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ABSTRACT

Thermoelectric conversion is expected to be useful for improving energy efficiency. Developments of high-

performance thermoelectric materials, however, are challenging because of the trade-off between electrical and

thermal properties. Here, we show our studies of enhancing thermoelectric power factor by using the interaction of

carriers and magnetism. The first example is the antiferromagnetic semiconductor CuFeS,. A high power-factor of
1 mW/K’m is achieved for the CuFeS,-based alloys, where the antiferromagnetic ordering of Fe magnetic moment
is coupled with the carrier electrons, leading to large Seebeck coefficients. This finding motivated us to the second

example, dilute magnetic semiconductors CuGa, Mn,Te,. Enhanced power factor and ZT are obtained for slight

Mn-doping with x = 0.01 to 0.03. Strong coupling of carriers and magnetic moments was clarified by the magnetic

and transport measurements. Finally, the case of itinerant-electron ferromagnet is described. Magnetization
studies demonstrate that the Heusler alloys Fe,V, M Al, Si, (M = Cr, Fe) are classified as itinerant-electron weak
ferromagnetic metals. Distinct increase in the Seebeck coefficient around the Curie temperature is observed,

indicating the contribution of spin fluctuation. Increase in thermopower due to magnetic interaction occurs in a

wide temperature range, thereby is helpful for the application of thermoelectric devices near room temperature.
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Fig. 1 (a) Schematic view of the antiferromagnetic ordered structure
of CuFeS, and its interaction with carrier electrons. (b) CuFeS,
sample prepared by the spark plasma sintering method.
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Fig. 2 Temperature dependence of the electrical resistivity (a), Seebeck coefficient (b), and power factor (c), of CuFeS,-based samples.
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Fig.3 Temperature dependence of the electrical resistivity (a), Seebeck

coefficient (b), power factor (c), and ZT (d) of CuGa, Mn,Te,.
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Fig. 4 (a) Power factor of CuGa, Mn,Te, at 7= 475 K plotted as a function of electrical conductivity o. Broken line shows the calculation based on a single
parabolic band model with using the carrier effective mass and mobility of x = 0. (b) Schematic view of interaction between Mn>" magnetic moment

and hole.
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Fig. 5 (a) Temperature dependence of the inverse magnetic susceptibility

of CuGa, Mn,Te,. The measured susceptibility of x = 0 is subtracted
in advance. (b) Electrical resistivity of CuGa,y,Mn,;Te, measured
under =0 T and 7 T. The magnetic field is applied perpendicularly
to the electrical current direction.
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ANTANA T4 D TREEOREE B LU, itRhT
B e oW R BT b R & BRI E O M B A S
NTETWAS. Liz F—7 LKA MnTe I2B W,
A= Vi 307K) £ DixsdHhEi (~900K) FT¥—
Ry ZREOMRIRI L ZENT AV IDTNV—=TIZLY
Rt sh, ZHIZFEBIRET AT 5 KOEmEHEE O3
ST V) ORFETHDEWMEEINAY, 512 MnSb &
CrSbDILIRIZ L Y, Mg~/ v X0 & ikt~ 2/
YOEIDBKEBHREEET L7208 -y 7 HHH
KOFHERREGEHEGEENRLY. T2 BREEAF UH
HTHAE Y EHBEOHMEN Y —Ny 735 EHBET 5
CENLRID D Coib e E Tl s T E 220 Criifk
ARV TiHALY, RulE (b L% 0BBERILAEY
WZBWTH, ACVHHREIES Zybo -t Fx)
T OMEANER BRI EOA =X LE LTHMTH
BIEDPRENEY. fETRICBVTY, iBiEE 2Ry
YbAgCu,, Yb:Si;, YbSL 2SKELNRT—T 77 ¥ —%RT
CEMNRBENY. 22T YL-YD oflidREic bk
T 7 =)V 3212 Kondo resonance & XN A Kk & 7R FAE
BEDELL ZEDERTHLEEZ LN TV, EB, 2
@ Kondo peak 2% Yb;Sis D & - e G 5612 & » THEEE
Bl E N S5BI0 L) BEELRNETELZ O
B3 gg A EFEIAT DI, BRI K O 2 BRI & A
MRV D6 3NBE T LMFEEINS.

6 B

FREENE 8K CuFeS, 1B A RELNNT—T 7 7 & —
AR L LT, AN R CuGa, Mn,Te, 1 i 8 T

202549 H

WEVEAR Fe,V M ALLSi, (M I3BREIEICHK) I2BWT, Mk
LX) TOWEERERICL 5T, =Ry 7B LU
7—7 775 —OWMRFBN SN EEREEARTIEAY
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WM R E T X 0 b 72 1) &I E TR ORI R RS
B ENUMNTH D, TOORRMY L TEET 5 AEH
TORBCAEHTHLEEZOND. ThHOBEORR
WHEOBFREFRBLIOMM®ES I —Ya V32
W) AnSRTwRnizn, ShHOFHETHlEET 5
HREAEM B 2 EAMTH 2T L — 2 AN =22 RN 5 1]
MDD Y, L0 —REomEs SN,

E | it

W - MR ) T —F 7 2 b =2 ZAME e v
—%EWE H 7B EAT O VG IR FE T, R %1
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W%@%%(BU‘*%HQEE$¥PMWMWU,Hﬁ?
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