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Table 1.  Preparation method of WTe, crystal, FM material, measurement method, experimental temperature and spin Hall

conductivity for SOT in WTe,/FM heterostructures.

PP SR I — TR 5 "
ik PR b R BRI /K ORISR itk
o5 =842
Py ST-FMR 300 oa=9+3 [38]
op = 3.6 + 0.8
Py SHH/ST-FMR 300 og, O, Oa, Op Observed [32]
Py ST-FMR/SHH 300 o3, O, o Observed [45]
Exfoliation Fey 73GeTe, AHE loop shift 150—190 op observed (39]
Fe;GeTe, Current-driven MS 110—135 op observed [40]
Fe;GeTe, AHE loop shift 120 op observed [41]
SrRuOy AHE loop shift 40 op observed 43]
CoTb SHH 300 og, o observed [46]
= 1.76
FeNi ST-FMR 300 oor ~ [47]
CVD gp = 7.36
= 2. .
CoFeB AHE loop shift/SHH 300 oor = 2.05 4 0.39 [42]

o = 3.58 + 0.12
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Fig. 1. Crystal structure of WTe,.

TE 2016 4, MacNeill 45 B8 ] F [ JiE 1 -4k
LR (spin-torque ferromagnetic resonance, ST-
FMR) £ R B IKFEHLIE R 25 19 WTe,/Py (Py =
NigFeq) 5 B4ttt rh & SAFTE T AP EBHJE S ().
MATAERE 5T B, M R T o Bl (IR PR
&) BF, A3 Va(¢) = Acos(¢) sin(2¢) + Bsin(2¢) A
TR G AL ROFRHL AT 5 Vi B AR BEAR A AR
KU AER A SOT i T A & e T A 25 55 5
(Ta), A 5 BITTER. R0, SR A bl
(EERIFRE) B, BN ( Bsin(26) ) W2, BLHA L
HETEAEG R 7o, S0 N a 5l ¥ 722 3]
b IR, /Ty BTN Z O KRR T E
5 SOT 5 WTe, fifAH BIXS FRAEASS. iE— 2
W IR, /74 F 75/7a (15 /NI N ZEBHIEH)
#8E WTe, WJEREETC G, R 3D JIHE (15, Ta
Hl 1) (77 A B WTey/Py SEF45 A AL RIRLN
SIS, AL, S0 H I A R AR, AT
N EEIE

os = (8 +2) x 103(h/2¢) (2 -m)~*,
oa = (9£3) x 103(1/2¢) (2 -m)~ !,

op = (3.6 £ 0.8) x 10°(h/2¢) (2 -m) .

2017 4%, MacNeill 45 B2 ] F — ¥ il % 2 /K
(second-harmonic Hall, SHH) #1 ST-FMR £ ARl
W98 T WTe,/Py FJi4iH SOT 5 WTe, JE )
KA, HF—UE T AN A A, HILR
/NG WTey JREEJLTBAKER (B 2(a)), RIfEZH
JZ WTe, £ REFR HE S R AYRE i AH 241 SOT.
SR, AN S WTe, )& HA B & ¢
#, TERE TR, Fel, AR RZE6H
WTe, MYHE S A IAT 540 S T AP 2EBRJE . 7R
WTe, /Py #i-Hf, SHH H [T 5 £ BE AR #5252
JERX)ZE WTe, IIHE Y 75 £75 M 2 (] 2(b)),
XL R I WTe, diiA AR X FRIEAE—ZL.

3.0 [(a) & |7s/78]
$ |7o/78l
251 E
o
= 20r
ge]
L)
g (] L) 3
2 15}
o'
=
g 10f
0.5
ob-® e E S E o __
0 2 4 6 8 10
Thickness/nm
0.4
(b) —— Monolayer WTe, H =300 Oe
0.3 —— Bilayer WTe,
>
=
sz
S

—0.4

7I50 (I) 5I0 l(I)O 15;0 2(I)O
Applied field angle/(°)

& 2 (a) TS/TB il ’TT/TB ﬁ%ulﬁ WTe, EEE"J%%, (b)EF‘
JZ R ) WTey /Py #5419 — UCIE i 8 R HL R 5 AN i wg
R R, WS S S W AE ke L (E A5 5 M AN [7] £
B |- (32

Fig. 2. (a) Ratios of the 7g/73 and 7r/13 as a function of
WTe, thickness; (b) second-harmonic Hall data for a
WTe,/Py device with a monolayer bilayer WTe,, as a func-
tion of the angle of the applied magnetic field. The sign
reversal of 7 is reflected in the different angles at which

the peak signals are found?®2.

018501-3


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 % 3R Acta Phys. Sin. Vol. 73, No. 1 (2024) 018501

2019 4, Shi % W WA ] ST-FMR £ A M &
THUBH B 1) WTe,/Py SR 45 ) SOT, & B4
b i HL I SOT Wl 4o TR B2 22 4k, H SOT
(R0 % i o RS B I 3 R TG K. At AT 13 i i ST-
FMR F1HL 75 5 B R AT C 773 43 i ) A [ J5
FE WTe, gE A3 A e /R, 25 R
HR AR A A AR AR AR, X 6B SOT Ay U5 2 A
RN, R FBERE RN F T HLMR A WTe,
AR RS, AR T2 BR i N . TR
2021 4F, Shi 4 71 R H] CVD FrikA K T KR SF
() Td AHH) WTe, #i 5, JFFIH ST-FMR #5517
5 nm JE) WTe, 5 FeNi 4 il 55 i 45 19 A e iE
J, A5 E P AT S 0 OREEE JR LSRR
7.36x10%( h /2e) (Q-m)t, 1.76x103( h /2¢) (Q:m) L,
XS MR B WTe, £ 2S5 AW &, 5 LI
B, A AR Z 050 5 4% 01 R G I 568 0 T A K
WTe,, 1H HAERI 4 2] WTe, Sk, (U RH
BRI A T PSS BELR A, T A T A BH e A 15254,

3 WTey/FM 5 R4 sAE aEs oy 12

3.1 WrTe, A @S RRLE

2019 4%, Shi 55 W) 5 IR E T 7E WL 25 1)
WTe,/Py S 2 T I IR s o I mE L Bl
LG, J- B R A BE X WTey(80 nm)/
Py (6 nm) #% {4 A4 F 370 3% 301 A9 16 P 0 1 8 A ok A 7
FAE, DA im P B R 2.96x10° A /cm?.
X —B{H L Hh A K G 42 TR (BiySes/Py)
(~6x10° A /ecm?)P? F1Pt(6 nm)/Py(6 nm)(~ 2.80
x 107 A/cm?) 5 J5 25 (1 I S BR G B i FE /.
F WTe, FIHEFLR (~580 pQ-cm) KT Bi,Se; #ifh
ALRE) (8 JZREM LR LN 2600 pQ-cm),
ILTE WTe,/Py 53 5t 45 ol 3 9K ol i Ak B 5% (1 2
FELL BiySes/Py FI4ERY/N 19 15, WLk Pt(6 nm)/
Py(6 nm) 9/ 350 5. BLAN, i TIAELE] WTe,/
Py () TP BEMRL, X IH K TR 5 S Dz-
yaloshinskii-Moriya A HEAEH. Z )&, ffi1 X F
CVD 4K T WTe,, I35 NiFe 4 a5 B2 47, il
PRI LR AE R B N 2.53%x10° A/em?, X 5HL
PRI Y WTe, HI45FHA—FL,

2021 4F, Xie % W f 4t T & LY StRuO; fil
PUMCRI B WTe, B4, 78 40 K 2L T HL
S IR AL Rt L S e g = |5 e e Ec Y SE R

B WTe, 77 Az BTSN A ER AL, Al T3 T S
IRBNE M1 2w %% (AHE loop shift) 77 9% #E—IE
SE T A A BEWALRIAFAE . [4FE, Zhao 45 PO 4Rk
W TAEEIR T WTe, T LU i B 5 5 72 4 A i
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FEW W BT AP R0 . 7 170 K B E50F 11 5L 5
TR B2 6.5% 100 A /cm?.

0= +50 Oe =0= +6 Oe 1)/, (a)
20F = 00e == —50 Oe
DY) A
SEEERIOCOOOO=OEOCKIE LSS
c & LHKAXHKLLRS
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1k * «— —> o
)
c [ ]
3 of
e 130 K
6 =90°
-1 ! <« —> =F

I,/mA
B3 (a) BLULIE WTe, o T mE 1k B 45 45 0 12 (b) #2
WTe,/FesGeTe, 7 i 4k o SOT 75 i) Tt & s Ak B 7 140)
Fig. 3. (a) The current-induced magnetization switching
behavior along the a axis of WTe,; (b) SOT-induced
field-free switching in WTe,/Fe;GeTe, bilayers .

) 4F , Ye 55 MO 5 MY OF S B T B aE % B 0E
(orbit-transfer torque, OTT), B} 18 i %)
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PERE A e i a1 AR U L

3) KA K B T E 1 WTe, fhik K& % —
YERRMEIAR. A2 SOT feffrb, —4epbkh & & HIHL
R B 0 T vk, ME DL S BRAR A R R A &5
. B CVD R EDR RO WTey, i
[LoR i s 21 N A e M g S L R BB S K N [ B o = S = 0
R B RS 1) 48 WTe, k. 1tk Liu 45 61
FIH 431 A AMESRAS R 2 4k FesGeTe, fhiA,
XA R AR &) T4 2 B K A bR 25
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SPECIAL TOPIC—Two-dimensional magnetism and topological spin physics

Magnetization switching driven by spin-orbit torque
of Weyl semimetal WTe,"

Wei Lu-Jun  Li Yang-Hui  Pu Yong'

(School of Science & New Energy Technology Engineering Laboratory of Jiangsu Provence,
Nanging University of Posts and Telecommunications, Nanjing 210023, China)

( Received 21 November 2023; revised manuscript received 3 January 2024 )

Abstract

The Wely semimetal WTe, exhibits significant spin-orbit coupling characteristics and can generate
unconventional spin current with out-of-plane polarization, which has become a hotspot in recent years.
Meanwhile, WTe, also has high charge-spin conversion efficiency, allowing perpendicular magnetization to be
switched deterministically without the assistance of an external magnetic field, which is critical for the high-
density integration of low-power magnetic random-access memories. The purpose of this paper is to review the
recent advances in the research on spin orbit torque in heterostructures composed of WTe, and ferromagnetic
layers, focusing on progress of research on the detection and magnetization switching in the spin orbit torque of
heterojunctions composed of WTe, prepared by different methods (e.g. mechanical exfoliation and chemical
vapor deposition) and ferromagnetic layers such as conventional magnets (e.g, FeNi and CoFeB, etc.) and two-

dimensional magnets (e.g. Fe;GeTe,, etc.). Finally, the prospect of related research is discussed.

Keywords: WTe,, spin-orbit torque, current-driven magnetization switching
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