


* Why we need a small, round beam for scanning imaging?
« Optical layout of Nanoscopium

« Scanning multitechnique hard X-ray imaging at
Nanoscopium today

« What would we gain with a small, round & coherent
beam at Nanoscopium? (simple estimation)

« Conclusion






The image is reconstructed piel by pixel | TR

Nanofocusing optics

Scattering, phase
contrast, transmission
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X-ray fluorescence
(XRF)

Focused X-ray beam: intensity, size, focal depth, coherence properties
Influence the obtained image quality






Why would we like to have « round beam » in imaging?
The beam-size and shape determine the spatial resolution and eventual
distortion of the measured image
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size of the focused beam H‘@g®: o ;;;';icfation

Diffraction
limited spot-size

Smallest possible beam-size: 6 ~4;, coherent illumination Is necessary

Focusingv optics



Diffraction limited spot-size

Example: Kirckpatrick Baez mirror of Nanoscopium
e.g. source-KB distance: p,~70 m

Smallest beam-size foreseen at Nanoscopium today: 50 nm

Diffraction limited beam-size

Verical beamsize

g,=0.255 m (KB mirrorl) Nanoécopium recent source characterist“ics:
M,,~0.0036 S,: 22 ym FWHM (~63 %)
Source-size: S, <14 um ) Sy,: ~650 pm FWHM (~3.5%)
For obtaining 6,<50 nm contribution to &,

Horizontal beamsize

Round(ish) source would be ,=0.155 m (KB mirror2)
optimal M, ~0.0022

: o Source-size: S,<23 uym
coherent itllumination B

For obtaining ;<50 nm contribution to &5,



S: Photon source size (~10 keV)

22 um x 650 pm (FWHM) SS: secondary source aperture L =S T
Sh v Nano-focusing optics
’ SS: 10-20 pm 0,~0.1-0.3m

p,~60/70 m

| p,~23/245m ~60 M
1 >I< di:
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sample
FE aperture :
P Pre-focusing
mirrors (h,v)
Current beam-size at secondary source position (not to scale) 60 um (v)
> >
1200 pm (h)

Coherent illumination is required to achieve optic-limited resolution (o, diffraction
limit)
Only the coherent fraction of the X-ray beam is useful for diffraction limited focusing,
<19% of the beam intensity in the hard X-ray range




Trade off between beam-size and intensity

Adjustable p-/nano-beam size

Gp,y: /0 Nm-1pm (FWHM)

SS: 10-100 pm Nano-focusing optics

SS: Secondary source aperture

Pre-focusing mirror (h,v)

S, |
. e Py e

FE aperture

Coherent illumination (<1% of the beam intensity)

Coherent diffraction imaging is readily available
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~ Benefit of small round beam - N———

Opy: 30 NM-120 nm

Pre-focusing SS: Secondary source aperture
S milrror (h,v) 55:10- 30 um Nano- focusmg optics
hv plh, 1v Ui, 1v p2h 2
r e A \
I 1 |
I
FE 30 pm (V)
30 um (h) D: 50-500 pm

Beam at secondary source position (not to scale)

Expect nearly direct translation of increased brightness
(~60 x) Into the focused flux into smaller beam-size.







Experimental techniques:




Energy range: 5-20 keV
XRF: ,

Major and trace, ppm sensitivity, quantification
H Simulatenously for > 10 elements He
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« Earth sciences, paleo-geobiology
 Biology, medical sciences

Complex heterogeneous systems
Buried structures

An important challenge is to study the relationship between
morphology and chemical composition




- User proposal:

Sensitivity for ultra-trace trace metals is crucial  beam-size: 300 x 300 nm?

n
ik &
With small round beam:

40 ms per pixel

Resolution Total meas. time
300 x 300 nm? 7 min
100 x 100 nm? 1 hours

Statistically S|gn|f|cant measurements will be readily available
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Hierarchical length-scale imaging

Intense Round beam, moderate resolution

~10 x 10

ol e

Small Round beam with
reduced intensity

~1x1




Reconstructed phase Test sample: Siemens star
spiral scan with 4000 sampling points
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Total measurent time: 1.2 hours '

e~
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Reconstructed image size: 3.5 X 2.8 um? \\‘
Reconstructed pixel size: 14 nm R\ \
Resolution: ~35 nm 'I\ |

After upgrade:
16 ms per pixel
Total: 1.2 minutes
3D ptychraphy becomes available for users

~500 nm beam size at sample position
50 nm motor steps, 1 s/image,

Increased data rate and spatial resolution




kness:

IC
100 pm

Sample th

700 pm




Draft 3D reconstruction of the whole

Dark-field: strongly scattering material sample (10 projection angles)







With a new 60-100 x brighter round probe: we could
measure the whole object with high resolution within the
same time
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Scanning tomography on time scales of minutes

Speed.... Field of view, statistics

Large 2D samples at simultaneous high resolution

Visualizing nanoscale structure across macroscopic fields of view

to increase spatial, temporal, compositional and chemical resolution/contrast
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