Silicon compatible laser based on colloidal quantum dots

Bram De Geyter
Photonics Research Group, INTEC, Ugent
PCN Group, Inorganic and Physical Chemistry Dept., UGent

A cheap, reliable and robust light source integrated on silicon is often
identified as a major missing link in silicon photonics research. A few options
already exist, such as the continuous wave silicon Raman laser or a
heterogeneously integrated 111-V microdisk laser on silicon, but all have major
drawbacks, like complex processing and weak temperature robustness. We
are using a different approach by depositing colloidal quantum dots, produced
in suspension through wet chemical synthesis. These quantum dots have a
very efficient photoluminescence and can be tuned to a specific emission
wavelength by controlling their size. The synthesis of these IV-VI nanocrystals
(PbSe, PbS, PbTe) is being perfected at the Physics and Chemistry of
Nanostructures Group (PCN) and will be adapted to a core/shell PoX/CdX
(X=8, Se, Te) quantum dot synthesis to improve Iong term
photoluminescence stability in films exposed to air.

Figure 1: Photonic wire with Figure 2: Spiral with nanocrystal
spincoated nanocrystals on top overlay, suffering from scattering
and on the side

The films can be deposited through langmuir-blodgett monolayer deposition,
dropcasting or spincoating. Deposition and processing is hence exiremely
easy. The quantum dots can be deposited very locally by UV-contact
lithography. Experiments indicate spincoating to be the preferred deposition
method, because of its simplicity and ability to form uniform films of desired
thickness. Further improvements need to be made to increase uniformity and
decrease scattering at the film interface. Polymer films doped with colloidal
quantum dots are being investigated as a possible solution. First tests show a
modest coupling of the photoluminescent light to the SOl waveguides below
the quantum dot film, indicating that luminescence is still present after
deposition and luminescent light can be coupled to a photonic waveguide.
The luminescence properties of different films are being investigated more
thoroughly, in parallel with more coupling and interaction experiments on SOI
photonic waveguides
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