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Abstract: Dye sensitized solar cell have been fabricated since 19191 till date. In the previous year’s seven cells were 

fabricated and arranged in series to build a solar module for electricity generation under which 2.0 volt diode bulb was 

lightened. Further study was carried out here where the electrolyte was improved upon using potassium iodide with F- centre 

factor that enhances light harvesting but in the course of the study the fabricated DSSCs exhibited in stability due to the delay 

in carrying out the I-V characteristics. Three of these dye sensitized solar cells were successfully fabricated using natural dye 

from Laali stem bark (Isoplumbagin) dye as sensitizer, with two metallic composition titanium doxide/ Zinc oxide (TiO2/ZnO) 

on Flourine doped tin oxide as the substrate which comprises of the Anode or electrode and carbon soot as the counter 

electrode or the cathode. These three DSSCs were arranged in series to build a solar panel. From the results obtained, Current-

voltage characteristics showed that current was 0.03A and voltage 2.0 m A with power output 0.06k watt and the curve showed 

a forward bias pattern as with the case of a diode. From the pattern of the curve showed that the DSSCs deviated from cells 

that display efficiency to a diode that operates with the PN theory. 
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1. Introduction 

Dye sensitized solar cell is the 3
rd

 generation solar cell 

where silicon germanium sensitizers are replaced with natural 

dyes being extracted from plants. In the fabrication process 

dyes from locally available plant are extracted and it serves as 

the sensitizers, metallic oxides such as zinc oxide increases 

wider surface of absorptivity. An ideal dye sensitized solar cell 

comprises of a substrate, electrode and counter electrode this is 

as shown in figure 1 below. Dye sensitized solar cell was first 

fabricated in the year 1991, where Gratzel won a noble prize 

[1]. Since then various sensitizers-plants have been sourced to 

fabricate DSSC. From 2013, students have fabricated a lot of 

DSSCs but had not been able to built panel for electricity 

generation [2]. In 2014, some students from the department of 

Physics Delta State University, Abraka fabricated seven 

DSSCs using tomatoes fruit and zobo leaves [3-7]. While in 

the year 2015 another group of students arranged these cells in 

series to build a solar panel in which seven cells arranged in 

series was able to light up a diode bulb. In which the built solar 

module of 2.79 V was used to power a 2.0V LED bulb like 

that of the Christmas tree [8]. Since two edible dyes were used, 

this work looked to the fact that non-edible dye can be used for 

this purpose. Along the processes, there was a delay in 

carrying out the current voltage characteristics of the cells 

fabricated and so the conductivity properties were affected 

which is part of the limitation in this study. The natural dyes 

chosen for this work is Isoplumbagin dye from Laali stem bark, 

which have been studied previously for the fabrication of 

DSSC cells [9]. Dye-sensitized solar cells (DSCs) are well 

researched globally due to their potential to be a low-cost 
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photovoltaic (PV) device, especially suited for building and 

automobile integrated PV and portable or indoor light 

harvesting applications. Large monetary and intellectual 

investments for developing them into a deployable technology 

created a wealth of knowledge on nano-interfaces and devices 

through an increasing numbers of research reports since 1991 

[1]. In response to those investments, the dawn of the new 

millennium witnessed the emergence of a corporate sector on 

DSCs. Advances in their device designs, their incorporation on 

flexible substrates, development of solid state modules, 

enhanced stability under outdoor exposure, and the 

advancements in their scalable fabrication tools and techniques 

elevated the DSCs from laboratory to real-life applications 

[10]. Although the long term stability problem is yet to be 

address fully, the already fabricated cells can be arranged into 

a solar module for light-harvesting system. One of the major 

limitations in this study is the volarity of the liquid Electrolyte 

Potassium Iodide. When left for a long time depreciate but was 

for its F-factor characteristics which enhances light harvesting. 

In this study, therefore DSSCS will be fabricated using Laali 

stem bark as the sensitizers and to ascertain its structural 

properties and build DSSC solar module for electricity 

generation. For every solar cell you assemble, you will need an 

anode and a cathode. The anode will contain the dye and 

titanium dioxide molecules. Photons will excite the dye 

molecules' electrons, and the electrons will jump from the dye 

molecule to the titanium dioxide to the glass anode through 

diffusion. The electrons will subsequently travel through a 

circuit that connects the two electrodes and return to the cell 

through the glass cathode. To complete the circuit, an 

interstitial electrolyte solution facilitates the flow of electrons 

back to the anode's organic dye molecules [13]. Since 

emphasizes is laid on improving the voltage the DSSCs were 

connected in series. In reference [14] it was established that 

Anode or electrode thickness and annealing temperature have 

significant effect on the energy conversion of the dye 

sensitized solar cells. Furthermore in reference [15] a work 

was carried out on the mechanism of thermal stability of an 

electronic device (diode) to know how temperature change 

affects semiconductor device. Actually it was observed that 

indeed temperature increases between the regions of 300C and 

650C which affects the component output parameters like the 

output voltage and current. Reference [10] in 2014 studied the 

perspective of building a solar module and Eko in 2015 

actually built a solar module which was observed to light up a 

2.0 volt LED Diode bulb at 2.79 volt under high intensity from 

the sun [8]. These achievements were the background for this 

study. Comparing with the latter, the built solar module 

achieved 2.0Volt, 0.03mA and a power of 0.06 watt with three 

cells arranged in series. This study experiences set back due to 

its limitations. The study in 2015 lighted 2.0 V LED diode 

bulb at 2.79 V solar module but this study could not achieve 

that reasons being that: the dye sensitized solar cells were left 

for six month before characterization, three dye sensitized 

solar cells as against seven cells were used to build the solar 

module. 

 

Figure 1. A typical structure of a dye sensitized solar cell source: [1]. 

2. Materials 

These materials are sourced locally from the environment 

[13] 

1) Dyes (Isoplumbagin) 

2) TCO glass (Fluorine doped tin oxide FTO) 

3) Two metallic oxides (Zinc Oxide ZnO and Tiatanium 

dioxide TiO2) 

4) Hand gloves/Hand spray 

5) Weighing balance 

6) Paper cellotape 

7) Thermometer 

8) Chemicals (Acetone, Liquid Electrolyte) 

9) Oven dryer 

10) Hot oven 

11) Digital multimeter 

12) Transparent Perplex glass/White Aluminum 

13) Driller 

14) Connecting wires 

15) White gum 

16) Candle/lighter/clip 

2.1. Laali (Isoplumbagin) Dye 

The Laali stem bark, the extracted solution and the 

chemical structure are shown below. 

 

Figure 2. Laali stem bark, its Solution and Chemical structure of 

Isoplumbagin dye source: [11]. 

2.2. Method 

2.2.1. Fabricating the Dye Sensitized Solar Cells 

Isoplumbagin dye was extracted from the stem bark as 

shown in figure 2 (a) using simple extraction method and the 

solution placed in a beaker as shown in figure 2 (b). A plain 

glass slide was place inside using chemical bath method to 

deposit the dye. Thereafter a separate ZnO/dye solution was 
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prepared and glass slide inserted, after about three days there 

was adhesion of the solution thereby showing thin film. In 

order to fabricate dye sensitized solar cell for electricity 

generation. The physiochemical structure of Laali dye is as 

shown in figure 2 (c). One of the TCO glasses was fluorine 

doped tin Oxide FTO was used picture is as shown in figure 3. 

It was sterilized before using, to avoid impurities. 

 

Figure 3. FTO glasses. 

Two metallic oxides were used: Titanium oxide and Zinc 

Oxide, both were prepared in the lab and ready for use in its 

liquid state. In fabricating the cells, the already prepared 

titanium oxide was deposited on the FTO glass using screen 

printing method and annealed at 400oC then left to cool down 

thereafter, the already prepared ZnO solution was sprayed over 

it using a manual hand spray and annealed at 400°C. The 

already prepared Laali solution was deposited on it using 

syringe drop by drop and annealed at 400°C. The Electrode or 

anode is ready for coupling. The other pair of the FTO glass is 

placed over a burning candle and the soot which serves as 

counter electrode or cathode is evenly distributed. Both are 

sandwiched with an electrolyte solution Potassium iodide for 

electrical alertness. The fabricated DSSCs are as shown in 

figure 4 and ready for the building of the solar module. 

 

Figure 4. Fabricated dye sensitized solar cells. 

2.2.2. Building the Solar Module Procedure 

The following procedure was considered in assembling the 

fabricated dye sensitized solar cells in series: [13] 

1) Cut the Perspex glass to size depending on the number 

cells in place 

2) Use an aluminium sheet to make corners 

3) Use top band gum to make a rectangular bottom then 

drill hole on both ends 

4) Pad the bottom with white sheet of paper then place the 

cells in series 

5) Use a foil paper to hold the wires in place 

6) Couple it by place a cover then leave in the sun to dry. 

7) Ready for testing and readings. 

Note that the solar module was built with series connection 

of the fabricated dye sensitized solar cells 

A digital multimeter is used to measure the amount of 

potential difference passing through the connecting wires 

inside the panels and the module 

The relation I=V/R is used to ascertain the current within 

the panel and a table of values of Ambient temperature, 

Interval Time of 10minutes, Resistance, Potential difference 

(Voltage) and current will be achieved and a plot of Current 

versus Voltage. 

2.2.3. The Building of the Dye Sensitized Solar Module 

Having successfully fabricated the dye sensitized solar cell, 

these three cells were arranged in series. Reference [13] a 

simple method was followed in building a module which was 

employed in this study as listed above and the stages is 

observed in figure 5. In the first stage, perplex transparent 

glass was cut to a square size a pair figure 5 (a) and then two 

holes were drilled at both ends where the positive and 

negative wire can be inserted as in figure 5 (c). A four corner 

was cut and glued to the four sides of the squared perplex 

transparent glass as in figure 5 (a) and (b). A white sheet of 

paper was placed at the base to put the cells in place as seen 

in figure 5 (d). The polarities of the cells were tested and 

wires inserted positive to negative using foil paper to hold the 

wires to the cells, arranged in series as shown in figure 5 (e). 

Figure 5 (g) shows the three DSSCs arranged in series. 

Furthermore the sides are covered with the white aluminum 

sheet as shown in figure 5 (h) and the other pair of the 

perplex glass placed on top and the solar module is ready for 

testing as shown in figure (i). Figure 6 showed the digital 

multimeter used to measure the current and voltage of the 

solar module and a prototype solar module is placed side by 

side. 

 

(a) Cutting the perplex glass (base and cover) and aluminum sides 

 

(b) Building the sides by using white gum 

 

(c) Drilling a hole at the bottom for the wire 
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(d) Putting a white plain sheet of paper to sit the cells 

 

(e) Passing a wire through the drilled hole 

 

(f) Testing for polarity and placing the wires positive to negative (using foil 

paper to hold it in place) 

 

(g) The DSSCs connected in series 

 

(h) The sizes are placed on the base using white gum 

 

(i) The top perplex glass have been placed and solar module ready 

Figure 5. Assembling the DSSCs as solar panel. 

 

Figure 6. The multimeter side by side with the fabricated solar module and a 

prototype conventional solar module as testing was in progress. 

3. Testing 

The current, voltage measurements were obtain using 

digital multimeter under luminance for both the individual 

cell and the solar module. 

 

Figure 7. I-V Curve of FTO/TiO2/ZnO/Laali dye sensitized solar cell (Under Luminescence and dark). 

Table 1. FTO/Laali dye sensitized solar module. 

Time (mins) Time (s) Temperature (°C) Voltage (mV) Resistance (106 ohms) Current (A) (X10-3) Power x 10-6 (watt) 

2:10pm 600 43 2.0 64.5 0.03 0.060 

2:20pm 1200 43 1.2 58.8 0.02 0.024 

2:30pm 1800 40 0.6 38.4 0.02 0.012 

2:40pm 2100 41 0.5 35.1 0.01 0.010 

2:50pm 2700 42 0.3 26.3 0.01 0.003 

3:00pm 3300 39 0.2 15.8 0.01 0.002 

3:10pm 3900 39 0.1 11.5 0.08 0.008 
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Figure 8. I-V Curve of FTO/Laali module. 

3.1. Discussion 

Figure 6 shows a prototype solar cell module which 

formed the basis of this study side by side with the fabricated 

solar module. In figure 7 the curve did not start exactly at 

zero likewise, that of FTO/TiO2/ZnO/Laali showed a forward 

bias both under light and dark while FTO/Laali module 

showed a reverse bias at the positive axis instead of the 

negative figure 8. According to reference [16], when a diode 

is connected in a forward Bias condition, a negative voltage 

is applied to the N-type material and a positive voltage is 

applied to the P-type material. If this external voltage 

becomes greater than the value of the potential barrier, 

approximately 0.7 volts for silicon and 0.3 volts for 

germanium, the potential barriers opposition will be 

overcome and current will start to flow. Although this was 

attain exactly as shown in table 1, but the barrier was 

overcome which is the reason for the flow of current in the 

solar module. Likewise from the graph in figure 8, the 

application of a forward biasing voltage on the junction diode 

results in the depletion layer becoming very thin and narrow 

which represents a low impedance path through the junction 

thereby allowing high current to flow. The point at which this 

sudden increase takes place as represented in the I-V 

characteristics curve above (figure 8) at the knee point is 0.25 

volts. 

3.2. Limitation of Study 

In the previous dye sensitized solar module built by the 

students in the year 2015, the current-voltage characteristics 

was carried out immediately which retain the activeness of 

the electrolyte on the cells. But with this study the current 

voltage characteristics was not carried out immediately due 

to the national strike embarked upon by the Researchers most 

especially the Engineering material development Institute, 

Akure Ondo state.(EMDI). This delay was for six months so 

as at the time it was taken for the analysis the electrolyte was 

no longer active and so the current and voltage was very low 

to power a LED diode bulb. However, a measure of current 

and voltage was observed but too low. 

4. Conclusion 

Arranging cells in series actually improves the voltage as 

seen in the results voltage was higher than the current. The 

materials used were at low cost which makes it advantageous 

over the traditional solar cells. Although this objective was 

not achieved due to the limitations the current-voltage curve 

showed a forward bias which is a characteristic of a diode 

both for the DSSCs and DSSC solar module and it agrees 

with Rayleigh’s scattering theorem in optics. Due to its 

stability problems it would not issue out electricity as long as 

twenty years plus as would the traditional PV solar cells. This 

fabricated dye sensitized solar module showed an output 

power of 0.06 watt. 
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