
 

 

Em

Abstrac
Starting 
by the Br
propertie
increasin
material

Keywor

1. INT

Based o
processe
the ther
tempera
when th
finding 
thermoe
ZT, [1,2

where: 
tempera
 
Therma
kl. The 
combina
usable p
thermoe
be seen 
thermal
conduct
we need
change 
Best bu
 
If dopin
for alm
typical 
charge c

PART

mina Požega
Go

1Mining
2Techni

ct  
from spectro
ridgman met
es of single
ng, mobility 
l is of the p ty

rds: Bridgma

TRODUCT

on the therm
es can be c

rmoelectric 
ature is pre
he voltage i

materials 
electric mat
2] which is 

α - Sebek c
ature, ρ - ele

al conductiv
ratio α2/ρ 

ation of m
properties 
electric mat
from Equa

 current, wh
tivity and lo
d only one t
the type of 
lkthermoele

ng isincreas
most all typ

thermoelec
concentratio

 

The 52

T I: WHA

a1, Danijela
omidželović

g and Metal

ical Faculty 

oscopy pure 
thod at the S
e crystals w
and Hall co

ype with a hi

an technique

TION  

moelectric e
onverted in
effect is see
sent on eac
is on the de
with a hig
terials, the 
defined as: 

ܼܶ

coefficient, 
ectrical resi

vity has two
is defined 

material prop
is also a c
terials is to 
ation 1. In o
hich is the a
ow thermal
type of char
charge carr

ectricmateri

sed, the elec
pical thermo
tric materia
ons range of

nd Internati

AT MAKE

a Simonovi
ć1, Milijana

lurgy Institu

Bor, Unive

materials, a
Serbian Acad
were investig
oefficient incr
igh concentr

e, Hall and Va

effect, waste
nto electricit
en in semic
ch side, or 
evice. The t
gh figure o
Figure of m

ൌ
ଶߙ ∙ ߪ ∙ ܶ

݇
σ - electric

stance. 

o componen
as the pow
perties requ
challenge fo

satisfy prop
order to max
absolute val
l conductivi
rge carrier. 
rier (electron
ials at room

ctrical cond
oelectric m
als best com
f 1018-1019c

onal Octob
Nove

w

 

ES A GOO

 

ć1, Saša Ma
a Mitrović2

ute Bor, Ze

ersity of Bel

a monocrysta
demy of Scien
gated. Transp
rease. Positi

ration of char

an der Pauw 

e thermal en
ty. Known a

conductor de
create a tem

thermoelect
of merit. Th
merit (Z), is

ܶ
ൌ
ଶߙ ∙ ܶ

݇ ∙ ߩ
ൌ

cal conduct

nts: electron
wer factor an
uired for th
or scientists
perties that
ximize the q
lue of the Se
ity.In order 
Semicondu
ns and hole

m temperatur

ductivity inc
materials. N
mpromise a
cm3 (Figure 

ber Confere
ember 29th – 30
www.ioc.tfbor.bg

OD THER

arjanović2,
2, ZdenkaSt

lenibulevar

lgrade, V.J.

al sample of p
nces and Arts
sport proper
ive values of 
rge carriers,

method, dop

nergy gener
as "Peltier"
evices that 
mperature d
tric materia
he paramet
s determine

ൌ
ଶߙ ∙ ܶ

ሺ݇௘ ൅ ݇௟ሻ
tivity, k - th

nic conduct
nd determin

hermoelectr
s. The basi
are in cont

quality fact
ebek coeffic
to get as m

uctors are m
s). 
re are Bi2Te

creases butt
amely low 

and still hig
1). 

ence on Mi
0th  , 2021 
g.ac.rs 

RMOELE

, Milenko J
tanojević Š

r 35, 19210 

 12, 19210 

p type, Bi2Te
ts in Belgrad
rties have sh
f the Hall coe
nb= 1018 cm-

ing 

rated as a by
, "Seebeck"
generate vo
difference b
ls developm
ter that eva
ed by the d

ܶ

ሻ ∙ ߩ
ሺ1ሻ 

hermal cond

tivity, ke an
nes the ele
ic materials
ic foundati
tradiction w
tor (obtainin
cient), it mu
much therm

materials tha

e3/Sb2Te3. 

theSeebeck 
gap semic

ghly doped 

ining and M

ECTRIC 

Jovanović1,
Šimšić1 

Bor, Serbia

Bor, Serbia

Te2.8Se0.2, was
de (SANU). T
hown that w
efficient conf
-3. 

y-product o
" or "Thom
oltage when
between the
ment is con
aluates the 

dimensionles

ductivity, T

nd lattice co
ctrical prop
s to have q
on in the r

with each ot
ng the highe
ust have hig

mal current a
at are relativ

coefficient
conductors, 
semiconduc

Metallurgy

 

 Lidija 

a 

a 

s synthesized
The transport
with current
firm that the

of industrial
son" effect,

n a different
e two sides
ditioned by
quality of

ss quantity,

T - absolute

onductivity,
perties. The
quality and
research of
ther, as can
est possible
gh electrical
as possible,
vely easy to

t is reduced
almost all

ctors are in

d 
t 
t 
e 

l 
, 
t 
s 
y 
f 
, 

e 

, 
e 
d 
f 
n 
e 
l 
, 

o 

d 
l 
n 

23



 
 
 

The 52nd International October Conference on Mining and Metallurgy, 29-30November 2021 
 

 

 

 
Figure 1. Best compromise of thermoelectric [3] 

 
Best compromise of thermoelectric is marked with a red rectangle on the Figure 1.With special 
techniques and advances in modern material synthesis, especially in nano materials, a new time 
for complex thermoelectric materialsis approaching. 
 
The significant contribution of our research is reflected primarily in the domain of materials 
science[4,5,6], especially in the field of thermoelectric materials. Successful synthesis of p type 
single crystalBi2Te2.8Se0.2by the Bridgman process obtained at the Serbian Academy of Sciences 
and Arts (SANU) in Belgrade was performed. A significant scientific contribution has been made 
in the application field of bismuth telluride as a thermoelectric material and selenium as its dopant. 
In this way, the conducted research enriched the set of data relevant for further research and for 
possible practical application. 

2. EXPERIMENTAL  

ThesampletestedbytheHalland Van derPauwmethodwascut from the ingot normally to 
thecrystallizationdirection(┴). In thefollowing, thesesamplewill be referred to as 6/4(┴).  
 
Before the measurement starting, the sample waspreparedto be in the form of thin disc. The 
samples on which the measurements were performed had a uniform thicknessof 1.8 mm (Table). 
Sample did not have any irregularities on them. All measurements were carried out at room 
temperature (T =300 K). The source of magnetic field applied perpendicular to the Hall element 
was a permanent magnet of 0.37 T. Hall Effect measurements were done to obtain transport 
properties. 
 
For resistance measure, voltage and current contacts were attached to 4 fixed contact terminals 
located at the sample ends and at different current intensities. Schottky contacts were used for 
tests performed at room temperature. The change of transport and electrical parameters with 
increasing current intensity was also monitored. 
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3.RESULTS AND DISCUSSION 

The calculated data from the measurement results of the transport quantities for sample 6/4 (┴) 
with a Schottky diode at room temperature (25 ° C) and magnetic induction of the permanent 
magnet B = 0.370 T are given in Table 1 and Table 2. Measurements were performed at currents 
of 0.1 and 0.5 mA. 

 
Table 1. Results for sample 6/4 (┴) at a current of 0.1 mA 

Measured size Symbol Result 
Measuerment 

unit 
Bulk carrier concentration nb 5.511x1018 /cm3 

Mobility μ 7.237x101 cm2/Vs 
 

Specific resistivity ρ 1.565x10-2 
Ωcm 

 
Average Hall Coefficient RH 1.133x100 cm3/C 

A-C Cross Hall 
Coefficient 

RH1 -1.784x100 cm3/C 

B-D Cross Hall 
Coefficient 

RH2 4.050x100 cm3/C 

Sheet carrier concentration nS 9.920x1017 /cm2 

Specific conductivity σ 6.389x101 1/Ωcm 
 

Magneto resistance ΔR 8.315x10-3 Ω 
 

Vertical/Horizontal 
 ratio of resistivity 

α 4.807x10-1  

 

Table 2. Results for sample 6/4 (┴) at a current of 0.5 mA 

Measured size Symbol Result 
Measuerment 

unit 
Bulk concentration nb 4.150x1018 /cm3 

Mobility μ 1.594x102 cm2/Vs 
 

Specific resistivity ρ 9.435x10-3 
Ωcm 

 
Average Hall Coefficient RH 1.504x100 cm3/C 

A-C Cross Hall 
Coefficient 

RH1 1.173x100 cm3/C 

B-D Cross Hall 
Coefficient 

RH2 1.836x100 cm3/C 

Sheet concentration nS 7.469x1017 /cm2 

Specific conductivity σ 1.060x102 1/Ωcm 
 

Magneto resistance ΔR 2.968x10-3 Ω 
 

Vertical/Horizontal 
 ratio of resistivity 

α 1.079x10-1  
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Mobility increases with currentincreasing. The Hall coefficient values are positive. This indicates 
that the samples are of p type and that the charge carriers majority are holes. That the samples 
are of p type was also confirmed by the hot point method. The mobility of most charge carriers 
decreases with increasing current, which indicates that the temperature of the samples increases, 
which affects on the mobility. For our sample the mobility value is increase from μ = 
7.237x101cm2/Vsat current intensity of 0.1 mA to μ = 1.594x102cm2/Vsat current intensity of 0.5 
mA. 
 
4. CONCLUSION 

This paper was the result of the selenium doped bismuth telluride monocrystalsemiconductor 
compoundproperties testing. Hall’s and Van der Pauw’s methods were used for material 
characterization. 
 
The electrical properties of this crystal were measured and the mobility, concentration of the 
charge carriers majority and Hall coefficient were observed. On the basis of the Hall coefficient, 
it was determined that the majority carriers are holesin the monocrystal. The measured holes 
mobility was less than the holes mobility in pure bismuth telluride. 
Theresultsofthesestudiesshowthattheseleniumdopedbismuthandtelluriummonocrystalwassuccessfullysynt
hesizedbytheBridgmanmethod, andsignificantlycomplementexistingbismuthtelluride single 
crystalsknowledge.        
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