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Abstract

P-type Bio.45Sb1s5Te; thermoelectric material was synthesized using cold pressing process. The
obtained sample was prepared in the form of pellet with a diameter of 10 mm and 2 mm thick and
used as a target for laser ablation. The laser source was a pulsed CO; laser working at a wave-
length of 10.6 pm with a laser energy density of 2 J/cm? per pulse. P-type Bio.45Sb155Tes; thermoe-
lectric thin films were deposited on Si substrates for different ablation times of 1, 2 and 3 h. The
cross-section and surface morphologies of the thermoelectric films were investigated using field
emission scanning electron microscopy (FE-SEM). The results show that the thickness and average
particle size of the films increased from 35 to 58 nm, and 28 to 35 nm, respectively, when the abla-
tion time was increased from 1 to 3 h. The crystalline structure of the TE films was investigated by
X-ray diffraction (XRD).
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1. Introduction

Thermoelectric (TE) materials can directly convert heat energy into electricity power or vice versa. They are of
great interest for application in cooling and power generation devices [1]. The efficiency of thermoelectric con-
version is usually evaluated by the dimensionless figure of merit defined as ZT = S?6T/k, where S, o, T and k
are seebeck coefficient, electrical conductivity, absolute temperature and thermal conductivity, respectively [2].
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A good TE material should have a high electrical conductivity, a low thermal conductivity and a large seebeck
coefficient. Among TE materials, bismuth-telluride based alloys are known to have relatively good thermoelec-
tric performance compared to other TE materials [3].

Recently, bisuth-antimony-telluride (Bi-Sb-Te) materials such as (Bigg5Sboos), (Teg.95S€0.05)3 for n type and
Big,ShogTes for p type are regarded as one of the most promising TE materials at room temperature [4]. TE ma-
terials, generally are fabricated in the form of bulk materials. However, in recent years TE thin films have at-
tracted more attentention for their potential application in microelectromechanical system (MEMS) [5].

Several techniques have been used for preparation of TE thin films such as flash evaporation [5] [6], co-eva-
poration [7], electron beam evaporation [8], magnetron sputtering [9]-[11], ion beam sputtering [12], metal or-
ganic chemical vapor deposition (MOCVD) [13] and pulsed laser deposition [14]-[17]. For pulsed laser deposi-
tion, KrF excimer laser and Q-switched Nd:YAG laser are generally used for the deposition of TE thin films. In
literature, however, there is no reports on the deposition of TE thin films using pulsed CO, laser. Therefore, in
present work, p-type Big4sSb 55 Tes themoelectric material was synthesized and used as a target for laser ablation.
A 10 W sealed tube CO, laser was used as a light source. A home-made high voltage power supply was designed
and constructed to discharge the CO, laser tube and operate in the pulse mode. The films were deposited on Si
substrates with different ablation times of 1, 2 and 3 h. The prepared films were then characterized by field
emission scanning electron microscopy (FE-SEM).

2. Experiment
2.1. Materials Preparation

TE material was prepared according to the previous work as described by Kumpeerapun et al. [18]. It was pre-
pared from Bi, Sb and Te with 99.999% purity grade of Bi, Sb and TE powders were weighted and put in the
quartz tube. This step was done in the glove compartment in the desired stoichiometric ratio, for obtaining a total
mass of all mixture approximately 25 g for p-type Big4sSb;s5Tes. The materials in sealed tube was then put in
the oscillating vertical furnace and heated from room temperature up to 750°C in one hour and maintained at
that constant temperature for two hours. It was removed from the furnace and suddenly quench in water in the
purpose to obtain a homogeneous specimen. The obtained ingot was crushed into a powder using an agate mor-
tar and sieved under the glove compartment to get particles smaller than 100 um. The powder was compressed
in a stainless steel mold using cold pressing process under a pressure of 48 MPa in argon atmosphere and the
sample in the form of pellet was obtained. Each pellet, with a diameter of 10 mm and 2 mm thick was made
from 4 g of powder. After pressing, it was sintered under vacuum condition in the furnace at 480°C for 2 h.

Before loading the TE pellet into the vacuum chamber for laser ablation, it was cleaned by acetone in an ul-
trasonic cleaner for 10 min. The mass of TE pellet was measured using a digital balance. Then, the TE pellet was
mounted on the stage at 45° in vacuum chamber.

2.2. Experimental Setup

Figure 1 shows the schematic diagram of the experimental setup. The p-type Big4sSh;s5Tes pellet was used as a
target for laser ablation and mounted at the middle of the vacuum chamber with the surface make an angle 45° to
the laser beam. One window of the vacuum chamber was mounted with ZnSe lens with a diameter of 10 mm.
The ZnSe lens allowed the laser radiation from CO, laser to pass into the vacuum chamber. The laser radiation
was incident on the TE target surface and the heat from laser radiation ablated the TE target and deposited on the
substrate. Si wafer with a dimension of 5 mm x 5 mm was used as the substrate. The distance between TE target
and Si substrate was 2 cm.

2.3. CO; Laser

A sealed tube CO;, laser with a maximum power of 10 W and a wavelength of 10.6 um was used as a heat source
for laser ablation. The CO, laser was operated in the pulse mode by a high voltage power supply.

Figure 2 shows the schematic diagram of the high voltage power supply. The high voltage power supply used
in this study is of a switching type. A 220 Vac voltage was stepped down by a transformer and rectified by a rec-
tifier into dc voltage in the range of 15 - 30 V. The MOSFET (metal oxide semiconductor field effect transistor)
was used as the electronic switch and controlled by the square wave from the oscillator which generated the
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Figure 1. Schematic diagram of the CO, laser ablation system.
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Figure 2. High voltage power supply.

switching frequency in the range of 20 to 80 kHz. The NPN transistor was used as the electronic chopper which
controlled by the pulse generator while the diode snubber was used as the protective circuit for oscillator. The
pulse generator generated the signal in the frequency range of 10 to 100 Hz and the pulse duration from 5 to 20
ms. Thus, the dc high voltage in the range of 15 to 30 kV and current in the range of 2 to 4 mA were generated
by a step up transformer. This high voltage power supply was used for pumping CO, laser and the output power
of the CO, laser in the range of 1.2 to 10 W was obtained. In this work, pulsed CO, laser working at a wave-
length of 10.6 um with 10 ms pulse duration and a repetition rate of 60 Hz was used for ablation. The laser
energy density was fixed at 2 J/cm? per pulse.

2.4.Vacuum System

Vacuum system consists of a vacuum chamber that made of a stainless steel with an inner diameter of 20 cm and
a height of 20 cm. One window on the sidewall of the vacuum chamber was mounted with a ZnSe lens to trans-
mit the CO, laser radiation into the vacuum chamber. The transmitted laser radiation was then focused onto the
surface of TE target. The vacuum system consists of a mechanical rotary pump (Balzers, DUO 1.5 A) and diffu-
sion pump (Balzers, DIFO40L). The pressure in the vacuum chamber was measured by Pirani gauge and Penning
gauge.

2.5. Characterization

Before and after the laser ablations, the mass of TE target was measured using a digital balance with an accuracy
of £0.1 mg (A & D, GR series). Then, the mass lost of TE target was obtained. The ablated area and penetration
depth on the TE target surface was observed by an optical microscope. The cross-section and surface morpholo-
gies of the TE films were investigated using field emission scanning electron microscopy (FE-SEM: Hitachi,
S-4700). The crystalline structure of the TE films was investigated by X-ray diffraction (XRD: Rigagu, Rint
2000) using CuKa radiation operated at 40 kV and 40 mA. The XRD patterns were recorded at grazing inci-
dence angle of 3° in the 26 range of 20° to 60° with a scanning rate of 2°/min.

3. Results and Discussion

Figure 3 shows the surfaces of TE target after ablating for 1, 2 and 3 h. The mass of TE target was measured
before and after laser ablations. Therefore, the mass lost of the target was obtained and listed in Table 1.
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Table 1. Mass lost of TE target, thickness and average particle size of TE films deposited by pulsed CO, laser ablation with
different times.

Ablation time (h) Target mass lost (mg) Mass lost rate 10~ (mg/min) Thickness (nm) Deposition rate (A/min) Average particle size (nm)

1 0.7 11.7 35 5.8 28.4
2 11 9.2 44 3.7 29.8
3 1.4 7.8 58 3.2 35.1

Figure 3. Showing the ablated area and penetration depth on the TE target surfaces after ablating using pulsed
CO;, laser for: (a) 1, (b) 2 and (c) 3 h.

It can be observed from Figure 3 that the diameter of ablated area on the surface of all film samples is about
400 um. Furthermore, the penetration depth on the film surface deposited for 3 h looks darker than those of 1
and 2 h. It indicates that the penetration depth on the film surface deposited for 3 h is deeper than those of 1 and
2 h. This is confirmed by the increase of target mass lost from 0.7 to 1.4 mg with increasing ablation time from 1
to 3 h. The rate of target mass lost was determined and found to decrease from 11.7 x 10~ to 7.8 x 10" mg/min.
This is due to the decrease in laser energy density after working for the longer time.

Figure 4 shows the cross-section morphology of the TE films obtained from the laser ablation for 1, 2 and 3 h.
The thickness of the TE films was estimated from the images and the results are given in Table 1. It is seen that
the thickness of the TE films increases from 35 to 58 when the ablation time is increased from 1 to 3 h. In addi-
tion, the deposition rate of the TE film was determined and found to decrease from 5.8 to 3.2 A/min. The results
are in agreement with the target mass lost results.

For the films with a thickness of about 50 nm (Figure 4(a) and Figure 4(b)), the columnar growth of the
films was observed.

Figure 5 shows the surface morphology of the TE films. It can be observed that the morphology of all the TE
films is mostly not spherical shape. The particle size distribution of the TE particles could be obtained by mea-
suring the size of total particles of about 200 particles in the FE-SEM image using the Image J program. The
plots of the particle size distribution of the TE particles are shown in Figure 6.

As seen in Figure 6, the particle size of the TE particles obtained from the laser ablation for 1, 2 and 3 h are
ranged from 15 to 35, 15 to 45 and 20 to 55 nm, respectively. The average particle size of the TE particles is
summarized in Table 1.

The average particle size of the TE particles as shown in Table 1 revealed that the smallest particle size of the
TE particles was obtained from a laser ablation of 1 h and found to be 28.4 nm with the narrow particle size dis-
tribution in the range of 15 to 35 nm. It is seen that the particle size increases with increasing ablation time. It
should be pointed out that the TE particles of all films prepared in this work are nanoparticles.

The crystalline structure of the prepared TE films was investigated by XRD. Figure 7 shows the XRD pat-
terns of the TE films deposited with different pulsed CO, laser ablation times. The XRD patterns of p-type
Big45SbyssTes films were compared with those of p-type Big4sSbyssTes bulk material and p-type BigsSbisTes
material according to JCPDS card number 49-1713. It is seen that two dominant peaks, (015) and (1010), are
observed in all the deposited films. This result is in accordance with that of JCPDS card number 49-1713.
However, the intensity of (015) peak of TE film deposited for 3 h is greater than those of 1 and 2 h. This is due
to the thickness of 3 h-deposited film is thicker than those of 1 h- and 2 h-deposited films.
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Figure 4. Cross-section FE-SEM morphology of the TE films obtained from the pulsed CO; laser ablation for :
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Figure 5. Surface morphology of the TE films obtained from the pulsed CO, laser ablation for :
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Figure 6. Particle size distribution of the TE films obtained from the pulsed CO, laser ablation
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Figure 7. X-ray diffraction patterns of (a) bulk Big4sSbyssTes, and Big4sSbyssTes films ob-

tained from different ablation times of: (b) 1, (c) 2 and (d) 3 h.
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4. Conclusion

We synthesized p-type BigsSbissTes pellet as a target for fabrication of thin films by pulsed CO, laser ablation.
A 10 W sealed tube CO, laser was used as a light source. A home-made high voltage power supply was designed
and constructed to discharge the CO, laser tube and operate in the pulse mode. The p-type Big4sSby s5Tes target
was ablated by pulsed CO, laser operated at 10 ms pulse duration, a repetition rate of 60 Hz and a laser energy
density of 2 J/cm? per pulse. Thermoelectric thin films were deposited on Si substrates for different times of 1, 2
and 3 h.
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