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Submicron Displacement Measurement Method Based on Fabry-Perot Etalon
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Abstract When a length is measured using a plane array device, reaching submicron-level accuracy is difficult
because of the limitation imposed by the pixel size of the plane array device and subdivision technique. Therefore,
we propose a method for measuring two-dimensional submicron displacements based on the multibeam interference
principle of the Fabry-Perot (F-P) etalon. A two-dimensional micro-displacement in the focal plane is obtained by
calculating the variation of the center coordinate of a concentric interference ring. The virtual plane array pixel
subdivision technique and peak-position coordinate local subdivision technology are used to process the massive
information of the plane array. In this way, the influence of undetermined systematic error is reduced, which allows
an accurate calculation of the center coordinate of the concentric interference ring. The experiment uses an F-P
etalon with an interval of approximately 2 mm and a optical lens with focal length about 50 mm. The center of the
imaging concentric interference ring is calculated at different positions in the focal plane. The results show that the
measurement range can reach 3 mm. The experiment uses a laser phase-modulating homodyne interferometer for
the comparison measurements. The results show that in the range of 34 pm, the linear fitting standard deviation of
the measured results is 0.0154w” and the extended uncertainty is 0.036w” when the coverage factor is 2.45, where
w” is the relative pixel interval. These results confirm the accuracy of the measurement method.
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Fig. 1 Schematic of micro-displacement measurement based on F-P etalon
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Fig. 2 Processing flow chart of concentric interference

ring data
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coordinate system
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Fig. 5 Experimental device of two-dimensional micro-displacement measurement based on F-P etalon
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Table 1 Standard deviation of coordinate at peak
position of each ring (No. 7-16)
Average
Ring  Sy.,;/ Sy’;/ Sx:y/ Sx_;/
value /
No. w” w” w” w” ”
w
7 0.026 0.031 0.023 0.038 0.030
8 0.027 0.025 0.034 0.038 0.031
9 0.023 0.024 0.032 0.034 0.028
10 0.024 0.025 0.031 0.036 0.029
11 0.025 0.026 0.037 0.032 0.030
12 0.026 0.030 0.037 0.032 0.031
13 0.031 0.037 0.021 0.033 0.031
14 0.027 0.058 0.033 0.026 0.036
15 0.027 0.066 0.042 0.030 0.041
16 0.027 0.071 0.035 0.036 0.042

# 2 3 mm WAS[R AL E AR B O A B E 22

Table 2 Standard deviation of center coordinates at

different positions within 3 mm

Initial Moving Moving Moving
Number ) o

Axis position /1 mm / 2 mm / 3 mm /

n 7 4 7 "

w w w w
. z’ 0.0017  0.0020 0.0019  0.0026
v 0.0022  0.0022 0.0021 0.0019
) z’ 0.0016  0.0022  0.0027 0.0024
y' 0.0020 0.0020 0.0018 0.0021
, x 0.0022  0.0021  0.0023 0.0031
v 0.0023  0.0022 0.0018  0.0020
\ z’ 0.0019  0.0023  0.0019  0.0026
v 0.0024  0.0021  0.0020 0.0019
_ z’ 0.0019 0.0022 0.0021 0.0026

o)

y' 0.0021  0.0024 0.0021 0.0021
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Fig. 7 Experimental device diagram for linearity comparison of micro-displacement measuring system based on F-P etalon
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Table 3 Center coordinates of the 14th ring of eight pictures and their standard deviation

n 1 2 3 5 6 7 8
v 12.899w”  11.485w” 9.893w” 8.401w” 6.674w” 5.124w" 3.566w” 2.058w"
o 12.896w” 11.494w" 9.899w” 8.405%w" 6.677w" 5.128%w" 3.567w” 2.054%"
S5, 0.0017w" 0.002%w" 0.0013w” 0.0016%w" 0.0012%" 0.0015%" 0.0014%” 0.0011%"
Sin 0.0038w” 0.0042w” 0.0031w” 0.0044w” 0.0036w” 0.0042w” 0.0041w” 0.0030w”
Sex 0.0028w” 0.0033w” 0.0032w” 0.0031w” 0.0030w” 0.0028w” 0.0030w” 0.0032w”
Sy, 0.0038w” 0.0042w”  0.0032w” 0.0044w” 0.0036w”  0.0042w” 0.0041w” 0.0030%w”
) 14.597w" 16.267w" 17.673w" 19.252w" 20.597w” 22.107w" 23.580w” 25.138w"
0 14.597w" 16.267w” 17.674w" 19.252w" 20.596w” 22.107w" 23.579w” 25.138w"
Sa,. 0.0004w” 0.0006w”  0.0005w” 0.0005w” 0.0005w”  0.0004w” 0.0003w” 0.0003%w”
S ext 0.0012w" 0.0016w” 0.0014w” 0.0013w” 0.0014w” 0.0011w” 0.0007w” 0.0009w”
Sim 0.0029w” 0.004w” 0.0031w” 0.0039w” 0.0036w” 0.0035w” 0.0029w” 0.0036w”
S. 0.0029w” 0.004w” 0.0031w” 0.0039w” 0.0036w” 0.0035w” 0.0029w” 0.0036w”
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Table 4 Center coordinate information, center shifts, and

interferometer indication values at different positions

Interferometer
n (20sy0)/w” &/w” Sy /w”
indication /nm
1 (14.597,12.897) 0 0 4794.20
2 (16.267,11.490) 2.184 0.0052  9782.72
3 (17.673,9.896) 4.298 0.0046 14772.23
4 (19.252.8.403) 6.471 0.0053 19756.09
5 (20.596,6.676) 8.643 0.0049 24727.58
6 (22.107,5.126) 10.807 0.0052 29717.13
7 (23.579,3.566) 12.952 0.0049 34709.35
8 (25.138,2.056) 15.121 0.0048 39701.36
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Fig. 8 Fitting straight line of center displacements at

different positions and interferometer indication values
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Table 5 Calculation results of evaluation parameters of fitting straight line
~ 4 —1 /7 Sl; ),’lyl P . ” y ”
Parameter Sy, /(w”+nm™") S, Jw ‘ re S, /w U, /w U/ %
(by/b1)
Value 4.8X1077 0.012 6.9X10°* 1 0.016 0.041 0.27
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