ISSN (Print) 1598-5385
ISSN (Online) 2233-6648
<3d+=E> Journal of the Korean Magnetics Society 36(4), 347-358 (2026) https://doi.org/10.4283/JKMS.2026.36.4.347

Electrical Manipulation of Magnetic Octupole Moments in Non-Collinear
Antiferromagnet Mn;Sn: A Review

123 1235

Jinju Pi~* and Sanghoon Kim
'Department of Physics, University of Ulsan, Ulsan 44610, South Korea
2School of Materials Science and Semiconductor Engineering, University of Ulsan, Ulsan 44610, South Korea
3Center for Quantum Dynamics of Angular Momentum, Pohang University of Science and Technology (POSTECH),
Pohang 37673, South Korea

(Received 14 July 2026, Received in final form 26 August 2026, Accepted 26 August 2026)

Noncollinear antiferromagnetic Mn;Sn hosts a magnetic cluster octupole order originating from the 120° inverse-triangular spin
configuration on its kagome lattice. Despite its very small net magnetization, Mn;Sn exhibits large anomalous Hall, anomalous Nernst,
magneto-optical Kerr, and magnetic spin Hall effects. This review summarizes the crystal and spin structures of Mn;Sn, the physical
origin of its magnetic cluster octupole, and its representative transport and optical properties. We further discuss spin-orbit-torque-
driven octupole switching, including the characteristic handedness anomaly, and recent progress in improving switching efficiency
through crystallographic orientation, strain, interface, and device engineering. Field-free switching using low-symmetry WTe, spin
sources and Mn;Sn homojunctions is also reviewed. Finally, the prospects of magnetic cluster octupole control for low-power
antiferromagnetic memory and logic devices are discussed.
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Fig. 1. (Color online) (a) Crystal structure and symmetry planes of Ni;Sn-type D09 hexagonal Mn;X (X = Ga, Ge, Sn). (b) 120° noncollinear spin
arrangement in the kagome plane of hexagonal Mn;X. (c) Crystal structure and magnetic symmetry planes of CusAu-type L1, cubic Mn; X (X =
Rh, Ir, Pt). (d) 120° spin arrangement formed in the (111) kagome plane of cubic Mn;X. (e) Inverse triangular spin structure in the kagome plane of
Mn;Sn and the corresponding unequal nearest-neighbor Mn-Mn distances of 2.83 A and 2.84 A. Panels (a~d) are adapted and reconstructed from

Ref. [14], and panel (e) from Ref. [4].
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Fig. 2. (Color online) Representative electronic transport and magneto-optical properties of Mns;Sn: (a) anomalous Hall effect (AHE), (b)
anomalous Nernst effect (ANE), (¢) magneto-optical Kerr effect (MOKE), and (d) magnetic spin Hall effect (MSHE). Panels (a~d) are adapted and

reconstructed from Refs. [4-8], respectively.
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Fig. 3. (Color online) (a), (b) Schematic illustrations of the charge current (J,) and spin current (J;) directions in C-plane- and M-plane-oriented
Mn;Sn films, respectively. (c)~(e) Transverse resistivity (o) as a function of out-of-plane magnetic field for polycrystalline, C-plane-, and M-
plane-oriented Mn;Sn thin films, respectively. While the C-plane film exhibits a negligible anomalous Hall signal, the M-plane film shows a
pronounced hysteretic anomalous Hall response. Panels (a~e) are adapted and reconstructed from Ref. [19].
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Fig. 4. (Color online) (a~c) Handedness Anomaly and Hard/Easy Switching Configurations of the Magnetic Cluster Octupole Driven by
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Fig. 5. (Color online) Electrical control of the magnetic octupole order in Mn;Sn by spin-orbit torque (SOT). (a) Hall switching observed in
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(b) Deterministic 100% out-of-plane octupole switching in an epitaxial W/Mn;Sn heterostructure under uniaxial tensile strain. Panels (a) and (b)
are adapted and reconstructed from Ref. [9] and [11].
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Fig. 7. (Color online) Crystal-axis-dependent field-free switching characteristics in Mn;Sn/WTe, heterostructures. (a), (b) Field-free switching is
observed when the charge current is applied along the a-axis of WTe;. (¢), (d) In contrast, no switching is observed for current applied along the b-
axis. (e) The switching ratio depends on the WTe, thickness and reaches a maximum value of approximately 80%. This Panel is adapted and

reconstructed from Ref. [30].



- 356 - B34 FAAGA Mn;Sn2] A7) S8 2E B33 Alo] AT 5 - JAF - AAF
(a) (b) Normal axis (e) | - quﬁ_)/M;Sn(_ﬁoo_) o :
Poly-Mn,Sn “ H
Poly-Mn;Sn : (®) g (®) !
¢ | . o ) . |
Mn;Sn(0001) ¥ ¢ Join | o _©0 |
—_— v g 8 $ Mn,Sn(0001) Surase 1 © o O |
Jcharge 6 ¢ 6 x> | O I
]

Ran(@/Ryy(0°)
o

| = W(211)Mn,Sn(1700) Mn,Sn homo-junction

T
4 2 0 2 4
J (MA cm™)

|
| - - Binary PMA I () !
| © |
L ~dl - |
oo 00
| o0 |
————— | () (&) |
T T T T T T T
0° 30° 60° 90° 120°150°180° | Easy-plane anisotropy |
a B o it vy it oy s (i J

Fig. 8. (Color online) (a) Schematic illustration of the Mn;Sn(0001)/polycrystalline Mn;Sn homojunction and the generation of spin current. The
out-of-plane spin polarization generated in the bottom Mn;Sn(0001) layer is injected into the tilted kagome planes of the top polycrystalline Mn;Sn
layer. (b) Measurement configuration for the angular-dependent AHE measurement, (c) field-free current-induced octupole switching, and (d) the
corresponding angular-dependent AHE results. (¢) Comparison between W/Mn;Sn heterostructures and Mn;Sn homojunctions. Unlike the W/
Mn;Sn structure, the Mn;Sn homojunction is free from externally imposed strain [31]. This Panel is adapted and reconstructed from Ref. [31].

SOT AYAlo] F23S HojEr)

2026 Z. Zhou 5-& Mn;Sn AHIE 29 IS} 29
AF0 7 o]83 MnySn(0001)/TFEH MnsSn FEHE
(homojunction)ll A FAPE 9 2917& Hslqirh31]. s}
- Mn;Sn(0001) =& MSHES 53 W9 ~¥AH= 6,5 A
Aeb, 1 FEe ST 2] SeiiE FEeSAl Wkl
ofsl| et o] ZAAFo] Fhard] Hol 71&oFl AR ok
2% MnsSnoll FHEH 2] SH2E 54} S I
7131, AHE readout 71 100% Z=913-S 713kl SHch(Fig.
8). TSt 3] 2P| SeliE Te=Af WEks whdshd -
AP 2% polarity’} REAEM, QA AFEES} AnjHEe 7]
& W8 FxEn o g AElg vorke s Barsiaint

Hag 7 A7 ZAAelA MnySn/WTe, 725 72tF o]
WZ 22kdAF e AATFRA HEEE He| o] 23
AFE 83 HZ2l whd, MnSn 55HEES Mn;Sne
MSHES} 2} S8 554 AE TAlol o]&st +
Zoltt, wEbA] HWel AAE=e] 7|9 R, Fhard] |

Wi B 2 S 2] FesE B35 Alle] A
49 WFS FFHoE Aojske Aol AdY T4

Mn;Sn 22} F39] aixlele- Hoj&Er),

VIIL. Mn;SnOi[AM2e] & & 7|8t Xp7| SHAH
EEIXt A2E
Mn;Sn] AR 5o WE 7] Fe2E BEIA) A9
e =3k SOTel 2 AF sFvte g Muny|Hg, &

7} Joule heating)?} W7 5 2~WE=V} Z3H 4 HE
o7 olsfErt. 202249 B. Pal 5 Mn;Sn/W 2ARlA
29130 B Aol 7] Lo BAIGlo] F 435 K] o
A LTojlA BAEIH, o]= Mn;Sne] Néel 2%=9} 7t
RUSHTH32). o] L% oPexE v EHele] 74
A3k=ar, ¥zt gol A MnsSn/W AHe] TRl wuy
A7Pge] gk AW 99 41 FEt o] Y92 Mn;Sn
=0 =]l wiESs A3k seed= ZHEIIEE, AlE7F A
Al 2% ol WhEe Bt Twg 2UdFRTE AAEE
& - sk dHske Ao] FaslthFig. @)@k (b)).

20243 M.-W. Yoo 5& 713] G438} 27] 55 W
SIAIA olgjgt 84 71E AHsITt33]. Sio, A F
7 e 2] % gl wet Al AREEs AN
2913 A == 217 FASHA <F 460 K= FA|H o]
Z49 T 410 KEG B934} 13- f8 AT 2dS
E3l Sio, T WE A A L= HslE Alddgez
A, =913 Aol BTN ofg} Axfe] Eed SAAE
A HES RIS tKFig. 9(c). F ATE= MnsSne]
thermal-driven switching®] Z&7}gol| &gt 2}71@dxe] %7|3}
o} W7k F SOT ¥ Aol oJgt el 27| Zei2H
LT PP R o] Fo|FS HolFET

IX. &4 =

NCAFM MnsSn 7hare]l AAjellx] FAd=le 1200 24
W ool tigshe AP FelsH TFEA AXNE R



<34 E=1> Journal of the Korean Magnetics Society Vol. 36, No. 4, August 2026

| 11 1

(a)

1Y off ¥ on 1Y off
e=tt, p=isot b EN £, 0=180° £ TG Ty, GE330° I‘) g=20 £
N v ¥ v 3 ¥
T~300K 4 T>T 4 T~300K
) '] o \ ’
ol e
!
‘ L H, Hoy L 1Y
S -
SVywT I
(b) S(V)

H i t
0 t"‘mc by g

(c)

(%)

-357 -

, ,/""‘\\ ns pulse +bias
40 ¢ ) B35 B g e S B
¥ f A Region Il 12 ps 100 ms
\ /
- - 90 ns =
15 —_
. 10 & g E
10 £ §' 5 £ 230
[<} -
] 0 = [
Region | " % 5
¥ -0 4
! -15 -30
- %’ = O RO
;. J, (10" Am™?) Jy (10" Am2)
1 LAY T TITY BT TIT B TTTTT BT BT Ty Iy T |
10° 107 10° 10° 10* 10° 10?7 107
T (8)
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o7 ufg 2z LAl = B Ekal AHE, ANE, MOKE
2 MSHE®} 2 gt Ha713 545 Bl o] 2
7] E2H ZFFAE Berry curvature®} 91782 HAH
25 A4ske A4 AMUSTEA, Mn;Sne] A7 PIEIE A
7102 A=53lal SOTE B3l Al 4= A o) H2
ol thad walel|xe] RE HES do], A wigy} o
= HFES o83 100% FT& 2913, Mn 2497 AW
T%o] HZ3E B3 [ a8 T Wle9t 22 231
A 2 MnsSn SEHEES &85 FART 29371 4
HAA 2] FY2E 2 SHEZY A 7eA
o] ZA gi=ar Stk 53] MnsSn®] SOT FHgox=
7 Mn EHES} 27| SeisE 5S4 A= g 3
ko 2 3]HSl= handedness anomaly’} UER}H, o=
APdAe] G A} v PEEs vFAE A)1EA 3
o] At 598 HAFT. PFolle B A glo
ko A AFE SRS Mge FHsla, A4 iy
EAW 2 F4s SEHoE AAlsl, A7) Se2H
A a1 FAsY TRl ASS AR BSIhe
T7F 83 Aot} o]t WHL Mn;SnS A4XE o
g, 24, Bx17] 9 FEEY 2zl 283 4 Qe
< AFgi

Mn;Snoll A YEh= Bl d9b32kd A9 Berry-
curvature 7|¥F FEEGS SWH o R, TR o|UAl Mn
SIHEEE ATHRNE o= 2 iy A=

701—

—

b R g o

N

Py
1t [¢]

=1

2 2714 Alo] WAUSES AAZF R
Atk 53] MnTee 341 WHIAM 20014
momentum-dependent spin splittingS Zt= A A
(altermagnet)2l= oAl Mn;Sne] HIFA A= 5318 O
ol fH, RILAH E4E o83 Al°|E A7} 7Fsdt
F3o] ATH34L. MmAuE 2 Néel 255 28 34
WA ZA] staggered Néel spin-orbit torqueot] 2]3F
718 A7} Ao, HIFA spin texture2] switchingS
3= MnsSnth A= TR 2 A/ % A8l Alo] WA
Z2 vwg 4 AT 35]. MnPt} 22 Mn-heavy metal
AolME 73 spin-orbit coupling®} AW &3S 83
spin-current generation % transmission 7= o] 7hs
31tH36,37]. ol&gt Hlal 7= MnsSnollA E @ts
M =2 SFH0R ofalishe Zs dol, ZA-UA A7)
Ax ARz WE HAZQA Mn 7|8 SPEZYS )
o] A7 dgE gtk YuE Z=t

W

‘]

o]

2y
oo

)

HAlel =2

This work was supported by Samsung Research Funding
& Incubation Center of Samsung Electronics (Grants No.
SRFC-MA2401-02), and the National Research Foundation
(NRF) funded by the Korean government (MSIT) (NRF-
RS-2026-25493921 and No. RS-2024-00410027).



- 358 -
References

[1] L Zuti¢, J. Fabian, and S. Das Sarma, Rev. Mod. Phys. 76, 323
(2004).

[2] A. Manchon, J. Zelezny, 1. M. Miron, T. Jungwirth, J. Sinova,
A. Thiaville, K. Garello, and P. Gambardella, Rev. Mod. Phys.
91, 035004 (2019).

[3] L. Smejkal, J. Sinova, and T. Jungwirth, Phys. Rev. X 12,
040501 (2022).

[4] S. Nakatsuji, N. Kiyohara, and T. Higo, Nature 527, 212
(2015).

[5] M.-T. Suzuki, T. Koretsune, M. Ochi, and R. Arita, Phys. Rev.
B 95, 094406 (2017).

[6] M. Ikhlas, T. Tomita, T. Koretsune, M.-T. Suzuki, D. Nishio-
Hamane, R. Arita, Y. Otani, and S. Nakatsuji, Nat. Phys. 13,
1085 (2017).

[7] T. Higo, H. Man, D. B. Gopman, L. Wu, T. Koretsune, O. M. J.
van’t Erve, Y. P. Kabanov, D. Rees, Y. Li, M.-T. Suzuki, S.
Patankar, M. Ikhlas, C. L. Chien, R. Arita, R. D. Shull, J. Oren-
stein, and S. Nakatsuji, Nat. Photon. 12, 73 (2018).

[8] M. Kimata, H. Chen, K. Kondou, S. Sugimoto, P. K. Muduli,
M. Ikhlas, Y. Omori, T. Tomita, A. H. MacDonald, S. Nakat-
suji, and Y. Otani, Nature 565, 627 (2019).

[9] H. Tsai, T. Higo, K. Kondou, T. Nomoto, A. Sakai, A.
Kobayashi, T. Nakano, K. Yakushiji, R. Arita, S. Miwa, Y.
Otani, and S. Nakatsuji, Nature 580, 608 (2020).

[10] Y. Takeuchi, Y. Yamane, J.-Y. Yoon, R. Itoh, B. Jinnai, S.
Kanai, J. Ieda, S. Fukami, and H. Ohno, Nat. Mater. 20, 1364
(2021).

[11] T. Higo, K. Kondou, T. Nomoto, M. Shiga, S. Sakamoto, X.
Chen, D. Nishio-Hamane, R. Arita, Y. Otani, S. Miwa, and S.
Nakatsuji, Nature 607, 474 (2022).

[12] S. Hu, D.-F. Shao, H. Yang, C. Pan, Z. Fu, M. Tang, Y. Yang,
W. Fan, S. Zhou, E. Y. Tsymbal, and X. Qiu, Nat. Commun.
13, 4447 (2022).

[13] H. Xie, X. Chen, Q. Zhang, Z. Mu, X. Zhang, B. Yan, and Y.
Wu, Nat. Commun. 13, 5744 (2022).

[14] Y. Zhang, Y. Sun, H. Yang, J. Zelezn}'/, S. S. P. Parkin, C.
Felser, and B. Yan, Phys. Rev. B 95, 075128 (2017).

[15] L. gmejkal, Y. Mokrousov, B. Yan, and A. H. MacDonald, Nat.
Phys. 14, 242 (2018).

[16] H. Yang, Y. Sun, Y. Zhang, W.-J. Shi, S. S. P. Parkin, and B.
Yan, New J. Phys. 19, 015008 (2017).

[17] K. Kuroda, T. Tomita, M.-T. Suzuki, C. Bareille, A. A.
Nugroho, P. Goswami, M. Ochi, M. Ikhlas, M. Nakayama, S.
Akebi, R. Noguchi, R. Ishii, N. Inami, K. Ono, H. Kumi-
gashira, A. Varykhalov, T. Muro, T. Koretsune, R. Arita, S.

HlFAE WA MnsSne] A7) 228 ZEIA} Alo] A 53 - ARXF - 744

&

o

Shin, T. Kondo, and S. Nakatsuji, Nat. Mater. 16, 1090 (2017).

[18] N. H. Sung, F. Ronning, J. D. Thompson, and E. D. Bauer,
Appl. Phys. Lett. 112, 132406 (2018).

[19] J.-Y. Yoon, Y. Takeuchi, R. Itoh, S. Kanai, S. Fukami, and H.
Ohno, Appl. Phys. Express 13, 013001 (2020).

[20] M. I. Dyakonov and V. I. Perel, Phys. Lett. A 35, 459 (1971).

[21] J. Sinova, S. O. Valenzuela, J. Wunderlich, C. H. Back, and T.
Jungwirth, Rev. Mod. Phys. 87, 1213 (2015).

[22] V. M. Edelstein, Solid State Commun. 73, 233 (1990).

[23] A. Manchon, H. C. Koo, J. Nitta, S. M. Frolov, and R. A.
Duine, Nat. Mater. 14, 871 (2015).

[24] H. Kontani, T. Tanaka, D. S. Hirashima, K. Yamada, and J.
Inoue, Phys. Rev. Lett. 102, 016601 (2009).

[25] D. Go, D. Jo, C. Kim, and H.-W. Lee, Phys. Rev. Lett. 121,
086602 (2018).

[26] D. Jo, D. Go, and H.-W. Lee, Phys. Rev. B 98, 214405 (2018).

[27] J.-Y. Yoon, P. Zhang, C.-T. Chou, Y. Takeuchi, T. Uchimura,
J. T. Hou, J. Han, S. Kanai, H. Ohno, S. Fukami, and L. Liu,
Nat. Mater. 22, 1106 (2023).

[28] T. Nomoto and R. Arita, Phys. Rev. Res. 2, 012045(R) (2020).

[29] S. Lee, E. Im, S. Im, C. Lee, H. Komiyama, Y. Shiota, T. Ono,
K. An, K.-W. Kim, T.-H. T. Nguyen, and S. Kim, ACS Nano
19, 39747 (2025).

[30] Z. Zheng, L. Jia, Z. Zhang, Q. Shen, G. Zhou, Z. Cui, L. Ren,
Z. Chen, N. F. Jamaludin, T. Zhao, R. Xiao, Q. Zhang, Y. Du,
L. Liu, S. Gradecak, K. S. Novoselov, W. Zhao, X. Xu, Y.
Zhang, and J. Chen, Nat. Mater. 24, 1407 (2025).

[31] Z. Zhou, Y. Cao, Z. Pan, Y. Zhang, S. Liang, F. Pan, and C.
Song, Nature 651, 341 (2026).

[32] B. Pal, B. K. Hazra, B. Gobel, J.-C. Jeon, A. K. Pandeya, A.
Chakraborty, O. Busch, A. K. Srivastava, H. Deniz, J. M. Tay-
lor, H. Meyerheim, I. Mertig, S.-H. Yang, and S. S. P. Parkin,
Sci. Adv. 8, eabo5930 (2022).

[33] M.-W. Yoo, V. O. Lorenz, A. Hoffmann, and D. G. Cahill, APL
Mater. 12, 081107 (2024).

[34] J. Krempasky, L. Smejkal, S. W. D’Souza, M. Hajlaoui, G.
Springholz, K. Uhlifova, F. Alarab, P. C. Constantinou, V. Stro-
cov, D. Usanov, W. R. Pudelko, R. Gonzalez-Hernandez, A.
Birk Hellenes, Z. Jansa, H. Reichlova, Z. Sobas, R. D. Gonza-
lez Betancourt, P. Wadley, J. Sinova, D. Kriegner, J. Minar, J.
H. Dil, and T. Jungwirth, Nature 626, 517 (2024).

[35] S. Yu. Bodnar, L. §mejkal, L. Turek, T. Jungwirth, O. Gomonay,
J. Sinova, A. A. Sapozhnik, H.-J. Elmers, M. Klaui, and M.
Jourdan, Nat. Commun. 9, 348 (2018).

[36] N. Menai, M. Gradhand, and D. A. Stewart, Phys. Rev. Mater.
9, 124404 (2025).

[37] L. J. Zhu and J. H. Zhao, SPIN 7, 1730001 (2017).



