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In the present work we prepared conducting and transparent thin films Zn0:SnO, by
pyrolysis spray technique on glass substrates. These films are obtained starting from
solution of zinc acetate and tin acetate dissolved in methanol, at substrate temperature
T = 850 °C. Our interest is on the investigation of percentage of phase on the optical and
structural properties of these films. For that we used the optical spectroscopy of transmis-
sion UV-Visible for the optical characterizations and the diffraction of X-ray for the
structural characterizations of our films. UV-Visible spectrophotometer confirms that it is
possible to obtain good transparent films with a transmittance from 65 to 85% in the
visible. The increase in Sn increases the optical band gap. This last varies from 3. 3to
8.77 eV. The structural analysis showed that the films (ZnO and Zn; ;Sn; ;O) deposited
have a preferential orientation according to the direction (002), this result confirms that
the majority phase is of ZnO.

Keywords: thin films, spray pyrolysis, transmission.

CuHTe3 Ta XAPAKTEPHCTHKA TOHKHX ILIBOK ZNn ., SN, 0O, HaHeceHMX MeTOJOM DPO3NM-
nenns mipoaisom. Besra Abdelhalim, Hafdallah Abdelkader, Harkati Brahim, Ferdi Abdel-
hamid, Herissi Labidi

Hocripxeno nposixgai i mposopi Torki miaisku ZnO:Sn0,, orpumani merosom mipoxisy Ha
CKJAHL HiAKJIAIKN 3 PO3UMHY alleTaTy IIMHKY i alerary 0J0Ba, PO3YMHEHUX B METAHOJi, Ipu
remueparypi miggaagku T = 350 °C. JocaigkeHo BIJIMB IIPOIEHTHOro BMicTty (asu Ha
ONTUYHI Ta CTPYKTYPHi BaacTuBocTi nux miriBok. [lokasaro, 1110 MOMKHA OTPUMYBATHU IIPO30Pi
naiBku 3 xoedimienTom nponyckamasa sixm 65 mo 85% y Buaummomy giamnasoi. 36inbiieHHsa
Sn s6iabmye ontuuny sabopomeny somy. Ocrtamusa amiuwerbesa Big 3,3 mo 3,77 eB. CTpyk-
TypHUIl aHanis mokasae, mo obmoxeni mmiekm (ZnO i Zng5Sng ;0) maloTe mepeBaxHY
opierranio (002), ueit pesyabrar migTBepmiKye, LI0 OCHOBHA (asa cxiuagaerbea 3 ZnO.

UccremoBaHbl IpoBoOAAINe U IPO3pavHble ToHKHE mneHKH Zn0:SnO, momyueHHbIe MeTo-
JOM NUPOJMU3HOrO HAIBLICHUSA HA CTEKJAHHbIE [IOJJOMKHU PACTBOpPA alerara MUHKA U alleTa-
Ta 0JI0BA, PACTBOPEHHBLIX B MeTaHOJeE, Ipu Temueparype nognoxkn T = 350 °C. Hccaegosano
BIAMAHNE IIPOLEHTHOIO COAEePKaHuA (Pasbl HA ONTUYECKUX U CTPYKTYPHBIX CBOMCTBA JTHUX
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IIJIEHOK. HORaBaHO, YTO MOMKHO ITOJYYUTL MIPO3pPavYHbI€ IIJIEHKHN C KOSq)q)HHHeHTOM IIPOITyCKa-

uua ot 65 mo 85%

B BHUIMMOM JAgHalta3oHe. VBenuuenue Sn yBeJIMUYNBaeT OITHUYECKYIO

sampenieHny0 3ony. Ilocmepamssa Bapwupyetrcsas oT 3,3 mo 3,77 9B. CTpyKTypHBIH aHaIuU3
HOKAasay, 4To ocameHHble IneHKH (ZnO u Zng ;Sn, ;0) mMeloT npeuMyIIecTBeHHYI0 OPHeH-
ranuoo (002), sroT pesyabTaT MOATBEPIKAAET, YTO OCHOBHasA (asa cocrout us ZnO.

1. Introduction

Recently transparent conducting Oxides
(TCO’s) have drawn much interest in the
field of optoelectronics [1].Transparent con-
ducting oxides are the material which ex-
hibit higher optical transmittance in visible
region, low sheet resistance and higher elec-
trical conductivity. Zinc tin oxide (ZTO) is a
class of ternary oxides that are known for
their stable properties under extreme condi-
tions, higher electron mobility compared to
itsbinary counterparts and other interesting
properties. These materials is thus ideal for
applications from, gas detector, solar cells
photocatalysts, light-emitting diodes, field
effect transistors and (heterojunction and
homojunction) diodes [2-5]. ZnO thin films
are grown by different techniques such as
Spray pyrolysis, MOCVD, Sol gel, Pulsed
laser deposition (PLD), sputtering, etc [6-9].
Among the various TCO’s such as ZnO, SnO,,
|n203, T|02 and CdO [10], ZnO and Sn02 is
the most promising candidate for the develop-
ment of transparent conductive material.

ZnO in view of its high transmission
over a wide spectral range including the
useful UV-Vis region and other interesting
characteristics such as low toxicity, rela-
tively low cost, and stability in reductive
chemical environments. SnO, is a rutile
tetragonal structure with oxygen deficient
n type degenerate semiconductor with wide
band gap of 3.6 eV. Its high optical trans-
parency and electrical conductivity leads to
very appealing applications in spintronics
device [7]. In the present work, ZnO:Sn0O,
thin films were prepared using Spray Pyro-
lysis method. The influence of ZnO:SnO,
content level on structural and optical prop-
erties in the composite had been studied.

2. Experimental

The samples used in this study were de-
posited using a device made in the labora-
tory. The solutions used are zinc acetate
(C4H604Zn. 2H20) and tin chloride (Snclz)
dissolved in methanol. The spray liquid is
then carried through a pyrolysis system
that converts into fine droplets. These pre-
cursors were sprayed onto glass substrates
placed below a substrate holder heated to a
fixed temperature 350 °C.

Our focus is to study the effect of per-
centage of phase on the structural and opti-
cal properties of these films.

3. Results and discussion

Figure 1 shows the variation in growth
rate as a function of percentage of phase X
(X =1 to 0). It is found that the growth
rate of the films is high in the case of pure
Zn0O, but it suffices to add another oxide,
the speed is reduced.

We note that the highest growth rate is
that of ZnO, and then of mixing
(Zng 5Sng 50) and the lowest is SnO,. This
result is in good agreement with the energy
of formation of the two oxides: 3.6 eV
(ZnO) and 6 eV (SnO,) [8]. In fact, the
oxide which has the lowest formation en-
ergy than the highest growth rate.

The variation in the growth rate is due
to the difference in surface reactions during
deposition and to the dissociation enthalpies
of each solution.

The variation in the growth rate with the
percentage of phase X is mainly due to the
percentage of the two phases present in the
film and to the direction of growth of each
phase. In the case where the two phases are
equal or the direction of growth of ZnO is
along the axis (002) parallel to the surface
of the substrate [9].

Table 1. The experimental conditions for the deposited ZnO:SnO, thin films.

Deposition Distance nozzle- Substrate Solution Percentage of
time (min) | substrate (cm) | temperature |concentration| phase (X)
(C) (M)
Zinc acetate C,HgO,Zn.2H,0 5 25 3500 0.1 0.5 and 1
Tin chloride SnCl,
Functional materials, 27, 3, 2020 469
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Fig. 1. Variation of growth rate with percent-
age of phase X.

We have reported, in figure 2, the X-ray
diffraction spectra of the series studied
(Zn0O: SnO,), for a percentage of X phase
varying from 0 to 1.

Figure 2 shows the spectra of the series
(Zn0:8n0,), we note that: for high concen-
trations of ZnO or (X = 1 and 0.5), the peak
relative to orientation (002), observed around
20 = 34.5°, is the most intense, then de-
creases gradually with the decrease in X to
become same order as the peaks of the other
orientations, it is noted that in addition to
the normal direction (002) of the layer
Zng 55N 5O there is emergence of peak (210)
which correspond to SnO,. This result con-
firms that the majority phase is ZnO [2]. This
result is in good agreement with the energy
of formation of the two oxides.

As our films are made up of a binary com-
pound, we have taken into account the simul-
taneous existence of two different types of
grains. The average grain size for each of the
two phases that coexist in our films was cal-
culated using the scherrer formula [10]:

09 1)
Bcosd

For the series (ZnO:Sn0O,), we used the
peaks (101), (002) and (100) of ZnO and
(210) respectively for SnO,.

The results of the variation, as a fune-
tion of percentage of phase X, of the grain
size are presented in Figure 3.

The reduction in the size of the grains of
the main phase is caused by the bursting of
the crystallites of this phase and also by the
emergence of other growth plans in addition
to the peaks (002), (101), (100) and (210)
relating to ZnO and SnO,. The average
grain size, deduced from the evolution of
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Fig. 2. XRD patterns of ZnO:SnO thin films
deposited at different percentage of phase X.
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Fig. 3. Variation of grain size with percent-
age of phase X.

the peaks, varies from 10.17 to 37.14 nm.
Note that the grain size values of our films
are of the same order of magnitude as those
reported in the literature [11]. With the
addition of Sn, the effect of the contribu-
tion of SnO, increases at the expense of
ZnO. For pure ZnO 21.91nm (0.8 Kcal/mol)
and pure SnO, 10.17nm (1.5 Kcal/mol). As
observed in [12] and [13], there is a struc-
tural degradation of the films deposited by
spray when the percentage of the mixture is
high. This degradation is synonymous with
the disappearance of the preferential orien-
tation of the crystal lattice of the film.
Optical characterizations were based on
transmission spectroscopy in UV-Visible. In-
deed, as it was detailed in the previous
chapter, the exploitation of spectra allows
us to calculate the optical gap. In figure 4,
the transmission spectra in the range 300 to
1100 nm are grouped together with
Zn0O:SnO, films. Although the general look

Functional materials, 27, 3, 2020
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Figure 4. Transmission spectra of Zn0O:8n0O,
thin films.

of the spectra is identical, these are com-
posed of two regions:

A region of high transparency located be-
tween 400 and 1100 nm, the transmission
value is around 65 to 85%. This value, re-
ported by several authors [14-16], gives the
thin layers of ZnO, ZnygSngsO and SnO,,
the character of transparency in the visible.
In this wavelength range, interference
fringes are observed in the case of pure ZnO
films. These fringes, characterized by the
undulations of the curves, are due to the
multiple reflection of the radiation on the
two interfaces of the film.

A region (A <400 nm) characterized by a
strong absorption and a low transmission of
the layer which corresponds to the funda-
mental absorption in the films of ZnO,
Zny gSng 5O and SnO,. This absorption is
due to the electronic inter-band transition.
The variation in transmission in this region
is used to determine the gap.

With the addition of Sn, the effect of
the contribution of SnO, increases at the
expense of ZnO. The height of the hump
increases to finally coincide with that of tin
oxide as shown in figure 4. This confirms
the segregation of ZnO phase and SnO,
phases as deduced from the analysis of XRD
and indicates that the films deposited have
a heterogeneous structure composed of ZnO
and SnO, separate phases [15].

From the region of fall of the transmit-
tance (~ 400 nm), we deduced the optical
gap of our films. The latter is estimated
from the intersection of the curve giving
(ahv)2=f(hv) with the abscissa [2].

In figure 6, we have reported the vari-
ation of the optical gap of the ZnO,
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Fig. 5. Typical variation of (ahv)2 as a func-
tion of photon energy (hv).
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Figure 6. Variation of optical band gap with
percentage of phase X.

Zng 5Sng 5O and SnO, films as a function of
percentage of phase X.

As we can see the gap of ZnO (3.3 eV)
and smaller than that of SnO, (3.7 eV).
Since the processing of the X-ray spectra
gives us two separate phases, and the opti-
cal characterization gives us a superposition
of two spectra; one of ZnO and the other of
SnO, (X = 0.5), the addition of another
oxide (Sn0O,) to ZnO tends to increase the
gap. Indeed, it is well known that the vari-
ation of the gap is mainly caused by the con-
centration of free electrons (transition from
Zn?* to Sn#*) [16-18]. So in this case, the
increase in the optical gap is mainly due to
the contribution of the secondary phase
(SnO,). When the concentration of the secon-
dary phase increases, there is an increase in
the concentration of free electrons which
comes from this phase until it reaches the
gap of this phase (SnO,).

The variation of urbach energy with per-
centage of phase is plotted in figure 7. As
can be seen, the addition of Sn tends to in-
crease the disorder regardless of the percent-
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Figure 7. Variation of Urbach energy with
percentage of phase X.

age. As the two oxides have small sizes and
of the same order (Zn2*: 0.74 A, Sn**: 0.81 A)
[17]. It is possible that in the mixture the atoms
are inserted in the interstitial sites which in-
crease this disorder. Indeed, this increase in dis-
order is due to the introduction of impurities.

4. Conclusions

ZnO thin films were deposited by pyro-
lysis spray technique with a non aqueous
solution. The effect of percentage of phase
X on the structural and optical properties
of films was investigated. The structural
study of films by XRD shows, from the
peaks of the spectrum, that the films (ZnO
and Zng 5Sng 5O) deposited have a preferen-
tial orientation according to the direction
(002), this result confirms that the majority
phase is ZnO. The UV-Visible spectro-
photometer confirms that it is possible to
obtain good transparent films with a trans-
mittance of 65 to 85% in the visible. The
band gap energy values are determined
from the transmission spectra. They are
found from 3.3 to 3.77 eV. The increase in
the width of the forbidden band with the
percentage of phase due to the increase in
free carriers. The increase in urbach energy
results in the increase in structural disorder.
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