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Calibration of deposition rates of multilayer
coatings by sputtering depositions

ZHANG Li-chao

(State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine
Mechanics and Physics, Chinese Academy of Sciences. Changchun 130033, China)

Abstract: A calibration method for deposition rates of multilayer coatings by sputtering depositions
was proposed to eliminate the random thickness errors and to realize the accurate control of film thick-
nesses. In this method,the deposition rates were acquired by the least square fitting for results of dif-
ferent deposition experiments. An analysis on the basic properties of random variables shows that dep-
osition rates can be converged to the true values in a case that the number of depositions is large e-
nough. On the basis of above principle, accurate deposition rates can be acquired, random thickness
errors can be extracted, and the thickness control accuracy of the coating machine can be determined
as well. Furthermore, the complete information to realize the accurate control of film thicknesses can
be also obtained. Experiments based on this calibration method were carried out by using two deposi-
tion systems. Results indicate that control accuracies are different for different deposition systems.
The low cost deposition system shows a relative low thickness control accuracy in 0. 1 nm,and the oth-
er one with high deposition performance could realize the thickness control accuracy in 0. 01 nm.
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Tab.1 Deposition time and period thickness
in series tests performed by magnetron sputtering

LI (we/tw) si/ts,c) (dwos) (dwp,c)

F5 /s /s /nm /nm
1 30 30 6. 80 8. 14
2 40 30 8.48 10. 04
3 30 40 7.39 8. 44
4 30 50 7.84 8.8
5 30(tmo) /40(tw) 60 8.25 11. 19
6 40 60 9.95 11. 11
7 17 110 8. 56 8. 54
8 19 90 7.88 8.21
9 40 40 8.98 10. 41
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Tab. 2 Calculated deposition rates in Mo/Si series

tests performed by magnetron sputtering

AR vv/(nm s ') vg/(nmes ')  A/nm
1~3 &k 0.168 0 0.059 0 —0.0100
1~4 K 0.165 7 0.052 0 0.293 3
1~5 & 0.163 0 0.048 0 0.520 0
1~6 K 0.164 5 0.048 5 0.453 7
1~7 & 0.164 9 0.048 3 0.450 3
1~8 &k 0.165 7 0.048 2 0.424 5
1~9 &k 0.165 7 0.048 2 0.424 2

Tab. 3 Calculated deposition rates in Mo/Si series

tests performed by magnetron sputtering

B vw/(am- s ”Unlv/(nm' s ') A/nm

1~3 0.190 0 0.030 0 1.540 0
1~4 K 0.191 0 0.033 0 1.410 0
1~5 0.197 2 0.036 7 1.077 7
1~6 & 0.196 0 0.036 0 1.140 0
1~7k 0.194 0 0.036 9 1.170 1
1~8 Ik 0.193 5 0.037 0 1.184 9
1~9 &k 0.193 6 0.037 0 1.183 3
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Tab. 4 Deposition time and period thickness

in Mo/Si series tests performed by ion beam sputtering

LS o /s ts/s d/nm
1 120 120 12.78
2 180 180 19.61
3 210 150 18. 41
4 126 87 10. 46
5 150 200 20. 04
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Tab.5 Calculated deposition rates in Mo/Si series

tests performed by ion beam sputtering

B ome/(nmes ') ovg/(nmes ')  A/nm
1~3 &k 0.036 92 0.076 92 —0.880 0
1~4 K 0.036 91 0.076 95 —0.884 8
1~5 &k 0.036 93 0.076 93 —0.884 5
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Tab. 6

Standard deviations of random period thickness

errors for multilayer coatings in series experiments

i1 Wi Mo/Si G452 W/B.C #F Mo/Si

1~4 & 0.028 6 0.012 2 0.000 8
1~5 % 0.0415 0.030 1 0.001 0
1~6 % 0.038 4 0.032 1 -
1~7 & 0.035 7 0.032 0 -
1~8 % 0.0359 0.0311 -
1~9 % 0.033 9 0.029 4 -
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