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We report density-functional calculations of the ferromagnéfiel) stabilization energys=Egy

— Eapm for differently oriented Mn pairs in llI-V'YGaN, GaP, GaAsand chalcopyrite (CuGa$S
CuGaSe, CuGaTg) semiconductors. Ferromagnetism is found to be the universal ground state
(6<0) in all cases. The order of FM stability in llI-V's is GaNGaP>GaAs, whereas in
chalcopyrites it is CuGaS-CuGaSe>CuGaTg. Considering both groups, the order is GaN

— GaP— GaAs— CuGaS— CuGaSe— GaSh=CuGaTeg. The stronger FM stabilization in ll1-V’s

is attributed to the stronger covalent coupling between the Mn 3
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be explained by a simple mod&t®?°depicted in Fig. 2. We
describe the electronic structure of Mjas a result of cou-
pling between thel orbitals of the Mn ion with the orbitals
formed by a Ga vacancy in CuGaS® GaAs. Tha
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neighbor being (1,1,&-(0,0,0)a pair] have the highest of 2.43 eV, being larger than that of G&226 eV} or GaAs

FM stability. This crystallographic orientation has the stron-(1.43 eV}, yet the FM stability of CuGaSMn is weaker
gest coupling betweet?®" on adjacent Mn—As bonds since than in GaP:Mn or GaAs:Mn. Indeed, IlI-V’s have stabler
it is the only direction wherdond chainsoccur, i.e., like ferromagnetism than chalcopyrites for comparable energy
Ga—As—-Ga—As--- in llI-V’s, or Cu—Se-Ga-Se--- in gaps.

chalcopyrites.

We next compare our calculated stability energiegith
results in literature. For example, using GGA exchange cor
relation and relaxed lattice constant we obtaireti88 and
—63 meV/Mn for Mn pairs of first neighbors and third
neighbors in GaN:Mn, respectively, while Sanyal, Bengone,ig-ghc\%lfsﬁeng@ﬁésgﬁ;gf% A Buniman. 3. M. Dauchion. S. von
and .erbt give— 1.56 and_5.8 m(?V/Mn’ resPeCthGlY’ em- M.oln.r, M. ’L. i?oﬁkes, AY. C’htc.heikanova, ahd.D..M. Trgeger,’Sc.ience
ploying local density approximatiofLDA) and experimen- 294 1488(2001.
tal lattice constart? As for the GaAs:Mn, Ref. 24 presented °S. C. Erwin and A. G. Petukhov, Phys. Rev. L&8, 227201(2002.
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strong(c.f. Table ). - 194, Ohno, A. Shen, F. Matsukura, A. Oiwa, A. Endo, S. Katsumoto, and Y.
The order of FM stabilityabsolute value 0¥), e.qg., for lye, Appl. Phys. Lett69, 363 (1996.

the first nearest neighbor and fourth nearest neighbor amorﬁﬁ»- K. Rao and P. Jena, Phys. Rev. L&9, 185504(2002.
l-V's is GaN>GaP>GaAs>GaSh, whereas in the chal- S. S. A. Seo, M. W. Kim, Y. S. Lee, T. W. Noh, Y. D. Park, G. T. Thaler,

. oo . M. E. Overberg, C. R. Abernathy, and S. J. Pearton, Appl. Phys. &2tt.
copyrites it is CuGagS>CuGaSe>CuGaTg. Comparing 4749 (2003.
all compounds, we find that GaN:Mn, GaP:Mn, and®®y.J. Zzhao and A. J. Freeman, J. Magn. Magn. Ma2d6, 145 (2002.
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: e M 5 .
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