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Rapid increase of areal density in electro-devices

I Scanning electron microscope
(10%)
- 300 Spatial information
- E = ]
e T i (several tens nm) uﬂ_!
3 u f g
RN 1% 3 n
=] — s B -
Py BTk 4 2
(DRAM) - &
— 100
. - Synchrotron radiation
(109) a .
1930I L1 |19|90| [ |20|00| L1 |20|1c|| L1 Izulzul [ Y energy tunab“ty
N polarity
L pulse
Magnetic imaging
MCD MED wmc Element specific

Dy, 1;5’-"____;_:5’ Energy tunability

Microscopy + Spectroscopy

Seeing knowing

e Nanospectroscopy

Time resolving
We can get these information directly

Local XPS

PEEM



Ferro-mag.
Antiferro-mag.

(ML)
58 &
T

S

S8

Felin thicknes

| I IIIIFI

W. Kuch, M. Kotsugi et al.
Co thickness (ML)  Natyre Materials 5 ( 2006 ) 128

Prof. Gerhard Ertl

Y (a u.)

Ihtens t

0.0 T91.0 112.0
Start voltage (V)

Phys. Rev. B 79 (2009) 125437

J. Chem. Phys. 98, 9977 (1993)



SPELEEM @ SPring- 8 BL17SU

Tool for nandtechhol(;gy and related research field(s)
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Improvement in lateral resolution of SPELEEM

LEEM
(low energy electron emission microscopy)
Pb/Cu(111
Cog,Pt,, nano dots (111)
: nano dots
Width 50nm
Spacing 200nm
pasine FOV=1.86um
EB lithography
STV=7.67V
hv =778.44eV
Field of view = 2um
STV=0V
Magnetic domain investigation on CoPt dot using MCD-PEEM Appl. No. 2008A1681
Y. Kondo T. Chiba K. Taguchi AIT M. Kotsugi SPring-8/JASRI
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Lateral resolution 85nm — 22nm Lateral resolution 7.6nm



Magnetic domain images of CoPt nanodots

Magnetic domain investigation on CoPt dot using MCD-PEEM Appl. No. 2008A1681
Y.Kondo T.Chiba K. Taguchi AIT M. Kotsugi SPring-8/JASRI

Dot width 100nm
MFM

= International Space station (ISS)

Othello

Magnetic domain of 100nm CoPt dot is visible
(close to MFM)
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Meteorite on PEENﬁﬂr

A new application to planetary science




|\/|Otlvat|0n Iron meteorite is ““Extraterrestrial (ET) FeNi magnetic system ““

Iron Meteorite

Widmanstatten structure

Tetrataenite /

Mixed crystal Specific FeNi phase

composed of a and y-FeNi

Interface orientation {110}/ {111},
Fine metallographic structure Naturally fabricated magnetic multilayer
4.6 billion years to produce

Magnetism
Composition
Large Magnetic anistropy Nano-scale
Large coercivity G Photoelectron emission microscope
- : | (PEEM)
Tetrataenite(L1,-FeNi) analysis

Structure Magnetic domain

Significant difference from synthetic FeNi



Iron Meteorite

annealing(950 )
destroys structure

Gibeon iron meteorite
« Inner core

90%: Fe

7.93% Ni

0.41% Co

**Outer core 0.04% P
o/ 2.0 ppm Ga
:Mantle 0.12 ppm Ge
.. 2.3 ppm Ir

Shell
T

a) ki
Widmanstatten Formation

4.6 billion years

100
Ni(%)

o-FeNi " y-FeNi

_ [1-10],cc
Widmanstatten structure

Cooling speed: 1 /lmillion year

FeNiD & B £ afg Ly DR L1,-FeNi

Geochimica et Cosmochimica Acta, Vol. 61, No. 14, pp. 20432956, 1997
Copyright © 1997 Elsevier Science Lid
Printed in the USA. All rights reserved

0016-7037/97 $17.00 + .00 Sample



Local structure analysis by PEEM(NanoXAFS)
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Magnetic domain imaging b

y MCD-PEEM

Nano-XAFS

— “Stripe”magnetic domain

Anisotropic shape

Stripe // interface(-110), .

Related with interface?

Non-expectable magnetic domain structure in common interface

“Head-on” magnetic domain
7

Head-to-head each other
q}h

Huge loss of static magnetic energy
over the interface

Appl. Phys. Express 3 (2010) 013001



Micromagnetics simulation  voneucpopery o ren

_ _ _ Fe L1,-FeNi Ni
fcc-Ni/bcc-Fe junction Cooromit(o
fcoNi o ceraviv®e 0,05 4900
et . 1,
SRR (erg

K (orglcc) 38105 | 8.2>10° 610

ot A Easy-axis <001> <001> <111>
w ":: ::‘-.., . [110]b c [100]bcc
Setalans E f Periodicity disorder order order
Lattice bcc fct fcc

Neel et al. J. Appl. Phys. 35 (1964) 873
Handbook of magnetic materials by Chikazumi

L1,-FeNi
Tetrataenite

Large coercivity
Large magnetic anisotropy

v

Affect the magnetization to surrounding Fe and Ni
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Tetrataenite
(L1,-Fe5,Nis)

Head-on domain
Stripe domain
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It is also correlated with whole magnetic
anisotropy of iron meteorite.
Appl. Phys. Express 3 (2010) 013001



Magnetic domain structure for
various thickness of tetrataenite lamella

Ni Tetrataenite

Head-on configuration

800nm 1000nm 1200nm

* Grid size is  100nm



Summary

Magnetic property of iron meteorite PEEM

FeNl apply

Widmanstatten G ’
[ Why 2 [ tool

Magnetic domain structure (@ interface

@ “Head-on” Large loss in static
“Stl‘ip e” magnetic Cnergy

Un-expectable

1 Reasonable explanation

Micromagnetics simulation

@ LIO-FeNi
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Current research L1,-FeNi

[ p Widmanstatten structure
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Experimental

Synthesis of L1,-FeNi
(MBE)

(Fe(001)/Ni(001)),/Cu(001)/Au/Fe/MgO

JMMM 310 (2007) 2213
J. Appl. Phys. 107 (2010) 09A716
J. Phys.: Conf. Ser. 266 (2011) 012095

a 3.65
C 3.59
c/a 0.984

-
K, > 4.8><10% erg/cm?
(4.8><10° J/m?)
\_
4 )
order disorder

22nm(PEEM )
7.8nm(LEEM )

MCD Fe-L3

30um 20um

( VS. (0 ==l \

[100]




Magnetic domain of L1,-FeNi and FeNi

Disorder FeN1 Order L1,-FeNi




Magnetic domain of L1,-FeNi vs. SR incident

[010]

100]

[100]

Out-of-plane? —
J. Phys.: Conf. Ser. 266 (2011) 012095



In-plane and out-of-plane component

MCD

Pixel-by-pixel analysis
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PEEM

L1,-FeNi FeNi

MBE L1,-FeNi



