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Effects of Sn Doping on Crystallization Behavior of
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ABSTRACT: To improve the crystallization temperature, thermal stability and phase transition velocity of Si,Sbjgo_, phase
change films by doping different contents of Sn. Finally, an environmentally friendly Te free phase change films was obtained.
Si,Sbygo_. phase change films doped with Sn were prepared by three-target magnetron sputtering method, and resistor-temperature
data and resistance data at different temperature rates were obtained by vacuum four-probe test system, so as to calculate 10-year
data retention force and crystallization activation energy by Arrhenius formula and Kissinger formula. The composition, structure
and surface morphology of the films were analyzed by EDS, XRD and AFM. When the Sn doping was 2at%, the change of
resistance with temperature was analyzed, the crystallization temperature increased from 199 C to 219 C, the crystallization

activation energy increased from 3.879 eV to 4.390 eV, and the data retention force increased from 122 ‘C to 144 ‘C for ten
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years, showing good crystalline/amorphous thermal stability; The microstructure before and after annealing is analyzed, and the

grain size is reduced to 20 nm, which produces more grain boundaries, which is helpful to enhance electron scattering and thus

produce higher resistance; By analyzing the surface morphology, the Sn doping makes the crystallization mechanism of the thin

film mainly transform from the nucleating type to the growing type, which is conducive to improving the phase transition speed.

A small amount of Sn doped Si,Sbyg_, phase change films has a higher crystallization temperature, greater crystallization activation

energy, higher resistance and good ten-year data retention; Excessive Sn doping makes the grain size of Si, Sbyo_, phase change

films larger, which is not conducive to the optimization of the properties of Si,Sbgo_, films.

KEY WORDS: phase change films; electrical characteristics; crystallization temperature; 10-year data retention; crystallization

behavior; surface morphology
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Tab.1 Sputtering process parameters and corresponding
sample components

Sputtering power/W
Component
Si Sb Sn
50 20 0 Si;6Sbgy
50 20 Sny(Si16Sbsa)os
50 20 10 Sn4(Si16Sbg4)96
50 20 12 Sng(Si168b84)91
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Fig.2 Electrical properties of undoped and different Sn-doped films: a) change curve of Sn,(Si;¢Sbgs)ipo_, film resistance with
temperature; b) first derivative of Sn,(Si;sSbgs)100_, film resistance temperature curve
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Fig.4 Normalized resistance of Sn(Si;sSbgs)100_, films as a function of annealing time at various temperatures
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