
Coherent nano-diffraction and imaging 
	 at the Coherence Beamline P10, PETRA III (Michael Sprung) 
	 designed, installed, operated by group of Tim Salditt, Uni Göttingen

Routine experiments:

nano-SAXS [4]: 
	 STXM + nano-diffraction

cone-beam imaging: 
	 waveguide holography 
	 + tomography [5]

�S�W�\�F�K�R�J�U�D�S�K�\���D�Q�G���v�X�R�U�H�V�F�H�Q�F�H

cryo-protection

variety of sample environments

	 open for proposals 
	 (PETRA III, regular calls)
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Multilayer Zone Plates: 
	 diffractive optics,  
	 “thick Fresnel Zone Plates”

alternating layers 
	 following zone plate law [1],  
	 absorption / phase shifting

Introduction

Pulsed Laser Deposition Multilayer Zone Plate
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Setup
Mobile breadboard, essential motorisation only to minimise drift / relative vibrations

	 MZP	 �D�O�L�J�Q�P�H�Q�W���L�Q���[�\�]�������W�Z�R���U�R�W�D�W�L�R�Q�V�����d�UN� �� �Q�P���D�Q�G���d�UN=10 nm [2,3] 
	 FZP	 �D�O�L�J�Q�P�H�Q�W���L�Q���[�\�]�����F�R�X�U�W�H�V�\���R�I���&�K�U�L�V�W�L�D�Q���'�D�Y�L�G�����d�UN=30 nm 
	 sample	 alignment in xyz + fast piezo scanner (2D, continuous)

degree of freedom motor direction range accuracy
Lens lateral SHL–20N z ± 5 mm few nm

SLC–1760 y 41 mm
SLC–2475 x 49 mm

Lens rotation STT–12.7 yrot,zrot ± 5° �o���P�U�D�G
Sample align M–686 x,y 25 mm sub–µm

N–768 z 6.5 mm few nm
Sample scan P–733 y,z 30 µm sub–nm

Switching between FZP and MZP + pre-focus by beamline CRLs 
	 adjustable beam sizes: 2 µm, 30 nm, 5 nm

Eiger 4M detector synchronized to continuous 2D scan 
	 tested: 1 ms acquisition, 750 Hz frame rate; 255 images / line 
	 255 lines in 3 minutes (bidirectional scanning possible) 
	 at 5.2 ms acquisition: 255 lines in 13  minutes

Nano-Bragg scanning at 60  keV (ID–31, ESRF)

100  keV
Bragg 
peak of 
buried 
droplet,

measured 
at 100 keV 
photon 
energy

�0�=�3�������� �w�P���R�S�W�L�F�D�O���W�K�L�F�N�Q�H�V�V�����d�UN=10 nm 
shown: Bragg peak of buried Si droplets,  
real-space step-size: 20 nm × 50 nm (h×v)

MZP Fashion Show
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Fabrication: PLD and FIB

1. �7�D�S�H�U�H�G���J�O�D�V�V���u�E�U�H (pulled)

3. Focused Ion Beam

	 cut out slice, 
	 desired optical thickness,  
	 glue to holder

Focal spot size / resolution: 
	 determined by outermost 
	 layers; down to 5 nm [2,3]

Focal length: 
	 0.9 mm @ 13.8 keV, 
	 �p���� �P�P���#���p������ �N�H�9

�(�I�u�F�L�H�Q�F�\�����a������

2. Pulsed Laser Deposition [2]

	 high energetic ballistics,  
	 cumulative smoothening,  
	 �W�K�L�Q���u�O�P���W�H�F�K�Q�L�T�X�H

4. At the Beamline

	 pre-focussing CRLs, nano-focussing MZP 
	 GINIX instrument @ P10; also ID–31 @ ESRF

MZPSample CRL pre-focus

Fast scanning at 13.8 keV (GINIX, P10)

255 images
during 1 line
during 1.36 s

no data
during
1.54 s

Topup

Siemens star test pattern

large	 FOV	 18.21 µm, 
detail	 FOV	 5.46 µm, 
high-res	 1.36 µm 
smallest features of 50 nm

255×255 images, 13 min.

Scanning nano-WAXS 
measurement on few nm 
PbS nanocrystals, 
embedded in polymer

colour coded: 
intensity of Bragg peak

DESY logo, 
500 nm thick Au layer

�)�2�9���a���� �w�P

255×255 images, 3 min.  
1 ms acquisition per point 
���U�R�W�D�W�H�G���D�Q�G���v�L�S�S�H�G��

40 bunch mode,  
�������W�R�S�X�S��

nominal increase 
of intensity,

but multiple 
“dark points”

Intensity on P
ilatus C

dTe

in µm

MZP (left) and 
MLL (right) for 
medium x-rays, 
14 keV

optical thickness 
�a���� �w�P

�d�UN� �p�� �Q�P

MZP for higher 
x-ray energies, 
60–100 keV

optical thickness 
�a������ �w�P

�d�UN=10 nm,  
AR 1:3000
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