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Fig. 1 Schematic of white-light scanning interferometer
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Fig. 2 Schematic of PCWD method. (a) Phase of ideal interference signal in wavenumber domain; (b) processing of

interference signal with noise; (c) ideal linear fitting phase effected by different noise in wavenumber domain
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Fig. 4 Phase unwrapping and fitting results in wavenumber domain. (a) Phase in wavenumber domain;

(b) phase after unwrapping; (c) linear component of phase; (d) nonlinear component of phase
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White-Light Interferometry Based on Phase Compensation in
Wavenumber Domain
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Engineering, Huaqiao University, Xiamen 361021, Fujian, China;

* Engineering Institute, Huagiao University, Quanzhou 362021, Fujian, China

Abstract

Objective Interferometry is commonly used in industrial measurement because of its high accuracy, high speed,
and noninvasive nature. Because the light with a single wavelength causes the limit of phase ambiguity, the white-
light laser is used as a light source to provide a large measurement region and a better noise resistance. For white-
light scanning interferometry, frequency-domain analysis (FDA) is a common method for obtaining the surface
profile of an object from the slope of the phase, where the phase has been unwrapped and linearly fitted in the
wavenumber domain. However, the measurement accuracy of FDA will decrease when the vibration and background
noises change the slope of the linear-fitted phase. Thus, phase compensation in wavenumber domain (PCWD) is
proposed to eliminate the effect of the vibration and background noises of FDA in this study. PCWD improves the
measurement accuracy based on the FDA with simple signal processing. We assume that PCWD can be helpful in
industrial measurement because of its high accuracy and stability.

Methods The noise changes the slope of the linear-fitted phase in the wavenumber domain for FDA. Surprisingly,
the constant term of the linear-fitted phase in the wavenumber domain compensates for the FDA noise-induced
changes in the slope of the linear-fitted phase. The FDA and PCWD propose two parameters for determining the
measurement as z, = —a,/ 4w and z,[Eq. (5)], respectively. The difference is that the z, is determined by the
slope of linear-fitted phase «,, whereas the z, is determined by the @, and the constant term of linear-fitted phase
a,. If the noise-affected a, and a, have the opposite trend, z,[Eq. (5)] will be more accurate than z,. However,
do the a, and @, always have the opposite trend? Because we are unsure about this, a simulation is performed to
analyze the following questions:

1) Does the z, provide a higher measurement accuracy than z,?

2) Is it possible for both @, and @, to have the same noise-affected change trend, resulting in a larger
measurement error for z,?
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The FDA and PCWD are also used to measure a smooth mirror in the experiment. Thus, the roughness and
repeatability could be used to estimate the FDA and PCWD because the ideal measurement result should be a smooth
and continuous surface.

Results and Discussions In a simulation, 100000 groups of vibration noise ¢, (z) are added to the interference
signal to obtain the z, and z,. The position of the object is z, = 0 pm. The value of z, is distributed in the region of
[—0.04 pm, 0.04 pm]; the value of z, is distributed in the region of [ —0.01 pum, 0.01 pm] (Fig. 5). Thus, the
z, provides a higher measurement accuracy than the z,. Further, the change in a, and @, caused by vibration noise
¢, (z) is analyzed [Fig. 6(a)]. The variation of a, and a, is denoted as the Aa, and Aa, . If the trend of a, and a,
is different, Aa, X Aa,<C 0. Fig. 6(a) shows that the 90% data satisfied Aa, X Aa,<C 0. If the trend of @, and a,
is the same, Aa, X Aa, >0. There are 10% data satisfied Aa, X Aa, >0. Based on Eq. (5), there is a 90%
possibility that z, is more accurate than z,. Simultaneously, z, has a 10% possibility of being less accurate than z,.
To analyze the character of a,, the influence of a, on z, is discussed [Fig. 6(b)]. There is a 90 % possibility for z,
to decrease the average error of 8.9 nm and a 10% possibility for z, to increase the average error of 1.9 nm. To
conclude, the z, can provide better measurement accuracy based on the entire surface than the z,. In addition, 10
groups of the background noise ¢, (z) obtained from the experiment are added to the interference signal to acquire
the values of | z,| and |z,| (Table 1). The average values of | z,| and |z,| are 4.5 and 0.7 nm, respectively; the
repeatability of | z,| and | z,| are 3.0 and 0.5 nm, respectively. Thus, the z, has a better background noise
resistance. The experimental result shows that the variation of the surface profile obtained from z, and z, is less than
25 and 4 nm, respectively; their repeatability are 7.4 and 1.1 nm, respectively. This result shows that PCWD
provides good measurement accuracy and stability, which is consistent with the simulation results.

Conclusions In the present study, PCWD is proposed to measure the surface profile based on FDA. PCWD uses the
constant value of the linear-fitted phase in the wavenumber domain to compensate for the noise-induced error in the
slope of the linear-fitted phase. Further, a simulation is performed to study the characteristics of PCWD.
Unexpectedly, some kinds of noise will increase the measurement error for PCWD. However, the negative effect
cannot deny the good performance of PCWD in measuring the entire surface. The experimental result also agrees
with the simulation, which proves that PCWD has better measurement accuracy and stability. Our study provides the
white-light scanning interferometer with a method for determining the surface profile based on FDA with good noise
resistance and helps the white-light scanning interferometer adapt to poor environments.
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