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Deliverable 3.5: Systematic study of performance of
different deterministic processing methods for X-ray
reflective optics

* D3.5: “Task participants will use their metrology capabilities to investigate ... currently
available processing methods to validate their potential to produce complex freeform

surface topographies in complement to the flat surfaces which form the basis of the PCP”
* Experimental study: Dec 2023 to Dec 2024 (~ 1 year)
e Analysis of results & report writing: Dec 2024 to March 2025 (~ 3 months)

— Report due March 2025 (M48)
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Procedure

e 10to 20 “super-smooth” (< 0.1 nm rms) Si mirrors provided by ESRF (50 x 25 x 7 mm)
* Mirrors to be characterised at Diamond & ESRF (in progress)

* Samples shipped to Fabricators, who are instructed to create several “features” at specific

regions on optical surface:
» “Wedge” removal (depth increases linearly along length of optic)

» Spatially-varying “chirp” pattern
e Questionnaire about methodology protocols sent to all Fabricators
* Samples remeasured at Diamond & ESRF. Comparison of polishing techniques

» After Deliverable, samples available for other Facilities to measure
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Processing methods

* lon beam Figuring (IBF): TSESO + Diamond + ?

* Magnetorheological finishing (MRF): Winlight-Bertin (WB), TSESO, +7?

* Fluid jet polishing mechanical (FJP-m): WB + ?

e Fluid jet polishing chemical (FJP-c, like EEM@JTEC): WB, Light Machinery (Canada)?
» Differential deposition (DD): ESRF + ?

* Plasma jet (PJ) polishing: IOM Leipzig (via Frank Siewert)?

- 2 mirror samples per Fabricator (~ 20 samples required)
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Metrology strategy

* Micro-roughness of corrected region (using micro-interferometry & AFM):

» Measure rms and charactersise periodic errors / texture

Mid-spatial frequencies: Fizeau + micro-stitching interferometry

Atomic scale defects: AFM (Diamond)

» Surface or sub-surface damage or contamination?

» |Incorporation of particles from processing onto / into optical surface

Sub-surface damage: X-rays?
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Optical surface

* Lane 1: “wedge” removal (increasing depth of removal along length of optic)

* Lane 2: spatially-varying chirp pattern

* Fiducial crosses (outside optical area) + dots (at beginning and end of each “lane”)

+ -+ -+ * Different types of fiducial markers

Lane 1: wedge to help a range of metrology

instruments to accurately locate

features on optical surface

— -+ —
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Optical surface: Lane 1 “wedge”

* Lane 1: “wedge” with increasing depth of removal (graph below shows indicative data)

» Linearity of removal rate
» Micro-roughness changes as a function of depth removal?

» Appearance of texture from tooling / motion stage?
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Optical surface: Lane 2 chirp

* Lane 2: spatial chirp (parameters to be confirmed). Graph below shows indicative data

» Accuracy of motion stage (i.e. controlling speed & position of correction function)

» Fiducialisation of correction function (i.e. accurately hit correct location on surface)

» Minimum spatial periodicity of removal
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Questions for Optical Fabricators

Questionnaire to be sent to each Fabricators asking for details about their processing
procedure. Fabricators (especially Industrialists) might not be willing to share information

due to commercial sensitivity (intellectual property), but we can at least ask!!!

* |sthere alimit to the length, width, or thickness of samples that you can process?
 What is the minimum size and shape of your removal function?
 What is the minimum size of in-plane periods that you can remove?

 How do you calibrate the removal rate? (in-situ versus ex-situ)
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Questions for Optical Fabricators

How do you align / fiducialise the polishing marks / form errors relative to optical substrate?
How do you align the removal function on the optical surface?

What is the maximum depth of removal before problems start to occur (e.g. increased

micro-roughness, or non-uniformity of surface topography)?
What is positional repeatability / accuracy for location you “polish” on the optical surface?
What is a typical rate of removal for coarse or fine correction? (e.g. nm per minute)

What cleaning do you perform BEFORE and AFTER processing?
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Current status of project

* Mirror samples being measured at ESRF (Amparo et al)
» Shipped to Diamond very soon for characterisation
* Agree on features to be added to optical surface (in Krakow)

* Contact Industrialists to discuss if they can create required features (+ contractual /

payment terms?). TSESO & WinlightX have agreed in principle with request
* Revise feature list based on Industrialist feedback

* Ship samples to Industrials & Facilities (e.g. IBF @ Diamond, DD@ ESREF, etc)
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Notes from discussion

3 um depth for wedge

DD would prefer <1 um for wedge

* Thinner width for wedge?

* “V” shaped wedge rather than sawtooth? (to help with background removal)

 Thomas Arnold at Leipzig for plasma jet

e Simon to create proposal for questionnaire. Inputs for everyone else

 Remove fiducial dots (only use cross-hairs)
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