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Effects of Substrate Materials and Deposition Parameters on Film Stress

Li Yuqgiong Yu Zhinong Wang Huaqing Lu Weiqgiang Xue Wei Ding Zhao
(The Laboratory of Thin Film and Display Technology, School of Optoelectronics, Beijing Institute of Technology .
Beijing 100081, China)

Abstract An on-line thin film stress measuring system based on Hartmann-Shack sensor technique is introduced to
measure the film stress of SiO,, TiO,, Ta,0;, Al,O; and ITO films at different thickness which are prepared by ion
assisted deposition, and the effects of substrate materials and preparation parameters on the stresses of SiO, and TiO,
are investigated in details. The results show that the film stress as a function of the film thickness is linear in the
initial stage of coating, and the film stress tends to be a stable value when the film thickness reaches a certain value.
The thermal stress which resulted from the different coefficients of thermal between substrates and thin films can be
diminished by choosing suitable substrates. In terms of TiO, films, the thermal stress plays a major role when the
substrate temperature is below 150 C , but the compressive stress which resulted from the dense structure of films is
dominant while the substrate temperature is above 150 C. However, the thermal stress in SiO, films is always
dominant at different deposition temperatures. The tensile stress in SiO, films is mainly caused by the effects of ion
assisted sputtering when the chamber pressure is below 1.7X10 % Pa, and the tensile stress in SiO, films increases
with the vacuum chamber's pressure increasing when it is above 1.7 X102 Pa, but the refractive index decreases.
Key words films optics; film stress; Hartmann-Shack sensor; substrate materials; deposition parameters; ion
assisted deposition (IAD)
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Table 1 Preparation parameters of films

Films
Si0, TiO, Ta,0; AlL,O; ITO

Parameters

Accelerating voltage /V 330 330 330 330 350

Beam current /mA 100 100 100 100 80
0, /(cm®/min) 0 23 23 0 18
Ar /(em® /min) 6 6 6 6 6
Deposition rate /(nm/s) 0.6 0.3 0.3 0.3 0.06
Thickness /nm 150 150 150 150 200
Vacuum /(10" % Pa) 0.9 2.0 2.0 1.6 1.0
Temperature / C 30 30 30 30 30
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Table 2 Preparation parameters of TiO, films

Ton source Gas flow )
. Evaporation Substrate
Films Accelerating  Beam current o o Vacuum /Pa )
0O, /(cm®/min) Ar /(cm®/min) rate /(nm/s) temperature / C
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Table 3 Preparation parameters of TiO, and SiO, films

. Ion source Gas flow Deposition
Films ) ] ) Vacuum /Pa
Accelerating voltage /V  Beam current /mA O,/(cm’®/min) Ar /(cm®/min)  rate /(nm/s)
TiO, 0 0 0 0.3 1.5X107*
SiO, 0 0 0 0.6 0.9X107*
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Table 4 Preparation parameters of SiO, films

Ton source Gas flow
) Deposition Substrate
Films Accelerating Beam current O, Ar Vacuum /Pa
) ) ) ] rate /(nm/s) temperature / C
voltage /V /mA /(em®/min)  /(em® /min)
SiO, 330 100 0/8/15/25 6 0.6 0.6X102 30

ME 6,18 7 nf IF . YRS EEREMT  HK A 1 7X107° Pa i #) 33. 5 MPa 3§ KH]2. 0
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SRR GRS Y o 1 LA e g R e AR I B AR IR Rl E . STO, IR Y 3 S R A E R
WAL IO M E A Rk T 1 7X10 2 Pa iy, SRRt a8 8 Bz . i 8 Wl 1, SiO, i
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