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Abstract: The effects of preparative parameters such as substrate temperature, ion beam voltage, ion
beam current and oxygen flow on the refractive index and stress of a SiO, thin film were systematically
studied by using the orthogonal experiment design method. The transmittance spectrum of SiO, thin
film was measured by spectrophotometers, and its reflective ellipsometric characteristics were meas-
ured by an elliptical polarization instrument. Then, the refractive index and stress of the thin film
were obtained by the multiple wavelength curve-fitting method and the elastic deformation of a thin
film-substrate system, respectively. The experimental results show that the refractive indexes of SiO,
thin film affected by preparative parameters with the weights from high to low are in a sequence of ox-
ygen flow, substrate temperature, ion beam current and ion beam voltage and the confidence probabil-

ity of effects of the first three refractive indexes is 87.03%, 71.98% and 69.53%, respectively. Mo-
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reover, the stresses of SiO, thin film affected by preparative parameters with the weights from high to

low are in a sequence of substrate temperature, ion beam current, ion beam voltage and oxygen flow

and the confidence probability of effects of the first three stresses is 95.62% , 48.49% and 37.88%,

respectively. It suggests that higher oxygen flows, lower substrate temperatures and lower ion beam

voltages should be selected for preparing SiO, thin films with low refractive indexes and lower sub-

strate temperatures, and higher oxygen flows for preparing SiO, thin films with low stresses.
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Fig.1 Scheme of triple IBS system
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Tab.1 Orthogonal experiments for SiO, films by IBS

Substrate Ion beam Ion beam Oxygen Deposition

Number temperature voltage current flow time

/C /V /mA /em® » min~! /s
1 20 650 300 0 6 500
2 20 950 450 20 4 500
3 20 1250 600 40 3 000
4 120 650 450 40 6 000
5 120 950 600 0 3 200
6 120 1250 300 20 6 500
7 200 650 600 20 4 500
8 200 950 300 40 8 000
9 200 1 250 450 0 3 500
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Results of orthogonal experiments for SiO, thin

films by IBS

Tab. 2

Number Refractive index @630 nm  Stress /GPa

1 1. 481 —0.396
2 1. 466 —0.547
3 1. 473 —0.620
4 1.477 —0.807
5 1. 491 —0.818
6 1. 481 —0.809
7 1.482 —0.926
8 1. 471 —0.967
9 1.483 —0. 960
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Fig. 2 Effect of preparative parameters on refractive

indexes of SiO, thin films
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Fig. 4 Relation between preparative parameters and refractive index of SiO, thin film
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Tab. 3  Analysis of variance of orthogonal experiments (effects of preparative parameters on refractive index at A=630 nm)
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Tab. 4 Analysis of variance of orthogonal experiments (effects of preparative parameters on stress)
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