X-rayshave comealongway......
magnetic imaging, nanoscale, ultrafast
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The Technology Problem: Smaller and Faster

The Microworld

The Nanoworld
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Capabilities of X-Rays
&

Experimental X-Ray Methods



What does it take to explore
advanced magnetic materials and phenomena ?

Need techniques that can:

see the invisible

study thin films and interfaces
look below the surface
distinguish components

resolve dynamic motions

spatial resolution <300 nm
large cross section for “signal”
depth sensitivity

elemental (chemical) specificity

time resolution < 1 nanosecond




X-rays can pick materials apart: layer-by-layer

X-ray Cu Fe Ni

Normalized absorption

i Fe Ni 0 :
0'8_IIIIIIIIIIIIIIIIII|IIIIiIIIIIIIl_

650 700 750 800 850 900 950 1000
Photon energy (eV)

X-rays offer chemical sensitivity

LaFeO, CoO NiO

MMJLMN
700 720 . 780 _ 800 850 870
Photon Energy (eV)

Norm. Electron Yield




Magnetic Spectroscopy and Microscopy

X-ray Magnetic Linear Dichroism: Antiferromagnets
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Soft X-Rays are best for magnetism!
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Focusing of x-rays offers nanoscale resolution
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Experimental Results 1.

Time resolved imaging of magnetic structures
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Imaging of Motion of Nanoscale Domains (100 ps)
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Two pattern with same static structure, but .....

Opposite rotation is caused by direction of vortex core magnetization, i.e. chirality
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Response to afast field pulse

| nstanteneous precession determined by torque:
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Tiny vortex core determines fast dynamics of the whole domain structure!



Experimental Results 2:

Beyond “Oersted switching” and “ballistic switching”....

Magnetic switching by spin currents



Spin currents: a new way of magnetic switching:

electric current creates magnetic field spin current acts like an

“Oersted field” “Exchange field”
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Switching of magnetic memory cells (MRAM)
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A new way of magnetic switching: spin injection
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Samples for spin-injection studies — e-beam lithography

}4- 100nm +{ prepared by Jordan Katine, Hitachi Global Storage
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rd Nanometer Resolution
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STXM image of spin injection structure
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Images before and after spin injection pulse
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both electrical current and spin current contribute



A Vision of the Future........

Ultrafast pictures -

single shot images with x-ray lasers (XFEL)



Science
The length of probe pulses: -9
10 s
Ei\g
3rd gen.
ﬁ 5 synchrotron 100 ps
2 o current  e—p
X-rays
- 10 ps
not enough intensity —
10™s . 1ps
cannot do microscopy s 1Ps
A
sicing |+ 100fs
wwquggmwwllﬂl% X-Ray
(T IO Lasers — 10fs
v
10 s 1fs

Technology

Comput:ng tlme Magnetic recording
per bit time per bit



Coming to Stanford ... in 2008:
The first x-ray laser - LINAC COHERENT LIGHT SOURCE (LCLYS)
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A new way to take fast images — no lenses !
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Towards single shot imaging
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X-Ray Dichroism in Absorption and Scattering
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Kortright and Kim, Phys. Rev. B 62, 12216 (2000)



True images! - soft x-ray spectro-holography
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Eisebitt, LUning, Schlotter, Lérgen, Hellwig, Eberhardt and Stéhr, Nature 432, 885 (2004)



Is It real?

FT Hologram
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Conclusions

X-rays have become an important probe of magnetic materials and phenomena

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

Transmission experiments probe bulk, electron yield experiments probe surfaces and

interfaces

X-rays alow time-dependent studies, paving the way for picosecond nanoscal e technol ogy

Future x-ray sour ces, new techniques and instrumentation will allow the complete

exploration of magnetic phenomenain space and time

For more, see:  http://www-ssrl.slac.stanford.edu/stohr

and new textbook (820 pages)

J. Stohr and H. C. Siegmann
Magnetism: From Fundamentals to Nanoscale Dynamics
Springer Verlag, February/March 2006




