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A theoretical study based on first-principle band-structure calculations is carried out for the
hypothetical semi-Heusler alloys NW (M =P, As, Sh, S, Se, and JleFor all compounds it is

found that the ferromagnetic state is more favorable than the paramagnetic state. NiVAs is predicted
to be a half-metallic ferromagnet with a small half-metallic gap of 0.07 eV and an integer magnetic
moment of 2ug, and NiVP and NiVSb are so-called nearly half-metallic ferromagnets.
Furthermore, we find a clear indication that the substitution on gh&toms influences the
hybridization between Ni and V atoms, and can even destroy the half metallicity2002
American Institute of Physics[DOI: 10.1063/1.1687232

I. INTRODUCTION the semi-Heusler alloys compatible with the existing conven-
tional semiconductor technology.

Half-metallic ferromagnetéHMFs), i.e., where one spin
the other spin band behaving like a metal, have attracted o ) o
increasing interest, since they are expected to be utilized as First-principles electronic band-structure calculation in
the ideal materials in spintronic applications. HMFs havethe present article is based on the density-functional theory
been theoretically and experimentally predicted for soméPFT) within the local spin density approximatidib SDA)
Heusler alloys, transition oxide€;? perovskite manganites, fOr the exchange-correlation potentialve use the full-
zinc-blende transition-metal pnictides, and transition-metaPotential linearized augmented-plane-wak&PW) plus lo-
chalcogenides? and others. Unfortunately, there are somecal orbitals method,where the potential and/or the charge
disadvantages in the aforementioned materials, i.e., the Curf€nSity in the crystal are treated with no shape approxima-

temperature of diluted magnetic semiconductors is so lofion. The relativistic effect is taken into account in the scalar
that they have failed in the practical sefis¢he spin- style except for the spin-orbital coupling. Inside the atomic

polarization decreases sharply with increasing temperatureSPheres the charge density and the potential are expanded in
and the half-metalli¢HM) phases are difficult to obtain due CUPIC harmonics up t0=6. The radial basis functions of
to the high energy barrier with their ground stateshich each LAPW are calculated up te=8 and the nonspherical

result in the fact that these materials are not successfullfotential contribution to the Hamilton matrix has an upper
used in spintronics applications until now. Imit of 1=4. The Brillouin-zone integration is done with a

This motivates us to search for new candidates of HMFé“Odiﬁ?d tgtrahedron meth%a_hnd we use 3000 points in
in semi-Heusler alloys of the type N\ (M =P, As, Sb, S, the Brillouin zone. The density plane-wave cutoffRe,ax

Se, and Tghby using the first-principle band-structure calcu- =8.0.

lations, since the close structural similarity between the zinc-

blende semiconductors and the semi-Heusler alloys makdl. RESULTS

We calculate the total energy as a function of the lattice
IFAX: +86-10-82649485; email address: amio@yahoo.com.cn parameter for the paramagnetic and ferromagnetic configu-
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TABLE I. Calculated properties of NiM (M=P, As, Sbh, S, Se, and Jteequilibrium lattice parametea, of ferromagnetic phases, energy difference
between the paramagnetic states and the ferromagnetic states, spin magnetic momgntsand gaps and HM gaps.

M (1)
ag AE Total Band gap HM gap
(nm) (ev) Ni \Y M (me) (eV) (ev)

NivP 0.566 0.17 0.16 1.64 -0.04 1.76 0.74
NiVAs 0.585 0.30 0.10 1.94 —0.04 2.00 0.35 0.07
NiVSb 0.589 0.28 0.11 1.85 —0.06 1.90 0.33
NiVS 0.559 0.07 0.23 2.18 0.04 2.46 0.79
NiVSe 0.580 0.30 0.14 2.58 0.02 2.73 0.46
NiVTe 0.584 0.32 0.19 2.43 —0.01 2.62 0.41

rations. The predicted equilibrium lattice constants and thesbout —2.7 eV mainly originate from the Ni@® electrons.
energy differences between the paramagnetic and ferromaginally, in the minority bands the threefold;s bands just
netic phases are tabulated in Table I. We find for all cases thgelow E¢ are created by the bondirtg, states of Ni and V
ferromagnetic phase to be more favorable in energy than thgith a small part of Ap states. Above the band gap anti-
corresponding paramagnetic phase. It is worth noting that alhonding twofold VeyI';, states and threefolth, I ;5 states
the energy differences are small, therefore, it may be difficultan be found. It is clear that the majority-spin band is
to obtain the single-phase ferromagnetic state in practicestrongly metallic, while the minority-spin band shows a
especially for NiVS. semiconducting gap, 0.35 eV, arouBid . Unfortunately, the
Figures 1 and 2 show the spin-dependent density oM gap is only 0.07 eV, which results in an unstable half
states(DOS) and energy band for NiVAs. As seen in Fig. 1, metallicity, which will be lost for any contraction of the lat-
the As atoms provids-p states to hybridize witkl electrons  tice or atomic disorder, but obviously a lattice expansion will
and determine the degree of occupation of phd orbitals.  make the half metallicity more robuSThe origin of the gap
In the majority-spin component, ViBstates are mostly oc- s mainly attributed to the covalent hybridization between the
cupied and hybridized with Ni@ electrons; in the minority-  d states of the Ni and V atoms, leading to the formation of
spin part, local and mostly nonhybridized ¥ 3tates are ponding and antibonding bands with a gap in between. The
found at about 1 eV abovEe . In Fig. 2, at about-3.5 €V bonding hybrids are localized mainly at the Ni atoms
the threefold bands are mainly due to f\®lectrons that whereas the antibonding states are mainly at the V sites.
transform following thd" ;5 representation and have a strong Figure 3 shows the spin-dependent DOS of Mi\(M
admixture of Nid states. The next twofold’;, bands at =p, Sh, S, Se, and TeThe band gaps, HM gaps, and spin
magnetic moments are tabulated in Table I. Since the Fermi
levels of NiVP and NiVSb are both located in the conduction
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FIG. 1. The spin-dependent totaipper paneland partial(lower panel
DOS of NiVAs at its predicted equilibrium lattice constant. There is a gap of FIG. 2. Band structure of NiVAs as calculated for the predicted equilibrium
around 0.35 eV around the Fermi level for the minority-spin bands. lattice constant.
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FIG. 3. The spin-dependent total DOS of NV
(M=P, Sh, S, Se, and Tas calculated for their pre-
dicted equilibrium lattice constants.
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bands, but are very close to the right edge of gaps, NiVP andie) to search for new HMFs. The total-energy calculations
NiVSb are so-called nearly HMFs. In contrast, the minority-show that for all compounds the ferromagnetic state is more
spin DOS at the Fermi level of NiVS, NiVSe, and NiVTe are favorable than the paramagnetic state. We predict that NiVAs
all relatively high, which implies that NiVS, NiVSe, and is likely to be a true HMF and NiVP and NiVSb are nearly
NiVTe do not display half metallicity. In the rigid-band re- HMFs. The substitution oép atoms can kill the half metal-
gime, obviously the half metallicity will be reobtained when licity.
the lattice is expanded for NiVP, NiVSb, NiVS, NiVSe, and
NiVTe.” Hence, they may still be useful for spintronic appli-
cations when the appropriate substrates are chosen.
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