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Abstract: In this article a nono dielectric resonator antenna (DRA) is implemented for the THz frequencies. In the DRA all
dimensions are in the nanometer range to operate for THz applications. Proposed geometrical (conical) dielectric resonator (DR) has
high efficiency, low loss and compact size. The following work is to design antenna high gain gain of dBi and radiation efficiency of

82.47% at the frequency of 4.86 THz.
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1. Introduction

In recent years wireless communication is being developed
considering the THz band applications [1]. As the size of
chips is shrinking drastically, it’s the modern requirement to
design a nano-sized antenna that suitable for modern devices
and works on the THz frequencies, which provides a large
bandwidth to work. So to fulfill the modern requirements we
have come to a solution for the THz antenna. A THz antenna
can be categorized into three ways (i) antenna with
metal/dielectric radiator (ii)antenna with the radiator of 2D
material (iii) with the interface of metal/dielectric/graphene.
In the first case, the metallic radiator antenna, the surface
wave, and conductor losses are high at THz frequency, hence
they become less efficient [2-8]. The antenna implemented
using dielectric material as a radiator always remains in the
advantage of providing high gain and high efficiency [7].

In recent decades the dielectric resonator antennas have been
comprehensively studied and major area of research because
of their appealing characteristics such as high radiation
efficiency and gain, wide bandwidth, low surface wave, and
conduction losses, and reduced power consumption in
comparison to metallic antennas [9]. The DRA can also be
implemented for frequency range 0.1 THz-10 THz with very
low losses. DRA has been prominent for the last three
decades in the microwave frequency range due to providing
high gain, high efficiency, and wide bandwidth [4]. In the
dielectric resonator antenna (DRA) as the name suggest a
dielectric material is used for designing the antenna. A high
permittivity antenna dielectric material reduces the size of
the antenna and also provides enhanced performance [5].
The Dra is implemented for THz region frequency by
utilizing the silicon made DR. The utilization of silicon

communication in nano networks in the THz frequency
range.

2. Antenna Design

We proposed a conical shape DRA antenna for THz
frequency. In this prototype, we use the substrate material of
silicon dioxide (=4, =1, and mass density=2220) having
dimensions (42*42*6) nm. And the ground plane made up
of silver (=1, =0.9999) and mass density=10500), and
dimensions are (42*42*6) nm. Nano wave-guide material
Silver (=1, =0.99998 and mass density=10500).NANO
wave guide length=21nm and width=3nm. At the top of the
ground plane, we put a conical shape DR. We use Silicon
(=11.9, =1, loss tangent= 0.001 and mass density=2330) and
the radius of base touching to the ground is 4nm, and the
radius of the top of the cone is 3nm.
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Figure 1: Conical shape dielectric resonator antenna

Component Material Length | Breadth | height
Silver (&.=1, p,
Ground plane =0.99998 and mass 42 42 8

density=10500)
Silicon dioxide (&,=4,

material provides high permittivity which can enhance the Substrate ur=1 and mass 42 42 8
radiation properties like gain and radiation efficiency [6]. densiy=2220)
Silicon (,=11.9, u,
. . Antenna _ -

So learning from above, the proposed geometrical antenna (conical) =1, loss tangent= 4 . 3
design which is a conical dielectric resonator (DRA) can be 0.001 and mass | (radius)

implemented in chip level devices for the device to device density=2330)
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Silver (&,=1, u,
=0.99998 and mass 21 3

density=10500)
All the dimensions are in the nanometer range to perform
the antenna inthe THz frequency range.

Feed line

3. Stimulation and Performance

To understand the results of the proposed conical DRA
antenna we have designed an antenna and stimulated it. It is
a simple DR antenna whose dimensions are discussed in the
antenna design. The operating frequency of the designed
antenna is 4.826 THz and all the dimensions are in the nm
range. The conical shape is preferred for the ultra-wide
bandwidth over other structural DRA and it is found using
the mathematical calculations. To understand the antenna
structure is implemented and analyzed. Fig(2) presents the
basic structure of the antenna in which the bottom-most part
is the ground plane and the shape of the antenna is conical
and the feeding method is a microstrip patch where the port
is performed.

Figure 2: Design of the antenna

The conical DRA is used for the ultra-wideband frequencies
in the devices. Since DRA has high bandwidth gain and
efficiency at higher frequencies over microstrip patch
antenna is the most preferred design for the high frequencies.
Fig (3) shows the 3D pattern of the farfield i.e. how the
antenna is performing.

Figure 3: 3D pattern of farfield of proposed conical DRA

The operating frequency of the proposed antenna is 3THz to
5THz. The radiation loss is minimum at 4.826THz and gain
at this particular frequency is 6.001dB.

Fig (4) represents the s parameter of the antenna obtained
after stimulation of antenna.s parameter describes the input
output relationship and also known as the return loss. It
represents the reflected power from the antenna.
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Figure 4: S11 parameter

The S11 parameter is minimum at the 4.826THz so at this
frequency the return loss is minimum so at this particular
frequency we will get the maximum gain and efficiency.

Fig (5) shows the gain vs frequency graph of the antenna
between 4THz -5THz. At the particular frequency ( at 4.826
THz ) the gain achieved is 6.001dB.
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Figure 5: Gain vs Frequency
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Figure 6: Impendence vs Frequency

Fig (6) shows the graph between the impendence and
frequency at hte resonant frequency the impedence of the

antenna is 33.55o0hm.
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Figure 7: Gain '('aB) vs Frequency(THz)
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Figure 8: Directivity vs Frequency

After the stimulation of the deigned DR antenna we achieved
the following results:
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The results obtained by the stimulation is
gain: 6.201 dBi

Radiation efficiency: -0.9168dB

Total efficiency: -1.924dB
So on calclating the
mathematical function :
Gain = efficiency *directivity

So efficiency is

Efficiency= (gain/directivity)*100

So on calculating the efficiency percentage it is 84.17%.

radiation efficiency using the

Gain Efficiency
6.201dBi 84.17%

4. Result and Analysis

After the stimulation of the designed conical dilelectric
resonator antenna (DRA) we hav achieve the efficiency of
84.17% and gain of 6.201dBi.this antenna can be used for
the device to device communication at THz frequency range.
The described antenna design is used for the ultra-wideband
frequencies.
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