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Fig. 1. (a) Spiral spin structure caused by spin momentum
locking in the surface state of topological insulator. Arrow
indicates the direction of the spin magnetic moment o of
each wave vector k, which is opposite to the spin angular
momentum; (b) applying current in the +z direction will
generate non equilibrium spin accumulation at the position

where the electron’s spin and wave vector are orthogonall%,

58 SOC JZ2# MM A BEm AR Pt, Ta, H,
W22 36] JS R Aiff 58 & LA 4 P AR SR 3R 1Y F e
IR (spin Hall angle, SHA), L4l AuW, AuPt,
CuBi & BT 41 B T2 LR MG 45, i nl i
1E 4 Jm W2 5% 2 2 i 254 v il A A 2R A

FUTH Y 7 3 SR B B A SHA 42Tt (HZ, i T
TR RA B Y A e /RN LA, 52 2% BUHUR 1)
SRR, PRI SHA A8 =l 3] 1T AR K A ST
AN RIS T A E-sh i SUE 20N, HAZ i E R
PR, BEA AN, B LI AT DAXS # b
B AE R AEPUESE (spin-orbit troque, SOT) Lt
4R ERIRZ W), BTN AR SOT 2L
IEAETE N ) Sk e )i (F14E NiFe #il CoFeB)
B S g i e R B SL JE ok, PR DCRA T
HA R B4 7 7P (perpendicular magnetic
anisotropy, PMA) H8k#EFN kg LA S 2AT 28 v
JRREVEZ IR R REVEZR, TR A PMA /)7 4,
HRA I T B S A SOT, I HL I L B0 v g 2
H MR 100—100 A/em?, 5L 58 5 4 8 1K R A
Fb, e 5 B v i 285 FE AT 1 1 A 19581 AT
A A BB IR (ST-FMR, S-F). K
EIR B L (loop shift, L-S) F1 I I i &
(second harmonic, S-H) SE & A7 &R 4
SRR SR S A AR 8] T 1R R SHA, {H& SHA
FETEAR R B 22 57 (0.1—425)1049-5L55-5T - L 1. 3%
2% S 1) HEAS ) B AT SR VA A e, 1 I
T 1) AN SR R B AT BB 23 51 A e HL IR
ORI 2) FAN G S R 2 B AL ) R
FAb R H R RN 5 3) FANE LRI T, 4G
Shim L, R, 20N FUWREESE; 4) MR L
S A Tieids W 4

S EAR BRI ACR A E RE S, U
ANV WY SR ER AL, A AT TN R T AT

F 1 OARFISELN ATERKA (Osn), WS BFL IR (J,)

Table 1.  Spin Hall angles (6sy) and critical switching current density (J,) of different heterostructures.

SIS Osi Jo/(10* A-cm™?) AR5k HUNEWIRES
(CrBiSb),Te;/(BiSh ), Te™ 140—425 (1.9 K) 8.9 MBE S-H
Bi,Ses/CoFeB*] 1—1.75 60.0 MBE S-F
Bi,Ses/Ag/CoFeB 0.1—0.5 58.0 MBE S-F
(BiSb)yTes/GdFeCol! 3.0 12.0 MBE S-H
(BiSb ), Tes/Ti/CoFeBP 2.5 52.0 MBE S-H
BiSb/MnGal?!l 52 150.0 MBE L-S
(BiSb),Tey/Mo/CoFeBl 2.66 30.0 MBE S-H
(BiSb)yTes/Ti/CoFeB 1.16 10.0 MBE S-H
BiSe/CoFeBP? 18.62 23.0 Sputter S-H
Bi,Ses/NiFel®) 2.18 — Sputter S-H
Pt/Co/BiySes® 0.35 350.0 Sputter S-H
Pt/Co/(BiSb),Te;/6? 0.77 83.0 Sputter S-H
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(a) AR PR BESOR B, 4 FUR AL/ BRI LE (ZE9Mh) 5 SOT AR07 (R 4Mh) BEMPERIEALET; (b1) (Bi, Sb)yTes

HFORTE] Sb kB2 1Y S8R BB B R B (b2) 4RI T %5 B nop FHLBHE p,,, 1E R (B, Sb),Tey o' Sb ¥R EE [ pR%L; (b3) J. #1 SOT
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P S

Fig. 2. (a) Schematic view of Fermi level regulation by gate voltage and corresponding evolution of net spin polarization

current/total current ratio (left longitudinal axis) and SOT effective field (right longitudinal axis) with gate voltagel™; (b1) Fermi

energy level positions of different Sb concentrations in (Bi, Sb)yTes; (b2) two-dimensional carrier density nop and resistivity p,,, as a

function of Sb concentration in (Bi, Sb)yTes; (b3) correlation between the effective fields of SOT and J, and the concentration of Sbi*!);

(c) schematic diagram of Fermi energy level positions at different Sb concentrations in (Bi, Sb);Tes, and correlation between inter-

face charge spin conversion efficiency and Sb concentration??.
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WeAh, e A REER AN G AR (MTI) B R S5
Hid A BT TTs 19 SOT HIAHEHISE. Fan 55 PY 4%
THE A8 T IR F A S Ak JREPE SR N AR [(Big 5
Sby.5)2Tes/(Cro.sBig54Sbg.3s)2 Teg] S# B4, IFAEAK
T 10 K B TARIREE N Eh Se 8 1 SOT BK 3 iy w4
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B f5, BHIF 5L R BAE MTT 2 50 b i 3E X R 4k
TR R Y r AR 2 MR 2R 8800 T B 2 MTT
R FR A SHA fi K (i 5 81 5% o U %5 B2 2.5
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FIEATA 1L, 2505 il s i TTs SEp) 5
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RRK, AFFE TR IR T REZER . ik, RHF
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Bl BEJE De 45 P2 A5 0 TG4 W SR TR T
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Jii, Huang 46 M F 2017 4F K )2 Crl; FIXUZ
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KIT, Woh B e 220 & e 58 1T iE %,
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H e A RAT, &Sl 4 — 4k A e Fae 14
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(=R R R E S I IR TR E N A= SR E IV
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SETNET R i i S
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1] 28 B AR AL R B 42 1718 FeyGeTe, 1 T bifi )7 4K
AR S M2 FERG A Crly H, UG R T Hy 28
OIS B A 11 ) S0 e e 28 D A8 A 15 | ) B
5 R ES NG A B 08), EAh, AE S 4G R
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K. Liu 55 9 L FesGeTe,/CrSb M Atk 25 H4H,
A Cr 2 H AL 482451 FesGeTe,
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SRS, L 7R A AL 1Y Dzyaloshinskii-Mo-
riya AHELAFE FH AR ST A 0 %) G 1 A Rk ] I35 5
TN R ks B 454, &l 3(a) AT 3(b) Fr
N, HAFR A R @ GBI 2)2 248 vdw
WA RS, AT AR B 1) IR AN ] () i
FEBH 28540, A TR B 1Y e 2= A
Bt TR A

I HL S 0 e p4 R B g v AT I 5 R
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FJHERUZ Crlg MF R S HE T 00 &4, 8
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[ — o P S e A I i, SRR A e 37 7T DAy A
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57T 38 2k H 37 S I 2 R S R T A ) A T A AR
(¥ 3(c)). BbAh, Yk iR iE R i #1244 S
Wi JHYE. Wang %5 2 X} CryGe,Teg #H17T T KB
24, ffi CryGeyTeg M FIREALTRE I Ft; Verzhbitskiy
WL T AR B TAE, A0S B2k
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Fig. 3. (a) Skyrmion lattice observed on the Cr,Ge,Teq side; (b) skyrmion lattice observed on the FesGeTe, sidel™; (c) electrical

switching of the magnetic order in bilayer Crly, and the insets depict the magnetic states under different magnetic and electric fields(™!];

(d) phase diagram of the trilayer Fe;GeTe, sample as the gate voltage and temperature are varied%”; (e) perspective view of

Fe;GeTe, (The slate-blue and blue balls represent the Fe’* and Fe?*; Dashed arrows indicate spin exchange coupling between Fe

atoms)™.
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Fig. 4. (a) Schematic view of magnetic states in bilayer Crly; (b) schematic view of 2D spin-filter magnetic tunnel junction

[76].

(c) schematic view of magnetic tunnel junction for Fe;GeTe,/hBN/Fe;GeTe,™; (d) schematic view of the bilayer structure for

Fe;GeTe,/Pt; (e) SOT-driven perpendicular magnetization switching in the Fe;GeTe,/Pt bilayer devicel®.
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Fig. 5. (a) Current density of SOT switching with different Sb component®; (b) dependence of SOT switching current density on
Sb composition®; (c), (d) 30 mT in-plane field assisted SOT switching!*?.
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Fig. 7. (a) Large nonreciprocal current controlled by the antiferromagnetic statel®; (b) optical image of the ML-WTe,/CGT hetero-
structure devicel; (c) dependence of abnormal Nernst voltage on magnetic field in different test channels”; (d) dependence of

normalized anomalous Nernst voltage on temperature®”.
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Fig. 6. (a) Femtosecond laser pulse excitation and terahertz radiation schematic diagram of Fe;GeTe,/BiyTey heterostructurel®;

(b) in typical THz temporal waveforms, the terahertz wave of the FesGeTe,/Bi;Te; heterostructure is significantly enhanced®;
(c) Fourier transform spectrum of Fig. 6(b); (d) terahertz polarity reversal of Fe;GeTe,/BiyTes heterostructures®.
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SPECIAL TOPIC—Two-dimensional magnetism and topological spin physics

Spintronic devices based on topological and
two-dimensional materials”
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Abstract

Novel quantum materials such as topological materials, two-dimensional materials, create new opportunities
for the spintronic devices. These materials can improve the charge-spin conversion efficiency, provide high-
quality interface, and enhance the energy efficiency for spintronic devices. In addition, they have rich
interactions and coupling effects, which provides a perfect platform for finding new physics and novel methods
to control the spintronic properties. Many inspiring results have been reported regarding the research on
topological materials and two-dimensional materials, especially the layered topological and two-dimensional
magnetic materials, and their heterostructures. This paper reviews the recent achievements of these novel
quantum materials on spintronic applications. Firstly the breakthroughs that topological materials have been
made in spin-orbit torque devices is introduced, then two-dimensional magnetic materials and their
performances in spintronic devices are presented, finally the research progress of topological materials/two-
dimensional magnetic materials heterostructures is discussed. This review can help to get a comprehensive
understanding of the development of these novel quantum materials in the field of spintronics and inspire new

ideas of research on these novel materials.

Keywords: spintronic devices, topological materials, two-dimensional materials, all van-der-Waals

heterostructures
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