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Abstract We report the synthesis of cubic spinel ZnCo,0, thin films and the tunability of the conduction type
by control of the oxygen partial pressure ratio. Zinc cobalt oxide films were grown on SiO3(200 nm)/Si
substrates by reactive magnetron sputtering method using Zn and Co metal targets in a mixed Ar/O,
atmosphere. We found from X-ray diffraction measurements that the crystal structure of the zinc cobalt oxide
films grown under an oxygen-rich condition (the Oo/Ar partial pressure ratio of 9/1) changes from wurtzite-type
Zn,;.,Co,0 to spinel-type ZnCo,04 with the increase of the Co/Zn sputtering ratio, D¢y/Dz,. We noted that the
above structural change accompanied by the variation of the majority electrical conduction type from n-type
(electrons) to p-type (holes). For a fixed D¢o/Dz, of 2.0 yielding homogeneous spinel-type ZnCo,0, films, the type
of the majority carriers also varied, depending on the Oy/Ar partial pressure ratio: p-type for an Og-rich and
n-type for an Ar-rich atmosphere. The maximum electron and hole concentrations for the ZnCo.0O, films were

found to be 1.37<10%* em® and 2.41x<10% cm™®
conductivity of about 1.8 Q%em™.

, respectively, with a mobility of about 0.2 em*Vs and a high
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Fig. 1. X-ray diffraction patterns of zinc cobalt oxide thin films
for various sputtering power ratios (Dc,/Dz,) of Zn and Co
metal targets in a mixed atmosphere of Ar and O, gases with
an oxygen partial pressure of 9.0 mTorr. The total deposition
pressure and the substrate temperature were fixed at 10 mTorr
and 600°C, respectively.
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Fig. 2. Electrical conductivity, carrier type and carrier
concentration in zinc cobalt oxide films deposited for various
sputtering power ratios (Dco/Dz,) with a fixed O, partial

pressure of 9.0 mTorr, The growth phase diagram of the zinc
cobalt oxide films is also presented.
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Fig. 3. X-ray diffraction patterns of cubic spinel ZnCo,0, films
for various O, partial pressure at a fixed sputtering power ratio
DCo/DZn of 2.0.
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Fig. 4. SEM micrographs of cubic spinel ZnCo,O, films grown under various O, partial pressures (a) 1.0 mTorr, (b) 6.7 mTorr,
(c) 9.1 mTorr and (d) 9.1 mTorr, respectively, for a fixed D¢/Dz, of 2.0.
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Fig. 5. Electrical conductivity, carrier concentration and
mobility in cubic spinel ZnCo,0, films for various O, partial
pressure at a fixed sputtering power ratio Dcy/Dy, of 2.0.
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