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Recaently, the influence of quantum confinement on the
optica properties of semiconductor nanostructures is one
of the intensively studied fields. For example, the
widening of the band gap is due to the smaller dimensions
of the nanostructures. Although the breakdown of the k-
conservation rule due to the strong quantum confinement
has been theoreticdly expeded,[1,2] quantitative results
related to the breskdown have not been presented yet.
For the indired band gap semiconductors such as Si, the
opticd transitions are dlowed only if the phonons are
absorbed or emitted to conserve the aystal momentum.
When the size of the Si nanastructures is reduced small
enough to relax the k-conservation rule, the probabili ty of
the quasi-dired recombination increases. The emission
from the Si nanostructures is considered on the basis of a
competition  between indired and quasi-dired
recombinations. Thus, Si nanostructures can be good
candidates for the study of the k-conservation rule
breskdown. We prepared the nanocrystalline Si (nc-Si)
dots with the core diameter ranging from ~9 nm to ~4 nm,
which is smaller than the exciton Bohr radius of Si, 4.9
nm, while kegoing the dot density constant. The room
temperature photoluminescence (PL) measurements were
performed to observe the quasi-dired recombination in
the nc-Si dots.

The nc-Si dots with the mre diameter of 9+2 mm,
which were prepared by utilizing very high frequency
(VHF, 144 MHz) plasma decompaositionn of SiH, diluted
by Ar [3], were deposited on Si (100 substrates for PL
measurements. PL spedra of the nc-Si dots oxidized at
750°C for 0 hour and 8 hours are illustrated in Fig. 1 (a)
and (b), respedively. Note that the 800 °C oxidation was
performed for 10 minutes before 750 °C oxidation in
order to fix the nc-Si dots on the substrates. PL spedra of
the nc-Si dots owed in Fig. 1 can be decomvoluted into
three gausdan curves (denoted as P1, P2, and P3). P2

emission is originated from the nc-Si dats.[4] The aea

ratio of the P2 is plotted as a function of the core diameter
of the nc-Si daots in Fig. 2. The aea ratio drasticdly
increases as ~r° with reducing the wre diameter r when
the mre diameter is less than the exciton Bohr radius of
Si.  Note that the probability of the quasi-dired
remmbination decays with an approximate ~r°
behavior.[2] Therefore, the enhancement of the PL
intensity of the nc-Si dots can be eplained by the
manifestation of the quasi-dired recombination in the nc-
Si dots due to the strong quantum confinement.
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Figure 1: PL spectra of the nc-Si dots

oxidized at 750 FC for (a) 0 and (b) 8 hours.
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Figure 2: The area ratio of P2 is plotted as a

function of the core diameter of the nc-Si dots.

A solid curve is drawn as ~r -6,
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