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Study on Properties of Fluorine—-oxide Composite Films

SHI Yun-yun, XU Jun—qi, SU Jun-hong
(Shaanzi Province Thin Films Technology and Optical Test Open Key Laboratory, Xi'an Technological University,
Xi'an 710021, China)

Abstract: SiO,/YF; and TiO,/YF; composite films were prepared by SiO,, YF,, TiO,single-component
materials respectively, the changes of optical, mechanical and laser damage resistance properties of the
composite films were explored. Two kinds of fluorine—oxide composite films with a mixing molar ratio of 1: 1
were prepared by controlling the deposition rate of the materials during evaporation through dual-source co—
evaporation technique, the refractive index, extinction coefficient, transmission characteristics, surface
morphology and roughness of the composite films were investigated, and laser damage resistance
performance was studied. The results show that the refractive indexes of SiO,/YF; and TiO./YF,
composite films are 1.478 7 and 1.864 6 (wavelength 550 nm) respectively, which are between the single—
component materials (YF; 1.493 6, SiO, 1.465 1, TiO, 2.048 3) , and all present normal dispersion
distribution; the results of ZYGO interference measurement show that the stress value of SiO,/YF; film is
1.9 GPa, which is larger than the 0.4 GPa of the single-component materials SiO, and YF; but less
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roughness; the stress value of TiO,/YF; film is 0.8 GPa, which is smaller than the 3.9 GPa stress of
TiO,but larger than YF;, both of them show a more obvious stress adjustment effect. The laser-induced
damage threshold of SiO,/YF; composite film is 9.2 J/cm?, which is 2.2% higher than single-component
SiO, and 39.2% higher than YF;; the laser-induced damage threshold of TiO,/YF; is 7.8 J/cm?, for the
single-component TiO, film, it increases by 85.6% , compared with YF;by 17.4%. The fluorine-oxide
composite films are deposited by dual-source co—evaporation technology with small absorption and
adjustable film refractive index; SiO,/YF; and TiO,/YF; composite films are better than single-
component materials in resisting laser damage; the doping of YF; can significantly reduce the stress of the
single TiO, material, but the stress of SiO,/YF; is larger than that of single-component SiO, and YF;
films.

Key words: Composite films; Fluoride; Oxide; Dual-source co—evaporation technique; Optical properties;
Stress; Laser induced damage threshold
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Table 1 Preparation process parameters

Fil Evaporation Electron beam current/mA Substrate Base pressure Working Oxygen flow
ilmogen
& method Resistance current/A temperature/C /Pa pressure/Pa rate/scem
Si0, Electron beam 40 180 3.0xX10°° 1.3x10* 1.9
YF, Resistance 150 180 3.0X10°° 7.3X107° /
TiO, Electron beam 100 180 3.0x107 2.8X10 * 3.2
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Fig.1 The refractive index and extinction coefficient curve of the films
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Fig.2 The transmittance spectral curves of the thin films
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Fig.3 The three- dlmenmonal pattern of the thin films
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Table 2 The mechanical parameters of the thin films

o=

(1)

Samples Thickness/nm Power/nm Stress/GPa
Substrate / —0.173 /
Si0, 307.5 —255.937 —0.4
YF, 308.1 255.224 0.4
TiO, 281.4 1520.499 3.9
Si0,/YF, 306.2 1162.851 1.9
TiO./YF, 285.5 459.022 0.8
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Fig.5 Laser-induced damage threshold of the thin films
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Fig.6  The laser damage morphology of the thin films
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