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The ESRF is currently implementing an extensive upgrade of its X-ray source and eight beamlines. Reaching the target performance of the new experimental stations requires X-ray optical
elements of exceptional quality. Particular challenges are to deliver optics with the extremely low slope and shape errors capable of exploiting improvements in the source emittance for applications
such as ultra-high energy resolution inelastic scattering, coherent scattering and nanofocusing.

Surface optical metrology plays a key role not only for the quality control, but also in improving the manufacturing processes of such components. The highly aspheric surfaces for large
numerical-aperture nano-focusing KB systems will typically require measurement of shape errors in the nm range.

==p Metrology Lab recent upgrade Phase-shifting Micro-interferometer: modified Veeco NT9300

Phase-shifting Fizeau Interferometer : Zygo VeriFIRE AT+ 150mm aperture « Mid-Spatial-Frequency Roughness (~ mm!' — pm-!)

»  Acquired Nov. 2009 - replaced agingWyko 6000 * Acquired December 2008: replaces Micromap 512
« High resolution camera (1k x 1k) « Custom adapted for surface rot'lghness measurements
S p— of large (1 m long) X-ray mirrors
« Selection of transmission and reflection optics Dual-LED source: white (VSI) or green (PSI) light
150 mm TF /40, 100 mm TS /3.3 1/50, Fully motorised X-Y (+150 mm), Z and tip-tilt
150 mm TF /20 for high reflectivity optics, stages

150 mm RF Objectives: 2.5x, 5x, 50x, 5x LWD

Repeatability: 5 picometers rms

R bility on 2 successive 0.2 nm rms — Noise level: 19 picometers

Rms deviation over 10 successive measurements = 0.03 nm

»>New capabilities Micro-stitching example: 3 sub-maps 50% overlapped (5x)

1.3mm

> New capabilities Powerful software — automated measurements

» Powerful software — automated measurements
* Artefact suppression (e.g. dust particles)

* Accurate sphere radius measurement (up to Rs =1 m) Sub-aperture stitching of overlapping fields [1-2-3] : Final topography

=
+ Measurement of short radius mirrors (R > 15 m) with TF optic surface roughness evaluation over large contiguous areas

0.95 mm

Accurate repositioning of samples

Automated measurement sequences

2.5mm
==p | TP: stability, RoC reproducibility, stitching
LTP signal Stability Long RoC measurement reproducibility LTP Stitching procedure
SuT_ Reforence Micheson LTP measurements at unequal intervals during S hours of a 700 mm long Si mirror, Accurate LTP measurements of strongly curved
s 40 mm thick, supported by 3 balls at Bessel points mirrors of high quality is not possible if systematic
£ st e Convex RoC= 55 km e errors are not corrected.
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reproduce a similar path of the reflected beam over LTP
optical elements.

Temperature changes induce The final mirror slope profile is obtained by stitching the
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asymmetry of fringe pattern = g ) _ scans together and overlapped areas are averaged. The
= . RoC  obtained ~at different S— procedure has been fully automated to limit
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by ad‘_img %O(t)}; Slgt;als » Fast scans (40mm/sec) LTP is not an easy task !! measurement procedure | ' |
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F > Averaging scans A Round-Robin campaign would be useful... Il D RIRIAIL e
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=) | TP-ZYGO-VEECO shape error profile comparison
Silicon sphere for KB mirror Measurement and analysis parameters
Manufacturing specifications
R=19.0 0.5 m LTP ZYGO VEECO
/10 Power and tilt removed Stitching procedure Reduced cavity — average of 10 acquisitions for initial ~ |2.5X :2.5mm x 1.9mm 5x :1.3mm x 0.95mm
micro-roughness < 0.1 nm rms 10 sub apertures, 3 mm overlapped , sampling 0.2mm | mirror position and after 180° flipping - Average of 19 sub maps/ 20 mm 38 sub maps/ 20 mm
scan A to B averaged with scan after 180° mirror both results Average 20 - 50% overlap

rotation (B to A)
Analysis : 1D slope integrated to get height profile | Analysis: 1D height profile averaged 2mm in sagittal | Analysis: 1D height profile averaged 250um in

. direction sagittal direction
|: o
: ey P 20mmx 19 mm 20mmx 095 mm
Results ==

20mm

VEECO | VEECO
Instrument LTP ZYGO
2.5X 5X .
Letizel 2 mm 30 pm 4 um 2 um :
resolution " " " Radii of curvature differ in a range of 0.7 m. i
RoC 19.487m | 19.687 m [19.105m|18.982 m 3
g
Shapeerror | 3¢ | 040nm | 0.350m | 0.44 nm Shape error profile agreement is better than
RMS b r b .
0.5 nm peak to peak.
Shape error ‘ .
1.81 nm 230nm | 1.90nm | 2.19 nm mirvor cosrdinates (mm)
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