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Abstract 

Electromagnetic antennas, a key 

enabling technology for devices such as 

cellular phones and televisions, are mostly 

used in the radio-wave or microwaveregime 

of the electromagnetic spectrum. Antennas 

in general used for  communication i.e 

transmitting and receving RF signals and 

they named as microwave antennas Optical 

antennas are devices that enhance the local 

light-matter interaction. This paper 

proposed a model of a single molecule to a 

single spherical gold nanoparticle acting as a 

nanoantennas to improve the quantum 

efficiency of single quantum emitters and to 

engineer their emission properties. Optical 

antennas enhances the sensitivity of 

photoluminescence and vibrational 

spectroscopy  

 Introduction 

optical antenna-a  new technology in 

antenna field which convert the energy of free 

propagating radiation to localized energy, and 

vice versa The concept of nanoantennas has 

emerged in optics as an enabling    technology 

for controlling the spatial distribution of light 

on sub diffraction length scales[1-6]. 

Analogously to classical antenna design, the 

objective of optical antenna design is the 

optimization and control of the energy transfer 

between a localized source, acting as receiver 

or transmitter, and the free radiation field. 

 

 

Nano-optics-nano particles: 

Nanophotonics open new opportunities 

to increase the emission rate of fluorescent 

molecules. Using nanostructures such as 

nanoantennas, metallic nanoparticles or 

nanoapertures, it is possible to increase both 

the excitation efficiency (by reinforcing the 

local exciting field) and the quantum efficiency 

of the emitters. Nano-optics and nano particles 

Near-fields are bound to their sources and 

cannot be quantized following standard

 procedures. A measurement of the near-

field necessarily alters the near-field and 

affects the source. This problem is rooted in so-

called measurement back-action and limits the 

ultimate measurement sensitivity. 

 

Optical antenna 

 In recent years, various optical antenna 

designs have been studied, including particle 

antennas, gap antennas, and   Yagi-Uda 

antennas (see SEM images below). However, 

most of these antennas were studied on a ’light-

in, light-out’ basis, that is, laser light is sent in 

to excite an emitter (e.g. molecule or quantum 

dot) and light is sent out in form of 

fluorescence or scattering.  There are only a 

few studies that report the antenna-assisted 

conversion of optical radiation into electrical 

currents for reasons of phase matching and 

absorption, metals are typically not used in 

nonlinear optics[7-10]. Instead, nonlinear 

frequency conversion is generally based on 

anisotropic transparent crystals. However, in 

order for phase matching to occur the crystal 

needs to be hundreds of wavelengths in size, 

which is not compatible with the size 

requirements of future optoelectronic 
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architectures. Therefore, to establish local 

nonlinear signal conversion in nanoscale 

circuits it makes sense to revisit the high 

nonlinearities of noble metals and to explore 

geometry and material related enhancement 

effects[11-16]. Such enhancement effects make 

use of resonances associated with surface 

Plasmon’s. 

 

Back ground 

  Most of the implemented optical 

antenna designs operate in the linear regime 

that is, the radiation field and the polarization 

currents are linearly dependent on each other. 

When this linear dependence breaks down, 

however, new interesting phenomena arise, 

such as frequency conversion, switching, and 

modulation. Beyond the ability of mediating 

between localized and propagating fields, a 

nonlinear optical antenna provides the 

additional ability to control the interaction 

between the two. Radio antennas were 

developed as solutions to a communication 

problem, whereas optical antennas were 

developed for use in microscopy. 

 

Figure: Various constructions  of dipole 

antenna 

In traditional microscopy and 

spectroscopy, components such as lenses, 

mirrors and diffractive elements are used to 

control and focus the optical radiation. This 

relies on the wave nature of the radiation and 

means the smallest volume to which the 

radiation can be localized, and so the 

technique’s sensitivity, is limited by 

diffraction. The optical antenna, which consists 

of a single colloidal gold nanoparticle on the 

end of a pointed dielectric fiber, replaces a 

conventional focusing lens or objective, so the 

incoming light can be focused to dimensions 

smaller than the diffraction limit. In 1988, 

Ulrich Ch. Fischer and Dieter W. Pohl carried 

out an experiment similar to Synge’s proposal, 

but instead of a solid metal particle, they used a 

gold-coated polystyrene particle as a local light 

source (Fischer and Pohl, 1989). They imaged 

a thin metal film with320 nanometer (nm) 

holes and demonstrated a spatial resolution of 

~50nm. Later, laser-irradiated metal tips were 

proposed as optical antenna probes for near-

field microscopy and optical trapping (Novotny 

et al., 1997,1998), and since then various other 

antenna geometries have been studied (e.g., 

rods and bowties).resolution of ~50nm. The 

figure below illustrates an antenna-coupled 

electro-optical interconnect that includes all the 

desired properties of light-emitters and photo 

detectors:  

Function of Optical antenna. 

The figure below illustrates an antenna-coupled 

electro-optical interconnect that includes all the 

desired properties of light-emitters and photo 

detectors: A transmitting antenna converts a 

single input charge to a photon that propagates 

into a predefined direction, and a receiving 

antenna converts the photon back to an 

electron. Evidently, the transmitting antenna 

defines a single photon source and the 

receiving antenna represents a single photon 

detector. 
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 Figure: on the left shows the analogy of 

optical and radio wave antennas.  

 

Taken inspiration from radio wave 

manipulation and designed an optical antenna 

that can boost the interaction between light and 

the particle being studied[17-19]. The 

fluorescence of a single molecule can be 

enhanced by more than a factor of 10 using this 

technique. The optical antenna, which consists 

of a single colloidal gold nanoparticle on the 

end of a pointed dielectric fiber, replaces a 

conventional focusing lens or objective, so the 

incoming light can be focused to dimensions 

smaller than the diffraction limit. 

 

 Figure above shows a gold pyramid probe 

(inset).  

The figure above shows a fluorescence image 

of single nile blue molecules dispersed on a 

glass surface. The molecules are locally excited 

by the enhanced fields of a gold pyramid probe 

(inset). The probe is raster-scanned over the 

sample surface and the fluorescence emitted by 

the molecules is collected pixel-by-pixel 

through a distant lens. 

  

Typically, an optical antenna interacts with a 

receiver or transmitter in the form of a discrete 

quantum system, such as an atom, molecule, or 

ion. Because the antenna enhances the 

interaction between the receiver 

Figure 1 or transmitter and the radiation field, 

it may control the light-matter interaction on 

the level of a single quantum system[24-26]. 

On the one hand, the presence of the antenna 

modifies the properties of the quantum system, 

such as its transition rates and, in the case of a 

strong interaction, even the energy-level 

structure. On the other hand, the properties of 

the antenna depend on the properties of the 

receiver/transmitter. Thus, the two must be 

regarded as a coupled system. The efficiency of 

the interaction can be expressed in terms of 

established antenna terminology, such as 

antenna gain, efficiency, impedance, 

directivity, and aperture (Bharadwaj et al., 

2009) . Beyond the ability of mediating 

between localized and propagating fields, a 

nonlinear optical antennas provides the 

additional ability to control the interaction 

between the two. Figure 8.1 sketches an 

example where the nonlinear antenna converts 

the frequency of the incident radiation, thus 

shifting the frequency of a signal centered at '1 

by a predefined amount% ' into a new 

frequency band centered at '2[20-23]. Here we 

review the basic properties of nonlinear 

antennas and then focus on the nonlinearities 

achievable in either single-particle systems or 

more complex coupled-particle systems. In 

practice, the use of nonlinear materials - either 

metals or dielectrics - in the design of optical 

antennas is a promising route towards. 

 

Nano gold particle: 

 

Due to their plasmonic properties, 

nanostructured metallic surfaces are well 

established in a wide range of analytical fields. 

One field of application is the surface enhanced 

Raman spectroscopy (SERS) since the weak 

Raman process can be enhanced by the 

interaction of molecules with a nanostructured 

metallic surface. Classical SERS active 

substrates like roughened metallic electrodes, 

metal colloids or evaporated metal layers show 

a lack of their reproducible SERS response. [1] 

Recently, it has been shown, that gold nano-

diamond SERS arrays produced by electron 

beam lithography [2] meeting our demands by 

providing reproducible SERS response across 

the entire sample area. [3] Within this 

contribution different methods for the 

characterization of gold nano-diamond and 

gold nano-square SERS arrays and the 

anisotropic properties of the diamond-shaped 

pattern are introduced. As a basic and intuitive 

investigation method far field transmission 

spectroscopy has been described in the 
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literature. The transmission minima of these 

patterned samples, characterizing the Plasmon 

excitation, are tuned to the VIS or NIR 

wavelength range. Additionally these 

measurements are supplemented by scanning 

near field optical microscopy (SNOM) 

investigating the spatial distribution of the 

Plasmon induced electromagnetic fields. [27] 

These experimental results are verified by 

means of theoretical calculations. Furthermore, 

SERS measurements with linear polarized light 

by rotating the diamond-shaped array in 15 

degree steps results in a cos2 dependency of 

the SERS signal. [28-30]  

 

Reproducible SERS substrates may be used in 

a variety of analytical applications. They may 

be used as new substrates for a chip-based 

detection of bimolecular using SERS. The 

development of a chip-based DNA detection is 

currently in process. First results of single 

stranded DNA immobilized on reproducible 

SERS arrays with and without label show the 

great capability of these substrates. 

Furthermore, the application of Raman labels 

like dyes yields in nearly unlimited 

multiplexing potential. 

the generation and control of optical 

information.  

Near-Field Optics 

 

In conventional optical imaging and 

spectroscopy, an object is typically irradiated 

(expose to light) by a light source and the 

scattered or emitted light is recorded by a 

detector[31-33]. That situation, illustrated on 

the top of the figure below, constitutes the 

canonical optics problem: The incident field 

Ein induces in the object polarization currents, 

which in turn give rise to an emitted field Eout. 

In the canonical near-field optics problem, on 

the other hand, the object is split into two parts, 

as shown on the bottom of the figure on the 

left. One part is referred to as the probe and the 

other part as the sample. Typically, the probe is 

engineered to exploit the unique properties of 

metal nanostructures at optical frequencies to 

localize incident radiation and enhance the 

light-matter interaction on the sample. For 

example, when a light wave is incident on a 

tiny gold probe the incident field periodically 

displaces the probes electrons with respect to 

the lattice. Near resonance, that charge 

oscillation gives rise to a greatly amplified 

electric field just outside the probe, which then 

affects the nearby sample.  

A near-field can arise from primary sources, 

such as electrically driven currents, or 

secondary sources, such as induced 

polarization currents. The choice of basis in 

which to express the field depends on the 

geometry of that source. For example, the 

fields near a planar sample surface are 

conveniently expanded in a plane-wave basis, 

also known as the angular spectrum 

representation, and can be described as a 

superposition of propagating plane waves and 

evanescent (tending to vanish as vapour) 

waves, whose field amplitudes decay 

exponentially from the surface. The localized 

evanescent waves are also the source of the 

fields’ high spatial frequencies. 
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A near-field measurement captures the field 

Eout generated by the currents, primary or 

secondary, that define the probe-sample 

system. These currents result from the 

interaction between probe and sample and do 

not reflect the properties of the sample alone. 

To understand the mutual interaction of probe 

and sample, one can think of the near-field 

interaction in terms of a perturbation series, 

similar to a Born series in standard scattering 

problems. As illustrated in the figure above, the 

field Eout can then be written as a sum of 

discrete interactions 

E = ES + EP + ESP + EPS + EPSP + ESPS + 

.. . (1) 

where ES and EP are the fields emitted (or 

scattered) from the sample and probe, 

respectively; EPS is the field scattered by the 

sample and then emitted by the probe; ESP, in 

turn, describes the reverse - the field scattered 

by the probe and emitted by the sample. 

Additional interactions contribute as higher-

order terms in the series.  

Wavelength Scaling 

 

  That the radiation resistance of a thin-

wire antenna is roughly Rrad = 30 λ/2 (L/ λ) 2, 

with L being the antenna length. For a half-

wave antenna at RF frequencies, L = λ/2 and 

Rrad ~ 73ῼ. However, for an optical half-wave 

antenna, L = λeff/2 and hence Rrad = (30/4) ∏2 

(λeff/λ) 2. In other words, the 

radiationresistance at optical frequencies is a 

factor of (λeff/λ) 2smaller than at RF 

frequencies. For λeff = λ/5 we find Rrad = 3 

ῼ.Figure 4a shows the intensity distribution 

near a goldhalf-wave antenna of lengthL = 

110nm and radiusR = 5nm resonantly excited 

at λ= 1170nm. The effective wavelength is λeff 

= 220nm. The induced currentdensity j = i  ω 

Ԑo [Ԑ(ω) -1] E evaluated along the axisof the 

antenna is found to be nearly 1800out of phase 

with respect to the exciting field.The notion of 

an effective wavelength can be usedto extend 

familiar design ideas and rules into the 

opticalfrequency regime. For example, the 

optical analog of the λ/2 dipole antenna 

becomes a thin metal rod oflength λeff/2. Since 

λeff for a silver rod of radius 5nm is 

Roughly λ/5.2 (Figure 4c), this means that the 

length of a “λ/2” dipole antenna is surprisingly 

small, about/10.4. 

figure: Effective wavelength scaling for linear 

optical antennas. (a) Intensity distribution (E2, 

factor of 2 between contour lines) for a gold 

half-wave antenna irradiated with a plane wave 

(λ = 1150nm). (b) Scanning electron 

microscope image of a half-wave antenna 

resonant at λ = 650nm, fabricated by placing a 

gold nanorod ~65nm long into the opening of a 

quartz nanopipette. (c) Effective wavelength 

scaling for silver rods of different radii. 

Conclusion 

In canonical antenna theory, there is no 

universal antenna design, and optical antennas 

have to be optimized separately for each 
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application. However, to achieve the highest 

level of efficiency, the internal energy 

dissipation of any antenna must be minimized. 

For a quantum emitter, such as an atom, 

molecule, or ion, a good antenna yields a low 

nonradiative decay rate[34-36]. New ideas and 

developments are emerging at a rapid pace, and 

it is now clear that the optical antenna concept 

will provide new opportunities for 

optoelectronic architectures and devices. 

Today, the building blocks for optical antennas 

are plasmonics nanostructures that can be 

fabricated either from the bottom up by 

colloidal chemistry or from the top down with 

established nanofabrication techniques, such as 

electron-beam lithography and focused ion-

beam milling. It is also conceivable that future 

optical antenna designs will draw inspiration 

from biological systems, such as 

lightharvestingproteins in photosynthesis. 

 

 

Future work 

 

   The next generation of molecular 

diagnostics tools (e.g. microarrays, sequencing 

systems) are targeted to have single molecule 

sensitivity. Surface-enhanced fluorescence can 

be a key enabling factor in achieving this goal. 

Large-scale arrays of aperture plasmonics 

structures, in particular, meet the requirements 

of enhanced fluorescence and background 

isolation, along with compatibility with 

existing instrumentation and surface chemistry. 

The simplest such embodiment is an array of 

sub-wavelength apertures in a metal film, with 

which fluorescence enhancement was 

demonstrated first using Au. 

Possible future projects are:  

1.) Nanoscale subsurface spectroscopy and 

imaging  

2.) Long-range energy transfer between single 

molecules  

3.) Spectroscopy of adhesion proteins in cell 

membranes  

4.) Vacuum trapping and cooling of single 

molecules  
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