of the MIMO antenna must
be improved to reduce the decoupling technique. Two
metallic rings that are concentric on the dielectric sub-
strate and etched in the shape of a circle or square make
up the SRR. Their opposite ends are divided or have
gaps. The MIMO antenna ECC measures the channel
correlation between the antennas. The channel capaci-
tance of a MIMO antenna increases the performance of
the 4-port antenna as broad-band applications by provid-
ing strong mutual coupling between the antennas. The
MIMO antenna channel capacitance of M and N Rx and
Tx is:

c = BWlog2

(
det

(
IN+

PT

σ2M
HHH

))
. (1)

The equation for a highly efficient and lossless
antenna is based on channel capacitance c and S param-
eters.

Figure 3 illustrates how the coupled power between
two adjacent components is measured using the antenna
isolation’s reflection coefficient (|S21|). A low-level
matched load terminates the antenna output, and
S11 is the input reflection coefficient. Forward trans-
mission (from port 1 to port 2), reverse transmis-
sion (from port 2 to port 1), and output reflection

Fig. 3. Transmission coefficient S21 and reflection coef-
ficient S11.
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coefficient (S22) are represented as S21, S21, and S12,
respectively.

Figure 4 shows the reflection coefficients (S11 and
S22) that were calculated and measured. With and with-
out metamaterial structure, the planned MIMO sys-
tems show similar -15 dB impedance bandwidths. The
5G sub-6 GHz NR bands are still sufficiently covered,
notwithstanding a little operational frequency modifica-
tion brought on by metamaterial effects. After employing
the metamaterial, the measured impedance for the origi-
nally intended MIMO antenna is BW 2.57 GHz (2.5-5.8
GHz).

Fig. 4. Reflection coefficient without metamaterial.

Fig. 5. Refection coefficient with metamaterial (MTM).

Figure 5 shows the simulation results of the reflec-
tion coefficientwithout using metamaterial.

The integration of unit cell design into a MIMO sys-
tem improves the isolation between the antennas. The
effects of near-field coupling between the antennas are
lessened when the proposed metamaterial is positioned
close to the MIMO system, as seen in the isolation plots
in Fig. 6. In the 5G NR bands, isolation between the
opposing antennas (S12/S21) and the nearby antennas
(S31/S41) increases by at least 3.5 dB. Maximum vol-
ume is less than 20 decibels.

Fig. 6. Transmission coefficients.

III. UNIT CELL DESIGN
Since the primary goal of the metamaterial design is

to access wideband 5G spectrums, the suggested struc-
ture’s anticipated beginning dimensions are chosen to be
at the frequency of 2.57 GHz, 3.5 GHz, and 5.8 GHz. At
the intended frequencies of 2.57 to 5.8 GHz, the compact
unit cell size (L) of 14 mm indicates Lu = λL/6.52 (see
Table 1). This is sufficiently tiny to meet the metamate-
rial sub-wavelength criterion, enabling the achievement
of the metamaterial effective response.

Figure 7 shows that the unit cell design substrate is
twenty micrometers thick on both sides. Characterizing
materials in the low-GHz spectrum is another objective
of the investigation. Because of this, the SRR dimensions
are thought to have measurement applications at frequen-
cies close to 6 GHz. In this instance, the exterior ring’s
length is l = 20 mm, the gap’s width is g = 1.5 mm, the
rings’ width is w = 20 mm, and the distance between
them is c = 1.5 mm. The geometrical layout of the SRR
cell is displayed in Fig. 7, showing the low-cost, acces-
sible proposed antenna aim of this project. With a dis-
sipation factor of around 0.02 and a relative permittivity
of εr = 4.4, we select a FR-4 substrate thus. The copper
metallic substrate has a thickness of 1.6 mm.
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Fig. 7. SRR unit cell design.

Table 1: Unit cell parameters
S.No Parameter Value

1 Lu 20 mm
2 Ws 20 mm
3 Cut 1 1.5 mm
4 Cut 2 1.5 mm

A novel resonator with a modest size of 0.11λmin
0.02λmin at 3.4 GHz is produced utilizing 1.6 mm
height low-cost FR-4 printed material (εr = 4.3 and tan δ

= 0.025). Figure 8 depicts the optimized unit cell geom-
etry, which consists of two linked circle-shaped comple-
mentary split rings enclosed by double rings. Figure 8
depicts metamaterial reflector design specs, an enlarged
image of a unit cell, and a sneak peek at the finished pro-
totype. An adaptive tetrahedral mesh-based frequency
domain solution is used on the EM simulator platform,
CST Studio Suite, to analyze the unit cell. During the

Fig. 8. Reflection coefficient measured results.

simulation process, the electric and magnetic fields are
parallel to the unit cell structure.

The produced MMR confirms the epsilon negative
(ENG) and mu-near-zero (MNZ) properties by display-
ing a near-zero positive permeability value (actual) over
the indicated antenna operating spectrum. This mate-
rial’s near-zero characteristics reduce the near-field cou-
pling between magnetic and electric fields. The sug-
gested antenna 4×4 compact design meets the condition
modeling and measured results of the metamaterial struc-
ture employing a MIMO antenna.

In terms of technological merit, this approach has
the following advantages over previous mutual decou-
pling techniques applied to MIMO antennas. The tech-
nique of integrating the SRR with metamaterial is pro-
posed in this paper, wherein a circle stub design of struc-
ture operating at 2.57, 3.4, and 5.8 GHz is initially inves-
tigated, and then it is transformed into a metamaterial
substance to further identify its mutual decoupling abil-
ity (see Table 2).

Table 2: Isolation from other antennas
Ref. Size Freq. Band

(GHz)
Isolation

(dB)
[1] 35×35 45629 ≤20
[2] 38.5×38.5 3.08-11.08 ≤20
[3] 48×48 2.5-12 15
[6] 30×35 2.78-12.3 -
[7] 55×100 1.85-11.9 ≤17.2
[8] 23×39.8 45628 ≤20

This
work

70×65 2.57-5.8 ≤23

1. An innovative SRR design that enhances impedance
matching in MIMO antennas without utilizing any
decoupling techniques suggests mutual coupling
reduction.

2. Split-ring resonators optimize resonance frequency
wireless applications with minimal radiative losses.

3. Reduced radiative losses of SRRs are a benefit.
Their negative effective permeability at frequencies
nearer the resonance frequency has led to the cre-
ation of left-handed media with a negative refractive
index.

4. It is possible to convert this work into a low mutual
coupling massive MIMO antenna since the edge-to-
edge spacing between two selected antenna array
parts can be as tiny as 0.037λ0.

IV. RESULTS AND DISCUSSION
For experimental examination, the constructed

MIMO prototype is placed, as shown in Fig. 9, above the
metamaterial reflector using two rings placed between
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the four antennas with 0.5 mm distance. During the
reflection coefficient measuring technique, one to one
antenna is activated. A 50 Ω terminator is used to close
the remaining two ports while the two MIMO system
antennas are activated concurrently for the isolation mea-
surement.

Calculated and observed reflection coefficients (S11
and S22), with and without metamaterial structure, the
planned MIMO systems show similar -15 dB impedance
bandwidths. The 5G sub-6 GHz NR bands are still suf-
ficiently covered, notwithstanding a little operational
frequency modification brought on by metamaterial
effects. After employing the metamaterial, the measured
impedance for the originally intended MIMO antenna is
BW 2.57 GHz (2.5-5.8 GHz). Simulated and observed
isolation curves for the built-in MIMO antenna (with and
without metamaterial), Fig. 10 shows antenna connected
to VNA chamber to measure fabricated antenna.

Figure 11 shows the far-field results of the antenna
as measured and simulated.

Fig. 9. Fabrication of the antenna.

Fig. 10. Antenna connected to VNA chamber.

(a)

(b)

(c)

Fig. 11. (a) 2.57 GHz, (b) 3.4 GHz, and (c) 5.8 GHz nor-
malized co- and cross-polarized radiation pattern simu-
lated and measured results.

V. CONCLUSION
Here we present the four-port MIMO antenna for

5G and wireless applications and the created MIMO
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antenna, operating frequency ranges 2.57, 3.5 GHz to
5.8 GHz spectrum, covering the 5G NR n77/n78/n79
bands The wideband metamaterial reflector is added to
the MIMO system to improve gain and isolation between
two adjacent antenna radiators. The suggested antenna
achieves a maximum gain of 8.1 dBi and an isola-
tion of 20 dB, with a 4.2 dBi increase, demonstrat-
ing the metamaterial structural contribution to the spec-
ified MIMO system. After being made and tested, the
suggested MIMO antenna experimental verification is
good.
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