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Colloidal quantum dots (CQDs) combine facile
solution processing with bandgap tuning quanturactsf
and are promising materials for inexpensive andligig
efficient solar cells and other optoelectronic desi The
current approach to fabricate CQD photovoltaic dewi
employing a p-n junction has relied on combining a
conductive, bandgap tunable p-type PbS CQD solttd wi
another fixed bandgap n-type material, e.g. titaniu
dioxide (TiO2). Though efficient for a very narrcange
of CQD bandgaps centered about 1.3 eV, this scheme
falls short when bandgaps optimal for multiple jiimwe
implementations are considered, due to lack of gapd
control in the bulk semiconductor.

We report a novel approach to creating n- and p-
type materials within the same PbS CQD materiakesys
which are stable, chemically compatible, high
performance in a photovoltaic context, and quantum
confined on each side of the junction. The n-type
materials are engineered by employing a halogen
passivation approach in an air free environemest, a
oxygen is a common p-type dopant in these mateifals
type materials are obtained by working in air ambend
using silver doped PbS CQDs. We verify the dopypet
magnitude, and mobility of these materials by udialy
effect transistors. We find that doping in CQDs dmn
explained by the stoichiometry of the overall film
obtained through X-Ray Photoelectron Spectroscopy o
Rutherford Backscattering - the sum of atomic otiaa
number contributions dictates whether a materidl vé
n-type or p-type.

We achieve a broad doping spectrum{am*8
cm'3) for both types of quanutm solid, allowing us to
combine these materials into a functional phot@iolt
device. A heavily doped (>3cm?) p-type CQD layer is
interfaced with a lighter doped (focm?®) n-type CQD
layer, to yield a compatible and functional redtify
junction. Such quantum-to-quantum junctions camspa
range of bandgaps from 0.6 eV to 1.6 eV, which are
highly  desirable for multiple junction solar
implementations that would otherwise be unattamabl
with current nanocrystal-to-bulk p-n interfaces.



