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X-ray microscopy

Scanning Transmission X-ray Microscopy
STXM
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Soft x-ray imaging techniques

Photoelectron 15 nm Electron Lens X X
Emission Microscopy

(PEEM)

Transmission X-ray 10 nm FZP (Condenser A o)
Microscopy (TXM) + Objective)

Scanning 1 nm FZP A A

Transmission
X-ray Microscopy

(STXM)

X-ray Fourier 50 nm Lensless © ©
Transform (coherent x-ray)

Holography

Coherent x-ray < 10nm Lensless © ©

diffraction microscopy (coherent x-ray)
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Photoelectron Emission Microscopy (PEEM)
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Oxide Nanosheets - A new class of 2D nanomaterials! -

Derivad from Layzrad rlost Matzrials via Exfolization

Layered Compound Colloidal Suspension
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Nanosheet
Sasaki et al., JACS. 120, 4682 (1998) (Functional nanoblock)

B Unique features of Nanosheets

- Ultimate 2D nature (Thickness ~nm, Lateral size ~um)
- 2D single molecule/crystal with well-defined composition

- Novel physical properties in 2D System

substantially different from 3D bulk system




PhYSiCZII Proper ties -Depending on nanosheets & film nanoarchitecture-
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Magnetic
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M. Osada et al., Adv. Mater. (2006)




Attogram soft x-ray spectroscopy

Area
M: 1.6 um > 1.6um
E M: 400 nm > 400
= ] nm
> ]
£ ] 200 nm x 200 nm
§ - 100 nm x 100 nm
< |
50 nm x 50 nm
15 nm x 15 nm
(1 pixel)
7170 775 780 785 790 795 800
Photon Energy €V) Exposure : 1 sec
Intensity is enough. i.e. 10 nm x 10 nm x 1 nm sample

Spatial resolution of our PEEM is limited. ~ 108 g (= 1 atto gram)



Electronic structure distribution in
a single molecular nanosheet

N
O
N

Intensity (arb. units)

772 776 780 784
Photon Energy (eV)

400 nm X 400 nm area

Y. Kotani, KO et al., Appl. Phys. Lett. 93 093112 (2008)

Chemical state of Co atom is Co?* low spin state.
No significant change in the electronic structure and chemical structure distribution.
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Scanning Transmission X-ray Microscopy (STXM)

electrons

Swiss Light Source —>
PolLux

STXM magnetic image

Detector  Order sorting
aperture

Spatial resolution depends on Fresnel Zone Plate (FZP) :
10 ~ 30 nm

Chemical imaging with tuning an x-ray energy

Magnetic imaging with the use of x-ray magnetic circular
dichroism (XMCD)

TEM compatible sample

200 nm

10 nm spatial resolution !



Maze domains and stripe domains

Nd magnetic (STXM) TEM

SAED

21.8° misorientation to
nominal c-axis

SAED

K. Ono et al,, IEEE Trans. . (2011).

5.6

Selected area electron diffraction (SAED) patterns of

maze domains and stripe domains

* Stripe domains : Grains with their c-axis tilted from the nominal
c-axis. The misorientation angle of the grain to the sample
normal is about 22°.

* Maze domains : c-axis of the grain is tilted within 6°.




Grain boundary triple points and the intertface

TEM Nd chemical image Fe chemical image

K. Ono et al., IEEE Trans. Mag,. (2011).

S um

Fe 1s poor in Nd-rich regions.
The Nd-rich regions are grain boundary triple points, not pores or cracks.

Sharp chemical contrast shows that the interfaces between Nd,Fe,,B grains and Nd-rich
triple points are chemically abrupt without a prominent interdiffusion of Nd at the
interface .



Magnetic image of (Nd,Dy)-Fe-B sintered magnet
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Opverall features of magnetic domains in (Nd,Dy)-Fe-B are similar to these in Nd-Fe-B.

Maze and stripe domains

Magnetic domains seem to be terminated at grain boundaries



Domain-wall energy
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D : domain width
L. : thickness

Y : domain-wall energy



Domain-wall energy

: (Nd Dy) Fe-B_ ) Nd-Fe-B
Nd magnetic image g 4
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Domain width (D) of (Nd,Dy)-Fe-B is 5 % larger than that of Nd-Fe-B.  34M
(Nd,Dy)-Fe-B : 10 % larger domain-wall energy (Y) 1L \/7 I3
20 % larger magnetocrystalline anisotropy y =4V AK

Consistent with our small angle neutron scattering results of bulk sintered magnets
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