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25 A EHE—
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STLADZI—CDRH B, HIREHRADFELERN HEREFCERESHEREERZRANDZENEZL,
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F£—(CF. BRBENEHILTHD. HIZEVL A
RICBWTIEERZRT EHWBNECBRCEELLAS
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ROERIBEZHF DODEDZEERD. HIZETILIL (Te)
(F. BSEARDLURTHEARRSNZ3RTiEEETRL T
WC. BEEERECEZT/RENFEITD. DL
REBARDIBEZFFDERICDOVT, BRZRLEZE
% [CEERMENE U BIRRICOVWTERFEZEITO .

C TEZ D DI ZE MR EIFRE NN T IEHME DS &
_Cai D, FEk & -kDIRRED T 0w 7KEN RS ORERS
{b&IFDIEH. FERETIFITSHEHUL> TEOER
%, —ACEREZRI EEFORMMNTTIL=FHHS
INBEHITHFTEHEHUEWNRISRRD., HusEiit
NFEEIND. BB OB, > 1/ BIE anE
HEERDHIRRETESNIZIT—FIL>a191>%
Ro#BEHER T B[1-3].

KRCERBEZER LT, COEBRBENEHLDFTE
ZIT2 CLD, RESTARDIEFEHHAENRYL /A R
EHRTDIENTED, BUEFEYL /A REHR
Ule EEDHEMMETFATOERZxELT (K1) 2D
BZREEDE. BED/I(SAFICL>TIF1IZREL
BXBEERDENDHDIE[2]. BRPBBIDOHFETIL—
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ToE-—FRIEERZRENSREGD S FTILLTEXAD
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BTICETA /ORI —FTILZ191>HRTH
%. EMRIEGRD I A J > DEERE I TR E > g s
NMUTREHtZECD C & FhFititakog) | 1F
IW=TREVNDDDIIL—Th5HmENEENTL
. BRFBREERICRICET. T4/ BEHE
PEREINDIIMREER/UICFS U, HIBE U TIEHE
IBEERRT, FEIRRETIIRE Kk & -kDIRRED T A /) > D
AEBENTFRS TFroILTIN. BlRARNTL
BEENMTEHESTICHRO I A J O AENEZFF
Do

EIR(C. STARERBEZRDOTILIL(Te)&, it
DHDIERBEDEEH U DI A(GaN) ([CDNT. TAJ
S DOAEEBEHE0DKZER TORME, BRTTCOIA /A
EHE0RilzitE Uiz, X EREBERICOE TS
BDESICUTHRERT & TA/ O AEHENFIRLS
N, AENERTFCXDENEFER S (TREBDAORIEK
EIENAENESEERSL. BREANDELITDIENF
Eens (”2) .

C DRotation

Temperature
gradient

Phonon angular momentum
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SR 41 2 DA BT RIREN. BRI, SEABRROELES O WIS
RIECARGENUFET .

AO1BISSHAZE

FEEMEEFA U E > ZIRRROHAFR

RIRARFAFFERE T FATR - IR =% Em

BIEARDHL(RED ) [C(FBRIBRICKDHRL B NLONFZE5EEFT, CNEFREEHMO—ETY., INE
TICHREEARDNSDRAEEAZFRAUREAES bSO RXT 7 — MLIIC KD F /RO E > Sz FAE Uz
BRI IPHIMERTFHIRIEL. TOMENBESHNCIRO>TEFLE.

=B E (SRR BFe SHEBAMgODFEICHR T DFHRAE S MLODHAR(ISEFALTEH U, FHCE
BREF EAERADANTOTEYFS vILREZFIAL. EnERREZET DT/ A RDERISTFHLTEELE
(H1), 2UTh>RIIVEAMHSIETRIRZFA LR ES NLOFHEF E 2 (CHFEL. #ERE L TFe&MgO
DOREEMICEE T DFRMERAE> MLOZRRUFEUEZ[1]. F/zFe&MgODM (CPtZ 1R FERRA LIciBiE T
(FSMEPBRC K DHK[IBBF TIENFER SN, RERBRAES MLOBECD 2R LFEULRE[2]. BRED
SFREDMEVR T (REFOBEIINE U TEBRF(CEBRMBFINERSNE T, COREBTRFIRXERTY D
EHWSIUBFTIANECF T, CNERFREIORAES BEEORA M2 RIYIEETY.

SEIOAFHARE TIFFENED TSEEBRIM THIEER I ESF S vILRRZESIESHEFALES. —AT
EEBMEAE UCSdRROFIA. FHHNRREORINSEE L TERBDH25T IJYOS TV EDDFaFIRTD
CECKDHFIRF I AEC BN Z AN T D EZBIELET. TUTREY NLIWZDOMOHFRIC A=
REU. BEIBTLICKIDFT I/ REEERIZORRBICEI D ENENTY.
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MgO Quadrupole
Pt - o mechanism
Fe sy
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2 nm Charge redistribution: magnetic dipole T, term (m;)
1 TEAFSvI)LREDEI2]. X2 : BK[UOEF(TIE)BBD1A A—-K
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FEREEMER (L, B4 REEBEZN S, TNFETREY FOZIXICEWTISA - BRRMENGEDITONTI R
DOTEMRL - YIBRTY . 2AREUTEREEZRIZRONENDIHENS. BEAIHKCEENT, BEamzHIE - 4R
BB EN—MNCEHHMTHDEERIBNTEE UL, INSOMEIRERIEIEARDT) 1 RSAZEE#C L TH
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BREV (RSN TH D[1-3]. REZRIC KD RERHIEADEAL 5 MO SN SRS - O XD
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EERIAFAC, BEBEHMIAETIDOTINILYT/NA RREDHRAES FNOZIXFT /A RORIEZBIE Uz

[REREEARRES ROZOX | BNERIELTWET.
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DZAMCEBFAED (CEXZHEERABELFI . KAFICK D TREROBIETH o EREBHMHACHITDIRES
MO —IREIASNCID LT, [F/REDRERZE| NBIEY [ ES ZROEEFIZDRE - 3R
FHEEDRRE] (CFS5 - BILET.
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TNTVET ., REDRIE BRREDEEETTELSD [ (%) RER—ILBHR] ZRAWTERICEIRTERC
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([C7RD . RERIHREDIENIZIRIBE T O/ RigiEZEFBUZ [ (%) EdelsteinghR] EMEENDH ULEH
HEMERIN., KAEEEZEEDHTVET, CDUERTIE. AECOABICHE U/ RIEEEDIHEAED
(RE>DH) . ET0EEAMERE ARBAEN®R EODITESND [REESZE0OVF>TJ] EENDIRA
KMECBEHIC, MOTHEVIERTREY - EBREBEITDCENTEEERD CENEFEINET ., ERIC. B/
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SEWSEENSDDFELU,

T TAMFRTIE. EdelsteinzhRZ=FIA UICESWENDFUWERIRAIDREY - BREMZEIR I DIHDHES
EUT, FIIIRERBEZHOERRE - FEMMBOMIBEITVE T, FIILMERTE. WeylB EFE(ENDH
UWHFMEDZAE > BROFBRNAFESINTHED[2]. HEREFERDIERAUDRES - BREMZERATETDIE
W <HIFESNE T, CDEDRF ULV RIRAIDEdelsteing)RBEFIET D& T ERIFHATERh >R EY
R ZEERICEIRT D EZ2TEEE L. RN TEHEDEWAEY - BREMOERZBIELE T,
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EDONBERED" S 5" (I SN TULER A
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CDIZH(CIFE—HEH L (CHDEDNAFHDNEZEMIT DRENSDDET ., REFEDLS ICCOAFIIRZEE
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Engineering Curvature-Induced Anisot-
ropy in Thin Ferromagnetic Films

Institute for Materials Research, Tohoku University

Assistant Professor, Oleg A. Tretiakov

In this work, we aimed to understand the effect of large periodic curvature on the shape anisotropy
and demonstrate the formation mechanism of perpendicular or any other given direction of magnetic ani-
sotropy by means of the surface engineering of modulated ultrathin magnetic films (see Fig. 1 for exam-
ples). The proposed mechanism does not require any spin-orbit coupling and is related solely to the inter-
play of surface curvature and dipolar interactions in the film. This possibility may open up a direction to
tailor the interfacial magnetic anisotropy in thin ferromagnetic films without any additional layers of heavy
metal, which, in turn, may lead to simpler and cheaper ways to engineer systems with any given anisotro-
py. Nowadays, the curvature effects in thin magnetic films are becoming more accessible due to experi-
mental advances in flexible electronics, making the proposed method to control the anisotropy experimen-
tally viable in the near future.

We have demonstrated that the perpendicular anisotropy can be achieved in thin ferromagnetic films
solely due to an interplay of surface curvature and dipolar interactions in the special case of nearly parallel
surfaces. This points to the fact that the surface roughness may also significantly modify anisotropy. We
have shown how the nonlocal in their nature dipolar interactions, in the presence of an arbitrary large sur-
face curvature of the periodically modulated film, can be reduced to local effective anisotropy term in the
micromagnetic energy. We modeled the film surfaces by periodic smooth functions, which can, in princi-
ple, be engineered in the films, and demonstrated that, by an appropriate choice of these functions, one
can orient the magnetic anisotropy axis along any direction [1]. This provides a justification of the concept
for future magnetic film nanoengineering with any chosen uniaxial anisotropy without the additional need
of heavy-metal layers to provide spin-orbit coupling effects.

References
[1] O.A. Tretiakov, M. Morini, S. Vasylkevych, and V. Slastikov, Phys. Rev. Lett. 119, 077203 (2017).

a)

Figure 1 : Examples of periodic magnetic films.
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Florent Auvray D3 Otani group, ISSP, University of Tokyo

I am Florent Auvray, 3™ year PhD student at the University of Tokyo at Otani laboratory. Thanks
to the Nano-Spin conversion science program, I was able to go for one month in Germany to do a
collaboration with the University of Regensburg in the professor Ganichev laboratory. My research
involves photovoltaic conversion mediated by spins at the interface between non-magnetic metal
such as Copper or Silver and Bismuth Oxide. Previously, I studied photovoltaic conversion at this
interface at visible wavelength but from ellipsometry measurements it seemed possible to get some
interesting properties at near and far infrared which is the specialty of Ganichev laboratory.

For mid-November to mid-December, thanks to the help of the students and researchers there, 1
learnt how to use the different lasers available and measurement techniques and theoretical back-
ground which will help me in my PhD thesis and I real-
ly want to thank everyone in this laboratory for helping
me a lot.

Other than that, even if I am French, it was the first
time for me to visit Germany. Regensburg is a charm-
ing city world heritage site by UNESCO famous for its
310 metres stone bridge built almost 900 years ago. e
As it is only 1.5h from Munich, I recommend everyone "
who is going to Germany to make a detour by Regens-
burg, you won't regret it but you need to have your
stomach ready because the Bavarian food, although it’
s very good, is also very heavy .

* AEVMMERBFIEZIEGIE BSFRRZIBEIEAEZY

MR CEEFRIRIEFIEZHEEL TLE T, MOARE CTHREEBITEZBATHLVNEE I TVWSFEDT . ORI —T0
R Rz B 2 CE TRENMEIRA . HAVNIARDIBRZ LT TZWEEX TOVDEFAREBEDS . AHlEZZIECH
AL S0, Sl aEtER—LAR— (http://www.spinconversion.jp/act.htm)ZZE < FE &0\,
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http://www.ssdm.jp/2017/award.html

SERk295%48
#Wh |A RERIEXFE B (A0SH. AFHF)
E29FERZRMNDEF ORI ZAEREEFRZEE. XERFEE
http://www.mext.go.jp/b_menu/houdou/29/04/__icsFiles/
afieldfile/2017/04/11/1384228_02.pdf

FRk2956H
Al el KIRXFEERFWAFTP B (A3, EHEAZR)
Ao BRI FIREAAE Rk 28FEMTTERE
[EFR—ILITY DRE-BF Ry MEERICHIT DR EAKFETFRIXOMTT]
http://www.funaifoundation.jp/grantees/
young_awardees_up_to_now_16.html

FhRk2959H
Sim Bl XRAFERIZFMRRE HE3E (A1, ASFHR)
SPRUC 2017 Young Scientist Award (SPring-81—H —1#[EHK)
http://www.spring8.or.jp/ext/ja/spruc/YSA_spruc2017dec.html

FRk2959H
¥ B HRIEREMBRNFESEMRA. KEHA D1 (A033E. EHEAZR)
201 75 IS FRYNIEZF SN EFflrsgEa PosterAward
[ Observation of Pulse Laser-Induced Propagating Spin Wave in Magnetic
Metal/Heavy Metal Layered Structures |
https://www.jsap.or.jp/docs/awards/poster-award-recipients10.pdf

FRk2959H
XA JWE FREXFWEMAFRA B8 (A01¥E. HEWAR - fEIHAR)
EK29FE BAMSFw XEiEE
[ REZBBIF DA ]
https://www.magnetics.jp/wp-content/uploads/H29hyoushousha.pdf

FRk2959H
Mk S EELRSHRMAES NOZIAMREIH— - $BEHEIAES MOZVXAF—AR (0AHD) | FHEAR)
FERk29FE HAMSFSR FREHEME
WBEEREES LUONFHBESEE 0 & UTEEREBDEE A DERK
https://www.magnetics.jp/wp-content/uploads/H29hyoushousha.pdf

SER3053H
WA &¥, FE HA. BH #—, W &K, LA SEth, FH FXB. BE ZBF
RIRAFERTFHARR (A28, FHEHAFR)
LORSAMEBEFRS V>0 )/ O —DREmXE
[Room-temperature spin transport in n-Ge probed by four-terminal non
local measurements] , Appl. Phys. Express 10, 093001 (2017).

Fr% 30438
BEH R—H KIRXFERITFWHER REH M2 (A2, FHEHAFR)
L4 O HAWK[F SZMBES HEEE
TEEH : TEA* v )L CoFe/Ge/Fe3SifitEUEEDIKEM E & T DHEAFIE
http://www.magnetics.jp/list/list-13-gakusei/
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BETIODT. BIDIAFTEDISNT JAE S Z e RN ENBBRICHIEIL TIZEL,
http://www.spinconversion.jp/rh/NSCS_Research_Highlights3.pdf

O AEVIMERBFREZIEFIE EFXHRZEEEACEZY
PRIE, CE AT B OMTT 2B LRI 2 B8 C. &EFR N IBHIEEHEEL TLET,
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(http://www.spinconversion.jp/act.htm)Z &< 20,
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< HECONT
AFAFCREIZ T DRI L D5 FERR TIFA T OLIICHEF AN TUWZIKESEREVERL EIFET,
This work was supported by Grant-in-Aid for Scientific Research on Innovative Area,

”Nano Spin Conversion Science” (Grant No.###).
### (C(E. AO1IHE 26103002 . A02HHE26103003. A03HEE26103004. A04HH(E26103005 . AOSHAE

k 26103006 N'ADEYT, ABIAFKIIREEESEITHTA, /

S5E. ZLDHEDTHHOEMNTTRITI DI LN TEFR U, BERSHANCER THIGWZRWEERKRICZDGZE
BEODUTRHHP LU LITET . SEEFEMRIFE (CHRIRSNEAFEMFRZHR LSBTV LELEZ. COZ1—AL5—
. NERFT EOEBRAFTOIEECH U TESEICIITIETENTT, FAEARDBNESENRE T, INTHRIECS
MY BARZZFFINTBNMNCLE UL, SO REFEZITOTCVDIHIC, Z1—XLY—# 15 # 4 FTHAR
LTHF LU, BHTTOMAMMBIE(C (IS - BR - )+ 2 - DFEMTHEDHDMFTIIL—THEFE>TVT. 2D
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