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History
It is, hence, obvious that lenses
cannot be looked upon as

capable of concentrating the X-rays.
Wilhelm Conrad Rontgen, 1895

so - why are we here?

Snigirev,
Lengler
(1996)

many
lenses

Schmahl (1978)

Fresnel Zone
Plates

Kirkpatrick, Baez (1948)

mirrors @ gracing
incidence




Efficiency

From a lens to a Zone Plate:

limit:
l. Mohacsi, C. David et al, Journal of Synchrotron Radiation 2014
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Figure 7. Scanning electron microscope image of (a) 0.5 um and
(b) 1 wm thick Fresnel zone plates fabricated by electroplating Au in
PMMA molds that were produced by directly writing into the resist
with 100 keV electrons. The insets present magnified inner and outer
regions of the devices.

The “gold” standard:
E-Beam Lithography,
Electroplating

Aspect ratios of > 20 possible;
phse-shifting FZPs for ~ 8 keV

S. Gorelick, C. David et al,
Nanotechnology 2010



Focusing with MZPs

(Binary) Zone Plate Law:

zone radius for
nA given wavelength

2
= \/(7) AL Jnd focal length

absorption vs. phase-shifting:

efficiency varies as a function of optical thickness
waveguiding effects for thin zones

layer roughness / fluctuations

optimal profile along optical axis

MZP focus

multiple orders / diverging orders:
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Fabrication: Pulsed Laser Deposition and Focused lon Beam

a MZP fabrication  pulsed laser deposition multilayer zone plate

////

—

c experimental setup

KB mirror pairs defocus beamstop

KB focus focus

detector

Doring et al., Optics Express (2013)

layer thicknesses: 3 nm ... 30 nm
wire / glass core: <1 um...2 um
# layers: 50 ... 80 in x-rays

latest MZP size:
@ 9 ym and growing

advantage PLD:
cumulative smoothening

so outer layers are
better than inner ones
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Pen I\/IZPfabrition: LD paametrs:
Poster #4 on Tuedsay's session Ta,O_/ ZrQO,
C.Eberl etal. 2.6 J/cm2 @10 Hz
40 nm / 1000 pulses ~ 20 minutes

nearly constant, monitored rate




D slicing
of individual
an lens,

mounted on
a support wire

optical thickness ~ 10 um

Poster on MZP fabrication:

Poster #4 on Tuedsay'’s session
C. Eberl et al.




(b) MZP layer thicknesses
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Rough wire — Let's simulate it! — Let's try it!

(a) exit wave: perfect zoneplate

(b) exit wave: A=2nm

(c) exit wave: A=7nm
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experimental setup

KB mirror pairs

/\
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MZP
KB focus focus
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detector




(a) stitched far-field intensity (b) autocorrelation (c) phase retrieval alg.
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Summary: Focusing

5 nm focusing @ 7.9 keV, 13.8 keV
10 nm @ 18.0 keV

only indirect characterisation via phase

inconsistent ptychography along opticse

Zr0, / Ta,O,

glass

2D




The new system: Ta, O, / ZrQO,

Bilayer thickness [nm]
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(a) Experimental Setup
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Experiments carried out at GINIX setup, P10 beamline, Samples:
PETRA Il (DESY, Hamburg, Germany)

E=18.0 keV, no OSA semiconductor
prefocusing with CRLs nanowires,

MZP tocal length: 470 pm Siemens Star (50 nm)

W line aperture,

detector distance: ~ 5.1 metre (Pilatus 300k)
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(not to scale)
Experiments carried out at GINIX setup, P10 beamline, Imaging modes:
PETRA Il (DESY, Hamburg, Germany) holography
E = 180 keV, No OSA STXM
prefocusing with CRLs STXM with holographic -1t order

MZP focal length: 470 pm
detector distance: ~ 5.1 metre (Pilatus 300k)
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A . .
Fresnel Diffraction
2.0- — Simulation __
103 “ 10 nm Source &
| M 64nm Size &
5 .
/p
S
— _ E=18keV
10° 1 um slitin W foil
hologram in -1t MZP order
1.0 i demagnified Pilatus 300k
] pixel size: 32nm
> 'EX
%
C
D
L
S
2 \
] \
0O —T——TT T T T T T T T T 1>

4 Detector Pixels each
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Imaging modes:

holography,

STXM,

STXM with holographic -1t order

Problem:
X,Y: detector pixel coordinates for simple STXM analyis,

X,y: scan positions e.g. differential phase contrast,

resolution is limited by beam size;
lh: centre-of-mass,

horizontal direction here: beam size of -1t order is
~ differential phase contrast roughly 6 pm in +1* focal plane
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Holographic STXM contrast
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(a) Single Holo
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_ STXM parameters:
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Summary: Imaging
- quantitative Fresnel edge diffraction
- holographic imaging of nanowire

- holographic STXM of Siemens star

resolution so far: 50 nm
currently limited by vibrations

focusing efticiency: 6.9 % @ 18 keV

new scanner
ZrO2 /Ta2()5
Interferometer

glass
first imaging




Roadmap: our workplan for the near future

From focusing to imaging

Design, fabrication, and application of multilayer zone plates
for two-dimensional hard x-ray imaging
with resolution of below 10 nm

design of b fabrication by
efficient MZP PLD and FIB

optimisation of U

of imaging C; improvement of
experiment data analysis




Roadmap: our workplan for the near future

Lens design and fabrication

efficiency by thick ML  wedged / curved / tilted structures

- W [-Depth
‘ = ////{"{ %//\{ é///ﬁ{{ 2
R
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2
Flat Wedged Tilted g
calculation of | design of how to PLD

: : efficient MZP
optimal design

such a shape?

improvement of
data analysis




Roadmap: our workplan for the near future

Experiment and data analysis

new scanner, interferometer

P-733.2DD topics to be addressed:

+ include positions in STXM,
+ improved holographic reconstruction,
+ automatic analysis for scans,

x-rays + ptychography
design of b fabrication by
atto FPSensor efficient MZP PLD and FIB

optimisation of /75

vibrations, drift; of imaging C\ improvement of non uniform scanning,
fast scanning; experiment data analysis interferometric control

order sorting aperture




Summary & Outlook:

Design, fabrication, and application of multil:
for two-dimensional hard x-ray imaging

with resolution of below 10 nm »
efficiency

wedged?

new scanner
ZrO2 /Ta205
Interferometer

glass
first imaging

data analysis

design of
efficient MZP

optimisation of
of imaging
experiment

fabrication by
PLD and FIB

improvement of
data analysis
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