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Abstract

Room temperature time-resolved photoluminescence (TRPL) of colloidal Si nanostructures prepared by
repetitive oxidation-etching-oxidation of mechanically milled silicon, indicate towards phonon confinement in
Si nanostructures. The Si nanocrystals have a well-defined Raman peak, which is asymmetrically broadened
and red shifted, compared to bulk silicon. The PL intensities exhibit tri-exponential decay characteristics
with decay times ranging between pico to nanosecond. For a fixed emission wavelength, the decay time is
found to be strongly dependent on excitation wavelength. Steady state luminescence spectra reveal that
PL peak positions and intensities are dependent of excitation energy. On the basis of these observations we
show that phonon confinement plays a significant role in the non-radiative relaxation of excited carriers at
the band edges of nanocrystalline Si core.
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1. Introduction Although it is expected that momentum conser-

_ - . _ vation rules should be relaxed in nanometre sized Si
Crystalline silicon (Si) in the bulk form is a clas- crystallites due to uncertainty principle, leading to

sical indirect band gap semiconducting material the formation of a quasi-direct band gap material -
which makes it an inefficient light emitter. Elec- the role of this process in light emission is still con-
tronic transitions are invariably associated with troversial [7, B, @]. Most of the studies attempting
Phonons to conserve mqmentum, which eventually to understand the contribution of such processes
mereases the non-rad.latlve decay rates over ﬂ.le T4~ 5 in luminescence from Si nanostructures have so far
diative ones. Relative enhancement of radiative focussed on examining and explaining carrier con-
transitions over non-radiative decay has been ob- finement. However, the presence of phonon modes
served in various mamostructures of Si [I 2 []. should also play a determining role in the exci-
However, a clear understanding of the mechanisms ton recombination process in such nano-systems.
and the processes legding to this interesting Ph?' s In nanostructures, not only the charge carriers be-
nomenon is still awaited [4, B [6]. Presently, it is come confined within the physical dimension of the
mo?e—or—less accepteq that quantum conﬁnemen.t of system but also the phonons get confined resulting
excitons and surface/interface defects and /or oxides in discretization of lattice vibration modes along

play a combined role in the process of efficient light with reduced density of states [I0]. The quantized
emission in nano Si. 35 phonon modes in low dimensional Si therefore, have

their effect on the photo-generated carrier decay dy-
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