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We have recently found that high quantum efficiency can be achieved in strained
Si, Ge, alloy layers through the elimination of nonradiative channels. We
observed a photoluminescence process in SiGe grown on <100> silicon by rapid
thermal chemical vapor deposition, which was attributed to free excitons
localized by random fluctuations in alloy composition. The external quantum
efficiency of this process was measured directly for a single Si,,,Ge, ,, quantum
well and found to be extraordinarily high, about 11.5 + 2%. In this paper, we
present additional data on the localized exciton photoluminescence, including
temperature dependence, time decay curves, and effects of sample annealing.
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INTRODUCTION

Inrecent years, researchers have shown increasing
interest in strained epitaxial layers from the Si-Ge
.alloy system. This stems partly from the advantages
offered by heterostructures in electronic devices. As
well, studies have been motivated by the possibility of
silicon-based optoelectronics through the quasi-di-
rect band gap predicted to occur by zone-folding in
strained atomic layer Si/Ge superlattices.l* While

evidence for the direct band gap has remained incon- -

clusive,*" other studies have recently met with some
success in understanding the optical properties of the
SiGe alloy grown epitaxially on silicon. Thisis largely
due to the observation of band edge photoluminescence
(PL) from free excitons or shallow bound excitons,

which gives direct information about the epitaxial -

layer quality, the band gap variation due to alloy
composition and strain, and any quantum confine-
ment effects. >4

While such information is invaluable in
heterostructure device design, our PL studies have
also inadvertently led to the discovery of a highly

efficient luminescence process (>10% quantum effi-
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ciency) that suggests an alternative means of achiev-
ing good optical properties in a silicon-based technol-
ogy.® This process originates from excitons localized
by the statistical fluctuations in potential that are
inherent to the SiGe alloy. The random nature of the
SiGe alloy is known to manifest itselfin the band edge
PL of both bulk!®*" and strained layers® as a broaden-
ing ofthe PL peaks, and a relaxation of the usual wave
vector conservation rules to give strong no-phonon
transitions despite the indirect band gap. Another
consequence of the statistical fluctuation in germa-
nium concentration is the formation of regions rich in
germanium, which can act as potential wella for holes.
This can be described within the framework of Ander-
son localization, where the conduction and/or va-
lence band edges are smeared so that a tail in the
density of states extends into the forbidden gap. A
characteristic energy known as the mobility edge
distinguishes between the localized states and the
extended states of the pure crystal. At low tempera-
tures, the excitons can become immobilized many kT
below this mobility edge. Localized states have been
reported in other semiconductor alloys, including
GaAs P, ,'*®#CdS Se, ,*“and Ga, Al As;* however,
it was not recognized that such localization can lead
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