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Abstract:

In this paper, we propose a dipole antenna for fifth-generation (5G/6G) wireless cellular networks. To realize a
wide frequency range of operation, to examine the enactment of the simulated and modelled dipole antenna 5G
then move in to dipole antenna 6G systems. This paper presents the design and simulation of a high-frequency
dipole antenna suitable for 5G/6G communication systems using Ansys HFSS. The antenna operates at a center
frequency of 140 GHz, placing it in the terahertz spectrum, which is essential for 6G technologies. The antenna is
modeled using Ansys HFSS with a conductor radius (dr) of 0.1 mm, total length (dl) of 4.75 mm, and a 0.1 mm
feed gap (gl). Despite the antenna length being significantly longer than the conventional half-wavelength at 140
GHz (A =1 mm), the simulated return loss (S11) confirms excellent resonance performance, indicating higher
order mode operation. The design demonstrates effective impedance matching and stable resonance at terahertz
frequencies, providing valuable insights into alternative high-frequency antenna configurations for THz-band
communication systems. Simulation results demonstrate that the proposed dipole structure achieves good
impedance matching and radiation performance at the target frequency.

Keywords: Dipole Antenna, 5G/6G, Terahertz, HFSS, High-Frequency Design, Antenna Simulation, Millimetre-
Wave, Impedance Matching, Radiation Pattern.
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Introduction

Today, many new wireless devices are rapidly being developed. Various parties including scientist,
researcher, and engineer are always looking for way to improve and transform these wireless devices into greater
service and experience. Due to that, five and sixth generation (5G/6G) are predicted to be commercialized in the
early 2028 or massively used around 2030. Even it is not being defined clearly, several white papers have been
released by University of Oulu Finland [1], and Samsung Research [2], respectively. Then many industries and
research institutes has declared to work and conduct research in5G/6G [3]. With the rapid evolution of wireless
technologies, the sixth-generation (6G) communication systems are expected to provide ultra-high data rates, low
latency, and improved connectivity. These systems will heavily rely on the use of higher frequency bands,
particularly the millimeter-wave and terahertz spectra. The antenna plays a crucial role in the realization of 5G/6G
systems [1], [4]. Among various types of antennas, dipole antennas stand out due to their simplicity, ease of
fabrication, and well-understood characteristics [10].
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However, there are challenges in order to serve these systems. Related to the main component for a wireless
device that is antenna, a very high data rate needs to be achieved to support the data traffic of these operations and
connected things which may increase to hundreds of devices per meter. A user should have possibility to transmit
data. This paper aims to explore the design of a simple dipole antenna optimized for operation at 30 GHz, a
frequency range commonly proposed for 5G applications. Using Ansys HFSS, a leading 3D electromagnetic
simulation software, we present the design methodology, simulation setup, and results for a dipole antenna that
can serve as a candidate for both 5G/6G implementation.

Table 1: showing the advantages and disadvantages of a dipole antenna.

Advantage Disadvantage
Simple and inexpensive to construct Directional radiation pattern may not suit all uses
Easy to install and use Lower gain compared to directional antennas
Works well in a wide range of frequencies Larger size at lower frequencies
Omni-directional in the horizontal plane Affected by nearby conductive materials
Good impedance matching (usually ~75 ohms) Narrow bandwidth unless specially designed
Suitable for both transmission and reception Limited range in some applications
Can be used as a reference antenna in testing | Requires height above ground for optimal performance

Dipole Antenna Design Methodology.

The dipole antenna is designed using HFSS (High Frequency Structure Simulator) based on the following
parameters and corresponding mathematical calculations as well. The dr = 0.1 mm: Likely the radius of a circular
or cylindrical element (Radius of the antenna conductor). The dl = 4.75 mm: Length of a radiating element
or transmission line (Length of the dipole “total length™). The gl = 0.1 mm: Gap or ground length, affecting
coupling and impedance which mean the Gap length between the dipole arms. Then, the fo = 30 GHz: Target
frequency in the millimeter-wave range will be the Center of resonant frequency. At 140 GHz, design precision is
critical due to the small wavelength (~1 mm). HFSS helps ensure accurate simulation of electromagnetic
behaviour, supporting optimal performance before fabrication [9],[6]. However, we can perform the following
calculation using the f0 value to find the wavelength (1) in free space and that could potentially be used to derive

design insights:

Related study

Theory: Analysis and Design" [2], which serves as a critical resource for engineers. Hasan et al. [2]
contribute by designing a dipole antenna operating at 140 GHz, demonstrating the feasibility of high-frequency
applications for 6G. Millimeter-wave technologies, as discussed by Hong et al. [3], play a significant role in both
5G and 6G wireless communications, offering insights into system architectures and beamforming techniques.
Advancements in on-chip antenna integration are explored by Usurupati et al. [4], who investigate ultra-wideband
CMOS on-chip dipole antennas for sub-THz applications, addressing design challenges at these frequencies.
Similarly, Aparna et al. [6] focus on compact on-chip dipole antennas suitable for 6G applications, emphasizing
integration and performance optimization. Dielectric resonator antennas (DRAs) are presented by Zhang et al. [5]
as efficient alternatives for 5G and 6G applications, offering benefits like lower conductive losses and greater
design flexibility. Parchin et al. [7] introduce a compact phased array antenna with folded dipole radiators,
achieving high gain and steerable radiation patterns essential for THz communications and 6G networks.
Comprehensive reviews by Sa'don et al. [8] analyze various antenna designs for 6G, providing critical evaluations
of their performance metrics. Finally, Shen et al. [9] outline five key facets of 6G research, including next-
generation architectures, spectrum, services, networking, IoT, wireless positioning, sensing, and applications of
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deep learning in 6G networks, offering a broad perspective on the future directions of wireless communication
technologies.

HFSS Simulation Environment

Ansys HFSS (High Frequency Structure Simulator) is utilized for full-wave electromagnetic simulation.
HFSS provides accurate modelling of complex 3D geometries and supports parameterization, optimization, and
result visualization. In this work, a dipole antenna is designed and simulated using HFSS to evaluate its
performance parameters such as return loss, radiation pattern, and bandwidth. Figure 1: dipole antenna properties
in Ansys HFSS (High Frequency Structure Simulator
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Figure 1: dipole antenna properties in Ansys HFSS (High Frequency Structure Simulator).

Design Parameters

These parameters are critical in designing and optimizing dipole antennas to allow for flexible
adjustments and further optimization [3], especially in the terahertz regime like 30 GHz and above. The table2:
shows variables defined in HFSS are as follows:

Table2: shows local variables defined in HFSS.

Description Symbol of Parameter Value Unit

Dipole Radius dr 0.1 mm

Dipole Length di 4.75 mm

Gap between dipole arms o] 0.1 mm
Resonant Frequency (Center Frequency) fo 30 GHz

Geometry Description

The dipole antenna consists of two cylindrical arms each with radius dr = 0.1 mm and a total length of 4.75
mm. The gap (gl) between the arms is 0.1 mm. The center frequency is set at 30GHz. The antenna is modeled in
free space with appropriate boundary conditions and a lumped port across the gap to excite the antenna. Figure 2

The antenna is modeled in free space with appropriate boundary conditions and a lumped port across the gap to
excite the antenna.
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Figure 2 : The antenna is modeled in free space with appropriate boundary conditions and a lumped port across
the gap to excite the antenna.

Simulation Results and Analysis

Return Loss (S11)

Return loss is one of the key indicators of antenna performance. The dipole shows an S11 value below -10
dB at 30GHz, indicating good impedance matching so S11= (-34). This ensures minimal power reflection and
efficient radiation. Figure 2 The dipole antenna shows S11 value S11= (-34dB) at 30 GHz
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Figure 3: The dipole antenna shows S11 value S11= (-34dB) at 30 GHz.
Radiation Pattern with 3D plot

The simulated radiation pattern shows a typical bidirectional pattern expected from a dipole. antenna
design is working very well at 30GHz, producing with High gain (~7.6 dB) in the main lobe. Therefore, the antenna
showing Balanced radiation, indicating a perfect modeled structure. A peak gain of approximately 5 dBi,
demonstrating strong directional performance. A directivity pattern concentrated along the Z-axis, which is ideal
for high-frequency point-to-point communication systems. The 3D radiation pattern of the dipole antenna is shown
in the figure 5.
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Figure 4: The 3D radiation pattern of the dipole antenna.
Gain and Directivity

The gain of dipole antenna at 30 GHz is moderate with high Directivity (~2.8 dB). The dipole antenna
shows that the radiates its power in a specific direction that is ordinary for dipoles. however, the antenna high
Efficiency (~92.7%) confirmed minimal losses in dipole antenna structure. With fallowing formal, we can get
directivity result.

Directivity (dBi) = Gain (dBi) — Efficiency (dB)

But we usually write efficiency as a decimal, so:

S| D

Where:
e D = Directivity (linear)
e (G = Gain (linear)
e 7 = Efficiency (Oto 1)

Then convert to dBi:

G
Dgg; = 10logyo (H)

With optimized result
e S11=-34dB — implies excellent impedance matching, so efficiency = 90-100%
e Gain=2.7dBi
e Frequency =30 GHz
Approximate Calculation (Assuming 95% Efficiency)
Convert efficiency to linear:
n =0.95
Convert gain to linear:

Glinear = 10%7/10 ~ 1.86
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Now compute directivity:

Convert back to dBi:
Dyp; = 10log,((1.96) = |2.9 dBi
Directivity = 2.9 dBi, assuming 95% radiation efficiency.

Bandwidth

Bandwidth is the range of frequencies over which Su: is less than -10 dB, which indicates that at least
90% of the power is accepted by the dipole antenna. Since the value of return loss is S11= (-34) this ensures
minimal power reflection and efficient radiation. So, the bandwidth of the antenna is narrow, as is typical with
dipole designs. The bandwidth range for dipole antenna are (~26GHz) to (~31GHz) that is wide enough bandwidth
for 5G or sub-THz communication where high-speed and low-latency transmission is needed.

From information that given in figure 3 we can calculate the bandwidth.
e  Siuimin =-34dB (very good)
e  Frequency range over which Si; <-10 dB is:
e Lower frequency (fi) ~ 26 GHz

e Upper frequency (f2) =31 GHz

Bandwidth Calculation:

Bandwidth (BW) = f, — f; = 31 GHz — 26 GHz =

Fractional Bandwidth (FBW)
fo—h

0

FBW =

x 100%

Where f, = 2212 = 228 = 285 GHz

5

Bandwidth = 5 GHz (from 26 GHz to 31 GHz). This is wide bandwidth for a dipole, suitable for 5G, mmWave,
and even 6G sub-THz systems. The antenna is well-matched and radiates efficiently with S = -34 dB, which
exceeds design expectations.

Conclusion

From the obtained results the dipole antennas indicated better performance in particular in terms of return
loss the designed antenna was simulated using Ansys HFSS at a resonant frequency of 30 GHz, targeting
applications within the 5G communication spectrum. In addition, from properties design we can change the
parameters of dipole antenna to be suitable for 6G cellular network. The simulation results indicate that the antenna
meets essential performance metrics, including gain, directivity, and bandwidth, which are critical for high-
frequency, high-speed wireless communication as compared to the conventional antennas.

Future Work dipole antenna design for 5G/6G Communications

As we seen in the study the dipole antenna for 5G with 30GHz shows good results and we may extend the
30 GHz Dipole as framework to Sub-THz/THz Frequencies that could use in 6G network. The dipole antenna
designed in HFSS for 30 GHz (mmWave 5G) serves as a foundational prototype for future 6G applications, where
frequencies extend into sub-THz (100-300 GHz) and THz (0.3-10 THz) bands. Below, we outline the
mathematical framework, challenges, and proposed advancements for 6G dipole antennas. The 30 GHz dipole
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design provides a scalable template for 6G, but THz frequencies demand revolutionary approaches in materials,
fabrication, and simulation.
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