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Estimation of Specular Light Power by Adjusting Incident Laser Power
for Measuring Mirror-Like Surface Roughness

Young Ho Seo”, Ju Nyun Kim*, Jung Hwan Ahn**

ABSTRACT

From the Beckmann’s reflection model of wave incident, reflected light from a surface is known to have not only
specular but also diffuse components. The specular component dominant a surface for a mirror-like surface is distributed
on the almost the same area as the spot on the surface, but the diffuse component region dominant for a rough surface
spreads scattered on the larger areas than the spot. Therefore, statistic parameters from the scattered light distribution are
more meaningful in the diffuse region, while the magnitude of rather meaning in the specular region. In usual, there need
two sensors to acquire two kinds of information: Photo-detector for light intensity magnitude and image sensor for light
intensity distribution. But dual sensor scheme requires a beam splitter usually to feed light to each sensor, and moreover
there is not a combination rule to relieve the different sensor characteristics. In this study a new method is proposed for
acquisition of the dual information using only an image sensor. Specular region is established on an image area being
distinguished from a diffuse component, and laser power is adjusted so that no pixel of the image sensor in the specular
region is saturated. Simulation based on the light reflection theory and the experimental results are quite well matched,
and thus the proposed method was proved to be very useful for mirror-like surface measurement.

Key Words : Surface roughness (£ A 27]), Reflected beam (¥A}33), Specular region (WAL 9 9), Laser
power (#l©] A 3$)), Image sensor (3 AA])

k-2 1 Prgec = Normalized specular light power (A
measure of specular component of reflected

R, = Root-mean-square deviation of surface profile light)
P, = Normalized light power (A measure of all o = Standard deviation of a light intensity
reflected light intensity) distribution along principal axis (A measure of
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scattering component of reflected light)

L, = Light intensity of reflected light

E,; = A magnitude of incident electric field (A
measure of a laser power)

;= Incident angle of light on a surface

6. = Reflection angle of light on a surface

0. spec=Reflection angle of specular light component

A = Wavelength of incident light

T = Correlation distance of surface model

o, = Standard deviation of surface model
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Fig. 3 Step I : Adjustment of incident light power to set a
proper P,
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Table 1 Specification of HV7131D CMOS image sensor

Pixel resolution 642x482

Pixel size 8x 8um2

Fill factor 30%

Format VGA

Sensitivity 2.5V/lux-sec
Technology 0.5um 2 metal CMOS

Table 2 Specification of LT052 Laser diode

Optical power output 35mW max.
Wavelength 650nm band
Operating current 110mA max.
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Fig. 7 Schematic diagram of experimental system based
on micro-controller

Fig. 8 Reflected light intensity distribution on a sensor
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Fig. 9 Variations of specular light pattern and light
intensity distribution with different pinhole
diameters
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Fig. 10 Image variation on a specular area of SKD11
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Table 3 Experimental results of SKD11

Rq (pm) Ey' Rq,smooth (Hm) Err. (nm) a
0.02 39.14 0.02 0] 12.50
0.03 39.31 0.03 0| 11.37
0.04 39.41 0.04 0] 1138
0.07 39.85 0.06 -10 | 12.88
0.08 40.09 0.08 0] 14.56

38.32

0.23 40.89 0.13 -100
0.31 40.96 0.13 -180 | 47.66
Table 4 Experiment results of Super-alloy
Rq(“m) Ey/ Ry smooth (pm) | Ermr. (nm) o
0.04 39.55 0.04 0 11.38
0.07 | 39.81 0.06 -10 | 12.88

0.8

0.13

150

4330 |

40.93

Table 5 Experimental results of Silicon-wafer

Rq (um) Eol ! Rq,smooth (um) Err. (nm) g
0.02 39.18 0.02 0| 7.91
0.04 39.52 0.04 0| 926
0.06 39.93 0.07 +10 | 11.19
0.08 40.15 0.08 11.43
0.09 40.30 0.09

40.3 0.09

0.13

29.54
0.14 -110 | 36.71
0.15 -150 | 47.46
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