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Bismuth telluride (Bi2Te3) thin films have been deposited onto polyimide sheet
substrates by direct-current (DC) magnetron sputtering at different powers
and their microstructure, composition, and electrical and thermoelectrical
properties studied. The experimental results indicated that the sputtering
power was the key parameter determining their thermoelectric properties.
X-ray diffraction analysis confirmed the highly (015) preferred orientation of
the films. The Te content and grain size depended on the sputtering power.
The power factor of Bi2Te3 deposited by DC sputtering at power of 60 W was
comparable to that obtained for highly (00l) Bi2Te3 thin film.
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INTRODUCTION

Thin-film thermoelectric materials have potential
for use in wearable devices. Bi2Te3 thin film is one of
the best thermoelectric materials for room-temper-
ature applications because of its relatively high
figure of merit, defined as ZT = S2rT/k, where S is
the Seebeck coefficient (V/K), r is the electrical
conductivity (S/m), k is the thermal conductivity (W/
m K), and T is absolute temperature (K). Low-
dimensional structures, particularly thin-film struc-
tures, have been proposed to achieve low thermal
conductivity and high ZT. Physical vapor deposition
and chemical vapor deposition techniques have been
used for deposition of Bi2Te3 thin films, including
thermal evaporation,1 metal–organic chemical

vapor deposition (MOCVD),2 pulsed laser deposition
(PLD),3 and radiofrequency (RF) magnetron sput-
tering.4–13 RF magnetron sputtering is one of the
most effective methods for obtaining thermoelectric
thin films with good performance via further opti-
mization of deposition parameters such as the
sputtering pressure9 and power,10 annealing tem-
perature,11 and substrate temperature.14

In the work presented herein, DC magnetron
sputtering was employed to deposit Bi2Te3 films
using a Bi2Te3 ceramic target, due to the sufficiently
conductive target and the lower cost and complexity
of this technique compared with RF magnetron
sputtering. In addition, DC magnetron sputtering is
the technique most widely used in industry. The
chemical composition, microstructure, and electrical
and thermoelectric properties of the Bi2Te3 films
deposited using different sputtering powers were
investigated for the first time.
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EXPERIMENTAL PROCEDURES

Bismuth telluride films were sputtered onto poly-
mer sheet substrates (DuPont� Kapton� polyimide
films) using different DC sputtering powers. First,
the polyimide substrates were cleaned in an ultra-
sonic bath with methanol followed by deionized
water, then dried with N2. The substrates were then
loaded into the vacuum chamber. A Bi2Te3 sputter-
ing target with diameter of 3 inches and purity of
99.9% was used for the sputtering process. The base
pressure in the vacuum chamber before the deposi-
tion process was 2.5 9 10�5 mbar; presputtering
was performed at 40 W for 4 min to clean the target
surface, followed by preheating of the substrate at
400�C for 15 min. The DC sputtering power was
varied from 50 W to 70 W, while the sputtering time
was fixed at 6 min. Cross-sectional images and the
chemical composition of the Bi2Te3 films were
obtained by field-emission scanning electron micro-
scopy (FE-SEM, JEOL-JSM-7001F) and energy-
dispersive spectrometry (EDS, Oxford X-MAX
50 mm2), respectively. The x-ray diffraction (XRD)
technique was used to analyze the crystalline
structure of the Bi2Te3 films (PANalytical-EMPYR-
EAN). The carrier mobility and carrier concentra-
tion of the bismuth telluride thin films were
determined by Hall-effect measurements (Ecopia,
HMS3000) at room temperature. The Seebeck coef-
ficient and electrical conductivity were measured
using a ZEM-3 instrument (ULVAC-RIKO) in the
temperature range between 50�C and 300�C.

RESULTS AND DISCUSSION

Effect of Sputtering Power on Composition

The Te content of the Bi2Te3 films deposited
under different sputtering powers was obtained by
EDS analysis in several different areas of the film to
investigate the effect of the sputtering power on
their composition. EDS spectra showed only Bi and
Te peaks, without impurities, with different Bi:Te

ratios as shown in Fig. 1. As the sputtering power
was increased from 50 W to 70 W, the average %Te
of the sputtered films changed to 59.28 at.%,
57.26 at.%, and 56.72 at.%, respectively, indicating
a decrease in the Te content with increasing sput-
tering power. As the sputtering power is increased,
the argon ions become more energetic and hence
could release more energy to target atoms during
sputtering, thereby affecting the ion energy (Ei) and
sputtering yield (Y)15 given by Eq. 1:
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where U0 is the surface binding energy per atom.
The surface binding energies of Bi and Te are
2.163 eV and 2.171 eV, respectively.16 (Z, M)t,p are
the target and projectile atomic number and mass,
respectively. a is the sputtering efficiency16 given by
Eq. 2:
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where Sn (e) is the nuclear stopping power per atom,
given by Eq. 3:17

SnðeÞ ¼
0:5 lnð1 þ eÞ
eþ 0:14e0:42

; ð3Þ

where the reduced energy e is given by Eq. 4:
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Using Eq. 1, one can calculate the sputtering
yield ratio of Te/Bi with high-energy argon particles
(as shown in Fig. 2). The sputtering yield ratio
decreases with increasing argon energy. The trend
in the sputtering yield ratio is consistent with our
experimental data.

Fig. 1. EDS spectra of Bi2Te3 thin films deposited at sputtering power of (a) 50 W and (b) 70 W.

Experimental Study on Flexible Bismuth Telluride Thin Films Deposited by DC Sputtering at
Different Powers

3491


