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Table 1.  Basic parameters of TiO thin films, where ¢ is the average thickness of the thin film, Po, is the oxygen partial

pressure during sample growth, a is the lattice constant, p(300 K) and p(5 K) are the resistivities of the sample at 300 K and

5 K, Tt is the superconducting critical temperature of the superconducting sample, Ry and n are the Hall coefficient and

carrier concentration measured at 250 K, respectively.

R t/nm /(lf)a’(zzPa) a/A /p((ngl(f);)clril)) /(fr(jllfr)n) Te/K /(10 mRII:ﬁ-C b /(1022ncm %)
1# 453.85 2.56 4.179 3.557 — — -2.610 2.380
2# 400.05 1.92 4.192 0.322 0.603 — -0.654 9.494
3# 350.45 1.76 4.274 0.194 0.210 2.61 0.309 20.074
44 302.70 1.60 4.272 0.180 0.191 3.05 0.564 11.004
54 286.25 1.44 4.283 0.216 0.229 — 1.865 3.330
6# 292.10 1.28 4.283 0.186 0.192 2.13 1.311 4.738
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Fig. 1. XRD results for TiO thin films prepared under different oxygen partial pressures: (a) 6-20 pattern; (b) relationship between

lattice constant and oxygen partial pressure; (c) ¢ scan pattern of the representative sample 3# along (311) crystal face; (d) w scan

pattern of the representative sample 3# along (002) crystal face, the solid curve is the Gaussian fitting result.
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Fig. 2. XPS spectra of TiO thin films: (a), (b) Spectra of Ti 2p and O 1s orbitals for the representative sample 3# (prepared under

low oxygen partial pressure) before and after argon ion etching; (¢) XPS spectra of Ti 2p orbitals of samples 1# and 2# after etch-

ing, the position of Ti 2p3/, peak is marked by the inverted triangle symbol and the position of Ti 2p; ), peak is marked with *.
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Fig. 3. (a) Normalized resistivity p/p(300 K) of TiO thin films as a function of temperature 7T, the inset shows the relationship

between resistivity p and temperature for sample 1#; (b) relationship between the resistivity and temperature of samples 3#—6#

below 6 K.
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Fig. 5. Hall measurement results of TiO thin films at 250 K: (a) Change in transverse resistance Rgy as a function of magnetic

field poH ; (b) relationship between Hall coefficient Ry and carrier concentration n of samples and oxygen partial pressure.
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Fig. 6. (a) Relationship between Inp and T~ for sample
1# from 10 K to 100 K, with the solid line representing the
least-squares fit of Eq. (1); (b) relationship between Inp and
1000/ T for sample 1# from 150 K to 300 K, with the solid
line representing the least-squares fit of Eq. (3).
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Preparation and electrical transport properties of
TiO thin films"
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Tiangin University, Tiangin 300350, China)
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Abstract

Titanium monoxide has attracted great attention due to its unique superconducting characteristics and
potential applications in microelectronics. In this work, a series of TiO thin films are prepared at room
temperature by using the radio frequency magnetron sputtering method through changing the oxygen partial
pressures. The crystal structures, valences of the elements, and electrical transport properties of the films are
investigated systematically. X-ray diffraction results indicate that the films are epitaxially grown on MgO single
crystal substrates along the [001] direction. After the surface of the TiO film is treated by ion etching, it is
found that the Ti element mainly exists in a divalent form. For all films, the temperature coefficients of
resistance are negative above superconducting transition temperature 7,. The films prepared under high oxygen
partial pressures reveal insulator characteristics, and the temperature dependence of resistivity obeys the Mott-
type variable-range-hopping law in low temperature regime. The films prepared under low oxygen partial
pressures exhibit metallic properties, and enter into a superconducting state at low temperature. The
superconducting transition temperature 7T, in our film can be as high as 3.05 K. The carrier concentrations of
the films are in the vicinity of ~2.0x10?> c¢cm™, which is comparable to those for the typical metals.
Interestingly, it is found that the main species of the charge carriers in the films transforms from electrons to
holes with the oxygen partial pressure decreasing. The crossover of the species of the charge carriers could

related to the changing of energy-band structure with the oxygen content in TiO film.
Keywords: titanium oxide thin films, magnetron sputtering, electrical transport properties, superconductivity

PACS: 73.50.-h, 74.25.—q, 72.20.Ee DOI: 10.7498 /aps.72.20231083
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