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Abstract: Based on first-principles calculations, we study the magnetic properties of Co, Ni, Fe, V, and
Mn impurities in ZnO. The stabilities of the ferromagnetic state and the magnetic moment of each
impurity largely depend on the amount of doped electron or hole. For lightly doped n-type ZnQ, it is
found that the doping of Ni ions is the most effective for inducing ferromagnetism, while Fe ions show
the most stable ferromagnetic couplings for heavily doped n-type samples. The characteristics of the
magnetic interactions of Co ions are similar with those of Fe ions, but Co ions require much larger
amount of doped electron than Fe ions to show the ferromagnetic couplings. The ferromagnetic coupling
between Mn and V ions is unstable in n-type conditions.
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Table 1. Comparison of calculated ZnO lattice parameter
with the experimental values.

Theory | Expt. | Error (%)
Bulk modulus (GPA) 1276 144.0 -11.39
a (A) 327 3.25 0.78
c (A) 529 521 161

Fig. 1. Transition metal ions aligned along a-axes in
Zn0.
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Fig. 2. The total energy difference (E_FM - E_AFM)
and magnetic moment as a function of the number of
doped charges in Co-doped ZnO.
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Fig. 3. The total energy difference (E_FM - E_AFM)
and magnetic moment as a function of the number of
doped charges in Ni-doped ZnO.
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Fig. 4. The total energy difference (E_FM - E_AFM)
and magnetic moment as a function of the number of
doped charges in Mn-doped ZnO.
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Fig. 5. The total energy difference (E_.FM - E_AFM)
and magnetic moment as a function of the number of
doped charges in Fe-doped ZnO.
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Fig. 6. The total energy difference (E_FM - E_AFM)
and magnetic moment as a function of the number of
doped charges in V-doped ZnO.
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