Netsu Sokutei 46 (3), 128-134 (2019)

LY VBB E R
T =Ry Y FZRBOMERBEFEDRFE

KE Fegr, Rl 3%,
([EHF) PEREBINR S

(ZEH : 201944 H 25 H,

RN BARES, fEA 5L.Z,

JeAn
W BRI YRR 52

Gt B

RHEIEER S X —
il

ZHIH 201945 H 24 B)

Development of an Absolute Measurement Technique for the Seebeck
Coefficient using the Thomson Effect

Yasutaka Amagai, Takeshi Shimazaki, Kenjiro Okawa, Hiroyuki Fujiki,
and Nobu-Hisa Kaneko

National Institute of Advanced industrial Science and Technology (AIST), National
Metrology Institute of Japan (NMLJ), Research Institute of Physical Measurement

(Received Apr. 25, 2019; Accepted May 24, 2019)

The Seebeck coefficient is the most widely measured property specific to thermoelectric materials. The absolute
Seebeck coefficient S determined from the Thomson effect is highly sensitive to systematic errors incurred in the
determination of the material thermal conductivity and geometry and heat loss from the sample to surroundings caused
by temperature differences. Here, we review a technique for the precision measurement of S based on the Thomson effect
using an AC-DC technique. This technique utilizes accurate equivalent-amplitude AC and DC currents, which can
eliminate the need for acquiring accurate thermal conductivity and geometry values. These parameters can be replaced
by the precisely and readily measurable parameters of electrical resistance and temperature changes caused by the Joule
effect. The correction term of the heat loss owing to heat transfer via the thermocouple vanishes upon calculating the
ratio of the measured temperature changes for both AC and DC excitations.
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Schematic of the thermoelectric effect: (a) The Seebeck effect for two dissimilar conductors A and B with the interface

temperature 7 and 7 + AT. The thermoelectric voltage is induced by the temperature difference AT. (b)The Peltier effect for two
dissimilar conductors A and B with the uniform temperature 7. The electrical current passing through the conductors results in
the heat liberation or absorption in the interface, (c) Thomson effect for the single conductor with the temperature difference AT.
The current passing through the single conductor results in the heat liberation or absorption
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Fig.2 Schematic of heat conduction in thin-wire system based
on heat loss to the thermocouple. Both sides of the sample are
maintained at the constant temperatures 71 and 72. The AC and
DC current is flowing through the sample. In our model, the
thermocouple acts as a heat sink.
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Fig.3 Schematic of the temperature distribution along with the
specimen caused by the Joule effect and Thomson effect. (a) The
temperature rise can be caused by both the Joule and Thomson
effects in the DC case. (b) The heat generation turns into
absorption from generation when the direction of the current is
changed. (c¢) Thomson heating is canceled out when the ac
frequency is sufficiently high, thus, the temperature rise is solely
due to the Joule effect.
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Fig.4 Schematic diagram of the experimental setup for
measurement of the Thomson coefficient near room temperature.
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Fig.5 Thomson coefficient measured using a conventional DC
method and our AC/DC method. The dotted line and error bars for
the conventional method and our data, respectively, indicate the
combined uncertainties considering the thermal conductivity.
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Fig.6 (a) Measured temperature dependence of the Thomson
coefficient (b)Calculated temperature dependence of the Seebeck
coefficient using the measured Thomson coefficient and Kelvin’s
relation.
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