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ABSTRACT 

The availability of fossil energy is decreasing day by day. Therefore, a New Renewable Energy solution is 

needed. One of the renewable energy is DSSC. DSSC is a photoelectrochemical-based solar cell that has a lower 

cost, less difficult preparation, and is environmentally friendly. DSSC be composed of working electrode, dye, 

electrolyte, and counter electrode. This research intend to investigate the performance of the working electrode 

where the manufacture of a thin film using the dip coating method with variations in immersion and its effect on 

the efficiency of DSSC. This research is an experimental research. In this study, the semiconductor working 

electrode was made based on 9% ZnO/Ag synthesis by going through a sol-gel process. The working electrode 

was coated with variations of immersion 1, 3 and 5 times. The 9% ZnO/Ag thin layer was characterized by UV-

DR Spectrometer. Based on the results, 9% Ag doped ZnO deposited on the ITO substrate with variations of 

immersion 1, 3 and 5 times showed, a band gap of 3.09 eV, 3.10 eV and 3.12 eV, respectively. Based on these 

data, it was applied to DSSC with the optimum efficiency shown at the electrode 1 time dip. Therefore, the 

greater the amount of immersion, the lower the efficiency of the DSSC. 
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I. INTRODUCTION 

 Energy can be renewed repeatedly without fuel limit, called renewable energy. Renewable energy can be 

expected to replace fossil energy. In increasing renewable energy, the Indonesian government supports and 

issues government regulation No. 79 of 2014 which contains the national energy regulations. The arrangement 

targets that by 2025 the dependence on energy sources is estimated to be reduced by around 31% 
[1]. Meanwhile, alternative power plants that already exist in Indonesia include hydroelectric, steam power, 

geothermal energy, biomass energy and solar energy. One of renewable energy is solar power plants. Solar cells 

have several generations in a row, namely the first generation of sillicon fuel with sillicon water, thin film based 

solar cells and DSSC. One of the interesting solar cell generations to be developed is Dye Sensitized Solar Cell 

(DSSC). 

DSSC uses photoelectrochemical working principle. DSSC was invented in 1991 by Michael Gratzel. 

DSSC uses ingredients that easy to find, which is dye from plant extracts [2]. DSSC working principle, when 

sunlight hits the surface of the substrate, photons will be forwarded to the dye which will absorb sunlight. After 

being absorbed by the dye, electrons are excitation in the valence band to the conduction band in the 

semiconductor layer. When the dye is oxidized it will form a hole. In an electrolyte solution, iodide will transfer 

electron to fill holes in the dye. Electrons will be excited in the ZnO layer will be transferred to the counter 

electrode with an external circuit. Where the counter electrode, one of which can be coated with platinum or 

carbon, serves as a catalyst in the reaction. Then the triiodide will recive electrons from the counter electrode as 

shown in figure 1.  
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Fig. 1. DSSC cycle chart [3] 

DSSC research that was developed in 2019, Motlan made a thin layer for DSSC using a ZnO thin film 

without doping, using hibiscus flower dye which has a band gap of 3,14 with an efficiency of 0,2427%[4]. In this 

study using a spin coating technique varying the rotational speed up to 1200 rpm. In this study, it is still seen that 

the efficiency has a low value and is in the form of an uneven structure. In 2020, Anla made a thin layer of ZnO 

doped with aluminum using the Liquid Phase Deposition (LPD) method to increse the efficiency of DSSC by 

producing the highest efficiency of 1,51% with an aluminum doping precentage of 1,5% [5]. In the research that 

was developed, there is still low efficiency. 

The DSSC that has been developed still has an efficiency lower than the efficiency of the first generation 

solar cells [6]. As for factor that can affect efficiency, such as the type of substrate, the type of semiconductor, 

the sensitizer, the redox reaction and the counter electrode [7]. One of the influencing factor is the 

semiconductor. The semiconductor that is often used in DSSC aplication is TiO2. However, the semiconductor 

that can be replaceTiO2is ZnO. Where the band gap of 3.37 eV is ZnO is not doped and has a binding energy of 

60 MeV which can bind more energy. ZnO has a resistivity value in the range10−4 – 1012 Ω.cm [8]. In visible 

light (400 -800 nm) ZnO will be more easily excited and ZnO will be more conductive [9].The type of ZnO that 

often used in DSSC is ZnO wuritze hexagonal. 

To improve the characteristics of ZnO, doping can be given with the aim of changing the optical physical 

properties and electrical conductivity for the better. to change the particle size, change the composition, smooth 

the surface of the material can be affected by physical and chemical properties[10]. The best doping to improve 

the performance of ZnO is silver (Ag). Where Ag is classified as a transition metal, it is very well used during 

solar radiation so that the number of electrons will increase so that there is no recombine between electron-holes 

and photocatalytic activity increases [11]. Ag is very well used for ZnO doping material because Ag can 

minimize energy levels in ZnO, reduce recombination and can increase photocatalytic [12]. However, there are 

other factors that can affect the efficiency of DSSC, namely the thin film coating method as DSSC fabrication. If 

the morphological structure is uneven and there are cracks or grain boundaries on the thin film, the electrons are 

not working optimally.The grain boundary affects the diffusion process of electrons moving to the electrodes. As 

a result, the electrode does not work optimally and only a few electrons reach the electrode [13]. Thin film 

manufacture aims to have a homogeneous and even surface by minimizing unevenness in a layer. Therefore, the 

method that has been developed still does not have an even and homogeneous structure [14]. 

One of the development of substrate coating using dip coating method. The dip coating method is a thin 

film coating technique by dipping the substrate into a container containing a solution. The substrate is immersed 

at the specified time then immersed and pulled vertically [15]. The benefit of this method are low cost, have a 

high level of precision and do not damage the environment [16]. The solution that sticks to the substrate will 

stick perfectly when it is pulled up vertically at a constant speed and the solution will go down due to the 

gravitational force of the earth. [17]. At the time of withdrawal can affect the thickness of the layer attached to 

the substrate [18]. Due to the influence of the earth's gravitational force when pulling vertically it will be easier 

to make thin films that are more evenly distributed and homogeneous on the substrate. When pulling with the 

substrate will experience evaporation from the rest of the solution. The adhering solution partially evaporates 

and partly will settle on the substrate as shown in Figure 2 [19]. 
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Fig. 2. The immersion effect on the morphological structure [17] 

This research aims to find out the effect of variations in the amount of ITO substrate immersion on the band gap 

of a thin layer of ZnO doping Ag with the dip coating method as the working electrode on the DSSC. 

II. METHOD  

The instruments used in this research are magnetic stirrer, scales, ultrasonic cleaner, furnace, Dip Coating, 

digital multimeter, oven, beaker, stirring rod, vaporizer cup, UV-DR Spectrometer. While the materials used 

during the research are Silver Nitrate (AgNO3), Zinc Asetatate Dihydrate (Zn(O3CCH3)2 (H2O)2), Isopropanol 

(CH3O8), monoethanolamina and 70% aquadest alcohol, Potassioum iodide (KI), Iodide(I2), PEG. carbon dan 

Acetonitrile. Therefore, it can be explained the procedures carried out during the study as shown in Figure 3. 

 

 

Fig. 3. Flowchart of sample making and characterization 

For the manufacture of ZnO sol gel, the raw material used is 12.3 grams of zinc acetate dihydrate which 

will be mixed in 60 ml of isopropanol. Then stirred with a magnetic stirrer at a speed of 300 rpm with a 

temperature of 60 ° C stirred until evenly distributed. Then the Mono Ethanol Amine (MEA) solution as 

(additive) to stabilize and homogeneous when stirred in a ratio of 1:1 with zinc acetate dihydrate (until yellowish 

transparent) is added to the solution. Then drop by drop mixed and stirred until it turns yellowish [9]. After 
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evenly, it is continued to add 9% Ag doping, stirred at the same speed until the solution is transparent for 2 hours 

[3]. After the solution is mixed and has a transparent color, the condensation process changes from sol to gel at 

room temperature for 24 hours, Where during condensation the viscosity of the sol-gel increases. 

After the sol gel is made, the glass used consists of two substrates, namely a substrate that functions as a 

cathode and as an anode. The size of the glass used is 2.5 cm × 2.5 cm and 1 mm of thickness. The substrate was 

sterilized with 7% alcohol using ultrasonic with a duration of 30 minutes, after that it was dried and continued 

with distilled water then rinsed at 100°C until dry. After cleaning, the glass is tapered on the part that is not 

coated with gel so that the coated area is only 2.5 cm × 1.5 cm. The substrate coating was carried out using a 

speed of 3.3 mm/s [16], a deposition time of 6 seconds, and the number of immersions to be varied on the dip 

coating tool. After doing the immersion variation, then calcination in the furnace within 60 minutes at a 

temperature of 500°C. The coated substrate was then calcined. After the working electrode has been prepared, 

the thin layer characterization is continued with a UV-DRS spectrometer. 

Making dye is done by dissolving anthocyanin substances that have been extracted as much as 0.2 grams in 

100 mL of distilled water. Dissolved with a measuring flask, stir until evenly distributed and stored in a dark 

place so that it is not easily degraded. 

In the manufacture of electrolytes, using Potassium Iodide (KI) as much as 0.496 grams is dissolved in 6 

mL acetonitrile. Iodine (I2) as much as 0.076 grams is dissolved in a solution in 6 mL acetonitrile. After being 

prepared, the two solutions were mixed together. Then add 2.4 grams of PEG, stir until it becomes a gel [20]. 

On the counter electrode, use the same size of glass as the working electrode and coated with tape and 

cleaned as the cleaning process for the working electrode. The counter electrode is catalyzed in the form of 

carbon by coating the glass on the black smoke of the candle. The edges of the glass are cleaned with a tissue or 

cotton bod to the appropriate size for the working electrode. 

The working electrode that has been prepared with the arrangement of Ag doped ZnO is pre-soaked in the 

prepared dye for 30 minutes. After soaking, it is dried and given the electrolyte above the working electrode and 

the counter electrode which has been coated with carbon is arranged opposite to the two electrodes flanked with 

paper clips so that the arrangement does not shift. 

After the sample is prepared then proceed with sample characterization. This research uses a UV-DR 

Spectrophotometer characterization tool. The measured band gap is the effect of the addition of Ag and the effect 

of the amount of immersion in the thin layer. To determine the band gap can use Equation (1). 

F(R)2 = 
A2

𝑆2 hv - 
A2

𝑆2 Eg                  (1) 

Where, F(R) is the Kubelka-Munk factor, S is the scattering coefficient, R is the measured reflectance value, A is 

the proportional constant, and Eg is the band gap [21].               

For the measurement of current and voltage on the DSSC measured by a light source carried out in sunny 

conditions. The DSSC measurement is carried out using Equation (2) and (3) at 11.00 WIB with a measurement 

time of 5 minutes. 

       FF = 
V𝑚𝑎𝑥 × I𝑚𝑎𝑥 

V𝑜𝑐  × I𝑠𝑐  
         (2) 

 

         ɳ (%)= [ 
V𝑜𝑐  × I𝑠𝑐

Pin
] × FF %                  (3) 

Where is the resistivity of the material (Ωm), V the potential difference of the material (V), I the limiting electric 

current (mA), and is the thin layer (µm), the efficiency of the DSSC, the value of the Fill Factor (FF) based on 

the literature [22], Isc short voltage, Voc open circuit voltage and Power pin on the light source used. 
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III. RESULTS AND DISCUSSION 

Based on research on the synthesis of ZnO doping Ag 9% showed a decrease in the band gap in ZnO. ZnO 

have band gap of 3.37 eV, when doped with Ag shows a band gap of 3.00 eV as shown in Figure 4. Ag doped 

ZnO can minimize the band gap [3]. Because Ag is a metallic impurity atom, itu dapat meminimalkan celah pita 

semikonduktor ZnO. 

 

 

Fig. 4. Band gap ZnO/Ag 9 % 

Furthermore, to determine the effect of immersion of the silver-doped ZnO substrate on the band gap using 

a spectrophotometer. ZnO has a band gap of about 3.37 eV when testing the UV-DR Spectrometer with 9% 

ZnO/Ag powder samples, the band gap value is around 3.00 eV. However, it is different from after being coated 

on an ITO substrate, the band gap values vary as shown in Figure 5. 

 

(a)                                                              (b) 

              

          (c) 

Fig. 5. Thin film band gap curve : ZnO/Ag 9% (a) 1 × dip, (b) 3 × dip and (c) 5 × dip. 
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UV-DRS spectrometer was used to determine the band gap value by utilizing the reflectance value by 

combining it with the Kubelka-Munk formula for each immersion variation. In DSSC band gap value is very 

influential on the performance of the working electrode. The smaller the band gap value at the working 

electrode, the electrons are very easy to move from valence band to conduction band. The slight band gap is 

found in the immersion variation 1 as shown in Table 1. 

 

 

 

Table 1. Band gap of immersion variation in thin layer 
Numer of Immersion Band gap 

1 × dyeing 3,09 eV 

3 × dyeing 3,10 eV 

5 × dyeing 3,12 eV 

The more immersion in the ITO substrate, the greater the band gap value will be. This is influenced by evenness 

when coating on immersion in the presence of uneven parts so that the band gap value that appears is close to the 

band gap value of the ITO substrate at a band gap of 3.0 eV. The number of coatings also affects the evenness of 

the coating, the homogeneity and transparency of the material [17]. Based on the results, one application of thin 

film is DSSC as shown in Figure 6. 

 

Fig. 6. DSSC with various immersion working electrode variations 

Testing of electrical properties is carried out by measuring with sunlight. The effect of immersion variations on 

electrical properties is shown in Table 2. 

Table 2. DSSC test voltage of dyeing variation on manufacture 

working electrode ZnO/Ag 9% 
NO Number of 

immersion 

Band gap 

(Ev) 

voltage(mV) current 

(mA) 

Efficiency(%) 

1 1 3,09  7,0 0,492 0,34 

2 3 3,10  0,5 0,032 0,001 

3 5 3,12  0,2 0,001  2×10−7 

 

Based on Table 2, the optimum stress on DSSC 1 was obtained in a variation of 1 dip with the dip coating 

method.The output voltage value is still low so it affects the efficiency. Thickness can also affect efficiency. The 

voltage generated on the DSSC, the more the number of immersion, the smaller the output voltage as well as the 

current that has the same effect. The thicker the working electrode, the lower the efficiency.This is in accordance 

with Ardianto's research, 2015 which shows that the thicker the working electrode coating, the lower the 

efficiency [23]. In this study, the decrease in efficiency can also be caused by the electrolyte, dye and catalyst 

used, therefore it is necessary to investigate further. dye is very influential on DSSC. a dye that can affect the 

amount of light absorbed because it has a different color spectrum for the various materials used. Electrolytes 

can also affect the DSSC cycle. So that the electrolyte can stabilize the reaction that occurs. The more liquid 

electrolyte, the evaporation of the electrolyte increases.Another thing that can affect the DSSC is a band gap 

where the band gap is very influential on the electrons transferred from the valence band to the conduction band. 

The wider the band gap used, the greater the energy used to move electrons. when the variation of immersion on 
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the ITO substrate as an electrode can reduce the conductivity of the substrate. so that the resulting band gap is 

getting bigger and results in efficiency on the DSSC. 

IV. CONCLUSION 

A thin layer of 9% ZnO/Ag through the sol-gel process was deposited with the dip coating method on the 

variation of the immersion having the optimum resistivity and band gap values, namely 1 time immersion with a 

band gap value of 3.09 eV.The more the number of immersion, the value of the band gap will increase. Making a 

thin layer as a working electrode on the DSSC by varying the immersion the more the number of immersion the 

efficiency on the DSSC will decrease. 
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