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For the andysis of the measurement of thermoelectric parameters of semiconductors, the Harman pulsed
method was used. The authors propose a new approach to determine the thermoelectric qudity factor of thin
semiconductor films in the temperature interval (300 +~ 500) K by directly measuring a series of electric circuit
parameters. The theory of the method and its application in the measurement methodol ogy are described in detail.
The dependences of electrical quantities on the time, namely voltage — V (t), areinvestigated at different values of
current pulses for thin films PoTe<TI> grown by the pulsed laser deposition.
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I ntr oduction

Thin-film semiconductor materials are of great
interest for use in thermoelectric devices since they are
able to increase the Seebeck coefficient (S) and reduce
the therma conductivity (k) of the films by
nanostructuring the materia. In particular, superlattice
structures are studied to achieve an increase in S and a
decrease in k without significant reduction of the
electrical conductivity (o) of the materid. These factors
influence the thermoel ectric quality factor (ZT) [1].

The thermoelectric efficiency Z = So/k, where S—is
the Seebeck coefficient, o — is the specific eectrica
conductivity, k is the coefficient of therma
conductivity, is the most important characteristic of the
thermoel ectric material, which requires the most accurate
definition. A standard average measurement error of
individual parameters is about 5%; then the average
measurement error of Z is 20%. Therefore, for the
measurement of Z, a special method [2] was devel oped,
which allows measuring all these parameters on one
sample in one measurement cycle, with the identical
temperature differences being included in the caculation
of S and k subject to same sample geometry. The total
error of this techniqueis about 10%.

It isthe Harman method which is the most universal
for measuring Z [3,4]. At the heart of the method lies the
idea that, with a small current | through sample of Joule
heat, which isquadratic to |, can be neglected.
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In this case, from the conditions of the thermal
balance at the ends of the sample in adiabatic conditions,
we can obtain the relation:

U
ZT=—S.
IR,
where Us — is the voltage drop on the sample when
current | passes through it and Ry — is the sample
resistance. This method allows you to determine ZT by
measuring the voltage drop on a sample subject to

1, )

congtant and aternating current — U= Ugi U. = IR,
respectively [5].
In fact, the requirement for adiabaticity is

inappropriate because, when passing arbitrarily small
current, this leads to the endless heating of the sample.
Therefore, real conditions are never adiabatic, and this
should be taken into account. In this casg

Zef T= % - 1 ismeasured instead of Z. The Zy value
at room temperature is 5-12% less than Z. Taking into
account heat losses can gignificantly reduce this
discrepancy, and the overall error of determination does
not exceed 5% [6, 7] .

This method makes it possible to determine the
quality of the material directly. The measurements are
reduced to the determination of the potentia difference
U~ on the contacts when passed through a sample the
alternating current and the difference of the potentials U_
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Fig. 1. The scheme of the Harman method.
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Fig. 2. Block-scheme/Flow-chart of the measuring unit.

when passed through a sample the direct current. For
identical quantities of alternating and direct currentsi|:
1 U_-U_
Z=—x———| 2
T U~
where T — is the average temperature of the sample. In
addition, the Harman method makes it possible to find
the values of a, ¢ and k on the same sample[8].
The coefficient of thermal EMF is determined from
the formula:

©)
DT
where AT is the temperature difference T, — T, at the
ends of the sample when passed of direct current. The
conductivity of the sample materia is determined from
the expression
I~ |
S = —X%X—,
Uu. S
where |- — is the value of the aternating current, | —is
the length of the sample, S — is its cross-section. The
therma conductivity of the material is determined from
Fourier'slaw [9, 10Q].

4)
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. Experiment

Samples of PbTe ta PbTe<TI> were obtained by
pulsed laser deposition (PLD) using stoichiometric
targets. The targets were made of Pb, Teand Tl elements
having a purity of 5N and placed in vacuum quartz
ampoules for synthesis reaction. For deposition, YAG:
Nd® * laser was used with parameters: laser wavelength
1064 nm, power peak in pulse 0.4 J power density
4x10° W/cm?, pulse duration 10 ns, pulse frequency 0.5
Hz. The pressure inside the PLD chamber was 1-10°mm
Hg, and the substrate temperature was 200°C.

We used the Harman method as one of the
techniques for measuring the thermoelectric parameters
of semiconductor materias, which makes it possible to
determine the thermoel ectric quality factor. The analysis
of the Harman method was carried out to determine other
parameters of thin films in one experiment. The results
are given of investigations of the voltage dependence on
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time with a certain value of the current pulse passing
through the sample.

For the experiment, the studied PbTe <TI> sample
deposited on glass substrates was placed in a thermostat
on two conductors. Electric and thermal contacts were
made on the ends of the sample to create its
homogeneous thermal and electric field of the sample. In
order for the Harman transition method to be exact, the
following experimental conditions must be achieved: the
adiabaticity of the device and the maximum constant
temperature gradient for this current value. The scheme
of the Harman method is presented in Fig. 1.

To calculate the parameters of the sample, the
following geometrical dimensions were used:
t = 5107 cm (thickness), a = 210 ™" cm (width), | =
4-10 ™ cm (length of sample).

In fig. 2 shows the scheme of the measuring device
based on the Harman method, modernized taking into
account the achievements of modern measuring
technology (stabilized DC and AC sources, the use of a
computer for measuring operations and obtaining
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1. Results and discussion

In the research process, the following experimental
conditions were achieved for the Harman method to be
exact: the adiabaticity of the device and the maximum
steady temperature gradient for the given magnitude of
current 1. The effect of the current magnitude on the
thermoel ectric properties is an important factor since the
average temperature of the heat-release thermoeectric
device can radically change according with the direction
of I. In this case, the use of the smallest possible | to
achieve the desired values of the signal in the
measurement of transient voltage will lead to the results
that will reduce the impact of temperature dependence of
AT and affect measurement accuracy.

The researched/tested samples of the corresponding
geometric sizes were mounted in an isolated model of the
measuring device by means of current contacts. The thin
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Fig. 3. Dependences of V (t) on time at different values of input pulses of current for athin film PbTe <TI>
and different sampletemperatures: a) PoTe<TI>—-U =2V, T =20°C; b) PoTe<TI>-U =20V, T =20°C;
C) PbTe<TI>-U =0,2V; T=120°C; d) PbTe<TI>-U =20V; T = 120°C.
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Fig. 4. Time dependence of the Vs parameter at high resolution - pulse droop (on thetab - pulse increase)
for the sample PbTe <TI> (U =0.2V; T = 120°C).

films PbTe<TI> with an area of 10° cm? were also
checked for the dependence of the ZT parameter on their
size, which can be the result of non-adiabatic conditions
of the device due to therma leakage through to an
electrical contact. To connect with the measuring devices
two-wire electrical lines were used to supply current and
measure the resulting voltages on the entire device
proper.

Fig. 3 shows the time dependences of the voltage
V(t) at different values of the current pulse through an
electric circle containing a measuring sample in the form
of athin film PoTe<TI> 510 cm thick with the area of
10" cm? The magnitude of the pulse of the voltage from
the generator of 10 ms duration was changed in the range
of 0.2, 20 V, which corresponds to the current value
0.2, 20 pA.

Measurement of Vg at the pulse front was used to
determine the electrical resistance of the thin films
PbTe <TI>. This high-speed measurement of electrical
resistance ensures that the generated thermoeectric
voltages do not cause erors when measuring the
resistance of a sample of thin films PbTe <TI>.

The timing values of the Vg measurement of the
device indicate that the relaxation of the dectric field is
achieved at about 10 us after the droop on the edge of the
current pulse. Fig. 4 shows the time dependence of the Vg
parameter at high resolution — pulse growth and decrease
in  semi-logarithmic coordinates for the sample

PbTe <TI>. An extrapolation of the curve was used to
determine the value of Vs at the edge of the curve (t = 0).

By formula Z,T :L_ 1parameter ZT was

estimated which was =~ 7 giving the value of parameter Z
~ 0.02 /K for the operating temperature of 120°C.

Conclusions

The carried out analysis of the Harman method as
one of the most effective methods for measuring the
thermoelectric parameters of thin-film semiconductors
alowed to investigate the time dependencies of the
passage of a current pulsein thin films PoTe <TI> under
different values of the pulse current and different
temperatures. From the time dependences of the eectric
field value, the ZT and Z parameters were determined,
which were 7 and 0.02 1/K respectively for the working

temperature of the film material — 120°C.
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BuMmiproBaHHA TepMOEJEKTPUYHUX IAPAMETPiB TOHKOIJIIBKOBHX
HANIBIPOBIITHUKOBUX MaTepiajiB MeToA0M XapMaHa

 poeobuybiuii deporcasnui nedazoziunuii ynisepcumem iveni Isana @panka, 82100 Jpozobuy, YVipaina,

e-mail: tur2014@meta.ua
DK ewyscouii ynisepcumen, 35310 JKeusys, Honvwa, isvirt@email.ua

Jlnst aHanizy BUMIpIOBaHHS TEPMOEIEKTPHYHMX [apaMeTpiB HAIliBIIPOBIAHUKIB, BUKOPHCTAHO IMITy/IbCHUM
Meron XapMaHa 3anporoOHOBAHO HOBUM IMiJAXiA JUI BU3HAYEHHS TEPMOEIEKTPUYHOI JOOPOTHOCTI TOHKHX
HaIiBIPOBITHUKOBUX IUIIBOK B iHTepBaii Temmeparyp (300 -+ 500) K numixom Ge3nocepeHbOro BUMIpIOBAHHS
psay HapaMeTpiB €JEeKTPUYHOro Koja. JleTalbHO OMHMCAaHO TEOpild METOHY, 3aCTOCYBaHHs Horo y Mmeromuii
BUMIpIOBaHb. J[OCHIIKCHO 3aJIS)KHOCTI €IEKTPUYHHUX BENUYMH, 30KpeMa Hampyru - V(t), Bix yacy npu pisHHX
3HAYCHHSIX IMITYJIbCIB CTPYMY MUIsl TOHKUX ILTiBOK PDTe<T|>, BupomnieHux iMITynbCHUM JIa3epPHUM OCaIKCHHSIM.

KorouoBi ciioBa: TOHKI IUTIBKM, TENypuJl CBHHIIO, TEPMOECNIEKTPUYHA HOOPOTHICTH, MeTOx XapMaHa,
IMITy/IbCHO-JIa3epHE OCaKEHHS.
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