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Abstract: Thin films of zirconium oxide were deposited on Si (100) substrates by reactive radio

frequency magnetron sputtering. The films were characterized by high-resolution transmission electron

microscope (HRTEM) and atomic force microscope (AFM) to investigate the variation of surface mor-

phology and microstructure with oxygen partial pressures and deposition temperatures, respectively.

With the increase in oxygen partial pressure ratio from 7% to 100%, the surface roughness approxi-

matively linearly increases, and the phase transition of the films is a-ZrO2 (amorphous)→ a-ZrO2 with

a little m-ZrO2 (monoclinic) →m-ZrO2+t-ZrO2 (tetragonal)→m-ZrO2. For deposition temperatures

ranging from room temperature to 550◦C, the phase transition of the films is a-ZrO2 (below 250◦C)→m-

ZrO2 with a little a-ZrO2 (450◦C)→m-ZrO2 with a little t-ZrO2 (550◦C). According to the results on

the structure and surface morphology of ZrO2 thin films, the dependence of deposition temperature on

surface evolution and its physical mechanism are discussed also.
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; 1 >56a%k ZrO2 �v& AFM 4n�d~
Fig. 1 AFM photographs of ZrO2 films deposited at

different oxygen partial pressures
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Fig. 2 Surface roughness and deposition rate of ZrO2

films as a function of oxygen partial pressures
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; 3 ZrO2 �v TEM �d~ �)6E0S~
Fig. 3 TEM images and SAED patterns of ZrO2 films as deposited at different oxygen partial pressures

(a) 7%; (b) 15%

; 4 6a%L 73% d ZrO2 �v TEM �d~ �)6E0S~
Fig. 4 TEM images and SAED pattern of ZrO2 films deposited at the oxygen partial pressure of 73%

; 5 z6�^k℄E ZrO2 �v TEM �d~ �)6E0S~
Fig. 5 TEM images and SAED pattern of ZrO2 films deposited in pure oxygen atmosphere
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; 6 >5T�℄E& ZrO2 �v& TEM �d~ �)6E0S;~
Fig. 6 TEM images and SAED pattern of ZrO2 films deposited at different temperatures

(a) RT; (b) 250◦C

; 7 450◦C ℄E ZrO2 �v& TEM �d~ �)6E0S;
Fig. 7 TEM images and SAED pattern of ZrO2 films deposited at 450◦C

; 8 550◦C ℄E ZrO2 �v& TEM �d~ �)6E0S;
Fig. 8 TEM images and SAED pattern of ZrO2 films deposited at 550◦C
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%3m�J??Nhu 0.4nm R`�� �fk�%
m-ZrO2 �=j?^���\DS?K 550◦C, 3m�k?zUrm�3m��^[V�%j��xQ3m��Xnprm%�f�3m�J?zU�
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; 9 >5℄ET�k ZrO2 �v AFM 4n�d~
Fig. 9 AFM images of ZrO2 films deposited at dif-

ferent temperatures

(a) RT; (b) 250◦C; (c) 450◦C; (d) 550◦C
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%E�=xZYXK5�%3m�.YX�Zg=K�zSj\D% ZrO2 �u �	u�QjD-�xZ�N Zr-O ℄.=D\DW��^-�xZ�~
\b3mjD<jD=%,I�?xDkF��`o���%[�!�u���uo��3m�
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^)km8%Uz�zSj�E3m\,I��QjD-�xZYXK5�250∼ 450◦C
�E^t,IK5�9���-%3m�
�550�
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