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Optical specification

* Specifying a single value (e.g. rms slope error) is insufficient for “high-grade” X-ray mirrors

* What’s the minimum specification information required to ensure optic is fit for purpose?
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Power Spectral Density (PSD)

* PSD provides surface topography information over all relevant spatial frequencies

 RMS error is square root of area under bounded PSD curve (for height or slope)
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Using PSD for Superflat mirrors

Python code provided to calculate PSD and cumulative-PSD (Francois Polack et al)

Available to Supplier & Facilities

1D PSD computed by applying DFT of windowed (W)

 Become standard within Industry? & detrended height or slope profile U(n)
2d — 2
. . PSD. :—|DFTU W) K
* Essential to use correct algorithm o(p) N [ () (n)} 2
» Detrending %forp:lorp=%+1
For N=even: K(p)= .
1 for all other p € {2£ - 1}
> Windowing 2
Y forp=1
» Normalisation ForN=odd: K(p)= 1 for all other p & ‘2...N2+1}

> Book-keeping factor p is the spatial frequency index, W(n) is a window function, and K{(p) is a

book-keeping factor

» Can’tjust calculate FFT!
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Fractal nature of optical surfaces

» Surface errors of X-ray optics have “self-affine” fractal characteristics
* Experimental data shows PSD « (spatial frequency)”

* Fractal exponent v for height error ~ 2 (= gradient of line on log/log plot)
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PSD of fractal surface

= Contribution to height and slope variances of partial frequency ranges
Height variance:  c%(fy,f2) = f){z PSD(f) df
1

Slope variance: o'?(f1, ) = 4 m* fff f2 PSD(f) df

* A f~2 power law makes variances easy to calculate
(meaningful frequencies are bounded)

1
Height o°(f1.f2) = EPSDUQ f1(1 _é)
Slope 0'*(fy, f2) = 41 PSD(fy) f* (f, — f1)

-> If PSD « f2, this cancels with f2 term in highlighted equation, such that PSD

of slope is a constant as a function of frequency f

Courtesy of Francois Polack et al SUPERFLAT



Sensitivity of PSD for height or slope

PSD of height errors (insensitive to HSF)
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Cumulative PSD of slope errors: LEAPS superflat

e Cumulative-PSD is linear (gradient ~ 1) as expected from theory & empirical data

| — M2 ZU
. | — EsRFAT
1071 =~ ESRF MsI
] —— ALBA Fiz_x1.0
| —— ALBA Fiz_x1.7
SOLEIL Titan
DLS HDX
10° ¥ — ~ DLS-GTX-all

rms slope (prad)

Deviation from linear behaviour
shows over-filtering or instrument
transfer function issues

10—1 i

102 1071 10° 101 10?2
spatial frequency (mm™1)

Data & analysis courtesy of Amparo Vivo, Francois Polack, Josep Nicolas, et al SUPERFLAT




Optical specifications for Superflat mirrors

Width (Y)
Sagittal (Cy)
Figure error on 99% of the 4"
clear aperture RMS
Tangential slope erroron B4
99% of the clear aperture LUIN
Sagittal slope error on 99% QJ4%

of the clear aperture RMS

75 mm

20 mm
<0.02 km'?
<0.05 km1
<=10 nm
<=2 nm
<=1.2 prad
<= 200 nrad
<=10 prad
<= 2 prad

I W EL U R EN OGN Freg. < 0.1 mm™? < 60 nrad RMS
slope as defined above 0.1 mm<Freq. <1 mm! < 120 nrad RMS
Roughness 2 mm-<Freq. <200 mm™! < 0.3 nm RMS
measured on at least 5 5 mm-i<Freq. <500 mm < 0.3 nm RMS
points 10 mm-<Freq. <1000 mm < 0.3 nm RMS

* Note: two regimes for slope errors (low- & mid-spatial frequencies) SUPERFLAT




Periodic problems?

» PSD very useful to identify (pseudo-)periodic structures on mirror (e.g. “jitter” from tooling,

or artefacts from sub-aperture stitching which have been polished into substrate)
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Discussion points

 What’s minimum number of specification parameters to ensure we receive high quality X-ray

mirrors for challenging beamlines applications? (nano-focussing, diffraction-limited, etc).

* Single value for rms slope error is insufficient ... but equally, using many different parameters is inefficient (and

possibly contradictory).

* “Worst” spatial frequencies for each X-ray mirror will depend on beamline parameters (e.g.

angle of incidence, X-ray wavelength, optical geometry, etc).

* Should we change the spatial frequency bands for each optic? YES!

* Synergy with John Sutter’s recent work (Diamond) on optical simulations using Fourier series

of slope / height errors.
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Discussion points

* Reproducibility & “transparency” of data analysis

* Python code made available to all Facilities & Optic Suppliers to use same algorithms for metrology parameters

* Which parameters are most robust?

* rms slope error from PSD is highly dependent on upper bound of spatial frequencies

* Whereas rms height error from PSD is more robust (less influenced by high spatial frequencies).

* How do we standardise optical specs to “harmonise” between SR & XFEL facilities and Optic

Fabricators? What needs to be done to achieve this?!?

- PSD specification has been discussed for MANY years. What do we need to do to help

Suppliers to understand our needs, and calculate the parameters for themselves?
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