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Fig. 1 Surface topography of substrate from AFM measurement with scan size 1 pm X1 pm for ion beam reactive sputtering

(a), 2 pumX2 pm for magnetron reactive sputtering (b) and electron beam evaporation (c)
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Fig. 2 1D AFM surface profile scans of ion beam reactive sputtering (a), magnetron reactive sputtering (b) and electron

beam evaporation (c)
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Fig. 3 The height-height correlation functions. In[ H (p,
1= (h(ost) —h(0,£)]*), is plotted as a
function of the position In(p) for ion beam reactive
sputtering, magnetron reactive sputtering and
electron beam evaporation. Also shown is a curve

fit according to Eq. (4)
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Table 1 Parameters w,a,{ for the model given by Eq. (4), and fitted to the data shown in Fig. 3

Interface width w /nm

Roughness exponent « Lateral correlation length ¢ /nm

Reactive ion beam sputtering 0.23%£0.01
Reactive magnetron sputtering 2.4340.01
E-vaporation 1.8540.01

0.6110.01 34.0%3
0.81£0.02 604
0.9040. 02 85+5
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Morphology Analysis and Growth Mechanism of Zirconium
Dioxide Thin Films
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Abstract: ZrQO, thin films were prepared on BK7 substrates by ion beam reactive sputtering,
magnetron reactive sputtering and electron beam evaporation, respectively. The surface
morphology was studied using atomic force microscopy (AFM). The roughness exponent «,
the lateral correlation length ¢ and the interface width w were obtained by numerical
correlation calculation, in which the value of roughness exponent of the films was measured to
be 0. 61, 0. 81 and 0. 9, respectively. The mechanism of film growth is different under
different conditions. In the case of ion beam reactive sputtering and magnetron reactive
sputtering, the interfaces of films are determined by stochastic deposition, desorption and
diffusion effect of atom or atomic clusters on the interface. The sputtering growth process can
be described by a noisy Kuramoto-Sivashinsky equation. But for electron beam evaporation,
desorption effect of atom or atomic clusters can be neglected, then the dynamic behavior of
growth may be described by Mullins diffusion model. It was also found that the temperature
of substrates had great effect on the morphology of grown interface during the deposition of
films.

Key words: film physics; zirconium dioxide; thin films; atomic force microscope; numerical
correlation calculation



