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Abstract: Dye-sensitized solar cells (DSSC) are known as 3rd generation solar cells. One of the most important parameters
affecting the performance of DSSCs is the thin film thickness that forms the photoanode layer. In this study, we examined how
38, 60 and 76 pm thick TiO, thin films change dye-sensitized solar cell performance. The highest efficiency (4.73%) was seen
in the solar cell with 38 pm thin film thickness. In addition, the mineralogical and morphological analyses of the produced
TiO, nanopowders were performed with X-ray diffraction (XRD) and Scanning electron microscopy (SEM). XRD analyses
showed that TiO, was in the anatase crystal phase. SEM photographs confirmed the formation of microspheres in close contact
with each other.

Keywords: DSSC, photoanode, thin film thickness, cell performance.

Farkl Kalinhklarda Uretilen TiO; Ince Filmlerinin Boya Duyarh Giines Pili Performansina
Etkisi

Oz: Boya duyarli giines pilleri (DSSC) 3. nesil giines pilleri olarak bilinmektedir. DSSC'lerin performansimi etkileyen en
onemli parametrelerden birisi fotoanot katmani olusturan ince film kalinligidir. Bu calismada 38, 60 ve 76 pm kalinligindaki
TiO; ince filmlerinin boya duyarl: giines pili performansini nasil degistirdigini inceledik. En yiiksek verimlilik (%4.73) 38 pm
ince film kalinligina sahip giines pilinde goriildii. Ayrica iiretilen TiO, nanotozlarinin minerolojik ve morfolojik analizleri X-
15111 difraksiyonu (XRD) ve Taramali elektron mikroskobu (SEM) ile gergeklestirildi. XRD analizleri TiO,'nin anataz kristal
fazinda oldugunu gésterdi. SEM fotograflari ise birbirine yakin temasta mikrokiirecik yapilarin olusumunu dogruladi.

Anahtar kelimeler: DSSC, fotoanot, ince film kalinlig1, hiicre performansi.
1. Introduction

Today, our lives are getting easier thanks to technological developments that are gaining momentum very

quickly. The new inventions that human beings add to our lives play a major role in increasing our quality of life.
Every building that provides convenience for our comfort is fed from an energy source [1]. To meet this energy
need, exhaustible, renewable and nuclear energy sources are used today [2].
Since the electrical energy produced by solar energy is renewable, environmentally friendly and will continue to
exist as long as the world exists, its usage areas are very wide. For this reason, it is thought that solar energy will
play a major role in solving the energy problem, which is one of the biggest problems of humanity. Another factor
that makes solar energy important is that it is a renewable energy source, does not pose any danger and is
environmentally friendly. Since solar energy is an energy source that all human beings need, it requires extensive
research in reducing energy dependence [3,4].

Dye-sensitized solar cells (DSSCs), like other solar cells, work with the principle of converting light into
electrical energy. A typical DSSC consists of a photoanode, dye, redox electrolyte and counter electrode to catalyze
the reaction [5]. They are formed by dipping the semiconductor metal oxide material coated on a conductive glass
surface into the dye and then joining it with the counter electrode after pouring the electrolyte solution. The
schematic structure of a typical DSSC is given in Fig. 1. More research is needed to increase the commercial use
of DSSCs and to transform this technology into a more competitive product in the world market. To increase
commercial production, it is necessary to obtain an efficiency of more than 15% from DSSCs [6]. Researchers
have worked to increase the power conversion efficiency of DSSCs by producing dyes with high extinction
coefficients, metal oxide photoanodes with increased specific surface area, new redox electrolytes and counter
electrodes [7,8].
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Figure 1. Schematic structure of a typical DSSC [9].

In addition to the morphological and electronic structure of TiOz, the film thickness also significantly affects
cell performance. Most of the cracks and shrinkage in the TiOz layer are related to the layer thickness. Cracks seen
in the thin film layer slow down electron transport, cause a short circuit and reduce the active surface area [10].
For this reason, the thickness of the TiOz layer of DSSC should be optimized. In a study by Kao et al., when TiO2
thin films of different thicknesses (0.5 um, 1 um, 1.5 um and 2 pm) were examined, an increase of 5% in the short
circuit current density and open circuit voltage of DSSC with 1.5 pm thin film thickness was observed [11]. The
cell with 10 pm TiO:2 film exhibited the highest light absorption and lowest charge recombination among
photoanodes with layers of different thicknesses (6,10 and 14 um) [12]. When the layer thickness exceeds 15 um,
photovoltaic parameters such as power conversion efficiency and short-circuit current density decrease [13]. In
previous studies, it is known that the performance of DSSCs decreases when the thin film thickness reaches around
15 pum. Especially when the film thickness exceeds 15 pum, it is known that there is a great decrease in productivity.
In this study, it was investigated how the photovoltaic parameters were affected by using thicker films.

In this study, the extent to which higher film thicknesses affect the performance of DSSCs was investigated.
For this purpose, TiO: layers with 38, 60 and 76 um thickness were produced.

2. Experiments

All chemical materials required for this study were purchased commercially and used without further
purification. All experiments were carried out in sterile conditions in a laboratory environment.

2.1 Materials used in the experiment

In this study; Titanium IV isopropoxide (TTIP, >97.0%, Sigma-Aldrich), ethyl alcohol (=99.5%, Sigma-
Aldrich), ethyl cellulose (Sigma-Aldrich), alpha-terpinol (Sigma-Aldrich), acetone (99.5%, Sigma-Aldrich),
Fluorine doped tin oxide coated glass (FTO, surface resistivity approximately 13 €/sq), Electrolyte solution
(Iodolyte AN-50, Solaronix) and Platinum (Pt) paste (Solaronix) were used.

2.2 Production of titanium dioxide (TiO:) nanoparticles

In this study, the hydrothermal system shown in Fig. 2 was used for the production of TiO2 nanopowders.
Initially, 40 ml of deionized water and 1.6 g of urea were mixed for 1 h until a homogeneous solution was formed.
While this process was continuing, 3.5 ml of TTIP was added dropwise and mixed for another 30 min. After this
mixture was ultrasonically treated for 30 min, it was placed in a Teflon autoclave integrated hydrothermal device
at 120 °C for 24 h. After the Teflon autoclave was cooled to room temperature, the collected particles were washed
several times with deionized water and alcohol to remove unwanted residues. The precipitate formed was dried in
an oven at 50 °C for 12 h and calcined in a muffle furnace at 450 °C. Produced TiOx particles were pounded in a
mortar and made ready for paste making.
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Figure 2. Hydrothermal system used in nanopowder production.

Figure 3. Masks of different thicknesses are pasted on the FTO.

2.3. Preparation of DSSCs

To prepare the paste, 2 g of TiO2, 0.9 g of ethyl cellulose and 6 ml of terpinol were mixed in a mortar until
the appropriate paste concentration was obtained. Non-marking masking tapes with 38, 60 and 76 um thickness
and 0.6 cm X 0.6 cm opening adhered to the 2 cm x 2 em FTO conductive glass surface. Masks pasted on the FTO
are shown in Fig. 3. The pre-prepared TiO2 paste was coated with a doctor-blade technique on the conductive
surface of the FTOs with the help of a glass rod. The produced photoanodes were calcined at 450 °C for 45 min
with gradual heating. After cooling the photoanodes at room temperature, they were immersed in 0.5 mM Ru dye
dissolved in anhydrous alcohol and kept in a dark environment for 24 h. The photoanodes immersed in dye are
given in Fig. 4. Photoanodes removed from the dye were washed several times with alcohol to remove non-
absorbable residues on the surface and quickly dried. To produce Pt counter electrodes, Pt-based paste was coated
on the conductive surface of the FTO with the help of an acrylic brush. FTO coated with Pt paste was sintered at
450 °C for 15 min and counter electrodes were prepared. After a few drops of electrolyte solution was dropped on
the part where TiO2 was located on the photoanode layer, it was combined with the Pt counter electrode. After this
process, the DSSCs are ready to take measurements. The representative view of the prepared DSSCs is given in
Fig. 5.
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Figure 5. The representative view of the prepared DSSCs
3. Discussion and results

The XRD patterns of the produced TiO2 nanopowders are given in Fig. 6. XRD measurements were
performed at 20 angles from 10° to 80°. XRD analyses (performed by the Rigaku X-ray Diffraction system)
confirmed the high-quality crystal structure and anatase phase of TiO». In addition, (101), (004), (200), (105),
(211), (204), (116), (220), (215) XRD crystal planes overlap the 28 angles of anatase TiO2 [14].
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Figure 6. XRD patterns of produced TiO: particles.

The surface morphology of TiO2 powders produced by the hydrothermal method was examined by SEM
analysis (performed by ZEISS Sigma-300). The surface morphologies of TiOz particles are given in Fig. 7. The
particles were composed of tightly packed microspheres, and this tight contact facilitated electron transport.
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Figure 7. SEM images of the produced TiOz particles.
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Figure 8. UV-vis spectrum of ruthenium-based dye.

Photoanodes with TiOz layers of different thicknesses were immersed in a Ru-based dye solution, which
showed the highest cell performance for DSSCs. The UV-vis absorption spectrum lines of the Ru dye are shown
in Fig. 8. Thanks to the high absorption of Ru-based dye in the wavelength range of 340-760 nm, DSSCs with 38,
60 and 76 um TiOz layer thicknesses showed photoelectric conversion efficiency (n) of 4.73%, 3.89% and 3.82%,
respectively.

Photovoltaic parameters and charge transfer properties of the produced DSSCs were recorded by the Fytronix
Solar Simulator LSS 9000 I-V Characterization System under simulated sunlight (AM1.5G, 100 mW/cm? light
intensity, 1.0 Sun). Fig. 9 shows the Js.-V (short-circuit current density-voltage) curves of DSSCs with thin films
of different thickness under 100 mW/cm? light intensity (AM1.5G). Photoelectric conversion efficiencies () and
filling factors (FF) of the produced cells are calculated by Eq. 1 and 2, respectively [12]. In these equations, 1 is
the power conversion efficiency; Pin, Pmax, Jse, and Voc represent input power, maximum power, short-circuit
current density, and open-circuit voltage, respectively; Vmax and Jmax correspond to the maximum voltage and

current density, respectively.

_Pmax_V:mX']scXFF (1)
7 in Pin
FF = ']max X Vmax x 100
Jsc x I/ac (2)
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Figure 9. J«-V curves of DSSCs with different TiO2 thicknesses.

Table 1. Photovoltaic parameters of DSSCs.

Sample Jse (mA/cm?) Ve (V) FF n (%)
DSSC with 38 pm film thickness 14.92 0.64 0.47 4.73
DSSC with 60 pm film thickness 12.63 0.67 0.50 3.89
DSSC with 76 pm film thickness 11.78 0.64 0.49 3.82

When the photovoltaic parameters of the prepared DSSCs given in Table 1 were examined, the highest n
(4.73%) and Jsc value (14.92 mW/cm?) was seen in the cell with the thinnest layer of 38 um. In addition, it has
been determined that there is a decrease in n and Jsc as the TiOz film thickness increases. This can be explained by
low-charge recombination and high light absorption in cells with thinner layers [15]. Cracks may occur in the film
layer, especially when the thin film thickness exceeds the optimized values. These cracks reduce power conversion
efficiency and short-circuit current density [16].

4. Conclusions

TiOz particles were produced by hydrothermal method and their mineralogical structures were confirmed by
XRD. SEM images revealed tightly packed microsphere structures that facilitate electron transport. Terpinol and
ethyl cellulose were used as binders in the paste prepared to produce the photoanodes. The doctor blending
method was used to create a TiOz layer on FTO glasses. Among DSSCs with different thickness of TiO2 layer,
the cell with 38 um film thickness exhibited the highest power conversion efficiency (4.73%) and short-circuit
current density (14.92 mW/cm?). Higher-performance cells can be obtained by producing photoanodes with
different layer thicknesses.
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