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Total integrated scatterometer for the application in
optical surface roughness measurement
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(1.Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;

2.Graduate school of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on Total Integrated Scattering(TIS) theory and the photometric characteristids of the
integrating sphere, a total integrated scatterometer by comparison method for the application in optical
surface roughness measurement was established. Measurement results of three polished silicon surfaces
with the same process by AFM are analyzed and the root-mean-square roughness values are very close
within the range of 0.14~0.19 nm, which shows the stability of the polishing process.Three other silicon
surfaces with the same polishing process were measured by TIS method and the results were compared with
that of the Si#1 sample by AFM calibrated. The close data within 0.14~0.18 nm were obtained which
indicate the validity of the TIS method. Several pieces of germanium, aluminum mirror and silicon carbide
were also measured by TIS method and obvious differences appear among their roughness values, which
shows the high sensitivity and high dynamic range of the scatterometer.
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36
13~14 nm
3 Al#l  Al#2
Al#3  Al#4 v 3.7-3.8
1 3.3~3.4 nm 2.5 SiC
17 nm
, 0.14~0.19 nm SiC
1 +15%
/nm
Tab.l AFM measurement results for three
polished silicon surfaces /nm
Position 1 2 3 4 5 Averagealue
Si#l 0.141 0.142  0.144 0.142 0.146 0.143
Si#2 0171 0185 018 0192 0.189 0.183
Si#3 0149 0.144 0139 0147 0.5 0.145
4
0.143 nm  Si#l
2
v 3 o
Si#l
2 Si#tl
Tab.2 Comparison of surface roughness measure-
ment results of several materials by
TIS method with that of Si#l
+15%
Sample Si#l Si#4 Si#5 Si#6 Get#l Ge#2
v 0.1603 0.1771 0.1903 0.1852 1.5196 1.5122
olangstom 143 158 170 165 1356  13.49
Sample Ge#3 Al#1 Al#2 Al#3 Al#4 ZnS
v 1.506 1 3.7999 3.7462 3.7769 3.7825 19.1103
olangstrom 1344 3390 3342 3369 3374 170.48
Si#l Si#2 Si#3
Si#4  Si#5 Si#6 Si#l
v 0.16~0.20 Si#l
0.143 nm
0.14~0.18 nm [1] KONG Xiang-guiFENG Tie-sun,JIN Guo-fan. The effect of
(Ge#tl Ge#2 Ge#3) v 1.50~1.52

retroscattering of cavity mirrors on the lock-in of ring laser
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