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                                                                              Introduction

CHAPTER-I

INTRODUCTION

1.1 Introduction
             Electronics is the branch of science and engineering dealing with the theory and use of a class of devices in which electrons are triggered through a vacuum, gas or semiconductor. The word ‘electronics’ has been derived from a Greek word “electron”, which means the study of behaviour of an electron under different conditions of externally applied fields.


Today, the branch of electronics is the most important field in modern engineering technology. As a matter of fact, it is a field, in which rapid developments are taking place every day. The electronic devices and gadgets are being used in almost all industries for quality control and automation. Because of the growing applications of electronics in almost all fields, the students of all engineering disciplines have to be taught electronics at the undergraduate level.


Electrons are travelled through a vacuum, gas or semiconductor. The motion of such electrons in electronic devices, are usually controlled by electric fields. Diodes, triodes, transistors etc, are examples of electron devices. Generally electronic devices may be classified into two categories, passive and active. “Passive devices” are those that accept energy from an external source and modify it to suit some specific applications. Resistors, inductors and capacitors belong to this category. “Active devices” are those that may or may not accept energy from an external source, but generate energy by themselves by means of conversion of energy from one form into another form.


Electronics can be broadly classified into two branches,

· physical electronics and

· electronic engineering

Physical electronics treats the motion of electrons in a vacuum, gas or semiconductor. The design, fabrication, and application of electronic devices form the subject matter of electronic engineering. Electronics has inroads into many fields of science and technology, and has profoundly influenced the life of modern man. Modern computers and communication systems are intimately linked with the advanced electronics.

The field of electronics can be roughly divided into three major subfields,

· computers

· communications

· control

Virtually every electronic application can be classified as part of one of these three divisions. The largest field in terms of sales and services and number of employees working is the computer filed. It is also the youngest of the three.

· The communication industry is the second largest in size and is most certainly the oldest since electronics really started with radio communications. The smallest field is control. These industries are concerned with electronic equipment used for the transfer of informations between two or more points. The information may be voice, television pictures, computer data and other forms of electronic informations.

· The computer industry is concerned with the development and servicing of computer hardware and software used by business men, industrialists and government officers for the processing, storage and retrieval of data.

· The control field is concerned with electric power as well as various kinds of electronic components and circuits used to operate light electric motors and other devices.

Today we find that the sphere of electronics has spread so vast, that it plays an important role in almost every activity of life. It has penetrated into our homes, our places of work and our means of communication from one place to another. It is believed that by the end of this century, the magic in electronics will be like the electric motor of today (i.e., its presence will go unnoticed). Although, electronics has a large number of applications, yet the following are important from the point of view, of the subject.

Computers
          One of the most important electronic devices of the era is the digital computers and its applications are broad and diverse. Computers have applications in business for record keeping, accounting etc. In industry, the computer is used for controlling and monitoring intricate manufacturing processes.
 Communications
           Electronic communications encompasses a wide range of specialized fields. Such as satellite communications, telephone systems, and specialized radio applications in aviation field. A switching telephone system is an example of electronic communications.

 Automation

          Electronic systems are employed extensively in the control of manufacturing processes computers and specialized electronic systems are used in industry for various purposes, for example, control of ingredient mixes, operation of machine tools, product inspection and control and distribution of power.

 Medicine

           The electrocardiograph (ECG) is used for the diagnosis of cardiac functions. The electromyography uses a cathode ray tube display rather than an ink trace. The electroencephalograph (EEG) is similar to the electrocardiograph. It records the electrical activity of the brain rather than heart activity. The coagulograph is used in analysis of blood clots. Various electronic instruments are extensively used in intensive-care units to monitor heart rate, pressure, pulse, body temperature etc.

 Consumer products

            The electronic calculators and digital watches are popular examples of consumer electronics. The small personal computer is used widely by hobbyists and is also becoming a common household appliance. Electronic systems are used in automobiles to control and monitor engine functions, control braking, provide entertainment and displays useful information to the driver. Most appliances such as microwave oven, washers and dryers are available with electronic controls. Home entertainment devices such as television, radio, stereo and recorders are all electronic machines.

1.2 Energy

            Energy is the major factor in the development of mankind. A nation which generates energy many times more than the muscular power can only attain the high level of industrial and agricultural growth. National income is directly proportional to the energy consumed by the nation. It is essential that developing countries like India must develop its energy sources to achieve higher standard of living of the mass. It is a crime against nature and future generations to use our irreplaceable fossil fuels for low temperature heating. These should be reversed for high temperature heating and manufacturing of commercial commodities like rubber, plastics and fertilizers etc.

1.3 Solar Energy

            Solar energy is the energy received by the earth from the sun. This energy is in the form of solar radiation which makes the production of solar electricity possible.

Drawback of Solar Energy

           i. It is a dilute form of energy

          ii. Which is available intermittently, not steady and continuous

         iii. It is not predictable. 

Use of Solar Energy


Solar energy can be utilized directly in two ways,

           i. By collecting the radiant heat and using it in a thermal system.

           ii. By collecting and converting it directly to electrical energy using PV system.

Solar energy is also used by various well-known natural effects and appears in nature in some other forms of energy. These are indirect forms of solar energy. Thus, solar energy is the mother of all forms of energy conventional or non-conventional, renewable or non-renewable, the only exception being nuclear energy.
1.4 Solar Energy Utilization in India
             India has a total land area of 3.28 x 1011 square meters. On an average 5 kw/m2 per day solar energy is falling on this land for over 300 days per annum, in certain areas the bright sunny days may be more.


Even if one per cent of this land is used to harness solar energy for electricity generation at an overall efficiency of 10 per cent, 492x109 kwh/year electricity can be generated. This is an enormous amount of energy and can be generated using thermal or photovoltaic routes of power generation.


Solar radiant energy is being utilized through thermal as well as photovoltaic routes in India. The thermal route has found many applications such as space heating and cooling using passive and active concepts, refrigeration and cold storages, cooking, heating, drying etc. The PV solar cells are used for electric power generation.
1.5 Solar Panel
           Several solar modules are connected in series / parallel to increase the voltage and current ratings. When modules are connected in series, it is desirable to have each module’s maximum power production occur at the same current.


When modules are connected in parallel, it is desirable to have each modules maximum power production occur at the same voltage. Thus while interconnecting the modules, the installer should have this information available for each module. “Solar panel is a group of several modules connected in series – parallel combination in a frame that can be mounted on a structure. In parallel connection, blocking diodes are connected in series with each series string of modules, so that if any string should fail, the power out put of the remaining series strings will not be absorbed by the failed string.

1.6 Solar Power Generators

            These generators have a silent, rechargeable, deep-cycle battery power source designed for small, remote power needs with ‘plug and use’ concept. This rugged generation provides DC or AC electricity for applications such as lights, small TV’s, radios, video cameras, small power tools and computers. The generator is housed in a compact locking enclosure and utilize solar technology for battery charging. The unit is non-polluting, maintenance-free, weather-resistant and provides a variety of options for versatility and good performance. Models are available in both DC and AC versions.

1.7 Battery

           Battery technology has been known to exist for approximately 200 years since its invention by Alessandro Volta. A battery is an electrochemical system that converts internally stored energy into direct electricity. The word “battery” actually means a group of electric cells connected together to generate electricity. A cell is a basic single unit and battery an assemblage of such units. Batteries are classified as primary and secondary (is also called storage batteries).


Mobile phones with batteries using a solar panel allows to extend usage time simply by leaving the phone and battery in direct sunlight.


Three types of batteries are used for powering cell phones.

      i. Nickel – cadmium (Ni-Cd)

                ii. Lithium – ion

    iii. Nickel – metal anhydride

· Ni – Cd Battery

Low priced, but heaviest, adding to the weight of cell phone. It offers the lowest talk and stand by times. It is rarely used now a days.

· Li – ion Battery


Offer the longest talk and stand by times, are free from memory effect, weight less, but are expensive.

· Ni – MH Battery


The most widely used cell phone battery, is capable of holding charge for 30 per cent longer than Ni – Cd batteries. It suffers from memory effect.

1.8 All About Cellular Phone Batteries 
          Drawing the Best Performance out of the Battery

· Allow the battery to discharge completely once a week before recharging (to fully discharge leave the phone on until it turns off).

· Charge new / stored battery overnight (14-16 hours) before bringing it to use.


Store new batteries at or near room temperature or cool, dry areas.

· Discharge the battery connected to the phone completely before recharging.

· The battery should not be left in the charger for more than 24 hours as it may result    in decreased battery performance.

· The battery should not be left in the charger when not charging.

· A fully charged battery should not be returned to the charger as it will significantly reduce cycle life.

· The battery should not be charged continuously, and it may be charged only when required as continuous charging will shorten the life of the battery.

1.9 Charging a New Battery

            A new battery supplied with the telephone may be fully charged before brining the phone in use. Batteries should be placed at or near room temperature at the time of charging.


Batteries should not be exposed to extreme heat as such an exposure can reduce the charging capacity to as much as 40 per cent and talk-time by 10 per cent.


The batteries should not be exposed to extreme cold as the exposure can reduce the charging capacity by 5 per cent and talk-time by nearly 90 per cent.
1.10 Coin Pay Phones

           PEP InfoTech offers pep teller coin pay phones in table-top and wall-mounted models. These pay phones are powered by telephone line, requiring no battery no external power supply A16-character LCD facilitated easy operation.


This device accepts any type of Re.1 coin and can work with EPABX also. It functions as a normal phone for incoming calls and is fully programmable through the 4 x 3 keypad. This phone has provision of free calls to number like 100, 101, 102, 197 and 198. Other features include monitoring of free calls coin box full indication, programming of up to 50 group codes, and 4-digit changeable password.

1.11 Types of Pay Phones
          Sanjay Garg, ED of PEP InfoTech, Meerut (Electronics for you, 2003) has over a decade of experience and expertise in the pay phone industry. He offers a lucid treatise on the technical aspects of different types of pay phones in use world wide.

· Post – Paid PSTN – based Pay Phones


        Post – paid PSTB – based pay phones are very popular in populous developing countries like India, Srilanka and Africa. The pay phone, connected to the public switched telecom network (PSTN) telephone line, incorporates a complex, microprocessor – based tamper – proof electronic circuiting to meter the call on sensing the 16 kHz metering signal on the line. Its built-in ROM and RAM offer a host of features including detailed and summarized record of all the calls made through the pay phone, display, print of call charges etc.

· Post – Paid GSM based Pay Phones

       Post – Paid GSM based Pay Phones are similar to post – paid PSTN – based pay phones, except that these are connected to the GSM network of mobile operator manning the public call office collects the cash from the caller.

· Coin – Operated Pay Phones


       Coin –  Operated  Pay  Phones  which  facilitate  local  as  well  as  long – distance calls on insertion of coins, have a built in coin – sensing mechanism apart from electronic components for telephony features. A micro controller – based electronic circuitary allows / disallows the call and keeps record of calls made as well as coins collected. Coin operated pay phones are normally connected to land lines of PSTN network.

· Single – Coin Pay Phones


      Single – Coin Pay Phones cost less and are very popular in developing countries of Asia and Africa.

· Multiple Coin Pay Phones

      Multiple Coin Pay Phones have a complex coin sensing mechanism and hence are costlier. These pay phones are widely used in all developing countries. These pay phones with coin change refund facility incorporate a very complex coin – collecting mechanism that detects the metal of the coin, its size, etc. and returns unused amount in small denomination, coins after the end of call. These phones are very expensive and are used at selected public places in well developed European countries and in USA.

· IC Card / Smart Card Based Pay Phones


      IC Card / Smart Card Based Pay Phones are an advanced version of coin – operated pay phones. In addition to or instead of the coin sensing and collecting mechanism, card reader is built in the pay phone. The user can make a call using his credit / debit card or by using a card sold by a specific pay telephony service provider.

· A Micro Processor Based Circuit


      A Micro Processor Based Circuit in the pay phone not only allows / disallows the call after sensing a bonafied card but also keeps a record of the call. The stored call data is transferred to the center management system for management of call charges.

· Virtual Calling Card Pay Phones


      Virtual Calling Card Pay Phones are becoming more popular these days in developing countries as these are tamper proof and convenient to manage. These are slightly modified version of coin / card pay phones.


The user has to buy a card from the pay phone service provider’s retail outlet. This card has a PIN number allotted and by dialing this number from any phone the user can make short or long distance calls. If the caller makes a call from any normal phone, he has to make minimum payment for access to the network.
1.12 Solar Charger
            Battery – operated devices have made life much easier for millions of people instead of carrying around devices with dangling cords, and worrying about having access to electrical outlets, many people now use battery – operated devices for entertainment and productivity purposes.


The problem of using devices that require batteries is that the batteries eventually need to be charged. If you want to use an electric battery charger, you need to have access to an electrical outlet, which is not always possible. If you are in the car or shopping at the grocery store, you may not be able to find a place to plug in your charger. Instead of letting your batteries lose their charges completely, a good alternative to electric charges is the solar charger.


The solar charger is a device that captures and stores the solar energy so that it can be used to charge different types of batteries and electronic devices. The solar charger uses photovoltaic panels to capture energy from the sun and use it to recharge batteries or electronic equipment. There are many different types of connections available, allowing solar charger users to charge everything from cell phones to MP3 players.


Many people are getting benefited by using solar chargers to charge their electronic devices. Another group of people who are making use of solar chargers are people who have jobs in the transport industry and spend their work days driving buses, piloting planes or sailing water craft. The third groups of people who can benefit extensively from solar charger are those who work in environments where they are not allowed to plug in electronic devices to existing outlets.


The solar charger can work with cell phones, PDAs , MP3 players, hand held video games, blue tooth wireless accessories also be charged using a solar charger and a compatible connector. Using solar charger to charge your electronic devices can save you a considerable amount of time and money, and it will help to eliminate the hassles associated with charging electronic equipment.

1.13 Battery Charger Powered By the Sun

           A solar battery charger is a device used to charge batteries away from a power outlet. Battery chargers are easy to use and do not require much attention. Once connects the battery to a charger with solar panels the sun will do the rest. The solar panel will collect energy from the sun and translate it to electricity. This is done by the use of small solar cells in the battery charger that translate the sunlight into electricity.


After it has fully charged, the battery is connected to the devices which requires power. This can be cell phone batteries laptops or any other gadgets that powered by batteries. It is a mobile device and can therefore be put on any part of the house that has direct access to the sun. This can be near a window or out of the roof. They can also be put on top of mini vans or family vans and be used during a family or office tour.

1.14 Types of Solar Chargers

            The type of solar battery charger depends mainly on the size of the device to be charged. Energy is stored on the solar panels. The size of the solar panels determines how much energy the battery charger can collect and store. When choosing a solar battery charger, one has to put into consideration, what is the required power for the charger. Simple devices like AA batteries do not require much power hence the size of the charger can be small.


Mobile phone, digital cameras, MP3 players and Laptops require a bit more power, and so the size of the battery charger will have to be slightly bigger. A laptop battery requires up to 4 watts of electricity to power it for a whole day.

1.15 Advantages of Using a Solar Charger

           The main advantage of a solar battery charger is that it can be used to store energy, which can be used at a later stage, when the sun is not out or on a rain/cloudy day. A battery charger recharges other batteries without taking them outside to the sun. For instance, it would be very inconvenient for a person to stand out in the sun in order to charge a mobile phone. The battery can be connected to the solar panel out in the sun, during the day and the power can be used later at night. Depending on size, the solar battery chargers are rather easy to carry and store, and easy to charge. Simply place the battery charger out in the sun and collect the charged battery after about eight hours. The energy stored will be enough to provide electric during the night.


The solar battery charger with an AC back up is useful to charge a battery in a dual way one is the presence of sun light and also in case of power failure and other is the absence of sunlight.

Review of Literature

CHAPTER-II

REVIEW OF LITERATURE
2.1 Introduction

             A solar charger is a device that converts solar energy to electrical energy and used to charge different types of batteries. The photovoltaic panels in the charger capture the energy from the sun and use it to charge storage cells. This is done by collecting the photons from the sun and storing them in what is called a “battery on board”. When batteries are dying, the panel should be exposed to light, to charge the cell connected to the device.

            A solar powered charger is a convenient device which saves money by tapping natural resources to charge the batteries. This charger can be taken anywhere and it is easy to operate and do not require any technical know how, as the sun is the source of energy, this type of charger, can be used anywhere where sunlight is available. Solar chargers are the need of the time and accepted by all households as long time power cut and intereptions are frequent. Most of the solar cell phone chargers are foldable, compact and small in size. It simply works by opening and putting out in the sun.
2.2 Solar Mobile Battery Recharger:

Serjeants (2009) proposed that a solar charger is securable to an electronic device such as a mobile telephone by a self-adhesive member and includes a photovoltaic cell and a connector lead that can be inserted into the dc power socket of the mobile telephone. Here the light energy is converted into electrical energy by the photovoltaic cell and this electrical energy is used to trickle charge the storage battery of the mobile telephone. The solar energy charger is also useful for hands-free and Bluetooth devices. 

Peter F.Hoffman et al., (2008) says that a battery powered apparatus includes an electrically powered device, a rechargeable energy storage device, and a battery receiving region that receives at least a first battery. The electrically powered device includes at least first and second operating modes. The operating mode of the device is selected as a function of the state of charge of one or both the battery and the rechargeable energy storage device.

 Jens Wawerla and Richard T.Vaughan (2007) examined the practical problem of a mobile autonomous robot performing a long-duration survey task, during which it must recharge its batteries periodically. He proposed a scalable, online, heuristic method that allows the robot to recharge efficiently, thus maximizing its rate of work. The method is a direct application of the rate maximizing foraging model, which seeks to explain the behavior of animals solving related problems. Simulation results suggest that the method performs very well compared to optimal and naive heuristic approaches.

 Glenn A.Torshizi (2007) proposed that solar energy systems are increasingly used for a variety of applications, such as telecommunication converging technologies, systems for different telecommunication ect.Because solar energy systems are robust and cost effective, the demand for solar power in telecommunications will continue to grow.
Wen Yao et al., (2006) proposed an approach of inductive charging, by using mobile nodes to deliver power to deployed active sensors. In frequently visited by mobile nodes, the sensors can perpetually work without any human intervention.

Brian Park and Simeon Realov (2006) designed and implement a solar powered wireless network for remote sensor data acquisition with data being transmitted wireless over distances of up to 1.6km and power harvested from solar energy, such a network would be ideally suited for situations in which sensory data needs to be gathered from remote open locations with no access to ground power. In order to ensure minimum power consumption, all of the digital circuitry is going to be powered by 3.3v and the wireless transceivers used are going to conform to low power zigbee standard constant power input is maintained using a simple trickle charger connected to a rechargeable battery. The cost of one network node, which includes a wireless transceiver and a PIC microcontroller for data acquisition and network support, will be approximately $100.

Shaff and Mari (2006) proposed that a mobile telephone apparatus is disclosed in which a solar power source is used to supplement battery power. A solar cell array is positioned on the surface of the telephone and supplies electric current to the telephone. A preferred embodiment of the present invention is equipped with speech recognition software that allows the user to issue commands verbally to the telephone. In addition, this speech recognition may be used to operate an integrated AM/FM broad cast radio to allow the telephone to double as a radio. In an alternative embodiment, the solar mobile telephone is integrated into a headset to allow for convenient hands-free operation.
Joaquin Neira et al., (2006) proposed that Ni-Cd batteries perform more efficiently when they are fully discharged and then recharged. If a battery is used in a more piecemeal fashion then, occasionally, fully discharging the battery before recharging it will enhance the productivity of the same. Most cell phones are equipped with a Li-ion battery .They are specifically designed for a specific type of cell phone that can be found that any major cell phone company. These batteries are rechargeable and can be recharged in any power outlet using a power cord. The battery need not to be removed from the cell phone unless it needs to be replaced. Companies like nokia, Motorola and many other provide a charger as part of the cell phone package. It is very important not to use the same charger not for different model.

Robert miller (2006) proposed that a nickel cadmium batteries were selected as they are the most cost effective, and readily available of all rechargeable battery types, and they have a voltage discharge characteristics that makes them particularly good for use in metal detectors. When charging Ni-Cd, the state of charge has to be measured and terminated on each battery individually overcharge and overheating the battery during the charge cycle reduces the battery life and may even damage the batteries permanently. Once the charge cycle is complete, the batteries are tested individually to ensure that they are not damaged. A Ni-Cd battery has optimized efficiency, cost, reliability and simplicity.

Jack.D and Bailey.Jr (2005) proposed that a unique solar powered invention to be used for the charging of mobile communications device/cellular telephone batteries for extend usage. This distinctive invention consists of solar panels to collect natural light for generating a power source, a battery for storing solar energy, and the option to use the current most used power source A/C to transfer energy to the cellular telephone battery by having the appropriate cellular telephone adapters to connect the inventions to the cellular telephone to be able to recharge the cellular telephone battery for extensive usage.

 Kuo-Len Lin, et al., (2005) says that a communication device charged by solar energy forms a foldable mobile phone by pivotably connecting a first pivot provided on one end of a host to a display. One end face of the display is provided with a second pivot. A solar plate is pivotably connected to the second pivot of the display to foldably cover on the display with the above structure, if the electricity of the battery of the mobile phone is insufficient, the user can unfold the solar plate from the display to charge the electrically connected battery of the mobile phone, there by to overcome the inconvenience in supplementing the electricity of the battery.

Alfred Hesener (2005) proposed that a mobile electronic devices are invading everybody’s life at an ever increasing speed. More and more of these useful little tools can be seen everywhere, and since they are mobile, they operate from batteries that need to be recharged. Thus, with each of these mobile devices we get at least one more charger.

Leem and Sung-Muk (2005) says that a mobile terminal with a solar cell is disclosed. The mobile terminal has a main body, a battery and a flip cover. A receiver portion, a data display and a keypad are formed on the upper surface of the main body. The improvement comprises a solar cell attached to the outer surface of the flip cover to be exposed to the outside. According to the present invention, there is provided the mobile terminal having a solar cell, which is capable of providing sufficient electric power to the mobile terminal while the mobile terminal is positioned in a normal state where the upper surface of the mobile terminal is directed upward.
Dennler.G et al., (2005) says that to the increasing energy demand of mobile battery-powered electronic devices, we propose a new approach offering an autonomous power source comprising a thin film organic or hybrid solar cell connected to a li-polymer battery, the so called EURO-PSB device possesses attractive characteristics like low weight(<10g),small thickness(<1mm) and mechanical flexibility. A smart interconnection between the two units, the battery is always charged with optimized voltage, independent of the illumination conditions. Such a product, compatible with roll-to-roll production processes, might open a new way for producing and storing energy for small consumption electronic devices.

Nikas.N and Pylihos.N (2005) proposed that a solar powered batteries that are rechargeable by sunlight could have a positive effect on the environment by reducing the electricity or fuel needed to recharge batteries in electronic device. Like fuel cells, these batteries could also reduce waste by eliminating the need for adapters. However, used as a backup instead of a substitute for conventional rechargeable batteries and adapters, solar powered batteries will only add to the waste stream. The power booster cell phone battery from sun power systems which can be used in most nokia and Motorola phones. The device is actually a standard Li-ion battery, but solar cells mouthed on the back of the phone allow it to be charged by sunlight. A conventional recharger plugged into an electrical outlet can also be used. According to sun power systems, recharging the power booster under a lamp for one hour provides power for a one or two minute call, the sun provides power for nearly ten minutes of calling time. The battery costs $49.95.

Raymond J.berger (2005) says that everyday recharge the batteries that run our cell phones, PDA’s and laptop computers. In the mobile world we live in we are limited to the length the batteries last. This becomes very critical when we are in emergency situations that demand we remain in constant contact with other people or vital data networks. A technologies that can replace or augment batteries thus providing almost continuous connections to wireless networks. Some of the technologies are futuristic while others are on the verge of being commercialized. In either case they all provide real hope that no one will ever be out of touch because a battery died.

Crowell.J (2005) designed a battery system for marine devices which is very complex with the introduction of rechargeable Li-ion battery technology. In the past, battery technology such as sealed lead acid was fairly simple to design into a system. Battery cells could be strapped in series and parallel to achieve the desired voltage, current and total capacity This is not possible with rechargeable Li-ion technology, as the charge and discharge of each cell needs to be carefully monitored and controlled to keep the devices safe.Li-ion cells provide some of the highest energy density of any high volume battery technology as well as a very low cost as the technology is driven by notebook computer industry. This describes a new patent pending technology that allows system designers to build Li-ion battery system using off the shelf pre-engineered component. The system use small Li-ion smart battery systems and combines them into groups of any size to create very large battery power systems.

Skountzos A.P et al., (2004) proposed that today everybody is depending in electronic devices to do everyday things. Our dependence from energy has rise exponentially, fortunately technology is progressing fast and gives us the opportunity to develope applications that will help us conserve energy and facilitate our life. This paper present two break through applications that we have develop in TEIPIR.The first is a novel completely solar powered charger for low consumption electronic devices (mobile phones, MP3 players) and the second is a portable peltier driven and solar powered cooler or heater. Both of these applications work amazingly and their cost based on our research is low, so it is easy to be placed in production, so everyone can benefit their use in everyday life.

David E.Orr Tilda Hines (2004) provided that a power source comprising an electrical charging device comprising a thermal conductor, a thermoelectric source(TES)for converting thermal energy into electrical energy, and a battery for accumulating electrical charge generated by the convertor.The battery provides electrical power to a cell phones.

Loreto Mateu Saez.M (2004) proposed that most of the current portable products are powered by rechargeable batteries and they will remain as the main source for this kind of consumer products. The disadvantage of batteries is the need to either replace or recharge them periodically. The replace of a primary battery means that the portable product user has to carry with another one while the recharge of a secondary battery means that the electrical network has to be accessible to the portable products user. The mobility of the portable device is restricted by the duration of the battery. Batteries present another great disadvantage, they represent an important percentage of the volume and weight of portable products. Moreover, the increasing number of battery powered portable products is creating an important environmental impact.

Cube sat (2002) proposed that a photovoltaic cell, Li-ion batteries and a battery charger that are commercially available. The highly efficient triple junction solar cells will provide an approximate power levels of 2.3w during illumination periods. The high energy density li-ion battery is used to store energy to provide power during the solar eclipse period and to provide the primary power during experiments and communication. The reminder of the power distribution system is comprised of off-the-shelf battery charger, dc/dc converter, power regulator and switching circuitry.

Steven B.Hurt (2002) proposed a mobile utility station which includes a plurality of batteries charged by sheets of photovoltaic cells, all mounted in a trailer. The mobile utilities station provided various utilities, for example electricity, water purification, HVAC, communications, etc.When the available sunlight is sufficient to operate all of the devices in use, electricity is supplemented from the batteries. The batteries are also used to power the devices at night. During the periods of low usage, the photovoltaic cells recharge the batteries.

Savvides.A and Srivasta M.B (2001) proposed a different battery capacity models that have been introduced in the literatures. These models describe the battery capacity utilization based on how the battery is discharged by the circuits that consume power. In an attempt to validate these models, commercially available Li coin cell battery is characterized through a careful measurements of the current and the voltage output of the battery under different load profile applied by a micro sensor node. In the result, it has been shown how the capacity of the battery is affected by the different load profile and provides analysis on whether the conventional battery models are applicable in the real world. One of the most significant finding of the work show that DC/DC converter plays a significant role in determining the battery capacity, and the true capacity of the battery found by careful measurements.

Jansen.A and Van Leeumen.S (2000) described a feasibility study of a direct methanol fuel cell in a portable radio. They compared the results from this study with recent developments in fuel cell technology. They concluded that fuel cells have the potential advantage of combining a low environmental impact with a high energy density. They may help to alleviate the battery waste disposal problem and the discomfort for consumers originating from recharging new batteries.

Joshtb (1986) says that rechargeable batteries are great. They are much more cost and energy effective than non-rechargeable batteries, and generate less toxic waste. They are safer for the environment as long as they are disposed of properly. Yet they always seem to die relatively, quickly, unfortunately there is no great way to keep a battery alive indefinitely. However, there are many things extend the lifetime of a battery and good ideas to follow even for newer batteries that are not Ni-Cd or Ni-Mh that is used to have “memory” of charge.

Materials and Methods

CHAPTER-III

MATERIALS AND METHODS

3.1 Introduction

              The solar powered mobile charger with electrical backup is an innovative attempt of operation with coin triggering. This chapter presents the overall working of the coin triggered solar battery charger, consisting of block diagram, overall circuit diagram with operation details and various components used. This chapter also gives the features of solar panel, ICs used and also the type of batteries incorporated for charging.

3.2 Block Diagram

 The action of the various items used for the construction is described below:-

· Solar Panel

· DC Voltage booster

· Nickel Cadmium battery

· Battery Voltage indicator

· Timer circuit

· Output jack connector

3.2.1 Solar Panel

It is a device for direct conversion of solar energy to electricity. Solar cell converts light energy to electric energy and a solar panel is an array of a number of solar cells, and the number is depending upon the requirement. The solar modules are connected in series the voltage range is 2v and current is 150mA, the solar modules are connected in parallel the voltage rang is 2v and current range is 300mA.

3.2.2 DC Voltage booster
        The output of the solar cell is given to dc booster circuit in which the input voltage is boosted to high voltage dc range using voltage multiplier circuit

3.2.3 Nickel Cadmium battery

        Dc booster output voltage is given for charging nickel cadmium backup batteries. In order to keep the battery at trickle charge this can be used for charging cell phone batteries.

3.2.4 Battery voltage indicator
In order to monitor the status of nickel cadmium backup battery voltage comparator IC LM 3914 is used which displays the output in led indication according to voltage stored in the battery and when the battery attains 6volts while charging all led lights will ON, which is controlled by ON/OFF switch.

3.2.5 Timer circuit

It is a monostable multivibrator circuit and the output depends on the trigger pulses and RC time constant, in which the triggering pulses are provided by the coin. When the circuit is triggered it produces output to charge the cell phone battery for a particular time constant ON and after that constantly it remains in OFF condition.

3.2.6 Output jack connector

The solar powered nickel cadmium battery is used for re-charging cell phones and this output is connected to the cell phones with appropriate pin connector.

THE BLOCK DIAGRAM OF THE ASSEMBLED CELL PHONE CHARGER IS SHOWN IN FIG (3.1)
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Fig 3.1 Block Diagram
THE OVERALL CIRCUIT DIAGRAM OF THE CONSTRUCTED CELL PHONE CHARGER IS AS SHOWN IN FIG (3.2)
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Fig 3.2 overall circuit diagram

PERFORMANCE ANALYSIS KIT

PLATE-1

[image: image4.png]



ASSEMBLAGE OF OVERALL CELLPHONE BATTERY RECHARGE KIT

PLATE-2
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1. Solar Panel

2. DC Booster

3. Nickel Cadmium Battery

4. Power Supply

5. Coin Trigger

3.3 COMPONENTS USED FOR CONSTRUCTING THE MOBILE PHONE BATTERY RECHARGER

3.3.1 Power Supply

                The power supply circuit is in operation by using built in filters, rectifiers, and voltage regulators. Starting with an ac voltage, a steady dc voltage is obtained by rectifying the ac voltage, then filtering to a dc level, and finally, regulating to obtain a desired fixed dc voltage. The regulation is usually obtained from an IC voltage regulator unit, which takes a dc voltage and provides a somewhat lower dc voltage, which remains the same even if the input dc voltage varies, or the output load connected to the dc voltage changes.
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Fig 3.3 Power Supply

A block diagram containing the parts of a typical power supply and the voltage at various points in the unit is shown in fig. The ac voltage, typically 220V rms, is connected to a transformer, which steps that ac voltage down to the level for the desired dc output. A diode rectifier then provides a full-wave rectified voltage that is initially filtered by a simple capacitor filter to produce a dc voltage. This resulting dc voltage usually has some ripple or ac voltage variation. A regulator circuit can use this dc input to provide a dc voltage that not only has much less ripple voltage but also remains the same dc value even if the input dc Voltage varies or the load connected to the output dc voltage changes. This voltage regulation is usually obtained using one of a number of popular voltage regulator IC units.

IC Voltage regulator

Voltage regulators comprise a class of widely used ICs. Regulator IC units contain the circuitry for reference source, comparator amplifier, control device, and overload protection all in a single IC. Although the internal construction of the IC is somewhat different from that described for discrete voltage regulator circuits, the external operation is much the same. IC units provide regulation of either a fixed positive voltage, a fixed negative voltage, or an adjustably set voltage.

A power supply can be built using a transformer connected to the ac supply line to step the ac voltage to desired amplitude, then rectifying that ac voltage, filtering with a capacitor and RC filter, if desired, and finally regulating the dc voltage using an IC regulator. The regulators can be selected for operation with load currents from hundreds of milli amperes to tens of amperes, corresponding to power ratings from milliwatts to tens of watts.  

Fig 3.4 shows the basic connection of a three-terminal voltage regulator IC to a load. The fixed voltage regulator has an unregulated dc input voltage, Vi, applied to one input terminal, a regulated output dc voltage, Vo, from a second terminal, with the third terminal connected to ground. For a selected regulator, IC device specifications list a voltage range over which the input voltage can vary to maintain a regulated output voltage over a range of load current. The specifications also list the amount of output voltage change resulting from a change in load current (load regulation) or in input voltage (line regulation).

Fixed Positive Voltage Regulators:   







       
                                   GND

Fig 3.4

The series 78 regulators provide fixed regulated voltages from 5 to 24 V. Figure 3.4 shows how one such IC, a 7812, is connected to provide voltage regulation with output from this unit of +12V dc. An unregulated input voltage VI is filtered by capacitor C1 and connected to the ICs IN terminal. The ICs OUT terminal provides a regulated + 12V which is filtered by capacitor C2 (mostly for any high-frequency noise). 

The third IC terminal is connected to ground (GND). While the input voltage may vary over some permissible voltage range, and the output load may vary over some acceptable range, the output voltage remains constant within specified voltage variation limits. These limitations are spelled out in the manufacturer’s specification sheets. A table of positive voltage regulated ICs is provided in table 3.1  

TABLE 3.1 Positive Voltage Regulators in 7800 series

	IC Part
	Output Voltage(V0)

 (V)
	Minimum

Voltage(Vi)

(V)

	7805
	+5
	7.3

	7806
	+6
	8.3

	 7808
	+8
	10.5

	 7810
	+10
	12.5

	 7812
	+12
	14.6

	 7815
	+15
	17.7

	 7818
	+18
	21.0

	 7824
	+24
	27.1


Resistors
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A resistor is a two-terminal electrical or electronic component that resists an electric current by producing a voltage drop between its terminals in accordance with Ohm's law

                               

                                       R = V/I
The electrical resistance is equal to the voltage drop across the resistor divided by the current through the resistor. Resistors are used as part of electrical networks and electronic circuits

Capacitors

       Capacitor is an electrical device that can store energy in the electric field between a pair of closely spaced conductors (called 'plates'). When current is applied to the capacitor, electric charges of equal magnitude, but opposite polarity, build up on each plate. Capacitors are used in electrical circuits as energy-storage devices. They can also be used to differentiate between high-frequency and low-frequency signals and this makes them useful in electronic filters.

Light- emitting diode (LED)

        A light-emitting diode (LED) is a semiconductor device that emits incoherent narrow-spectrum light when electrically biased in the forward direction of the p-n junction. This effect is a form of electroluminescence. An LED is usually a small area source, often with extra optics added to the chip to shape its radiation pattern [10]. The color of the emitted light depends on the composition and condition of the semiconducting materials used, and can be infrared, visible, or near-ultraviolet.

Transistors

         A transistor is a semiconductor device, commonly used as an amplifier or an electrically controlled switch. The transistor is the fundamental building block of the circuitry that governs the operation of computers, cellular phones, and all other modern electronics. Because of its fast response and accuracy, the transistor may be used in a wide variety of digital and analog functions, including amplification, switching, voltage regulation, signal modulation, and oscillators. Transistors may be packaged individually or as part of an integrated circuit, which may hold a billion or more transistors in a very small area. 

Diodes
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In electronics, a diode is a component that restricts the direction of flow of charge carriers. Essentially, it allows an electric current to flow in one direction, but blocks it in the opposite direction. Thus, the diode can be thought of as an electronic version of a check valve. Circuits that require current flow in only one direction typically include one or more diodes in the circuit design. Early diodes included "cat's whisker" crystals and vacuum tube devices (called thermionic valves in British English). Today the most common diodes are made from semiconductor materials such as silicon or germanium.
Nickel – Cadmium Battery


As opposed to the acidic electrolyte in a lead – acid system, an alkaline electrolyte is used in nickel – cadmium battery system. As in the lead – acid system, the reactants are solids in this system also. The reactants are fairly reversible. A major difference between lead acid and nickel – cadmium systems is that the electrolyte does not take part in the electrochemical reaction in the latter. The main advantage of batteries of this type is that they can be sealed completely. During discharge, cadmium is oxidized into divalent cadmium ions and trivalent nickel ions. When the battery is charged both the reactions are reversed. It may be represented in the form of the following equation,


2 NiOOH + Cd + 2H2O2Ni (OH)2 + Cd(OH)2

Though kOH is the electrolyte, neither it nor potassium appears in the above equation. Though the theoretical energy capacity of Ni – Cd cells may be about 200 wh/kg (5 kg for 1 kwh) in actual practice the theoretical figures are never realized. A major reason for increased in weight in practice, is the partial utilization of the active material because the conductivity of the active. Material is reduced with advancing discharge. In practice, the energy contents will be lesser than 34 wh/kg.

IC 555

Features

       • High Current Drive Capability (200mA)
       • Adjustable Duty Cycle

       • Temperature Stability of 0.005%/ｰC

       • Timing from μSec to Hours

       • Turn off Time Less than 2μSec

Applications

       • Precision Timing

       • Pulse Generation

       • Time Delay Generation

       • Sequential Timing

Description

        The LM555/NE555/SA555 is a highly stable controller capable of producing accurate timing pulses with monostable operation. The time delay is controlled by one external resistor and one capacitor with astable operation. The frequency and duty cycle are accurately controlled with two external resistors and one capacitor

Pin Description
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                                       LM3914

Features:

· 18 pin Dual-In-Line (DIL) Integrated Circuit.

· Drives LEDs, LCDs or vacuum fluorescents

· Bar or Dot display mode externally selectable by user.

· Expandable to displays of 100 steps.

· Internal voltage reference from 1.2 to 12V.

· Operates on single supply of less than 3V.

· Supports 10 LED's, directly driven, all colors.

· 10-step DOT/BAR driver for linear scale.

· Only a couple of external components required.

· Works with voltages between 3 and 25Vcc.

· Inputs operate down to ground.

· Output current programmable from 2 mA to 30 mA.

· No multiplex switching or interaction between outputs.

· Input withstands approximately 35V without damage or false outputs.

· LED driver outputs are currents regulated, open collectors.

· Outputs can interface with TTL or CMOS logic.

· The internal 10-step divider is floating and can be referenced to a wide range of voltages.

Pin Description

[image: image16.emf]
The LM3914 is a monolithic integrated circuit that senses analog voltage levels and drives 10 LEDs, providing a linear analog display. A single pin (9) changes the display from a moving dot to a bar graph. Current drive to the LEDs is regulated and programmable, eliminating the need for resistors. This feature is one that allows operation of the whole system from less than 3V. The system contains its own adjustable reference and accurate 10-step voltage divider. The low-bias-current input buffer accepts signals down to ground, or V-, yet needs no protection against inputs of 35V above or below ground. The buffer drives 10 individual comparators referenced to the precision divider. Indication non-linearity can thus be held typically to 1/2%, even over a wide temperature range. Versataility was designed into the LM3914 so that controller, visual alarm, and expanded scale functions are easily added on to the display system. The circuit can drive LEDs of many colors, or low-current incandescent lamps. Many LM3914's can be "chained" to form displays of 20 to over 100 segments. Both ends of the voltage divider are externally available so that 2 drivers can be made into a zero-center meter.

The LM3914 is very easy to apply as an analog meter circuit. A 1.2V full-scale meter requires only 1 resistor and a single 3V to 15V supply in addition to the 10 display LEDs. If the 1 resistor is a pot, it becomes the LED brightness control. When in "DOT" mode, there is a small amount of overlap or "fade" (about 1mV) between segments. This assures no time to “OFF” all LEDs, and thus any ambiguous display is avoided. Various novel displays are possible. Much of the display flexibility derives from the fact that all outputs are individual, DC regulated currents. Various effects can be achieved by modulating these currents. The individual outputs can drive a transistor as well as a LED at the same time, and controller functions including "staging" control can be performed. The LM3914 can also act as a programmer, or sequencer.

                The LM3914 is rated for operation from 0°C to +70°C. The LM3914N is available in an 18-lead molded (N) package. With pin 9 not connected (floating), it is functioning in 'DOT' mode. Meaning, it will light up one led at a time. If you wish to use the 'BAR' mode, then connect pin 9 to the positive supply rail, but obviously with increased current consumption. These chips are pretty versatile and can handle a lot of abuse, just don’t exceed the manufacturer’s voltage maximum. If the leads of the LEDs are longer than 6 inches, a 10µF electrolytic capacitor is needed over the anodes of the LEDs and pin 2. A 2.2µF Tantalum capacitor can be used instead of the electrolytic. 

Experimentation:

          The performance analysis of the designed “coin operated solar cell phone charger with electrical back up” is analyzed by carrying out the experiments described below. Since, the constructed device can be charged by both the direct sunlight and with AC power supply, the experimental part is split into two as follows,

(i) Charging with solar panel

(ii) Charging with AC power supply

(i) Charging with solar panel:

        In this experimental setup, the constructed device is exposed to the bright sunlight. The solar panel in the designed charger is connected to the circuit by inserting the probes in the provided sockets. As the sun shines, the solar panel absorbs the solar radiation and by its principle of photovoltaic conversion it converts the light energy into electrical energy.

This electrical output of the solar panel is given to the dc booster circuit through a probe. The dc voltage is boosted with the help of the voltage multiplier circuit. The output voltage is given through wires to the Ni-Cd batteries provided in the kit and the power delivered is given to the 10 LEDs soldered on the PCB. The LEDs began to glow with the power delivered from the Ni-Cd battery as it gets energized. The time interval for charging the battery fully is noted by the glow of all the 10 LEDs found to be 30 minutes.

(ii) Charging with AC power supply:

        In the experimental setup for charging the cell phone charger with AC supply, the solar panel in the circuit is disconnected and the charger is connected to 230v AC supply by the previous included in the circuit. As soon as the supply voltage is switched on the Ni-Cd battery gradually gets energized and the LEDs began to glow one by one. As in the previous experiment, the time taken for the glow of all 10 LEDs is noted and was found to be 10 minutes. Thus the fully charged charger device is ready for recharging the batteries of cell phone.

3.4 Theory and circuit operation:

  The Circuit Operation:

        At full light, solar cell produces a voltage of 4volts. This DC voltage output from the solar cell is given to the dc booster circuit. In the DC booster IC555 is used to generate short duration of ON/OFF pulses which is dependent on the RC time constant. This DC output pulses at a high frequency which are passed through a couple of diodes 1N5158 diode and capacitors 2200uF/25v, which act to multiply the voltage to charge the capacitor 8800uF/25v to the peak value so the output is doubled which is used to charge a nickel cadmium rechargeable battery at a sufficient voltage rating and this battery backup voltage output is used for mobile phone charging. The backup voltage status in the batteries is monitored in the LED display as voltage meter which is driven by LM3914. The LED indication is based on the input given at the mode pin in the IC so depend upon the voltage charge in the battery it indicates the status in the LED. When the battery is fully charged to its rated voltage 10 LED’s connected in the output of IC will lights up. Like wise it indicates the status in LED display as a voltmeter. In the circuit IC555 is used to provide delay timer for cell phone charging which was operated by trigger pulses provided by coin .It works as a Monostable multivibrator its time constant is depend on RC values. In the Monostable mode, the 555 timer acts as a “one-shot” pulse generator. The pulse begins when the 555 timer receives a trigger signal. The width of the pulse is determined by the time constant of an RC network, which consists of a capacitor (C) and a resistor (R). The pulse ends when the charge on the C equals 2/3 of the supply voltage. The pulse width can be lengthened or shortened to the need of the specific application by adjusting the values of R and C

The pulse width of time t is given by

    T = 1.1RC in seconds

According to the above the time constant 

Charge time =1.1 x (18x10^6) x(47x10^-6) sec.

3.5 Solar Panel

Several solar modules are connected in series / parallel to increase the voltage and current ratings. When modules are connected in series, it is desirable to have each module’s maximum power production occur at the same current. When modules are connected in parallel, it is desirable to have each modules maximum power production occur at the same voltage. Thus while interconnecting the modules, the installer should have this information available for each module. “Solar panel is a group of several modules connected in series – parallel combination in a frame that can be mounted on a structure. In parallel connection, blocking diodes are connected in series with each series string of modules, so that if any string should fail, the power out put of the remaining series strings will not be absorbed by the failed string.

3.5.1 Working principle of solar panel:
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Photovoltaic (PV) Solar Panels generate electricity by the Photovoltaic Effect. Discovered in 1839 by 19 year old Edmund Becquerel, the photovoltaic effect is the phenomenon that certain materials produce electric current when they are exposed to light.

PN Junction Semiconductors

          For traditional PV solar panels two halves of one pure silicon crystal are doped with two different dopants (e.g. arsenic, gallium, aluminum, and phosphorus). One half of the crystal is left electron deficient - i.e. the atoms it contains are short of electrons. This is called the p-type layer. The other half of the crystal has an excess of electrons - this is called the n-type layer.
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Since one half of the crystal has a lot of electrons, and the other half does not, there is an electric field across the junction between the two halves. Electrons in the crystal can only travel in one direction - from the electron rich half to the electron poor half. Where the two halves of the crystal meet is called a PN junction, and this doped crystal is a semiconductor. 
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Pictured above is a representation of PN junction semiconductor. The half labeled p- has a shortage of electrons so contains acceptor atoms each with a hole which could be 'filled' by an electron. The half labeled n- has excess electrons and so contains donor atoms which have an extra electron.

The Depletion Region

 Where the two halves of the crystal meet, there is a depletion region, so called because it is depleted of charge carriers (the electrons and holes). Here electron 

have moved from the n-type (negative) side to the p-type (positive) side of the crystal recombining with holes. Likewise holes have moved from the p-type side to the n-type side. As the silicon atoms themselves do not move, any holes which remain uncovered by electrons in the n-type side are left positively charged, and any electrons without holes to cover in the p-type side remain negatively charged. This leaves positive material close to the junction in the n-type side, and negative material close to the junction in the p-type side with a potential between the two sides of around 0.6-0.7 volts in a silicon PN junction, with this equilibrium position there are two equal and opposite electric currents flowing - holes in one direction and electrons in the other direction - across the depletion region.

Energy from Sunlight 

The light from the sun is made up of packets of energy called Photons. Each photon carries an amount of energy corresponding to its wavelength of light. When a visible light photon strikes a solar cell it can do one of three things: pass straight through, be reflected, or be absorbed. If the photon is absorbed, its energy is absorbed by an electron in an atom of the solar cell enabling it to escape from its normal position (photon excitation), cross the junction and fill a hole. Since electrons are physically moving across the PN junction, the positive charge carrying holes are effectively moving in the opposite direction around the load circuit (a rechargeable battery or light bulb etc). This completes the circuit providing more holes for the electrons to combine with and providing usable electricity.
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Energy from the sun can be extracted in this way using a standard solar cell at an efficiency of around 5-15% this process can be repeated over and over again over the many decades of usable lifetime of solar cells.

 3.6 Solar cell phone charger

A solar cell phone charger has a small solar panel that uses the free energy of sunlight to recharge the battery in a short period of time. They are inexpensive, robust, light weight and fold away for easy storage. Charging time depends on the size of the panel but it usually takes just a few hours. The typical solar cell phone charger has two or more hinged panels that fold out to form a larger panel. The silicon cell models weight roughly three times as much as a cell phone, and are about three times the size when fully extended when folded, they are only slightly bigger than a regular cell phone. The new models use thin-film solar cells, and are even lighter and their flexibility allows them to be rolled up. They are often less efficient than the silicon models and require a larger surface area to generate the same amount of power.


A solar cell phone charger can work anywhere there is light. The shortest charging time is achieved by positioning it directly to the sun. They often come with suction cups so that charger can be attached to a window, which is ideal for using them in confined spaces such as a car or train. They work fine with cloudy skies and artificial light but charge faster on sunny days. Some chargers can even complete a full charge in less time than the battery provides for talking on the phone. Some models have a battery and solar panel in one unit that allows a phone to be charged without using the panel. However, these combined models are heavier and more expensive than other models.


Solar cell phone chargers cost between fifty and two hundred dollars, depending on the size of the unit and its power output, but compared to the inconvenience of not being able to use a cell phone it seems like a trivial amount to pay.
3.7 Benefits of solar cell phone chargers

Energy conservation is a major issue through out the world and solar cell phone chargers can help to attain this purpose by reducing the need for renewable sources of energy. It will help to charge almost anything with rechargeable batteries which will get charged with the help of a solar unit. The charger can be taken to any place and can be operated by making use of connecters and adapters, there will not be any need of electricity source for recharging the battery.


Solar cell phone chargers are so sleek that they can be carried almost anywhere some chargers are capable of charging devices like the lanterns, rechargeable flashlights, advanced satellite phones, GPS units and portable video games.


The solar cell phone chargers are compact and small in size. They are almost of the size of a paper book when folded and is quite compact. Solar chargers which are almost the size of a small lipstick are available in the market. 


Solar cell phone chargers have the advantage that since they are connected to the solar panels a battery back up is provided for storing the solar power. The Turbo recharge facility available in such chargers makes sure that the phone is not damaged or over charged unlike the conventional electrical battery chargers. These products are a kind of power banks which can serve as an important back up for small electronic device. 
                         Results and Discussion

CHAPTER-IV

RESULTS AND DISCUSSION

              The cell phone charger using a solar panel is constructed based on the circuit diagram as shown in figure (2).The charger is also provided with option for operation with an AC power supply. The performance of the assembled circuit of the cell phone charger is analyzed separately by using the (a) solar panel and also with the (b) AC power supply.

(a)Charging with Solar Panel:
              To study the performance of the charger with the solar panel, it is exposed to the direction of sun light. The panel is connected to the circuit by inserting the probes in the appropriate socket. The solar panel absorbs energy from the sun and this energy in turn converted into electrical energy, by the photovoltaic cells of the panel and it was given to dc booster circuit. The dc voltage was boosted using a voltage multiplier circuit. This output voltage was given for charging Ni-Cd batteries incorporated in the assembly of the kit and the power delivered by Ni-Cd battery was used for trickle charging the batteries of cell phones. As the charger of Ni-Cd battery is increasing with the absorption of energy from the panel, the LEDS were progressively lighted up. 
The maximum power attained by Ni-Cd was detected with the glow of all the 10 LEDS included in the circuit. In this method using a solar panel, it is observed that the Ni-Cd battery is fully charged with in a time interval of 30 minutes. The full charging of Ni-Cd is detected with the glow of all the LEDS incorporated in the assembly. The time interval taken for the successive glow of the LEDS till it attains the maximum charge during the period of charging of the Ni-Cd battery was recorded in Table-4.1. The number of glowing LEDS with time interval is also presented in the graph (figure 4.1).

(b)Charging with AC Power Supply:

           The Ni-Cd battery is left for discharging automatically, and it is tested for discharge with nil illumination of the LEDS in the circuit. Now to set up the charger for its functioning with AC supply the solar panel is disconnected by removing the probes from the socket and reinserting it in the AC power socket provided in the circuit assembly. The experiment is repeated as done with a solar panel to detect the glow of the LEDS as the charge enters the Ni-Cd battery. Here also the time taken for the progressive glow of the number of LEDS is also recorded in Table-4.2, and the corresponding histogram is presented in graph figure (4.2).

        The maximum time taken for the full charging of Ni-Cd battery, detected with the glow of the 10 LEDS is also observed, and found to be 10 minutes. Such a cell phone charger thus constructed and charged is used to test its performance with rechargeable batteries of selected nokia models (1100, 1122 and 1208). When the battery meter of the cell phone was in the low level the charger is connected to it and the time taken for charging the cell phone fully, was recorded using the solar panel and also with AC power supply. In both methods, the charger is found to be an efficient one.
(c) Performance test of the charger with Nokia cell phones:

        The charger which is charged either solar panel method or AC power supply is put to test on two nokia model cell phones with a coin triggered pulse. The time interval taken for recharging fully the batteries of nokia model 1100 cell phone is found to be 45 minutes and that for model 1122 is found to be 40 minutes. Thus the charger performance is found to be very efficient in recharging the cell phone batteries.

Table 4.1
CHARGING Ni-Cd BATTERY WITH SOLAR PANEL

	Time in minutes
	Number of glowing LEDs (using solar panel)

	0
	0

	5
	1

	10
	2

	15
	4

	20
	7

	25
	9

	30
	10


Table 4.2

CHARGING Ni-Cd BATTERY WITH AC POWER SUPPLY
	Time in minutes
	Number of glowing LEDs (using AC power supply)

	0
	0

	2
	2

	4
	5

	6
	7

	8
	8

	10
	10


Variation of glowing LEDs with Time (using solar panel)

GRAPH-1
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Variation of glowing LEDs with Time (using AC power supply)

GRAPH-2
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                       Summary and Conclusion

CHAPTER-V
SUMMARY AND CONCLUSION
          The coin operated solar based cell phone charger with electrical backup is a device used for recharging the cell phone batteries.

          The charger constructed can be activated either with solar power or with AC power. The fully charged charger can be put in operation to recharge mobile phone battery by a coin pay system which also controls the ON/OFF status during the charging period.

          The charger on the test performance produced good results with solar power and also with AC power.

          To conclude, the constructed “novel coin operated solar cell phone charger with electrical back up” is a simple, portable device intended for recharging mobile phone and also batteries of emergency lamps and palm top in case of need.

          The special feature of this constructed device is that it can be charged with sun power in the absence of power supply and can be operated in night in the absence of sun power. Hence it is a dual power functioning device, and unique in the sense of recharging with coin triggering.
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Fig 3.4

The series 78 regulators provide fixed regulated voltages from 5 to 24 V. Figure 3.4 shows how one such IC, a 7812, is connected to provide voltage regulation with output from this unit of +12V dc. An unregulated input voltage VI is filtered by capacitor C1 and connected to the ICs IN terminal. The ICs OUT terminal provides a regulated + 12V which is filtered by capacitor C2 (mostly for any high-frequency noise). 
The third IC terminal is connected to ground (GND). While the input voltage may vary over some permissible voltage range, and the output load may vary over some acceptable range, the output voltage remains constant within specified voltage variation limits. These limitations are spelled out in the manufacturer’s specification sheets. A table of positive voltage regulated ICs is provided in table 3.1  

TABLE 3.1 Positive Voltage Regulators in 7800 series

	IC Part
	Output Voltage(V0)

 (V)
	Minimum
Voltage(Vi)

(V)

	7805
	+5
	7.3

	7806
	+6
	8.3

	 7808
	+8
	10.5

	 7810
	+10
	12.5

	 7812
	+12
	14.6

	 7815
	+15
	17.7

	 7818
	+18
	21.0

	 7824
	+24
	27.1


Resistors
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A resistor is a two-terminal electrical or electronic component that resists an electric current by producing a voltage drop between its terminals in accordance with Ohm's law

                               

                                       R = V/I
The electrical resistance is equal to the voltage drop across the resistor divided by the current through the resistor. Resistors are used as part of electrical networks and electronic circuits

Capacitors

       Capacitor is an electrical device that can store energy in the electric field between a pair of closely spaced conductors (called 'plates'). When current is applied to the capacitor, electric charges of equal magnitude, but opposite polarity, build up on each plate. Capacitors are used in electrical circuits as energy-storage devices. They can also be used to differentiate between high-frequency and low-frequency signals and this makes them useful in electronic filters.

Light- emitting diode (LED)

        A light-emitting diode (LED) is a semiconductor device that emits incoherent narrow-spectrum light when electrically biased in the forward direction of the p-n junction. This effect is a form of electroluminescence. An LED is usually a small area source, often with extra optics added to the chip to shape its radiation pattern [10]. The color of the emitted light depends on the composition and condition of the semiconducting materials used, and can be infrared, visible, or near-ultraviolet.

Transistors

         A transistor is a semiconductor device, commonly used as an amplifier or an electrically controlled switch. The transistor is the fundamental building block of the circuitry that governs the operation of computers, cellular phones, and all other modern electronics. Because of its fast response and accuracy, the transistor may be used in a wide variety of digital and analog functions, including amplification, switching, voltage regulation, signal modulation, and oscillators. Transistors may be packaged individually or as part of an integrated circuit, which may hold a billion or more transistors in a very small area. 

Diodes
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In electronics, a diode is a component that restricts the direction of flow of charge carriers. Essentially, it allows an electric current to flow in one direction, but blocks it in the opposite direction. Thus, the diode can be thought of as an electronic version of a check valve. Circuits that require current flow in only one direction typically include one or more diodes in the circuit design. Early diodes included "cat's whisker" crystals and vacuum tube devices (called thermionic valves in British English). Today the most common diodes are made from semiconductor materials such as silicon or germanium.
Nickel – Cadmium Battery


As opposed to the acidic electrolyte in a lead – acid system, an alkaline electrolyte is used in nickel – cadmium battery system. As in the lead – acid system, the reactants are solids in this system also. The reactants are fairly reversible. A major difference between lead acid and nickel – cadmium systems is that the energy capacity of Ni – Cd cells may be about 200 wh/kg (5 kg for 1 kwh) in actual practice the theoretical figures are never realized. A major reason for increased in weight in practice, is the partial utilization of the active material because the conductivity of the active. Material is reduced with advancing discharge. In practice, the energy contents will be lesser than 34 wh/kg.

IC 555
Features
       • High Current Drive Capability (200mA)
       • Adjustable Duty Cycle

       • Temperature Stability of 0.005%/ｰC

       • Timing from μSec to Hours

       • Turn off Time Less than 2μSec

Applications
       • Precision Timing

       • Pulse Generation

       • Time Delay Generation

       • Sequential Timing
Description
        The LM555/NE555/SA555 is a highly stable controller capable of producing accurate timing pulses with monostable operation. The time delay is controlled by one external resistor and one capacitor with astable operation. The frequency and duty cycle are accurately controlled with two external resistors and one capacitor
Pin Description
[image: image31.png]GND

Trigger

Outpus

Reset

INTERNAL BLOCK DIAGRAM

0

—Ww—(®) Vee

7)Discharge

OutPut
Stage

6 Threshold

Control
Voltage

Vref





                                       LM3914

Features:
· 18 pin Dual-In-Line (DIL) Integrated Circuit.

· Drives LEDs, LCDs or vacuum fluorescents

· Bar or Dot display mode externally selectable by user.

· Expandable to displays of 100 steps.

· Internal voltage reference from 1.2 to 12V.

· Operates on single supply of less than 3V.

· Supports 10 LED's, directly driven, all colors.

· 10-step DOT/BAR driver for linear scale.

· Only a couple of external components required.

· Works with voltages between 3 and 25Vcc.

· Inputs operate down to ground.

· Output current programmable from 2 mA to 30 mA.

· No multiplex switching or interaction between outputs.

· Input withstands approximately 35V without damage or false outputs.

· LED driver outputs are currents regulated, open collectors.

· Outputs can interface with TTL or CMOS logic.

· The internal 10-step divider is floating and can be referenced to a wide range of voltages.

Pin Description
[image: image32.emf]
The LM3914 is a monolithic integrated circuit that senses analog voltage levels and drives 10 LEDs, providing a linear analog display. A single pin (9) changes the display from a moving dot to a bar graph. Current drive to the LEDs is regulated and programmable, eliminating the need for resistors. This feature is one that allows operation of the whole system from less than 3V. The system contains its own adjustable reference and accurate 10-step voltage divider. The low-bias-current input buffer accepts signals down to ground, or V-, yet needs no protection against inputs of 35V above or below ground. The buffer drives 10 individual comparators referenced to the precision divider. Indication non-linearity can thus be held typically to 1/2%, even over a wide temperature range. Versataility was designed into the LM3914 so that controller, visual alarm, and expanded scale functions are easily added on to the display system. The circuit can drive LEDs of many colors, or low-current incandescent lamps. Many LM3914's can be "chained" to form displays of 20 to over 100 segments. Both ends of the voltage divider are externally available so that 2 drivers can be made into a zero-center meter.

The LM3914 is very easy to apply as an analog meter circuit. A 1.2V full-scale meter requires only 1 resistor and a single 3V to 15V supply in addition to the 10 display LEDs. If the 1 resistor is a pot, it becomes the LED brightness control. When in "DOT" mode, there is a small amount of overlap or "fade" (about 1mV) between segments. This assures no time to “OFF” all LEDs, and thus any ambiguous display is avoided. Various novel displays are possible. Much of the display flexibility derives from the fact that all outputs are individual, DC regulated currents. Various effects can be achieved by modulating these currents. The individual outputs can drive a transistor as well as a LED at the same time, and controller functions including "staging" control can be performed. The LM3914 can also act as a programmer, or sequencer.

                The LM3914 is rated for operation from 0°C to +70°C. The LM3914N is available in an 18-lead molded (N) package. With pin 9 not connected (floating), it is functioning in 'DOT' mode. Meaning, it will light up one led at a time. If you wish to use the 'BAR' mode, then connect pin 9 to the positive supply rail, but obviously with increased current consumption. These chips are pretty versatile and can handle a lot of abuse, just don’t exceed the manufacturer’s voltage maximum. If the leads of the LEDs are longer than 6 inches, a 10µF electrolytic capacitor is needed over the anodes of the LEDs and pin 2. A 2.2µF Tantalum capacitor can be used instead of the electrolytic. 
Experimentation:

          The performance analysis of the designed “coin operated solar cell phone charger with electrical back up” is analyzed by carrying out the experiments described below. Since, the constructed device can be charged by both the direct sunlight and with AC power supply, the experimental part is split into two as follows,

(iii) Charging with solar panel

(iv) Charging with AC power supply

(iii) Charging with solar panel:

        In this experimental setup, the constructed device is exposed to the bright sunlight. The solar panel in the designed charger is connected to the circuit by inserting the probes in the provided sockets. As the sun shines, the solar panel absorbs the solar radiation and by its principle of photovoltaic conversion it converts the light energy into electrical energy.

This electrical output of the solar panel is given to the dc booster circuit through a probe. The dc voltage is boosted with the help of the voltage multiplier circuit. The output voltage is given through wires to the Ni-Cd batteries provided in the kit and the power delivered is given to the 10 LEDs soldered on the PCB. The LEDs began to glow with the power delivered from the Ni-Cd battery as it gets energized. The time interval for charging the battery fully is noted by the glow of all the 10 LEDs found to be 30 minutes.
(iv) Charging with AC power supply:

        In the experimental setup for charging the cell phone charger with AC supply, the solar panel in the circuit is disconnected and the charger is connected to 230v AC supply by the previous included in the circuit. As soon as the supply voltage is switched on the Ni-Cd battery gradually gets energized and the LEDs began to glow one by one. As in the previous experiment, the time taken for the glow of all 10 LEDs is noted and was found to be 10 minutes. Thus the fully charged charger device is ready for recharging the batteries of cell phone.

3.4 Theory and circuit operation:

  The Circuit Operation:

        At full light, solar cell produces a voltage of 4volts. This DC voltage output from the solar cell is given to the dc booster circuit. In the DC booster IC555 is used to generate short duration of ON/OFF pulses which is dependent on the RC time constant. This DC output pulses at a high frequency which are passed through a couple of diodes 1N5158 diode and capacitors 2200uF/25v, which act to multiply the voltage to charge the capacitor 8800uF/25v to the peak value so the output is doubled which is used to charge a nickel cadmium rechargeable battery at a sufficient voltage rating and this battery backup voltage output is used for mobile phone charging. The backup voltage status in the batteries is monitored in the LED display as voltage meter which is driven by LM3914. The LED indication is based on the input given at the mode pin in the IC so depend upon the voltage charge in the battery it indicates the status in the LED. When the battery is fully charged to its rated voltage 10 LED’s connected in the output of IC will lights up. Like wise it indicates the status in LED display as a voltmeter. In the circuit IC555 is used to provide delay timer for cell phone charging which was operated by trigger pulses provided by coin .It works as a Monostable multivibrator its time constant is depend on RC values. In the Monostable mode, the 555 timer acts as a “one-shot” pulse generator. The pulse begins when the 555 timer receives a trigger signal. The width of the pulse is determined by the time constant of an RC network, which consists of a capacitor (C) and a resistor (R). The pulse ends when the charge on the C equals 2/3 of the supply voltage. The pulse width can be lengthened or shortened to the need of the specific application by adjusting the values of R and C

The pulse width of time t is given by

    T = 1.1RC in seconds

According to the above the time constant 

Charge time =1.1 x (18x10^6) x(47x10^-6) sec.

3.5 Solar Panel

Several solar modules are connected in series / parallel to increase the voltage and current ratings. When modules are connected in series, it is desirable to have each module’s maximum power production occur at the same current. When modules are connected in parallel, it is desirable to have each modules maximum power production occur at the same voltage. Thus while interconnecting the modules, the installer should have this information available for each module. “Solar panel is a group of several modules connected in series – parallel combination in a frame that can be mounted on a structure. In parallel connection, blocking diodes are connected in series with each series string of modules, so that if any string should fail, the power out put of the remaining series strings will not be absorbed by the failed string.

3.5.1 Working principle of solar panel:
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Photovoltaic (PV) Solar Panels generate electricity by the Photovoltaic Effect. Discovered in 1839 by 19 year old Edmund Becquerel, the photovoltaic effect is the phenomenon that certain materials produce electric current when they are exposed to light.

PN Junction Semiconductors

          For traditional PV solar panels two halves of one pure silicon crystal are doped with two different dopants (e.g. arsenic, gallium, aluminum, and phosphorus). One half of the crystal is left electron deficient - i.e. the atoms it contains are short of electrons. This is called the p-type layer. The other half of the crystal has an excess of electrons - this is called the n-type layer.
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Since one half of the crystal has a lot of electrons, and the other half does not, there is an electric field across the junction between the two halves. Electrons in the crystal can only travel in one direction - from the electron rich half to the electron poor half. Where the two halves of the crystal meet is called a PN junction, and this doped crystal is a semiconductor. 
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Pictured above is a representation of PN junction semiconductor. The half labeled p- has a shortage of electrons so contains acceptor atoms each with a hole which could be 'filled' by an electron. The half labeled n- has excess electrons and so contains donor atoms which have an extra electron.

The Depletion Region

 Where the two halves of the crystal meet, there is a depletion region, so called because it is depleted of charge carriers (the electrons and holes). Here electron 

have moved from the n-type (negative) side to the p-type (positive) side of the crystal recombining with holes. Likewise holes have moved from the p-type side to the n-type side. As the silicon atoms themselves do not move, any holes which remain uncovered by electrons in the n-type side are left positively charged, and any electrons without holes to cover in the p-type side remain negatively charged. This leaves positive material close to the junction in the n-type side, and negative material close to the junction in the p-type side with a potential between the two sides of around 0.6-0.7 volts in a silicon PN junction, with this equilibrium position there are two equal and opposite electric currents flowing - holes in one direction and electrons in the other direction - across the depletion region.

Energy from Sunlight 

The light from the sun is made up of packets of energy called Photons. Each photon carries an amount of energy corresponding to its wavelength of light. When a visible light photon strikes a solar cell it can do one of three things: pass straight through, be reflected, or be absorbed. If the photon is absorbed, its energy is absorbed by an electron in an atom of the solar cell enabling it to escape from its normal position (photon excitation), cross the junction and fill a hole. Since electrons are physically moving across the PN junction, the positive charge carrying holes are effectively moving in the opposite direction around the load circuit (a rechargeable battery or light bulb etc). This completes the circuit providing more holes for the electrons to combine with and providing usable electricity.
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Energy from the sun can be extracted in this way using a standard solar cell at an efficiency of around 5-15% this process can be repeated over and over again over the many decades of usable lifetime of solar cells.

 3.6 Solar cell phone charger

A solar cell phone charger has a small solar panel that uses the free energy of sunlight to recharge the battery in a short period of time. They are inexpensive, robust, light weight and fold away for easy storage. Charging time depends on the size of the panel but it usually takes just a few hours. The typical solar cell phone charger has two or more hinged panels that fold out to form a larger panel. The silicon cell models weight roughly three times as much as a cell phone, and are about three times the size when fully extended when folded, they are only slightly bigger than a regular cell phone. The new models use thin-film solar cells, and are even lighter and their flexibility allows them to be rolled up. They are often less efficient than the silicon models and require a larger surface area to generate the same amount of power.


A solar cell phone charger can work anywhere there is light. The shortest charging time is achieved by positioning it directly to the sun. They often come with suction cups so that charger can be attached to a window, which is ideal for using them in confined spaces such as a car or train. They work fine with cloudy skies and artificial light but charge faster on sunny days. Some chargers can even complete a full charge in less time than the battery provides for talking on the phone. Some models have a battery and solar panel in one unit that allows a phone to be charged without using the panel. However, these combined models are heavier and more expensive than other models.


Solar cell phone chargers cost between fifty and two hundred dollars, depending on the size of the unit and its power output, but compared to the inconvenience of not being able to use a cell phone it seems like a trivial amount to pay.
3.7 Benefits of solar cell phone chargers

Energy conservation is a major issue through out the world and solar cell phone chargers can help to attain this purpose by reducing the need for renewable sources of energy. It will help to charge almost anything with rechargeable batteries which will get charged with the help of a solar unit. The charger can be taken to any place and can be operated by making use of connecters and adapters, there will not be any need of electricity source for recharging the battery.


Solar cell phone chargers are so sleek that they can be carried almost anywhere some chargers are capable of charging devices like the lanterns, rechargeable flashlights, advanced satellite phones, GPS units and portable video games.


The solar cell phone chargers are compact and small in size. They are almost of the size of a paper book when folded and is quite compact. Solar chargers which are almost the size of a small lipstick are available in the market. 


Solar cell phone chargers have the advantage that since they are connected to the solar panels a battery back up is provided for storing the solar power. The Turbo recharge facility available in such chargers makes sure that the phone is not damaged or over charged unlike the conventional electrical battery chargers. These products are a kind of power banks which can serve as an important back up for small electronic device. 
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