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X-rays have come a long way……
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The Complex The Complex NanoworldNanoworld

Need techniques that: see the invisible, look below the surface, distinguish components
…. and  resolve dynamic motions

the invisible



Tunable x- rays offer variable interaction cross sections

Photoemission

neutrons

electronsoptical
light



Tunable x-rays offer elemental specificity

Transitions provide information on valence charge and spin



Tunable x-rays offer chemical specificity



The power of x-ray polarization

Today: variable polarization undulators



Polarized x-rays offer “orientation” information

Antiferromagnetic
order

Orientational order

Chirality
Ferromagnetic order



Focusing of x-rays offers nanoscale resolution 



Polarization Dependent Imaging with X-Rays



Spectro-Microscopy (PEEM) of Ferromagnets on Antiferromagnets

σ

Tune to Ni edge – use linear polarization – antiferromagnetic domains

Tune to Co edge – use circular polarization – ferromagnetic domains

H. Ohldag et al., PRL 86, 2878 (2001)
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Images of the Ferromagnet-Antiferromagnet Interface

Ohldag et al., PRL 87, 247201 (2001)



Switching of magnetic memory cells (MRAM)

current current

cell  to 
be switched

better: switching by current in wirefield around wireswitching by Oersted



A new way of magnetic switching: spin injection

current becomes
spin-polarized



STXM image of spin injection structure

100 x 300 nm

Detector

xy

leads for ns
current pulses



Magnetization changes in sensor layer after spin-injection

Oersted field of excitation pulse switches layer to curled state 
spin current in reset pulse switches it back to homogeneous state



X-ray diffraction and scattering

Can the reciprocal space pattern be inverted ?

coherence length
larger than illuminated area

coherence length 
smaller than illuminated area
larger than domains



Yes ! - soft x-ray spectro-holography

coherent x-ray beam

Eisebitt, Lüning, Schlotter, Lörgen, Hellwig, Eberhardt and Stöhr, Nature 432, 885 (2004)



Space and Time: Toward seeing the ultra-fast nanoworld

synchrotron
sources

x-ray   
lasers

Rule of thumb: the smaller the faster!



Imaging of Motion of Nanoscale Domains (100 ps)
laser

x-ray

real image

differential image




Conclusions

• Large resonant cross sections provide signal from individual nanostructures 

• X-rays offer elemental, chemical and magnetic specificity with nanoscale spatial 

resolution

• Transmission experiments probe bulk, reflection and electron yield experiments probe 

surfaces and interfaces

• Pulsed synchrotron sources allow time-dependent studies, paving the way for picosecond

nanoscale technology

• Future x-ray sources, new techniques and instrumentation will allow the complete 

exploration of the ultrafast nanoworld (to femtoseconds)



Fe metal – L edge

Kortright and Kim, Phys. Rev.  B 62, 12216 (2000)



Nanoparticles as Compatibilizers for Polymer Blends

H. Ade, A.L.D. Kilcoyne, T. Araki, W. Zhang, X. Hu, M. Lin,
M. Rubinstein, M. Rafailovich, J. Sokolov

PS /PMMA blends with 5% filler

PS

PMMA

Scan. Tip: 
SFM
topographs

X-rays:
STXM
composition

WS2 spheres WS2 nanotubes Silicate clay platelets

as cast

immiscible

annealed

• Clay platelets are best for suppressing phase segregation
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