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Table 1 Repeatability results
No. 1 /2 /A f /A
1 2.9646 3.0132 0.4522
2 2.9588 3.0149 0.4519
3 2.9651 3. 0049 0. 4530
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5 2.9703 3.0142 0. 4507
6 2.9698 3.0023 0.4523
7 2.9639 2.9999 0.4521
8 2.9614 3.0015 0. 4536
9 2.9657 2.9945 0. 4546
10 2.9705 3.0143 0. 4546
Standard deviation 0. 0039 0.0075 0.0012
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Table 2 Performance at different carrier frequencies

Phase-shift method Proposed method

No.
fi/a £, /2 [/ 1. /2 /72 S /A
1 1. 0501 0. 8769 1.1125 1.0579 0. 8845 1.1153
2 1. 56827 1. 8756 0.1324 1.5871 1. 8703 0.1327
3 3.1110 2.9978 0.4441 3.1071 3.0011 0.4419
4 5. 5648 4.5229 0. 1005 5.5738 4.5272 0.0984
5 6. 7845 7.7789 0.9908 6.7758 7.7836 0.9893
6 8.0125 8. 6665 0.7825 8.0114 8.6628 0.7845
7 9.5425 9.1127 0. 8456 9. 5406 9.1153 0.8441
8 11. 2306 10. 5848 0.5429 11. 2345 10. 5868 0.5448
9 13.4976 12. 0800 0.4945 13.5015 12.0763 0.4930
10 15. 6867 14. 1349 0.7878 15. 6829 14.1315 0. 7904
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Abstract

Objective  The carrier frequency of the fringes corresponds to is the tilt and constant terms of the phase distribution.
Meanwhile, in interferometry, the carrier frequency solution of fringes is significant. It can be adopted for the calibration of
phase-shift devices in interferometers and for phase extraction. Second, the carrier frequency parameter is required to correct the
retrace errors in interferometers. Additionally, even in the absolute measurement of the two flats, the carrier frequency
parameters of the fringes are also employed. Thus, the carrier frequency parameters of the fringes can be utilized in all aspects
of interferometry. At present, the carrier frequency parameter solution of fringes can be divided into two categories, with one
being the absolute parameter solution method, such as the image processing and Fourier transform methods. This kind of
method only employs a single-frame interferogram to compute the absolute value of the carrier frequency, but it has many
limitations, including the low computational accuracy of the image processing method and proneness to the singular solution.
Meanwhile, the Fourier transform method is only applicable in the case of the high carrier frequency, and cannot be applied to
the low spatial frequency interferometric fringes. The Fourier transform method is only applicable to the case of high carrier
frequency, and for low spatial frequency interference fringes, its spectrum is coupled with the zero frequency, which is difficult
to separate with the large solving error. In response to the limitations of the single-frame method, we carry out the research on
the phase-shift method, which is a class of relative parametric solution methods. Its essence is a random tilt phase-shift
algorithm, which is mainly adopted for phase solution, but incidentally, the phase-shift between the interferograms or the
relative value of the carrier frequency parameter can also be obtained.

Methods  First, the carrier frequency parameters (f,, f, and /) are estimated. Then, the interference model is
approximated by omitting the higher-order terms of the phase. In such conditions, we can construct a linear fit to solve /..
After obtaining f., we can obtain parameter f, by selecting a row of elements and constructing a new fit. Similarly, we can
select a column of elements and obtain the parameter f;. Finally, considering that the estimated carrier frequency
parameters have errors, the above process is iterated repeatedly to find the accurate parameter values.

Results and Discussions Simulations show that the method is applicable to many cases, and despite the even background
distribution of the interferogram, the carrier frequency can be accurately calculated. The maximum error can be better than
0. 014, and the minimum can be up to 0. 0024, A is 632. 8 nm. The obtained carrier frequency is employed in phase-shift
interferometry, and the root mean square error of the phase can be up to 0.00024. In the experiments, the proposed
method has a carrier frequency error of less than 0.0074, compared with the phase-shift interferometry. When the
calculated carrier frequency is adopted for phase-shift interferometry, there is no significant ripple in the phase. Finally,
this method has an error in principle because of the phase omission. In principle, the phase should be satisfied to be much
smaller than the carrier frequency. With the ratio of the peak to valley (PV) of the phase to the carrier frequency parameter
defined as ¢, the discussion shows that when ¢<Z0. 5, the prerequisite that the phase is "much smaller than" the carrier
frequency can be approximately satisfied, and the error of this method is better than 0. 0254. When ¢<Z0. 25, the accuracy
can be further improved to 0. 01A.

Conclusions A new carrier frequency calculation method of fringes is proposed, and the simulation and experiments show that
the method is widely applicable, with the error of the calculated carrier frequency better than 0. 014 in almost any case. It is
worth noting that in adopting the proposed method, it is necessary to satisfy the prerequisite that the higher-order phases in the
interferometric fringes are much smaller than the carrier frequency. Additionally, the discussion shows that for the general case,
only 2-3 fringes in the interferogram are needed to realize the accurate carrier frequency solution, and even for some high-
precision planar phases, only one fringe is necessary. The proposed method also has a wide range of applications, and the
carrier frequency accuracy of the method can fully satisfy the phase solution in the phase-shift interferometry without any obvious
ripple in the phase. Compared with the existing methods, our method has the following advantages such as simple iteration,
high running efficiency, and applicability to the case of uneven background of the interferogram. Meanwhile, it is a method of
calculating the absolute parameters of the carrier frequency of a single-frame interferogram, and the carrier frequency can be
accurately calculated for the interferometric fringes of almost any spatial frequency.
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