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Abstract: 

The paper illustrates about the solar energy material, generations and working of cells . 
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I. INTRODUCTION 

 

Solar cell is the one of the self generating transducer. A 

transducer is a device which convert a non electrical physical 

quantity (i.e. temperature, sound or light) into an electrical 

signal (i.e. voltage , current , capacity). Transducers may be 

classified according to their applied method of conservation 

nature of opposite signal and so on.  

 

II. TYPES OF TRANSDUCER  

 

 Passive transducer: - it is transducers that require 

external power supply & output is measure of some 

variations in physical parameters such as pressure, 

resistance, capacitor etc. 

 

 Self generating transducer:- it requires no power 

supply. They provide electrical output which is 

stimulated by physical form of energy. They produce 

an analog voltage / current devices in which 

transducers don’t require external power supply are 

potentiometer device, photometric device, photometric 

device photoconductive cell , microphone transducer 

 

 Photo conducting diode :- The device in which pn 

junction is used with reverse bias is known as photo 

conducting diode  

 

 Photo diode :- it is the two terminal device which is 

operated firstly by reverse biasing and illuminated by 

light  

 

 Photovoltaic effect when electrons are ejected from 

the surface of material which is exposed to light these 

effect are called photovoltaic effect  

 

III. WHAT IS A SOLAR CELL?  

Solar cell is a device which converts solar energy directly into 

electricity, either directly via the photovoltaic effect or 

indirectly  by first converting the solar energy to heat or 

chemical energy. Assembly of cells used to make solar 

modules which are used to capture energy from sunlight are 

known as solar panels. The energy generated from these solar 

modules, referred to as solar power. Cells are described as 

photovoltaic cells when the light source is not necessarily 

sunlight (lamplight, artificial light etc.) the amount of power 

available from a PV device is determined by the type and area 

of the material the intensity of the sunlight, the wavelength of 

the sunlight. 

The need of solar cells 

 The need for low maintenance, long lasting sources of 

electricity suitable for places remote from both the main 

electricity grid and from people; e.g. satellites, remote site 

water pumping, outback telecommunications stations and 

lighthouses; The need for cost effective power supplies for 

people remote from the main electricity grid; e.g. 

Aboriginal settlements, outback sheep and cattle stations, 

and some home sites in grid connected areas.  

 

 The need for non polluting and silent sources of electricity; 

e.g. tourist sites, caravans and campers  

 

 The need for a convenient and flexib le source of small 

amounts of power; e.g. calculators, watches, light meters 

and cameras;  

 

 The need for renewable and sustainable power, as a means 

of reducing global warming. 
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TYPES OF SOLAR CELL  

 

 
Figure.1. Types of Solar Cell One and Two 

 

First Generation Solar Cell—Wafer Based 

 

The first generation solar cells are produced on silicon wafers. 

It is the oldest and the most popular technology due to high 

power efficiencies. The silicon wafer based technology is 

further categorized into two subgroups named as 

• Single/ Mono-crystalline silicon solar cell.  

• Poly/Multi-crystalline silicon solar cell.  

 

Single/Mono-Crystalline Silicon Solar Cell 

 

Mono crystalline solar cell, as the name indicates, is 

manufactured from single crystals of silicon by a process 

Called Czochralski process . During the manufacturing process, 

Si crystals are sliced from the big sized Ingots. These large 

single crystal productions require precise processing as the 

process of “recrystallizing” the cell is more expensive and 

multi process. The efficiency of mono-crystalline single-

crystalline silicon solar cells  Lies between 17% - 18% 

 

 Polycrystalline Silicon Solar Cell (Poly-Si) 

 

Polycrystalline PV modules are generally composed of a 

number of different crystals, coupled to one another in a single 

cell. The processing of polycrystalline Si solar cells is more 

economical, which are produced by cooling graphite mold 

filled containing molten silicon. Polycrystalline Si solar cells 

are currently the most popular solar Cells. They are believed to 

occupy most up to 48% of the solar cell p roduction worldwide 

during 2008. During solidificat ion of the molten silicon, 

various crystal structures are formed. Though they are slightly  
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cheaper to fabricate compared to mono crystalline silicon solar 

panels, yet are less efficient ~12% - 14% . 

 

Second generation: Thin films of photon-absorbers and 

layered stacks of thin films. It can combine multip le light 

absorbing materials in a ―stack‖ of films, with each absorbing 

a slightly different range of light wavelengths than the one 

below it. The advantage of using a thin-film of material was 

reducing the mass of material required for cell design. 

Typically, the efficiencies of thin-film solar cells are lower 

compared with silicon (wafer-based) solar cells, but 

manufacturing costs are also lower. The most successful second 

generation materials have been cadmium telluride, copper 

indium gallium selenide, amorphous silicon and 

micromorphous silicon.  

 

A cadmium telluride solar cell uses a cadmium telluride thin 

film, a semiconductor layer to absorb and convert sunlight into 

electricity. The cadmium present in the cells would be toxic if 

released. CdTe technology costs about 30% less than CIGS 

technology and 40% less than A-Si technology.  

 

Copper indium gallium selenide (CIGS) is a direct band gap 

material. It has the highest efficiency (~20%) among thin film 

materials (see CIGS solar cell).  

 

An amorphous silicon (a-Si) solar cell is made of amorphous 

or microcrystalline silicon and its basic electronic structure is 

the p-i-n junction. a-Si is attractive as a solar cell material 

because it is abundant and non-toxic (unlike its CdTe 

counterpart) and requires a low processing temperature, 

enabling production of devices to occur on flexible and low-

cost substrates. As the amorphous structure has a higher 

absorption rate of light than crystalline cells, the complete light 

spectrum can be absorbed with a very thin layer of photo-

electrically active material. However, because it is amorphous, 

it has high inherent disorder and dangling bonds, making it a 

bad conductor for charge carriers. Amorphous silicon has a 

higher band gap 

 

Third Generation S olar Cells 

 

Third generation cells are the new promising technologies but 

are not commercially investigated in detail. Most of the 

developed 3rd generation solar cell types are : 

 

1) Nano crystal based solar cells. 

 

2) Polymer based solar cells. 

 

3) Dye sensitized solar cells. 

 

4) Concentrated solar cells.  

 

NanoCrystal Based Solar Cells 

 

Nanocrystal based solar cells are generally also known as 

Quantum dots (QD) solar cells. These solar cells are composed 

of a semiconductor, generally from transition metal groups 

which are in  the size o f nanocrystal range made of 

semiconducting materials. QD is just a name of the crystal size 

ranging typically within a few nanometers  in size, for example, 

materials like porous Si or porous TiO2, which are frequently 

used in QD. The structures of the QD solar cells are shown in. 

With the advance of nanotechnology, these nanocrystals  of 

semiconducting material are targeted to replace the 

semiconducting material in bulk state such as Si, CdTe or 

CIGS. This idea of the QD based solar cell with a theoretical 

formulat ion were employed for the design of a p-i-n solar cell 

over the self-organized in As/GaAs sys tem . Generally, the 

nanocrystals are mixed into a bath and coated onto the Si 

substrate. These crystals rotate very fast and flow away due to 

the centrifugal force. In conventional compound semiconductor 

solar cells, generally a photon will excite an electron there by 

creating one electron-hole pair. However, when a photon 

strikes a QD made of the similar semiconductor material, 

numerous electron-hole pairs can be formed, usually 2 or 3, 

also 7 has been observed in few cases 

  

Polymer S olar Cells 

 

Polymer solar cells (PSC) are generally flexib le solar cells due 

to the polymer substrate. The first PSC were invented by the 

research group of Tang et al. at Kodak Research Lab.  A PSC is 

composed of a serially connected thin functional layers coated 

on a polymer foil or ribbon. It works usually as a combination 

of donor (polymer) and a acceptor (fullerene). There are 

various types of materials for the absorption of sunlight, 

including organic material like a conjugate/conducting 

polymer. In 2000, Heeger, Shirakawa fetched the Nobel Prize 

in Chemistry for the discovering a new category of polymer 

materials known as conducting polymers. The PSC and other 

organic solar cells operate on same princip le known as the 

photovoltaic effect, i.e., where the transformation of the energy 

occurs in the form of electromagnetic radiations into electrical 

current. Yu et al. mixed poly [2-methoxy-5-(2’-ethylhexyloxy)-

p-phenylene vinylene] (PPV), C60 and its other derivatives to 

develop the first polymer solar cell and obtained a high power 

conversion efficiency. This process triggered the development 

of a new age in the polymer materials for capturing the solar 

power. After significantly optimizing the parameters, 

researchers achieved efficiency over 3.0% for PPV type PSCs . 

These unique properties of PSCs opened a new gateway for 

new applications in the formation of stretchable solar devices 

including text iles and fabrics. A modern recycling concept 

known as polarizing organic photovoltaic (ZOPVs) was also 

developed for increasing the function of liquid crystal displays 

utilizing the same polarizer, a photovoltaic device and proper 

light conditions/solar panel . 

 

Dye Sensitized Solar Cells (DSSC) 

 

Recent research has been focused on improving solar efficiency 

by molecular manipulat ion, use of nanotechnology for 

harvesting light energy. The first DSSC solar cell was 

introduced by Michel Gratzel in Swiss federal institute of 

technology. DSSCs based solar cells generally employ dye 

molecules between the different electrodes. The DSSC device 

consists of four components: semiconductor electrode (n-type 

TiO2 and p-type NiO), a dye sensitizer, redox mediator, and a 

counter electrode (carbon or Pt). The DSSCs Attractive due to 

the simple conventional processing methods like printing  
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techniques, are highly flexible, transparent and low cost as 

well. The novelty in the DSSC solar cells arise due to the 

photosensitizat ion of nano grained TiO2 coatings coupled with 

the visible optically active dyes, thus increasing the efficiencies 

greater than 10%. However, there are certain challenges like 

degradation of dye molecules and hence stability issues. This is 

due to poor optical absorption of sensitizers which results in 

poor conversion efficiency. The dye molecules generally 

degrade after exposure to ultraviolet and infrared radiations 

leading to a decrease in the lifetime and stability of the cells. 

Moreover, coating with a barrier layer may also increase the 

manufacturing more expensive and lower the efficiency. 

 

A dye-sensitized solar cell (DSSC, DSC or DYS C) is a low-

cost solar cell belonging 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. A 

modern DSSC shown in  is composed of a porous layer of 

titanium d ioxide nano particles, covered with a molecular dye 

that absorbs sunlight. The titanium dioxide is immersed under 

an electrolyte solution, above which is a platinum-based 

catalyst. As in a conventional alkaline battery, an anode (the 

titanium dioxide) and a cathode (the platinum) are placed on 

either side of a liquid conductor (the electrolyte). Sunlight 

passes through the transparent electrode into the dye layer 

where it can excite electrons that then flow into the titanium 

dioxide. The electrons flow toward the transparent electrode 

where they are collected for powering a load. After flowing 

through the external circuit, they are re-introduced into the cell 

on a metal electrode on the back, flowing into the electrolyte. 

The electrolyte then transports the electrons back to the dye 

molecules. In the DSSC, the bulk of the semiconductor is used 

solely for charge transport, the photoelectrons are provided 

from a separate photosensitive dye. Charge separation occurs at 

the surfaces between the dye, semiconductor and electrolyte. 

The dye molecu les are quite small (nanometer sized), so in 

order to capture a reasonable amount of the incoming light the 

layer of dye molecules needs to be made fairly thick, much 

thicker than the molecules  themselves. To address this 

problem, a nano material is used as a scaffold to hold large 

numbers of the dye molecules in a 3-D matrix, increasing the 

number of molecules for any given surface area of cell. Overall 

peak power conversion efficiency for current DSSCs is about 

11% Current record for prototypes lies at 12.3%.  

 

 
Figure.2. Dye-sensitized solar cell 

  

Concentrated Solar Cells  

 

Concentrating photovoltaic (CPV) has been established since 

the 1970s. It is the newest technology in the solar cell research 

and development. The main princip le of concentrated cells is to 

collect a large amount of solar energy onto a tiny region over 

the PV solar cell, as shown in the principle of this technology is 

based on optics, by using large mirrors and lens arrangement to 

focus sunlight rays onto a small region on the solar cell. The 

converging of the sunlight radiations thus produces a large 

amount of heat energy. This heat energy is further driven by a 

heat engine controlled by a power generator with integrated. 

CPVs have shown their promising nature in solar world. It ca n 

be classified into low, medium, and high concentrated solar 

cells depending on the power of the lens systems . 

Concentrating photovoltaic technology have the following 

merits, such as solar cell efficiencies >40%, absence of any 

moving parts, no thermal mass, speedy response time and can 

be scalable to a range of sizes. 

 

 Perovskite Based Solar Cell  

 

Perovskites are a class of compounds defined by the formula 

ABX3 where X represents a halogen such as I−, Br−, Cl− .  A 

and B are cations of different size. Perovskite solar cells are 

recent discovery among the solar cell research community and 

possess several advantages over conventional silicon and thin 

film based solar cells. Conventional Si based solar cells need 

expensive, multip le processing steps and require high 

temperatures (>1000˚C) and vacuums facilities. The 

perovskites based solar cells can have efficiency up to 31% .It 

can be predicted that these perovskites may also play an 

important role in next-generation electric automobiles  batteries, 

according to an interesting investigation recently performed by 

Volkswagen. However, current issues with perovskite solar 

cells are their stability and durability. The material degrades 

over time, and hence a drop in overall efficiency. Therefore 

more research is needed to bring these cells into the market 

place. 
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FIGURE.3. WORKING OF SOLAR CELL 

 

The solar cell works in following steps:  

 

1. Photons in sunlight hit the solar panel and are absorbed by 

semiconducting materials, such as silicon. Photons with energy 

equal to the band gap energy are absorbed to create free 

electrons. Photons with less energy than the band gap energy 

pass through the material.  

2. Format ion of electron-hole pair (exciton)  

3. Exciton diffusion to Junction  

4. Charge separation- Electrons (negatively charged) are 

knocked loose from their atoms, causing an electric potential 

difference. Current starts flowing through the  

material to cancel the potential and this electricity is captured i.e. 

Electrons that are created on the n-type side may travel through 

the wire, power the load, and continue through the wire until 

they reach the p-type semiconductor-metal contact. Here, they 

recombine with a hole that was either created as an electron-hole 

pair on the p-type side of the solar cell. Due to the special 

composition of solar cells, the electrons are only allowed to 

move in a single d irection.  

5. An array of solar cells converts solar energy into a usable 

amount of direct current (DC) electricity  

 

IV. CONCLUS ION 

 

Solar power generation has been developed as one of the most 

demanding renewable sources of electricity. It  has several 

advantages compared to other forms of energy like fossils fuels 

and petroleum deposits. It is an alternative which is promising 

and consistent to meet the high energy demand. Though the 

methods of utilizing solar energy are simple, yet need an 

efficient and durable solar material. Technology based on nano-

crystal QD of semiconductors based solar cell can theoretically 

convert more than sixty percent of the whole solar spectrum into 

electric power. The polymer base solar cells are also a viable 

option. However, their degradation over time is a serious 

concern. There are various challenges for this industry, 

including lowering the cost of production, public awareness and 

best infrastructure. Solar energy is the need of the day and 

research on the solar cells has a promising future worldwide. 

Applications of solar cells  

 

1. Consumer products such as watches, toys & calculators  

2. Portable power supply for computing 

3. Power supply for satellite & space vehicles 
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