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Abstract: With the continuous development of modern optics, such as EUV, DUV lithography and the advanced light
source, the surface interferometric measurement with higher accuracy has become an important challenge. The
surface accuracy as one of key technical parameters will be required to nanometer, sub-nanometer, even picometer.
The surface interferometric measurement with higher accuracy push the limits of surface metrology, has important
research significance and application value. This paper analyzes the development trends of surface interferometric
measurement with higher accuracy and reports the related research progress of Institute of Optics and Electronics,
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Fig. 4 The final evaluation of Interferometer repeatability.
(a) The changing of environmental temperature; (b) The repeatability of measurement
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Fig. 6 The experimental results of reproduction evaluation.
(a) The results of three times of reloading optical element (A, B, C); (b) Zernike coefficient comparison (A-B, A-C, B-C)
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Fig. 7 The comparison of surface with absolute measurement and relative measurement.
(a) The surface of relative measurement; (b) The surface of absolute measurement
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Fig. 11 Simulation analysis system of the two-sphere method
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Fig. 12 Simulation analysis of the two-sphere methods.
(a) The comparison of reference surface residual; (b) The comparison of measured surface residual
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Fig. 13 The compared maps between ZYGO and multi-feature matching optimization algorithm. (a) The result of ZYGO method
processing; (b) The result of optimization algorithm processing; (c) 5 groups of independent detection comparison
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Fig. 16 The scheme of absolute test of spherical surface based on shift-rotation method
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Fig. 18 The error of shift-rotation algorithm. (a) Difference between the first measurement surface and three groups of

average values; (b) Difference between the second measurement surface and three groups of average values;
(c) Difference between the third measurement result and three groups of average values
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Fig. 19 The flow chart of gravity flow deformation
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The comparison of surface with absolute measurement and relative measurement.

(a) The surface of relative measurement; (b) The surface of absolute measurement

Overview: The demand of modern optical engineering, such as EUV, DUV lithography and the advanced light source,
drives the continuous development of advanced optical manufacturing technology. Ultra precision optics, as an impor-
tant branch of advanced optical manufacturing technology, is the international frontier technology direction developed
in the 21st century. Measurement is one of the important means for human beings to understand and transform the
material world. Ultra precision optics should be matched by the surface interferometric measurement with higher accu-
racy, the surface accuracy as one of key technical indexes should be less than nanometer even picometer. The surface
interferometric measurement with higher accuracy push the limits of surface metrology. This paper analyzes the surface
interferometric measurement with higher accuracy development trends and introduces related research progress of In-
stitute of Optics and Electronics, Chinese Academy of Sciences. The final measurement accuracy is determined by the
error factors of the surface interference detection system: The repeatability is affected by the noise in the photoelectric
system of the interferometer, the error of the phase extraction algorithm and the environmental error in the optical cav-
ity. Based on the error evaluation model, it can realize the quantitative error evaluation of each subsystem of the inter-
ferometer, and the repeatability can reach 0.05 nm RMS. For the recurrence accuracy, the mechanical stability, thermal
stability and force stability of system are the major factors. By improving the mechanical and thermal stability and op-
timizing the design of precision support tooling, the accuracy of measurement can reach 0.1 nm RMS; the accuracy of
interference is mainly limited by the accuracy of reference surface. Absolute detection technology can separate the error
of reference plane through data processing of relative measurement for many times, which can realize the measurement
of higher optical elements by lower reference. It is optimized for different absolute measurement techniques, we have
achieved a plane measurement accuracy of 0.23 nm RMS, a sphere measurement accuracy of 0.15 nm RMS, and the ac-
curacy of a high-order aspheric surface with a low-frequency profile deviation is 0.26 nm RMS. The key technology of
ultra-high precision profile interference detection is systematically studied and innovated. Based on the international
general method, the detection accuracy is cross verified, and the detection technology effectively supports the ul-
tra-precision optical manufacturing. It lays an important technical foundation for the research and development of ul-
tra-high performance optical system.

Citation: Hou X, Zhang S, Hu X C, et al. The research progress of surface interferometric measurement with higher ac-
curacylJ]. Opto-Electronic Engineering, 2020, 47(8): 200209

* E-mail: hxxh6776@163.com
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