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Definition
Antenna (radio): An antenna (or aerial) is a

transducer that transmits or receives
electromagnetic waves.

Parabolic antenna for &
communicating with spacecrafi,
Canberra, Australia

"Rabbit ears" dipole antenna & Cell phone hase; station b
for television reception antennas

Wikipedia



Yagi-Uda Antenna( /(X7 H X 2%)

i ! & -.-
1 i | !
| ; e, ;
e main lobe g‘- A [ . -

x L | - l‘_.__ . _| . . i |rl|
100t % ___>u~ A ' | sin .
Dppum/‘ Yagi antenna used for mobile &

. military communications station,

Dresden, Germany, 1955
T WIKIpedia



“Rabbit ears” dipole
antenna for television
reception

Wikipedia



Cell phone base station
antennas Parabolic antenna

Farabolic antenna for .

communicating with spacecraft,
Canberra, Australia

Cell phone base station -
antennas

Wikipedia
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(Antenna array)
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The definition of Optical Antenna

TEEE standard definitions of terms for antennas:

a means for radiating or receiving radio waves

In analogy




Motivations of radio and optical antenna

* Radio antennas: developed as solutions
to a communication problem

* Optical antennas: motivated by
microscopy

Why?

Enable us to concentrate external
radiation to dimensions smaller than
diffraction limit



Some earlier IR optical antennas  Field confinement ~A/2.7

Fabricated by Boreman etc. since late 1990s

Advances in Optics and Photonics 1, 438—483 (2009)



Optical antenna: Towards a unity efficiency near-field optical probe

Robert D. Grober,? Robert J. Schoelkopf, and Daniel E. Prober
Departments of Applied Physics and Physics, Yale University, New Haven, Connecticut (06520

(Received 22 October 1996; accepted for publication 13 January 1997)
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However, its size ~cm



The spectrum we interested in is optical
wavelength which means we must shrink the
element’s size

But at optical frequencies, metals are no

longer perfect conductors while at microwave
frequencies metals act like a mirror




What do we want?

* When receiving electromagnetic field,
we want that the incoming field can be
effectively confined

* When emitting electromagnetic field,
we want that the radiating field can be
directionally controlled



A simple example: Spherical Nanoparticles

““The particle serves as an antenna that receives
an incoming electromagnetic field”
John Wessel in 1985

The polarizability a=4me a*[ (e(w)—1)/(e(w)+2)](Quasi-static limit

Re{e}=-2 | SPR condition
(b) -

Advances in Optics and Photonics 1, 438—483 (2009)



Nanorods
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L=110nm
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New Journal of Physics 10 (2008) 105005



General problem statement

fj"\ |

E(I‘J

RADIATION

RECEIVER /
TRANSMITTER

Control light-matter interaction of a single quantum
system

Advances in Optics and Photonics 1, 438—483 (2009)



Particle pair(large field enhancement)

—— Unpolarized
{— Parallel
Perpendicular

58888

Dark-field intens
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PRB 78, 155407 2008



Nanorods Pair

nature
phOtomCS PUBLISHED ONLINE: 19 APRIL 2009 | DOI: 10.1038/NPHOTON.2009.46

LETTERS

Controlling the near-field oscillations of loaded
plasmonic nanoantennas

M. Schnell', A. Garcia-Etxarri?, A. J. Huber'3, K. Crozier?, J. Aizpurua? and R. Hillenbrand'3*
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Bowtie

Vol 4535 June 2008 |doi:10.1038/nature07012 nature

LETTERS

High-harmonic generation by resonant plasmon
field enhancement

Seungchul Kim"*, Jonghan Jin'*, Young-Jin Kim', In-Yong Park', Yunseok Kim' & Seung-Woo Kim'
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Nonlinear Antenna behavior

the size of the structures become comparable with the
electron mean free path, such as close to
Tips,corners,gaps

Four wave mixing

(b)
ﬂ 0.2nm P l
W -1nm ]' \
= Lo -
g 10nm | 2(1.11 -, E
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— =}
— ||| c
@ =3
= \ =
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= \ &
o : g
2 \ %10 i
m \ L
- = ——— T T T T T T il
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Laser pulses of wavelength wl,w?2

PRL 98, 026104 (2007)



second-harmonic generation

third-harmonic generation

Wavelength (nm)
700 600 500 400

the plasmon resonance
of the metal nano-
structure in the near
infrared

Spectral intensity (10° Cts/s)
(8]

- SHG / TPPL

2.0
Photon energy (eV)

nonlinear emission spectrum from a
single gold optical antenna excited with

the total bandwidth of the 7.8-fs pulse
PRL 103, 257404 (2009)



directional control of radiation

(R LeHE5 19 77 [ 72 7))

A

RF Yagi-Uda Antenna Optical Yagi-Uda Antenna

Science Vol. 329 no. 5994 pp. 910-911



Yagi-Uda Antenna( /(X F H X 2%)

Rel‘lector

Arbitrary control over the
Directors main direction of emission

v

®
an®
.
¢¢¢¢
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Regardless of the emission of the emitter

OE,16,10858(2008)



nature

. LETTERS
photonics

Directional control of light by a nano-optical
Yagi-Uda antenna

Terukazu Kosako, Yutaka Kadoya* and Holger F. Hofmann

Top view
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Directors . Elr -’j
Typical geometry of a five- Top view of the antenna

element RF Yagi-Uda antenna  layout of the set-up



Mormalized intensity

Mormalized intensity
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Yagi-Uda antenna can significantly
improve the directionality of emission



Unidirectional Emission of a Quantum Dot Coupled
to a Nanoantenna

Alberto G. Curto, et al.

Science 329, 930 (2010);

DOI: 10.1126/science.1191922

Optical Yagi-Uda antennas
driven by quantum dofts.

(A) Scanning electron
microscopy (SEM) image

(B) Comparison of SEM and
scanning confocal
luminescence microscopy
images of three antennas

driven by QDs




Unidirectional emission of a QD coupled to
an optical Yagi-Uda antenna and comparison with
other metal nanostructures

gold squares half-wave Yagi-Uda

dnpole antennas
antennas
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Angular radiation pattern in
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E T T E R S pubs.acs.org/NanoLett

Controlling Spontaneous Emission with Plasmonic Optical Patch
Antennas

C. Belacel,"** B. Haber%” F. Bigourdan," F. Marqujer,” J.-P. Hugonin," S. Michaelis de Vasconcellos,’
X. Lafosse,” L. Coolen,™* C. Schwob,™* C. Javaux,J‘ B. Dubertret, - JJ. Grefet,! P. Senellart,**

and A. Maitre™®
emitters ' c 1 2
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week ending

PRL 102, 146807 (2009) PHYSICAL REVIEW LETTERS 10 APRIL 2009

Shaping the Fluorescent Emission by Lattice Resonances in Plasmonic Crystals of Nanoantennas

G. Vecchi, V. Giannini, and J. Gémez Rivas™

Center for Nanophotonics, FOM Institute AMOLF, c/o Philips Research Laboratories,

High Tech Campus 4, 5656 AE Eindhoven, The Netherlands
(Received 23 December 2008; revised manuscript received 2 March 2009; published 10 April 2009)

We demonstrate that the emission of light by fluorescent molecules in the proximity of periodic arrays
of nanoantennas or plasmonic crystals can be strongly modified when the arrays are covered by a
dielectric film. The coupling between localized surface plasmon resonances and photonic states leads to
surface modes which increase the density of optical states and improve light extraction. Excited dye
molecules preferentially decay radiatively into these modes, exhibiting an enhanced and directional
emission.
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Summary

e Nanoscale imaging and Spectroscopy
e Optical field Enhancement

Nonlinear behavior

Photovoltaics

light emission of quantum emitter
e Ultrafast dynamics

nanoscale computing

time-resolved Spectroscopy

selective chemical bonding



e Quantum optics
single photons source
coherent control

e Directional control



Thank you!
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