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ABSTRACT

Nanoscale devices are being extensively studied for their tunable electronic and optical properties, but the influence of impurities and defects
is amplified at these length scales and can lead to poorly understood variations in characteristics of semiconducting materials. By performing
a large ensemble of photoconductivity measurements in nanogaps bridged by core-shell CdSe/ZnS semiconductor nanocrystals, we discover
optoelectronic methods for affecting solid-state charge trap populations. We introduce a model that unifies previous work and transforms the
problem of irreproducibility in nanocrystal electronic properties into a reproducible and robust photocurrent response due to trap state
manipulation. Because traps dominate many physical processes, these findings may lead to improved performance and device tunability for
various nanoscale applications through the control and optimization of impurities and defects.

One of the grand challenges of nanoscale systems is to
control local fluctuations and disorder. As size decreases,
the importance of individual defects and impurities grows,
and they can cause unpredictable and undesired changes in
behavior. Charge traps are ubiquitous and can affect a variety
of systems such as electronic states in graphene,1 charge
transport in carbon nanotubes,2 photoluminescence intermit-
tency in semiconducting nanocrystals and nanorods,3,4 and
telegraph noise in resistance.5 Local fluctuations often act
as “hidden variables” that foil attempts at quantitative
property measurement and interpretation. Hence, the dis-
covery of ways to detect and control trap behavior will hasten
progress in the field of nanoscience.

Nanocrystal quantum dots are being studied for a broad
range of optoelectronic applications, including the realization
of tunable and efficient photodetectors,6-10 solar cells,11,12

and light emitters.13 CdSe/ZnS core-shell nanocrystals are
particularly interesting because of their high quantum yield,
large bandgap tunability across the visible spectrum, and
well-established synthesis protocols.14-16 Quantum dot arrays
are light-sensitive artificial solids that serve as flexible model
systems for the study of basic transport phenomena, arising
from the interplay between the recombination-rate limited
and thermally activated charge transport mechanisms.10,17-19

Prior studies have considered the presence of traps in these
systems but were not able to quantify or control them.

Here we demonstrate a robust and reproducible procedure
for controlling the trap population in nanocrystal nanogap
devices and show that qualitatively different photocurrent
behaviors can be produced depending on how traps are
initialized prior to a measurement. Electric field-induced
population and optically induced depopulation of traps can
reverse the temperature dependence of the photoconductivity.
We present a model that explains the role of traps and the
importance of measurement sequence. Our method for
dynamically controlling trap populations achieves optimized
photodetector sensitivity at low or high temperatures for light
sources, photovoltaics, electronics, and other applications.
Moreover, we show that a range of temperature-dependent
behaviors previously attributed to material differences are
reproducible in a single device and provide a possible
explanation for contradictory reports of the temperature
dependence of photoconductivity in the literature.10,17,19-22

These results carry implications for past and future experi-
ments and may inspire analogous procedures for trap
manipulation in other systems.

Figure 1a shows the schematic representation of the
photodetector device based on nanocrystals in a nanogap
electrode geometry. Electrodes made of 3 nm of nickel and
30 nm of gold, separated by only 20-30 nm, ∼4 nanocrystal
diameters, are patterned using electron beam lithography on
a silicon nitride (Si3N4) membrane.23 The membrane is
compatible with high-resolution structural characterization
using transmission electron microscopy (TEM), which allows
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