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Beamline team:
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K Ruotsalainen => Post Doc RIXS
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SYNCHROTRON

Outline:

Sextants beamline

Coherent scattering instruments on Sextants :
- COMET : transmission
- IRMAZ2 : reflectivity

Coherent imaging techniques :
- Holography
- Ptychography

Conclusion: - transmission ok
- reflectivity : we need the round beam © !!

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)
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Soft x-ray EXperimenT resonANT Scattering

® Beamline of phase 2 : (R. Gaudemer, H. Popescu, A. Nicolaou, N. Jaouen)
First Experiment: End 2010
First expert users: first semester 2011
(open to users 2011)
* Energy range : 50-1800 eV (N, O, F, transition metals, rare earth, S, ...),
* High flux : >10*2 ph/s on the sample,
* Resolving power AE/E > 8000 over the whole energy range,
e Variable polarization: linear and circular:
e 2 Apple-ll undulator: circular +/-, variable linear
HUS80 + HU44: the whole energy range in first harmonic
= Maximize flux and polarization
e Two branches and 3+1 experimental stations (UHV):
e High resolution RIXS Spectrometer
e Two UHV diffractometers
* One set-up for coherent imaging in transmission

e User set-up.
H. Popescu, Workshop Round Beam, Soleil (14/06/2017)
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Soft x-ray EXperimenT resonANT Scattering

Three main techniques:

- Soft X-ray resonant magnetic scattering (XRMS)

(Magnetic multilayers, nanostructures, single crystal diffraction)
- Resonant Inelastic X-ray Scattering (RIXS)

Strongly correlated systems, non-solid systems (gaz/liquide)
- Coherent X-ray scattering (CXS)

(Lensless microscopy, dynamical studies in imaging)

One experimental point open for user set up

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)



- SEXTANTS Beamline - Focalisation
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INTENSITY (phs/s)

- SEXTANTS Beamline — Flux & Coherence
SOLEIL
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Flux measured @ sample
position after 5 mirrors and one
grating:

In excess of 3 1012ph/s in the
50-1000eV energy range

SYNCHROTRON

COHERENCE:
- for full beamline angular acceptance
- Reduce acceptance (close beamline

sl |tS) Angular Acceptance
MaskCalc. 150 X 150 prad? 40 X 40 prad?

12um

10pgm @ . 10pm  *

Estimated transverse coherence at 778 eV (hor. X vert.)
- 8um X 15 um @ full acceptance
-25um X 25 um @ 40 X 40 prad?

M. Sacchi, H. Popescu, F. Fortuna, R. Delaunay, N. Jaouen

H. Popescu, Workshop Round Beam, Soleil (14/06/2017) J. Phys. Conf. Series, 2012



Coherent scattering instruments on Sextants:

COMET : transmission IRMA2 : reflectivity

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)



COMET instrument : Coherent Magnetic scattering Experiments in Transmission

SYNCHROTRON
utgoing x-rays towards
o .
the KB end-station

removable 2D detector
—Q. A P ,“ = A e
=0 (A V5l

Collaboration LCPMR : J. Luning, R. Delaunay,
R. Vacheresse, B. Pilette, J. Perron
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Soft x-ray EXperimenT resonANT Scattering X_ravs in

- Imaging by Fourier Transform Holography (FTH) and Ptychograpgy

- Integrated or separated mask/sample approach

- extandable field of view Internal mechanics:

- Normal or tilted transmission geometry for imaging
out-of-plane or in-plane magnetic domains, respectively

- Magnetic field: 500 Oe in pulsed mode (1 T static in 2017)

- Low temperature: 100K (20K in 2017)

- regular spatial resolution: ~ 30 nm

(with standard masks available for users)

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)



sefants. In 2017 : 1 Tesla and He temperature SYLEIL

4 permanent magnets:
— tunable intensity

— all horizontal directions
— each magnet is motorized around it's axis

- commercial He cryostat + flexible stripes

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)
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SYNCHROTRON Soft x-nay EXperimenT resonANT Scattering

Fourier Transform Holography (FTH) imaging technique

object: o(x,y) = Ey t,(x,y)
reference: r(x,y) = E, t,(x,y)

20 pum pinhole

Hologram intensity:

= | F{r+o}|?
=|R+ 0|2
=|R|? + |O|? + OR* + RO*

mask and sample

Reconstructed real space images:

F{Hologram intensity}
=r*rf+0*x0+0%r+r%0

S. Eisebitt et al., Vol 432, 2004, Nature

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)



s_eﬁfan_‘rs Integrated mask/sample approach in normal transmission geometry

Soft x-ray EXperimenT resonANT Scattering

SWLEIL

SYNCHROTRON

VAN

X-ray
(circular polarisation)

Beam 2D
stop detector

Advantages: - easy to align,
- stable against vibrations
- sample environment (temperature, magnetic fields, etc.)

Disadvantage: fixed field of view, difficult fabrication

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)



FTH Imaging of perpendicular magnetic domains using circular polarization
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Soft x-ray EXperimenT resonANT Scattering

SOLEIL

SYNCHROTRON

Co/Pd multilayer

- perpendicular
magnetization

- meander domains

diffraction diagram Col/Pd multilayer Co-L, edge
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Soft x-ray EXperimenT resonANT Scattering . ° ° ° °
Holographic magnetic imaging of single layer
nano-contact spin transfer oscillators

SiO, (30 nm) 5i0, (30 nm)

SiN membrane

Pd (2nm)
Cu(2nm)

Nig;Fe,q (7nm)

Cu (20nm)

Pd (Snm)

15 nm spatial resolution !
(using a slit for the reference beam)

NG i

SULEIL

SYNCHROTRON

E. O. Burgos Parra et al., IEEE Transactions on Magnetics, Volume PP, Issue 99 (2016)

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)



- Time resolved imaging of Vortex Dynamic S LEI L

SYNCHROTRON
Experimental Principle
SiN membrane S
IN
a) fIE|d c) mold layer
pulse \k gt
dt zfgzzzzz:"p“ \/
d)
i
/ { & “l
-— 146 ns / I‘ J
CPW“‘M \-._-"

X-ray pulses
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F Ogrin (Exter, UK)
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G Beutier (Grenoble, France)

UNIVERSITY OF
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- Time resolved imaging of Vortex Dynamic S LEI L

SYNCHROTRON

Static image

- 8 bunch @ SEXTANTS beamline; 146 ns delay S e)ga nTS
-2 um X 2 pm Py square, ~50 nm thick Softxcray EXperinen resonANT Scatterig
- Spatial Resolution: 35 nm per pixel

- Temporal Resolution: 250/500 ps

- An RF pulse (60ns width, 1ns rise time) excited core gyration

In plane: Vortex Dynamic
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- Time resolved imaging of Vortex Dynamic S ,J L EI L

Static iage SYNCHROTRON
mf"f- - 8 bunch @ SEXTANTS beamline; 146 ns delay — ~$ SR
-2 um x 2 um Py square, ~50 nm thick Se Cln'I'S

Soft x-ray EXperimenT resonANT Scattering

- Spatial Resolution: 25 nm per pixel
- Temporal Resolution: 250/500 ps
- An RF pulse (60ns width, 1ns rise time) excited core gyration

Out of Plane: Vortex + DW Dynamic
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s‘euéion_’rs Holography: separated mask/sample approach

Soft x-ray EXperimenT resonANT Scattering

mask sample

y
A
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SWULEIL

SYNCHROTRON

AR

X-ray
(circular
polarisation)

Beam 2D
stop detector

Reference hole
through SiN only

Advantages: - extendable field of view
- easier sample/mask fabrication

Disadvantage: challenging alignment, stability
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SZ)&NTS Holography: separated mask/sample approach S“L EI L

Soft x-ray EXperimenT resonANT Scattering " 'SYNCHROTRON

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)



S ey&l nTS Holography: separated mask/sample approach S s..} L El L

Soft x-ray EXperimenT resonANT Scattering SYNCHROTRON
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SBE‘GHTS Holography: separated mask/sample approach S LEl L

Soft x-ray EXperimenT resonANT Scattering SYNCHROTRON
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Soft x-ray EXperimen resonANT Scattering ~SYNCHROTRON
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Seﬁﬂnfs Holography: separated mask/sample approach S:)LE' L

Soft x-ray EXperimenT resonANT Scattering SYNCHROTRON
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Soft x-nay EXperimenT resonANT Scattering SYNCHROTRON
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S_e&n_'l's. Holography: separated mask/sample approach S :JL El L

Soft x-ray EXperimenT resonANT Scattering SYNCHROTRON
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4 - CXS @ Sextants— Holography: Extended Field of view 3;51 EI L

'SYNCHROTRON

sesFants

Soft x-ray EXperimenT resonANT Scattering
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SWLEIL FTH imaging of perpendicular magnetic domains wa’.n%ﬁgmnﬁ

SYNCHROTRON

using the extended field of view

patterned multilayer:
((:00.4nm/Pd0.8nm)xll'0
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e | jnear polarization in normal incidence for out of plane magnetization ety
(interest for FEL and HHG surces)

pee e % i,
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General idea: [ n
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st i TSt Transmission geometries : SYNCHROTRON
normal incidence tilted geometry
(out of plane magnetization) (in plane

y

magnetization)

AR AUR

A
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S_e&n_'rs. Holographic imaging of in-plane magnetic domains SOLEIL

ssmyopem sy 3t tilted geometry (30° ) with movable field of view SYNCHROTRON

Four remanent states

xrays == |CCD

Co L3, 778 eV, circular polarisation

internal setup

«—

red arrows: direction of the
500 Oe field pulse

H. Popescu, Workshop Round Beam, Soleil (14/06/2017) H. Popescu et al., APL 107 (20) 2015
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Se)iﬂnfsm Holography with separated mask : ‘magnetic bubles’ SOLEIL

Soft x-ray EXperimenT resonANT Scatteri
x-ray EXperimenT res catter SYNCHROTRON

Sample

(Co0.6/Pt1)x30

90nm magnetic bubbles

1,8 um

Coll. N Reyren, V. Cros

UMPhy CNRS-Thales

Z 4 FLaG ERA §@gﬁ€?@ﬁeﬂe

Joint Transnational Call 2015 | ! -
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MS&?M%SMWE@ Holographic imaging of 600 nm dots with integrated mask S "?n!aETlnoli
and Heraldo technique

Sample (Ta1/Coo.s/Pt1)x5
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Soft x-ray EXperimenT resonANT Scattering

Ptychography imaging technique:

X rays
CCD detector X um pinhole
Sample (probe beam)
(XZ scan)

A 2D diffraction diagram is recorded for each sample position. If enough overlap,
by iterative algorithmes the sample transmission can be reconstructed.

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)
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SULEIL

SYNCHROTRON

sesfants

Soft x-ray EXperimenT resonANT Scattering

Ptychography imaging technique
(reconstruction algorithmes by Kadda Medjubi)

200nm
resolution

400

100 200 300 400 500 800 120 140 160 180 200 220 240
Iteration 50 ligne 587
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Soft 1oy EXperimenl ressnANT Scatteing Ptychography imaging technique; SYNCHROTRON

(reconstruction algorithmes by Kadda Medjubi)

Probe beam: 2um pinhole placed
at 2 mm from the sample
Sample XZ scan with 500 nm steps

Image reconstruction : detail of first 3 iterations Evolution to 50 iterations

1

0.9 |!

0.8

0.7
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100 200 300 400 500 200 400 600 200 400 soo 0.2 i
lteration 1  File 194 File 194 lteration 1 '

] 200 400 600 8OO
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54?-’&‘50"75 IRMA2 - Instrument pour la Refléctivité MAgnetique S SY,EETIR!;

Soft x-ray EXperimenT resonANT Scattering

Reflectivity, Diffraction, Coherent scattering, X-ray imaging

. ] fixed detectors : -15° —160° range of scattering
2-circle goniometer angles

(X axis rotations)

ATZ‘

+5° X rotation

M. Sacchi, H. Popescu, F. Fortuna, R. Delaunay, N. Jaouen, J. Phys. Conf. Series, 2012
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IRMAZ2 instrument: 2D detector positions SNGHROTRON

2D detector at 60°

2D detector in transmission

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)
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Saft x-ray EXperimen resonANT Scattering PtyC O g rap h y teSt I n refl eCt I Vlty SYNCHROTRON

IRMA2 2D detector at 90°

internal setup:

Reconstructed image:

400

450

probe beam : 5 um pinhole
step_x:1.1 um
step_z: 1.3 um
reconstructed pixel size: 27 nm

FOo

Fan
200 250 300 350 400 450 S00 550 BOC

H. Popescu, Workshop Round Beam, Soleil (14/06/2017) (reconstruction algorithmes by Kadda Medjubi)
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e Bl st Sein Ptychography in reflectivity on a real magnetic sample: S CLROTRON
(MnAs/GaAs, alpha/beta stripes with 900 nm period)

Diffraction diagram

in reflectivity at 90° Structural (Alpha and Beta stripes) Magnetic domains
(CL + CR) (CL—-CR)

ar

L dh d o

s an
_ L AEE
I e 9 1
" _
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with 22 microns pinhole H

900 nm

CL : circular left
CR: circular right

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)



3&»’%&@3@ Holography in reflectivity with movable field of view S "ﬁ,L—HETIROLN

Diffraction diagram mask

Patterned sample
(CoCu multilayer)

H3S.888  GB.5pm 1BE403
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S_€)$GH_TS Holography in reflectivity with movable field of view SOLEIL

Soft x-ray EXperimenT resonANT Scattering SYNCHROTRON
Reconstructed image with slit reference Reconstructed image with classic referece hole
(Heraldo linear differential filter) (simple Fourier transform)

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)
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Soft x-nay EXperimenT resonANT Scattering CO n C I u S i O n : SYNCHROTRON

Sextants beamline is adapted for coherent diffraction imaging

Coherent scattering instruments on Sextants

- COMET : transmission
- IRMA2 : reflectivity

Imaging techniques :
- Holography (state of the art 15 nm resolution)
- Ptychography (under developpement)

Geometries:
- In transmission : ok !
- In reflectivity : we really need the round beam !!

H. Popescu, Workshop Round Beam, Soleil (14/06/2017)



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	In 2017  : 1 Tesla and He temperature 
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Linear polarization in normal incidence for out of plane magnetization (interest for FEL and HHG surces)
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	 IRMA2 instrument:  2D detector positions
	Ptycography test in reflectivity 
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Conclusion:

