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Zinc blende half-metallic compounds such as CrAs, with large magnetic moments and high Curie
temperatures, are promising materials for spintronic applications. We explore layered materials,
consisting of alternating layers of zinc blende half-metals, by first principles calculations, and find
that superlattices of (CrAg{MnAs); and (CrAs)(MnAs), are half-metallic with magnetic
moments of 7.2z and 14.Qug per unit cell, respectively. We discuss the nature of the bonding and
half-metallicity in these materials and, based on the understanding acquired, develop a simple
expression for the magnetic moment in such materials. We explore the range of lattice constants
over which half-metallicity is manifested, and suggest corresponding substrates for growth in thin
film form. © 2004 American Institute of Physic§DOI: 10.1063/1.1639934

With the successful syntheses of half-metallV) zinc  the (CrAs) (MnAs), structure is shown in Fig. 1. The primi-
blende (ZB) CrAs in thin film form by Akinagaetal,! a tive cell is tetragonal with 1 Cr, 1 Mn, and 2 As atoms. The
unique class of spintronic materials has been born. This suddeal ZB position of the Cr atom is at the lower left corner,
cess has stimulated further work to discover and understan@presented by a small shaded circle. Mn and As atoms are
other such transition metal compoufids and layered indicated by filled and open circles, respectively. The opti-
structure$~8 Of particular interest for spintronic applica- mized lattice constan®.70 A) is close to the average of the
tions, HM Cr and Mn pnictides have been found to possessptimized lattice constants of the constituent C(As56 A)
large magnetic moments: 3@ for Cr and 4.Qug for Mn and MnAs (5.77 A compounds. This lattice constant ap-
compounds, per formula unit. plies also to the two-layer structure.

Here, we investigate layered materials composed of al- The calculated total and projected densities of states
ternating layers of HM ZB CrAs and MnAs: (DOS) for the (CrAs)(MnAs), structure are shown in Fig.
(CrAs);(MnAs); and (CrAs)(MnAs),. In particular, we 2. The structure is half-metallic at its optimized lattice con-
investigate whether half-metallicity is preserved in the lay-stant, though only one of its constituentSrAs) is (ZB
ered structures, whether the magnetic moment is preservelinAs being only nearly half-metallic at its equilibrium lat-
the nature of the bonding and half-metallicity, and possibletice constant The DOS shows much in common with those
substrates for growth. of the constituent compounds<Considering first the majority

We employed an ultrasoft pseudopoteritiplanewave —States, we find low-lying, isolated Asstates at~-—10 eV,
density functiond approacH! with generalized gradient followed by Asp—metald hybridized states in the vicinity

approximatio”? to exchange and correlation. This approachOf Er - Mn states dominate the: manifold at lower energies,
has been shown to yield excellent agreement with allwhile Cr states dominate at higher, consistent with nuclear

electron calculations for the compounds of interest fere.charges. The metallicity is contributed mainly by Cstates.
Metal 3d and 45, and As 4 and 4 states were included in The minorityd states are shifted significantly relative to the
valence. A planewave cutoff of 450 eV was used in all cal-Maority by the exchange interaction, with the more local-
culations. Increasing the planewave cutoff from 450 to 6502€d: nonbondinge, states shifted substantially more than
eV resulted in changes in total energy of less than®1€V
in CrAs and MnAs calculations. The one-layer and two-layer
structure Brillouin zones were sampled using 1859 andk726
points®® respectively. Increasing the numberopoints from
726 to 2925 resulted in changes in total energy of less than
2x 102 eV in two-layer structure calculations. Lattice con-
stants were optimized, and atomic positions were relaxed to
within 0.06 eV/A in all cases.

Two layered structures, (CrAgMnAs); and
(CrAs),(MnAs),, were considered. The conventional cell of

¥Electronic mail: lyang@Iinl.gov FIG. 1. (CrAs)(MnAs), superlattice conventional cell.

0003-6951/2004/84(2)/239/3/$22.00 239 © 2004 American Institute of Physics


http://dx.doi.org/10.1063/1.1639934

240 Appl. Phys. Lett., Vol. 84, No. 2, 12 January 2004 Fong et al.

8- v T v ITc')taII v T v 1 v F' T '_-

DIGN T A

4N '
—~ 8F 1 [P 1
S b cre /\ As /\
? L _Crt29
% of— Q@g\&{/@@@
e ey
®» o2f Mn ¢ h Cr Mn Cr
g "= M : & Y, &
a ek

-2 —— ———]— ——

2f .

o ] As

-1F 7

B A T N 5 o0

Energy (eV Cr Mn Cr

FIG. 2. Calculated total and projected densities of states of o o ) .
(CrAs),(MnAs), at the optimized lattice constant. The material is half- FIG. 3. Calculated majority- and minority-spin valence charge densities of

metallic. Asp and metald states show significant hybridization, and €r (CrAs)y(MnAs); in a plane containing a Cr-As—Mn—As chain. Contours
states contribute most strongly to the metallicity. are equally spaced in both plots. Both majority and minority densities show

As-p—metald bonding. The majority density shows substantial, strongly
localized ey character at the metal atoms, notably absent in the minority
density which exhibits clear,, character.

the strongly hybridized, bonding, states, opening a gap at
Er. Thus, as in the constituent compounds, the bonding is _ _ _ _
mainly Asp—metald in nature and the minority-spin gap is aboOveEg by the exchange interaction, as manifested in the

opened up by virtue of the substantially differing exchangeASsociated,q DOS (Fig. 2. _ _
splitting of t,, ande, manifolds. No interface states form in Because the layered materials are half-metallic and share

the gap, and half-metallicity is manifested. The same gener& cOmmon minority electronic structure with the constituent

features are exhibited in the two-layer structure. A Compari_compounds(As—s and Asp—metalty; hybrid states com-

son of key features of the electronic structure of both layere .Ietely flllgd, metaleg and all higher states complletely un-
: L . illed), a simple relation may be developed for their magnetic
structures and constituent compounds is given in Table .

o o moments, analogous to that for the constituent compounds.
The calculated majority and minority valence charge

L 2 , Proceeding as in Ref. 5, we have then
densities in a plane containing a Cr—As—Mn—As chain are

shown in Fig. 3. The majority states show psMn-d bond- M = (Zor— 2Npin) #g = (Ziot— 8Nps) LB (1)

ing, consistent with the hybridization exhibited in the major- ) ) _ )

ity DOS (Fig. 2). Also clear is the substantial, strongly local- IOI tlhe ma;)gnetl;: m(I)ment pler tm't cel ' wthherezmt Itf thef

ized ey density at the metal atom@vith lobes along the otal number of valence elec r_onsl,min IS he number o
. : . . ) . ..__ occupied minority states, afd,s is the number of As atoms,

vertical axig, consistent with substantially lesser hybridiza-

. L . per unit cell. The 8l,5 on the right-hand side of Eql)
tion. The minority state.s also show Ae-Mn-d bondlng.- follows from the fact that each minority Asstate holds one
However, here the speciftg, character at the metal atom is

. A . electron while each minority Ap—metalt,, hybrid state
apparent, consistent with the shift of tagstates completely 4« three, for a total of four minority electrons per As

atom. For the (CrAs MnAs), layered structureZ,,;=23
TABLE |. Calculated half-metallic properties of (CrA€MnAs); and  andNus=2, and so Eq(1l) predicts a magnetic moment of
(CrAs),(MnAs), superlattices, and constituent ZB compounds. DOBgat 7 5 per unit cell; and similarly, a magnetic moment ofid#
Is the density of states at the Fermi energy in the majority chaigé§ the o it cell for (CrAs)(MnAs),. Theab initio calculations
gap in the minority channel, and is the magnetic moment. All results are .

confirm exactly these valudg3able |).

per primitive unit cell. : )
Of course, the increased magnetic moments for larger

DOS atke cells implied by Eg.(1) do not necessarily imply increased
Sample (states/eV-spin Eq (&V) M (ue) saturation magnetizationdnagnetic moment per unit vol-
(CrAs),(MnAs), 1.94 1.65 7.0 ume. For ZB CrAs, with a magnetic moment of 3.9 per
(CrAs),(MnAs), 3.47 1.62 14.0 unit cell (Table ), the saturation magnetization is
CrAs”. 0.85 185 3.0 572.4 emu/cry which compares well with the measured
MnAs 0.77 1.70 4.0

value of 559.8emu/chs’ For ZB MnAs, it is
3Ref. 5. 763.2 emu/cri The saturation magnetization for both super-
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