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Abstract: The thin films of SnO; and Zn-doped SnO, were deposited on glass wafer substrate
by a compression sprayer system using SnCl..2H,0 and Zn(CH3;C0O),.2H;0 as precursors.
The influence of the deposition temperature and Zn-doped contents on SnO; and Zn-doped
SnO; crystal phase were investigated by XRD, respectively. The results showed that the films
of SnO; start to crystallize in the form of tetragonal structural at temperature of 370°C. SnO-
films were crystalized well at temperature above 400°C. SnO: still retained the crystal
structure when the Zn impurity content was up to 2%. Further increasing in Zn content, the
films had more crystalline phases of zinc oxide. The surface morphology of the films observed
by SEM showed that the shape of the SnO; crystals with size less than 100nm was fairly
uniformly. The crystal size decreased slightly with increasing impurity content. The impurities
influenced greatly on the alcohol vapor sensitivity of the films. The sensitivity of pure films
increased with an increase in operation temperature even in high temperature. The sensitivity
of the Zn-doped films increases with the increase in operation temperature up to 350°C.
Further increase in temperature decreases the sensitivity. At the optimum operation
temperature, the films with 2 % Zn showed the best sensitivity.

Keywords: SnO-, Zn-doped SnO,, alcohol sensitivity, compression sprayer.

Received 8 May 2022
Revised and accepted for publication 26 July 2022
(*) Email: vinhpv@vnu.edu.vn

1. INTRODUCTION

Organic solvents including ethanol, methanol, acetone... are potential hazards to human
health. They have the ability to stimulate nerves, cause dizziness, headaches and even lose the
ability to control behavior [1]. Unfortunately, these chemicals are commonly used in industrial
processes where a large number of workers are working. Besides, drinking alcoholic beverages
can impact the driving ability of driver, causing an accident or traffic insecurity. It is necessary
to have highly sensitive sensors to detect the solvent vapors in the air and measure the
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concentration of alcohol in the breath. Gas sensors based on semiconductor metal oxide (SMO)
thin films such as SnO2, ZnO, TiO2, Fe203 and WOs... are well suited for this purpose due to
their ability to change resistance upon interaction with toxic gases [2, 3, 4, 5]. Among the
SMOs, SnO; that has good chemical stability and stably in high temperature conditions has
been widely used for gas sensor. Because of oxygen vacancies, SnO2 is an n-type semiconductor
and it donates electrons to other element in most reaction process [6, 7]. In air, oxygen will take
electrons from SnO; to become adsorbed oxygen on the surface, resulting in an increase in the
resistance of the film. Organic vapors are usually reducing agents so that they can react with
the adsorbed oxygen and return the electrons to SnO», causing the decrease of its electrical
resistance. Thanks to this property, SnO> thin films can be used as organic vapor sensitive
sensors [8]. However, pure SnO> usually gives low selectivity and high operating temperature
[9, 10].This has been a major hindrance in practical applications. Recently, there have been
many attempts to improve its gas sensitivity and selectivity. For this purpose, the studies have
been carried out mainly following three directions: i) adding doped elements; ii) combining
with other SMOs; iii) creating novel structure. Among these research directions, doping can
modify band structure to change optical and electrical properties of the material [11] e.g. Zn
dopant can create the defect or traps in the band gap of SnO to improve its optical properties
[12]. Zn?* has a radius (0.074 nm) close to that of Sn** (0.070nm) which is a favorable condition
for Zn?* to substitute for Sn?* in the crystal lattice. The substitution elements break the bonds
to create an acceptor energy levels or states near the valence band resulting in the increase in
hole concentration by receiving electrons from valence band. This process is very useful to gas
sensing applications [13]. Zn-doped SnO- has been indeed studied for humidity sensor [14],
sulfur hexafluoride vapor sensor [15], formic acid gas sensor [16] and ammonia sensor [17]. In
this study, pure SnO2 and Zn-doped SnO: thin films are deposited on glass substrate by
compressive sprayer deposition apparatus for alcohol vapor sensor.

2. CONTENT
2.1. Experimental

Deposition method: The thin films of SnO2 and Zn-doped SnO2 were deposited by a
compress sprayer under the control of computer. The schematic diagram of the experimental
setup published elsewhere [18] as showed in fig.1. The spray solution for pure SnO2 was
prepared by dissolving SnCI2.2H20 into C2H50H solvent. After 30 mins stirring, an
appropriated amount of HCI was dropped slowly into the solution. The dropping process had
finished when the pH of solution was appropriate 5 and solution became transparent.

Figure 1. Schematic diagram of experimental apparatus [18]
(1)-Compressor, (2)-Spray nozzle, (3)-Solution tank, (4)-Heater
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A predetermined amount of Zn(CH3C0OO)2.2H>0O was added in to the solution to deposit
the doped samples. After that, the solutions were sprayed on hot glass substrate with different
temperature. Thanks to the chemical reactions, the films of pure SnO2 and Zn-doped SnO> were
formed on the substrate. Deposition temperature was carefully studied to find the optimum
temperature to deposit the SnO> films. This temperature was then used to deposit Zn-doped
SnOz thin films. Characterization methods: The crystal structures was studied by X-ray
diffractometer (D8 ADVANCE BRUCKER) with Cu Ka radiation (A = 0.154056nm). Surface
morphology was observed by SEM (HitachiS-4800). The alcohol sensitivity was investigated
by static method using a homemade system in which the resistance was measured by a Keithley
2000 multi-meter as showed in the figure 2.

Evaporative heater.

Figure 2. Schematic diagram of gas sensor measurement system
2.2. Result and discusion

The XRD results in fig.3 showed that no XRD peaks were found for the films deposited
below 250°C. This indicated that the films were amorphous. Three XRD peaks corresponding
to the tetragonal structural of SnO; (refer to JCPDS No. 77-0447) appeared for the films
deposited at 370°C and the number of XRD peaks increased to eight with further increase in
temperature. This indicated that the crystallization of the films was improved as the increase of
deposition temperature. The films were crystalized well at temperature above 400°C. Therefore,
the temperature of 400°C had been used for further experiments.
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Figure 3. XRD pattern of SnO2 deposited on substrates at temperatures: a) 250°C;
b) 370°C; c) 400°C d) 460°C.
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Figure 4. XRD pattern of Zn-doped SnO.: a) 0%Zn; b) 2%Zn; c) 7% Zn; d) 10% Zn

Figure 4 is Zn-doped SnO- films that deposited at 400°C with different Zn contents. The
results showed that SnO- still retained the crystal structure when the Zn impurity content was
up to 2%. Further increasing in Zn content, the films had more crystalline phases of zinc oxide.
The diffraction peaks were shifted to the small angle when increasing the Zn content. The peak
shift was believed to the substitution of Zn?* for Sn** in the SnO; crystal lattice. Indeed, the
ionic radius of Zn?* (0.074 nm) is larger than that of Sn** (0.070 nm). The substitution should
increase the distance between the lattice planes, resulting in shifting XRD peaks toward the
small angle.
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Figure 5. SEM images of Zn-doped SnOz: A) 0% Zn; B) 2% Zn; C) 7%Zn; D) 10%Zn.

SEM images of Zn-doped SnO> with different Zn content were showed on Fig. 5. The crystal
size was less than 100 nm and decreased slightly as the increase of Zn doping content. The
crystals were tetragonal crystalline shape that reconfirmed the crystal structure of SnO..
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Figure 6. Influence of temperature on sensor response of pure SnO2 and Zn-Doped SnO-

The influence of temperature on the alcohol gas sensivity of pure SnO2 and Zn-doped SnO>
films was investigated with the alcohol concentration of 0.4 mg/L (fig.6). For the pure films,
their sensor responses have increased with temperature in the temperature range up to 425°C.
The sensitivity of the film has not been studied at higher temperatures because it is no longer
relevant for practical applications. For Zn-doped SnO: films, the sensor responses have
increased with temperature up to 350°C. At higher temperature, the sensor responses decreased.
There are two physico-chemical processes affecting sensitivity that occur simultaneously. The
temperature promotes chemical reactions between the alcohol and the adsorbed oxygen that
increase the sensitivity. On the other hand, temperature also promotes desorption of oxygen on
the surface of the films that decrease the sensitivity. At high temperature, the desorption process
dominates, so the sensitivity tends to decrease. This is the reason why the optimum operation
temperature of the films for detecting alcohol is 350°C.

Zn impurity in SnO crystals influence strongly on the sensitivity of doped films as
described in fig.6. The substitution of Zn?* for Sn** provides more oxygen vacancies for SnO,
resulting in more oxygen species adsorbed on the surface of SnO, and more surface oxygen
vacancies in the Zn-doped SnO>. Therefore, the Zn-doped SnO- sensor shows a higher response
[19]. XRD pattern in fig.4 showed that the Zn impurity content of 2% exhibited the optimum
substitution of Zn?* for Sn**. This is the reason why the films doped with 2% Zn showed the
best sensor response.
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Figure 6. Influence of Zn impurity content on the sensor response of the films at 350°C
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The influence of alcohol vapor on the sensivity of 2% Zn- doped SnO. was studied at
temperature of 350°C. The sensor response increases with the increase in alcohol vapor
concentration up to 1.2 mg/L. Further increase in the concentration, the sensor response tends
to approach to saturation value. The reaction between alcohol vapor and adsorbed oxygen
causes the change of the sensor response. At low vapor concentrations, the chemical reactions
are weak, so the sensor response is low. Increasing the vapor concentration should promote
chemical reactions, causing an increase in sensor response. However, if the vapor concentration
is increased to a value at which all of adsorbed oxygen reacts completely with the alcohol vapor,
the response will be saturated.
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Figure 7. Influence of alcohol vapor on the sensivity of 2% Zn- doped SnO>

3. CONCLUSION

The Zn-doped SnO> crystals were successfully deposited on hot substrate by compressed spray
method. The films were crystalized well at 400°C with body centered tetragonal structure. The
crystals have tetragonal shape with the size was less than 100 nm and decreased slightly as the
increase of Zn doping content. Zn-doped with 2% exhibited an optimum content due to the fine
structure and the best sensitivity. The operation temperature and the saturation alcohol vapor
concentration that gave the best film sensitivity is 350°C and 1.2 mg/L, respectively.
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CHE TAO MANG MONG SnO; PHA TAP Zn BANG PHUONG PHAP
PHUN AP SUAT UNG DUNG CHO CAM BIEN NHAY HOI CON

Tom tidt: Mang méng SnO2va SnO; pha tap Zn diroc phui trén dé thiiy tinh bang hé phun ap sudt
st dung muoi SnCl,.2H,0 va Zn (CH3COO) 2.2H,0 1am tién chdt. Anh huong cia nhiét dg ché
ta0 VA nong dé tap chat Zn 1én cdu tric tinh thé cia mang SnO2 va SnO, pha tap Zn di duoc
khao sat bang XRD. Két qua cho thay mang SnO, véi cdu tric tiz gide da bat dau két tinh ¢ nhiét
d¢ 370°C va két tinh tot & nhiér do trén 400°C. SnO; van giir nguyén cau trac tinh thé khi nong
do tap chdt Zn Ién dén 2%. Néu tiép tuc tang nong dé Zn ting hon nira thi sé ¢ thém nhiéu pha
tinh thé cua oxit kém. Hinh thai bé mdt ciia cdc mang quan sat bang anh SEM cho thdy cac tinh
thé SnO. phan bé khd dong déu véi kich thuedc nhé hon 100nm. Kich thuréc tinh thé giam nhe
khi nong do tap chdt tang. Tap chat anh huong rat nhiéu dén dé nhay hoi con cia mang. Do
nhay ciia mang tinh khiét tang 1én khi nhiét dg \am viéc ciia né tang Ién. Tinh chat ndy van con
duy tri ngay khi ¢ vung nhiét do kha cao. Do nhay cua mang pha tap Zn tang [én khi nhiét do
lam viéc ciia né tang lén d@én 3500C. Nhiét dg tang hon nira sé lam giam dé nhay. O nhiét do
lam viéc toi wu, cde mang pha tap Véi nong dg 2% Zn thé hién dg nhay tét nhdt.

Tir khéa: SnO2, SnO; pha tap Zn, dg nhay hoi con, hé phun &p suat.



