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1 Abstract

Quantum dot—based perovskite solar cells (QD-
PSCs) represent a promising frontier in next-
generation photovoltaic technologies, combin-
ing the exceptional optoelectronic properties
of metal halide perovskites with the tun-
able quantum confinement effects of semicon-
ductor nanocrystals. Quantum dots (QDs)
are nanoscale materials with size-dependent
bandgaps, enabling precise control over light
absorption and emission. When integrated into
solar cells, they serve multifunctional roles in-
cluding defect passivation, energy level align-
ment, and enhancement of charge transport.
These effects mitigate non-radiative recombi-
nation losses and improve crystallinity, thereby
significantly increasing power conversion effi-
ciency (PCE) and device stability .

Synthesis of QDs typically involves colloidal
chemical methods, allowing fine control over
size, composition, and surface ligands. In
QDSCs, they can be incorporated as interfa-
cial layers, embedded within a perovskite ma-
trix, or used as standalone light-absorbing ma-
terials. Characterization techniques such as
photoluminescence spectroscopy, electron mi-
croscopy, and current—voltage measurements
show that QDs enhance carrier dynamics and
suppress trap states, which are major limita-
tions in conventional perovskite devices . In
materials, QDs improve photovoltaic perfor-
mance through bandgap engineering, multiple
exciton generation, and intermediate-band for-
mation, potentially enabling efficiencies beyond
the traditional Shockley—Queisser limit .

From a sustainability perspective, QD-PSCs
offer several advantages. Their solution-
processability enables low-temperature fabri-
cation, reducing energy input and manufac-

turing costs compared to silicon-based pho-
tovoltaics. Additionally, their compatibility
with flexible substrates opens pathways for
lightweight, portable, and building-integrated
solar technologies. The tunability of QDs also
allows better utilization of the solar spectrum,
improving overall energy yield. However, chal-
lenges remain, particularly regarding long-term
stability under environmental stress (moisture,
UV exposure) and concerns over toxic elements
such as lead and cadmium in some QD systems

Recent progress has demonstrated rapid ef-
ficiency improvements and enhanced durabil-
ity through interface engineering and composi-
tional optimization, with QD-assisted devices
approaching or exceeding the performance of
conventional thin-film technologies . Future re-
search directions emphasize the development of
environmentally benign QDs, scalable fabrica-
tion methods, and advanced device architec-
tures such as tandem and intermediate-band
solar cells.

This presentation will go through the mecha-
nisms used in solar cells devices and how these
can be improved through the use of quantum
dots.
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