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Transparent Diluted Magnetic Oxide: Explorations Using Combinatorial

Technique
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Diluted magnetic semiconductors have charge and
spin degrees of freedom leading to interplay that
shows promise for novel devices. The II-VI and III-IV
compound semiconductors have been extensively
studied. Recently oxide semiconductors doped with
transition metal magnetic impurities, called diluted
magnetic oxides, have attracted much attention due
to their potential for high Curie temperatures. We re-
port here on our recent studies of diluted magnetic
oxides based on ZnO and TiO. that are doped with 3d
transition metal using combinatorial materials synthe-
sis and high throughput screening. Such methods
were developed toward rapid materials discovery for
novel functions.
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Targets #

(b) Mask rotation

Fig. 1 Fabrication methods of combinatorial
library: (a) composition-spread, (b) discrete
phase-spread methods.
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Fig.2 Typical examples of combinatorial
library: (a) composition-spread (and tempera-
ture-gradient), (b) discrete phase-spread libra-
ries.
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Fig. 3 Magnetic field emerging from magnetic
domain without external magnetic field: (a)
magnetic domain structure with perpendicular
magnetization, (b) with in-plane magnetization.
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Fig. 4 Photograph (gray scale) of 3d transi-
tion-metal (TM)-doped ZnO libraries.
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Fig. 5 TM-doped ZnO films: (a) optical absorp-
tion, (b) magnetic circular dichroism spectra.
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Fig. 6 (a) M-T curves for ZngesMno3zsO film
with zero-field cooling (ZFC) and field cooling
(FC). The curves are shifted vertically. (b)
Curie-Weiss plot of the film. Inset: exchange

interaction derived from (a) (circle) and re-
ported values (triangles).
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Fig. 7 Isothermal magnetoresistance for (a)
Cr-, (b) Mn-, (c) Fe-, and (d) Co-doped ZnO films.
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Fig. 8 Magnetic images for pure TiO. and
Co-doped TiO; films at 3 K. Scanned areas are
300 um X 300 pm.
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Fig.9 Co-doped TiO. film: (a) M-H and
(b) M-T curves.
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Fig. 10 Isothermal magnetoresistance for Co-
doped TiO; film. Inset: p~T curve in zero mag-
netic field.
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