Formation and surface diffusion of laser-induced oxygen vacancies on TiO2 (110) surface probed by photoemission electron microscopy
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Low energy photoemission electron microscopy (PEEM) is a novel imaging technique sensitive to spatial contrast and evolution of surface electronic properties such as crystalline phase, adsorbed impurities and other changes in work function. Most previous PEEM studies have focused on metal surfaces. At Pacific Northwest National Laboratory, PEEM has been used to study phase transformation in shape memory alloys1 and diffusion of Cu in Cu/Ru bilayers2. We also used two-photon PEEM to image optical near-field enhanced by local surface plasmon resonances with a 35 nm spatial resolution.

PEEM imaging of semiconductors is often challenging partially due to the presence of various surface defects and midband states. Oxygen vacancies on TiO2 surface play a critical role in defining the material’s electronic properties. In this talk, we demonstrate the possibility of combining laser-induced surface defect generation and PEEM, to provide a tool for direct imaging of the local concentration of oxygen vacancies. 3.1-eV irradiation from a frequency-doubled Ti:sapphire oscillator was used to induce surface changes, likely associated with removal of bridging oxygen atoms. It is found that laser-induced oxygen vacancies can be generated on TiO2 (110)-(1×2) but not (1×1) surfaces. An increased oxygen vacancy concentration within the irradiated region leads to an increase of local photoelectron emission that can be spatially resolved by PEEM. The local concentration of oxygen vacancies can be decreased by exposing the surface to molecular oxygen at 1×10-5 Torr, or via thermally-activated surface diffusion at 450 K in vacuum. The surface diffusion coefficient was estimated to be in the range of 10-12 m2/s. A plausible mechanism for oxygen vacancy formation involves the creation of surface electron-hole pairs followed by trapping of holes at bridging oxygen sites and subsequent oxygen desorption. 
This work is supported by the U.S.  Department of Energy, Office of Basic Energy Sciences.
* Corresponding author e-mail:  gang.xiong@pnl.gov
References
1. G. Xiong, A. G. Joly, K. M. Beck, W. P. Hess, M. Cai, S. C. Langford, J. T. Dickinson, Appl. Phys. Lett., 88, 091910 (2006).
2. W. Wei, Y. M. Sun, J. M. White, G. Xiong, A. G. Joly, K. M. Beck, W. P. Hess, in Proceedings of 2006 MRS Spring meeting, San Francisco, California, April 17-20, 2006.
