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Abstract

We use an efficient projection scheme for the Fock operator to analyze the size dependence
of silicon quantum dots (QDs) electronic properties. We compare the behavior of hybrid,
screened hybrid and local density functionals as a function of the dot size up to ∼800
silicon atoms and volume of up to ∼20nm3. This allows comparing the calculations of
hybrid and screened hybrid functionals to experimental results over a wide range of QD
sizes. We demonstrate the size dependent behavior of the band gap, density of states,
ionization potential and HOMO level shift after ionization. We also demonstrate how the
use of Graphical Processing Units (GPUs) can accelerate further such calculations.

1. Introduction

Quantum dots (QDs) form a class of na-
nometer scale materials that present an ef-
ficient way to tune the electronic and op-
tical properties of materials by controlling
their size [1, 2, 3]. In particular, the opti-
cal band gap and electronic density of sta-
tes are affected by quantum confinement ef-
fects [1, 2, 3]. Silicon based QDs are especi-

ally interesting as silicon is a highly abun-
dant element with a wide use in electro-
nics, photovoltaics, and many other fields.
They were therefore the subject of both ex-
perimental [4, 5, 6, 7, 8, 9] and theoreti-
cal [10, 11, 12, 13, 8, 9, 14, 15] research.

Even a small QD can have hundreds of
atoms and hence present a challenge for full
quantum calculations. Semi-empirical quan-
tum methods such as tight-binding [16] (TB)
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