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Abstract 

In this work, DSSCs have been fabricated successfully using a simple 

procedure without the need for any complicated facilities. The XRD analysis of the 

TiO2 film confirmed that it has a polycrystalline structure belonging to anatase 

phase with crystallite size of 12.4 nm. UV-Vis spectroscopy was used to 

characterize the absorbance spectrum of the TiO2 film and Z907 dye. The energy 

gap of the TiO2 film estimated by Tauc’s plot was 3.12 eV. The SEM micrograph of 

the TiO2 film shows that the layer has a spongy shape with reduction in the number 

of open pores making easy for dye adsorption and electron transport. The AFM 

micrograph and the granularity cumulative distribution chart of the TiO2 film shows 

that the average roughness, root mean square roughness and average grain size 

were about 0.356 nm, 0.423 nm and 82.48 nm respectively. The DSSC fabricated 

using glass substrates coated with 8 Ω/ sheet resistance FTO achieved the highest 

short circuit density (JSC) and conversion efficiency (η) of 4.069 mA/cm
2
 and 

1.786 %, respectively. Subsequently, the enhancement in efficiency was ~ 84 % 

compared with the conversion efficiency of DSSC fabricated using glass substrates 

coated with 15 Ω/ sheet resistance FTO.  
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Introduction: 
Energy is one of the most important factors to influence human life in the 

21st century. The great increasing consumption of fossil fuels, causing global 

warming and environmental pollution, has led to a greater focus on renewable 

energy sources and sustainable development [1]. The sun’s energy is the primary 

source for most energy forms found on the earth. Solar energy is clean, abundant 

and renewable [2].  The dye-sensitized solar cell (DSSC) is a device for the 

conversion of solar energy into electrical energy [3]. Dye-sensitized solar cell 

(DSSC) which was invented by Gratzel in 1991 also known as (Gratzel Cell), 

which is characterized as light-weight, flexibility, workability under low-light, 

conditions, conformability, portable, inexpensive, low toxicity and transparent 

relative to conventional solid state solar cells [4,5]. The basic structure of DSSC is 

composed of two conductive transparent glasses coated with a Transparent 

Conductive Oxide (TCO) substrate, TiO2 nanoparticle layer, dye molecules, an 

electrolyte and a transparent film of platinum catalyst in a sandwich structure [6] as 

shown in figure (1). The actual color of the cell is mainly due to the superposition 

of the optical spectra of the electrolyte and the dye [7]. There are factors effected 

on the cell efficiency such as series resistance of substrate, is an important 

parameter for determining the efficiency [8]. TEC-8 or TEC -15 substrates, the 

value of 8 or 15 refers to the sheet resistance. The sheet resistance is about 8-15 

Ω/square with a transmittance of 80-85% in the visible region [9]. Fluorine doped 

tin oxide (FTO) coated on glass substrate, is a widely used choice for the 

transparent conducting glass. Fluorine doped tin oxide (FTO) exhibits good visible 

transparency owing to its wide bandgap [10]. FTO is mechanically, chemically, 

electrochemically stable and high electrical conductivity, and it is utilized in many 

of technologies including; dielectric layers in low emissivity coatings for windows, 

gas sensor devices and thin film solar cells [11]. Solar cell that used FTO films is 

DSSC. FTO film is used to collect electrons from the sensitized dye [12].  
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                                Fig. 1.  Schematic diagram of DSSC basic structure. 

 

    The aim of this work is to prepare a dye sensitized solar cell by Doctor-Blade 

method and investigate the effect different TEC substrate on the power conversion 

efficiency (η) of the prepared solar cell. 

Experimental Procedure: 

All the materials used in this work were supplied by Dyesol 

Company/Australia. The materials were as follows: Fluorine Tin Oxide (FTO) 

(sheet resistance 8 Ω/sq and 15 Ω/sq) coated glass substrates, TiO2 paste (18-NRT), 

Z907 dye, organic solvent based electrolyte (EL-HSE), platinum paste, hot- melted, 

Acetone, distilled water. 

For the preparation of the photoanode, FTO glass substrate with size of (2.5 cm 

× 2.5 cm) was used. The FTO glass was cleaned in ultrasonic bath for 5 minutes in 

distilled water and for 5 minutes in acetone. The TiO2 paste was deposited on FTO 

glass by Doctor-blade method and the thickness of the titania layer was determined 

by the thickness of scotch tape which has a thickness of 10 μm placed on the right 

and left sides of the conductive face of substrate. Then the scotch tape was removed 

and the films were left to dry for 30 minutes in a covered Pertidish. Thereafter, the 

films were annealed at 550 ºC for 30 minutes in ambient atmosphere. Finally, the 

photoanodes were allowed to cool at room temperature. After cooling, the 
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photoanodes were immersed in a 0.25 mM Z907 dye solution for 24 hours. For the 

preparation of the counter electrode, two holes of 1 mm diameter were drilled to 

enable a later injection of electrolyte and platinum (Pt) paste was deposited on 

conductive side of FTO glass by Doctor-blade method, and the electrodes were 

then annealed at 450 °C for 30 minutes in ambient atmosphere. This leads to 

homogenous distributed platinum with good catalytic activity. The photoanode and 

counter electrode were assembled into a sandwich structure using hot-melted, with 

a thickness of 30 μm as spacer. The sealant gasket was placed around TiO2 paste 

and the counter electrode was put on it while the Pt film faces the TiO2. Finally, 

few drops of the electrolyte were injected through the holes in the counter electrode 

by a pipette, and the holes were sealed by plaster to prevent evaporation. 

The crystallite phase of TiO2 was identified by X-ray diffractometer 

(Shimadzu 6000, Japan) using CuKα radiation (λ= 1.5406 Å). The surface 

morphology of TiO2 was investigated by SEM (JSM-7000F) type. The UV–Vis 

absorption spectra of the TiO2 film and Z907 dye were measured by UV–VIS–NIR 

spectrophotometer (Shimadzu, UV-1800). The photovoltaic performance of the 

DSSCs was measured using Keithley 2400 multimeter and tungsten halogen lamp. 

Based on I–V curve, the fill factor (FF) was calculated according to the formula:  

                                         (1) 

Where Jmax is the maximum photocurrent density, Vmax is maximum 

photovoltage, Jsc is the short circuit photocurrent density and Voc is the open-circuit 

photovoltage. The photoelectric conversion efficiency (ɳ) was calculated according 

to the following equation: 

ɳ (%) =                              (2) 

Where  is the incident power.  
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Results and Discussion: 

1- Structural Analysis 

Crystalline characterizations of TiO2 film prepared by Doctor-blade method 

on glass substrate were carried out by X-ray diffraction (XRD). Figure (2) shows 

the XRD diffraction pattern of the TiO2 film annealed at 550 ºC. From the figure, it 

was confirmed that the TiO2 layer material has anatase phase with polycrystalline 

structure according to the ICDD standard card no. (21-1272) [13]. The diffraction 

peaks were indexed to the crystal planes (101), (004), (200), (105), (211), (204) and 

(215) and this result is in agreement with the results reported by Wang et al. [14]. 

The highest and strongest peak of TiO2 film was at 2θ  25.4º corresponding to 

(101) direction. The crystallite size of TiO2 film was calculated by Scherrer’s 

formula given by the following equation [15]: 

 
 

 

 

 

 

 

                                          

                                  

Fig. 2. XRD pattern of TiO2 film. 

D = 0.9 λ / β cosθ                                 (3) 

Where D is the crystallite size, λ is the X-ray wavelength of Cu Kα radiation, 

β is the full width at half maximum (FWHM) and θ is the Bragg’s angle. The lattice 

parameters of the TiO2 film are a  3.781 Å and c 9.477 Å, which are in 

agreement with the standard values (i.e., a 3.785 Å and c  9.513 Å) and the 

crystallite size is 12.4 nm. 
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2- Morphological analysis 

   The surface morphology of TiO2 film was characterized by SEM. Figure 

(3) displays the SEM image of TiO2 film of 10 µm thickness which has been 

deposited on the FTO glass after annealing at 550 
º
C for 30 minutes. The SEM 

micrograph shows a spongy shape with reduction in the number of open pores 

making easy for dye adsorption and electron transport [16]. The average particle 

size of TiO2 NPs is about 20-40 nm. The small particles of TiO2 film have larger 

surface area and subsequently absorb more dye molecules and this may lead to 

improved DSSC performance. 

 

 

 

 

 

 

 

           Fig. 3. SEM image of TiO2 film at 30,000X. 

 

3- (AFM) Results 

The surface topography of TiO2 film prepared by Doctor-blade method on 

FTO glass was studied by Atomic Force Microscope (AFM) technique. The 3-D 

AFM image and granularity cumulative distribution chart of TiO2 film annealed at 

550 ºC for 30 minutes are shown in figures (4a) and (4b) respectively.  The average 

roughness, root mean square roughness and grain size of the TiO2 film were about 

0.356 nm, 0.423 nm and 82.48 nm respectively. 
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)b)                                                         (a) 

Fig. 4 (a) 3-D AFM image and (b) Granularity Cumulative Distribution chart of 

TiO2 film. 

 

4- Optical properties 

Figure (5) demonstrates the UV–Vis absorption spectrum of Z907 dye 

solution in the wavelength range of (350-800) nm. From the figure, it can be seen 

that the dye has two absorption peaks at around (428 and 542 nm). 

 

 

 

 

 

 

 

 

 

 

 

 

        

    

 Fig.5. UV-Vis absorption spectra of Z907 dye. 
 

Figure (6) illustrates the UV–Vis absorption spectrum of TiO2 film annealed 

at 550 ºC. From the figure, it can be noticed that the film has clear and sharp 

absorption edge at wavelength of ~ 350 nm. The direct band gap of the TiO2 film 

was determined by plotting (αhν)
2
 vs. hν. The optical band gap Eg value is 
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estimated by extrapolation of the straight-line portion of the plot to zero absorption 

edge as shown in Figure (7). From the figure, it was observed that direct optical 

band gap for annealed TiO2 film was 3.12 eV. 

 

 

 

 

 

 

 
 

Fig.6. UV-Vis absorption spectra of TiO2 layer. 

 

 

 
 

 

 

 

 

 

 

 
Fig.7. Tauc’s plot of TiO2 film. 

5- Current voltage characteristics 

The DSSCs fabricated by using TiO2 films with thickness of 10 µm annealed at 550 

ºC for 30 minutes and Z907 dye as sensitizer with concentration 0.25 mM. Figure 

(8) demonstrates the J-V characteristics of two DSSCs based on TEC substrates of 

different resistances. It was observed that the DSSC with TEC-8 Ω has current 

density-voltage curve area larger than that of the DSSC with TEC-15 Ω. It was also 

noted that JSC increases for DSSC with TEC-8 Ω compared to that of DSSC with 

TEC-15 Ω, while VOC remains unchanged. Subsequently, an increase in short 

circuit current density leads directly to an increase in the energy conversion 
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efficiency. This can be ascribed to difference in the thickness of Fluorine Tin Oxide 

(FTO) layer, TEC-8 Ω is 600 nm thick while TEC-15 Ω is 300 nm thick (i.e. that 

the series resistance of TEC-8 Ω lower compared TEC-15). The photovoltaic 

parameters of the DSSCs prepared using different TEC substrates are summarized 

in Table (1). The efficiency of the DSSC prepared by using TEC-8 Ω enhanced ~ 

84 % compared to the DSSC prepared by using TEC-15 Ω.  

 

  

 

 

 

 

 

 

 

 

 
Fig. 8. J-V curves of DSSCs using different TEC substrates. 

 

 
 

 Table (1): The photovoltaic parameters of DSSCs  

fabricated using different TEC substrates. 

 

 

 

 

 

 

 

 

 

Substrate 

Type 

VOC 

(V) 

JSC 

(mA/cm
2
) 

 

Vmax 

(V) 

Jmax 

(mA/cm
2
) 

 

FF 

 

ɳ (%) 

 

 

TEC-15 Ω 0.53 3.011 0.289 1.682 0.305 0.972 

TEC-8 Ω 0.53 4.069 0.31 2.881 0.414 1.786 
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Conclusions: 

    DSSCs with TEC-8 Ω and 15 Ω substrates have been fabricated successfully 

using a simple procedure without the need for any complicated facilities. The 

absorption spectra in the wavelength range of (350-750) nm show that Z907 dye 

has two peaks. The conversion efficiency of the DSSC prepared with TEC-8 Ω 

about 1.786 % which represents an enhancement of ~ 84 % compared to the DSSC 

efficiency prepared by TEC-15 Ω. 
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