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In Scanning Electron Microscopy, careful and fast analysis of an image’s Fourier
Transform (FT) is important for the automatic improvement of the image quality. The shape
of the Point Spread Function in SEM can not be directly measured and is generally unknown.
The image’s Power Spectrum (PS) - i.e., the absolute squared value of its FT - is widely used
for automated defocus and astigmatism corrections [1], for blind deconvolution procedures to
improve image quality [2], [3], and for other purposes. In order to decrease the amount of
computations one sometimes only analyzes the PS’s profile (intersection of the PS with a line
through the origin) as in [2]. The restriction to the PS’s profile fails if the PS is not
symmetric, for instance due to the specimen’s geometry or machine aberrations, such as
astigmatism, etc. (see the pictures in the second row of Figure 1). SEM images usually suffer
from noise, which results in a noisy PS. The noise can influence the quality and performance
of post-processing algorithms. Noise in the image is the major limitation of the blind
deconvolution technique described in [3], where the acquisition of one experimental image
took 10 minutes in order to obtain a sufficient signal-to-noise ratio.

This work proposes a new method for analyzing the full two-dimensional Power
Spectrum. It is based on the assumption, that the logarithmic scaled PS can be closely
approximated with a linear combination of predetermined shapes, called basis functions. The
goal of the algorithm is to calculate the contribution of each of the basis functions in this
linear combination, i.e., their related coefficients c¢. This paper uses as basis functions the
monomials (to obtain the discrete image’s moments) as well as Chebyshev and Legendre
polynomials basis functions. The matrix A of the 12-inner products of the basis functions and
the vector b, the inner products of the basis functions with the given logarithmically scaled
PS, are computed. The coefficients ¢ of the linear approximation solve Ac=b. In the case of
Chebyshev and Legendre polynomials the matrix A is close to diagonal, which makes the
computations numerically more robust. The method is non-iterative (uses a direct solver), i.e.
the amount of required operations depends only on the image’s dimensions and, amount and
complexity of the basis functions. For the proper selection of set of the basis functions for a
certain specimen, the proposed method accurately determines the approximation within a
couple of seconds of time on a current desktop computer CPU.

The images for the numerical experiments were obtained with FEI'’s Strata SEM [4].
Figure 1 shows the results of PS approximation for a Tin Balls sample with the Chebyshev
basis functions. The Least Squares Difference between the PS of a SEM measured image and
it’s approximation with analytical functions is provided just above the plots in Figure 1. The
difference is about 5%, which is not large, taking into account the high amount of noise in the
original PS.

The proposed method can be used for the fast analytic fitting of the obtained discrete
data into the analytical model. This can be useful for the blind deconvolution techniques and
automated defocus and astigmatism correction algorithms. The proposed method can be used
as a PS noise reduction technique, as well.
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The method was successfully tested on a number of SEM samples. The method’s
assumptions are general enough: It can be extended to a wider range of imaging devices [5].
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Figure 1. From left to right: infocused and astigmatism free image, defocused image with the
presence of x-astigmatism, defocused image with the presence of y-astigmatism. From top to
bottom: SEM image of Tin Balls sample, it’s Power Spectrum, the approximation of the
Power Spectrum with the analytical function, PS and it’s approximation profiles (intersection
with the horizontal frequency axis) plotted together. The colorbar on the left shows the
scaling of the PS intensity: between O and 1. Horizontal and vertical frequencies are scaled

between -1 and 1.
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