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Electronic and magnetic properties of Fe-doped ZnO nanowires
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Abstract: The electronic and magnetic properties of ZnO nanowires doped with one and two Fe atoms are

comparatively studied in terms of the first-principles calculation. The formation energies of doped

nanowires are smaller than those of the pristine ones, indicating that the doping process is an exothermic

reaction. The result shows that Fe atom prefers to the surface position. The magnetic moments are

mainly contributed by the Fe-3d orbital. Due to the hybridization interaction, a small magnetic moment

is also induced in nearest neighboring O atoms. The magnetic moments of the Fe and O atoms have the

same direction, indicating ferromagnetic coupling between them. Surface doped nanowire is semiconduc-

tor, while middle doped nanowire is half-metalic, which have important applications in spintronics.
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Fig. 1 The top views of pristine and monodoped ZnO nanowires
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Fig. 2 The PDOSs of the pristine ZnO nanowires
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Tab.1 The formation energies (FE;, in eV), total magnetic mo-
ments (peo s in pp), local charges (Q, ina.u. ), and lo-
cal magnetic moments (g, in ps) of Fe atom of pristine
and monodoped ZnO nanowires. The nearest-neighbor-
ing magnetic moments of O atoms and second nearest-
neighboring magnetic moments of Zn atoms (po and

pz s in ) are also shown

Isomer E; ot Q 7 ) Hin
W1 —3.217 0 / / 0 0
w2 —3.468 0 / / 0 0

W1-S —3.475 4.02 0. 86 3.59 0. 40 0. 04

W2-S —3.533 4.10 0. 89 3. 64 0.41 0. 04

W2-M  —3.529 4.42 1.03 3. 84 0.48 0.08
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Fig. 3 Electronic band structures of Fe monodoped

ZnO nanowires
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Fig. 4 The PDOSs of Fe-doped ZnO nanowires
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Fig. 5 The top views of Fe bidoped ZnO nanowires
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Tab. 2 The distances between two Fe atoms (d, in A), formation energies (E;, in eV), energy differences (AE, in meV),

total magnetic moments (g s in pp) s local charges (Q, in a. u. ), and local magnetic moments (y, in up) of Fe at-
om in bidoped nanowires

AE
d E; Q P ot d E; Q 2 s
0.97 3.77 0. 970 —3.74
MM ! —3.582 .52 ) -3, 0.12
3. 15 3.98 1.01 3. 80 8.5 3.36 8583 00s 3.77 o9
0. 86 3.63 0. 86 3.54
M ) -3, . ) —3. .35
S 2.88 3,591 Lor 2 o 8. 44 2.98 3.592 Lor A, 0.35 67
0. 89 3. 64 0.88 ~3.59
ss 3,41 —3.594 8.13 3.38 ~3.597 124
0. 89 3. 64 7 0.88 3.59
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