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Colloidal quantum dot solids (QDs) are solution-processable thin-films that exploit the quantum
confinement properties of the constituent nanocrystals. The quantum confinement effect occurred in this
materials generate energy bandgap value variations by size, which are strikingly different from their bulk
counterpart, and the quasi-atom-like discrete energy levels.[! These two important properties of the QDs, in
addition to their solution-processability, are intriguing for applications in different kinds of ener-
gy-converting, -storage and -harvesting devices. The tunable absorption and the possibility to have multiple
exciton generations in these systems are attractive for highly efficient photodetectors and solar cells, to
overcome the Shockley-Quisser limit.[?l On the other hands, the discrete energy levels with sharp peaks of
the density of states, together with the variations of the QD assemblies, are prospective for developing new
thermoelectric materialstl. Investigation of carrier transport and electronic properties of highly-crosslinked
QD assemblies is vital for the uses of these class of materials in diverse emerging applications.

Here charge carrier control in thin film

assemblies of colloidal semiconductor QDs will be e®a®
discussed. We will explain how to control the @@'@@’
. - @ .8
assembly morphology by various deposition @’?@@*@
. . . @S e
techniques and how to crosslink the colloidal QDs,
either by replacing the insulating native ligands ‘

with different organic and inorganic molecules,™! _
or directing the facets of the individual QDs by Q
selective ligand stripping. The demonstration of EE}‘J"—LEG%’T'“'E‘I?Q Sn‘i':ti:ﬁ;d“a‘;tsc’erm% :
various approaches of carrier doping into lead features beneficial for energy harvesting device applications.
. . . . Controlling the QD assemblies, and their doping levels are
chalcogenide QD assemblies will be explained, crucial to ensure efficient charge carrier transport that is
which involve either chemical approach (e.g. prerequisite for many of their application prospects.
ligand modification, etc.) or physical approach (field-induced doping). The implications of having a large
surface area to volume ratio in the QD system towards the possible origins of charge carrier trap states will
be shown in the context on how to overcome using doping controls. We will show that the use of
state-of-the-art electric double layer gating! allows us to perform field-induced doping with a tremendous
amount of accumulated charge carrier that allowed not only the passivation of charge carrier traps,® but
also the band fillings of QD energy states. Knowledge of how many electrons can sit for each QD discrete
energy levels is vital to strategize the other means of doping.!®! Through this, clear preservation of quantum
confinement merit of QD system can be demonstrated despite the assemblies are highly crosslinked. In
addition to recent success in controlling both the intrinsic hole and electron transports in the QDs using
proper selections of organic molecular ligands.I”! the implications of carrier control on the usage of QD
assemblies for energy harvesting will be explained, in particular within photovoltaic and thermoelectric

contexts, which efficient charge carrier transport are the prerequisites.
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