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PRI HIE A 5h & (orbital angular momentum, OAM) ZUHE. fEHIZIER K, X
SLEE S 2 AR RS R BB R Corbital current) SRR R AR A BLE B R BB

( orbital Hall effect, OHE ) Bi # %1 i& Rashba-Edelstein %{ M. ( orbital
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Fig. 1. (a,b) Schematic of OHMR mechanism in Cr(¢)/[Co/Pt]s multilayers. A charge current J. is
applied along the +x 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(#)/[Co/Pt]s multilayers (c) and the dependence of the coercive

field on the Cr thickness (d).

SR vh I SR B IR RN RAE Cr(t)/[Co/Pt]s 2 iR I w i, B 1(c) WA
[Fl Cr J5 2 J2 BEAE i B0 5 A SO BB R T 2, SR R O (0 3 B 45 1) e 2



B Cr JSEERTIN, A S B S O SR 5 /NS, AE Cr JE 0N 7 nm i
Wi BAT e KA s XA RTRES Cr 2R i AE A AT/ BN 77 B8 5 L 1) A2 1k
AR ANFPHLRE BEAN/BN ) 25175 T [Co/Pls AN R I,  3ET B2 18 1A 2% 1Y) 2l B 25
[a] S R AT TR g B031),

32 HBE/RHBEENNS Cr BEIXR

z

(a)
(b)2s 2.0 1.0
MR @1.5 rgo.s
=15 % =
5& ’ 10 %0'6
A 10 & ad 0.4
\“0.5 %ﬁo.s N
g g o2
0.0 0.0 0.0
0 60 120 180 240 300 360 0 60 120 180 240 300 360 0 60 120 180 240 300 360
@ (degree) F (degree) 7 (degree)
(c) 10 '
“q'\
= 0.8
=
£ 0.6
=
955 0.4
ﬁ 0.2 )
0.0 ¥4, =9 nm ¥ '
0 60 120 180 240 300 360 0 60 120 180 240 300 360 0 60 120 180 240 300 360
a (degree) p (degree) 7 (degree)
(d) = 08
~ 0.6 Rl
=) : | X6
-
X 0.4 :
S
4
& 02
0.0 Yd,=16 nm?* |
0 60 120 180 240 300 360 0 60 120 180 240 300 360 0 60 120 180 240 300 360
o (degree) P (degree) 7 (degree)

Bl 2 (a) FESEREGERLLLTE xy. yz Mloxz P A EEENER SR (b-d) AR Cr

JF Cr()/[Co/Pt]s (=3, 9, 16)Z JEBEH AR/ Rux Bliars fRIyHE F AZAL R 2 XSS

10 kOe, MG & iR

Fig. 2. (a) Schematic of the Hall bar geometry and the magnetotransport measurement

configurations in the xy, yz, and xz planes. (b—d) Angular dependence of ARx/Rxx as a function of
the scanning angles a, f, and y in Cr(#)/[Co/Pt]3 multilayers with different Cr thicknesses (#=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(f)/[Co/Pt]; samples. The black line
represents the fitted curve. (b) Rxx 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]3 samples with t=3 and 9 nm.
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Fig. 4. (a) Room-temperature OHMR of [Cr(2)/[Co/Pt]3]n 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(#)/[Co/Pt]s multilayers were fabricated by magnetron sputtering, and their OHMR
were 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 1.6x107° 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
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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 4.5x1073, 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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