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Fig. 1. Design and manipulation of magnetoelectric transport properties in correlated oxides.
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Fig. 2. Modulation of phase transition properties in correlation oxide thin films by hydrogenation: (a) Schematic diagram of VO,

film hydrogenation®; (b) hydrogenation-triggered state tuning in VO, thin filmsP%; (c) phase diagram of VOg octahedral rotation

angle as a function of electron doping level®; (d) schematic of artificial domain boundary engineering in VO, thin films®!; (e) time-
dependent Ry/Ry evolution of VO, thin films on e-plane and r-plane Al,O3 substrateP!; (f) comparative hydrogen distribution
across engineered domain structures in VO, thin filmsP!; (g) evolution of electrical conductivity in NdNiOg thin films with hydro-

gen ion intercalation into the latticel¥; (h) evolution of hydrogen and oxygen in LaNiOg thin films with timel®; (i) physical picture

of the hydrogenation reaction cycle in LaNiOj thin films/*.

A B FBAARRUE R A A M R
FL AT A, 3 T 3E S R AR R I RE A AR
1 TERE Y, ST LR 2 1 8 1 A AR A .
W STIRZS T LaCoO, 1 BE 1E b 25 1 4 1l 46 %
&, Z BTN BT 12 R RRER . Wei 45 B4 F)
HEAKAIHFMEFEIZEL T LaCoO4 [7] HLaCoO, 5
FRFMb RS | 33 2 B 17 PR ST RIESE T 5
AW AT I E T I S Az, i 3(a)

I 3(b) Fizs. G4k LaCoO, 5 HA & I IRRE
P (380 K T4 0.47u5/Co), J& HLIRFE#E L 400 K,
v IR R R B RS UR 5 DY A i BERS Co*H AT/
TR ABES CodtZ [l MBS A 6. R
A1 45K NiCoo O, B4R B AT 3 i 3 FL 1 i 4% 11
R IR RFR YT E SO e = /NS ERRE |
HL A A5 B SR S W SRR R 2 U 12 SR T
LA, WA NI B AT T HOR, 7E—E

150705-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 15 (2026) 150705

25
20
— 2
o b
o £ 15
a .
3 Q
= 5
- ~ 10
g a
% :
p= g 5
0
—0.6 . .
—0.50 —0.25 0 0.25 0.50 770 780 790 800
noH/T Photon energy/eV
6000 —
(c) — Pristine ¥ (d) Pristine Hydrogenated
3000 | Th =90 C 800 Panp < 0 PanE > 0 1130
Ty, =120 C
= 12000 p—150C = )
S 1000 — T, =190 C 3 600 & 120 v
< g 21" E
S 800 < = &
< 600 < 400 < 4110
400
200 200 4100
0 50 100 150 200 250 300 Pristine 90 120 150
Temperature/K Hydrogenation temperature Tj,/°C
1.3
—Q— H¢
4.2 =o= L 0.03
1.2 F =
L’T
ko E
Ry 41 2 & 4
~ = =] <
a = S
) &
10femmm e e e 8 <
4.0 B
=
= —0.03
0.9 F
: . . 3.9
0 0.25 0.50 0.75 1.00
H/(atom-Ru~1) T/K
K3 SRR AR (a) ASFHREE T B9 HLaCoO, 5 MR By # i 1112k B4; (b) % iR T HLaCoOy 5 #ME Y Co Ly z-i1

B X SF SRR — IR B, 4 15D XMCD f9 5E7R ZE B (c) Uk ik & 59 SrRuOg HEIBE B Lz 17 B I 1] 575 (d) Gk HiBH S
S A IR v, BEL B P R PE B 22 AR AT P BT (e) Stoner S8R ¢ it b A% 5 550 B S0k B2 03546 DG 2 [ B9 (f) AR AR SrRuO; W15 A 3
FIE 7R v BEL AR A 5] B,

Fig. 3. Modulation of phase transition properties in nickelates by hydrogenation: (a) The M-H loops as measured for HLaCoO, 5 at
various temperature/; (b) the XMCD spectra for the Co L, 3-edge of hydrogenated LaCoO, 5 measured at room temperature, where
the inset shows a schematic of the measurement geometry of XMCDBY; (¢) hydrogenation-triggered modulation of the electrical
transport behavior in SrRuQj filmsP”; (d) phase diagram of longitudinal resistance and anomalous Hall resistance as a function of
hydrogenation temperature”; (e) evolution of the Stoner parameter and c-axis lattice constant with hydrogen concentration®;

(f) phase diagram of the topological Hall resistivity in hydrogenated SrRuQ; films/s.
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Fig. 4. Modulation of transport properties in correlated oxides by chemical doping: (a) W doping modulation of the electrical prop-
erties of VO, filmsP’; (b) phase diagram of the metal-insulator transition in VO, under W doping?”; (c) phase diagram of collect-
ive and separate behavior in the metal-insulator transition*”); (d) the lattice expansion and (e) room-temperature M, for
SrFe; ,Co,0, 512
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Fig. 5. Modulation of physical properties in correlated oxides by oxygen vacancies: (a) Evolution of structural and electrical trans-

port properties in VO, films under oxygen vacancy ordering!*); (b) schematic illustration of thermal dehydration of VO, _, films as-

sisted by hydrogen!*; (c) X-ray absorption spectra at the V-edge during thermal dehydration*!; (d) evolution of structural and

electronic properties of rare-earth nickelates with oxygen vacancies!*’; (e) structural effect of oxygen vacancy formation in SrCoQO, 5

thin films!*%l; (f) effect of hydrogenation on the magnetization of SrFeO, 5 thin films/*.
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Fig. 6. Tuning electronic phase transitions in correlated oxides via interfacial strain: (a) Thickness ratio (tvo,/ttio, ) dependent
temperature-strain phase diagram of VO,/%Y; (b) schematic illustration of band structure modification in VO, induced by interfacial
strain®; (c) electrical transport behavior of VO, under various strain states'”; (d) evolution of M-I and I-M transition temperat-
ures with room temperature ¢/a ratio in V,O3 thin films and bulkl®; (¢) mapping the temperature phase diagram of NdNiOs across

varying lattice mismatchl®; (f) evolution of resistivity with temperature across varied epitaxial lattice mismatches/®7.
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Fig. 7. Tuning electronic phase transitions in correlated oxides via high pressure: (a) Schematic illustration of the structural evolu-

tion of VO, under high pressurel”; (b) enthalpies of different vanadium oxide structures under high pressurel™; (c) electronic trans-

port properties of V,03 grown on r-plane sapphire under different pressures™; (d) comparison of synchrotron X-ray diffraction pat-

terns of V,05 under different pressures!™.

150705-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 15 (2026) 150705

V,05 MREAERKE T TR MIT 1528, DL r HTHUA]
f) VO TR A (5], H: MIT J5LE B & 7 384 52 91
PAPHREAR I, X EK B V05 HBE Y MIT X H
Iy R B, H AT SRy 52 A0 RS BRI A AOUEFL Bt 5 A
FPH. IR AFR Vo0, S A ST R R YA
fIEmR 1, Bai 45 741 F1] FH 4 W % T Ak 45 4 [F) 25
5 X BEATH, RGN T V05 TEmR R T 25
Ak, 76 0—18.9 GPa [E LI, V,0, ti 2%
FEWIFE L5488, ¢/ a HUAE B HE 7 34 i SR 36,
Kl 7(d) . #E—2aHrRl], V—O KM
P B 2 S B 1 e i R N, R VAT
B VOg NHERHLOFE BN, = MR Es.
X — 25 KA ALK ) 55 F T OCIREE U IR TE A e
W, A REEAE U/ W HAE, 5 MIT Z#iH R
e —2 LIRRF R, e e i o8 1 s
WA A8 AL OCHK, TR AL IR R P il T &1
FHAR PR . (B4 B RS, BFSE R R & e i 4
FBAE A MR R P R T FE s

MG, Hh SR A v s e P AN~
iRt as ).

(HARER IS, @ RTEER ALY IR T
FE S N TR Y AR BESE & B T F Y
OREHETF 7, R R R AL e A R B A%
FBL. 2019 4, B s K% Hwang H1BA 7] 255 5L
T CaH, #HFME2EIRJFE A J7 IR 7E Nd, 55T 2NiO, T
JEE ORI E] 9—15 K il %48, F)a T8 A
e AR F B S ST S T 4. 2023 48,
LR 2 AR AT BA 76 i O 1) 14 GPa IR
LagNiyO #BHE 80 K Ab& A M FH67E, iX—H4
A& e TR 5 I R AH 4R TE LayNizO,, PryNizOy,
La,SmNi;O;, Lay,PrNi,O, 254K F i & 81 7781,
11, 5 B R A R i L AT BA 82891 5 ok 5
AR T B2 IMERR, MIARTE Lay g5Prg 5Ni,0;
1 (La, Pr)sNi,O; F1E AL BHA 2 b & B T
REARIRE AN 45 K 1 63 K 18 TR R S i k.
DL 25 SRR e Hel ik B0 ) [ 5 / Hi fer 9 O A
SEAY, AR R LB SR S, T
54215 26 1 U IR FH 4 - A P 1 8 e e A
.

B bR Y MR S 4 ] ) A TR 4 R
FESR SR SA L) S T2t v, 2 B4R O S B A IR
TS5 IR A 55— SOR M B, 3l i R T
T F SRR A 254, AT AE S () L 29 R

IR B B RS A T B AR RIS B A B R
W7 . 74 B 71, LaNiOs/CaTiO, # i 1Y
WFFRF W, WP CaTiO, [H] )2 IR, WiES
LaNiOg W7 2 &\ A TEH AR MA@ a o 7%
FAEEATE) o a et BER. %5 AR E R T Ni-
O Z&1k, IR AL 2 LY LaNiOg JZ7E 100 K
DL EA AR 4 e Sk, R SE B T 5k 35% 1K)
BB, sk TR T 4Rk SPE
I8 SRR AT 159,

4 MBERKEAMDOHHRFERES

A O SE L I T 22 AR, AT LAZE
MR T2 AR ], X FLRE A 2548 FIRE 25 A6 1) [ AT
YT 0 R L A R AR S v PR A BT As T
Ry itk — SRR ORI AL A R A R T B A 4
LT AT AR AR M E I A AR, it
FEAPRMA Z T R ) S FGE I ELG | T AR P A
XA R [ R, S TGRS
X, FERB ALY SR b R B v ). 5
RGBS AR, AR AT B i 1475 A 1
1 BE, X AR BRI (AN L R | g ok
%) B0 T A AURR A e 1 AR 7R R OGS R
v, AR A s B AR | /T AR A}
ey 22 A FE A SE LS A RRE, X LS5 RRIE B3
Tl s WA R RE A, MITECEE U/ W HE,
SEERNT 4 B - L Sk AL AR A .

R AR R ML AE BT AR R V504
SR T AR, Kl 8(a) Frn, Amano 45 B9
I V04 BT ML, 878 T R4 2%
VA LT 4 T 0 IS Bk T s % AR = A 22 1] ) s 75 it
T, T B X R A M A0 246 2 AR 3 I s 4 T 2 AR AN A
BEAARFR AR 17 X R A R 1) 2 A il 24 25 AR 1 W
& Ja L AR [R) BP0 T S5 R A AR R AR AR SR, ik
TR 2 110 72 SRAH P LA O Ml A S IR S fb v
TR A G . 14 R -4 G AR AR
FRHET, 75 A AR A SE P AR S EUAR R A BB
AN KB R 3 B, McLeod 45 57) ff Bl I 9 i
Yer AN B, BRI V,0q iR 48 -4 2k 1k
AR BRI A 4 K RUBE AR A, I i 2 i AR A
HEXHIUESE T VO TR i 76 AR 5 25 e AR
(AR, QR 8(b) Frzs. SRIAT, AnAap e i Fof i #E A
FERE IR XA S B 2R IX, IS nT i | AR TIFERY

150705-12


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 15 (2026) 150705

(a) (b) ® 1 M
24 100% Ty T—Ti (K) ! >-&
1 PM 2} : . ¢
1 - o Nano-IR -
1 Volume R3c g Isovolumetric
! change () o e i MIT
v 300 | & 2 Insulator Metal H
j=
o
~
S V203 ‘ = EPC | zl- 5
i Volume + Ry MR & % r' 2
symmetry Q& - o Z 5
100 change N Monoclinic Short range order é >
2, XRD ® V-V dimer
“\ 100% farr
o Low T
0 1 2 3 » & 3 T
Monoclinic like T Monoclinic like
Pressure/GPa insulator metal Temperature
>
(d) 100 @& 10F ()
— - 5 g § 1o B V0, ;/VO,
§ o 25 Dvo.
g 10 58 100 fs ta~ 10 fs t=100—300 fs
> 55 a0t | '
Z 102 = ; 0.5 0420778 \
2 3 g :mo.'o%:o !
A — VO, 3 @ o0 =g \
. _ < ) 0 N\
B 1073F e VOO 5z g"}z,‘@}_;ﬁ P
~ = g 0 & & VO, | = 3 .
10-4 . . . <) C . .
260 270 280 290 300 260 270 280 290 300 % Insulator = Metal
Temperature/K Temperature/K
() (h) i AG
10*E. Pristine VO, (B) [Vo:(®B)
VO; polymorphs [- 300 C, 1 h _~ _[luvo
=100 °C, 3 h
E 102 F \/\ 0, (M)
3 _pHvo,
d o % ] —&H‘\'()J
g ))) < 100k
g o i
10-2f .
Thermodynamically stable phase

0 100 200 300 400
T/K

K8 WEARTERMSCER M T AL (a) VoOy BIE) S F AT AR PO () HL A 43 BORN S5 A6 AR 2350 T BE A P AR 11 7 (c) T
BRI VO, 4 I8 -4 5 e 75 7R B R B9, (d) 7E TiO, (001) 1K B AE K VO, A VOo_ o T M5 A FL 4 32 R B (e) VO, Al
VOgo_o /VO, 5545 (1 PR & AR 1k 22 B9 (f) SARMAHE VO, L7 2 I B F K250 3 BB R ZIE P (g) VO, #4141
i 75 A AR S 1 s A 45 K 7 P 090 () ARV SR VO, (B) AH A HL i iz 41 1)

Fig. 8. Design of metastable phases in strongly correlated oxides: (a) Thermodynamic equilibrium phase diagram of V,0;®;
(b) temperature-dependent phase diagram of electronic and structural phase fractions®”; (c) schematic illustration of the metal-insu-
lator transition in Ti-doped VO,/*¥; (d) electronic transport properties of VO, and VO3_, thin films grown on TiO, (001) substratel®’);
(e) evolution of monoclinic phase fraction in VO, films and VOz_, /VO, heterostructures®; (f) schematic illustration of photo-in-
duced electronic and structural dynamics in monoclinic VO,/*); (g) schematic illustration of the crystal structures of thermodynam-
ic equilibrium and metastable states in VO,['%; (h) electronic transport properties of the VO, (B) phase under different hydrogena-

tion conditions!'?.
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Fig. 9. Multi-field controlled device configurations and applications: (a) Schematic illustration of proton migration under electric

field control in SmNiOj filmsP!; (b) schematic illustration of a biological synapsel®!; (c) measurement of multiple conductive states
with branched structures®!; (d) schematic diagram of a VOy-based three-terminal devicel’?; (e) XLD mapping of VO, films as a
function of temperature®; (f) XLD mapping of Ti-doped VO, films as a function of temperature®; (g) schematic illustration of the
structure of VO, films under a strain gradient!®; (h) comparison of current response under voltage pulses between strain-gradient
VO, devices and uniformly strained VO, devices”; (i) the anomalous Hall effect for hydrogenated PdCoO, .
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Abstract

The intricate coupling among multiple degrees of freedom in correlated oxides gives rise to exotic quantum

states and rich functional properties distinct from those of conventional semiconductors, thereby promoting the

development of novel magnetoelectric electronic devices. Establishing the intrinsic correlations across scales—

among real-space charge order, spin magnetic order, momentum-space band structure, atomic-scale lattice

configuration, and macroscopic physical properties—provides a viable physical foundation and research pathway

for precisely tailoring the magnetoelectric transport properties of correlated oxides. This review systematically

summarizes recent advances in the design and manipulation of electrical transport and magnetic properties in

correlated oxides. It focuses on tuning strategies governed by band-filling and bandwidth control, and elucidates

the critical role of emerging approaches such as nonequilibrium state manipulation in the exploration and

creation of exotic quantum states. This review aims to expand the design paradigms and tunability of

magnetoelectric transport in correlated oxide systems, thereby fostering diverse magnetoelectric states and

device applications within the correlated oxide family.

Keywords: correlated oxides, electrical transport property, magnetic property, physical property regulation,

correlated physics
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