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The bulk atomic structure of cobalt films deposited on GaAs has been unequivocally determined to be
the body-centered-cubic metastable phase. A comparison of the conversion-electron x-ray-absorption
fine structure of Co films deposited on CJaAs(110) with similar measurements for the stable phases of
hcp Co, fcc Cu, and bcc Fe establishes the Co bcc phase with a lattice constant of 2.82 ~0.01 A. Fur-
thermore, this first application of the technique to single-crystal epitaxial films shows it to be a most
powerful procedure for establishing their crystal structure.

PACS numbers: 64.60.My, 61.10.Lx, 68.55.Ng

The generation and stabilization of thermodynamical-
ly metastable crystal structures for studies of their ma-
terial properties is the first step in crucial tests of a new
class of total-energy calculations. ' True metastable
phases (a local minimum of the total energy under con-
ditions of zero pressure or applied field) should be
diAerentiated from forced structures which are external-
ly maintained, for example, by interfacial energies which
force registry with an underlying substrate surface net.
Although metastable phases may be initially stabilized
by deposition onto a suitable substrate, because of the
nonequilibrium nature of the growth process additional
deposition leads to the formation of a true metastable,
stress-free film. Each arriving atom finds it energetically
more favorable to assume the metastable structure than
to locally distort the surrounding atoms into the more
stable phase. For forced structures, the interplay be-
tween interfacial energies and bulk strain energies gen-
erally results in some form of crystal distortion and a
thickness-dependent lattice constant which "relaxes"
with increasing thickness toward the equilibrium bulk
value. This variation in lattice spacing is accommodated
by generation of crystal dislocations and is often accom-
panied by a variation in the material's properties.
These shortcomings are absent in metastable crystal
structures which maintain a single atomic spacing with
no variation in material properties. Also, the excess en-

ergy of the metastable phase above the thermodynami-
cally stable structure should be manifest by interesting
magnetic and electronic behavior, making the phases
more technologically interesting and scientifically valu-
able than their more stable counterparts.

The body-centered-cubic (bcc) phase of cobalt is an
especially interesting example of a metastable phase.
Although not present on the known thermodynamic
phase diagram, it can be concluded on general grounds
that it should exist as a metastable phase. The electronic
band structure for bcc Co was first calculated by

Bag ayoko, Ziegler, and Callaway using a density-
functional method and assuming a range of bcc lattice

constants based upon a Wigner-Seitz radius consistent
with other Co phases (i.e., a near constant atomic densi-

ty regardless of the crystal structure). The first predic-
tion of the true lattice constant was based upon metal-
lurgical data from the Fe-Co alloy system, and provided
the guidance for its first synthesis by epitaxial growth
upon GaAs. Subsequent total-energy calculations
showed the bcc phase to be metastable and occur at an
equilibrium energy slightly higher (0.06 eV/atom) than
the calculated minimum for the fcc phase and at an
atomic spacing in close agreement with the observed
value. Other total-energy calculations then showed that
the minimum of the fcc phase was only 0.03 eV/atom
higher in energy than the minimum for the hcp phase,
which is the lowest-energy phase. The calculated band
structure for bcc Co shows it to possess a spin-resolved
electronic structure which is unique, containing only a
very few unfilled electron states of majority-spin charac-
ter. ' ' This band-saturated electronic structure and the
large exchange splitting have been exploited in this ma-
terial for the clear observation of fundamental electron
spin-flip transitions (Stoner excitations) and for the first
observation of multiple structures in these spin-Aip spec-
tra. "

Although several investigations of the properties of
Co/GaAs films have been performed, with additional ex-
periments forthcoming, no direct confirmation of the bcc
structure of the bulk phase has yet been published.
Since many intriguing and controversial conclusions rely
on the assumed bcc structure, it is extremely important
that the atomic structure of the examined films be deter-
mined. The cubic nature of these films was inferred by
electron diffraction [reflection high-energy electron
diffraction (RHEED)], and the symmetry properties in-

vestigated by vibrating-sample magnetometry and fer-
romagnetic resonance, ' ' and through a variety of x-ray
diff'raction studies. ' However, the complete atomic
description has remained inconclusive. (Initial growth
studies indicate that the first stages of film growth are
characteristic of bcc formation, ' but additional deposi-
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surements of nanocrystalline materials which have ap-
proximately equal numbers of atoms at grain-boundary
and interior crystal sites, and in bcc Mn/Ag superlat-
tice films where a significant tetragonal distortion of the
Mn bcc structure exists.

In conclusion, we have used conversion-electron EX-
AFS to unambiguously determine the structure of a
metastable phase of Co grown on (110) GaAs. This
demonstrates the first use of this technique to determine
the structure of an epitaxially grown single-crystal thin
film. In addition to clarifying the existence of this
artificial phase, this work establishes a new and powerful
approach to structural characterization of epitaxial films.
This approach is especially important since, unlike
diA'raction techniques, it is element specific and can
readily distinguish between film and substrate.
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