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Effect of iron doping on tin oxide thin films 
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Abstract— In this study, Undoped tin oxide (SnO2) and iron 

(Fe) doped tin oxide thin films were deposited on heated glass 

using spray pyrolysis technique. SnCl2 and FeCl3 were used as 

sources of SnO2 and Fe doping respectively. Effects of dopant 

on the optical, structural and opto-electrical properties of 0,0.2 

and 0.4 wt.% Fe-doped SnO2 thin films were investigated. 

Optical transmittance spectra of the thin films showed high 

transparency of about 80-90% in visible region. The optical 

gap of 0,0.2and 0.4 wt. % Fe-doped SnO2 thin films were found 

to be in 3.78-3.67 eV range. X-ray diffraction patterns showed 

that both undoped SnO2 and Fe-doped SnO2 thin films, were 

polycrystalline with cassiterite tetragonal crystal structure. 

The preferential orientation for undoped SnO2 was along (211) 

plane whereas Fe-doped SnO2 preferential orientations were 

along (110) planes. The calculated grain sizes were in 35.63-

30.03 nm average. Fe-doped SnO2 thin films are promising to 

be used as smart windows , gas sensor and water treatment.  

Keywords— Spray pyrolysis, FeTO thin films, SnCl2 

precursor, X-ray diffraction, UV-Visible Spectroscopy Four-point 

probe technique, TCOs. 

 

I. INTRODUCTION  

Transparent conductive oxides (TCOs) are interesting 
materials for several applications, such as electrical 
conductivity and transparency in the visible region, make 
them important for photovoltaic cells, optoelectronics and 
catalytic applications [1-3]. SnO2 as TCO is available 
materiel and easy to deposit as thin films using several 
techniques such as chemical vapor deposition[4], sol-gel[5], 
pulsed laser deposition[6] and spray pyrolysis[7]. Among the 
different TCOs, SnO2 films doped with Iron seem to be the 
most proper used for those applications, The spray pyrolysis 
method may be the most convenient technique because of its 
modestly, easy to add doping materials and promising for 
high rate and produced large quantity [8].  

Doping with, Iron (Fe), antimony (Sb), cobalt (Co), 
Cerium (Ce), fluorine (F), palladium (Pd), niobium (Nb), 
molybdenum (Mo) and indium (In) has been achieved to 
improve tin oxide (SnO2) properties [9-15]. The dopant with 
iron from chloride iron(FeCl3), has been shown to be the 
most achieved commercial use due to its simplicity and low 
cost.  

In this work, 0,0.2 and 0.4wt. % iron doped tin oxide (Fe-
doped SnO2) were prepared by spray pyrolysis technique on 
glass substrates using SnCl2 and FeCl3 as sources of SnO2 
and iron doping respectively. The aim of this work is to 
study the effect of the dopant rate of FeTO thin films on 
structure, optical transmittance and electrical. Obtained 
results are compared and discussed with the specified results 
carried out by several researchers. 

II. EXPERIMENTAL METHODS 

A. Solutions and thin films preparation  

SnO2 thin films were prepared from a solution of tin 

dichloride (SnCl2). The precursor concentration, was 0.5M 

,which served as a starting solution. Iron doping was carried 

out by adding, appropriate amount of chloride iron (FeCl3) 

dissolved in doubly distilled water, to the starting solution 

until arriving to 0,0.2 and 0.4 wt. % iron concentrations in 

mixture solution. The mixture solution was stirred at room 

temperature. The obtained blend was used as a stock solution 

for spray pyrolysis. The starting solution and blend solution 

were sprayed separetely on heated glass substrates by spray 

pyrolysis system [8] leading to undoped SnO2 and Fe doped 

SnO2 thin films.  

III. RESULTS AND DISCUSSION 

A. Optical properties 

Fig.1 shows UV-vis transmittance spectra of undoped 
and Iron doped SnO2 thin films with various dopant rates 
.The transmittance of all samples was less than 90% along 
visible region (400 - 800nm). As seen in Fig.1, the films 
show an decrease in transmittance after doping with iron at 
0,0.2 and 0.4 wt. %. 

Fig.2 shows the estimated optical band gap (Eg) of 0,0.2 
and 0.4 wt. % Fe doped SnO2 thin films with different dopant 
rates associated with the inset of undoped one. Eg values 
were deduced from transmission measurements using Tauc’s 
relation [20]: 
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where hν is the photon energy, A is a constant which does 
not depend on hν, (Eg) is the optical band gap. For undoped 
and iron doped Eg values were deduced from the optical 
transmission by extrapolating (αhν)

2
= 0, they founed to be 

ranged in 3.78~3.67eV as recapitulated in Table I. The 
optical band gap values are higher than the value, (Eg= 
3.78eV), reported for single crystal SnO2 [21]. This decrease 
in optical band gap may be attributed to an decrease in 
carrier concentration of the films due to Fe doping revealing 
Burstein-Moss effect [22, 23].  

 

Fig. 1.  Transmittance spectra of 0,0.2 and 0.4 wt.% Fe doped 

SnO2 thin films .  

TABLE I.  Films thickness, transmittance, and optical band 
gap Eg values for 0,0.2 and0.4 wt. % Fe doped SnO2 thin films. 

Material 
Thickness t 

(nm) 
Transmittance  

T (%) 

Band gap 

Eg (eV) 

Undoped  film 

SnO2: Fe (0.2 wt. %) 
SnO2: Fe (0.4 wt. %) 

 

311.29 

321.54 

316.94 
 

90.12 

83.61 

79.15 
 

3.78 

3.65 

3.67 
 

 

 

 

Fig. 2. Band gap (Eg) estimation from Tauc relation of 0,0.2 and 

0.4 wt. % Fe doped SnO2 thin films for different dopant rates.  

B. Structural properties 

 

X-ray diffraction patterns of the SnO2 films deposited by 

spry pyrolysis with different dopant are shown in Fig.3. As 

can be seen all the films are polycrystalline, five major peaks 

corresponding to the tetragonal SnO2 (JCPDS No. 41-1445). 

All deposited thin films have SnO2 tetragonal rutile structure, 

and no phase corresponded to iron was observed. From XRD 

results of our SnO2 thin films one can observe that for Fe 

doped films with 0,0.2 and 0.4 wt.% the prominent planes 

were (211); the others observed peaks, with weak intensities, 

were (101), (211), (310) and (301). whereas, for the undoped 

film, the prominent plane was (211). We use the texture 

coefficient TC(hkl) which represents the texture of the 

particular plane, deviation of which from unity implies the 

preferred growth. The different texture coefficients TC(hkl) 

have been calculated from the X-ray data using the well-

known formula [24]: 
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where TC(hkl) is the texture coefficient of the plane (hkl), 

I(hkl) is the measured intensity I0(hkl)  is the standard 

intensity of the plane (hkl) taken from the JCPDS data, N is 

the reflection number and n is the number of diffraction 

peaks. Fig. 4  shows the texture coefficients TC(hkl). It is 

perceptible from that the undoped SnO2 film grows along the 

preferred orientation of (211) whereas all Fe doped SnO2 thin 

films with different dopant rates  grow along (110) plane.  

The lattice constants ‘a’ and ‘c’, for the tetragonal phase 

structure were determined from XRD results using the 

following equation [25]: 
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where dhkl is the shortest distance between two plans of the 

family hkl, (hkl) are the Miller indexes and ‘a’ and ‘c’ are the 

lattice constants. The calculated and standard lattice 

constants are illustrated in Table II. The calculated ‘a’ values 

are less than that given by JCPDS card No: 41-1445 (a0= b0 

= 4.737 Å); whereas, all values of the lattice constants ‘c’ are 

marginally slightly less than that of JCPDS card (c0= 3.185 

Å). Further, the lattice parameters of undoped SnO2 thin film 

are, a = b = 4.730Å and c = 3.171 Å; we noted that the lattice 

parameter ‘a’ is decreased after iron  doping. Changes in a 

and c values may be attributed to (Fe
+3

 ionic radius = 0.64Å) 

substitution of (Sn 
+4 

ionic radius = 0.71 Å) [26].  

 

 

 



 

Fig. 3. XRD patterns of 0, 0.2 and 0.4 wt. % Fe doped SnO2 films  

TABLE II.  . Lattice parameters a, c, of 0, 0.2 and 0.4 wt. %  Fe 
doped SnO2. 

Material 
Lattice constants (A°) 

a ∆a= a-a0     c ∆c= c-c0 

Undoped  film 

SnO2: Fe (0.2 wt. %) 
SnO2: Fe (0.4 wt. %) 
 

4.730 

4.718 

4.723 

 

-0.0172 

-0.0202 

-0.0152 

3.171 

3.279 

3.281 

-0.0061 

-0.0081 

-0.0061 

 

 

 

Fig. 4. TC(hkl) variation of 0,0.2 and 0.4 wt.% Fe doped SnO2 thin   
films.  

 The crystalline sizes of Fe doped SnO2 thin films, 

were calculated from highly textured peaks by using 

Scherrer’s formula [27]: 
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where D is the crystallite size, λ is the X-ray wavelength 

(1.54056 A°) ,β is the full width at half-maximum (FWHM) 

of the most intense diffraction peak  and θ is the Bragg angle. 

Scherrer’s equation applied to the most intense (211) and 

(110) diffraction lines for the undoped and Fe doped films 

respectively reveals that D size distribution is about 35.63 

nm for the undoped film whereas for Fe doped ones D sizes 

distributions are between 35.63-30.03 nm. 

C. Opto-electrical studies 

Fe doped SnO2 thin films were less conducting at room 
temperature with resistivity values much more than of 
undoped SnO2 one. The four-point probe is favored for 
measurement of sheet resistance (Rsh); in the linear four-
point probe technique, the current (I) is applied between the 
outer two leads and the potential difference (V) is measured 
across the inner two probes [8], so can obtain a fairly 
accurate estimation of Rsh using the following relation: 
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K=4.532 correction factor was applied for the sample (1 
cm×1 cm) with equally spaced (≈1mm) probes and the film 
thickness necessarily being less than the spacing between the 
probes. Table III gives Rsh values of the undoped and Fe 
doped SnO2; as can be seen Rsh values of Fe doped SnO2 thin 
films are relatively higher than the undoped SnO2. This 
means that the highest sheet resistance has the highest 
electrical conductivity.  

TABLE III.  Variation of sheet resistance (Rsh)  and resistivity 
values of 0,0.2 and 0.4 wt% Fe doped SnO2 thin films.. 

 

Material Rsh (Ω) Resistivity(Ω cm) 

Undoped  film 

SnO2: Fe (0.2 wt. %) 
SnO2: Fe (0.4 wt. %) 

 

500.98 

1500.63 

2941.51 
 

 

1.2×10-4 

1.7×10-3 

1.2×10-3 
 

 

 

IV. CONCLUSION 

 Undoped SnO2 and iron doped SnO2 with different 

dopant rates were sprayed pyrolysis on  480°C heated glass 

substrates with  moving nozzle . Effects of films dopant  on 

the optical, structural and opto-electrical properties of 0,0.2 

and 0.4 wt. % Fe-doped SnO2  thin films were investigated. 

The average transmittance of all samples was less than 90% 

in the visible region. The optical band gap for undoped and 

SnO2: Fe films were found to be in the range 3.78-3.67 eV. 

X-ray  characterization revealed that the undoped SnO2 films 

were polycrystalline with cassiterite tetragonal crystal 

structure and have preferential orientations along (211) 

planes, whereas FeTO thin films have preferential 

orientations along (110) planes. The calculated grain sizes, 

for both undoped and doped thin films, lied in the average of 

35.63-30.03 nm. The obtained low conducting and 

transparent FeTO thin films are promising to be useful in 

various optoelectronic applications, in particular, as smart 

window in solar cells and water treatment. 
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