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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
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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.)

[FLCHIS

IR AL & A B AT 5 AN E SR A L 2 B RV A FEER(ANE)L, Bl A EEESR T RV X
—|ZZHA7 % Thermoelectric generator(TEG) ~DJGHNHIFFS VTV 5. Fox L ZvE Tl, EOHHH AR
L& BEE L7z GdFeCo 7 = U BEMEMEIC 5517 5 ANE KR 2 L 7= BV R B RO A RHED, FARERIR & N
BERHRBUANE F e L 72 Sl Ff@ﬁ:&@ L MFEA R T Z L 2WME L C& e D), SMENREIEE D% 3F 1E
& BFEY BB & O ISATTIC K 0, BVERNR OFEAMEIEK 1T TEG ORGSR - EfEMT OFRIE L 72 0 15
D08, FATHISE D3 TIEA fﬂﬁl*]*fﬁ?ﬁ?h &I L OIS IERBRFCH o 72, AR TlE, GdFeCo HRIZ
BT 2 BNEIEE O MBI BT I 1T 2 NHEHRHUE & MO SHSATHTIZ m g 72 5HAGE 217 - 72,
EBTE

TEEMACIE L 72 D X 9 IZEREF L 72 SiN(60 nm) / GdaFessCo10(20 nm) / SIN(S nm)% Si Jetk B~ 27 % hou v
ARy ZIETHERL UTe. RIGEIRIC 31T 2 BVEFR EE (AMEGTELE Vi) OAMHRGT Ry I 2 Z8) 2 at
T 572, Fig. 1 O X 5 ICHEIEICTE 2 OAMEHT Ry 28 L7z,
TSI er U TR TR (L (2) 5 ANZANEE S H ZFIN L, I N (x) VXT©HZ Rir
HIENRE AT 25 2, Vir ZH]E Uiz, £, AL E

PN 7 O 1 FAHEHT Rpin DEHAI BT o 72

Vir

PEMER LB Fig.1 schematic picture of the experimental
e DATHER R lICBIT 2 BE 3L A MRICERT 58 SCUP
i fEE Vir & Fig. 2 12783 Vir (3 Rur O AR (2 80 SO ——— W
L, Rur O & iz ﬂifﬁ TS, 2D Vi DRAGHEHUETE 15 '—.—eé(aﬁg&;?on,:al /RL i
P B FEIRAGR 2SS0 TR 5. SR £ P S Ul
L rn 45 K VRIS R OTFIBIE O S 2 MRS T | o —e—i_ 9]
JoAEMELE VLT = ,/
Vi = I7ineRy/ (fine + R1) @ £ ‘/
THITE 2. ZOEPEREBK T, e & RLBELWES, L S 050 o . 1
B REBIEDOREE L 2D, 22T, HROAMEH R < // 36.3_3 |
200 kQ)IZ331F 2 FEHRIE Vir OUERHRD D Vir(Rur) = Vir (200 kQ)/2 Ot / ; (« |
& 72 5 FERNHINEEIL rineers 7 AR S 2 72, (DFUT Finerr ZIUAL 10 1(’)?4 o 10 open
LT

B U7 2l 8] B (Fig. 2 #ABKDIZIS T 2 Vir & Fig. 2 (SRR CoR
3. ERE (plot) & FHHE@EEFR)IT Ror (2% LIRBED BAL & 7”7
*jﬁ‘f jﬁﬁ%ﬁﬁ*&# Rpin [£80 Q f&) @ Vint-eff (*360 Q)(:HZ“\H:E@
/NS fEE R L, EENEZRTEERS L OUWFFIEGUCINZ, HMBESIEGR S TR S d =R
—HREREDFEA RET DRER L oo Tz,

p 2B N

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
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Numerical study on the magnon drag effect in magnetic multilayers
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