Zinc-blende half-metallic ferromagnets are rarely stabilized by coherent epitaxy
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Unfortunately, we found such hopes to be mostly unfounded
becausssid the epitaxial energy curveB; sad of the ZB
form are only weakly bound, especially for MnAs, CrSb.
siid Dgpsagd 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 Ad. 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 growithl.
Depsag does cross zero for CrS and CrSea@l:S.?S and
6.24 A, 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 for

- 6.2 Ase.g., on a CgZn,_ Se substrate This study shows

that one could identify half-metallic epitaxial ZB structure,
for an actual substrate material that has a natural lattice cout that the theoretical methodology that must be used is
stant close ta@’. Furthermore, examination of the curvature different than hitherto practiceld-2°
of E%8sagd can tell us if this phase is mechanically stable To perform epitaxial calculations for NiAs-on-ZB we

epi ' . . . X
under axialc/a distortion€” or even if it could be dynami- need to find a relationship between the lattices of the film

cally unstable?® Such calculations have to be performed bothand the substrate such as those formulated in Ref. 8 for
for ferromagneticsFMd and antiferromagnetisAFMd spin ~ NaCl-on-ZB. To do so we inspect Fig. 2, which shows sev-
arrangement, examining if epitaxial stability comes with the€ral possible lattice relationships between the NiAs-type lat-
desiredsFMd form of magnetism. The main questions hencetice and ZB lattice. Indeed, some NiAs-type films, such as
aresid Is Eqpsadl vs ag boundsiid If it is, doesDgpsad cross ~ MNAs, have beet?® experimentally known to grow along
zerosi.e., does epi-ZB ever become lower energy than epithe f110Q) direction, with every fourth MnA$0003 plane
NiAsA siiid If it does, is epi-ZB ferromagnetic8ivd If it matching along thé0001y direction every sixth GaA&220
does, is there a ZB substrate material whose natural latticelane. This is pattern A shown in Fig. 2. Sincéa is very
constant is close tag sdeciding the thickneséthat can be close to 3/2 for all the studied NiAs-type binaries in a wide
growni? range of volumessee Fig. 8 we assume that these NiAs-
We have carried out such first-principles calculations for atype epitaxial films will grow as pattern A in Fig. 2, i.e., we
number of binary systems that are thod§t’to be poten- fix c/a at 3/2, anda ; a,. 2/2. In general, theninimaof the
tial FM half-metallic material in their ZB form, and which hydrostaticE,,, vs a curves coincide with that of the epitax-
were previously predicted to have rather sniajj, values, ial Egp, vs as curves, e.g., see the FM NiAs-type curves for
spurring hope that they can be grown pseudomorphicallyMnAs and CrTe in Fig. 3. However, this is not the case when

TABLE |. Calculated magnetic ground stat#s=ferromagneticA=antiferromagnetitof 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 coastants
andc/a ratio of the bulk phase®, denotes the amount by which the bulk NiAs structure is stabler than the bulk ZB structure at their
respective equilibrium volumesig. 1d. We indicate whether or not the epitaxial ZB structure becomes more stable than the epitaxial NiAs
structure at some critical substrate lattice consédntind the lattice-constant range where epitaxial ZB is half mettFl.
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