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Abstract:
The photoluminescence (PL) and optical absorption at room temperature of Si+ implanted into

SiO2 substrates has been studied. The as-implanted samples exhibit a strong PL around 2 eV, due to
the existence of radiation damage in SiO2. After annealing to lOOOC/lh, the emission peak shifts to
1.7 eV and has long been believed to result from the quantum confinement of carriers in Si
nanocrystals. Alternative theories have recently been proposed, based on the tunneling of excitons
from the nanocrystals into the surrounding SiO2, with recombination taking place at luminescent
centers within the SiO2. This study examines the effect of nanocrystal size on PL and optical
absorption with the aim of understanding the luminescence mechanism.

I INTRODUCTION:

The discovery of room temperature photoluminescence from Porous Silicon has
stimulated a new area of silicon research. Silicon had long been considered unsuitable for the
fabrication of optical devices due to its indirect band gap. However, Si nanocrystals produced
in SiO2 by ion implantation have exhibited strong room temperature photoluminescence, but
its origin has so far been unclear. Nanocrystalline semiconductors are predicted to exhibit
modified optical properties from those of bulk material due to changes in their band structure.
For Silicon, the indirect bandgap evolves toward a direct bandgap and the bandgap increases
with decreasing particle size due to quantum confinement effects. Such effects have been
proposed to explain the existence of strong PL and shifts in the dominant emission
wavelength with processing. However, ion implantation creates defects in the SiO2 substrate
and these defects are known to display luminescence at various energies including the visible
range. This complicates the interpretation of the PL data.

H EXPERIMENTAL PROCEDURE:

Fused silica substrates were implanted with 400 keV Si ions at room temperature to
doses ranging from 0.6 to 3el7 at/cm2. Implanted samples were then annealed at 1000C in an
Ar ambient to cause precipitation of excess Si and nanocrystal formation. Samples were
characterized by PL using an Ar ion laser (excitation at 488 nm) and a single monochromator,
and by optical absorption measurements.

Fig 1 shows typical PL spectra. In the as-implanted sample, the PL emission is peaked at 2 eV
(620 nm), which is believed to be due to defects in SiO2 created by ion implantation.
Annealing in Ar at lOOOC/lh removes some of these defects and creates Si nanocrystals. The
PL emission shifts to 1.7 eV (730 nm). This PL spectrum is similar to that seen by others [1,2].
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Fig 1: Room temperature PL from Si (400 keV, 3el7 /cm2) implanted fused silica in the as-
implanted state and after annealing (lOOOC/lh with Ar)

The average size of the crystallites can be controlled by the annealing time and temperature
and also by the Si concentration. The size of our nanocrystals can be defined by using the
Transmission Electron Microscopy technique. In the quantum confinement theory, a decrease
in the particle size should lead to an increase in the energy bandgap. Therefore, any variation
of these parameters should result in a size dependence of the PL and optical absorption.

Fig. 2 shows the optical absorption spectra for samples annealed at lOOOC/lh. The UV-
3101PC Shimadzu scanning spectrophotometer was used to perform these measurements, for
a wavelength ranging from 200 nm (UV) up to 3000 nm (IR). The absorption edge shifts to
higher energy (lower wavelength) as the dose (so the size) decreases. These results are in
agreement with the quantum confinement theory, although the absorption edge and the PL
occur at significantly different energies, which would imply that the PL does not result from
band edge emission.
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Fig 2 Optical absorption for Si (400 keV) implanted fused silica to different doses and
annealed at lOOOC/lh in Ar.

Several alternative models have been proposed to account for the observed light emission.
These include: exciton production and recombination in the nanocrystals, exciton production
in the nanocrystal and recombination at defects and surface states around the nanocrystal,
exciton production in the nanocrystal followed by tunneling into the surrounding SiO2 and
recombination at luminescence centers in the SiO2. Qin and al [5] have argued that the



significance of these processes depends on the nanocrystal size. Experiments are in progress
to explore these different mechanisms.

m CONCLUSION:

The formation of Silicon nanocrystallites in SiO2 by ion implantation and annealing
results in a strong visible room temperature PL at around 1.7 eV. Quantum confinement
theories have been proposed to account for such emission but the fact that the optical
absorption and the PL emission appear in totally different wavelength ranges suggest that
alternative processes may be responsible for light emission. Preliminary results from
experiments designed to resolve this issue have been presented and more detailed
measurements are the subject of ongoing work.
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