Field-free spin-orbit switching of the Co/Pt
multilayer grown on RuO,

Introduction

¢ Spin Hall effect induced switching of @® The in-plane magnetic field breaks the € Method for achieving field free switching.
the magnetization. symmetry — magnetization switching.

|
" Tilted easy axis | Reduce in-plane symmetry ‘
— 6 4
(e) Z B 2 ——B,=10mT
ext £
B _B_ . \ No rotation (b)11 (©) CuPt/CoPt o=
. Co thickness gradient A H =0 -JX: +2%107 Afem? b (1-10) ot m
S 0- X iy - 1 30°
Ez_: ap EN ‘ Oe 0 0 “—H—.—.—.—m
DL ;L DL FL J,=-2x107 Afcm?
2] | : w | : - 02e¢% ;- o
S » : - ; Cof— é é O :
B i : T r = il e d L Pt -1
20 40 0 10 20 7 g \ r : y 070 g P
- P . i & oo n—a— Tl
- H B .|
P i 14 — 1 — $
o f — 050 ..
. axis J 1 ~ 30 tilt M=o % H=0 e =2 O 1507
a i Y b - -J,=+1.ﬂ.><107 Afcm? (s ] -3t
£ 04 A . Y — l O 0
© Al ) polar vector(/)— Parallel to the mirror — unaltered A g._:__ul' _ ﬁ 1= 0 A ) o101 o
; =0 — Perpendicular to the mirror — reverse Sputter Gun  Deespsn| N Y
~ . = . ] <4,0x10"  -2,0x10" O-fimz 2,0x10"  4.0x10 Uniform Ga Thickness -20 10 [1] 10 20
A=Lw, a=Dw TS P S axial vector(m,H, ,)— Parallel to the mirror — reverse Hem Pulsed curtent, £, (MA)
oo (MA) Perpendicular to the mirror —unaltered
\_ Liu et al.,Phys. Rev. Lett. 109, 096602 (2012) Nat. Nanotechnol. 9, 548-554 (2014) Vineeth Mohanan P. et al., PRB 96, 104412 (2017) Liang Liu et al., Nat. Nanotech. 16, 277 (2021) p

» Field-free switching can be observed in

all samples;
» When the tilt angle reached 6.7°, the
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» Higher tilt angle correspond to the greater
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Samplel :Rqu/ [CO/ Pt] ¢ 3/ Pt(2) field-free switching ratio exceeded 95%. asymmetry in the RuO,[010] direction.
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» Field-free switching can be achieved when the current is along RuO,[010] 40000 BESE 4020 0 20
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Continuous variation of ®
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= | i = tr., (nm) The field-free switching when the current injecting in the RuO,[010]

o direction is realized by the canted magnetization of [Co/Pt],; multilayer.

> We can quantitatively 2% We can quantitatively control the tilt angle of easy axis through

control the alt angle 1.10 nm - - _ & inserting an ultra-thin Ru.
of easy axis through O

inserting an ultra-thin Y . ¥, ¥ > [-101] Through macrospin simulation analysis, we confirmed that once the tilt
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u. 8, (deg.) 8, (dez) tr., (nm) angle exceeding 60 degrees, type-Y-dominated switching occurs.
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