
128

MEASUREMENT OF THE THERMO-EMF COEFFICIENT  
OF A SEMICONDUCTOR MATERIAL FOR THE MANUFACTURE  

OF PELTIER THERMOELECTRIC MODULES

Sergey Nefedov, Georgy Rannev

Summary: The report describes a method for measuring the thermo-emf coefficient of a semiconductor 
thermoelectric material used in the production of cooling thermoelectric modules, and a project of a measuring system 
developed for these purposes is also presented. A preliminary estimation of the instrumental error of the system is 
given. It is noted that this system can be expanded to measure the conductivity of thermoelectric ingots.
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The production volumes of Peltier cooling 
thermoelectric modules grow from year to year 
due to the ecological cleanliness of refrigeration 
units based on them, their ultra-high reliability, 
the property of reversibility of the heating/cooling 
process, compactness, noiselessness of operation. 
For the manufacture of such modules, expensive 
semiconductor raw materials are used. Therefore, 
it is very important to control the quality of raw 
materials according to many of its parameters in 
order to minimize costs by timely forecasting of 
the marriage in the early stages of production. At 
the symposiums of the past years, information 
measuring systems for measuring the quality 
parameters of both Peltier modules [1,2,3,4] and 
thermoelectric ingots serving as raw materials for 
their production have already been demonstrated 
[1,2]. The previously discussed TSI [2] system 
for measuring ingot parameters made it possible 
to measure only one quality parameter of a ther-
moelectric material - the electrical conductivity, 
by which the branches of p and n types are sorted 
when assembling the Peltier modules. However, 
this parameter does not take into account the most 
important consumer property of future Peltier 
modules - their cooling capacity, which primarily 
depends on the thermo-emf of the raw materials 
used. During the last period, scientific research 
work was carried out and design documentation 
for the production of the measurement system of 
this parameter was prepared.

Stationary and non-stationary methods are used 
to evaluate thermo-emf. According to the most 
common stationary method, on samples of regular 
geometric shape a temperature difference ΔT is 
created by the heater and the condenser and the 
thermo-emf coefficient at two points is determined:
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where E is the measured thermo-emf at these two 
points.

To measure the temperature difference ΔT of the 
heated and cold regions, independent measuring 
channels with two thermocouples are used. Also, 
the temperature difference ΔT can be measured 
with the help of differentially connected thermo-
couples in order to simplify the electronic part of 
the measuring channel. In this case, the junction 
of one of the thermocouples is electrically isolated 
from the sample.

The disadvantage of stationary methods is that, 
in order to achieve steady-state temperatures in a 
sample, it usually takes a long time. This disadvan-
tage is less evident in nonstationary methods. For 
example, it is possible to measure the thermo-emf 
coefficient by an installation in which there are 
two heaters: one serves to create a temperature 
difference in the sample, and the second serves to 
set the tempo of sample heating. In this case, using 
recording instruments, continuously record the 
instantaneous values of the temperature difference 
and the thermo-emf of the sample, determining 
the value of the thermo-emf from the slope of the 
straight line )( TfE ∆= .

For rapid measurements of the coefficient of 
thermo-emf and the determination of the inho-
mogeneity of materials, the hot probe method is 
used, which is precisely the basis for the system 
being presented. On the surface of the sample, a 
probe is mounted, heated by a miniature heater. In 
close proximity to the heater in contact with the 
sample, a thermocouple is mounted to measure the 
temperature of the heated portion of the sample. 
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One of the branches of this thermocouple is also 
a measuring circuit of one of the potentials of 
thermo-emf. Thermo-EMF is measured relative 
to another probe located outside the heated area. 
This probe can serve as a second thermocouple 
for measuring both the temperature of the cold re-
gion of the sample and the potential of this region 
when calculating the thermo-emf coefficient. The 
inhomogeneities in the distribution of thermo-emf 
along the length of the sample can be detected by 
moving the probe.

The structural scheme of the proposed system 
for measuring the thermo-emf coefficient of a 
thermoelectric material is shown in Fig. 1. The 
system consists of a sample holder of a thermo-
electric material, a measuring unit and a control 
PC. The composition of the ingot holder includes: 
thermistors for measuring the temperature of the 
ingot (its cold side) by averaging the readings 
of two thermistors; A thermocouple of the cold 
region of the sample for measuring the desired 
thermo-emf, a stepper motor for moving the 
measuring probe, a sensor of the probe position, 

and the probe itself, which consists of a heater 
and a thermocouple of the hot region.

The measuring unit consists of a microcontrol-
ler which, in accordance with the program setting 
mode via the USB-COM converter with the PC, 
generates control codes for the thermocouple signal 
switch and the power supply circuit of the heater, 
and also controls the stepping motor of the probe 
via a special stepper motor driver.

The tip of the heater probe is placed between 
the torn hot-region thermocouple junction on 
the sample surface (Fig. 2). This ensures a more 
accurate measurement of the temperature of 
the hot area, because The heated area is placed 
symmetrically between the branches of the torn 
thermocouple junction. The heater is powered by 
a voltage source and controlled via a switch from 
the PWM of the microcontroller, which ensures 
the adjustment of the heater power. The branches 
of the torn chrome-alumel thermocouple measure 
the thermo-emf of the hot region to determine its 
temperature. The desired thermo-emf appears at the 
ends of a thermocouple formed by two identical 

Fig.1. Structural diagram of the thermo-emf coefficient measuring system  
of semiconductor thermoelectric material.
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branches of chromel-chromel, which in this case 
are potential probes for measuring this thermo-emf. 
The use of identical branches of thermocouples is 
necessary to exclude the thermo-emf of the ther-
mocouples themselves. The temperature of the cold 
region of the ingot is measured by two thermistors.

The signals from the thermocouples of the hot 
and cold regions are amplified by the correspond-
ing amplifiers. Moreover, the hot-spot thermocou-
ple amplifier is made on a special instrumental 
amplifier with a cold-junction compensation circuit 
for the thermocouple. Through the signal switch, 
the normalized signals from the thermocouples are 
fed to the ADC, and then to the microcontroller.

The signals from the thermistor sensors inte-
grated in the holder come through the switch to the 
temperature-PWM converter, which converts the 
measured temperature into a sequence of output 
pulses of varying duty cycle.

The stepper motor driver converts the low-pow-
er control signals into currents sufficient to con-
trol the stepper motor. Stepper motor moves the 
measuring probe over the surface of the ingot, its 
movement is monitored by a linear displacement 
sensor.

 
Fig.2. Scheme for connecting branches  

of thermocouples and a heater to  
a sample of thermoelectric material.

The basic instrumental error of this system 
consists of the errors of two amplifiers of signals 
from thermocouples and the error of the ADC 
(the component of the measurement probe error 
is not taken into account, the data for analysis 
of which is not yet available due to the lack of a 
prototype system). As the amplifier of the signal 
from the cold-side thermocouple, the circuit uses 
the AD8541ART chip, the error of which under 
normal conditions is ± 0.1%. To amplify the signal 
from the hot spot thermocouple, an AD595 chip 
with a normalized error value of ± 0.05% is used. 

The error of the ADC chip MAX11166 with the 
integrated reference voltage is ± 0,2%. The total 
error is determined by the summation formula for 
random independent errors:
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A sketch of the drawing of the ingot holder is 
shown in Fig.3. The ingot holder with a length of 
925 mm, a width of 100 mm and a height of 200 
mm is fastened by four bolts to the base (8) on 
four legs (9).

The ingot of semiconductor material as a result of 
the rotation of the handle (19) is clamped by a latch 
(7). The heater (17), the torn hot spot thermocouple 
(16) and the linear sensor (10) are fixed to the sub-
strate (15) and mounted on the main shaft (20). The 
auxiliary rod (21) is designed for smoothly moving 
the substrate without jamming. When measuring 
thermo-emf coefficient, the structure with the sub-
strate is lowered to the surface of the semiconductor 
material by means of a screw rod (22).

Stepper motor (11) is attached on the right of 
one of the racks. The ingot holder consists of two 
gears (6): one gear is mounted on the stepper motor, 
and the other gear is mounted on the left rack. The 
toothed belt (14) is tensioned by two gears to create 
a torque for moving the substrate with a heater and 
a thermocouple (measuring probe) above the ingot 
surface. The tensioner (12) and the spring (13) are 
designed to create the necessary belt tension.

In conclusion, I would like to note that such a 
design of the system with a scanning probe allows 
measuring also the conductivity measured by the 
already created TSI system [2], which makes the 
presented system design quite promising. In addi-
tion, it can be noted the possibility of implementing 
intelligent functions in the system for self-diag-
nosis and adaptation to various types of ingots by 
pre-scanning them. 
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Рис.3. Эскиз держателя образца термоэлектрического материала.
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