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A Detecting System of Sapphire Internal Defects Based on
Laser Light Scattering Tomography
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Abstract As the basic material of light emitting diode (LED) substrate, the quality of sapphire directly affects the
production yield of high-brightness LED substrate chips. The detection and positioning of internal defects in sapphire crystal
bar can greatly reduce the production cost and improve the yield. Based on machine vision technique, an internal defect
detection and positioning system are bulit for sapphire on the basis of laser light scattering tomography taking the processing
requirements on sapphire substrate into consideration. LabVIEW and image acquisition card and data acquisition card from NI
Company are adopted in this system. The detection and positioning of internal defects in sapphire crystal is realized by
scanning the sapphire crystal layer by layer through the light scattering effect generated by the irradiation of high-intensity
linear laser on defects. A lot of image processing methods such as image enhancement, image segmentation and image
extraction are adopted to extract and analyze the defects, enhancing the real-time performance and visuality of this system.
The experimental results show that this system can identify the scattering particle defects in sapphire crystal effectively, and
position them in depth direction accurately.
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Fig. 1 Schematic of sapphire internal defect detection system
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Table 1 Main parameters of the lifting platform
Maximum Absolute
Travel / Lead / Resolution / Repeatability / Straightness /
Type speed / accuracy /
mm mm pm pm pm
(mm/s) pm
WN230TA200M 200 4 20 40 5 8 6
WN230TA400M 400 5 25 50 5 8 8
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Fig.4 Defect detection system. (a) Sketch map;

(b) captured image
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Fig.5 Image processing and analysis. (a) Original image; (b) preprocessing; (c) image segmentation;

(d) feature extraction
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Table 2 Measurement results

Position of defect layers /mm Standard
No. Mean
1st 2nd 3rd 4th 5th 6th deviation
1 7.2 7.1 7.2 7.2 7.1 7.1 7.15 0. 05
2 11.2 11.1 11.2 11. 2 11.1 11.1 11.15 0.05
3 11.7 11.7 11.8 11.7 11.7 11.8 11.73333 0.04714
4 11.9 11.8 11.9 11. 8 11.8 11.9 11. 85 0.05
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