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Measurement Method of Lens Central Thickness with High Precision

Based on Low Coherence Interferometry
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Abstract A lens central thickness measurement method based on low coherence interferometry technique is
presented. The cavity measurement structure is designed to measure the central thickness of the material with
unknown refractive index. The measurement system is an all-fiber structure including low coherence measurement
and laser ranging. The design of common optical path of low coherence measurement structure reference arm and
laser ranging structure reference arm reduces the influence of environmental disturbances and obtains a higher
measurement stability. The interference signal can be located and extracted by seven-step phase shifting method. By
using the balanced differential structure of low coherence measurement method, the direct current item in the
interference signal is removed and the positioning accuracy of the weak signal is improved. The experimental results
show that the measurement accuracy for Invar standard block from the cavity measurement structure is below
0.5 pm. The system can realize high precision measurement of lens central thickness, and satisfy measurement
request of high precision optical system.
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Fig. 1 Schematic diagram of low coherence interference measurement for balanced differential structure
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Fig. 5 (a) Schematic of cavity for cavity measurement structure; (b) schematic of cavity

measurement structure with unmeasured lens inside
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Table 1 Thickness measurement results of Invar standard block
No. Thickness of N-BK7 glass /mm Thickness of air gap /mm Thickness of N-BK7 glass /mm
1 5.236549 19.98717 5.270191
2 5.236294 19.98717 5.270191
3 5.236549 19.98717 5.270191
4 5.236549 19.98717 5.270191
5 5.236294 19.98717 5.269936
6 5.236294 19.98717 5.270191
7 5.236549 19.98678 5.270191
8 5.236294 19.98717 5.269936
9 5.236294 19.98717 5.269936
10 5.236284 19.98678 5.270191
Mean value 5.236396 19.98709 5.270115
Standard deviation 0.000131 0.000163 0.000123
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Fig. 11 Schematic of cavity measurement structure with Invar standard block inside
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Table 2 Measurement results of cavity length and cavity structure with Invar standard block inside

No. L w0 /mm L 1 /mm L ..»/mm L ..;/mm Lixpkr +Loxsks /mm
1 47.8969 9.8196 19.9870 7.5849 10.5054
2 47.8977 9.8192 19.9870 7.5849 10.5066
3 47.8969 9.8192 19.9874 7.5849 10.5054
4 47.8969 9.8189 19.9870 7.5845 10.5066
5 47.8973 9.8196 19.9874 7.5845 10.5058
6 47.8973 9.8186 19.9874 7.5853 10.5058
7 47.8973 9.8192 19.9874 7.5845 10.5062
8 47.8973 9.8186 19.9870 7.5853 10.5062
9 47.8977 9.8186 19.9870 7.5849 10.5070
10 47.8973 9.8186 19.9874 7.5849 10.5062

Mean value 47.89726 9.81901 19.9872 7.58486 10.50612
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Table 3 Measurement results of thickness between two mirror surface and air gap of Invar standard block

No. L inpks /mm L ooxpkr /mm Lixpk7 /mm L. /mm Lox 7 /mm 7 NBK?
1 7.95762 8.00913 5.23577 19.98701 5.26967 1.519856
2 7.95800 8.00913 5.23648 19.98701 5.27012 1.519725
3 7.95800 8.00913 5.23590 19.98740 5.26954 1.519893
4 7.95800 8.00913 5.23648 19.98701 5.27012 1.519725
5 7.95762 8.00836 5.23622 19.98740 5.26961 1.519726
6 7.95800 8.00913 5.23609 19.98740 5.26973 1.519837
7 7.95762 8.00836 5.23641 19.98740 5.26980 1.519670
8 7.95800 8.00913 5.23628 19.98701 5.26993 1.519781
9 7.95800 8.00913 5.23667 19.98701 5.27031 1.519669
10 7.95839 8.00875 5.23654 19.98740 5.26967 1.519781
Mean value 7.95793 8.00894 5.23628 19.89720 5.26985 1.519766
Standard deviation 0.00019 0.00027 0.00023 0.00019 0.00022 6.3X10°°
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Fig. 13 (a) Interference measurement signal of cavity structure; (b) interference measurement signal of

cavity structure with lens inside
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Table 4 Measurement results of cavity length L,

No. 1 2 3 4 5 6 7 8 9 10
L,/mm 51.4715  51.4719  51.4726  51.4723  51.4726  51.4719 51.4726 51.4723 51.4726 51.4723
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Table 5 Measurement results of spaces among different mirror surfaces for doublet lens

No. L o1¢7080 /mm L opcr950 / mm L 1c7e50/mm L s¢r050 / mm Mg, C1980
1 11.6529 13.2092 7.9696 9.0341 1.462160
2 11.6525 13.2085 7.9696 9.0338 1.462124
3 11.6525 13.2092 7.9696 9.0342 1.462111
4 11.6529 13.2092 7.9696 9.0341 1.462160
5 11.6529 13.2092 7.9695 9.0339 1.462193
6 11.6533 13.2092 7.9698 9.0339 1.462183
7 11.6529 13.2092 7.9696 9.0341 1.462160
8 11.6525 13.2089 7.9694 9.0339 1.462148
9 11.6525 13.2089 7.9694 9.0339 1.462148
10 11.6533 13.2096 7.9689 9.0332 1.462339
Mean value 11.6528 13.2091 7.9695 9.0339 1.462172
Standard deviation 0.00025 0.00024 0.00020 0.00022 3.94X107°
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