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Fig. 1. (a) TEM image of the crystallizing structure in the pure nanosilicon (sample I) and its electron diffraction pattern in the in-

set; (b) TEM image of the crystallizing structure in the nanosilicon doped with oxygen (sample II) and its electron diffraction pat-

tern in the inset; (c) I-V curves measured on sample II, in which the quantum vibration has been observed under laser irradiation at

633 nm.
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Fig. 2. (a) Simulation model structure of the Si nanolayer
with Si=0 bond on surface; (b) density of states of the Si
nanolayer with Si=0 bond.
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Fig. 3. (a) Simulation model structure of the thinner nano-
layer structure (thickness: 0.6 nm) with O doping; (b) density
of states in simulating calculation on the thinner nanolayer
structure with O doping.
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Fig. 4. (a) Density of states of the Si quantum dots passivated
with Si—H bonds on surface; (b) density of states of the Si
quantum dots doped with the Si—O-—Si bond on surface
with the OSL effect, in which the inset shows the model
structure of the Si quantum dots with the Si—O—Si bond.
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Fig. 5. Physical model construction built for interpreting
the OSL effect in the localized states according to the results

of simulating calculation.
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Abstract

It is interesting that the electronic spin gap is opened in the localized states of nanosilicon doped with
oxygen, where spin splitting of the individual two-level +1/2 states isolated in the localized states increases by
1-2 order of magnitude (on the order of 100 meV). The opening spin level effect in the localized states is
observed in experiment, which originates from the twin states of quantum vibration measured in the
photovaltaic system consisting of the quantum dots and the quantum layers of silicon prepared by using a
pulsed laser in an oxygen environment. The opening spin level effect in the localized states is investigated by
using density functional theory (DFT) in the simulation models of the quantum dots and the quantum layers of
silicon with Si=0O bond or Si— O—=Si bond on surface. The detailed simulating calculations show that the
broader splitting gaps of the electronic spin polarization confined at the individual impurity atoms occur in the
localized states, which are consistent with experimental results. A physical model is built to explain the opening
spin levels effect, in which the opening spin level effect mechanism in the localized states originates from the
quantum confinement at doping atom. The opening spin level effect will improve the fidelity of information

stored and processed within such a spin qubit.

Keywords: electronic spin, localized state, doped nanosilicon, valley splitting, quantum vibration
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