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Study and Application on Transparent Plate Thickness Measurement
Based on Laser Triangulation with Light Compensation
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Abstract A novel transparent plate thickness measurement method based on laser triangulation with the light
compensation is put forward, and a design of transparent plate thickness measuring device is based on single laser
displacement sensor, which is applied to correct the focal plane in excimer laser micromachining of transparent
material based on projection lithography. Firstly, the relationship between bending light and transparent plate
location based on laser triangulation method is built, and the relationship between displacement of scattering light
spot and plate thickness is analyzed. The changing rules of measuring results caused by the distance between
transparent plate and scattering base plate and the position change of scattering base plate are also analyzed. Then
transparent plate thickness measuring device based on single laser displacement sensor is designed. The relationship
between spot migration and transparent plate thickness is tested, and compensation coefficient of polymethyl
methacrylate (PMMA) thickness measured by experiments is 0.441. Based on the theoretical analysis and

experimental verification, the results show that laser displacement sensor readings are linear relation with the
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thickness of transparent plate, and the distance between transparent plate and scattering surface has no effect on

it. The average absolute error of PMMA plate thickness measurement is less than 0.01lmm, and the average relative
error is 0.6%, which can meet the precision requirements for processing biochip of PMMA base by the excimer laser
(KrF, 248 nm) micromachining system.

Key words measurement; light compensation measurement; laser triangulation; laser displacement sensor;
transparent plate thickness measurement; excimer laser micromachining
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Fig.2 Diagram of laser measurement based on triangulation with light compensation
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Fig.3 Diagram of laser light refraction, when transparent plate Fig.4 Influence of position changes of base level which light
is away from the base plate scatters from on laser displacement sensor measurement results
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Table 1 Data of measuring system calibration

Sample codes 1 2 3 4 5 6 7
Point 1 1.424 1.628 1.882 2.155 2.948 3.594 4.062
Results
Point 2 1.431 1.632 1.880 2.142 2.929 3.602 4.053
measured by
Point 3 1.429 1.615 1.894 2.142 2.935 3.605 4.043
micrometer
Yy Point 4 1.422 1.609 1.894 2.152 2.945 3.599 4.051
mm
Average 1.427 1.621 1.888 2.148 2.939 3.600 4.052
Point 1 0.629 0.714 0.829 0.952 1.299 1.586 1.780
Results Point 2 0.630 0.718 0.830 0.936 1.296 1.588 1.793
measured by Point 3 0.635 0.713 0.830 0.947 1.296 1.582 1.786
LD x/mm Point 4 0.634 0.706 0.834 0.946 1.300 1.584 1.786
Average 0.632 0.713 0.831 0.945 1.298 1.585 1.786
a 0.443 0.440 0.440 0.440 0.442 0.440 0.441
sk —=—-LD mesurement x /mm
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Fig.6 Relationship between LD measurement readings and transparent plate actual thickness
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Table 2 Results of PMMA plates thickness measurements

Sample codes 1 2 3 4 5 6 7 8 9 10
Actual thickness /mm 1.334 1.945 2.386 1.206 1.608 1.332 1.328 0.979 1.479 1.891
LD measurement /mm 0.591 0.860 1.061 0.533 0.707 0.593 0.572 0.432 0.653 0.838

Calculation thickness /mm 1.340 1.950 2.406 1.209 1.603 1.345 1.297 0.980 1.481 1.900
Absolute errors /mm 0.006 0.005 0.020 0.003 0.005 0.013 0.031 0.001 0.002 0.009
Average absolute error /mm 0.0094
Relative errors /% 0.46 0.26 0.83 0.22 0.30 0.95 2.33 0.06 0.12 0.49
Average relative error /% 0.60
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Table 3 Change of LD reading x with change of PMMA displacement h

PMMA displacement h /mm 0.000 1.426 2.852 4.278 5.704 7.130 8.556
LD reading x /mm 0.829 0.830 0.829 0.831 0.830 0.829 0.829
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Fig.7 Processing platform of PMMA biochip by excimer laser
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Fig.10 Mask and etching patterns of different thickness PMMA substrates by excimer laser (single pulse energy 600 m], 4 pulses)
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