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Influences of Deposition Temperature on Residual Stress of
HfQO, Films Prepared by Electron Beam Evaporation
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Abstract HIQO, films were prepared by electron beam evaporation on BK7 glass and fused silica substrates. The
residual stress was measured by viewing the substrate deflection using ZYGO interferometer. The results show that
the residual stresses of HfQ; films on both substrates are tensile and increase with the increase of deposition
temperature firstly, then decrease. The main origin mechanisms of residual stress are different. For films on BK7
glass substrate, the intrinsic stress is the determinate factor. While for films on fused silica substrate, the evolution
of the residual stress is mainly due to the thermal stress in lower temperature. The microstructure of the HfO, films
was inspected by X-ray diffraction (XRD). It is found that the microstructure of the films transmitted from
amorphous to polycrystalline, which is corresponding to the variation of the residual stress. The differences of the
film residual stress for two substrates may be due to the evolution of the microstructure as the increasing of the
deposition temperature and differences of properties between two kinds substrates.
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Fig.1 Residual stress of films deposited on two kinds of

substrates at different temperatures
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Fig. 2 Deposition temperature versus thermal stress
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Fig. 3 X-ray diffraction of HfQO, films deposited

at different temperatures
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Table 1 Interplanar distance and crystallite size of
HfO, films deposited on different substrates

Diffraction Interplanar Crystallite
Substrates o ] .
angle /(°)  distance /nm size /nm
BK7 glass
substrate 34,762 0. 2581 16. 18
Fused silica
substrate 34.785 0. 2577 17. 34
Standard
sample 34,665 0. 2588

W T E P RER S KA 0.02°, F HAEMH
WEe A2k HHY R 588 B AR 7  7E A0 S8 AT T IR ELIN AP AR IR 22
1 PRSI E N PowderX B4 - AL B B %



830 2l

# * 33 %

. ZEAREZEE BHE1ITULZAFHER L
RS MM 22 N K, A R 2K (020) A7 5 I AH XA B
WA E %, 5 E B /N, HIO, W 522 913K i
il
3.3 MHABEX BK7 BB E K HfO, FEXHEFM
HREEHFI
1, E 2 455 0] % F BK7 3 33K HIO,
HWIRRRRN SRS EANRAN T, A THR
BK7 3 E R B9 HIO, ¥R P9 I 1 0 4544 i 5%
RO ES G TR A T WS nm K 4
RIPTS . BK7 BE3ER HIO, WA 5 5 63 an
B 4 BiR.

95

90;‘

< L
85 ki o %

Transmittance /%

400 600 800 1000 1200
Wavelength /nm

B4 AREVAIRET BK7 38K HIO, WK
K 3% 5 i

Fig. 4 Transmittance spectra of HfO; films deposited on

BK7 glass substrate at different temperatures
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Table 2 Refractive index and packing density at

different deposition temperature

Deposition temperature /C  n (A =800 nm) )
60 1. 906 0.824

200 1.916 0. 833

280 1.934 0. 849

350 1. 950 0. 864
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