Effects of Roughness on Scatterometry Signatures
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ABSTRACT

Recent development in the optical characterization allows using more complex experimental methods in order to
characterize periodic structures [1]. The new trend is to examine potential of the Mueller matrix and multi-
configuration methods in order to access the most challenging problems of the optical metrology. In this work we
are going to present results acquired on the artificially perturbed periodic line grating with significant line width
roughness (LWR). The method used in this work is based on the generalized ellipsometry, which provides not only
the spectrally resolved A and v, but also eleven elements of the Mueller matrices.

Application of the multi-azimuth method allows for the robust analysis of the perturbed and unperturbed
gratings [2] with an estimation of the model parameters accuracy. Moreover, using Mueller matrices provides extra
advantages including: the information in the block off-diagonal elements for different conical configurations; the
estimation of the measured data accuracy by combining adequate configurations; the complete description of the
depolarization effects. Our situation is slightly complicated by experimental conditions requiring significant
focusing of the incident light beam into the small feature area. The focused incident beam leads to Mueller matrices
with significant depolarization characteristics which have to be taken into account also in the optical model. The
effect is more pronounced in spectral regions, where the signal changes very fast.

Recent theoretical works on the sensitivity of angularly resolved data to the LWR [3,4] demonstrated
significance of the problem and explored limits of effective medium approximations for the purpose of LWR
modeling. In this work, we are more focused on modeling of perturbed periodic structures (see Fig. 1) using the
rigorous coupled-wave method and evaluating of the sensitivity of the experimental spectrally resolved data to the
dimensional parameters of LWR.

FIGURE 1. Scanning electron microscopy images of diffraction gratings with artificially manufactured line-width roughness.
The amplitudes of modulation as a fraction of the unperturbed line-width are: (a) unperturbed; (b) 2%; and (c) 5%.
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