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Fig. 1 Pulse width dependence of the STT switching
current densities of the hybrid memory layer of
[Co/Pd]2 / [CoPd/Pd]: with a pillar diameter of 180 nm.
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Microwave-assisted magnetic recording (MAMR) is one of the promising technologies for maintaining the continuous
increase of the recording density of hard disk drives. One major challenge for MAMR is to generate high frequency (f),
large amplitude ac magnetic field (4..) within a nanosized area, which is expected to be realized with a spin-torque
oscillator (STO). Previous studies used a perpendicularly magnetized polarizer to apply spin-transfer torque (STT) to
another magnetic layer (field generating layer; FGL), in order to induce the out-of-plane precession (OPP) mode
oscillation for /,c generation.!) However, this design usually leads to a thick structure that is difficult to be embedded in
the narrow gap of the recording head. Recently, Zhu et al. proposed a novel design of STO, where only a soft magnetic
thin layer is exploited as the polarizer.? The polarizer first has its magnetization reversed to the direction opposite to the
magnetic field (H) within the gap due to STT (Fig. 1(b)), then spin-polarizes the current to induce the OPP mode
oscillation of FGL (Fig. 1(c)).Y In this study, we experimentally demonstrate the OPP mode oscillation using the
aforementioned design.

A 7-nm-thick Fee7Cos; (FeCo) layer was used as the FGL while a 7-nm-thick NigoFey (NiFe) layer was used as the
polarizer, which were separated by 5-nm-thick Ag spacer. For characterization of the microfabricated STO devices, the
resistance and the power spectral density (PSD) of the device were measured with increasing bias DC voltage (U) under
a constant H. The positive U was defined as the electrons flowing from the NiFe layer to the FeCo layer.

The experimental results shown here were measured from a device with a diameter of ~ 28 nm. The magnetoresistance
(MR) ratio of the device is ~ 6.2%. Under H to align the magnetization of both the FeCo and NiFe layers to the
perpendicular direction, as U increased, we observed signals of the resistance indicating the reversal of the NiFe layer,
followed by the emergence of multiple microwave signals. Figure 2 shows the mapping of PSD under uoH = 0.81 T
tilted 2° from the perpendicular direction. When U > 30 mV, both the NiFe and FeCo layers are in OPP mode oscillation
at faire and freco, respectively. And the strong microwave signal marked fur is due to the MR effect with a unique
relationship of fur = fuire — freco, as indicated by Fig. 1(d).¥ Such dynamics were well reproduced by micromagnetic
simulation.
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Fig. 1 (a) Schematic illustration of magnetization of both NiFe
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Study on current-induced domain-wall motions of antiferromagnetically
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Fig. 1. (a) In-plane magnetic field dependence of DW velocity of {Tb/Co}4/Ru/{Co/Tb}4/Pt wires. (b)
Dependence on the designed Ru thickness of the effective longitudinal magnetic field He in
{Tb/Co}4/Ru/{Co/Th}4/Pt wires.
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Significant modulation of spin-orbit torque by inserting oxidation layer into Co/Pt interface
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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.
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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. [FL®HIZ

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
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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
K.Kunishima, X.Zhou, D.Oshima, T.Kato, S.lwata
(Nagoya University)

ELHIT

WA T Y & LCHAERTWABRA T VX LT 78 A AE U (MRAM)IZIE, EE ALY
BENVRENE NI RERD Y, Bl 2B EKEEOTIEE LT, AR —A8h R E AW BACEE A R
MERTWD Y, L, ZOFETHLMAEY U EAKT D012, BEBEIC 105~107 Alem? FLE O K &
REREEALEET S, T, BHEEICEREZAMT 2 Z LIk RmE A HE L, AU EE hr
7 (Spin-Orbit-Torque, SOT)A L HA D IEREETLH FE A HIfH 32 Z L RSN TS I, T ZTiE, BEKR
H 5% 79 MgO/ColPt B fEIEIZ B8V C, BRI L DKEFEOHIE & EBR T v A b A ULl bV il
BHRIZ DWW TR T2,
ERFE

BEBEZE~ 73X ha ANy 2 2 73 % T, MgO (10 nm) / Co (0.4 nm) / Pt (3 nm)/SiN (5nm)/ (A
PRl &) Si Rz Uiz, BB NERE L Ard A=y F o 7@ Z v, B — 2R HlE
HOE 3um, 6um O+F 7 — ML LT, £0%k, EEZEMLUCREEITO 72, 74+ NI V7T 7
g ANy B2 IR Mg IE 2 — 2 HfO, (100 nm)é: TS 2 — 2 Al (100 nm) & Tk L 7= (Fig. 1),
F. HFO, iEIED Ar JE Parwioz (£ 0.1 ~4Pa & Uiz, B R —/ L2 RiE, B F A2 1 kOe @%iﬁﬁuﬁa}

FINL CHIE L7z, SOT Wb iriL, mN/ L AdER (7L AHE 10 us ~ 1 ms) Z FHIN#&IC ~M£W25:/EIJ/1:
THIETITolz, TDLE, WIS MICINTRES % 200 Oe FIIN L 7=, ZiL 5 ORIERFIC R — b
EE Ve=-20V~+20V 2L, BREINGHEZ 7=,

ERAER

Fig. 2137 — NEJIE Ve =20V, +20 V ZHIIN L 728545 D SOT MLz DFER TH 5, BTV AMEIL 0.1 ms
ThHV KHEREIEE J T Ve =420V D & & 3.95X 107 Alcm?, Vg =20V d & & 3.66 X 107 A/lcm? & 20 %/(V/nm)
FEEE D Je DZALDIERR S 47z, Fig. 3 1 SOT Wb 1T 5, I DE(LE OB/ SV AR ¢ (IKTFEHEE R L
TUW5, Parmo2 22 04PaDHDE 1PaDHDIZHOWNWT I DEALRE LI LT L Z A Parmioz =1 Pa DN K
EWVWZ LR ENTZ, 72, Pano2=04Pa, 1PaVVT L JoOELRITc=01ms THRAE RS,

L 2PN
1) L.Liuetal., Phys. Rev. Lett., 109, 096602 (2012).
2)  T.Inokuchi et al., Appl. Phys. Lett., 110, 252404 (2017).

30 :
08 1 | — +20v c Py, wroz -sputtering Ar
< — _p0v = pressure of HfO,
£ Z Paioz=1Pa
) = ArHO2
s | ~
g 2
§702 15
(2]
2 5 | Ptz = 0.4 Pa ™|
~ -
= 8
b o & lb\/\\./_ll
>
“{ed S0
-12 0 12 0.01 0.1 1
Pulse current /(mA) Current pulse width T (ms)

Fig. 1 Optical microscope Fig.2 SOT switching of  Fig.3 Pulse width dependence of Jc

image of the microfabricated microfabricated MgO / Co / Pt  variation rate of SOT switching of

MgO / Co / Pt trilayers. measured under Vg = £20 V (Current ~ MgO / Co / Pt trilayers (Parnio2 = 0.4
pulse width 0.1 ms, Parufoz =1 Pa).  and 1 Pa).



25aC - 11 43 A HARLSCE R AT AL (2019)
Domain wall propagation by spin-orbit torques in in-plane magnetized systems
Ryuhei Kohno!, Jodo Sampaio', Stanislas Rohart' and André Thiaville!

Laboratoire de Physique des Solides, CNRS, Univ. Paris-Sud, Université Paris-Saclay, Orsay, France

E-mail: ryuhei.kohno@u-psud.fr

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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Co,Fe(Ga,Ge)zx W= EBiim B A B L T -+ D
S ARHUEME I K IE T Co,Fe(Ga,Ge) il D Ge ik o 2228

UTHRREIE Y, AR Y, JF REAs Y RIRFNE 2, hEBZ 2 REAT
(tAbHRE K, *TDK #alaxth)
Influence of Ge composition in Co,Fe(Ga,Ge) films on magnetoresistance characteristics of
Co,Fe(Ga,Ge)-based current-perpendicular-to-plane spin valves
Y. Chikaso!, T.Tanimoto!, M. Inoue', K. Inubushi’®, K.Nakada? and T.Uemura®
(*Hokkaido University, *TDK Corporation)

1. [XLHIC

IN=T X BNMED —FETH D Co FakA AT —541F, TOAE URBEROE S5, EFtmEAE K
LHEHU(CPP-GMR)FH I W - BRIC K & AR HIMR) EE S I SN B 72D, HIE, AICHIZERED S
TW5 Y, i, %13 Co,MnSi(CMS) % U /= CPP-GMR #FI123\\ T, Mn #L A kP Bk L v &l
RNz D LT, CMS D N—T A X NHEHEZR KT &¥ 5 Coyy 7 > F A F23MHI &, MR e ET 25 2
CERFFHLE Y 2D L, Co kA AT =D N—7 X ZVEM O EI2IE, MEEESADTH
HEEZLBND. filT, Cofe(Ga,Ge)(CFGG)% 7= CPP-GMR # 1128 W\ TLLEGI BV MR LA &
72289, CFGG DAL HIEIC %35 MR BPE~DREEI LTI 5072 > TV eV, ABFFED B, CFGG % M
V7= CPP-GMR %10 MR FHPEICx 9 2 A OB ZBH 500275 2 L THh 5.

2. EERAE

CFGG A & Ag spacer A9 % P )17 CPP-GMR 3 7128\ T, CFGG @ Ge fk %z R E(L X
V=R AER U7, BEEEIL MgO(001) Bk b F:Ak E12, MgO buffer (10 nm)/CosoFes, seed (10)/Ag buffer
(100)/CFGG lower electrode (10)/Ag spacer (5)/CFGG upper electrode (8)/Ru cap (5)DINEE L7=. i, MR kb E
X% 7%, Ag spacer & b CFGG FEMMMICIE & 0.21 nm @ NiAl fHfE 2 fA L 7-F 7+ b 1ER L7- Y. CFGG
EAROALAHIENL CFGG # —5 > b & Ge #—74" v FDRIKE A /Ny ZIEIZ K VATV, CosFeysGagaGe, 1230
Ta=02475 106 FTEISET. CFGG BMOKE LR D72, L CFGG k4 ==iIZ THERR,
in-situ T550CHT =—/L&AT o7z, LEEOEMEIT LT, MM L2 L, CPP-GMR # 7 &4ER L 7=, 3
F O MR FeEE, FEIRIZIBWCTEGE 4 S FIEICZ D BEE L2, MR HIE(Rap—Rp)/RpICE W EFK L. 22T,
Rapp)| B SCFATCHAT)RE DO HFEFHEIITH 5.

3. BRBIUEE 60 —————

Fig. 112/ L7= CPP-GMR % T-DEIRICHIT 5 MR IO Ge fili a 50} © wjo Nial % ]
(KT B IRAFIE A R, o OHWICKL, MR HHEEHRIC EH L,  F,00
NIAl R % FE > 38712350 C, o= 1.06 12 TRk 55.6%0 MR HAE S

©30F °
LAz, ZaUE, Gerich MR KD Co 7o F oA FOIEIENFRK L £ e %0
£ 505, DL LY, Gerich CFGG & CPP-GMR % 33175 =20 he
P e - 10 ©
AR A FERE LT, 290 K
0 02040608 1 1.2

L 2B ain Co,Fe; ,;Ga, 4,Ge,,
1) Y. Sakuraba et al., Appl. Phys. Lett. 101, 252408 (2012). Fig. 1. MR ratio at 290 K for
2) H. Narisawa et al., Appl. Phys. Express 8, 063008 (2015). CFGG/NiIAl/Ag/INIAl/ICFGG
3) Y. Duetal., Appl. Phys. Lett. 107, 112405 (2015). CPP-GMR  devices as a
4) M. Inoue et al., Appl. Phys. Lett. 111, 082403 (2017). function of Ge composition a in

CoyFe; 03Gag 41Ge, electrode
5) J. W. Jung et al., Appl. Phys. Lett. 108, 102408 (2016). with NiAl thickness of 0 and

0.21 nm.
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Ag-In:Mn-Zn-O F / 2 ViRY vy M AR—H—%2FT 5

CPP-GMR 3%+ Ol G & A B AR E

s A, PexoR R/, BeiE 9K, EE AR
(W'E - MBI EREAE)
Microstructure and spin-dependent electronic transport in CPP-GMR devices with Ag-In:Mn-Zn-O spacer
Tomoya Nakatani, Taisuke Sasaki, Yuya Sakuraba, Kazuhiro Hono
(National Institute for Materials Science)

[EZCOHIC

CuAlO 2 EDF ) a RV y M AR—H—BIZHNWD Z & T, BFS nm YA ROEF/SATRES 1,
CPP-GMR EMERT 5 Z EDREH BTN D V. Fox IR, RA AT —54 Cox(MngeFes)Ge (CMFG) % 58
WetEARIE (2 72 CPP-GMR %112, Ag-In-Zn-O (AIZO)& A—H—L L THWBH Z & T 50%%:#—525‘.%\
MR RGN D Z EA2HE L2, X, CMFEG H o Mn & 1ZO H D Iny0Os DB DO FEALIE IT G
Mn-Zn-O ¥ ~ U » 7 AT Ag-In @& D/NSABHH LTS/ a R Yy MRS, Ag-In /S A E A 59%43
THHRICED EEZEZDND. T7bH AIZO JEIE Ag-In:Mn-Zn-0 F / 2R Y~ b ORIEFMA L L CTHERE
L. LU G, AglZO 2 f@kkiEx A—H—ORIBMAICH WG EIC/HE B D MR EiE AIZO 2 H\iz
GEICHEART/NE WD, R T, 26 2FEORICEIT S MR LOEWERET H A =X L%, il
HEXEMNT OFE R A TTICBELE LTz,

EEBRA &

CPP-GMR % 1- D@ 1%, Cu FEME/Ta(2)/Ru(2)/CoFe(0.5)/CoFeBTa(1.5)/CMFG(5)/CoFe(0.4)/ A ~<—H—/
CoFe(0.4)/CMFG(5)/CoFeBTa(1.5)/Ru(8) (/£ X nm) TH YV, A_X—H—HEEAK L LT 1.2 nm ED AIZO (&
PR Ag IR 29 at. %) &, Ag(0.4 nm)/1ZO(1.3 nm)?%ﬁﬁ We BRIER12 280°C T3h OB A B Z o7, =
U5 O CPP-GMR RO S %2, AABIRE - IAMEE (STEM)IZ X - THENT L7-.

EERER

IR TO RA & MR i, AIZO FIBRIAIZ R L Tk 0.08  Q-um?,
50%, Ag/1ZO FIBFAICR LTI 0.1 Qum?, 30%&, [0 RA

IR L TCREZR MR EEOEWDH S, K112 STEM (2 & é =
fiEfE HAADF (8 % . WP ORBHI BN TH A,
Mn-Zn-O~ ~ U w7 2 fec G D Ag-In 33 L)/ = ‘/‘J‘g
Uy MEETH D, Ag-In HT HHAIXEFRAZEE (CCP) & L THERE
T5HEEZBND. Ag-In CCP DK & X1, AIZO HiBRA DA,

AL 5-10 nm F2 & (AFIPATE OMKEBIZ L 0 E), S 1.8 RO RIAO NIl
nm CTH 5 DIZHF L, AgIZO BiBEEDGEEK 3 nm, &I
24nm EEWVWRRLND.

2 JiRE T AT IS 2 CCP-CPP-GMR O EEGR M L 5 L, 78
WlEARE & CCP D A BRI AMEDBLE NS, MR DN
RiZ72% CCP DEZRNBFIET D, AIZO, AgIZO Fil{EDZ i
ZRUIZOWNWT, AV UVIRFA RS 72L& 25, AIZO AR
(2 X% Ag-In CCP D5 Ag/lZO R ADEA LY 1, CMFG
SRETERE & DA B IRPIOBEAS MR L2 LR STz,

(a) AlZO precursor
CMFG Mn-Zn-O matrix

7

CMFG Ag-In path

X 1 (a) AIZO B L DN(b)Ag/1IZO A~—
— {7 BR K 2 v 7= CPP-GMR & ®
HAADF-STEM 4.

£#E Xk 1) Fukuzawa ef al. IEEE Trans. Magn. 40, 2236 (2004).
2) D, 542 Bl A AR FER NGRS 13-aB-7.  3) Sato et al. IEEE. Trans. Magn. 44, 2608 (2008).
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Llo Bt S8 D A v By R — )V R BT A5 — R B E

=i RKE, A0 i, ¥E EIT
(W'E - APEHMITIERSEA)
A first-principles study on spin anomalous Hall effect of L1o-type magnetic alloys
Yoshio Miura, Kenji Nawa, and Keisuke Masuda
(NIMS)

[E =
AR, A UHGER BAERICERT 2 L7 (A E VA RV 2 :SOT) & AW 7= B OB LIRS A B
AEVIZBIT AN EZALTEL L URAIHFRE STV D[], SOT XA OB I Btz Lz
ISR A Y R — VI R(SHENZ L > CTAE VA4 U S, SEBMERICAE AT H Z EI2LY
FRIEIEIR DI FVv 7 252 5, SOT I X DALERIL, A F T U AT 57— M7 XD EE &
D bR LN IR TE 55T, MBMERBICIEASN D A B bEiom & K OSERNERE O
B2 B2 % bV O & PR IT CIRBENEE ORER I TR SITRIFT 5720, 73 AEEICHIN 2%
J5, 22T, MEMEERBICBIT2AE VR AR (R VREAR—AZE  SAHE) ZFIH L-EH LR
B UHLE MV B WS E S ERGIICIRE STV D [2,3], T OFIETIL, @Mt IcER a2 L T
ZOEEFANZFEAET D SAHE IC L > T, JERMEBA AT S 5 — HF Ol A v o iaiEAL, My
7 3 S TCTWME IR Z1T 9, SAHE & W e bR OF L, HEAT HAE RO A B v & kil
&, KO O5EEENERE OREIZ - 2 % bV O & A SAHE % 38813 2 i Ok om it L - T
HIEATRE/R Z & TH D, FATOIIRAIIE[2] TIE, SAHE (2 X > TKE 72 SOT #1525 72 DITi%, samttigo 2
B B TR — AR E(SAHC: 0yy™") & B2 R — AR E (AHC:04) D Jl (=050 # RE K §T5 2 ENEET
HDH LRI TWD, &2 TR TIEE —FEEFHEIC L Y NERPED SAHC & AHC % BEmfEiT L K& 72
ooy 1D 12D DIEE EZH LIS 5,
&R
WK D SAHC 35 X Y AHC I3 B I E BRI FED W T
B IR E ATV, SREEMERE & L CRE R
MEAHT D LB D FePt 8 X O FeAu 541 EH L=,
DFHR TITHAIX z A AN EE L, @ OEDRIE x
jilﬂ AR—/VERIL y TR D b D& LTS, 200
Fig. L IZA B V3R UTo AR — UARE B DR RS B 2 T, 300
22T AHC 1 0ymoy Ty 0T TL SAHC ol = oyt wo Moo b
I 0= 3y T-0 W T H- 2 HAL 5, Fig.l £V L1o-FePt
® AHC X 04,=761[S/cm], SAHC I 05,P"=498[S/cm] T&H %
72, FDO ooy lE 1 L0 /IS, ZHULFePt o |
AEVEFNPLORERAECHUEHAEMAIC LY A E U RKEIEBELZ 2 T ot DAL L, R
DAZ oM IEIZHEIM L7 EBE 2 Hivd, —JF FeAu @ SAHC 15 0yyP"=472 [S/cm] T  Z #uiL AHC
oxy=79[S/ecm] LV K&, Ko TEDHIFL=59 £ 1 ZRE<B2 D, THULFeAu D | A EA DR
RBEEE N 7 = )b IYERAHE T/ S WD A B U EREELS BN S 4L o USRI L7272 Th b &
EZoND, ARFZEE, SCHRRE B ge g miBh & HRFZE(S) JP16H06332) DBk 4 % 1T TiThh iz,

L ZDE N

1) Miron, et al., Nature 476, 189 (2011).
2) Taniguchi, ef al., Phys. Rev. Appl. 3, 044001 (2015).
3) S.Iihama, et al., Nature electronics 1, 120-123 (2018).
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Fig.1: Spin-resolved anomalous Hall
conductivity of L1o-FePt and FeAu.
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L1o-FePt (281 5 A v° 0 BLg i — L zh iR

BRI 2, SRR AARKY EAdsLE
(" RAEKRAHF, * ALK CSRN, AL KA BB E 0T, * PERRAT)
Spin anomalous Hall effect in L1o-FePt
T. Seki'?, S. lihama®, T. Taniguchi* and K. Takanashi'-?
('IMR, Tohoku Univ., 2CSRN, Tohoku Univ., *‘WPI-AIMR, Tohoku Univ., “AIST)

X CHIT

A VHEREERIL. AEY a2 ARG LVEEE RS A OOEEAF—T — R Th 5,
Bl 213, A CHERAENZER L 55 2 VL R— AR R(SHE)Z VWi, B & A 1k
ICA B EBROTN T 2 A EVRIVEEY 2 LR TE, 20 IS k0 Py 2 hRaE
ROWALMNZ V7 2Nz 5 Z & b A[AEE 72 %5, SHE I 2 iV E TIMMEERZ FOICHN G TE
T3, BEIZ 72 o THBEMERIZ 351 B AR OB A B MM b B Shd L9 Icao TE i 12,

HEAVERTIL, M & Je DAV RIS B4 R — VR RAHE)NC & D BIEAVE U 5, MEATERN T
J PEEIC A B ARBET TH Y . AHE (IZ LV AL MG MER S A E AR T 5 L BEZHND, it
(R DR % B, MRS T DR %2 BRORFER— A A% am & LIS,
AHE (2 XYV E L BT A B AL Js o ($- f) ann [MAM] < J] THR BV 5, ZHUMBA B B R
— VB R(SAHE) T % Y, ABF%ETIEL, K& 72 AHE %757 Ll-FePt £4:78 K & 72 SAHE %759 7]
BEMEIC#E H L. Llo-FePt O A vy B R — LA 3 OV SAHE OEFEZ X, X 512 SAHE % W
T AL R s e A 7

EBRfE R

1 IZHEAYIZ IR L7z Llo-FePt | Cu | NigiFeio D BLRBESRIEHUGMR)EIZ BT, EEii 2 IR N I
It L7z & & D NigiFero B OBALmIZIER T 25 hv 2 #5035 Z & T, L1o-FePt 8 SAHE (2 L %
J BRI T 5 2 LN TE D, AW TIE, ANy Z3E%Z FHW T SrTiOs (110) 34K _EIZ L1o-FePt (30
nm) | Cu (3 nm) | NigiFeio (20 nm) % =& X % v Lk S 7z, 2 2T, Llo-FePt & 13 f5Em PNz —if
BB TMAEAT 2EANBAIE L oo T D, Z OFBEUEHIMEI LA 4 Z L 12X V| FePt
& DAk (p) & J. AEAS L 72 3 1(Orthogonal configuration-device), 35 X W' p & J. 23 1T D 3% 1-(Parallel
configuration-device)D " FHIHDZ - ZER L7z, 2N O DR FIT OV TEGLETTLe.) Z FIIN L7253 5
FREEMEILIG 2 ML ZIE LT & 2 A, Lo \ZHAF L 72 JEIGHRIE DO ZSFH 3 BUHI S 41, Llo-FePt D A
BV EEAR—VANY 025 £ 0.03 & RS bl TOfEIX Z4VE TIZ CoFeB THE AL TV A HE
VI HREV, X 51T, Orthogonal configuration-device & Parallel configuration-device O 5 % LL i
THZET, B SNT-ER-A VU MA#HIL SAHE OXFMETHIATE 5 2 LRS-, i
HRFIZIE SAHE Z WAL BERIZ DWW T b iam T 5o

BETHR Nig1Fe1g
1) B. F. Miao et al., Phys. Rev. Lett. 111, 066602 (2013). cu
2) T. Seki et al., Appl. Phys. Lett. 107, 092401 (2015). 11, FePt
3) T. Taniguchi et al., Phys. Rev. Applied 3, 044001 (2015). Je

4) S. lihama et al., Nature electronics 1, 120-123 (2018).

Fig. 1 Schematic illustration of current-in-plane giant
magnetoresistance stack with L1o-FePt | Cu | NigiFeio
for the evaluation of spin anomalous Hall effect.
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Cu-Ir AV U R—/VEEZ AT 5 AN TR o gl

AN BRI 2 EHATS L AL
(" AR e mAT BT IERT, 2 AL CSRN)
Fabrication of artificial antiferromagnetic structure with Cu-Ir spin Hall layer
H. Masuda', T. Seki'*?, T. Kubota' 2, and K. Takanashi'*>
(‘IMR, Tohoku Univ., 2CSRN, Tohoku Univ.)

XU I

RIS 3 IRAUIESS O 1] S OV O SRIE IR S i 8 7 & %8 < ORI & B3 2 ROBRIE MRS A B b
0= 25 CTHEAEZED TND Y, RBHMEA Y b =27 20O 1908, ROREMER S S 2 2%
AT 2 FEOHNL CTh 5, KRB RO SOREMERIZRT L THENZ 2 D LB BN TWDH D0, A
EUR—ANRICE > TAEUD A VELE V2 (SOT) DIFHTH S, ZTNE T, 27 KRR & X
BB AAER OKE 72 Pt 72 E OIEWMESE 245 DR T2 RICEB W T, SOT & iR ER SIS OFH A
TERDHR O TE 223, L, 2L SORIBEME AR CIIREX SO SRR RS B RS 2 il 3 2 2 & 8 #E L
<. DOBHEMERICIERT 5 A Ul MV Y ORFERRIFRICIIARME Th D, ZHUTxH LT, SRR
A L& | N TR T2 O IR IERGE JE & 72 1358BEE OIS A2 4 2 5 Z 212 K - TRORBEMERE A 58 %
52 ENFRETHL, MAT, ZEHLIREONEICL > TRERAE HGE NV 7 BIEELT 5 wHeME:
NV | SRR AL HE bV Y OWFZEICE L72FE B Th D EF 2D,

L7235 T, ARFROEMEBINEL, RO G R ORERAE B M7 Z N TE 8B AL
TOWRTHD, ZOBMEERT DO, AWFFETIL, Co/Culr/Co ATHTIZEH L7, Co/Cu
/ Co SRITSGEREMERE G 2 R TREMREBA T T THY . M TEORIRERELKBEIRITIEBLN
RFEIC K o THAL T Z 3 i3 2B/ R & 72D, — . CulIAE R — R E1Z LA ERI 72N
B, CullIr 25281285 T Osu=21106% DAL R—NAEZELNDZ ERHEINTNS
9, LML B, Co/Cu-lr/CollH T D MBENERE A IZ OV T OHEIT RV, £ 2T, AHFZETIL Co/
Cu-Ir / Co N ECHRIEMERE & & AV IR — VSR & W C & D IERMER M BN Ch 2 &2~ T2,

ERAE R

RS LT, w7 R bu ARy &Y v 7EEE Z T ALOs (0001) il / 23y 7 7 —J& (Cr(10
nm) / Au (5 nm) / Cu (35 nm) ZELEIZ L > THe(bLizH?) /Co(2nm)/Cu, Ir, F721% Cu-Ir (tnm)/ Co
2nm)/Cu@2nm)/Cr (S nm)Z{ER L7z, Z Z T Culr OfLEIZ, Cu:lr=95 (at%): 5 (at%)) TH 5,

PRENFUBVIRE 715 2 - TERL U 7230 OB LA 20 E U, SORBEMERS B0 O R EE ¢ K AF1% % 3
Rz Z A, Co/Cu/Co KW Co/ Culr/Colkt=0.75(nm) DXkl Co/Ir/ Co L ¢t=0.5 (nm)DiREHI I
W CSORBEPERS B IRE N R R E 72D Z E 0¥ Y . Culr HEZ AW C AN TS 2 R TE D 2
ERABNERST,

Wz, Culr ® Osu ZEEMIZHAMES 57290, ALOs (0001) AR / Co (2 nm)/ Cu-Ir (¢nm) / Cr (5nm) @ 3
JEREEIC BT D A E VR — VERIEPI R PN, T OFER, AV R—L Osu~43% LW O NS
BAL. ABFZETHWZ Cu-lr JEREME TR S SRR A & A VR — VR E RN T M ChH 2 &
DIHERE STz,

BER

1) T. Jungwirth, X. Marti, P. Wadley, and J. Wunderlich, Nat. Nano. 11, 231 (2016).
2) W. Zhou et al., Phys. Rev. Mater. 2, 094404 (2018).

3) T. Moriyama et al., Sci. Rep. 8, 14167 (2018).

4) Y. Niimi et al., Phys. Rev. Lett. 106, 126601 (2011).
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B FEB LN o #H W-Ta 54 /CoFeB F&J&E % D A B L 7k — LRSS H P10 5B

FOREAFIE L, FORAL 24, M IE T 13AS PEse R 13AS . I ETTAR 1
(RJEK ICIES, 2 I%Eﬁ £, 3CSIS, “CSRN, SRIEC)
Spin Hall magnetoresistance in - and a-phase W.Ta alloy/CoFeB stack systems
Y. Saito?, N. Tezuka?*, S. Ikeda®®?®, H. Sato'*® and T. Endo™®
(Tohoku Univ. 1CIES, 2Graduate School of Engineering, *CSIS,  CSRN, °RIEC)

XL &HIZ

A B HLIE R L7 (SOT)-MRAM, skyrmion, domain wall 734 A0 FEB & Hig L, E4&RE, RBMEEE RO
A B UHLE MV OBFFERRRE N AAATOIL TN D, FRIC, BMEREEDO R, 2F D, H2DEII) %t Lz
EEDAE U Js) DEMBIETHHLAE R =LA (0= Plc) ZIMIE D720, £ < OEBGBM
BROE AR SREBIE R ORFIE T, |OsuS HIZBIZEEM L TS, LHL, B KERZL OESR
MEHT, HEFBARECORBIRTH D, LSI 72 EOREUERIEE P TR E 2R 28R E LTHWD
L HBEDRUXF DK, A — FOBEBIE, REREERETZ2LE0 LEFELI 2V, I OREE M
I D720I2iE, Rt KL ’tlﬁ‘élHSHIODi*‘jt ZHES T, KRB A B AR — L) B (intrinsic SHE) %
WRTDZENEETHD, 40, FH—JFZHEHE VT intrinsic SHE O KN TSN TS B HH WigoxTax
FBEO a FH Wigo«Tax a:iswt AV IR =LA O Ta MK E R~ T D THRET 5 2
EBAHE

BAFEZEANy XN T, TORBERMNE2EZX L2818 0, a2 TalREX)EZAET D B FH WigxTax
B L a 18 Wig«Tad/CoFeB/MgO/Ta & i 4 /ERL L=, 6 Z M L LA — L x—RIChi T L, &
BV R VBRSNS (SMR) & Il L 7=, 1% 305 K, -4Tesla~ +4 Tesla TIT > 72, £ SN ER D
EHOTRERE W0, AEUIEBELZRD, Tb0

o]

Ta IR ERAFPEZ R~ T, T

% 0.2k 305K .. o. . [ 1
Fig. LICkk % 22 TalREEZ A3 2 B #H WioxTa/CoFeB % % 0l

D SMR (ARyy/REZ®) OFERZ R LTz, HITRT LI < .

SMR OHEHEIL 8 5 Ta B THIR LIKEE & 5 Z L g -o.6f

PND, KEZ LD WipnTaddEZE S 2L Tnd, £ o8l oW,Tar

fo. TITEHRSRVA, TalREEZBAT S & ot o WorTas

WigoxTa/CoFeB 5% D5 4[RO SMR O E O HE N A3 S b

B =i, fta (NI

B AAH L a 40 WieoTad/CoFeB —Tl’*@ SMR OfE % | Fig. 1 SMR plotted against the heavy metal (HM) layer
BSOS A L CRERT L 7=, Fig2 12, MRNTREE G % thickness tw.ta for the devices with p-phase W-Ta HM.
A IR — LA DAEHE (|Osu]) D Ta /&%Eﬁkf MR,

AL affl bICd D Ta ik Closl LRI E 72 & L/—-\_\‘
BN ERRoT=, B ABICEI LT, TaltEaHAT 2 ol B—phase :
& WigoxTax O HARBL O MBI T HF AT 5 72 Bl o6}

SNT|Osl D IARMIE, BB TS G oaa}

intrinsic SHE O RICHIFN L T\ B L E 2 b b, AFgE 0.12f L

1T JST-OPERA, AHfF £} (15H05699, 19H00844) D& D & & ;:8 : ///:_'p/h —a
TiThii, D_UGZ/ o 4
L 2B

Composition: X (WigoxTay)
1)  X. Suietal., Phys. Rev. B 96, 241105(R) (2017).

. Fig. 2 Estimated magnitude of the |#sn| as a function of
2) Y. Saito et al., Appl. Phys. Exp. 12, 053008 (2019).

Ta concentration x in the Wioo-xTax alloy HMs.
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CoFex04/Pt FLIZ 35 1T B T #2250 5 0> & )1 il 4]

Omp AR T ILUARIE L WINERE 2, R HECR 2, RIEKHR 2
(AERBeR Lt AERBET 2)

\oltage control of magnetic proximity effect at CoFe,O4/Pt interface
©S. Nodo?, T. Yamamoto?, T. Yanase?, T. Shimada?, T. Nagahama?
(Hokkaido Univ., Graduate school of Chemical Sciences and Engineering!
Hokkaido Univ., Graduate school of Engineering?)

XL HIZ

T4, PYCOFe04 D & 5 7R FEMENEE B . MBEMERERRAR ) & Bl D S (HMIFMI)IZ 3 1 2 58 BLER 28 IA < WF5E
ENTWD, BHCREKOTEN RIE. FERAER B 2 & HIEiF & L TR ShTwd, Ptix HM/FMI O
HM & LTHWSHN D Z E23% <, Stoner SRIFITEWETRRIE[1]D 7o OBERITHEZN RIZ K - THEMENTHE S
nNTNESbhTnd, Lad> T, Pt~OELEOHIINT Fermi ¥ 2 2L S5 Z L TPUZHRE S
DWHNEN T HZ L AMIRF S D, £ 2 CARIFE TR, A A UiRiEE W EEOR[2)IZ L - T, Pt
DGR R 2 HIH T 5 2 & iR i,
ERA*E

NGB BOGE Sy TR B 4 % o —(MBE)EIC L - THERL L 7=, IEA%RZIE MgO(001) 2 A/ NiO(5 nm)/
CoFe204(50 nm)/ Pt(0.5-3.5nm) T 5, BPEZRILI 7+ NV V7T 7 41— ArA A2 ) 72 X 28600
L. Hall N—HEDFETEER LT, F7-A & IRIE[EMIT[TESI] @ 4L 3 — K (TA210:EMI-TFSI=1:1)
ZFRFITHE AT, F— MEmE L,
ERER

CoFe;04/ Pt(2.5 nm)7> & % % 56 112 A A kIR Z I LT 7 — MEEOHIINZ X - T Figure 1(@)IZ~T £ 5 7¢
BXIRPLOZEN GO N, L7 — NEEOIC X > TPt @ Fermi LN E(L LI/ d7E B 25
%, Figure 1(b)IZi%5— MNEEIZ X 25 Hall {EUE@WH:%/TTT Hall iHiIL e 27 U v R 7228 k(25 Hall
HRYERL, ZHIEBERIEEDRICL > TPUHCEMERNBE SN TWE Z L2 KB LTWS, /2, #F—
BIEIZ Lo TERF Hall RO K& SRET DRI HE O, ZHIXELEOMMZ L > T, Pt OBAGT
BIRDEN LT eEZE LN,

(a) (b)
T T T T T 20 T T T
20 ™® W CoFe,0,/Pt @300K - CoFe;0,(50nm)/Pt(2.5nm)
15 [ @300
E 10f
600 - 4 ©
(o] 5
o £
\ﬁ 580 1% 0
I
© Q -5t
560 [ ] <
_‘IO -
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Figure 1 (a) Ve variation of the electrical resistance for CoFe204/Pt(2.5 nm). (b) Ve variation of Hall resistivity for CoFe2Oa4/Pt
(2.5 nm) at room temperature.

B35 3 H

[1] A. H. MacDonald et al., Phys. Rev. B 23, 6377 (1981).

[2] S. Dushenko et al., Nat. Commun. 9, 3118 (2018).
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HE227E bee Cu FAE & FlV 72 CIP-GMR #1281 5 BRBSIR DR R

K. B. Fathoni'?, BAFERRR |, e x RFth ', S RME ", k!, €oFmE 2
(oA Hists |, HLIRE )
Giant magnetoresistance effect in CIP-GMR device using meta-stable bee Cu spacer
K. B. Fathoni, Y. Sakuraba, T. Sasaki, Y. Miura, T. Nakatani, K. Hono
(NIMS', Univ. of Tsukuba® )

Gk

A b= AOREFWBLGTH 5N E RS E KRB SIPI(CIP-GMR)Zh F X, HDD U — K~ K& L
TZOFSEEIRENZ2M L2 7o b L, BIfETHMECREER AT — & LTIRIASFIA S
nNTns, ST, IR COMBISGFHE TH ATREICT 28 BB ER K P — OB JEBIR A IIE L T
L, TMR FE7 L0 AREWE 7 A ZH/hS (1], FAHEEOHE I N LER - KRR LT
CIP-GMR H# IR E RFAEARH H, LrL—FH T, CIP-GMR F 1D MR thiL, U — R~y RE L THHE
EREZTEIVIZTERLR OIS, A LT REETIE 1I8%REREICHE>THBI[2], B —&LTD
UL O8] EO 729121, MR A B3 < kD Hiv b, CIP-GMR F 7D MR 2L, (DE O AR
TR - QS FRE - QREEF N FEGOZERPEETH L7720, (1)DEMED BB ORI E
SIPLROR M EHI R SN D, £ 2 TARIFIETIX, Fe RICHRENHE SN D HELRTE bec Cu 2B L L
[3]. CoFe & #lAfiH7= CIP-GMR £ 1127 EH L7z,

[EEBRAE]

MgO(001) HiiE i FMR 12, Coy(Fe,/Cu/Co,Fe,/IrMn f i D A

L L7 (SV)E CIP-GMR 3% 1% Co:Fe DK %228 2 C ¥ —=— max

TEBLL ., 2 O S XS CRE SRR R O 4l & TEM 12 L % sl = gy = 28

WAL B 22 51T - 720 Cu BEELIIBANE L LT 0—5mm £ T

B &R, £~ TEMBERICL AEE~~—2L L, Hi— &

JRHREHEIZ I o T CoyFe,/Cu/Coy (Fe, S i d 18 2R O i N i 4% -%
z

EAFPED R ZAT > 72,

[RERFER] °r

1127”579 MR .0 Co:Fe DR HARTEIED S x 23 5F fec bee

25,50,66at.% ClLi K 25%Ri#% & 72 5 SVA#E T & LTl 0 20 20 50 " 10
=D MR a5, TEMB8EORER, bee & D CoFe £ T Co X Fe

WRLHEZEM & LT bee Cu SR LTE Y Fmisfns 4 < 1 CoyFe,Cu/Co, Fe/IrMn CIP-GMR % 70
RVHAHR) R FREASREDFONTND Z LR gnol, SRR O Co:Fe #AR HL A 171
Fe/Cu/Fe (23T b [AEED bee Cu D% & Sk -3 A D3 e

WENTZH, MR L 5% E 72, FHJREFRICL 2 A UMRFOE T OBZELFHEOFE R, Fe & bee
Cu TIEZEA L LNy ROBSVENEWN | HETFE DL CosgFeso TIFIEAMEN R EX < EL, Kl Y
T o — BRI OW R FE O N T IRk T D E T OFEAMENE VT & A3, Fe & CosgFeso MR
DRERZEDEINTH D Z LW h->72, beec Cu & CosoFesy & DARD TEWEFHRRAMEE ZH AL R R
FAIZX Y, ItMn ZERE bee Cu 20 L- BRI KRBEMERE G 2RI Lin A o 7 —ERIE T T, 3 )3
CIP-GMR ## it CTherdr & 72 2 IR T 40.5% D MR LA EB X7z,

L E D

[1]K. B. Klaassen, et al, IEEE Trans. Magn. 42, 108-113 (2006) [2]R. Sbiaa and H. Morita , Appl. Phys. Lett. 84,
5139-5141 (2004). [3]B. Heinrich et al., Phys. Rev. Lett. 64, 673-676 (1990)
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IWHGETVE !, A2, BEERN, AR, TREREE Y, (LEE
FREPRERER Y, hvsn— 2, IREZE
("PRORHBE T, 2BOK T, 3 BRORFERE T2 CSRN, * i AHRAIF)
Correlation between spintronic properties and ferromagnetism of ferromagnet/semiconductor interfaces
M. Yamada !, Y. Shiratsuchi 2, M. Tsukahara ', H. Kambe !, K. Kudo !, S. Yamada >,
K. Sawano , R. Nakatani %, K. Hamaya >
(‘Grad. Sch. Eng. Sci., Osaka Univ., 2Grad. Sch. Eng., Osaka Univ.,
3CSRN, Osaka Univ., “Advanced Research Laboratories, Tokyo City Univ.)

el nET, BBEMERA AT —FA 4 CoFeAlosSios(CFAS) &
HEEAR Ge D~T R REAATHMUA L L VTR T EHNT,
FRTHAEUESEEST 5 Z LTI L TWA[L 2128, £ DIES
EIIIEFIT NS W E W IFEN o7, —J7, ZDFE % 300C
T == BT 5 &, ~T o REDOKISOEETRIRETOA L
EEDHI 0% T D Z L AL, AV UGS L SE S E OBIfR
WL BT D ERD TV B [3]. ABFJETIE, CFAS/Ge FLrH I Fe #%
SER AT D 2 L CREDEFOMEEZSEL, AR A 1E5D
HREZBH Lo CTHSET 5. £72, MEKEHEOBLE S b Ui
BEFHIL, A A5 & OMBEZRHE L7

Fig.1(a)lZ/~k 3 & 9 72 CoFeAlosSios(CFAS)/n-Ge I A &° L /3L
THETFEZER L, Fe Kk DEIRA E A5 2RE LI-fE 5%, 16k
DFR AN E R TEBRENN 60 52 KT 52 EnH-7-
[Fig.1(b)]. HAADF-STEM #l£3k v, %tk CFAS/Ge HHE TR LI
TV D W] 5 E[3]1F, Fe #Iiz1T9 Z & TRIFICKESNT
WD EEMERR LTZ[4]. — T, ~7 v FlE O/ & T3 5 7201,
A RN EREE O S EE OREZ BT 5720 D Ge(111)3E
D CFAS(5 ML)/Fe(5 ML)/ & CFAS(10 ML) 5% % Z 1 fE
R, KRR CTHNBEIET Ker ZVRBIEEIT 72, TOREE, Fe
SML A4 A L7 T, Kerr [FIHEADY 10 (GREICR>TEBY
(Fig.2), T OMMENR KR E S WHEINTND Z EVRIB I T,

T, A UGB OB L Kerr RG5O BT
PEOFBI S O Cilgan 5.

AHWFFED—HL, JSPS FHiF#(Grant No. 16H02333, 17H06832,
17H06120, 18J00502)7 424 5 17 7-.

BE W

[1] M. Yamada et al., Appl. Phys. Exp. 10, 093001 (2017).

[2] K. Hamaya et al., J. Phys. D: Appl. Phys. 51, 393001 (2018).
[3] B. Kuerbanjiang et al., Phys. Rev. B 98, 115304 (2018).

[4] M. Yamada ef al., (in preparation).

(@) Co,FeAl,:Siy/Fe
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Fig. 1. (a) Schematic of a lateral spin valve
device with Co2FeAlosSio.s/Ge electrodes.
(b) Room temperature nonlocal spin signal
for devices with CFAS/Ge and CFAS/Fe(5
ML)/Ge contacts.

CFAS/Fe(5 ML)/Ge

6« (mdegree)
o

5 CFAS/Ge |
4 _
" | f
-500 0 500
By (mT)

Fig. 2. In-plane magneto-optical Kerr
effect loops for CFAS/Ge and CFAS/Fe(5
ML)/Ge films at room temperature.
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FREEPER/ HEAR A VU FFICBIT 5 A UERIE S D

FERRIE S A T ARAENE
PR, IDHEEVE !, BRI, NEEER, LB
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Nonlinear bias dependence of spin accumulation signals in ferromagnet/semiconductor devices
Y. Fujita, M. Yamada ', M. Tsukahara ', T. Naito ', S. Yamada 21 K. Sawano *, K. Hamaya 21
(‘Grad. Sch. Eng. Sci., 2CSRN, Osaka Univ., *Advanced Research Laboratories, Tokyo City Univ.)

oz lL, FRmEMER A A T —44 CosFeAlosSios(CFAS) & K Ge D ~T v 2 H T DA A B 3L
THRTHEHNT, AU ESZEEIRTEET 52 LI L TWA[L, 2], O 2 i FESIRHIMR) I A
ThEWV3B] —F, FEEAY CHEFICBT D 20 MRIBEFICHT 2 2R ETONIETIE, A7 AEE
FIMZ L0 2 R 7 REIEAH KT D 2L TAL UV EERMIREIN D LG SN TEX72034], o
HIZ2WFZE TlE, A B R EARA OIRIG R A B R LA BET 5 L NEETH D & 0L H 5[5].
ARFZE T, PG AR 2 &2 LT R FATEB DT 2805 MRAG B DA T AMRITHE 2 FEAIIC G L 7= 55 58,
NA T ZABEITK L TA Y CEEEEAVL) DRI T 285 2B L 7O THET 5.

Fig.1(a)lZ "% K& 9 72 CFAS(FM)/n-Ge B A &0 L7 HT-2/ERLL, 2 D FM Ui RN BB 1)
ZEIINT 52 & TAEAAEFZ2HE LT, Fig1(b)ITix, Hx
RHIINEIR F COA Y VEREEBELEANESZRT. BRE
W U, [ OBERRG S OEETH-ThH, AV UEED
BFENKET 2BENBHl S T\WD. 22T, Bk
DR BR| % DFEA% Device A, Device BE L, AL E ID
BAtR %A £ & =DM Fig. 1(c)TH 5. AVLIL Fert & Jaffrés D
ETNOISH D K D2 1Tk 2 iR A kA R~ O T
<, sin H—T7 DX I 7RI BlbEZ R L TnD, Eiz, >
0 (I < 0)DFEI T HAE)DAVL BEHEI SN T[T, ZDZ
X, PEERAE R TICBT D 2T AEAGED, HIN
B I DA TRIBRTE L0 TIE 2L, MOLPOENEE
SN TIHMEEZ BB L2 L 2RB L TN D,

T, [F UK CHIE S D IERT 4 T A8 15

BERVEMICHEERT S Z LITMA, A URHEmREAO A B
MM DI /e A & BHRL A Y R 7 N DR o T
— - o -
CERHHECHERLIT, RS A EMIICERT S, s? °a_ ﬁl,
=0 g L)
i 31 20F g % @ B& Device A |
AL O — 1%, JSPS Fl 4 # (Grant No. 16H02333, nD:»%o% B,
— — 40+ . [o] -
17H06832, 17H06120, 18J00502) 7 3248 % 1 7-. * N T T
-60 -el.o -4|.o -2|.o 0 zfo 4!0 6.0
sEH HmA)
Z &
Fig. 1. (a) Schematic illustration of a lateral

[1] M. Yamada et al., Appl. Phys. Express 10, 093001 (2017).
[2] K. Hamaya et al., J. Phys. D: Appl. Phys. 51, 393001 (2018).
[3] M. Tsukahara et al., Appl. Phys. Express 12, 033002 (2019).
[4] T. Sasaki et al., Appl. Phys. Lett. 98, 262503 (2011).

[5] R. Jansen et al., Phys. Rev. Appl. 10, 064050 (2018).

[6] A. Fert and H. Jaffrés, Phys. Rev B. 64, 184420 (2001).

[7]1Y. Fujita ef al., (submitted).

ferromagnet/semiconductor device. (b) Local spin
accumulation signals at 8 K at various / for devices A.
(c) Bias I dependence of AV at 8 K for devices A

(open circles) and B (open squares).
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(BRET A ERKAD 7 VML, B C BRA L D)
Quantitative analysis of spin current generated using vorticity in surface acoustic waves
Yuki Kurimune?, Mamoru Matsuo B¢, Sadamichi Maekawa ©B, Yukio Nozaki*P
(ADept. of Phys. Keio Univ. , BKITS, UCAS, °RIKEN, PKeio Spintronics Center)
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TROSREENE T~ BLICAE Y NI VAT 77— Mo B2 5252 L TAV VIR RFE SN DS, Z0
LEOBR~A 7 aEOREEY, X7 MRy NI TFIAVEACCHE LT, 728, IDT OHfiilg &
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BENDZAEVHIEBOREDKTELS 74 v T 4 V7 &Iz, ZOAE PSR E O 8 1 BR 7k 0%
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B OB ITT-EERHMATH D,
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g 3
5 e
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[1] M. Matsuo et al., Phys. Rev. B87, 180402(R) (2013). [2] R. Takahashi et al., Nat. Phys. 12, 52 (2015).
[3] M. Matsuo et al., Phys. Rev. B96, 020401(R) (2017). [4]D. Kobayashi et al., Phys. Rev. Lett 119, 077202 (2017)
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Spin absorption and spin conversion at paramagnetic heavy metal interfaces
D. Ito}, T. Kimural?
(* Dept. of Physics, Kyushu University, 2 Research Center for Quantum Nano-Spin Sciences)
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1) T. Kimura, Y. Otani, et al..  Phys. Rev. Lett. 98, 156601(2007)
2)J. C. Rojas Sanchez, L. Vila, G. Desfonds, et al.: Nature Communications vol.4, Article number: 2944 (2013)
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Mechanism of strong enhancement of anomalous Nernst effect in Fe by Ga substitution
H. Nakayama®, K. Masuda®, A. Miura®, K. Uchida®, M. Murata?, and Y. Sakuraba®
(*NIMS, 2AIST)
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MEIOBIEA R D T 5. Y2 21 E TIC FeGa 44 Td % Galfenol 1350 THERIY K & 72 A F L v &
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configuration for the anomalous Nernst effect
EZ- D (ANE). (b) The Ga composition x dependence
1) M. Mizuguchi et al., Appl. Phys. Express 5, 093002 (2012). of the magnitude of the ANE Sane In Fe1.Gay
2) Y. Sakuraba et al., Scr. Mater. 111, 29 (2016). thin films. The inset shows M, dependence of
3) Y. Yang et al., AIP Advances 7, 095017 (2017). the Sane. (C) x dependence of the transverse
4) Y. Sakuraba et al., arXiv: 1807.02209. Peltier coefficient o, in Fe;.,Gay thin films.

5) J. Weischenberg et al., Phys. Rev. B 87, 060406(R) (2013).
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Time-dependent measurements of the anomalous Nernst effect using a laser heating
M. Mizuguchi® >3, M. Saito"*, S. lihama®, H. Sharma'-?, M. Kotsugi’, S. Mizukami* ¢
('IMR, Tohoku Univ., 2JST-CREST, *CSRN, Tohoku Univ., *Tokyo Univ. Sci.,
SWPI-AIMR, Tohoku Univ., °CSIS (CRC), Tohoku Univ.)
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—VFvuRAa—TEEEE=HF LT,

ERIER
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SHBFEL TSI EB LN, YA, MKEGMELE OMBIS, FIREREIC L D2BAE O OFHR
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Experimental observation of a conversion of spin and heat currents in nonmagnetic heavy metals
R. Matsuda®, R. Suko”, D. Ito*, T. Ariki* , T. Kimura®B
(Dept. of Phys. kyushu Univ.#, Research Center for Quantum Nano-Spin Science, Kyushu Univ.5)
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1 Sheng, P. et al. Science Advances 3, 7, doi:10.1126/sciadv.1701503 (2017).

2 Suzuki, M. et al. Physical Review B 72, 8, doi:10.1103/PhysRevB.72.054430 (2005).
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Observation of the spin-dependent Peltier effect in lateral spin valve
R.Suko,R.Matsuda,D.Ito, T.Ariki,K.Ohnishi", T.Kimura®
(Kyushu Univ., *Spin Research Center of Kyushu Univ.)
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Fig.1 the lateral spin valve structure
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Fig.2 spin-dependent Peltier signal on 20K
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