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CHAPTER-1 

 

ABSTRACT 

 

Most industrial and commercial applications are dependent on the power bank and if the 

process of overcharged using ordinary battery, more chance to damage your device as well as 

your battery but in case of supercapacitor battery it can be avoided. And an unfavorable 

condition supercapacitor life slightly decreases, if overcharged the supercapacitor bank 

A Supercapacitor (SC) or Ultracapacitor, formerly electric double-layer capacitor (EDLC)) is 

a high-capacity electrochemical capacitor with capacitance values greater than 1,000 farads at 

1 2 volt that bridge the gap between electrolytic capacitors and rechargeable.They typically 

store 10 to 100 times more energy per unit volume or mass than electrolytic capacitors, can 

accept  and deliver charge much faster than batteries, and tolerate many more charge and 

discharge cycles than rechargeable batteries.They are however 10 times larger than 

conventional  batteries for a given charge Supercapacitors are used in applications within 

cars, cranes, trains, buses , elevators also home services. 

The circuit uses SUPER CAPACITORS, as opposed to batteries. Super capacitors are like 

other capacitors, only they have enormous power storage capabilities.  Capacitors have two 

storage variables: Maximum charging voltage and Capacitance (Farads).Capacitance is a 

measure of how much energy can be stored in a capacitor. A typical power supply capacitor 

or audio coupling capacitor would have a capacitance of around 0.0001 farads, which is 

relatively large. A super capacitor normally has a capacitance of between 1 to3000 farads, 

which make them good substitutes for batteries!  We are going to safely charge 2x350 farad 

capacitors in series up to 5.4VDC, and feed that voltage through a DC-DC booster circuit. 

We are also going to employ a digital voltage display that will be able to read both the charge 

on the capacitor bank, as well as the voltage at the output of the DC-DC booster. 
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CHAPTER-2 

INTRODUCTION 

 

Now-a-day‟s electronics plays an important role in a day to day life. Average people are 

related to electronics either as their profession or hobby. Electronic deals with electronic 

devices and their application. Electronic devices are that in which electrons flow through a 

vaccum or a semiconductor and such devices have valuable properties, which enable them to 

functions and behave as a friend of man. Today electronics has gained much importance due 

to its numerous applications in industries. 

The electronic devices are capable of performing the functions like, rectification, 

amplification, control, generations, conversions of electricity in line, storage of electricity, 

etc. 

Number of people‟s faces electricity problems to complete their work especially insmall 

villages. In those conditions people used portable rechargeable batteries, but they take more 

time to charge Itself. But in case of supercapacitor batteries it is avoid, that means they fastly 

charged due to its low internal register (0.02E)and high duty cycles (50,00,000).Portable 

batteries are must be discharge either used or not, supercapacitor batteries are discharged only 

when it is in used otherwise it can‟t discharge. 

 

Traditionally due to their low cost the most commonly used storage devices are electrolytic 

capacitors and batteries, but they have some drawbacks such as size, performance and life. 

There are several new energy storage technologies available todaysuch as flywheels and 

supercapacitors that appear to be very promising options to thetraditional energy storage 

devices. Among these new energy storage devicessupercapacitors appear to be a good option 

for applications that require high powerdensities and fast transient response, and all this in a 

reduced volume. 

 

Supercapacitors are polarized devices, as are conventional electrolyticcapacitors, but they 

differ in that supercapacitors have capacitance values ranging from 1Farad to 2700 Farads 

and their equivalent series resistance is typically 10 times lowerthan conventional capacitors. 

There are two major drawbacks in the use ofsupercapacitors; the first one is their low 

terminal voltage. Current supercapacitortechnology allows for a maximum voltage of 2.7 

Volts; therefore to achieve the voltagelevels normally used in power conversion several 

supercapacitor cells have to be stackedin series or an additional step-up power converter has 

to be included to the system. Thesecond major drawback of supercapacitors is cost; since this 

is a relatively newtechnology the cost of supercapacitors is still high when compared to other 

energystorage technologies such as lead acid batteries. Currently the estimated cost per 1 

Faradis around one dollar, but it is expected that in the near future this is going to 6all 

drastically to around one cent per Farad. This will make supercapacitors a serious contender 

against traditional energy storage technologies. 
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CHAPTER-3 

BLOCK DIAGRAM 

 

 

Fig.3.1 Block diagram of charging mechanism using Super capacitor 

 

 

It consists of mainly four  parts:   

 

 charging circuit 

 capacitor bank  

 DC-DC buck booster 

 Display 
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WORKING OF CIRCUIT DIAGRAM 

 

3.1 Charging Circuit: 

 

Charging circuit required dc supply as an input, if it is in the form of ac then first is to be 

converted into dc. The charging circuit consists of IC LM317.i.e.it is the  as a heart of 

charging circuit.IC LM317 used as an variable voltage regulator IC. It can used to charge 

supercapacitor up to its charging capacity. 

 

 

 

 

 

 

 

 

3.2  Capacitor  Bank: 

 

In capacitor bank two electrolytic double layer ultracapacitor or supercapacitor are 

used.Each capacitor has 350farad capacitance and 2.7v voltage in series. So the 

charging capacity of two capacitors is 5.4v dc supercapacitor using battery stored 100 

times more power than ordinary battery. 
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3.3 DC-DC buck booster: 

 

It is circuit is used for amplification purpose.  It can amplify low dc signal  to high dc  

signal.A DC-DC constant current regulator is the simplest form of activecharging. 
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3.4  Display: 

 

The range of display is in between 4-28v dc. It is used to set the voltage , which is 

required for an device. 
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CHAPTER -4 

 

CIRCUIT DIAGRAM 

 

 

 

Fig.4.1 Circuit diagram 
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WORKING OF CIRCUIT DIAGRAM 

 

4.1 The charging circuit : 

 

 

 

 

Fig.4.2 Charging Circuit 

 

We need a DC source of anywhere between 5VDC-20VDC for our charge. When we  

plug in our DC source, we are making sure that we have the correct DC polarity for  

DC+ and ground (DC-).  

 

The  heart of the cicuit is IC LM317 which is an adjustable voltage regulator IC.  

When power bank is fully charge it reduces the charging current and the battery will  

be charged in the trickle charging mode. The charging voltage can be set by using  

the POT. The LM317 must be mounted on a heat sink.  
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4.2 The capacitor bank,DPST switch and the booster circuit: 

 

 

Fig.4.3 The capacitor bank and  booster circuit 

 

Charging bank store the charge in 350F,2.7v capacitors. 

 

 THE DC-DC BOOSTER: 

 

This DC-DC booster circuit will boost any voltage at the input between 3.4v MIN to 34v 

MAX to any voltage between 3.4v and 34v.  The output can be adjusted byusing an on-board 

variable resistor. 

 

Examples: 

VIN = 3.4v  VOUT = Any voltage between 3.4v and 34v  

VIN = 28v   VOUT = Any voltage between 3.4v and 34v 

VIN = 8v     VOUT = Any voltage between 3.4v and 34v 

VIN=3v       VOUT = 3v  (Input voltage is to small to boost). 

http://cdn.instructables.com/F4H/T4ST/GJQE96WA/F4HT4STGJQE96WA.LARGE.jpg
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4.3 The display circuit : 

 

 

Fig.4.4 Display 

 

When the DPDT switch is not connecting the capacitor bank voltage to the booster  

circuit, the digital display will be displaying the charge on the capacitor bank.  When 

the DPDT is switched on then digital display will be displaying the charge on the  

capacitor bank. 

 

The 0.1uf and 100uf capacitors that are placed at the DC input are implemented for  

the sake of protecting this digital display.  When you stop, disengage the DC input  

charge, this display will shut off.  

 

 

 

 

http://cdn.instructables.com/F1G/NUKA/GJQEDDDQ/F1GNUKAGJQEDDDQ.LARGE.jpg
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CHAPTER-5 

GENERAL DISCRIPTION 

 

Ultracapacitors are also known as supercapacitors. Two main types of ultracapacitors are 

pseudo-capacitor and double layer capacitor. Their structures are somewhere like a battery, 

which contains electrolyte with electrode simmersed. The positive and negative electrodes are 

separated by a separator. The electrodes are made with porous material. There are pores with 

size in terms of nanometer where ions can travel freely. For the double layer ultracapacitor, 

there is no Faradic reaction between the material and the electrolyte. For the pseudocapacitor, 

Faradic reaction does occur. If an ultracapacitor is charged with constant current, the voltage 

across the electrodes will rise linearly with time as an idea capacitor.Itcanbe charged before 

the breakdown voltage is reached. For batteries, the Nern stain cell potential can be kept 

theoretically at a certain level unless all the reactants have been consumed during charging or 

discharging. The major difference in operating an ultracapacitor where as a battery is that the 

voltage of a battery is relatively constant but that of an ultracapacitor varies over a wide 

range. 

 

 

                       
(a)                 (b) 

 
Fig..5.1 (a) Supercapacitor bank & (b) battery bank. 
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Fig.5.2 Classification of Supercapacitor 
 

 

 

 

 Double layer capacitors- with activated carbon electrodes or derivates with 

much higher electrostatic double layer capacitance than electrochemical 

pseudocapacitance. 

 

 

 Pseudocapacitanc-with transition metal oxide or conducting polymer 

electrodes with higher amount of electrochemical pseudocapacitance . 

 

 

 Hybrid capacitor-capacitors with asymmetric electrodes one of which 

exhibits mostly electrostatic and other mostly electrochemical capacitance, 

such as lithium ion capacitors 
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5.1 Energy storage in electrical systems 

 
It is well known electrical energy cannot be stored in its ac form; it only can be stored in the 

dc form. Therefore in power electronic systems the energy storage devices are concentrated 

on the dc link of the converters. Although this is commonly true, over the years various 

indirect energy storage methods have been developed such as storing the energy as 

compressed air, heat, hydrogen or in rotating flywheels. Most of these storage methods are 

not very efficient and much of the energy is lost in the process of converting the energy from 

its electrical form to a different one. Among the indirect energy storage devices the flywheel 

appears as the most convenient and efficient. Direct energy storage devices are those where 

the energy is stored without transforming the energy to a different type. These devices can be 

divided in two, electrical and magnetic. In the case of storing the energy electrically super 

capacitors are used and the energy is stored separating the electrical charge and storing it on 

separated electrodes. For the magnetic storage the energy is stored on the magnetic field 

generated by a superconducting coil. 

 

 The main problem of this last storage method is that the current state of super conducting 

materials requires extremely low temperatures. This has the problem of working with 

cryogenic systems which adds complexity and size to the storage system. Also because of the 

extra complexity magnetic storage devices or Superconducting Magnetic Energy Storage 

(SEMS), as they are known have a high cost The different energy storage methods available 

are shown in figure 3, where they are grouped by direct and indirect storage, and by their 

specific storage reservoir. 
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5.2 Characteristics 

 

 
The comparison of batteries and ultra-capacitors is tabulated in Table 1. Ultracapacitors and 

batteries possess the advantages of high power density and high energy density, respectively. 

An ultracapacitor battery combination system puts the advantages together. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5.3  Electrical energy storage methods 

 

 

 

 

 

 

 

ELECTRICAL ENERGY 

STORAGE DEVICES 

Electrically  Magnetically  

Direct storage  Indirect storage 

SMES Super-capacitors 

Artificially 

reservoir  

Natural 

reservoir 

 Hydrogen  

 Compressed 

air  

 Heat 

 Batteries  

 flywheels 
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5.3 Energy storage devices 

 

The storage devices mentioned in the previous point are supercapacitors and flywheels. 

Although Flywheels have been around a long time, only recently they have evolved in to a 

more efficient and compact technology that can be used in power electronics systems to store 

energy. This is due to the development of new composite materials, which allow smaller sizes 

and higher rotational speeds. Such improvements result in devices capable of storing high 

amounts of energy on a reduced space. On the other hand the development of double layer 

capacitors, better known as supercapacitors or ultracapacitors, allows higher energy storage 

capability than traditional electrolytic capacitors and with lower equivalent series resistance. 

This last feature makes this kind of capacitor a very good device for transient applications. 

Because of their nature these new energy storage devices require the addition of dc-dc 

converters to connect them to the rest of the system. 

 

In the case of thesupercapacitors the converter is required due the low terminal voltage 

reached by the current technology, which ranges from 2.4 to 2.7 V. When a flywheel is used 

as an energy storage device, the converter needed to interface to the rest of the system has to 

adjust the output voltage as the speed of the flywheel diminishes. In general two factors 

characterize the application of an energy storage technology. One is the amount of energy 

that can be stored in the device. This is a characteristic of the storage device itself. Second is 

the rate at which energy can be transferred into or out of the storage device. This depends 

mainly on the peak power rating of the power conversion unit, but it is also impacted by the 

response rate of the storage device itself. 
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5.4 Trends in energy storage devices development 

 
Energy storage devices, such as supercapacitors, flywheels, and also electro chemical 

batteries, are still under development. This means that in the near future their power densities 

and energy density capabilities are going to be improved. An estimation of the expected 

power/energy capabilities for these devices in the near future is shown in figure. From this 

figure is easy to see that supercapacitors will considerably increase their energy density from 

their actual values, which are around 5 Wh/kg to approximately 100 Wh/kg. This makes 

supercapacitors a very promising energy storage technology considering that the most widely 

used batteries, lead acid batteries, energy density normally is about 60 Wh/kg. Integration of 

these energy storage technologies with power converters can provide useful applications in 

the area of the power quality to provide ride through power and backup energy for critical 

loads. Also, combining different technologies will allow for keeping the individual 

characteristics of each device to gain a hybrid with higher power/energy performance. 

 

 

 

Fig5.4 Power density vs. energy density for different energy storage devices 
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5.5 Supercapacitor technology 

 

 
Capacitors store electrical energy by accumulating charge on two parallel electrodes 

separated by a dielectric material. The capacity represents the relationship between the 

electric charge stored in the capacitor and the voltage between the two electrodes of the 

capacitor. This relationship is described by equation (1), where q represents the charge stored 

in the capacitor, C the capacitor value in Farads and V the capacitor voltage. The capacitance 

value of a capacitor is given by the dielectric permittivity ε, the distance d separating the 

capacitor electrodes and the effective area of the electrodes constituting the device A; and it 

can be calculated using (2). The energy stored in a capacitor is a function of the capacitance 

value of the device and its terminal voltage; it can be calculated using Where E is the energy 

stored in the capacitor, C is the capacitor capacitance value, and V  

is the capacitor terminal voltage. As can be seen from (3) the amount of energy stored in a 

capacitor two things can be done. One is to increase the value of the stored voltage. This 

value is limited by the voltage withstand strength of the dielectric material between the 

electrodes. 

 

Q= CV   ………(1) 

 

C=ε(A/d) ………………. (2) 

 

E=1/2 CV^2………(3) 

 

The other way to increase the energy stored in a capacitor is increasing its capacitance. This 

can be done increasing the effective area of the electrodes, increasing the permittivity of the 

dielectric separating the electrodes, or decreasing the distance between the two electrodes. 

Another important factor about capacitor technology is the equivalent series resistance or 

ESR. This parameter has an important effect on the turnaround efficiency when charging 

discharging the capacitor and on the transient response of the device. 

Conventional dc capacitors have long been used as energy storage devices in power 

electronics converters. Common uses for these devices are applications where pulsating 

bursts of energy are required and for provide limited backup energy for applications such as 

adjustable speed drives. 

 

A relatively new type of capacitor is the double layer capacitor or supercapacitor. These 

capacitors have as main characteristics a high capacity value and extremely low ESR‟s when 

compared to traditional capacitors. The internal structure of supercapacitor differs from 

traditional capacitors because there is no intervening dielectric material in a supercapacitor. 

The reason why supercapacitors have a much higher capacitance than traditional capacitors is 

because of the large equivalent area of their electrodes and the small effective separation 

between the electrodes. One gram of the electrode material can have an equivalent area of 

2000 m2.The separation distance between an electrode and the layer of ions, the so called 

double layer, is in nanometer range. So applying these parameters to equation (2) it is evident 

how the high capacitance value is achieved. 
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5.6 Strucure of supercapacitor 
 
 
 

 
 

 

Fig.5.5 Double layer supercapacitor structure  

 

 

 

 

 

In fig5.5 the typical carbon double layer supercapacitor cell construction can be seen. In some 

way the supercapacitor construction is similar to that of a battery with two electrodes 

immersed in a electrolyte with a separator in between. However, unlike batteries in the case 

of the supercapacitor there is no chemical energy storage. There are effectively two 

capacitors in series within each supercapacitor cell. Each of them has a set of electrodes 

consisting of carbon and an adjacent electrolyte with a layer of ions. The electrical charges 

are not bounded to the electrolyte, they are free to move anywhere in the electrolyte which 

also penetrates the pores of the carbon electrodes. The separator insulates the two electrodes 

whilst allowing the ions to pass through it. The electrolyte is in form of an aqueous substance 

which allows a maximum voltage of 1 V per cell. If an organic electrolyte is used the 

maximum allowable voltage is 2.5 V. The presence of impurities on the electrolyte generates 

chemical reactions that tend to increase the ESR and gives a finite lifetime to the 

supercapacitor. 
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5.7 Supercapacitor Vs Lithium ion 

 

 

 

Table.5.1SupercapacitorVs Lithium ion 

 

 

 

Function Super capacitor Lithium-ion 

How energy is stored Static Charge Electrochemical Process 

Emphasis High Power Sustained energy 

Charge Time 02 minutes 10 – 60 minutes 

Cycle life 5,00,000 500 and higher 

Cell Voltage 2.3 to 2.75V 3.6 to 3.7V 

Specific Energy (Wh/kg) 5 (Typical) 100 – 200 

Specific Power (W/Kg) Up to 10,000 1,000 to 3,000 

Cost per Wh $20 (typical) $2 (Typical) 

Service Life (in vehicle) 10 to 15 years 05 to 10 years 

Charge temperature -40 to 65   C (-40 to 14    F) 0 to 45  C (32 to 113   F) 

Discharge temperature -40 to 65   C (-40 to 14    F) -20 to 60  C (-04 to 140   F) 

Efficiency 95% 75% 
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CHAPTER-6 

Hardware Description  

 

6.1 Supercapacitor 

 

 

 

A supercapacitor (SC) (sometimes ultracapacitor, formerly electricdouble-layercapacitor 

(EDLC)) is a high-capacity electrochemical capacitor with capacitance values much higher 

than other capacitors (but lower voltage limits) that bridge the gap between electrolytic 

capacitors and rechargeable batteries. They typically store 10 to 100 times more energy per 

unit volume or mass than electrolytic capacitors, can accept and deliver charge much faster 

than batteries, and tolerate many more charge and discharge cycles than rechargeable 

batteries. They are however 10 times larger than conventional batteries for a given charge. 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Electric_double-layer_capacitor
https://en.wikipedia.org/wiki/Electrochemistry
https://en.wikipedia.org/wiki/Capacitor
https://en.wikipedia.org/wiki/Electrolytic_capacitor
https://en.wikipedia.org/wiki/Electrolytic_capacitor
https://en.wikipedia.org/wiki/Rechargeable_battery
https://en.wikipedia.org/wiki/Energy_density
https://en.wikipedia.org/wiki/Energy_density
https://en.wikipedia.org/wiki/Power_density
https://en.wikipedia.org/wiki/Rechargeable_battery
https://en.wikipedia.org/wiki/Rechargeable_battery
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6.2 Buck–booster converter 

 

 

The buck–boost converter is a type of DC-to-DC converter that has an output voltage 

magnitude that is either greater than or less than the input voltage magnitude. It is equivalent 

to a fly back converter using a single inductor instead of a transformer.
 

Like the buck and boost converters, the operation of the buck-boost is best understood in 

terms of the inductor's "reluctance" to allow rapid change in current. From the initial state in 

which nothing is charged and the switch is open, the current through the inductor is zero. 

When the switch is first closed, the blocking diode prevents current from flowing into the 

right hand side of the circuit, so it must all flow through the inductor. However, since the 

inductor doesn't like rapid current change, it will initially keep the current low by dropping 

most of the voltage provided by the source. Over time, the inductor will allow the current to 

slowly increase by decreasing its voltage drop. Also during this time, the inductor will store 

energy in the form of a magnetic field. 

 

 

The two operating states of a buck–boost converter:  

When the switch is turned on, the input voltage source supplies current to the inductor, and 

the capacitor supplies current to the resistor (output load). When the switch is opened, the 

inductor supplies current to the load via the diode D. 

https://en.wikipedia.org/wiki/DC-to-DC_converter
https://en.wikipedia.org/wiki/Flyback_converter
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6.3 Wire-wound resistor 

 

 

A wire wound resistor is an electrical passive component that limits current. The resistive 

element exists out of an insulated metallic wire that is winded around a core of non-

conductive material. The wire material has a high resistivity, and is usually made of an alloy 

such as Nickel-chromium (Nichrome) or a copper-nickel-manganese alloy called Manganin. 

Common core materials include ceramic, plastic and glass. Wire wound resistors are the 

oldest type of resistors that are still manufactured today. They can be produced very accurate, 

and have excellent properties for low resistance values and high power ratings. 

In this concept the wire wound resister is used to control the current of supercapacitor in the 

circuit. 

 

6.4 Diode 

 

 

A diode is a specialized electronic component with two electrodes called the anode and the 

cathode. Most diodes are made with semiconductor materials such as silicon, germanium, or 

selenium. 

In charging circuit diodes used as a brige rectifier for rectification purpose means it convert 

AC signal into pulsetting DC. This DC signal is required to charge supercapacitor. 

Diode is also used in between charging circuit and Supercapacitor. This diode is used to 

avoid flow of reverse current to charging circuit.  

 

 

http://www.resistorguide.com/resistivity/
http://www.resistorguide.com/power-rating/
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6.5 LM317 

 

 

As linear regulators, the LM317 and LM337 are used in DC to DC converter applications. 

Linear regulators inherently draw as much current as they supply. When this current is 

multiplied by the voltage difference between input and output, a significant amount of heat 

results. Therefore the use of an LM317 commonly also requires a heat sink. For large voltage 

differences, the energy lost as heat can ultimately be greater than that provided by the circuit. 

This is the trade-off for using linear regulators which are a simple way to provide a stable 

voltage with few additional components. The alternative is to use a switching voltage 

regulator which is usually more efficient but has a larger footprint and requires a larger 

number of associated components. 

Specifications 

 
 

 

Part pinout of LM317T showing its constant voltage reference 

Attribute Value 

Vout range 1.25 V – 37 V 

Vin – Vout difference 3 V – 40 V 

Operation ambient temperature 0 °C – 125 °C 

Output Imax 1.5 A 

Minimum Load Current 3.5 mA typical, 12 mA maximum
[1]

 

 

 

https://en.wikipedia.org/wiki/DC_to_DC_converter
https://en.wikipedia.org/wiki/Heat_sink
https://en.wikipedia.org/wiki/Switching_voltage_regulator
https://en.wikipedia.org/wiki/Switching_voltage_regulator
https://en.wikipedia.org/wiki/Pinout
https://en.wikipedia.org/wiki/LM317#cite_note-1
https://en.wikipedia.org/wiki/File:Lm317_front.png
https://en.wikipedia.org/wiki/File:Lm317_front.png


29 
  

6.6Seven segment display 

 

A seven segment display is the most basic electronic display device that can display digits 

from 0-9. They find wide application in devices that display numeric information like digital 

clocks, radio, microwave ovens, electronic meters etc. The most common configuration has 

an array of eight LEDs arranged in a special pattern to display these digits. They are laid out 

as a squared-off figure „8‟. Every LED is assigned a name from 'a' to 'h' and is identified by 

its name. Seven LEDs 'a' to 'g' are used to display the numerals while eighth LED 'h' is used 

to display the dot/decimal.  

 

 6.7 Capacitor 

 

Capacitor is an electronic component that stores electric charge. The capacitor is made of 2 

close conductors (usually plates) that are separated by a dielectric material. The plates 

accumulate electric charge when connected to power source. One plate accumulates positive 

charge and the other plate accumulates negative charge. 

The capacitance is the amount of electric charge that is stored in the capacitor at voltage of 1 

Volt.The capacitance is measured in units of Farad (F).The capacitor disconnects current in 

direct current (DC) circuits and short circuit in alternating current (AC) circuits. 

 

 

http://www.engineersgarage.com/content/led
http://www.rapidtables.com/electric/electric_charge.htm
http://www.rapidtables.com/electric/farad.htm
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6.8 Resistor 

 

A resistor is a passive two-terminal electrical component that implements electrical 

resistance as a circuit element. Resistors act to reduce current flow, and, at the same time, act 

to lower voltage levels within circuits. 

6.9 SPST 

 

 

 

 

 

 
A switch is an electrical component that can break an electrical circuit, interrupting the 

current or diverting it from one conductor to another. The mechanism of a switch may be 

operated directly by a human operator to control a circuit (for example, a light switch or a 

keyboard button), may be operated by a moving object such as a door-operated switch, or 

may be operated by some sensing element for pressure, temperature or flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Electrical_component
https://en.wikipedia.org/wiki/Electrical_circuit
https://en.wikipedia.org/wiki/Electric_current
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CHAPTER-7 

 

PCB LAYOUT AND DESIGNING  

 

 
7.1 PCB LAYOUT 

 

 
Fig.7.1 layout 

 

A printed circuit board, or PCB, is used to mechanically support and electrically connect 

electronic components using conductive pathways, tracks or traces etched from copper sheets 

laminated onto a non-conductive substrate. It is also referred to as printed wiring board 

(PWB) or etched wiring board. A PCB populated with electronic components is a printed 

circuit assembly (PCA), also known as a printed circuit board assembly (PCBA) Printed 

Circuit Boards play a vital role here in determining the overall performance of the electronic 

equipment. A good PCB design ensures that the noise introduced as a result of component 

placement and track layout is held within limits while still providing components years of 

assembly maintenance and performance reliability. 
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7.2 WHERE AND WHY ARE PCB‟S USED? 

 

 

Printed circuits boards are used to route electric signals through copper track which are  

 

firmly bonded to an insulating base.  

 

 

7.3 PCB DESIGN 
 

1. PCB‟s are necessary for connecting a large number of electronic components in a  

very small area with minimum parasitic effects.  

2. PCB‟s are simulated with mass production with less chance of writing error.  
3. Small components are easily mounted.  

4. Servicing in simplified.  

 

7.4 BASE MATERIALS USED FOR PCB 
 

 

The base materials used for PCB‟s are glass epoxy, epoxy paper, polyester etc. Copper foil  

used for copper clad is manufactured by the process of electronic deposition. 

 

 

7.5 PREPARATION OF SINGLE SIDED PCB 

 

 
In single sided PCB conductor tracks are present on one side of copper clad board. So  

crossing of conductors is not allowed. It is mechanically & chemically cleansed. The photo  

resist is an organic solution which when exposed to light of proper wavelength, changes  

their solubility in developer but after exposure to light is not soluble.  

Laminate coating of photo resist is done by: 

 

(i) Spray coating 

 

(ii) Dip coating 

 

(iii) Roller coating. 

 

The coated copper clad and laminated film negative is kept in intimate contact with each  

other. The assembly is exposed to UV light and is rinsed in the developer tank.  

Proper developer has to be used for a particular photo resist and then the PCB is dyed in a  

tray. The dye reveals the flux to be used for a particular photo resist. Then the PCB is dyed  

in a tray. 

 

 

 

 



33 
  

 

7.6 FABRICATION 

 
The required circuit is designed and the layout of the circuit is done on the component side  

as well as the copper clad side. Spaces are provided for holes to insert the respective 

e-components. Etch resistant ink coatings are given on the interconnecting marks. 

 

7.7 ETCHING 

 

 

 
 

 

 
The copper clad PCB is etched with ferrous chloride solution containing a small amount of 

Hydro Chloric Acid for increasing activeness of Ferric Chloride in etching. Wherever the 

varnish coating is there the copper remains. Then it is washed with water and Oxalic Acid. 

The vast majority of printed circuit boards are made by bonding a layer of copper over the 

entire substrate, sometimes on both sides, (creating a "blank PCB") then removing unwanted 

copper after applying a temporary mask (e.g. by etching), leaving only the desired copper 

traces. A few PCBs are made by adding traces to the bare substrate (or a electroplating steps. 

There are three common "subtractive" methods (methods that remove 

copper) used for the production of printed circuit boards: 

 

1. Silk screen printing uses etch-resistant inks to protect the copper foil. Subsequent 

etching removes the unwanted copper. Alternatively, the ink may be conductive, 

printed on a blank (non-conductive) board. The latter technique is also used in the 

manufacture of hybrid circuits. 

 

2. Photoengraving uses a photo mask and chemical etching to remove the copper foil 

from the substrate. The photo mask is usually prepared with a photo plotter from data 

produced by a technician using CAM, or computer-aided manufacturing software. 

Laser-printed transparencies are typically employed for photo tools however, direct 

laser imaging techniques are being employed to replace photo tools for high-

resolution requirements. 
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3. PCB milling uses a two or three-axis mechanical milling system to mill away the 

copper foil from the substrate. A PCB milling machine (referred to as a 'PCB 

Prototyper') operates in a similar way to a plotter, receiving commands from the 

host software that control the position of the milling head in the x, y, and (if 

relevant) z axis. Data to drive the Prototyper is extracted from files generated in 

PCB design software and stored in HPGL or Gerber file format. 

 

7.8 DRILLING 

 

 

 
 

 
Holes through a PCB are typically drilled with tiny drill bits made of solid tungsten carbide. 

The drilling is performed by automated drilling machines with placement controlled by a drill 

tape or drill file. These computer-generated files are also called numerically controlled drill 

(NCD) files or "Excellonfiles".The drill file describes the location and size of each drilled 

hole. These holes are often filled with annular rings (hollow rivets) to create vias. Vias allow 

the electrical and thermal connection of conductors on opposite sides of the PCB. 

 

 

 

7.9 PLATING AND COATING 

 
PCBs are plated with Solder, Tin, or Gold over Nickel as a resist for etching (removal) away 

the (unneeded after plating) underlying copper. Matte solder is usually fused to provide a 

better bonding surface or stripped to bare copper. Treatments, such as benzimidazolethiol, 

prevent surface oxidation of bare copper. The places to which components will be mounted 

are typically plated, because untreated bare copper oxidizes quickly, and therefore is not 

readily solderable. Traditionally, any exposed copper was coated with solder by hot air solder 

leveling (HASL). This solder was a tin-lead alloy, however new solder compounds are now 

used to achieve compliance with the RoHS directive in the EU and US, which restricts the 

use of lead. One of these lead-free compounds is SN100CL, made up of 99.3% tin, 0.7% 

copper, 0.05% nickel, and a nominal of 60ppm germanium. 
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7.10 SOLDERING 

 

 
 

 
Soldering is the process of joining of two metals using an alloy solder consisting of Tin and 

Lead (Sn-Pb). Tin determines the melting whereas the Lead is used to reduce the cost. After 

the PCB fabrication is done, the various components are arranged at proper locations on the 

PCB and then the soldering is done. All liquids consist of particles which attract 40 each 

other. The surface is always trying to shrink and this is because of surface tension.The 

principle behind soldering is that when liquid particles are brought in contact with the walls 

of the solid surface, it may happen that the solid attracts the liquid surface. This property is 

called adhesive property. Care must be taken that the melting point of solder is below that of 

the metal so that its surface is melted without melting without the metal. 

 

7.11 NEED FOR FLUX 

 
During the soldering process the flux acts as a medium for improving the degree of melting. 

The basic functions of flux are mentioned below:  

 

1. Removes oxide from the surface.  

2. It transfers heat from source to the joining & provide liquid cover including air       
gap. 

3. Removal of residue after the completion of the soldering operation.  
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7.12 PCB LAYOUT 

 

 
The layout can be done either by hand or by using PCB designing software mentioned  

below:  

 

• EAGLE by Cad soft 

• Dip Trace by Novarm 

• Free PCB by Allan Wright (open-source Win2K/XP)  

• Free Routing by Alfons Wirtz (Java, Auto router with free angle support)  

• Cad star by Zuken  

• gEDA, open-source PCB software project  

• OrCAD by Cadence  

• Allegro by Cadence  

• TARGET 3001!  

• Kicad, open-source suite  

• PADS by Mentor Graphics  

• PCB123 Design by Sunstone Circuits  

• Proteus  

 

 

7.13 PCB DESIGN RULES 

For a circuit diagram the number of components involved in operation and size of the 

components determines the length and breadth of PCB 

1. Components dissipating high value of power should not be mounted near 

Temperature sensing device. 

2. Complexity of circuit depends on whether PCB is single or double sided. 

3. Current carrying capacity through tracks decides width of tracks and spacing is 

decided by frequency generated by circuit. 

4. If amplitude is very small its path should be as small as possible. 

5. The spacing between ends of PCB and tracks should be 5mm minimum to avoid 

shifting effect of photographic plate from border. 

6. Depending on the accuracy required artwork should be produced at 1:1 Or 2:1 scale 

the layout scale commonly applied is 2:1. 
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CHAPTER-8 

ADVANTAGES 

 

1. High energy storage. 

2. Wide working temperature range (-40˚ to 70 ˚). 

3. Quick charging time (in seconds). 

4. Maximum life cycles 

5. High cycle efficiency (95%). 

6. Long life (about 10 to 15 years). 

7. Safety and eco-friendly, carbon based, use non-corrosive electrolytes. 

8. Resists shock & vibration. 

 

9. High specific power up to 17kW/kg. 

 

10. Low material toxicity 

 

11. Extremely low internal resistance. 

 

12. Low heating levels during charge and discharge. 

 

13. Simple charge methods, no danger of overcharging, thus no need for full-

charge detection. 

 

14. Very high energy density as compare to common capacitors, about 100 times 

greater. 

 

15. The supercapacitors recaptured braking energy and delivered starting energy. 

Fuel consumption was reduced by 10 to 15% compared to conventional diesel 

vehicles. Other advantages included reduction of CO2 emissions, quiet and 

emissions-free engine start, lower vibration and reduced maintenance costs. 
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8.1 ADVANTAGES OF SUPERCAPACITOR OVER ORDINARY 

CAPACITOR 

 

 

Advantages of super capacitor:                         Advantages of ordinary capacitor:  

 

1 .Duty cycle:500,000cycles.                                   1.  Duty cycle: 1000cycles. 

2. Life time: approx. 12to20 years.                          2. Life time depends on users. 

3. Efficiency: >98%.                                                3 .Efficiency low. 

 4. Cannot damage.                                                  4. It can be damage due to overcharge. 

5. It discharges in hours.                                          5. It discharges in few minutes. 

6. Less time to charge any device.                           6. More time to charge any device. 
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DISADVANTAGES 

 

1. Low energy density; usually holds 1/5 – 1/10 of a battery electrochemical. 
 

2. The voltage varies with the energy stored. 

 

3. Cannot be used in AC and high frequency circuits. 

 

4. High cost per watt 

 

5. Voltage balancing is required when more than three capacitors are connected in 

series. 

 

6. Individual cells have low voltages and so series connection are needed to obtain 

higher voltages.  
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CHAPTER-9 

APPLICATIONS 

 

1. They are used in startup mechanism for automobile, submarines and tanks. 

 

2. In back up power system in GPS guided missiles. 

 

3. Super capacitor  are suitable for temporary energy storage device for energy 

harvesting systems. 

 

4. Flat type of super capacitors are used for mobile devices. Typical knob capacitor for 

PCB mounting used for memory backup. 

 

5. Used in wireless communication system for uninterrupted services. 

 

6. Super capacitors give off no emissions, while all batteries give off some form of gas.  

We can't keep our car battery in our house, but we can keep our super capacitor bank 

in our house. 

 

7. Power source for flash light, laptops, remote control systems and many medical 

equipments. 

 

8. Approximately 6000 hybrid transmit buses are equipped with Maxwell 

ultracapacitors in Asia, Europe and North America. These systems typically use 

approximately three hundred 3000F cells in a varity of configurations. Both series and 

parallel architectures have been implemented. 

 

9. Energy recovery in railway, crans, forklifts, tractors, light- rails, buses etc.  

 

10. Esma -cap ,Rassia, developed two experimental vehicals. Electic bus with 50 

passengers capacity, maximum speed 20km/h. Elecric truck with payload limit 

1000kg,maximum speed 70kg/h.  proton power systems has created the world‟s triple 

hybrid forklift truck ,which uses batteries as primary energy storage and 

ultacapacitors to supplement this energy storage solution.  
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CHAPTER-10 

FUTURE SCOPE 

 

1. It also helpful for Digital India. 

2. We can replace our mobile battery by super capacitor battery chip. 

3. Super capacitor batteries are better, so we can also use in domestic applications. 

4. We can replace our mobile battery by super capacitor battery chip. 

5. NASA has also a research project to use super capacitors in an electricbus called the 

Hybrid Electric Transit Bus. 
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CHAPTER-11 

CONCLUSION 

 

 Super capacitors can be used widely because of their long life and short charging 

time. 

 It can be used where high power or energy storage is required. 

 Ultacapacitors have many advantages over traditional electrochemical batteries. 

Unlike batteries, ”Ulta caps” can completely absorb and release a charge at high 

rates and in a virctually endless cycle with little degradation ferture reducing 

maintenance cost. 

 For example, to use ultra caps instead of lithium ion batteries in cell phones, with 

the some serious benefits: You would never have to replace the ultracapacitors 

and the phone would recharge very quickly. With these strong benefits, s 

upercapacitors are widely used in many applications. 

 On other hand it has limitations due to its high cost, self-discharging, packaging 

problems  etc.  

 Ultacapacitors (supercapacitores) offers a promising ulternative approach to 

meeting increasing power demands of energy storage systems and electronics 

devices. 

 With their high power density ability to perform in extreme temperatures and 

millions of charge-recharge cycle cababilities, supercapacitors can increase circuit 

performance and prolong the life of batteries. 

 Ultacapacitors may be used wherever high power deliveries or electrical energy 

storage is required therefore numerious applications are possible. 

 In practicular ultacapacitors have create potential for application that required a 

combination of power , short charging time ,high cyclic stability and long cell life. 

 Thus, ultracapacitors may energy as the solution for many application specific 

power systems . 

 Despite the advantages of ultacapacitors in these areas, their production and 

implementation has been limited to date. 
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CHAPTER-12 

REQUIREMENTS OF  COMPONENT 

 

 

 

Sr .No. Name of Components Quantity Cost 

1. 400f 2.7v super capacitors 2 2500*2=5000/- 

2. LM317 IC 1 200/- 

3. 0-20v Digital display 1 200/- 

4. 3.4v-34v DC-DC Booster board 1 650/- 

5. DC plug (input and port set) 2 50*2=100/- 

6. 2.2E power resistors 2 10*2=20/- 

7. 1N4001 diodes 2 5*2=10/- 

8. DPDT switch 2 20*2=30/- 

9. 0.1uf capacitor 2 5*2=10/- 

10. 100uf capacitor 2 5*2=10/- 

11. Step down transformer 1 60/- 

   Total =6290/- 

 

Some other requirements: 1710/- 

Total cost of project: 8000/- 
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