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Abstract  Spray Pyrolysis Technique was used in depositing thin films of cadmium stannate, doped with iron metal. The 

precursor solutions used were sprayed onto the pre – heated glass slides that were kept at a constant temperature of 450°C. 

The transmittance and reflectance measurements were made in the spectral wavelength range of 300 – 1100 nm. It was found 

out that both the concentration of the reactants and doping had an effect on the optical properties of the deposited thin films. 

At the upper end of the visible spectrum (718 nm wavelength), the values of the optical constants were: Transmittance of up 

to 70.45%, thickness of 323 – 594 nm, refractive index of 2.108 – 3.542, absorption coefficient of 7.385 x 103 cm-1 – 2.2784 

cm-1, extinction coefficient of 0.042 cm – 0.130 cm and a band gap energy of 3.9 eV.  
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1. Introduction 

With the advancement in technology and the ever growing 

need for optical coatings for varius applications, there is a lot 

of research going on lately about possible compounds that 

can produce transparent semiconductor thin flms (TF’s). Tin 

doped indium oxide, also known as Indium Tin oxide (ITO), 

is the most commonly used and also the most widely known 

antireflective coating material [1]. However, this compound 

(ITO), just like the other transparent conducting materials, 

has its drawbacks. Fistly, indium is very expensive to 

purchase, making the ITO to be expensive and secondly, 

indium is not readily available. These drawbacks limit the 

production and use of ITO as a tansparent conducting 

material [2]. Cadmium stannate (Cd2SnO4) is of particular 

interest because it improves the transparency of the glass 

compared to the other conducting materials like cadmium 

telluride (CdTe), Copper Indium Gallium Diselenide (CIGS) 

and the ITO, which are used for the fabrication of the glass. 

Characterization of Cd2SnO4, doped with iron (Fe), which 

has been studied to produce transparent TF’s of iron II oxide 

within the spectral wavelength range of 600 – 2000 nm [3],  
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provides an opportunity of obtaining a variety of materials 

that can be used as antireflective. 

2. Experimental Details 

2.1. Film Preparation 

The microscope glass substrates used in the experiment 

were cleaned by dipping them in AquaRegia (3:1 of 

hydrochloric acid: nitric acid) for 12 hours, after which they 

were removed and then rinsed using deionised (DI) water [4]. 

Whatman lens cleaning tissue, model number 105 (100 x 150 

mm) was used to wipe the glass substrates dry. The precursor 

solutions used were cadmium acetate dihydrate (99.99% 

pure), tin II chloride dihydrate (99.99% pure) and iron III 

chloride (98% pure), all obtaied from Central Drug House 

(CDH) (P) Ltd. 7/28 Vardaan House, Daryaganj, New Delhi 

– 110002 (India).  

All the three compounds were dissolved separately in 

absolute ethanol (99.99% pure), after being weighed 

accurately using the METTLER TOLEDO PB 303 weighing 

balance. The cadmium acetate and tin II chloride solutions 

were prepared at concentrations of 0.1, 0.2 and 0.3M. The 

dopant (iron III chloride) was prepared at a concentration of 

0.1M. The cadmium acetate and tin II chloride solutions 

were then mixed at ratios of 1:1, 2:2 and 3:3 by concentration. 

This formed a white precipitate. 3 ml of dilute hydrochloric 

acid (2M) was then added to the precipitate, after which it 

dissolved to form a colourless solution of Cd2SnO4 [5].  
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The different concentrations of the colourless solution 

(Cd2SnO4), were finally mixed with the dopant at 0 – 8% by 

volume of the Cd2SnO4 solution. The final solution was then 

poured into the gun, then sprayed onto the pre – heated 

microscope glass substrates by SPT (number HO-TH-04) on 

a plate that was kept at a constant temperature of 450  5°C 

(figure 1 below). 

 

Figure 1.  Schematic diagram of the deposition process 

2.2. Measurements 

The optical transmittance and reflectance of the deposited 

TF’s were measrued using the Shimadzu UV-VIS-NIR 

Spectrophotometer - SolidSpec 3700 DUV in the spectral 

wavelength range of 300 – 1100 nm. The parameters that 

were kept constant during the experiment are shown in  

table 1 below. From the transmittance and reflectance, the 

optical constants (absrorption coefficient, extinction 

coefficient, dielectric constant, refractive index and band gap 

energy) were determined. 

Table 1.  Parameters that were kept constant during the experiment 

Spray duration 2 minutes 

Air On 

Flow rate 2ml/min 

Flow factor 1 

Spray angle 90°C 

Distance between spray nozzle & target 35 cm 

3. Results and Discussion 

3.1. Transmittance and Reflectance 

The curves in figures 2 & 3 below show the transmittance 

and reflectance that were obtained. 

From figure 2 below, it is clear that transmittance is    

low at short wavelength (high photon energies). Figure 2 

below shows that transmittance decreases with increase    

in the concentration of Cd2SnO4 (film thickness). The 

concentration of 0.1M Cd2SnO4 has the highest 

transmittance of 70.45%, while that of 0.3M has the lowest 

transmittance of 57.09% at the upper end of the visible 

spectrum (718 nm). This is because the thicker films absorb 

more of the incident light than the thinner ones, leading to 

low transmission, with the extent of absorption increasing 

with increase in the film thickness [6]. The decrease in 

transmittance with increase in the thickness of the films is 

also due to the crystallization of the film structure by 

increasing the grain size [7]. There was negligible 

transmittance at shorter wavelength below 300 nm. This is 

because most of the incident light is absorbed in this 

wavelength range [8]. Reflectance on the other hand, 

generally decreased with decrease in the concentration of 

Cd2SnO4. The 0.1M Cd2SnO4 gave a maximum reflectance 

of 10.34%, while the 0.3M films gave a maximum of 14.20% 

(figure 2 below). 

 

Figure 2.  Transmittance and reflectance against wavelength for the 

undoped cadmium stannate thin films 

When the films were heavily doped with iron, it was 

observed that the transmittance still decreased with increase 

in the concentration of Cd2SnO4, while the reflectance still 

increased with increase in the concentration (figure 3 below).  

 

Figure 3.  Transmittance and reflectance against wavelength for the 

heavily doped cadmium stannate thin films 
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However, the values of the transmittance for the undoped 

TF’s (figure 2 above) are higher than those of the heavily 

doped thin films (figure 3 above). 

The 0.1M Cd2SnO4 gave a maximum transmittance of 

65.36%, while the 0.3M gave 39.40% upon doping. 

Reflectance on the other hand, gave a maximum value of 

13.31% for the 0.1M and 15.04% for the 0.3M Cd2SnO4 

respectively after doping. The decrease in transmittance and 

increase in the reflectance upon doping is because doping 

introduces free electrons into the structure of Cd2SnO4, 

which then absorb more light in the visible spectral 

wavelength range. 

3.2. Film Thickness 

The thickness of the films formed was measured for the 

different concentrations. Table 2 below gives the results. 

Table 2.  Thickness for different concentrations of cadmium stannate thin 
films 

Concentration 0.1 0.2 0.3 

Undoped thin films (nm) 484 506 594 

Heavily dope films (nm) 323 328 409 

Table 2 above shows that the film thickness increased  

with increase in the concentration of Cd2SnO4. This was as 

expected, since the higher the concentration, the higher the 

number of particles of the solute in the solution that is 

deposited onto the substrate [9]. On heavily doping, the 

thicknesses of the films still increasd with increase in the 

concentration of Cd2SnO4. However, the values of the 

heavily doped films were found to be less than those of the 

undoped films. This might have been brought about by the 

fact that the dopant fit into the voids of Cd2SnO4. 

3.3. Absorption Coefficient 

The absorption coefficients of the deposited TF’s were 

determined from the formula:  

𝛼 =  
𝐴

𝑑 
                    (1) 

Where A is the absorbance and d is the film thickness in 

cm. 

The absorbance A is given by: 𝐴 = ln  
1

𝑇
 , where T is the 

transmittance.  

Thus, ∝ =  
1

𝑑
ln(

1

𝑇
)              (2) 

As can be observed in figure 4 below, the absorption 

coefficient increased with increase in the photon energy, 

increasing sharply at high energies above 3.8 eV. This 

implies that the absorption coefficient increased with a 

decrease in the transmittance, since the films become more 

absorbing at short wavelength range [8]. The absorption 

coefficient was also observed to rise sharply at energies 

above 3.8 eV. The sharp rise in the absorption coefficient at 

photon energy above 3.8 is caused by the fact that this energy 

range approaches the band gap energy of Cd2SnO4 (3.9 eV  

in this work), the energy above which the tightly bound 

electrons in the material become mobile and jump from the 

valence band to the conduction band. The free electrons then 

absorb most of the incident photon energy [10]. 

 

Figure 4.  Absorption coefficient against photon energy for the undoped 

thin films 

When the TF’s were heavily doped, the results in figure 5 

below were obtained. 

 

Figure 5.  Absorption coefficient against photon energy for the heavily 

doped thin films 

Upon doping, the absorption coefficient was found to 

increase with increase in the concentration of Cd2SnO4 

(figure 5 above), just the same as those that were not doped 

(figure 4). However, the values of the absorption coefficient 

for the heavily doped TF’s are higher than those of the 

undoped TF’s. This can be attributed to the effect caused by 

the dopant (the free electrons introduced into the films by  

the dopant, that absorb more of the photon energy), which 

reduces the transmittance, thus leading to an increase the 

absorption coefficient. 

3.4. Extinction Coefficient 

Extinction coefficient is the imaginary part of the complex 

refractive index [11]. The extinction coefficient (k) of the 
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films was obtanied from the absorption coefficient (α) and 

wavelength (λ) using the equation: 

𝑘 =  
𝛼𝜆

4𝜋
                  (3) 

 

 

Figure 6.  Extinction coefficient against photon energy for the undoped 

thin films 

The extinction coefficient was found to increase with 

increase in the photon energy, rising sharply at energies 

above 3.7 eV. The extinction coefficient also increased with 

increase in the concentration of Cd2SnO4, just like for the 

absorption coefficient in figures 4 & 5 above. This is because 

the extinction coefficient is directly proportional to 

absorption coefficient according to equation 3 above. 

 

Figure 7.  Extinction coefficient against photon energy for the heavily 

doped thin films 

The values of the extinction coefficient for the heavily 

doped TF’s still increased with increase in the concentration 

of Cd2SnO4, same to those of the undoped TF’s. However, 

the values for the heavily doped TF’s were higher than those 

of the undoped TF’s (comparing figures 6 & 7 above). This is 

because the dopant contains free electrons, which absorb 

more of the incident light in the visible spectrum. 

3.5. Refractive Index 

Refractive index (n) for the TF’s was calculated using  

the Swanepoel’s envelope method [12]. The maximum 

transmittance (Tmax) and the corresponding minimum 

transmittance (Tmin) were obtained from the envelope. From 

the two values, n was obtained by: 

𝑛 =   𝑁 +  𝑁2 − 𝑠2 
1

2  
1

2 
         (4) 

Where        𝑁 = 2𝑠
𝑇𝑚𝑎𝑥 −𝑇𝑚𝑖𝑛

𝑇𝑚𝑎𝑥 𝑇𝑚𝑖𝑛
+

𝑠2+1

2
           (5) 

And         𝑠 =  
1

𝑇𝑠
+ 

1

(𝑇𝑠−1)
1

2 
                 (6) 

Here, Ts is the transmittance of the bare glass substrate, 

without the TF.  

Below are the graphs of refractive index against 

wavelength for the different thin films in the wavelength 

range of 300 – 1100 nm. 

 

Figure 8.  Refractive index against wavelength for the undoped thin films 

The refractive index of the TF’s was observed to decrease 

exponentially with increase in wavelength. This is due to less 

absorption by the films at the long wavelength range. At 

longer wavelength range, the refractive index tends to be 

constant. This agrees well with some of the previous work  

[8, 13]. The decrease in the refractive index with increase in 

the wavelength can stll be attributed to the effects of surface 

and volume imperfections in the films [14]. At long 

wavelength range (low energies), the refractive index tends 

to be constant. This is because long wavelength region is the 

region of low absorption [8]. 

Refractive index was also observed to increase with 

increase in the concentration of Cd2SnO4 (film thickness). As 

can be observed in figure 8 above, the concentration of 0.1M 

produced TF’s with the lowest values of the refractive index, 

while that of 0.3M produced the highest. This behaviour can 

be explained on the basis that increase in film thickness 

makes the film denser (increases the packing density), which 

in turn decreases the propagation velocity of light through 

them, since refractive index represents the ratio of light 

velocity through a vacuum to velocity through a material 
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medium [15]. This behaviour accompanies the increase in 

the film thickness (decreased band gap energy value) 

according to inverse relation between refractive index and 

band gap energy. 

 

Figure 9.  Refractive index against wavelength for the heavily doped thin 

films 

Doping generally improved the refractive indices of the 

deposited films, with the concentration of 0.3M still 

recording the highest values, while 0.1M still recording the 

lowest values (figure 9 above). This is in line with some of 

the previous work done [9] and can be attributed to the 

increase in the reflectance. The refractive index was also 

observed to rise sharply at short wavelengths (below 600 

nm), which can be attributed to the higher reflectance at 

shorter wavelengths than at longer wavelengths. 

3.6. Real Part of the Dielectric Constant 

The real part of the dielectric constant was determined 

using the formula: 

𝜀𝑟 =  𝑛2 − 𝑘2               (7) 

Where n is the refractive index and k is the extinction 

coefficient.  

 

Figure 10.  Real part of the dielectric constant against wavelength for the 

undoped thin films 

The dielectric constant was observed to reduce 

exponentially with increase in the wavelength, same as the 

refractive index in figures 8 & 9 and extinction coefficient  

in figures 6 & 7. This is because the dielectric constant is 

directly related to the extinction coefficient and refractive 

index according to equation 7 above. At longer wavelengths, 

the dielectric constant tends to be constant. The decrease in 

the dielectric constant with increase in wavelength implies 

that the TF’s become more conducting to electricity, which 

also implies that the band gap energy of the TF’s reduces 

with increase in the wavelength [16]. 

The dielectric constant also increased with increase in the 

concentration of Cd2SnO4. This is due to the free carrier 

absorbance of the TF’s, which leads to a shift in the Fermi 

level [8]. 

 

Figure 11.  Real part of the dielectric constant against wavelength for the 

heavily doped thin films 

Upon doping, the dielectric constant still increased with 

increase in the concentration of Cd2SnO4. However, the 

values of the dielectric constant for the heavily doped TF’s 

(figure 11) are higher than those of the undoped TF’s (figure 

10). This implies that there was an increase in the absorption 

(less transmittance) in the material, caused by an increase in 

the free charge carrier concentration, which was brought 

about by the free electrons introduced into the TF’s by the 

dopant. The increase in the dielectric constant upon doping is 

in line with the various published work, including those of 

Bushra and Shalkal [15]. 

3.7. Band Gap Energy 

The Tauc relation was used to determine the optical band 

gap energy of the deposited TF’s. Acording to Ellingson and 

Heben [17], a direct band gap energy is given by: 

𝛼𝐸 = 𝑋(𝐸 − 𝐸𝑔)
1

2, from which we get: 

 (𝛼𝐸)2 = 𝛽(𝐸 − 𝐸𝑔)            (8) 

Graphs of (𝛼𝐸)2 were plotted against photon energy (E = 

hυ) in eV to obtain figures 12 & 13 below. 
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Figure 12.  A graph of (𝛼𝐸)2 against photon energy (E = hυ) in eV for the 

undoped thin films 

The graph in figure 12 above is non – linear, implying that 

the transition is allowed and direct. All the different 

concentrations of Cd2SnO4 gave a band gap energy of 3.9 eV. 

This shows that the films had very little or no structural gaps 

[7]. The value of the band gap energy obtained in this 

research in agreement with some of the previous work [9]. 

The deposited thin films gave a direct allowed transition, that 

is, the value of r from the equation : 𝛼𝐸 = 𝐵(𝐸 − 𝐸𝑔)𝑟  is ½  

[17].  

 

Figure 13.  A graph of (𝛼𝐸)2 against photon energy (E = hυ) in eV for the 

heavily doped thin films 

All the TF’s gave a band gap energy of 3.9 eV upon 

doping. This implies that the films had structural gaps filled, 

with little or no defects [15]. The band gap energy obtained 

in this work are high (greater than 3.2 eV), which is good for 

making front panel of thin film solar panels, since the high 

band gap energy helps in avoiding absorption of light over 

most of the solar spectrum [18]. 

4. Conclusions 

The transmittance of the deposited TF’s increased with 

increase in the wavelength. The absorption coefficient was 

observed to increase with increase in the photon energy, 

increasing sharply at high energies above 3.8 eV. The film 

thickness increased with increase in the concentration of 

Cd2SnO4. When heavily doped, the thickness of the TF’s was 

also observed to increase with increase in the concentration 

of Cd2SnO4. However, the thickness of the heavily doped 

TF’s was lower than that of the undoped TF’s.  

The absorption coefficient generally increased with 

increase in the concentration of the precursor solutions (film 

thickness), both for the undoped and the heavily doped TF’s. 

The extinction coefficient was found to increase sharply at 

low wavelengths below 320 nm (high energies above 3.8 eV). 

The extinction coefficient was also observed to increase with 

increase in the concentration of Cd2SnO4. On doping, the 

extinction coefficient was observed to increase also. The 

refractive index generally decreased with increase in the 

wavelength. At longer wavelengths, the refractive index 

tended to be constant. The refractive index was also observed 

to increase with increase in concentration of Cd2SnO4.  

The real part of the dielectric constant was found to reduce 

with increase in wavelength. At longer wavelength, the 

dielectric constant tended to be constant. The dielectric 

constant also increased with increase in the concentration of 

Cd2SnO4. Upon doping, the dielectric constant also increased. 

A band gap energy of 3.9 eV was obtained for both the 

undoped and the heavily doped TF’s. 
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