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This study aimed to search for materials with giant anomalous Nernst effect at
room temperature with the hypothesis that the effect was brought by the inverse
spin-Hall effect of spin current generated by the temperature difference. We focused on
half-metallic Heusler alloys with high spin polarization and the Llo-type ordered
alloys such as FePt with high magnetic anisotropy. The anomalous Nernst effect and
the spin-Seebeck effect of these materials were systematically measured, and the
relation between the two effects was investigated, which leads to the development of
materials with giant anomalous Nernst effect at room temperature.

ZAS TR E R
(RN - 1)
[ERESE [ & @t
2010 4B 2,300, 000 0 2, 300, 000
2011 4FBE 900, 000 270, 000 1,170, 000
FEE
FEE
FEE
&l 3, 200, 000 270, 000 3,470, 000

WFIToT 8 - BaMEM B, A hr=7 R
BFEOSE - MIE : AL« TR - IS - T
F—U—F M, AL br=g X B8RS, T OB AV U

1. WHFERHAG S0 DO 5

FIV A AR LR MR E AR &
TR AR L. BT & TR BT ARG A ED

MUTGEI, B & B0 GBS T
MICEENAE U LD2HHRTH D, WEN T
KO X HICHBBLEB T 25A121. B



NI TH, Bk & B OB 5 (M= 2 7 m)
IZEENEL D, ZNERICERF RV A
R LML TND, RV A MIRITE—X
v TR LW A TREMRBEDIRD 1o
ThHhoHN, BE—_y 7R Lk LT, W
HHNIEE W) HHEZZATHDLO
T, LV ERE TR R EELHE TS
HENDAREERS D,
FgefE£FzE O 7 N—F1E, mEML LT
Llo-FePt i & Au D& —/L 7 0 A& FAAHAE
bR ENEER FIZBWT, AV FR—L
HROBR OWFE T, W TR B 1L
YA NIROEENHBT L A REL
7= (T. Seki et al., Nature Materials, 7
(2008) 125.), F£7=, WS HEDO T L—T
WX, TRREME AR IR AL A AT CEAR &
L BHEOB =y ZHRIT L DHIEBEIINIE
BT DT TR, FRHZAE Uib AT
HZEEAHL, 2hEAELE—Xy %)
B L1772 (K. Uchida et al., Nature, 455
(2008) 455.), LA EORRE A B F 2 | Bz 13,
HER VA NIROERIZ, A E—X
o TR L o THE U A B Ui, i@k
KNOW AL R— LRI L > TAE Y
MERGMICBREZECLESEDLZETHD
EWIHRFI AN Tz, T OREICHEZIE, A
BB =Ry TR E IR RBEEA S K
TRBE VA NIREIRT I LD,
DX RBLEND, BWVBRER TR RS
Llo BHAIAE L mWA Y U2 A5
N T ABNTRA AT —HBICER L, R
BN BRI E RS Z LIc L » T, =il
TERRBRE RV A NIRERTHE A
AR5 2 L 2EM L,

2. WFEOHEW

B RV A R RITIREARIZ L - T
FELEZAEVHOW ALY U AR—LVERT
HDHLEVIIGERIZHESN T, RIETHE KRR
RNV A NIRERTHMEIOWEEZIT -
Too BARMIZIE, MWK R M Z2 7R3 FePt
IZREFESND LI BHHIEE&EmnNAE 5
WREZHTHN—=T ALK A AT —EH4
2B L, WEIRGFEZ R RICrZET 5,
L1oBJHAIG4 L LT, FePt Z1ER L7-, %
TooN—T AL NTHKA AT —HB4L LT, L2
i d 5N B2 D CosMnSi Z/ER L 7=, %
LT, BNV ARNIE, Bore o+
—_ oy VR ERIE L, £ OREREZ RIS
P25 2 L2k 2 0oD%EORRAHS
MMZLT, RIECTERRBRE RV A MR
AN I 7 Syl L AR i< i g s i

3. WED ik
IRz, B A N R A EREIICEE

i3 22 E O A 7=, REBLEHT
BB E A R L Z RN 2 Z &N T

XDOEMAEEERL, ~(f7uru—T7%%
HarE L, MEEREICY L S AT e A
fil S 2 HEE A2 ERL U7, RIRRC, IO
SN 23435 Z LItk v, By
AT SERIEELE- L, U, —MmiZ
E—H 2T 52 ST X VERLE, I
1T L CLL, BBAIA 4 TH D FePt (ZDW T,
A8y Bk W T ERER L Z 79 (001) B
MEZERL L 72, ~/LFZ—4F DAy
Z 4B Z AV T, MO HaA i L1, FePt #1
HI AR A /ER U 7o, (R U 723 sl g,
XORREITEEE (XRD) % A CRE AR
EDOWHERZATV, B8 & THET

(SQUID) HEHEE 2 FV N CEARY 7o R ek
% REA L7,

LT, TEMLEA AW TR xR
Nh R ZWE Lie, slBbA iRz L,
TR I B R S ER B L AN DR D
Ere S A N Uz, O —ilcBs Lok
—HZNbh ) B E AL S, DR
EEZ BTG 2 AW CTHIE Lz, ZOIRRET,
SIS B BMENC L U A B EARE L, B
RV A NIRORE S EZRBL -7z, &
BERALIED R - BRI TED R & JITHKAF
LT, BEARNL A MDREOKRE I E DR
WAL D D E TN,

Fio. @A LEEZ AW TR B—y
IR OWEBIT o1z, ANy &Y > TIEI
X0, "M AT—E4THD CoMnSi %A
VERL L | TN T AN AN S 2 N L 72 IR AE
TAE UV EB—_y VR OWWEEIT T2, ™
—~v A HEELER L, FfflcAE -
v PNROWEEIT T2, BT — 4%
BPR L, BRI A MR AP -
v VR OBEGRE R LT Lz,

4. WFFERCH

(1) FePt D R R A MHER

JEJE 7. 10, 20, 30, 40nm @ FePt A {E
L7, K12, B DPEED FePt HED
82 77 —Zh F ARG R 2 9, R OHINCHE
W RN T 2 E RS T, F4.
AL BT D Z N yhotz, ZhbD
FePt HIRIZ OV T, B x L 2 Rh 2|
E LTz, X2 Bl Sn=ReE xR NE
JEDREEAR 2 kT, 2 TORIRIZONT,
AR e AT U U AERER LTz, RV A B
WENER L RDMBESORE SX, £
FNORREIZRB T D8 E1ZIF—% LT
BY ., B SNIZEENRE 2L A MR
WCERTA2HDOTH D Z ERfERINT,
7o, BERV A NEEORE ZE, FEEIZ
KEET, RE—EEE DI ENToT,



o / / 0 J
0.1
02
02
04
03
P - " " Y
a0 a0 o 240 480 E

0o 400 m

Bldeg]

a[deg.)

u:v \d[mT]
20 nm thlck sample

—

60 400 200 0 0 400 60
Magnetic field [mT)

Magnetic field [mT)]
10 nm thick sample

/1
AN

08
0 20 0 20 400 e
Magnetic field [mT]

30 nm thick sample 40 nm thick sample

X1 Llo FePt EREIZIT B0 —%hH
AT VDR,

 [deg.]
6(deg)

BT, BE RV R MR O EE AR
T F X —KIFEIC OV TH Tz,
F&t%ﬁ®ﬁﬁﬁ@%ﬁﬁ§%%kéﬁé

Zlizky | B bR ARSI AR T 5 FePt
A ERL L 7=, SQUID DORIEREENS . I
MR % 300, 350, 400, 450, 475, 500°C &
Lzl &EIC, #NEH 3.4, 7.3, 9.8, 14.4,
19.8, 26.5X 10%trg/cc DR T FMENE S
NBZERGMoT, ENENDOFEFIZHON
'Cﬂ VA MR ERE LT, X 312,

WA A MR DR T R V¥
H%ﬁﬁ%%foﬁﬁiﬁﬁ@k%éﬁ%m
T HDITEN, BE R A MO K E X
AT 5 Z Lo Tz, BERBRITIEITTE
LN D A DT R )L — k%wm%m
HHTD, T OEBRFERITEE RV A N
— 7 nm

10 nm
= 20 nm

10+

= 30 nm

— 40 nm

Voltage [1V]

-500 0 500
Magnetic Field [mT]

X 2 Llo FePt sz
A NN DR AT,

BirsRExrL

Qg [MV/TK]
)
T
[}
[}
[}

Ok | | | | | H
0 5 10 15 20 25 30

Kyl x10° erg/cc]

X 3 Llo FePt #iEIZI 1T 2 By riL
;@@%@ﬁﬁm RSP R F— 1K
Tt

RICAVUVERFE L TWD I L E2RBL
T3,
(2)  CoMnSi D 2 ° P — v 7 ZhHR
[HNBHEIECTH D CoMnSi IS L OV —
7D4§ﬁ@xt/fwm/7%%%ﬂ
L7z, TNZENDOERD FEIZ Pt /N—%H
UESEVIN @W_mfﬁm&m%%WMLtﬁ
RECA—OMEMICAT 5 EE 2 RIE Lz,
B4z, KErE—y 7 RICERT 5E
T DIRFE AR % 7”7, CoMnSi, /X—=
oA OWVWTHOFEBICOVWTHIREZICHE
BILC, BENINEMT D ENgNnoT,
F7o, EEOMIEITIREE 2O F IEITE L
TREE LT, @EHOKRE Z2E, BEZED
J7 ANt U C B fife e et R PE DS HERE S v 7z,
Bk 2 IR fRAT AT o TG . 2 OIEIFREIE,
MO TEE S ENCAE U DIREZE L mHN O
INEESE & 72 &3 HE x L2 M RICH
HTAEENITHDLHZERRAL NS T2,
PLb, AW CHE LRI L - T=IR

2.0f
1.5 B CMS/Pt
e Py/Pt
1.0
305
=
0.0
-0.5¢ CMS/Pt
10k Py/Pt . . ]
0 4 8 12 16 20
AT, (K)

4 CooMnSi #EE LUV N—~n 1
BB A A =y 7 RO
ZEARATHE,



TE KRG FA A DR T RSO
PRI IS T gt AR C e TR T,

5. ERFEERLLE
(WFFERFEE . WFGE o8 e ONEEERF 3231
=Y

UdEssamsc) (B2 1)

@D S. Bosu, Y. Sakuraba, K. Uchida, K.
Saito, W. Kobayashi, E. Saitoh, and K.
Takanashi, “Thermal artifact on the spin
Seebeck effect in metallic thin films
deposited on MgO substrates” Journal of
Applied Physics, 4 &t A, 111 (2012)
07B106-1.

@ S. Bosu, Y. Sakuraba, K. Uchida, K.
Saito, T. Ota, E. Saitoh, and K. Takanashi,
“Spin Seebeck effect in thin films of the

Heusler compound CoMnSi” Physical Review
B, #mifr, 83 (2011) 224401.

EaFE) GHT1H)

O AKOFHEE, BERIER, NHERE—, Kk
R, EALELE. TREIEA BN B R
F RV A MR OMBRENT . B AR B
2 FeTEMERKRE, 201243 A 24 H,
=41

@ M. Mizuguchi, K. Hasegawa, S. Ohata, K.
Uchida, E. Saitoh, and K. Takanashi .

Thermomagnetic effects in perpendicularly
magnetized L10-FePt thin films (invited).
2012 TICC-IMR Workshop on “Dissipation in
Spintronics”. 2012 4£ 3 H 7 H. Yamagata,
Japan

@ AKCCRHEE, mASLE, TEERL L1, 5 FePt
1T DR IR (RFRERE) . G
AMEFE Ay hu =7 ARf9Es - AR
[RESAY T L7 huo=r ZHE RS
JL[F B IS T AV i & BN R o8
). 2011411 A 14 A, Sendai, Japan

@ M. Mizuguchi, S. Ohata, K. Uchida, E.
Saitoh, and K. Takanashi, Anomalous Nernst
effect in perpendicularly magnetized FePt
thin films and relation with anomalous
Hall effect, Spin Caloritronics III, 2011
5 H 9 B, Leiden, Netherland

® M. Mizuguchi, S. Ohata, K. Uchida, E.
Saitoh and K. Takanashi . Microscopic
origin of anomalous Nernst effect in
perpendiculary magnetized FePt thin films.
55th Annual Conference on Magnhetism and
Magnetic Materials., 2010 £ 11 H 15 H.

Atlanta, USA

©® RIMET. KOCEPEE, NHEEE—, R
6. &35L5k. L1, 7% FePt REM{LIEIZIS T
HHEFE RN A N L BRI RO
FABE, HAMESS 2010 FRAFE RS, 2010
9 H 25 B, KT

(@ S. Ohata, M. Mizuguchi, K. Uchida, E.
Saitoh and K. Takanashi., Anomalous Nernst
effect in FePt thin films . The 2nd
International Symposium on Advanced
Magnetic Materials and Applications, 2010
£ 7 H 15 H, Sendai. Japan

6. WA

() #FgefRE
EAL 5L3% (TAKANASHI KOKI)
ALK - &EAMEWFTERT - 2%
F7eE %5 © 00187981

(2) WFge sy
FREE BEyE (SAITOH EIJI)
WALKE: - & EHFsErT - Bd%
F2eE % 5« 80338251

(3) HHEAF T
WLRE  #WR (SAKURABA YUYA)
WALKE: « & EMEIFSEAT - Bh#
WrgeE 35 1 10451618

KE  SFEE (MIZUGUCHI MASAKI)
WALKE: - & EMEWTZEAT - HEEER
WFge 25 1 50397759



