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Fig. 1. (color online) Transmittance of the SiO2 thin
film.
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Fig. 2. (color online) Absorbance of the SiO2 thin film.
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Table 1. Analysis results of SiO2 film absorbance spectra for different physical thickness.

400—900 cm !t

900—1500 cm~1

3000—4000 cm ™!

Factor
A fRE fIND A

fRE fiND A fRE fIND

1 1.16x1072 2.32x10~% 4.73x10~6 1.94x10°1!

2 1.46x10~* 1.19x10~% 3.29x10-% 1.09x10~3
3 2.08x107° 9.26x107° 3.71x107% 5.43x10~4
4 1.38x107° 6.18x107° 3.86x10~% 1.57x10~*
5 3.34x1076 5.36x107° 595x107% 3.23x107°
6 3.16x107% 3.40x107° 849x10-% 1.36x10°°
7 808x1077 2.64x107% 2.64x1075 5.09x1076

8  3.48x1077 2.60x10°6

5.25x107% 1.07x107°
1.45x10~% 4.02x10=6
8.37x107° 3.35x107
4.72x1075 2.95x10~6
3.44x 1075 3.82x 107
2.53x107% 6.32x1076

2.08x1075 2.08x10~°

2.97x1073 1.75x10™% 3.57x 1076
3.37x10~%* 8.67x107° 2.41x10~
7.94x107% 3.29x1075 1.32x10~6
5.11x1076 2.67x1075 1.67x10~6
3.67x1076 1.84x107° 2.05x10~6
1.19x107% 1.46x107°% 3.64x10~6
5.93x1077 1.13x1075 1.13x107°

2.56x10~7
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Fig. 3. Infrared transmittance of the SiO2 thin film.
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and measured results.

400—4000 cm~ 1 BN SiOo MR THREE 5 45 531

Table 2. Calculated results of oscillator properties for SiO2 films in wavenumber range of 400-4000 cm~1.

SiOs2 film Fused quartz (17]
Oscillator No.
Aj w;/em™1 7;/em™1 Aj w;/em™1 7;/em™1
1 4.314 £ 0.040 439.2+£0.3 77.4+£0.9 8.42 446 49
2 1.109 £0.017 809.3 £ 0.6 85.1+0.5 0.96 810 69
3 1.246 £0.110 1030.7 + 3.9 214.4+5.1
4 7.005 + 0.100 1048.1 + 0.3 67.44+0.8 9.40 1063 75
5 0.357 £ 0.446 1133.9+£0.9 64.3 £6.0 0.85 1164 80
6 0.549 £ 0.401 1171.0+£ 7.9 114.0 £ 8.4 0.33 1228 65
7 0.029 £ 0.002 3294.5+£94 769.8 + 3.3
8 0.028 £ 0.003 3617.0£0.3 109.7 £ 1.7
9 0.039 £ 0.003 3488.4£1.0 319.0+1.4
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Fig. 5. Dielectric constant of the SiO2 thin film in the
range of 400-4000 cm™!: (a) Real part of dielectric

constant; (b) imaginary part of dielectric constant.
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Abstract

SiOg2 thin film is one of the most important low refractive index materials in the area of optical thin films. It is
always used in the design and preparation of many kinds of multilayer films. The dielectric constant of the SiO2 thin
film is a key characteristic for design of the multilayer thin film. The composite Gaussian oscillator model is one of the
most important dispersion models for the dielectric constant of the amorphous SiO2 in the anomalous dispersion regime
in the infrared range. More and more researchers have focused on the number and the physical meaning of the oscillators
in the composite oscillator. A method to determine the SiO2 thin film oscillator quantity was proposed. In this method,
the quantity of oscillator peaks was equivalent to the oscillator number of chemical composition, based on the factor
analysis technology of chemometrics. Concretely, the composite oscillators of the dielectric constant were equivalent to
the mixture, and the independent oscillators were equivalent to the compositions of the mixture. The absorbance of
the mixture changed with the physical thickness of the thin film. Eight SiOs film samples with different thickness were
prepared on the Si substrate by the ion beam sputtering deposition. The infrared transmittances of the eight samples
were used as elements in the spectral matrix. There were nine Gaussian oscillators in the range of 400-4000 cm™*,
which was determined by the factor analysis technology. The dielectric constant of the SiO2 thin film in this range
was obtained by the inverse calculation from the spectral transmittance. It provides the inverse calculation result for
the dielectric constant of the SiOs thin film with a specific physical meaning. By analyzing the dielectric constant in
the range of 400-900 cm ™!, the symmetric stretching vibrational frequency and the in-plane rocking frequency of the
Si—O—=Si bond of the SiO3 thin film can be obtained. Compared with fused silica, the symmetric stretching vibrational
frequency increased while the rocking frequency was reduced. In fact, the frequency shifts are caused by the strain of the
thin film. By analyzing the dielectric constant in the range of 900-1500 cm ™!, four anti-symmetric stretching vibrational
frequencies of the Si—O—Si bond in the SiO2 thin film were obtained. They have a certain corresponding relation with
the anti-symmetric stretching vibrational frequency of the Si—O—Si bond in the fused silica. What’s more, by analyzing
the dielectric constant in the range of 3000-4000 cm ™, the water-cut (or hydroxyl) chemical defects in the films were

confirmed. The chemical defects can influence the dielectric constant in the whole infrared range.
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