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Abstract: In the perovskite-type manganese oxides, multi-degrees of freedom such as charge, spin, orbital and
crystal lattice coexist simultaneously, and the strong completing interactions among them result in a series of novel
physical phenomena such as colossal magnetoresistance effect, giant magnetic entropy effect, metal-insulator tran-
sition, electronic phase separation and charge/orbital ordering, which make them become attractive issues in con-
densed matter physics. Advances in integration and miniaturization of the electronic devices have resulted in their
feature sizes continued to be decreased, and now the feature sizes of electronic devices based on perovskite-type
manganese oxides are down-scaled into nanometered sizes. At nanoscale perovskite-type manganese oxides exhibit
apparent size effects and possess the electrical and magnetic transport properties that are different from their bulk
and film counterparts, which have important applications in the fields of a new generation of microelectronic de-
vices. In recent years, many advances have been made in fabrication, microstructural characterization electrical and

magnetic property measurements of the low-dimensional perovskite manganite nanostructures, and also in the
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theoretical modelling of the resulting properties. In this paper, an overview of the state of art in the low-dimensional

perovskite manganite nanostructures is presented. First, the microstructural characterizations of the low-dimensional

perovskite manganite nanostructures are reviewed, and then the electronic phase separation and charge ordering phe-

nomena in the low-dimensional perovskite manganite nanostructures are also introduced. Measurements of the electri-

cal and magnetic transport properties at nanoscale are reviewed. Their potential applications in the fields of spintronics,

the next-generation magnetic random access memories and gas sensors, are also discussed. Finally, some key problems

in the future researches of the low-dimensional perovskite manganite nanostructures are also outlined.

Key words: perovskite-type manganite oxides; low-dimensional nanostructure; characterizations of physical

properties and microstructures

BHERT 25 M) 5 E A ) (T 22 XN RE L, AE,MnO;,
Hoh RE b =i L4863, W La’", Pr'’y Nd*'s
Sm>' 5% Bi’', AE &M t4&EIuE, W oS,
Ca®*. Ba’" = Pb”")HA7 e B (colossal mag-
netoresistance, CMR) LN, 7E H Jig H 127 Ak 2 A
BEAEM N AT 5. Ak, BN gt A e e T
SEOCHEHE AR R, LA NE. HAT. FUER SRS E B
B 22 I8 A AR s A BAEH F HAHE a4, S8R
T HL S G PR T (U4 JE A AR AR, LA
ABEREIER P A B EIS), ¥ K EEEER
BB IVE 2 BE AN ) {3, A HL oA B SR A 3L 2
o Zener“ME 1951 4E4R L T XUAS Hefit
7 (double-exchange model), & PEHLfERE T CMR %%
I L R FEL BH 26 it 425 2y ke 8 0 R 1R AR Ak 35, (6]
e 5 CMR ZUNAH G 5L 56 45 SR Begh 5 AR
FE, W La; Sr,MnOs ¥ HL B B8 1155 L S5
WAL NG 2, 768 B LA B d P B vH 5
A8 b S E AR LA SR 2100, TR, AP OURS e 7
AN REAR G B B AR a5 M Al e T (1) CMR 2%
N, 3 N LS AR IS A AR, Wi =R
BN (Jahn-Teller, JT) 51 H -5 FRS1EH .
AT B A BE AR R AR AL (N s s v, kg 4
SRAHFNRE 2 J/AH I U I . Mn A7 2% )5 4 )| -4 2%
A AR I e I AT LR B I G, AR AT
XA Z R BRI T DA T f 58 38, B E A
B BNIERT A A B BR . RS SRR
JH B AT AR K B2 B R R T R 2, T s 1
G AR Y A, LRFAE RO R N, H i 2
TSN G5 A B A A I HL T2 S D e i A GK
JUBE o 9K RE B s A e By B35 1 RSF
RN, R — B (JE > 100 nm) S A AN
ERO LN A TP S N CEE R AV 7 S SR AR S LT TR SN
A RN T, Tk, AIESS AR 4
R LE K S5 R TS R A . FEL R o o ek U
AR T, WS T ROKEERE, A SO it

Iréid.

1 S EE LRGN RGN
LERFRAE

HAT, RSB 50 A A 90K B 45 48 1
TERZ, W X S EATH(XRD). FA4 7 R
(SEM). %X i AT 4 (SAED). % 5 1 Wi B
(TEM) LK =1 70 H 7 B BE(HRTEM) . 041, I8
AT LUH] T H 7 6 40 il (EELS)F X 5 4k RE 1% 70 Bt
(EDS) KX HAL 22 443 FEAT 73 HT
1.1 SR ESHUIAKRBAMNKS

B RO Tsay 5P AR B4 T
Lag 7SrosMnOs s ¥y A, 13 XRD B HEIE SE A sk K
FES A AEEE T ES 50 AH, KR FIRARTE 1.5 um A2
B ABURLIK) EDS 2H 73 730 W] La : Sr: Mn : O (Ji
T = 16.02 : 6.74 : 21.67 - 55.43, "] W, %t
15 & BAK T Lag,SrosMnOss 148 X AL 24 .
Zabaleta 2RI AL SU0AE YSZ B B4
T AMIE Lag,SrosMnOs 442K &y, L RSF7E 10 ~
40 nm 2 JA), B[ RSFAE 50 ~ 150 nm 2 A, 40K 511
FEM L 20 4.0,

1.2 SR EESUPAREEE. B)

Datta 25! HI K #WES T LagsSrosMnOs 5
MK ER, HAAE 20~50 nm, KJEAE 1~10 pm 2
[P 1(a) RGIKEN SEM [, $ KSR
XRD Kk, IWEIH LIRS, Frfs XRD i s
U745k LagsSrosMnOs(JCPDS 89-0786) (1A i 4 AH
Wi, HHILAE DK Z I S0 a = b= 0.545 nm,
c=0.770 nm. FARGPKL ) TEM B Wi 1(b) Fr
N, MBI LIS R B, KRNy s), HEk
HGH TCHLE, B2k 45 nm; A3 N A0 104G K 44
K216 DX HL AT S L, R D) ) L A S R R B
GIKZ R, XA R AIKZ ) HRTEM



&4

A, A PSRRI Ll 9K S R ok 339

41 (a) LagsSrosMnOs [ SEM He 7, 450 3 XRD Kli¥%; (b) FARZ) 45 nm [ HARGIKER ) TEM B, 7 b Ai#d K5 HRTEM
W, A7 R AR B X i e
Fig. 1 (a) SEM image of La, 5sSrg sMnO3 nanowires. The inset is the XRD pattern of Lag sSry sMnO; nanowires; (b) TEM image of a

single nanowire with a diameter around 45 nm. The inset in the top left corner is the HRTEM image of a single Lay sSrq sMnO;
nanowires. The inset in the lower right corner is the selected area diffraction pattern taken with TEM!'"]
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Fig.2 Atomic force microscope (AFM) image of a La,;Sr3MnO; nanodot array

[14]

(a) 3D AFM image of a 3680 nmx3680 nm section of the array. (b) AFM profiles of three representative dots from the AFM image in (a). Dot
diameters are ~100 nm, heights are 37 nm
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Fig. 3 Phase diagram of two orbitals model in 1D, Jy= 8.0, J’
=0.05, and using the hopping set #|;=t;=2t,=2,;*"
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Fig. 4 Pairing of charge-ordered stripes in Laj3;3Cay s MnOs
(a) High-resolution lattice image obtained at 95 K; (b) Sche-
matic model in the a—b plane showing the pairing and orbital
ordering of Mn®* and Mn** ]
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