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Background and overview

O Currently an extenstve range of colloidal nanocrystals (NCs) can be readily produced by diverse
chemical methods. These nanomaterials present novel physical properties and can be regarded as
building blocks to the nanofabrication of smaller, energy efficient and faster devices.

O These nano-building blocks have to be conveniently arranged and connected. This requires
incorporation into an electrically and/or optically active framework.

We address this through a novel and inexpensive approach that exploits the spontaneous
formation of nanoscale inverted hexagonal pits (IHPs) at the surface of In-
containing IIl-nitride epitaxial heterostructrures.

O We shall demonstrate that these morphological features, which can be designed with a suitable size,
depth and density, can effectively organize and control the incorporation and assembly of NCs
at the surface of efficient light emitting devices.
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Bridging together the best of both worlds!
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Chemical synthesis of Nanocrystals
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CdSe with different sizes — synthesis in olive oil!
Sapra et al. J. Mater. Chem. 2006, 16, 3391-3395

www.invitrogen.com
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Rice- and rod-shape CdSe
f Peng et al. Advanced
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Wide availability of multifunctional colloidal NCs
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Nitrides: spectral coverage and bipolar charge injection
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Growth of Nitrides: role of lattice mismatch
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Low dimensional (2D) structures: MQWs
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Surface morphology of In-containing nitrides
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The role of inverted hexagonal pits (IHPs)
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Concept: use IHPs as a geometric constriction to isolate NCs!
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How can this be accomplished selectively?

Evaporation

Y. Cui, ¢ al.. Nano Letters 4 (6), 1093-1098 (2004);
S. Pereira et al, Advanced Materials 20 (5), 1038 (2008).
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First experimental evidence with Au aggregates
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Isolation of single NCs and creation of elementary
NC assemblies/clusters is possible!

~30 nm Au NCs
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Strong PL emission enhancement: Plasmon coupling
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Conclusions and Future Outlook

* It 1s possible to integrate nanocrystals into Nitride multilayer heterostructures with

nanometer scale control to produce novel hybrid multilayer/nanocrystal heterostructures

*Using the IHPs as a geometric constriction, it 1s possible to isolate individual NCs, or to

create NC assemblies or “lattices”. Hybrid NC junctions are possible to build.

*The possibility of charge injection/collection via a bipolar (p-n junction) structure, is a

very interesting prospect. It will allows to bring the benefits of multifunctional NCs into
the “electronics world”. Allow to exploit the unrivalled flexibility offered by wet chemistry

synthesis
Future:

Interaction of the emitted light, which can be tailored in the MQW, with various NCs.

*Bio-functionalization of the NCs: towards lab-on-chip applications and nano-diagnosis
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Thank you for your attention!
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