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Fig. 1. XRD patterns of Tay,05/Si0O, multilayer reflective
coatings annealed at different temperatures.
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Fig. 2. AFM images of Tay05/Si0, multilayer reflective coatings annealed at different temperatures: (a) As-deposited; (b) 200 C;

(¢) 300 °C; (d) 400 °C; (e) 500 C; (£) 600 C.
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Fig. 3. Surface RMS of Ta,05/Si0O, multilayer reflective

coatings annealed at different temperatures.
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Fig. 4. Reflectance spectra of Ta,05/Si0, multilayer reflective

coatings annealed at different temperatures.
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J T HE— I Tay05/S10, £ )2 I 5 I AE
500—600 °C 1 Sl FE 71 [ N RS2 7 ) i 5 78 ik
T, 43 A% SCPHIRAE 525, 550 °C K 575 C iRE T
AT TR JAbFE. 36 2 51 T Tay,05/Si0, 22K
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Table 1.  Substrate deflection and residual stress of annealed Ta,0O5/SiO, multilayer reflective coatings.

Substrate deflection/nm

Residual stress/MPa

Annealing temperature/C
Before coating

After coating

After annealing After coating After annealing

As-deposited 31.6 —282.8
200 29.5 -281.6
300 31.4 —278.4
400 30.2 -282.8
500 31.8 —284.1
600 30.5 -280.3

-282.8 -90.9 -90.9
-375.3 -89.9 -117.0
-363.9 -89.5 -114.3
-320.2 -90.5 -101.3
—67.1 -92.3 -28.6
213.3 -89.8 52.9
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Fig. 5. Surface figures of dielectric mirrors annealed at different temperatures: (a) As-deposited; (b) 200 °C; (c) 300 C; (d) 400 C;
(e) 500 C; (f) 600 °C.

F 2 Tay0y/Si0, Z)ZHBTE 500600 C 3B K55 F AT AGE 40 H{E

Table 2.  Substrate deflection and residual stress of Tay05/SiOy multilayer reflective coatings annealed at the temperature
range from 500 to 600 C.

Substrate deflection/nm Residual stress/MPa
Annealing temperature/C
Before coating After coating After annealing After coating After annealing
525 31.2 -279.8 16.4 -89.9 4.3
550 29.6 -283.6 60.1 -90.5 8.8
575 30.8 -281.5 112.6 -90.3 23.6

SIEAE 500—600 °C iR k55 A AR TE DL )2 5% TIAFEN T AR, NERER] T 5/, 4.3 MPa.
AN SE, B 6 41T Tay05/Si0, £ 2 K S TE (RS, B2 )2 R S 350 S S B TR AR ARAR 8 T AT 8%
500600 °C 1B K5 AT AR f S B2 DR AR 9258 B T Y N = S S S SRR N
SEIRRI ) MR KIREETE 525 °C I, [ EAR AR PV {EAET 0.1X, RMS {HE T 0.02.

0
0.100

0.075

0.025 -4

0.050

—0.075

—0.100

-0

Bl 6 £ 500—600 CiRAFATBRFEEIZE  (a) 525 C; (b) 550 C; (c) 575 C
Fig. 6. Surface figures of dielectric mirrors annealed at the temperature range from 500 to 600 C: (a) 525 °C; (b) 550 °C; (c) 575 C.
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Effect of annealing temperature on structure and stress
properties of Ta,0;/Si0, multilayer reflective coatings”
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(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)
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Abstract

In the optical system of spaceborne laser altimeter, dielectric mirror is an indispensable optical film
element. Its surface shape quality directly affects the resolution and accuracy of distance measurement of the
detection system. It is pressing and necessary to carry out research on the surface shape control technology of
dielectric mirror to eliminate or reduce the effect of film stress on surface shape. The Ta,05/SiO, multilayer
reflective coatings are deposited on quartz substrates by using the ion beam assisted electron beam evaporation
(IBE), and then annealed in air in a temperature range from 200 to 600 °C. The effect of annealing temperature
on the structure, optical and stress properties of Tay,O5/Si0, multilayer reflective coatings are systemically
investigated by using x-ray diffraction, atomic force microscope, spectrophotometer and laser interferometer.
The results show that all the Ta,05/Si0, multilayer reflective coatings, after being annealed, are amorphous in
structure. The annealing temperature has a great influence on the surface roughness of reflective coating. With
the increase of annealing temperature, the surface roughness of reflective coating first decreases and then
gradually increases, but is still smaller than that of as-deposited sample. After being annealed, the reflectance
spectrum of reflective coating shifts slightly toward the long-wave direction, and the reflectivity increases a
little. When being annealed at 500— 600 °C, the compressive stress of reflective coating could be transformed
into tensile stress, and the surface is changed from convex to concave shape. It can be concluded that annealing
at an appropriate temperature can effectively release residual stress of Ta,05/Si0, multilayer reflective coating
and eliminate the deformation of substrate caused by film stress, and thus improving the surface shape quality
of dielectric mirror., After being annealed, the reflective coating still possesses the stable structure and spectral
properties, so that dielectric mirror can meet the application requirements of spaceborne laser altimeter. In this
paper, the experimental results are of great significance for applying the annealing technology to the surface

shape control technology of dielectric mirrors.
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PACS: 42.79.Wc, 68.55.-a DOI: 10.7498 /aps.68.20182247

* Project supported by the Young Scientists Fund of the National Natural Science Foundation of China (Grant No. 61605229)
and the Innovation Program of Shanghai Institute of Technical Physics, Chinese Academy of Sciences (Grant No. CX-129).

1 Corresponding author. E-mail: duanweibo@mail.sitp.ac.cn

114208-7


http://dx.doi.org/10.7498/aps.68.20182247
mailto:duanweibo@mail.sitp.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

