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nstiTur =2 Goal of an antenna
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Increase the coupling
between :

a localized
source/detector

and

propagating waves




wmr = Goal of an antenna for
single photon emission
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Reduce the decay time A D °ry

Collect all the emitted photons
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Exemple : thin metallic film

collective oscillation mode of the electrons

2

2 = e
P m%

. . e :
MX=-eE- gnx=-n—X- grx
&




nstor =~ Qu'est-ce qu’un plasmon de surface?

d'OPTIQUE

AAAAAAAAAAAAAA

E,explikx- ig- int]
=

o= ezkﬁ j qk22
%kﬁ T qkzz

ek, €K, =0 6,(1) +2=0



nstor = Tuning the electrostatic resonance
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J. Pérez-Juste et al_, Appl. Surf. Sci. (2004)

Absorbancia




nsir = |mage d’'un plasmon de surface
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Seeing Surface plasmons
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Courtesy: Alexandre Bouhelier



wror =" Controlling the direction (1)
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Unidirectional Emission of a Quantum
Dot Coupled to a Nanoantenna
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smirr = Controlllng the direction (2)
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Key idea : no Purcell effect but funneling the energy into a single mode

Broad spectrum and good coupling.



NsTiTuT = Motivation
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Design and fabricate deterministically
a plasmonic antenna in order to

- accelerate spontaneous emission,
- confrol the angular emission

over a broad band.



wom = Syrface plasmon microcavity
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Emission mechanism

Phys.Rev.Lett. 104, 026802 (2010)



wom = Syrface plasmon microcavity
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Phys.Rev.Lett. 104, 026802 (2010)



sy = Patch Antenna
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Belacel et al. NanoLetters 13, p 1516 (2013)
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Collaboration with Attocube (now commercially available)
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Controlling the angular emission
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Belacel et al. NanoLetters 13, p 1516 (2013)



nstor = Accelerating spontaneous Emission
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Origin of the Purcell fluctuations

The QD cluster thickness fluctuates.
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Quenching or photon emission ?
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st = Efficiency

1) Current efficiency : <5%

1) Going to NIR (1.3 um) and reducing the antenna size (0.32 um),
the efficiency increases to 42%.

1) Further improvement of the antenna design using metallo-
dielectric structures can provide over 80% efficiency.



syt == Key issue

Can we unify our description of the
electron/photon interaction ?



NstiTuT =2 Emission figures of merit
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Antennas Nanoantenna Microcavity
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stirur = Antenna impedance
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Tuning the scattering response of optical
nanoantennas with nanocircuit loads
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nstr = Nanoantenna Impedance definition
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Greffet et al. Phys.Rev.Lett. 105, 117701 (2010)



nstr = Nanoantenna Impedance definition

d'OPTIQUE

P:% Re|inp,E; |
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Greffet et al. Phys.Rev.Lett. 105, 117701 (2010)
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nstr = Nanoantenna Impedance definition
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Greffet et al. Phys.Rev.Lett. 105, 117701 (2010)



NstiTuT =2 Physical meaning of Re(Z)

d'OPTIQUE
GRADUATE

Electrical engineering point of view :

Radiation resistance a Im(G)

Quantum optics point of view :

LDOS a Im(G)

P:% Re[iup,E; ]



nstr == Microcavity versus nanoantenna
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excitation

spectrometer, CCD, APD

Spatial confinment (A/2n)° r z6/a3

Quality factor 103-106 10-1000
Broadband

Waves K <n elc Evanescent waves/

polaritons



nstiTur = Source-antenna coupling
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What is the internal impedance of a quantum emitter ?
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Greffet et al. Phys.Rev.Lett. 105, 117701 (2010)



wsir = Atom : a RLC series circuit !
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Two-level system polarisability

2 — W]

(without the rotating wave approximation)

a(w) = ap/|ws — w

apeg = (e2/m)f

Z’Lﬂ, ZD (l + EQ_ o EQ )

a

Greffet et al. Phys.Rev.Lett. 105, 117701 (2010)



INSTITUT — Addition d'impédances et diffusion multiple
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Microcavity = RLC parallel circuit = notch filter




nstor = Example 2: a metallic nanosphere
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Er?\itter
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V, = pa3

The nanoantenna achieves a large Purcell factor over
a broad spectrum

Greffet et al. Phys.Rev.Lett. 105, 117701 (2010)
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