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Chapter 9

Outlook

A fundamental understanding of light-matter interactions in nanocrystal systems
is an essential and necessary condition for deployment of their full application po-
tential. The discovery of quantum cutting/carrier multiplication in closely packed
ensembles of silicon nanocrystals is an example for the validity of this statement,
as the “fundamental knowledge” was clearly insufficient to predict this effect to
occur. Fortunately, it was not missed in the experiment and subsequent study
produced a wealth of information about fundamental properties of different types
of silicon nanostructures, of which a part can be found throughout the past pages.
Of course, when the number of answers rise, so does the number of new questions
(even more). It is now most important to find out what the opportunities are,
and in which direction to go from here?
The optical quantum cutting effect with silicon nanocrystal has been shown to
occur in many systems where the mutual distances are small. It takes place not
only between Si NCs. Also Er3+ ions can serve as a receptor of the down-sized
energy quanta. The high internal and also external efficiency of the process has
been demonstrated explicitly, and the possibility to tune effective range to smaller
photon energies by introducing dopants opens new possibilities.
For application of quantum cutting with Si NCs in photovoltaics there are still
some important hurdles that need to be overcome. In a down-conversion scheme,
where high energy photons of the spectrum are divided in multiple smaller pho-
tons, it is imminent that the absolute efficiency of PL is increased to enable
quantum yields above 100%. Optimized growth schemes and surface passivations
need to be developed to get high optical activity and remove problems that are
inherent of ensembles of nanoparticles.
Decreasing the effective energies of Si NCs by introduction of dopants could lower
the threshold for QC/CM and, in this way, enable its effectiveness over a broader
range of the solar spectrum. Here a pitfall is the statistical nature of the dopant
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distribution throughout the nanocrystals, as not fully compensated nanocrystals
will act as non-radiative recombination centers, and a controllable way of intro-
ducing the dopants needs to be developed. This is possibly not too far away [154].
Finally, there is the possibility of extracting carriers directly from the NCs, which
could circumvent the necessity of high optical activity. Generation of multiple
carriers has been achieved experimentally [101], but direct extraction not yet.
Non-conductive matrixes are strongly limiting this. Therefore specially tailored
matrices for nanocrystals and/or concepts like mini-band formation to promote
carrier transport could be explored. A lot of progress has been made already
on the study of photovoltaic effect in some other inorganic nanocrystals, and
demonstration of almost 6% efficient quantum-dot based solar cell shows that its
application is no longer just a scientific peculiarity [155].




