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Surface Texture Analysis of Steel Sheets by 3D-SEM
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Abstract:

Effective regression methods to remove image distortions at low magnifications of three-dimensional (3D)

scanning electron microscopy, which can offer high resolution and non-destructive examination of surface

topographies, have been studied. The distortions are quantitatively evaluated and from the viewpoints of the

amplitude transmission characteristics and the processing time, parabolic regression followed by Spline high-pass

filtering is proposed as the most effective method. The surface textures of hot-dip galvanized steel sheets have been

quantified by this method, and their dimple densities estimated in terms of 2D and 3D surface texture parameters

are compared with their friction coefficients. It is concluded that the 3D parameter shows a better correlation than

the 2D parameter measured by conventional stylus profilometry.
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Fig.1 Principle of three-dimensional measurement (3D-SEM
mesures declinations at eradiated points by electron
beam.)
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Table 1 Prospective regression methods and their characteristics

Regression method Flexibility of Whole' field Processmg End effect
reference surface analysis time

Parabolic regression (worse) possible short advantageous

Gaussian filtering base impossible short NA

Gaussian regression . .

filtering of Oth order base possible short disadvantageous

Gaussian regression .

filtering of 2nd order best possible very long advantageous
e . somewhat

Spline filtering almost best possible short disadvantageous
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End effect i Spline high-pass filtering

2.2um
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Fig.2 Topographic data measured from mirror polished
silicon wafer and processed by the regression
methods shown
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Fig.3 Maximum errors due to image distortions as a function
of magnifications
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Table 2 Calculated arithmetic mean deviations of roughness

standards
Specifications
Number of times
0.40 um 3.17 um
1 0.42 3.23
2 0.43 3.30
3 0.43 3.29
Average 0.43 3.27
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Fig.4 Amplitude transmission characteristics of the filters
under consideration (GR2 and GRO mean Gaussian
regression filters of the 2nd and Oth order,
respectively)
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Fig.5 Various surface textures of hot-dip galvanized steel
sheets
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Fig.6 Friction coefficients of hot-dip galvanized steel sheets as
a function of their PPI and Sdv (Both two-dimensional
PPI and three-dimensional Sdv reflect dimple densities
of their surfaces.)
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