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for an actual substrate material that has a natural lattice con-
stant close toas

0. Furthermore, examination of the curvature
of Eepi

ZBsasd can tell us if this phase is mechanically stable
under axialc/a distortions27 or even if it could be dynami-
cally unstable.28 Such calculations have to be performed both
for ferromagneticsFMd and antiferromagneticsAFMd spin
arrangement, examining if epitaxial stability comes with the
desiredsFMd form of magnetism. The main questions hence
aresid Is Eepisasd vs as bound?sii d If it is, doesDepisasd cross
zero si.e., does epi-ZB ever become lower energy than epi-
NiAs?d siii d If it does, is epi-ZB ferromagnetic?sivd If it
does, is there a ZB substrate material whose natural lattice
constant is close toas

0 sdeciding the thickness24 that can be
grownd?

We have carried out such first-principles calculations for a
number of binary systems that are thought10–20 to be poten-
tial FM half-metallic material in their ZB form, and which
were previously predicted to have rather smallDbulk values,
spurring hope that they can be grown pseudomorphically.

Unfortunately, we found such hopes to be mostly unfounded
becausesid the epitaxial energy curvesEepi

ZBsasd of the ZB
form are only weakly bound, especially for MnAs, CrSb.
sii d Depisasd does not cross zero for MnAs, CrSb, CrAs, CrTe
at least up to the substrate lattice constant available from
the largest lattice constant ZB materials InSb or CdTe
sa,6.5 Åd. Thus, under epitaxial growth for a large range of
as the NiAs-type structure continues to be more stable than
the ZB-type structure, just as is the case for bulk growth.siii d
Depisasd does cross zero for CrS and CrSe atas

0=5.75 and
6.24 Å, respectively. However, having done so, the epitaxial
ZB forms of CrS is AFM, not FM, so the system is not half
metallic. Finally, CrSe does satisfy all conditionsand could
conceivably be grown as half-metallic ZB structure foras
.6.2 Å se.g., on a CdxZn1−xSe substrated. This study shows
that one could identify half-metallic epitaxial ZB structure,
but that the theoretical methodology that must be used is
different than hitherto practiced.10–20

To perform epitaxial calculations for NiAs-on-ZB we
need to find a relationship between the lattices of the film
and the substrate such as those formulated in Ref. 8 for
NaCl-on-ZB. To do so we inspect Fig. 2, which shows sev-
eral possible lattice relationships between the NiAs-type lat-
tice and ZB lattice. Indeed, some NiAs-type films, such as
MnAs, have been9,29 experimentally known to grow along

the f1̄100g direction, with every fourth MnAsh0002j plane
matching along thef0001g direction every sixth GaAsh220j
plane. This is pattern A shown in Fig. 2. Sincec/a is very
close to 3/2 for all the studied NiAs-type binaries in a wide
range of volumesssee Fig. 3d, we assume that these NiAs-
type epitaxial films will grow as pattern A in Fig. 2, i.e., we
fix c/a at 3/2, anda;as̨ 2/2. In general, theminimaof the
hydrostaticEbulk vs a curves coincide with that of the epitax-
ial Eepi vs as curves, e.g., see the FM NiAs-type curves for
MnAs and CrTe in Fig. 3. However, this is not the case when

TABLE I. Calculated magnetic ground statessF=ferromagnetic,A=antiferromagneticd of bulk and epitaxial configuration of the zinc-
blende-sZBd and NiAs-typesNAd structures of various transition-metal binaries. We also give the calculated equilibrium lattice constantsa
andc/a ratio of the bulk phases.Dbulk denotes the amount by which the bulk NiAs structure is stabler than the bulk ZB structure at their
respective equilibrium volumessFig. 1d. We indicate whether or not the epitaxial ZB structure becomes more stable than the epitaxial NiAs
structure at some critical substrate lattice constantas

0, and the lattice-constant range where epitaxial ZB is half metallicsHFd.
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