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Fig. 1. Schematic representation of two types of (110) atomic planes
for zinc-blende CrAs (A and B) and MnAs (C and D).
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Fig. 2. Atom-projected spin-polarized density of states (DOS) for the (a) interface Cr and Mn atoms (Cr-1 and Mn-1) and (b) atoms in center layers
(Cr-1I and Mn-II). Fermi levels (EF) are set to zero and minority spins are multiplied by —~1.
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Table L. /-decomposed majority and minority spin electrons inside
the muffin-tin (MT) spheres and magnetic moments (in unit of pp)
for the Cr-I, Cr-1I, Mn-I and Mn-II atoms.

A S p d Total M (15)
tom

M 7 7 7 Ko
Cr-1 »0.14/0.10 0.10/0.09 3.48/0.45 3.72/0.65 3.07

Cr-II  0.14/0.10
Mn-I  0.17/0.12
Mn-II' 0.17/0.12

0.10/0.09 3.47/046 3.71/0.65 3.06
0.13/0.10  4.26/0.61 4.57/0.83 3.74
0.13/0.10 4.27/0.59 4.58/0.82  3.76

- 113 -

Ung AuRy 1 ghe] AEs) oo ohEt miAlg wke
ZEAAL 910] (CrAs)(MnAs);(110) ZAAANA WEE44
o] ZEHAL & F Ut oJ§ HE= Fong Tl
(CrAs)(MnAs)(001)2} (CrAs),(MnAs),(001) ZAR}|A] 1t
ZgaAdo] fREtE Aol thEd|[19] ol SOl
wHilgko] Faghe Jehid.

(CrAs);(MnAs);(110) ZZAAA Ale] Arprzset APdE H
gAoz Arr] 98] Table 0] Cr-I, T 23 Mndl, II
A=) M € F Wl Aledsidgm 23l uet vhie
Az} A ERHE & AABIETE Crel 735, Al S
0] Crl YAle] AV|EHAEE 307 pelid 7R 2 Cr-ll
o] ZE& 3.06 ppCE zinc-blende TEE 7Kl HEFLEH 2
GH CrAs #%1 3.00 ppRTH T AXDh o= 7]dA
o]-83 AV gho] FEAJH Q] WX AAVIE(5.67 All1])
Ho} o £ 571 A2 ©3lr] wiEoelth. Mnd] Z-¢ll
e AY & 2l Cr12] AVIEHE 382 3.74 weld 7k
o 29 Crll YA e 3.76 o8 HEEFEAS el
W= MnAs o)X19] 34.00 ppRTH Zobslt), o] BEgF o17)
olx] o] &3t AR ko] HEFEAAS UEE zine
blende MnAs®] ZAxPFR(5.75 A) Bok 2] wjioldt, fs}
ol Cr YA Mn YAle] A |ERIE gho] A ks 7}
A7) F=Ths AL (CrAs);(MnAs)y(110) Al7F W&EG453S
7R FEths S ushH ol $A =93k AEid=
o] Avjolw H3l3i},

9ol BZo] AE Cr12] AFIEHNEGB.07 ppyb 7H-H
= 3306 p)ETH oz 2dH gk Mnel ASole AW
Mn-12] 3(3.74 pp)°l 7Rl S Mn-119] 84(3.76 pp) E
ot o7t Zer) o= AMETe] o3 Ae=E Azhdrt

Table P= ARISHA] AT Crl 7 Cr-ligk 247 22
o T U As WAL AVRHNEE 22 -0.229
—0.25 uPlT Mnl # Mn-ll & 28 2ol 21 As UA}
o] A7 |RHAEE —0.17, -0.14 w2 29 & 7B =
Crit 28 Az 9 29 e AsY AVIEGES] ol
Mn} 28 Zd = Ase] 7Rt Al gre] 1o, Cr
ot} Mng] AIEHIEZF & Fo T e AsY] A7|=H

. Eo] gro] Cot Mne] AZ|EHIE gro| 2R Zof = As

o vls) AiE o ApyEEe) Aol go] ok Ak

rhu

v. 4

(CrAs);(MnAs)(110) ZZAAAIY] A HAATRE AY
Y] MATR W FLAPW HHES o]83le] 0|22 o=
AF3ITE. Creld Mn 9] JEiEEE HES 2% 1
AAA moko] AA Zol £ A 7R Fo ¥ A



~114-

U At 2oz} giglont, AW Fol T A7t vlA
s 23t Zoke] 59218 7Rt ZHze] dzlel o
3 Aol s|ZnouRlelr Adzuldeids o] 9
EAE AES A3 vAsAURt s 7] Wi
(CrAs);(MnAs);(110) ZZAHANA REEGF4d0] s EAZIS
gt} o] AR AXPIER zine-blende TEE 7HAIE
Bx] CrasollA WEEZEAS Uehl7] Aldeke A<
567 ARTH 2 571 AS ©]83lGS0l= ojeldt 2aE 4
AL ZAAA N ARENt Faghe w3tk

AW Ct Mn 9Alol tis) Alatd AV EHE ghe 27
3.07% 3.73 pplE Cro] Aol 7REl Foll 31 Crll
o] ZtET} 001 pAHE 2SI, Mne] ZASol= ZhedH F
Mn-11¢]] BI8} 0.02 pAbE Zok E3F o)59] A |RYE 3k
o] AF7} ohd AL o] AR} WEFE0) obdE oA

st ol dEiEEe] AR} FaRit)

ok
rat

fnE

[1] R. A. de Groot, F. M. Mueller, P. G. van Engen, and K. H. J.
Buschow, Phys. Rev. Lett., 50, 2024 (1983).

[2] K. Schwarz, J. Phys. F: Met. Phys., 16, L211 (1986).

[3] K.-I. Kobayashi, T. Kimura, H. Sawada, K. Terakura, and Y.
Tokura, Nature, 395, 677 (1998).

[4] W. C. Kim, K. Kawaguchi, N. Koshizaki, M. Sohma, and T.
Matsumoto, J. Appl. Phys., 93, 8032 (2003).

[5] R. Yamamoto, A. Machida, Y. Moritomo, and A. Nakamura,
Phys. Rev. B, 59, R7793 (1999).

[6] S. Ishida, T. Masaki, S. Fujii, and S. Asano, Physica B, 245, 1

(1998).

3=22}7188) A] Volume 16, Number 2, April 2006

[7] Ph. Mavropoulos, I. Galanakis, and P. H. Dederichs, J. Phys.:
Condens. Matter, 16, 4261 (2004).

[8] H. Akinaga, T. Manago, and M. Shirai, Jpn. J. Appl. Phys., 39,
L1118 (2000).

[9] M. Mizuguchi, H. Akinaga, T. Manago, K. Ono, M. Oshima,
M. Shirai, M. Yuri, H. J. Lin, H. H. Hsieh, and C. T. Chen, J.
Appl. Phys., 91, 6518 (2002).

[10] A. Continenza, S. Picozzi, W. T. Geng, and A. J. Freeman,
Phys. Rev. B, 64, 085204 (2001).

[11} J. E. Pask, L. H. Yang, C. Y. Fong, W. E. Pickett, and S. Dag,
Phys. Rev. B, 67, 224420 (2003).

[12] W.-H. Xie, B.-G. Liu, and D. G. Pettifor, Phys. Rev. B, 68,
134407 (2003). R

[13] S. Sanvito and N. A. Hill, Phys. Rev. B, 62, 15553 (2000).

[14] M. Shirai, J. Appl. Phys., 93, 6844 (2003).

[15] M. Shirai, J. Phys.: Condens. Matter, 16, S5525 (2004).

[16] 1. Galanakis and Ph. Mavropoulos, Phys. Rev. B, 67, 104417
(2003).

[17] I. H. Zhao, F. Matsukura, K. Takamura, E. Abe, D. Chiba, and
H. Ohno, Appl. Phys. Lett., 79, 2776 (2001).

[18] K. Nagao, M. Shirai, and Y. Miura, J. Appl. Phys., 95, 6518
(2004).

[19] C. Y. Fong, M. C. Quin, J. E. Pask, L. H. Yang, and S. Dag,
Appl. Phys. Lett., 84, 239 (2004).

[20] E. Wimmer, H. Krakauer, M. Weinert, and A. J. Freeman,
Phys. Rev. B, 24, 864 (1981), and references therein; M. Wein-
ert, E. Wimmer, and A. J. Freeman, ibid., 26, 4571 (1982).

[21] P. Hohenberg and W. Kohn, Phys. Rev., 136, B864 (1964); W.
Kohn and L. J. Sham, Phys. Rev., 140, A1133 (1965).

[22] D.D. Koelling and B. N. Harmon, J. Phys. C, 10, 3107 (1977).

[23] I. P. Perdew and Y. Wang, Phys. Rev. B, 45, 13 244 (1992).

First-principles Study on the Magnetism and Electronic Structure
of (CrAs);(MnAs);(110) Superlattice

J. I. Lee™
Department of Physics, Inha University, Incheon 402-751, Korea

S. C. Hong
Department of Physics, University of Ulsan, Ulsan 680-749, Korea

(Received 30 November 2005, in final form 15 December 2005)

We investigated the magnetism and electronic structures for the layered structures consisting of (110) layers of zinc-blénde CrAs
and MnAs. We calculated the electronic structures for (CrAs):(MnAs);(110) superlattice consisted of alternating three layers of
CrAs(110) and MnAs(110) by the full-potential linearized augmented plane wave (FLAPW) method. The calculated magnetic moment
of Cr in interface layer (3.07 pp) was slightly larger than that of Cr atom in center layer (3.06 i), while that of interface Mn atom
(3.74 pp) was slightly smaller than the value of Mn atom in center layer (3.76 pz). The electronic structure and half-metallicity in this

superlattice were discussed using the calculated density of states.

Key words : (CrAs);(MnAs);(110), haif-metallicity, magnetism, electronic structure, density of states (DOS)



