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ABSTRACT

Millimeter-wave (mmWave) fifth-generation (5G) communication systems operating at 28 GHz experience
significant propagation losses, which necessitate the use of compact, high-gain, and wideband antenna
arrays. In this paper, a novel 1x8 hexagonal microstrip antenna array is proposed for 5G mmWave
applications. The array is designed on a Rogers RT5880 substrate with a relative permittivity of 2.2, a loss
tangent of 0.0009, and a thickness of 0.45 mm. By employing a hexagonal radiating geometry and a T-
junction corporate feeding network, the proposed array achieves improved current distribution and
efficient aperture utilization. Simulation results demonstrate that the proposed antenna array attains a
high realized gain of approximately 14.32 dB, surpassing that of several previously reported microstrip-
based arrays, along with a wide impedance bandwidth of 1.84 GHz. Good impedance matching and stable
radiation characteristics are maintained across the operating band. Compared with conventional patch-
based arrays reported in the literature, the proposed design offers enhanced gain and bandwidth
performance while preserving a compact structure. These features make the proposed hexagonal antenna
array a promising candidate for 5G mmWave systems requiring high directivity, broadband operation,
and compact implementation.

Keywords-5G mmWave; 28 GHz; hexagonal microstrip antenna; antenna array; high-gain; beamforming;
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I.  INTRODUCTION

Fifth-generation (5G) wireless communication represents a
major technological leap, enabling Ultra-Reliable Low-Latency
Communications (URLLC), enhanced Mobile Broadband
(eMBB), and massive Machine-Type Communications
(mMTC) [1-3], supporting emerging applications such as the
Internet of Things (IoT), smart cities, autonomous vehicles, and
high-data-rate multimedia services. To satisfy the stringent
performance requirements of these applications, the
exploitation of millimeter-wave (mmWave) frequency bands
has become fundamental, particularly around the 28 GHz band,
which offers a favorable compromise between available
bandwidth and propagation characteristics [4-7]. Despite these
advantages, mmWave signals suffer from severe free-space
path loss, atmospheric attenuation, and limited diffraction at
high frequencies [8, 9], necessitating advanced antenna systems
with high gain, directional radiation patterns, wide impedance
bandwidth, and compact geometries suitable for integration
into modern wireless terminals and base stations; consequently,
antenna array configurations have become essential

components of mmWave 5G communication systems [10].
Microstrip patch antennas are widely regarded as strong
candidates due to their low profile, lightweight structure, ease
of fabrication, and compatibility with planar integrated circuits
[11-15], but conventional single-element designs exhibit
limited gain and narrow impedance bandwidth, restricting their
effectiveness at high frequencies [16]. To address these
limitations, numerous studies have investigated antenna arrays,
optimized patch geometries, and advanced feeding networks to
enhance radiation performance [17-20], with most reported 28
GHz designs relying on conventional rectangular or circular
patches and relatively limited array configurations. From an
electromagnetic perspective, the hexagonal patch geometry
provides several advantages over circular, square, or
rectangular patches; its six-sided symmetry promotes uniform
surface current distribution and smoother current flow along
edges, improving impedance matching, operational bandwidth,
radiation efficiency, and gain while maintaining a compact
footprint suitable for mmWave 5G devices. Motivated by these
benefits, this paper proposes a novel 1x8 hexagonal microstrip
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antenna array operating at 28 GHz, employing a corporate T-
junction feeding network to ensure uniform power distribution
and phase coherence among the array elements. Simulation
results demonstrate a high gain of approximately 14.32 dB, a
wide impedance bandwidth of 1.84 GHz, and a highly directive
radiation pattern, making the proposed array a promising
candidate for next-generation 5G mmWave communication
systems.

II.  ANTENNA CONFIGURATION

A. Geometry of Hexagonal Patch Antenna

The proposed hexagonal microstrip antenna element
(Figure 1) is designed on a Rogers RT5880 dielectric substrate
with a thickness of 0.45 mm, a loss tangent of 0.0009, and a
relative permittivity of €, = 2.2. To ensure proper impedance
matching, a quarter-wavelength transformer is integrated
between the feed line and the patch. The initial design
parameters were determined using classical transmission line
theory [21], and the optimized dimensions are summarized in
Table I.

TABLE L. OPTIMIZED GEOMETRICAL DIMENSIONS OF
THE HEXAGONAL ANTENNA ELEMENT
Parameter Value (mm)
Wa 1.72
Wq 0.15
Lq 2.5
Wit 1.55
Lf 2.05
\ 11.44
L 11.99
W
- i
Wa
<>
L
Wa
Lq
wi 1 Lf
A 4
Fig. 1. Geometry of the hexagonal antenna element.

The hexagonal patch geometry was derived from an
equivalent circular patch. After calculating the effective radius
r of the circular patch according to the standard formulation,

the circular boundary was approximated using six equal
segments to form a regular hexagon. This methodology follows
established practices for approximating polygonal patches from
circular patches in high-frequency microstrip antenna design
[21], preserving the effective radiating area and resonant
characteristics while enhancing the uniformity of the surface
current distribution. The effective radius of the equivalent
circular patch is given by:

"= % % [1 * ((nX;::eff)) x
(1n (m %) + 1.7726)] (1)

8.791x10°

fr
Hz, h is the substrate height, and €, ff is the effective dielectric

constant. & is provided by:

where F = , [r represents the resonant frequency in

_ (er+1)

(ey—1) 1
Seff = 2 + L X

)

where W is the microstrip line width, &, is the substrate relative
permittivity, and h is the substrate thickness. Simulation results
indicate that the proposed hexagonal antenna achieves
excellent impedance matching at 28 GHz, with a minimum
reflection coefficient of —40 dB, ensuring low return loss and
efficient power transfer (Figure 2).

2

s,, (dB)

26 265 27 275 28 285 29 295 30
Frequency (GHz)

Fig. 2. Reflection coefficient (Si1) versus frequency for the proposed
hexagonal antenna element.

The -10 dB impedance bandwidth is 1.12 GHz,
corresponding to a fractional bandwidth of approximately 4%,
and the Voltage Standing Wave Ratio (VSWR) is
approximately unity at the resonance frequency, confirming
proper impedance matching (Figure 3). The antenna provides a
realized gain of 6.37 dB at 28 GHz (Figure 4). Antenna
efficiency is evaluated in terms of radiation, as shown in Figure
5. At the resonance frequency, the single antenna element
achieves a high efficiency of approximately 85%, indicating
low radiation losses and effective power transfer. This high
efficiency is primarily attributed to the good impedance
matching and the optimized geometry of the radiating element,
which ensure efficient radiation.
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Fig. 4. Realized gain versus frequency of the hexagonal antenna element.
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Fig. 5. Radiation efficiency of the proposed single antenna element.

The E-plane (¢ = 0°) and H-plane (¢ = 90°) radiation
patterns are presented in Figures 6 and 7, with half-power
beamwidths of 80.5° and 98.1°, respectively. Such
performance demonstrates the suitability of the proposed
antenna element for 28 GHz mmWave 5G applications, where
stable directional radiation and controlled beamwidth are
required.

Side lobe level = -24.2 dB

Theta / Degree vs. dBi

Fig. 6. E-plane (¢ = 0°) radiation pattern of the hexagonal microstrip
antenna element.

Farfield Gain Abs (Phi=90)

farfield (f=28) [1]

Phi= 90 Phi=270

Frequency = 28 GHz

Main lobe magntude =  17.6 dBi
Main lobe direction = 13.0 deg.
180 Angular width (3 dB) = 23.9 deg.
Side lobe level = -3.1 dB

Theta / Degree vs. dBi

Fig. 7. H-plane (¢ = 90°) radiation pattern of the hexagonal microstrip
antenna element.

B. 1x8 Hexagonal Microstrip Antenna Array

The proposed 1x8 hexagonal microstrip antenna array,
illustrated in Figure 8, significantly enhances the performance
of the single-element antenna by increasing the number of
radiating elements and exploiting array principles to achieve
higher gain and directivity. The array is excited through a
multi-stage corporate T-junction feeding network, which is
fully modeled and optimized as a complete system in CST
Microwave Studio. Starting from a single 50 Q input port, the
feeding network progressively splits the input power through
successive T-junctions until equal power is delivered to all
eight radiating elements. At each junction, impedance matching
is ensured using the parallel impedance formula:

1, 1\t
Zn=(5+7)  Zi=2 =22y 3)
where Z;, is the input impedance at the junction, and Z; and
Z, are the impedances of the two branches. The corresponding
microstrip line widths for each branch are calculated as:
wz.=(377 —z)xh (4)

t ZiEr
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where w, is the microstrip line width for branch i, Z; is the

impedance of branch i (i = 1, 2), &, is the substrate relative
permittivity, and h is the substrate thickness.

The optimized geometrical dimensions of the 1x8
hexagonal microstrip antenna array are summarized in Table II.
The radiating elements are spaced by d = 9.464 mm =~ 0.88A at
28 GHz, which reduces mutual coupling and avoids the
occurrence of grating lobes.
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The radiation patterns exhibit half-power beamwidths of
6.7° in the E-plane (¢ = 0°) and 23.9° in the H-plane (¢ = 90°),
as shown in Figures 13 and 14. These results confirm that the
proposed 1x8 hexagonal microstrip antenna array provides
high gain, high efficiency, and well-controlled radiation
characteristics for 28 GHz mmWave 5G applications.

s,, (dB)

26 265 27 275 28 285 29 295 30
Frequency (GHz)

Fig. 9. Reflection coefficient (Si1) versus frequency of the 1x8 hexagonal
antenna array.

4 T T T T T T T

Fig. 8. Geometry of the 1x8 hexagonal antenna array.
TABLE IL OPTIMIZED GEOMETRICAL DIMENSIONS OF
THE 1x8 HEXAGONAL MICROSTRIP ANTENNA ARRAY
Parameter Value (mm)
Wa 1.58
Wq 0.15
Lq 2.7
Wit 1.55
Lf 4.5
Wq2 0.79
Lq2 1.98
Lf2 9.464
W12 0.4
Lf3 18.928
Lf4 37.856
W3 77.51
L3 27.90

Simulation results show that the proposed hexagonal
antenna array exhibits good impedance matching at 28 GHz,
with a minimum reflection coefficient of —28 dB (Figure 9).
The —10 dB impedance bandwidth is 1.84 GHz, corresponding
to a fractional bandwidth of 6.7%, and the VSWR is close to
unity at the resonance frequency (Figure 10), confirming
proper impedance matching and efficient power transfer. This
behavior ensures uniform excitation and coherent radiation
across the array elements.

The antenna array achieves a peak realized gain of 14.32
dB at 28 GHz (Figure 11). The radiation efficiency reaches
approximately 89.5% at the resonance frequency (Figure 12),
indicating low losses and effective bandwidth utilization.

1
26 265 27 275 28 285 29 295 30
Frequency (GHz)
Fig. 10.  VSWR versus frequency for the 1x8 hexagonal antenna array.
15 T T r
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Fig. 11. Realized gain versus frequency for the 1x8 hexagonal antenna
array.
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Fig. 12.  Radiation efficiency of the proposed 1x8 antenna array.
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Fig. 13.
array.

E-plane (¢ = 0°) radiation pattern of the 1x8 hexagonal antenna
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Fig. 14.
array.

H-plane (¢ = 90°) radiation pattern of the 1x8 hexagonal antenna

III.  ANALYSIS AND DISCUSSION OF THE
SIMULATION RESULTS

Full-wave electromagnetic simulations demonstrate that the
single hexagonal patch antenna exhibits excellent impedance

matching at 28 GHz, with a minimum reflection coefficient of
—33.93 dB and a —10 dB impedance bandwidth of 1.12 GHz,
ensuring low return loss and efficient power transfer. The
VSWR is approximately unity at the resonance frequency, and
the antenna achieves a realized gain of 6.37 dB at 28 GHz, with
half-power beamwidths of 80.5° and 98.1° in the E-plane (¢ =
0°) and H-plane (¢ = 90°), respectively. At the resonance
frequency, the single antenna element attains a high radiation
efficiency of approximately 85%, indicating low radiation
losses and effective power transfer, which is primarily
attributed to good impedance matching and the optimized
geometry of the radiating element.

When implemented as a 1x8 hexagonal microstrip antenna
array using a corporate T-junction feeding network, significant
performance enhancements are observed, with the array
achieving a peak realized gain of 14.32 dB at 28 GHz while
maintaining excellent impedance matching, a VSWR close to
unity, and an increased —10 dB impedance bandwidth of 1.84
GHz. Far-field analysis shows that for ¢ = 0°, the main-lobe
gain is 14.3 dB with a 3 dB beamwidth of 6.7°, whereas for ¢ =
90°, the main-lobe gain reaches 17.6 dB with a 3 dB
beamwidth of 23.9°. Moreover, the radiation efficiency of the
proposed array remains high, with a peak value of
approximately 89.5%, indicating low-loss operation and
effective utilization of the radiating aperture.

These improvements in gain and bandwidth are attributed
to the use of an antenna array, efficient aperture utilization
enabled by the hexagonal geometry, coherent field
superposition, optimized inter-element spacing greater than A/2,
and uniform power distribution with phase coherence ensured
by the corporate T-junction feeding network, establishing the
proposed hexagonal antenna array as a compact, efficient, and
high-performance solution for 28 GHz mmWave 5G
applications.

A. Comparison with Previous Works

Table III depicts a comparison between the antenna array
and previously published arrays, including substrate,
frequency, gain, and bandwidth. It appears that the proposed
1x8 array reaches higher gain and wider bandwidth than earlier
array configurations, confirming its effectiveness for mmWave
5G applications

TABLE III. COMPARISON WITH PREVIOUS WORKS
Ref l;fg::;g Substrate Gain Bandwidth
(GHz) material (dB) (GHz)
[18] 28 RTS5880 10.2 -
[17] 37 RTS5880 12.8 0.677
[19] 28 RT5880 13.06 0.34
Rogers
[22] 28 RO3003 6.6 1.23
Isola Gigaver

[23] 28 210 59 0.69
This 28 RT5880 14.32 1.84
work
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IV. CONCLUSION

This paper presented a novel 1x8 hexagonal microstrip
antenna array operating at 28 GHz for fifth-generation (5G)
millimeter-wave (mmWave) applications. The proposed array
was numerically designed and analyzed on a Rogers RT5880
substrate and excited using a multi-stage corporate T-junction
feeding network to ensure uniform power distribution among
all radiating elements, enabling coherent radiation and
consistent excitation.

Full-wave electromagnetic simulation results demonstrate
that the antenna array achieves a high realized gain of
approximately 14.32 dB, outperforming several previously
reported microstrip-based arrays, along with a wide impedance
bandwidth of 1.84 GHz, corresponding to a fractional
bandwidth of 6.7%, which is suitable for mitigating severe
propagation losses in mmWave communication environments.
The hexagonal patch geometry enables efficient aperture
utilization and improved surface current distribution. This
results in a highly directive radiation pattern with a focused
main lobe and reduced beamwidth, while maintaining a
compact and planar structure that is well suited for practical
integration into 5G mmWave systems. Future work will focus
on extending the proposed design toward beamforming
capabilities through the implementation of a Butler matrix.
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