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Abstract Article Info. 

Zinc oxide/ Tin oxide (ZnO/SnO2) nanocomposite thin films are prepared on glass 

substrates by spin coating and pulsed laser deposition (PLD) techniques, utilizing 

various ZnO/SnO2 ratios. The fabricated thin films are exposed to annealing at 300°C 

to improve their crystallinity. The surface morphology, crystalline structure, and 

optical properties of the produced ZnO/SnO2 nanocomposite thin films are examined. 

The field emission scanning emission microscopy (FESEM) images of ZnO and 

ZnO/SnO2 nanocomposite thin films fabricated via the spin coating process 

demonstrated an increase in particle size from 11 to 18 nm when the ZnO ratio 

increased from 50% to 90%. The minimum particle size for samples generated via 

PLD was 6.5 nm, achieved with a ZnO:SnO2 ratio of 70:30. The XRD results 

indicated that the ZnO and ZnO/SnO2 nanocomposite thin films, prepared via spin 

coating and PLD methods, exhibited the hexagonal wurtzite structure of ZnO and the 

tetragonal structure of SnO2. The optical energy gap of pure ZnO produced by both 

methods was 3.2 eV, which increased to 3.8 eV for 50ZnO/50SnO2 nanocomposite thin 

films prepared using the spin coating method. The energy gap of 70ZnO/30SnO2 

nanocomposite thin films was 3.7 eV when employing the PLD method. 
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1. Introduction 
Nanocomposites are composite materials with at least one phase and dimensions 

in the nanoscale range. Nanocomposites are important because of their remarkable 

properties, which result from the synergy between component characteristics and 

interfacial qualities. These features appear significantly different from those of 

conventional micrometer-sized composites. This mainly results from the nanometer-

scale component, which considerably increases the available contact surface area [1, 2]. 

Semiconductor oxides are essential functional materials, exhibiting adjustable 

characteristics and numerous technological applications. Zinc Oxide (ZnO) and Tin 

Oxide (SnO2) are the two most commonly studied n-type semiconductor materials. 

They have high band gaps of 3.36 and 3.64 eV, which means that visible light can pass 

through them [3]. ZnO and SnO2 nanocomposite materials demonstrate potential for 

diverse applications, including solar cells [4], optical sensors [5], light-emitting diodes 

[6], and photocatalysts [7]. Gas sensor devices utilize ZnO and SnO2 due to their 

excellent electrical conductivity and ability to detect gases such as H2, CO, alcohol, 

toluene, and methanol [8]. 

Various physical and chemical techniques, such as thermal evaporation, 

magnetron sputtering, pulsed laser deposition, spin coating, and chemical vapor 

deposition, can synthesize ZnO/SnO2 nanocomposite thin films [9-13]. 

ZnO and SnO2 are the most common semiconductor oxides. They have well-

known physical properties, such as being stable at high temperatures, safe for the 

environment, chemically stable, cheap, and easy to make into nanostructured forms, 

which makes them useful in many areas. They still hold the interest of many researchers 
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today. Therefore, the purpose of this work is to create ZnO and ZnO/SnO2 

nanocomposite thin films with different amounts of SnO2 using spin coating and pulsed 

laser deposition (PLD) techniques. Examine the impact of preparation strategies on the 

morphological, structural, and optical characteristics of ZnO/SnO2 nanocomposites thin 

films. 

2. Experimental Work 
Glass substrate was cleaned successively using an ultrasonic bath using 2-

praponal, acetone, and deionized water for 20 min each time and then dried. ZnO/SnO2 

nanocomposites prepared by spin coating and PLD using ZnO and Tin oxide SnO2 

powders with 99.9% purity. Various concentrations of composites (50ZnO/50SnO2, 

70ZnO/30SnO2, and 90ZnO/10SnO2) were dissolved in pure ethanol. The solution placed 

on a heating plate was stirred for 3 hours to obtain a stabilized solution. The solution 

was kept for 24 hours to produce a stable solution. After that, the sol-gel solution was 

dropped over cleaned substrates, which were then spun at 3000 rpm for 30 seconds 

before being heated for 10 minutes on a hot plate at 100 °C. Next, the samples were 

annealed for 1 hour at 300 °C before measuring their properties. Using a hydraulic press 

of 6.5 tons, the PLD prepared ZnO and SnO2 powders were compressed to be the target 

with a diameter of 2.5 cm and a thickness of 0.4 cm. The deposition was carried out 

using an Nd:YAG laser with a wavelength of 1064 nm, laser energy of 800 mJ, a 

repetition rate of 6 Hz, and 600 pulses. The distance between the target and the substrate 

was 10 cm under a vacuum of 3 × 10
−3

 m Torr. The surface morphology of the 

synthesized ZnO and nanocomposite thin films was analyzed using field emission 

scanning electron microscopy (FESEM) (Leo-Supra 50VP, Carl Zeiss, Germany). The 

crystalline structure was discovered using X-ray diffraction analysis (XRD) 

(SHIMADZU Japan) utilizing Cu-Kα (α = 0.154 nm) radiation at a voltage of 40 kV 

and a current of 30 mA. The X-ray scan is conducted with 2θ ranging from 20° to 100°. 

The voltage is 40 kV, and the current is 30 mA. Furthermore, the optical properties 

were examined using an Ultraviolet-Visible Spectrophotometer (Model English 

Industry, UV-2601), covering a wavelength range of 200 to 1100 nm. 

3. Results and Discussion 
3.1. Surface Morphology 

The surface morphology of pure ZnO and ZnO/SnO2 nanocomposite thin films, 

with various concentrations, obtained from the spin coating and PLD methods, was 

analyzed using FESEM images, as illustrated in Figs. 1 and 2. 

The images of nanocrystalline thin films created via spin coating clearly exhibited 

homogeneity, were free of cracks, and demonstrated full coverage of the substrate 

surface, as well as a high dispersion density of small particles on the substrate (Figs. 1 

A, B, C, and D). 

The PLD method for synthesizing nanocomposite thin films demonstrates that the 

images illustrate the non-uniform aggregation of nanoparticles during growth. 

Especially, Fig. 2A. In addition, Figs.2 (C and D) demonstrate that the substantial 

expansion of nanoparticles characterized by high density and tiny particle size. 

Figs. 3 and 4 show the diameter distribution of thin films made of pure ZnO and 

ZnO/SnO2 nanocomposite at different concentrations. These films were made using spin 

coating and PLD techniques, and the Image J program was used to figure them out. Pure 

ZnO exhibits a diameter range of 4 to 45 nm, with an average diameter of 12 nm. 

Furthermore, samples 50ZnO/50SnO2, 70ZnO/30SnO2, and 90ZnO/10SnO2 exhibited 

average diameters of 11, 15, and 18 nm, respectively, indicating that 50ZnO/50SnO2 

possesses the smallest particle size. 
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Figure 1: FESEM images show the different scale of (A) pure ZnO (B) 50ZnO/50SnO2 (C) 

70ZnO/30SnO2 and (D) 90ZnO/10SnO2 prepared by spin coating. 

Figure 2: FESEM images show the different scale of (A) pure ZnO (B) 50ZnO/50SnO2 (C) 

70ZnO/30SnO2 and (D) 90ZnO/10SnO2 for samples prepared by PLD. 
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The diameter range of the ZnO/SnO2 nanocomposite thin films and pure ZnO 

made using the PLD method was studied. It was found that pure ZnO has an average 

diameter of 13 nm and a range of 5 to 50 nm. The samples of 50ZnO/50SnO2, 

70ZnO/30SnO2, and 90ZnO/10SnO2 had average diameters of 15, 6.5, and 13 nm, 

respectively. This showed that the particles in 70ZnO/30SnO2 were the smallest, as 

shown in Fig. 4. The average particle size values are similar to those obtained by 

previous studies, ranging from 12 to 15 nm [14].  

Figure 3: Diameter distribution of (A) pure ZnO (B) 50ZnO/50SnO2 (C) 70ZnO/30SnO2 and (D) 

90ZnO/10SnO2 prepared by spin coating technique. 

Figure 4: Diameter distribution of (A) pure ZnO (B) 50ZnO/50SnO2 (C) 70ZnO/30SnO2 and (D) 

90ZnO/10SnO2 prepared by PLD technique. 
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3.2. X-Ray Diffraction (XRD) Analysis 
The XRD patterns of pure ZnO and ZnO/SnO2 nanocomposite thin films are 

shown in Figs. 5(A and B). These films were made using spin coating and PLD 

techniques with different concentrations of ZnO and SnO2. The XRD patterns clearly 

show three prominent peaks for pure ZnO at 100, 002, and 101, which are observed at 

31.6342°, 34.2892°, and 36.1233°, respectively, for the ZnO samples produced by both 

techniques. The nanocomposite samples of ZnO/SnO2 exhibited, beside the prominent 

three peaks of ZnO, two main peaks at 26.4604° and 51.6515°, corresponding to the 

(110) and (211) directions of SnO2. This demonstrates the importance of the results in 

fabricating the nanocomposite via spin coating and pulsed laser deposition methods, and 

the results agree with those of previous research [15, 16]. The synthesized 

nanocomposite thin films displayed the presence of two phases: the hexagonal wurtzite 

structure of ZnO (JCPDS No. 36-1451) [17, 18] and the tetragonal structure of SnO2 

(JCPDS No. 041-1445) [19]. 

Figure 5: XRD patterns of ZnO and ZnO/SnO2 with different concentrations (A) prepared 

by spin coating technique (B) prepared by PLD technique. 
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The crystallite grain size (D) of pure ZnO and ZnO/SnO2 nanocomposite thin 

films was determined for optimal orientations utilizing Scherer's equation [20].  

  
    

      
                                                                                                                                      

where: λ indicates the X-ray wavelength (1.54059 Å),   denotes the angle of diffraction, 

and β refers to the width of the diffraction line at half its maximum intensity in radians. 

The FWHM and crystallite size of pure ZnO and ZnO/SnO2 nanocomposite thin films 

made by spin coating and PLD are shown in Tables 1 and 2. 
 

 

Table 1: XRD parameters of ZnO/SnO2 and pure ZnO synthesized by Spin coating technique. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The crystal sizes of the samples prepared via the spin coating approach varied 

from 35.06 nm for pure ZnO to around 35 nm for ZnO/SnO2 nanocomposite thin films. 

The data in Table 1 show that the 50ZnO/50SnO2 sample had an average crystalline size 

of 31.63 nm. This means that the crystallite size of the samples because smaller as the 

SnO2 concentration increased, which is consistent with the research results of Chaskar 

et al. [21]. 

In addition, Table 2 shows that the crystal sizes of the samples prepared using the 

PLD method ranged from 27 nm for ZnO to about 37.76 nm for the nanocomposite 

samples. The 70ZnO/30SnO2 nanocomposite had the smallest average crystal size of 

15.27 nm. This variation in results is due to the preparation conditions as well as the 

increase in structural defects [15].   

3. 3. Optical Analyses 

Fig. 6 illustrates the optical absorption spectra of pure ZnO and ZnO/SnO2 

nanocomposite thin films produced using spin coating and pulsed laser deposition at 

different concentrations. The absorption decreases for longer wavelengths or lower 

photon energies, as seen in Fig. 6. The material exhibited significant reflective 

properties and a rapid decrease in absorption beyond 400 nm. The samples produced via 

the pulsed laser deposition method exhibited greater absorbance than those produced by 

SAMPLE hkl 
2Ө  

(degree) 

FWHM 

(degree) 

Crystallite 

size (nm) 

Average 

(nm) 

ZnO pure 

100 31.66 0.23 35.20 

35.06 002 34.30 0.23 35.03 

101 36.14 0.23 34.95 

50ZnO/50 SnO2 

100 31.65 0.27 30.18 

31.63 

002 34.30 0.26 31.72 

101 36.13 0.29 28.43 

110 26.46 0.26 30.96 

211 51.66 0.23 36.88 

70ZnO/30 SnO2 

100 31.63 0.25 36.01 

34.8 

002 34.26 0.26 31.85 

101 36.11 0.25 32.44 

110 26.44 0.24 32.77 

211 51.63 0.21 40.69 

90ZnO/10 SnO2 

100 31.63 0.23 35.54 

35 

002 34.28 0.25 32.61 

101 36.12 0.24 33.95 

110 26.46 0.23 35.13 

211 51.65 0.23 37.85 
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spin coating, particularly the 70ZnO/30SnO2 nanocomposite thin film. In all methods, 

adding SnO2 enhanced the absorbance compared to pure ZnO. The enhancement could 

arise from the improved crystalline quality of the ZnO/SnO2 nanocomposite thin films, 

as indicated by the XRD results. 

 
Table 2: XRD parameters of ZnO/SnO2 and pure ZnO synthesized by PLD technique. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Absorbance spectrum of ZnO and ZnO/ SnO2 with different concentrations thin 

films: A) prepared by spin coating B) prepared by PLD method.  

 

Figs. 7 and 8 illustrate the Tauc plot for pure ZnO, 50ZnO/50SnO2, 70ZnO/30SnO2, 

and 90ZnO/10SnO2 nanocomposite thin films. The optical band gap, Eg, of the 

synthesized samples was determined by applying the linear portion of α² versus hv plots 

utilizing the following equation [22]. 

 

Sample hkl 
2Ө 

(degree) 

FWHM 

(degree) 

Crystallite 

size (nm) 

Average 

(nm) 

ZnO pure 

100 31.98 0.34 24.02 

27.68 002 34.69 0.26 31.21 

101 36.47 0.30 27.81 

50ZnO/50 SnO2 

100 31.22 0.34 24.02 

29.48 

002 34.31 0.26 31.21 

101 36.35 0.30 27.81 

110 26.58 0.25 32.49 

200 37.94 0.26 31.90 

70ZnO/30 SnO2 

100 31.58 0.69 11.90 

15.27 

002 34.31 0.56 14.84 

101 36.08 0.52 15.90 

110 26.46 0.55 14.67 

200 37.85 0.44 19.0 

90ZnO/10 SnO2 

100 31.66 0.30 27.40 

37.76 

002 34.39 0.16 49.50 

101 36.26 0.24 34.19 

110 26.61 0.22 36.66 

211 51.78 0.21 41.52 
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(αhv)² = A(hv - Eg)ⁿ                                                                                                        (2) 

where: α indicates the absorption coefficient, hv refers to the photon energy, Eg is the 

optical band-gap energy, and A is a constant that depends on the electron-hole mobility. 

Figure 7: Tauc plots of ZnO and ZnO/SnO2 thin films with different concentrations (A) pure 

ZnO (B) 50ZnO/50SnO2 (C) 70ZnO/30SnO2 and (D) 90ZnO/10SnO2 prepared by spin coating 

technique. 

Figure 8: Tauc plots of ZnO and ZnO/SnO2 thin films with different concentrations (A) pure 

ZnO (B) 50ZnO/50SnO2 (C) 70ZnO/30SnO2 and (D) 90ZnO/10SnO2 prepared by PLD method 

technique 

. 
The band gap energy of samples produced via spin coating varied from 3.2 eV for 

pure ZnO to around 3.8 eV for the 50ZnO/50SnO2 nanocomposite samples, indicating 

that the band gap increased with the concentration of SnO2 [23]. On the other hand, 

Table 3 indicates that the energy gap of nanocomposite thin films synthesized via the 
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PLD method increased to 3.7 eV. This is due to the direct energy gap excitations of 

ZnO and SnO2, which are around 3.3 eV and 3.6 eV, respectively [24, 25]. 

 
Table 3:  The optical energy gaps of ZnO and ZnO/SnO2 thin films with different composite 

prepared by spin coating and PLD method. 

Sample Eg (eV)  

spin coating 

Eg (eV) 

PLD 

ZnO pure 3.2 3.2 

50ZnO/50SnO2 3.8 3.4 

70ZnO/30SnO2 3.5 3.7 

90ZnO/10SnO2 3.3 3.3 

 

The addition of SnO2 resulted in subtle blue shifts of the absorption edge, 

indicating that the mixture of ZnO and SnO2 enhances the band gap energy of the 

nanocomposite samples. The interface between these two materials in the composite 

may introduce energy barriers that influence the electronic characteristics, leading to an 

increase in the band gap [21, 23]. 

 

4. Conclusions 
The physical properties of pure ZnO and ZnO/SnO2 nanocomposites, prepared 

using spin coating and PLD, were analyzed, including their morphological, structural, 

and optical attributes. Pure ZnO has a diameter range of 4 to 45 nm. The pure ZnO and 

ZnO/SnO2 nanocomposite thin films, produced using the spin coating method, exhibited 

an average particle size increase from 11 to 18 nm when the ZnO ratio increased from 

50% to 90%. The smallest particle size for samples produced using PLD was 6.5 nm, 

obtained with a ZnO:SnO2 ratio of 70:30. The XRD patterns show three clear peaks for 

pure ZnO at indices 100, 002, and 101, which correspond to angles of 31.6342°, 

34.2892°, and 36.1233°, respectively. These peaks can be seen using both methods. In 

addition to the obvious three peaks of ZnO, the nanocomposite samples of ZnO/SnO2 

displayed two main peaks at 26.4604° and 51.6515, which corresponded to the (110) 

and (211) orientations of SnO2. Both methods produced pure ZnO with optical energy 

gaps of 3.2 eV. The energy gap of the 50ZnO/50SnO2 nanocomposite, manufactured 

using spin coating, was demonstrated to increase to 3.8 eV. The PLD method 

demonstrated the energy gap of the 70ZnO/30SnO2 nanocomposite at 3.7 eV.  
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يقت الطلاء تصنيع ودراست الخصائص التركيبيت والبصريت لأغشيت المركباث النانويت الرقيقت المحضرة بطر

 الذوراني والترسيب بالليزر النبضي

امنه احمذ رشيذ
1
هناء فليح الطائيو 

1 

 قسن الفٍسٌبء، كلٍت العلىم للبٌبث، جبهعت بغذاد، بغذاد، العراق1

 

 الخلاصت
 ببللٍسر الٌبضًالٌبًىي على ركبئس زجبجٍت ببسخخذام حقٌٍبث الطلاء الذوراًً والخرسٍب  ZnO/SnO2 ٌخن ححضٍر أفلام رقٍقت هي هركب

(PLD)هع اسخخذام ًسب هخخلفت هي ، ZnO/SnO2  ٌخن  .درجت هئىٌت لخحسٍي بلىرحهب 033حخعرض الأفلام الرقٍقت الوصٌعت للخسخٍي عٌذ

أظهرث  ZnO/SnO2 .فحص هىرفىلىجٍب السطح، الهٍكل البلىري، والخصبئص البصرٌت للأفلام الرقٍقت الٌبحجت هي ًبًىكىهبىزٌج

الٌبًىٌت الوركبت الخً حن حصٌٍعهب عبر عولٍت الطلاء الذوراًً زٌبدة فً حجن الجسٍوبث هي  ZnO/SnO2 و ZnO فلاملأ FESEM صىر

 PLD أقل حجن للجسٍوبث فً العٌٍبث الخً حن إًخبجهب ببسخخذام حقٌٍت .23%إلى  03%هي  ZnO ًبًىهخر عٌذهب زادث ًسبت 11إلى  11

 إلى أى الأفلام الرقٍقت هي (XRD) أشبرث ًخبئج حٍىد الأشعت السٌٍٍت .03303حبلغ  ZnO:SnO2 ًبًىهخر، وحن ححقٍقه بٌسبت 5.0كبى 

ZnO وZnO/SnO2 الٌبًىٌت الوركبت، الخً حن ححضٍرهب ببسخخذام طرق الطلاء الذوراًً وPLD أظهرث الهٍكل السذاسً الساوٌت ،

إلكخروى  0.3الٌقً الٌبحج عي كلا الطرٌقخٍي كبًج  ZnO صرٌت لـفجىة الطبقت البSnO2 والهٍكل الرببعً الساوٌت لـ ZnO لىٌرحساٌج

الوحضرة ببسخخذام طرٌقت الطلاء  50ZnO/50SnO2 إلكخروى فىلج لأفلام رقٍقت هي ًبًىكىهبىزٌج  0.1فىلج، والخً زادث إلى 

والخرسٍب ببللٍسر  عٌذ اسخخذام طرٌقتإلكخروى فىلج  0.0حسبوي    70ZnO/30SnO2كبى فجىة الطبقت لأفلام الٌبًى الوركبت  .الذوراًً

 .الٌبضً
 

 .ببللٍسر الٌبضً، الطلاء الذوراًً بًبًىٌت، حرسٍ ثهركبب ،ZnO، SnO2الكلماث المفتاحيت: 

 

 


