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Development of microscopic surface profile estimation algorithm
through reflected laser beam analysis

Young-Ho Seo, Jung-Hwan Ahn’, Hwa-Young Kim ", Sun-Ho Kim ™

ABSTRACT

In order to measure surface roughness profile, stylus type equipments are commonly used, but the stylus keeps
contact with surface and damages specimens by its tip pressure. Therefore, optics based measurement systems are
developed, and light phase interferometer, which is based on light interference phenomenon, is the most noticeable
research. However, light interference based measurements require translation mechanisms of nano-meter order in order
to generate phase differences or multiple focusing, thus the systems cannot satisfy the industrial need of on-the-machine
and in-process measurement to achieve factory automation and productive enhancement. In this research, we focused
light reflectance phenomenon rather than the light interference, because reflectance based method do not need translation
mechanisms. However, the method cannot directly measure surface roughness profile, because reflected light consists of
several components and thus it cannot supply surface height information with its original form. In order to overcome the
demerit, we newly proposed an image processing based algorithm, which can separate reflected light components and
conduct parameterization and reconstruction process with respect to surface height information, and then confirmed the
reliability of proposed algorithm by experiment.

Key Words : Reflected laser beam(#| ©] 4] 8FALR), Microscopic surface(T]4l X ), Roughness profile(Z % T &
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71549y a = Scaling ratio related to interreflection
B = Scaling ratio related to surface height
R, = Surface roughness of root-mean-square f. = Cut-off frequency for specular light removal
deviation I, = Reflected light intensity of concave part
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I, = Reflected light intensity of convex part

o =Standard deviation of light intensity distribution
along principal axis

E| = A magnitude of incident light power

6,= Incident angle of light on a surface

0,= Reflection angle of light on a surface

T = Correlation distance of idealized microscopic

surface model(Roughness spacing)
o, = Standard deviation of idealized microscopic

surface model
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(b) Reflected light image (Laser spot diameter 0.8mm,
Viewing angle = Incident light angle)
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Fig. 1 Interreflection phenomenon
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Light intensity scanning along principal-
axis

Light intensity recovery by Gaussian fit
(Saturation in specular spike and lost in
specular lobe regions)

. Light decomposition N

Specular spike estimation through
adjusted incident light power, E,
Specular lobe parameterization through
standard deviation, &

Diffuse lobe filtering through High-pass
FFT Filter(Cut-off frequency, f)

Surface parameterization

Surface roughness, R through £, and o

Surface height scale, £ through intensity
ratio

Surface interreflection ratio, « through
Rq constraint

ky . Surface profile estiniaiibn s
* Diffuse lobe reconstruction through o

and 8

* Surface profile estimation through
diffuse lobe

Fig. 2 Proposed signal processing algorithm for
microscopic surface profile estimation
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Fig. 4 Model of reflected light intensity distribution on a
principal axis
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Fig. 6 Diffuse lobe reconstruction for surface profile
estimation
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Table 1 Specification of HV7131D CMOS image sensor

Pixel resolution 642x482

Pixel size 8x8 pm’

Fill factor 30%

Format VGA

Sensitivity 2.5 V/lux-sec

Technology 0.5 um 2 metal CMOS
Table 2 Specification of LT052 Laser diode

Optical power output 35 mW max.

Wavelength 650 nm band

Operating current 110 mA max.

Table 3 Average of peak v

alues between reference and

estimated surface profile (um)
Reference | fReconstruction | a Reconstruction
I, 1031 0.31 0.31
In |-0.17 -0.33 -0.20
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(b) Captured image

Fig. 9 Surface profile and image of reflected laser beam
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Fig. 11 Diffuse lobe reconstruction for surface profile
estimation
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