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ABSTRACT: Herein, bismuth is selected as dopant for InyTe; thin films fo investigate its effect on
structural, electrical and thermoele

i a ctrical properties. The preferred orientation and crystallinity
of Bi doped films significantly varied with different doping profile which is reflecting in X-ray dif-
fraction patterns and scanning eclectron micrograph images. The thermo emf and Seebeck coeffi-
cient of prepared films is decreased with increasing Bi concentration due to change in structural
properties such as crystallinity, preferred orientation and additional phases. It has been observed
that there are marginal changes in electrical conductivity of Bi doped InTes films among which
2.30 % Bi doped In:Te; films are showing maximum electrical conductivity of 3.72 Q"' cm™'. The
maximum Seebeck coefficient is observed for 0.85 % Bi doped In;Te; films. The thermoelectric
power factor of 0.85 % doping of Bi is found to be enhanced by 4.8 times of undoped In:Te; films.

INTRODUCTION have been mostly investigated in the bulk crystal
The materials of form A>'""B;*! exhibit a defect  form!®®| In spite of its good electrical and optical
zinc blende or wurtzite structure with one- third properties. exploitation of these materials in prac-
of the cation sites vacant. Among these group of tical applications is limited by their poor mechan-
materials, Indium telluride is paying a special ical and thermal properties. The mechanical
interest because of its attractive electrical and op- properties of the materials can be strengthened by

tical properties along with stoichiometric defects  the thin film form which can makes them poten-
which makes them suitable for opto-electronic tial for device applications.

devices and thermoelectric applications. InaTes Indium telluride has good electrical conductivity
has large density of stoichiometry vacancies at (~ 0.66 Q' m"') and less thermal conductivity (~
cation sites which is ~5.5 x 102" cm™ due to the | W m™ K™')which makes them to exhibit good

mismatch between lattice of indium (In*") and  thermoelectric properties ™’ In addition, this
tellurium jons (Te*) "L Even at higher material is exhibiting a direct band gap of 1.1 eV.
ionization fluences, In>Te; has high radiation From the scenario of both electrical and optical
stability in electronic parameters which was prop.eni:_es. InJ:'IF'::]_x‘ can be used in op}-elf;(itronic
exXperimentally examined up to 10'® fast neutrons appllcatlons.l e '.. APan from its suitability for
per em*l. Hence, InaTes is owing the interest in opt-electronic apphcalpns it has Fﬁeﬂl tested for
Various research domains due to its peculiar gas sensors an(':l st_ram gauges ' .However,
Properties. The properties of HI-VI materials there are few scientific papers published on ther-
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From the knowledge of basic propertics: and
literature of indium  telluride. its interesting (o
investigate the thermoeletric propetics of doped
In-Tes thin films. However. in this investigation,
hismuth (Bi) is selected as doping material to
understand  structural. cletrical and  secbeck
coeflicient modifications caused by incorporation
of Bi. Reportedly. the secbeck coefficient of
undoped In:2Tes is 237 1 Vv K with thermoelec-
tric power factor of 4.93 wm™' K2 at 320 K P!,
The results drawn from the experimental studies
are reported in result and disscussion section
from which. the thermoelctric power factor of
0.85 % Bi doped films is improved by 4.8 times

of un-doped InzTes films.

CAS

METHODS/EXERIMENTAL

Closed vapour deposition technique was used to

n-doped and Bi doped In>Tes thin

dual pressure inside the chamber

was maintained around 10° Torr. All films were
re of 423 K on soda

grown at substrate temperatu
ve heating method

lime glass slidesusing resisti

(SMART COAT 3.0. HHV. INDIA). Chromic
acid. liquid detergent and acetone were used 1o
clean soda lime glass plates. The thickness and

average growth rate of films was maintained
~350 nm and 4.2 nm/s. respectively.

LOYS. INC, USA) pellets were
used as the precursor material with 99.999% pu-
rity and dopant materials aluminium (ALFA
AESAR. US) of 99.9995% purity and antimony
(HIMEDIA., INDIA) of 99.9% pure pellets werc
used for deposition.
The structural informat ion such as phase, orienta-
tion and lattice constants of the films were ob-
tained using x-ray diffraction (XRD, RIGAKU
MINIFLEX600) at 20 ranging from 20 to 65°.
The morphological information about the surface

prepare both u
films. The resi

about
In-Tes(ACI AL
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confirm the composition of all films (.cmCd l(’
0.5 at %). The variation in clcclricﬁl r:‘rnr .
and thermo emf as a function of m&,:gc"""‘
were carried out by using a sctup comaini:.:ure
oven and a multimeter (KEITHLEY-2002) B

RESULTS AND DISCUSSION
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Figure 1: XRD patterns of Bi doped In2Tes thin
films deposited at 423 K
Figure | shows the XRD patterns of Bi doped
In-Tes films. All Bi doped In2Tes films are poly-
crystalline in nature with multiple peaks corre-
sponding to cubic In2Tes phase along with minor
contribution of hexagonal Te and tetragonal InTe
phases. In Fig 4.6, (4 4 0). (53 1) (820, (84
0). (7 5 3) peaks corresponding to In2Tes phase.
(3 1 0) peak belongs to InTe and (1 0 0) peak cor-
responding to Te phases are appearing. 0.85 %
and 3.04 % Bi doped films are predominantly
orientated along Im2Tes (3 3 1) plane whereas,
730 % Bi doped films are dominantly oriented
(4 4 0) plane of In-Te; phase. The |attice

Intensity (a.u.)

along
parameter of these films is calculated along
ane which is 18.503 A.
Te; are giv-

maTes (33 Dl
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Figure 2FE-SEM  micrographs of Bi doped
[n-Tes thin films

The compositional analysis of Bi doped In>Te;s
films revealed that Bi doping percentage in the
prepared films is less than the precursor Bi per-
centage which might be due to the differences in
vapour pressures of dopant and source material
(Te>Bi>In). The elemental atomic percentage of
the constituents is given in table I. Figure 3 is an
EDAX spectrum showing the presence of Bi in
0.85% Bi doped In2Te; films. Similarly. all the
prepared films show the presence of Bi added in
bulk precursor material.

eV

‘*Suhwz‘!omcm-‘am
Figure 3 EDAX spectra of doped In:Tes films
(Bi-1).
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Lo investigate thermoelectric properties of Bi
doped InyTey films, silver contacts (Ohmic) are
thermally deposited on the prepared films using
thermal evaporation technique. Ohmic nature of
silver is confirmed from symmetric nature of cur-
rent-voltage graph which means that the voltage
drop across the metal-semiconductor (silver-
InyTes films) interface is negligible. Figure 4 (a)
represents the variation in thermo emf as a func-
Ii(:n of temperature difference.
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Figure 4 (a). Variation in thermo emf as a func-
tion temperature difference, (b). Plot of thermoe-
lectric power vs hot end temperature, (¢). Electri-
cal conductivity as function of inverse tempera-
ture and (d). Variation of power factor with tem-
perature, of Bi doped In:>Tes films

a A "

The thermo emf of the Bi doped In.Tes films is
proportionally increasing with an increase in
temperature but decreasing with an increase in Bi
doping concentration. The slope of figure 4 (a)
shows a positive nature which shows the p-type
conductivity of the films. The Seebeck coeffi-
cient of these films decreases with an increase in
Bi doping concentration (Figure 4.b). The See-
beck coefficient is maximum for 0.85 % Bi



doped InsTes films which is 288 p V Ff‘“ 320
K. Generally, when crystallinity ol films ma_‘rt“d»
es then the thermo emf and Scebeek cpcll_lcwm
of polyerystalline thin films rcdurccs '«'«;hu.‘ll is due
to the higher symmetry in density of states and
this is the reason for poor thermoelectric behav-
iour of metals. However, the decrease in Seebeck
coeflicient of Bi doped InaTes films with an in-
crease in doping concentration is due to amend-
ment in crystallinity of films as shown in fig 1.
The conductivity of InsTes films is marginally
affected with Bi doping which can be seen in fig-
ure 4(¢). An exponential decrease in electrical
conductivity with inverse temperature indicates
the semiconducting behaviour of prepared films
(Figure 4.¢). However. 2.30 % Bi doped films are
showing maximum electrical conductivity which
might be due to the involvement of InTe (which
have higher conductivity than InaTes) phase and
reduction in inter-grain gaps. The electrical con-
ductivity of 2.30 % Bi doped films is around 3.72
Q' em at 320 K.

Figure 4 (d) shows the power factor of Bi doped
InaTe; films as a function of temperature which is
showing an increasing trend when temperature
increases. As Bi doping percentage increases. the
power factor of the films is found to be de-
creased. Since the power factor (S°c) depends on
both electrical conductivity and Seebeck co-
efficient. 0.85 % Bi doped films have shown
higher power factor of ~ 23.89 yW m™' K~ (at
320 K) which is improved by 4.8 times than that
of un-doped In:Te; films.

CONCLUSIONS

The doping of Bi to In:Testhin films brought
many changes in the structural properties of films
which significantly affected the thermoelectric
power and marginally influenced electrical con-
ductivity of prepared films. In Bi doped InaTes
films.2.30 % Bi dopedsamples are showing max-
imum electrical conductivity of 3.72 Q' cm™.
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The thermoelectric power ang POwer f;
films were decreased with ap incregg Aoy ,
centage. The 0.85 % B doped Is s
showed 1‘Iw maximum power l‘ucmr”c‘ iy
pWm'K? which was improveg By Of 5y
un-doped In2Tes films.
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Table 1Elemental composition of Bi 5
films ! dopeg thy
I
14
Sample Dopant Film COmDOSit‘
names  conc. Bi n m"(at"x
(%) in Te —
_ source '
Bi-1 1% 0.85 5249 4
Bi-2 3% 2.30 52.12 42'66
Bi-3 5% 3.04 5225 44'2?
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