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Crystallization suppression of the CeO, film deposited by sputtering
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To suppress crystallization of CeO, thin films as a gate stack material in MOS devices, Al was doped in
CeO, films during radio frequency magnetron sputtering deposition on p-type Si (100) substrates. Deposition
was carried out at room temperature in an Ar ambient of 5.3 Pa to a typical thickness of 35 nm using a CeO,
target on which several pieces of Al plates were stuck. The composition of the resultant non-doped CeO, and
Al doped CeO, films were Ce : O=30:7.0and Ce: Al: O =28:0.6:6.6. The post annealing was
performed in air and N, at 200-600 °C.

Structure of deposited films was examined by X-ray diffraction (XRD) and transmission electron
microscope (TEM) observation. Non-doped CeO, films were polycrystalline before annealing. Al doped
CeO, films remained amorphous after annealing up to 500 °C.  The interfacial SiO, layer was grown after
annealing in ambients of air and N,. While after annealing in air the interface consisted of a simple double
layer of CeO,/SiO,/Si, for an N, ambient a lower oxide such as Ce,O5 was formed between CeO, and SiO,.

The electrical properties before and after annealing were characterized using C-V and |-V methods.
Non-doped CeO, represented the injection type hysteresis before and after annealing. After annealing above
500 °C in air and N, atmosphere, the hysteresis width was reduced. The C-V characteristic of Al doped CeO,
initially represented the injection type hysteresis but changed to drift type after annealing above 300 °C in an
oxidizing atmosphere. After annealing in an N2 atmosphere, the hysteresis width was reduced without type
conversion. The leakage current was decreased to the order of 10 and 107 A/em? after annealing at 200 °C in

EBRKE

air and N,, respectively.
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