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บทคดัย่อ 

งานวจิยันีNเตรยีมฟิลม์บางดบุีกออกไซด์เจอืเหลก็โดยวธิสีเปรย์ไพโรไลซสิ ซึ�งใช ้SnCl4·5H2O และ FeCl3 เป็น
สารตั Nงตน้และสารเจอื ตามลําดบั ศกึษาผลของระดบัการเจอืเหลก็ (0, 6, 12 และ 18 รอ้ยละโดยโมล) ต่อสมบตัขิองฟิล์ม
บางดบุีกออกไซดเ์จอืเหลก็ โครงสรา้งและสมบตัเิชงิแสงของฟิล์มบางวเิคราะห์โดยเทคนิค XRD, FT-IR และ UV-Vis ผล 
XRD แสดงความกวา้งที�ครึ�งหนึ�งของความสงูพคีเพิ�มขึNนตามการเพิ�มขึNนปรมิาณเหลก็ในฟิลม์ซึ�งเป็นสาเหตุขององศาความ
เป็นผลกึตํ�าลงตามความเขม้ขน้ของสารเจอืสูงขึNน การวเิคราะห์ FT-IR ยนืยนั Sn4+ แทนที�ดว้ย Fe3+ ในฟิล์มบางดบุีก
ออกไซดเ์จอืเหลก็ สําหรบัฟิล์มบางเจอืเหลก็ที�ระดบัความเขม้ขน้ 0 ถงึ 18 รอ้ยละโดยโมล มคี่าการส่งผ่านแสงในช่วงวสิิ
เบลิและค่าแถบช่องว่างพลงังานลดลงจาก 85% ถงึ 70% และ 3.79 ถงึ 3.52 อเิลก็ตรอนโวลต์ ตามลําดบั ผลที�ไดแ้สดงให้
เหน็ว่า สมบตัขิองฟิลม์บางดบุีกออกไซดเ์จอืเหลก็ขึNนอยู่กบัระดบัการเจอืเหลก็ 
 
คาํสาํคญั: สเปรยไ์พโรไลซสิ ดบุีกออกไซด ์ฟิลม์บาง 
 

Abstract 
In this research, Fe-doped SnO2 thin films were prepared by the spray pyrolysis technique using SnCl4·5H2O 
and FeCl3 as a precursor and a dopant respectively. Effects of Fe-doping level (0, 6, 12 and 18 mol%) on 
properties of Fe-doped SnO2 thin films were investigated. The structural and optical properties of thin films were 
characterized by XRD, FT-IR and UV-Vis techniques. XRD results showed that the full width at half maxima 
(FWHM) of peaks increased with increasing Fe content in the films. This was reason for the lower degree of 
crystallinity corresponding to the higher dopant concentration. The FT-IR analysis confirmed that Sn4+ was 
replaced by Fe3+ on Fe-doped SnO2 thin films. The optical transparency (%T)  in visible region and direct optical 
band gap (Eg) of thin films for Fe-doping level in the range 0 to 18 mol% were decreased from about 85% to 
70% and 3.79 to 3.52 eV respectively. The results revealed that properties of Fe-doped SnO2 thin films depend 
on the Fe-doping level.  
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Introduction 
The applications of transparent conducting 

oxide (TCO) have been extensively studied, such as 
gas sensors [1], dye-sensitized solar cells [2], organic 
light emitting diodes [3], transparent electrodes for flat 

panel displays [4], optoelectronic devices [5], and 
thermoelectric energy conversions [6]. 

Tin dioxide (SnO2) is extensively used in a 
variety of TCO thin films because of a wide band gap 
n-type semiconductor (Eg = 3.5-4.0 eV) and low 
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electrical resistance with high optical transparency in 
visible and near-IR region electromagnetic spectrum 
[7]. The coexistence of tin interstitials and oxygen 
vacancies in SnO2 gives it’s a unique combination of 
transport and optical properties [8]. The SnO2 is 
mostly preferred as the host in view of its interesting 
optical and electrical properties and widespread 
applicability. Doping the SnO2 nanostructures with 
metals and metal oxides without altering optical 
transparency is the primary means of controlling 
electrical conductivity [9]. The 3d transition metal ions 
as dopants with open d-shell electronic configurations 
have various physical properties of their host 
semiconductors [10]. Iron is one of the dopants of 
SnO2 to obtain good quality films for device 
applications. Films of low resistivity with fairly high 
transmittance were obtained [11, 12]. By Fe-doping, 
oxygen vacancies are produced in one-dimensional 
SnO2. The oxygen vacancy has a great influence on 
the physical and chemical properties and also 
strongly attracts the Fe ions. As a consequence 
transition metal-oxygen vacancies-transition metal 
groups are common in SnO2 doped with Fe. One of 
the aspects of SnO2 nanomaterial useful in 
applications is high aspect ratio and is exploited for 
field emission. 

Fe-doped SnO2 thin films can be prepared 
by various techniques such as chemical vapour 
deposition [13], r.f. sputtering [14], sol-gel spin coating 
[15], sol-gel dip coating [16], and spray pyrolysis [17] 
and [6]. Among the various deposition techniques 
available, spray pyrolysis is the most convenient 
method because of its simplicity and inexpensive 
experimental arrangement, ease of adding doping 
materials, high growth rate, and mass production 
capability for uniform large area coatings desirable for 
industrial applications [18]. 

In this study, tin oxide and Fe-doped SnO2 
thin films deposited on micro-slide glass substrate 
were prepared by spray pyrolysis technique. 
Structural and optical properties of thin films were 

characterized by X-ray diffraction (XRD), Fourier 
transform infrared spectroscopy (FTIR), and UV-Vis 
spectroscopy analysis methods, respectively. The 
purpose of the present work is to investigate the 
effects of Fe-doping levels on the structural and 
optical properties of Fe-doped SnO2 thin films. 
 
Experiment 

Thin films of tin oxide and Fe-doped SnO2 

were prepared by the homemade spray pyrolysis 
experimental set-up. The schematic diagrams of the 
experimental set-up and other details have been 
reported elsewhere [19]. The precursor solution was 
prepared by dissolving a 10.0 g of SnCl4·5H2O in 
104.0 ml of solvent (a mixture of 90.0 ml ethanol, 
10.0 ml of double distilled water and 4.0 ml of HCl). 
The amount of FeCl3 was varied at 0, 6, 12 and 18 
mol% for Fe-doping levels. The solution flow rate 
(10.0 ml.min-1) was controlled by filtered compressed 
air at a carried air pressure of 0.3 kg.cm-2. The 
normalized distance between the spray nozzle and 
the substrate was 25 cm. Optical micro-slide glass 
plates with an effective area of 7.5x2.5 cm were used 
as substrates. The substrates were cleaned with (1:3) 
HNO3:HCl cleaning solution and rinsed with doubly 
distilled water in ultrasonic bath before spraying. The 
spray liquid, prepared from the solution with different 
concentrations of FeCl3, was then sprayed onto the 
hot substrates where pyrolysis and film deposition 
occurred. The normalized deposition temperature was 
500 oC for undoped and iron-doped tin oxide films. 
The spray time was maintained at 1 min. To avoid 
excess cooling of the substrates at 15 min, waiting 
time was allowed between successive spraying 
applications.  

The films were characterized by means of 
structural and optical techniques. The X-ray diffraction 
studies were carried out using X-ray diffractometer 
(Philips X ’pert MPD) to investigate the structure of 
the deposited films, CuKα radiation with a wavelength 
0.154 nm. The scanning range of 2θ was restricted 
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to the range 20-60o. The powder scratched from 
deposited films was characterized by Infrared (IR) 
spectroscopy using Perkin Elmer IR spectrometer 
model spectrum RX1. To record IR patterns, the 
pellets were prepared by mixing KBr with powder 
collected by scratching thin films from glass substrate 
in the ratio 300:1 and then pressing powder between 
two pieces of polished steel. The optical absorption 
and transparency studies were performed in the 
wavelength range of 300-1,100 nm using Lambda 25 
UV-Vis double beam spectrophotometer. The direct 
optical band gap (Eg) for various Fe-doping levels 
was obtained by optical absorption measurements 
and plotting (αhν)2 versus photon energy (hν) using 
the following relationship : 

(αhν)2 = A(hν-Eg) 
where α is the absorption coefficient, A and Eg are 
the constant and direct band gaps of the material 
respectively [20]. 
 

Results and discussion 

The X-ray diffraction patterns for glass 
substrate, Fe-doped SnO2 thin films in various Fe-
doping level at 0, 6, 12, 18 mol% and pure iron oxide 
are shown in Fig. 1. The XRD patterns of SnO2 
(Fig.1a) and Fe-doped SnO2 (Fig. 1b-d) showed 
(110), (101), (200) and (211) oriented growth as 
compared to the Joint Committee on Powder 
Diffraction Standards (JCPDS) of SnO2 powder 
diffraction patterns at 2θ as 26o, 34o, 38o and 
52o,respectively. The broad hump between 20 and 
30° (2θ) is the background intensity due to of the 
glass substrate as shown in Fig. 1f [21, 22]. In all 
cases, the rutile phase SnO2 crystallites with 

tetragonal structure was observed and the peak 
positions of the films were found to be in good 
agreement with JCPDS file no. 41-1445 and 
correspond to the rutile structure of polycrystalline 
SnO2 films [23]. No peaks corresponding to the pure 
iron oxide film (Fig. 1e) were observed, indicating that 
iron gets incorporated into the tin oxide lattice. 
Furthermore, the FWHM values corresponding to the 
peak of (110) plane were 0.4345±0.0134°, 
0.6467±0.0103° 0.8353±0.0335° and 1.0334±0.0345° 
(mean+SD, n=3) with a Fe concentration of 0, 6, 12 
and 18%, respectively. In addition, the FWHM values 
of (101) peak were found to be 0.5764±0.0163°, 
0.7799±0.0516° 0.9010±0.0175° and 1.1386±0.0292° 
(mean+SD, n=3) with a Fe concentration of 0, 6, 12 
and 18 mol% respectively. It was observed that the 
full width at half maxima (FWHM) of the diffraction 
peaks increased with increasing Fe content in the 
films. The increase in FWHM along with a decrease 
in peak intensity suggests that Fe incorporation into 
the SnO2 lattice results in the thin films. The addition 
of Fe3+ significantly influenced the crystallinity of SnO2 
(Fig. 1b-d), suggesting a decrease of crystallinity in 
the Fe-doped SnO2 thin films in comparison with the 
SnO2 thin films sample by the decrease in the 
intensity and increased FWHM of SnO2 peaks [23, 
24, 25].  

 
 
 
 
 
 
 



24 วารสารวทิยาศาสตรแ์ละเทคโนโลย ีมหาวทิยาลยัอุบลราชธานี ปีที� 12 ฉบบัที� 4 กรกฎาคม 2553   

 

 
 

Fig. 1 X-ray diffraction patterns of (a) SnO2 film, (b) 6 mol% Fe-doped SnO2 film, (c) 12 mol% Fe-doped SnO2 
film, (d) 18 mol% Fe-doped SnO2 film, (e) pure iron oxide film and (f) glass substrate. 

 
The FT-IR transmission spectra of samples 

are given in Fig. 2. The Sn-O-Sn vibration appeared 
in the range of 400-700 cm-1 as the result of 
condensation reaction [19]. The absorption peaks of 
476 and 619 cm-1 were observed for the powder 
scratched from pure SnO2 film (Fig. 2a). In previous 
results [26], the FT-IR transmission spectra of SnO2 

nanoparticles prepared by chemical precipitation 
technique, the absorption band at 480 cm-1 and 620 
cm -1 was attributed to stretching frequency in Sn-O 
and the oxide bridge functional group (O-Sn-O) 
respectively. In other work [27], the FT-IR 
transmission spectra of Fe2O3 oxide presented the 
absorption band at 470 and 610 cm-1 and it was 
attributed to stretching frequency of Fe-O. In relation 
to the FT-IR transmission spectra results of powder 
scratched from Fe-doped SnO2 oxide films (Fig. 2b-
d), the absorption peak of 476 and 619 cm-1 slightly 
shifted to the lower wave numbers (473, 472, 471 cm-

1 and 615, 614, 613 cm-1 for Fe-doping levels at 6, 12 
and 18 mol%, respectively) suggesting that there was 
overlapping between the stretching vibration of Sn-O 
and Fe-O bonds in pure SnO2 and iron oxide films 
(Fig. 2a and 2e) in the Fe-doped SnO2 thin film 
prepared by spray pyrolysis [28]. In previous results 

[25] of the FT-IR transmission spectra of Fe-doped 
SnO2 nanoparticles prepared by sol-gel-calcination 
and sol-gel-hydrothermal routes, the absorption peaks 
at 3400 and 1640 cm-1 were attributed to vibration of 
hydroxyl due to the fact that SnO2 retained certain 
adsorbed water. In the case of BrØnsted acidity in 
zeolites [29], OH stretch frequencies of BrØnsted 
acidic protons vary between 3650 and 3550 cm-1 
compared with terminal hydroxyl (or silanol)  frequency 
at 3745 cm-1. The relatively small decrease in stretch 
frequency corresponds to a slightly weakened O-H 
force constant of the acidic protons. The in plane 
bending mode of the BrØnsted acidic protons had a 
frequency of approximately 1050 cm-1, out of plane 
bending mode of about 400 cm-1. In the present work, 
Fe-doped SnO2 thin films were characterized with a 
wide band at approximately 1049 cm-1, assignable to 
the bending vibration of Fe-OH groups [28]. The shift 
of band at 476 and 619 cm-1 was initiated by 
overlapping between the stretching vibration of Sn-O 
and Fe-O bonds. Based on the infrared spectroscopic 
results of pure and Fe-doped SnO2 thin films 
suggested that Sn4+ was substituted by Fe3+ that was 
located at BrØnsted acidic proton with in plane 
bending mode of Fe-OH frequencies present a wide 
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band at around 1049 cm-1 [28, 29]. The intensity of 
the peak at around 1049 cm-1 increased with 

increasing Fe-doping level, suggesting that Sn4+ was 
substituted by Fe3+ in Fe-doped SnO2 thin films. 

 

  

Fig. 2 FT-IR spectra of the powder scratched from films: (a) SnO2, (b) 6 mol% Fe-doped SnO2, (c) 12 mol% Fe-
doped SnO2, (d) 18 mol% Fe-doped SnO2 and (e) pure iron oxide 

 

 
 

Fig. 3 Optical transparency of various Fe-doped SnO2 films: (a) 0 mol%, (b) 6 mol%, (c) 12 mol% and (d) 18 
mol% 

 

The optical transmittance of Fe-doped SnO2 thin films 
in the visible region is shown in Fig. 3. The average 
transmittance of the films decreased from 85% to 

70% when the doping level increased from 0 mol% to 
18 mol%, in agreement with previous works [6]. In 
general, in the visible region of the spectra, the 
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transmission of SnO2 thin films was very high, due to 
the fact that the reflectivity was low and there was 
less absorption due to excitation of electrons from the 
valence band to the conduction band [22]. In the 

present work, the transmission of thin films fell with 
increasing Fe-doping concentration because the 
reflection and absorption increased in this range [30]. 
 

 

 
 

Fig. 4 Direct allowed transitions of Fe-doped SnO2 thin films in various Fe-doping level: (a) 0 mol%, (b) 6 mol% 

(c) 12 mol% and (d) 18 mol%. The cross-points of the lines with photon energy (hν) axis show the value 
of the direct optical band gaps. 

 

Fe-doping also has influence on optical 
band gap of the Fe-doped SnO2 films [6, 31, 32, 33]. 
Data from this study showed the direct optical band 
gap of Fe-doped SnO2 thin films for Fe-doping levels 
in the range 0 to 18 mol% were found to be 3.79 to 
3.52 eV respectively (see Fig 4). It should be noted 
that reduction in optical band gap was observed after 
Fe-doping which is consistent with the direct optical 
band gap of various Fe-doped SnO2 thin films 
reported by [6]. The reason for optical band gap 
reduction might be due to the appearance of the Fe-
Sn metallic compounds, as seen in XRD analysis 
results. 
Conclusion 

This work has reported the preparation and 
characterization of the Fe-doped tin oxide thin films in 

various Fe-doping levels. These films were deposited 
by spray pyrolysis technique. The XRD results 
showed that the Fe addition controlled the crystallinity 
of the SnO2 thin film. The FT-IR analysis confirmed 
that Sn4+ was replaced by Fe3+ on Fe-doped SnO2 
thin films. The average optical transparency (%T)  in 
visible region and direct optical band gap (Eg) of thin 
films for Fe-doping level in the range 0 to 18 mol% 
were decreased from 85% to 70% and 3.79 to 3.52 
eV respectively. The structural and optical 
characterization results showed that Fe-doped SnO2 
transparent conducting thin films with increased Fe-
doping level were increasing appropriate optical 
transparency and conductivity. These films can be 
utilized as semiconductor and electronic devices 
applications. 
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