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Abstract
The design of low-profile Multiple-Input-Multiple-Output (MIMO) antennas for various 5G
applications is a topic of huge interest in academia, research, and telecommunication sector.
In this aspect, a compact and low-profile 5G MIMO antenna has been designed and ana-
lyzed for various 5G applications, specifically for the 24 GHz bands (24.25–24.45 GHz and
25.05–25.25 GHz) and local multipoint distribution system band (27.5–28.35 GHz) of the 5G
spectrum. The proposed antenna structure is 20 × 20 × 1 mm3 in dimension. Two spade-
shaped radiators composed of Copper (annealed) material are placed orthogonally to improve
isolation and maintain signal diversity. Rogers RT 5880 is used as the material for substrate.
The antenna exhibits a wide bandwidth of 21.5–28.5 GHz. The mutual isolation |S21| has been
maintained ≤29 dB due to the insertion of a T-shaped parasitic strip in between the radiating
elements. Novelty in design and superiority in performance has been observedwhen compared
with related antenna categories.

Introduction

The landscape of contemporary wireless technology has been dramatically altered by 5G. It is
becoming incrediblywell-liked in the fields of academia, research, and telecommunications.The
International Telecommunications Union (ITU) has considered a number of millimeter wave
spectrums for 5G communication in order to get around the bandwidth restrictions of 4G com-
munications, including the 24/25 GHz bands covering 24.25–24.45 GHz and 25.05–25.25 GHz,
the 27/29 GHz bands covering 27.5–28.35 GHz and 29.1–29.25 GHz, the 31 GHz band cover-
ing 31.0–31.3 GHz, the 42 GHz band stretching from 42.0 to 42.5 GHz, the 39/40 GHz band
spanning 38.6–40.0GHz, the 37/38GHz bands spanning 37.0–38.6GHz, and a few other higher
frequency bands [1]. Few innovativeMIMO structures have been studied by renowned antenna
experts worldwide to perceive high data transfer rates. High bandwidth, gain, and data rate are
fundamental needs for 5G communications, which are provided by antenna arrays in MIMO
mode [2–5]. For phased array systems, a number of antenna types, including angled dipoles
and Yagi-Uda like characteristics, are proposed in [6, 7]. In [8], a brand-new dipole antenna
that is balun-fed is demonstrated. A structure for an inverted F-shaped antenna array has
been given in [9]. For 5G-specific applications, a cavity-backed, dual-polarized array antenna
has been proposed in [10, 11], which supports the use of a tapered, slotted antenna that is
miniature. A 3D phased array antenna with a planar shape has been suggested in [12]. In
[13], a rectangular dielectric resonator antenna with a changed feed was studied. In [14], a
high-gain antenna element based on stacked/layered patcheswas suggested [15], which presents
a co-planar waveguide-fed antenna with a partial ground plane. In [16], a wideband antenna
with integrated Low Pass Filter (LPF) and slotted ground and feeding ports in the top layer has
been provided. The radiating elements in tiny MIMO antennas or array structures are posi-
tioned close together. This proximity creates the issue of mutual coupling and lowers the level
of isolation [17–22]. Many strategies have been used to reduce the impact of mutual coupling,
includingmetal covers, bended strips, slotted isolators, frequency selective structures, rectangu-
lar slots, self-diplexing techniques, and crosslines [23–25].The size and design of these planned
MIMO antenna arrays continue to be a problem, though. Mutual coupling has a clear negative
influence on the isolation level of a MIMO antenna.

Therefore, it is a challenge for all antenna researchers to develop a compact construction
and include cutting-edge methods that might lessen the coupling effect. In this work, we have
looked into a small, printed, two-element array antenna that is configured forMIMO.To achieve
variation in the radiation pattern, twometallic spade-shaped radiators have been placed orthog-
onally above the substrate. We added a T-shaped parasitic element between the radiators to
increase isolation.The operating bandwidth is increased by the introduction of rhombic slots in
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Table 1. Comparison table of prominent 5G MIMO antennas in terms of size and performance

Ref. Technique used

Size (in terms
of λ, where
λ denotes
free space

wavelength), mm3
Substrate
material

Dielectric
constant

Loss
tan.

(tan 𝛿)
Bandwidth,

GHz
Gain

(avg.), dBi
Magnitude
of TARC

Rad.
Eff.
(avg.)

Isolation
|S21|, dB

[9] Planar inverted-F antenna
with anti-resonating
structure

50 × 100 × 3.5 Taconic TLC 3.2 3.2 2−3.6 10.08 NA NA ≤20

[10] Dual-polarized, cavity-
backed antenna array

140 × 140 × 13 Rogers RT
5880

2.2 0.0004 4.9−6 9.05 ≤7 dB 80% ≤20

[11] Miniaturized tapered slot
antenna

82.0 × 50.0 × 0.8 Rogers RT
5880

2.2 0.0004 21.0−23.0 12.03 NA 90% ≤12

[12] Planar switchable
3D-coverage phased array

65 × 130 × 0.764 Nelco N9000 3.0 0.005 27−29 8.0 NA 80% ≤10

[13] Rectangular Dielectric
Resonator Antenna with
modified feed

50 × 40 × 0.254 RT/Duroid
5880

2.2 0.0004 27−29.1 9.76 NA NA ≤15

[14] High-gain antenna
elements, based on
stacked patches

32.1 × 37.45 × 2.124 Rogers 5880 2.2 0.0004 23−32 11 dBi ≤7 dB NA ≤17.5

[15] Co-planar waveguide fed
radiating patch with split
resonators and partial
ground

50.8 × 12 × 0.8 RT Duroid
5880

2.2 0.0004 25.1−37.5 7.7 dBi NA 80% ≤22

[16] Slotted ground and
microstrip feeding ports
in the top layer with
integrated LPF

77.8 × 158 × 0.381 RT/duroid−5880 2.2 0.0004 27.5−40 7.2 ≤5 dB 75% ≤17

[17] CSRR-loaded CPW-fed
antenna

25 × 25 × 1.6 FR4 4.4 0.025 5.28−5.52/
6−7.2

2.54 NA 89% ≤20

[18] Koch Fractal printed MIMO 26 × 35 × 1.5 AR600 6 0.0022 2.0−10.6 3.5 NA NA ≤ 22

[19] Four-port UWB MIMO with
meandered slots

40 × 40 × 0.8 FR4 4.4 0.025 2.54–10.74 NA NA NA ≤15

This
work

Orthogonal radiators
with T-shaped decoupling
element and CPW

20.0 × 20.0 × 1 RT/duroid−5880 2.2 0.0004 21.5−28.5 8.1 ≤−10 dB 81% ≤29

TLC: Thomson Lamination Company, CSRR: Complementary split ring resonator, UWB: Ultra Wideband.

ground plane. A broad bandwidth of 21.5–28.5 GHz was demon-
strated by the final antenna structure.Themeasured isolation level
|S21| is 29 dB, which is unquestionably a significant advancement
for improving isolation of tiny MIMO antenna structures. On the
basis of design and performance, Table 1 compares prominent
MIMO antennas made for various 5G applications.

Antenna design and simulation

Our objective is to design a wideband MIMO antenna. The pro-
cess started with designing of a single-antenna element, and
after successive iterations, the structure of the single element
antenna has been finalized. The successive design stages of the
single-antenna element with their frequency responses have been
depicted in Fig. 1.

Design-I consists of a simple rectangular-shaped patch. The
shape and size of the rectangular patch have been modified in
Design II. The advantages of spade-shaped patches have been
studied in [26–28]. The goal of radiating structures with spade
shapes is to aid in the development of several resonant frequencies,
which later combine to form a wide frequency band. So, with the Figure 1. Successive design stages and responses of single-antenna element.
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Figure 2. MIMO antenna with orthogonal spade-shaped radiators (Antenna I).

aim of increasing the bandwidth, the patch is given the shape of a
spade in Design III, which exhibits better response in comparison
with the former designs (Fig. 1).

A MIMO antenna structure has many advantageous features
such as higher data rate, timediversity, frequency diversity, reduced
signal distortion, and higher accuracy. Common MIMO config-
urations are 2 × 2, 3 × 3, 4 × 4, 8 × 8 etc. In order to maintain
the design simplicity and uniformity and space conservation and
enhanced isolation between antenna elements, a 2 × 2 MIMO
antenna structure has been proposed here.

The process started with the blueprint for Antenna I (Fig. 2),
which consists of two spade-shaped radiators constructed of cop-
per that have been annealed and mounted on top of an RT/Duroid
substrate with a dielectric constant of 4.4 and a loss tangent of
0.0004.

The radiators are kept orthogonal to improve the mutual iso-
lation and to maintain the diversity in signal transmission/recep-
tion. A continuous ground plane made of copper material exists

Figure 3. S-parameter vs. frequency response of Antenna I.

beneath the 1.0 mm thick substrate. Two orthogonally organized
microstrip lines that are matched to a load impedance of 50 Ω
for exciting the radiators. Using altered geometrical structures as
radiating elements, it is possible to increase the impedance band-
width and add new resonant frequencies, as described in [29].
After a certain number of simulation rounds, each radiating ele-
ment has been adjusted to produce the most optimized response.
The offset-feeding methodology suggested here offers a signifi-
cantly larger impedance spectrum when compared to the tradi-
tional center feeding method [30]. The benefits of aligning the
radiating elements perpendicularly include better isolation and
polarization variability. The planar construction has the follow-
ing dimensions: 20 × 20 × 1 mm3. The structure demonstrated a
multiband frequency response covering three distinct frequency
bands 20–21.5 GHz, 22–23 GHz, and 26–29 GHz after simulation
in CST Microwave Studio SuiteTM. In this instance, the isolation
level obtained is −24 dB (Fig. 3).

It should be observed that at 20.3, 22.5, and 27 GHz, respec-
tively, there are essentially three resonant modes. Figure 4 depicts
the antenna surface current flow in Antenna I for three distinct
resonating frequencies. Figure 5 shows the field magnitude at
appropriate frequency points.

Deformation or a flaw in the antenna ground plane is a very
effective technique that may be used to enhance frequency respon-
siveness. Defective ground structures aid in bandwidth control,

Figure 4. Pattern of surface current flow of Antenna I with Port 1 in excited mode at: (a) 20.3 GHz, (b) 22.5 GHz, (c) 27 GHz.
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Figure 5. Far-field magnitude of Antenna I at: (a) 20.3 GHz, (b) 22.5 GHz, and (c) 27 GHz.

Figure 6. MIMO antenna with orthogonal spade-shaped radiators and rhombic slot
in the ground plane (Antenna II).

impedance matching, and surface-wave suppression [31]. A slot-
ted structure in the shape of a rhombus produces a wide band-
width, offers low tolerance for mass alignment, and is also simpler
to fabricate or print. The installation of the rhombic slot in the
ground plane, which is responsible for the formation of new res-
onant modes, can be shown to have increased the magnetic field’s
strength as well as the E-field’s magnitude.The ground of Antenna
I has a rhombic-shaped slot cutout of it with the goal of increasing
bandwidth even more. Antenna II is the newly formed struc-
ture (Fig. 6).The dimensions of the rhombic slot have been chosen
by fine tuning the slot dimensions namely slot width, Sw, and slot
length, Sl. The best response is obtained when the slot dimensions
are kept as Sw = 7.0 mm and Sl = 16.0 mm.The change of antenna
frequency responsewith respect to variation in antenna parameters
Sw and Sl has been depicted in Fig. 7.

In simulation, Antenna II displayed a wide bandwidth, span-
ning 20–28 GHz, and a little improvement in isolation level of
|S21| = 25 dB (Fig. 8). It is evident that there is a deviation in the

Figure 7. Change in antenna frequency response due to variation of Sw and Sl.

Figure 8. S-parameter vs. frequency response of Antenna II.

flow of antenna current along the ground plane as a result of the
presence of the rhombic slot.
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Figure 9. Pattern of surface current flow of Antenna II with Port 1 in excited mode at: (a) 20.9 GHz, (b) 22.1 GHz, (c) 24.5 GHz, d) 27 GHz.

Figure 10. Far-field magnitude of Antenna II at: (a) 20.9 GHz, (b) 22.1 GHz, (c) 24.5 GHz, and (d) 27 GHz.

Figure 11. MIMO antenna with orthogonal spade-shaped radiators, rhombic slot in
the ground plane and T-shaped parasitic element (Antenna III).

It is clear that the addition of a ground plane slot has caused
a deviation in the flow of antenna surface current, increasing the
average magnetic field intensity and, consequently, expanding the
impedance bandwidth. Figure 9 shows the surface current flow
pattern of Antenna II with Port 1 activated at the resonance fre-
quencies of 20.8 GHz, 22.2 GHz, 24.3 GHz, and 27 GHz. The field
magnitude of Antenna II at the same frequency points is depicted
in Fig. 10.

Figure 12. S-parameter vs frequency response of Antenna III.

The single-antenna element provides multiband response. A
MIMO structure has been incorporated to introduce the advanta-
geous features of the same such as higher data rate, time diversity,
frequency diversity, reduced signal distortion, and higher accu-
racy. In order to maintain the design simplicity and uniformity
and space conservation and enhanced isolation between antenna
elements, two radiating structures, placed orthogonally have been
placed.

There has been a negligible change in the frequency response
of Antenna I due to the insertion of the second element. However,
there has been an abrupt change in the response when there is a
deformation in the ground plane. The reason for the same can be
explained with the aid of antenna surface current distribution.
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Figure 13. Pattern of surface current flow of Antenna III with Port 1 in excited mode at: (a) 20.8 GHz, (b) 22.4 GHz, (c) 24 GHz, and (d) 27.1 GHz.

Figure 14. Far-field magnitude of Antenna III at: (a) 20.8 GHz, (b) 22.4 GHz, (c) 24 GHz, (d) 27.1 GHz.

Figure 15. S11 vs. frequency response of Antenna I, II, and III.

As observed from Fig. 4, the antenna surface current in the
ground plane is distributed evenly. Defected ground structures, as
discussed earlier, have the ability to induce resonant modes in the
frequency response of the antenna, whichmainly occurs due to the
disturbance in the antenna surface current flow.With the insertion
of the rhombic slot, the surface current is disturbed, which can be
observed from Fig. 9. The resonant modes so generated thereby
come closer to one another, which in turn results in the increase in
the overall bandwidth.

Researchers working on antennas have taken advantage of par-
asitic strips to improve isolation, as seen in [32]. Parasitic com-
ponents are crucial in lowering the mutual coupling between
antenna elements. Here, we have added a diagonal T-shaped stub
to Antenna III to isolate the radiating components (Fig. 11).

Figure 16. S22 vs.frequency response of Antenna I, II, and III.

Figure 17. Fabricated prototype of Antenna III (front and rear views).

Figure 12 shows the S-parameter vs frequency response of
Antenna III. The surface current flow pattern of Antenna III with
Port 1 excited at 20.6 GHz, 22.2 GHz, 24.2 GHz, and 27.1 GHz is
depicted in Fig. 13. Figure 14 shows Antenna III’s field strength
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Figure 18. Schematic showing antenna operating and
measurement process.

Figure 19. S-parameter vs. frequency response of Antenna III (simulated vs. measured).

at the same frequency points. As seen in Fig. 13, the presence of
a parasitic stub prevents the flow of antenna current across ports,
serving as a de-coupler and enhancing isolation. The antenna cur-
rent is clearly seen to remain concentrated around the parasitic
strip.Therefore, it is conceivable that the parasitic stub that is posi-
tioned between the two radiators is the cause of the deviation in
the antenna current’s path between ports.

The S-parameter vs. Freq. response charts for Antennas I, II,
and III are shown in Figs. 15 and 16. Three distinct frequency
bands (20–21.5 GHz), (22–23 GHz), and (26–29 GHz) have been
acquired for Antenna I. In this instance, a maximum isolation level
of −44 dB was attained. Antenna II displayed a broad bandwidth in
simulation, spanning from 20.0 GHz to just over 28 GHz, despite
the fact that themaximum isolation level (−45 dB) remained essen-
tially same. Our suggested structure, Antenna III, on the other
hand, produced a broad bandwidth of 20.0–28.1 GHz combined
with an increased maximum isolation level of |S21| = 47 dB, which

is unquestionably a remarkable achievement in isolation improve-
ment and reduced crosstalk as cross talk depends on the value
of |S21|. Higher the value of |S21|, lesser will be the cross talk.
The following are Antennas I, II, and III’s varied dimensions:
W = 20.0, L = 20.0, S1 = 4.0, S2 = 16.0, Sw = 7.0, Sl = 16.0,
Fw = 2.0, F1 = 4.25, F2 = 2.25, P1 = 4.0, P2 = 6.5, P3 = 6.5,
P4 = 3.0, P5 = 4.75, P6 = 3.25, p = 0.75, l = 4.0, r = 0.75 and
s = 0.75 mm.

Antenna fabrication, measurement, and analysis

With expert assistance, the antenna prototype is created (Fig. 17).
The walls are covered with urethane foam absorbers.

It may be mentioned here that as a reference antenna for
measurement purposes, a standard gain pyramidal horn antenna
(WR-22) made of Al-material with a nominal gain of 24.7 dBi has
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Figure 20. Rad. Eff. and gain plot of Antenna III (proposed antenna).

Figure 21. ECC and DG plot of Antenna III (proposed antenna).

Figure 22. MEG and CCL plot of Antenna III (proposed antenna).

been employed. The Antenna under test is fixed to the position-
ing system, and N5-230A Vector Network Analyzer (VNA) was
utilized to measure the antenna responses.

The entire operating and measurement process has been
depicted in Fig. 18. The antenna under test (AUT) has been placed
on the positioning system, which acts as the Receiver (Rx) antenna
and the Transmitter (Tx) antenna used here is the horn antenna.
Signal is radiated from the directional horn antenna and the same
is received by the AUT.The signal responses are measured with the
help of the VNA.

The S-parameter vs. Freq. response of the antenna is shown
in Fig. 19.The values of the S-parameters are well matched for sim-
ulation and measurement as well. As seen in Fig. 19, the antenna
produced a wide impedance bandwidth of 21.5–28.5 GHz and an
enhanced isolation level of |S21| = 25 dB, which is unquestionably
a significant advancement in isolation enhancement.

An antenna with a standard gain is kept on the turntable and
calibrated in the bore-sight direction to measure the gain of the
AUT.The antenna needs to be positioned correctly.The power level
(relative) is now determined with the aid of VNA, which enables
us to determine the relative gain of the antenna under inquiry
[33]. Gain being a function of directivity, we may determine the
gain/radiation pattern by altering the gain in different directions.
Figure 20 shows the AUT’s gain and radiation efficiency.

Along the whole bandwidth, antenna gain varies from 7 to
9.3 dBi, while radiation efficiency varies from 65% to 85%.

https://doi.org/10.1017/S1759078724000096 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078724000096


International Journal of Microwave and Wireless Technologies 575

Figure 23. TARC plot of Antenna III (proposed antenna).

Figure 24. Group delay plot of Antenna III (sim. vs. mea.).

Envelope-Correlation-Coefficient or ECC, is crucial when exam-
ining a MIMO antenna’s diversity characteristic. It is a measure
of the degree of independency of the antenna radiation patterns.
Low value is an indication of higher isolation between multi-
ple MIMO ports. Several methods can be used to calculate ECC.
However, the “3D Radiation Pattern” approach is dependable and
precise. Equation (1) may be usedto compute the ECC for aMIMO
antenna as,

𝜌e =
∬

4𝜋 |P1(𝜙, 𝜑)*P2(𝜙, 𝜑)|2 dΩ
∬

4𝜋 |P1(𝜙, 𝜑)|2 dΩ ∬
4𝜋 |P2(𝜙, 𝜑)|2 dΩ

(1)

where, Pi(𝜙, 𝜑) = Pi
𝜃(𝜙, 𝜑)⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗a𝜃 + Pi

𝜙(𝜙, 𝜑)⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗a𝜙 is the ith element’s
radiation field [34]. Using Equation (1), the ECC for antennas may
be determined using S-parameters [35] as follows:

𝜌e( p, q,R) =
|Cp,q(R)|2

∏
k=(p,q)

[1 − Ck,k(R)]
(2)

where Cp,q(R)is given as follows:

Cp,q(R) =
R

∑
n=1

S*
p,nS2n,q

ECC can also be used to determine diversity gain (DG) using
Equation (3) as follows:

DG = 10√1 − (𝜌e)
2 (3)

Diversity techniques are used to reduce the fading effect.
Diversity gain increases the concentration of probability density
function (PDF) of the instantaneous value of signal-to-noise ratio
(SNR), around its average value [36]. Low ECC and high DG are
characteristics of an effective MIMO diversity antenna [37]. The
suggested MIMO antenna’s ECC/DG is shown in Fig. 20 and was
calculated using the radiation field approach and S-parametric
techniques, respectively.

The proposed MIMO antenna, as seen in the image, has pro-
duced low ECC (0.45 dB) and highDG (9.3 dB), which are unques-
tionably encouraging numbers for strong antenna performance.
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Figure 25. Radiation pattern of proposed antenna at YZ/XZ-plane: (a)
20.5 GHz, (b) 24.3 GHz, and (c) 27.2 GHz.

Channel Capacity is the maximum rate of transfer of information
through a channel. The Channel Capacity Loss, or CCL is also a
crucial parameter to be accounted for. For optimal performance
with light channel capacity deterioration and good information
transformation, it should be 0.4 Bits/s/Hz. Equation (4) can be used
to calculate CCL as follows:

CCL = −log2 det(𝛾
r) (4)

where 𝛾r is the correlation matrix in this case [38]. Figure 21
shows the proposed MIMO antenna’s CCL, which is around 0.37
Bits/s/Hz.

We can better comprehend the impact of fading by using Mean
Effective Gain, orMEG.The ratio of themean values of accepted to
incident antenna power along a certain direction is known asMEG
[39]. Equation (5) can be used to compute it as follows:

MEGi = 0.5𝜈p,rad = 0.5(1 −
N

∑
y−1

|Spq|
2) (5)

The MEG is less than 0.3 dB across the whole operational
bandwidth, as can be seen in Fig. 22.

Total active reflection coefficient, often known as TARC,
is a crucial metric to assess diversity characteristics, system
performance, and impedance bandwidth in addition to the
S-parameters. TARC for the suggested antenna can be calculated
using equation (6) and the S-parameters as follows:

Γ =
√|Spp + Spqej𝜑|2 + |Spq + Sqqej𝜑|2

√
2

(6)

Here, 𝜑 is the phase for activating the input port. Input and
output ports’ reflection coefficients are represented by Spp and Sqq,
respectively, and the isolation between the two ports is repre-
sented by Spq/Sqp [39]. The TARC has been assessed in relation to
a few excitation phase angles. Figure 23 shows the TARC curves
for 0∘, 90∘, and 180∘, which show good behavior over the whole
operational spectrum.

A time domain response analysis is also required to determine
the antenna group delay. Equation (7) yields

the Group Delay, 𝛾g = Δ𝛼
Δ𝛽 (7)

where Δ𝛼 and Δ𝛽 are the transmitted signal’s phase deviation
and frequency deviation [39], respectively. Group delay refers to
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Table 2. A simplified error budget for the measurement of antenna gain

Standard horn antenna (SHA) gain measurement errors Error in dB

1 Calibration accuracy of reference SHA 0.06

2 SHA return loss 0.04

3 Other measurement errors (linearity and circularity
of receiver, probe response error, and reflectivity of
chamber)

0.12

Measurement errors of antenna under
investigation (AUI)

1 Receiver circularity 0.03

2 Receiver linearity 0.01

3 RF system stability 0.05

4 Uniformity in response of probe 0.02

5 AUI return loss 0.04

6 Reflectivity of chamber 0.05

Total error in gain 0.42

the delay of the signal traveling through the test device as a func-
tion of frequency. It is an evaluation of the time required for the
modulated signal to traverse the network [40, 41]. The suggested
MIMO antennas in this design are spaced apart by 30 cm in both
the face-to-face and side-by-side orientations to analyze the signal
latency. Signal distortion happens as a result of group delay varia-
tion. Figure 24 shows the characteristic of antenna group delay.The
fluctuation is only 0.5 ns, as can be seen in the image, which is an
acceptable margin.

In this aspect, it may bementioned that due to the emergence of
independent platform communication system, there exists a prob-
ability of co-site interferences. Eminent researchers around the
world have proposed several techniques for cancellation of this sig-
nal interference. Various adaptive co-site Interference Cancellation
Systems (ACICS) have been proposed.

In this regard, effective techniques of broadband interference
cancellation as in [42, 43] may be adopted to enhance the perfor-
mance of the proposed MIMO antenna system. The interference
cancellation bandwidth can be improved by delaymatching, which
has been validated after simulation followed by results of measure-
ment.

In order to measure the radiation pattern across several planes
(XZ/YZ), the AUT’s orientation with respect to the reference horn
antenna must be modified. Figure 25 shows the 2D-polar plot,
which includes the simulated andmeasured antenna radiation pat-
terns (including Cross-Pol. and Co-Pol.) for the XZ and YZ planes
at frequencies of 20.5 GHz, 24.3 GHz, and 27.2 GHz, respectively.
The pattern has few nulls and is slightly omnidirectional. Well-
isolated co and cross polarization patterns are a positive indicator
of the practical applicability of the antenna under test.

The proposed MIMO antenna uses multiple input and output
streams efficiently for improved signal quality and diversity. By
introducing multiple antennas in the transmitting and receiving
ends, multipath fading reduction and channel capacity improve-
ment can be achieved. For this purpose, the antenna should be
compact in shape and size, portable, and uncorrelated to each
other. Our proposed MIMO antenna structure satisfies all the
aspects in this regard.

The main challenge faced during the entire process is taking
into account of the various errors during the measurement of the

antenna gain. A simplified error budget has been prepared for the
measurement of antenna gain, which is shown in Table 2.

Conclusion

Here, a miniaturized, printed, isolation-enhanced 2 × 2 MIMO
antenna has been examined for various 5G communication uses.
The dimensions of the antenna are 20 × 20 × 1 mm3. By sand-
wiching a parasitic element with the shape of “T” between two
orthogonal radiators, an isolationmargin of |S21|≤ 29 dB has been
achieved. The final antenna configuration supports the 24/25 GHz
and 27/28 GHz bands of the 5G spectrum, respectively, and
exhibits a wide impedance bandwidth of 21.5–28.5 GHz. Compact
dimensions, simplicity in design, wide bandwidth, and high iso-
lation are its promising features. In addition, this antenna’s planar
design and incredibly small dimension makes it easy to be incor-
porated in wireless devices. Enhancement of MIMO modes will
definitely add to the increased diversity feature, added gain and
directivity.The choice of parasitic structures of different shapes and
sizes is also an added scope here, which are the possible prospects
of future investigation.
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