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1. Introduction

A dye-sensitized solar cell (DSSC) is a technology that 
converts sunlight energy (visible light) into electrical ener-
gy. One of the components that support the DSSC working 

process is a transparent conductive oxide (TCO). Transpar-
ent conducting oxide is a thin layer of metal oxide that has 
high electrical conductivity and optical transparency [1]. 
Besides supporting the DSSC working process, this TCO 
can also be applied in the daily activity such as sensors, solar 
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Fluorine-doped tin oxide (FTO) thin films 
have been deposited by the modified spin 
coating method at 3000 rpm using tin (II)  
chloride dehydrate (SnCl2.2H2O) as a pre-
cursor, ammonium fluoride (NH4F) as a 
dopant and ethanol as a solvent. The aim 
of this research is to find out the quality of 
the thin film based on the number of cycles 
(3, 4, 5, and 6 cycles) and annealing tem-
perature (300, 400 and 500 °C). The varia-
tion of annealing temperature and number of 
cycles can affect the crystal structure of the 
FTO thin film, crystal size and grain size. 
Increasing the number of cycles and anneal-
ing temperature can lead to larger crystal-
lite size and lower dislocation density, so 
that electrons between the grains can move 
easily. The large grain can reduce the grain 
boundary, increasing the electron mobility 
and decreasing the resistivity. XRD anal-
ysis shows that the structure of SnO2 poly-
crystalline with the most dominant crystal 
plane (110) is formed in this research when 
compared to the intensity of other struc-
tures. The resistivity value decreases with 
increasing the annealing temperature and 
number of cycles. In addition, transparen-
cy value also decreases along with increas-
ing the annealing temperature and number 
of cycles. The optimum results of resistivi-
ty and transparency values obtained in this 
research are 1.69×210-2 Ω.cm and 69.232 %  
at 500 °C and 5 cycles. These results can 
be used as a reference for further study to 
optimize the production of fluorine-doped 
tin oxide (FTO) thin film with spin coating. 
Therefore, many factors that affect the pro-
duction of fluorine-doped tin oxide (FTO) 
thin film, either dissolving stage or depo-
sition process on the substrate surface still 
need to be studied deeply to obtain the opti-
mum result
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cells, batteries and touch screens. TCO has a high selling 
value because it has valuable functions. Currently, TCO 
has passed many developments in materials, manufacturing 
methods and applications. TCO must have good transpar-
ency and conductivity properties to fulfill its application. A 
good level of transparency is obtained with the amorphous 
structure in the material, but the crystallinity value is di-
rectly proportional to the conductivity. This causes the need 
in increasing the degree of crystallinity that can reduce 
amorphous properties to achieve optimal conductivity [2]. 

Currently, the most common TCO thin film commer-
cialized by the manufacturing industry is indium tin oxi- 
de (ITO). However, ITO has disadvantages that are the 
raw material is very expensive and its availability is limited. 
Tin oxide (SnO2) is a transparent conductive oxide that has 
been widely studied as a substitute for ITO. The advantage 
of SnO2 is that it can withstand high temperatures and is 
stable chemically and mechanically [3]. An effective way to 
increase the electrical conductivity and optical transparency 
of TCO thin films is adding the doping as impurities such 
as antimony, fluorine, niobium and tantalum [4]. Fluorine 
doped tin oxide (FTO) is a transparent conductive oxide 
material that is widely researched as an alternative to indi-
um tin oxide (ITO) that is cheaper [5] and the raw materials 
are easier to obtain.

2. Literature review and problem statement

TCO alternative studied in this research was transparent 
conductive glass FTO as an alternative to indium tin oxide 
(ITO). Various techniques can be used to synthesize oxides, 
particularly SnO2, including chemical vapour deposition 
(CVD) [6], physical vapour deposition (PVD) [7], spray 
pyrolysis [8], pulsed laser deposition (PLD) [9], DC reactive 
sputtering [10], dip coating [11], and spin coating [12]. Do- 
yan, et. al said that the thin layer growth of SnO2 with fluo-
rine doping using the spray pyrolysis method has a weakness, 
namely the formed layer is not homogeneous and cracks oc-
cur after heating [13]. Whereas with the sputtering method, 
the adhesion between the thin layer and the substrate is get-
ting better, but requires complicated equipment [14]. Among 
those techniques, sol-gel spin coating has the advantage of 
being able to form a homogeneous film layer [14] but it has 
not been widely tried for the manufacture of FTO films. 
Therefore, in this study a research will be conducted on the 
manufacture of FTO thin layers by studying the effect of the 
number of cycles and annealing temperature.

Goebbert, et. al. in 1999 examined the wet chemical 
deposition of the ATO layer using the spin coating technique, 
SnCl4 as a precursor and 5 mol % Sb as the dopant. The 
obtained resistivity value was 1.7×10-2 Ω⋅cm at 550 °C [15]. 
As we know, antimony (Sb) is one of the poisonous doping 
agents, so we need environmentally friendly antimony as an 
alternative. Based on these reasons, the present research will 
use fluorine doping where this doping is more environmen-
tally friendly than antimony (Sb).

Moradi, et. al. in 2014 [16] conducted a study on the 
effect of solution and coating thickness on the manufacture 
of tin-doped indium oxide (ITO) using SnCl4 as precur-
sors, indium nitrate hydrate as dopants then using ethanol  
(Merck Co.) and acetyl acetone (AcAc, Merck Co., (98 %) 
as a variety of solvents. As we know, indium nitrate hydrate 
is one of the economic doping agents, so an alternative to 

replace indium nitrate is needed. The crystal structure 
obtained indicates that the crystallinity of indium oxide 
formed successfully. The optimum result obtained in this 
study is a resistivity value of 0.412×10-1 Ω⋅cm and the thick-
ness was 165 nm with 7 layers at 550 °C. In his research, he 
concluded that the ethanol solvent was better than acetyl 
acetone. According to Moradi et al, acetyl acetone is the 
right agent for making transparent thin films because acetyl 
acetone causes the formation of smaller particles, so that 
the conductivity of thin films decreases. On the other hand, 
ethanol is a good solvent with less than 7 layers used. Un-
fortunately, the resistivity value obtained for the TCO thin 
layer is still under the 10-4 Ω⋅cm scale.

Subramanian, et. al [17] studied the effect of tempera-
ture variations on FTO thin films with the precursors 
SnCl4⋅5H2O, F/Sn ratio 7.5 %, 3½ and 5½ days of aging, 
speed 3000 rpm and 10 layers. The most common precursor 
used in the spin coating method by previous researchers is 
SnCl4⋅5H2O with the oxidation number of IV, which leads 
to the formation of fluorine-doped tin oxide thin films and 
SnO2 nanocrystals. SnCl2⋅2H2O is an alternative precursor 
to SnCl4⋅5H2O because SnCl2⋅2H2O can be found easily and 
more economically. The solution making process carried out 
by Subramanian requires a large amount of energy, because 
the solution was stirred and refluxed at 60 °C for one hour. 
Hence, in our research, we will try the manufacturing process 
at room temperature so that no temperature energy is needed 
in making the solution. Subramanian also used aging process 
for 3½ and 5½ days when making the solution. Unfortunate-
ly, the aging time will affect the viscosity value, the high 
viscosity value causes bad adhesion and comet formation 
on the coated film. That is a challenge for us not to use the 
aging time in the solution making process. We hope that the 
shorter deposition time will be able to produce the desired 
conductive glass layer. The result obtained by Subramanian, 
et. al is the minimum value of sheet resistance of 40 Ω/sq at 
375 °C, but this value also does not meet the requirements for 
the optimum value of TCO thin film with sheet resistance on 
a scale of ~18 Ω/sq. The resulting film structure shows poly-
crystalline properties with a preferred orientation along the 
plane (110) at lattice constants a (4.7324 Å) and c (3.1924 Å) 
but the sharpness of this crystalline plane starts at 350 °C 
while at 325 °C crystal field sharpness does not yet appear. 
According to this research, the grain size increases along 
with increasing temperature and the average grain sizes ob-
tained were 143.76 nm and 414.8 nm.

Another research was carried out by Kahattha, et.al [18] 
studied the effect of temperature annealing on the optical 
properties of FTO thin films with SnCl4⋅5H2O precursor, 
10 % dopant concentration of NH4F, 2-methoxyethanol 
and monoethanolamine (MEA), respectively used as a sol-
vent and stabilizer. Similar to the research conducted by 
Subramanian, et. al, Kahatta also used 20 h of aging, a 
speed of 2,000 rpm and 10 layers. For the same reason, it 
is a challenge for the author no to do an experiment using  
SnCl2⋅2H2O as a precursor and the dissolving process with-
out aging. Kahatta, et. al said that the average grain size of 
FTO thin films increases with increasing annealing tem-
perature. The XRD pattern given in this research showed 
that at 300 °C the amorphous phase and polycrystalline 
phase of SnO2 with plane peaks (110), (101) and (200) 
formed at 400 °C are produced. Due to the amorphous phase 
achieved under 300 °C, the annealing temperature that we 
used in this research was started at 300 °C.
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3. The aim and objectives of the study

The aim of this study is to determine the quality of the 
FTO thin film formed based on the number of cycles (3– 
6 cycles) and annealing temperature at 300, 400, 500 °C.

To achieve this aim, the following objectives are accom-
plished:

– to study the effect of adding fluorine to a pure tin 
solution;

– to determine the optimum parameters for the number 
of cycles and annealing temperature on crystallinity, mor-
phology, resistivity values and optical properties of FTO 
glass with SnCl2⋅2H2O as a precursor and NH4F as a dopant;

– to study the correlation of annealing temperature and 
the number of cycles on optical properties and the value of 
crystallinity, morphology, and resistivity.

4. Materials and experimental method

The materials used in this study were tin (II) chloride 
dehydrate (SnCl2⋅2H2O) (Merck®), ammonium fluoride 
(NH4F) (Merck®), ethanol (Merck®) and soda-lime mi-
croscope slide glass substrates. The first step was cleaning 
the substrate in the same ways that were carried out by Ari- 
ni, et. al. [19]. The solution was made of two types of solu-
tions. The first solution (undoped) is a mixture of 12 grams 
tin (II) chloride dehydrate (SnCl2⋅2H2O) with 100 ml eth-
anol, stirred at 3000 rpm for 30 minutes. Furthermore, the 
doped solution was made using the initial composition of the 
first solution with the addition of 0.24 grams NH4F doping, 
then stirred again for 30 minutes until homogeneous.

The deposition process used the spin coating method 
with a fairly simple, easy and economical tool with a speed 
of 3,000 rpm. The solution was deposited on a surface with a 
height of 2 cm as much as 1 drop for 90 seconds maintained 
on a hot plate at 200 °C for 10 minutes. This process was 
repeated with the variations in the number of cycles 3, 4, 5 
and 6 times. After that, the annealing process was carried 
out with annealing temperature variations of 300, 400, and 
500 °C for 1 hour.

The crystallinity and structural properties of the SnO2 
thin films were characterized using x-ray diffraction (XRD) 
(Shimadzu XRD-7000). Surface morphology was charac-
terized using the scanning electron microscope – energy 
dispersive spectroscopy (SEM-EDS) (JEOL-JSM 6390A), 
while the thickness of the SnO2 thin layer was characterized 
using FE SEM (FEI INSPECT F50). The transmission 
and electricity spectra were characterized using UV-Vis 
spectroscopy (Thermo UV-Vis Genesys 10s) and four-point 
probe (FPP5000). 

5. Results of determining the thin film quality 
5. 1. Effect of the number of cycles
5. 1. 1. Crystal structure
XRD patterns of SnO2 thin film at 500 °C and deposition 

of 90 seconds with the different number of cycles are shown 
in Fig. 1. Based on Fig. 1, crystal planes (110), (101), (200), 
(211), (220), and (310) indicate the formation of the tetrag-
onal crystal structure of SnO2 (JCPDS: 41-1445) and show 
polycrystalline [20]. 

Based on Table 1, the results of XRD characterization 
will get the value of Full Width Half Maximum (FWHM). 
Increasing the number of cycles causes a decrease in the 

value of FWHM at the peak (110). The FWHM values for 
the number of cycles 3, 4, 5 and 6 are 1.333; 0.790; 0.723 
and 0.624°. This corresponds to the crystallite size that has 
increased with the increasing number of cycles.

Fig. 1. XRD diffraction patterns of SnO2 thin film with  
the variations in the number of cycles at a deposition time of 

90 seconds and annealing temperature of 500 °C

Table 1

Number of cycles effect on the characteristics of the SnO2 
thin film

Sample HKL 2 Theta FWHM D (Å) D average (Å)

3 
cycles, 
500 °C

110 26.454 1.333 45.138

85.461

101 33.708 0.876 71.152

200 37.812 0.554 162.204

211 51.666 0.673 100.322

220 54.658 0.543 128.501

112 63.668 12.245 5.448

4 
cycles, 
500 °C

110 26.455 0.790 78.098

96.715

101 33.762 0.826 75.782

200 37.836 0.637 138.206

211 51.679 0.787 102.782

220 54.600 0.789 118.553

310 61.862 1.033 66.867

5 
cycles, 
500 °C

110 26.430 0.723 85.871

108.832

101 33.733 0.728 86.623

200 37.743 0.506 174.182

211 51.639 0.717 115.358

220 54.612 0.575 120.476

310 61.735 0.982 70.483

6 
cycles, 
500 °C

110 26.565 0.624 100.633

111.552

101 33.864 0.615 103.919

200 37.918 0.342 260.462

211 51.773 0.622 109.350

220 54.755 0.809 83.518

002 57.756 0.637 109.525

112 64.553 5.009 13.461

The crystallite size in each cycles can be seen in Table 1. 
Table 1 shows that the smallest crystallite size was obtained 
when the number of cycles was 3, namely 85.461 Å. The 
value of the largest crystallite size was obtained when the 
number of cycles was 6, namely 111.552 Å.
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5. 1. 2. Surface morphology
The morphology of the FTO thin film was observed in 

the SEM images (Fig. 2). Fig. 2 shows the FTO thin films 
with 3, 4, 5 and 6 cycles. Increasing the number of layers 
from 3 to 6 will cause an increase in the number of grains 
and the empty spots will be filled, thus the grain size will 
be bigger.

 
 
 
 
 
 
 
 

a                                                  b 
 
 
 
 
 
 
 
 

c                                                  d 
 

Fig. 2. Morphology of the SnO2 thin layer at 500 °C for  
90 seconds with variations in the number of cycles:  

a – 3 cycles; b – 4 cycles; c – 5 cycles; d – 6 cycles

Fig. 2, a shows that small grains start to form and there 
are voids between the grains (dark appearance). Based on 
Fig. 2, b–d, with increasing the number of cycles to 4, 5 
and 6, the grain size will be bigger, with an average size of 
292.08; 453.82 and 469.57 nm, respectively.

5. 1. 3. Properties of electricity
Table 2 is the measurement result of the resistivity of the 

SnO2 thin layer with a variation in the number of cycles. The 
resistivity values of 3, 4, 5 and 6 cycles are 1.468×10-1 Ω⋅cm, 
0.368×10-1 Ω⋅cm, 1.692×10-2 Ω⋅cm and 0.854×10-2 Ω⋅cm, re-
spectively.

Table 2

Resistivity value of the SnO2 thin film with a variation in the 
number of cycles, fixed deposition 90 seconds and 500 °C

Sample Resistivity (Ω⋅cm)

3 cycles 1.468×10-1

4 cycles 0.368×10-1

5 cycles 1.692×10-2

6 cycles 0.854×10-2

From Table 2, it can be seen that there is a downward 
trend in the resistivity value along with increasing the 
number of cycles, which means that the conductivity will 
increase with increasing the number of cycles.

5. 1. 4. Optical properties
The optical properties of the SnO2 thin film were char-

acterized by measuring the optical transmittance spectrum 
(T) in the 300–800 nm range. The layer was deposited at 

3,000 rpm for 90 seconds with 3, 4, 5 and 6 cycles. The trans-
mittance value of the SnO2 thin layer can be seen in Fig. 3.

Fig. 3. Transmittance value of the SnO2 thin film with  
a variation in the number of cycles, fixed deposition  

90 seconds and 500 °C

With the number of cycles 3 and 4, the thin layer still 
looks transparent with a transmittance value of 85.897 and 
85.264 %. The transmittance value has decreased sharply 
with an increase in the number of cycles to 5 and 6 (69.232 
and 49.078 %).

5. 2. Effect of doping and annealing temperature 
5. 2. 1. Crystal structure
XRD diffraction patterns of the SnO2 thin film with 

a variation of annealing temperature, fixed deposition of  
90 seconds, number of cycles of 5 are shown in Fig. 4. In 
this deposition process, a comparison will be made between 
the 2 wt % doped and undoped samples to know the effect 
of giving fluorine as doping. The XRD analysis shows that 
the peaks indicate the phase of SnO2 material with crystal 
planes (110), (101), (200), (211), (220), and (310), which 
show the tetragonal crystal structure of SnO2 (JCPDS:  
41-1445) [20].

Fig. 4. XRD diffraction patterns of the SnO2 thin layer with 
annealing temperature variation, fixed deposition  

90 seconds, 5 cycles

From Table 3, it can be seen that when the annealing 
temperature increases from 300 to 500 °C, the FWHM 
value in the crystal plane (110) tends to decrease, namely 
2.078, 1.626 and 0.723°. The trend of these FWHM values 
indicates that the crystallinity of the SnO2 film increases 
due to the increased annealing temperature [21].
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Table 3

Effect of annealing and doping temperatures on the results 
of XRD characterization of the SnO2 thin film

Sample HKL 2 Theta FWHM D (Å)
D average 

(Å)

undoped, 
500 °C

110 26.447 3.098 19.013

38.947101 33.678 1.502 40.559

211 51.707 1.552 57.269

2 % wt, 
300 °C

110 26.454 2.078 28.567

50.376101 33.675 1.342 45.564

211 51.643 0.927 76.997

2 % wt, 
400 °C

110 26.534 1.626 36.751

92.269
101 33.806 0.917 67.840

200 37.854 0.693 126.536

211 51.705 0.503 137.951

2 % wt, 
500 °C

110 26.430 0.723 85.871

108.832

101 33.733 0.728 86.623

200 37.743 0.506 174.182

211 51.639 0.717 115.358

220 54.612 0.575 120.476

310 61.735 0.982 70.483

According to Table 3, the size of crystals formed in the 
undoped sample is 38.947 Å, while the size of the 2 wt % 
doped crystallite at annealing temperatures of 300, 400 and 
500 °C is 50.376; 92.269 and 108.832 Å.

5. 2. 2. Surface morphology
SEM images of FTO thin films coated with variations 

in annealing temperature, fixed deposition 90 seconds, 
number of layers 5 are shown in Fig. 5. Fig. 5, a shows the 
morphology of undoped thin films with small grain sizes 
and not dense, there are voids between the grains (dark 
appearance) thereby reducing the conductivity of the 
sample [22]. 

With the addition of 2 wt % doping, there was a 
change in the morphology of the thin film. The surface 
morphology of the FTO thin film with a flat and smooth 
surface consisting of small fine grains appears at 300 °C. 
Whereas at 500 °C, FTO thin films show a rougher sur-
face and larger grain size than FTO thin films annealed 
at 300 and 400 °C with average sizes of 56.41; 183.22 and 
469.57 nm. 

The thickness of the SnO2 thin film annealed at 500 °C 
can be seen from the cross-sectional FE-SEM shown  
in Fig. 5, e. The transverse images of FE SEM show a fairly 
even and uniform thickness with the estimated thin film 
thickness about 0.83 μm. In addition, it is also seen that  
the thin film has a sharp interface between the substrate and 
the SnO2 thin film (Fig. 5, e).

5. 2. 3. Properties of electricity
Table 4 is the measurement result of the resistivity of the 

SnO2 thin film with the variations in annealing tempera-
ture. Based on Table 4, the resistivity value decreased with 
increasing the annealing temperature in the 2 % wt doped 
sample. The resistivity value decreased from 4.08×10-1 to 
1.69×10-2 Ω⋅cm when the annealing temperature increased 
from 300 to 500 °C. The resistivity value of the undoped 
thin film at 500 °C is 1.82×100 Ω⋅cm, which is higher than 
for samples using doping.

 
 
 
 
 
 a                                                  b  

 
 
 
 
 
 
 
 

c                                                  d  
 
 
 
 
 
 
 
 

e
 

 
Fig. 5. Morphology of the SnO2 thin film with variations in 

substrate temperature, fixed deposition 90 seconds,  
5 cycles: a – undoped at 500 °C, b – 2 wt %  

doped at 300 °C; c – 2 wt % doped at 400 °C;  
d – 2 wt % doped at 500 °C, e – cross-sectional view  

with 2 wt % doped at 500 °C

Table 4

Resistivity value of the SnO2 thin layer with annealing 
temperature variations, fixed deposition 90 seconds, 5 cycles

Sample Resistivity (Ω⋅cm)

2 wt % doped, 300 °C 4.080×10-1

2 wt % doped, 400 °C 5.330×10-2

2 wt % doped 500 °C 1.692×10-2

undoped, 500 °C 1.821×100

Table 4 shows that the addition of dopants has an effect 
on the resistivity value where the addition of fluorine ele-
ment as a dopant on the precursor decreases the resistivity 
value. This is supported by the XRD analysis (Fig. 4), which 
shows that increasing the amount of F doping made the FTO 
glass more crystalline.

5. 2. 4. Optical properties
Differentiation in the transmittance value of the SnO2 

thin film with variations in annealing temperature can be 
seen on the UV-Vis graph in Fig. 6. Fig. 6, a shows a trans-
mittance spectrum (undoped) with a higher transmittance 
value (85.78 %) than for the doped sample.

The optical transmittance spectra of the FTO thin films 
with annealing temperatures at 300, 400 and 500 °C are 
shown in Fig. 3, b, d. The average transmission of SnO2 thin 
films in the wavelength range of 300−800 nm shows a sig-
nificant change with the increase of annealing temperature. 
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The transmittance values at 300, 400 and 500 °C were 81.72; 
77 and 69.23 %. 

Fig. 6. Transmittance value of the SnO2 thin film with  
a variation in the annealing temperature, fixed deposition  

90 seconds, 5 cycles

6. Discussion of results

6. 1. Discussion of results of the effect of the number 
of cycles

Based on Fig. 1, crystal planes (110), (101), (200), (211), 
(220), (310) and (301) indicate the formation of the tetrag-
onal crystal structure of SnO2 (JCPDS: 41-1445) and show 
polycrystalline [20]. The crystal plane 110  has the most 
dominant structure in all cycle variables compared to other 
crystal planes. This is caused by a phenomenon related to the 
growth of nucleation on the surface [17]. Besides that, other 
crystal planes are formed, namely the crystal fields (101), 
(200) and (211), but with lower intensities. Crystal fields 
(220), (002), (310), (112) are additional peaks that arise due 
to variations in the number of cycles where the increasing 
number of cycles makes the peak intensity of each peak 
relatively increased. The peak intensity of XRD increases 
with the number of cycles, this is supported by a research 
conducted by Dissanayake, et al in 2018 [23]. Crystallinity 
of thin films increases with increasing the number of cycles. 
This is indicated by the intensity and sharpness of XRD 
peaks of the SnO2 thin film [24] as in Fig. 1.

In this study, the crystallite size value increases due 
to the decrease in the value of FWHM. It corresponds to 
Scherrer’s equation [25].

,
cos
k

t
λ

=
β Θ

  (1)

where t is the size of crystallite diameter, k is the proportion-
ality constant (0.9), λ is the wavelength of X-ray diffraction 
used (1.54 Å), β is FWHM, and θ is the Bragg diffraction an-
gle. According to the crystalline size data shown in Table 1, 
it can be concluded that the greater the number of cycles, 
the higher the crystalline size. The degree of crystallinity 
and intensity of the crystalline plane increased due to the 
increase in the number of cycles on the SnO2 thin film sur-
face [24].

Based on Fig. 2, b–d, with the increase in the number 
of cycles to 4, 5 and 6, the grain size is getting bigger, this 
is consistent with the research conducted by SN Sadikin 
who said that samples with a higher number of spin coatings 
cause the grain size to be larger at the highest spin layer and 

the layer thickness will also increase with the increase in the 
number of cycles [26]. The research result shows that the 
number of cycles has a significant effect on the increase in 
the grain size of the FTO thin film. This corresponds to the 
XRD analysis in Fig. 1.

Table 2 shows that the resistivity value decreases with 
increasing the number of cycles. Therefore, the film con-
ductivity will increase. This is supported by the XRD 
diffraction patterns formed in Fig. 1. In the XRD analysis, 
the crystallite size increases with increasing the number of 
cycles where the large crystallite size reduces the dislocation 
density. Hence, the electrons between the grains are easily 
transferred. The large grain size reduces the grain bound-
aries that increase the mobility of the electrons and conse-
quently the resistivity of the film decreases [12].

The transmittance value of the SnO2 thin film in Fig. 3 
indicates that as the number of cycles increases, the trans-
mittance value decreases. This is caused by the strong 
absorption power of the SnO2 thin film and its absorption 
spectrum. The transmittance decreases as the number 
of cycles increases due to the increasing film thickness 
and then continues at a higher wavelength region [23]. 
This is supported by the previous research conducted 
by A. Kocygit, et al., who stated that the layer thickness 
increases linearly with the increasing number of layers 
but will cause optical properties (transmittance) to de-
crease [24]. Based on Fig. 3, the optimum condition for 
obtaining a high transmittance value is when the number 
of cycles is 3.

6. 2. Discussion of results of doping and annealing 
temperature 

In Fig. 4, it can be seen that in the undoped glass film of 
SnO2, the formed crystal planes are (110), (101) and (211) 
and the intensity in each crystal plane is still low. The in-
tensity of each peak will increase with the increase in the 
F doping amount. It indicates that the addition of the F 
doping element will affect the resulting SnO2 crystal shape. 
Besides that, it can also be seen from the XRD diffraction 
pattern that the crystallinity value increases significantly 
when comparing doped to undoped samples. Thus, it can be 
concluded that F doping will increase the crystallinity of the 
SnO2 thin film structure.

The crystal plane in Fig. 4 shows polycrystalline, with 
the crystal plane (110) being predominant. This is supported 
by the research conducted by I. Y. Y. Bu, et al in 2014 who 
examined sol-gel deposition from FTO glass used for DSSC 
where the crystal structure obtained was SnO2 with tetrag-
onal form and the highest peak intensity in the crystal plane 
was (110) [27]. Amel Adjimi, et al in 2018 [28] said that the 
crystal plane (110) remains the orientation in research using 
SnO2 or undoped. Also, crystal planes (101) and (211) are 
also formed with relatively lower intensity. At annealing 
temperatures of 400 and 500 °C, a crystalline field (200) was 
seen. Whereas the crystalline fields (220) and (301) formed 
only at 500 °C. This is probably due to the increase in grain 
growth that will occur when the annealing temperature is 
raised. The increase in grain size is assumed to be related to 
the increase in the grain growth rate and crystal size due to a 
rapid increase in adsorption and diffusion rate of atoms with 
temperature [17].

Table 3 shows that with the addition of 2 wt % doping, 
the crystal size of the FTO thin films was greater when com-
pared to the thin films that were not doped. This proves that 
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adding the F ion can increase the crystal size of SnO2. This 
trend is consistent with the research that has been done by 
Mientus et al and Banyamin et al, who stated that grain size 
has increased by 5.3 %. This enlargement is due to the inser-
tion of F atoms in the SnO2 lattice, which causes stress in the 
lattice [29]. From Table 3, it can also be seen that the crystal 
size increases with increasing the annealing temperature 
because the annealing temperature-induced coalescence 
of small grains by grain boundary diffusion leads to major 
grain growth [18].

Fig. 5 shows the morphology of undoped thin films with 
small grain sizes and not dense, there are voids between the 
grains (dark appearance) thereby reducing the conductivity 
of the sample [22]. Large grain boundaries will absorb more 
heat and hold moving electrons, thus reducing the conduc-
tivity of a material.

With the addition of 2 wt % doping, there was a change 
in the thin film morphology. The surface morphology of the 
FTO thin film with a flat and smooth surface consisting of 
small fine grains formed at 300 °C. Whereas with annealing 
temperature at 500 °C, FTO thin films showed a rougher 
surface and larger grain size than FTO thin films annealed 
at 300 and 400 °C. Thus, the annealing temperature has a 
significant effect on the change in grain size of the SnO2 thin 
layer, namely the grain size becomes larger with increasing 
the annealing temperature [30].

Atoms gain a greater diffusion activation energy at high-
er annealing temperatures, which allows atoms with lower 
surface energy to move to the energetic sites in the crystal 
lattice [21]. The crystallite then grows in the direction 
of growth at higher temperatures, thereby increasing the 
crystallinity of the SnO2 thin film. This will then be fol-
lowed by the incorporation of crystallite processes, forming 
larger granules and minimizing oxygen defects at grain 
boundaries [31]. The results of this morphological image are 
interpreted with XRD results obtained in Fig. 4.

The resistivity value decreased when the annealing tem-
perature increased from 300 to 500 °C. This is caused by the 
fact that, during the annealing process, the layers receive 
more energy for crystal growth, which leads to an increase 
in particle size, a reduction in porosity or grain boundaries 
and possibly a decrease in electron scattering at the grain 
boundaries [32, 33]. In their research, Luangchaisri, et. al. 
said that the resistivity decreases with increasing the an-
nealing temperature due to the increase in charge mobility 
so that the crystallinity becomes higher [34].

The resistivity value of the undoped thin film at 
500 °C looks bigger when compared to samples using dop-
ing. The resistivity of the SnO2 thin film decreases with 
increasing F/Sn atomic ratio, because fluorine doping 
produces free electrons through the substitution of F- to 
the O site. Each F− anion replaces the O−2 anion and the 
O−2 anion being replaced produces more free electrons  
and this will likely result in the increase in free electrons 
and the decrease in the resistivity value [35]. The resis-
tivity decreases due to increased electron scattering by 
excess free electrons and ionized impurities [36]. This 
scattering mechanism affects the electrical properties 
and increases the resistivity of the film. In the research of  
S. C. Ray, et al. in 1997 using the chemical vapor depo-
sition technique, it is said that with a decrease in grain 
size, the potential for grain boundaries would increase, 
causing an increase in the grain boundary spread and a 
corresponding increase in resistivity [37].

Fig. 6, a shows a transmittance spectrum (undoped) 
with a higher transmittance value than for the doped sam-
ple. It is shown that the addition of doping ions results in 
a decrease in transmittance value. The decrease in optical 
transmittance with the addition of the F/Sn ratio can be 
attributed to the increase in film thickness and excess free 
electrons in the film [36].

From Fig. 6, it can be seen that the annealing tem-
perature has an important role in the transmittance value 
because the crystallinity will be better with increasing the 
annealing temperature [30] but reduces light scattering 
in the thin film. This is caused by the scattering effect 
increase due to large grain size and crystal aggregates, so 
the film thickness increases and oxygen depletion in large 
amounts [17]. This is similar to the previous research con-
ducted by Sekhar C, et al in 1997 who said that the decrease 
in the transmittance value was caused by an increase in the 
surface roughness of the film, which had low sheet resistance 
with high thickness [37].

Fluorine-doped tin oxide thin film produced in this 
study has a potential for further development because it still 
does not meet the requirements for making transparent con-
ductive glass (TCO) with a resistivity scale of 10-4 Ω⋅cm and 
a transmission value of 8085 %. However, this research can 
be used as a basic reference for the next FTO thin layer pro-
duction using the spin coating method. Wherein this study 
is only limited to variations in the number of cycles and tem-
peratures using SnCl2⋅2H2O as a precursor and ethanol as a 
solvent. In addition, this study has a simple and economical 
tool that obtained a good result but further research is still 
needed. Adding the vacuum into the tool to see the optimal 
capabilities of this FTO can be an alternative way to develop 
this research.

7. Conclusions

1.  A prototype of transparent conductive fluorine-doped 
tin oxide (FTO) from the precursor SnCl2⋅2H2O tin chloride 
using the spin coating method with a simple and economical 
tool that has been modified to get pretty good results has 
been fabricated. The addition of fluorine ions to the Sn pre-
cursor solution was shown to improve the properties of thin 
films (crystallinity, crystallite size, grain size, electrical and 
optical properties).

2. Fluorine-doped tin oxide thin films with a variation 
in the number of cycles (3, 4, 5 and 6 cycles) and annealing 
temperature at 500 °C produced a diffraction peak that has 
the same characteristic as the SnO2 diffraction pattern with 
the intensity in the dominant crystal plane at (110). The 
grain sizes for the number of cycles 4, 5 and 6 were 292.08; 
453.82 and 469.57 nm, respectively. This large grain size 
will reduce the dislocation densities; therefore, the electrons 
between the grains are easily transferred then reduced 
the film resistivity (1.468×10-1; 0.368×10-1; 1.692×10-2 and 
0.854×10-2 Ω⋅cm) and decreased the transmittance value 
(85.897; 85.264 %; 69.232 and 49.078 %). It is shown that 
increasing the number of cycles causes a decrease in resistiv-
ity and transmittance values.

Based on the obtained results, the optimum values of 
this research were 453.82 nm for grain size, 1.692×10-2 Ω⋅cm 
for resistivity value and 69.232 % for transmittance value 
while the number of cycles was 5, annealing temperature was 
500 °C with the doped sample. 
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3. Fluorine-doped tin oxide thin films with various 
annealing temperatures (300, 400 and 500 °C) produced a 
phase of SnO2 material with crystalline planes (110), (101), 
(200), (211), (220), (310) and tetragonal crystal structure. 
The grain size of SnO2 grew bigger (56.41; 183.22 and 
469.57 nm) and got denser. This reduces porosity, which 
causes the resistivity value to become smaller (4.080×10-1; 
5.330×10-2 and 1.692×10-2 Ω⋅cm) and decreases the trans-
mittance value (81.72; 77 and 69.23 %). It is shown that the 

increase in annealing temperature results in a decrease in 
the resistivity and transmittance values.
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