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ABSTRACT: This paper aims to select TiO, and SiO, high and low refractive index materials, design and prepare 500~650 nm,
780~830 nm, 1 050~1 080 nm three-band compatible dielectric high reflective films. The spectral properties, stress characteristics
and laser damage resistance of high reflective films composed entirely of dielectric materials for multi-band application are
studied, and the large aperture film samples with good stress state are obtained. The process parameters of monolayer films were
studied, with the monitoring wavelength 560 nm, based on the electric field intensity distribution, and film structure was
optimized to be G/(HL)gH(ZL)4 (1.4H1.4L)8H2L(1‘9H1.9L)81.9 H/A. Low refractive index layers were added between different
film stacks to suppress the nominal problem, and the reflectance spectral was smoothed, wide-band large-size multilayer high
reflective film with good performance was successfully prepared on a large aperture substrate of 220 mm by ion beam assisted
electron beam evaporation technology. Its reflectance spectral was in the visible light range of 500~650 nm, with the average
reflectivity of 99.5%, the peak reflectivity of 99.9%, the minimum reflectivity was 95.1%; within the scope of 780~830 nm, the peak
reflectivity was 99.9%, and the average reflectivity was 99.8%, and the minimum reflectivity was 99.6%; in the 1 050~1 080 nm
band, its average reflectivity could reach 99.8%, and the peak reflectivity reached 99.9%, and the minimum reflectivity reached
99.7%; reflectance spectral of large aperture film sample at different positions were high consistent. The laser-induced damage
threshold of film was 7.1 J/em?, and the residual stress was —293.59 MPa. The film thickness uniformity of large aperture film

sample is good, and the film is compact without wrinkle, crack and falling off phenomena, with higher fastness and excellent

2022 4 4 A

laser protection performance.

KEY WORDS: thin films; large aperture; multi-band; residual stress; laser-induced damage threshold
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Tab.1 Physical and mechanical performance
parameters of materials

Materials Young's Poisspn’s Coefﬁcignts of}?er{l}lal
modulus/GPa ratio expansion/(107° K™)
TiO, 230 0.27 9.19
Si0, 73.1 0.17 0.55
K9 79.7 0.21 7.2
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Tab.2 Parameters of film systems

Film system Symbol  Central wavelength/nm  Materials Thickness/nm
G/(HL)*H (1.4H1.4L)*H (1.9H1.9L)*/A 570 Ti0,-Si0, 5557.69
G/(HL)*H 2L (1.4H1.4L)*H 2L (1.9H1.9L)¥/A 570 Ti0,-Si0, 5949.77
G/(HL)*H (2L)* (1.4H1.4L)*H 2L (1.9H1.9L)*/A 570 Ti0,-Si0, 6 537.88
G/(HL)*H (2L)* (1.4H1.4L)*H 2L (1.9H1.9L)*1.9H/A 560 Ti0,-Si0, 6 651.98

Note: G: Glass, H: High refractive index, L: Ligh refractive index, A: Air; 1.4, 1.9 and 2 represent multiples of 560 nm relative

to the monitoring wavelength.
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Tab.3 Process parameter s of monolayer films

Ton source parameters

. Electron beam Deposition Working Oxygen flow Substrate
Materials 2l >) . o
current/mA  rate/(nm-s”) pressure/(107" Pa) rate/(mL-min ') Apode voltage/V Cathodic current/A temperature/ C
TiO, 348 0.35 23 50 135 55 160
SiO, 80 0.8 1.4 — 16 50 160
2.3 RiE—-H

& 3

DB i BB A
Fig.3 Physical image of wide-band high reflective film sample
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