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ABSTRACT: A new type of compact line-fed MIMO antenna for 5G wireless communication is presented in this paper. A rectangular
microstrip patch antenna with an inset feed is designed for the 28 GHz and 38 GHz bands. T-shaped patch contains inverted I-shaped slots,
providing a dual-band response at 28 GHz and 38 GHz. By integrating two T-shaped patches, the MIMO (Multiple Input Multiple Output)
antenna significantly improves signal diversity and data throughput, making it highly suitable for modern wireless applications such as
5G networks. Slot-formed defected ground structures (DGSs) are inserted into a partial rectangular ground plane. To fit into handset
devices for the upcoming 5G mobile revolution, the antennas are modestly configured on a substrate measuring 14 x 28 mm?, occupying
minimal area and reducing mutual coupling. The ECC, MEG, TARC, and radiation efficiency values obtained from the antenna systems
are suitable for 5G mobile applications, with excellent reflection coefficient characteristics.

1. INTRODUCTION

ver the past few years, wireless mobile systems with ad-
Ovanced data rates have made substantial developments.
The next generation of wireless mobile communication sys-
tems will require multiple-input multiple-output (MIMO) tech-
nology. Data rate and channel capacity considerably increase
as the number of antenna elements increases at both transmis-
sion and reception sites. Millimeter-wave frequency bands are
likely to be the next generation of mobile communications due
to the significant focus of research societies on them today.
The frequency ranges used by next-generation wireless sys-
tems will include 28 GHz, 38 GHz, 60 GHz, and 73 GHz [1].
Antennas are a crucial component of wireless systems. The
path loss of millimeter waves increases with frequency due
to atmospheric absorption, making the development of high-
gain antennas with compact sizes a significant challenge [2].
The principal design considerations for microstrip antennas in
these applications are bandwidth enhancement and size reduc-
tion, as improvements in one characteristic often cause declines
in the other [3]. Typically, the antenna part of a new RF de-
sign must be low profile, low cost, capable of dual or multiple
bands, minimally planar, and fit into a small space. Several
research projects have been conducted on multiband antenna
systems operating at millimeter-wave frequencies [4, 5]. Many
designs using multiband techniques are currently being cited
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for the use in 5G millimeter wave spectrums. For instance, in
[6], the author presents a circular microstrip antenna with an
elliptical slot operating at 28 GHz and 45 GHz. A triple-band
MIMO antenna with a notch at 5 GHz to block the WiFi chan-
nel is described in [7]. An eight-element two-dimensional slot
antenna designed for 28 GHz is reported in [§]. An antenna
for 28 and 38 GHz and an antenna for 33 GHz with irregular
bands are described in [2]. It is shown in [9] that a single-band
antenna could enhance the gain at 28 GHz by approximately
15 dB. In [10], two microstrip antenna elements at 28 GHz are
implemented on an FR-4 substrate. A concept for designing a
multiple antenna array for 28 GHz and 38 GHz for future 5G
communications is presented in [11]. An antenna operating at
28 GHz and 38 GHz with a proximity coupling feed slotted is
reported in [12]. It is possible to operate a four-element an-
tenna array at 28 GHz, 37 GHz, 41 GHz, and 74 GHz, accord-
ing to [13]. Itis presented in [ 14] that a massive MIMO antenna
would be effective at 28/38 GHz. For upcoming smartphones,
eight MIMO elements are designed with dual-band capability,
with approximately 7 x 15.5mm? of antenna space available
for fifth-generation bands. A novel dual-polarized 5G MIMO
antenna array [15] for 28 GHz and 38 GHz emphasizes com-
pact design while ensuring efficient performance through dual
polarization. The proposed array showcases improved signal
quality, interference reduction, and potential for advanced 5G
applications in millimeter-wave frequencies.

As proposed in [16], the edges of the triangular antenna re-
cede exponentially as the surface is moved away. The con-
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densed surface area of a monopole antenna is typically 10 by
12 millimeters. MIMO antennas with a 2 x 2 configuration
are found to have envelope correlation coefficients of less than
0.001. A cellular smartphone antenna based on millimeter-
wave (mm-wave) technology is discussed in this article [17].

This article discusses 5G millimeter wave (5G MW) mobile
communication with condensed MIMO antennas. MIMO an-
tennas are manufactured using an inexpensive FR4 substrate
(lossy) with h = 1.6 mm and &,. = 4.4, together with a loss tan-
gent (tan § = 0.0009) and dimensions of w x L = 14 x 28 mm?.
This antenna size is chosen to fit a mobile circuit board approx-
imately the same size as the iPhone SE, with a 14 mm x 28 mm
area. The introduced antennas offer several features, including
an efficient radiation pattern, matching impedance bandwidths,
and dual-band functionality. A MIMO antenna with two ports
can achieve isolation greater than 27 dB without any additional
components. The compact size of the MIMO antenna allows it
to fit within the upper and lower boundaries of contemporary
portable gadgets. To facilitate upcoming 5G applications, the
triple MIMO antennas have dual-band purposes at 28/38 GHz,
according to the simulated results.

2. ANTENNA DESIGN

Antenna is designed using a T-shaped patch with inverted I
shaped slots and defected ground surface plane. Detailed de-
sign process is evaluated in three steps as shown in Figure 2.
Simulation tools HFSS are used to model and predict antenna
performance. A physical prototype is then built based on sim-
ulation results. Testing the prototype follows, aiming to op-
timize and refine the antenna design iteratively for improved
performance. It consists of two main stages: the one-element
antenna design and the MIMO antenna with two symmetrical
elements. The resonant effects of multiple antennas can be
achieved with planar antenna configurations. The physical di-
mensions of the antenna are typically determined by the res-
onant frequency (fo), dielectric constant (£,.), and dielectric
height (h) using Equations (1) and (2), respectively [18, 19]:

C
Width= ————;
2o\ =5
- er+1 er—1 1 )
eff —
2 2 1412 (L)
+0.3) (4 40.264
Length= ——*—~0.824h (Cyr +0.8) (5, £0264)) )
for/Eefr (¢ — 0.258) (Y- 40.8)

Transformer impedance feedline is considered for port
impedance matching with a thin substrate of 1.5mm thick-
ness. The distance between the feed points in an antenna or
transmission line system can significantly affect the input
impedance due to changes in the electrical path lengths and
the resulting phase differences. As the distance between feed
points changes, the impedance seen at the feed point can
vary. Proper matching ensures maximum power transfer and
minimizes reflections. Secondly, the effective electrical length
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of the structure can change with feed point distance, altering
the resonant frequency. Thirdly, for antennas, changing feed
point distance can affect the current distribution, thereby
altering the radiation pattern and potentially affecting gain
and directivity. Fourthly, variations in feed point distance
can impact the bandwidth over which the system maintains
acceptable impedance characteristics. For millimeter-wave 5G
mobile communication systems [18], a low-cost, low-profile
printed slotted antenna is used. In MIMO designs, the system
circuit board size is specified as 14mm x 28 mm, which is
appropriate for 5G devices. In photolithography, an antenna
model is built by using optical radiation to light a mask on
a silicon slab, and then it is measured using Agilent’s vector
network analyzer N5230C. The radiation pattern is observed in
anechoic chambers using microwave shields. A two-clement
antenna is presented in this section. The 5G mobile application
operates at two different frequencies: 28 GHz and 38 GHz.
Figure 1 shows the geometrical characteristics of the specified
antenna. A 1.6mm dielectric thickness substrate is used to
fabricate the antenna. These patches are made of copper
material that radiates from the top and bottom of the substrate.
The concept of mutual coupling [19,20] is important in the
design of multiport antennas because it occurs when two an-
tennas are close to each other. An antenna element’s mutual
coupling effect is reduced by increasing the distance between
them. Grazing lobes are prevented by separating the patch an-
tennas by 10.56 mm. Wide and long inset feeds significantly
influence resonance frequencies and return loss levels, so it is
crucial to optimize and run many parametric cases to achieve
maximum results. For impedance matching and isolation, the
backside of the substrate is engraved with a slot. Based on the
configured copper solids on the ground plane, Table 1 shows
the optimized parameters. Figure 2 shows the equivalent circuit
of a two-port inset-fed monopole antenna. The dual-band an-
tenna’s equivalent circuit lumped element model includes L1,
R;, and (', which represent the feed line of the antenna. Lo
and C5 represent the resonant circuit for 28 GHz, and L3 and
Cs5 represent the resonant circuit for 38 GHz. L, and Cjy repre-
sent the mutual coupling between the two monopole antennas.

TABLE 1. Size of the presented antenna.

Parameter | Units (mm) | Parameter | Units (mm)

Ly 28 W1 1

Wy 14 Gp 13

Wy 6.8 Gp1 7.2

Lw 4.5 Gp2 0.2

W 6.7 Lp1

Wi 6.6 Whpa 2

L1 9 Ly 34

Figure 3(a) illustrates the stepwise expansion of dual-band
5G antenna. It is observed from Figure 3(b) that by inserting
inset feed two bands are achieved at 30 GHz and 39 GHz. By
inserting I slot in the patch plane dual-band antenna at 28 GHz
and 38 GHz is achieved. Figure 4 shows the mutual coupling
with and without the Defected Ground Structure (DGS). As ob-
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FIGURE 3. (a) Stepwise expansion of Dual band 5G Antenna and (b) reflection coefficient of different 5G Antenna.

served from Figure 3, with DGS, the isolation is improved from
—25dB to —30dB at 28 GHz and from —20dB to —25dB at
38 GHz.

Using high-frequency structure simulator software, the sur-
face current at 28 GHz and 38 GHz is investigated to gain a bet-
ter understanding of how the introduced antenna functions. The
surface current concentrates mainly on the major patches at the
resonant frequencies of 28 GHz and 38 GHz, as shown in Fig-
ure 5.

3. EXPERIMENTAL RESULTS

The EP 2006 PCB prototype machine is used to create the pro-
posed antenna. Agilent vector network analyzer measures the
antenna’s scattering properties. In a microwave shielded ane-
choic chamber, the antenna’s gain and radiation pattern are
monitored. Figure 6 illustrates the fabricated T-shaped 5G
MIMO antenna configuration. At 28 GHz and 38 GHz, the two
systems resonate, and the reflection coefficient plot is shown
in Figure 7. To enhance the isolation, a square slot and an
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FIGURE 7. Reflection coefficient plot.

inverse L-shaped strip are etched and coupled with a ground
plane. Simulated results are achieved using the software pro-
gram Ansoft HFSS v.13.

The return loss of the antenna suggested in Figure 4 has been
simulated and tested. In this model, Wy1, W, Wy, Lp, Gp,
and Lp; are parametrically tuned to achieve two frequency
bands of 28 GHz and 38 GHz. In 5G wireless communication,
both of these bands are used. For the two-port antenna sys-
tem shown in Figure 8, mutual coupling is illustrated. Since
both antennas operate independently at 28 GHz and 38 GHz
mm-wave frequencies, their mutual coupling value is very low.
Measurement and simulation results match reasonably well.

PORT A(Excited)

(b)

PORTE PORTA

PORT B(Excited)]

FIGURE 5. Surface current distribution on suggested antenna.
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FIGURE 8. Measured and simulated mutual coupling.

The simulated and tested results can differ depending on var-
ious factors, including manufacturing tolerances, the loss tan-
gent of FR4, mismatches between antenna feeds and connec-
tions, connector loss, and inadequate soldering [21-24].

3.1. MIMO Diversity Performance

MIMO antennas with two elements are used to increase data
throughput [25-28]. A MIMO antenna has very close spacing
between its antenna elements, presenting a challenging design
issue. This results in increased port coupling and field cou-
pling. Channel capacity [29] and antenna efficiency are im-
pacted by these couplings. High port isolation and low correla-
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tion levels are essential. MIMO antennas have a variety of per-
formance characteristics, including Envelope Correlation Co-
efficients (ECC), Diversity Gains (DGs), and Total Active Re-
flection Coefficients (TARCs). Radiation patterns between two
radiating MIMO elements can be estimated using the ECC [30].

Figure 9 shows the radiation efficiency of the suggested an-
tenna. The achieved efficiency at 28 GHz is 96% and at 38 GHz
is 90%. Using a two-port antenna system [29], the ECC [29]
and TARC [29] can be obtained as follows:

S5, 812 + S5 S02 |

ECC = L . )
(1= [S1] = [S12])" (1 = [S21] — |S22])
TARC — \/(511 + 512)2 ; (Sa1 + 522)2 )

where S11, S22, S12, and Sy are the S parameters of the
scattering matrix. In Figure 10, satisfactory ECC values are
shown for the operating band. For multi-port antenna systems,
TARC [30] must be evaluated since the reflection coefficient is
considered only for single-element antennas [28, 30-36].

In Figure 11, satisfactory TARC values are shown for the op-
erating band, and in Figure 8, the DG is around 9.99 dB. A very
low ECC value can be achieved for the entire resonating band
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due to the polarization diversity of the proposed antenna sys-
tem. In addition to the gain, the antenna’s ability to transmit and
receive electromagnetic waves is also greatly affected by the di-
rection in which it transmits [43,44]. An illustration of the vari-
ation of gain with frequency can be seen in Figure 12. It is also
important to consider the gain when describing the antenna’s
capability to transmit and receive electromagnetic waves. The
peak gain measured at 28 GHz and 38 GHz are 6.2 and 7 dBi.
The radiation patterns are shown in Figure 13 in both the E- and
H-planes for all three stages of antenna evolution 3(a) and (b),
respectively. It is seen that the antenna elements emit equally
for both planes at both operating frequencies.

Another performance statistic, DG, is used to illustrate how
much transmission power has been reduced. It is calculated
from the ECC using the following calculation [37—42].

DG = VI [ECCP 5)

3.2. Specific Absorption Rate (SAR)

Specific absorption rate of the proposed structure on a numer-
ical muscle equivalent phantom is shown in Figure 14. to
the safety standards, IEEE C95.1-1999 SAR is restricted to
2.0 W/Kg over 10 grams of body tissue. For the designed
structure SAR is 1.85 W/Kg for the 28 GHz frequency and
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TABLE 2. SAR for 15 dBm input power.

Frequency (GHz) | SAR (W/kg.) | Frequency (GHz) | SAR (W/kg.)
28 GHz (portl) 1.31 38 GHz (portl) 2.0
28 GHz (port2) 1.34 38 GHz (port2) 2.1

0.892 W/Kg for the 38 GHz frequency at the applied input
power of 0.1 mW at a distance of 5mm from antenna. Ac-
cording to Federal Communications Commission (FCC) in-
put power for 5G systems can be set to 15 dBm, 18 dBm, and
20 dBm [45]. Table 2 indicates that as the frequency increases
from 28 GHz to 38 GHz, the SAR values also increase, sug-
gesting a higher absorption of power in the tissue at the higher
frequency. This trend is consistent across both ports. The dif-
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ference in SAR values between the two ports at each frequency
is minimal, indicating a similar distribution of power absorp-
tion in the tissue for both ports.

A comparison of the suggested MIMO antenna with recently
published 5G MIMO antennas in the literature is shown in Ta-
ble 2. The performance of the MIMO antenna (ECC, DG, and
TARC) is examined along with antenna size, operating fre-
quency, maximum mutual coupling, gain, and other features
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TABLE 3. Comparative study of different 5G MIMO antenna.

Reference Dimensions mm?> Mutual coupling Resonant Gain (dB) ECC DG
frequency (GHz)
[46] (95 x 49.7 x 21.6) —26 3.3-3.8 4.83 0.03 9.8
[47] (80 x 80 x 12) —15.5 3.08-7.75 8 0.04 9.98
[48] (70 x 40 x 7.048) —25 4249 NA 0.001 9.9
[49] (20 x 40 x 1.6) —29.34 28 GHz 7 0.005 | 9.95
[50] (28 x 16 x 6.3) -33 40 10 0.1 9.98
[51] (26 x 14.5 x 0.508) —39 at 28 GHz and Dual-band 28 5.2 at 28 GHz 0.001 9.08
—39 at 38 GHz and 38 GHz and 5.5 at 28 GHz
[52] NA —35GHz 4.95GHz 10.6 NA NA
[53] NA —35GHz 10 GHz 13.5 NA NA
Suggested (28 x 14 % 1.6) —40 at 28 GHz and Dual-band 28 6.2 at 28 GHz 0.0015 | 9.99
Antenna —42 at 38 GHz and 38 GHz and 7 at 38 GHz
of the antenna design. A few studies have reportedly discussed REFERENCES

reducing mutual coupling by employing defected ground struc-
tures. A diversity MIMO system with improved isolation based
on decoupling structures was presented by the authors in [46—
53] and recorded in Table 3. It has been demonstrated that
the designed MIMO antenna achieves maximum isolation at
the two resonant frequencies. Additionally, despite having a
low profile and small structure, it provides remarkable diversity
performance. Although a few studies showed greater improve-
ments, the complexity and size increased.

4. CONCLUSION

A MIMO antenna with two resonant millimeter-wave
bands and minimal isolation is suggested to meet the high-
performance requirements of the 5G MIMO communication
system. A small monopole radiating antenna is chosen to
produce a two-band response at 28/38 GHz. The MIMO
system, which uses two radiating components placed next
to one another, measures 28 x 14 x 1.6mm?. To improve
mutual coupling at both frequencies without altering the
system’s footprint, a defected ground plane is built and placed
between the two MIMO components. To achieve remarkable
performance at millimeter waves, the radiating components
are placed on a low-loss FR4 substrate. According to the
simulated and measured results, the 5G MIMO antennas have
dual-band functionality at 28/38 GHz to facilitate upcoming
5G applications.
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