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Oxide semiconductor TiO2 implanted with 3d-ions reveals room temperature ferromagnetism [1-3], and ones is perspective materials for spintronics applications [4]. In the given work, we have implanted Co2+ ions with energy of 80 keV into thin (001)-face oriented plate of single-crystalline rutile (TiO2) to a high fluence of 1.0×1017 ions/cm2 at substrate temperature of 900 K by using an ion-beam implanter ILU-3. The magnetic properties of the Co-ions implanted TiO2 rutile plate have been studied in detail by vibrating sample magnetometry (VSM), magnetic force microscopy (MFM) and ferromagnetic resonance (FMR) methods at different orientation of applied magnetics field with respect to the surface of rutile plate in the temperature range of 4-300 K. For the first time, we observed strong perpendicular magnetic anisotropy in ferromagnetic behavior of Co-ions implanted rutile plate, as well the contribution of doubly positively charged magnetic ions of cobalt (Co2+) to the formation of long-range magnetic order in the implanted rutile.
Thin rutile plate implanted with cobalt ions exhibits ferromagnetism at room temperature (Fig. 1). The high value of residual magnetization in out-of-plane geometry and the detailed studies of the angular dependence of residual magnetization (Fig. 1b) indicate on strong perpendicular anisotropy in Co-ions implanted rutile. The equilibrium position of the magnetization vector of the sample corresponds to the polar angle ( ( 60o. Moreover, a stripe magnetic domain structure have been observed in MFM images that is typical for thin magnetic films with strong perpendicular magnetic anisotropy.
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	Fig. 1. (a) – Room-temperature magnetic hysteresis loops of Co-ions implanted (001) TiO2 plate for in-plane and out-of-plane orientation of the applied magnetic field; (b) – The angular dependence of residual magnetization on the polar angle (() at room temperature. 


Two types of FMR signals were observed in the magnetic resonance spectra recorded at room temperature in cobalt-implanted rutile (Fig. 2a). The first signal with a strong angular dependence of the resonance field on the polar angle was attributed to magnetic cobalt nanoparticles located in a thin surface layer of the rutile plate. The second isotropic signal is associated with the formation of a ferromagnetic solid solution of cobalt ions Co2+ bound by indirect exchange interaction through electrons captured by oxygen vacancies in the crystalline matrix of rutile. Such divalent cobalt ions were first observed by us at low measurement temperatures, as shown in Fig. 2b. Note that at low measurement temperatures, below 50 K, both FMR signals disappear.
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	Fig. 2 (a) –FMR spectra of Co-ions implanted (001) TiO2 plate at room temperature; (b) – EPR spectra of Co2+ ions with hyperfine structure at a low temperature of 14 K for out-of-plane ((=0o) and in-plane ((=90o) orientations of the applied magnetic field. 
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