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Intrinsic inverse spin Hall effect in topological superconductors
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Fig. 1 Schematic figure of a topological

superconductor/normal-metal junction.
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FWESBU»S A VYREEATIRNEZE XS (Fig. 1). i Fik e LTI, Bogoliubov-de Gennes (BdG)
FRAPHMELER R LY E2A VWS, BIG AR, BREREBCTOUER 7B & I2H 9 5 Schrodinger iR TH
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Fig. 2 Charge current density along the interface,
where the spin current is injected into the interface

from the normal metal.
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Fig.1. Schematic design of
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Simulation of magnetization switching by SOT with tilted perpendicular anisotropy thin film
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2 ¥V EAE KR % R L7z MRAM O H T, SOT-MRAM & & (bt ol & = 4L
F—DEBIERTE 2 LTEFETEHEIATWS D, LiL, EEBULRESRO SOT-
MRAM T SOT D& & 3 L KB DHIFEDHEETH b | HEERBENIZDZD121E 7
SR NNEPBETH D, TR NHRE L TIEEAC DMI EMHREIATNS 2 25, &
FFZECIEAE A (Fig. 1) 1I<EH Lz, FHENROMBIRBEEEE I, ZT0EA
TEAIWEBPEET 2ERESEEEX, v4 7892 T 497> 3Ial—Ya
T & DERME D 7 > 2 R R R L 72,

BHEAM

42 15 nm. EE 2.0 nm O PR E MR e U, 2R TR 1.875 nm THERL
b U7z, MEFERNZ. BIFIBHE M, = 600 emu/cm’, B7HER K, = 0 ~ 6.877 Merg/cm?,
AT 4 v 7 HRER A = 1.0 x 1070 erg/cm, BEREEELE [y = 1.76 x 107 rad/(s - Oe).
HEEMa =10, RV A=A O=10rad & L7z, Z I THWEEHHERIIARE
MBS A =60 L7223 THD, BEGHOELTORAMEBOM (KM, KMin) 1%
Eq. (1) 2ii/=3METH 3,

K™ 4 KMin = 6,877 Merg/cm® (1)
A2 YDHENZ MU F=(-1,0,0) Lk, BEREEE I =05~35TA/m?. &
MoVLRIE%R 1, = 0.1 ~ 1.0 ns ORIZ(LX €, EREFHEE T IRMEEREFICBIT3
SOT b REEDZELE Y I 2L — a > TN,
BRRUER

EREFEEZET 2WEHRETICBY % SOT b REEOK T LT, BAMEK
D% (K{l“a",Kl‘;‘i") = (5.877, 1.0) Merg/cm?, BRHEE% I, = 1.0 TA/m?, L XIE%
t, = 1.0ns ¥ L7358 O PRI (0) ORMZLZ Fig. 2 1TRT . MBhTIR, HKHH
T RROBAL O FMmA ORFHZAL. RS EF DL (—x ) ORIL D3I D
WREfZE L. BROBRTOEFT (+x M) OB O FImA DR AL 2% T, Fig. 2 X 0.
KT oMo IV LB TEFOLEMOBLAEHNTE D, RFOL
L CTRLORFED N T VB Z e 00Tz, Ehoy BRI ALF—DRKEVHETOD
FERIREBDOBAEDS 0.5 ZRZTKREMANTE D, ZhEHZT L RIETETRZ YIRS
% Z L THEERBMUIENET T2 L B X 6N b, KITEF N —RRAR R HIR & R
FHEEE T 2BMERICOWT, EREE L OVREEZ(LXERO, BIRYIE 2 ns £
DERIELI 72 AL DZAL % Fig. 3, 4 1SR T, Fig. 3 XRGEN—HE R BIEER O
R, Fig. 4 JMEMESTEL AT 2 MIEHEEORR TH b ROEEIBEILIEOR 2. F
GBI IED R Z RS, Fig. 3 & D BATEN—HRRBEMER T, BLEEO K
BOHMERED X 51BN B Z e 23 h oz THUTK L Fig. 4 X DERE AL H T 5/
PR CIE, BIREEL AN S WS IOV RIRIC & & TTHYLREE 2 2 3 A5
NBZEBTh ot Eiz, RIKEERBEIZ 09 TA/m? Lo TED ., BAFEEI—F
RHHEEEOZE D 1.1 TA/m? 12 LT 18 % KIRL Tz, ZoOFK e LTk, @R
BAMIC K o TAECEEAEZINF —D/ NS WHTFOEHFEBROBE— X > FAEE
D HHENPTRoTVEIELEZOND,
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Simulation of magnetization switching by SOT in elliptical magnetic film with DMI
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AR, REFEMEX TV THS MRAM IZBWT, A Y M2 I & D EHLKERZ S 2§ STT-MRAM X SOT-MRAM D H#3E53
fIbhTwd, STI-MRAM 1, ETFREEALY VERERT Z & TRLKIEZEZ 372012, HEEOMAMENIEE &> T
%, —/7. SOI-MRAM 3., EFICEET 2ESBHEDICOAAL VERZHT 0. STI-MRAM DI /A M DR % @R LT
3, L2 L%ED S, SOT-MRAM TRIREN BB KIEEZ KR T 272D DMIY 2D 7 ¥ R MIRBBETH 5, DA, A
FETIE, BEERERE T2 22k, BMEEBICIENMAMEZEC B2 FIREREL. ¥ I a1 -y a VITXDIREN
BRI FETE 2 22 BR LI, Y,

AW TR, BIEEEOIENFMEEZ X S5IIEKRT 22 2HNE L, BEOEREEMAMICT 2 28 ICL 2 FEERREL, ¥
T2l —yaYE O REFEROEEEFTE L 2.
SZal—I g iE

RKIIa2L—2arTliEk, 4270~ 274 v 27T AEROE, SHENRIE. BERED 40 nm, BEEHD 2 nm OMHEER %
FUEIZC L C7 AR PR ELX BRI e Uk, MRPERIE. BIRIBHE M, = 1000 emu/cm®, AR T 4 v 7 % REH
A =15x107°% erg/cm, DMI E# D = 1.0 erg/cm?, BREH o = 0.1, WEE#ELL y = —1.76 x 107 rad/(Oe-s), A E > KR —/L £
©=03rad ¥ L7z, T/, BWREAEEE K, 13, BEEHTER A 25 60 TREE & 2 2{HE Wz Y,

Y2l —yaryTiE, FRET (T =300K) 2E LGS TORIREREEL L O RKIEHERE, AL, £k HEr L2
MEEEOER 22 ELHE BV T AR KIEEREE S X CRIEHER 2 HE L.
BREEIUVER

7 ARZ M i1, GEBEREES 100 %. D = 1.0 erg/em?. B UL A, =03 ns DFH L. 7T RARZ P 101, @B
2375 %, D =20erg/cm’. 1, =02ns ODHPE. 7 A7 A 1:1.35, BEED 100 %. D = 1.0 erg/em?. 1, = 0.3 ns DHE
DEHEETOBEBREEIC & 2 KIBELDOZ(L%E Fig. 1 1R T, Fig. 1 X 0. EBBHEEA 75 % OMEHEKE . 7 227 FHE1:1.35
DOFEMEHEIE T, KERHERD 100 % I2EGET 2 Z bbb olz, 51T, EEHEBEFAE L 2GA IR BHEERTIE K
HRTEHRDY 100 % & 72 2 BIREEOHEN 1.9 512 e dbhoTz, Tz, HAEX R Z2MEHKEOERZE% 20 nm X 60 nm 12 L
72HBEICBVTH, 7ARY M DMIEREFAE T 2 Z 2 X D IBAWRIEETRE S T RIEMERD 100 % 1CHET 222 h
brotze Y EX D, HBMEHERTIE, EEEBEFET 2 2ok, MEEEX D b IRWEREEOHH T KRR 100 % 12
FET R e Bbdr ol

ZZTC. 7 ARY A 11, BB 100 % OJE L. T ARY F DS 1:1.35, BEFEIED 100 % OGS OSHETOENR
IR Dbk % Fig. 2, 3139, Fig. 2,3 X b, FFEE TR, EEO LT TNMNRMEENHATWS Z e b s, —77.
AIGEBRIC BV T, 12 AL OBMLIZENARZRE, £ TO—HOBMEARRe T AMEZFNT WS, ZHUTKD, BFDLE D
BREEDIRE D, FRDRTFREITIED S L THRENRBLRIENRZ 2 v E 26N 5,

100 -
90 AN varibaay
/ “" ¥N¥YY
30 Yyy¥VYy
. et S it
PNIRIRE IIVNINY
0 I ,,/ 3333
~ 333333
1S3 6 i A[ 113333
= ss83s
550 [
XXy
40 weveve
e EE S
30 circle, Wire width 100 %, e . o
D=1.0erg/em?, 1, =0.30 ns
20 circle, Wirei)vidlh 75 %,
D=2.0erg/em?, ,=0.20 ns
L e N ellipse, Wire width 100 %,
0 D=1.0erg/em”, 7,=0.30 ns
1 2 ; 3(TA/mi) 5 6 7 Fig. 2: Magnetization texture at = Fig. 3: Magnetization texture at t =
S

. 0.3 ns (xzy = 1:1, Wire width:100 %, 0.3 ns (x:y = 1:1.35, Wire width:100
Fig. 1: Effect of the current density on the p=1.0erg/cm? t,=0308,T=0K, % D=10erg/em’ 1, =03ns,T =0
switching probability (7' = 300 K) I. = 6.0 TA/m?) K, I, = 6.0 TA/m?)
References
1) S. Rohart, and A. Thiaville, Phys. Rev. B 88, 184422 (2013).
2) J. Watanabe, K. Yamada, and Y. Nakatani, /EEE Trans. Magn., 59, 1 (2023).
3) R. Sbiaa, S. Y. H. Lua, R. Law, H. Meng, R. Lye, H. K. Tan, J. Appl. Phys., 109, 07C707 (2011).

—202 —



26pB - 5 HAsll  AARRGES SIS E (2024)

SSTIZ X AWLKEED S I 2L —3 3 VT
AR UEEN 2, hes !
(I BREERE, 2 IHBRKY)

Simulation of magnetization switching in thin film by SST
T. Watanabe', K. Yamada?2, Y. Nakatani'

("Univ. of Electro-Communications, >Gifu University)

IFC®HIC
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MRAM oiixfEH Lo E= SOT-MRAM DAL OHIFEIDOREEX ¥ v o 7238 2 fi#k 3 2 MRAM & LT SST-MRAM 23425
INTWDB, F, FHBRICRER 2 SRR Z W 2 2 ¥ THENED KA TRERD 2RO A Y UHERIN S Z &
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EIRBEEDOBEBIIRZ L1220 TIE, RIS 2R > TWRL,

AR TIES I 21— a2k D SST I K 2RO R/ NRERERZEE 2 KD STT X SOT Db D L L Lz, 72,
SST DAY > DRI F 2 BUL RIERER D 2L & TRz,

BB

APIal—yarTRER=30mm. KEd=2nmm OEEMIES M2 HOMBREREZ R L, ~Z70A Y EF
NEROTHEZ{T - 72, MEVEBZAEMBIHE M, = 600 emu/cm®, EFHEE K, = 1.76 Merg/em®, $H5KEH o = 0.1, K
m#ELE y = —1.76 x 107 rad/(s-Oe), A >R —Af O =10r1ad ¥ L7z, 2 TEAFEEBIIALZEEEA =60 2 2 2EEZH
Wieo 7z, BV £, = 0.01 ~ 100 ns. A Y > ORI 6, = 90° ~ 180° TEAL X ¥ Te. B/NERFETEE OFHE CIIRE
T=0K. REMEROFHETIZT =300K & L7z

BRRUEE

Fig. 1 IZ& R Y O 6, \2B1) 2 BIR-VRIE 1, 1T 3 R NRIBEREE jo OZLETRT, MED, ER-OVRIE
t, =0.01 ns TiX 6, = 135°, 1, = 1 ns Ti& 6, = 150°. #, = 100 ns TIX g, = 180° D &k 5ic, B VUL RAIRIC & b B/NRISE TR
EENRD/NELKBIZRAC Y OMANENT 22000z, TO K5 REAERNLAY Y OMMAIXER ULAROEME b
WIS 253, 6, = 150° DBFERFFER OV RBIIB W TR/ DNIZRERZEMEL . RENICERTERNG NS Zehy
ol

Fig. 2 ICER VAN 1, = 0.02, 1.0ns, A > OHif 6, = 105° TOERBEE I 1T 2 KEERBIER Po, OELERT,
XD, EFOLRME 1, = 0.02 ns TRXERBEOHEME & HIT Per IZHFARD L. BIRHNC—EDHEE 722 Z DB TD ol —
K. BV RIE t, = 1.0 ns TREEAV/N S WETREE TIE Pey EHFRD T 25, D BEERIC Pey XM LIAD. —EDMH
WIORT 2 Z ey oTee F7ey Pey DWURT 2fHIZ 1, = 0.02ns ¥ 1.0 ns TRILETH 5 72,
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Fig. 1 Effect of current pulse width#, and  Fig. 2 Effect of current density /. and Fig. 3 Effect of the spin polar angle 6, on
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Low damping in L1o FePt by controlling the number of misfit dislocations
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THz spintronics is an emergent area of research aimed at bridging the gap between 5 (5G) and 6™ Generation (6G) by
utilising new spintronic devices such as magnetic spin torque oscillators as a source of low powered THz emission.?
The realisation of such devices using ferromagnetic metal thin films however requires magnetic materials with both
large perpendicular magnetic anisotropy (PMA) and low Gilbert damping constants. Llo-ordered FePt is a
ferromagnetic material with giant PMA making it a suitable candidate for magnetic recording applications. However,
the damping constant of FePt is relatively large limiting its applications in conventional spintronic devices. Therefore, if
the magnetization dynamics of this material can be characterized and the damping constant reduced, such a material

could be used in applications in the THz wave range.

In this study, we used all-optical time-resolved magneto-optical
Kerr effect (TRMOKE) to explore the ultrafast magnetization
dynamics of continuous films of FePt deposited on
single-crystalline MgO(001) and SrTiO3(001) (STO) substrates.
Using X-ray diffraction (XRD), and SQUID magnetometry, we
examined the structural and magnetic properties of these two
FePt thin films where a similar tetragonal distortion (c/a) of 0.97
was observed in both samples, the L1lo-ordering parameter of
these films were 0.70 and 0.82 and the PMA of these films were
278 MJ m?3 and 1.79 MJ m3, respectively. Performing
TRMOKE with an optical setup described in Ref. [2] and a
Quantum Design OptiCool system, we explored the
ferromagnetic spectra of both samples at magnetic field angles of
Fig. 1(a) 80° and Fig. 1(b) 45° at different magnetic field
strengths. These spectra were fitted and resulting Fig. 1(c)
precession frequency (f) and Fig. 1(d) effective damping constant
(cerr) determined. Using Kittel’s formula and a least-squares
approach, f and e were fitted where our results show for
FePt/MgO and FePt/STO a minimum e of 0.045 and 0.033,
respectively. As seen in Fig. 2, we suggest that the smaller
damping in FePt/STO originates from a smaller number of misfit
dislocations and therefore reduced extrinsic damping due to two
magnon scattering and other extrinsic effects. Importantly these
results demonstrate the ability to engineer the damping in FePt
by controlling the nanostructure at the interface.

This work was partially supported by JSPS KAKENHI (Grant
Nos. JP21K14218 and JP18H03787), and JST CREST Grant No.
JPMJCR22C3.
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Fig. 1 TRMOKE spectra for a continuous 30
nm FePt/STO film at magnetic field angles (a)
80° and (b) 45° . The solid red curves
represent the fitting of the blue dot raw data.
Calculated (c) precession frequency f and (d)
effective damping constant eett.

Fig. 2 High resolution transmission electron
microscopy of the (a) FePt/MgO and (b)
FePt/STO sample where misfit dislocations
are highlighted by the L marker.



