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Abstract. In this paper a different nano material i.e. elebdduminium(Ni-Al)
alloy is presented for optical communication. Gaiigr gold and silver as
nanoparticale are used for optical antenna dubew optical properties, but they
seem to be more costly than these materials ants lthe use of optical antennas
for general purpose. Optical antennas are the romwemd of technology, which
makes the antennas to operate at optical frequamdy makes the optical
communication possible at nanoscale, which wastduinto micro scale. Hence,
optical antennas will bring a revolutionary chamgéschnology.
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l. I ntroduction

From the very beginning gold nanoparticle has baead for Optical
antennas which limit their use for general purpdse to its increasing cost.
Basically, Optical antennas are specially designado antennas for optical
communication. As at optical frequency, losses lasigh, so normal antennas
cannot serve the purpose. Therefore, it createddlsec requirement of antennas
for optical communication. Optical antennas areick=/that enable the control and
manipulation of optical fields at the nanometerlescand hold promise for
enhancing the performance and efficiency of phatection, light emission and
sensing. Although many of the properties and patarmef optical antennas are
similar to their radio wave and microwave counteiathey have important
differences resulting from their small size and tksonant properties of metal
nanostructures. The objective of optical antennsigieeis equivalent to that of
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classical antenna design: to optimize the eneagster between a localized source
or receiver and the free-radiation field. In certeecent studies, however, the term
‘optical antenna’ has clearly been stretched beytsndommon definition in radio
wave technology. An antenna is not simply a reswnat a strong scatterer.
Instead, it is defined by its function, namely asamsducer between free radiation
and localized energy. Its efficiency is definedtbg degree of localization and the
magnitude of transuded energy. The term ‘antenmaised in a wide range of
contexts, such as for tent posts, the beams ahgdibats or insect whiskers. The
electro-magnetic antenna, originally referred to aas ‘aerial’, is a transducer
between electromagnetic waves and electric currants generally operates in the
radiofrequency regime. In analogy with the electagmetic antenna, we define the
optical antenna as a device that converts freadpagating optical radiation into
localized energy, and vice versa[l] into the optit@quency regime. The
introduction of the antenna concept into the opticquency regime will lead to
new technological applications, such as enhancbgprgtion cross-sections and
guantum yields in photovoltaic, releasing enerdiciehtly from nanoscale light-
emitting devices, boosting the efficiency of phdtemical or photo physical
detectors, and improving spatial resolution in cgdtimicroscopy. The absence of
optical antennas in technological applications rigngarily associated with their
small scale. Antennas have characteristic dimessibrthe order of a wavelength
of light, demanding fabrication accuracies betteant 10 nm. The fabrication of
optical antenna structures is an emerging oppdytuioir novel optoelectronic
devices. Nanotechnology is defined as the appticatif scientific knowledge to
control and utilize matter at the nanometer scabot 1-100 nm). At this scale
size related properties and phenomena can emesfydfgcause diffraction limits
the confinement of propagating radiation to roughdyf a wavelength, the length

scales over which optical fields can be manipulataditionally lie outside the size
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range of interest to nanotechnology. It is oftersgide to spatially separate the
nanoscale building blocks and to study their plaisemd chemical properties by
using standard spectroscopic techniques [4, 10jvever; their properties can
change once they are embedded in a macroscopatustlbecause of interactions
between the building blocks and with the environtém fact, one of the most
interesting aspects of nanoscale systems involvepepies dominated by
collective phenomena, which can bring about a laegponse to a small stimulus
In some cases. To understand optical fields in swchplex nanoscale structures,
challenging obstacles in detection and control rbesbvercome. Optical antennas
help surpass the diffraction limit, making it pddsito manipulate, control, and
visualize optical fields on the nanometer scalee Titroduction of the antenna
concept into the optical frequency regime will pdevaccess to new technological
applications [5-6]. Optical antennas will likely Benployed to enhance absorption
cross sections and quantum yields in photovoltaictelease energy efficiently
from nanoscale light-emitting devices, to boost effeciency of photochemical or
photo physical detectors, and to increase spaslution in optical microscopy.
The field of optical antennas is in its infancydamew studies and developments

are evolving at a rapid pace.

[I. History

The concept of the optical antenna has its rootseir-field optics [7]. In
1928, Edward Synge proposed the use of a collgdhl particle for localizing
optical radiation on a sample surface and therelyassing the diffraction limit in
optical imaging[8]. Then, in 1985, John Wessel pssgd for the first time that a
gold particle could function as an antenna[9]. Tliest experimental
demonstrations of this followed in 1995 by DieteshPand Ulrich Fischer, who

used a gold-coated polystyrene particle20. In tewing years, optical antennas
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in the form of sharply pointed metal tips were ugedear-field microscopy and
spectroscopy [10]. These experiments gave birtiHat is today known as ‘tip-
enhanced near-field optical microscopy’. It shobkl noted that antennas were
used as whisker (Schottky) diodes for the detectm mixing of infrared
radiation in as early as 1968[11-13]. These studm#inued, and since then
various infrared antenna geometries have beenmsgttally investigated [14,15].

Bow-tie antennas were proposed as near-field dppiczbes in 1997, and
initial proof-of-principle experiments have beenrfpemed in the microwave
regime [16]. In follow-up experiments, bow-tie amt@s were fabricated on the
tips of atomic force microscopes [17]. After estsiiihg the analogy between near-
field optical probes and optical antennas, antestinectures were grown on the end
faces of aperture-type near-field probes (also knoas tip-on-aperture
probes)[12,18]. Following these developments, sdvgroups set out to explore
various geometries of antenna, both experimentatyg theoretically. As an
example, Fig. 2 shows various antenna configuratfabricated by focused ion-
beam milling and electron-beam lithography.

Surface Plasmon resonances make optical antenniasufaaly efficient at
selected frequencies — an attribute that also hoptdmise for biological sensing
and detection [19-20].

[11.  Main thrust of the paper

Although optical antennas are strongly analogouthéx radio frequency
(RF) and microwave counterparts, there are crudiférences in their physical
properties and scaling behavior. Most of thesestbfices arise because metals are
not perfect conductors at optical frequencies, drat strongly correlated plasmas
described as a free electron gas. Optical anteamgaalso not typically powered by

galvanic transmission lines; instead, localizedllagors are brought close to the
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feed point of the antennas, and electronic osilat are driven capacitive.
Moreover, optical antennas can take various unudaahs (e.g., tips or
nanoparticles), and their properties may be styosigape- and material dependent
due to surface Plasmon resonances. Typically, éinab@ntenna interacts with a
receiver or transmitter in the form of a discreteugfum system, such as an atom,
molecule, or ion. Because the antenna enhancesntbeaction between the
receiver or transmitter and the radiation field,may control the light-matter
interaction on the level of a single quantum syst&m the one hand, the presence
of the antenna modifies the properties of the quargystem, such as its transition
rates and, in the case of a strong interactiom éwe energy-level structure. On the
other hand, the properties of the antenna dependhenproperties of the
receiver/transmitter. Thus, the two must be reghedea coupled system.

Since gold and silver has been used for opticararas due to their optical
properties, it's now the time to have different aggch towards the selection of
material. Metal nanopatrticles interact stronglyhwitisible and infrared photons
due to the excitation of localized surface plasm{rSPs)[22,23]. LSPs are a
result of coherent oscillations of conduction alews, and can be excited in some
metals by UV, visible or NIR photons. The stronggstical interaction occurs at a
resonance, with the resonance condition being atifum of the nanoparticle
size, shape, and type of metal, as well as the thekectric environment[24] Once
excited an LSP can decay radiatively, resultingseattering, or nonradiatively,
resulting in absorption. The sum of absorption eauwéttering is known as
extinction, and the extinction peak occurs at #®onant wavelength of the LSP.
The strong, tunable optical properties of metalopanticles have lead to a wide
range of applications, ranging from biosensing 28b,to0 photovoltaic’s[27]
Various physical characteristics of electro lesskali coatings, such as hardness,

wear resistance, coating uniformity, and corrosiesistances, as Well as the
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ability to plate non-conductive surfaces make thisoating of choice for many
engineering applications Electro less nickel camircompliment aluminum's
inherent characteristics by adding hardness, wesistance, corrosion protection,
and solderability. Therefore nickel aluminum wouldrk best as nanopatrticles for
optical antenna. First of all, various energy paetars of this alloy is checked with

respect to the time, such as potential, kinetictatal energy.
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Fig.1. Plot of total energy(blue curve) and pot@rgnergy( red curve) against time

Fig.2 Plot of kinetic energy against time

From the various plot of energy graph its being/\vaear that energy of Ni-
Al alloy is high initially and it decreases as tinmereases. Now next step for

antenna at nanoscale is to find the electric fglldancement.
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Fig.3. Plot of normalized enhancement against time

From the above figure it's clear that if aluminunckel alloy is used as
nanoparticle for antenna , then its enhancemeloingnitially and increases with
respect to time till a certain point, known asealppoint and then again decreases
Also its energy parameters decrease with time hwhigits it use as a material for

antenna .

V. Concluson

The study of optical antennas is still in its infgnWhile some properties
directly derive from classical antenna theory, theect downscaling of antenna
designs into the optical regime is not possibleabse radiation penetrates into
metals and gives rise to plasma oscillations. Inega, an optical antenna is
designed to increase the interaction area of d losorber or emitter with free
radiation, thereby making the light—matter intei@ctimore efficient. To reduce the
cost of gold optical antenna, various parameterslofminum nickel alloy was
discussed. Though cheaper and stronger than gdidimer, its enhancement and
energy parameters decrease as time increases.c8o ie used as a material for
optical antenna but its shape must be chosen in auway that it increases the

enhancement efficiency of an antenna.
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