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[1] T. Matsushita, J. Ando, Y. Masaki, T. Mizushima, S. Fujimoto, and I. Vekhter Phys.
Rev. Lett. 128, 097001(2022).

[2] T. Matsushita, T. Mizushima, Y. Masaki, S. Fujimoto, and 1. Vekhter arXiv:
2404.02633 (2024).
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All-in-one evaluation method for transverse thermoelectric properties of a single
magnetic thin film device
IMR, Tohoku Univ.t, CSIS, Tohoku Univ.?
°Takumi Yamazaki', Norihiko L. Okamoto?, Tetsu Ichitsubo?, and Takeshi Seki'2

E-mail: takumi.yamazaki.d5@tohoku.ac.jp

Transverse thermoelectric conversion, in which a temperature gradient leads to a transverse electric field, is
a promising phenomenon for realizing the next-generation energy harvesting technology [1]. The
anomalous Nernst effect (ANE) is a representative transverse thermoelectric effect in magnetic materials.
The performance of transverse thermoelectric conversion for the ANE is characterized using the figure of
merit z1T (= St20y, T/xx), Where S, ayy, 1« and T denote the transverse thermoelectric coefficient, electrical
conductivity, thermal conductivity, and temperature, respectively. Although thin film forms offer
advantages from the viewpoint of practical thermoelectric applications, the precise evaluation of their
thermoelectric figure of merit is quite challenging. Recently, we have demonstrated that zrT in thin films
can be precisely quantified by the combined use of heat-flux method, time-domain thermoreflectance, and
four-terminal method [2]. However, the samples specialized for each evaluation method are required, which
slows down the throughput speed and prevents the rapid materials development.

In this study, we propose an all-in-one method to evaluate St, ayy, and xx« of thin films. The device features
a multilayer structure comprising of substrate/magnetic film sample/insulator/transducer. The device
structure was fabricated by photolithography and Ar ion milling, enabling the simultaneous measurement of
these three parameters with a single device. Herein, xx is determined by fitting the temperature response of
Joule heating to a theoretical curve derived from a one-dimensional heat conduction model, known as the
2o method [3]. St is obtained from the relation of St = xkATaee/(djcT) [4], where d and j. represent the
sample thickness and applied charge current density, respectively. ATaee denotes the temperature change
induced by the anomalous Ettingshausen effect (AEE), which is the reciprocal phenomenon of the ANE. ayy
is measured using the four-terminal method. To detect the temperature response induced by Joule heating
and ATaeg, the lock-in thermoreflectance is employed, which is an optical thermometry based on the
temperature dependence of reflectivity [5]. To verify the accuracy of the developed 2w method, xxx Of an
Al-O insulating film was measured, yielding a value of 1.15+0.22 W m™ K1, which is consistent with
values reported in the previous study [6]. Subsequently, the magnetic field dependence of ATaee of CoFeB
film was measured. The obtained response reflects the magnetization curve of the CoFeB film, successfully
evaluating the AEE. In the presentation, the details of each measurement method will be explained.

[1] K. Uchida and J. P. Heremans, Joule 6, 2240 (2022). [2] T. Yamazaki et al., Phys. Rev. Applied 21, 024039 (2024). [3] Y.
Nakamura et al., Nano Energy 12, 845 (2015). [4] A. Miura et al., Appl Phys. Lett. 115, 222403 (2019). [5] T. Yamazaki et al.,

Phys. Rev. B 101, 020415(R) (2019). [6] S.-M. Lee et al., Int. J. Thermophys. 38, 176 (2017).
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Magnetic imaging by local heat injection
H. Isshiki, N. Budai, Z. Shu, A. Kobayashi, R. Uesugi, T. Higo®, S. Nakatsuji”, Y. Otani®
(ISSP, “Univ. of Tokyo, BRIKEN)
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Load resistance dependence of thermoelectric generation in GdFeCo ferrimagnetic thin film
Yuki Kobayashi', Yuichi Kasatani?, Hiroki Yoshikawa?, Arata Tsukamoto?
('Graduate school of Science and Technology, Nihon Univ.,
2College of Science and Technology, Nihon Univ.)
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1) Y. Kobayashi et al., 5 47 [l A ARBKF 27T S 2L, 28aB-6 (2023).

2) Y. Kobayashi et al., 2023 fE~ 7R T 1 v 7 AWFFEE(EE-MAG), MAG23-089 (2023).

3) Y. Kobayashi er al., MORIS2024, Th-P-14 (2024).

Fig.2 Load resistance Rir dependence of
load voltage Vir of GdFeCo thin film.
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Huge changes in thermal conductivity by magneto-thermal resistance effect in CoFe/Cu multilayer
Fuya Makino'?, Takamasa Hirai’, Takuma Shiga3 , Hirofumi Suto?, Hiroshi Fujihisa3, Koichi Oyanagi4,
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2) D.G. Cahill, Rev. Sci. Instrum. 75, 5119 (2004). 3) T. Valet et al., Phys. Rev. B 48, 7099 (1993).
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Numerical study on the magnon drag effect in magnetic multilayers
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[1] T. Yamaguchi and H. Kohno, Phys. Rev. B 99, 094425 (2019).
[2] G. E. W. Bauer, E. Saitoh and J. van Wees, Nature Materials 11, 391 (2012).
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Analysis of Origin of Anomalous Hall Effect in
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1)  Yuya Sakuraba et al., Appl. Phys. Express 6, 033003 (2013)

(a) single crystal and (b) polycrystalline. The composition
dependence of the extrinsic contribution and the intrinsic

contribution in (c) single crystal and (d) polycrystalline.

2) Hiroyasu Nakayama, Keisuke Masuda, and Yuya Sakuraba et al., Phys. Rev. Mat.3, 114412 (2019)
3)  Yuan Tian, Li Ye, and Xiaofeng Jin, Phys. Rev. Lett. 103, 087206 (2009)
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Extrinsic contribution to the anomalous Hall effect and Nernst effect in
Fe;Co single-crystal thin films by Ir doping
R. Toyama, W. Zhou, and Y. Sakuraba
(National Institute for Materials Science)
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TH D Ir Z WIN LT RABURRENR 2 /ERL U AHE (2604 2 SMAME O 77 B OEIG 2 Rt 2 b S ¥ 5 2 & T
ANE (2T B AMRMED FHAZ DN T, WEFRERE D D EBRICE R T 5 Z L 2l A b,

EEBRAE

IS RU TRy ZEEE VT, (FesCo)ooxdr: (x < 12%) FHAERIE Z MgO(100)FEH 12 RpifEE L
7o MEERIEORE G2 X REYT (XRD) ICX Vi L7z, Dk, 74+ ") V7T 7 0 & Ar A A3
U o X HAERE & R — VX —F AN L 72, PPMS %4 W C N L7257 /34 A D AHE, ANE,
WP, B— >y 7RO Ir MBIRATIE 2 5748 L 7=,

EEBREER

XRD HIEFEF LV . (FesCo)ioodrs FLAAEAHR T MgO(100)#:#k FIC= X F 2 v LkELTEBY ., x=7.3%
M B2 HAEE [4] 26725 2 L0 HER SN2, AHE JIERE R L 0  Ir BINMC XLV L300 K IZB W T x=12%
T =925 &) BER—/VRPFIEROERKNBI Xz, AHE DA — 1 » TRNT 21T > 1245 R, Ir (KJRFE
BRI T Ir IINEAR AR 523 2B U, S B CIEN R T 523 SXBeRIIC 72 5 2 & 3o
72 —J7. ANE X, AHE & (3870 | BEE MK EZ RS0 oTo, TAUD OEERERE R LV | Sane
W2k LTt AHE £ B—_ o 7 RICBR LI2HF SRR TH D Z EibhoTz, £720 awld, Ir IRINE
BIZENSADE~ERMIZEN L, x= 1% TRAORREZRL, x=12%TIXIFEFEe ETRLTLZ LN
DhroTe, LEDOFEBFERNG | It INNERZ IZREITHE - 502 T D ay & I ININEZ IS 5 AHE
@%ﬁ%%@é’é@é%%ﬁﬁﬁﬁ IR L7z [S]O

2 3k

1) K. Uchida et al., Appl. Phys. Lett. 118, 140504 (2021).

2) K. Sumida et al., Commun. Mater. 1, 89 (2020).

3) S.Jamaluddin ef al., Phys. Rev. B 106, 184424 (2022).

4) R.Toyama et al., Phys. Rev. Mater. 7, 084401 (2023).

5) R. Toyama, W. Zhou, and Y. Sakuraba, Phys. Rev. B 109, 054415 (2024).
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R %)V I F U IBREHEIR Fe,nPdiMosN EIRICBIT ARV X NR

LR SEHE, R ORSC, RSP A0 CERT (R kD
(R, 24 BRI )

Nernst effect in ferromagnetic Fex«PdxMo3N thin films with skyrmions

K. Yamamoto!, B.W. Qiang!', H. Asano?, T. Miyamachi!, M. Mizuguchi!
('Nagoya Univ, ?Nagoya Industrial Science Institute)

[IZC&HIZ]

AFNIFVIE, FIARAT—LOMROWLHEETH Y, RIEROEHEEAFEREATY
uTy I TAL Z~DIEHAPHIFEE N TV RN, 2D, B CLEMNICEB A FE R R
FAIAVOERPBELROR R D, ALY A MHRIT, A VB EERICERT 2
BLAILE L BLRED 7 0 24 —N—BHRTH Y, AF A I A Ok - Hlfc @ BES LT
WwWiEEZONL, LPALAEXEL, BXZ30nVK2DALY R ¥ ZFADBREBIE N T
% GdPdSi; ICEBE VT H, 2D F 2 U =R IF=ERICIT KL R R, AP cld, ERTAF
NIF VB ENS Z L BERIN TS Fe,,PdMo;N (FPMN) i ICE 1) 2 20 v %
UL Xt R el e

[EERAE]
~ 7% bwa v RNy 21X ) FPMN #EMEZ 57 7 4 7(001)FEMHRK EIC/ERL L 72, 6.4 Pa
DERFEAT . FRE 580 CTHIEZ TV, X%y ZFE 90 min THJ 50 nm D EfEE
Bt FRIL 72, EDX I X Vil oM T 21T 5 720 £72. PPMS IC X D EJR T 15K 2R
DEEEZAMNEG L TAAL Y X FHROBEIEZIT-> 7=,

[(#R]

EDX I X BB OFE R, Pd DFAL (x) 25 x=0.1, 0.3, 0.7 D=2 DMK DB H3E
XN e hol-, RED AN Y X FRIRDOHIE #1T - 72488, Pd DFHAICIKTE L
TANVYAMIROKZEINENL, x=03 DFAFHCHF VW TH I Z 30 nVKZDOKE X DA
VYA FAEE , RGEHIRER ORI EAR L IR L TIRRKL _RLDOKE XD
ANV A NIREZERCREHT 22085 bdo7, £/70 AFAIFVEERLR WP
K (x=0.1) Tld, BEAL VYA FNROBBBIHIE N, FFRadhrgrr vy 2 iRz 5E
WL W &b oh oz, il TlE, BERIER L ERIBEEZ R B b, AF L I4 v
BEEARIC BT 2 A0 v A RO BEEEICOWTEEMT 5,

BE R

[1] EHHEAN, HARBSFAASMW £ <2, 10, 192 (2015).

[2] M. Hirschberger et. al., Phys. Rev. Lett., 125, 076602 (2020).
[3] B. W. Qiang et. al., Appl. Phys. Lett., 117, 142401 (2020).
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CoPt AR BEFERIZIIT 5
L1, A{k CoPt D K& R BER NV A MaEE

I FR Y, BEE R !, Kodchakorn Simalaotao'?, J& &% !, Varun K. Kushwaha',
Nattamon Suwannaharn', 54 K Z&th |, BLE AWK 12
("W'E - MBI STREAE, 2 B KT)
Large anomalous Nernst conductivity of L1¢-ordered CoPt in CoPt composition-spread thin films
R. Toyama', K. Masuda', K. Simalaotao'?, W. Zhou', V. K. Kushwaha',
N. Suwannaharn', T. T. Sasaki', and Y. Sakuraba'*
(1 National Institute for Materials Science, 2 Univ. of Tsukuba)

[EL®HIZ

B A RE (ANE) 1%, BEPERICB W CIREARL (VT) ERALDOBALRT R VO ET B R A
HAETHHLETHD [1], ANE L, VIISK L CERBBES FICHEAT 2 BIBEEI CH D12, T/34 A
REGEZ ML TE D2 2D, WIROBET A 2R v ~OIGHAREF ST D [2], B wL
VA MEEL (Sane) (F. OB DEFROFTEIND, —DIF, BE RNV A MEEE (ay) 2 LCVT
RS MERICEEERT 250 THY | b9 —DFRER—1AZR (AHE) ICL 5B —_y 7 )R ihkE
MOEBHTH D [1], BT, BIEIT aw DNEDINEMEOEFETHY . KER oy 2R THEIBRRZ I LT
%y RER oy ZRTIREBIMEM B OB & LT, Fe-Ga[3] = CoaMnGa [4] B4 72 ENMESH TS, L
L. ZHHIESMmBEREGYE (K O/NE7e Y 7 NeMEFCH Y | REET) (H) H/hSWZ b, T30 R
~OFEIGHITIEHE VI L TR, FePt<° FePd 72 & D Llo HAIGAIX, &V Ki & RER H 2FH DD,
RKER oy ZARTZEMD, AHREME L TEZLNTWD [5,6], CoPt b Llo MM Z /K372, FePt
A L RIS R & 72 an DHIRF SN D28, L10-CoPt D ANE IZBIT 2 FEBRIZZ W ETREN TV, £ TA
WFFE T, CoPt ALEERHEREEZ /ERL L, AV PLARRAEIIZ 31T D L10-CoPt D any & RACHIZFET 5 2 & &
HigE T2,

ERAE

A EF N TRy ZAEEZ T, Coroo Pt AL AAERHENR 2 FARIREE 500 °C T MgO(100) Ak EiT
R U 7o, E72, BRI L LT, CoasPtsy )& SR L, 600 °C THRA 7 =— /L L7Z5lBFHER L 7=,
VESRL U 72 SR OOl S & ORIREAR 2 X BRI (XRD) & @M - iAi%esE (TEM) ISk VML=, 7 %
NIV TTT7 4 ArAF ) 72k ERLL 2R A R — L R —F TN L7=, PPMS %% FVC
T U727 /34 AD ANE, AHE, fitikbiE, B—_o 7 RE20E Lz, $/o, FREFEICLY, =x
X —RIF awy & L10-CoPt OARAEEFE D Pt MUK T2 157,

EERER

XRD HIERE R LV . MR D Pt EEEEAHINT DI L7203 - T, fEdafE S fec Co, A1 AELHAIFE CoPt,
L10-CoPt, A1-CoPt, fcc Pt ~& 2325 Z E 3B S 7z, Llo AL L7581 5 5, Ptrich L% D CosoPtro
IZBWT, anlE2.52Am! K O KIEZR Lz, ZOfEIEL, Llo-CossPts: ZIRED 1.72Am K LV &k
Molz, 2, 2RO OEIT, BEICHE STV D Lle-FePt (0.783 Am™ K™') & Ll1o-FePd (0.321Am™' K') @
oy DIEX Y B RE D o727 [6], LLEOHIERESE LV . CoPt ALAERHEIZ BT, L1o-CoPt DK X 72 ayy & FEHR
FICERI L7 (7, % HIE, B R EEEIC K VSN RV X —KTF oy & L10-CoPt OIRREREE D Pt
FRURAT M2 © &1, Ptrich fHIK C aw ORAMENE LNZHEBIZOWT, 2O fEEZ#ERT D,

25 3Lk

1) K. Uchida et al., Appl. Phys. Lett. 118, 140504 (2021).

2)  W. Zhou and Y. Sakuraba, Appl. Phys. Express 13, 043001 (2020).

3) H. Nakayama et al., Phys. Rev. Mater. 3, 114412 (2019).

4) K. Sumida et al., Commun. Mater. 1, 89 (2020).

5) K. Hasegawa et al., Appl. Phys. Lett. 106, 252405 (2015).

6) Z.Shietal., Phys. Rev. Appl. 13, 054044 (2020).

7)  R.Toyama, K. Masuda, K. Simalaotao, W. Zhou, V. K. Kushwaha, N. Suwannaharn, T. T. Sasaki, and Y. Sakuraba,
accepted in J. Phys. D: Appl. Phys.
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HERBTREW FaN BIRIZBII2EREXNLV R MR

A L, BARIAT 2
CRAE R L, HAR R Ehm A B4 2)
Anomalous Nernst effect in FesN films substituted by heavy metal elements
Keita Ito!, Takeshi Seki'?
(IMR, Tohoku Univ.t, CSIS, Tohoku Univ.?)
[#5%)

Tl L X — " —_Z M E LT, SRR IS 1T 2 85 L v A R b (ANE) % FI) Lmﬁﬁ”iﬂ
BLEWNERDENTWAS, UL, ¥R &éﬁwm/ﬂﬂﬁﬁa%ﬂmbtﬂﬁ ¥ Sl el Y
—EHNFENKIBIC IR VEPREE 2> TR Y | RERBRF XL A MREU(Sane) & 7~ 3872 70 iR A4
BIOBHFE RO TN D, FeNITERNEE R eR N DK I D 2 B% 7 2GR ETH 0 | iRy
K& 72 Sane (1.4 ~22 pV/K)Z 79 19, Iz T, FesN O Fe i+ Ao & g CEfd 5 Z LT, BAEEOm
SR Z KIRICETT 2 Z ENARETH Y I, THREROMAEDEIT L > TL Sane DM RT 2 FTREMEIZ SV T
B JREE RO RIS TN D 49, RIFJETIE, RERAV VAR BEERA G T2 ESBICHEICL ST
Fe JRFZ BT DR AT D 72012, mMEICE RS NI HEFID & 5 FesxRUNODIS K TN Feq PtyN ) D ifiE %
EREL | Sane A L 72,

[EERFE]

SRR E X X —IEIZ LD MgO(001) bR ITEE DY 21 nm FEEE D FesN, FesRuN (x = 0.02, 0.10),
FesPtyN (y = 0.04, 0.13)7# 5% 450 °C TIERL L 7=, B -#AEHIC LY Fe, Ru, Pt, mJEK T Y VJRIZE Y
N %[RRI 3 2 2 & CEALMEIE A A U7, U ORI X BRIEHT(XRD)EIC & 0 3 L7z, fERL L7
WA AR — N N—F T T L, 300K IZHBWT ANE, SE, BEFR— LR EZWE L, BEDRORET
VXEVABL(VT) Z& 2 AL E N O[100] 5 AN FIAIN L . A5 2 M 22 B 5 Al FIIN L7z, VT ORIEICIE, F#

FICHER LT PtA T FREF 2 LT 2,

[#ER]

XRD HIEDFEREN S, T _TOREHT OV T MgO(001) et E~D T v X ¥ v )Ll 2 MRS L72, Sane
DAL FesN. FesgsRUoo2N. FesgoRUo10N. FesgsPtoosN. 36 K UF FesgrPtoasN HE T, Z41£74 1.33, 1.28, 1.09,
136, BLVNLB54 nV/K 72572, Saneld RuEHIZ K VD Lic— 5T, PUEHREDOHKIZHEWDT 0NTH
MU7=Z &0t Pt B FeaN @D Sane DIERIZHZN TH D Z E DR E 172, Sane 1E pu ZHEHRHTE, ay
BRREVELR I, Sse BB — v VIREL, Opne B AR — VAL T D L SaNE = putixy — Ssetanfane TR I D,
FEBRTIE D ALT2 Sane. pxx Ssestanfape DIEZ VN TLoy 2 BFE D o 72, axy DAL FesN, FesgsRUo.02N . FessoRU10N
FesosPtooaN. 33 & TN FesgrPtosN T, #4241 1.02, 099, 1.02, 1.12, BL V' 131AKmMm L7go7z, T D
FER LU | FesyPyN HIEIZISIT D Sane PHERITZEIS ay ODHERITEE T2 Z EBRHAL NI -7, #HE T
FeqPd;N #2355 1F D Sane IZ DN T Hak 5,

2 E R

1) S. Isogami et al., Appl. Phys. Express 10, 073005 (2017). 2) K. Ito et al., J. Appl. Phys. 132, 133904 (2022). 3) K. Ito
et al., Nanotechnology 33, 062001 (2022). 4) Y. Tsubowa et al., JSAP Spring Meeting 23a-E205-5 (2022). 5) H. K.
Singh et al., Phys. Rev. Materials 6, 045402 (2022). 5) D. Andriamandroso et al., IEEE Trans. Magn. 29, 2 (1993). 6) W.
George et al., J. Metals 7, 360 (1955).

AWFFEIL ISPS BHFE:(IP21K04859), HUAL K74 @A BHIF FE T S i — 1 /L 2 — A BB TILAIF IR o & — .
WAL KRFEXGBEMEFLFA T Y =7 NOXEEZIT T,
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CoR—FRBEICHEITZREXNV R M HROER
AR, BETERA, KOIE
(BEEKXS)
Anomalous Nernst effect in Co porous thin films
Tsujimoto Takuya, Toshio Miyamachi, Masaki Mizuguchi

(Nagoya Univ.)

U HIT FTHEGELRT A A~DIEH & L TRE KL A F2h 5 (anomalous Nernst effect:
ANE) ([ZVEHBEF > TV DM, —i%IZ ANE [XiR AR & B L OSMNE T MIZEENAE T 572
D, WROEB—_y 7RIV L HBHREDENT N, AR NAREL 725D, —FH T, ANEIZZ
DEBNFEORS NI E 72> TRY | —ARBEEMIR TH D Fe X° Co TORIL A MR
Sxy) 1203 u VKEETH D, BVELH EOT /A 2z mi) TIB L% 20 u VK LLEDZ
BOHENLIE L SN TEY | ITHETHE Sy DR EBRMBIOHERS, T/ #EEOE A X 28K

TALREMRE RO T2 FEBL L, ANE OFERLE BIETHFENEAIITON TN D, Fxidl
AETIZColZMgO & R—=T' L7277 =27 —#EIL Coll Ge & K—7 ' Lica T L) — K
BNZFBWT, ANE DR ZHRE L7z, £ 2 TARIFETIX, HicloAR—7 AMEIER L, A—
T AEEICHIT D ANE O & Sz Lz,

EBRFE KMIASEE AW TER—T AL ERLL 72,
MgO(001) bk Bz~ 7% b2 28y 22 LD R % Cor
I R ZERL L 15 Do IR A ARSI ZEAA I K0 ) e S
PECHREIMELT 5 Z LI K 0 T O Zn 2 @RI G S
., CoR—T AMEE G-, ZD%, EEMNE FIMEEIZLY

;j_\?_ 3 x *%ﬁ: %%ﬂ% L . %@%Tﬁ?ﬁui :\/x ?‘_ A (PPMS) %)EH l/ \ \/C High-vac. SEI PC-std. 15 k\/_mﬂ g 20130830 000008
ANE % SRR 2 ITE L7, hie . SEM image of Co-porous
thin film.

EBEER  F— T AL K HHEE Lol L LT, BN,
BEFR OB WA —F AN REL 2D T LN GroTz, o4
650°C, 10 FVRIAIEL L CIEML L 7= 3B 04— 2 4L, [0 1 100%
T LUK S0nm TP o723, 650°C, 27 RIMFAL TERIL 2R
EFOIZ 80nm Bl B L 22 o7s, THUBOREHIOWT ANE OJIES o
Tol 2 A, A—TA2EIZE D ANE K L, = OEHHHEIT

0.7 1 VK BIEE THIK L7z (M2), FHCR—F ZAIVNEOR Lo ANE of Co porous thin
TREZRANENELT, A%, SHICAR—T ZHLO/NZWEEL  films with different annealing
ERkEFT 5 2 L Th 0 K& 7 ANE OBIABEIGTE 5, conditions.

0.0

E,/VT (uV/K)

-0.2

o

H (x10° Oe)

BE R
[1] H. Sharma, M. Mizuguchi et al., Sci. Rep., 13, 4425 (2023).

[2] P. Sheng, M. Mizuguchi et al., Appl. Phys. Lett., 116, 142403 (2020).
[3] T. Tsujimoto, M. Mizuguchi, 11" International Symposium on Metallic Multilayers, (2023).
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Fe Z ¥/ L7- SnSe #EIZ 31T 5 HE R/ 2 MR

FOEFIC ' BRHEEGE 2, =HTRA ' KPR
(AR, @A TER)

Anomalous Nernst effect of Fe-doped SnSe thin films
Kazuki Wada', Takeshi Fujita?, Toshio Miyamachi', Masaki Mizuguchi'
(‘Nagoya Univ., °’Kochi Univ. Tech.)

[FL&HIC

B 2L A RR (ANE) 3R ED—>TH Y, EEHRAETFMNEG T AICERE THD L)
Bz bo, Tod, FFRi2 T RTZ L0k, EBHRELRBEREZF~OISHARY/Sh W5
W, UL s, ERMZRISHICHESE LZFEdliTiZ & A EHRE I TWO W, #Fifz7er/L A Mg
DORIFERRD LI TND, &2 TARIMIETIL, PERTHD SnSe ([THMETLFE TH D Fe ZIRINL 7= A
ERLL, = ® ANE %7z, SnSe DK X728 —~ o 7 FIZ L B EAEA Fe (2K D A E U HuEM AERS
AHEEL 72 I L > TR ANCEEL SN A Z &2k, K& ANE EENELAZ ExRHWE LT,

EERS &

ANy BN U TVEIC LY BRI X ST FEHR IC Fe TEZIRIML7- SnSe HEZ AL L 7=, Fe 1T
DC v 7% b5 0T,  SnSe X RF v 7 % b A THA N X 2470 lilEtzic 7 =— VAL %
L7z, o, ZNENOH Y — RENEHETHEICED, Fe DEALEN 0~31.2at% 8D
SnSe HIREAER L 7=, X #REHT (XRD) (2L 0 BBt OREMEE L, IREBUEHR /15 (VSM) 12X 0
LUHREZINE Uiz, WEERERIE S 27 & (PPMS) (28 0 BBt O R — L3R, B—_ v 78058, w1
A NHFEOWE % RIRTITo 72,

ERER

150°C T 1 W17 =— VALER 2 Jifi U 7=38BHZ B8\ T
FIV A NIROWEEIToT2E 25, Fe DEAF R
219 ~ 23.5% OZfFCIER L7#EHI B\ T ANE (a)
DWRMNA SN, ZZ T, Fe OEHLE 23.5% D

SnSe(200) SnSe(111)

B OWE O TEM - EDX ~ v B> 7 %47 o 72 & 2 A, (b)

Fe DNEENTREIRICEIELTWAZ ERNbhoT-, #E ©

T Fe DEAHEN 23.5% DM THREDZT =—1

RF OFEL 2 (L L 72, XRD JIEDRE R %K 11277, 15 20 o5 30
7 =ML HAT LT SnSe B2 OB 20 (deg)

7 IR AGNTE, ZRHORER K Y, SnSe fEfHIZIRA
LT Fe [ 7 =— VILR|Z L - THEHBE) L,

JEREE R LT 2 E AR & iz, o, fERLLT-
HEOBFIRENT =— L EFIC L > TREL B
D, ANE I[ZbH BE2 5252 BB 6N5, i
HTIX, 7=—/5%Mt& ANE OBRICHOWTHEELL #EmT D,

L 2D XN

1) M. Mizuguchi and S. Nakatsuji, Sci. Technol. Adv. Mater., 20, 262 (2019).

Fig.1 XRD patterns of Fex; 5(SnSe)74.5 films with:
(a) non-annealing, (b) 150°C, 1 hour annealing
and (¢) 150°C, 5 hour annealing.
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B EXEN MRAM O HEFEEIZ B80T DR R IE DO RICEI T 5
VI a2 lb— g g

HIRHHR 2, FRHALF 2, AFmE>, IS5
(THELIERY:, 2 EEEBANR A ITIERT)
Simulation study on the effect of shape anisotropy on switching voltage of voltage-controlled MRAM
Shuya Miyazakil’z, Hiroko Arai®, Hiroshi Imamura?, Yukiko Yasukawa'
(‘Chiba Institute of Technology, AIST)

[ZL&HIZ

BIE L B S 1TV D MRAM (Magnetoresistive Random Access Memory) (X HEHIHIC L > THEHROEZ
ABRDTIOND T2, BAFOFREAETY L L TEZIALBNIDRREVE VI EZEI TS, 2D
M Z RS 272012, BRI CE X IAAZ1T 5 BJEEE) MRAM (Voltage-controlled MRAM)  AMfFZE E 41
TUW%, VC-MRAM Tl IV ZEBERINC X - TRABE OMKRE T2 /NS <95 2 & THbZ KR S E1E
WMOEFBZIALEIT O, WEROR TIIBEEICK T 2 RERBGEORITH EV ZE I TV iR1o
7, BT A XE/NELTDERBEOT ALY MEN/NEL R IBIRBER R O RN EE /2D &
EzoNb, ARETIE~A 70~ 3T 4 7 AV ab—Ya rERWTETOERE S KRBT & ORI
BT DO TEDFERITONTHET D,

ARG ELHER

~A 7~ TR T 4V AVI 2 b—a iEmumax3 [1] #HWNTITR o7, RlERBIIARERE L, E
X 2nm, ERIX20nm~80nm & L7z (Fig. 1), fafifi{bM,% 1| MA/m, % &2 7 EH a % 0.05, 24
TERA% 20 pI/m & L, MY Heye 0.04 T Zx8l57 WICEIINT 5 [2]. WIHPIREEZ 2zl 5 & L, BGVEEEK
K, 7% 0.4 MJ/m3® ~0.8 MJ/m® Cdh 855 DL EWAIRIELZ KD, KAZKT Hm, O b ZiR~T-, %% Fig.
21T, myA 0 ORFIRALIZE N G Z, | ORHIEESHEZ VTS Z EE2RLTND, BTOHERE
DNE LRI T, BHLIREERSE NI S RE S RAANED LK, NELL o TNWDZ ERbhd, =
AUTFE T OERINS S R DIZON T2 F MO KGNS S D12 ThHEEZ HILD,

Wz, PIHPRREDK, % 2 MJ/m3 & L TABE 2B S E7-0b, »OVAEEAIC X 222 4E L
TK, % 04~0.7 MJ/m3DFiPH CE X TRULE A 2 7 ZADFHEEITV, BALKERNE Z 5 )R LT, B
{EEHAIT Fig. 2 PR TRTK, (= K XV /NS WEBITEZ 5 Z &b oTe, FIHMREEDOK, 72 HKSW %
IO TAED BRI B 7 B ES O (AK,) ThY, FTOERIIKTDH7 7y % Fig.3 1R
To BTOERNNILRDIZONTALNRKREL 2D, ZOZ LD, FTOEHREZ/NSLTHERE
SAREEN MBI 725 Z EiNbinD,

1547
152,
o 150

[ < 148
L S =

m @ g | 40 nm & 146
4 — 80 nm 144
y 2| 1.42

1400

04 05 06 07 08 20 30 49 S50 60 70 80

: K, (MJ/m®) I (nm)
Fig. 1 Schematic illustration of the Fig. 2 Z-component of equilibrium averaged magnetization Fig. 3 Change in anisotropy constant
free layer of a VC-MRAM. unit vector for different diameters. Stars indicate KS%. required for magnetization switching.

L 2D YN

1) Arne Vansteenkiste, et al., AIP Advances, 4, 107133, (2014).
2) R.Matsumoto, S. Yuasa, and H. Imamura, Phys. Rev. Appl. 18, 054069 (2022).
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R Ir v v 7 TEE A L D BRI R O

BPIRFREAT, — 2 WS, LA, SEERSER, GEcHT
(PERBAIT)
Improvement of efficiency in voltage-controlled magnetic anisotropy effect
by an introduction of an ultrathin Ir capping layer
T. Nozaki, T. Ichinose, T. Yamamoto, K. Yakushiji, and S. Yuasa
(AIST)

1 [FL&HIC

SRAEE R B 33T 2 BRI 5 PEII(VCMAL: Voltage-controlled magnetic anisotropy) I L€k D & it R )
&l U A 7‘;1 v A ATRE & T D AR L CIERAED TE Y, aaF%IZ@Jﬂ"J(Voltage-
controlled) MRAM 72 E~DiEHARHIFF ST D, VC-MRAM D A7 —F B U 7 ¢ —EiER X OMKEE
ZOIAFZIANT TlE. SR b o R A MTHFEFITBIT 5 VCMA SR OB KR 51T 5, ﬁm
EINFETIRIBAT =V 2 AT 5 BEA /Ny X REEEEXIM: =17 br RS2 v CE
fn'E 72 MgO/CoFeB St DTE L & 5l A, BEEBEZI S PEPMA)R b o RAVBEZIERPTIF(TMR), VCMA 2h=
DUERNRIZOWTHAE L T& 72 19, ARHFZE Tt MgO/CoFeB/Mijk v ~ 7' J8 X/MgO % ~ v 77 U —@D
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High efficiency modulation and bipolar switching of antiferromagnetic spin in Pt/Cr203 /V203/Pt epitaxial films
Nozomi Murayama', H. Sameshima', K. Ujimoto', K. Toyoki'->3, R. Nakatani'->?, and Y. Shiratsuchi'-?3
(1 Grad. Sch. Eng., Osaka univ., 2 OTRI, Osaka univ., 3 CSRN, Osaka univ.)
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E-field modulation of AFM spin reversal field and bipolar switching in Pt/Cr,Os/Ir epitaxial thin film
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Improvement of dumping-like torque by inserting Gd-CoFeB alloy at the W/CoFeB interface
(OKazuhiko Tokunaga', Yuichiro Kurokawa', Hiromi Yuasa'
(Kyushu Univ. 1)
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Analysis of current induced domain wall motion in perpendicularly magnetized W/CoFeB/MgO systems
N. Umetsu, M. A. Quinsat, S. Hashimoto, T. Kondo, M. Kado
(Frontier Technology Research and Development Institute, Kioxia Corporation)
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