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Abstract Radiation of a KrF-laser (λ=248 nm) was used for the synthesis by reactive
pulsed laser deposition (RPLD) of nanometric iron oxide [Fe2O3-X (0≤×≤1)] films with
variable thickness, stoichiometry and electrical properties. Film deposition was carried
out on <100>Si at its temperature to have being increased from 293 to 800 K. XRD
analysis showed that films deposited on Si substrate had polycrystalline structure. Films
demonstrated semiconductor temperature trend with variable band gap Eg about 1.0 eV
or less depending on oxygen pressure, the number of laser pulses and substrate
temperature. Film thickness (13–60 nm) depended on oxygen pressure, substrate
temperature and number of laser pulses. The higher substrate temperature, the more
crystallinity of the deposited iron oxides’ films was resulting in increasing of thermo
electromotive force coefficient (Seebeck coefficient, S). It was found out the optimum
oxygen pressure in the reactor, substrate temperature and film thickness when the S
coefficient was high as 12–4 mV/K in the range 240–330 K. The thermoelectric figure
of merit (ZT) was high as 1–6 in the range 280–330 K. This makes nanometric Fe2O3-X

films, synthesized by UV photons using RPLD method, an exceptionally strong
candidate for effective thermo sensors and thermo converters operating at moderate
temperature.
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Introduction

At present, great interest is growing up for nanometric films, to test the advantages of
reduced thickness on the performances of electronic devices and sensors [1]. As it was
shown in our previous works that nanometric films based on transitional metals
silicides and oxides synthesized by pulsed laser deposition (PLD), reactive pulsed laser
deposition (RPLD) and laser chemical vapour deposition (LCVD) are quite suitable
materials for thermo-tenso-photo-chemical sensors [2–8]. These silicides and oxides
demonstrated semiconductor properties with band gap (Eg) less than 1.0 eV. RPLD was
applied for the first time to synthesize of nanometric iron oxide films on <100>Si
substrate for thermo-chemical sensors [3]. Also, RPLD was used for the synthesis of
nanometric iron oxide films on Si substrate for thermo-photo-chemical sensors [7, 8].
RPLD was applied before for elemental ablation of iron target in low-pressure oxygen
to deposit iron oxides’ thin films for investigation of their magnetic and optical
properties [9]. Most of their properties depend on the band gap value, which in turn,
depends on the oxide film stoichiometry and its thickness. It should be mentioned that
previous experiments were carried out when film deposition was fulfilled on Si
substrate at room temperature (RT). Nevertheless, it further remains very important to
elucidate the influence of substrate nature and its temperature on deposited films’
structure, which strongly determines the electrical and optical properties. Therefore, it
is very important to investigate crystallization process on thermoelectric properties (i.e.
thermo electromotive force coefficient S–Seebeck coefficient and the thermoelectric
figure of merit ZT) of iron oxides’ films while their deposition on heated Si substrates.
A more complete investigation of the structural, electrical and especially thermo sensor
and thermo converter characteristics of iron oxide nanometric films deposited on Si
substrate in a wide oxygen pressure (PO2) range, at different thickness and substrate
temperature (TS) are presented and discussed in this paper.

Some methods were used to deposit iron oxides’ films: congruent laser ablation [10],
chemical vapour deposition [11], gas phase deposition [12], and electron beam depo-
sition [13]. These methods were used to fabricate films with the stoichiometry Fe2O3 or
Fe3O4 for their investigation of magnetic properties. RPLD is a quite simple and fast
process, since elemental target and low-pressure gases are used. RPLD allows a good
control of thickness and stoichiometry of deposits, simply varying the number of laser
pulses (N) and the gas pressure in the reactor [14]. On the other hand, there is great
interest to the materials with high ZT, as it is connected with energetic problem. For
example, nanostructured p-type PbTe with ZT≅1.5 at 773 K was synthesized with
adding thallium as impurity levels [15]. Thin-film thermoelectric materials based on p-
type Bi2Te3/Sb2Te3 superlattice demonstrated a significant enhancement of ZT up to
2.4 in the range 261–325 K that is important for microelectrothermal systems [16].
Crystalline thin films containing the Bi2Te3 phase with non-dimensional thermoelectric
figure of merit ZT≅1.0 at RT were deposited by PLD method [17]. High S coefficient
and the thermoelectric figure of merit were obtained in two-dimensional electron gas in
SrTiO3 where this S coefficient was about 0.85 mV/K and ZT≡2.4 [18]. Negative S
coefficient (−0.4 mV/K) for PbSe and PbTe bulk was presented in the paper [19].
Unfortunately, all these materials with comparatively high Seebeck coefficient and high
thermoelectric figure of merit were synthesized with using toxic atoms such as Te, Sb,
Se, Pb, Sr. Therefore, the main purpose of this work is to propose laser method for the
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synthesis of thermoelectric materials with high Seebeck coefficient and high thermo-
electric figure of merit using non-toxic precursors (i.e. Fe atoms and O2 molecules).
Here, we used the RPLD technique, where pure iron atoms were ablated by energetic
KrF laser pulses in low pressure O2 atmosphere (0.10–1.0 Pa) to obtain nanometric iron
oxides’ films with high thermoelectric properties

Methods

Film depositions were carried out in a stainless-steel vacuum reactor. Before each
deposition the reactor was evacuated down to a residual pressure of ~4.5×10−5 Pa to
avoid contamination. Then, the flux of pure O2 (99.999 %) was introduced and
stabilised to the desired dynamic pressure of 0.1, 0.5 or 1.0 Pa. A pure Fe (99.5 %)
target was ablated with a KrF (λ=248 nm) excimer laser pulses at a fluence of 4.0 J/
cm2 and frequency repetition rate of 10 Hz. The duration of the pulse was ~25 ns. Each
film was deposited by a definite number of laser pulses, namely 4000, 5000 and 6000,
depending on oxygen pressure in the deposition reactor. The target was rotated at a
frequency of 3 Hz to avoid piercing and ensure a smooth ablation procedure. Before
each deposition, the target surface was cleaned by 3000 laser pulses with a shutter
shielding the substrate. Then, the flux of ablated iron atoms were collected on Si
substrates cleaned in an ultrasonic bath with ethylic alcohol and deionised water.
Substrates were placed parallel at 45-mm distance from the target. The schematic
diagram of the set-up for laser synthesis of nanometric iron oxide films is shown in
Fig. 1.

The thickness of deposited films was measured by “Tensor Instruments” model
“Alpha-step 100” profilemeter with an error of 5 %. The morphology of the deposited
films was investigated with electron microscope JEM 2000 FX II. The crystalline
structure of deposited films was studied with an X-ray diffractometer (XRD) “Stoe” at
45 kVand 33 mA (Cu Kα radiation). The direct current (DC) electrical resistance of Si
substrate with deposited films was measured by two-probe technique. Ohmic contacts
were obtained by indium or silver coatings. Temperature dependence of the electrical
resistance and specific conductivity (σ) of the deposited films, the S coefficient and the
thermoelectric figure of merit were studied in the range 230–330 K with a high
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Fig. 1 Schematic diagram of the laser synthesis experimental set-up based on RPLD
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resistance multimeter. Special installation was used for temperature measurement of a
sample and temperature difference (ΔT) between heated and room temperature end or
cooled and RT end of the sample. These measurements were carried out by using two
thermocouples. The thermo electromotive force (e.m.f.) (ΔU) was measured between
heated and RT end or cooled and RT end of the sample with a high resistance voltmeter.
The temperature dependence of the S coefficient was measured from these data as a
ratio of ΔU/ΔT in the range 230–330 K after producing thermal gradient along the
sample. Calculations of the specific conductivity were performed taking into account
film thickness (d) and the geometrical shape of Si substrates with the deposited film
(0.8×0.25) cm2.

Results

Iron oxides with the stoichiometry Fe2O3-X (0≤×≤1) were deposited in the form of
nanometric (i.e. 2D structures) films. The temperature dependence of the specific
conductivity (σ) of the deposited films demonstrated the typical trend of semiconductor
materials which could be described by the well-known expression [20]

σ ¼ σgexp −Eg=2kT
� �þ σiexp −Ei=kTð Þ; ð1Þ

where σg is the intrinsic conductivity; σi is the conductivity determined by impurities; k
is the Boltzmann constant; Eg is the band gap for intrinsic conductivity and Ei is the
band gap assigned to impurities in the iron oxides (e.g. unreacted iron atoms). In our
experimental conditions when T>(RT), the conductivity σg is governed by the main
charge carriers. Therefore, it is possible to calculate Eg from the following expression:

Eg ¼ 2kln σ T1ð Þ=σ T2ð Þ½ �
1=T2−1=T1

; ð2Þ

where σ(T1) and σ(T2) are the specific conductivities at the temperature T1 and T2,
accordingly, when T1 > T2. The temperature dependence of the specific conductivity of
the deposited films was measured in the range 280–330 K to test the semiconductor
behaviour of the deposited films.

The morphology of the deposited films was investigated by SEM.
As it is seen , while film deposition on heated Si substrate there are crystal

boundaries assigned with crystallization process of iron oxides’ films and even some
inhomogeneous are on film surface (Fig. 2). But while film deposition was carried out
on Si substrate at 293 K film surface is quite homogeneous. XRD analysis evidenced
polycrystalline structure of the films deposited on Si substrate at 0.1, 0.5 and 1.0 Pa O2

and at substrate temperature 293, 800 K (Figs. 3a-f).
These deposits were carried out at 4000, 5000 and 6000 laser pulses, accordingly

with increasing oxygen pressure in the reactor. The thickness of films deposited with
4000 laser pulses at these conditions was about 53–60 nm for samples deposited at
0.1 Pa and decreased to 26–36 nm for the deposited film at 0.5 Pa and 5000 laser
pulses. The highest pressure of 1.0 Pa and 6000 laser pulses results in decreasing of
film thickness to 13–40 nm. But the more substrate temperature while film deposition,
the more film thickness is at the same number of laser pulses and the same oxygen
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pressure in the reactor. The more number of laser pulses at the same oxygen pressure
and at the same substrate temperature, the more film thickness (Fig. 4).

The specific conductivity of the film deposited at 0.1 Pa O2 decreased from 112 to
54Ω−1 cm−1 when temperature decreased from 322 to 293 K. The specific conductivity

a b

c d

e f
Fig. 2 SEM of nanometric iron oxide films deposited on Si substrate at different conditions: a - TS=293 K,
d=13 nm; b - TS=800 K, d=40 nm; c - TS=293 K, d=26 nm; d - TS=800 K, d=36 nm; e - TS=293 K, d=
53 nm; f - TS=800 K, d=60 nm
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of the film deposited at 1.0 Pa O2 decreased from 52.6 to 10.5Ω−1 cm−1 at the same
temperature range. By fitting the experimental values of the expression (2) one can
obtain Eg at different oxygen pressure while the deposition was carried out on Si
substrate at TS=293 K: Eg≅0.70 eV, PO2=0.1 Pa; Eg≅0.86 eV, PO2=0.5 Pa; Eg≅
0.93 eV, PO2=1.0 Pa (Fig. 5).
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Fig. 3 XRD diagrams of nanometric Fe2O3-X film deposited by RPLD on Si substrate: a - TS=293 K, b - TS=
800 K, PO2=0.1 Pa, N=4000; c- TS=293 K, d - TS=800 K, PO2=0.5 Pa, N=5000; e- TS=293 K, f- TS=
800 K, PO2=1.0 Pa, N=6000
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It means that the films obtained at higher oxygen pressure have more content of
higher oxidized phases and, therefore, more content of semiconductor phase in the
deposited films, resulting in the increase of the band gap. The temperature dependences
of the S coefficient for nanometric Fe2O3-X film deposited by RPLD on Si substrate
surface are presented in Figs. 6 and 7.

Temperature dependences show that the higher temperature of the Si substrate, the
higher value of the S coefficient is in the range 230–330 K. The highest value of the S
coefficient was obtained when deposition was carried out on heated substrate at Ts=
800 K and oxygen pressure in the reactor of 0.5 Pa (Fig. 7). Therefore, film deposition
was carried on Si substrate at oxygen pressure of 0.5 Pa and TS=800 K at different
number of laser pulses (i.e. 4000, 5000 and 6000) to investigate film thickness
influence on the S coefficient. The evaluated band gap of the films deposited at these
conditions is the following: 0.44, 0.32 and 0.62 eV with uncertainty of about 10 %.
Temperature dependences of the S coefficient for films deposited at different substrate
temperature, N=5000 and oxygen pressure in the reactor of 0.5 Pa, as optimum
parameters, were investigated too (Fig. 8).
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Fig. 4 Film thickness (d) vs. the number of laser pulses at oxygen pressure inside the reactor of 0.5 Pa and
substrate temperature: 1- TS=293 K; 2 - TS=800 K
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Fig. 5 Arrhenius plot of ln[σ(T1)/ σ(T2)] vs.1/T: 1 - Eg≅0.70 eV, PO2=0.1 Pa; 2 - Eg≅0.86 eV, PO2=0.5 Pa;
3 - Eg≅0.93 eV, PO2=1.0 Pa; TS=293 K; N=4000
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Fig. 6 Thermo electromotive force (e.m.f.) coefficient S vs. temperature for nanometric iron oxide films
deposited by RPLD on Si substrate at oxygen pressure inside the reactor: a–PO2=0.1 Pa, N=4000 at TS=293
and 800 K; b–PO2=0.5 Pa, N=4000 at TS=293 and 800 K; c- PO2=1.0 Pa, N=6000 at TS=293 and 800 K
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It was found out optimum conditions to obtain high value of the S coefficient for
nanometric Fe2O3-X (0≤×≤1) films (i.e. PO2=0.5 Pa, TS=800 K, d≅36 nm). Measure-
ment method of the S coefficient is such as the uncertainty in determining of its value is
no more than 2 % in the temperature range 310≤T≤290 K. But this method demon-
strates uncertainty about 10 % in determining of the S coefficient in the temperature
range 290≤T≤310 K, as error in a measurement of temperature difference in this range
is sufficiently higher than in the temperature range 310≤T≤290 K. These measurements
of the S coefficient were carried out no less than for three samples with identical film.
Identical film is the film deposited at the same oxygen pressure, substrate temperature
and number of laser pulses. The data of nanometric Fe2O3-X (0≤×≤1) films deposited
by RPLD at different experimental conditions are presented in Table 1.
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Fig. 7 Thermo electromotive force (e.m.f.) coefficient S vs. temperature for nanometric iron oxide films
deposited by RPLD on Si substrate at oxygen pressure inside the reactor: PO2=0.5 Pa; TS=800 K; N=4000,
5000, 6000
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Fig. 8 Thermo electromotive force (e.m.f.) coefficient S vs. temperature for nanometric iron oxide films
deposited by RPLD on Si substrate at oxygen pressure inside the reactor: PO2=0.5 Pa; N=5000; TS=293, 400,
600, and 800 K
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The thermoelectric figure of merit is a parameter to characterize thermoelectric
properties of materials as a possibility of their application for thermo converters. The
thermoelectric figure of merit is known to be determined by the following expression:

ZT ¼ σ Sð Þ2T
χ

; ð3Þ

where σ is the specific conductivity of the deposited film; S is Seebeck coefficient; T is
film temperature; χ is thermo conductivity coefficient (χ=0.84 W/cm K for Si sub-
strate as it is higher than for iron oxides [21]). The value of ZTwas obtained taking into
account the temperature dependences of the S coefficient at the following conditions:
PO2=0.5 Pa, TS=800 K and N=4000, 5000, 6000 when this coefficient is higher than
at other conditions (Fig. 7). The temperature dependences of the specific conductivity
at these conditions are presented in Fig. 9. As it is seen from the expression (3), to
obtain high ZT it is needed to have high S coefficient and high σ and χ should be low
as it is possible.

Table 1 The data of nanometric Fe2O3-X (0≤x≤1) films deposited by RPLD

Oxygen
pressure in the
reactor (Pa)

Film thickness
d (nm)

Substrate
temperature (TS)

Energy band
gap Eg (eV)

Thermo e.m.f. Smax.
(mVK–1) in the
range 240–330 K

0.10 53 293 0.76 1.05

0.10 60 800 1.18 1.20

0.50 26 293 0.86 2.00

0.50 29 800 0.44 2.30

0.50 36 800 0.32 12.0

0.50 43 800 0.62 8.80

1.00 13 293 0.93 0.55

1.00 40 800 0.71 0.86
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Fig. 9 Temperature dependences of the specific conductivity of nanometric iron oxide film deposited by
RPLD on Si substrate at PO2=0.5 Pa; TS=800 K; N=5000, 6000
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To this end, temperature dependences of ZT for the highest values of the S
coefficient are presented in Fig. 10.

Discussions

The experimental data show that the band gap Eg of the semiconductor films deposited
on Si substrate at 293 K by RPLD is being increased with increasing oxygen pressure
from 0.1 up to 1.0 Pa, due to the higher content of iron oxides with higher oxidized
phases. Oxygen contribution in the deposited films comes out from homogeneous and
heterogeneous reactions between iron atoms and oxygen molecules in the volume
above substrate surface and on its surface during film growth.

The increase of oxygen pressure in the reactor resulted in decreasing of line intensity
in XRD iron oxides’ diagrams due to the decrease of crystalline status in deposited
films, as the increase of oxygen pressure caused a kinetic energy loss of iron atoms and
their ions owing to increasing of collision frequency with oxygen molecules. Corre-
spondingly, the cooling time of films on a substrate decreases and the crystallization
status is worsening (Fig. 3a, c and e). On the other hand, in the case of substrates
temperature of 800 K, the number of the iron oxide lines in XRD diagram are enhanced
(Fig. 3b, d and f), as the kinetic energy of iron atoms, their ions and cooling time are
increased resulting in the growth of a more amount of Fe2O3-X semiconductor phases in
the deposited films. The increase substrate temperature resulted in the increasing of σ
value owing to higher crystalline phase’s content. So the more substrate temperature,
the more new iron oxide phases appear in the deposited films owing to more kinetic
energy for the formation these new phases in the comparison with 293 K substrate
temperature.

The S coefficient is important for studying kinetic phenomena of charge transfer in
materials [1]. To this purpose, it is necessary to know besides the correlation between
the temperature and the specific conductivity, the correlation between the temperature
and the S coefficient should be studied. If one takes into account the expressions for
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Fig. 10 The thermoelectric figure of merit vs. temperature for nanometric Fe2O3-X (0≤×≤1) films deposited
by RPLD on Si substrate at PO2=0.5 Pa; TS=800 K; N=5000, 6000
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electron and hole concentrations in a non-degenerate semiconductor, it is possible to
express the S coefficient in the following form [22]

S ¼ −
k

e

2þ ln Nc=nð Þ½ �nμn− 2þ ln Nv=pð Þ½ �pμp

nμn þ pμp

( )
; ð4Þ

where k is the Boltzmann constant; e is electron charge; n, p are electron and hole
concentrations; Nc, Nv are effective density-of-states in the conduction and valence
bands, respectively; and μn, μp are electron and hole mobility, respectively. It is seen
that the thermo e.m.f. coefficient of semiconductor materials is determined with two
parts (i.e. electron and holes) (4). The S coefficient has different maximum values for
various films deposited on Si substrates (Figs. 6, 7 and 8) and its values vary with
substrate temperature. This non-uniform variation of the S coefficient can be explained
by oscillation of the density-of-states for valance and conduction bands and for
impurity levels too. As it is known, there are quantum dimension effects in nanometric
semiconductor films with narrow band gap [23]. As it is follow from quasi-pulse
periodic Karman-Born conditions where effective density of Nc and Nv states in two
dimensional zone is proportional to effective mass of free charge carriers and equal for
film surface unit

NS ¼
m�

p

h2
; ð5Þ

where mp
* is effective mass of free charge carriers in film plate; h is Plank constant.

Density of Nc and Nv states in two dimensional zone evaluated for film volume unit is
the following:

NV ¼ m�
p

h2d
; ð6Þ

where d is film thickness. Therefore, Nc and Nv oscillations occur owing to effective
mass change of free charge carriers while film temperature change [24]. As it is seen
from the expression (6), the more film thickness, the less effective density-of-states in
the conduction and valence bands result in decreasing of the S coefficient. Increasing or
decreasing of charge carriers’ concentration is not constant with increasing or decreas-
ing substrate temperature as there is the saturation of these concentrations on the states
for valance and conductive bands and for impurity levels at definite temperature
difference. Additional temperature increasing is a cause of additional increasing of
charge carriers’ concentration owing to their transition on higher energy levels at higher
temperature. This oscillation is being appeared during sample heating. The observed
different values of the S coefficient confirm that semiconductor films consist of iron
atoms with different degrees of oxidation result in different value of Eg. While
temperature changing in the comparison with the sample end at RT, there is changing
of charge carriers’ concentration (i.e. n and p–type carriers). Semiconductor properties
of the deposited films are assigned with crystalline semiconductor Fe2O3 and Fe3O4

phases’ content in the deposited films (Fig. 3a-f). It is known that rate constant of
chemical reaction depends on gas pressure and the reaction temperature. Therefore,
oxygen pressure in the reactor of 0.5 Pa and substrate temperature of 800 K are
optimum conditions result in increasing of crystalline semiconductor Fe2O3 phases’
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content in the deposited films (Fig. 3d). Iron atoms are in different degrees of oxidation
in these semiconductor phases (i.e. 2 and 3 oxidation degrees of Fe atoms). As it is seen
from XRD analysis, there is different concentration of these semiconductor phases. It
should be taken into account that each semiconductor phase has its own value Eg.
There are two factors which influence upon band gap value of nanometric iron oxide
films. Namely, the increasing oxygen pressure at Ts=293 K results in Eg increasing
owing to increasing the higher content of iron oxides in the deposited films with higher
oxidized phases. On the other hand, the decreasing Eg value while the deposition on
heated substrate in comparison with the deposition on the substrate at 293 K and
oxygen pressure more than 0.1 Pa can be explained by the appearance of semiconduc-
tor phases having less Eg values (Table 1). Equivalent total Eg of mixture oxides with
different Eg depends on concentration of each semiconductor phase synthesized at
definite conditions (i.e. oxygen pressure, substrate temperature, film thickness). There-
fore, the value of the S coefficient is strongly depended not only on film thickness but
on equivalent total Eg of oxides’ mixture (Figs. 6a-c, 7 and 8, Table 1). As it is seen ,
the S coefficient is highest for 36 nm film deposited on heated substrate at PO2=0.5 Pa
as this film consists of semiconductor iron oxides’ phases with lowest equivalent total
Eg value in comparison with other films deposited on heated substrate. As the S
coefficient is positive in all measured temperature range, p - type of charge carriers
prevails above n - type of charge carriers in these iron oxide films. It was found out the
optimum oxygen pressure (PO2=0.5 Pa) and substrate temperature (TS=800 K) when
the S coefficient is high as 12–4 mV/K in the range 240–330 K (Fig. 8).

Nanometric Fe2O3-X (0≤×≤1) films demonstrated high thermoelectric figure of merit,
especially for filmwith high S coefficient. The highest obtained ZT is varied from 1 to 6 in
the range 280–330 K with the maximum of 12 at 300–304 K (Fig. 10). In general, for
polycrystalline thin films, increasing of ZT should be due to the dropping of the thermo
conductivity coefficient, increasing of the S coefficient and increasing of the σ while
temperature increasing. It should be noted that there are two parts in the thermo conduc-
tivity coefficient which is assigned with electron part and lattice part (χ = χe + χl). From
the Wiedemann-Franz law for free electrons χe has the following expression:

χe ¼ LσT ; ð7Þ

where L is the Lorenz factor for free electrons (L=2.445×10−8 W Ω/K2). Thermo
conductivity coefficient dropping is caused by phonon scattering at grain boundaries
and phonon-electron, phonon-phonon scattering while temperature increasing [25]. In
spite of the dropping of this coefficient for Fe2O3-X film while film heating, there is no
essential effect for the enhance of ZT as iron oxide film is in good thermal contact with Si
substrate, which has sufficiently higher thermo conductivity coefficient than its value for
iron oxide film. So (36–43) nm Fe2O3-X films are shunted by Si substrate in the sense of
thermal conductivity in this case. Therefore, thermal conductivity of such structure (i.e.
Fe2O3-X/Si) is mainly determined by thermal conductivity of Si substrate. So using thermo
conductivity coefficient for Si in the evaluation of ZT in this case is grounded because it
has the highest influence on charge carriers’ gradient in semiconductor polycrystalline
nanometric iron oxide film deposited at optimum conditions (i.e. TS=800 K, PO2=0.5 Pa
and d≅36 nm). Therefore, ZT is high as its value depends upon high value of the S
coefficient and high value of σ in the range 280–330 K.
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Conclusions

The presented results show that RPLD can be used to produce iron oxide films with
variable thickness, degree of iron atom oxidation and, consequently, with different band
gap values Eg.. Iron oxide films demonstrated high S coefficient values while deposi-
tion on crystalline and heated Si substrate. The S coefficient and the thermoelectric
figure of merit for nanometric Fe2O3-X (0≤×≤1) films deposited by RPLD demonstrated
essentially higher values in comparison with other bulk or nanometric film of thermo-
electric materials. Optimum conditions were found out when the S coefficient and the
thermoelectric figure of merit are the highest for nanometric Fe2O3-X films in these
experimental conditions. Obtained S coefficient for nanometric iron oxides’ films is
high as 12–4 mV/K in the range 240–330 K and ZT is high as 1–6 in the range 280–
330 K. These values strongly depend on deposition conditions, namely, oxygen
pressure in the reactor, substrate temperature and the number of laser pulses (i.e. film
thickness). Moreover, non-toxic atoms are used in proposed technology in comparison
with other technologies based on using toxic atoms. It should be concluded that
nanometric iron oxide films with polycrystalline structure synthesized by UV photons
using RPLD method, which is based on non-toxic technology, are up-to-date materials
for effective thermo sensors and thermo converters operating at moderate temperature.
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