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Abstract

Dilute magnetic oxides (DMO) are transparent, wide-bandgap materials which can be induced to ferromagnetic
behavior after doping with a few atomic percent of 3d transition metals. DMO are of interest for potential applica-
tions in spintronic devices. In addition, these materials combine their electrical conductivity with ferromagnetism
and optical transparency, thereby opening up the possibility of other device applications. Recently, room and above
room temperature ferromagnetism have been reported in several oxides such as ZnO and Sn02 with Co or Fe

doping. In this article, the basic knowledge and magnetic exchange mechanism as well as the review of recent results

on ZnO and SnOz-based systems are presented.
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Figure 1 Schematic representation of (a) a non-magnetic oxide,
which contains no magnetic ions; and (b) a dilute magnetic
oxide, an alloy between nonmagnetic oxide and magnetic
element. (_} and @ are an alloy of nonmagnetic oxide
such as Zn and O, ‘ is magnetic element such as

Co.®
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Table 1 The arrangement of the valence electrons among the 3d orbitals for Fe, Co and Ni ions®

ion configuration arrangement of the valence electrons among total spin
the 3d orbitals
Fe® 3q° T A T 5/2
Fe*'/Co™ 3d° T 4 T 2
Co™'INi** 3d’ T 4 T 372
v
N2 3q° T A T 1
v| Iy

Table 2 Lists of early reports for dilute magnetic oxides

Material Eg(eV) Doping Moment (m ) T (K) References
ZnO 3.3 Fe-3.0% 0.1 >300 3
V-15% 0.5 >350 7
Ni-0.9% 0.06 >300 8
Co-10% 0.3 >350 9
SnO, 3.5 Fe-5% 1.8 610 4
Co-5% 7.5 650 10
Cr-1.8% 0.15 >300 11
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Figure 2 The wurzite crystal structure of ZnO, with Zn atoms in

gray (small) and O atoms in black.™
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Figure 3 (a) and (b) are magnetic hysteresis loops measured at 300 K as a function of Co concentration. The inset shows the enlarge-

ment of the hysteresis loops near the origin."
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Figure 5 (a) Magnetization for SnO%CoOOSO2 and SnmCoWO2

films measured at 300 K. The inset shows the depend-
ence of saturation moment on Co concentration x. (b)
Magnetization as a function of temperature for the
SnOI%CoO_OSO2 flm measured by SQUID and VSM. The
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Figure 6 Magnetic moment of Sn1XMXO2 flms, M = Sc to Zn
measured at room temperature with the field applied

perpendicular to the fim plane.”
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Figure 7 (a) Schematic representation of the distribution of dopant ions in the dilute magnetic semiconductor and dilute magnetic oxide.

(b) The same, but with donor defects which create magnetic polarons where the dopant ions are coupled ferromagnetically.” *
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Figure 8 The mechanisms of the dilute magnetic oxides
(a) Schematic of the superexchange mechanism®

(b) Schematic of the double exchange mechanism ®
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