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In this paper, an inspection mechanism based on laser scattering has been developed for the
surface evaluation of infrared cut-off filters, and optimum conditions of laser scattering are
determined using the design of experiment. First of all, attributes and influence factors of laser
scattering are investigated and then a laser scattering inspection mechanism is newly designed
based on analyses of laser scattering parameters. Also, Taguchi method, one of experimental
designs, is used for the optimum condition selection of laser scattering parameters and the
optimum condition is determined in order to maximize the detection capability of surface defects.
Experiments show that the proposed method is useful in a consistent and effective defect
detection and can be applied to surface evaluation processes in manufacturing.
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Fig. 3 Descriptions of surface roughness using AFM
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Table 1 Control factors and levels

Level
Control factor
1 2 3
A. F-number 1.8 4 -
B. Incident angle(®) 20 35 50
C. Viewing angle(®) 25 40 55
D. WD(mm) 97 100 104

Table 2(a) An orthogonal array for a defect on the surface

No. of Level arrangement
experiment | A | B C D i
1(1111) 1.8 | 20 | 25 97 3913.3
2(1222) 1.8 135 40 100 11111.0
3(1333) 1.8 | 50 ;. 55 104 14795.0
4(2123) 4 20 40 104 296.0
5(2231) 4 35 55 97 1115.7
6(2312) 4 |50 | 25 100 987.3
7(1132) 1.8 20 | 55 100 1726.7
8(1213) 1.8 | 35 25 104 7116.7
L 9(1321) 1.8 | 50 40 97 8434.7

Table 2(b) An orthogonal array for a defect under the

surface
No. of Level arrangement
experiment | A B C D i

1(1111) 1.8 | 20 | 25 97 31553 |
2(1222) 1.8 [ 35| 40 | 100 1829.3
3(1333) 1.8 1 50 | 55 104 1196.3
4(2123) 4 120 40 104 4433
5(2231) 4 35 55 97 300.3
62312) | 4 |50 25 | 100 341.0
7(1132) 1.8 | 20 55 100 662.7
8(1213) 1.8 | 35| 25 104 1241.0
9(1321) 1.8 | 50 | 40 97 1304.0
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Table 3(a) SN ratios for a defect on the surface

No. of Level arrangement

experiment A B C D SN
1 1.8 20 25 97 71.9

2 1.8 35 40 100 80.9

3 1.8 50 55 104 © 934

4 20 40 104 49.4

5 4 35 55 97 60.9

6 50 25 100 59.8

7 1.8 20 55 100 64.7

8 1.8 35 25 104 77.0

9 1.8 50 40 97 78.5
Average(m) 70.7

Table 3(b) SN ratios for a defect under the surface

No. of Level arrangement |
experiment | A B C D SN

1 1.8 20 25 97 70.0
2 1.8 35 40 100 65.2
3 1.8 50 55 104 61.6
4 4 20 40 104 52.9
5 4 35 55 97 49.6
6 4 50 25 100 50.7
7 1.8 20 55 100 56.4
8 1.8 35 25 104 61.9
9 1.8 50 40 97 62.3

Average(m) 58.95

Fig. 4 A part of laser scattering images
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(d) 6:50° ¢:55°
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Table 4(a) Response table for SN ratios on the surface

Level
Control factor
1 2 3
A. F-number 76.07 | 56.72 -
B. Incident angle(®) 62.00 | 72.96 | 73.91
C. Viewing angle(°) 69.57 | 69.61 | 69.69
D. WD(mm) 7043 | 68.49 | 69.95

Table 4(b) Response table for SN ratios under the surface

Level
Control factor
1 2 3
A. F-number 62.89 | 51.04 -
B. Incident angle(®) 59.77 | 58.89 | 58.17
C. Viewing angle(°) 60.89 | 60.15 55.84
D. WD(mm) 60.61 5744 | 58.78
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