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Thin films of ZnO nanoparticle-doped SnO2 by 30% and 50% were prepared on glass 
substrates by pulsed-laser deposition (PLD). The structural examinations of the 
prepared samples showed that the XRD patterns demonstrate a polycrystalline 
structure, with the grain size decreasing with increasing SnO2 doping ratio. The 
elemental composition of ZnO doped with varying SnO2 doping ratios was determined 
by EDX analysis, which revealed that the film is composed of Zn, Sn, and O2, with the 
ratios varying according to the doping ratio. The optical properties show that the 
samples are characterized by high absorption in the ultraviolet spectrum, while the band 
gap values decreased with increasing the ratios of doping of SnO2 from 3.22 eV to 3.05 
eV. The sensor results showed a very high response to NO2 gas for all ratios and at 
different temperatures. This response increased with an increase in the doped ratio of 
SnO2, reaching 1344.40% at 100°C, with a response time of 20.7 s. 
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1. Introduction 

Air pollution is one of the problems that pose a 

threat to the natural environment. As a result of the 

rapid development in the world, numerous toxic gases 

are released daily in significant amounts, such as 

nitrogen compounds, carbides, sulfides, and volatile 

organic compounds, which negatively affects human 

health [1]. NO2, one of the primary air pollutants that 

contributes to a number of illnesses, the most 

important of which are respiratory illnesses [2]. So, 

gas detection is of great importance for maintaining 

health and protecting the environment. Gas sensors are 

essential for many uses, such as detecting poisoning 

from gas in indoor places and monitoring factory gas 

explosions [3-5]. 

Recently, many researchers have been interested in 

nanoscale semiconductors due to their important role 

in solving many basic physical issues and their future 

uses as innovative materials [6-8]. Semiconductors 

with wide energy gaps (3.37 and 3.6 eV), such as ZnO 

and SnO2, are significant oxides that are frequently 

employed in general or gas sensor applications, so 

researchers have focused on this type of oxide [9-11]. 

Because nanoscale SnO2 is inexpensive, it has 

garnered a lot of interest. [12], gas-sensitive properties 

[13], and good electrical and thermal conductivity. 

However, pure nanoscale SnO2 materials lack high 

sensor response and selectivity. In order to enhance 

gas sensors' ability to detect gases, numerous 

researchers have attempted to dope with other 

elements in order to produce defects (like oxygen 

vacancies). [14]. To increase the sensitivity, 

responsiveness, and gas selectivity, several additional 

oxides have been used, including CdO, WO3, CeO2, 

and ZnO [15,16]. In this study, zinc oxide (ZnO) was 

used, which is a transparent conducting oxide with 

high infrared reflectivity and high transmittance in the 

spectrum's visible region [17] It was doped with tin 

oxide in different proportions to make a gas sensor for 

NO2 gas at different temperatures. 

High-resolution films can be made using PLD 

technology at low temperatures. It is described as the 

process of a material entering a vacuum system under 

a specific pressure and vaporizing, and a tiny quantity 

of the material that forms the plasma column can be 

vaporized or ablated by the laser energy intensity at 

each pulse. [18]. It is a method that is used to prepare 

films in this study.  

 

2. Experimental Part 

In this research, the PLD method was used at a 

pressure of 10-3 mbar, with a wavelength of 1064 nm, 

and a frequency of 6 Hz to prepare films of pure ZnO 

and doped with ratios of 50% and 30% of tin oxide. 

They were ground and mixed using a ceramic grinder 

and then pressed using a hydraulic press under a 

pressure of 5 tons for 5 min to create a target weighing 

2 g. Then, the films were prepared on a clean substrate 

from glass with a thickness of 1 mm and dimensions 

of 26×76 mm2, positioned 3 cm away from the target 

and exposed to a 400-pulse laser beam, and the films 

were annealed at 450°C for 2 hours. Following an 

analysis of the prepared films' optical and structural 

characteristics, a gas sensor was manufactured by 

depositing aluminum masks in the form of individual 

clips on the prepared films using the thermal 

evaporation system as shown in Fig. (1), and the 

sensor's sensitivity to NO2 gas at various temperatures 

was then examined. 
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Fig. (1) The mask pattern of gas sensor 

 

 

3. Results and Discussion  
Figure (2) shows the XRD patterns of ZnO doped 

films at various SnO2 atomic ratios. The XRD patterns 

show polycrystalline hexagonal structure for prepared 

films, corresponded to the standard card (00-036-

1451) for ZnO. Crystallization was enhanced by 

increasing the tin content to 50%, where the added 

material acted as a catalyst for crystal growth [19]. 

Additional peaks emerged at ZnO50%:SnO250% film 

that matched SnO2 crystals arranged at 61.98°, which 

were attributed to the (310) crystal plane of tin oxide 

with the standard card (00- 029- 1484). As a result of 

changes in the applied stress on the lattice, the width 

of the peaks changed due to the change in particle size 

[20]. The grain size decreased as a result of increasing 

the percentage of SnO2 to 50%, as shown in table (1). 

 

 
Fig. (2) XRD patterns for the ZnO:SnO2 thin films prepared at 

different ratios 

 

AFM was used to study film surface topography 

and roughness. Figure (3) shows AFM pictures of 

ZnO70%:SnO230% and ZnO50%:SnO250% thin 

films. The analysis shows that all films have a flat 

surface with no cracks or pinholes and are found to be 

homogeneous with nanometer-sized roughness [21], 

and it showed that the grain size of prepared films 

decreased as a result of increasing the SnO2 ratio. This 

result is in good agreement with [22], while roughness 

and the RMS increased as a result of increasing the 

SnO2 ratio to 50%, as shown in table (2). That is, the 

doping ratio has a clear effect on the surface 

topography of the prepared films [23]. 

 

  
(a) 

 

 

 

  
(b) 

Fig. (3) AFM images for (a) ZnO 70%:SnO2 30% and (b) ZnO 

50%:SnO2 50% 

 

Figure (4) shows SEM results of the samples 

prepared to determine the morphology, forms, and 

sizes of the nanoparticles. The images show that in the 

ZnO70%:SnO230% sample, the particle size increases 
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to about 26.20 nm, with some particles clumping 

together into large groups. This is a generally 

observed phenomenon of reduced surface energy [24]. 

But when the ratio of SnO2 increases in the 

ZnO50%:SnO250% sample, we notice a decrease in 

the size of the particles and their regular spherical 

arrangement, and this is mainly for the gas sensor. All 

images show the high density of the structures and the 

similarity of the shapes with their repetition. This 

structure may be attributed to the penetration of tin 

oxide atoms into the crystal lattice of zinc oxide and 

thus worked to slightly change its crystal levels, which 

led to the compression of some hexagonal crystals and 

the preservation of others. 

 
Table (2) AFM Parameters for ZnO:SnO2 thin film  

 

Samples T(°C) 
Response 

time (s) 
Recovery 
time (s) 

Sensitivity 
(%) 

ZnO 70%: SnO2 30% 

100 25.2 62.1 29.56 

150 22.5 67.5 559.18 

200 24.3 45.9 247.06 

ZnO 50%: SnO2 50% 

100 20.7 67.5 1344.40 

150 25.2 46.8 1049.56 

200 0 0 0 

 

Figure (5) shows EDX analysis confirmed that the 

thin films consist of elements (Zn), (Sn), and (O). 

Adding to that, we observe that the Au element is 

present in analysis results; gold is applied to the 

surface because it needs to be clean and flat for the 

analysis process. The results showed that the decrease 

in the percentage of nanoparticles (Zn) and the 

increase in the oxygen ratio when the doping ratio 

increases is a result of the material clumping in a 

specific area. The reason for this is the difference in 

the atomic sizes of the two materials [25]. 

As for the optical properties, the absorption occurs 

in the range of about 350 nm, the films are 

characterized by high absorption in the ultraviolet 

region, and it can be noted that increasing the ratio of 

doping of SnO2 to 50% led to an increase in optical 

absorption as shown in Fig. (6). This is explained by 

the fact that impurities in the energy gap close to the 

conduction band cause donor levels to emerge, leading 

to a shift in the absorption edge towards long 

wavelengths [26]. The band gap value decreased from 

3.22 eV to 3.05 eV with increasing the ratios of 

doping of SnO2, as shown in Fig. (7). As mentioned 

above, Impurities have caused donor levels to form 

within the energy gap close to the conduction band, 

which is why the energy gap has decreased. These 

levels are prepared to receive electrons and generate 

tails in the optical energy gap. These tails work to 

decreasing the gap and thus will absorb low-energy 

photons [27]. 

 

 
(a) 

 
(b) 

Fig. (4) SEM images for (a) ZnO 70%:SnO2 30% and (b) ZnO 

50%:SnO2 50% 

 

 
(a) 

 
(b) 

Fig. (5) EDX analysis for (a) ZnO 70%:SnO2 30% and (b) ZnO 

50%:SnO2 50% 
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Fig. (6) Absorption spectrum for prepared samples 

 

 
Fig. (7) Energy gap of for prepared samples 

 

The sensitivity of the ZnO 70%:SnO2 30% sample 

towards NO2 gas was measured at 100, 150, and 

200°C and showed the sensor demonstrated a 

reasonable improvement in sensitivity to NO2 gas, 

particularly at 150°C; the sensitivity value was about 

559.18%. While the sensitivity of the ZnO 50%:SnO2 

50% sample will increase significantly, reaching 

1344.40% at 100°C, due to the particle size decrease 

resulting from the increasing doping ratio of SnO2.  

 The small particle size allows a large amount of 

NO2 gas particles to react with the sensor's surface. 

Add to that, when NO2 gas reacts on the ZnO-SnO2 

surface, even at lower working temperatures, it 

absorbs electrons from physisorbed oxygen species 

(O2) and becomes desorbed as NO2 gas molecules [28, 

29]. But with the temperature increased to 200°C, the 

films ZnO 50%:SnO2 50% did not sense NO2 gas; this 

means that the sample has become saturated, as shown 

in table (3). 

 
Table (3) Sensitivity, response, and recovery time for gas sensor 

at different temperatures with NO2 gas 

Sample 
Average 

Roughness 
(nm) 

RMS 
Roughness 

(nm) 

Average 
Grain Size 

(nm) 

ZnO70%:SnO2 30% 4.426 5.521 64.01 

ZnO50%SnO250% 11.30 20.58 48.02 

 

Resistance for ZnO 70%:SnO2 30% as a function 

of time is displayed in Fig. (8) at 100, 150, and 200 

°C; it shows resistance decreases rapidly as soon as 

the gas is switched on. This means that the NO2 gas 

adsorption on the sensor's surface has reached 

saturation, whereas when the gas is stopped, resistance 

goes back to its starting value. But figure (9) shows 

resistance as a function of time when increasing the 

ratio of doping of SnO2 to 50%; it shows the 

resistance abruptly increases until it reaches a stable 

condition after being exposed to gas. The sensing 

method is based on NO2 chemisorption, as seen in the 

reaction: 

NO2 (gas) + e− → NO2
− 

Electrons are removed from the SnO2 surface, 

which increases the films resistance. The NO2
− ions 

are decomposed into NO (gas) and O− as follows: 

NO2
− → NO (g) + O− 

The O− ions that are generated help to further raise 

resistance [30]. Figures (10) and (11) illustrate the 

response and recovery times at various ratios to the 

NO2 gas of ZnO:SnO2 gas sensors. Recovery times 

were longer than response times, as the sensor reacts 

to the gas with a low response time while taking 

longer to return to its original state after exposure to 

the gas, as shown in table (3). 
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Fig. (8) Resistance as a function of time for ZnO 70%:SnO2 30% 

at (a) 100°C, (b) 150°C, (c) 200°C with NO2 gas 
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(b) 150°C 

Fig. (9) Resistance as a function of time for ZnO 50%:SnO2 50% 

at (a) 100°C, (b) 150°C with NO2 gas 

 

4. Conclusion 

The ZnO:SnO2 films show polycrystalline 

structure, flat surfaces with no cracks or pinholes and 

are homogeneous. Also, the high density of the 

structures and the similarity of the shapes with their 

repetition were confirmed. The absorption occurs in 

the range of about 350 nm with high absorption in the 

UV region, and increasing the ratio of doping of SnO2 

caused optical absorption to rise, while the optical 

band gap decreased from 3.22 eV to 3.05 eV. The 

sensitivity of ZnO films doped with different 

percentages of SnO2 for NO2 gas improved 

significantly as the SnO2 doping ratio increased. The 

maximum sensitivity to NO2 gas was 1344.40% for 

the ZnO 50%:SnO2 50% sample at an working 

temperature of 100°C with a response time of 20.7 

sec, while the sensitivity to the same gas was 559.18% 

for ZnO 70%:SnO2 30% at a response time of 22.5 sec 

at 150°C. 

 

 
Fig. (10) The response and recovery time of ZnO 70%:SnO2 

30% as functions of operation temperature 

 

 
Fig. (11) The response and recovery time of ZnO 50%:SnO2 

50% as functions of operation 
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Table (1) XRD data of ZnO:SnO2 thin films prepared at different ratios 

 

(hkl) Avg G.S. (nm) G.S. (nm) dhkl. (Å) FWHM (deg) 2θ (deg) Sample 

(100) 

15.48 

21.0 2.8119 0.3936 31.83 

ZnO70%:SnO230% 
(002) 10.6 2.6281 0.7872 34.12 

(101) 18.9 2.4732 0.4428 36.33 

(220) 11.4 1.6330 0.7872 56.34 

(100) 

11.78 

9.3 2.83864 0.8856 31.52 

ZnO50%:SnO250% 

(002) 8.5 2.6013 0.9840 34.48 

(101) 9.4 2.4667 0.8856 36.43 

(220) 13.1 1.6158 0.6888 57.03 

(310) 18.6 1.4322 0.4980 61.98 

 

 


