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Spatial Fourier Fringe Analysis with Single Three-Surface Interferogram
Abstract

XU Jian-cheng, SHI Qi-kai, CHAI Li-qun, DENG Yan, XU Qiao

(Chengdu Fine Optical Engineering Research Center , Chengdu, Sichuan 610041, China)

To accurately measure transparent elements with parallel surfaces, a new simple and useful method using
spatial Fourier analysis technique with single three-surface interferogram is presented.
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It can obtain the
interferometric phase from three-surface inteferogram by extracting the corresponding spectra. Therefore, the

profiles of both surface and variation in thickness are calculated simultaneously. By comparing the spatial Fourier
fringe analysis with phase-shifting interferometry (PSI), it can be found that the measured results are almost the

same, The main errors which cause the measurement difference for the two method are given and analyzed, such as

reflection from back surface, boundary problem, off-axial aberrations and homogeneity of the plate.
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Fig.1 Sketch map of Fizeau interferometer
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Fig. 2 Sketch map of three surface interference
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Fig. 5 Front surface (a) and back surface (b) obtained
by FET
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Fig. 6 Variation in thickness of the plate (a) and
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Fig. 7 Front surface (a) and back surface (b) obtained
by PSI
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Table 1 Surface measurement results for different time
Different time 1 2 3 4 5 6 Average  Repeatability
Front surface PV (Q) 0.2716 0.2756  0.2756  0.2762  0.2922 0.2971 0. 281 0.0105
Front surface RMS (1) 0.0760 0.0766 0.0769 0.0771 0.0776 0.0766 0.077 0. 0005
Back surface PV (Q) 0.2119 0.2187 0.2218 0. 2302 0.2290 0. 2258 0. 223 0. 0069
Back surface RMS () 0. 0552 0. 0566 0. 0567 0.0577 0. 0551 0.0543 0. 056 0.0013
Thickness variation PV () 0.0798 0.0728 0.0768 0.0842 0.0772 0.0763 0.078 0.0038
Thickness variation RMS () 0.0196  0.0207 0.0209 0.0210 0.0198 0.0195 0. 020 0. 0007
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Table 2 Surface measurement results for different reflectivity

of unwanted surface

0.005 0.01 0.02 0.03 0. 04
0.0553 0.0798 0.1188 0.1567 0.2056
0.0024 0.0247 0.0363 0.0466 0.0580

Reflectivity
PV error (Q)
RMS error (1)
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Fig. 8 Interferogram (a), front surface (b), back surface (¢) and nonlinear variation in thickness (d)

obtained after extrapolation
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Table 3 Surface measurement results obtained by Fourier fringe analysis after Gerchbergs extrapolation algorithm

at different time

Different time 1 2 3 4 5 6 Average  Repeatability
Front surface PV (Q) 0.2477  0.2451  0.2382 0.2302 0.2414  0.2458 0. 2414 0. 0065
Front surface RMS (1) 0.0674  0.0656 0.0583 0.0550 0.0655 0.0665 0. 0630 0. 0051
Back surface PV (1) 0.2075 0.2025 0.2173 0.2051 0.1950  0.2075 0. 2058 0.0073
Back surface RMS () 0.0524  0.0554 0. 0508 0. 0500 0.0541 0. 0567 0. 0532 0. 0026
Thickness variation PV () 0.0897 0.0777 0.0796 0.0793 0.0809 0.0754 0. 0804 0. 0049
Thickness variation RMS (1) 0.0235 0.0228 0.0173 0.0180 0.0224 0.0196 0. 0206 0. 0027
F4 HMASINNEHREE
Table 4 Off-axial aberration caused by tilt

Fringe number 5 10 15 20 25 30 35 40 50
100% aperture PV error (1) 0.03 0.04 0.05 0.07 0. 07 0.07 0. 08 0.08 0. 08
100% aperture RMS error (1) 0. 006 0.007 0.008 0. 006 0. 008 0. 008 0. 009 0. 008 0. 008
90% aperture PV error () 0.02 0. 02 0.04 0.04 0. 04 0.04 0. 05 0.04 0. 05
90% aperture RMS error () 0. 006 0. 005 0.008 0. 005 0. 007 0. 006 0. 008 0. 006 0. 007
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