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Evidence of Phonon-Assisted Auger Recombination and Multiple Exciton Generation
in Semiconductor Quantum Dots Revealed by Temperature-Dependent Phonon
Dynamics
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Auger processes, multiple exciton generation (MEG) and Auger recombination (AR), provide and
disturb a potential route to increase solar cell efficiencies by creating multiple charge carriers,
respectively.

We recently developed the real-time non-adiabatic (NA) dynamics simulations for MEG and AR by
combining time-domain density functional theory (TDDFT) with NA molecular dynamics (MD). Our
Auger dynamics simulation simultaneously calculates the MEG and AR, and can discuss interplay
between them. All the NA couplings are treated non-perturbatively and our results exhibit not only
simple exponential but also more complicated Auger dynamics. Our real-time simulation explicitly
includes phonon dynamics, and can discuss temperature effects accounting for fluctuations of the band
energies and NA couplings without any prepared modeling.

Our real-time ab initio simulation found logarithmic temperature dependence of the Auger rates in
semiconductor quantum dots (QDs) which agrees well with the experimental observation. This
anomalous temperature dependence is not determined by static electronic structures of the QDs
depending on temperature, but attributed to dynamical -electron-phonon couplings, directly
demonstrating that the Auger processes are actually induced by the electron-phonon couplings. Our
findings suggest that high-frequency and broad phonon modes of a QD surface dictate efficient Auger
dynamics of QDs. Manipulation of temperature, defects and surface passivations for controlling
phonon dynamics will play a pivotal role to control the MEG and AR processes.
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