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Fig. 1. Binding energy of Cr substituted Ge clusters. The circle and

triangle line represent the binding energy of ferromagnetic and

antiferromagnetic state for Cr atom, respectively. The X-axis distance
is number of layer between Cr atoms.
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Fig. 2. Binding energy of Mn substituted Ge clusters.The circle and

triangle line represent the binding energy of ferromagnetic and

antiferromagnetic state for Mn atom, respectively. The X-axis
distance is number of layer between Cr atoms.
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Fig. 3. The magnetic moment () for Gey-M(Cr, Mn)-Ge, clusters.
The solid and dotted line represents Cr and Mn cluster, respectively.
The X-axis distance is number of layer.
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Fig. 4. The energy differences between ferromagnetic and anti-
ferromagnetic states. The solid and dotted line represents GesMn, and
GeyMn,, respectively. The X-axis distance is number of layer between
Cr atoms.

Ge 7k} Aglolut Aol ofsff A F&s e 3
2 HoEtt

rr

Iv. &4 =

Ge YAEE o Folxl 1xH] AIYIEE=E ol Cr, Mn €7}
£ Agslo] o] FH2E e dAE B ATEE Al
o] WRlzes Wog ARk Holas: 7] Ags
HHo] ARKRE A3, Holgs: Alele] Azle BSER 2%
AR Qe 23 5 HolREs W 7P 2 AfelUAE Y
ERRITE. ke 23] wEkakgo] dold ui= WA
S Holal Ge YAFE Tl dold wie S Btk
AolF4 Ge YAR= WP AMIES HAC™ Ge ¢
Ap Afol= WIS ZddE HAAT ol2d BE2 DMS &
o= HIssd Ads B Zloz oddd 2] s
G2 AARE Ge YAl ARstE Fate] A sk
omn Ge 9Ake] Aoy Zgol & ®slE Bt

anes

[1] S. J. Blundell and F. L. Pratt, J. Phys: Condens. Matter, 16,
R771 (2004).

[2] Y. D. Park, A. Y. Hanbiki, S. Erwin, C. Hellberg, J. Sullivan, J.
Mattson, T. F. Ambrose, A. Wilson, G. Spanose, and B. Jonker,
Science, 295, 651 (2009).

[3] A.P. Li, J. Shen, J. Thomspon, and H. Weitering, Appl. Phys.
Lett., 86, 152507 (2005).



- 160 — 32171813 2] A 1948 53, 2009 108

[4] S. Cho, S. Choi, S. C. Hong, Y. Kim, J. B. Ketterson, B. J. Kino, Phys. Rev. B, 69, 195113 (2004).

Kim, and J.-H. Jung, Phys. Rev. B, 66, 033303 (2002). [9] N. Troullier and L. J. Martine, Phys. Rev. B, 43, 1993 (1991).
[5] H. M. Rietveld, J. Appl. Cryst., 22, 65 (1969). [10] J. P. Perdew and A. Zunger, Phys. Rev. B, 23, 5048 (1981).
[6] P. Hohenberg and W. Kohn, Phys. Rev., 136, 864 (1964). [11] D. M. Ceperley and B. J. Alder, Phys. Rev. Lett., 45, 566
[7] www.openmx-square.org. (1980).
[8] T. Ozaki, Phys. Rev. B, 67, 155108 (2003). T. Ozaki and H.

The Electronic Structure Calculations for Transition Metal
Substituted Ge Chain Clusters

Key Taeck Park™
Department of nanoelectrophysics, Kookmin University, Seoul 136-702, Korea

(Received 16 July 2009, Received in final form 28 August 2009, Accepted 28 August 2009)

We have studied electronic structures and magnetic properties of one dimensional Ge chain nanoclusters using OpenMX method
based on densty functional method. The calculation results show the strong antiferromagnetic interaction between Cr and Ge atoms.
The magnetic interaction between Ge and Ge atoms are almost antiferromagnetic behaviors. The magnetic exchange interaction are
occurred over the sevaral Ge atom layers. The magnitude of this interaction depends number of Ge atom.

Keywards : magnetic cluster; electronic and magnetic structure; ab initio calculation; density functional theory
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