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Finite Element Analysis for Substrate’s Initial Stress in Vacuum Deposition

SUN Rong-ge, YI Kui, FAN Zheng-xiu
(R&.D Center for Optical Thin Film Coatings, Shanghat Institute of Optics and
Fine Mechanics, The Chinese Academy of Sciences, Shanghai 201800, China)

Abstract In vacuum deposition, the substrate deformation caused by sustentation and temperature grads can affect
the final surface form of film-substrate system. By finite element analysis and calculation on initial stress of different
substrates under different sustentation manner, and the thermal stress caused by the interior temperature grads of
substrate, P-V values of the substrate surface deformation are gained, and the contours of substrate deformation in
different situations are plotted. This analysis shows that the deformation induced by gravity and the thermal
deformation are great when its size is over 200 mm, which become the important factor affecting the final film
surface form; with the augmentation of substrate obliquity when fixed, the substrate deformation and the stress
show decreasing trend; in the same situation, the deformation induced by gravity of the fused silica substrate is a
little greater than that of the BK7 glass substrate, while the thermal deformation quantity of the former is further
less than the latter; the thermal stress has made greater contribution on substrate’s initial stress.
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Table 1 Material parameters of the substrate

Material  Young's modulus /GPa  Poisson’s ratio Density /(kg/m®) Thermal expansion coefficient /X107¢ K™*
BK7 82.5 0. 206 2510 7.5
Fused silica 73 0.105 2200 0.5
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Fig.1 Schematics of the method of sustentation and

finite element model of the substrate
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Table 2 Deformation induced by gravity of the substrate

with different obliquities when fixed

Obliquity « /rad 0 /12 x/6 /4
Deformation /nm 104 95.4 87.2 74
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Fig. 2 Contours of the substrate surface defermation

whena = 0 (a) and a 7% 0 (b)

3.2 HEEEAREENEREENBEELE
WHWEAERTEEETER L TRENE
O, W EISR AP B, BT i BRI A o = 0. L
HRER400 mmMEE R AT RN R IR T Y HERE
310 mm, 20 mm, 30 mm, 40 mm, 50 mm, 60 mm

B EZE, INFE 3 iR,

x3 FEEEEEHEETKE
Table 3 Deformation induced by gravity of the substrate

with different thickness

Thickness /mm 10 20 30 40 50 60
Deformation /nm 1680 774 328 173 122 97.7
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Table 4 Deformation induced by gravity of the substrate

with different diameters

Diameter /mm 100 200 300 400
Deformation /nm 5.77 26.3 78.5 173
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Fig. 3 Schematics of typical thermal distortion of

the substrate
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Table 5 Thermal deformation of the substrate with different temperature grads

Temperature grads /(K/cm) 0. 25 0.15

0.05 0. 025 0.015 0.005

Deformation /nm 885

540

197 98 58.2 19.7
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Table 6 Comparison between two sorts of deformations

of the substrate with different materials

Deformation induced Thermal

Material
atena by gravity /nm deformation /nm
BK7 26.3 197
Fused silica 31.5 16.7
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