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ABSTRACT: In this paper, an ultra-wideband (UWB) multiple-input multiple-output (MIMO) antenna covering the n77, n78, n79, and
6 GHz bands is proposed for 5G applications, which achieves the full coverage of the 5G NR (New Radio) band with a compact geometry.
The antenna is fabricated from low-cost printed circuit boards, with the dimensions of 36 mm x 53 mm x 1.6 mm. The MIMO antenna
has been designed with two positive octagonal antenna monopole elements, which feature triangular fractal slots and a defected ground
plane. Each of these elements is excited by a microstrip feed, and the antenna operates within a bandwidth of 2.92-16.97 GHz, which
encompasses the entire UWB frequency range. The utilization of a floor with T-shaped slots and T-shaped stubs serves to minimize
the generation of coupling currents between the antenna elements, thereby achieving an isolation of in excess of 19 dB across the entire
operating band and a figure in excess of 20 dB in multiple 5G bands. In addition, simulations and measurements show that the antenna
has an envelope correlation coefficient (ECC) less than 0.005, a diversity gain (DG) more than 9.98, a total active reflection coefficient
(TARC) less than —30 dB, and a channel capacity loss (CCL) less than 0.3 bit/s/Hz in the operating frequency band, with good gain and
stable radiation characteristics. The designed antenna has the potential for significant applications in 5G wireless communications.

1. INTRODUCTION

he fifth generation (5G) of communication technology has

become the most widely used communication method in
the present era. In comparison with the fourth generation (4G)
system, 5G communication is favored by people for providing
ultra-dense connections, a Gbps data rate, a low latency of mil-
liseconds and high reliability. Antennas are devices that en-
able the transmission and reception of signals. Consequently,
research on 5G antennas has become a current area of interest.
The high cost of millimeter-wave devices and the susceptibility
of millimeter-wave signals to environmental interference have
prompted researchers to focus on 5G antennas operating in the
sub-6 GHz frequency band. The primary operating frequency
bands for 5G systems below 6 GHz are n77 (3.3—4.2 GHz), n78
(3.3-3.8 GHz), and n79 (4.4-5 GHz). Furthermore, the Min-
istry of Industry and Information Technology of the People’s
Republic of China (MIIT) divided the 6 GHz frequency band
(6.425-7.125 GHz) for 5G communications in 2023 [1]. This
new 5G communications band is being developed. The advent
of sophisticated 5G wireless devices has necessitated the de-
velopment of compact, multifunctional antennas capable of ac-
commodating the diverse requirements of multiple application
scenarios. Compared with narrowband and broadband tech-
nologies, UWB technology is characterized by high transmis-
sion data rates, low power consumption, and high data secu-
rity. However, most antennas can only cover the low frequency
band of the limited 5G frequency band, and UWB technology
has become one of the key technologies for 5G cellular com-
munication in order to cover the 5G frequency band of 6 GHz
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and below 6 GHz. The frequency band range of UWB anten-
nas specified by the U.S. Federal Communications Commission
(FCC) is 3.1-10.6 GHz [2].

Although single-antenna UWB systems are susceptible to
multipath effects, the integration of UWB technology with
MIMO antenna systems effectively mitigates this issue, leading
to enhanced transmission efficiency and communication capac-
ity of the antenna. Nevertheless, in the context of MIMO an-
tenna design, the measurement of isolation represents a crucial
metric for assessing diversity [3,4]. In order to address the is-
sue of coupling, researchers have conducted comprehensive re-
search on 5G MIMO antennas. Ref. [5] employs a trident patch
with a defected floor to achieve dual bands for 5G. Rectangu-
lar stubs are placed between the antenna elements with isolation
below —16 dB, and the bandwidth contains part of the 5G band.
Ref. [6] describes a 5G dual-band MIMO antenna that achieves
an isolation of —26 dB by incorporating three rectangular slots
and a T-shaped stub in the floor, but the bandwidth covers only
part of the 5G band. As presented by Xi etal., acompact MIMO
antenna is described using an E-shaped patch and an arrow-
shaped feed line. A neutral line with a three-quarter circle is
used on the floor to improve isolation and expand the band-
width. The isolation of the antenna is —15 dB at 2.28-2.7 GHz
and 4.96-6.1 GHz [7]. Ref. [8] describes a MIMO antenna in
Ro5880 material using nine circular radiators with embedded
rectangular slots, enabling the antenna to achieve a bandwidth
of 2.3—11.5 GHz, while —16 dB isolation between the units is
achieved through rectangular slots. According to Zeain et al.’s
2024 work, a compact MIMO antenna that uses triangular slots
and parasitic cells between the antenna elements to reduce the
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FIGURE 1. Single-element antenna structure.

coupling between the two ports is described. However, the an-
tenna’s isolation at 3—6 GHz is —13 dB [9].

A four-port rectangular patch MIMO antenna is presented
in [10]. The antenna elements are placed orthogonally to re-
duce the coupling between the elements so that the isolation
between the ports is less than —21 dB, and the antenna has a
relatively large size of 60 x 60 mm?. Ref. [11] describes a re-
configurable MIMO antenna for 4G and early 5G applications.
The antenna consists of two meandering radiating arms diago-
nally opposite to each other, achieving isolation below —12 dB.
The overall size is 120 x 60 mm?, which is relatively large. As
presented by Kumar et al., a compact MIMO antenna is in-
troduced that uses a neutralization line as a decoupling struc-
ture. This antenna employs circular and rectangular embedded
radiators along with defected ground structures to access the
UWRB spectrum, and the neutralization line structure enables it
to operate with a bandwidth isolation of less than —16 dB [12].
In [13], a two-port circular MIMO antenna was designed. A T-
shaped stub with rectangular grooves was incorporated into the
ground plane of the antenna to reduce the convergence of cou-
pling currents and to achieve an isolation of less than —22 dB.
Ref. [14] describes a reconfigurable UWB MIMO antenna. T-
shaped stubs and stepped rods are used above the antenna floor,
and the isolation of the antenna is below —30dB. In Islam et
al.’s work in 2022, a reconfigurable MIMO antenna is described
using a band-stop filter as its decoupling structure, achieving an
isolation below —20 dB across the entire operating bandwidth,
which spans 2.43-2.60 GHz and 3.51-3.79 GHz [15]. As de-
tailed in [16], a two-port MIMO antenna with self-isolation
is proposed, which utilizes pattern cancellation techniques to
achieve a self-decoupling mechanism. The antenna has more
than 22 dB of isolation over the operating bandwidth. Despite
the various decoupling techniques proposed in the existing lit-
erature to mitigate the coupling effect, the designed antenna still
exhibits shortcomings in other performance metrics. These in-

clude an increased antenna size, incomplete coverage of the op-
erating bandwidth, a resonance point that is not aligned with the
applied frequency band, a lack of minimization of coupling be-
tween antenna elements, and a need for improvements in peak
gain and radiation efficiency.

Based on the above scheme, this paper presents a novel
miniaturized antenna structure and design methodology with a
planar profile, compact size, enhanced bandwidth and perfor-
mance, and high isolation characteristics for 5G applications
in the n77, n78, n79 and 6 GHz bands. In addition, the an-
tenna employs a defected ground structure with T-shaped stubs
to reduce the coupling effect between the ports and improve
the impedance matching in the operating band, as well as opti-
mizing the location of the resonance points without the need for
more complex decoupling structures. The final operating band-
width of the designed antenna is 2.92-16.97 GHz, and the res-
onance points are in the n77, n78 and 6 GHz bands of 5G. The
antenna exhibits good gain, directivity, ECC, and CCL charac-
teristics in professional bandwidth applications, including those
related to 5G technology.

2. SINGLE-ELEMENT ANTENNA DESIGN

2.1. Cell Antenna Structure

The geometry of the monopole antenna designed in this paper
is shown in Figure 1. The antenna is made of an FR4 substrate
with a thickness of 1.6 mm, which has a relative dielectric con-
stant (¢,) of 4.4, a loss tangent (tan d) of 0.02, and an overall
physical size of 32 mm x 22mm. The front of the baseplate
consists of a square octagonal radiator and a rectangular mi-
crostrip feed line with an etched triangular fractal slot and em-
bedded nut ring placed in the center of the radiator, allowing
the signal from the antenna to radiate freely. The backside of
the substrate uses a partial floor and rectangular slots, with cor-
ners cut on each side of it respectively, as a way to improve the
impedance matching of the antenna. The antenna design is sim-
ulated and optimized using HFSS2023R 1 software to determine
the antenna structure, and the final geometry of the designed
antenna is shown in Table 1.

TABLE 1. Dimensions of single-element antenna structures.

Parameters Sw SI  Fw  Fl GI Pw V1
Value (mm) 22 32 3 11 138 62 29
Parameters V2 L1 L2 Rl R2 Ex Ey
Value(mm) 87 1 32 45 15 45 35

2.2. Stages of Antenna Design Evolution

The conventional rectangular monopole is modified to obtain
an operating bandwidth in the UWB range and to ensure a res-
onant response at 5G frequencies. The evolution of the antenna
structure is shown in Figure 2 and is divided into six steps, with
the Sy; parameter curves for each stage shown in Figure 3.

In the first step, a rectangular microstrip antenna as shown
in Figure 2(a) is designed from Equations (1)—(4), and c is the
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FIGURE 2. Design flow of monopole antenna: (a) Ant 1, (b) Ant 2, (c) Ant 3, (d) Ant 4, (¢) Ant 5, (f) Ant 6.

speed of light in air, f the frequency, L the length of the patch,
w its width, A the thickness of the substrate, and &, the effec-
tive dielectric constant of the medium. Generally, the design
phase begins with the selection of the lowermost operational
frequency for the antenna. Typically, the lower frequency of
the antenna operation depends on both maximum antenna size
and effective dielectric constant (¢.4) of the material. Conse-
quently, antenna width (w) and length (L) are calculated using
Equations (1)—(4). As shown by the black line in Figure 3, the
antenna produces a narrow bandwidth of operation in the low
frequency band of 5G and resonates at the 5G frequency point

of 3.6 GHz.
c
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In the second step, the four corners of the rectangle on the
front side of the antenna are cut, creating a positive octagonal
radiator. This design allows the current to flow more smoothly
over the surface of the patch due to the gradual change in the
edge corners. As a result, the frequency near the center fre-
quency point meets the resonance requirements, improving the
impedance matching of the antenna. Consequently, the band-
width of the low frequency band is expanded, as shown in Fig-
ure 2(b).

In the third step, the radiating patch is grooved in order to
further increase the bandwidth of the antenna. The introduc-
tion of the triangular fractal groove interferes with the surface
charge distribution of the radiating patch, reducing the conver-
gence of the current in the center of the patch and allowing the

S, (dB)

-60 1 1 1 1 1 1 1

Frequency (GHz)

FIGURE 3. Simulation results of six antennas.

antenna to support multiple resonances. The antenna structure
is illustrated in Figure 2(c). It demonstrates that the antenna
generates four distinct resonance points, effectively expanding
the bandwidths of both the low and high bands as illustrated by
the green curves in Figure 3.

In the fourth step, as illustrated in Figure 2(d), a nut ring is
incorporated within the fractal slot of the antenna. The radius of
the circle is calculated and verified by Equations (5)—(7). The
current path generated by the nut ring serves to augment the res-
onant response of the antenna and enhance impedance match-
ing, resulting in reflection coefficients of less than —10 dB from
3 GHz to 8 GHz. F,.. represents the circular undercut of the res-
onant frequency in terms of GHz.
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In the fifth step, the floor is slotted in order to improve the
impedance matching of the antenna, as shown by the green
curve in Figure 3. The introduction of the rectangular slot in
the floor reduces the overall reflection coefficient of the an-
tenna, especially in the lower frequency bands, thus enhanc-
ing the impedance matching. As a result, a significant break-
through is made in order to achieve UWB performance of the
antenna.

In the sixth step, in order to ensure that the antenna’s op-
erational bandwidth encompasses the entire UWB frequency
range, the floor rectangular slot and floor edge are subjected
to corner cutting, resulting in the antenna structure depicted in
Figure 2(f). The final result coefficients are represented by the
red curve in Figure 3. It can be concluded from the curve that
the antenna working bandwidth is 3.04—16.39 GHz, with res-
onance points occurring at 3.6 GHz, 6.4 GHz, 11.6 GHz, and
12.8 GHz, respectively. The antenna meets the design objec-
tives of having a UWB operating band and generating reso-
nance points in the 5G frequency range with good reflection
coefficient values.

3. MIMO ANTENNA DESIGN

3.1. Antenna Structure

The design of the MIMO antenna is shown in Figure 4. The
antenna uses an FR4 substrate with dimensions of 36 mm x
53mm X 1.6mm. The antenna consists of two symmetri-
cal monopole radiator patches fed with a 50 {2 microstrip line.
Since the coupling between the monopoles depends on the dis-
tance between the radiators, the design aims to ensure a high
degree of isolation between the antenna ports while simultane-
ously reducing the size of the substrate. As a result, a T-shaped
stub is introduced in the middle of the antenna’s ground plane.
Additionally, a hammer-shaped slot is etched in the middle of
the T-shaped stub, and an inverted T-shaped slot is positioned at
the bottom of the ground plane. These modifications not only
help to reduce the coupling currents between the antenna ports
but also improve the reflection coefficient and trigger multiple
resonance responses. The structural dimensions of the designed
antenna are shown in Table 2.

TABLE 2. Dimensions of the MIMO antenna structure.

Parameters w L w1 w2 W3 W4 WS
Value (mm) 53 36 27 1.5 35 56 25
Parameters W6 L1 L2 L3 L4 L5 L6
Value (mm) 6 1.5 26 2 4 3 1

3.2. Stages of Antenna Design Evolution

To investigate the function of the decoupling structures and op-
timize them for good 5G frequency response and high isolation
performance in the 5G MIMO antenna, the design evolution of
the decoupling structure is shown in Figure 5. Figure 6, on the
other hand, presents the S-parameters versus frequency for the
four decoupling structures of the antenna. In the initial step of
the design process, Figure 5 (Step-1) shows the MIMO antenna

FIGURE 4. UWB MIMO antenna structure.

without a decoupling structure. The two monopoles are con-
nected via a rectangular strip, resulting in good performance in
the low frequency band; however, in the high frequency band,
the coupling between antenna elements increases significantly
due to the shorter wavelength of electromagnetic waves. The
black curve in Figure 6 indicates that this antenna experiences
high coupling within the frequency range of 3.07-16.19 GHz.
To solve this problem, the second step introduces a T-stub. The
T-stub acts as an effective decoupling structure that can reduce
the coupling between antenna elements by changing the propa-
gation path and phase of the electromagnetic wave. The green
curve in Figure 6 shows that although the overall isolation is im-
proved, the problem of low isolation still exists in the 6-8 GHz
range. This is because the size and position of the T-stub are not
optimized to the best, or the electromagnetic wave propagation
characteristics do not interact sufficiently with the T-stub in this
frequency band.

In the third step, hammer-shaped slots were designed to en-
hance isolation within the mid-frequency band. The hammer-
shaped slots can further change the propagation path and phase
of electromagnetic waves to achieve better isolation in the mid-
frequency band. However, as shown in the blue curve in Fig-
ure 6, while the isolation and bandwidth in the 6-8 GHz range
are improved, the isolation at 5.5 GHz is slightly reduced. This
is due to the introduction of the hammer slot which has some
effect on the antenna’s radiation characteristics in this band.

Finally, in the fourth step, an inverted T-slot was used. As
a more complex decoupling structure, the inverted T-slot can
achieve better overall isolation by controlling the propagation
and scattering of electromagnetic waves more finely. The red
curve in Figure 6 shows that the overall isolation of the an-
tenna is further improved, and the overall isolation coefficient
is lower than —19 dB, which shows the effectiveness of the in-
verted T-slot in improving the isolation performance of the an-
tenna.

The final antenna operating bandwidth spans from 2.92 to
16.97 GHz, as illustrated in Figure 6(a), with resonance points
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FIGURE 5. Design flow of UWB MIMO antenna: (a) Step-1, (b) Step-2, (c) Step-3, (d) Step-4.
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FIGURE 6. Simulation results for antenna 1 to antenna 4: (a) S11, (b) S21.

occurring at 3.5 GHz, 4 GHz, 5.4 GHz, 6.9 GHz, 9.2 GHz, and
12.8 GHz, respectively. As depicted in Figure 6(b), the isola-
tion coefficients within the operating frequency bands are be-
low —20 dB, with an exception in the range of 6.38—6.92 GHz
where the isolation coefficient slightly exceeds this threshold.

3.3. Antenna Parameter Analysis

The rectangular groove depth at the antenna floor base and the
T-shaped stub dimensions in the middle are crucial in determin-
ing the antenna’s isolation and reflection coefficient. To opti-
mize the antenna’s performance, detailed modelling and param-
eter tuning were carried out using HFSS simulation software.
This process involved optimizing the parameter W1 for the T-
shaped stub and the parameter L4 related to the groove to select
the optimal values. As shown in Figure 7(a), varying parameter
W1 has a negligible impact on the antenna’s bandwidth. How-
ever, it does have a discernible impact on the resonance point of
the low-frequency band. When the value of W1 is setto 27 mm,

it generates a resonance at 4 GHz, and the up and down of the
value of W1 will result in the frequency detuning or weakening
of the resonance strength. As shown in Figure 7(b), the value of
W1 also influences the isolation between the antenna elements.
The S>; value of the antenna is observed to decline as the value
of W1 increases, and the optimal antenna isolation is attained
when the value of W1 is 27mm. As shown in Figure 8, the
S11 value of the antenna exhibits an increase with the increase
of L4, whereas the S,; value demonstrates a decline with the
rise of L4. By comparing Figures 8(a) and (b), it is evident that
the antenna achieves optimal operating bandwidth and isolation
when the value of L4 is 4 mm.

3.4. Antenna Current Analysis

To observe the decoupling effect of the antenna isolation struc-
ture more intuitively, Figure 9 depicts the surface current dis-
tributions of four decoupling structures. By analyzing the sur-
face current relationship between the two antenna elements, im-
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FIGURE 9. Surface current of the antenna: (a) Step-1, (b) Step-2, (c) Step-3, (d) Step-4.

provements can be made to reduce the coupling effect between
them. As shown in Figure 9(a), the MIMO antenna consists
of two antenna elements interconnected through a rectangular
patch on their respective grounds. When antenna port 1 is ex-

cited while port 2 remains unchanged, a significant amount of
coupling current can be observed on the microstrip line of port
2 using HFSS software for current simulation. In Figure 9(b),
a T-shaped stub is added to the ground plane to reduce antenna
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FIGURE 11. Antenna test environment.

coupling, resulting in a notable reduction of coupling current at
port 2. Subsequently, in Figure 9(c), a hammer-shaped slot is
introduced in the middle of the T-stub to mitigate current stag-
nation and prevent the current on the T-stub from coupling to
port 2. However, a small amount of coupling current still per-
sists in the rectangular slot on the ground plane of port 2. In
Figure 9(d), an inverted T-shaped slot is utilized at the bottom
of the ground plane. This design directs part of the current to the
bottom of the ground plane, causing the coupling current at port
2 to disappear. Consequently, the isolation between the antenna
elements is significantly improved. Therefore, the antenna ul-
timately adopts the decoupled structure shown in Figure 9(d),
which effectively blocks current coupling between the antenna
ports and achieves a high isolation effect.

4. RESULTS AND DISCUSSION

4.1. S-Parameters

To verify the feasibility of the antenna, it was simulated using
HFSS software, and the antenna model is physically processed,
and the resulting prototype is shown in Figure 10. As shown in
Figure 11, the antenna was tested using an Agilent N52235A
analyzer within the frequency range of 2—15 GHz, with the
untested frequency bands having no impact on the verification
of the main band’s performance. Figure 12 demonstrates that
the overall trend of the measured data aligns with the simulated
ones. The impedance bandwidth of the antenna spans from
2.92 to 16.97 GHz, encompassing the n77, n78,n79, and 6 GHz
bands for 5G, as well as the UWB from 3.1 to 10.6 GHz. Fur-
thermore, the antenna’s S}, parameter remains below —19dB

across all operating bands, dipping below —20 dB specifically
within the n77 and n78 bands for 5G. Within the n79 and 6 GHz
bands, however, the S|, parameter only falls within a range be-
tween —19dB and —20dB for a limited portion of the spec-
trum. Despite some discrepancies between the simulated and
measured S-parameter data shown in Figure 12, which can be
attributed to factors such as manufacturing tolerances and SMA
interface losses, the overall consistency between the simulated
and measured reflection coefficients confirms the viability of
the antenna’s performance.

——SIMS,, ——MEAS,,
——SIMS,,——MEAS,,

S-Parameter (dB)

50 1 1 1 1 1 1 1

Frequency (GHz)

FIGURE 12. Simulated and measured s-parameters.

4.2. Radiation Properties

The far-field radiation pattern of the MIMO antenna was an-
alyzed to verify its far-field characteristics. The radiation in
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FIGURE 13. Simulated and measured orientation diagrams: (a) 3.5 GHz, (b) 4 GHz, (c) 5.4 GHz, (d) 6.9 GHz, (e) 9.2 GHz, (f) 12.8 GHz.

the XOZ and YO Z planes was measured in a microwave ane-
choic chamber. The two-dimensional radiation patterns of the
resonance points at the test frequencies of 3.5, 4, 5.4, 6.9, 9.2,
and 12.8 GHz are shown in Figure 13. From these radiation
patterns, it can be observed that the test results generally agree
with the simulation ones.

At the resonant frequency of 3.5 GHz, the antenna exhibits
bi-directional radiation in the XOZ plane with maximum ra-
diation gain directions at 0° and 180°, while it achieves omni-
directional radiation in the YOZ plane. Figure 13(b) shows
that at a frequency of 4 GHz, the antenna achieves quasi-
omnidirectional radiation in both the XOZ and YOZ planes.

As shown in Figure 13(¢), it can be seen that at a frequency
of 5.4 GHz, the antenna radiates bi-directionally in the XOZ

plane with maximum radiation directions at 0° and 180°, simi-
lar to the pattern at 3.5 GHz, while maintaining omnidirectional
radiation in the YO Z plane.

Figure 13(d) indicates that at a frequency of 6.9 GHz, the an-
tenna radiates bi-directionally in the XOZ plane with maxi-
mum radiation directions ranging from 0° to 30° and from 180°
to 210°. In the YOZ plane, the maximum radiation direction
is mainly distributed from 210° to 330°.

At 9.2 GHz, as shown in Figure 13(e), the maximum radia-
tion directions of the antenna in the X(OZ plane are concen-
trated near 315° and 15°, as well as between 180° and 240°
(excluding exactly 180° due to a separate peak near that an-
gle). In the YO Z plane, the maximum radiation directions are
mainly distributed between 330° and 30° (wrapping around the
0°/360° point) and between 180° and 210°.
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FIGURE 15. Simulated and measured antenna ECCs.

Finally, Figure 13(f) shows that at 12.8 GHz, the antenna ra-
diates almost omnidirectionally in both the XOZ and YOZ
planes. However, due to the higher frequency, there is some
distortion in the radiation pattern in certain directions, which
may be attributed to physical effects such as diffraction or in-
terference.

Figure 14 displays the maximum gain and radiation effi-
ciency of the MIMO antenna. As shown in Figure 14(a), the an-
tenna’s peak gain (or the maximum gain of the radiation sphere)
increases significantly with frequency, reaching a maximum
value of 6.95 dBi at a specific frequency point. This is attributed
to the enlargement of the radiating patch’s electrical size (the
ratio of its physical size to the wavelength) as the frequency
rises, which enhances radiation efficiency and consequently op-
timizes the gain performance. In Figure 14(b), the radiation ef-
ficiency of the antenna, which represents the antenna’s ability
to convert current in the conductor into airborne electromag-
netic waves, ranges from 73% to 96%. Notably, the radiation
efficiency decreases as the frequency increases, due to an in-
crease in resistive loss and a decrease in coupling between the
antenna and its surrounding environment. Despite this trend,
the radiation efficiency of the antenna within the 5G operat-
ing frequency band remains above 90%, with the exception of
the n79 band. Overall, the antenna exhibits good radiation per-
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FIGURE 16. Simulated and measured antenna DGs.

formance. Due to limited experimental conditions, measured
parameters for gain, radiation efficiency, co-polarisation and
cross-polarisation are not yet available.

4.3. MIMO Antennas Performance
4.3.1. ECC and DG

Envelope correlation coefficient (ECC) is an important metric
reflecting the isolation or correlation between wireless commu-
nication channels as a parametric index for evaluating the diver-
sity performance and coupling performance of MIMO multi-
antenna systems. The smaller the value of ECC is, the smaller
the influence is between antenna elements, and the better the
MIMO antenna performance is. Under the requirements of en-
gineering applications, the acceptable maximum value of ECC
for MIMO antenna is 0.5. ECC can be obtained from Equation

().

i [FL(6.0) 4 Fo (6,9)] de
N

As shown in Figure 15, the ECC of the antenna is less than
0.005 in the operating band, which indicates that the correlation

ECC =

F0.0)] a9 [l,, |72 0.5)] a0 v
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FIGURE 18. Simulated and measured antenna CCLs.

TABLE 3. Comparison of the proposed antenna with several existing antennas.

Ref Size (mmz) Bandwidth (GHz) Isolation (dB) ECC Radiation efficiency (%)
[17] 60 x 65 3.1-5.1 < —15 < 0.13 70-82
[18] 90 x 90 2.77-12 < —15 <0.1 75-82
[19] 60.5 x 62.5 3.5-11 < =20 < 0.01 70-90
3.55-3.8
—1 . .
[20] 68 x 128 46.48 < —-14 < 0.04 90-97
[21] 50 x 50 3.05-11.3 < —16 < 0.02 -
1.9-3.6
[22] 30 x 30 49-116 < —18 < 0.07 25-93
[23] 30 x 40 3.20-5.85 < —-17.5 < 0.05 80-88
This Work 36 x 53 2.92-16.97 <-19 < 0.005 73-96

between the antenna elements is very small, and the antenna can
work stably in the MIMO system.

Diversity gain (DG) is another performance metric of the
MIMO antenna, which can be calculated from the ECC, and
the closer its value is to 10dB, the better the antenna works
efficiently. Equation (9) is as follows:

DG =10 x V1— ECC )

As shown in Figure 16, the antenna exhibits a minimum
value of DG within the operational band of 9.98 dB, thereby
demonstrating favorable diversity performance.

4.3.2. TARC and CCL

Total active reflection coefficient (TARC) is an important per-
formance metric for MIMO antennas. It indicates the effective
bandwidth of a MIMO antenna when multiple ports are excited
at the same time and can be calculated using the S-parameter. In
general, a TARC value less than —10 dB in the frequency band
is considered to design an antenna with low reflection loss and
good phase stability. Equation (10) for calculating the TARC
of the dual-port MIMO antenna is given below:

(10)

TARC — \/(511 + 512)2 + (Sa1 + 522)2
2

The TARC curve of the antenna is shown in Figure 17, from
which it can be seen that the average TARC measured over the
operating band range is less than —30 dB, which indicates that
the antenna is insensitive to phase variations, so the MIMO an-
tenna has good performance.

Channel capacity loss (CCL) is also an important parameter
of multi-input multi-output antennas, indicating the channel ca-
pacity loss of the antenna for transmitting and receiving signals.
Generally, the channel capacity loss of the antenna is consid-
ered acceptable if the CCL is less than 0.4 bit/s/Hz. The CCL
can be calculated by Equations (11), (12), (13), and (14).

CCL = —log, det (o) (11)

OzR _ |: 11 @12 :| (12)
g1 (22

i = 1- ’Zi_lsm*sm (13)

= —’Zizlsm*snj (14)

Figure 18 shows the CCL of the antenna, which exhibits a
channel loss of less than 0.3 bit/s/Hz across all operating bands,
indicating the high reliability of the antenna.
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5. COMPARE WITH EXISTING ANTENNAS

Table 3 demonstrates a comparison of the proposed antenna in
this paper with several existing antennas in terms of size, band-
width, isolation, ECC, and radiation efficiency. The proposed
antenna is smaller in size than those in [17-21]. It has a wider
operating bandwidth than those in [17-23]. It exhibits better
decoupling capability than those in [17, 18,20-23]. The ECC
values of the proposed antenna are lower than those in [17-23].
The radiation efficiency of the proposed antenna is higher than
those antennas in [17-19, 22, 23], and it basically exceeds 90%
in the 5G band. Thus, the antenna proposed in this paper per-
forms well in all aspects.

6. CONCLUSION

In this paper, a compact UWB MIMO antenna is designed with
an operating bandwidth of 2.92-16.97 GHz for 5G in n77, n78,
n79 and 6 GHz bands, and the antenna is constructed with a
novel trapezoidal defected floor structure to obtain the UWB
characteristics. T-shaped stubs and T-shaped slots are intro-
duced in the MIMO antenna floor, and the mutual coupling be-
tween the antenna ports is resolved by analyzing the current
distribution of the model in order to keep the isolation param-
eter of the antenna below —19 dB in the operating band range.
The gain and efficiency of the designed antenna are 6.9 dBi and
90%, respectively, and good radiation patterns are observed in
both the E-plane and H-plane at the center frequency. By cal-
culating the performance metrics such as ECC, DG, CCL, and
TARC in the operating band, the results show that all the met-
rics satisfy the industry standards, and the antenna has good
MIMO performance. Therefore, due to its good radiation char-
acteristics, diversity performance, and compact size, it has a
good application prospect in the field of 5G wireless commu-
nication.
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