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ABSTRACT:
Energy is the key input to improve the life cycle. The consumption of the energy is directly proportional to the progress of the mankind with ever growing population, improvement in the living standard of the humanity, industrialization of the developing countries like India. The global demand for energy is increasing on alarming rate. The primary source of energy is fossil fuel (coal, diesel), which are decreasing day by day due to move energy demand and there is global warming problem due to these sources. So, we need non-conventional energy sources to full fill the demand of energy.
      Recent improvements in the power conversion efficiencies of organic solar cells have brought renewed attention to possibility of practical large-scale use of these devices. This paper deals with basic principal of operation of plastic solar cell and we demonstrate the implementation of the nanorod and screen-printing technology in the fabrication of organic-based bulk heterojunction solar cells.
INTRODUCTION:
With the ever-increasing demand of electrical energy everyone is looking towards sun as a source of electrical energy along with its role as an important source of thermal energy. At the heart of all photovoltaic devices are two separate layers of materials. One with an abundance of electrons those functions as a “negative pole”, and one with an abundance of electrons holes (vacant, positively-charged energy spaces) that functions as a “positive pole”. When photons from the sun or some other light sources are absorbed, their energy is transferred to the extra electrons in the negative pole, causing them to flow to the positive poll and creating new holes that start flowing to the negative pole, thus producing electrical current which can then be used to power other devices. Conventional semiconductor solar cells are made of polycrystalline silicon or, in the case of the highest efficiency ones, crystalline gallium arsenide. The use of these devices has been limited to date because production cost is so high. Even the fabrication of the simplest semi conductor cell is a complex process that has to take place under exactly control conditions such as high vaccum and temperature between 400 to 1400 degree Celsius. Normal solar panels are rigid, expensive and their size is constrained by manufacturing techniques thus, limits their scalability to large area panels. [image: C:\Users\Syed Aqeeb Ali\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG-20180223-WA0005.jpg]
The groups first crude solar cells have achieved efficiencies of 1.7 % , far less than the 10 %   efficiencies of today’s standard commercial photo voltaic the best solar cells  which are very expensive semiconductor laminates , converts , at most 35% of the suns energy into electricity. 
Typical module efficiencies for commercially available screen printed multi crystalline solar cells are around 12%.
Plastic solar cells: 
Polymers offer the advantages of solution processing at room temperature which is cheaper and allows for using fully flexible substrates, such as plastic. Thus replacing the silicon with polymer nanowires would make the solar cells much lighter, and eventually cheaper.
The nanotechnology takes the advantage of recent advances in nanotechnology, specifically the production of nanocrystals and nonorods. These are chemically pure clusters of 100 to 100000 atoms with dimensions on the order of a nonometer or a billion of a meter. 
[image: C:\Users\Syed Aqeeb Ali\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG-20180223-WA0003.jpg]
Because of their small size, they exhibit unusual and interesting properties governed by quantum mechanics, such as the absorption of different colors of light depending upon their size. We can manufacture nanorods in beaker containing cadmium selenide, aiming for rods of a diameter-7 nanometers – to absorb as much sunlight as possible. They also aim for nonorods as long as possible – in this case 60 nanometers. It will play an important role in developing an improved polymer solar cell using nanomaterials additives by combining nanotechnology with plastic electronics.
Designing of plastic solar cells
Nanorod \polymer Technology :
The plastic solar cells design is actually a hybrid comprised of tiny nanorods dispersed in an organic polymer or plastic.
A schematic diagram of a hybrid plastic solar cell with a nanorod \ polymer layer sandwiched between 2 electrodes is as shown. [image: C:\Users\Syed Aqeeb Ali\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG-20180223-WA0002.jpg]
Fig.3 shows schematic diagram of a hybrid “plastic” solar cell with a nanorod/polymer layer sandwiched b/w 2 electrodes. The middle layer, a mere 200 nanometers thick, is a jumble of nanorod embedded in the semiconducting polymer.
Fig.4 a panel of 8 plastic solar cells based on inorganic nanorods and semi conducting polymers. The shiny ovals are the aluminum back electrodes of the individual solar cells.
The middle layer, a mere 200 nanometers thick, is a jumble of nanorod embedded in the semiconducting polymer. Nanorods are mixed with a plastic semiconductor, called P3HT – poly–(3-hexylithiophene) – and coated a transparent electrode with the mixture. The thickness, 200 nanometers a thousandth the thickness of a human hair- is a factor of 10 less than the micron-thickness of semiconductor solar cell. When nanorod absorbs light of a specific wavelength, they generate an electron plus an electron hole – a vacancy to the electrode, creating a current.
The electrode layers and nanorod/polymer layers could be applied in separate coats, making production fairly easy. Further, using rod-shaped nanocrystals rather than spheres provided a directed path for electron transport help to improve solar cell performance. These types of hybrids solar cell are reported to achieve a monochromatic power conversion efficiency of 6.9% one of the highest ever reported for a plastic photovoltaic device.
The nanorods act like wires. When they absorb light of specific wavelength, they generate an electron plus an electron hole – a vacancy in the crystal that moves around just like an electron. The electron travels the length of the rod until it is collected by the aluminium electrode. The hole is transferred to the plastic, which is known as a hole carrier, and conveyed to the electrode, creating a current.
Screen-printing Technology :
Screen-printing is a commonly used industrial technique for fast, in expensive deposition of dye films over large areas. From these stand point. It is an ideal technology for large-scale fabrication of polymer-based solar cells. In addition, screen-printing allows patterning to easily define which areas of the substrate receive deposition. This is important for instance for fabricating a photovoltaic device that is integrated onto a substrate containing other electronic devices. Also , in the production of a large area energy collection system, it is necessary to fabricate many individual solar cells that are wired together. Using screen printing, individual’s devices can easily be defined on the same substrate in order to optimize the power generation of the entire system. In industrial process, films fabricated with screen printing usually have a thickness greater than 0.5mm. The use of screen-printing to fabricate a polymer layer with a thickness <100mm, serving as the whole transport layer in an organic light-emitting diode has been recently demonstrated. However, in this case, the printed films were not smooth and the screen footprint was visible to the heterojunction photovoltaic devices, consisting of a conjugated polymer/fullerence blend, with a thickness of 40nm and root-mean-square (ms) surface roughness of 2.6nm.
This device yields a power conversion efficiency of 4.3% when illuminated by monochromatic light with a wavelength of 488nm.
The structure of bulk – heterojunction solar cell is shown in fig 5(a). The principles of operation of this device are described elsewhere1,A 150nm thick of poly –(ethylene dioxythiophene) doped with polystyrene sulphonic acid was first spin cast from a water solution onto an indium tin oxide(ITO)/glass substrate, where the IOT has a thickness of 120nm & 85%-90% transmission in the visible range 
The average thickness of the active layer was 40nm. A description of the screen printing process depicted in fig5(b) follows. During deposition ,the screen is placed a few mm above the surface of the substrate. As the aqueegee then passes over a region, the screen separates from the substrates, leaving behind solution that dries to yield a continuous film. [image: C:\Users\Syed Aqeeb Ali\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG-20180223-WA0001.jpg] 
Fig.5. Schematic diagrams of (a) the device structure of the bulk heterojunction solar cell connected to an external resistive load and (b) the screen-printing technique.
[image: C:\Users\Syed Aqeeb Ali\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180222_235115.png]

Fig.  6. Plot  of the current density (absolute value) versus voltage for the solar cell operated in the dark (filled squares) and under illumination (hollow squares) by monochromatic light with a wavelength of 488nm and an intensity of 27 mW/cm2.The short-circuit current, open-circuit voltage; fill factor and power conversion efficiency are 3.16 mA/cm2, 841 mV, 0.44 and 4.3%, resp. The temperature of the device during measurement was approximately 25 C.                                The current density-voltage characteristics of the device under illumination and in the dark are shown in the Fig.6 . The rectification of the device in the dark is approximately 5000 at 1/22V. This indicates a good diode behavior and a high shunt (parallel) resistance as a result conformal coverage of the PEDOT:PSS layer by the screen printed MDMOPPY:PCBM active layer. Under illumination, the short circuit density is 3.16 mA/cm2, which corresponds to  external quantum efficiency (incident photons to converted eletrons ) of 30%. The open-circuit voltage and fill factor are 841 mV and 0.44, resp., and the resulting power conversion efficiency is 4.3%. The external quantum efficiency of the device is limited by the optical absorption of the 40nm thick active layer. By comparing the amount of light reflected from the device compared to the amount of light reflected from a glass/ITO/PEDOT:PSS/aluminium reference sample, the optical absorption of the active layer was measured to be approximately 33%. Thus, the internal quantum efficiency (absorbed photons to converted electrons) of the device under short-circuit conditions is approximately 90% at an incident wavelength of 488nm.
In summary the screen printing technique has been used to deposit the active layer in a bulk heterojunction “plastic” solar cell. The power conversion efficiency of the device was 4.3% under monochromatic illumination. We expect that the power conversion efficiency will be improved as the film thickness is increased and interfaces are modified. These results illustrate that screen printing can be a powerful technique for the fast, inexpensive fabrication of roll-to-roll polymer optoelectronic devices while retaining nanometer-scale control of the film thickness. The application of this technique to the fabrication of an organic solar cell further increases the strong potential that these devices have for practical use.
Applications:
· Plastic formulation also open the possibility of printing solar cells onto various surfaces, much as ink is printed on a newspaper
· Light weight and flexible plastic solar painted on the back of it could power portable electronics equipments like PDAS, laptops % pocket calculators etc.
· The new cells also open up possibilities for wearable computing devices
· Functions of plastic solar cell similar in visible region are needed in the IF region for many imaging apps in the medical field
 
Conclusion: 
Harnessing of non-conventional energies is a human necessity. At the same time the solar energy at present we are tapping with the silicon cells. These cells at present they have not yet reached the economical feasibility. Hence the concept and developing a plastic solar cell would account to the economical feasibility and mass usage.  















  



















REFERENCES:

	 



image6.png
Current Density (mA/cm’

Voltage (V)

N





image7.png
[1] Konarka's Next Generation Organic Photovoltaic Cells First OPV Technology to Pass Set of Individual Critical Lifetime
Aging Tests According to IEC 61646 Performed by TUV Rheinland, 2012. [Online]. Available: http:/www.konarka.com/
index.php/site/pressreleasedetail/konarkas_next_generation_organic_photovoltaic_cells_first_opv_technology_to

[2] C. J. Brabec, C. Winder, N. S. Sariciftci, J. C. Hummelen, A. Dhanabalan, P. A. van Hal, and R. A. J. Janssen, “A low-
bandgap semiconducting polymer for photovoltaic devices and infrared emitting diodes,” Adv. Funct. Mater., vol. 12,
no. 10, pp. 709-712, Oct. 2002.

[3] S. J. Fonash, Ed., Solar Cells Device Physics. New York: Elsevier, 2010.

[4] G. Yu, J. Gao, J. C. Hummelen, F. Wudl, and A. J. Heeger, “Polymer photovoltaic cells—Enhanced efficiencies via a
network of internal donor-acceptor heterojunctions,” Science, vol. 270, no. 5243, pp. 1789-1791, Dec. 15, 1995.

[5] G. Li, V. Shrotriya, J. S. Huang, Y. Yao, T. Moriarty, K. Emery, and Y. Yang, “High-efficiency solution processable
polymer photovoltaic cells by self-organization of polymer blends,” Nat. Mater., vol. 4, no. 11, pp. 864-868, Nov. 2005.

[6] S. H. Park, A. Roy, S. Beaupré, S. Cho, N. Coates, J. S. Moon, D. Moses, M. Leclerc, K. Lee, and A. J. Heeger,
“Bulk heterojunction solar cells with internal quantum efficiency approaching 100%,” Nat. Photon., vol. 3, no. 5, p.
297-U5, May 2009.

[7] E. G. Wang, L. Wang, L. F. Lan, C. Luo, W. L. Zhuang, J. B. Peng, and Y. Cao, “High-performance polymer
heterojunction solar cells of a polysilafluorene derivative,” Appl. Phys. Lett., vol. 92, no. 3, p. 033307, Jan. 21, 2008.

[8] C. M. Amb, S. Chen, K. R. Graham, J. Subbiah, C. E. Small, F. So, and J. R. Reynolds, “Dithienogermole as a fused
electron donor in bulk heterojunction solar cells,” J. Amer. Chem. Soc., vol. 133, no. 26, p. 10 062, Jul. 2011.

[9] J. Peet, J. Y. Kim, N. E. Coates, W. L. Ma, D. Moses, A. J. Heeger, and G. C. Bazan, “Efficiency enhancement in low-
bandgap polymer solar cells by processing with alkane dithiols,” Nat. Mater., vol. 6, no. 7, pp. 497-500, Jul. 2007.

[10] Z. Li, J. F. Ding, N. H. Song, J. P. Lu, and Y. Tao, “Development of a new s-tetrazine-based copolymer for efficient
solar cells,” J. Amer. Chem. Soc., vol. 132, no. 38, pp. 13 160-13 161, Sep. 29, 2010.

[11] N. Allard, R. B. Aich, D. Gendron, P. L. T. Boudreault, C. Tessier, S. Alem, S. C. Tse, Y. Tao, and M. Leclerc,
“Germafluorenes: New heterocycles for plastic electronics,” Macromolecules, vol. 43, no. 5, pp. 2328-2333, Mar. 9, 2010.

[12] Y.C.Chen, C.Y.Yu,Y.L.Fan, L.l Hung, C. P. Chen, and C. Ting, “Low-bandgap conjugated polymer for high efficient
photovoltaic applications,” Chem. Commun., vol. 46, no. 35, pp. 6503-6505, Sep. 2010.

[13] S. C. Price, A. C. Stuart, L. Q. Yang, H. X. Zhou, and W. You, “Fluorine substituted conjugated polymer of medium
band gap yields 7% efficiency in polymer-fullerene solar cells,” J. Amer. Chem. Soc., vol. 133, no. 12, pp. 4625-4631,
Mar. 30, 2011.

[14] R. C. Coffin, J. Peet, J. Rogers, and G. C. Bazan, “Streamlined microwave-assisted preparation of narrow-bandgap
conjugated polymers for high-performance bulk heterojunction solar cells,” Nat. Chem., vol. 1, no. 8, pp. 657-661,
Nov. 2009.





image1.jpeg




image2.jpeg




image3.jpeg




image4.jpeg




image5.jpeg
(a)
—_—
— | &le §
Light af=|5
— 8
o
—_— a
(b) Squeegee
«

Polymer film

Substrate





