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Abstract: This paper introduces the measurement principle of a super-smooth surface by a Grazing X-
ray Scattering(GXRS) method and an experimental facility based on an improved X-ray diffractome-
ter. By using three kinds of wafers with different roughnesses as samples, the scattering distribution
of the samples are treated by first-order vector perturbation theory. The results indicate that the cal-
culated Power Spectral Density (PSD) by GXRS is in a good agreement with the results obtained from
Atomic Force Microscope (AFM). It also analyzes the effects of the slit width of a detector and the di-
vergence of incidence X-ray on experimental results,results show that when the slit width is 0. 02 mm
and the incidence divergence is 43", the errors are both lower than 2% in the range of spatial frequency

higher than 0. 03 ym™'. It is concluded that the measuring errors decrease quickly with the reduces of
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the slit width and incidence divergence, and the PSD error also decreases quickly with the increase of

spatial frequency. The repeatability of the experimental facility is better than 2. 6 %.

Key words: Grazing-incidence X-ray Scattering (GXRS) ; super-smooth surface; perturbation theory;

Power Spectral Density(PSD) ; Atomic Force Microscope(AFM) ; systematic error
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Fig. 1 Diagram of GXRS measurement facility
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Tab.1 Parameters of samples

FE i R 1 R 2 R 3
HEURS B 0 & {4/ nm 0. 67 0.46 0.29
JSF/mm X mm 10X13.5 10X11.5 12.8X12.9
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Fig. 2 Comparison of normalized incident intensity

to grazing-incidence angle with ¢=0. 29 nm
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FE i R 1 R 2 R 3
HRE B AFM/nm 0. 67 0. 46 0.29
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Tab.3 Measurement of repeatability of GXRS
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