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Fig.1 48-atom (2x2x2) supercell of rutile SnO, structures.

The large and small spheres represent the Sn and O atoms,
respectively.
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Table 1 Final distances from the Fe impurity to its nearest neighbors (nm).

B Supercells d1(Fe-01) d2(Fe-02)

SnO, 0.2051 0.2057

(Sn0,),5FeO, 0.1925 0.1922
(Sn0O,),sFeO,+1e 0.202 6 0.2020
(Sn0O,),sFeO,+2e 0.204 7 0.2027
(Sn0,);5sFeO(Vo1) 0.200 0.200 0.203 0.194 0.193
(Sn0,);5sFeO(Voy) 0.192 4 0.1924 0.1924 0.1924 0.193 8
(Sn0,);5sFeO(Vo3) 0.2011 0.2011 0.2017 0.201 8 0.198 3 0.206 7
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Table 2 Calculated magnetic hyperfine fields at the Fe atoms for a series of SnO, supercell.

B Supercells Me M HFF/T FCF/T VE/T CE/T OF/T DF/T
(Sn0,),5Fe0, 1.70 2.00 -22.8 8.1 -21.5 -13.4 3.1 -12.5
(Sn0,),sFe0,+1e 3.99 5.00 —45.5 17.7 -51.6 -33.9 0.9 -12.5
(Sn0,),5Fe0,+2¢ 3.79 4.46 -43.9 16.3 -48.9 -32.6 1.2 -12.5
(Sn0,);5Fe0(Voy) 3.75 4.49 —45.2 -5.3 -29.3 -34.6 1.9 -12.5
(Sn0,);5Fe0(Vy,) 3.62 436 —45.1 -5.5 -28.9 -34.4 1.8 -12.5
(Sn0,),5Fe0(Vo3) 3.99 4.92 -49.4 -9.3 -29.2 -38.5 1.6 -12.6
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Fig.2 Densities of state of Fe-3d for a series of SnO, supercell.
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Ab initio calculations of magnetic hyperfine field in Fe-doped SnO,
ZHANG Qiaoli YUAN Daqing FAN Ping ZUOYi ZHENG Yongnan
MA Xiaoqiang LIANG Juncheng ZHU Shengyun

(China Institute of Atomic Energy, Beijing 102413, China)

Abstract Background: The study of the diluted ferromagnetic semiconductors with a curie temperature well above
room temperature has been paid too much attention, which has potential applications in spin electronics. Purpose:
For a better understanding of the origin of the ferromagnetism, especially in the presence of O vacancies, the
microscopic electronic structure and hyperfine fields are required. Methods: An ab initio calculations magnetic
hyperfine fields in the Fe doped SnO, were performed by the Wien2k code embodying the full-potential linearized
augmented plane-wave method for two charge states of the impurity that occupies two different cases of the neutral
impurity state Feand the charged acceptor state Fe'” or Fe*". The Fe doped SnO, can provide one or two electrons via
oxygen donor vacancies. Results: The present results illustrate clearly that the energy level splitting of the Fe-3d orbit
with O vacancies and without O vacancies for the (SnO,);5FeO,+1e and (SnO,);sFeO,+2¢ valences resulted in the
increasing of the unpaired electrons and the leading of Fe atoms into the high spin states, producing the giant
magnetic moment. Conclusion: The calculated Fe magnetic moment for the (SnO,);sFeO,+1e is 5up, which is
consistent with the magnetic moment of 5.1ug measured by the Mossbauer spectroscopy.

Key words Hyperfine interaction, The first principles, WIEN2k, SnO,, Diluted magnetic semiconductor
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