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Abstract

Metastable Si; _,_,Ge,C, alloys were grown by molecular beam epitaxy on (100) Si substrates. Solid elemental sources
were used for the Si and Ge beams, and a resistively heated graphite filament was used for the C beam. Upto3 at% of C
was incorporated in the alloy layers. Optical transmission measurements showed that the absorption edge of thick layers
increased to higher energies with increasing C fraction, and revealed the presence of Si—-C and Ge-C vibrational modes in
the infrared. At low temperatures, the alloys showed significant photoluminescence. The bandgap energies of thick layers
increased linearly with the C fraction and followed a linear dependence of the bandgap on composition. Measurements of the
valence band density of states using X-ray photoelectron spectroscopy indicated that the valence band energy maximum
increased with the C fraction relative to that of SiGe alloys of similar composition. Our results indicated that SiGeC alloys

are promising materials for Si-based heterostructure devices.

1. Introduction

Recently, alloys of the Group IV elements have
become interesting for heterostructure devices com-
patible with Si integrated circuit technology. Re-
search has been challenged by the low equilibrium
solid solubility of C in Si and in Ge, but metastable
Si,_,-,Ge,C, alloys with significant C atomic frac-
tions have been grown by non-equilibrium tech-
niques such as molecular beam epitaxy (MBE) [1]
and chemical vapor deposition [2]. Although the
equilibrium solubility of C is 107% in Si [3], and is
107" in Ge [4], we have incorporated up to 3 at% of
C under the non-equilibrium growth conditions of
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MBE. These alloys were solid solutions with a dia-
mond cubic structure as indicated by X-ray diffrac-
tion [5]. An intriguing possibility is that the lattice
constant of these alloys can be matched to that of Si
by adjusting the composition ratios. In addition, the
bandgap might be tunable to match desired optical
wavelengths. The availability of optoelectronic het-
erostructures compatible with Si circuits would have
a major impact on practical applications including
microprocessors having monolithically integrated op-
tical input/output channels [6].

Recent studies have focused on alloy growth con-
ditions, structure, composition and luminescence [7—
9]. Numerical values for physical properties and their
dependence on composition are becoming more well
known. Interpretation of alloy properties has been
complicated by the effects of strain and by structural
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