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Correlation between properties of Ta,Os thin films and preparative
parameters by ion beam sputtering deposition
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Abstract: lon beam sputtering is one of the best important technologies for preparing Ta,Os thin films.
The correlation properties of Ta,Os thin films and preparative parameters (substrate temperature, ion beam
voltage, ion beam current and oxygen flow) were systemic researched by using the orthogonal experiment
design method. The Ta;Os thin films properties (refractive index, extinction coefficient, deposition rate,
stress and inhomogeneity of refractive index) were studied. The refractive index, extinction coefficient,
physical thickness and inhomogeneity of refractive index were measured by multiple wavelength curve-
fitting method from the reflectance and transmittance of samples. The stress of thin film was measured by
elastic deformation of thin film-substrate system. An experimental design strategy used substrate
temperature, ion beam voltage, ion beam current, and oxygen flow as the variables. The experimental
results indicate that the temperature of substrate is key influence parameter on Ta,Os thin films properties
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and other preparative parameters are correlation with specific thin films properties. The results can be

used to select the proper preparative parameters for preparing Ta,Os thin films with different applications.
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Fig.1 Scheme of the triple ion beam sputtering system
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Tab.1 Selection of factors and level of preparative parameters
Level Substrate temperature/C lon beam voltage/V lon beam current/mA Oxygen flow/sccm
Value Symbol Value Symbol Value Symbol Value Symbol
1 20 Al 650 B1 300 C1 20 D1
2 120 A2 950 B2 450 C2 30 D2
3 200 A3 1250 B3 600 C3 40 D3
Tab.2 Design of orthogonal experiment for Ta,Os films by ion beam sputtering
Number Experiment tems:ebrzrljirt:/"c lon bea;1\1/ voltage  fon be/anr:]Acurrent Oxygen flow/sccm  Deposition time/s
1 Al1B1C1D1 20 650 300 20 4000
2 Al1B2C2D2 20 950 450 30 4000
3 A1B3C3D3 20 1250 600 40 2000
4 A2B1C2D3 120 650 450 40 5000
5 A2B2C3D1 120 950 600 20 3000
6 A2B3C1D2 120 1250 300 30 5000
7 Al1B1C3D2 200 650 600 30 4000
8 A1B2C1D3 200 950 300 40 6 000
8 A1B3C2D1 200 1250 450 20 5000
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Tab.3 Results of orthogonal experiments for Ta,Os thin films by IBS

Extinction

Number Experiment Refrg)c;glgngdex coefficient thizrlzz::sz%m Inhomo-geneity sz:/?r:'?:_l Stress/GPa
@550nm
1 Al1B1C1D1 2.1435 1.99E-07 274.7 0.35% 0.07 -0.396 0
2 Al1B2C2D2 2.1357 2.47E-07 590.5 0.54% 0.15 -0.5471
3 A1B3C3D3 2.1300 9.23E-09 493.1 0.54% 0.25 -0.620 3
4 A2B1C2D3 2.1488 3.22E-08 456.3 0.58% 0.09 -0.8073
5 A2B2C3D1 2.1810 1.33E-02 707.8 0.63% 0.24 -0.8184
6 A2B3C1D2 2.1577 3.26E-06 469.1 0.29% 0.09 -0.8085
7 Al1B1C3D2 2.1834 5.68E-08 553.2 0.11% 0.14 -0.9259
8 Al1B2C1D3 2.1730 2.44E-06 462.9 0.25% 0.08 -0.966 9
9 Al1B3C2D1 2.2055 2.00E-02 938.1 -0.13% 0.19 -0.9600
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Tab.4 SPAN of orthogonal experiments

Substrate  lon beam  lon beam
. Oxygen flow
Properties ~ temperature  voltage current Iscem
/T Y /mA
Reffactive ) 0509 0.0058 00067  0.0261
index
Extinction ¢ cor 03 6.65E-03 6.65E-03  1.11E-02
coefficient
Deposition rate  0.020 0.077 0.127 0.037
Inhomogeneity ~ 0.42% 0.24% 0.13% 0.17%
Stress 0.430 0.087 0.064 0.073
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coefficient of Ta,Os thin film
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