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thick layers have relaxed because strainreduces Eg .
6,20

The optically measured band gaps Eg in Table I were
used to calculate theoretical values for the C fractions
assuming a linear interpolation of theG ~@000#!, L ~@111#!
andX ~@100#! conduction band energy minima versus com
position, using known values for Si, Ge, and C as the e
points. This interpolation predicted that the GeC alloys h
anL minimum for the band gaps measured here, and yield
the theoretical C fractionsytheo in Table I which agree well
with the measured compositions. This result implied a line
dependence of the Ge12yCy band gap versus composition fo
small C fractions, but care must be taken for extrapolatio
to larger C fractions because departures from linearity ha
been observed in Si12xCx alloys,

21 and it is well known that
the band gap of cubic 3C–SiC~Eg52.2 eV! is smaller than
the value~Eg53.28 eV! predicted by a linear average be
tween diamond and Si.

The alloy lattice constants in Table I are slightly smalle
than for pure Ge. It is not yet clear why these values were
as small as might be expected by Vegard’s Law of the line
dependence of lattice constant on composition. We specu
that there was significant local strain near the C atoms as
been reported,10 or perhaps the perpendicular lattice plan
spacing has not completely relaxed due to residual tetrago
distortion in the alloys layers. This latter explanation, how

FIG. 3. Measured values of optical absorption coefficienta versus photon
energy hn for samples SGC-30~Ge0.99C0.01!, SGC-31 ~Ge0.98C0.02!, and
SGC-32~Ge0.97C0.03! compared with that of a Ge wafer. The addition of C
shifted the absorption edge to higher energies implying alloying with the G
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ever, is inconsistent with our observation of a linear increase
of band gap with composition, which implied strain-free lay-
ers.

In conclusion, the nonequilibrium, low temperature
growth conditions of molecular beam epitaxy have produced
crystalline Ge12yCy alloys having a cubic diamond lattice
oriented to the~100! Si substrate. Measurements on thick
relaxed alloy layers showed that up to 3 at. % C was incor
porated, which reduced the lattice constant and increased th
energy band gap compared to bulk Ge. These alloys open u
an exciting new region for group IV semiconductor hetero-
structure physics and device possibilities.
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