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Fig. 1. (color online) The relationship between the
PL spectra and the annealing time of the nanosili-
con prepared by nanosecond pulsed laser annealing
at 1050 °C: (a) PL spectra of nanosilicon prepared
by 100 Pa intermittent annealing; (b) PL spectra of

nanosilicon prepared by 1 Pa continuous annealing.
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Fig. 2. The real object of laser annealing, the left
picture shows the large spot laser beam irradiates the
sample top, and the sample top keep above 1000 °C in-
candescent color. The right picture shows the changes
of crystal domain at the top of the sample after laser

annealing.
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Fig. 3. (color online) PL spectra of laser annealing of nanosilicon samples prepared in: (a) Oxygen; (b) SFs; (c) air.
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Fig. 4. TEM image of nanosilicon with electron beam irradiation time variation: (a) Electron beam irradiation

of 5 min on the nanosilicon samples prepared in oxygen atmosphere; (b) electron beam irradiation of 5 min on
the nanosilicon samples prepared in argon atmosphere; (c) electron beam irradiation of 15 min on the nanosilicon
samples prepared in nitrogen atmosphere; (d) electron beam irradiation of 20 min on the nanosilicon samples doped
with ytterbium; (e) electron beam irradiation of 30 min on the nanosilicon samples prepared in argon atmosphere;
(f) electron beam irradiation of 30 min on the nanosilicon samples prepared in nitrogen atmosphere; (g) electron

beam irradiation of 30 min on the nanosilicon samples doped with ytterbium.
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Fig. 5. (color online) The physical models of energy state distribution and luminescence of the nanosilicon samples
after thermal annealing, laser annealing or electron beam irradiation: (a) Shorter time; (b) appropriate time; (c) for

a long time.
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Fig. 6. (color online) PL spectra and fitting peaks of
nanosilicon prepared by pulsed laser in 1 Pa oxygen

atmosphere at 1050 °C after annealing 10 min.
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Abstract

In the process of preparing nanosilicon, the crystallization process is an important part to influence and improve the
efficiency of nanosilicon luminescence. Thermal annealing, laser annealing, and electron beam irradiation are different
ways of crystallizing the nanosilicon. Different photoluminescence (PL) spectra and structures of nanocrystalline silicon
are observed for different treatment time of crystallization. The experimental results show that choosing an appropriate
crystallization method and parameters is very important for preparing the nanosilicon crystalline structures. High lu-
minous efficiency can be obtained by controlling the parameters properly in the processes of preparing silicon quantum
dots (QDs) and quantum surface, especially. It is discovered experimentally that better nanosilicon crystalline structure
such as nanosilicon QD structure, better PL luminescence, and the doped localized state luminescence of nanocrystalline
silicon can be obtained when the crystallization time is about 20 min. According to the nanosilicon crystallization process
under thermal annealing, laser annealing and electron beam irradiation, a physical model of the effect of crystalliza-
tion time on the nanosilicon localized state luminescence is established in this paper, which can explain the effect of

crystallization time on the localized state luminescence of the nanosilicon.

Keywords: laser annealing, electron beam irradiation, crystallization, nanosilicon

PACS: 42.55.—f, 68.65.Hb, 78.45.+h, 81.40.Ef DOI: 10.7498/aps.65.104202
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