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Optical Element Surface Defect Measurement Based on Multispectral Technique
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Abstract In order to measure optical element surface defects accurately, a method of optical element surface defect
measurement based on the multispectral technique is presented. Incident light sources with different wavelengths are
used to illuminate optical element surface uniformly, and defects images are captured by a dark field microscopic
imaging system for every wavelength. The multispectral optical element surface defect measurement system is
developed. The experiments to detect optical element surface defects and standard test samples are performed under
illumination of light with different wavelengths (365, 405, 436, 486, and 550 nm) and white light. The
experimental results show that compared with the traditional measurement technology with white light, significant
improvement on the measurement performance of optical element surface defects is observed by using the
multispectral measurement technique where the wavelength of incident light can be selected according to the material
characteristic of tested object. Furthermore, the defect measurement accuracy is improved and many defects which
cannot be detected with the traditional method are also obtained.
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-4 1: filter;

.
N = 2: light source;
2 3 ®/ 3: fiber guide system;
S&—‘ 4: microscopic imaging system;
NS 5: CCD;

6: computer;

7: test sample;
‘ 7 | 8: XYZ stage
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Fig. 1 Schematic of measurement system
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Fig. 2 Defect images with different wavelengths and filter positions. (a) Wavelength is 436 nm and filter is in the imaging
path in front of CCD; (b) wavelength is 436 nm and filter is in the illuminating path; (c¢) wavelength is 486 nm and filter

is in the imaging path in front of CCD; (d) wavelength is 486 nm and filter is in the illuminating path
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Defect statistics in the same area with different incidence wavelengths

Table 1

Wavelength /nm Number of defects
365 5
405
436
486
550
White light
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Fig. 4 Defect images with different incidence wavelengths. (a) A=365 nm; (b) A=405 nm; (c¢) A=436 nm;
(d) A=486 nm; (e) A=550 nm; ({) white light

AR b R AG I 45 28 SR Z2 0 B AR A T A ST B 2050 2 365 nm Rl 405 nmy B AE o 100 £ 245 2R
AT LA B R e I A K . 1R 5 O 1AL 4 Ca) T A (b) Rl J5 T A A L g A ) 5 i Gk B T
TS BEER R AE T DO RO (E .

fv
# v

A
A,

S

'S

5 WK 365 nm F 405 nm B 908 K DU 144 A O R
Fig. 5 Image fused with defect images measured at 365 nm and 405 nm wavelengths
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Fig. 6 5 pm-diameter pinhole in Thorlabs test target
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Fig. 7 Images of 5 pm-diameter pinhole with different incidence wavelengths. (a) A=365 nm; (b) A =405 nm;
(¢) A=436 nm; (d) A=486 nm; (e) A=550 nm; (f) white light
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Fig. 8 Measured result of 5 pm-diameter pinhole at wavelength of 365 nm
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Table 2 Measured data of 5 pm-diameter pinhole in test target

Wavelength /nm Diameter /pm Standard error /pm Relative error /%
365 5.040 0.04 0.8
405 4.890 0.11 2.2
436 4.680 0.32 6.4
486 4.760 0.24 4.8
550 4.820 0.18 3.6
White light 4.850 0.15 3.0
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Fig. 9 Laser holes with D,=4.950 pm
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Table 3 Measured data of laser holes

Wavelength /nm Diameter /pm Standard error /pm Relative error /%
365 4.987 0.037 0.75
405 4.951 0.001 0.02
436 4.976 0.026 0.53
486 4.534 —0.416 8.40
550 4.547 —0.403 8.14
White light 4.801 —0.149 3.01
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Fig. 11 50 Ip/mm line pair image in Thorlabs test target
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Fig. 12 50 Ip/mm line pair images with different incidence wavelengths. (a) A=365 nm; (b) A =405 nm;

(¢) A=436 nm; (d) A=486 nm; (e) A=550 nm; (f) white light
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Fig. 13 Measured result of 50 Ip/mm line pair at wavelength of 365 nm
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Table 4 Measured data of 50 lp/mm line pairs in test target

Wavelength /nm Width /pm Standard error /pm Relative error /%
365 20.02 0.02 0.10
405 20.05 0.05 0.25
436 20.08 0.08 0.40
486 20.11 0.11 0.55
550 20.08 0.08 0.40
White light 20.05 0.05 0.25
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