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Tin oxide thin films doubly doped with antimony and fluorine (Sb, F) were deposited by 
sol-gel spin coating method at different spin speeds and substrate layers on glass substrate. 
Effect of spin speeds and substrate layers on the characterizations of the films was 
investigated. X-ray diffraction studies revealed that antimony and fluorine have been 
successfully doped into the SnO2 thin films and all the prepared films were single 
crystalline in nature and exhibited orthorhombic structure with preferential orientation 
{021} family of planes. As the tin oxide thin films have quite often structure of tetragonal 
polycrystalline, this obtained orthorhombic structure is rarely in terms of literature. 
Although intensity of preferential orientation changed, its orientation did not change with 
increasing spin speeds and substrate layers. Also, peak intensity of the films prepared with 
6 substrate layers was bigger than 5 substrate layers, but crystallinity in 5 substrate layers 
was better than 6 substrate layers. Transmittance (90-95%.) values found in this study 
were to be much better than previously reported values (50-80%). Together with these 
studies, PLQY value of an inorganic material such as tin oxide which weakly emit was 
measured. Eventually, the obtained results revealed that properties of the thin films were 
greatly affected by spin speeds and substrate layers. 
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1. Introduction 
 
 Transparent conducting oxides (TCOs) are widely used for several applications such as 

solar cell [1], heat shields [2], transparent conductor for optoelectronic devices [3], active channel 
materials for TFTs [4] and sensitive gas sensor [5-7] etc. and have extensively investigated owing 
to their marvelous properties [8-9]. Indium tin oxide (ITO) is the TCO material used as layer in 
most of optoelectronic applications. However, it is expensive and very low reserve. Hence, it is 
important to search and found a new material to replace ITO [10]. Tin oxide family is one of the 
metal oxide semiconductors suitable for use as TCO because of its excellent properties i.e. as an 
optical materials they have a high transmittance-reflectance in visible-near infrared region, as an 
electrical material they have a good electrical conductivity as n/p type semiconductor and a carrier 
mobility [11], as a chemical material they are amongst one of the few pure semiconductors [12], 
with low temperature (point of viewing thermal budget) film deposition properties and tailor 
making precursor [13-14] and high fabrication performance [15], as a mechanic materials they are 
also durable in acidic and basic environment, environmentally friendly, convenient for low 
vacuum depositions [16] and easy control of morphology and composition [17], as an commercial 
material they are cheap and abundant for large area with easy control of the doping level [18]. 
Hence, this tin oxide material is considered to be as settle as TCOs in all sorts of applications. In 
addition, the behaviors of these films greatly depend on deposition methods [19]. These films can 
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be employed by using many different methods such as thermal evaporation [20], sputtering [21] 
and spray pyrolysis [22]. Each of these methods has its own advantages and disadvantages. Sol-gel 
method does not need vacuum and allows for the fine control of the product’s chemical 
composition as well as porous microstructure [23], increased capability to tailor complex 
compositions, simple and economical in technological equipment, low thermal budget necessary 
for oxide film consolidation and specific controlled porosity properties [24-25]. Sol-gel spin 
coating method has been predominantly used in many attempts [26-38]. Recently, strong efforts 
have been made to develop metal oxide semiconductor materials with active optoelectronic 
properties such as photoluminescence properties, which may lead to new optoelectronic devices 
with superior performance [39-40]. Although more films produced by using sol-gel spin coating 
method have been reported by many people, to our knowledge, there is not yet more information 
about this method, doubly doped and effect of different spin speed and substrate layer on physical 
properties of doubly doped tin oxide thin films deposited by this method. Moreover, more report 
has not been declared about PLQY of inorganic material solutions. In this report, we have chosen 
the sol-gel spin coating method and fabricated on a glass substrate by this method. Detailed 
investigations about effect of spin speeds and substrate layers on properties of doubly doped tin 
oxide thin films prepared were conducted. 

 
2. Experimental 
 
2.1. Sol-gel Spin Coating Process 
  
Sol-gel spin coating has been used decades long to deposit thin films. A spin process 

involves depositing a small material put on the center of a substrate and then to be spin the 
substrate. Centripetal acceleration causes the material to spread onto the surface of substrate. The 
properties regarding material (viscosity, drying rate, percent solids, surface tension, etc.) and spin 
parameters (spin speed, acceleration and time etc.) impact film properties. Spin parameters vary 
mostly for different materials and substrates. So, there is no fixed rule. Spin coating system is a 
cheap and easy method but specific problems can sometimes be formed such as too thin or too 
thick film formations, air bubbles on wafer surface, comets, and center circle like chuck etc. [41]. 

 
2.2 Deposition of SnO2:Sb:F/AFTO thin films 
 
In this work, doubly (antimony (Sb) and fluorine (F)) doped tin oxide thin films (called 

SnO2:Sb:F/AFTO) were prepared by the sol-gel spin coating method on optical glass. Starter 
materials (precursors) of Sn, F and Sb elements, respectively are SnCl2.2H2O, NH4F, SbCl3 (from 
Merck Company). Concentration of solvent (0,05 M) in all experiment and doping weight ratio of 
Sb (2 4 olmalı%) and F (30%) are fixed. Firstly, optical glass substrates were cleaned in ultrasonic 
cleaner machine with Acetone-Isopropyl Alcohol-Acetone and Deionized Water, respectively, for 
8 min and finally dried with nitrogen. Then, precursors were dissolved in the isopropanol solvent 
and few drops of HCl were added to break polymer binding. After dissolving, solution was stirred 
at 60 ˚C for 60 min to get a transparent sol. The sol was used to deposit thin films. The substrates 
were placed on the sample holder and spin speeds were applied ranging from 1000-5000 rpm in 
steps of 1000 rpm with number of substrate layers is fixed at 5 and 6 substrate layers, respectively. 
Deposition procedure was seen in Fig. 1 for doubly doped tin oxide (SnO2:Sb:F/AFTO) thin films 
deposited by sol-gel spin coating. 
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Fig. 1. Deposition procedure for doubly doped tin oxide (SnO2:Sb:F/AFTO) thin films  

prepared by sol-gel spin coating 
 

The spin cycle followed in this study was a two-step process: the first step was spinning 
for 10 second and at 500 rpm, the second step was spinning fastly for 20 seconds. The first step in 
this method enables to paste the sols substrates before starting the high speed next step is to make 
fluid thinner. After the successful deposition with 5 and 6 substrate layers, the coated substrates 
were heated by a two-stage heat treatment; the first one was in oven at 150 ˚C 10 min and the 
second one was in furnace at 400 ˚C for 60 minutes in air to remove the solvents from the 
substrate. Spin Coater system was purchased from Laurell Company (WS650Mz-23NPP-12000 
rpm). 

 
2.2 Thin film characterization and measurements 
 
All experiments were carried out under approximately similar laboratory conditions. 

Structural, optical and electroactive properties of the thin films were characterized. For the 
structural characterization of these films was performed by using X-ray diffraction (XRD) 
measurements using a Rigaku D/Max-IIIC diffractometer with CuKα radiation (λ=1.5418 Å), at 30 
kV, 10 mA. Transmittance measurements were obtained using a UV-VIS spectrophotometer 
(Perkin Elmer, Lambda 35). Jobin Yvon Horiba Spex Fluoromax-3 Spectrometer was used to 
measure the luminescence measurements. Quantum yields were determined in chlorobenzene in 
comparison with a standard DPA = 0,77. Excitation wavelength is 300 nm in all PL experiments. 

 
 
3. Results and discussion 
 
3.1. Structural properties 
 
The XRD patterns of as-deposited thin films at different spin speeds with 5 and 6 substrate 

layers were shown in Fig. 2.  
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Fig. 2. XRD patterns of doubly doped tin oxide (SnO2:Sb:F/AFTO) thin films prepared 

 at different spin speeds with 5 and 6 substrate layers 

 
 

All the samples deposited on glass were single crystalline with orthorhombic structure and 
highly oriented preferentially along (021) and (042) planes in nature. The intensity of (021) peak 
was stronger than (042). The diffraction peaks were indexed based on the orthorhombic SnO2 
structure (Standard JCPDS Card No: 78-1063 Quality C). No other peaks are observed. These 
XRD results are rather original, because they are rarely found in the literature [42]. The crystal 
structure of SnO2 in all cases was, however, orthorhombic. Studies, until now, about the tin oxide 
deposited by spin coating indicated that the SnO2 thin film has very poor crystalline nature and the 
diffraction lines are assigned well to the tetragonal polycrystalline structure  [1,2,7,40,43,44,55] 
etc. However, when the doping ratio and the deposition method were changed like in this work, 
single crystallinity with orthorhombic structure was newly formed. A similar result regarding 
orthorhombic structure has been observed for SnO2 films on various YSZ substrates by plasma 
enhanced atomic layer deposition [45]. X-ray patterns of produced tin oxide based films grown on 
the substrates at different spin speeds with 5 and 6 substrate layers revealed that good crystalline 
films were not formed at low rpms but high rpms gave good crystalline films. However, the XRD 
patterns were obtained for all deposition times. The intensity of preferential orientation increased 
with increasing spin speeds and substrate layers in all deposition times. Therefore, it can be said 
the intensity of peaks in 6 substrate layers is bigger than 5 substrate layers for best crystalline spin 
speed, but its orientation did not change with increasing spin speed and substrate layer.  

In addition to XRD patterns, among the studied films was observed the crystallinity for 5 
substrate layers was seemed to have a good crystallite than 6 substrate layers in all the 



27 
 

experimental conditions. When spin speed increased, crystallinity of all films was well compared 
to lower rpms which they bring about amorphous structure in crystalline structure of thin film. The 
thin films as-deposited at 4000 rpm and 5000 rpm with 5 and 6 substrate layers, respectively, 
showed the best crystallinity. We believed that further increases in rpm resulted in the crystallinity 
beginning to not good. The reason of this badly structure is that there is not enough material which 
made crystal owing to extreme speed. The high intensity of the peak (021) suggests that the thin 
films mainly consist of the crystalline phase [42]. At 4000 rpm, the intensity of the peak (021) for 
5 substrate layers was higher than 6 layers. Because, 4000 rpm was enough to be form a thin film 
and an optimize spin sped for 5 layer rather than 6 layer which have a nonsufficient speed. But, at 
5000 rpm, intensity of that peak for 6 substrate layers was higher than 5 layers. Because, that rpm 
was also enough to be form a thin film and an optimize spin sped for 6 layer rather than 5 layer 
which have thick layer. Therefore, we can conclude with certainty that spin parameters impact thin 
film structure.  

In general, analyses of all X-ray diffraction patterns, they demonstrated that antimony and 
fluorine have been successfully doped into the SnO2 thin films. Shortly, if the spin speed is too 
high, the solution will not stay on the surface and will spread out of the film during the spin off 
process whereas if the speed is too low the solution will not reach to the boundaries of the thin 
film leaving behind the un-deposited areas on the film. Similarly if the spin time is very short the 
film will be very thick and solution will also not reach to the boundaries of the substrate. However 
if the spin time is very high it will also have a negative impact on film morphology. There must be 
a balance between spin speed, acceleration and spin time [34]. The grain sizes for these films 
deposited at different spin speeds with 5 and 6 substrate layers were calculated using Scherer’s 
formula [46]; D =0.9λ/(β cosθ); where D is the size of the crystallite, β is the broadening of 
diffraction line measured at half its maximum intensity in radians (FWHM) and λ is the 
wavelength of X-rays (λ = 1.5418 Å). Values regarding structural of the films which calculated by 
using above equation are seen in Table 1 for (021) and (042) planes, respectively.  
 

Table 1. Structural values of doubly doped tin oxide (SnO2:Sb:F/AFTO) thin films 
 prepared at different spin speeds and substrate layers 

 

Spin Speed 
Number 
of Layer 

2θ (˚) FWHM (hkl) dstd(Å) dcal(Å) D(nm) 
δ (lines/ 

m2) 

 
1000 rpm 

 

5 
5 
6 
6 

31,76 
66,30 
31,74 
66,28 

0,03291 
0,03029 
0,12858 
0,11185 

(021) 
(042) 
(021) 
(042) 

2,809 
1,404 
2,809 
1,404 

2,819 
1,410 
2,820 
1,407 

251 
313 
64,3 
84,9 

0,16E+14 
0,10E+14 
2,41E+14 
1,39E+14 

 
2000 rpm 

 

5 
5 
6 
6 

31,78 
66,28 
31,90 
66,42 

0,07250 
0,06482 
0,13510 
0,11800 

(021) 
(042) 
(021) 
(042) 

2,809 
1,404 
2,809 
1,404 

2,817 
1,407 
2,807 
1,407 

114 
146 
61,2 
80,6 

0,76E+14 
0,47E+14 
2,66E+14 
1,54E+14 

 
3000 rpm 

 

5 
5 
6 
6 

31,78 
66,28 
31,74 
66,26 

0,06757 
0,07860 
0,07247 
0,06400 

(021) 
(042) 
(021) 
(042) 

2,809 
1,404 
2,809 
1,404 

2,817 
1,411 
2,820 
1,410 

122 
121 
114 
148 

0,66E+14 
0,69E+14 
0,77E+14 
0,45E+14 

 
4000 rpm 

 

5 
5 
6 
6 

31,70 
66,20 
31,80 
66,30 

0,11439 
0,09395 
0,13348 
0,08627 

(021) 
(042) 
(021) 
(042) 

2,809 
1,404 
2,809 
1,404 

2,824 
1,409 
2,815 
1,410 

72,3 
101 
61,9 
110 

1,91E+14 
0,98E+14 
2,60E+14 
0,83E+14 

5000 rpm 

5 
5 
6 
6 

31,82 
66,32 
31,82 
66,32 

0,15188 
0,11994 
0,12213 
0,09585 

(021) 
(042) 
(021) 
(042) 

2,809 
1,404 
2,809 
1,404 

2,814 
1,408 
2,814 
1,407 

54,4 
79,2 
67,7 
99,1 

3,37E+14 
1,59E+14 
2,17E+14 
1,02E+14 

2θ-The Diffraction angle, FWHM - Full width half maximum, (hkl) miller indices, 
d- interplaner distance, D-Grain size and δ-Dislocation density. 
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For 5 substrate layers, the grain sizes of the films changed randomly with the increasing 
spin speeds until 4000 rpm and reached 72,3 nm at 4000 rpm then decreased. For 6 substrate 
layers, the grain sizes of the films were very nearly stable from 1000 rpm to 5000 rpm. Generally, 
this dispersing in grain sizes of the films was random and indicated that grain sizes of these films 
depend on spin speed and substrate layer. Regarding all the studied experimental condition, the 
results are associated with XRD patterns which show that grain size of the films in 5 substrate 
layers was seemed bigger than 6 substrate layers due to the films of very high quality in terms of 
crystallinity. 

We can conclude with certainty that when we increased substrate layer, grain size of the 
best crystalline films in 5 substrate layers was larger than 6 substrate layers. This state continued 
for every spin speeds and substrate layers not including 5000 rpm. Also, in this report, dislocation 
density (δ) was determined using δ=1/D2 [47]; where D is the size of the crystallite like Table 1. 
The (δ) is defined as the length of dislocation lines per unit volume due to the fact that the (δ) is 
amount of defects in a crystal. It was concluded that when we increased substrate layer, dislocation 
density was increased. The small values of δ obtained in the present study confirmed the good 
crystallinity of the doubly doped tin oxide films deposited by spin coating [42,48]. The results are 
associated with XRD patterns which show that dislocation density of the thin films prepared with 
5 substrate layers was smaller than 6 substrate layers owing to the films of very high quality in 
terms of crystallinity. Therefore, the growth mechanism involving dislocation is importance state 
and also dislocations in a crystal are imperfect associated with the mis-registry of the lattice in one 
part of the crystal with respect to the other parts [49]. The interplaner distance (d) for every crystal 
calculated from XRD results by using Bragg's law (n=2dSin). This d values were given in 
Table 1 are compatible with standard d values in JCPDS Card No: 78-1063 Quality C and were 
almost similar for the films with both 5 and 6 substrate layers. Moreover, value of full width at 
half maximum (FWHM) in XRD crystalline peaks for 5 substrate layers were found to be smaller 
than 6 substrate layers. 

 
 3.2. Optical properties 
 
3.2.1. Transmittance 
 
As it was shown in Fig. 3., the optical transmittance (T) properties of the thin films 

prepared at different spin speeds with 5 and 6 substrate layers have been characterized by UV-VIS 
spectrophotometer (Perkin Elmer, Lambda 35).  

 
Fig. 3. Transmittance spectrum of doubly doped tin oxide (SnO2:Sb:F/AFTO) thin films 

 prepared at different spin speeds and substrate layers 

 
The optical transmittance (T) was investigated using the transmission spectra in the 

wavelength range of 300-1100 nm. It has been found to be changing from 83% to 97% and 80% to 
94% in the visible region depending on the spin speeds for 5 and 6 substrate layers, respectively. 
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Also, the value of transmittance at 900 nm is calculated about 90%. The values are comparable 
with literature [1-2,42,50].The highest transmittance was seen at 4000 rpm for 5 substrate layers 
and at 5000 rpm for 6 substrate layers. For both substrate layers, it increased with increasing spin 
speeds but decreased with increasing substrate layer.  

In other words, when we increased substrate layer from 5 to 6, transmission of thin films 
with the best crystalline was decreased because of there are more materials on substrate as to lower 
substrate layer. When spin speeds increased, as can be seen from Fig. 3., the transmission values 
of the thin films changed from 90,00% to 97,20% then 95,84% for 5 substrate layers, from 80,14% 
to 90,48% for 6 substrate layers. These results are associated with XRD patterns. Already, since 
the thickness of the films decrease with increasing spin speed [34], transmittance automatically 
begins increasing. Regarding all the studied experimental condition, T values of the thin films 
prepared at different spin speeds with 5 substrate layers were found to be bigger than 6 substrate 
layers. It was concluded that good crystallinity give rise to good transmittance. Also, 
transmittances of AFTO thin films which prepared with this sol-gel spin coating are highest 
compared to the ones prepared with the other systems [37]. 

We successfully coated and obtained the films with good transparency as to the literature 
[42], though it is quite difficult to deposit doubly doped tin oxide (SnO2:Sb:F/AFTO) thin films 
with this method. Finally, the previous studies regarding tin oxide films prepared by sol-gel spin 
coating indicated that their transmittance value is about 50-80% [1,2,7,40,43,44,55] etc. But, in 
this report, the transmittance was found to be much better than the previous values and increased 
to 90-95%. Also, sample coloration as-prepared by spray pyrolysis [51] appear generally a bluish, 
but in this work a white fog was found for the first time [1,2,7,40]. 

 
3.2.2. Band gap energy 
 
The fundamental absorption refers to band-to-band transitions, i.e. to the excitation of an 

electron from the valence band to the conduction band. The fundamental absorption, which 
manifests itself by a rapid rise in absorption, can be used to determine the band gap of materials 
[52]. The absorption coefficient (α) can be calculated from the transmittance (T) values which at 
the absorption edge in the transmittance spectra from the Lambert’s law α=ln[(1/T)/t] [53]. The 
variation of absorption coefficient against photon energy (hν) has the form of (the optical band gap 
of the films is found using the Tauc’s relation [48]) α=A(hν - Eg)n/2 where Eg is the band gap 
energy, A is a constant related to the effective masses associated with the bands and n is a constant 
and one for a direct-gap and two for an indirect-gap [54]. To determine whether the doubly doped 
TO films direct or indirect band gap, (αhν)2 vs. (hν) and (αhν)1/2 vs. (hν) plots were drawn. Since 
better linearity was obtained in the (αhν)2 vs. (hν) plots, the direct band gap values were 
determined by extrapolating the linear portion of these plots to the energy axis (zero absorption).  

The Eg values are also calculated using the dT/dλ vs λ plots [55]. Eg values of the thin 
films as-prepared at different spin speeds with substrate layer were investigated using the 
absorption spectra. The values of direct band gap were estimated from the extrapolation of the 
linear portion of the curve to zero absorption and found to be in the range 3,12-3,46 eV and 3,18-
3,41 eV for 5 and 6 substrate layers, respectively, depending spin speeds. The highest Eg value for 
the AFTO thin film that deposited was found at 4000 rpm and 5000 rpm for 5 and 6 substrate 
layers, respectively. It was concluded that when we increased substrate layer from 6 to 5, Eg was 
decreased.  In this work, Eg values which compatible with the literature [54, 56] changed a little bit 
for different spin speeds. Eg values of the thin films prepared at different spin speeds for 5 
substrate layers at same spin speeds was usually found to be bigger than for 6 substrate layers.  

The annealing process may be supposed to decrease quantity of defects/dislocations and to 
get better crystal orientation. Because once film quality increases, Eg value increases due to 
decreasing band defects like reported by [57]. Hence, it was found that Eg value of the films up to 
the best crystalline rpm for was be wider randomly with increasing spin speeds and then it 
decreased slowly. In result, the non-radiative recombination reduced and the intensity of the 
blue/violet peak increased. The optical transmittances and the estimated Eg values were 
summarized in Table 2.  
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Table 2. Optical transmittance and the estimated Eg values of doubly doped tin  

oxide (SnO2:Sb:F/AFTO) thin films prepared at different spin speeds 

 
Spin Speed Number of Layer T (%) at 700 nm Eg (eV) 

1000 rpm 
5 
6 

90,00 
80,14 

3,39 
3,21 

2000 rpm 
5 
6 

92,22 
85,85 

3,16 
3,27 

3000 rpm 
5 
6 

93,63 
87,54 

3,44 
3,41 

4000 rpm 
5 
6 

97,20 
89,81 

3,46 
3,39 

5000 rpm 
5 
6 

95,84 
90,48 

3,22 
3,39 

T: Transmittance and Eg: Band gap energy 
 

3.3. Luminescent properties 
 
Photoluminescence (PL) measurements (excitation wavelength: 300nm) were carried out 

at room temperature by Jobin Yvon Horiba Spex Fluoromax-3 Spectrometer. It was studied effect 
of spin speed and substrate layer on the film PL and since PL spectra not only show the quality of 
films obtained but also give an information to us about defects in crystal [58], was investigated 
circumstances of defect states. Fig. 4 showed that PL spectrums (with range of 310–500 nm) of the 
thin films prepared at different spin speeds with 5 and 6 substrate layers, respectively.  

 
Fig. 4. PL spectrums of doubly doped tin oxide (SnO2:Sb:F/AFTO) thin films prepared  

at different spin speeds with 5 and 6 substrate layers 

 
Excitation wavelength, 300nm, cannot be seen because scan area began from 310 nm in 

PL spectrum. It was observed that one broad emission peaks at approximately 347 nm (3,57 eV) 
and two small emissions at 398 nm (3,16 eV) and 469 nm (2,65 eV), respectively.  

Origin of this broad peak is exciton emission which is originated from the recombination 
of the exciton corresponding to the near-band gap emission (NBE) inside tin oxide structure [59]. 
The intensity of NBE band peak is varied by spin speeds and substrate layers value. The origin of 
the peak at 398 nm is attributed to the electron transition from the donor level formed by oxygen 
vacancies or Sb+5 or F- ions to the acceptor level formed by the Sb+3 ions [60]. In deposited 
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polycrystalline oxides, oxygen vacancies are known to be the most common defects and form the 
donor level [61]. Some researchers found that SnO2 thin films exhibited a broad dominant peak 
near 396 nm (about 3.14 eV), which has been assigned to all the luminescent centers, such as 
nanocrystals and defects in the film [62]. Another peak observed at 469 nm, which corresponds 
frequently to blue luminescence and can be attributed to singly charged oxygen vacancies or 
luminescent centers in the films [63] indicating that these films contain a large number of defects.  

It was concluded from PL measurements that peak positions of the films exhibit similar 
characteristic both at 5 and 6 substrate layers. But, intensity of the peak was found that films at 5 
substrate layers to be much more generally than at 6 substrate layers, as films at 5 substrate layers 
had a good crystalline. And, if spin speed increased from low speed to fast, crystallinity was going 
to good and orientation preferentially improved (see XRD results). Meanwhile, as defect decreased 
(see Eg results in Table 2), intensity of PL spectra increased automatically. However, emission 
spectra shifted little bit to a UV region, when spin speed increased. Because, the spectral shift 
towards the UV region may be attributed to the improved crystallinity and a higher concentration 
of carriers [64]. Furthermore, the fundamental absorption edge is shifted toward the shorter 
wavelength side with the widening of the energy gap in the films may arise from a Moss–Burstein 
shift [65]. When spin speed and substrate layer increased, the grain size of the thin films became 
larger (see) and oxygen vacancies which related to luminescence intensity decreased (not shown 
here) [66]. So, PL properties of the doubly doped tin oxide thin films are dependent on the 
preparation conditions such as spin speed and substrate layer [58]. It was suggested that the quality 
of the films was good owing to observation of strong and sharp exciton lines in the PL spectra.  

Finally, the fluorescence quantum yield (PLQY) is the ratio of photons absorbed to 
photons emitted through fluorescence i.e PLQY gives the probability of the excited state being 
deactivated by fluorescence rather than by another, non-radiative mechanism [67]. The most 
reliable method for recording PLQY is the comparative method of [68] which involves the use of 
well characterized standard samples with known PLQY values. Detailed information can be found 
elsewhere [67]. AFTO samples were prepared in deionized water and was calculated their PLQY 
values according to [67]. Other measurements for tin oxide family are similar to AFTO. It was 
concluded from PLQY results that AFTO in deionized water solution is found as 0,24% as 
comparing at same conditions with DPA (9,10-Diphenylanthracene) in cyclohexane solution. 
Further information about PLQY can be found elsewhere [69]. 

   
4. Conclusion 
 
Tin oxide thin films doubly doped with antimony and fluorine (SnO2:Sb:F/AFTO) were 

successfully deposited by sol-gel spin coating method at different spin speeds and substrate layers 
on glass substrate. The physical property of the films as a function of spin speeds and substrate 
layers were characterized by using several equipments. X-ray diffraction studies revealed that 
antimony and fluorine have been successfully doped into the SnO2 thin films and all the prepared 
films were single crystalline in nature and exhibited orthorhombic structure with preferential 
orientation {021} family of planes. SnO2 thin films deposited by spray pyrolysis method had 
tetragonal polycrystalline in general. But, to the best of our knowledge, in this study single 
crystallinity with orthorhombic structure was rarely reported. In other words, it was reported for 
the first time in the literature. The best crystalline AFTO thin film was deposited at 4000 rpm and 
5000 rpm for 5 and 6 substrate layers, respectively. It was found that a rise in the spin speed 
improved the crystallinity of the film up to the optimum.  Peak intensity of the films prepared with 
6 substrate layers was bigger than 5 substrate layers, but crystallinity in 5 substrate layers was 
better than 6 substrate layers. But, although intensity of preferential orientation changed, its 
orientation did not change with increasing spin speeds and substrate layers. Transmittance (90-
95%.) values found in this study were to be much better than previously reported values (50-80%). 
Together with these studies, PLQY value of an inorganic material such as tin oxide which weakly 
emit was measured. Photoluminescence results showed that the films emitted light at UV-visible 
region. If spin speed increased from low speed to fast, crystallinity was going to good and 
orientation preferentially improved. Meanwhile, as defect decreased (see Eg results in Table 2), 
intensity of PL spectra increased automatically. Due to high Eg and transparency of the films, it 
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was suggested that the films are likely to be useful as electrical contacts in various electronic and 
energy harvesting applications. On the other hand, as AFTO solution has very low PLQY value, 
AFTO cannot be used as emissive substrate layer in optoelectronic devices such as in OLED 
devices and solar cells. But, those can be used as anode in the optoelectronic devices. Already, if a 
material not used as active part in optoelectronic devices such as in OLED devices and solar cells, 
PLQY value is not an important issue. Finally, the obtained results revealed that properties of the 
thin films were greatly affected by spin speeds and substrate layers. Meanwhile, wide information 
about this spin coating method was given. 
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