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Fig. 1. The geometry and magnetic structures of LPCMO strip on SrTiOz (100) [16]: (a) Atomic force microscopy
and (b) MFM images of the 10 um LPCMO strip at 300 K under zero field. (c) The MFM image of the 10 ym
LPCMO strip at 120 K under magnetic field (B = 9 T, pointing out of the sample surface) and the zoom-in of the
dotted areas (3 um x 6 pm). Scanned areas in (a)—(c) are 25 pm X 25 um. The black scale bar in Fug. (a) is 10 ym.
(d) Line profile of the dashed black line in Fig. (c). (e) Its corresponding schematic of the magnetic structures during

the MFM imaging process.
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Fig. 2. Strip width and temperature dependence of LPCMO edge phases [16]. The MFM images of LPCMO under 9 T field (B is
pointing out of the sample surface) with (a) 10 um, (b) 3 um and (c) 1.5 pm strips, followed by their topography images. Scanned
areas are 20 um X 20 pm in (a), and 15 pm X 15 pm in (b), (c¢). The black scale bars are 10 pm in (a), 3 pm in (b) and 1.5 pm in

(c). In narrow strips, the edge phases show great enhancement of magnetic signals and give much higher Curie temperatures.
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Fig. 3. The transport properties of LPCMO. The transport data of (a) the LPCMO film and (b) the 1.5 um strip under magnetic
fields of 0 T (dark yellow), 3 T (magenta), 5 T (cyan), 6 T (green), 7 T (red) and 9 T (black). (c), (d) Magnification of the
film and 1.5 pm strip transport data under 9 T at low temperatures. (e) The comparison of metal-insulator transition (MIT)

temperatures between the film (black squares) and the 1.5 pm strip (red dots) derived from the cooling curve in (a), (b) [16].
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Fig. 5. Hysteresis loop (solid line) and initial magnetization (dashed line) of a 60-nm LPCMO film is measured in

the in-plane (a) and out-of-plane (b) direction, beforeand after the highest density antidots (D5) fabricated in it.

Stronger magnetizations in antidot samples than in the film in both directions are shown. (a) and (b) Insets are

29]

detailed information of the hysteresis loop around zero field [29].

227502-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 22 (2018) 227502

Pl o Sz 2R S B R s AR R 2 D R 1 IS R,
FEARSLIGH OGEH PRI, R4 T, &Em%
£ 1 antidots £ i (D5) )4 & - 48 S A i A8 it B2 L
MRS HEE S 740 K EA, X—&F -4k
AR FERIR SR AR BRI, BN R AERA X
FE b ASATART 45 2% 2508 B it n &7 12 1R 155 450 7
gh L. AN, B antidots % B A3 N, A TE &
J& - A AR AR IR FE T B AL PH 2 (B K FLFH 2R )
K B, f s % B i D5 &8 -4 R AR
HIBH R LL 2 I R 1% T 60 215

Antidots £ 5 1 [ W (in-plane) F1 [ 4b (out-
of- plane) [T &, 45 R 5 (a) FE 5 (b) B
N, FTLLFE B, antidot B 51 R RE i B 0 L 3 i
P b O AN R B2 1T 3@ 1 B R B antidot
B B i L THT P9 5 107 &7 PR VR R R o 4 1) L i S
mb i 12% A1 13%. T AT 46 A il 22 (B 5 (a) A
K15 (b) I REZR) AT LA /N3 S WA s B T
) —~F &, antidot FEF1FF dh B4 P LG i A
BRI Z, XMW T antidot #4575 HFAH 5 2
i 4 R A 1A B B ey 180311,

HH AT DL, FH antidots SR #5140 45 11 23 4]
orAi e —MEEA TR SRS IR WA T E G A
LB SN 5k AT LA 5B A S AV T R v

3 EARMHTEFRERAN S B
& T

AN AR LR G B RURE B N K RORL [
Y CEE 3 Z T, (B2 BT A B LA b
22 ) ROBE BRI R AR A FEAT S8 A2 AR N, T A A2 7R
A I TR R 2 A5 5 1 AH 4 B R RS Gt
FEARHM). AT SN, £ BA KRB
B R A L E S A B A R e
FE, HTKEECHBEAEN, RRERFMHES B
HAER = S EAE R, R AL RA
HAh I FERLER A A 85234,

% LAELE — RAVBA KRE T4 5 B R AIE
JEZ B LPCMO M B A [R] BLAZR 1 B A 25 4 v 38
Tob 7 WA A DN RN MIFML 434, M T A
TEANF B AR LPCMO B FE R, 53] 7 H 148
o3 B Bl 2 i) RO AR A st B2, 4 & il B, 75
B TAEHE T A B R S, LPCMO [B £ 44k 2 Al ik
WIS 4.

£ LPCMO B AE 5 b, 8 g in THR
il % 724253 528 500 nm, 800 nm, 1 pm, 2 pm,

3.8 pum, 7 um 20 pm BEFFES. 5o, ME—
NEAA B LPCMO [3 8K i 47 1 WAk 98 FE BE iR
FEARAL I & (magnetization vs temperature, MT
k), Wl 6 pras, Bringbiiish 1000 Oe, AL
mn R EHE AR ASESEH Y. E£EAKRT 1 pm
R ity H mT DA 5 21 B 2 ) A TR, 1 A B
1a V5T R ) B I G A LR 0 B AR R ) R
fEZ—. N T EAF4E M EE MT #h 4%, 4% 500 nm A
800 nm ELAEAE i I EEHOR, I FHAS R B R 7R
H PRI, 77 DURILAE 800 nm ELARFE dh
AT SRAEE RN B B 9] B2 500 nm ELA%
FE i #AG L4 58 2V 2K, IR AT BE 1 B 7E 500 nm #F
i PANEE LA B A, B A ST R Il
JRSFATREA T 500 nm A1 800 nm 2 [A].

800 nm FEL1E A LA F HIFE i B AL ith 28 73 il fE
220 K150 K 22 A AFAEPIN R, 220 K AR R
X L PR 2 SRR AT A P A 6 B RLEE, 50 K
45 RO L ) R RS B 3 AR IR FE . #E 500 nm B
BRI AL th 28R ) 220 K AR 40 s 2%, B tHE
DUAEAZAE it b ] BEANAFAE Sk i A A A 199961,

] UE AL 2R A MH il 28 2 8] 1 XA A2 A
Wr— ANk &R B AT A B A A E.
K6 (e)—(h) BnT 5 K F&MHEZKLPCMO
B REA RE B BE A I REa ARt 2, 25 e
ANy, A AT R A £, B2
FEIZE. fEE AR KT 800 nm AL A, HIUG R it
2R MH 12676 B 210 X, S 80X AN IR R A
T AE IX B AR F b 2R T 4 J8 AH AN S R G L AT A A
P FEM B FEYRERZ S Ka, 12092584 M
Yy, FE AT AR IRAS I Bk WA R B B, g AL
7 IRIHT AN 7 RS BEAE Wi R SR K, R R
HH IR S Ak LA A R AR 3 AR RGER AR, AT S ) 46
A I 2 Ak SEBE RS 38 K. W g A P A — Bl A
ERBER, B SMEZIZ ), WORORFFRRIEAH, 3 1
33 7R E BRI 2. Ik, 800 nm HAT
J UL B LPCMO [ 48 44 2 8] i H 30 T k1 4
JE R R AR i SIS o N LDl R 5 s o
£ 500 nm B2 1) LPCMO [& &£ &, WG g Ak
2R A R 28 58 A L ) SRIFLE AR T A6 IR
AP I ARAELE A A, RAFAE G P20738),
[F) I S 5 3 WL 52 38, il A6 A i 2 1) RS R gk, A
mn R AN I S 1SR X2 RN S BT IR R AR T e
AZ T RSN G 0 TR e AN NG 3 T 1R Y
1R S 2.

227502-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 22 (2018) 227502

2.0} (a) 3F (e)
) 2F
2 15t .
m g 1F
= =
- 10f = of
= “a =
— ~
—1F
S o5t N =
72-
0 F 7pm _3l 7pm
(b) 31 (1)
7 201 2t
=] -
1.5F = 1t
g 5 2 1
~
n | o Of
5 1.0 \ % i
s i\ -1
= o05f
—92t
OF 1pm _3} 1pm
(c) (8)
= 2.5 3r
2k
2 00l -
Z El
i e
2 1o0f S
~ ~ T
3 N 5,0
0.5+ Ay -
"‘-———._. —3F
0 I 800 nm 800 nm
14| (D} 2.5F (h)
—_ 2.0F
=1 L
£ 12 Lsk
S 10} = Lof
Zosl s osf
T o O
5 06F = _osk
— < Y
S o04p \Q. S —1.0f
02 AN —1.5}¢
0 —2.0+
. 500 nm —2.5 500 nm
0 100 200 300 -8 —6 —4 -2 0 2 4 6 8
Temperature/K H/10% Oe

K6

(a)—(d) AFE B LPCMO B #0085 (#3720 1000 Oe) BEIRE ARG R, BLNBFIR T,

LTI (e)—(h) AR EAZ LPCMO F#AE 5 K FMaRALih 26 MH ik, 4.4 hanamiit

M2k, SRA AT R 2 15T)

Fig. 6. (a)—(d) Temperature dependence of magnetization (black lines for cooling and red lines for

warming) under 1000 Oe. (e)—(h) Initial magnetization (red lines) and hysteresis loop (black lines)

at 5 K of arrays of LPCMO disks 1371,
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Fig. 7. (a) AFM images of LPCMO disks with sizes of 500 nm, 1 ym, 2 um, 3.8 pm, 5 ym, and 7 ym in
diameter. (b)—(d) The MFM images of LPCMO disks under 1 T field (external magnetic field direction is pointing

perpendicularlyto the sample surface plane) taken at 10 K (

, 100 K (c), and 180 K (d) [37],
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Fig. 8. MFM images of 500-nm disks taken from 20 K to 200 K [37].
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Fig. 9. (a), (b) RHEED image for the substrate and
the sample; (¢) RHEED intensity oscillation during
the unit cell by unit cell growth of LCMO (black) and
PCMO (red) 1461,
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Fig. 11. Temperature-dependent magnetization mea-
surement at 100 Oe. The insert shows the initial mag-
netization curves measured at 10 K after cooling from

room temperature under zero magnetic field [46],
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Fig. 12. MFM images of R-LPCMO and O-LPCMO. Temperature-dependent MFM images of (a) R-LPCMO and (b) O-
LPCMO under 1 T field cooling (the magnetic field was applied perpendicular to sample surface). Scanning areas are

7 pm X 14 ym. The negative signal indicates FMM state, while positive signal is AFM-CO state. The AFM morphological

images are measured from the same area as the MFM scan. (c) Temperature dependent resistivity measured under 1 T

field cooling [46].
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Fig. 13. Temperature-dependent resistivity of O-
LPCMO strip (black) and R-LPCMO strip (red) [46],
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SPECIAL TOPIC — Quantum states generation, manipulation and detection

Quantum manipulation of electronic phase separation in
complex oxides”
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Abstract

Complex oxides system displays exotic properties such as high temperature superconductivity, colossal magnetore-
sistance and multiferroics. Owing to the strong correlation between lattice, spin, charge and orbital degrees of freedom,
competing electronic states in complex oxides system often have close energy scales leading to rich phase diagrams and
spatial coexistence of different electronic phases known as electronic phase separation (EPS). When the dimension of
complex oxides system is reduced to the length scale of the correlation length of the EPS, one would expect fundamental
changes of the correlated behavior. This offers a way to control the physical properties in the EPS system. In this
paper, we review our recent works on electronic phase separation in complex oxide systems. We discovered a pronounced
ferromagnetic edge state in manganite strips; by using lithographic techniques, we also fabricated antidot arrays in
manganite, which show strongly enhanced metal-insulator transition temperature and reduced resistance. Moreover, we
discovered a spatial confinement-induced transition from an EPS state featuring coexistence of ferromagnetic metallic
and charge order insulating phases to a single ferromagnetic metallic state in manganite. In addition, by using unit cell
by unit cell superlattice growth technique, we determined the role of chemical ordering of the dopant in manganite. We
show that spatial distribution of the chemical dopants has strong influence on their EPS and physical properties. These
works open a new way to manipulate EPS and thus the global physical properties of the complex oxides systems, which

is potentially useful for oxides electronic and spintronic device applications.
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