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INTRODUCTION
1.1 GENERAL ASPECT:
As the evidence for global warming continues to build, it is becoming clear that we will have to find non-CO2-releasing ways to create, transport, and store electricity. The whole of the World is engaged in finding a solution for energy crisis being faced by it. Among the alternatives, converting solar energy into electricity appears to be more promising as Environmental Impact Assessment of renewable energy technologies revealed that in long term it will help in reducing the damage of our environment and it is much cleaner than anyone else. Photovoltaic (PVs) technology is being increasingly recognized as one of the most important renewable energy technology. Diminishing fossil fuel resources and steadily increasing costs of their supply, and the detrimental long-term effects of CO2 and other emissions into our atmosphere underscore the multiple benefits of developing renewable energy resources and commercializing them for common man usage, particularly PVs. It is evident from the fact that worldwide photovoltaic (PV) industry reaches a cell/module production of 1200MWp in 2004, exhibiting an average annual growth of 40% over last 5 years. Besides, Japan, China, USA, EU countries and Australia forecast that this trend is expected to last at least for next 30 years. A significant capacity of about 200 GWp is expected to be operational around the globe in 2020. This number is the equivalent of 200 state-of-the-art nuclear power plants.
The unique features of PV are
● It directly generates electricity
● Materials properties can be easily manipulated
● It is highly flexible technology
● Electrical power is available in form of portable modules
● Modules can be of milliwatt scale upto multiple megawatt regimes
● Only renewable energy which can be customized
● Can be easily handled by individual
●  Environmental friendly
● Enormous and easy availability of raw materials

1.2 SOLAR CELL
A solar cell or photovoltaic cell is a device that converts light directly into electricity by the photovoltaic effect. Sometimes the term solar cell is reserved for devices intended specifically to capture energy from sunlight, while the term photovoltaic cell is used when the light source is unspecified.
Solar energy is coming on Earth in the shape of photons. Photons once fall on the solar cell's, are transferring all of their energy to the panel, making it possible for negatively charged electrons to eject out of the atom. These electrons after picking up the energy from photons have enough energy to move around and are moving towards other (negative) side of the panel and this is how the difference in potentials happens and electrical energy generates. This is called as photovoltaic effect. The term Photovoltaic effect was coined by French physicist Alexander-Edmond Becquerel (1820-1891) in the year 1839.
Photovoltaic cells are most desirable method of exploiting the Sun's energy.A solar cell or photovoltaic cell is a device that converts sunlight directly into electricity by the photovoltaic effect. They can also be termed as semiconductor junctions under illumination. Photovoltaic  is the field of technology and research related to the application of solar cells in producing electricity for practical use.
1.3 CLASSIFICATION
Classification of solar cell:
Based on generation
· First generation
First generation cells consist of large-area, high quality and single junction devices. Single junction silicon devices were used as the solar cell. First Generation technologies involve high energy and labour inputs which prevent any significant progress in reducing production costs.

· Second generation
Second generation materials have been developed to address energy requirements and production costs of solar cells. The most successful second generation materials have been cadmium telluride (CdTe), copper indium gallium selenide, amorphous silicon and micromorphous silicon. Alternative manufacturing techniques such as vapour deposition and electroplating are advantageous as they reduce high temperature processing significantly. It is commonly accepted that as manufacturing techniques evolve production costs will be dominated by constituent material requirements, whether this be a silicon substrate, or glass cover.
· Third generation
Third generation technologies aim to enhance poor electrical performance of second generation (thin-film technologies) while maintaining very low production costs. Current research is targeting conversion efficiencies of 30-60% while retaining low cost materials and manufacturing techniques.
New designs of multi-layer graded band gap solar cell structures were experimentally tested using well-understood AlxGa (1−x) as materials grown by the MOVPE technique.
There are a few approaches to achieving these high efficiencies:
Multifunction photovoltaic cell (multiple energy threshold devices).
Modifying incident spectrum (concentration).
Use of excess thermal generation (caused by UV light) to enhance voltages or carrier collection.
Use of infrared spectrum to produce electricity at night.




Technologies includes:
Silicon nanostructures
Up/Down converters
Hot-carrier cells
Thermoelectric cells
Hybrid photovoltaic cells 
Combine advantages of both organic and inorganic semiconductors. Hybrid photovoltaics have organic materials that consist of conjugated polymers that absorb light as the donor and transport holes . Inorganic materials in hybrid cell are used as the acceptor and electron transporter in the structure. The hybrid photovoltaic devices have a significant potential for not only low-cost by roll-to-roll processing but also scalable solar power conversion.
High efficiency cells
High efficiency solar cells are a class of solar cells that can generate electricity at higher efficiencies than conventional solar cells. While high efficiency solar cells are more efficient in terms of electrical output per incident energy (watt/watt), much of the industry is focused on the most cost efficient technologies (cost-per-watt or $/watt). Still, many businesses and academics are focused on increasing the electrical efficiency of cells, and much development is focused on high efficiency solar cells.
1.4  PRINCIPLE OF SOLAR CELL:
Light generates electron-hole pairs on both sides of the junction, the n-type emitter and in the p-type base. The generated electrons (from the base) and holes (from the emitter) then diffuse to the junction and are swept away by the electric field, thus producing electric current across the device...
[image: The equivalent circuit and I-V characteristics of a solar cell compared to a diode]
    Fig:- Working of Solar Cell

WORKING:
The working of solar cell is divided in to 3 stages:
1) When light falls on the solar cell, energy from the photons generate electron hole pairs on both sides of the p-n junction. These electrons diffuse across the p-n junction to a lower energy level and  holes diffuse in the opposite direction In the meantime new electron hole pair continue to be formed while light falls on the solar cell.
2) As electrons continue to diffuse a negative charge is built up in the emitter thereby forming a positive charge in the base. The p-n junction separates the electrons from the holes and transforms the generation current in between the bands i to an electric current across the p-n junction.
3) The current continues to flow as long as the solar cell is illuminated.
The efficiency (n) of a solar cell is defined as the power Pmax supplied by the cell at the maximum power point under standard test conditions, divided by the power of the radiation incident upon it
1.5  EFFICIENCIES OF INORGANIC SOLAR CELLS
· First photovoltaic cell
Se coated with an extremely thin layer of Gold
Efficiency- 1%
· Second cell, in Bell Laboratory (US)
Si cell doped with certain impurities
Efficiencies- 6%
· Zhoresv Alferov (USSR) in 1970
GaAs hetero structure solar cell by Metal Organic Chemical Vapour Deposition
Efficiencies- 17%
· Applied Solar Energy Corp
GaAs on Ge substrates
Efficiency- 19%
· Double junction cell
Materials Used:- cadmium telluride (CdTe), copper indium gallium selenide, amorphous silicon and micromorphous silicon. These materials are applied in a thin film to a supporting substrate such as glass or ceramics reducing material mass and therefore costs.
Efficiency- 22%
· Triple junction
Materials Used: - AlxGa (1−x) As
Efficiency- 24% (2000)
Efficiency- 26% (2002)
Efficiency- 28% (2005)
Efficiency- 30% (2007)
Efficiency- 38% (2008) by Emcore Photovoltaics & Spectrolab (USA)
Efficiency- 40.8% by National Renewable Energy Lab (USA).

DISADVANTAGE OF USING SILICON:
· High cost to reach daily life
· Silicon has also drawback of using under illumination due to the degradation, which limits its lifetime and stability.
1.6  ORGANIC SOLAR CELL
An organic photovoltaic cell (OPVC) is photovoltaic cell which uses organic electronic materials for light absorption and charge transport. Low cost, large scale production and flexibility of organic molecules make them appealing for the photovoltaic applications. Molecular engineering like changing the length and functional group of polymers can change the energy gap, which allows chemical tuning in these materials. The optical absorption coefficient of organic molecules is high, so a large amount of light can be absorbed with a small amount of materials.

MATERIALS FOR ORGANIC SOLAR CELL
Important representatives of hole conducting donor-type semi conducting polymers on the other side are (i) derivatives of phenylene vinylene backbones such as poly[2-methoxy- 5-(3,7-dimethyloctyloxy)]-1,4-phenylenevinylene) (MDMOPPV), (ii) derivatives of thiophene chains such as poly(3-hexylthiophene) (P3HT), and (iii) derivatives of fluorine backbones such as (poly(9,9¢-dioctylfluorene-co-bis-N,N¢-(4-N butylphenyl-1,4-phenylenediamine) (PFB).



1.7  TYPES OF ORGANIC SOLAR CELL
· Single layer organic photovoltaic cell
Single layer organic photovoltaic cell is the simplest one among various organic photovoltaic cells. The cells are made by sandwiching a layer of organic electronic materials between two metallic conductors, typically a layer of indium tin oxide (ITO) with high work function and a layer of low work function metal such as Al, Mg and Ca.
[image: 巟閩瞓隌瞓퍌퍜障瞓]
   Fig:-   Single layer organic photovoltaic cell

· Multilayer organic photovoltaic cells
This type of organic photovoltaic cell contains two different layers in between the conductive electrodes (Fig 3). These two layers of materials have differences in electron affinity and ionization potential; therefore electrostatic forces are generated at the interface between the two layers. The materials are chosen properly to make the differences large enough, so these local electric fields are strong, which may break up the excitons much more efficiently than the single layer photovoltaic cells do. The layer with higher electron affinity and ionization potential is the electron acceptor, and the other layer is the electron donor. This structure is also called planar donor-acceptor heterojunctions.
[image: 巟閩瞓隌瞓퍌퍜障瞓]
       Fig:- Multilayer organic photovoltaic cells

·  Dye-sensitized solar cell
A dye-sensitized solar cell (DSSc, DSC or DYSC[1]) is a relatively new class of low-cost solar cell, that belong to the group of Thin film solar cells It is based on a semiconductor formed between a photo-sensitized anode and an electrolyte, a photo electrochemical system. This cell was invented by Michael Grätzel and Brian O'Regan at the École Polytechnique Fédérale de Lausanne in 1991 and are also known as Grätzel cells.
This cell is extremely promising because it is made of low-cost materials and does not need elaborate apparatus to manufacture. In bulk it should be significantly less expensive than older solid-state cell designs. It can be engineered into flexible sheets and is mechanically robust, requiring no protection from minor events like hail or tree strikes. Although its conversion efficiency is less than the best thin-film cells, its price-performance ratio (kWh/m2/annum/dollar) should be high enough to allow them to compete with fossil fuel electrical generation (grid parity). Commercial applications, which were held up due to chemical stability problems[4], are now forecast in the European Union Photovoltaic Roadmap to be a potentially significant contributor to renewable electricity generation by 2020.

[image: 巟閩瞓隌瞓퍌퍜障瞓]
Fig:-  Dye-sensitized solar cell

· Bulk Hetero Junction Solar Cell
Bulk heterojunction solar cells from conjugated polymer / fullerene blends follow in many ways the concepts for inorganic solar cells. Generally, the operation of a photovoltaic device may be visualized as taking place in three consecutive fundamental steps: (1) absorption of light, (2) creation of separate charges at the donor acceptor interfaces, and (3) selective transport of the charges through the bulk of the device to the appropriate collecting electrodes.
[image: 巟閩瞓隌瞓퍌퍜障瞓]
Fig:-  Bulk Hetero Junction Solar Cell

1.8  FUTURE PROSPECTS
In the race to renewable energy, organic solar cells are now really starting to take off. They can be manufactured easily and cheaply, they have low environmental impact, and since they are compatible with flexible substrates, they could be used for recharging cell phones and laptops.

A great deal of international research is aimed at developing solar cells made up of organic (carbon-compound based) semiconductors. Although their performance is still considerably lower than that of cells based on crystalline silicon (around 5% efficiency as compared with 15% for silicon cells), they present numerous advantages. Unlike crystalline silicon, which has to be produced at very high temperatures, they can be manufactured cheaply with low energy cost and environmental impact, arguments which are by no means insignificant when it comes to renewable energy. Moreover, the fact that they are made using solution processes (for instance from inks or paints) makes it possible to cover large areas and flexible substrates such as films and fabrics.
Organic solar cells are not intended to compete with silicon, but rather to be used for specific applications, such as recharging cell phones and laptops. However, in the longer term, they could make a significant contribution to the photovoltaic conversion of solar energy, as long as there is major investment in research into new, more efficient and stable materials.

Over the past ten years or so, most research has focused on developing organic cells in which the active light-absorbing material is made up of long conjugated polymer chains. Although these cells are the most efficient yet discovered, the use of polymers poses a certain number of problems: synthesis, purification, control of the molecular structure and mass, and the distribution of different lengths of chain (polydispersity).

















2. LITERATURE REVIEW 
2.1 HISTORY OF SOLAR CELLS:
The development of the solar cell stems from the work of the French physicist Antoine-Cesar Becquerel in 1839. Becquerel discovered the photovoltaic effect while experimenting with a solid electrode in an electrolyte solution; he observed that voltage developed when light fell upon the electrode. 
About 50 years later, Charles Fritts constructed the first true solar cells using junctions formed by coating the semiconductor selenium with an ultra thin, nearly transparent layer of gold. Fritts's devices were very inefficient, transforming less than 1 percent of the absorbed light into electrical energy.
By 1927 another metal Ð semiconductor junction solar cell, in this case made of copper and the semiconductor copper oxide, had been demonstrated. 
By the 1930s both the selenium cell and the copper oxide cell were being employed in light-sensitive devices, such as photometers, for use in photography. These early solar cells, however, still had energy-conversion efficiencies of less than 1 percent. 
 Russell Ohl in 1941 developed the silicon solar cell which overcame the above difficulty.
 In 1954, three other American researchers, G.L. Pearson, Daryl Chapin, and Calvin Fuller, demonstrated a silicon solar cell capable of a 6-percent energy-conversion efficiency when used in direct sunlight. 
By the late 1980s silicon cells, as well as those made of gallium arsenide, with efficiencies of more than 20 percent had been fabricated. 
In 1989 a concentrator solar cell, a type of device in which sunlight is concentrated onto the cell surface by means of lenses, achieved an efficiency of 37% due to the increased intensity of the collected energy. 

2.2  BASIC TYPES OF SOLAR CELL:
[image: ]
2.3 ORGANIC SOLAR CELLS
Organic (polymer-based) solar cells are flexible and their production costs are only about a third of the price of silicon cell. They are disposable and can be designed on a molecular level. Current research is focusing on the improvement in efficiency and development of high-quality protective coatings to minimize the environmental effects.
Various architectures for organic solar cells have been investigated in recent years. In general, for a successful organic photovoltaic cell four important processes have to be optimized to obtain a high conversion efficiency of solar energy into electrical energy.
- Absorption of light
- Charge transfer and separation of the opposite charges
- Charge transport
- Charge collection

For an efficient collection of photons, the absorption spectrum of the photoactive organic layer should match the solar emission spectrum and the layer should be sufficiently thick to absorb all incident light. A better overlap with the solar emission spectrum is obtained by lowering the band gap of the organic material, but this will ultimately have some bearing on the open-circuit voltage. Increasing the layer thickness is advantageous for light absorption, but burdens the charge transport.

2.4 WORKING PRINCIPLE OF ORGANIC SOLAR CELL
[image: ]
Fig.   Schematic drawing of the working principle of an organic photovoltaic cell.

Illumination of donor (in red) through a transparent electrode (ITO) results in the photo excited state of the donor, in which an electron is promoted from the highest occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO) of the donor. Subsequently, the excited electron is transferred to the LUMO of the acceptor (in blue), resulting in an extra electron on the acceptor (A•-) and leaving a hole at the donor (D•+). The photo generated charges are then transported and collected at opposite electrodes. A similar charge generation process can occur, when the acceptor is photo excited instead of the donor.

To create a working photovoltaic cell, the photoactive material (D+A) is sandwiched between two dissimilar (metallic) electrodes (of which one is transparent), to collect the photo generated charges. After the charge transfer reaction, the photogenerated charges have to migrate to these electrodes without recombination. Finally, it is important that the photo generated charges can enter the external circuit at the electrodes without interface problems.
2.5   CLASSIFICATION OF ORGANIC SEMICONDUTORS

[image: ]
Organic semiconductors can be divided into different categories due to their, processing and mechanical properties. Molecules are distinguished by the presence of few (oligomers) or no (monomer) repeat unit and molecules (polymers) which have more than about 10 repeat units. Oligomers and monomers that absorb visible light are often called chromophores and are referred to as dyes if they are clearly soluble or pigments.

Simplest form, of an organic solar cell consists of a single polymer layer sandwiched between two different electrode materials as depicted.
[image: ]









2.6  THE NEED FOR TWO SEMICONDUCTORS

Photovoltaic cell configurations based on organic materials differ from those based on inorganic semiconductors, because the physical properties of inorganic and organic semiconductors are significantly different. 

Inorganic semiconductors generally have a high dielectric constant and a low exciton binding energy (for GaAs the exciton binding energy is 4 meV ).Hence, the thermal energy at room temperature (kBT = 0.025 eV) is sufficient to dissociate the exciton created by absorption of a photon into a positive and negative charge carrier. The formed electrons and holes are easily transported as a result of the high mobility of the charge carriers and the internal field of the p-n junction. 

Organic materials have a lower dielectric constant and the exciton binding energy is larger than for inorganic semiconductors, although the exact magnitude remains a matter of debate. For polydiacetylene 0.5 eV is needed to split the exciton and, hence, dissociation into free charge carriers does not occur at room temperature. To overcome this problem, organic solar cells commonly utilize two different materials that differ in electron donating and accepting properties. Charges are then created by photo induced electron transfer between the two components. This photo induced electron transfer between donor and acceptor boosts the photo generation of free charge carriers compared to the individual, pure materials, in which the formation of bound electron-hole pairs or excitons is generally favored.

TABLE
Properties of the virtual semiconductor used as an input for the transport equations. The values are obtained from the individual properties of the two materials used. (P3HT as p-type semiconductor and PCBM as n-type component)

[image: ]

2.7  THE OPTICAL FILTER EFFECT:

2.7.1 ACTIVE REGION
         The region in the semiconductor that allows photo excited excitons to dissociate and the separated charges to reach their respective electrons is often called the active region. Thus, only light absorbed in the active region can contribute to the photocurrent. The layer that absorbs light before it reaches the active region is the actual optical filter.
Two scenarios can lead to the formation of optical filter:
1) 
2) Exciton dissociation throughout the entire bulk but small mobility of one charge carrier. Often the mobility of the hole is considerably higher than the mobility of the electron. Thus, free electrons have to be generated close to the negative electrode for charge collection. Even if the excitons have large diffusion lengths, a considerable fraction of the photo generated excitons would dissociate too far away from the negative electrode. Thus the width of the active layer is determined by the distance electrons can travel Le in the specific material i.e. the electron mobility

[image: ]

3)  Exciton dissociation occurs only near one electrode interface. If exciton splitting occurs due to a strong local field (band bending), excitons that are generated outside the band bending area have to diffuse into this region to supply charges. Although small hole and electron mobilities can still become limiting factors it is usually the exciton diffusion length that determines the width of the active layer in this case

[image: ]
2.8   POLYTHIOPHENE BASED BULK HETEROJUNCTION SOLAR CELLS

In the relatively young field of organic solar cells, a first breakthrough was realized by the discovery of improved dissociation of excited states, called excitons, into free charges at a donor/acceptor junction. This was further optimized by switching from a planar junction to a homogeneously distributed junction, the so-called donor/acceptor bulk heterojunction. Polymer-based materials are of considerable interest due to their photo-physical properties for adapting in the commercial applications. Among them, polythiophene (PT) and its derivatives are attractive due to their 
· Low cost,
· Easy process ability and 
· tunable emission colors

The molecular structures of PTs are illustrated in Fig. 1. These are the thiophene and its derivatives as monomers with infinite extension.
[image: ]


                       Fig:-  Fraction of incident light absorbed by P3HT as a
Function of wavelength for several different film thicknesses.

[image: ]

         Fig:-  Molecular structure of 3- and 3, 4-sustituted polythiophenes

2.8.1 PROPERTIES:
1. The emission spectra of PTs show a red-shift with an electron-donating substitute and a blue-shift with an electron withdrawing substituent relative to that for the non-substituted PT

2. The substitute with larger size can increase the distortion, and thus decrease the p-conjugation in polymer backbone of PTs. As a result, PTs with larger substituents may have a strong steric effect and lead to a blue-shift on the emission spectrum Kim et al proposed the substituent effect on the aromatic system by using quantum chemical calculations.
3. The conjugated-polymers, PTs are thermally stable in ambient temperature and have been used in the new generation of electric and optical devices, such as LED and FET.
NOTE: Theoretical method for predicting the energy gaps (4Egap) of new PT substances is an Extremely important step for a better design of the material structure The photo-physical properties can be tailored by using different substituent’s on the thiophene rings.

[image: ]

         Fig:-   Normalized film UV–Vis absorption spectra of xylene-processed P3HT and F8TBT pristine films on quartz substrates.
	While the most efficient polymer solar cells are currently based on conjugated polymer/methano fullerene blends, polymer/ polymer blends possess some potential advantages. In particular, all-polymer blends have the ability to independently tune the absorption profile of each component with the methano fullerene typically possessing a lower extinction coefficient. The ability to cover complementary parts of the solar spectrum is becoming increasingly important as further improvements in device efficiency rely on extending the absorption range into the red and infrared. A further issue with C60-based electron acceptors is their deep LUMO level, which not only drives efficient charge separation but also reduces the maximum open-circuit voltage that can be generated.

Recent work has demonstrated some promising efficiencies for all polymer blends, with MDMO-PPV/PF1CVTP blends demonstrating power conversion efficiency of up to 1.8%,[9] and efficiencies of 1.7% reported for blends of M3EH-PPV with CN-ether-PPV Indeed, we have recently reported a power conversion efficiency of 1.8% for blends of P3HT with the polyfluorene co-polymer poly((9,9-dioctylfluorene)-2,7-diyl-alt-[4,7-bis(3-hexylthiophen-5-yl)-2,1,3-benzothiadiazole]-20,200-diyl) (F8TBT).[11] F8TBT is a red polyfluorene copolymer, with a similar structure to other fluorene-thiophenebenzothiadiazoleco-polymers that have been reported previously, but previously used only as an electron donor in combination with either PCBM or CdSe  nanocrystals. However, F8TBT can function as an efficient electron acceptor/electron transporter in blends with P3HT as well as an efficient electron donor/hole transporter in blends with PCBM. This ambipolar nature of F8TBT was further demonstrated by the operation of efficient ambipolar light-emitting transistors based on F8TBT. 

Higher thickness reduces the FF and the JSC increases due to the enhanced absorption. Post-production annealing has proven to be a useful way to improve the power conversion efficiency of P3HT based solar cells.
                                [image: ]

Fig:-   Illuminated JV characteristics of devices with different active layer thickness.
Incident power density (Pinc) _80mW/cm2.
2.8.2 TWO-DIMENSIONAL REGIOREGULAR POLYTHIOPHENES WITH   CONJUGATED SIDE CHAINS FOR USE IN ORGANIC SOLAR CELLS:

The emerging field of polymer solar cells(PSCs) is receiving a great deal of attention because third-generation solar cell technology offers the prospect of low costs, light weights, short energy payback times, and solution-based processing .The power conversion efficiency (PCE)of PSCs has been improved to5%underAM 1.5G  when using a blend film composed of poly(3-hexylthiophene) (P3HT) as the donor and phenyl-C61-butyric acid methyl ester (PC61BM) as the acceptor .This encouraging solution fabrication method can advance this technology toward commercial application ,where it may take  a different form ,i.e. .inorganic photovoltaic (PVs).

Nevertheless, the best PSC material developed to date, P3HT, absorbs only a part of the visible light spectrum (in the range from 350 to 650 nm). To enhance the absorption of semi conducting polymers, several effective approaches have been reported, including the 
· Preparation of low band gap (LBG) polymers and
· side chain-conjugated polymer

Using donor–acceptor strategies, several new polymers have been developed to better harvest the solar spectrum in the region 1.4–1.9 eV. Unfortunately, LBG polymers often absorb better in the long wavelength range [e.g., the near-infrared (NIR)], i.e., some part of the visible region absorption is sacrificed. Nevertheless, poly (2, 7-carbazole), poly (cyclopentadithiophene), poly (thiophene –phenylene –thiophene) (TPT), and poly (dike- to-pyrrolo-pyrrole) derivatives have been developed for PSCs that exhibit very promising PCE values (3.2–5.5%)

2.9  PENTACENE
Pentacene is a polycyclic aromatic hydrocarbon consisting of 5 linearly-fused benzene rings. This extended conjugation, together with a favorable crystal structure is responsible for its properties as an organic semiconductor. The compound generates excitons upon absorption of ultra-violet (UV) or visible light; this makes it very sensitive to oxidation. For this reason, although the compound is a purple powder when freshly synthesized, it slowly turns green upon prolonged exposure to air and light.
Pentacene is a promising candidate for the use in organic thin film transistors and OFETs. It is one of the most thoroughly investigated conjugated organic molecules with a high application potential due to a hole mobility in OFETs of up to 5.5 cm2V-1s-1 (almost comparable to amorphous silicon). 
Combined with buckminsterfullerene Pentacene is used in the development of organic photovoltaic devices.
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Str. Pentacene

2.10   PREPARATION TECHNIQUES OF ORGANIC SOLAR CELL:

Vacuum evaporation and solution processing techniques are the most commonly used thin film preparation methods in the production of organic solar cells. Polymers decompose under excessive heat and have too large molar mass for evaporation. Therefore, most polymer-based photovoltaic elements are solution processed at low temperatures. The printing/coating techniques are used to deposit conjugated   semi conducting polymers.
 Examples of such techniques used for production of polymer solar cells in the literature are
(i) Spin-coating, 
(ii) Doctor blading, 
(iii) Screen printing, and
(iv) Inkjet printing.

· Spin-Coating
            Spin coating is a procedure used to apply uniform thin films to flat substrates. In short, an excess amount of a solution is placed on the substrate, which is then rotated at high speed in order to spread the fluid by centrifugal force. A machine used for spin coating is called a spin coater, or simply spinner.
          Rotation is continued while the fluid spins off the edges of the substrate, until the desired thickness of the film is achieved. The applied solvent is usually volatile, and simultaneously evaporates. So, the higher the angular speed of spinning, the thinner the film. The thickness of the film also depends on the concentration of the solution and the solvent.
               Spin coating is widely used in micro fabrication, where it can be used to create thin films with thicknesses below 10 nm. It is used intensively in photolithography, to deposit layers of photoresist about 1 micrometre thick. Photoresist is typically spun at 20 to 80 Hz for 30 to 60 seconds.
· Doctor Blading
            Doctor Blading is also known as tape casting or knife coating. It was published and patented in 1952 by Glenn Howatt. Doctor blade is the metal strip used in gravure printing to wipe ink off the nonprinting areas of the printing cylinder or plate, leaving ink inside the printing areas of the plate. It was initially used in ceramic industry. For Polymer industry, Polymer is to cast on substrate. The ‘Doctor’ removes excess substance. 
Parameters
· Evaporation rate of the solvent 
· Viscosity of solvent 
· Process velocity 
· Contact angle 
· Height of the blade above the substrate 
Advantages
· Few operations and energy are required 
· Proceeds at ambient temperature 
· No degradation of the multilayer organization occurs with successive depositions 
· Roll-to-roll process possible 
 Disadvantages
· Low homogeneity for surfaces > 20x30 cm2 
· Deposition is only possible on flat surfaces 
· Each application requires a different mixture of parameters 
· Screen Printing
         It is the method in which ink is applied directly to the surface to be printed (substrate). The image to be printed is photographically transferred to a very fine fabric (the screen) such that the non-printing areas are blocked off and the fabric serves as a stencil. The ink is wiped across the screen to pass through the unblocked pores and reach the substrate. For each color to be printed a separate screen is prepared and the process is repeated. It is more suitable for curved shapes (such as bottles and cups), non-porous surfaces (such as ceramics and metals), and short print runs. Also called serigraphy.

Parameters:
· Ink: 
· Viscosity 
· surface tension 
· speed of solvent evaporation 
· Squeegee: 
· durometer (hardness) 
· speed 
· pressure 
· Screen: 
· nominal thread diameter 
· mesh count 
Advantages:
· Applicable for any soluble or dispersible polymer 
· Smooth areas possible (<5 nm deviation) 
· Large areas possible (up to 1 m2) 
· Low cost equipment 
· Proceeds at ambient temperatures 
· Possible in semi-continuous process 
 Disadvantages
· Screens have to be cleaned often 
· Ink on the screen can pick up contamination 
· Many parameters for tuning layer thickness and smoothness 
· Inkjet Printing
Inkjet printing is considered to be a key technology in the field of defined polymer deposition. This article provides an introduction to inkjet printing technology and a short overview of the available instrumentation. Examples of polymer inkjet printing are given, including the manufacturing of multicolor polymer light-emitting diode displays, polymer electronics, three-dimensional printing, and oral dosage forms for controlled drug release. Special emphasis is placed upon the utilized polymers and conditions, such as polymer structure, molar mass, solvents, and concentration. Studies on viscoelastic fluid jets and the formation of viscoelasticki droplets under gravity indicate that strain hardening is the key parameter that determines the inkjet printability of polymer solutions.
Parameters
· Viscosity of ink (dispersion or solution with polymers) 
· Surface tension of ink 
· Concentration of polymer solution 
· Type of substrate 
Diameter o Advantages
· Large surfaces 
· High quality films, small deviations 
· No loss of material 
· Various range of different solvents 
· Already some industrial experience (pilot production of PLED's) 
Disadvantages
· Great amount of solvent needed (toluene) 
· Low viscous ink needed 
· Technique is too precise for solar cells in comparison with the PLED's 
  Donor-acceptor blends can be prepared by dissolving donor and acceptor components in a common solvent (or solvent mixture). Blends are deposited by using one of the techniques mentioned above. Sometimes, a soluble monomer is cast as a thin film using a post deposition polymerization reaction afterward. Soluble precursor polymers can also be converted into the final semi conducting form with a post deposition conversion reaction. The advantage of this latter method is that the resulting conjugated polymer thin films are insoluble.
For organic solar cells, spin-coating, doctor blading, as well as screen-printing methods were applied. Such large scale printing/coating techniques open up the possibility for an upscaling of the production with low-energy consumption. This is important for the global energy balance, which can be described as the energy delivered by a solar cell during its lifetime as compared to the energy needed to produce the same solar cell itself.

Vacuum evaporation/sublimation is a very clean (no solvent) choice for the deposition of thin films based on small molecules A vacuum of <10-5 mbar is applied to reduce evaporation inside of a glove box with inert atmosphere. To create interpenetrating donor-acceptor networks or to achieve molecular doping, co evaporation techniques are applied. The general structure used for organic solar cells is similar to the organic light emitting diodes LEDs. The devices are fabricated in sandwich geometry.


As substrates, transparent, conducting electrodes (for example, glass or plastic covered with ITO) are used. ITO (indium tin oxide) electrodes are transparent and conductive but expensive. Alternatives for ITO are searched for, and nanotube network electrodes potentially work as well.
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Fig:-  Schematic device structure for polymer/fullerene bulk heterojunction solar cells. The active layer is sandwiched between two contacts: an indium-tin-oxide electrode coated with a hole
Transport layer PEDOT: PSS and an aluminum top electrode.

The active layers are coated using solution or vacuum deposition techniques as mentioned above. Finally, the top electrode is evaporated. In general, a lower work-function metal (as compared to ITO) such as aluminum is used with an ultrathin lithium fluoride underlayer. The exact role of this LiF underlayer is unknown, because thicknesses such as ca. 0.6 nm cannot form a closed layer.25-28 In photoelectron spectroscopy studies, it was shown that the metal work function can be considerably reduced by evaporation of LiF layers.
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Fig:-     Absorption coefficients of films of commonly used  materials are depicted in comparison with the standard AM 1.5 terrestrial solar spectrum.

The photovoltaic power conversion efficiency of a solar cell is determined by the following formula:
[image: ]

Where Vα - Open circuit voltage, 
             Isc - Short circuit current,
             FF - Fill factor, and 
             Pin - Incident light power density. 

This light intensity is standardized at 1000 W/m2 with a spectral intensity distribution matching that of the sun on the earth’s surface at an incident angle of 48.2°,

.
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Fig:-  Current-voltage (I-V) curves of an organic solar cell (dark, - - -; illuminated, -). 

2.11   CRITICAL PARAMETERS FOR SOLAR CELL EFFICIENCY:

2.11.1 Open Circuit Voltage:

 Generally, the open circuit voltage of a metal-insulator-metal (MIM) device is determined by the difference in work functions of the two metal contacts. However, in a p-n junction, the maximum available voltage is determined by the difference of the quasi Fermi levels of the two charge carriers, that is, n-doped semiconductor energy level and p-doped semiconductor energy level, respectively. In organic solar cells, the open circuit voltage is found to be linearly dependent on the highest occupied molecular orbital HOMO level of the donor (p-type semiconductor quasi Fermi level) and lowest unoccupied molecular orbital LUMO level of the acceptor (n-type semiconductor quasi Fermi level).

Brabec et al. clearly showed linear correlation of the first reduction potential (LUMO level) of the fullerene acceptors (different derivatives of fullerene C60 in that study) and the observed open circuit potential. Charge carrier losses at electrodes lower the Vα. Open circuit voltage is also affected by the nanomorphology of the active layer in the polymer fullerene bulk heterojunction solar cells.
Interfacial effects at the metal/organic semiconductor interface (such as oxide formation) change the work function of the electrodes and influence the open circuit potential.
2.11.2 Short Circuit Current
In the ideal, loss free contacts, the short circuit current, Isc, is determined by the product of the photo induced charge carrier density and the charge carrier mobility within the organic semiconductors:
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Where   n - Density of charge carriers, 
              e - Elementary charge, 
               í - Mobility, and 
               E - Electric field. 

Assuming the 100% efficiency for the photo induced charge generation in a bulk heterojunction mixture; n is the number of absorbed photons per unit volume. For a given absorption profile of a given material, the bottleneck is the mobility of charge carriers. 
Mobility is not a material parameter but a device parameter. It is sensitive to the nanoscale morphology of the organic semiconductor thin film

The external quantum efficiency or incident photon to current efficiency (IPCE) is simply the number of electrons collected under short circuit conditions, divided by the number of incident photons. IPCE is calculated using the following formula:
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Where, ì [nm] - Incident photon wavelength, 
             Isc [íA/cm2] - Photocurrent of the device, and 
             Pin [W/m2] - Incident power.

2.11.3 Fill Factor

Fill factor is determined by charge carriers reaching the electrodes, when the built-in field is lowered toward the open circuit voltage. In fact, there is a competition between charge carrier recombination and transport. Hence, the product of the lifetime ô times the mobility í determines
        The distance d that charge carriers can drift under a certain electric field E: d ) í*ô*E. This product í*ô has to be maximized. Furthermore, the series resistances influence the filling factor considerably and should be minimized. Finite conductivity of the ITO substrate clearly limits the FF on large area solar cells. Finally, the device should be free of “shorts” between electrodes to maximize the parallel shunt resistance.































                                                AIM OF THE PROJECT


              






              To grow Pentacene nanostructures in P3HT matrix to see if any heterostructure is being formed due to the nano-morphology of P3HT film.



















RESEARCH DESIGN

Step-I

P3HT films were grown over ordinary glass slides from 1 wt% solution at different rpms from 1000 to 3000. these films were studied optically. Pentacene film was also grown over similar substrate under highly controlled conditions and studied optically.

Step- II

As no major absorption changes were observed for P3HT films grown at different rpms, therefore two devices were fabricated by spin coating P3Ht as the active layer from 1 wt% solution at 1000 rpm  to induce nano morphology by comparatively slower evaporation of solvents.

In the first device, Pentacene was grown under vacuum at controlled conditions over ITO coated substrates which were already patterned and cleaned by the methods of photoresist, etching, organic wash. Over this Pentacene film P3HT was spin deposited to obtain device with schematic as shown in Figure below
                               [image: ]
In the second device, all configurations and conitions were kept alike , only the order of P3HT and Pentacene were reversed as shown in Figure below
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EXPERIMENTAL

Patterning of ITO
· ITO coated glass was cut into 1” x 1” substrate. 
· On the ITO coated face two parallel lines of a resist were drawn.
· The substrate was then baked in oven at 70 0C for 30 min.
· The substrate was then dipped in 10 % HCl for 10 min and washed with deionised water several times.  
· The substrate was then washed with acetone to remove the resist.
· Washed with water thoroughly.

Cleaning of wafers
	The substrates (ITO coated glass) used in this study were cleaned by following procedure: 
· The substrates were first washed with soap solution for 10-15 mins.
· These were then thoroughly cleaned with deionised water.
· The substrates were then dipped in warm acetone and boiled for 5 mins.
· Similarly, the substrates were then dipped in warm isopropyl alcohol for 5 mins, followed by drying in oven.
· These were then stored in a clean box avoiding any dust or foreign particles.
· Before use, the substrates were blown to clean by nitrogen gun.

Preparation of P3HT Solution
For the study,1 wt% of P3HT solution (2ml) was prepared as follows:
Density of chlorobenzene is 1.11 gm/cc.
Let x gm of P3HT is taken
So, x / (x+2×1.11) × 100 = 1
100x = x + 2.22
99x = 2.22
x= 0.0224 gm = 22.4 mg
     
Hence for making 2ml of P3HT solution 22.4 mg of P3HT was used.
· P3HT was then placed inside a clean glass vial.
· Chlorobenzene (2 ml) was added to it.
· The neck of the glass vial was sealed by Teflon tape.
· The vial was then covered by aluminum foil to avoid any light  absorption.
· The solution was then stirred on a magnetic stirrer for 24 hours so as to completely dissolve the polymer and a homogeneous solution was formed.
· After the required time the solution was filtered through 0.2 µm PTFE filter and used for further work.

Deposition of P3HT thin films by Spin coating

A POLOS Programmable Spin Coater was used to coat films of P3HT on substrates. 
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Fig:- POLOS Programmable Spin Coater
· Before use the instrument was cleaned properly by acetone and other solvents.
· Vacuum pump was started.
· Substrate was then placed over the stage of the coating unit.
· Then the substrate was again blown clean by nitrogen gun to remove any unwanted dust particles adhered over it.
· The samples were held over the chuck by vacuum.
· The programming was set for different rpms such as 1000, 1500, 2000, 2500 and 3000.
· The time period was set for 60 sec for all the experiments.
· Few drops of the polymer solution was poured over the substrate and set into spinning.
· After spinning, the samples were baked in an oven to evaporate the left solvent and annealing the polymer film.


Drying of the substrates
· The slides were placed inside the oven for 30 mins set at the temperature of 1000C.
· After 30 mins, when the oven was off but still the slides were inside, the temperature reading was 66 0C.
· The sample was left inside the oven (when it was off ) for another 15 mins to avoid any moisture absorption.

Vacuum Coating
To fabricate the devices HINDHIVAC Oil Free Vacuum Coating Unit was used for the Vacuum Coating of materials on the substrates. Vacuum coating was done twice. 
First, for the coating of Pentacene, the material was loaded in a moly-boat in the left chamber of the Vacuum Coating Unit. Secondly, for the deposition of metal (Aluminum), the metal wire was first properly cleaned in boiling acetone. Then it was cut into small pieces. After that it was placed on the Tungsten coil of right vacuum chamber and current was passed through it under high vacuum (<10-5 mbar) to melt  and then  evaporate the metal.
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Fig:- HINDHIVAC Oil Free Vacuum Coating Unit

Functioning of the Vacuum Coating Unit
· Mains was switched on.
· Rotary pump was started.
· Checked all the seven valves were closed.
· Opened the backing valve.
· When the backing vacuum was less than 0.05, turned on the turbo pump.
· Let the speed of turbo pump comes to maximum.
· The backing valve was closed.
· Holding the bell jar with one hand and with another hand, open the roughing valve of the required chamber.
· Let the roughing vacuum come to less than 0.05.
· Closed the roughing valve.
· Opened the backing valve.
· When the backing vacuum is less than 0.05, opened the high vacuum valve.
· Check the roughing vacuum.
· When the roughing vacuum was zero, ionization gauze was switch on.
· Let the vacuum come to the order of 10-6.
· Switch on the DTM.
· Choose the respective file and start the DTM.
· Choose manual LT control.
· Slightly move the knob of manual LT control to increase the current.
· When deposition starts, the has to be lowered.
· When the required thickness of the material is deposited, DTM is switched off.

Switching off the Instrument
· Switched off the ionization gauze.
· Closed the high vacuum valve.
· Pressed the turbo pump speed stop.
· When the speed becomes zero, (all the four LED blocks are switched off) turn the turbo pump stop.
· Closed the backing valve.
· Turned on the rotary pump stop.
· Switch off the mains.

Fabrication of Devices
For this work two types of devices were fabricated over ITO patterned glass. In one device Pentacene was coated on the substrate followed by P3HT and in another the polymer was coated first followed by deposition of Pentacene.


Fabrication of Device-1	
· P3HT solution was spin coated on cleaned ITO patterned glass substrates at 1000 rpm.
· Then the substrate was placed inside the oven under 100 0C for one hour.
· The substrate was allowed to cool to room temperature.
· P3HT film with 80 nm thickness was obtained.
· Then it was placed inside the vacuum chamber for Pentacene coating at controlled rate.
· Pentacene film 30 nm was grown.
· Following this Aluminum (200 nm) was coated in the other vacuum chamber.
· The device was ready for characterization.

          [image: ]
                              Fig:- Device -I

Parameters for Vacuum coating of Pentacene
            Base Pressure:	6.5 × 10 -6 mbar
Current: 23-24 A
Source Temperature: 44 0C
Substrate Temperature: 41 0C
Thickness of the film: 30 nm
Rate of deposition: 1 Å/sec.

Fabrication of Device-2
· Pentacene was vacuum deposited over ITO patterned glass substrate under controlled rate. 
· P3HT solution was spin coated over the Pentacene layer @ 1000 rpm. 
· The substrate was then placed inside an oven in 100 0C.
· After cooling the substrate to room temperature, Aluminum was coated in metal coating chamber.
· The device was ready for characterization.

                  [image: ]

                   Fig:- Device-II

Parameters for Vacuum coating 
            Base Pressure:	6.5 × 10 -6 mbar
Current: 23-24 A
Source Temperature: 44 0C
Substrate Temperature: 41 0C
Thickness of the film: 30 nm
Rate of deposition: 1 Å/sec

After fabrication of devices these were electrically characterized. The instrument used for this purpose is KEITHLEY 2410 1100 V Sourcemeter.


                                    [image: ]

                                      Fig:- KEITHLEY 2410 1100 V Sourcemeter











Results and Discussions

P3HT or Poly-3-hexylthiophene is a conjugated polymer that is widely used for photovoltaic application. The commercially available polymeric solar cell of efficiency 4-5% is reported to be a blend of P3HT and fullerene derivatives. For this study a 1wt % solution of P3HT was prepared in chlorobenzene and spin coated at different rpm. The devices were characterized by their UV absorption spectrum. The B (1000 rpm) showed the highest absorption.   
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       Fig- Absorbance  of P3HT at different rpms                          

B- 1000 rpm,   C- 1500 rpm,  D- 2000 rpm,  E- 2500 rpm,  F- 3000 rpm
Absorption studies
(by Cary 5E UV-Vis-NIR Spectrophotometer)
The UV-Vis spectra of Pentacene and P3HT are shown in fig given below, the spectrum shows that the P3HT absorbs in the range 450-650 nm while the Pentacene showed three absorbtion peaks at 581, 624, 668 nm. It was found that P3HT film (80nm, optical bandgap=1.82eV) exhibits absorption in visible range below 680 nm whereas 35 nm Pentacene film (optical bandgap=1.72eV) absorbs even upto 720nm. 



Fig. 1.3 Absorption spectra of P3HT and Pentacene 

An effort was made to use both the materials in the active layer for better photo-absorption. For this, Glass/ITO (150nm)/P3HT (100nm)/Pentacene (30nm)/Al (200nm) 
and Glass/ ITO(150 nm)/Pentacene(30 nm)/P3HT(80 nm)/Al(200 nm) devices were fabricated J-V characteristics for this device were obtained in dark and illuminated conditions (using commercial Tungsten lamp with 40-60W power rating). With the illumination the overall current in the device increases and an open circuit voltage at 733mV is observed that is comparable to the reported Voc values for a P3HT-fullerene blended solar cell with an efficiency of 2.7-3%. Fig. 2 & 3 shows curves for the devices.



Fig.2. J-V response of Glass/ITO/P3HT/Pentacene/Al device



            Note:- Thickness of P3HT was found out by Nano Calc 2000


Fig.3.  J-V response in the fourth quadrant highlighting Voc and Jsc

However, the Jsc was found to be of the order of 10-6Acm-2 that is three orders lower than the usual current density for P3HT thin film devices incorporating a hole-injecting layer like PEDOT. 
With these results, it seems possible to fabricate a higher efficiency organic solar cell using P3HT & Pentacene along with fullerene like nano-acceptors and PEDOT:PSS hole injecting layer. 



DISCUSSION
In this exploratory research work, a heterojunction between Pentacene and P3HT is obtained in Glass/ITO/P3HT/Pentacene/Al device which is quite evident from 
Voc=733 mV and increase in total current density under illuminated conditions. However, a very low Jsc =2.5 µA cm-2 indicates an insignificant overall power conversion efficiency of this photodiode.

It is also observed that Glass/ITO/P3HT/Pentacene/Al device did not show any change in J-V characteristics under dark and illumination. That implies, no heterojunction is being formed in such a configuration.

This can be explained on the basis of nano-morphology of P3HT film inn which nano structure of pentacene could be grown. In Glass/ITO/P3HT/Pentacene/Al device, first Pentacene is grown over ITO coated glass by vacuum sublimination under highly controlled conditions ( 1 Å/sec, 10-6 mbar). Films grown by this method are of very good quality therefore bear a very smooth morphology. Over such a morphology, polymer nanostructure failed to take form. Moreover, Pentacene is a highly dense film making material which is reflected in its reported environmental stability too. Hence it allowed limited penetration of polymer and hence acted as a poor matrix. It is for this reason interaction between P3HT and Pentacene at nano level was not efficient and we do not observe any D-A type bulk heterojunction forming. As a result, no photo response is obtained.

Whereas in Glass/ITO/P3HT/Pentacene/Al device, the photo response in terms of high Voc and increase in total current density is due to the formation of Pentacene nano-structures over P3HT film. P3HT films spin coated over ITO coated glass is amorphous and has known nano-morphology and porous surface due to defects. In these sites, sublimated Pentacene molecules go and sit to form nano-structures which enhances D-A interaction between polyer chain and Pentacene molecules. This heterojunction results into the observed photo characteristics.
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