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ABSTRACT  7 

 8 

Aims:  Organic solar cells were realized and characterized. The I(V) characteristics as 
function of  concentration of the blend of the active layer and the type of substrate are given. 
Study design: Theoretical study of the performances of organic solar cells is given. The 
cells were realized and characterized. 
Place and Duration of Study:

 
Laboratory of Advanced Technologies of Genie Electrics 

(LATAGE) Faculty of Electrical and Computer Engineering Mouloud MAMMERI University 
(UMMTO), BP 17 RP 15000, Tizi-Ouzou, Algeria. 
Methodology: we discuss general mechanisms leading to generation and transport of 
charge carriers and parameters which govern the behavior of organic solar cells. 
The absorption spectra of P3HT:PCBM is measured. Solar cells were realized and 
characterized 
The current density characteristic results for the cells were compared for two substrates (ITO 
and FTO) and the concentration effect of the blend is studied. 
Results: The current density characteristic depends on various parameters, the type of the 
substrates, the concentration of the blend and temperature. 
 Conclusion: Our study shows that the performances of the organic solar cells depend on 
different parameters. In order to improve the performances of the cells, transparent 
electrodes with high transmittance and high conductivity must be used. 
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1. INTRODUCTION  14 

 15 
Polymer solar cells have attracted much attention during the last years due to their lower fabrication cost 16 
and possibility of using flexible substrates [3]. However, their efficiency is usually less than 5%. The active 17 
layer morphology related to blending preparation and annealing, is one of the most important factors 18 
affecting solar cell efficiency [1], [2], [3]. Organic solar cells undergo many degradation pathways during 19 
their lifetime. Efficiency loss is due to light, oxygen and water [1]. The exposure to oxygen leads to an 20 
enhanced charge carrier concentration and a decreased charge carrier mobility. A lower mobility leads to 21 
a higher extraction time for the charge carriers and therefore to an enhanced bimolecular recombination 22 
probability which results in the decreased FF. The open circuit voltage is slightly increased because the 23 
Langving recombination rate is lower when the mobility decreased. The higher charge carrier densities 24 
reduce the internal field and therefore increase the open circuit voltage [1]. Thermal annealing improves 25 
cell efficiency. 26 
 27 

2. PARAMETERS AFFECTING CHARACTERISTICS OF ORGANIC SOLAR CELLS 28 
 29 

2. 1. Charge transport in polymer fullerene films  30 

 31 
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A polymer: fullerene bulk hetero-junction solar cell can be regarded as an insulator sandwiched between 32 
two electrodes. The light entering the transparent electrode is considered to be uniformly absorbed by the 33 
active layer, which results in a uniform generation of electron-hole pairs throughout the specimen. In 34 
photovoltaic cells the recombination probability of the free charge carriers depends on the mean carrier 35 
drift length mean carrier drift length. 36 

��,� =  μ�,� ��,� 	                                                                                                                   (1) 37 

Where: we,h: the mean carrier drift length of electrons (e) and holes (h) 38 
µ: charge carrier mobility 39 
τ:  charge carrier lifetime before trapping or recombination 40 
E: the electric field. 41 
If the mean carrier drift lengths of electrons and holes are smaller than the device thickness L (we,h < L), 42 
the both charge carriers are accumulated in the layer. At steady state, the distance which they travel 43 
increases linearly with applied voltage (V) and the photocurrent Jph follows Ohm’s law: 44 
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Where q: the electric charge 46 
G: the generation rate of electron-hole pairs. 47 
The photocurrent density Jph as a function of the applied voltage V is given by the equation (3): 48 
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 50 
Where b is the drift length ratio defined here as  51 
� = μ� �� μ�⁄ ��            52 
For equal electron and hole µτ products (b=1), it can be seen that equation (2) equal to equation (1) and 53 
at higher voltages the photocurrent saturates at q G L. according to equation (2), for very different charge 54 
transport properties of electrons and holes (1>>b →0), the Jph approaches one half power on V: 55 
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 57 

2.2.  Current density in a structure ITO/PEDOT:PSS/P3HT:PCBM/LiF/Al 58 

 59 
The current density JD depends quadratically on voltage. This behavior is characteristic for a space-60 
charge limited current (SCLC) given by: 61 
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Where ε0 εr  is the permittivity of PCBM. For PCBM the relative dielectric constant εr=3.9. 63 
µe = 2.10

-7
 m²/Vs. 64 

εo=8.854.10-14 F/cm is the constant dielectric of free space. 65 
 66 

2.3. Temperature effect on the electrical transport of organic solar cells 67 

Thermal annealing improves cell efficiency. During thermal annealing, growth and perfection of polymer 68 
crystallization occurred, which increases the charge transport capability. However, a prolonged annealing 69 
process will increase the crystallization of P3HT and force the aggregation of PCBM [2], [4]. The ordered 70 
structure facilitates the charge transport [6], [10]. Figure (1) shows the AFM (Atomic Force Microscopy) 71 
image of P3HT: PCBM deposited with spin coater. After annealing at 130°C during 30 min the structure 72 
was ordered.  73 

The open circuit voltage of the organic solar cells depends on temperature as in Eq. (6) 74 
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For T=0°K, Voc=Eg/q.  76 

Where Eg =LUMO acceptor - HOMO donor 77 
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KB is a Boltzmann constant, q is the elementary charge, L is the thickness of the active layer, µ is the 78 
mobility of carriers, Nc and Nv are the state density of electron and hole respectively and n is the ideality 79 
factor of the diode. 80 

 81 

 82 

 83 
 84 
 85 

2.4. Effect of solvent annealing 86 

Solar cells employ the slow-solvent-vapor treatment blend films as the active layer exhibit the enhanced 87 
power conversion efficiency that of as-cast and fast thermal annealing blend films [5]. 88 

 89 

2.5. Series and shunt resistances  90 

The increase in both series and shunt resistances can be caused by the reduction in the mobile charge 91 
density and mobility associated with the creation of traps produced by the interaction of oxygen and water 92 
with the polymer. 93 
Several factors contribute to increase the series resistances when the device is left in ambient conditions 94 
such as reduction of mobility, metal corrosion at the contact or changes in the contact barrier and charge 95 
space regions [7]. 96 
The J-V characteristics of an organic solar cell can be simulated with the equation (7) 97 


 = 
. HIJK :��;LFM
BN56 �⁄ > − 1O + ��;LFM

L<M − 
��                                                                     (7) 98 

Where , J0 is  reverse saturation current density, V is the applied voltage, n is the ideality factor, Rs is the 99 
series resistances, Rp is the shunt resistance, Jph is the photocurrent,  A is the active area, KB is the 100 
Boltzmann constant, T is the temperature, and e is the elementary charge. 101 

Fig.1. AFM topography of P3HT: PCBM 

a- without annealing, b-annealed at 130°C 
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 102 

2.6. Influence of the buffer layer 103 

The BHJ (bulk heterojunction solar cells) appears to be a very promising device structure to be exploited 104 
in the mass production of organic solar cells. away from the development and optimization of novel active 105 
materials, like novel acceptors or low band-gap polymer donors, the correct optimization and choice of 106 
the HTL (Hole transport layer : MoO3, WO3, NIO, V2O5, PEDOT :PSS, …) together with the ETL (Electron 107 
transport layer : ZnO, SnO2, TiOx ,…) play a fundamental role in order to get the best performance from a 108 
device. An improved Jsc was observed for the G - PEDOT: PSS devices due to the improved charge 109 
collection compared to PEDOT: PSS devices [8]. 110 
 111 

3. EXPERIMENTAL RESULTS 112 

3.1. Temperature effect in the absorption spectra of P3HT: PCBM layer  113 

Fig.2 shows the absorption spectra of P3HT: PCBM layers for different temperature 114 
 115 

 116 
Fig.2 Absorption spectra of P3HT: PCBM layers of different temperatures. 117 

 118 

3.2. Concentration effect on the performances of organic cells 119 

Fig.3 shows the current density (J) voltage (V) characteristics of the organic solar cells made with the 120 
different concentrations. The higher performances are obtained when the concentration of the blend is 70 121 
mg/ml, efficiency = 3.2, VOC=0. 52 V, Jsc=12, 74 mA/cm², FF= 48.56. 122 
 123 

 124 
 125 
 126 
 127 
 128 

 129 
 130 
 131 
 132 
 133 
 134 
 135 

 136 
Fig. 3 Characteristic I (V) as a function of the concentration of the P3HT: PCBM blend. 137 

 138 
3.3. Effect of the substrates type ITO and FTO 139 

The type of substrates is another parameter which affects the performances of the solar cells, flexible 140 
organic solar cells as a function of post-annealing temperatures were studied [9]. In this work we use two 141 
different transparent electrodes deposited on glass : ITO and FTO. The FF of cells with ITO is better than 142 
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with FTO substrates because the transmittance and the conductivity of ITO are higher than of FTO. Fig. 4 143 
shows J (V) characteristics of organic solar cells with different substrates. 144 
 145 
 146 
 147 
 148 
 149 
 150 
 151 
 152 

 153 
 154 
 155 
 156 
 157 

Fig.4. Characteristics J (V) of organic solar cells with different substrate. 158 
 159 

4. CONCLUSION 160 

 161 
Various parameters contribute to the stability of the performances of organic solar cells. The materials 162 
used in their elaboration such as the active layer and the electrode contact. The current density depends 163 
in temperature, the mobility of carrier charges, and substrate type. Thermal annealing reduce interface 164 
defect, and increases cristallinity which improves the mobility of carriers then improves photocurrent. 165 
Several factors contribute to increase the series resistances when the device is left in ambient conditions 166 
such as reduction of mobility, metal corrosion at the contact or changes in the contact barrier and charge 167 
space regions.  168 
In general, there are six main important processes which might limit the power conversion efficiency of 169 
organic photovoltaic devices: 170 

1. Light absorption in the film. 171 
2. Free charge carrier generation.  172 
3. Charge transport to the opposite electrodes and extraction by the electrodes.  173 
4. Carrier recombination. 174 
5. Architecture dimension, and design of the device. 175 
6. Temperature effect (annealing temperature of the active layer and the final device). 176 

In order to improve the performances of organic solar cells we must use polymer with a small gap, 177 
adequate HTL and ETL, and transparent electrodes with high transmittance and high conductivity. 178 
 179 
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