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Significant modulation of spin-orbit torque by inserting oxidation layer into Co/Pt interface
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(The Univ. of Tokyo, *ISIR, Osaka Univ., **CSRN, Osaka Univ.)
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Fig. 1 (a) The damping- and (b) field-like effective fields
SE R as a function of current density in the Pt layer for the
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interface-oxidized (I0) and unoxidized (UO) samples.
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Gd content dependence of spin orbit torques of SiN / GdFeCo / Ta trilayers
K. Kawakami, K. Kadowaki, T. Kato, D. Oshima, S. Iwata
(Nagoya Univ.)

FC&HIZ

Gbit #i# 2 5 MRAM BA% B L OV DIKIEEE LI W T, Bk O &R e b S T O BRI A
ko Tng, AEUELE FV2 (SOT) 2RI LI bKEsix, A hT A7 7— ks (STT) W
BRI e CEdE l, REEB N TH Y, FEXIALAT—V UV OWMRENRELS TH D72 EOF|
S H D . AR TIE, MARO R D GdFeCo BEIZBERE Ta @2 HEIM S L5 A B E R L2 O Gd #LAL
KGMEEZ RO THET 5. GdFeCo 1T Gd L EBEEOMKTE— A > NBRCHATICRES L 7 = U BEHEIR
THDHID, MEKIC L > TIEWKAL & FeCo DIERTE— A > & AT, KFEAfTETHIENTED.

EBRAE

HEEZE~ 7 hr ANy ZAEIZ L0, BB bFEAT & St AR BT Ta (20 nm) / Gd(FegpCo19)100-x (5 nm) /
SINGmm)Z B L7-. FFOMLIZIE, BETE—A) YT T77 0L AvAF 2y F 7%V, ii1~8um
DAR—V 7 v AMEEZERL L=, GdFeCo D SOT 1AL 310 Hz D RVEEIE Inc R —/L 7 B AT Z
L TEBN D R Hall 0% (AHE) BIEOSEMEMY L0 AR 72 2. RRER & TR L OMRE S I
R HyZMZDZEWZE ST, BT TAT M T BEOT 4=V RTA 7 MV 1 BB HR
L72-bD (FNF, Hp, Hp) Z157-.

EEBRBER

Fig. 1 1% SiN/ GdFeCo / Ta —J& D IE WAL Moo, Hpr,
Her, top, wo @ Gd MUK FEZ R L TWnd. 22T,
oL, Tl LEREIEIC K VSO D Hp, Heo lZ My &

200 - (a) Ta/ Gd,(FegyCo40)100-x

M, i (emu/cc)

AT DA FOAEIED M\ ZBITL TS T -20

FU D ETRETL 7. GdFeCo DHifEHRIT AHE 100 i
DIFFTE L My D Gd AL S Gd 24.8 at.%fTiT & H 0
BibbID. GURAAMIRRIES ot o, o [®) :\\
Hp BN LTS, LnLARD, Zhi M 2R S o
Crzfood), [omalid Gd iRk 22<x<28 Thbirn—Efl T 20 \\-\-\_.
Lo TN ZRFAY S Hall RICEY TagLY o 0 ‘—r\.\ He,

WEEZBNS. Hu, w MMEHECHEAREL g o © %
TW5. 2O &) BREIEE Hop, o ISR TOH Y. 2| oL ! .

oL, TLILZENEFN, mxmxs, mxs (ZHEl+T5H. = :—‘._ ol ?._‘_'_' TR
ST, mEHAE AL b, s ERAT DAL HOA 3 — e

L HHTHS. wldm O—KITHH L, Mg T T o5 20
Frg SRS 5 Z &b, AV UiIE FeCo DE— X
Mo ML EHZBEEZDRD,

Gd content x (at.%)

Fig. 1 Gd composition dependence of (a) net

2% ik magnetization My, (b) damping- and field-like
1) L. Liuet al, Science, 336, 555 (2012). fields, Hpy. and Hry, respectively, and (c) damping-
2) M. Hayashi ef al., Phys. Rev. B 89, 114425 (2014). and field-like torques, 7p. and %, respectively, in

SiN / Gd(FegoCo10)100 / Ta trilayers.



25aC -9 A3 A AR R EAE (2019)

NiAl N 7 7 FIZAE L7~ 157 MnGa & B s LR O
A Y HE V7 B R

TR, =y oA, L NEEE, AT
(AeviE K7)
Spin-orbit-torque induced magnetization switching for an ultra-thin MnGa grown on NiAl buffer layer
Fumiaki Shimohashi, Nguyen Viet Bao, Michihiko Yamanouchi, and Tetsuya Uemura
(Hokkaido University)

1. [FLHIZ

A Y CHE bV 7 (SOTAL SR IZR IR A Y b =2 AT XA AQEERFM N & L ChaliEl &
LTV, MnGa [FHHRWTEREM KRB GEE AT 5 2 L, SRR/ NS WD &, 2R
MHBHE W L7 EOREE RO Z & D, SOT T3 AOFLEREMEE L THIfF ST ad. L
L7223 5, SOT Bt REAIZMLEE 7R, JE S nm LLT O BB MO FRIIA S CTide <, ZiE T SOT #
(bR D FEFEIE, MgO Z: > CoGa Ny 7 7 @ | [1]5° GaAs ZE:Ak [ [2]I2Ek L 7= MnGalZfR BT 5.
AlEFE 21X, NIAl Ny 7 7@z fv, JEE 1 nm OfEHE MnGa (2xt L, BAF e mERCFEL HRTH & &
H1Z, SOT Wb/ inZ F3E L= THET 5.

_ 09 —FT———FT——T——T 7T 71—
2 %ﬁjﬁf i; 006l MnGa 2 nm ]
MgO(001) B Al Jabi iz,  (GEMff2~> %) MgO buffer (10 o -
nm)/NiAl buffer (3 nm)/MnGa (1 or 2 nm)/Ta (5 nm)/MgO cap % 0-03 1 i
(2nm) 757 B REERE & AR 72, NIAL (MnGa)iE 281 © g Ll |
HERET%, 540 (400)°CCT7 =— L& M L7=. AU L7- @ 5 - :
ER—AA—TGRISNT L, SOT BbRisrtzsmcn 53700 1
ELT g -0.06 1 290K
<
3. HRRUSBE 0095 5804 0 04 08 1.2
Fig. 112, A L 72RO R R — A RBAER R AR T Magnetic Field [T]

5 & 1 nm OFT § B2 TE B L, NIAl S o 7 Fig. 1. Anomalous Hall rgsistance Ry for
NiAl/MnGa/Ta stack as a function of out-of-plane

7 B B TR LA 2 5 MnGa MBI OIUARIC  onetic field.

BRI THDZ ENDD-T=. Fig. 2 IZEX 1nm @D MnGa (2

X9 % SOT Wb HRDRE R 27”9, X OMERI TS L7

B AR —MES, BRI — S —I1TE Lz L 2B,

DRKEEXTHD. F£7-, Deterministic switching D7=%, &

TN A % pwoHy = 0L THIINL 7. 1, = £15mA T,

B A= VRO BAR 22N Bl S, i, TadT

R EINTZ AR LD MnGa @ SOT b ik % B

X

Normalized R
L o —

_5 C‘::

L~ T |

_—| 1]

yx

Normalized R
L o —_
T L} L}

8o

bF

! Sz
=
1 L L

R RER T D
3:0 2IO 1 | [CI)A] 1IO 2I0 3IO
23 3k P
1) R. Ranjbar et al., Jpn. J. Appl. Phys. 55, 120302 (2016). Fig. 2. Normalized R, as a function of pulse
2) K.Mengetal., Sci. Rep. 6, 38375 (2016). current /, with the duration of 1 s under pgH, =

0.1 T



25aC - 10 Fa3 A HAR D FIGREMELE (2019)

MgO/Co/Pt FEBIEIC I HEBR T A F A /@LE IV 7 KAl i

Bl Rk, A OBLORE KM, Mk WS, A R
GhEBRRT)

Electric-field-assisted spin orbit torque switching in MgO/Co/Pt trilayers
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(Nagoya University)
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Fig. 1 Optical microscope Fig.2 SOT switching of  Fig.3 Pulse width dependence of Jc
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The effect of damping-like spin-orbit torque (DL SOT) on in-plane domain walls (DWs) in tracks was
studied by micromagnetic simulations and analytically. We considered a magnetic thin film on a heavy
metal layer and investigated the situation where spin polarized current from the heavy layer is injected to
the magnetic layer (Fig. a). We find that DL SOT can drive vortex DWs (VDWs) more efficiently than
spin-transfer torque (STT) in a comparable system, whereas transverse DWs (TDWs), the other typical DW
structure in soft tracks, are not driven in the absence of Dzyaloshinskii-Moriya interaction (DMI). The
trajectories of VDWs with different core polarities and windings have different propagation directions and
dissipations toward the edge (Fig. b). Our analysis based on the Thiele equation shows that the driving
force for the vortex DW is associated with a distortion from the perfect vortex configuration due to
geometrical confinement. This distortion is higher, and the SOT DW driving is more efficient, in narrower,
thinner tracks. Also it is revealed that the propagation direction depends on the core polarities, and the
dissipation depends on the windings. In the presence of DMI, this distortion is also enhanced only in a
certain direction, leading to faster movements with one core polarity and slower movements with the other.
Interestingly DMI enhances the distortion of TDWs as well and it produces the driving force. In the end
TDWs can propagate even faster than VDWs by SOT if the system has the DMI. We show also that it is
possible to determine the relative amplitudes of STT and DL SOT by comparing the motion of different

vortex DW structures in the same track.

a) . b) o1 — No DMI —— with DMI 7
— Aitt == t=40ns
CW-up
1.0
z —
W E
£ CCW-down
>
0.5 J ]
CCW-up ‘
transverse DW vortex DW ,
v 4 ) “4"T ~ - - - OO\W
4 ‘1“.W -~ - - Y 9
4 - - - - A ~ -
‘4444-1 - - .

20 40

Fig. a: Schematic of SOT in a track of HM/CoFeB/MgO with in-plane DW structures. A charge current Jc flows
mainly in the HM layer and induces a spin accumulation in the CoFeB layer

Fig. b: Trajectories of VDW cores with (black) and without (brown) DMI (J = 10 GA/m?, =5 nm, w=150 nm).
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