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Abstract 

In this study we have analyzed investigations on the aging and degradation of organic solar cells (OSCs). In the first part of 

this study we have conducted QUV aging on commercial samples of OSCs. The use of QUV chamber leads to study the effect of 

cyclic aging on the electrical and optical properties namely PCE, Jsc, FF, Voc, UV-VIS and PL measurements under variation of UV 

irradiation, temperature, humidity and dark. The degradation process of the OSCs under cyclic aging fits with the earlier finding in the 

literature and is occurred in two phases with deferent aging rates. Furthermore, it has been found that the OSCs lose more than 60% of 

their initial performances, and for some properties like PCE the decrease reaches 80%. This drastic drop of the OSCs performances, 

associated to the formation of bubbles, indicates that samples undergo very hard bulk degradation. In the second part we have 

assessed the degradation behaviour of lab-scale and scalable OSCs devices employing similar non-fullerene (NFA) based active 

layers. It is demonstrated that the scalable NFA OSC exhibit completely reversible degradation when assessed in ISOS-O-1 outdoor 

conditions, which is in contrast to the lab-scale devices assessed via the indoor ISOS-L-2 protocol. Results from transient 

photovoltage (TPV) indicate the presence of charge trap formation, and a number of potential mechanisms are proposed. In the end of 

this study we have reported some results of the ANN prediction of the OSCs performances under aging. The reported results show 

that the accuracy of prediction is very good and the predicted values are close to the experimental values. 

Keywords : Photovoltaic  Solar cells, Aging, Degradation, Prediction, Recovery, Artificial Neural Network (ANN). 

 

 الملخص
 

في اٌجزء الاٚي ِٓ اٌذساست غبمٕب اٌشيخٛخت ػٍى ػيٕبث حجبسيت   (OSCs).في ٘زٖ اٌذساست لّٕب بخذٍيً ٚ حذميك دٛي حذ٘ٛس ٚ شيخٛخت اٌخلايب اٌشّسيت اٌؼعٛيت

اٌشيخٛخت اٌذٚسيت ػٍى  اٌجٛيت بذساست حأثيشٌٍؼٛاًِ  اٌّسشع QUVاخخببساٌّسشع ٌٍؼٛاًِ اٌجٛيت.  يسّخ اسخخذاَ  QUVِٓ اٌخلايب اٌشّسيت اٌؼعٛيت بٛاسطت اخخببس

لأشؼت فٛق اٌبٕفسجيت ٚدسجت اٌذشاسة ٚاٌشغٛبت ٚاٌظلاَ.  حخٕبسب ايت ِثً الأشؼت فٛق اٌبٕفسجيت ٚاٌٍّؼبْ اٌعٛئي حذج ِخخٍف اٌعٛئخصبئص اٌاٌىٙشببئيت ٚ خصبئصٌا

ػلاٚة ػٍى رٌه، فمذ ٚجذ  .ٌشيخٛختػٍّيت حذ٘ٛس اٌشيخٛخت اٌذٚسيت  ٌٍخلايب اٌشّيت اٌؼعٛيت  ِغ إٌخبئج اٌّخذصً ػٍيٙب سببمب ٚ يخُ رٌه في ِشدٍخيٓ ِغ اخخلاف في ِؼذي ا

٪. يشيش ٘زا الأخفبض اٌذبد في أداء  06يصً الأخفبض إٌى   PCE ٪ ِٓ أدائٙب الأٌٚي، ٚببٌٕسبت ٌبؼط اٌخصبئص ِثً 06 أْ اٌخلايب اٌشّسيت اٌؼعٛيت حخسش أوثش ِٓ

ب اٌشّسيت اٌؼعٛيت ٍٛن حذًٍ اجٙزة اٌخلاياٌخلايب اٌشّسيت اٌؼعٛيت، اٌّشحبػ بخشىيً اٌفمبػبث، إٌى أْ اٌؼيٕبث حخعغ ٌخذ٘ٛس وبيش جذاً. في  اٌّشدٍت اٌثبٔيت حطشلٕب اٌى حميُ س

ب ػٕذ في  ِميبس اٌّخخبش اٌخي حسخخذَ غبمبث ٔشطت ِّبثٍت غيش اٌفٌٛيشيٓ. ثبج أْ حطٛس اٌخلايب اٌشّسيت اٌؼعٛيت اٌغيش فٌٛيشيٓ حظٙش أذطبغً  ًِ إخعبػٗ ب يّىٓ ػىسٗ حّب

 ISOS-L-2 ػبش بشٚحٛوٛي يتاٌّخخبش بثميبسٔخبئج اٌ ٚ ٘زا ِب يخٕبلط ِغ اٌمّت اٌذٌٚيت دٛي اسخمشاس اٌخلايب اٌىٙشٚظٛئيت اٌؼعٛيت(،  ISOS-O-1 (ٍظشٚف اٌخبسجيتٌ

 ػٓ ٕخبئجاٌبؼط لذِٕب إٌى ٚجٛد ِصيذة شذٓ حُ حشىيٍٙب، ِغ الخشاح  ػذد ِٓ الآٌيبث اٌّذخٍّت. في ٔٙبيت ٘زٖ اٌذساست ،  (TPV) حشيش ٔخبئج اٌجٙذ اٌىٙشببئي اٌؼببش .اٌذاخٍي

أْ دلت اٌخٕبؤ جيذة جذاً ٚأْ اٌميُ اٌّمذِت  لأداء اٌخلايب اٌشّسيت اٌؼعٛيت في دبٌت اٌشيخٛخت. أظٙشث إٌخبئج  ( ANN ) ٍشبىبث اٌؼصبيتٌ يببسخخذاَ اٌزوبء اٌصٕبػ اٌخٕبؤ

 .اٌّخٕبئت لشيبت ِٓ اٌميُ اٌخجشيبيت

 عصاا  الاناعصيةالخلايا الشمسية الكهروضوئية، الشيخوخة، التدهور، التنبؤ، التعافي، شبكة الا :الكلمات المفتاحية

Résumé 

 

Dans cette étude, nous avons analysé des travaux de recherche sur le vieillissement et la dégradation des cellules solaires 

organiques (CSOs). Dans la première partie de cette étude, nous avons effectué un vieillissement QUV sur des échantillons 

commerciaux des CSOs. L'utilisation de la chambre QUV permet d'étudier l'effet du vieillissement cyclique sur les propriétés 

électriques et optiques, notamment : PCE, Jsc, FF, Voc, UV-VIS et PL sous l'effet de la variation de l'irradiation UV, de la température, 

de l'humidité et de l'obscurité. Le processus de dégradation des CSOs lors du vieillissement cyclique est en accord avec celui reporté 

dans littérature et se produit en deux phases avec des taux de vieillissement déférents. De plus, il a été constaté que les OSC perdent 

plus de 60% de leurs performances initiales, et pour certaines propriétés comme le PCE, la diminution atteint 80%. Cette chute 

drastique des performances des OSC, associée à la formation de bulles, indique que les échantillons subissent une dégradation 

massive très dure. Dans la deuxième partie, nous avons évalué le comportement de dégradation des dispositifs des CSOs à l'échelle du 

laboratoire et des dispositifs évolutifs utilisant des couches actives similaires non basées sur le fullerène. Il est démontré que les CSO 

NFA non  évolutives présentent une dégradation totalement réversible lorsqu'elles sont évaluées dans les conditions extérieures ISOS-

O-1, ce qui est le contraire avec les dispositifs à l'échelle du laboratoire évalués par le biais du protocole ISOS-L-2 en intérieur. Les 

résultats de la phototension transitoire (TPV) indiquent la présence d'une formation de piège à charge, et un certain nombre de 

mécanismes potentiels sont proposés. À la fin de cette étude, nous avons présenté certains résultats de la prédiction en utilisant les 

réseaux de neurones artificiels  (ANN) des performances des CSOs en cours de vieillissement. Les résultats rapportés montrent que la 

précision de la prédiction est très bonne et que les valeurs prédites sont proches des valeurs expérimentales. 

Mots clés: Cellules solaires photovoltaïques, Vieillissement, dégradations, Prédiction, Récupération, Réseau neuronal 

artificiel (RNA). 
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PCE12:ITIC devices. In (a) the variation of PCE of the aged (solid circles, 
solid lines) and control devices (hollow circles with dashed lines) with time 

for the 1 Sun (blue) and 0.1 Sun (red) samples are shown. In (b) the 

normalised variation in the PV parameters PCE (solid, blue, circles), JSC 

(dashed, purple, squares), VOC (dashed, green, diamonds) and FF (dashed, red, 
triangles) of the 1 Sun aged samples with time are shown. In both plots the 

light/yellow shaded regions represent time that the samples were under the 

solar simulator (shaded in the case of the control samples) and the dark/grey 
shaded regions represent time that the samples were kept in the dark, to 

simulate the outdoor experiments’ day/night cycles. In (c) and (d) the 

variation of normalised PCE and normalised FF (respectively) of the aged 
devices with cumulative energy exposure are shown for the samples aged at 

1 Sun (blue circles) and at 0.1 Sun (red circles)  All uncertainities represent 

one standard deviation across 6-8 devices…………………………………….. 
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Figure IV.6: 

 

TPV data measured throughout the indoor ageing experiment from the aged 

PCE12:ITIC devices. Measurement was carried out using the apparatus 

described in the experimental section. Note that “time” in this figure refers to 
time since the start of the experiment and includes both illumination and dark-

rest time……………………………………………………………………….. 
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Introduction 

In the recent years, organic solar cells (OSCs) attracted great attention because their several 

advantages like the low-cost, flexibility, and lightweight. Moreover, the power conversion 

efficiency (PCE) can be enhanced more than 10% by using an appropriate choice of the used 

conjugate copolymers [1]. To get high-efficiency solar cells and converting the sunlight into 

electricity there are crucial parameters as the absorption range, the photon–electron conversion rate 

and the carrier mobility’s of the light-harvesting polymers are among [2]. 

However, the organic solar cells present some limitations in their stability under different 

conditions, because the used organic materials as active layers undergo some degradation process 

under external factors. The resulting degradation can alter the physical properties of the 

photovoltaic cells, which leads to the reduction in the electrical properties of cells such as: (PCE), 

the open circuit voltage (Voc), the short circuit current density (Jsc), and the fill factor (FF). 

In the last research, the conjugated polymer–fullerene bulk heterojunction (BHJ) solar cell takes big 

parts of interest in carried out work done by the scientific community interesting on the renewable 

energy [3–5]. Moreover, they found a great defiance to improve the efficiency, because higher 

value of the lowest unoccupied molecular orbital (LUMO) of the fullerene [6]. Lately it has been 

discovered that non-fullerene small molecules, which consider as very promising electron acceptors 

in OSCs and PCEs can reach 12% [7]. 

Historically, the studies of the stability and degradation in polymer organic photovoltaic are started 

since 1990s, and these studies have been included as footnotes in the followed studies [8]. In the 

state of the art, the stability of organic solar cells is related to their efficiency. Therefore, the most 

research work done in the last few years is focused on ways to improve the stability of the OSCs 

and consequently enhance their efficiency. A lot of techniques have been investigated in these 

studies and many parameters and factors have been considered (outdoor, indoor, additives,…etc). 

Furthermore, different protocols called ISOS specialised in the stability of organic solar cells have 

been used in the most carried out research works [9–11]. These protocols suggest that the 

degradation of the solar cells is caused by a several factors such as humidity, oxygen, UV light, and 

water. Indeed, the stability of OSCs can be studied in indoor or outdoor conditions. Reese et al. [9] 

have well explained all the considered conditions for each protocol used in the study of organic 

solar cells stability. A lot of papers have been published in last decade reporting interesting results 

on the solar cells stability using ISOS protocols.  Brestow et al. [12] have conducted a diurnal 

analysis on the OSCs modules under outdoor conditions and they have observed that the OSCs 
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modules exhibit some poor performances under low light conditions such as overcast days. Angmo 

et al. [13] have used ISOS-D-2 and ISOS-O-1 to carry out outdoor experiments during 2 to 3 years. 

The almost of studies using standard protocols use for example a continuous illumination from a 

solar simulator which is a very common form of degradation experiment, and while it will be 

relevant for some degradation effects, it may miss other degradation mechanisms that arise from 

cycling the light on and off, as it happens in an outdoor test. Moreover, there is a risk that indoor 

laboratory studies, carried out in ISOS-L conditions using laboratory scale fabrication and device 

architectures, will be used to eliminate potential active layer materials when they may exhibit much 

higher stability in outdoor tests, when scalable fabrication and device designs are employed. For 

this purpose we have carried out a work in this thesis firstly on the degradation of OSCs under 

QUV aging cell to simulate the cyclic effect of the climatic conditions which happening in one day 

of real climatic conditions. Secondly, we have studied the degradation of lab-scale and scalable 

non-fullerene OSCs under laboratory and outdoor ISOS protocols to show the effect of the partial 

recovery when the OSC device is working under real outdoor setting.       

This Thesis is organized as follows: After a general introduction, we have started with the first 

chapter, where we have firstly introduce  and demonstrate of  organic solar cells (OSCs), and 

different structure of OSCs, namely the working principle, electrical characterization of organic 

solar cells in the last the fabrication flexible OSCs. However, in the recent years, organic solar cells 

attracted great attention because several advantages like low-cost, flexibility, and lightweight. 

Moreover, the energy efficiency significantly increased. In the second chapter we have explored 

and demonstrate the phenomenon of degradation mechanisms of organic solar cells (OSCs) and 

explain the different consensus stability testing protocols ISOS for organic photovoltaic materials 

and devices. Nevertheless, with all advantage there is one hindrance prevents organic solar cells 

from being marketed due to unstable.  

In the third chapter we have investigated the effect of cyclic aging on a commercial OSCs samples 

using QUV aging tester. Many characterization techniques have been used to highlight the 

degradation behavior of samples. The same samples have been used to study the recovery 

phenomenon under ISOS-O-1 protocol.  

Finally the fourth chapter, applied two tests indoor ISOS-L-2, and the outdoor ISOS-O-1 using 

small organic solar cells (OSCs) with a recovery. We use intelligent techniques based on RBFG 

Artificial Neural Networks (ANN) trained with Random Optimization Method (ROM) to  predict 

the aging of different parameters of organic solar cells (PCE, Voc, Jsc, FF, Rs and Rsh) under the light 
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with time. The obtained results are compared with the experimental values and prediction quality is 

 evaluated using the Root Mean Square Error (RMSE) and Mean Absolute Relative Error (MARE). 

This thesis is closed by a conclusion. 
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I.1 Introduction  

 

The solar energy is the energy was taken from of the solar radiations, as it is known the most energy 

sources (excluding nuclear and geothermal energy) on the earth are a converted form of solar 

energy. It is the most abundant renewable energy source. There are two components in the radiation 

received by the surface: the first depends on the distance through the atmosphere and the second 

component is called diffuse radiation, and this component comes from solar radiation that diffuses 

through clouds and dust in the atmosphere [1]. 

I.2 Solar Spectrum 

 

 The solar radiation wavelengths that reach the earth revolve from approximately 300 nanometers to 

400 nanometers [2].  Indeed the Photovoltaic (PV) industry has defined two spectral distributions 

for the sun. The Air Mass  AM 0 spectrum and represents the spectrum for outer space at a standard 

direct normal and a standard total spectral irradiance the AM 1.5G spectrums described terrestrial 

solar radiation. Figure I.1 shows the distributions [3].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure I.1: AM 0 and AM 1.5G spectrums [4]. 
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I.3 A brief history of organic solar cells 

The research of organic solar cells (OSC) started between 1970 and 1975; however the right time 

started from 1986. The OSC take intention due to two factors: first, to minimize the pollution of 

CO2 in the planet cause of the fossil fuels; and second, is that the OSC is cheaper than the silicon 

one [5,6]. 

The power conversion efficiency (PCE) of organic solar cells has increased over time [7]. It started 

in 1975 by 0.001% and reaches 1% in 1986. After that in 2006 the PCE jumps to 5% and exceeds 

6% in 2009. In the next three years the organic solar cell PCE increases from 8.3% in 2010 to 12% 

in 2013. In 2019 the efficiency reaches values over than 13.45 % [8]. 

 

 

 

 

 

 

 

 

 

  

 The investigation on OCS takes the attention of researchers through the world due to considerable 

potential in terms of: 

1. Semi-transparency.  

2. Flexibility and light weight.   

3. Low-cost of manufacture.  

4. Manufacture at low temperatures.  

5. Integration as a photovoltaic device for large areas.  

6. Modulation to change properties of the organic semiconductor.  

7. New structures and morphologies.  

The researchers firstly concentrate to understand the physical mechanisms, the stability phenomena 

how they work and the most focused on the efficiency to increase how it would operate. When they 

overcome these obstacles, the OSC will be commercialized. 

Figure I.2: Compares the efficiencies of OSC using different technologies [9]. 
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I.4 Operation principles 

 

Further most of organic solar cells made up of one or more active layers between two electrodes of 

different materials. The Indium Tin Oxide (ITO) used repeatedly and the electrodes should one 

from them transparent or semi-transparent. In additional the electrode is a metal whose work 

function must be smaller to from an Ohmic contact with the n-type material of the blend prepared 

[7].  

 

 

 

 

 

 

The working principle of the OSC can be described in just few points as mentioned below: 

1- Photons are incident on the active layer, therefore giving the photo excitation. This Organic 

layer, in its simplest form, consists of a single layer of semiconducting polymer, although it 

is most often composed of a mixture of two or more semiconducting polymers. The first of 

these polymers is a p-type material, which acts as an electron donor (D) and the second is an 

n-type material and acts as an electron acceptor (A). 

2- The incident photons create excitons in the active layer, where the exciton is formed by an 

electron and hole polaron that are linked.  

3-  In order to dissociate the exciton in the electron and hole polaron (hereinafter only electron 

and hole), an energy of 250 meV or more is required, so the exciton must diffuse until the 

heterojunction is formed between the D and A materials. Generally, this process takes an 

ultra-short time interval of around 45 fs, and depends on the type of semiconductor 

polymers used. The exciton diffusion length is very short (between 10 and 20 nm).   

4- Once separated into electron and hole, these charge carriers must be transported through by 

the n-type (acceptor) and p-type (donor) materials, respectively, until they reach the 

electrodes where they must be collected. If the active layer is formed by a single 

Figure I.3: A diagram representing the working mechanism of the organic solar cells [10]. 
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semiconductor material, the separation process of the charge requires energies be provided 

by the asymmetry of the work functions of the electrodes. 

5- The charge carriers are collected at the electrodes; the holes at the anode and electrons at the 

cathode. 

I.4.1 Different device architectures of organic solar cell 

 

Usually the organic solar cells are fabricated from three layers, with an active layer, located 

between the anode and a cathode layers. However, one of the electrodes should be transparent to 

light. Generally, typically in the metal electrode using Aluminum or Calcium as a cathode layer and 

the Indium Tin Oxide is used as a transparent anode layer. Most research recently is about how to 

improve the efficiency of organic solar cells [11]. In the next sections we present briefly the main 

categories of OSC architectures.   

I.4.1.1 Single layer organic solar cell 

 

In this structure of single-layer semiconductor solar cell is simplest of the OSCs. It is consisting of 

one layer of organic semiconductor between two metallic conductors. A typical layer of ITO with 

high work function and a metal layer of low work function are used. The difference between the 

functions of those two conductors is the set up of an electric field in the organic layer. After the 

absorbing of the light, the electrons excite the lowest unoccupied molecular orbital (LUMO) and 

leave holes in the highest occupied molecular orbital (HOMO) forming excitons. This potential 

gives rise to separate the exciton pairs, pulling electrons to the positive electrode and holes to the 

negative electrode [7]. 

  

I.4.1.2 Bilayer (BL) organic solar cells 

 

Bilayer is consists from two layers of organic semiconductor, are named Donor-Acceptor shaped 

between two electrodes. The first one the ITO is the anode and the second the metal is the cathode. 

This structure is also called a planar donor-acceptor hetero-junction [7]. 

The ionization energy of an atom or molecule describes the amount of energy required to remove an 

electron from the atom or molecule in the gaseous state: 

X + energy → X+ + e- 
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The different affinities between the two layers generate a potential that can break up the excitons. 

As well known that exciton dissociation is efficient at the interface between materials with different 

electron affinity EA and ionization potential IP. The layer with higher electron affinity and 

ionization potential is called the acceptor, and the other layer is called the donor. 

I.4.1.3 Bulk heterojunction (BHJ) solar cell 

 

Bulk heterojunction (BHJ) organic solar cells are made up by blend of two or more polymeric 

materials with different electronic affinities and ionization potential. Those polymeric materials 

must be diluted in a mutual solvent. The resulting blend is dropped by spin coating to obtain a thin 

film with dominions of both materials in nanometric scale the interpenetrated regions should be 

keep transport the charge carriers towards electrodes as is shown in Figure I.4. the separation result 

a formation of the interpenetrated network, this caused by the conditions of the manufacturing 

process such as the temperature, annealing vapour, solvents, additives,…etc [7]. 

 

 

 

 

 

 

 

 

 

I.4.1.4 Nanostructured (NS) solar cell 

 

The perfection of the Nanostructured photovoltaic solar cells owing to their ordered donor/acceptor 

interface in the nanometer measure between 10 and 20 nm, that what is equal to the diffusion length 

of the exciton. In the solar cell the well-defined interfaces (D/A) consider as short highways which 

the charge carrier can take facilely to reach their respective metal contacts.  The raise of the cell 

efficiency backs to the solar cells with interdigitated structure which increase their interfacial area 

help to reduce charge carrier recombination. Figure I.5 shows this interdigitated structure [7].  

 

Figure I.4: (a) Structure of device; (b) Energy band diagram on BHJ organic solar cell shows the 

collection direction of the charge carriers. In the structure are added hole and electron 

transport layers (HTL and ETL) [7]. 
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I.4.1.5 Inverted (INV) solar cell 

 

The inverted  solar cells are  cells using non-corrosive electrode instead of the Al metal electrode, 

because  their use leads that the lifetime in air of the solar cells increased significantly compared 

with the normal type solar cells. The conductor layers component for this structure are polyfluorene 

(PFN), titanium oxide (TiOx), zinc oxide (ZnO) and holes conductor layers are molybdenum oxide 

(MoO3), vanadium oxide (V2O5) and tungsten oxide (WO3) [12].  

 

 

 

 

 

 

I.4.2 Parameters of organic solar cells 

The typical J-V (Current-Voltage) characteristic for a solar cell is shown in Figure I.7. 

 

 

 

 

 

 

 

Figure I.6: (a) Inverted organic solar cell shows the structure; (b) Energy band diagram of an inverted 

organic solar cell which shows the collection direction of the charge carrier [7]. 

Figure I.7: The J-V characteristic (Current-Voltage) for a solar cell [13].   

Figure I.5: (a) Nanostructured organic solar cell shows the cross section; (b) Energy band 
diagram of the nanostructured solar cell and shows the collection direction of the 

charge carriers (holes and electrons) [7]. 
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From this characteristic many parameters can be deduced and calculated. These parameters are: 

I.4.2.1 Short- circuit current (JSC)  

 

The current that flows in a PN junction under illumination is given by: 

    *   (
   

   
)   +                                                                     (1) 

Jph: presents the density of photo generated current. 

k: is the Boltzman constant.  

J0: is the current density at saturation. 

                  (
   

   
) (

  

   
 

  

   
)                                                (2) 

Nc: presents the density of states in the conduction band and Nv the density of states in valence 

band, Ln and Lp are the diffusion length, τv and τp are the lifetimes of electrons and holes 

respectively, and p and n are the density of the electrons and holes. 

At V = 0 volts (the short-circuited cell), the current Jsc generated by the cell is: Jsc = Jph. 

I.4.2.2 Open circuit (Voc)   

 

The open circuit voltage of a solar cell is achieved when the current flowing through the cell is zero. 

For photovoltaic cells based on organic materials, this origin is controversial. It depends directly on 

the band gap Eg. 

When the current draping through the solar cell the open circuit voltage is become effectuated. For 

the photovoltaic cells which use as a basis  the  organic materials the cell is zero . This origin is 

dialectical and it depends directly on the band gap Eg. 

The open circuit voltage of a solar cell based PN junction is given by: 

       
     

 
   (

   

  
  )                                                                    (3) 

     : is the short-current circuit density. 

   : is the saturation current. 
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     is a function of Eg and is given by the following equation: 
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I.4.2.3 Fill factor 

 

In order to improve the efficiency of organic solar cells, the most critical factor for a large impact 

on the different strategies depends on better fill factor FF which is given by the following relation: 

    
    

   
 
    

   
                                                                  (5) 

          :  are the voltage and current at maximum awarded by the cell extracted from the J-V 

characteristic of the cells. 

I.4.2.4 Efficiency 

 

The efficiency of organic solar cells is one of the factors limiting there commercialization. It is 

given by:  

    
              

   
                                                                       (6) 

      : is the power of the incident light. It is directly related at the open circuit voltage, and the short 

current circuit. 

I.5 Fabrication processes  

1.5.1 Fabrication process not compatible with upscaling 

 

This technique has a disadvantage, not suitable for manufacturing a large number of samples. Due 

to several factors, for example, the time of the process for the making of any sample, through the 

process, there is a waste material, the energy consumption ...etc. 

There are some techniques preferable used for fabricating a limited sample are spin coating (for 

solution processing) and evaporation (for aluminium deposition). There are other ways, like a 

casting, or other ones that provide more control over the deposited layer, such as organic molecular 

beam deposition [14,15]. 



Chapter I: Generality about the organic solar cells 

 

 Page 15 
 

I.5.1.1 Spin coating 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure I.8. Shows spin coating technique which is the common process used in lab-scale for 

depositing a thin layer of organic material. This device is composed of: 1) a rotating plate with 

adjustable rotating speed; 2) a controller which allows setting and controlling the rotating speed; 3) 

an opening on the spin coater top-lid that allows to drop the solution on the substrate, while 

protecting the user from spurts; 4) a sample holder with vacuum control to ensure a good adhesion 

of the sample to the holder during the rotation. 

For product regular fine films of different materials with thickness varying from nanometers to 

micrometers, we use spin coating. For film production, the substrate is placed on the rotating plate 

and either covered by the solution of the material in stand still position or coated with the solution 

during rotation. Centrifugal force drives the dropped solution radially outward, while viscous force 

and surface tension lead to the formation of a thin residual film on the substrate. Finally, the 

residual wet film is gradually thinned depending on the evaporation of the solvents used in the 

solution. The thickness of the deposited layer has a square root dependence on the spin speed, so 

that a variation of 10 times on the speed of rotation leads to a variation of the thickness of 

approximately 3.2 times. Additional details on sample preparation using spin coating can be found 

Figure I.8: Machinery used for layer processing using techniques not compatible with upscaling [18]. 
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