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Spettroscopia otticaSpettroscopia ottica
avanzata avanzata didi nanostrutture nanostrutture

perper dispositivi dispositivi
optoelettronici nell'UVoptoelettronici nell'UV
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Linee ricercaLinee ricerca

••Nitrides Nitrides heterostructures heterostructures ( ( VI VI programma programma EU-Clermont2,EU-Clermont2,
collaborazioni collaborazioni CHREA-CHREA-ValbonneValbonne, EPFL-, EPFL-LosannaLosanna))

••Semiconductor NPs ( TiOSemiconductor NPs ( TiO22) for innovative photovoltaic) for innovative photovoltaic
energy conversion (energy conversion (DE,DE, PoliTO PoliTO, CNR & , CNR & DipFisPIDipFisPI: : RichiestaRichiesta
PAR-FAS PAR-FAS RegioneRegione Toscana Toscana))

••  GaN GaN optoelectronic devices for future applicationsoptoelectronic devices for future applications
((DE,DE, DipIng DipIng-PD, CNR-Pr: PRIN-PD, CNR-Pr: PRIN))

High spatial and temporal resolution  optical spectroscopyHigh spatial and temporal resolution  optical spectroscopy
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High resolution optical spectroscopy ofHigh resolution optical spectroscopy of
Nitride Nitride HeterostructuresHeterostructures

••GaN GaN bulk bulk µµCavities for room T Cavities for room T polaritonpolariton
laserslasers

••Exciton Exciton dynamics in high qualitydynamics in high quality
GaNGaN//AlGaN QWsAlGaN QWs
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Nitrides nicely fit the UV region:Nitrides nicely fit the UV region:
GaNGaN and  and InNInN, , GaNGaN,,AlN AlN ternary-ternary-
quaternary alloys for high efficiencyquaternary alloys for high efficiency
solid state lightening devicessolid state lightening devices
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Dislocation density Dislocation density GaAs GaAs on on SiSi::
101044-10-1055cmcm-2-2

Dislocation density Dislocation density GaN GaN on Sapphire:on Sapphire:
10101010cmcm-2 -2 now 10now 1077 cm cm-2-2

But: poor material qualityBut: poor material quality
••PiezoelectricityPiezoelectricity
••High content of defectsHigh content of defects
••Poor control of dopingPoor control of doping

Advantages:

High tunability NUV-NIR

High radiative efficiency

Low maintenance cost
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Reducing the defects densityReducing the defects density

Exciton Exciton dynamicsdynamics

3.5 3.5 eVeV
20 20 meVmeV

1.51.5 eV eV
4meV4meV

3.43.4 eV eV
60meV60meV

3.53.5 eV eV
25 25 meVmeV

CdSeCdSeGaAsGaAsZnOZnOGaNGaN

Excitons Excitons @ RT: new  devices@ RT: new  devices
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10K10K

180K180K
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MicrocavitiesMicrocavities: Strong coupling at RT: Strong coupling at RT
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Rabi splitting in Rabi splitting in GaNGaN-based -based µµCC
50-60 50-60 meV meV : strong coupling: strong coupling
regime @ RT.regime @ RT.

PolaritonPolariton=Boson=Boson

Polariton Polariton effective mass effective mass ≈≈1010-4-4

exciton exciton mass mass ≈≈1010-9-9  Rb Rb mass mass 
high high TTcc
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Bose-Einstein Bose-Einstein Exciton Exciton Condensate & Condensate & Polariton Polariton LasingLasing
(J.(J.Kasprzak Kasprzak et al.: Nature 443, 409 (2006), S.et al.: Nature 443, 409 (2006), S.Christopoulos Christopoulos et. al.:PRL 98, 126405 (2007),et. al.:PRL 98, 126405 (2007),
G.G.Christmann Christmann et al.: APL 93, 051102 (2008))et al.: APL 93, 051102 (2008))
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Our research Our research focussed focussed on:on:

••Investigation of SC regimeInvestigation of SC regime

••Investigation of relaxation bottleneckInvestigation of relaxation bottleneck
and and thermalization thermalization ((ExcitonExciton--polaritonpolariton
dynamics)dynamics)

GradienteGradiente
spessorespessore::
possibilitapossibilita’’
di tuningdi tuning
muovendosimuovendosi
sulsul
campionecampione
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Position-Position-
angleangle
resolvedresolved
ReflectivityReflectivity
& PL& PL

ps ps Time-resolved PLTime-resolved PL



Dipartimento di Fisica ed
Astronomia 7/04/2010 14

Strong Coupling Regime @ RTStrong Coupling Regime @ RT

Exp Rabi splitting: 30 Exp Rabi splitting: 30 meV         meV         SC @ RTSC @ RT
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Modification of the Modification of the RadiativeRadiative
Recombination Rate in presenceRecombination Rate in presence
of SCof SC

Suppression of Relaxation Bottleneck at RTSuppression of Relaxation Bottleneck at RT

Moreover, tMoreover, the LP and UP populations
are thermalized at T = 300 K,despite
the very short lifetimes. This denotes
very efficient energy relaxation
processes in the LP, as well as an
efficient population of the UP states
through acoustic phonon interactions in
our bulk GaN microcavity.



Dipartimento di Fisica ed
Astronomia 7/04/2010 16

Exciton Exciton Dynamics in State-of-the-art  Dynamics in State-of-the-art  GaNGaN//AlGaN SQWsAlGaN SQWs

Strain & Internal Electric Field ( Strain & Internal Electric Field ( piezopiezo+ spontaneous+ spontaneous
polarization up to 1MV/cm) strongly affect thepolarization up to 1MV/cm) strongly affect the
optical properties:optical properties:

••Reduction of the Reduction of the exciton rad exciton rad rate ( Quantumrate ( Quantum
Confined Stark Effect)Confined Stark Effect)

••Inhomogenous Inhomogenous broadeningbroadening

••Exciton Exciton localizationlocalization
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Biexciton Biexciton RecombinationRecombination
KineticsKinetics

00

EExx

2E2Exx
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Only free Only free excitons excitons give rise to give rise to biexcitonsbiexcitons: : biexcitonbiexciton
formation is quenched by formation is quenched by exciton exciton localizationlocalization

Non-resonant excitationNon-resonant excitation
Resonant excitationResonant excitation
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The biexciton binding energy increases with increasing quantum confinement. For low
quantum confinement values, the BX binding energy is found to decrease in the

GaN/Al0.05Ga0.95N QW below that of bulk GaN. This result is a fingerprint
of the strong QCSE present in these structures.
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When decreasing the well thickness, while the energies of both XA and
XB increase, XB approaches the barrier limit before XA does, so that
the electron and hole wavefunctions for XB are more sensitive to
delocalization effects outside the well region making the overall energy
enhancement due to the increase in quantum confinement smaller than
for XA.
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Nanoparticles Nanoparticles forfor  dye-sensitized solar cellsdye-sensitized solar cells

GraetzelGraetzel, Nature, Nature  414,338 (2001)414,338 (2001)

ηη  ≈≈ 11 % 11 %
www.www.konarkakonarka.com.com
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Open questionsOpen questions

••Charge collection & transportCharge collection & transport
••Solar spectrum coverageSolar spectrum coverage
••Lifetime (dye & electrolyte)Lifetime (dye & electrolyte)

ItIt’’ss    necessary to understand the physics of charge transfernecessary to understand the physics of charge transfer
 and transport in the semiconductor  and transport in the semiconductor mesoporous stratemesoporous strate

Surface Surface vs vs Volume contributionsVolume contributions
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Controlling the surface state recombinationControlling the surface state recombination

Modifying the NPs environment andModifying the NPs environment and    sizesize

Surface Surface recrec

Volume Volume recrec
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Work in progressWork in progress

••Nitride Nitride heterostructuresheterostructures: : ExcitonExciton-phonon interaction-phonon interaction
L.L.Cavigli Cavigli et al: Probing the et al: Probing the exciton exciton density of states through the phonon assisted emission in density of states through the phonon assisted emission in GaN epilayersGaN epilayers: the A: the A
and B and B exciton exciton contribution, PRB under submissioncontribution, PRB under submission

••NPs for DSSC: NPs for DSSC: Nanostructuring Nanostructuring of the Semiconductorof the Semiconductor
layer - layer - NanorodsNanorods, , NanotubesNanotubes, , CNTs CNTs scaffolds scaffolds ( PoliTO, CNR-Pi)
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