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Due to recent advances in nanotechnology, the use of nano-devices and its
network becomes more popular in the field of medical, commercial and
military applications. One of the major issues in designing nano-network is
miniaturization of nano-devices which are limited due to communication
antenna used in that device and its power constraints. At 1000nm size,
an antenna resonates at around 100 THz which suffers from greater
propagation loss and provides signal coverage of micrometer distances.
Hence there is a need for nano-antenna with reduced size and also operating
at mid infrared frequencies to provide a good signal coverage. In this paper,
graphene-based nano-antenna is presented. The model resonates at 55THz
frequency with a peak gain of 5.47 dB in the propagation direction.
The model exploits the principle of surface plasma polarition waves

Reflection coefficient
Surface plasma polariton

for miniaturization and achieves 50% size reduction when compared
to conventional nano-antenna and best suitable for nano-network
communications.
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1. INTRODUCTION

In last few decades, the nanodevices play a vital role in the field of biomedical, military
applications. Designing of antennas suitable for these nano-devices is a big challenge due to its size and
power constraints. Evaluation of nano-antenna at the mid-infrared frequency is carried in [1]. With limited
availability of power, it is impossible to establish communication in nano-networks using materials like
copper etc. This can be mitigated by using graphene material in place of copper. Because of its electrical
property, graphene can act as a good conductive sheet and do work as traditional antenna made of copper.
At the size of nano-meters, the antenna made of copper or other metallic materials resonates at very high
frequencies (hundreds of terahertz). For example dipole antenna of size 1000nm long resonates at 150THz
which results in increased propagation loss and hence covers small regions. This puts a limitation in using of
these antennas in nano-networks. Therefore there is need to design antenna at nano-scale operating at low
frequency. This can be achieved by introducing nano-materials especially graphene having one atom thick in
miniature antennas [2]. Josep Miquel Jornet and Akyildiz [3], proposed an architecture for communication in
nano-networks and its integration with existing communication networks. They modeled and analyzed nano-
based antenna and observed that when graphene is excited by means of electromagnetic waves, the electrons
in the graphene moves back and forth at low frequencies [4] and are called surface plasma polariton (SPP)
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and its behavior is studied and analyzed [5, 6]. Plasmonic antennas have an electrical length greater than its
physical length and hence resonating at lower frequencies compared to a conventional antenna having same
dimension [7] and hence these antennas are more compact in size and are more suitable for nano-devices.
Among may, materials graphene is attracting many researchers in developing nano-antenna due to its unique
electrical properties [8]. Renato lovine et al. [9] studied the electromagnetic behavior of graphene nano-
particles which consist of circular and square rings embedded in the dielectric environment. They concluded
that a larger bandwidth is obtained by varying the geometrical structure of the nano-particles. Yousif and
Samra [10], discussed the influence of antenna length, gap dimensions and shapes on the performance of
optical nano-antenna and observed that the efficiency of the antenna is improved by polarization parallel to
antenna axis.

In this article, a graphene-based nano-antenna operating at terahertz band is modeled and is
analyzed using finite difference time domain (FDTD) method using commercial software. The model
exploits the behavior of surface plasma polariton in order to achieve size reduction and to operate at lower
band frequencies simultaneously. Parametric analysis is carried on the impact of substrate thickness and its
permittivity (€) and dimensions of a graphene layer on performances of antenna impedances and its radiation
characteristics. The results obtained are compared with a traditional antenna made of metallic material and
shows that proposed model achieves good radiation and impedance characteristics with greater reduction in
size having half the size of conventional nano-antenna. Thus the proposed antenna model is suitable for
establishing communication in wireless nano-networks.

2.  PRINCIPLE OF PROPOSED ANTENNA DESIGN
2.1. Surface plasma polariton (SPP)

Surface plasma polariton (SPP) waves are generated at the interface between two metal by passing
electrons into the one of the metal. These waves propagate at much slower speed along the interface and
virtually increase the electrical length of the antenna when compared to the physical length of the antenna.
Hence resonate at much lower frequencies. The proposed model exploits this principle to reduce the overall
size of the antenna and thereby make it suitable for nano-networks communications.

2.2. Geometry of proposed antenna

In order to generate SPP waves, a source is needed to inject electrons in the superstrate medium.
A standard patch antenna of size 900nm x 900nm X 1nm is chosen to operate at 100 THz near-infrared
frequency and is used for this purpose as shown in Figure 1(a). This is in conflict with conventional RF
antenna design. In conventional dipole antenna designs, the height of the antenna is directly proportional to
the operating wavelength which is given by h~)\/2. However, this relation cannot be applied at optical
frequencies in nano-antennas since the radiation emitted pierces into the metal and generates free electron
oscillations along this surface. Therefore for nano-antennas, the length is not directly related with its
wavelength A and hence the dimensions of the nano-antenna depends on a shorter effective wavelength
Aeff <A which are dependent on nano-antenna’s material properties [11] given below.

A
Aeff =n, + n, [E:l (1)

Where 4,, is the plasma wavelength corresponding to metallic material used in nano-antenna and nl
and n2 are coefficients depending on nano-antenna material properties. For a single antenna element having
radius R and effective dielectric constant ¢ the effective wavelength is given by

Aepr = 2R (ny + 1y %) — 4R @)

The patch is modeled on roger substrate having a permittivity (£) of 2.2 and a thickness of 36 nm.
The length and width of roger substrate is taken as 1800nm x 1800nm. Figure 1(b) shows the geometry of
proposed nano-antenna. A glass material having a permittivity (€) of 2.5 is taken as a dielectric medium.
Multilayer graphene is coated on the glass dielectric medium.
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Figure 1. Geometry of nano-antenna; (a) Dimension of patch antenna which acts a source to excite
SPP waves, (b) Final prototype antenna with multilayer graphene

3.  PARAMETRIC ANALYSIS

The permittivity (€) of the material and the dimension of the graphene (L) layer affects the overall
performance of the antenna and hence parametric analysis is carried on these parameters and its effect on
antenna performance is studied.

Figure 2 shows effects on changing permittivity (£) of the upper substrate on operating frequency of
the antenna. Three different dielectric materials having a wide variation in permittivity (£) is chosen and its
effect on operating frequency is shown. It is observed that glass material performs well when compared to air

and roger substrate.
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Figure 2. Effect of material permittivity (€) on antenna performance
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Figure 3 shows the effect of length of the graphene coat on antenna performance. It is observed that
with an increase in the length of the graphene coat, the antenna resonates towards the lower band. It is due to
the fact that when the graphene dimension is lesser than the overall surface dimension of the glass material,
the interface between glass and the dielectric material is lesser and hence the SPP propagates for smaller
distance resulting in the generation of high-frequency components. Therefore the length and width graphene
layer must cover the entire surface of the dielectric material in order to increase the interface length.
This virtually increases the electrical length of the antenna and thereby resonating at lower frequencies which
are observed in Figure 3.
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Figure 3. Effect of length (L) of a graphene layer on antenna performance

4. RESULTS AND ANALYSIS

From parametric analysis discussed above the optimum length of graphene layer is taken as 1800nm
and effective permittivity (£) of the dielectric material (glass) is taken as 2.5. Figure 5 shows the electric field
distribution of multilayer graphene coat upon excitation at the resonant frequency.

When the patch is excited, electrons are injected into the upper substrate (glass). This creates
a surface plasma polaritons (SPP) between the graphene layer and the dielectric interface which are
propagating along the antenna axis. This creates TM1o mode which is linearly distributed on the surface of
the graphene layer as shown in Figure 4. The resonant frequency due to the generation of SPP waves is
shown in Figure 5 and is compared with conventional nano-antenna with the same dimension as that of
the proposed model.

(@) (b)

() (d)
Figure 4. Field distribution on graphene surface; (a) t=0 & T, (b) t=T/4, (c) t=2T/4, (d) t=3T/4

It is observed in Figure 5, conventional antenna resonates at 110 THz. Though it offers good
bandwidth, it suffers from high propagation loss. This results in the poor coverage area of micrometer
distance and also requires huge power requirement compared to poor requirement needed for the remaining
circuits in the nano-devices. This puts difficulty in using conventional design in nano-antennas. This can be
overcome by exploiting surface plasma polaritons (SPP) waves in combination with conventional nano-
antenna as discussed above.
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Figure 5. Comparison of operating frequencies between the proposed models
with conventional nano-antenna

Figure 6 shows gain plot for conventional patch antenna and proposed antenna. It is observed
that the conventional patch gives symmetrical uni-directioanl radiation pattern towards zenith with a peak
gain of 5.25 dB whereas proposed antenna gives bi-directioanl radiation pattern with a peak gain of 5.47 dB.
This is due to presence of SPP waves which gives rise to additional radiation components towards grounf
plane region.
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Figure 6. Gain plot; (a) Conventional patch antenna, (b) Proposed antenna
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The SPP waves generated propagates at a lower speed in the dielectric medium (glass) [6] and hence
virtually increases electrical length when compared to its physical length. This makes the proposed model to
resonate at 55THz near infrared region without sacrificing its performance characteristics and whereas
the conventional model having same length and width as that of proposed model resonates at 110 THz which
is two times greater than the proposed model operating frequency and suffers from greater propagation loss.
This makes graphene-based nano-antenna to cover two times the coverage distance with half the power
requirement needed by the conventional nano-antenna and thereby makes it more suitable for communication
in nano-devices when compared to conventional nano-antennas.The radiation characteristics of conventional
nano-antenna are compared with graphene-based nano-antenna as shown in Figure 7. The conventional
antenna gives symmetrical radiation pattern toward propagation direction with a peak gain of 5.25 dB
at zenith. However, the proposed antenna model gives symmetrical bidirectional radiation pattern with
a peak gain of 5.47 dB. Table 1 shows the performance comparison of proposed model with conventional
patch antenna.
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Figure 7. Radiation pattern; (a) Graphene based nano-antenna, (b) Conventional nano-antenna

Table 1. Performance comparison of proposed model with conventional patch antenna

Parameter Conventional Patch Proposed Model
Size 1800nm x 1800nm x 36nm 1800nm x 1800nm x 36nm
Operating Frequency 110 THz 55 THz
Reflection Coefficient 18.4dB 17.6 dB
Gain 5.25dB 5.47dB
Directivity 5.14 dB (Uni-Directional) 5.38 dB (Bi-Directional)

5. CONCLUSION

In this letter, a graphene-based nano-antenna for communication in nano-networks is modeled
and analyzed. The proposed model exploits the principle of surface plasma polariton (SPP) waves for
its miniaturization. The performances of the proposed nano-antenna are characterized using finite
difference time domain method and are compared with conventional nano-antenna. It is observed that
the nano-antenna achieves greater miniaturization having half the size of the conventional antenna without
sacrificing its performances at its operating frequency and hence it is better suitable for nano-network
communication devices.
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