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There are a variety of strongly correlated electron materials,
and they have been attracting a great deal of attention due to their
specific magnetic properties. Transmission electron microscopy
(TEM) allows us to analyze the microstructures of these mate-
rials. Here, we present a few examples of the characterization of
microstructures in materials using advanced electron microscopy.
The first example is the observation of the magnetic domain of
LaoeSroaMnOs nanowires using Lorentz microscopy. The second
example is the elemental mapping of (La, Sr);Mn.O7 with atomic
column resolution using electron energy-loss spectroscopy
(EELS) and scanning transmission electron microscopy (STEM).
Various TEM techniques can be used to visualize crystal struc-
tures and magnetic domain structures with high spatial resolution.

Key words: strongly correlated electron materials, Lorentz mi-
croscopy, ferromagnetic nanowire, vortex domain wall, electron
energy loss spectroscopy, scanning transmission electron mi-
Croscopy

1. U &I

SR B RA R O EE LW EREO—2 & LT MniR{L
Winid 5. $712 Ruddlesden-Popper manganite & -1X41 %
WHERL, X7 24 P AMnOs AL LT,
Tl 2 ORI - g EEZ KL, BERKBESIETT (Colossal
Magneto Resistance; CMR) #h#:° w451 2 SHF R 22 W)
WrERTIEDPMOENT NS, AV A Moflifkix %2 C,
Mn DM EMETEL 2 E05, FEICE L OWEDHE
JEENT WD, FEHELIIEHETHMED S 8F 42Tk
T, BRI ORI & AT & 72 A
TIEPEy 7 2L LT, tHMEFRMEOMRNKXZ 0 — 1
v BEMEEECERI L 2260 &, ST 2 R Y 2 BT
IV F—8Je55563: (Electron Energy-Loss Spectroscopy;
EELS) B & OERESE T-HMEED: (Scanning Transmis-
sion Electron Microscopy; STEM) THEI% L 726l % 7~ 7.
WENOFED ZME T ML AR E LT, WiE

DORPEIFI RN EI 7% ) B o T B LU TIEEH
FHEZOWTENTIIRD ITE 2 /0 L 71, BAEm %
Bigpl s b2 L& L.

2. O—L 2 VIEMEEEIC L 2HXER

AR T R AR T CMR AT B 7% K OENTIZIE, 5]
WA & BOSREEIEA (B B \VITEMEGIH) & oMk %
FERMTHET LI PO THNTH L. MATHRET
X7 A — v ThERE & IR L 728 A Y v o=
7 ATNA ZADQBEPSER SNTW L7290, EZeflsn i
HECOMXKMEOBSIIEZE 2 LT, u—Lv Y
SRR IPER D S WV ST & 7R 2 WAL 5 Tk
ThY, $TICSFESFRMHXBEHAIHRE ST

TREMEHE (T L ANMEDH L IFT—L v G EER) %
HSRT5 7L ANVERHVONS. 7L ANVETIE, EB
BB T2 -y LA RIANZL D,
BEH B E L TS TE L. IO 7 LA VETIE
WEEDHFIEIIA S 2 TH, FEM A b (B 21390 &
RAA IO R AL U p) #HB I EITTE . L

R (Transport-of-Intensity Equation: TIE)?: ¥ 1235 ¢
T F AT LI XY, NS A & 22
HECHBIZTE L. ITTIE, WilEd /7 A4 vHIZSE L
TRV T o ARERE R B LB R R B

FEERR AL E SRR P2 $ L 7o — L v BEER
HHOF#E (Hitachi HF-3000L, JEREE 300kV) % v
72— OEME T HEME ISR EmL v XD
BT AT OIS 6 3NDH, REBIIEARWYIITHTY
L v ADOWHHIEEHIE D b v, F72, AL v X
X R4 DTN AR ORESE (B X OVER) B % iz <
Vo, ERTIIES AL TR L7230 7 L A vigh
5, TIEFEIZ &L D ETHOMMHEILEEIAEL, WHEORAL

Copyright © 2011 by The Magnetics Society of Japan 329



) w
Capping layers (©

|100nm
LageSro4MnO3 [100 nm
Lag ¢Sro4Fe0s

Substrate (SrTiO3)

(a) Nanowire structure

(b) In-focus
(AF=0mm)

(c) Overfocused
(Af=-0.30 mm)

(d) Underfocused
(Af=0.30mm)

Fig. 1 Observation by Lorentz microscopy of ferro-
magnetic LSMO nanowire. (a) Schematic of TEM
specimen including ferromagnetic LSMO nanowire
sandwiched by two antiferromagnetic LSFO nano-
wires. Series of (b) in-focus (Af=0mm), (c) over-
focused (Af/=—0.30 mm), and (d) underfocused (Af=
0.30 mm) images.
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Fig. 2 Distribution of in-plane magnetization of vor-
tex domain wall in LSMO nanowire. (a) Distribution
obtained by TIE analysis using three Fresnel images
in Fig. 1. (b) Distribution obtained by micromagnetic
simulation. Color in upper figure represents direction
of in-plane (x-z plane) component, and that in lower
figure represents direction and intensity of perpen-
dicular (y) component.
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(a) Crystal structure  (b) ADF image (c) Averaged EEL spectrum

Fig. 3 EELS elemental mapping of (La, Sr)sMn:07 in
STEM with atomic column resolution. (a) Crystal
structure model, (b) ADF image, and (c) EELS spec-
trum of analyzed area.
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Fig. 4 Element-selective atomic column imaging of
(La, Sr)sMn:O7 (a) La-Ni, (b) O-K, (c) Mn-Ls
and (d) La-Ms; ., maps. (e) Simulated incident probe.
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