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BE = : Current-induced spin-orbit torques are promising for the efficient control of local
magnetizations in spintronic devices. Recent studies suggest that transition-metal-dichalcogenide
(TMDC) is not only a good candidate for generating spin-orbit torques, but also a key ingredient to
promote field-free magnetization switching. However, up to now, the underlying physics for the
TMDC-based magnetic hetero-structures has remained elusive. Specifically, the mechanism of the
TMDC-based spin-orbit torques is not clear yet. Here in this proposal, we aim to 1) prepare TMDC-
based magnetic hetero-structures and 2) study the origin of current-induced spin-orbit torques.
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High-quality TMDC/ferromagnet i, . ,'5 |
bilayers will be prepared upon AT AL

proper buffer layers.
= The spin Hall magneto-resistance
will be studied as an initial probe of
charge-spin conversion in the system.
= The current-induced spin-orbit
t il b ined i h Figs. (a) Physical process of magnetoresistance originating
orques wi € examinea In suc from spin Hall effect. (b) Schematic demonstration of
hetero-structures to study the origin. | | harmonic Hall technique for the spin-orbit torque study.
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BEE : The spin transport properties in transition-metal-dichalcogenide (TMDC)/ferromagnet
bilayers have received increasing attention in recent years because of novel physics arising from the
local symmetry breaking. Particularly, the charge-spin current conversion in TMDC/ferromagnet is a
promising topic because of potential applications in MRAM. However, up to now, the physical origin
of the charge-spin current conversion has remained elusive. In this work, we aim to prepare TMDC-
based magnetic hetero-structures and to study the spin-orbit torques of such hetero-structures.
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We have successfully prepared thin TMDC & PR e £ o3
films on top of graphene buffer layer on a 834 oyio™| S 02
sapphire substrate. Both TMDC and 244 z
graphene show good crystallinity. 001 ¢ o
2. We have successfully measured and 0100 200 300 400 00 40 20 30 40 50
analyzed the current-induced spin-orbit 2.0x107 e | i i B
torques in ferromagnet (FM)/graphene e | S Soomt| E FL torque
bilayers by using the in-plane harmonic ?:'Omf @ o 0.004
Hall measurements (Fig. 1). The obtained | | = °° ™ ;‘,0002
damping-like and field-like torques scale -1.0x107} ol
with applied .current (Flg. 2). . . 20107 e B B
3. The current-induced spin-orbit torques in p (degree) Current (mA)
graphene/TMDC/ferromagnet tri-layer | | rig. 1 Damping-like and field-like  Fig. 2 Damping-like and field-like
samples will be studied in the future. terms of the 2" harmonic signals. torques in FM/graphene bilayers.
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in transition-metal-

BIE : The current-induced spin-orbit torque (SOT) has been demonstrated as an
efficient method to control local magnetic moments via electric means. Recently, the
transition-metal-dichalcogenide (TMDC) was proposed to be a promising candidate as
the SOT generator. In this proposal, we aim to prepare the TMDC materials upon proper

ferromagnet (FM), and to study the related spin transport properties.
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We have prepared the FM single layer and : 0-06' .
FM/graphene bilayers as an initial step, because E P : * E 005 .
graphene layer is found to be helpful to promote g .l g - g 004 .
the TMDC growth. & 1 & 003 . "

2. Magneto-transport properties have been studied Aot 002 . ’
for FM and FM/graphene samples (Fig. 1). R ) ooty =~ (b)]
Relatively low resistivity below 10 pQ cm and higl; 100150 2?9(,() 20 300 10010 2‘%‘}K) 250300
intrinsic anomalous Hall conductivity of ~700 Q- ~48 —— = :
cm! have been obtained as shown in Fig. 1(a) and £ sel o.os-
1(d), suggesting excellent sample quality. S ], E

3. We have studied the temperature dependent SOT Baal  C e, € 004
in both FM and FM/graphene samples, the results s i, &
are under discussion. g 42 1 0.0l _

4. Our current study of spin transport in FM and 849 R ) . ‘ _(d)
FM/graphene samples provides a solid background 0T 2 P ey
for the preparation of FM/graphene/TMDC and for
the study of spin transport in such tri-layers. We Fig.1 Temperature dependence of (a) longitudinal resistivity, (b) anomalous
plan to prepare FM/graphene/TMDC tri-layers and Hall resistivity, (c) carrier density and (d) anomalous Hall scaling for FM single
to study the spin transport properties in the future. layer and FM/graphene bilayers (FM thickness: 10 nm).
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