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Abstract

The influence of processing parameters is investigated on the structural cha-
racteristics of single and mixed oxides produced by spray pyrolysis technique.
The films were synthesized by spraying precursor solutions through a noz-
zle onto a heated alumina substrate. The precursor consisted separately of
aqueous solutions of tin chloride for SnO, and zinc chloride for ZnO for sin-
gle oxide cases, and aqueous solutions of tin chloride and indium nitrate for
SnO, + In,0; and zinc chloride and indium nitrate solutions for ZnO + In,0O,
for mixed oxide cases. The substrate temperature was varied accordingly for
each single and mixed case. The films produced were characterized by X-ray
Photoelectron Spectroscopy and Scanning Electron Microscopy. The results
indicate that a non-homogenous film is formed at low temperature for both
single oxides considered. The temperature has significant effect on the com-
position of the synthesized films of both single oxides below 450°C. The re-
sults for mixed oxides show that the best homogeneous films are obtained for
80 wt% ZnO + 20 wt% In,0,, and 80 wt% SnO, + 20 wt% In,0,.

Keywords

Zinc Oxide Film, Tin Oxide Film, Mixed Metal Oxides, Nano-Composite
Sensors, Spray Pyrolysis

1. Introduction

Metal oxide semiconductor films are widely used for gas sensors. The properties
of such sensors including sensitivity, selectivity and response time depend criti-
cally on the film microstructure [1]. The structure in turn is largely determined
by the synthesis condition [2]. Such films are usually synthesized by a variety of
techniques including Spray Pyrolysis Technique-SPT [3], sol-gel technique [4],
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and chemical vapor deposition (CVD) [5]. The objective of this study is to inves-
tigate the effect of synthesis conditions (specifically, substrate temperature and
precursor concentration) on the structure of ZnO, SnO,, ZnO + In,0, and SnO,
+ In,O, thin films produced by SPT. This technique has been employed in this
study due to its inherent advantages, including the ease of control, low cost, and
simplicity [6] [7].

Several studies have considered the deposition of ZnO films. A study on the
effect of post annealing on the properties of ZnO films shows that annealing en-
hances the quality of film by removing structural defects through agglomeration
of small particles. The results indicated that post-thermal annealing could en-
hance the structural quality in general [8] [9]. A similar approach has been used
to synthesize ZnS and ZnO thin films, and study the growth mechanism and
film characteristics (such as structure and crystalline properties) as a function of
temperature, solution composition and concentration [10]. The effect of tem-
perature on ZnO film structure has also been investigated, indicating that such
films could be crystallized better at substrate temperatures above 400°C [11].

The influence of deposition parameters on SnO, thin film characteristics has
demonstrated that SPT could be used to produce nano-scale films for gas sens-
ing applications [12]. The electrical and structural properties of SnO, films de-
posited by SPT also show improvement of crystal growth at high temperatures
(above 450°C) [13].

Mixing of metal oxides in a sensor film has recently been explored to improve
sensor performance and thermal stability. The mixed oxides have the potential
to benefit from the best sensing properties of their pure components. The elec-
tronic structures of the oxides are modified, resulting in change to both the bulk
and surface properties [14].

Some research studies have investigated the properties of indium-doped ZnO
nanofiber thin films by SPT, using temperatures between 350°C and 500°C for
film deposition and 500°C for annealing. The results indicate a decrease in grain
size with increasing temperature [15] [16].

Similar studies have investigated the effect of deposition parameters on the
characteristics of indium-doped SnO, films as well as ZnO. The studies used low
temperature (380°C) for deposition of zinc-indium oxides and higher tempera-
ture (450°C) for tin-indium oxides at ambient atmosphere [17].

Two primary synthesis parameters controlling the structure of films produced
by SPT are the substrate temperature and the concentration of precursors in so-
lution. Although several studies have considered the effect of substrate tempera-
ture and solution concentration on the structure of metal oxide films [18], there
is a lack of systematic investigation of the effect of temperature on different
oxides synthesized by SPT under similar controlled conditions. This issue is ad-
dressed in the present study by maintaining constant values of some process pa-
rameters (e.g. spray nozzle diameter, spray velocity, and distance between spray
nozzle and substrate), while varying the temperature. In addition, the effect of

precursor concentration is similarly investigated.
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2. Experiments Performed

2.1. Deposition Mechanism

The SPT setup utilized is illustrated in Figure 1 [19]. A precursor solution which
contains constituent reactant compounds is atomized in a nozzle to tiny droplets
which are then sprayed onto a preheated substrate. The surface of the substrate
must be sufficiently hot to initiate chemical reaction between the precursors in
the droplet solution. Specifically, the droplet must still contain enough reactants
in solution after reaching the substrate [20]. A film of stable compounds subse-
quently forms that adheres to the substrate due to chemical reaction and thermal

decomposition of the solution.

2.2. Experimental Procedure

The primary focus of the study was the processing of mixed oxide nanocompo-
site films (ZnO + In,0; and SnO, + In,0,). However, the single oxides (ZnCl,
and SnCl,) were first investigated as benchmarks for the mixed oxides.

Zinc oxide was deposited using aqueous solution of zinc chloride (ZnCl,)
precursor while tin oxide utilized tin chloride (SnCl,) precursor solution in wa-

ter. The chemical reactions can be formulated thus [21]:

SnCl,, +2H,0 —>Sn0, +4HCl (1)
ZnCly, +H,0 — Zn0+2HCl,, )

It should be noted that the reaction of tin chloride solution is a heterogeneous
reaction that occurs in the vapor phase [12].

In order to deposit mixed oxides, tin chloride and indium nitrate were dis-
solved together in water to synthesize SnO, + In,O,. Zinc chloride and indium
nitrate were used for deposition of ZnO + In,0, for different composition ratios.
Each precursor was fed into a 2 mm-diameter duct at a flow rate of 1 ml/min
[22]. The solution was injected through a 1 mm-diameter round spray nozzle
and then atomized at 1 bar air pressure. The solution in the nozzle was then
sprayed onto a heated aluminum oxide (ALO,) coated substrate. The distance

between the spray nozzle and the hot substrate was kept constant at 10 cm for

Precursor Solution
Flow Meter

( Air Compressor/
Carrier Gas Source

Heater and

Temperature Controller
Substrate P

Figure 1. Schematic sketch of chemical spray pyrolysis process.
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the experiments. This distance was chosen based on the results of previous stu-
dies [19] [23]. The thin film was finally annealed for 30 minutes after deposition
to the desired structures at 450°C [8] [24] [25]. The annealing process promotes
adhesion of the film to the substrate. These conditions were kept constant for all

other sets of experiments performed.

2.3. Control Parameters

The substrate Temperature (7;) and solution concentration (C) were used as the
control parameters. In order to assess the results of mixed oxide deposition, the
optimum case from single oxide deposition was also considered.

Two sets of experiments were designed for deposition of ZnO. In the first set
of experiments (Cases 1 and 2), the concentration was maintained constant (C=
0.1 mol/lit) while the temperature was varied from 400°C to 450°C. In the
second set (Cases 3 and 4), the concentration was increased from C= 0.2 mol/lit
for Case 3 to 0.3 mol/lit for Case 4 while the temperature was constant at 400°C
[26].

The same approach was used for deposition of SnO,. In the first set (Cases 5
to 8), the substrate temperature (7,) was varied from 350°C to 500°C at 50 de-
grees increments for different sets of experiments while the concentration was
constant at 0.25 mol/lit. In the second set (Cases 9 and 10), the temperature was
kept constant at 450°C while the concentration was varied from 0.1 to 0.5 mol/lit
[12] [27].

In order to deposit mixed oxide films, the precursor concentration ratio was
changed for new sets of experiments. Indium nitrate was mixed with zinc chlo-
ride to produce 25 wt% ZnO + 75 wt% (Case 11) and 80 wt% ZnO + 20 wt%
In,O, (Case 12). For these cases, temperature and solution concentration were
kept constant at 400°C and 0.1 mol/lit, respectively. For deposition of SnO, +
In,O,, indium nitrate was added to produce 80 wt% SnO, + 20 wt% (Case 13)
and 95 wt% SnO, + 5 wt% In,O, (Case 14).

2.4. Material Characterization

The deposited thin films were characterized by X-ray photoelectron spectrosco-
py (XPS) and Scanning electron microscopy (SEM). Surface morphology was
studied using a Zeiss ULTRA-55 FEG SEM system which used Schottky field
emission source with a resolution of 1 nm @ 15 KV and 1.7 nm @ 1 KV and
STEM detector. Surface spectroscopy was performed by Physical Electronics
5400 ESCA system to detect elemental composition.

3. Results

Table 1 summarizes the various cases considered and the corresponding sub-
strate temperature (7;), precursor concentration (C) and the observed mor-
phology for the various films produced. The results show that the resulting film
structure is strongly dependent on the deposition temperature in each case.

However the qualities of films were found to be enhanced by systematically
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Table 1. Film morphology of deposited films.

Temperature ~ Concentration

Case Film composition (T) [°C] (O [mol/lit] Film morphology
1 ZnO 400 0.1 Granular
2 ZnO 450 0.1 Dense
3 ZnO 400 0.2 Columnar
4 ZnO 400 0.3 Columnar
5 SnO, 350 0.25 Dense
6 SnO, 400 0.25 Non-homogenous
7 SnO, 450 0.25 Porous
8 Sn0O, 500 0.25 Dense
9 SnO, 450 0.1 Dense
10 Sn0O, 450 0.5 Granular
11 25 wt% ZnO + 75 wt% In,O, 0.1 400 Columnar
12 80 wt% ZnO + 20 wt% In,0; 0.1 400 Columnar
13 80 wt% SnO, + 20 wt% In,0O, 0.25 450 Granular
14 95 wt% SnO, + 5 wt% In,O; 0.25 450 Dense

increasing the precursor concentration. The effect of these two processing para-

meters is investigated in this section.

3.1. Single Oxides

3.1.1. Effect of Substrate Temperature

Figure 2 shows the SEM micrographs of ZnO films (Cases 1 to 4). Figure 2(a)
and Figure 2(b) show the deposition of ZnO at low concentration (C = 0.1
mol/lit) and different temperatures (7, = 400°C and 7, = 450°C) while Figure
2(c) and Figure 2(d) show the deposition at constant temperature (7, = 400°C)
and higher concentrations (C= 0.2 mol/lit and C'= 0.3 mol/lit), respectively.

Figure 2(a) (Case 1: 7, = 400°C and C= 0.1 mol/lit) shows that small spheri-
cal crystallites are formed that agglomerate at the surface in the shape of powder
with an average size of ~50 nm in the consensus of previous studies [28] [29]
[30]. In Figure 2(b) (higher temperature of 7, = 450°C), the film uniformity is
enhanced due to the progression of chemical reaction at the higher temperature.
The film is denser and the growth rate is highly limited by diffusion. The results
are in good agreement with a previous study [31].

Temperature has similar effect on the deposition of SnO, film (cases 5 to 10).
Table 1 shows that a dense film is formed at the lowest temperature (Case 5,
350°C). This result may be attributed to the limited evaporation of the droplets
reaching the surface at low temperature. Some cracks are observed in the film
due to thermal stress during the annealing process [32]. In addition, the precur-
sor solution does not have sufficient time to form a continuous film on the Al,O,
substrate. As the temperature increases, a non-stoichiometric film with rough
aspect ratio is formed (Table 1, Case 6). In this case, the nucleation process is
faster due to the higher temperature [33] and a film with a non-homogenous

structure is synthesized which is similar to the previous ZnO films deposited at
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low temperature (Figure 2, Case 1).

Figure 3 shows the SEM micrographs of some SnO, films produced (Cases 7
to 10). Figure 3(a) and Figure 3(b) show the deposition of SnO, at low concen-
tration (C = 0.25 mol/lit) and different temperatures (7, = 450°C and 7, =
500°C) while Figure 3(c) and Figure 3(d) show the deposition at constant

(c) Case 3 (d) Case 4

Figure 2. SEM micrographs of spray pyrolysis deposition of ZnO thin films
on Al,O, substrate: (a) 7, =400°C and C= 0.1 mol/lit; (b) 7,=450°C and C
= 0.1 mol/lit; (¢) 7,=400°C and C= 0.2 mol/lit; and (d) 7,=400"C and C=
0.3 mol/lit.

(a) Case 7 (b) Case 8

(c) Case 9 (d) Case 10

Figure 3. SEM micrographs of spray pyrolysis deposition of SnO, thin films
on ALO, substrate: (a) 7, =450°C and C= 0.25 mol/lit; (b) 7, = 500°C and
C=0.25 mol/lit; (¢) 7,=450"C and C= 0.1 mol/lit and (d) 7, = 450°C and
C= 0.5 mol/lit.
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temperature (7, = 450°C) and different concentrations (C = 0.1 mol/lit and C=
0.5 mol/lit).

Figure 3(a) (7, = 450°C) and Figure 3(b) (7, = 500°C) show thin films with
continuous structure at both temperatures while the precursor solution is con-
stant at C = 0.25 mol/lit. At 450°C (Figure 3(a)), the deposited film exhibits
porous structure which prevents homogeneity. Such a characteristic porous mi-
crostructure has also been observed in a previous study [24]. The pore sizes are
in the sub-micron range. The increase in porosity can be attributed to increased
temperature and the film becomes denser without cracks at higher temperature
[32], as observed in Figure 3(b). In this case, the pores shrink and the film sur-
face subsequently becomes smooth.

The compositions of the deposited films are determined by X-ray photoelec-
tron spectroscopy (XPS). Figure 4(a) shows the XPS of ZnO film grown at
400°C (Case 1). The corresponding result at 450°C (Case 2) is shown in Figure
4(b). ZnO deposition is clearly evident in both cases. However the atomic con-
centration of Zn increases from 0.9% at 400°C to 7.1% at 450°C due to the en-
hanced chemical reaction at the higher temperature. The peak of Zn 2P; is asso-
ciated with the Zn-O bond [31].

Figure 5(a) and Figure 5(b) show the XPS results for SnO, films deposited at
450°C (Case 7) and 500°C (Case 8). These results clearly confirm the formation
and deposition of SnO, at both temperatures, and exhibit the same atomic con-
centration of Sn at both temperatures. The result therefore shows that the tem-
perature appears to have minimal effect on the atomic concentrations above
450°C.

3.1.2. Effect of Solution Concentration
The effect of concentration on deposition of ZnO are also presented in the pre-
vious Figure 2(c) (Case 3: T, = 400°C and C = 0.2 mol/lit) and Figure 2(d)
(Case 4: T,=400"C and C= 0.3 mol/lit). The results show that the grain size in-
creases with increase in the amount of precursor dissolved in solution. The de-
posited grains tend to form crystalline shapes at higher concentrations (Figure
2(d)). Figure 2(c) shows that at a lower concentration, the film is uniform with
nanoparticle sizes of ~100 nm with hexagonal flake-like morphology which is in
the consensus of a previous study that utilized the same concentration of pre-
cursors [34]. When the concentration is increased, the density and size of par-
ticles are further increased. In Figure 2(d), the crystals are plate-like and the
sides of the walls are grown packed as was also observed in a previous study [35].
A larger size of grains was similarly observed at the higher concentration [36].
The effect of concentration on the deposition of SnO, can similarly be as-
sessed by comparing Figure 3(c) (Case 9: 7, = 450°C and C = 0.1 mol/lit) and
Figure 3(d) (Case 10: 7,=450°C and C'= 0.5 mol/lit). At low concentration, the
grains form smooth, uniform thin film observed in Figure 3(c). A previous
study has shown that at low concentrations, the film surface is smooth with no
well-defined crystallites [37]. However by increasing the concentration, the par-

ticles begin to agglomerate and form clusters. These particles have sharpened
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Figure 4. XPS of ZnO thin film on AlO, substrate at (a) 7, = 400°C and C= 0.1
mol/lit; and (b) 7s= 450°C and C= 0.1 mol/lit.

boundaries with spherical grain shapes [37]. A similar result can be observed in
Figure 3(d). Such a transition from an amorphous texture to a larger size of
crystallites was also observed in a previous study [38]. The study attributed the
observed trend to excess amount of surface-free energy at lower temperature

which leads to formation of smooth film surface.

3.2. Mixed Oxides

Figure 6 and Figure 7 show the SEM micrographs of ZnO + In,O; and SnO, +
In,0, thin films on Al,O, substrate. Figure 6(a) and Figure 6(b) are the results
for ZnO + In,0, at 7, = 400°C and concentration ratios of 25% of ZnO and 80%
of ZnO respectively. It has been found that an un-doped ZnO film will form a
non-uniform structure [39]. By doping with indium, the uniformity is enhanced
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Figure 5. XPS of SnO, thin film on AL, substrate at (a) 7, = 450°C and C= 0.25
mol/lit; and (b) 7, =500°C and C= 0.25 mol/lit.

(b) Case 12

Figure 6. SEM micrographs of spray pyrolysis deposition of ZnO + In,0O, on ALO,
substrate: (a) 0.25ZnO + 0.75In,0; at 7, = 400°C and C = 0.1 mol/lit; and (b)
0.8Zn0O + 0.2In,0; at 7, =400°C and C= 0.1 mol/lit.

and grain size is increased [39]. At low concentration ratio of ZnO (Figure 6(a)),

ZnO nano wires are formed. By increasing the amount of ZnO (from 25% in Fig-
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ure 6(a) to 80% in Figure 6(b)), crystallization occurs and a well-structured thin
film is produced. These results exhibit the same trend that was observed in a
previous Figure 2 for ZnO films. Thus by increasing the amount of zinc in solu-
tion, there is a better chance to produce zinc oxide crystals or rods. In Figure
6(b), the growth of ZnO rods occurs fully due to the growth of side walls, re-
sulting in the formation of nano tubes [35] [40] [41]. By increasing the indium
dopant, the grain size decreases. This trend is attributed to the stresses applied
by the mixture which limits the growth of the grain size [42].

Figure 7 shows the SEM micrographs of SnO, + In,O; thin films deposited on
AL O, substrate at 7, = 450°C and at a concentration ratio of 80% of SnO, and
95% of SnO, respectively. The results show that small spherical particles are
formed at the low concentration of tin (Figure 7(a)). When the concentration of
tin is high (Figure 7(b)), the synthesized film is similar to the single oxide thin

film of Case 5, resulting in cracking and formation of a thick film.

3.3. Size Distribution

Image processing techniques were applied to the SEM micrographs in order to
calculate the particle size distribution, specifically the mean diameter of each
particle. The average particle size was determined by considering all particle di-
mensions in the film. The mean area of particles ( A) was calculated by consi-
dering the total number of particles and the space intervals thus [43]:

A=A+(Y fd/N)i 3)

where A is actual mean area, 4 is the assumed mean area, 7is the class interval
between particles, d is the deviation of midpoint from assumed mean, and N is
total number of particles considered. The mean diameter was then obtained
from A assuming spherical particles.

Table 2 shows the average particle size and standard deviation from average
particle size obtained for some of the films produced. The standard deviation
values show the dispersion of particle sizes from the measured average particle
size for each case. Smaller values of standard deviations indicate narrower range
of particle size distribution from average value. It implies simultaneous chemical
reactions inside droplets and subsequently a homogenous particle growth on

(a) Case 13 (b) Case 14

Figure 7. SEM micrographs of spray pyrolysis deposition of SnO, + In,O, on ALO,
substrate: (a) 0.80SnO, + 0.20In,0; at 7, = 450°C and C = 0.25 mol/lit; and (b)
0.95Sn0, + 0.05In,0; at 7,=450"C C and C= 0.25 mol/lit.
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Table 2. Particle size of synthesized ZnO and Zno + In,O, films.

. . . Standard
Deposited metal Temperature Concentration Ave. particle L
Case . . . : deviation
oxide [°C] [mol/lit] size [nm]
(0) [nm]
1 ZnO 400 0.1 112 65
3 ZnO 400 0.2 119 70
4 ZnO 400 0.3 233 89
10 SnO, 450 0.5 47 41

25 wt% ZnO +
11 400 0.1 136 94
75 wt% In,0O,

80 wt% ZnO +
12 400 0.1 201 123
20 wt% In,0O,

80 wt% SnO, +
13 450 0.25 94 46
20 wt% In,0,

the substrate due to the balance between the substrate temperature and the con-
centrations of precursors in solution. Figure 8 and Figure 9 show the particle
size distributions obtained for ZnO single oxide and ZnO + In,O; mixed oxide
films respectively.

Figure 8 shows that by increasing the concentration of ZnO, the particles
grow larger. At low concentration, the particles are smaller and the size distribu-
tion is less homogenous (Table 2, Case 1) as was also observed in a previous
study [36]. At C= 0.2 mol/lit and 7, =400°C (Table 2, Case 3), a narrow particle
size distribution is observed with high probability of a more homogenous film.
Comparing the standard deviation values of cases 1 to 3 shows that more par-
ticles within 1o is observed when solution concentration is high and subse-
quently the homogeneity of particle size is higher. Figure 9 for ZnO + In,O,
mixed oxide shows that the addition of indium oxide component to ZnO results
in the growth of particles over a wider range of sizes. Higher standard variation
values represents that there is more deviation from average size when a mixed
precursor is deposited on the surface. It means that the particles in mixed oxides
cases are produced with less homogeneity compared to the single oxides (ZnO)
of Figure 8. In the mixed oxide film cases of Figure 9, the results show that a
more homogenous particle distribution is obtained when ZnO is the dominant
precursor. The experimental results show that by increasing the amount of ZnO,
crystallization occurs and a well-structured thin film is produced. There is
therefore a better chance to produce zinc oxide crystals or rods at the higher
ZnO concentration [35]. Thus the overall particle size is reduced when the con-
centration of indium is increased (Table 1, Case 11). This trend may be attri-
buted to the fact that indium ions limit the growth of ZnO particles on the sur-
face [39]) which has been also observed in a previous study of the authors [44]
or by the increased stresses applied by the mixture which limits the growth of
grain size [42].

Figure 10 shows the particle size distribution for SnO, single oxide and Zno +
In,O; mixed oxide films. The single oxide is deposited in the shape of spherical
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Figure 8. Particle size distribution of ZnO single oxide thin films.

0.8
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Figure 9. Particle size distribution of (x wt% ZnO + y wt% In,0,) mixed oxide thin films.

grains with sharp boundaries as indicated in a previous Figure 3(d). The mixed
metal oxide is formed with rough structure with larger spherical grains as shown
in the previous Figure 7(a). The results show that in the latter case, the particles
agglomerate and form larger-sized particles as depicted in Figure 10 (Table 2,
Cases 10 and 13).

4. Discussion

The processing of single oxide and mixed oxide films by spray pyrolysis tech-
nique (SPT) was investigated. Two single oxides (ZnO and SnO,) and two mixed
oxides (ZnO + In,0, and SnO, + In,0,) were considered. The films were
processed under varying substrate temperature conditions and different precur-
sor solution concentrations, and deposited on heated Al,O,substrates. The films

were then characterized by SEM for microstructure and XPS for composition.
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Figure 10. Particle size distribution of SnO, single oxide and 80 wt. % SnO, + 20 wt. %
In,0, mixed oxide thin films.

The findings of the single oxide study can be summarized thus:
At low temperatures, small spherical crystallites of ZnO are formed which
agglomerate at higher temperature.
The density and size of ZnO particles are increased by increasing the solution
concentration for deposition at 400°C. The results show that both low tem-
perature and high concentration will produce packed ZnO rods.
SnO, film with non-homogenous structure is synthesized at 400°C which re-
shapes to porous microstructure by increasing the temperature to 450°C. The
composition of SnO, is however largely unaffected by temperature above
450°C.
It is necessary to increase the concentration of Sn precursor in order to form
packed rod arrays.

The study also has demonstrated the similarities and differences between the

two metal oxides (ZnO and SnQO,), which are considered thus:

a.

Non-homogenous film structures are observed at almost the same low tem-
peratures, and crack-free films are formed by increasing the temperature in
both cases.

SnO, requires a higher temperature and concentration than ZnO to produce
continuous films.

The findings of the study on the mixed metal oxides (ZnO + In,O, and SnO, +

In,0;) can be summarized in the following:

L]

ZnO + In,0, deposition exhibits increasing particle size with increasing pre-
cursor solution concentration and Zn composition.

Doping ZnO with indium oxide component results in a less homogenous
particle size distribution. Thus indium ions limit the growth of ZnO particles
in the mixture.

ZnO nano wires are grown at low concentration of Zn. By increasing this

concentration, ZnO rods grow and tend to reshape to nano tubes with dis-

%%
0:{5: Scientific Research Publishing

165



0. J. llegbusi et al.

tinct side walls.

* SnO, + In,0; film with more homogenous structure is formed at 80% ratio of
tin. The precursor solution does not have sufficient time to form a conti-
nuous film at high concentration of Sn.

These findings could be used to determine processing criteria for each metal

oxide film.

5. Conclusions

This study has considered the dependence of the morphology of a thin film on
the synthesis conditions. The investigation on this dependency has provided a
systematic approach for production of a wide range of metal oxide films for
next-generation highly selective and sensitive conductometric gas sensors with
ultra-fast response. Such sensors are critical to the detection of hazardous envi-
ronmental substances, and explosives. Specifically, the precise micro-structure of
the sensor films determines the adsorption of analyzed gas on the semiconductor
particles as well as interaction with the sensitive layer of the film.

The results have shown that this objective could be achieved through careful
control of the substrate temperature and concentration of precursor solution. It
means that increasing the deposition temperature in a discovered range results
in the formation of films with more uniform particle sizes and the size of depo-
sited particles increases with increasing concentration of precursor solution un-
der specified conditions. The deposited particles of the film are not separate
crystallites, but splices or aggregates of crystallites. As the results, the conductiv-
ity of the sensor film is determined by the electron density in an aggregate and
the contacts between aggregates. A comprehensive solution will require investi-
gating other synthesis conditions. The results of further studies could also be
useful in the determination of the optimum conditions required to produce the

desired films to meet specific performance characteristics.
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