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Study on stitching interferometry for synchrotron mirror metrology

Huang Lei, Wang Tianyi, Mourad Idir
(NSLS-II, Brookhaven National Laboratory, Upton, NY 11973, USA)

Abstract: With the quick development and progress of the synchrotron radiation and free electron laser
facilities, the figure error requirement for X-ray delivering and focusing mirrors is getting higher. To preserve the
wave-front without introducing additional wave-front error, the mirror surface figure error is typically specified
approaching the sub-nm root mean square level. This kind of ultimate specification challenges the X-ray mirror
metrology and inspection. In addition to the profile scanners based on the angular measurement, such as the long
trace profilometer, which have been widely used in the synchrotron light source in various countries, stitching
interferometry has also been developed as an effective method for synchrotron mirror metrology. In this work, the
dedicated stitching metrology platform for X-ray mirror metrology was developed. Several stitching methods with
varying stitching parameters were investigated at the proposed stitching interferometric system. In this paper, we

focused on the principle and measurements of using the software stitching mode. The measurement results were

Wis H#A: 2020-01-01;  1&3T H#A: 2020-02-01

EBBN: A (1984-), 59, BIDEGE 01, 14, R 2N R DGR G B S R FAE A I | I i A% B%, LA Kot = A 40 I i 55 A i 52 T4
Email: huanglei0114@gmail.com
EARE (1990-), H, W5, FENEEFHRBIE . 8 e M TAm e 77w ierse .
Mourad Idir (1967-), 53, W58 01, W, 2T R S HRIOCE A AR A R i 5 TR 5T

0303012-1



s E gk A2

%34

www.irla.cn

% 49 %

compared with those from several different instruments in different research institutions to verify the effectiveness

of the stitching interferometry for the synchrotron mirror inspection and to demonstrate the performance of the

stitching platform. According to the measurement data, the repeatability of measuring an X-ray flat mirror in the

software stitching mode is at 0.1 nm RMS level. When measuring a curved mirror with its radius of curvature

changing from 50 m to 130 m, the repeatability is around 0.2-0.3 nm RMS. Basically, it meets the requirement for

the routine inspection and fabrication feedback of flat and near-flat (radius of curvature larger than 50 m) X-ray

mirrors.
Key words: high-precision optical metrology;

stitching interferometry
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Fig.l The essential purpose of stitching is to determine the geometric

relation for the subset data
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Fig.2 Photos of the hardware and the software interface in the NSLS-II stitching platform
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Fig.3 Photos of the X-ray flat mirror. To check the self-consistency of a
measurement system, the SUT is usually tested in (a) A4-to-B
orientation and (b) B-to-4 orientation (SUT rotated 180° along its
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Fig.5 30 repeated scans on the X-ray flat mirror show excellent stitching repeatability
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Fig.6 Measurement discrepancies of the central line (a) are at sub-
nanometer level, and most of the discrepancies have an RMS

value less than 0.15 nm (b)
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Fig.7 Similar results are obtained by different stitching interferometers at ESRF and NSLS-II using different sub-apertures in different mirror

orientations on different dates
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Fig.8 x-slope values along the 2.5-mm-wide center line are calculated from the stitched data and compared with the NSLS-II NSP data. Some curves are

vertically shifted for clarity
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Fig.9 Photo of the measured X-ray hyperbolic cylindrical mirror
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Fig.10 Stitched height maps of the X-ray hyperbolic cylindrical mirror surface (a) and the shape errors after removing the target shape (b)
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