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Recent research considers silicon a promising
material for spintronic applications, because of its
high spin coherence time and its mature technol-
ogy [1], [2]. A detailed investigation of the spin
properties of a quantum dot would require a suitable
simulation tool, of which there are no examples in
literature.

In this work, we present a numerical simulation
of a silicon quantum dot in a magnetic field based
on the solution of the many body Schrodinger
equation, on the basis of Current Spin Density Func-
tional Theory (CSDFT) [3], in the Local Density
and Approximation (LDA), based on the formula-
tion proposed by Koskinen et al. [4]. The effective
mass approximation is used; mass anisotropy and
degeneracy of conduction band minima are taken
into account.

In Fig. 1, we show the flow chart of the sim-
ulation. Starting from an initial guess, the single
particle Kohn-Sham equation is solved 6 times in
the dot region, for each spin in each conduction
band minimum (3 for silicon). Each single particle
level is filled in the order of increasing energy, and
the electrochemical potential p is calculated with
Slater’s rule.

Once spin up and spin down electron densities
are computed, the nonlinear Poisson equation is
solved in the three dimensional domain by means
of the Newton-Raphson method. The algorithm is
then repeated cyclically till convergence is achieved.

In Fig. 2 we show the 3D structure of the
simulated device, which has a square transverse
cross section. The dot is a 4 x 30 x 30 nm? silicon
box embedded in SiO-. In Fig. 3, we show a cross
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section of the electron density for 3 electrons in
the dot for B=0T and B =4.75T.

In Fig. 4 we show the addition energy
Ag(N) = u(N + 1) — u(N) of the dot, where
N is the total number of electrons in the dot.
The maxima are for multiples of four electrons
in the dot, due to the double degeneracy of each
conduction band minimum. In Fig. 5 we show
the first seven eigenvalues as a function of the
magnetic field for three electrons in the dot. As
can be seen, for B = 2 T there is a change of spin
polarization.

In the final version of the paper, we discuss all
the convergence issues and the behavior of spin
polarization of the quantum dot as a function of
the magnetic field, of the number of electrons, and
of the dot geometry.
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Fig. 1. Flow chart of the implemented 3D Poisson/Schrodinger
solver.
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Fig. 2. Three dimensional simulated quantum dot structure:
the silicon dot (4 x 30 x 30 nm®) is embedded in SiOz. The
bulk is p-doped with N 4=10'® cm 3. Dimensions in the figure
are in nanometers.
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Fig. 3. Electron density for three electrons in the quantum dot
for B=0T (top) and B = 4.75 T (bottom).
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Fig. 4. Addition Energy as a function of the number of
electrons in the dot.
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Fig. 5. First seven eigenvalues calculated when three electrons
are in the dot as a function of the magnetic field. The bold line
is the electrochemical potential, and the arrows indicate spin
polarization.
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