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Résumé / summary

Nowadays, energy conversion devices are mainly designed by using macroscopic models (such as the drift-diffusion
and the heat Fourier’s formalisms) which assume local equilibrium and simplified material properties (energy
dispersion, relaxation times...) that must be known a priori.

In the framework of future generations of energy converters that will most probably involve high energy carriers,
out-of-equilibrium carrier distributions and complex band structures as well as strong quantum effects [1,2], these tools
reach their limit of accuracy [3].

Besides, these new routes of development will require to

0 . . .
" §\“©W% @ investigate a large panel of new materials [4] and
N nanostructures probably different from those which are

well known and commonly used today in the
microelectronics industry such as 2D materials (mono or
multilayers). In recent years, a spectacular progress in ab-
initio DFT (density functional theory)-based description of
the electronic and thermal transport has been achieved and
this method can be used to investigate these recently
studied materials.

Figure 1: A) Hot carrier solar cell as thermoelectric device. B) Energy bands in hot The goal of this internship proposed in the COM putational

carrier solor cell from  [4]. electronICS group at the C2N is to developed transport

simulation of charge and heat by coupling existing

simulation platform [5] with parameter calculated by using ab-initio methods. More precisely, in our home-made Monte
Carlo simulator will be included the full band electron/phonon scattering rates, in particular electron/phonon coupling
and impact ionization phenomenon (which is important for hot carriers in small gap materials like InAs) as well as
interface transmission. Electrical thermal properties as well as the thermalization time of hot carriers in nanostructures
will be investigated and compared with the experiment results. The proposed modeling development will be carried out
in close connection with the experimental activities performed by J. Chaste and his co-workers in the C2N.
This work is supported by the ANR project “Placho” and the Labex Nanosaclay via the MACACQU flagship. This
internship is expected to be continued in a Phd program.
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