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Thermal Etching Characteristics of AgIinSbTe Phase Change Film
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Abstract: The etching characteristics of the AgIlnSbTe phase change film as a new thermal lithography material
were studied. The amorphous AgInSbTe film was deposited by using radio frequency magnetron sputtering method
at room temperature, and then crystallized by vacuum-annealing. Using sodium hydroxide aqueous solution as
etchant, influences of annealing temperature, etchant concentration and etching time on etching properties of the
amorphous and crystalline AgInSbTe films were investigated. Experimental results indicate that the etching rate of
the amorphous AgInSbTe film is lower than 0.04 nm/s in 0.001 mol/L sodium hydroxide solution. After
vacuum-annealing, the etching rate of the film increases markedly and the etching selectivity between the
crystalline and amorphous films increases with the increase of the annealing temperature. At the etching time of
20 min, the etching rate of the crystalline AgInSbTe film annealed at 300°C is 45 times higher than that of the
amorphous film. The surface quality of the AgInSbTe film after etching is good, and the surface roughness is less
than 1nm in the area of 10 pmx10 um. The wet-etching mechanism of the AgInSbTe film in sodium hydroxide
solution is discussed.
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Fig. 1 XRD patterns of the AgInSbTe films (200 nm)
(a) As-deposited, After annealed at (b) 200°C, (c) 250°C and (d) 300°C
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Fig. 3 Thicknesses of the films before and after annealing as
function of etching time in 0.001 mol/L NaOH solution

(a) as-deposited after annealed at (b) 200°C, (¢) 250°C and (d) 300°C
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(a) as-deposited after annealed at (b) 200°C, (c) 250°C and (d) 300C
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Table 1 Influence of annealing temperature on the etching selectivity of the AginSbTe phase
change film in 0.001 mol/L NaOH solution
Amorphous 200°C 250°C 300°C
Etching time/min Thickness Thickness .. Thickness . Thickness .

change /nm  change /nm Selectivity change /nm Selectivity change /nm Selectivity
1 0.0350 3.24 92.0 3.42 97.7 3.49 99.7
5 0.1780 12.53 70.4 13.81 77.6 14.42 81.0
10 0.3570 19.05 53.4 22.50 63.0 24.02 67.3
15 0.5500 23.42 42.6 28.77 52.3 30.59 55.6
20 0.7400 26.40 35.7 33.30 45.0 35.88 48.5
25 0.9100 28.99 31.9 36.95 40.6 40.34 443
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Table 2 Etching selectivity of several inorganic thermal
lithography materials

Inorganic thermal lithography Etching selectivity

material
As-S-Se [23] <l.6
Ag-As-S-Se [24] <2.5
GeSbTe [25] <6.0
AgInSbTe (present work) >40
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Fig. 6 AFM images of the AgInSbTe film before and after etched in 0.001 mol/L NaOH solution for 20 min

(a) Amorphous phase before etched; (b) Amorphous phase after etched; (c) Crystalline phase before etched; (d) Crystalline phase after etched
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Table 3 Surface roughness of several inorganic thermal
lithography films after being wet-etching

Inorganic thermal lithography film  Surface roughness /nm

Ge,Sb,Tes [6, 29] >10
GeSbSnO [7] 7-9
AgInSbTe (present work) <1
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