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M otivations

. Electronic and optical properties of nano-devices
depend on the structure (shape and strain)
. Development of different scattering methods for

Imaging nano-structuresis extremely important

| maging

Can we compete with electr on microscopy?



Coherent X-ray Diffraction or

X-ray L endess Microscopy
.

Partially
Coherent
X-rays | \}7 sample
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First approach: Focusing Optics



Focusing Optics
KB mirrors
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Alternative Approach:
Using Periodic Array of
Quantum Dots

M otivations:

Using a periodic patterned array

for bio-moleculesimaging




| maging of biomolecules with
femtosecond X-ray pulses

Pulse

Explosion of T4 lysozyme induced by radiation

damage

R. Neutze, et al., Nature (2000) 406, 7



| maging of Biomoleculeswith
Femtosecond X-ray Pulses

= 4
Simulated continuous scattering image of a single T4
lysozyme molecule under ideal conditions without

sample

movement or damage. R. Neutze, et al., Nature (2000) 406, 7




| maging of Quantum Dotswith Coherent Beams

-lll»--------------=-
Source
Sample cCD
p(r)=S(r)-[s,(r)® po(r)] S(r) — shape of coherently illuminated area
s,(r) —projection of shape of oneisland s(r,z)
Electron density of _
Po(r)= ) 8(r—rp)
periodic array of QD’s Zn: "

Diffracted
Intensity:

oo (@) = |A g (@] =D [s, (h,)[[S(a - h,)|]

n
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2D array of QD’sand it’sdiffraction pattern

2D array of QD’s Diffraction pattern of 2D array

Image of individual Diffraction pattern of
island

individual island 11



|terative phaseretrieval algorithm

FFET
Sd(X) 1ALD)
Reciprocal Space Constraints
S (X) [ A
(%) — (q)
Real space constraints: Reciprocal space constraint:

finite support 5 ]
i [A(a) = lep(a)

T seswomaam



Reconstructed image of 2D array of QD’s

Support used for reconstruction Diffraction intensity of reconstructed image

Reconstructed image with
superposition of twin images 13

Reconstructed image



Experiment



Experiment (Sector 34 APS)
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Gl SAXS measur ements

CCD
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Ewald sphere construction

2mls,




Reconstruction of quantum dot shape
Gl SAXS measurements (o< o)
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Reconstruction of quantum dot shape
Gl SAXS measurements (o< o)

Final support
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Compar able with resolution
In electron microscopy 19



Reconstruction of quantum dot shape
Gl SAXS measurements (o< o)
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Questions
Problems
Future Directions



786 px

Simulation of diffraction pattern
Beam stop effects




Test Reconstructions for
the Different Size of the Beam Stop
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Anomalous Scattering @ Ge K-edge
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In thisway we hope to separ ate
Ge and S contributions




Simulations Using DWBA Theory

A@= [7M)e@ ™ dv A@) =R(@,) [zr)e“ v

island island
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Simulations Using DWBA Theory
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Simulations Using DWBA Theory

L(a)=|A(a)+ A(a)+ Ay(a)FF 1(a)=IA.(a)+ Ax(Q)+ As(a)+ Ay(Q)°



Conclusions and Outlook

Periodic systems of quantum dots can be
effectively imaged with coherent x-rays
with nanometer resolution

Coherent X-ray Diffraction on buried
guantum dot systems

Coherent X-ray Diffraction on a patterned
biological samples (viruses, molecules
and etc.)



Coherent X-ray Diffraction
Project at HASYLAB

Andreas Schropp
Christian Schroer
Edgar Weckert



Experiment on ID-01 in ESRF

Staff of ID-01: Hartmut Metzger
Christian Mocuta,
Peter Boesecke
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700 px (120 um-?)
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Diffraction Pattern Measured @ 7 keV
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500 px (85 pm-L) Simulation
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Samples

Electron Microscopy

First Results of

Reconstruction
32




Thank you for your attention
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