Session The 72nd JSAP Spring Meeting 2025

[ Oral presentation | 9 Applied Materials Science : 9.4 Thermoelectric conversion ]

88 Sun. Mar 16,2025 10:00 AM - 11:15 AM JST | Sun. Mar 16,2025 1:00 AM - 2:15 AM UTC & k309
(Lecture Hall Bldg.)

[16a-K309-1~5] 9.4 Thermoelectric conversion

Takafumi Ishibe(Osaka Univ.)

10:00 AM - 10:15 AM JST | 1:00 AM - 1:15 AM UTC
[16a-K309-1]
Anomalous Nernst Effect in Heusler-type Co,Mn4_Fe,Ga Compounds

Mito Nagase'!, OHidetoshi Myazaki', Yoichi Nishino?, Weinan Zhou?, Guangzong Xing2, Keisuke
MasudaZ, Yuya Sakuraba? (1.Nagoya Inst. Tech., 2.NIMS)

® Presentation by Applicant for JSAP Young Scientists Presentation Award
10:15 AM - 10:30 AM JST | 1:15 AM - 1:30 AM UTC

[16a-K309-2]
Direct Measurement of Transverse Thermoelectric Effect in WSi, Single Crystal

OShoya Ohsumi’, Hidetoshi Imai’, Hikari Manako', Shogo Yoshida', Ryuji Okazaki', Yoshiki
Sato? (1.Tokyo Univ. of Sci, 2.Saitama Univ.)

10:30 AM - 10:45 AM JST | 1:30 AM - 1:45 AM UTC
[16a-K309-3]
Angular dependence of thermoelectric power in MoSi,

OAina Sakamoto', Hikari Mamako!, Shoya Ohsumi', Hidetoshi Imai’, Yoshiki J. Sato?, Shogo
Yoshida', Ryuji Okazaki' (1.Tokyo Univ. of Sci., 2.Saitama Univ.)

® Presentation by Applicant for JSAP Young Scientists Presentation Award ® English
Presentation

10:45 AM - 11:00 AM JST | 1:45 AM - 2:00 AM UTC

[16a-K309-4]

Stacking-Dependent Anisotropic Thermoelectric Properties of NbSe, Polymorphs based on
First-Principles Band Calculations

O(M2)Mark Roa Cleofe', Koichi Nakamura', Tetsuro Habe' (1.Kyoto Univ. Adv. Sci)

® Presentation by Applicant for JSAP Young Scientists Presentation Award ® English
Presentation

11:00 AM - 11:15 AM JST | 2:00 AM - 2:15 AM UTC

[16a-K309-5]

Design and fabrication of stair-shaped flexible thermoelectric generator using

Ag1 97V0.0350.555€0 45 free-standing film for self-powered wearable electronic applications

O(P)Suresh Prasanna Chandrasekar!, Artoni Kevin R. Ang1, Masaharu Matsunami®, Tsunehiro
Takeuchi' (1.Toyota Technological Institute)

© 2025 JSAP



16a-K309-1 B72EGAYELAET LIRS BETEE (2025 RRENAS HRF 2/ 2&FVT(Y)

A X5 —% CoMni-Feba ELEMIZHITHERERIL VX bR
Anomalous Nernst Effect in Heusler-type Coz2Mni-.Fe,Ga Compounds
BHIX' ME-MHBRSE. M)EE KK “B& HR ', BEF ¥— ', ZhouWeinan?, Xing
Guangzong?, H§H ES; 2, ARBE #BYR>
Nagoya Inst. Tech. !, NIMS?, Mito Nagase, "Hidetoshi Miyazaki', Yoichi Nishino', Weinan Zhou?,
Guangzong Xing 2, Keisuke Masuda?, Yuya Sakuraba®
E-mail: miyazaki@nitech.ac.jp

BRIV A NRIE, SRS 03 72 IR BE CREMEAT RN TRE IR ABLZ I % 5 & BAE T T A3 3
ETDHHRTHY ., 10T 731 ARE i /4% HoB iﬁ'@/ﬁm@mﬁﬁbxﬂﬁﬁfénﬂ\‘é“] R&ER
FE RV A MR (Sane) ZH T D72DICIIREBRAFE RNV A MEEE (o) BLOREHR—L
6%%(%Jﬁﬁ%f%éﬁ\mlMhmmmﬁéiﬁﬁﬁ GERR S i@ e IR R hab ST
TREBRBERNV A MREAEFRSZ &ﬁ)i&iéﬂfb\‘é Xing 5%, CooMnGa @ Mn ¥1 HiZ
FR—7FHZLT, BRI %%L0>7I/I/ SR OFECIZ LV o 2NEIT[A] 3
HAREMED B D T & & BRI %(E'Jl/f_[‘”o % T, AWFE T, 7V 7 CoMn «FexGa Zif il D&
ﬁﬁ%%%ﬁﬁé&&%m\&mmmhﬁamé%@%%%%\$%%L\&mk;UmW®%M%ﬁ
T, ;

CooMni«FexGa (LA #IE, Ar RFHKHT 7 — 7 @ LD A >~ 60
2y FEERIL ., B L7k 2 50 MPa, 1173 K, 5 43O ks
TIRBERETH LIk (E'anﬁﬁnftﬂ%{”@z L7z, EriEx %0
SPring-8 BL46XU TOfif X #LE 43615 (HAXPES) . #tidhiH
11X SPring-8 BLO2B2 T &4 fFREM K X #RIEIHT (XRD) HI7E I
& o TR L 72, Sane B £ Doy 1F.NIMS (235 T PPMS (Quantum
Design f1:) @ EICHIEHREIZ5RE L, FIEY ORVZ—%2 i H
Lfﬁﬁ/mf“”jﬁaéffzé & TRMI L7z, BRERANEE FHEE . o

I, AT Uy MBICE S E - JREAN FHEa—
Quantum Espresso Z ] L CEHHE L7z,

AR L7 CooMnyxFexGa i 513, XRD JIE A B plk TR Nl . :
4 AT —EEICERT S L2 = DFELEMETH D Z L%k -2.0 -1.0 0.0 1.0
B LT, CooMnGa lZHBWT, Saeld 5.4 £ 0.1 pV/K Th Y| B Eneroy (oV) .
L CHE S 6.0 WK OIICIER BT - 70, Ll BT CovinGia DT FHAH §
5. ComMniFe,Ga D ay 35 L 8 Spng 1%, Fe F—E 2 71z & ﬁﬁgﬁggnfigﬁi
D{W/)\L EE %(EJ& ﬁbfiﬁ)of\—o zZ T%Z/? iﬂi%ﬁfﬁéfﬁ D Co ¥ A4 F~D EJ{ZET?Ii
CooMnGa (x=0) IZHH LZORKAEZZL L, K 1 IZRT
HAXPES (Z X 0 8| L 72 Co.MnGa DAIIFE 5 A<~ F %, Co i
HA ko~ Coulomb tH AAEH(U=3~4eV)Z BN L7 JHBEEH A -

W
(=]

o

S
(<)

W
o

DOS (States/eV)
Intensity (arb. units)

[h%]
o

T T T T T T
Co,Mnq gFeq ,Ga

R VHGRNICHBET AN TE T, 220, 21077 L9
IZCo¥A RIZ U%Lbﬂbf;WY@COzMnogFeozGa Téaxy%%‘
BLlzEZA, U=3eV TEREZHETLZENTE, 20
R, A AT =T CooMnGa {LEMTIBWT, Co ¥ A h~D
BAHBEOMEZENCEE TS LICLY ., oy ZIERICTHET
B2 LAERLTEBY., 5%, ﬁmﬁﬁ AQUESIE 1N =ARY X0 -5
N A N RE IRT MBI OBRB R AR/ D 2 L # LML

ayy (A/m*=K)
o

| Exp.
L U=0eV & U=3.0eV
I B B

# 0 100 200 300
.’ X Temperature (K
BELHR - perature (K)

2 CoMngsFeg Ga IC BT 5 oy

11 K. Uchida et al., Appl. Phys. Lett. 118, 140504, (2021). .
[] Claeas pp yS € ) 9( ) @%EﬁﬂﬁﬁiUCO'ﬁ‘/f ]‘/\

[2] K. Sumida ef a/. Commun. Mater. 1, 89 (2020).

[3] A. Sakai, ef al., Nat. Phys. 14, 1119, (2018). ® Hubbard-U 3B L 725
[4] G. Xing ef al., Acta Mater. 270, 119856 (2024). {%jé 72 PG RO i B
ERlES

© 2025%F [CRAYEER 07-040 9.4



16a-K309-2 BB EMEEAESSHEES BETFHE (2025 BRERAS BT/ 2&FV5(Y)

WSi, [CH T H5RERBEROEREATE
Direct Measurement of Transverse Thermoelectric Effect in WSi2 Single Crystal
REXASET !, HEXEI?2 CMDXE Sitt!, G5H* FH&!, M) EF BEE |,
TH EE M EZ, £k 5
Tokyo Univ. of Sci. !, Saitama Univ. 2, °(M1)Shoya Ohsumi!, (B)Hidetoshi Imai’,
(M2)Hikari Manako', Shogo Yoshida', Ryuji Okazaki!, Yoshiki J. Sato”
E-mail: 6224508@ed.tus.ac.jp

MOUBVEA I BN L FERA L BT ISR DA T, 7 LR T TR BT /S A A0
JIERRHFF SN TV D[1], ARx e BEBVER M B O R E B IRR STV D28, T ORGET
MY =y 7BBOWEITE £ - TRV, MUBELHROERERLHEFIEORENL KD b T
W5,

AHFIETIL, B =y 7RI OS5 03il J7 112 K - T ¥ 7 5 ik (7= B8 % 7" 3 WSih BLAE
WZHEHB L2[2,3], 2O X5 eWEIE, REAR LY RSO OT 2 2 & CEARTMIZE
EENDELDZENALNTEY, H—WE COMMEABEBLHRNFTRETHDH4], Frix, M1
O X D IHE SO MIIRE AR Z S, 4 DOEEXCRHEST R, B7MOBEE T LR EE A E
PERIE U7z, B 2@UCHfitdrm, BT omREEZ R Lz, BEAEZ DU -HE7 ik
EIRBEENELCLTNDZ EDBDLNE, —H, 20b) S, BT mENENDOEGEE ) &R
LTWAR, BAMICKRE RBEENNE L TWD, L, BREEZHA WSh BN TFE
BRUZER SN2 Z L AR THRER TH D3], AR TIE, WIEHRICBE L TR EEMAREREZIT O
TETHD,

(b3

@ Longitudinal
@ Transverse

100 200 300 0 100 200 300
T(K) T(K)

Fig. 1. Schematic image of the transverse thermoelectric measurement. Fig. 2. Temperature
dependent temperature difference (a) and voltage drop (b) along the transverse (red) and the

longitudinal (black) direction.
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Fig.1: Angular dependence of thermoelectromotive power Fig.2: Thermographic image of the MoSi, single
in MoSi; at room temperature. crystal under temperature gradient.
[1] K. Uchida and J.P. Heremans, Joule 6, 2240 (2022). [3] S. Ohsumi et al., PRX Energy 3, 4 (2024).

[2] H. Manako et al., Nat. Commun. 15, 3907 (2024). [4] BEFHERS, HAMIESE 79 EERKE.

© 20255 [CHAMEZS 07-042 9.4



16a-K309-4

© 2025% ISRYEES

Stacking-Dependent Anisotropic Thermoelectric Properties of NbSe2 Polymorphs based
on First-Principles Band Calculations

Kyoto University of Advanced Science, Graduate School of Engineering

°Mark Edwin Cleofe, Jr., Koichi Nakamura, Tetsuro Habe

E-mail: 2023mm02@Xkuas.ac.jp

I. Introduction

Interlayer stacking sequences lead to variations
in the physical properties of 2D transition metal
dichalcogenides (TMDCs) compared to their bulk
counterparts. Various configurations can be realized
primarily due to weak van der Waals (vdW)
interactions in-between the layers [1]. Additionally,
the stacking orders can determine crystal symmetry
which significantly influences the electronic band
dispersions [2]. Layered Niobium Diselenide
(NbSez), one of the emerging TMDC:s, has attracted
significant attention due to its unique physical
properties. However, much of the current literature
has focused on 2H., its most stable configuration,
leaving behind a limited attention to several
metastable structures, such as 2H,, 3R, and 2H-3R.
Here, we investigate the in-plane and out-of-plane
thermoelectric transport properties of 2H,, 2H,, 3R,
and 2H-3R phases of NbSe,, including Seebeck
coefficient S, electrical conductivity g, electronic
thermal conductivity k., and thermoelectric power
factor S%0.

II. Methods

The optimized crystal and electronic band
structures of the wvarious NbSe; stacking
configurations were obtained using density
functional theory (DFT). The total electronic
energy for each configuration was numerically
computed using Quantum ESPRESSO [3]. The
calculations are performed using the projector
augmented wave method with the Perdew-Burke-
Ernzerhof exchange-correlation (XC) functionals.
The effects of the vdW interactions were accounted
for by incorporating vdw-df-C6 as a correction to
the XC functional [4]. The lattice structure and
atomic positions were optimized with thresholds set
at 1 X 1075 hartree and 1 X 10™* hartree/bohr for
the total energy and forces on atoms, respectively.
The electronic band structures and density of states
(DOS) are calculated using the optimized structure
for further transport coefficients calculations. The
thermoelectric coefficients are calculated by
applying the first-principles band structures to the
semi-classical Boltzmann transport equation with
constant relaxation time approximation. The Fermi
velocity vk calculations are numerically calculated
by wusing the multi-orbital tight-binding
Hamiltonian reproducing the first-principles band
structure on the Wannier function basis.

I11. Results and Discussions

FIG. 1 illustrates the strong anisotropic
transport behavior along the in-plane and out-of-
plane directions of the layered NbSe, materials.
Aside from a change of sign, the charge density at
which the in-plane Seebeck coefficient crosses the
zero value varies with the stacking sequence;
however, no significant change in amplitude was
observed. In contrast, the out-of-plane Seebeck
coefficient did not undergo a sign change, but the
amplitude was strongly influenced by the stacking
structure. Analysis of the Fermi velocities reveals
that while having higher vg in the out-of-plane
direction, the transverse electrical and electronic
thermal conductivities of the various structures
remain limited due to the weak vdW coupling. On
the other hand, the low out-of-plane vg in the 2H,
configuration leads to the highest out-of-plane
Seebeck coefficient among the stacking orders.
These differences are due to the variations in the
electronic structure among the stacking sequences.
In-depth analysis of the relationship between the
transport coefficients and the Fermi velocities will
be discussed in the presentation.

Seebeck Coefficient (in—plane) Seebeck Coefficient (out—of—plane)

.‘—_‘.——‘_._____.__
_i*—‘_#‘_ﬁ‘___
F_’—"_’*—"———Q—

-1 -0.5 0 0.5 1 -1 =0.5 0 0.5
Charge Density ( 10%e cm_?)

6

=
S

2H
2t —o—

IR A

w
14

S, (VK™
(=]

S, (VK™
=

|
w

&

Charge Density (lﬂ)“e :m_j)

FIG. 1 Seebeck coefficient of 2H,, 2H,, 3R, and 2H-
3R stacking configurations of NbSe; at 300°K as
functions of charge density.
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Abstract

Miniaturization of electronic devices has become one of the latest trends of modern
technology. Flexible Thermoelectric Generators (f-TEGS), being thin and safe, are the
promising replacements for the conventional batteries in mobile applications. Generally, there
exists an inverse relation between the thickness of the thermoelectric (TE) material and the
thermal gradient (VT) experienced across it. This raises a limitation against the simultaneous
achievement of large flexibility and high output power. The current work, therefore, focuses
on a facile approach to fabricate a stair-shaped f-TEG using a high-performance
AQg1.97V0.03S0555€045 based compound with superior ductility at room temperature. The
ductility of the material allows us to fabricate a 0.2 mm thick flexible free-standing film via
simple mechanical rolling on the sintered Ag1.67Vo.03So.555€0.45. The fabricated stair-shaped f-
TEG using the free-standing film have demonstrated superior flexibility, coupled with
effectively high thermal gradient and high output power. As shown in fig.1 (c), the preliminary
results exhibited a VT of ~ 4 K and output voltage ~ 0.3 mV with a single TE leg even in the
absence of an efficient heat sink. These findings highlight the potential of our design strategy
for advanced self-powered wearable electronic applications.
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Fig. 1. (a) Schematic representation of stair-shaped f-TEG (b) Photograph of the mono-leg f-TEG
prototype (c) Infra-red image of the mono-leg f-TEG on the heat source.
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