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A quantum dots sensitized solar cell was fabricated and the electrical characterizations of QDSSC were investigated. The 
solar cell gives a short circuit current density of 1.3mA/cm

2
 and an open circuit voltage of 0.38V under AM1.5. The 

capacitance-voltage, conductance-voltage and series resistance-voltage characteristics of the solar cell were measured in a 
wide range of frequencies for the QDSSC application. The photovoltaic performance of the QDSSC can be improved using 
various chemicals. 
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1. Introduction 
 

There has been a growing concern on the research of 

photovoltaics over the past few decades due to the 

increased energy crisis and environment pollution. Apart 

from the p-n junction based solar cells many new types of 

solar cells such as dye- sensitized solar cells (DSSCs) and 

quantum dot sensitized solar cells also attract considerable 

interest. DSSC is a low cost cell and was first reported by 

Michael Gratzel and Brian O’Regan at the Ecole 

Ploytechnique Federal de Laussanne in 1991 [1-3].  

In recent years, quantum dot (QD) sensitized solar 

cells have received a great attention due to their interesting 

properties such as low production cost and simple 

assemble technology [4–8]. The quantum dot size can 

control the optical band gap of photoanode material used 

in quantum dot sensitized solar cells to improve 

performance of the solar cell. 

The various quantum dots from different materials 

have been used in quantum dot (QD) sensitized solar cell 

applications [9-13] to increase efficiency. In order to 

improve the efficiency of the solar cells, CdS quantum dot 

materials have been used by various researchers. The 

obtained results have indicated that CdS quantum dot is a 

promising material due to its suitable band gap (2.4 eV) to 

those of TiO2 [14]. These quantum dots can be synthesized 

by successive ionic layer adsorption and reaction (SILAR) 

method.  

In present work, we have prepared a Cadmium 

Sulphide (CdS) quantum dot solar cell and characterized 

the charge transport mechanism of the solar cell with 

capacitance-voltage and conductance –voltage 

measurements in a wide range of frequencies. 

 

 

2. Experimental 
 

TiO2 coated fluorine doped tin oxide (FTO) glasses 

were purchased from Solaronix Co. Ltd and were used as 

photoanodes. The TiO2 film was coated onto FTO glass 

and annealed at 500
o
C. The CdS quantum dots were 

deposited on TiO2 films by successive ionic layer 

deposition and reaction (SILAR) method. The solutions of 

0.5 M Cd(NO3)2 in ethanol and 0.5 M Na2S  in methanol 

were prepared. The film was dipped into 0.5 M Cd(NO3)2 

solution for 30 s and rinsed with ethanol and then, dipped 

into 0.5 M Na2S  for 30 s and rinsed with methanol. These 

dipping procedures are considered as one cycle. The 

coating procedure was repeated for 5 times.  Platinum (Pt) 

deposited glass was used as a counter electrode. The 

polysulfide electrolyte was prepared using 0.5 M Na2S, 

2M and 0.2 M KCl. The active area of the solar cell was 

0.36 cm
2
. The contact for the electrode was made using a 

silver paste. The gold wire was attached to the electrodes. 

The current–voltage characteristics measurements were 

performed by using a KEITHLEY 4200 semiconductor 

characterization system. The photovoltaic measurements 

were taken using a Small-Area Class-BBA Solar 

Simulator and the light intensity was measured using a 

TM-206 solar power meter. All the measurements were 

done at room temperature. The surface morphology of 

TiO2 nanostructure photo-electrode was studied by atomic 

force microscope (AFM) model: Park System, XE100 in a 

non-contact mode. 
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3. Results and discussion 
 

3.1. Morphological characteristics 

 

The surface morphology of TiO2 thick film deposited 

on FTO, was studied using AFM and the confirmation of 

nanostructure of TiO2 has already been reported in our 

earlier work elsewhere [15]. 

 

 

3.2. Photovoltaic characteristics of QDSSC 

 

The current–voltage characteristics of the QDSSC 

were determined using a standard solar simulator. Fig. 1 

represents the fourth quadrant of current-voltage 

characteristics. It can be observed from the experimental 

results of Fig.1 that both the photocurrent and 

photovoltage values indicate an increasing trend with the 

increasing illumination intensities. The short circuit 

current Isc and open circuit voltage Voc were observed to be 

1.3mA/ cm
2
 and 0.38 V respectively under 100 mW/ cm

2
 

illumination. 
 

 

Fig. 1. Current-Voltage  characteristics of QDSSC 

 

The photovoltaic performance parameters (output 

power, open circuit voltage, short circuit current) against 

the incident light intensity of QDSSC are described. The 

plot of the electric power against voltage for QDSSC is 

shown in Fig. 2 indicating the delivered power to this 

device. 

 

 

Fig. 2. Output power versus voltage curves for QDSSC 

It is evident from the above figure (Fig. 2) that the 

electric power shows an increasing trend with the 

increasing bias voltage till it reaches its maximum power 

and later on decreases until reaches zero values with 

further increase of the applied voltage. The equation for 

the maximum power is given by: 

 

         Pmax = Im xVm,                                 (1) 

 

Where Im shows the maximum current and Vm shows the 

maximum voltage at each illumination intensity. Hence the 

maximum power value shows how much the QDSSC can 

deliver its maximum power to an external load. From the 

figure 2, it is evident that the maximum power peak is 

shifted to the higher voltages with the increasing incident 

light as follows: 0.05 V, 1.5 μW at 20 mW/cm
2 

and 0.22 

V, 59μW at 100 mW/cm
2
 respectively. We can observe the 

illumination dependence of the open circuit voltage in Fig. 

3. The experimental results indicate that the value of Voc 

increases with the light intensity until it attains a saturation 

value of 0.38 V.  

 

 
 

Fig. 3. Illumination dependence of the open circuit  

voltage Voc for the QDSSC 

 

From Fig. 3, it is evident that the photovoltaic voltage 

is almost proportional to the light intensity [16]. There is 

no major difference in DSSC and QDSSC except the 

replacement of dye with inorganic quantum dots. The 

working principle of QDSSC is almost same as that of 

DSSCs. The production of photocurrent in the QDSSC is 

due to absorption of  the incident light throughout the 

quantum dots used as sensitized dye leading to ultra-fast 

electron injection in the conduction band of the TiO2 [17-

20]. It is observed that the movement of the injected 

electrons through the network of interconnected oxide 

particles is governed by a random path process [21] until 

they reach the conducting glass substrate.  
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Fig. 4. Illumination dependence of the short circuit 

 current Jsc for the nanostructured QDSSC 

 

 

The experimental results show that both at lower and 

higher radiant power densities,  the short circuit current Jsc 

tends to vary linearly with the power illumination 

representing that mass transport does not limit to the Jsc 

[22]. The short circuit current Jsc with open circuit voltage 

Voc tends to vary as shown in Fig. 5. Hence it is concluded 

that with the increase of Jsc there is an increase in Voc as 

well. We have observed from the curve fitting that there is 

a variation of Voc with Jsc obeying the following relation 

[23-25]: 
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Where k is the Boltzmann’s constant, q is the electric 

charge, n is the diode ideality factor, and J0 is the reverse 

saturation current density. Eq.(2) shows Voc is proportional 

to the log of Jsc. It is found that with increasing light 

intensity Jsc increases as shown in Figs.(4) and Voc 

increases with increase of Jsc (Fig. 5) [24]. 

 

 

Fig. 5.  The plot of short circuit current density Jsc as a function 

of open circuit voltage Voc for the nanostructured QDSSC. 

 

 

The efficiency of the cell is very low around 0.16% but the 

aim of this investigation is to study the effect of CdS QDS with 

SILAR method in QDSSC. 

 

 

3.3. Impedance spectroscopy studies of QDSSC 

 

Impedance spectroscopy studies include C-V and G-V 

characteristics. It is observed that Mott-Schottky equation 

for band bending in a single n-type semiconductor layer 

expresses the linear relationship between C
-2

-V and is 

given by [26-28]: 
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Where CSC is the space charge capacitance of 

semiconductor electrode, ε is the dielectric constant of the 

semiconductor ε0 is the permittivity of the free space, Nd is 

the dopant density, V is the applied potential and Vfb is the 

flat band potential. The Mott-Schottky (1/C
2
versus V) 

plots are shown in Fig.6(a).We have found a deviation 

from linearity a good agreement with the results reported 

by Yin et al. [28] and this deviation is due to the effect of 

surface states, recombination effects, insufficient etching 

and non-negligible contributions of the Hemholtz layer to 

the interfacial capacitance. Hence Hemholtz layer 

capacitance can be described as the interface between 

metallic electrodes and an electrolyte solution behaving 

like capacitor and it has also a capability of storing electric 

charge [29]. 

At different frequencies, the capacitance-voltage 

characteristics for QDSSC are shown in Fig. 6 (b). It can 

be observed that with the change of bias voltage from -2 V 

to +2 V capacitance tend to vary slowly until it reaches its 

maximum value followed by a decrease in its values 

leading towards saturation with further increase of the bias 

voltage. Moreover with the increase of frequency from 10 

kHz to 1 MHz the device capacitance demonstrates a 

decreasing behavior towards zero values. Further work is 

needed for the interpretation of these results.  

With increasing frequencies from 10KHz to 1MHz at 
room temperature Conductance-Voltage (G-V) behavior for 
the QDSSC was also studied. The plots of conductance 
against bias voltage at different frequencies are shown in 
Fig. 7. The basis for this technique depends on the losses of 
conductance resulting from the exchange of majority 
carriers between interface states and majority carrier band 
of the semiconductor when a small ac signal is applied to 
the semiconductor devices [30]. From the experimental 
observations, it is clear that the conductance decreases with 
the increasing applied voltage from -2.0 to +2.0V and it is 
also found that the increase of the applied frequency results 
in the decrease of conductance. This is the result of the 
behavior of capacitance shift towards lower values at 
increased frequencies. 
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Figs. 6. (a) Mott-Schottky plot of the nanostructured 

QDSSC at different frequencies.  (b) The capacitance 

profile  as  a  function  of  biasing  voltage  at  different  

        frequencies  for the nanostructured QDDSSC. 

 

 

 
 

Fig. 7. Conductance-Voltage dependence of the 

nanostructured QDSSC at different frequencies. 

 

4. Conclusions 
 
For the preparation of Nano-structure of TiO2 thick 

film on FTO glass, doctor blading technique is used. In 
this study we have investigated the photovoltaic properties 
(Current-Voltage) and impedance spectroscopy 
(Capacitance-Voltage and Conductance-Voltage) 
characteristics of nanostructured QDSSC. The 
experimental results of QDSSC show a short circuit 
current density of 1.3mA/cm

2 
and an open circuit voltage 

of 0.38 V under AM 1.5. The mechanism of photovoltaic 
behavior of the solar cell is monitored with recombination. 

At different frequencies the capacitance–voltage 
characteristics of the device were examined by negative 
and positive bias voltages which show a decreasing trend 
of capacitance.  
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