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Abstract. 

Background: The efficiency of dye-sensitized solar cells (DSSC) can be improved through the use of a 

multilayer blocking layer (BL) of TiO₂. 

Aims: In this study, the efficiency of dye-sensitized solar cells (DSSC) was improved through the use of 

a multilayer blocking layer (BL) of TiO₂. 

Methods: Multilayer BL TiO₂ was deposited using a combination of sputtering and spin coating 

methods, which in previous studies were limited to using only one of these deposition methods. 

Results: Based on the XRD results, the crystal size increased from 17.24 to 25.86 nm for multilayer BL 

TiO₂. Based on the SEM results, the morphology of all samples is quite uniform and suitable for the 

blocking layer, and the porosity of BL TiO₂ is smaller than that of multilayer BL TiO₂. Based on the 

UV-Vis absorbance results, the layer shifted from a wavelength of 248 to 257 nm, indicating a blue 

shift. The estimated energy gap decreased from 3.58 to 3.55 eV. Multilayer BL TiO₂ shows a high 

efficiency of 4.49% compared to BL TiO₂ with an efficiency of 2.50%. Additionally, based on the EIS 

results, the Rct decreased from 66.41 to 12.53 Ω. 

Conclusion: These findings demonstrate that multilayer BL TiO₂ provides better photovoltaic 

performance than a single BL TiO₂, as evidenced by higher efficiency and lower Rct values. 
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PENDAHULUAN 

Dye Sensitized Solar Cell (DSSC) is a third-

generation photovoltaic device that converts 

sunlight into electrical energy [1]. DSSC was 

developed in 1991 by O'Regan and Gratzel [2]. 

DSSC is one of the third-generation solar cells 

with great potential for future applications [3]. 

This is due to its easy, affordable, flexible, 

environmentally friendly, and highly efficient 

production process [4], [5]. In general, DSSC is 

composed of a photoanode, electrolyte, dye, and 

counter electrode [6]. 
The photoanode itself consists of 

semiconductor nanoparticles placed on a 

transparent conductive glass that has been 

sensitized with a dye [7]. The most commonly 

used semiconductor layer is titanium dioxide 

(TiO₂), which has a band gap energy (Eg) of 3.20 

eV [8]. In addition, TiO₂ has high porosity and 

surface area ratios, which allow for very intense 

contact with the sensitizing dye and greatly aid 

in the conversion of photons to electricity [8], 

[9]. 
It has been reported that charge 

recombination at the interface can significantly 

reduce photovoltaic performance [10]. In DSSC, 

charge recombination at the interface can be 

reduced by adding an blocking layer (BL) [11]. 

Adding a blocking layer (BL) creates a potential 
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barrier between FTO and the semiconductor 

material, which can prevent electrons in FTO 

from returning to the semiconductor, thereby 

reducing recombination [12]. From the BL layer 

materials, TiO₂ shows the greatest potential to 

reduce back reaction, thereby increasing the 

short-circuit current (Jsc) of the DSSC device. 

This is because the TiO₂ BL layer can effectively 

enhance the adhesion of the photoanode to the 

TCO surface [13].  
Although the BL can isolate the electrolyte 

from the electrode and effectively inhibit the 

recombination reaction between the electrode 

and the electrolyte, there are still a significant 

number of electrons that undergo back reaction 

and recombination with the electrolyte. 

Recently, multilayer BL has been introduced to 

reduce recombination and enhance charge 

transfer. In the multilayer BL, electrons can only 

flow from the electrolyte to the photoanode, 

which significantly inhibits the recombination 

reaction [14]. DSSC with a multilayer BL 

system shows an efficiency increase of up to 

40% compared to BL [15]. The research 

conducted by Sibiński et al. using a multilayer 

BL Ti-Zn achieved an efficiency of 5.73% [16]. 

The research conducted by Ozel et al. using 

TiO₂/AZO achieved an efficiency of 5.77%. 

Whereas the TiO₂ BL alone produced an 

efficiency of 4.12% [15]. This improvement is 

associated with the reduction of charge 

recombination and the increase in Jsc [17]. Some 

of these studies are still limited to using only one 

single deposition technique, either sputtering or 

spin coating. However, research on the 

combination of both methods to fabricate 

multilayer BL TiO2 is remains limited. 

Therefore, in this study, the performance of 

DSSC will be improved through multilayer BL 

TiO₂ using sputtering and spin coating methods. 

MATERIALS AND METHODS 

Material 

The materials used in this study include 

FTO substrate (Solaronix), Ti-Nanoxide BL/SP 

(Solaronix), sputtering metal target TiO₂ 

99.99%, Ti-Nanoxide T/SP (Solaronix), Ti-

Nanoxide R/SP (Solaronix), Titanium (IV) 

(triethanolaminato) isopropoxide solution 

(TTEAIP, Sigma Aldrich), acetone (Merck), 

ethanol (Merck, 99.8%), 2-propanol (Merck), 

dye N719, electrolyte (Mesolyte TDE-250, 

Solaronix), surlyn (Meltonix 1170-25 sealing), 

and test cell platinum electrodes drilled (Pt, 

Solaronix). 

 

Deposition Blocking Layer Sputtering 

The fabrication of TiO₂ sputtering-based 

blocking layer photoanodes begins with cleaning 

the FTO substrate using ultrasonic waves in soap 

solution and aquades for 15 minutes each. After 

that, the substrate is immersed in acetone at a 

temperature of 80℃. The first layer of the 

photoanode is the blocking layer (BL), wherein 

this study, the RF sputtering method is used. The 

sputtering process is controlled with a pressure 

of 9 × 10⁻¹ Pa, a gas flow rate of 60 sccm, an air 

pressure control of 26%, and a substrate rotation 

of 5 rpm. Then dried at temperatures of 100, 300, 

and 500℃, respectively. 

Deposition Blocking Layer Spin Coating 

Samples that have been deposited with a 

sputtered blocking layer are coated with a 

colloidal blocking layer (Ti-Nanoxide BL/SP) 

using the spin coating method at a speed of 3000 

rpm for 1 minute and dried at temperatures of 

100, 300, and 500°C, respectively. Furthermore, 

the process of making DSSC photoanodes is like 

our previous work [5], as shown in Figure 1. 

RESULTS AND DISCUSSION 

The structural properties of the blocking 

layer (BL) and multilayer blocking layer TiO₂ 

deposited using the sputtering and spin coating 

methods were characterized using XRD. Figure 

2 shows the XRD spectra of the BL and 

multilayer BL TiO₂. All the peaks observed in 

the spectrum correspond to the anatase phase of 

TiO2 COD-9009086. As we can see in the image, 

there are no impurity phases or other oxides in 

the crystal structure, indicating pure TiO₂ [12]. 
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Figure 1. Deposition multilayer BL TiO2

 

 

Figure 2. The XRD pattern of SBL-0, SBL-30, and 

SBL-60 
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To calculate the crystal size, the following 

Debye-Scherrer formula can be used [18]: 

𝐷 =
𝑘λ

𝛽 cosθ
                  (1) 

where 𝜆 = the wavelength of X-rays (1.54056 Å), 

θ = the Bragg diffraction angle, and ꞵ = full 

width at half maximum (FWHM) of the most 

dominant peak [19]. The crystal sizes for SBL-

0, SBL-30, and SBL-60 are 17.24 nm, 20.69 nm, 

and 25.86 nm, respectively. 

 

 

 

 

 

 

Figure 3. The SEM image of a) SBL-0, b) SBL-30, 

and c) SBL-60 and EDX of d) SBL-0, e) 

SBL-30, and f) SBL-60 

The SEM surface morphology images of 

the compact films SBL-0, SBL-30, and SBL-60 

are presented in Figure 3(a-c). All the compact 

films show that the FTO glass is uniformly 

covered with a dense TiO₂ layer, indicating good 

adhesion at the FTO/TiO₂ interface [20], [21]. 

This can act as a BL between FTO used as a 

transparent conductive electrode and TiO₂ to 

suppress electron recombination in DSSC [20]. 

Table 1. Porosity of multilayer BL TiO2 

Samples Porosity (%) 

SBL-0 67.69 

SBL-30 65.81 

SBL-60 72.83 

 

The EDX analysis of BL SBL-0, SBL-30, 

and SBL-60 deposited on FTO was conducted to 

identify their composition. Figure 3(d-f) shows 

the elements Ti and O, indicating that the TiO₂ 

phase has formed for all samples. Additionally, 

a porosity of 67.69, 65.81, and 72.83% was also 

obtained for SBL-0, SBL-30, and SBL-60, 

respectively, as shown in Table 1. The multilayer 

TiO₂ blocking layer shows higher porosity due 

to the controlled deposition process, which 

allows for better structural integrity and reduced 

charge recombination [16]. High porosity in the 

blocking layer reduces charge recombination by 
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creating a complex pore structure that effectively 

suppresses the diffusion of I₃⁻ ions to the FTO 

substrate, thereby reducing electron 

recombination between electrons on the 

substrate and I₃⁻ ions [22]. 

 

Figure 4. Absorbance spectrum SBL-0, SBL-30, 

and SBL-60 

The measurement of optical absorption was 

conducted using a UV–Vis spectrometer. Figure 

4 shows the absorption spectra of BL and 

multilayer BL TiO₂. The maximum absorption 

of SBL-0 is at a wavelength of 248 nm, SBL-30 

at 253 nm, and SBL-60 at 257 nm. According to 

the UV-Vis absorption spectrum of BL and 

multilayer BL TiO2, the spectral response of 

multilayer BL TiO2 has a higher absorption 

intensity. The absorbance for the multilayer TiO₂ 

blocking layer is greater due to the combined 

effect of multiple layers, which allows for 

increased dye adsorption and enhanced light 

absorption [23]. Additionally, the absorption 

edge shifts to longer wavelengths for SBL-60. 

This is because the Fermi level will be within the 

conduction band since electrons occupy states 

below the Fermi level in the conduction band, 

causing the absorption edge to shift to higher 

energy or produce a blue shift [24]. 

 

 

 

Figure 5. Tauc plots of (a) SBL-0, (b) SBL-30, and 

(c) SBL-60 

Figure 5 shows the optical band gap (Eg) of 

BL and multilayer BL TiO₂, calculated using the 

absorption coefficient with the Tauc equation. 

The research results show that the multilayer BL 

TiO₂ narrows the optical band gap of TiO₂. The 

optical band gap decreases from 3.58 eV for 

SBL-0 to 3.56 eV for SBL-30 and 3.55 eV for 

SBL-60, as shown in Table 2. These results 

indicate that SBL-60 exhibits the narrowest band 
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gap. The reduction of the band gap in thin films 

will result in increased electron transport and 

reduced electron recombination rates, which can 

enhance the efficiency of DSSC [25], [26]. 

Table 2. Band gap of multilayer BL TiO2 

Samples 
Band Gap 

(eV) 

SBL-0 3.58 

SBL-30 3.56 

SBL-60 3.55 

 

DSSC with BL and multilayer BL TiO₂ was 

characterized using a solar simulator with a light 

source of 100 mW/cm². By plotting the J-V 

characteristic curve values, the efficiencies of 

the BL and multilayer BL TiO₂ have been 

determined, as shown in Figure 5. 

 

Figure 6. The J-V curves of multilayer BL TiO2 

As can be seen in Figure 6, Jsc and Voc 

increased after the introduction of the double 

blocking layer. DSSC prepared with BL TiO₂ 

(SBL-0) has a lower short-circuit photocurrent 

density (Jsc) of 7.42 mA/cm² and an open-circuit 

voltage (Voc) of 0.62 V, resulting in a low cell 

conversion efficiency of 2.50%. Meanwhile, the 

DSSC prepared with multilayer BL TiO₂ for 

SBL-30 and SBL-60 has higher Jsc values of 

12.07 mA/cm² and 13.49 mA/cm², respectively, 

as well as higher Voc values of 0.66 V and 0.67 

V, respectively. Thus, a higher efficiency of 

4.37% for SBL-30 and 4.49% for SBL-60 was 

obtained, as shown in Table 3. The increase in 

Jsc value is generally associated with the 

increase in the number of photo-generated 

electrons that are efficiently transferred to the 

TiO₂ electrode [27]. Additionally, Jsc increases 

when charge carrier recombination decreases 

[28]. Meanwhile, a higher Voc reduces charge 

recombination, which ultimately results in more 

efficient solar energy harvesting [29]. The 

decreasing and diminishing electron 

recombination greatly enhances the efficiency of 

DSSC devices [30]. 

Table 3. The parameter performance of DSSC 

multilayer BL TiO2 

Samples 
Jsc 

(mA/cm2) 

Voc 

(V) 

FF 

(%) 

η 

(%) 

SBL-0 7.425 0.62 54 2.50 

SBL-30 12.07 0.66 55 4.37 

SBL-60 13.49 0.67 50 4.49 

 

The dynamics of interfacial electron 

transport in DSSC were examined using 

electrochemical impedance spectroscopy (EIS) 

analysis. Figure 6 shows the charge transport for 

SBL-0, SBL-30, and SBL-60. 

 

Figure 7. Nyquist plot of DSSC multilayer BL TiO2 

By using the equivalent circuit shown in the 

inset of Figure 7 and the Nyquist diagram 

installation with it, the resistance of various 

layers can be obtained, as shown in Table 4. As 

we can see, in DSSC SBL-0, an Rct of about 

66.41 Ω was obtained. The addition of TiO₂ BL 

on the FTO surface increases Rct, which has 

made the charge transfer between FTO and TiO₂ 

more difficult. Therefore, by increasing Rct, the 

current of the SBL-0 cell decreases, which is 

clearly visible in the J-V characteristic curve of 

the SBL-0 cell. Adding a multilayer BL TiO₂ 
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reduces Rct between TiO₂ nanoparticles and the 

FTO electrode to 53.40 Ω for SBL-30 and 12.53 

Ω for SBL-60. This indicates a lower Rct and 

results in a higher DSSC current. These results 

indicate a good correlation between the EIS and 

J-V results. In the DSSC SBL-60 cell, with the 

addition of a multilayer BL TiO2, the 

recombination of electrons transmitted through 

the blocking layer decreases, resulting in better 

photovoltaic activity [12]. 

Table 4. The equivalent circuit parameter of DSSC 

multilayer BL TiO2 

Samples 
Rs 

(Ω) 

Rpt 

(Ω) 

Rct 

(Ω) 

Rd 

(Ω) 

SBL-0 24.68 21.17 66.41 17.29 

SBL-30 24.38 6.422 53.40 12.87 

SBL-60 25.00 85.83 12.53 3.906 

  

CONCLUSIONS 

The improvement in DSSC performance 

studied here was achieved by optimizing the 

structure of the TiO₂ blocking layer using 

sputtering and spin coating methods. The 

smallest band gap was obtained for SBL-60 at 

3.55 eV, and this reduction in band gap can 

decrease the electron recombination rate in the 

DSSC. This is supported by the small Rct 

obtained for SBL-60, which is 12.53 Ω. The 

reduction of electron recombination rate can 

improve the efficiency in the DSSC itself, where 

the best efficiency obtained in the study for SBL-

60 was 4.49%. 
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