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A Phase Extraction Algorithm in Wavelength Tuning Interferometry

Liu Jian Tian Ailing Liu Bingcai
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(Shaanxi Province Key Laboratory of Thin Film Technology and Optical Test ,
Xi'an Technological University, Xi'an, Shaanxi 710032, China)

Abstract Phase extraction precision directly affects the accuracy of phase-shift interferometry. In the wavelength
tuning interferometry, a phase calibration is necessary for the test system, because phase shift is determined by
interference cavity length and wavelength variation. But an accurate phase calibration is not easy to achieve. The
phase shift error can be caused by an inaccurate calibration, which can decrease the phase extraction precision. A
phase extraction algorithm based on iteration is proposed. This iteration algorithm does not need to calibrate the
phase of the test system. and it can obtain the testing phase and phase shifts through alternate iteration method under
the condition that the testing phase and phase shift are unknown. A series of simulations are done to compare the
phase extraction accuracy. and the results suggest that the phase extraction accuracy of the proposed algorithm is
quite better than that of the traditional four-step phase shift algorithm.
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Tablel Phase shift by iteration method and the theoretical phase shift (arbitrary phase shift)

Step 1 2 3 4
Theoretical phase shift /rad 0.9424778 2.1991149 4.3982297 5. 3407075
Phase shift by iteration method /rad 0.9424857 2.1990673 4.3982923 5.3407257
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Fig. 1 (a) Simulative wavefront image; (b) wrapped phase image; (c¢) surface image by Zernike fitting
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Table 2 Phase shift by iteration method and the theoretical phase shift (x/2 phase shift)

Step 1 2 3
Theoretical phase shift /rad 1.570796 3.141593 4,712389
Phase shift by iteration method /rad 1.577669 3.141608 4.719262
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Fig. 2 (a) Testing surface by iteration method; (b) testing surface by four-step phase shift
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Table 3 Simulations of iteration method and four-step phase shift method under different phase-shift errors

Phase shift error 0.01x 0.02x 0. 057 0.1x
) PV /A 1.46X10"* 1.46X10* 1.47X10°2 1.48X10°2
Iteration method ‘
RMS /2 2.05X107* 2.04X107° 2.14X107° 2.05X107°
i ) PV /A 1.50X1072 2.44X1072 5.21X107* 7.23X10°%
Four-step phase shift algorithm
RMS /A  2.07X107° 2.83X10°° 5.47X107° 7.67X10°°
i i PV: 148X 1024
n. PV:1.46X1024 RMS: 2.05X 103 4
~RMS: 2.05X 1031 .
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2 50
271
300"

3 R AL I AT . (ORI RZEN 0. 01a; (DAHIRZEN 0. 1n

Fig. 3 Surface images obtained by iteration method. (a) Phase-shift error is 0. 01x; (b) phase-shift error is 0. 1=
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Fig. 4 Surface images obtained by four-step phase shift algorithm. (a) Phase-shift error is 0. 01lx;
(b) phase-shift error is 0. 1=
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