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Reduction in the thermal conductivity of Heusler-type thermoelectric material
thin film by controlling structural defects
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Fe-based Heusler alloys such as Fe2VAl and Fe2TSi have been expected as a
next-generation thermoelectric material to replace Bi-Te compounds from the viewpoint of not
containing toxic elements. In this project, for applications as a potential thermoelectric material,

we examined the possibility of improvement in thermoelectric performance of thin-film Fe-based
Heusler alloys. First, we experimentally find that the presence of the V-Si antisite defect in the
Si-substituted Fe2VAI films contributes to the significant reduction in the thermal conductivity.
Second, we experimentally clarified the room-temperature Seebeck coefficient and thermal
conductivity values of 101 uV/K and 5.6 W/(mK), respectively, for the Fe2TiSi films. These results
will open a new way for Fe-based full-Heusler alloy thermoelectric materials.



loT

P)
ZT=%(p k)T (zmn
T
Te
(FeaVAI  FesTiSi, FeTiSn )
(Er)
[1] FeVAI
500 K
K
T ~0.3 [2] K
Fe VA
1/3 K [3] 3
Fe,VAI
MgAI204(001) MBE
( :350°C) [3-5]
4
S 20 K
Q) Fe VAL
S p Al Si
1(a) HAADF-SEM
K 1(b)
K ~3.9W/(m K)

Rev. B 99, 054201 (2019)]

(@

Fe VAI .Si, .

MgAL,0,(001) 25im

1. FeoVAlos57Sioas

(HAADF-STEM

Total thermal resistance (10 m?K/W)

® (k)

ZT>1

BiTe

(3]

Fe
Fe:VAI

Fex VAl

ZT>1

Fe

Fe

M

Bi

bcc

RHEED XRD HADDF-STEM EDX

Ar

F62VA I ]_.xSi X

FeVAILSx  (x=0.43)

Feo VAL
L2;|_ K

Physical Review B

50

40

30

20

10

K ~3.9W/(m * K)

(b)

25 50 75
Layer thickness (nm)

100

[Phys.



(2) Fe,TiS

FeoVALL«Six(x = 0.43) T 0.11 BiTe (ZT~1.2)
1 Fe VA S 1
FeTiS  FeTiSn FeoVALLSix
3 S BiTe K y4)
1.0 (6] (7] (8]
(7]
MBE FeTiS
MgAI204(001) Fe Ti, S FeTiS
( 350 °C) RHEED
(1112) XRD (0}
Fe TiSi L2; HAADF-
STEM EDX Fe,TiSi
[ 2(a),(b)] FeTiS p
10®°cm® S ~101uV/K K 2(c) ~5.6
W/(m K) Fe VA [3] S
K [5] Journal of Applied Physics [J.

Appl. Phys. 127, 055106 (2020)]

(a) (c)

50 ————1— |

K ~5.6 W/(m - K)
40 - =

25 nm

Fe,TiSi
20 | -

0 1 | 1 | | L |
0 40 80 120 160
Layer thickness (nm)

Total thermal resistance (10° m?K/W)

0 100
Atomic percent

2. Fe,TS (HAADF-STEM  (b)EDX ©

< >
[1] H.Okamuraet al., Phys. Rev. Lett. 84, 3674 (2000).

[2] S Masudaetal., J. Appl. Phys. 124, 035106 (2018).

[3] S. Yamadaetal., Appl. Phys. Express 10, 115802 (2017).
[4] K.Kudoetal., Phys. Rev. B 99, 054201 (2019).

[5] Y. Shimanuki et al., J. Appl. Phys. 127, 055106 (2020).
[6] S. Yabuuchi et al., Appl. Phys. Express 6, 025504 (2013).
[7] D.H.Jack etal., ActaMetall. 20, 787 (1972).

[8] M. Meinert et al., Phys. Rev. B 90, 085127 (2014).



3 3 0 0

Shimanuki Y. Kudo K. Ishibe T. Masago A. Yamada S. Nakamura Y. Hamaya K.

127

Thermoelectric properties of single-phase full-Heusler alloy Fe2TiSi films with DO3-type
disordering

2020

Journal of Applied Physics

055106 055106

DOl
https://doi.org/10.1063/1.5141949

Kudo K. Yamada S. Chikada J. Shimanuki Y. Ishibe T. Abo S. Miyazaki H. Nishino Y. 99

Nakamura Y. Hamaya K.

Significant reduction in the thermal conductivity of Si-substituted Fe2VAl epilayers 2019

Physical Review B 054201-1 7
DOl

10.1103/PhysRevB.99.054201

Miyazaki Hidetoshi Tateishi Shogo Matsunami Masaharu Soda Kazuo Yamada Shinya Hamaya 232

Kohei Nishino Yoichi

Direct observation of pseudo-gap electronic structure in the Heusler-type Fe2VAl thin film 2019

Journal of Electron Spectroscopy and Related Phenomena 1 4

DOl
10.1016/j .elspec.2018.12.003

Fe2TiSi

166

2020




Fe2TiSi MBE

80

2019

Si Fe2VAl

66

2019

K. Kudo, S. Yamada, R. Okuhata, J. Chikada, Y. Shimanuki, Y. Nakamura,and K. Hamaya

Electrical and thermoelectric properties of single-crystalline Fe2VAI films

2 KKR

2018




