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The silane precursor A reacts with hydroxyl groups on the surface of

Schematic diagram of an ALD reaction cycle

fused silica, and the inert gas purges excess precursors and by-prod-
ucts; then the oxidation precursor B reacts with the surface and pur-

ges again
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Fig. 2 Thickness of ALD film versus growth cycle, the growth

rate of SiO, is about 0. 1 nm * cycle™’
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Table 1 Thickness uniformity of films deposited by ALD
Temperature Target thickness Actual thickness/nm Difference
/C nm Maximum Minimum Average (max/min) —1 | (Ave/Tar) —1]
100 113. 96 112. 37 113.17 1.41% 13.17%
300 250 258.97 257.74 258. 36 0.48% 3.34%
400 416.91 409. 66 413. 29 1.77% 3.32%
550 544.92 541. 15 543. 04 0.70% 1.27%
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Table 2 Growth rate and refractive index of SiO, film deposited at different temperatures

Deposition Cycles Deposition temperature/C

Thickness/nm

GPC/(nm « cycle 1) Refractive index (355 nm)

2 200 275 189. 260 0.086 03 1. 466
2 000 300 200. 347 0.100 17 1.472
2 000 325 213. 322 0.106 66 1.471
1800 350 193. 981 0.107 76 1. 466
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Fig. 3 Deposition rate versus deposition temperature
In the experimental temperature range, the deposition rate increases

with increasing temperature of substrate
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Fig.4 XRD of SiO, films deposited by ALD. The SiO, films

are amorphous at different temperatures
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(a): HAPERE, 1.88 nm; (b): 275 °C, 0.89 nm; (c): 300 C,
0.76 nm; (d): 325 °C, 0.88 nm; (e): 350 C, 1.67 nm
Fig. 5 Sample surface roughness
(a): Fused silica substrate, 1. 88 nm; (b): 275 °C, 0.89 nm; (c¢):
300 °C, 0.76 nm; (d): 325 C, 0.88 nm; (e): 350 °C, 1. 67 nm
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Fig. 6 Ultraviolet-visible-near infrared transmission spectrum.
SiO, films at different temperatures have no obvious

effect on the spectral transmittance of the film
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Fig. 7 Fourier transform infrared spectroscopy (FTIR)
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Fig. 8 (a) Fluorescence spectra curve and (b) peak fluorescence intensity of ALD films at different temperatures.

SiO, films deposited at higher temperatures are closer to the characteristics of fused silica substrate
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(a) Damage probability curve and (b) zero probability damage threshold of ALD films at different temperatures.

The damage performances after ALD coating are lower than that of the initial substrate
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Abstract In this paper, single-layer SiO, films of homogeneous material were deposited on the surface of fused silica glasses by
atomic layer deposition ( ALD) technology. The physical and chemical properties of the optical films and the laser induced
damage performance under laser irradiation were deeply researched. Bis-tert-butylaminosilane (BTBAS) and ozone (O;) were
chosen as reaction precursors in the experiment, and ALD prepared a series of film samples under different temperature
conditions. Firstly, a study on the characteristics of ALD and the uniformity of the films was carried out. It was found that the
film growth thickness and the number of deposition cycles conformed to the linear growth, which verified the atomic
layer-by-layer growth characteristics of the ALD. The uniformity of the deposited film on the surface is fine, while the error does
not exceed 2%. Then, for the SiO, films deposited at different temperatures, the roughness and various spectral characteristics
have been tested. The comparison results show that the surface roughness of the sample is slightly decreased after coating. The
ALD film samples have excellent transmittance in the range of 200 to 1 000 nm, both exceeding 90% and gradually approaching
93.3%, and their transmission spectrum is not significantly different from the spectrum measured on a bare fused silica
substrate. The difference between fluorescence spectrum and Fourier transform infrared (FTIR) spectrum before and after
coating confirms the existence of point defects (non-bridging oxygen, oxygen vacancies, hydroxyl, etc.) in the SiO, films
deposited by ALD, which will affect the film damage resistance performance. Finally, ultraviolet laser-induced damage tests
were performed on the substrate and film samples. Results of damage performance show that the laser induced damage threshold
of the thin film deposited on the surface is reduced, and the zero-probability damage threshold is decreased from 31.8 J » em ? to
about 20 J « cm ™ ?, which is consistent with the characterization of spectral defects. The point defect in the film will absorb
ultraviolet laser energy, causing the local temperature to rise, and then the threshold of laser damage resistance is reduced while
the phenomenon of laser-induced damage occurs. Within the selected deposition temperature range, SiO, films deposited at
higher temperature seem to have better damage performance. The deposition temperature conditions can be controlled to make
the samples’ damage performance closer to the substrate itself. It is expected that the optimization of other reaction parameters

will further improve the film damage performance.
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