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ABSTRACT 

 

 The scope of this paper is to analyze the performance of a homemade dye sensitized 

solar cell (DSSC) which presents a high potential based on its low fabrication costs and wide 

application field. In this investigation, the procedure to create a homemade DSSC is given. Its 

parametersare analyzed obtaining an efficiency of 26.4∙10
-4

% (IV measurement) and the 

highest spectral response around 575 nm (external quantum efficiency measurement). Its 

physical behavior is simulated employing the one diode model, giving similar results to the 

real ones. Moreover, the electrical performance of the present homemade DSSC is too low to 

be employed for most practical applications. 

 

Key words:Dye sensitized solar cell, fabrication process, IV curve, external quantum 

efficiency, one diode model. 

 

 

 

 

Corresponding Authors:C. Rodríguez
1
, M. Alvarez

2
 

 

INTRODUCTION 

Photovoltaics (PV) is a field that has ceased to be ignored because of its potential to prevail as 

an essential renewable energy source. There are different proposed technologies for solar 

cells, such as the crystalline silicon cells, which has most of the market share (around 90% in 

2008 [1]), thin-film technologies like CdTe, CIGS, GaAs, among others. Nowadays, the 

DSSC has obtained the attention of different research institutes [2-8] which has been 

developed for nearly 25 years since its invention by O'Regan&Grätzel [9]. The DSSC, 

however, has not yet proved to be commercially competitive in the terms of electrical 

performance with the existing generations of photovoltaics. Nevertheless, its advantage 

regarding fabrication costs [10] and applications makes it an interesting device to be used in 
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the near future or even in the present for particular applications such as windows for instance 

[11].  

To create solar cells is not a simple taskdue to several complex processes typically performed 

in specialized laboratories [12-14]. Nonetheless, on this paper the fabrication of a solar cell 

based on homemade materials (such as berries for example) takes place and its electrical 

behavior is described. 

 

OPERATIONAL PRINCIPLE OF THE DYE SENSITIZED SOLAR CELL  

For semiconductor solar cells, photons with enough high energy release electrons from the 

valence band. As a result, the free electrons become mobile charges and go to the conduction 

band. By this, they are able to flow through an external circuit and generate electrical energy 

[15].  

The DSSC, as any other solar cell, transform light into electricity. However, it does not 

consist of two doped semiconductors to split the charges (as the standard PV devices do), but 

of a semiconductor (electron acceptor) and a dye material that is an agglomeration of 

molecules. It is composed by a dye, an electron acceptor, a redox material and electrical 

contacts. A schematic of the operational principle is given in Figure 1 in which, a photon with 

a specific energy level is absorbed by the dye material (1) and excites an electron (𝑒−) from 

the highest occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital 

(LUMO), this electron then moves and falls into the conduction band of the electron acceptor 

(2) that is a semiconductor, typically TiO2 due to its wide band gap. Because the dye material 

has lost an electron, it is positively charged (dye
+
), in order for it to be stable again, a 

chemical reaction occurs (3) at the interface between the dye and the redox material as shown 

in Eq.(1). This last one is an electrolyte that normally consists of Iodide (𝐼−) and Iodine (𝐼). 
 

𝑑𝑦𝑒+ + 3𝐼− = 𝑑𝑦𝑒 + 𝐼3
− (1) 

 

The electron then flows to the electrical contacts and goes through the external circuit where 

the load is located and then electrical energy is produced (4). Finally, the electron returns to 

the solar cell through the back contact and participate in the chemical reaction at the interface 

with the electrolyte (5), as shown in Eq.(2). The produced 𝐼3
−can then travel through the 

electrolyte and reach the dye molecules in order to start the whole process once more [16]. 

 

𝐼3
− + 𝑒− = 3𝐼− (2) 

 

 

Fig. 1:Operational principle of a DSSC 
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At first glance, differences in the electrical representation of the DSSC could be expected with 

respect to the standard technologies due to a different operational principle. Nevertheless, 

there is no difference because the equivalent circuit of a solar cell is the mathematical 

representation of the photo-charge carrier‟s transportation in the cell. On the other hand, its 

electrical parameters, which are based on its chemical and physical properties, could have a 

different interpretation and values [17]. The one diode model [18, 19] is employed to 

represent the electrical behavior of the DSSC as shown in Figure 2 and described by Eq.(3). 

 

 

Fig. 2:One diode model of a solar cell 
 

𝑗𝑙 = 𝑗𝑝ℎ − 𝑗𝑜 ∙ 𝑒𝑞∙(𝑉𝑙+𝑟𝑠∙𝑗 𝑙) 𝑛∙𝐾𝐵 ∙𝑇 − 1  (3) 

 

Further details regarding its operational principle can be found in [20]. 

 

FABRICATION OF A DYE SENSITIZED SOLAR CELL 

With iodine, blackberry juice, and a few simple materials, a working solar cell that partially 

mimics the process of photosynthesis can be created. The following section provides the steps 

necessary to create a homemade DSSC (adapted from [21]) with an area of 1 cm
2
. The 

quantity of the applied materials could change depending on the desired size. 

1. Mix 10 ml of vinegar with 6 g of TiO2 until a white and smooth solution is formed. 

2. Combine the previous solution with one drop of dishwashing detergent and allow it to 

stabilize for 15 minutes. 

3. Use a conductive glass (conductive at one side, non-conductive at the other side) and 

drop three to five drops of the solution from the previous step on the conductive side 

of the glass which has to be homogeneously distributed except by a few centimeters 

from three edges of the glass. Dry then the solution for few minutes.  

4. Crush and mix the berries in order to get juice. 

5. Place the juice on top of the conductive glass where the solution was previously 

placed.  

6. Place the previous conductive glass on a flame, produced by a gas burner or inside an 

oven broiler for about 10 minutes and 1 hour, respectively. 

7. Apply water and then isopropanol or ethanol to remove any substance from the glass 

edges indicated in step three. 

8. Employ any graphite stick, like a pencil, to coat the whole conductive side of a second 

conductive glass. 

9. Contact the conductive sides of the previous glasses with an offset so that both 

conductive sides can still be connected to an external circuit. Binder clips could be 

used to fix the desired position. 
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10. Add one or two drops of a liquid electrolytic solution composed by Iodide/Iodine 

between the two glasses which will transport into the middle of both glasses due to a 

capillary action. 

11. Connectors can be placed in contact of the conductive sides of the glasses. By this, the 

DSSC has been fabricated and is presented in Figure 3. 

 

 

Fig. 3: Fabricated DSSC 
 

IV CURVE 

To obtain the IV curve, the DAQ Labjack U6 model is employed, it provides inputs and 

outputs voltage signals that can be analogical or digital. LabJack gives the opportunity to 

build an interface between cyberspace and the real world [22]. 

The inputs and ground are represented by AIN and GRD, respectively. An external circuit 

composed by a resistor (Rext) and a capacitor (Cext) with values of 1.6 kΩ and 100 µF, 

respectively, is applied to obtain the current and voltage of the solar cell from the input 

voltage signals AIN0 and AIN1, as shown in Figure 4. The operational principle of this 

electrical design is based in the fact that, as the capacitor is discharged in the beginning, when 

light is applied on the DSSC, it will generate and external current and voltage in which the 

capacitor acts a short-circuit. In time, the capacitor charges so that the operational point of the 

cell is changing as well until the capacitor reaches a level in which it cannot charge anymore 

and behaves like an open circuit. The IV curve can then be plotted from the recorded values 

of the voltage and current of the DSSC: 

 

 

Fig. 4:Real and equivalent circuit to measure the IV curve 
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The user interface for Labjack U6 is developed in Labview and shown in Figure 5. 

 

 

Fig. 5:Interface for LabjackU6 model implemented in Labview 
 

Channel 0 (-Ch 0) corresponds to AIN0 and measures the voltage of the DSSC while Channel 

1 (-Ch 1) corresponds to AIN1 and measures voltage across the capacitor. This is necessary to 

obtain the current density generated by the DSSC (Labjack only records voltage signals) 

defined by Eq.(4). 

 

𝑗𝑙 =
𝑉𝑙
𝑅𝑒𝑥𝑡

∙
1

𝐴𝐷𝑆𝑆𝐶
=
𝐴𝐼𝑁0 − 𝐴𝐼𝑁1

𝑅𝑒𝑥𝑡
∙

1

𝐴𝐷𝑆𝑆𝐶
 (4) 

 

“ADSSC” corresponds to the area of the DSSC. As previously mentioned, a cell with an area of 

1x1 cm
2
 is analyzed in this paper. 

The cell is submitted into full irradiance assuming an ambient temperature of 298K and the 

recorded signals are shown in Figure 6 

 

 

Fig. 6: AIN0 Vs time (white line) and AIN1 Vs time (red line) 
 

The voltage as well as the current and power(Pl) densities of the DSSC areprovided in Table 

1. Its electrical power density is defined by Eq.(5). 

 

𝑃𝑙 = 𝑉𝑙 ∙𝑗𝑙  (5) 
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Table1.Voltage, current and power values of the DSSC  

 

Time (s) Vl (V) jl (µA/cm
2
) Pl (10

-7
 W/cm

2
) 

1.00 4.50∙10
-2

 47.1 21.2 

1.50 4.75∙10
-2

 47.2 22.4 

2.00 5.00∙10
-2

 47.2 23.6 

2.50 5.13∙10
-2

 47.0 24.1 

3.00 5.25∙10
-2

 46.9 24.6 

3.50 5.50∙10
-2

 46.9 25.8 

4.00 5.63∙10
-2

 46.9 26.4 

4.50 5.75∙10
-2

 46.9 27.0 

5.00 6.00∙10
-2

 42.4 25.5 

5.50 6.13∙10
-2

 41.7 25.5 

6.00 6.50∙10
-2

 39.3 25.6 

6.50 6.75∙10
-2

 37.8 25.5 

7.00 7.00∙10
-2

 36.2 25.3 

7.50 7.25∙10
-2

 34.6 25.1 

8.00 7.38∙10
-2

 33.9 25.0 

8.50 7.50∙10
-2

 33.1 24.8 

8.75 7.63∙10
-2

 32.3 24.6 

9.00 8.00∙10
-2

 30 24.0 

9.25 8.13∙10
-2

 27 21.9 

9.50 13.0∙10
-2

 ≈ 0 ≈0 

 

From the previous table, the IV curve can then be obtained and is presented in Figure 7. 

 

Fig. 7: IV, power density and efficiency curves of the DSSC 
 

The previous IV graph does not present the shape from a typical cell [19], as it quickly 

reduces its current density with a high slope when the voltage increases. This behavior is 

expected from cells with high series resistance [23]. The method of the “slope at the (Voc,0) 
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point” is used to estimaters, it calculates the inverse of the IV curve‟s slope at a region close 

from the open circuit voltage [24]. The two operational points with the highest voltage from 

Table 1 are employed in Eq.(6) giving a value of 1.80 kΩ cm
2
 for rs, which, as expected, is 

particularly high. 

 

𝑟𝑠 = −  ∆𝑉𝑙
∆𝑗𝑙

 
𝑉𝑜𝑐

 (6) 

 

From the previous graph, the open circuit voltage (Voc) and short circuit current density (jsc) 

are obtained and are around 0.13 V and 47.1 µA/cm
2
, respectively (the jsc is defined as the 

current produced by the cell when it is short-circuited, its value is approximated in this paper 

as the one in which the cell voltage is the lowest). 

 

Maximum Power Point 
The maximum power point (MPP) is defined as the operational point in which the cell 

delivers the maximum electrical power and can be approximated from Table 1.This occurs at 

a voltage (VMPP) and current density (jMPP) of 5.63∙10
-2

 V and 46.9 µA/cm
2
, respectively, 

producing a power (PMPP) of 26.4∙10
-7

 W/cm
2
. 

 

Fill Factor 
The fill factor (FF) is influenced, among other parameters, by the resistances presented in the 

solar cell. As the FF increases, the electrical performance also increases. To calculate it, 

Eq.(7) is employed giving a value of 43.1%. 

 

𝐹𝐹 =
𝑉𝑀𝑃𝑃 ∙𝑗𝑀𝑃𝑃
𝑉𝑜𝑐 ∙𝑗𝑠𝑐

∙100% =
𝑃𝑀𝑃𝑃
𝑉𝑜𝑐 ∙𝑗𝑠𝑐

∙100% (7) 

Efficiency 
The efficiency (η) is the most important parameter to define the cell electrical performance. 

Regardless of the fact that it can have different values depending on the cell‟s operational 

point, it is generally defined as the relation between the maximum electrical power that the 

cell can produce under standard test conditions (cell temperature of 298K, solar irradiance of 

1000 W/m
2
 and air mass of 1.5) with respect to the input power (Pin). The measured IV curve 

from this paper is assumed to be performed under the standard test conditions, Eq.(8) is then 

applied giving an efficiency of 26.4∙10
-4

%. 

 

𝜂 =
𝑃𝑀𝑃𝑃
𝑃𝑖𝑛

∙100% =
𝑉𝑜𝑐 ∙𝑗𝑠𝑐 ∙FF

1000 𝑊/𝑚2
 (8) 

 

EXTERNAL QUANTUM EFFICIENCY  

The quantum efficiency measurements quantify the spectral response of a device. The EQE is 

the most commonly published result and can be affected by factors „external‟ to the solar cell, 

such as reflections at the anti-reflection coating and absorption at the glass layers in the case 

of solar modules [25], among others.  

In order to obtain the EQE, the device is short circuited, light at a specific wavelength (λ) is 

sent through it and the short circuit current is measured. The EQE is then defined as the 
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relation between the number of electrons per second flowing through the short circuit with 

respect to the number of photons per second sent to the cell, as shown in Eq.(9). 

 

𝐸𝑄𝐸(𝜆) =
# 𝑠ℎ𝑜𝑟𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠(𝜆)/ 𝑠𝑒𝑐𝑜𝑛𝑑

# 𝑝ℎ𝑜𝑡𝑜𝑛𝑠(𝜆) /𝑠𝑒𝑐𝑜𝑛𝑑
 (9) 

 

A monochromator is employed to filter the desired wavelength of the photons to be sent and 

then the short circuit current of the DSSC at specific wavelengths is measured (Isc_DSSC(λ)). A 

monocrystalline silicon solar cell with an area (Aref) of 0.67 cm
2
 is employed as a reference, 

its short circuit current (Isc_ref(λ)) and EQE (EQEref(λ)) at a determined wavelength are 

previously known. Both, Isc_DSSC(λ) and Isc_ref(λ) are measured four times for a particular λ and 

are averaged, respectively, in order to have trustable values. Eq.(9) can be applied to calculate 

the EQE of the DSSC (EQEDSSC(λ)) as definedin Eq.(10). 

 

𝐸𝑄𝐸𝐷𝑆𝑆𝐶(𝜆) =
𝐼𝑠𝑐 _𝐷𝑆𝑆𝐶 (𝜆)∙𝐴𝑟𝑒𝑓

𝐼𝑠𝑐 _𝑟𝑒𝑓 (𝜆)∙𝐴𝐷𝑆𝑆𝐶
∙ EQEref(𝜆) (10) 

 

From the previous analysis, the EQE of the DSSC is obtained in Table 2 and graphed in 

Figure 8. It can be seen that this cell has a low performance at the given spectrum (less than 

0.05%) that means, most of the energy of the photons sent to the cell are not absorbed by it 

and are mostly lost due to reflection and transmissionphenomena. Its peak (40.3∙10
-3

%) is 

located at a wavelength of 575 nm, at this operational point, the highest number of electrons 

flow through the external circuit per photons sent, this is still a poor performance in 

comparison with industrial silicon cells which can reach values close to 100% at this spectral 

range [26]. 

 

Table 2.Spectral EQE determination of the DSSC  

 

𝜆 (nm) Isc_ref(µA) EQEref(%) Isc_DSSC(µA) EQEDSSC (%) 

500 13.0 66.3 2.75∙10
-3

 9.33∙10
-3

 

525 17.7 68.8 8.75∙10
-3

 22.6∙10
-3

 

550 22.2 75.0 16.8∙10
-3

 37.8∙10
-3

 

575 27.2 74.7 22.0∙10
-3

 40.3∙10
-3

 

600 30.9 74.4 20.5∙10
-3

 32.9∙10
-3

 

625 35.2 75.0 13.5∙10
-3

 19.2∙10
-3

 

650 38.5 74.9 11.0∙10
-3

 14.3∙10
-3

 

675 41.0 74.9 4.75∙10
-3

 5.79∙10
-3

 

700 43.7 75.7 1.75∙10
-3

 2.02∙10
-3

 

725 45.6 74.4 0.50∙10
-3

 0.54∙10
-3
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Fig. 8: EQE result of the DSSC 
 

SYSTEM SIMULATION 
The program used for the simulation is Simulink, from MATLAB.It employs block diagrams 

to represent different mathematical models, as for example the one shown in [27]. In order to 

simulate the performance of the homemade DSSC, Eq.(3) is appliedand is based on the one 

diode model [19].To obtain the same real values for Voc, jsc, and rs, as well as a similar 

electrical performance, the n and jo values are setto 0.2 and 4.79 10
-13

 mA/cm
2
, respectively, 

this is represented by Eq.(11). As expected from the one diode model, jph is practically equal 

to jsc. The simulated results show a fair approximation to the real ones and are illustrated in 

Figure 9. 

 

j
l
 

mA

cm2
 = 4.71∙10

-2 − 4.79∙10
-13

∙ e

𝑞 ∙(Vl+1.8∙jl)

0.2∙KB∙298 -1  (11) 

 

 

Fig. 9: Simulated IV, power density and efficiency curves 
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The real electrical parameters obtained from the previous measurements as well as the 

simulated ones from this section are resumed in Table 3.Standard 156*156 cm
2
, Czochralski 

p-type Aluminum Back Surface Field (AL-BSF) silicon solar cells employed for mass 

production [28], are also added in this table as a reference. 

 

Table 3.Real, simulated and reference values of the cell parameters  

 

 Measured Simulated Reference  

rs (Ω∙cm
2
) 1.80∙10

3
 1.80∙10

3
 0.55 

jsc (mA/cm
2
) 47.1∙10

-3
 47.1∙10

-3
 37.3 

Voc (V) 0.13 0.13 0.63 

FF (%) 43.1 34.8 79.9 

𝜂 (%) 26.4∙10
-4

 21.3∙10
-4

 18.9 

 

From the previous table, it can be appreciated that the simulated parameters are close to the 

measured ones, which proves the effectiveness of the one diode model to represent the solar 

cell behavior. However, all the parameters from the DSSC presented in this paper are 

unfavorable when compared with the reference cells, giving an efficiency difference of four 

orders of magnitude. 

 

CONCLUSION 

In the present work, the physical behavior of the dye sensitized solar cell is introduced in 

order to give the corresponding procedure to fabricate a homemade solar cell. The electrical 

analysis of the cell behavior is obtained from the IV curve and external quantum efficiency 

measurements, plus a simulation based on the one diode model takes place which presents 

close results to the real ones. The homemade dye sensitized solar cell performance, however, 

is low in comparison with industrial crystalline silicon cells (efficiency of 26.4∙10
-4

%, 

21.3∙10
-4

% and 18.9% for the measured, simulated and industrial reference cells, 

respectively), the principal reason for this outcome is because of the high series resistance 

(1.8 kΩ cm
2
) that is caused due to a low quality fabrication procedure which is definitely an 

inconvenient for it to be used in practical applications. Nevertheless, further research in which 

improved materials and procedures are applied in laboratories, has led to an enhancement of 

efficiency values up to 13%, which is the current state of the art for dye sensitized solar cells 

[29]. This electrical performance, plus the low fabrication costs and wide application range, 

prove its potential to be a competitive technology. 
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