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Influences of the Substrate Stress on Element Surface Figure

in Vacuum Evaporating Deposition

Zhu Pei  Zhu Jiangiang
(Joint Laboratory of High Power Laser Physics, Shanghai Institute o f
Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract In vacuum evaporating deposition, the surface deformation of the optical elements was primarily affected
by the substrate stress redistribution including the gravitational stress and the residual stress before and after
deposition. A model was built to analyze the effects of substrate stress, the results proved that an interaction stress
in the substrate-film interface induced by the gravitational stress in the substrate in the vacuum evaporating
deposition produced very little deformation of the substrate. Therefore, the irregular deformation of the optical
element induced in vacuum evaporating deposition was determined by the residual stress of the substrate mostly.
The experimental results show that the irregular deformation of the substrate caused by the residual stress can be
eliminated by fine annealing the substrate before being polished.
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Fig. 1 Interactive model of gravitational stress in

substrate and film-substrate system
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(a) initial state of the substrate

(b) substrate state under deposition

(c) final state of the substrate after cooling
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Fig. 2 Schematic illustration of deformation produced by

the residual stress
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Table 1 Power differences formed by heat process in samples without fine annealed

Sample No. 1 2% 37 57 67 77 87
Avower /A —0.971 0.599 —0.282 0. 440 —0.401 —1.097 —0.080 —0.992
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Table 2 Power differences formed by heat process in samples with fine annealed

Sample No. 1% 2% 3% 5% 67 7% 87
Apower /A —0.002 —0.021 0.043 —0.035 —0.045 0.014 —0.014 —0.007
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Fig.3 Surfaces of 17 and 27 samples without fine
annealed before (the left) and after (the right)

heat processed
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Fig. 4 Surfaces of 17 sample with fine annealed before

(the left) and after (the right) heat processed
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