
This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Powered by TCPDF (www.tcpdf.org)

This material is protected by copyright and other intellectual property rights, and duplication or sale of all or 
part of any of the repository collections is not permitted, except that material may be duplicated by you for 
your research use or educational purposes in electronic or print form. You must obtain permission for any 
other use. Electronic or print copies may not be offered, whether for sale or otherwise to anyone who is not 
an authorised user.

Tripathi, Tripurari S.; Karppinen, Maarit
Experimental setup for anisotropic thermoelectric transport measurements using MPMS

Published in:
Measurement Science and Technology

DOI:
10.1088/1361-6501/aaf609

Published: 01/02/2019

Document Version
Peer reviewed version

Published under the following license:
CC BY-NC-ND

Please cite the original version:
Tripathi, T. S., & Karppinen, M. (2019). Experimental setup for anisotropic thermoelectric transport
measurements using MPMS. Measurement Science and Technology, 30(2), [025602].
https://doi.org/10.1088/1361-6501/aaf609

https://doi.org/10.1088/1361-6501/aaf609
https://doi.org/10.1088/1361-6501/aaf609


IOP Publishing Journal Title
Journal XX (XXXX) XXXXXX https://doi.org/XXXX/XXXX

xxxx-xxxx/xx/xxxxxx 1 © xxxx IOP Publishing Ltd

Experimental setup for anisotropic thermoelectric
transport measurements using MPMS

Tripurari S Tripathi,* Maarit Karppinen*

1 Department of Chemistry and Materials Science, Aalto University, Espoo, Finland

E-mails: tripurari.tripathi@aalto.fi; maarit.karppinen@aalto.fi

Received xxxxxx
Accepted for publication xxxxxx
Published xxxxxx

Abstract

At reduced dimensions electrical transport properties of materials often depend on the measurement direction. Here
we report a measurement setup designed on the manual insertion utility probe (MIUP) of the Quantum Design’s
magnetic property measurement system (MPMS) to measure anisotropic transport properties in the temperature
range of 10–400 K and magnetic fields up to 5 Tesla. The setup is capable of measuring Seebeck coefficient and
electrical resistivity both along and perpendicular to the applied magnetic field. The Seebeck measurement is based
on the differential measurement technique; the four-probe electrical resistivity measurement can easily be
performed on the opposite side of the setup. The setup consists of a small copper cube (5x5x5 mm3) fitted with
diagonally cut electrically insulated square strips. The strips are fitted with copper-constantan thermocouple in
differential arrangement for the temperature-gradient (ΔT) measurement and symmetrically arranged surface
mount (SM) resistors to create the ΔT across the sample. The cube can be rotated to alter the direction of applied
magnetic field on the sample. We demonstrate the directional dependence of the measured transport properties for
a normal platinum wire and also for single crystal flakes of CuCr2Se4.
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1. Introduction

Measurement of the Seebeck coefficient is of great
importance in understanding the electronic transport
properties of various functional materials, owing to the
extreme sensitivity of it to the particle-hole asymmetry [1, 2].
For example, the ambipolarity of graphene cannot be probed
by conductance measurements alone [3]. Thermoelectrics is
another steadily growing field where state-of-the-art Seebeck
coefficient measurements are required for both bulk and thin-
film samples [4-12]. In addition, Seebeck coefficient
measurements under magnetic field [13] could provide a
valuable experimental tool to investigate
magnetothermoelectric effects, such as the Nernst effect in
two-dimensional electronic systems [14, 15], quantum phase
transitions [16], and magnon drag effects [17], etc.
Moreover, for low dimensional materials that show sharp
changes in density of states around Fermi level Seebeck
coefficient measurements in different magnetic field and
temperature gradient configurations can add extra degree of
freedom to the study and optimization of these materials for
applications [18, 19].

In recent years, low dimensional materials have been
strongly highlighted, and for several such materials
promising thermoelectric properties have been reported as
well, e.g. MoS2 [20, 21], WSe2 [22, 23], TiS2 [24] and
NaxCoO2 [25]. However, in only rare cases their anisotropic
Seebeck properties have been measured. Thus, there is a
definite need for a simple, quick, and affordable
experimental setup to estimate the directional dependences of
Seebeck coefficient.

There are two main techniques for Seebeck coefficient
measurement, the integral and differential measurement
methods; nevertheless, there are several variants of these
techniques, such as scanning probe technique [26, 27],
integrated heater sensor technique [28], two thermocouple or
differential technique [29, 30], etc. In the integral method
Seebeck coefficient is estimated from the voltage of a
thermocouple system consisting of the sample and a
reference electrode wire. The serious disadvantage of this
method is that the sample must be longer, wires or metallic
ribbons shaped, and semimetals, which is not possible
always. In contrast, the differential method is designed for
measuring Seebeck coefficients for short samples of any
shape, including thin films. Therefore, the vast majority of
Seebeck measurements are performed using this method. In
this method the temperature difference between two points
on the sample is measured with two thermocouples (or
temperature sensors) in normal or differential configuration;
the resultant Seebeck signal ΔV can be measured by the
same branches of thermocouples or separate voltage probes.
The recent review by Martin et al. [31] provides an overview
of the challenges and various practices of high-temperature
thermoelectric metrology on bulk materials.

The setup reported here is simple, inexpensive, and
accurate for the Seebeck coefficient measurements of thin
samples such as single crystal flakes and thin films of

cumulative thickness including the substrate not greater than
1 mm, in the temperature range of 10–400 K and magnetic
fields up to 5 Tesla. The maximum uncertainty in the
measured thermoelectric power (TEP) is less than 0.2 μV/K,
whereas the accuracy is within 4%. As shown in Figure 1,
the direction of magnetic field on the sample can be altered
in our setup from cross-plane to in-plane temperature
gradient by rotating the cube along its axis. The same setup
can also be used for electrical resistivity/magnetoresistance
measurements; for these measurements the sample is
mounted on face of the cube opposite to the one used in the
Seebeck measurements. The setup consists of two surface
mount (SM) chip resistors, two diodes, one current source,
and one nanovoltmeter to both create and measure the ΔT
and ΔV. A copper-constantan (type-T) thermocouple in
differential geometry is used for the measurement of ΔT. The
use of diodes reduces the need of number of instruments
required for data acquisition. We have earlier reported a
similar setup using a liquid nitrogen cryostat for zero field
measurements [32]. However, the present setup has novel
design that provides more versatility in measurements. With
provisions to rotate the sample holder w.r.t. magnetic field
and the availability of two equivalent sample mounting
positions, one can explore the several permutations of
magnetic field and temperature gradient directions for
measurements.

Figure 1. Different configurations of the sample with respect
to magnetic field on it (a) magnetic field is perpendicular to
the to the sample surface/temperature gradient (b) magnetic
field is parallel to the sample surface and
parallel/perpendicular to temperature gradient.

2. Experimental

The complete arrangement of the measurement setup is
presented in Figure 2. It is designed on a manual insertion
utility probe (MIUP; Quantum Design), see Figure 2(a). The
sample mounting copper strip can be removed from the
MIUP to attach the new setup for the directional
measurements. A photo of the actual setup is shown in
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Figure 2(b). We fabricated the setup on a brass rod 7 mm in
diameter and 30 mm in length. It consists of a copper cube
that can be rotated along the axis perpendicular to the
direction of the applied magnetic field. Figure 2(c) displays
the zoomed image of the square copper strips on cubic
copper base in a bridge arrangement. The strips are
electrically insulated from the copper base. The bridge
consists of SM symmetrically placed on the opposite corners
of the square strips to create the equivalent ΔT between
points (1,3) and (2,4). A differential arrangement of copper-
constantan thermocouple between points (2,4) is arranged for
measurement of ΔT. A schematic image of the whole setup is
shown Figure 2(d). The whole data acquisition assembly
including the magnetic property measurement system
(MPMS; Quantum Design MPMS 5XL SQUID
Magnetometer), current source and nanovoltmeter is
controlled by National Instruments LabView software.

Figure 2. (a) Manual insertion utility probe from quantum
design, (b) photo of the actual setup, (c) zoomed image of the
square bridge arrangement on copper base, and (d) schematic
image of the whole setup.

2.1 Square bridge arrangement and SM resistor positions 

The square bridge arrangement is fitted on a cubic copper
base of 5x5x5 mm3 in size fabricated from high-grade copper
metal. The system is made electrically insulating by sticking
a thin layer of Kapton tape (polyimide film) to avoid any
electrical connection between the square copper bridges and
the copper base. The two copper bridges are similar and cut
diagonally from a square copper strip of 4.5 mm in length,
0.5 mm in thickness and 1.5 mm in width. The bridges are
then glued on the cubic copper base with GE 7301varnish as

shown in Figure 2(c), to be completed for the sample
mounting. Note that the bridges do not touch each other, but
there is a gap of about ~0.5 mm at the ends to avoid any
direct effect of heating of one bridge on the other.

Two miniature SM resistors of 500 Ω are used to create
ΔT along the samples; these are glued using GE varnish at
the opposite corners of the square bridges, symmetric from
both ends. Placing the SM resistors at the corner positions is
important to allow the Seebeck measurement of samples in
two equivalent positions, (1,3) and (2,4), with only one
differential thermocouple arrangement. As can be understood
from Figure 2(c), at a constant base temperature when one of
the SM resistors is heated the ΔT between positions (1,3) and
(2,4) is equivalent. It should be emphasized that, in several
test measurements with or without magnetic fields, no
significant difference was observed in Seebeck voltages for
samples placed between the two equivalent positions.

The use of SM resistors for creating the ΔT has several
advantages such as the fact that they are very inexpensive
and can be easily mounted on plane surfaces. For the ΔT
measurement across the sample the two differential
thermocouple tips are fabricated with high gauge (SWG 44;
Standard Wire Gauge) type-T thermocouple wires and
soldered in the middle of the sides of the square copper
bridges as shown in Figure 2(c). The thinner (high gauge)
thermocouple wires ensure low thermal leakages and better
thermal anchoring compared to the thicker (low gauge)
wires. Both the bridges are again covered with very thin
Kapton tape (~6 μm) to avoid any electrical connection
between the Seebeck voltage probes, thermocouples, and
resistors.

2.2 Differential thermocouple arrangement

The differential arrangement of thermocouples provides great
convenience in direct measurement of temperature difference
between two points provided the temperature versus voltage
characteristics of the thermocouple system is known. In the
present setup copper-constantan type-T thermocouple system
is used to measure the ΔT across the sample between
position (2,4) and/or equivalently (1,3). The use of two
separate sensors to measure ΔT has also been reported in
literature [29], however, this approach suffers from inherent
errors due to subtraction of large numerical values to
estimate small values [33]. For the present setup the two
differential thermocouple tips are fabricated by welding a
copper wire on the two ends of a constantan wire as shown in
Figure 3. The open ends of the copper wires are thermally
anchored on the brass assembly and connected to the
terminal board screw connectors on the MIUP for data
acquisition.
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Figure 3. Differential arrangement of thermocouples.

The brass assembly acts as the reference for base
temperature for the differential thermocouples at any
temperature. The temperature of the brass assembly is noted
from the MPMS temperature which remains stable within
±10 mK for the entire measurement. When the SM resistors
are powered to create ΔT across the sample, the base
temperature may fluctuate in maximum ca. 1–2 degs. at
temperatures around 10 K, but no appreciable changes were
observed above 50 K. A typical of 10 mA current to SM
resistors is sufficient to create a ΔT of 0.5-2.0 K across the
sample at different base temperatures. When either of the
SM resistors is heated the temperature gradient across the
sample can be calculated from the differential thermal
voltage of the thermocouple system. The differential thermal
voltage ( ) is calculated from the absolute Seebeck
coefficients of constantan and copper thermocouple wires,
SCon and SCop, at the base temperature T0 (see Figure 3) as
follows:

When the difference T2−T1 is small compared to average
temperature (T2 + T1)/2, then:

The temperature versus Seebeck voltage characteristics for
the present thermocouple system  can be
calculated at each base temperature (T0) using the NIST ITS
90-thermocouple database. Thus, at any base temperature,
ΔT = can be calculated by dividing the measured

 by the estimated  at that temperature.

2.3 Measurement of Seebeck voltage

For the measurements of ΔT, ΔV, and the creation of the
temperature gradient along the sample via SM resistors (see

Figure 4), 8 lead wires of MIUP are used. High resistance
wires are used for voltage measurements and low resistance
wires for currents to SM resistors. Both the input channels 1
and 2 of Agilent 34420A nanovoltmeter are used to record
the ΔV and ΔT, respectively. Advantest R6142 DC current
source is used to heat the SM resistors. The diodes
arrangement at output of the current source facilitates
alternate heating of SM resistors using only one current
source for “+” and “−” currents. Reversing the direction of
ΔT along the sample and then averaging the ΔV and ΔT
cancels the constant voltage contributions, if any, to the
measured ΔV and ΔT.  All measurement wires are thermally
anchored on the cubic copper base and brass assembly that
also acts as the isothermal reference junction for
thermocouples.

Figure 4. Schematic illustration of the measurement units for
data acquisition.

The measurement sample can be mounted equivalently
between positions (1,3) and (2,4) as the SM resistors are
symmetrically placed w.r.t. either positions. DuPont 4929N
silver paste is used to mount the sample on the bridge for
good thermal contact between the sample and the bridge;
also, it can easily be dissolved in hexyl acetate which acts as
thinner for silver paste. The thermocouple tips remain
electrically insulated from the sample with the thin Kapton-
tape. For the measurements thinner samples would be best to
measure the anisotropic effects; however, samples of
thickness up to 1 mm can be measured. Samples thicker than
1 mm will be inconvenient during mounting the setup in the
MPMS. As one needs to pull the whole setup assembly in the
glass tube at the back end of the MIUP before inserting it
into the MPMS. The glass tube has the inner diameter of 8
mm and sample might touch the inner wall of the tube. A
schematic diagram of the entire measurement unit and data
acquisition is shown in Figure 4. The detailed measurement
procedure and algorithm of measurement were reported by us
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in our earlier publication of Seebeck coefficient
measurement using a liquid nitrogen cryostat from 77 to 500
K [32].

3. Calibration and testing

Several measurements were performed with various standard
samples to calibrate the setup. For the present discussion we
focus on the measurements performed on a high-purity
(99.99%) thin (500 μm) platinum wire under zero field as
well as magnetic fields perpendicular and parallel to
temperature gradient as shown in Figure 5. All the
measurements were performed with respect to copper lead
wires.

DT,m0H

m0H

DT

Figure 5. Seebeck coefficient of Pt wire w.r.t. temperature
in zero as well as presence of magnetic fields along different
directions. Inset shows the measurement accuracy of
Seebeck values at a fixed temperature 300 K in zero field
condition.

For the reference correction the absolute Seebeck coefficient
of copper wire was estimated from the relation for pure Cu
wire [34]:

The Seebeck coefficient of platinum wire is negative and in
good agreement with its simulated values estimated from the
relation for pure Pt wire [34]:

Moreover, the estimated value corresponds well to the
experimental results [35-38]. As expected, no appreciable
effect of magnetic field on the Seebeck coefficient of Pt wire
is observed whether the magnetic field is perpendicular or
parallel to the temperature gradient. The inset in Figure 5
depicts the maximum fluctuation in Seebeck coefficient
measurements for several data points at fixed temperature
300 K and zero magnetic fields. The maximum fluctuations
are less than ±0.2 mV/K.

Further to check the directional dependence of Seebeck
coefficient on the magnetic field we measured the Seebeck
coefficient of CuCr2Se4 single crystal flakes in the presence
of 0.1 Tesla magnetic fields in parallel and perpendicular
configurations as displayed in Figure 5. The CuCr2Se4 single
crystal flakes are cubic in symmetry and show preferred
orientation along 111 direction based on X-ray diffraction
data (not shown here). Directional dependence of Seebeck
coefficient on the magnetic field for CuCr2Se4 was reported
by us earlier for bulk powder specimens due to magnon drag
effects [17]. The effect of magnetic field can easily be seen
as the maximum in Seebeck coefficient due to magnon drag
increases and decreases, respectively, for perpendicular and
parallel directions w.r.t. zero field value.

DT, m0H

m0H

DT

Figure 6. Seebeck coefficient of CuCr2Se4 single crystal
flakes as a function of temperature in presence as well as
absence of magnetic fields along different directions.

To evaluate the effect of temperature and magnetic field
over the SM resistors we measured (not shown here) the
resistance of them for whole temperature range, in presence
and the absence of magnetic field both. Resistances show
metallic temperature dependence and a maximum change of
±4 Ω is observed in temperature sweep measurements
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between 10-400 K. No significant change in the resistance is
observed due to magnetic field. However, it should be noted
that the change of heater resistance should not make any
difference to Seebeck coefficient because the Seebeck
voltage ΔV depends linearly on the temperature gradient ΔT,
and the ratio remains constant.

4. Summary

We have reported a Seebeck coefficient measurement setup
in presence or absence of magnetic field in the temperature
range from 10 to 400 K. The setup is designed on a MIUP
(manual insertion utility probe) for MPMS (magnetic
property measurement system; Quantum Design). It is based
on the differential technique of Seebeck coefficient
measurement and can be utilized to measure the anisotropic
Seebeck coefficient in the presence of magnetic field. The
direction of magnetic field on the sample can be effectively
altered in three directions (along the ΔT, in and out of plane
perpendicular to the ΔT) by rotating the set-up along an axis
perpendicular to magnetic field. The maximum uncertainty in
the measured Seebeck value is less than ±0.2 μV/K, and the
accuracy is within 4%.

The setup consists of two miniature SM (surface mount)
resistors, placed symmetrically on two square copper
bridges, to create  the temperature gradient ΔT along the
sample. The symmetric mounting of SM resistors allows us
to study the effect of magnetic field in three directions: in or
out of plane perpendicular to temperature gradient and along
the temperature gradient. For the calibration of the setup,
Seebeck coefficient of high purity (99.99%) 500 μm thick
platinum wire was measured from 10 to 400 K with respect
to copper lead wires. To observe the anisotropic effect of
magnetic field, Seebeck coefficient of CuCr2Se4 single
crystal flakes was measured in zero field and in the presence
of magnetic field. Finally it should also be emphasized that
even though the setup was designed for anisotropic Seebeck
coefficient measurements, it can also be utilized to measure
the anisotropic effects in electrical resistance.
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