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Analysis and Restriction About Accumulated Phase Error in Spacial
Frequency-Domain Algorithm for White-Light Interferomety
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Abstract As one of the most important algorithms for white-light interferometry, the spacial frequency-domain
algorithm (FDA) is widely applied in the field of micro-nano structure surface topography measurement. However,
traditional FDA measurement result involves phase error accumulation effect caused by sample slope and the surface
fluctuation, and the phase error is closely related with the offset of zero optical path difference (OPD) positon in the
interference signal. This paper explains the reason of phase error accumulation effect existing in traditional FDA,
and proposes an envelope-signal-assisted analysis (ESAA) method based on traditional FDA to exhibit the phase
error accumulation. The ESAA method firstly perform a symmetric adjustment for the offset of zero OPD position
existing in the original interference signal. Then, the FDA is applied for the adjusted symmetric interference signal
which can restrict the phase error accumulation effect as more as possible. To demonsrate the validity of proposed
method, both simulation and experimental analysis are elaborated and discussed.
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Fig. 1 Schematic of signal acquisition for white-light interferometry
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Fig. 2 Schematic of traditional FDA algorithm
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Fig. 5 Simulation sample and interferograms. (a) Original surface; (b) surface with a tilted dautm; (c) interferograms
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Fig. 6 Simulation results. (a)(b) Surface topography and residual error measured by traditional FDA method; (¢) (d) surface

topography and residual error measured by ESAA method
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Fig. 9 Interferograms. (a) Grating structure; (b) spherical structure
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Fig. 10 Grating structure measurement results. (a) (b) Surface topography containing the same inclined datum, measured by

traditional FDA method and ESAA method; (c) inclined datum extracted from Fig. (b); (d)(e) surface topography

after removing inclined datum from Fig. (a) and (b), respectively; () residual error between Fig. (d) and (e)

2
=
% 1
% 0
o=l o) - 1
_20 ) 100 200 300 400 500 _20 100 200 300 400 500 il 100 200 300 400 500
Pixel number Pixel number Pixel number
@ =T = = = = S e e [
1 |[ . | (‘ .'_m‘_’;\'“w
1] | £
e, — T
1‘__“__“' S| L.__ N . ‘_'_'_al [
ae— e - =
s Lo Ee e e

LT &5 #4804 o () A 00 A0 S ok A T 4 0 5 (D)0 45 155 Al B o A 0 02 A 0 0 5 (o) 3k 22 A T 42 6 5 () 5 9 300
7 AR

Fig. 11 Cross-section profile for grating structure. (a) Cross-section profile measured by traditional FDA method;

(b) cross-section profile measured by ESAA method; (c) cross-section profile of residual error;
(d) cross-section profile measured by stylus profiler
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Fig. 13 Measurement results after wavelet denoising. (a) Grating structure surface topography; (b) spherical structure surface

topography; (c) cross-section profile of grating structure; (d) cross-section profile of spherical structure
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