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ABSTRACT: A compact four-port multiple-input multiple-output (MIMO) antenna operating on the N79 band (4.4-5.0 GHz) is designed
for use in 5G wireless communication systems. The suggested antenna is synthesized over an FR4 epoxy substrate with a relative
permittivity of e, = 4.4, and a standard height of 1.2mm. The overall dimensions of the antenna are 45 x 45 x 1.2mm?®, making
it suitable for insertion into miniature 5G-enabled portable devices. A novel defected ground structure (DGS) is proposed, employing
the strategic placement of two stubs of unequal lengths within the shared ground plane to effectively mitigate surface-wave propagation
and thereby suppress mutual coupling among antenna elements. Thus, the design achieves considerable isolation, with a level below
—20dB across the targeted operational band. The suggested antenna operates at 4.67 GHz with a peak gain of 2.83 dBi and a radiation
efficiency of 92%. The performance of the MIMO antenna was comprehensively assessed using standard diversity metrics, achieving an
0.01 envelope correlation coefficient (ECC), a diversity gain (DG) 0f 9.99 dB, a channel capacity loss (CCL) of 0.36 bits/s/Hz, and a mean
effective gain (MEG) consistently below —3 dB. A strong correlation between experimental and simulated findings points towards the
robustness of the suggested design. With its compact size, high isolation, and excellent MIMO performance, the antenna demonstrates
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strong potential for integration into sub-6 GHz 5G MIMO wireless communication systems.

1. INTRODUCTION

The advent of 5G networks has underscored the significance
of sub-6 GHz bands, particularly n77 and n79, in high re-
gard due to their optimal balance between coverage, penetra-
tion, and deployment cost compared to mmWave frequencies.
While mmWave bands offer extremely high data rates, they suf-
fer from severe path loss, susceptibility to blockage, and lim-
ited penetration through obstacles, making sub-6 GHz bands a
more practical choice for ubiquitous deployment in both ur-
ban and rural environments [1,2]. These mid-band frequen-
cies also enable a smoother transition from existing 4G LTE
infrastructure by supporting backward compatibility and re-
ducing the capital expenditure for network operators. With
5G supporting massive, massive machine-type communica-
tions (mMTC), ultra-reliable low-latency communications, and
enhanced mobile broadband, the design of advanced antenna
architectures is essential to meet the stringent performance re-
quirements of these diverse application scenarios [3]. MIMO
and massive-MIMO techniques are fundamental to achieving
high spectral efficiency and improved link reliability in sub-
6 GHz deployments without requiring extra bandwidth or trans-
mit power [4, 5]. These methods leverage spatial diversity and
multiplexing benefits to improve data rates and ensure reliable
signal transmission. However, increasing the number of radi-
ating elements in a compact array intensifies the inter-element
coupling and raises the envelope correlation coefficient (ECC),
thereby degrading diversity efficiency and reducing the over-
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all system efficiency [6, 7]. This makes isolation enhancement
a critical design challenge in space-constrained antenna con-
figurations. To address these issues, several decoupling tech-
niques have been investigated, including (EBG), electromag-
netic bandgap, DGS, parasitic loading, neutralization process,
and element orientation diversity [8—11]. Each approach offers
distinct advantages, such as suppressing surface wave prop-
agation, introducing bandgap effects, or redirecting coupling
currents to non-radiating regions. For instance, fractal-loaded
MIMO antennas on 72 x 72mm? FR4 panels have achieved
isolation levels near 28 dB, ECC below 0.005, and gain around
3.6dBi [12]. Similarly, metasurface-based four-port MIMO
systems have demonstrated isolation better than —35dB and
gain up to 9dBi, leveraging engineered surface impedance
to enhance electromagnetic performance [13]. Other works
present multi-element designs using orthogonal polarization
and DGS techniques, achieving ECC below 0.03 and isolation
above 20dB in compact sub-6 GHz arrays [14-16]. Despite
these advances, many reported designs exhibit physically large
footprints, intricate fabrication requirements, or complex feed
structures, limiting their suitability for compact and low-cost
wireless devices. For example, John et al. proposed a flexi-
ble dual-band MIMO antenna of size 57 x 50 mm? with iso-
lation exceeding 22 dB and ECC below 0.05 on an adaptable
substrate, showing strong promise for wearable and confor-
mal applications [17]. Likewise, compact two-port and eight-
port designs utilizing ground stubs and radiation nulling ele-
ments have achieved competitive diversity performance in both
mmWave and sub-6 GHz ranges [18, 19]. Nevertheless, there
remains a clear need for designs that strike a balance between
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high isolation, low ECC, stable radiation characteristics, and
a truly compact form factor. In response to these challenges,
the proposed antenna introduces an unequal-length stub-based
DGS mechanism, which progressively enhances mutual cou-
pling suppression from approximately —12 dB to over —20 dB,
a feature not reported in prior n79 MIMO designs. Addition-
ally, the antenna achieves a compact 45 x 45 x 1.2mm? foot-
print, which is significantly smaller than comparable 5G sub-
6 GHz four-port MIMO antennas in recent literature. Compre-
hensive full-wave electromagnetic simulations indicate isola-
tion better than —20 dB, an ECC lower than 0.01, and a peak
gain of 2.83 dBi, all while maintaining a compact and manu-
facturable layout. Furthermore, a detailed parametric study in-
vestigates the influence of DGS slot dimensions, inter-element
spacing, and feed positioning on the overall performance met-
rics. A prototype of the suggested antenna was constructed
and experimentally analysed. Measured results exhibit excel-
lent agreement with simulations, with S-parameter deviations
within 0.5 dB, radiation efficiency exceeding 92%, and diver-
sity gain above 9.99 dB. Furthermore, a comparative study with
previously published sub-6 GHz MIMO antennas indicates that
the suggested structure achieves competitive or better isolation,
ECC, and gain, while offering a reduced footprint and avoid-
ing complex structural modifications. The proposed solution is
therefore well-suited for integration into modern 5G user equip-
ment, small-cell base stations, and portable internet of things
(IoT) devices requiring compact multi-element antennas.

The rest of this paper is structured as follows. Section 2 indi-
cates the antenna configuration, design technique, and paramet-
ric optimization procedure. Section 3 includes both the simu-
lated and experimental results, including a detailed comparison
and performance validation. Finally, Section 4 concludes and
also outlines potential scope for further improvement.

2. ANTENNA DESIGN AND METHODOLOGY

The single monopole antenna attains resonance at the specified
frequency via a systematic design process by carefully model-
ing and optimizing several parameters. Each parameter signif-
icantly influences the antenna’s resonant behavior. In particu-
lar, the ground length and the main resonator were optimized
by deriving the resonator geometry through selective cutting
from an initial circular structure. Fig. 1 depicts the progressive
development stages of the single monopole radiator. In the ini-
tial version (Ant-1), a circular radiating element is implemented
over FR4 substrate with dimensions of 20 x 20 x 1.2 mm?3, ac-
companied by a full ground plane. Microstrip feed line width
(d) is adjusted to 3mm aiming to achieve an impedance of
50 2. This antenna is intended to operate in the 5G NR n79
band (4.4-5.0GHz). However, Ant-1 fails to exhibit proper
resonance due to inadequate surface current dispersion over the
radiator. To enhance impedance matching and enhance radi-
ation performance, the ground plane in Ant-2 is modified to
a partial configuration. This modification significantly broad-
ens the bandwidth of impedance, allowing the antenna to oper-
ate from 4.44 GHz to 6.31 GHz. Although Ant-2 demonstrates
wideband behavior, the achieved bandwidth does not fully en-
compass the desired n79 band. To further shift the resonant
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FIGURE 1. Progression of the single monopole antenna configuration
top and bottom views, (a) Ant-1, (b) Ant-2, (c) Ant-3. The antenna
dimensions are: ¢ = 20mm, b = 20mm, ¢ = 5.1mm, d = 3mm,
and e = 3.5 mm.

frequency to the lower side of the band, the feedline length
is extended in Ant-3. This increased length effectively elon-
gates the electrical path for surface current flow, thereby en-
hancing current distribution across the radiator and lowering
the fundamental resonant frequency. As a result, the modified
antenna achieves full coverage of the n79 band and resonates
at 4.76 GHz, exhibiting an impedance bandwidth ranging from
4.4 to 5 GHz with a fractional bandwidth of 12.7%, while main-
taining good impedance matching and favorable radiation char-
acteristics.

2.1. Four-Port Antenna Design Evolution

The single-element antenna has been expanded to a four-port
MIMO design to enhance system performance by utilizing spa-
tial diversity and mitigating multipath fading effects. The en-
tire physical measurements of the suggested MIMO antenna are
45 x 45 x 1.2mm?>. The antenna elements are arranged or-
thogonally, which increases the effective spacing between ad-
jacent elements and thereby improves isolation. This orthogo-
nal placement also facilitates a compact layout while maintain-
ing the desired radiation performance. The edge-to-edge space
between neighboring elements is represented as g. In MIMO
systems, adding more ports increases channel capacity and di-
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FIGURE 2. Four-port MIMO antenna configuration, (a) without com-
mon ground, (b) with common ground. The antenna dimension param-
eters are: g = 14 mm, [; = 45 mm, I = 45mm and w; = 0.5 mm.

versity gain, thereby enhancing link reliability and overall data
throughput. To achieve spatial diversity and mitigate mutual
coupling, the radiating elements are oriented orthogonally. The
theoretical minimum edge-to-edge separation required for min-
imal coupling is expressed as

Amax c

2 - Qfmin,

9= (M

where ¢ = 3 x 10®m/s is the velocity of light, and fuin =
4.67 GHz is the lowest operating frequency. Substituting these
values yields A\pax ~ 32.115 mm, resulting in g ~ 64.23 mm.
However, due to the compact design constraints, the actual
edge-to-edge spacing is optimized to g = 14 mm through para-
metric analysis. This corresponds to a spacing of less than a
quarter-wavelength (A\/4), which is sufficient to achieve ac-
ceptable isolation and spatial diversity in a compact form factor.
Fig. 2(a) depicts the layout of the suggested four-port MIMO
antenna without a common ground. Enhanced inter-element
spacing, denoted by ¢, is maintained to achieve a balance be-
tween compactness and isolation. With this optimization, the
antenna attains an isolation superior —13 dB across the oper-
ational band. To quantify the mutual coupling, the coupling
coefficient |C..|? between antenna ports is given by (2).

| |2 _ |521|2
V(= [511]2) (1 — [S22]?)

2

(a)

(b)

FIGURE 3. Proposed four-port MIMO antenna, (a) top view, (b) bottom
view with DGS. Antenna dimensions are: I3 = 8.5mm, 4 = 22 mm,
ls = 15mm, lg = mm, wy = 0.5mm, wz = 0.5mm, and wy =
2 mm.
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Assuming ideal return losses at both ports (i.e., S11, S22
0), the expression is simplified to

Ol ~ |81 |* = 10 3)
Substituting So; = —13dB:
|C.|> =10 =10""* ~ 0.0501. (4)
The isolation I between antenna ports is calculated as
I'=—20log,((|Cc|) = —1010g10(|CC|2). ®)
Substituting |C..|? = 0.0501
I = —10log,(0.0501) ~ —10 x (—1.3) = 13dB.  (6)

This confirms the measured isolation performance. The re-
sulting low mutual coupling and high isolation validate the ef-
fectiveness of the suggested compact sub-6 GHz MIMO an-
tenna for practical applications. Although the use of isolated
ground planes may slightly modify the surface current paths
and provide marginal improvements in port-to-port isolation,
this approach introduces significant electromagnetic disconti-
nuities that degrade the structural integrity and electromagnetic
compatibility of the antenna system [20]. Furthermore, iso-
lated grounds often lead to unstable impedance matching, dis-
torted radiation characteristics, and poor integration with RF
front-end circuitry. For practical multi-port MIMO implemen-
tations, a unified ground plane is preferred, as it ensures a con-
sistent return current path, stable impedance characteristics, and
reliable radiation performance. Therefore, designs with sepa-
rate ground planes are generally unsuitable for compact and ro-
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FIGURE 4. Surface current dispersion of the suggested four-port MIMO
antenna at 4.67 GHz for (a) Port 1, (b) Port 2, (¢) Port 3, (d) Port 4 are
excited.

bust MIMO antenna systems due to their susceptibility to per-
formance degradation and operational instability. Fig. 2(b) il-
lustrates the four-port MIMO antenna with a common ground
structure, where a strip of width w; is used to connect all the
ground planes, forming a common ground configuration. How-
ever, with this common ground setup, the antenna fails to res-
onate within the targeted frequency band, and no significant
isolation is observed between the ports. To further improve iso-
lation and impedance matching, a DGS is developed. The front,
rare views of the suggested antenna are indicated in Fig. 3(a)
and Fig. 3(b), respectively. The height of the ground plane
(I3) is parametrized from 3.5 mm to 9.5 mm to regulate the ac-
tual electrical length of the radiator and thereby shift the op-
erating frequency band. An optimum value of I3 = 8.5mm)
enables the antenna to resonate within the target band, with a
resonance observed at 4.8 GHz and mutual coupling reduced
to below —12dB due to improved impedance matching be-
tween the radiating elements. To further enhance isolation, a
ground stub (I4) is etched to suppress surface current coupling
between the antenna elements. The stub length [, is varied be-
tween 20 mm and 23 mm, with optimum value of [, = 22 mm,
and the stub width W5 is optimized to 0.5 mm, resulting in im-
proved current path cancellation and an isolation of approxi-
mately —15dB. Subsequently, an additional stub /5 is incor-
porated to increase the current path difference between the an-
tenna elements, thereby reducing near-field coupling. A para-
metric analysis of /5 in the range of 14—16 mm reveals that the
optimal value of l; = 15 mm, along with an optimized stub
width of w3 = 0.5 mm, achieves an isolation level of approxi-
mately —19 dB. However, this configuration introduces a minor
shift of the resonant frequency and fails to fully cover the n79
band. To overcome this limitation, a ground stub g is incorpo-
rated into the ground plane. A parametric analysis is performed
by varying lg from 7 mm to 8.2 mm, with the optimal value de-
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termined as [g = 7.4 mm. Furthermore, the width of the adjoin-
ing stub wy is optimized to 2 mm. These modifications enable
the antenna to achieve resonance at 4.67 GHz while maintain-
ing an isolation level below —20 dB, thereby ensuring effective
operation within the 5G NR n79 band. Fig. 4 depicts the cal-
culated surface current distribution over the suggested antenna
when each port is individually activated, i.e., Ports 1 to 4, re-
spectively. It can be observed that the active port exhibits a
strong and concentrated current flow along the radiating ele-
ment and the adjacent feed region, confirming efficient excita-
tion at the intended resonant frequency. This behavior validates
the effectiveness of the defected ground structure (DGS) and
optimized element spacing in suppressing surface wave propa-
gation and reducing unwanted coupling paths. The current dis-
tribution of the proposed antenna before and after introducing
the DGS is illustrated in Fig. 5. The figure clearly demonstrates
that the DGS effectively redirects surface currents, thereby re-
ducing mutual coupling between adjacent elements. The step-
by-step DGS evolution improves isolation by progressively dis-
rupting the ground-plane current flow. In the first stage (13), op-
timizing the ground height reduces current spreading beneath
the adjacent radiators, improving isolation to approximately
—12dB. In the second stage (I4), introducing a shallow DGS
notch elongates the return-current path and increases the effec-
tive inductance, raising isolation to about —15 dB. In the third
stage (I5), the addition of an intermediate stub forces the sur-
face current to split into two unequal-length branches, creating
path imbalance and partial cancellation near neighboring ports,
improving isolation to around —19 dB. Finally, the fourth stage
(I6) incorporates a fine-tuning stub that generates a localized
high-impedance region, suppressing residual leakage currents
and enabling isolation better than —20 dB across the n79 band.
Overall, the complete DGS evolution clearly demonstrates the
effectiveness of the proposed structure in controlling surface
currents and achieving strong isolation.

3. RESULTS AND DISCUSSION

The tested prototype of designed four-port antenna, showing
both the front and rear views, is presented in Fig. 6(a). An-
tenna measurements were performed using an MS46122B vec-
tor network analyzer (VNA). The designed antenna is tested
inside an anechoic chamber, as indicated in Fig. 6(b), to eval-
uate the radiation pattern and gain. Fig. 7 indicates the design
evolution of the suggested four-port MIMO antenna. In the ini-
tial stage (Ant-1), the antenna fails to resonate within the de-
sired frequency band. In the second stage (Ant-2), the antenna
achieves resonance from 4.44 GHz to 6.31 GHz with a center
frequency of 5 GHz and a minimum reflection coefficient of
—27dB. However, Ant-2 does not completely cover the N79
band. In the final stage (Ant-3), the antenna resonates from
4.39GHz to 5.36 GHz with a center frequency of 4.76 GHz
and a minimum reflection coefficient of —46 dB, providing im-
proved impedance matching and enhanced bandwidth cover-
age.

Figure 8(a) illustrates the configuration of the suggested
four-port MIMO antenna devoid of a common ground plane.
The antenna while resonating at 4.7 GHz attained a bandwidth
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FIGURE 5. Surface current dispersion of the suggested four-port MIMO antenna at 4.67 GHz for (a) before DGS, (b) after DGS.

FIGURE 6. (a) Prototype showing top and bottom views. (b) Antenna testing using VNA and anechoic chamber.
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FIGURE 7. Evolution stages of the single antenna design with simulated
S11 results.

0f4.4-5.36 GHz, with an acceptable return loss of —46 dB. The
mutual coupling among antenna elements is affected by inter-
element spacing g. By optimizing the spacing, the antenna
achieves an isolation level of approximately —13 dB. However,
practically, completely isolated grounds are challenging to im-
plement due to fabrication constraints, which may lead to per-
formance degradation. To address this, the four-port antenna
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is linked to a shared ground plane, as illustrated in Fig. 8(b).
In this configuration, the antenna resonates at 3.49 GHz with
a bandwidth ranging from 3.23 GHz to 3.80 GHz. However, it
fails to radiate effectively within the desired frequency band,
and no significant isolation is observed between the ports.
These results indicate that the presence of a common ground
plane considerably affecting the radiation characteristics and
coupling behavior of the antenna, thereby highlighting the ne-
cessity of an optimized ground structure in the final design.
Fig. 9(a) presents the parametric analysis of the ground length
l3, varied between 3.5 and 9.5 mm. At l3 = 8.5 mm, the an-
tenna operates over the 4.41-5.65 GHz band, with a resonance
at4.8 GHz and a return loss of approximately —30 dB. The cor-
responding isolation at this frequency is found to be —12dB.
Furthermore, Fig. 9(b) presents the S-parameters of the four-
port MIMO antenna for the optimized value of /3. Fig. 10 il-
lustrates the parametric analysis of the I, and the optimal per-
formance is observed at [, = 22 mm, where the antenna res-
onates between 4.18 and 4.73 GHz with a central frequency of
4.5 GHz. Fig. 10(a) presents the variation in S5 as [4 changes
from 20 mm to 22 mm, while the corresponding S-parameters
at the optimized [, value are shown in Fig. 10(b). Addition-
ally, it is confirmed that the isolation consistently remains be-
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FIGURE 10. Four-port MIMO antenna with DGS. (a) Parametric analysis of l4 for S12 variations. (b) S-parameters after {4 = 22 mm optimization.

low —15 dB near the optimal configuration. Further enhance-
ment in isolation is achieved through the parametric analysis of
the ground stub length [5, as presented in Fig. 11. The value of
l5 is varied between 14 and 16 mm, and the stub width W3 is op-
timized to 0.5 mm. The optimized value of /5 = 15 mm enables
the antenna to operate within 4.30—4.83 GHz, extending the
bandwidth while improving isolation to approximately —19 dB,
compared to the previously achieved —15 dB. Fig. 11(a) shows
the parametric analysis of the corresponding 512 results, while
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Fig. 11(b) presents the S-parameter results for different 5 val-
ues. To further enhance bandwidth and ensure coverage of the
5G NR n79 band, an additional ground stub /g is incorporated
into the ground plane. The optimal value is ¢ = 7.4mm. The
stub width is also optimized to w4 = 0.5 mm. This modifica-
tion shifts the resonant frequency band to 4.4-5.0 GHz, thereby
achieving full n79 band coverage. Furthermore, the isolation
performance has been greatly enhanced to better than —20 dB.
The ultimate simulation results of the S7; and transmission co-
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FIGURE 11. Four-port MIMO antenna with DGS: parametric analysis of stub length 5, (a) isolation parameter S12 and (b) S-parameters for [5 =
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FIGURE 13. Simulated S-parameters of the proposed four-port MIMO

antenna.

efficient S15 are shown in Fig. 12(a) and Fig. 12(b), respec-
tively. The simulated characteristics of the suggested four-port
MIMO antenna are indicated in Fig. 13. The design achieves
isolation levels below —20 dB and offers sufficient bandwidth
to fully cover the 5G NR n79 band, confirming its suitability
for sub-6 GHz MIMO applications. Fig. 14 illustrates a contrast
between experimental and simulated outcomes when Port 1 is
activated. A strong agreement is observed in the S1; responses,
indicating the reliability and accuracy of antenna design pro-
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FIGURE 14. Simulated and measured S-parameters of the proposed
four-port MIMO antenna.
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posed. Owing tothe symmetrical configuration of antenna, all
four ports exhibit similar reflection and transmission charac-
teristics. Fig. 15 illustrates the simulated and experimental di-
versity characteristics of the proposed MIMO antenna, encom-
passing ECC, DG, CCL, and MEG. ECC is a crucial statistical
metric for analyzing the correlation among antenna elements,
evaluating their isolation in MIMO systems. In practical sce-
narios, ECC is estimated based on far-field radiation patterns
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FIGURE 15. Simulated and measured diversity performance parameters of the proposed four-port MIMO antenna: (a) ECC, (b) DG, (c) CCL, and
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using the following expression [27].

BCC,; = ‘fo% Jo [E(Q,gb) . ﬁj*(9,¢)} sin0d9d¢’2
G

F(0,0) ]2 sin 9d9d¢)

1
X .
( o Jo |E5(0,)[ sin 0d0d¢)

(7

An ECC value exceeding 0.5 is deemed acceptable for prac-
tical MIMO systems, while values under 0.01 indicate excellent
isolation. The suggested antenna achieves ECC values below
0.01 in both simulated and measured outcomes, confirming su-
perior isolation performance. Diversity Gain (DG) reflects the
enhancement in signal robustness achieved through spatial di-
versity in MIMO systems. It is mathematically derived from
the Envelope Correlation Coefficient (ECC) and is expressed

as [28].
DG = 104/1 — (ECC)? ®)

Both simulated and experimental DG values for the proposed
antenna approach are 9.99 dB, which is close to the optimal
value of 10dB, showing effective diversity efficiency. The
Channel Capacity Loss (CCL) measures the reduction in system
capacity caused by mutual coupling between antenna elements.
It is computed using the correlation matrix ¥, as expressed be-
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low [29].

CCL = — log, (det(®)) 9
A CCL value below 0.4 bits/s/Hz is generally desired for high-
performance MIMO systems. The suggested design achieves a
computed and measured CCL of approximately 0.36 bits/s/Hz,
satisfying this criterion. MEG indicated the median power ob-

tained by each antenna port in a multipath environment. It is
calculated [30].

N
1_Zj:1|sij|2 i—1.92

MEGZ = 2 ) )

(10)
For a balanced design, the MEG values for all ports should
be comparable and typically fall within the range of —3 to
—5dB. The suggested antenna achieves MEG values less than
—3 dB across both simulation and measurement, indicating a
uniform power distribution and good diversity characteristics.
The suggested four-port MIMO antenna exhibits a peak gain
of 2.83 dBi at the resonant frequency of 4.67 GHz, as shown in
Fig. 17. Additionally, the design achieves a 92% of radiation
efficiency, which indicates minimal conductor and dielectric
losses, as well as efficient impedance matching across the oper-
ating band. The values of stable gain and efficiency across the
desired frequency range further confirm the robustness of the
proposed structure for real-world wireless communication en-
vironments. Fig. 16 attains the experimental and computed ra-
diation patterns of the suggested antenna operating at different
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TABLE 1. Performance comparison of MIMO designs.

Reference (Year) Size (mm®) Frequency (GHz) | Isolation (dB) | ECC/DG | Gain (dBi) | Efficiency (%)
PA (This Work) 45 x 45 x 1.2 4.4-5.0 —20 0.01/9.99 2.83 92
[21] 158 x 60 x 1.6 | 4.8-5.0,5.925-6.4 —17 0.10/NR 2.5 82
[22] 50 x 50 x 1.6 4.38-5.19 —-13.9 0.066/NR 2.8 68.6
[23] 90 x 90 x 1.57 3.56-5.28 —15 0.01/NR 2.8 88
[24] 60 x 60 x 1.6 4.5-5.0 —16 0.02/9.98 2.6 85
[25] 65 x 65 x 1.6 4.3-5.0 —16 0.025/9.97 2.9 84
[26] 55 X 55 x 1.6 4.4-5.1 —14 0.04/9.94 2.7 80
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FIGURE 16. Simulated and measured radiation patterns of the proposed MIMO antenna at (a) 4.4 GHz, (b) 4.67 GHz, (c) 4.8 GHz and (d) 5 GHz.
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FIGURE 17. Simulated and measured peak gains and radiation efficien-
cies of the proposed four-port MIMO antenna.
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frequencies, 4.4 GHz, 4.67 GHz, 4.85 GHz, and 5.0 GHz. The
E-plane patterns maintain a stable and nearly omnidirectional
distribution across the operating band, which is advantageous
for consistent signal reception in various device orientations.
Similarly, the H-plane exhibits a broadside radiation charac-
teristic with minimal deformation over the frequency range,
supporting uniform spatial power distribution in MIMO con-
figurations. This stability across multiple frequencies indicates
that the defected ground structure (DGS) and optimized ele-
ment geometry effectively enhance isolation without degrading
far-field performance. Such consistent radiation behavior en-
sures reliable coverage for sub-6 GHz wireless communication
systems, even under varying operational scenarios.

Table 1 provides a detailed comparison between the sug-
gested four-port MIMO antenna and recently reported designs
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in terms of overall size, operating frequency band, isolation
performance, gain, efficiency, and all MIMO diversity param-
eters. The findings indicate that the proposed design achieves a
compact footprint while maintaining superior isolation and ra-
diation characteristics, proving its high suitability for 5G sub-
6 GHz MIMO applications.

4. CONCLUSION

This work has presented and evaluated a compact four-port
MIMO antenna tailored for N79 band operation (4.4-5.0 GHz).
The design is realized on a cost-effective FR4 substrate with
a geometry of 45 x 45 x 1.6mm?, ensuring suitability for
integration into modern portable 5G devices. The inclusion
of a novel defected ground structure (DGS) and the strategic
placement of two stubs with unequal lengths within the com-
mon ground effectively suppress surface-wave propagation and
minimize mutual coupling, resulting in isolation levels consis-
tently above 20 dB without compromising impedance match-
ing. The antenna is centered at 4.67 GHz, offering a peak gain
of 2.83 dBi with a radiation efficiency of 92%. The multiple-
input multiple-output (MIMO) performance was examined us-
ing standard diversity metrics, achieving an ECC of 0.01, a
DG of approximately 9.99 dB, a CCL of around 0.36 bits/s/Hz,
and MEG maintained below —3 dB. Strong correlation between
the simulation and measurement outcomes reinforces the reli-
ability and practical viability of the proposed structure. With
its reduced form factor, high isolation capability, and favor-
able diversity characteristics, the proposed antenna represents
a promising solution for sub-6 GHz 5G MIMO wireless com-
munication systems.
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