#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 19 (2026) 190702

At
&

el

R AL

S .

ETREE Cr EHH S ERE
HiEE/RuBEHR

H F 7D

x| AU |

D) EHELDT Ak F UV

NN

1) (WLPEIRSE AR RL A 5 TR B, BRI T SRR BAPRIEE MR E ri e, 5L 030031)
2) (PG AR 2L T B, SEREREVERTAH S a0 LIPS 4 B S84, KL 030031)

(2026 4E 3 A 6 HIKE; 2026 4F 4 A 13 HUEMERR)

U 7 2R FL B AT R I S U A i 3 R U A 2l - R AR T A T B AR B IR AP
2R (ARG /R A S T 2 4 v 52 R T 9003 - 1 8 O B 8 A AR A e L (3 3 /) . AR SCM ]
Bem Cr iPuE R /RS ARPUE R, W Ha R Pt RTHPUER- A ER A HACR, 723 AL Cr(1)/[Co/Pt],
ZZBER R PR T 1.6x10 ° FPUEE /R R B, @5 H LLTTR2E SC il 1 B g, [FmF, FIA Cr J8
it BEAR AL SC R LA Cr WA TR BUR 2290 0.93 nm, I8/ FLARTAY SEg 438 . #F—25, 7£ Cr/Pt/Co/Pt
ZJZ B, MR E S8 Pt A2 52w HUE - AR S R, 8 i Ul R KA A R AR RO S AR A
AR T AR 2% v PR IR 1) 4.5 %10 3. 3 S0 295 500 B ifp B - 0 7 R 5 ML L B R AR DIAE e L3 Fi 1 A F

P it 2SR A

KSRl PR KRR, BB /R MG AL RH, 3 LR 1) ek

DOI: 10.7498/aps.75.20260326

1 5 =

H Ji L F-2% (spintronics) AL 19 FH JiE H H
R AE B A, S ARINAE | R AR S R
HL o R AL TRns . s i, [ e
(spin current) A7 AE | Ja4 5 PRI 2 HE A 2R
Rz — (02 = A i g BRI 32 B 1 R R
L (spin Hall effect, SHE) F1 % il Rashba & Vi .
SHE J5 T #1 K} A Be#iE#5 A (spin-orbit coupling,
SOC) MR, K2 1w) Hit i i e 46 A R 1] 19 @
17 ST Rashba 8500 E I T B 380 Rl ol 51T
it SOC Htifl A HEsh i 8E 74 e R B4, 18
HAE SOC Btk SHE MUK A TefUiE F 56

*ER HRFIEIS (HEHES: 52171183) BRBIALEL
T EfEEH. E-mail: lidong@sxnu.edu.cn
1 BIEYEE. E-mail: quanzy@sxnu.edu.cn

© 2026 FEYIEF% Chinese Physical Society

CSTR: 32037.14.aps.75.20260326

(spin-orbit torque, SOT) 3K sl % £k Bl % 42 {1t A JiE
O R AT AR Z 1S s A SR,
H e 4 )8 /w2 )2 R & 3 e 28 /R G ra BE
(spin Hall magnetoresistance, SHMR) J&ftZRPER
WYY 2 — 710, SHMR &R T B SHE 774 [
H eI A T 4 R PE AR T A 5w Ak 7 T AR G
P W S S S sk A, B S [ 4 T T O Ot 3
W5 H R /R RN (inverse spin Hall effect, iISHE)
HOFTRAR A AT, DI S50 BE B R M L
7 ARk, B SHMR 1E 5 4 @ /i 4 g iRk
R LR, 130 28z TS ek
a2, Fm ARG HEFULARKSWAITZ
) (R A ELAE FH, I ) 3 ROk R AR RN A2 2 i 25 4
PRZ 12,

http://wulixb.iphy.ac.cn

190702-1


http://doi.org/10.7498/aps.75.20260326
https://cstr.cn/32037.14.aps.75.20260326
mailto:lidong@sxnu.edu.cn
mailto:lidong@sxnu.edu.cn
mailto:quanzy@sxnu.edu.cn
mailto:quanzy@sxnu.edu.cn
http://wulixb.iphy.ac.cn
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. 19 (2026) 190702

SR, SHMR (4 4 BEHL M AS 57 _F 48T 5
SOC, X7E—EFEEE FRRE T AORHMA R EHE. T
ARk, BUIE b BETE A 3 i s v A T B 2
3| [ Py AR T A DG TE 13101, B A gT R, RIS
1E SOC Be5s Rt Rk, j1-RET 473 ] REFE AR
- B #L3E A B (orbital angular momentum,
OAM) &3, fEFIZTERT , XS IE S 227 A
BB (orbital current), 3K AL N R Ry E
B IR (orbital Hall effect, OHE) m¥ # # iE
Rashba-Edelstein 24 Jii (orbital Rashba-Edelstein
effect, OREE)!'"18l. BJLi it 3 AWEPEM B = A F
5, BIJEBLEFEAE (orbital torque, OT)1920, 55
el L, LB AA#EZA: 1) OHE 1 OREE
B fAET SOC Bess e Jm i, BEHHLE A
BHEBEE ) Z; 2) IRZBREBIRR PHLIER/KHE
SFRERT AlEERES, HEABRKY AU,
TR BB U BAT S S A Sl s AR 19 3) I
THUEWAY OT HATIL S T SOT HYHFFEAR 2,

VLA, BUE WAHSCHE S EEAE P AE OHE
A BEAL TR FUHT AR | Bl - F I I e A
R OAM L E AL LS B0 Wi K sl il A e 5507
i (2. %38 £ /K /Rashba-Edelstein 4 B BH 8% )
(orbital Hall/Rashba-Edelstein magnetoresistance,
OHMR/ORMR) /2 #R5EHIE i iz AL iy f 2 T
Be, Ho AR AL S5 OB IR AR 2w /R AR B
AT FE AR LA A S, S S WA 7 D 4 T
TG AR T5 18], J SRS B P A S 9 L T R K RN
(inverse orbital Hall effect, iOHE) %4 A Hi faf i,
M BN L BHAE £k, B ATA ¢ OHMR/ORMR
14 52 o 4 B b 222312022 4E, Ding 45 P49 H]
55 SOC #E CuO, MBI, 7£ Py/CuO, (AR
HE RSB S BB i s A R ORMR, GIESE T
OAM FILITEML SOC A&, 2023 4, Hayashi
ZE 251 FE Ni/Ti BUZ B 21 (2 25 1) OHMR, 5%
(K48 Ti i SOC H55),  OAM S A1
EARFRHE T R SCR IR SAMT, H AT OHMR/
ORMR HIWFFEATIAL T2 20 B BE, A7 A+ R
fif g in) B B, HATHRGE Y OHMR/ORMR fF
SIREEHERY S, R 10°—10 24, PuBR- A
TR AR B, 1 FE RS H AR AR A e T
aelE AR LT 24200 R, B W9 2 2R e T
IWREAL IR R, 76T ELR 45 17 57P% (perpendicular
magnetic anisotropy, PMA) 4 4 J@ & & WA ¢

5/ 27,

AH N RE)E Cr & AtHuE i, Wil E e
Pt 2B - A eI A AR, TR LGS ) S5
P Cr(t)/[Co/Pt]s ZJ2BEHL TR T 1.6x10°3
() OHMR, A SCRik [24,25] 2/ 1 MEUE .
A, A OHMR B Cr JE ARk R A1 Cr
FRETE Y B EEZ) 4 0.93 nm, 178/NT3CHk [24,25)
I SCEGHRGE. 7 Cr/Pt/Co/Pt Z 2, FIFH Pt
I )2 1) = LI - 1 e T R #5300, At OHE Al
SHE St [a] 48 F+- K 2 0 i BH AR 1A 5] 4.5 107, X
Su 2k SR B I A ) F L ) B A DL K = R A
JIE FHL, i by A o S S

2 % I

R RIS 7 kAR ARG Si 6 F b it il
% 7 Cr(t nm)/[Co(0.4 nm)/Pt(0.7 nm)]s #1142
JZIE (75 A Cr(t)/[Co/Pt]y, X HL Cr B t = 1—
16). SR P REE WA AR AR K B AR A
3.75x10°1° Torr; Cr AUTAE A 2.70x 10 % Torr,
DIRPE R 30 W, Pt IUTRUE R 1.65% 102 Torr,
DIRREPE R 15 W, Co BIUTRURSA 5.35x 10 Torr,
DRI 30 W it o 52 AS0H S 1 2 k) 1 78
RIS BE A B A 333051 2 0.022 nm /s
(Cr), 0.012 nm/s (Pt) #10.011 nm/s (Co). I-KH
HIRISC 00 2 P2 UL S OB 814 T Cr(s nm)/
Co(1.5, 2.5 nm)/Cr(8 nm), Pt(1 nm)/Co(1 nm)/
Pt(0.9 nm) A Cr(3 nm)/Pt(1 nm)/Co(1 nm)/Pt
(0.9 nm) Z 2 (435 A Cr/Co(1.5, 2.5)/Cr,
Pt/Co/Pt il Cr/Pt/Co/Pt). illadbrifENeZ T2 H1
TR T AR ZIEOR, B b3 22 SR I T T
410 pm IR, iR RHZES Y &
F (PPMS) W32 74 i 199 s 8 K Ha BELARIAS [+] -
TE ) 0 Fh, BEL A8

3 #X5i46
3.1 BIEE/RELERYIBY SIS

K 1(a), (b) BB/x T Cr(t)/[Co/Pt]; ZJZirh
OHMR ALK /R EE. 01T SHMR FHE4 R
SHE j A= (1% [ e it 75 25 43 J@ /1 Ve o S ik
AR S W R W L BH SN, OHMR R IR T 4%
G J@ ™ OHE 7L WY BUB AR % 4 8 /R mi A kLR

190702-2


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

¥ 12 Z R Acta Phys. Sin. Vol. 75, No.

19 (2026) 190702

M
[Co/Pt]s

[CO/Pt]3

Ly 6&7‘ .eex Cr

B 1

Ru/Rum

L (c)

—o— 16

—-0.5 0 0.5 1.0

Field/kOe

4 8 12 16

Thickness t/nm

(a), (b) Cr(£)/[Co/Pt]; Z 2l OHMR PyHUHLH 7% &5 P8, Foof by 7000 J, W -+ 87 10BN 5 22 Ph 8 90378 1 OMIE 7 {4 & th

PR Ay AR AL (BT ) BOBUE R J,, W2 07 1 T ABRRE R 2 [Co/Pt]y T EEHE M(LLEFF k) 15 PUIE WA AL T 1 2
L (a) W ARZR S g B, 5 BE AR AL DT W AT (b) WA RHLBRZS; (), (d) Cr(f)/[Co/Pt]; 20 J2 M) 2 I U — 1k 5 a2 K ilh &
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Fig. 1. (a), (b) Schematic of OHMR mechanism in Cr(¢)/[Co/Pt]3 multilayers, a charge current J, is applied along the +z direction;

it generates an orbital current polarized along the —y direction (orange arrows) via OHE, which is injected into the ferromagnetic

layer along the +z direction, when the magnetization M (red arrows) in [Co/Pt|; is perpendicular to the orbital current polarization

(a), exhibiting a high-resistance state; whereas when M is parallel to the orbital current polarization (b), causing a low-resistance

state; (c), (d) room-temperature normalized anomalous Hall curves of the Cr(t)/[Co/Pt]3 multilayers (c) and the dependence of the

coercive field on the Cr thickness (d).
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Fig. 2. (a) Schematic of the Hall bar geometry and the magnetotransport measurement configurations in the zy, yz, and zz planes;
(b)—(d) angular dependence of AR,,/R,, as a function of the scanning angles «, 3, and ¥ in Cr(t)/[Co/Pt]; multilayers with differ-
ent Cr thicknesses (¢t = 3, 9, 16) at room temperature; the applied external magnetic field is 10 kOe.
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Fig. 3. (a) Cr-thickness dependence of the OHMR in Cr(t)/[Co/Pt]3 samples, the black line represents the fitted curve; (b) R,, vs
Y of Cr/Co(1.5, 2.5)/Cr Hall bar at room temperature, the inset shows the MR curve of the 5 nm thick single-layer Cr film;
(c), (d) magnetic-field dependence of MR in Cr(¢)/[Co/Pt|; samples with ¢ = 3 and 9 nm.
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Fig. 4. (a) Room-temperature OHMR of [Cr(2)/[Co/Pt]5], samples with n = 1, 2, 3; (b) room-temperature magnetoresistance curves

of the Pt/Co/Pt and Cr/Pt/Co/Pt samples.
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Abstract

Orbital Hall magnetoresistance (OHMR) effect provides a powerful platform for investigating orbital
current transport and the coupling between orbital angular momentum and magnetization, and has recently
emerged as an important topic in spin-orbitronics. In conventional light-metal/ferromagnet heterostructures,
however, the OHMR signal is typically weak due to the intrinsically low efficiency of orbital-to-spin current
conversion and limited interfacial transparency, all of which hinder effective transfer of angular momentum to
the magnetic layer. In this work, Cr(t)/[Co/Pt]; multilayers were fabricated by magnetron sputtering, and their
OHMR was systematically investigated at room temperature. In this structure, orbital currents are generated
via the orbital Hall effect in the light metal Cr layer. The presence of Pt, a heavy metal with strong spin-orbit
coupling, plays a dual role: it enhances orbital-to-spin conversion efficiency through spin-orbit interaction,
leading to a pronounced modulation of longitudinal resistance via spin-dependent scattering processes.
Consequently, a sizable OHMR of 1.6x1073 is achieved at room temperature, which is approximately one order
of magnitude larger than previously reported values in similar systems. By quantitatively analyzing the
dependence of OHMR, on Cr thickness using the spin-diffusion model, the effective orbital diffusion length in Cr
is extracted to be approximately 0.93 nm. This value is significantly shorter than earlier experimental reports,
suggesting that orbital transport in Cr is highly localized and likely dominated by rapid orbital relaxation
processes. This observation supports a picture in which orbital angular momentum decays over sub-nanometer
length scales rather than propagating over long distances. Furthermore, in Cr/Pt/Co/Pt multilayers, the
insertion of a Pt spacer layer between Cr and Co enables more efficient conversion of orbital currents into spin
currents. At the same time, the spin Hall effect in the top Pt layer generates an additional spin Hall
magnetoresistance (SHMR) contribution. The coexistence and synergistic interplay between OHMR and SMR
significantly enhance the overall magnetoresistance, yielding a large value of 4.5x103, far exceeding that of
conventional heavy-metal/ferromagnet bilayers. These results provide important experimental insights into the
microscopic mechanisms governing orbital current generation, diffusion, and conversion, and highlight the
crucial roles of spin-orbit coupling in optimizing magnetoresistance effects. This work thus offers valuable
guidance for the design of high-efficiency, low-power spin-orbitronic devices based on orbital physics.
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