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Electronic Circuits - Quick GuideElectronic Circuits - Quick Guide

Electronic Circuits - IntroductionElectronic Circuits - Introduction

In Electronics, we have different components that serve different purposes. There are various elements which areIn Electronics, we have different components that serve different purposes. There are various elements which are
used in many types of circuits depending on the applications.used in many types of circuits depending on the applications.

Electronic ComponentsElectronic Components

Similar to a brick that constructs a wall, a component is the basic brick of a circuit. A Similar to a brick that constructs a wall, a component is the basic brick of a circuit. A ComponentComponent is a basic element is a basic element
that contributes for the development of an idea into a that contributes for the development of an idea into a circuitcircuit for execution. for execution.

Each component has a few basic properties and the component behaves accordingly. It depends on the motto of theEach component has a few basic properties and the component behaves accordingly. It depends on the motto of the
developer to use them for the construction of the intended circuit. The following image shows a few examples ofdeveloper to use them for the construction of the intended circuit. The following image shows a few examples of
electronic components that are used in different electronic circuits.electronic components that are used in different electronic circuits.

Just to gather an idea, let us look at the types of Components. They can either be Just to gather an idea, let us look at the types of Components. They can either be Active ComponentsActive Components or  or PassivePassive
ComponentsComponents..

Active ComponentsActive Components

Active Components are those which conduct upon providing some external energy.Active Components are those which conduct upon providing some external energy.

Active Components produce energy in the form of voltage or current.Active Components produce energy in the form of voltage or current.

ExamplesExamples − Diodes, Transistors, Transformers, etc. − Diodes, Transistors, Transformers, etc.

Passive ComponentsPassive Components
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Passive components are those which start their operation once they are connected. No external energy isPassive components are those which start their operation once they are connected. No external energy is
needed for their operation.needed for their operation.

Passive components store and maintain energy in the form of voltage or current.Passive components store and maintain energy in the form of voltage or current.

ExamplesExamples − Resistors, Capacitors, Inductors, etc. − Resistors, Capacitors, Inductors, etc.

We also have another classification as We also have another classification as LinearLinear and  and Non-LinearNon-Linear elements. elements.

Linear ComponentsLinear Components

Linear elements or components are the ones that have linear relationship between current and voltage.Linear elements or components are the ones that have linear relationship between current and voltage.

The parameters of linear elements are not changed with respect to current and voltage.The parameters of linear elements are not changed with respect to current and voltage.

ExamplesExamples − Diodes, Transistors, Transformers, etc. − Diodes, Transistors, Transformers, etc.

Non-linear ComponentsNon-linear Components

Non-linear elements or components are the ones that have a non-linear relationship between current andNon-linear elements or components are the ones that have a non-linear relationship between current and
voltage.voltage.

The parameters of non-linear elements are changed with respect to current and voltage.The parameters of non-linear elements are changed with respect to current and voltage.

ExamplesExamples − Resistors, Capacitors, Inductors, etc. − Resistors, Capacitors, Inductors, etc.

These are the components intended for various purposes, which altogether can perform a preferred task for whichThese are the components intended for various purposes, which altogether can perform a preferred task for which
they are built. Such a combination of different components is known as a they are built. Such a combination of different components is known as a CircuitCircuit..

Electronic CircuitsElectronic Circuits

A certain number of components when connected on a purpose in a specific fashion makes a A certain number of components when connected on a purpose in a specific fashion makes a circuitcircuit. A circuit is a. A circuit is a
network of different components. There are different types of circuits.network of different components. There are different types of circuits.

The following image shows different types of electronic circuits. It shows Printed Circuit Boards which are a group ofThe following image shows different types of electronic circuits. It shows Printed Circuit Boards which are a group of
electronic circuits connected on a board.electronic circuits connected on a board.
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Electronic circuits can be grouped under different categories depending upon their operation, connection, structure,Electronic circuits can be grouped under different categories depending upon their operation, connection, structure,
etc. Let’s discuss more about the types of Electronic Circuits.etc. Let’s discuss more about the types of Electronic Circuits.

Active CircuitActive Circuit

A circuit that is build using Active components is called as A circuit that is build using Active components is called as Active CircuitActive Circuit..

It usually contains a power source from which the circuit extracts more power and delivers it to the load.It usually contains a power source from which the circuit extracts more power and delivers it to the load.

Additional Power is added to the output and hence output power is always greater than the input powerAdditional Power is added to the output and hence output power is always greater than the input power
applied.applied.

The power gain will always be greater than unity.The power gain will always be greater than unity.

Passive CircuitPassive Circuit

A circuit that is build using Passive components is called as A circuit that is build using Passive components is called as Passive CircuitPassive Circuit..

Even if it contains a power source, the circuit does not extract any power.Even if it contains a power source, the circuit does not extract any power.

Additional Power is not added to the output and hence output power is always less than the input powerAdditional Power is not added to the output and hence output power is always less than the input power
applied.applied.

The power gain will always be less than unity.The power gain will always be less than unity.

Electronic circuits can also be classified as Electronic circuits can also be classified as Analog, DigitalAnalog, Digital, or , or MixedMixed..

Analog CircuitAnalog Circuit
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An analog circuit can be one which has linear components in it. Hence it is a linear circuit.An analog circuit can be one which has linear components in it. Hence it is a linear circuit.

An analog circuit has analog signal inputs which are continuous range of voltages.An analog circuit has analog signal inputs which are continuous range of voltages.

Digital CircuitDigital Circuit

A digital circuit can be one which has non-linear components in it. Hence it is a non-linear circuit.A digital circuit can be one which has non-linear components in it. Hence it is a non-linear circuit.

It can process digital signals only.It can process digital signals only.

A digital circuit has digital signal inputs which are discrete values.A digital circuit has digital signal inputs which are discrete values.

Mixed Signal CircuitMixed Signal Circuit

A mixed signal circuit can be one which has both linear and non-linear components in it. Hence it is calledA mixed signal circuit can be one which has both linear and non-linear components in it. Hence it is called
as a mixed signal circuit.as a mixed signal circuit.

These circuits consist of analog circuitry along with microprocessors to process the input.These circuits consist of analog circuitry along with microprocessors to process the input.

Depending upon the type of connection, circuits can be classified as either Depending upon the type of connection, circuits can be classified as either Series CircuitSeries Circuit or  or Parallel CircuitParallel Circuit. A. A
Series Circuit is one which is connected in series and a Series Circuit is one which is connected in series and a parallel circuitparallel circuit is one which has its components connected is one which has its components connected
in parallel.in parallel.

Now that we have a basic idea about electronic components, let us move on and discuss their purpose which willNow that we have a basic idea about electronic components, let us move on and discuss their purpose which will
help us build better circuits for different applications. Whatever might be the purpose of an electronic circuithelp us build better circuits for different applications. Whatever might be the purpose of an electronic circuit  

, the process is carried out in the form of signals. In the next, the process is carried out in the form of signals. In the next

chapter, we will discuss the signals and the type of signals present in electronic circuits.chapter, we will discuss the signals and the type of signals present in electronic circuits.

Electronic Circuits - SignalsElectronic Circuits - Signals

A A SignalSignal can be understood as "a representation that gives some information about the data present at the source can be understood as "a representation that gives some information about the data present at the source
from which it is produced." This is usually time varying. Hence, a signal can be a from which it is produced." This is usually time varying. Hence, a signal can be a source of energy whichsource of energy which
transmits some informationtransmits some information. This can easily be represented on a graph.. This can easily be represented on a graph.

ExamplesExamples

An alarm gives a signal that it’s time.An alarm gives a signal that it’s time.

A cooker whistle confirms that the food is cooked.A cooker whistle confirms that the food is cooked.

A red light signals some danger.A red light signals some danger.

A traffic signal indicates your move.A traffic signal indicates your move.

A phone rings signaling a call for you.A phone rings signaling a call for you.

A signal can be of any type that conveys some information. This signal produced from an electronic equipment, isA signal can be of any type that conveys some information. This signal produced from an electronic equipment, is
called as called as Electronic SignalElectronic Signal or  or Electrical SignalElectrical Signal. These are generally time variants.. These are generally time variants.

Types of SignalsTypes of Signals

Signals can be classified either as Analog or Digital, depending upon their characteristics. Analog and Digital signalsSignals can be classified either as Analog or Digital, depending upon their characteristics. Analog and Digital signals
can be further classified, as shown in the following image.can be further classified, as shown in the following image.

ttoopprroocceessss,, ttoosseenndd,, ttoorreecceeiivvee,, ttooaannaallyyzzee
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Analog SignalAnalog Signal

A continuous time-varying signal, which represents a time-varying quantity, can be termed as an A continuous time-varying signal, which represents a time-varying quantity, can be termed as an Analog SignalAnalog Signal..
This signal keeps on varying with respect to time, according to the instantaneous values of the quantity, whichThis signal keeps on varying with respect to time, according to the instantaneous values of the quantity, which
represents it.represents it.

Digital SignalDigital Signal

A signal which is A signal which is discretediscrete in nature or which is  in nature or which is non-continuousnon-continuous in form can be termed as a  in form can be termed as a Digital signalDigital signal. This. This
signal has individual values, denoted separately, which are not based on previous values, as if they are derived atsignal has individual values, denoted separately, which are not based on previous values, as if they are derived at
that particular instant of time.that particular instant of time.

Periodic Signal & Aperiodic SignalPeriodic Signal & Aperiodic Signal

Any analog or digital signal, that repeats its pattern over a period of time, is called as a Any analog or digital signal, that repeats its pattern over a period of time, is called as a Periodic SignalPeriodic Signal. This signal. This signal
has its pattern continued repeatedly and is easy to be assumed or to be calculated.has its pattern continued repeatedly and is easy to be assumed or to be calculated.

Any analog or digital signal, that doesn’t repeat its pattern over a period of time, is called as Any analog or digital signal, that doesn’t repeat its pattern over a period of time, is called as Aperiodic SignalAperiodic Signal. This. This
signal has its pattern continued but the pattern is not repeated and is not so easy to be assumed or to be calculated.signal has its pattern continued but the pattern is not repeated and is not so easy to be assumed or to be calculated.

Signals & NotationsSignals & Notations

Among the Among the Periodic SignalsPeriodic Signals, the most commonly used signals are Sine wave, Cosine wave, Triangular waveform,, the most commonly used signals are Sine wave, Cosine wave, Triangular waveform,
Square wave, Rectangular wave, Saw-tooth waveform, Pulse waveform or pulse train etc. let us have a look atSquare wave, Rectangular wave, Saw-tooth waveform, Pulse waveform or pulse train etc. let us have a look at
those waveforms.those waveforms.

Unit Step SignalUnit Step Signal

The unit step signal has the value of one unit from its origin to one unit on the X-axis. This is mostly used as a testThe unit step signal has the value of one unit from its origin to one unit on the X-axis. This is mostly used as a test
signal. The image of unit step signal is shown below.signal. The image of unit step signal is shown below.



/

The unit step function is denoted by The unit step function is denoted by . It is defined as −. It is defined as −

Unit Impulse SignalUnit Impulse Signal

The unit impulse signal has the value of one unit at its origin. Its area is one unit. The image of unit impulse signal isThe unit impulse signal has the value of one unit at its origin. Its area is one unit. The image of unit impulse signal is
shown below.shown below.

The unit impulse function is denoted by The unit impulse function is denoted by ẟẟ . It is defined as. It is defined as
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Unit Ramp SignalUnit Ramp Signal

The unit ramp signal has its value increasing exponentially from its origin. The image of unit ramp signal is shownThe unit ramp signal has its value increasing exponentially from its origin. The image of unit ramp signal is shown
below.below.

The unit ramp function is denoted by The unit ramp function is denoted by uu . It is defined as −. It is defined as −

Unit Parabolic SignalUnit Parabolic Signal

The unit parabolic signal has its value altering like a parabola at its origin. The image of unit parabolic signal isThe unit parabolic signal has its value altering like a parabola at its origin. The image of unit parabolic signal is
shown below.shown below.
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The unit parabolic function is denoted by The unit parabolic function is denoted by . It is defined as −. It is defined as −

Signum FunctionSignum Function

The Signum function has its value equally distributed in both positive and negative planes from its origin. The imageThe Signum function has its value equally distributed in both positive and negative planes from its origin. The image
of Signum function is shown below.of Signum function is shown below.
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The Signum function is denoted by The Signum function is denoted by sgnsgn . It is defined as. It is defined as

Exponential SignalExponential Signal

The exponential signal has its value varying exponentially from its origin. The exponential function is in the form of −The exponential signal has its value varying exponentially from its origin. The exponential function is in the form of −

The shape of exponential can be defined by The shape of exponential can be defined by . This function can be understood in 3 cases. This function can be understood in 3 cases

Case 1Case 1 − −

If If 

Case 2Case 2 − −

If If  then  then   where where  is negative. This shape is called as  is negative. This shape is called as decaying exponentialdecaying exponential..
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Case 3Case 3 − −

If If  then  then   where where  is positive. This shape is called as  is positive. This shape is called as raising exponentialraising exponential..

Rectangular SignalRectangular Signal

The rectangular signal has its value distributed in rectangular shape in both positive and negative planes from itsThe rectangular signal has its value distributed in rectangular shape in both positive and negative planes from its
origin. The image of rectangular signal is shown below.origin. The image of rectangular signal is shown below.
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The rectangular function is denoted by The rectangular function is denoted by . It is defined as. It is defined as

Triangular SignalTriangular Signal

The rectangular signal has its value distributed in triangular shape in both positive and negative planes from itsThe rectangular signal has its value distributed in triangular shape in both positive and negative planes from its
origin. The image of triangular signal is shown below.origin. The image of triangular signal is shown below.

The triangular function is denoted byThe triangular function is denoted by . It is defined as. It is defined as
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Sinusoidal SignalSinusoidal Signal

The Sinusoidal signal has its value varying sinusoidally from its origin. The image of Sinusoidal signal is shownThe Sinusoidal signal has its value varying sinusoidally from its origin. The image of Sinusoidal signal is shown
below.below.

The sinusoidal function is denoted by x The sinusoidal function is denoted by x . It is defined as −. It is defined as −

oror

Where Where 

Sinc FunctionSinc Function

The Sinc signal has its value varying according to a particular relation as in given equation below. It has itsThe Sinc signal has its value varying according to a particular relation as in given equation below. It has its
maximum value at the origin and goes on decreasing as it moves away. The image of a Sinc function signal ismaximum value at the origin and goes on decreasing as it moves away. The image of a Sinc function signal is
shown below.shown below.
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The Sinc function is denoted by The Sinc function is denoted by sincsinc . It is defined as −. It is defined as −

So, these are the different signals we mostly come across in the field of Electronics and Communications. EverySo, these are the different signals we mostly come across in the field of Electronics and Communications. Every
signal can be defined in a mathematical equation to make the signal analysis easier.signal can be defined in a mathematical equation to make the signal analysis easier.

Each signal has a particular wave shape as mentioned before. The shaping of the wave may alter the contentEach signal has a particular wave shape as mentioned before. The shaping of the wave may alter the content
present in the signal. Anyways, it is the decision to be made by the design engineer whether to alter a wave or notpresent in the signal. Anyways, it is the decision to be made by the design engineer whether to alter a wave or not
for any particular circuit. But, to alter the shape of the wave, there are few techniques which will be discussed infor any particular circuit. But, to alter the shape of the wave, there are few techniques which will be discussed in
further unitsfurther units

Electronic Circuits - Linear Wave ShappingElectronic Circuits - Linear Wave Shapping

A Signal can also be called as a A Signal can also be called as a WaveWave. Every wave has a certain shape when it is represented in a graph. This. Every wave has a certain shape when it is represented in a graph. This
shape can be of different types such as sinusoidal, square, triangular, etc. which vary with respect to time period orshape can be of different types such as sinusoidal, square, triangular, etc. which vary with respect to time period or
they may have some random shapes disregard of the time period.they may have some random shapes disregard of the time period.

Types of Wave ShapingTypes of Wave Shaping

There are two main types of wave shaping. They are −There are two main types of wave shaping. They are −

Linear wave shapingLinear wave shaping

Non-linear wave shapingNon-linear wave shaping

Linear Wave ShapingLinear Wave Shaping

Linear elements such as resistors, capacitors and inductors are employed to shape a signal in this linear waveLinear elements such as resistors, capacitors and inductors are employed to shape a signal in this linear wave
shaping. A Sine wave input has a sine wave output and hence the nonsinusoidal inputs are more prominently usedshaping. A Sine wave input has a sine wave output and hence the nonsinusoidal inputs are more prominently used
to understand the linear wave shaping.to understand the linear wave shaping.
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FilteringFiltering is the process of attenuating the unwanted signal or to reproduce the selected portions of the frequency is the process of attenuating the unwanted signal or to reproduce the selected portions of the frequency
components of a particular signal.components of a particular signal.

FiltersFilters

In the process of shaping a signal, if some portions of the signal are felt unwanted, they can be cut off using a FilterIn the process of shaping a signal, if some portions of the signal are felt unwanted, they can be cut off using a Filter
Circuit. Circuit. A Filter is a circuit that can remove unwanted portions of a signal at its inputA Filter is a circuit that can remove unwanted portions of a signal at its input. The process of reduction. The process of reduction
in the strength of the signal is also termed as in the strength of the signal is also termed as AttenuationAttenuation..

We have few components which help us in filtering techniques.We have few components which help us in filtering techniques.

A A CapacitorCapacitor has the property to  has the property to allow ACallow AC and to  and to block DCblock DC

An An InductorInductor has the property to  has the property to allow DCallow DC but  but blocks ACblocks AC..

Using these properties, these two components are especially used to block or allow Using these properties, these two components are especially used to block or allow ACAC or  or DCDC. The Filters can be. The Filters can be
designed depending upon these properties.designed depending upon these properties.

We have four main types of filters −We have four main types of filters −

Low pass filterLow pass filter

High pass filterHigh pass filter

Band pass filterBand pass filter

Band stop filterBand stop filter

Let us now discuss these types of filters in detail.Let us now discuss these types of filters in detail.

Low Pass FilterLow Pass Filter

A Filter circuit which allows a set of frequencies that are below a specified value can be termed as a A Filter circuit which allows a set of frequencies that are below a specified value can be termed as a Low passLow pass
filterfilter. This filter passes the lower frequencies. The circuit diagram of a low pass filter using RC and RL are as shown. This filter passes the lower frequencies. The circuit diagram of a low pass filter using RC and RL are as shown
below.below.
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The capacitor filter or The capacitor filter or RCRC filter and the inductor filter or RL filter both act as low pass filters. filter and the inductor filter or RL filter both act as low pass filters.

The RC filterThe RC filter − As the capacitor is placed in shunt, the AC it allows is grounded. This by passes all the − As the capacitor is placed in shunt, the AC it allows is grounded. This by passes all the
high frequency components while allows DC at the output.high frequency components while allows DC at the output.

The RL filterThe RL filter − As the inductor is placed in series, the DC is allowed to the output. The inductor blocks AC − As the inductor is placed in series, the DC is allowed to the output. The inductor blocks AC
which is not allowed at the output.which is not allowed at the output.

The symbol for a low pass filter The symbol for a low pass filter  is as given below. is as given below.

Frequency ResponseFrequency Response

The frequency response of a practical filter is as shown here under and the frequency response of an ideal LPFThe frequency response of a practical filter is as shown here under and the frequency response of an ideal LPF
when the practical considerations of electronic components are not considered will be as follows.when the practical considerations of electronic components are not considered will be as follows.

LLPPFF
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The cut off frequency for any filter is the critical frequency The cut off frequency for any filter is the critical frequency  for which the filter is intended to attenuate  for which the filter is intended to attenuate 

the signal. An ideal filter has a perfect cut-off whereas a practical one has few limitations.the signal. An ideal filter has a perfect cut-off whereas a practical one has few limitations.

The RLC FilterThe RLC Filter

After knowing about the RC and RL filters, one may have an idea that it would be good to add these two circuits inAfter knowing about the RC and RL filters, one may have an idea that it would be good to add these two circuits in
order to have a better response. The following figure shows how the RLC circuit looks like.order to have a better response. The following figure shows how the RLC circuit looks like.

The signal at the input goes through the inductor which blocks AC and allows DC. Now, that output is again passedThe signal at the input goes through the inductor which blocks AC and allows DC. Now, that output is again passed
through the capacitor in shunt, which grounds the remaining AC component if any, present in the signal, allowing DCthrough the capacitor in shunt, which grounds the remaining AC component if any, present in the signal, allowing DC
at the output. Thus we have a pure DC at the output. This is a better low pass circuit than both of them.at the output. Thus we have a pure DC at the output. This is a better low pass circuit than both of them.

High Pass FilterHigh Pass Filter

A Filter circuit which allows a set of frequencies that are A Filter circuit which allows a set of frequencies that are above a specified valueabove a specified value can be termed as a  can be termed as a High passHigh pass
filterfilter. This filter passes the higher frequencies. The circuit diagram of a high pass filter using RC and RL are as. This filter passes the higher frequencies. The circuit diagram of a high pass filter using RC and RL are as
shown below.shown below.

ffcc ccuutt
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The capacitor filter or The capacitor filter or RCRC filter and the inductor filter or  filter and the inductor filter or RLRL filter both act as high pass filters. filter both act as high pass filters.

The RC FilterThe RC Filter

As the capacitor is placed in series, it blocks the DC components and allows the AC components to the output.As the capacitor is placed in series, it blocks the DC components and allows the AC components to the output.
Hence the high frequency components appear at the output across the resistor.Hence the high frequency components appear at the output across the resistor.

The RL FilterThe RL Filter

As the inductor is placed in shunt, the DC is allowed to be grounded. The remaining AC component, appears at theAs the inductor is placed in shunt, the DC is allowed to be grounded. The remaining AC component, appears at the

output. The symbol for a high pass filter output. The symbol for a high pass filter  is as given below. is as given below.

Frequency ResponseFrequency Response

The frequency response of a practical filter is as shown here under and the frequency response of an ideal HPFThe frequency response of a practical filter is as shown here under and the frequency response of an ideal HPF
when the practical considerations of electronic components are not considered will be as follows.when the practical considerations of electronic components are not considered will be as follows.

HHPPFF
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The cut-off frequency for any filter is the critical frequency The cut-off frequency for any filter is the critical frequency  for which the filter is intended to attenuate  for which the filter is intended to attenuate 

the signal. An ideal filter has a perfect cut-off whereas a practical one has few limitations.the signal. An ideal filter has a perfect cut-off whereas a practical one has few limitations.

The RLC FilterThe RLC Filter

After knowing about the RC and RL filters, one may have an idea that it would be good to add these two circuits inAfter knowing about the RC and RL filters, one may have an idea that it would be good to add these two circuits in
order to have a better response. The following figure shows how the RLC circuit looks like.order to have a better response. The following figure shows how the RLC circuit looks like.

The signal at the input goes through the capacitor which blocks DC and allows AC. Now, that output is again passedThe signal at the input goes through the capacitor which blocks DC and allows AC. Now, that output is again passed
through the inductor in shunt, which grounds the remaining DC component if any, present in the signal, allowing ACthrough the inductor in shunt, which grounds the remaining DC component if any, present in the signal, allowing AC
at the output. Thus we have a pure AC at the output. This is a better high pass circuit than both of them.at the output. Thus we have a pure AC at the output. This is a better high pass circuit than both of them.

Band Pass FilterBand Pass Filter

A Filter circuit which allows a set of frequencies that are A Filter circuit which allows a set of frequencies that are between two specified valuesbetween two specified values can be termed as a  can be termed as a BandBand
pass filterpass filter. This filter passes a band of frequencies.. This filter passes a band of frequencies.

As we need to eliminate few of the low and high frequencies, to select a set of specified frequencies, we need toAs we need to eliminate few of the low and high frequencies, to select a set of specified frequencies, we need to
cascade a HPF and a LPF to get a BPF. This can be understood easily even by observing the frequency responsecascade a HPF and a LPF to get a BPF. This can be understood easily even by observing the frequency response
curves.curves.

The circuit diagram of a band pass filter is as shown below.The circuit diagram of a band pass filter is as shown below.

ffcc ccuutt
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The above circuit can also be constructed using RL circuits or RLC circuits. The above one is a RC circuit chosenThe above circuit can also be constructed using RL circuits or RLC circuits. The above one is a RC circuit chosen
for simple understanding.for simple understanding.

The symbol for a band pass filter The symbol for a band pass filter  is as given below. is as given below.

Frequency ResponseFrequency Response

The frequency response of a practical filter is as shown here under and the frequency response of an ideal BPFThe frequency response of a practical filter is as shown here under and the frequency response of an ideal BPF
when the practical considerations of electronic components are not considered will be as follows.when the practical considerations of electronic components are not considered will be as follows.

The cut-off frequency for any filter is the critical frequency The cut-off frequency for any filter is the critical frequency  for which the filter is intended to attenuate  for which the filter is intended to attenuate 

the signal. An ideal filter has a perfect cut-off whereas a practical one has few limitations.the signal. An ideal filter has a perfect cut-off whereas a practical one has few limitations.

Band Stop FilterBand Stop Filter

A Filter circuit which blocks or attenuates a set of frequencies that are A Filter circuit which blocks or attenuates a set of frequencies that are between two specified valuesbetween two specified values can be can be
termed as a termed as a Band Stop filterBand Stop filter. This filter rejects a band of frequencies and hence can also be called as . This filter rejects a band of frequencies and hence can also be called as Band RejectBand Reject

BBPP FF

ffcc ccuutt
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FilterFilter..

As we need to eliminate few of the low and high frequencies, to select a set of specified frequencies, we need toAs we need to eliminate few of the low and high frequencies, to select a set of specified frequencies, we need to
cascade a LPF and a HPF to get a BSF. This can be understood easily even by observing the frequency responsecascade a LPF and a HPF to get a BSF. This can be understood easily even by observing the frequency response
curves.curves.

The circuit diagram of a band stop filter is as shown below.The circuit diagram of a band stop filter is as shown below.

The above circuit can also be constructed using RL circuits or RLC circuits. The above one is a RC circuit chosenThe above circuit can also be constructed using RL circuits or RLC circuits. The above one is a RC circuit chosen
for simple understanding.for simple understanding.

The symbol for a band stop filter The symbol for a band stop filter  is as given below. is as given below.

Frequency ResponseFrequency Response

The frequency response of a practical filter is as shown here under and the frequency response of an ideal BSFThe frequency response of a practical filter is as shown here under and the frequency response of an ideal BSF
when the practical considerations of electronic components are not considered will be as follows.when the practical considerations of electronic components are not considered will be as follows.
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The cut-off frequency for any filter is the critical frequency The cut-off frequency for any filter is the critical frequency  for which the filter is intended to attenuate  for which the filter is intended to attenuate 

the signal. An ideal filter has a perfect cut-off whereas a practical one has few limitations.the signal. An ideal filter has a perfect cut-off whereas a practical one has few limitations.

Special Functions of LPF and HPFSpecial Functions of LPF and HPF

Low-pass and high-pass filter circuits are used as special circuits in many applications. Low-pass filter Low-pass and high-pass filter circuits are used as special circuits in many applications. Low-pass filter  can can

work as an work as an IntegratorIntegrator, whereas the high-pass filter , whereas the high-pass filter  can work as a  can work as a DifferentiatorDifferentiator. These two mathematical. These two mathematical

functions are possible only with these circuits which reduce the efforts of an electronics engineer in manyfunctions are possible only with these circuits which reduce the efforts of an electronics engineer in many
applications.applications.

Low Pass Filter as IntegratorLow Pass Filter as Integrator

At low frequencies, the capacitive reactance tends to become infinite and at high frequencies the reactanceAt low frequencies, the capacitive reactance tends to become infinite and at high frequencies the reactance
becomes zero. Hence at low frequencies, the LPF has finite output and at high frequencies the output is nil, which isbecomes zero. Hence at low frequencies, the LPF has finite output and at high frequencies the output is nil, which is
same for an integrator circuit. Hence low pass filter can be said to be worked as an same for an integrator circuit. Hence low pass filter can be said to be worked as an integratorintegrator..

For the LPF to behave as an integratorFor the LPF to behave as an integrator

Where Where  the time constant of the circuit the time constant of the circuit

Then the voltage variation in C is very small.Then the voltage variation in C is very small.
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Hence a LPF with large time constant produces an output that is proportional to the integral of an input.Hence a LPF with large time constant produces an output that is proportional to the integral of an input.

Frequency ResponseFrequency Response

The Frequency response of a practical low pass filter, when it works as an Integrator is as shown below.The Frequency response of a practical low pass filter, when it works as an Integrator is as shown below.

Output WaveformOutput Waveform

If the integrator circuit is given a sinewave input, the output will be a cosine wave. If the input is a square wave, theIf the integrator circuit is given a sinewave input, the output will be a cosine wave. If the input is a square wave, the
output wave form changes its shape and appears as in the figure below.output wave form changes its shape and appears as in the figure below.
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High Pass Filter as DifferentiatorHigh Pass Filter as Differentiator

At low frequencies, the output of a differentiator is zero whereas at high frequencies, its output is of some finiteAt low frequencies, the output of a differentiator is zero whereas at high frequencies, its output is of some finite
value. This is same as for a differentiator. Hence the high pass filter is said to be behaved as a differentiator.value. This is same as for a differentiator. Hence the high pass filter is said to be behaved as a differentiator.

If time constant of the RC HPF is very much smaller than time period of the input signal, then circuit behaves as aIf time constant of the RC HPF is very much smaller than time period of the input signal, then circuit behaves as a
differentiator. Then the voltage drop across R is very small when compared to the drop across C.differentiator. Then the voltage drop across R is very small when compared to the drop across C.

But But  is small is small
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Where Where  the time constant of the circuit. the time constant of the circuit.

Differentiating on both sides,Differentiating on both sides,

The output is proportional to the differential of the input signal.The output is proportional to the differential of the input signal.

Frequency ResponseFrequency Response

The Frequency response of a practical high pass filter, when it works as a Differentiator is as shown below.The Frequency response of a practical high pass filter, when it works as a Differentiator is as shown below.
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Output Wave formOutput Wave form

If the differentiator circuit is given a sinewave input, the output will be a cosine wave. If the input is a square wave,If the differentiator circuit is given a sinewave input, the output will be a cosine wave. If the input is a square wave,
the output wave form changes its shape and appears as in the figure below.the output wave form changes its shape and appears as in the figure below.

These two circuits are mostly used in various electronic applications. A differentiator circuit produces a constantThese two circuits are mostly used in various electronic applications. A differentiator circuit produces a constant
output voltage when the input applied tends to change steadily. An integrator circuit produces a steadily changingoutput voltage when the input applied tends to change steadily. An integrator circuit produces a steadily changing
output voltage when the input voltage applied is constant.output voltage when the input voltage applied is constant.

Nonlinear Wave ShappingNonlinear Wave Shapping

Along with resistors, the non-linear elements like Along with resistors, the non-linear elements like diodesdiodes are used in nonlinear wave shaping circuits to get required are used in nonlinear wave shaping circuits to get required
altered outputs. Either the shape of the wave is attenuated or the dc level of the wave is altered in the Non-linearaltered outputs. Either the shape of the wave is attenuated or the dc level of the wave is altered in the Non-linear
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wave shaping.wave shaping.

The process of producing non-sinusoidal output wave forms from sinusoidal input, using non-linear elements isThe process of producing non-sinusoidal output wave forms from sinusoidal input, using non-linear elements is
called as called as nonlinear wave shapingnonlinear wave shaping..

Clipper CircuitsClipper Circuits

A Clipper circuit is a circuit that A Clipper circuit is a circuit that rejects the partrejects the part of the input wave specified while  of the input wave specified while allowing the remainingallowing the remaining portion. portion.
The portion of the wave above or below the cut off voltage determined is clipped off or cut off.The portion of the wave above or below the cut off voltage determined is clipped off or cut off.

The clipping circuits consist of linear and non-linear elements like resistors and diodes but not energy storageThe clipping circuits consist of linear and non-linear elements like resistors and diodes but not energy storage
elements like capacitors. These clipping circuits have many applications as they are advantageous.elements like capacitors. These clipping circuits have many applications as they are advantageous.

The main advantage of clipping circuits is to eliminate the unwanted noise present in the amplitudes.The main advantage of clipping circuits is to eliminate the unwanted noise present in the amplitudes.

These can work as square wave converters, as they can convert sine waves into square waves by clipping.These can work as square wave converters, as they can convert sine waves into square waves by clipping.

The amplitude of the desired wave can be maintained at a constant level.The amplitude of the desired wave can be maintained at a constant level.

Among the Diode Clippers, the two main types are Among the Diode Clippers, the two main types are positivepositive and  and negative clippersnegative clippers. We will discuss these two types. We will discuss these two types
of clippers in the next two chapters.of clippers in the next two chapters.

Electronic Circuits - Positive Clipper CircuitsElectronic Circuits - Positive Clipper Circuits

The Clipper circuit that is intended to attenuate positive portions of the input signal can be termed as a The Clipper circuit that is intended to attenuate positive portions of the input signal can be termed as a PositivePositive
ClipperClipper. Among the positive diode clipper circuits, we have the following types −. Among the positive diode clipper circuits, we have the following types −

Positive Series ClipperPositive Series Clipper

Positive Series Clipper with positive Positive Series Clipper with positive   

Positive Series Clipper with negative Positive Series Clipper with negative 

Positive Shunt ClipperPositive Shunt Clipper

Positive Shunt Clipper with positive Positive Shunt Clipper with positive 

Positive Shunt Clipper with negative Positive Shunt Clipper with negative 

Let us discuss each of these types in detail.Let us discuss each of these types in detail.

Positive Series ClipperPositive Series Clipper

A Clipper circuit in which the diode is connected in series to the input signal and that attenuates the positive portionsA Clipper circuit in which the diode is connected in series to the input signal and that attenuates the positive portions
of the waveform, is termed as of the waveform, is termed as Positive Series ClipperPositive Series Clipper. The following figure represents the circuit diagram for. The following figure represents the circuit diagram for
positive series clipper.positive series clipper.
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Positive Cycle of the InputPositive Cycle of the Input − When the input voltage is applied, the positive cycle of the input makes the point A in − When the input voltage is applied, the positive cycle of the input makes the point A in
the circuit positive with respect to the point B. This makes the diode reverse biased and hence it behaves like anthe circuit positive with respect to the point B. This makes the diode reverse biased and hence it behaves like an

open switch. Thus the voltage across the load resistor becomes zero as no current flows through it and hence open switch. Thus the voltage across the load resistor becomes zero as no current flows through it and hence 

will be zero.will be zero.

Negative Cycle of the InputNegative Cycle of the Input − The negative cycle of the input makes the point A in the circuit negative with respect − The negative cycle of the input makes the point A in the circuit negative with respect
to the point B. This makes the diode forward biased and hence it conducts like a closed switch. Thus the voltageto the point B. This makes the diode forward biased and hence it conducts like a closed switch. Thus the voltage

across the load resistor will be equal to the applied input voltage as it completely appears at the output across the load resistor will be equal to the applied input voltage as it completely appears at the output ..

WaveformsWaveforms

In the above figures, if the waveforms are observed, we can understand that only a portion of the positive peak wasIn the above figures, if the waveforms are observed, we can understand that only a portion of the positive peak was
clipped. This is because of the voltage across V0. But the ideal output was not meant to be so. Let us have a look atclipped. This is because of the voltage across V0. But the ideal output was not meant to be so. Let us have a look at
the following figures.the following figures.

Unlike the ideal output, a bit portion of the positive cycle is present in the practical output due to the diodeUnlike the ideal output, a bit portion of the positive cycle is present in the practical output due to the diode
conduction voltage which is 0.7v. Hence there will be a difference in the practical and ideal output waveforms.conduction voltage which is 0.7v. Hence there will be a difference in the practical and ideal output waveforms.

Positive Series Clipper with positive Positive Series Clipper with positive 

A Clipper circuit in which the diode is connected in series to the input signal and biased with positive referenceA Clipper circuit in which the diode is connected in series to the input signal and biased with positive reference

voltage voltage  and that attenuates the positive portions of the waveform, is termed as  and that attenuates the positive portions of the waveform, is termed as Positive Series Clipper withPositive Series Clipper with
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positive positive . The following figure represents the circuit diagram for positive series clipper when the reference. The following figure represents the circuit diagram for positive series clipper when the reference

voltage applied is positive.voltage applied is positive.

During the positive cycle of the input the diode gets reverse biased and the reference voltage appears at the output.During the positive cycle of the input the diode gets reverse biased and the reference voltage appears at the output.
During its negative cycle, the diode gets forward biased and conducts like a closed switch. Hence the outputDuring its negative cycle, the diode gets forward biased and conducts like a closed switch. Hence the output
waveform appears as shown in the above figure.waveform appears as shown in the above figure.

Positive Series Clipper with negative Positive Series Clipper with negative 

A Clipper circuit in which the diode is connected in series to the input signal and biased with negative referenceA Clipper circuit in which the diode is connected in series to the input signal and biased with negative reference

voltage voltage  and that attenuates the positive portions of the waveform, is termed as  and that attenuates the positive portions of the waveform, is termed as Positive Series Clipper withPositive Series Clipper with

negative negative . The following figure represents the circuit diagram for positive series clipper, when the reference. The following figure represents the circuit diagram for positive series clipper, when the reference

voltage applied is negative.voltage applied is negative.

During the positive cycle of the input the diode gets reverse biased and the reference voltage appears at the output.During the positive cycle of the input the diode gets reverse biased and the reference voltage appears at the output.
As the reference voltage is negative, the same voltage with constant amplitude is shown. During its negative cycle,As the reference voltage is negative, the same voltage with constant amplitude is shown. During its negative cycle,
the diode gets forward biased and conducts like a closed switch. Hence the input signal that is greater than thethe diode gets forward biased and conducts like a closed switch. Hence the input signal that is greater than the
reference voltage, appears at the output.reference voltage, appears at the output.

Positive Shunt ClipperPositive Shunt Clipper
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A Clipper circuit in which the diode is connected in shunt to the input signal and that attenuates the positive portionsA Clipper circuit in which the diode is connected in shunt to the input signal and that attenuates the positive portions
of the waveform, is termed as of the waveform, is termed as Positive Shunt ClipperPositive Shunt Clipper. The following figure represents the circuit diagram for. The following figure represents the circuit diagram for
positive shunt clipper.positive shunt clipper.

Positive Cycle of the InputPositive Cycle of the Input − When the input voltage is applied, the positive cycle of the input makes the point A in − When the input voltage is applied, the positive cycle of the input makes the point A in
the circuit positive with respect to the point B. This makes the diode forward biased and hence it conducts like athe circuit positive with respect to the point B. This makes the diode forward biased and hence it conducts like a
closed switch. Thus the voltage across the load resistor becomes zero as no current flows through it and henceclosed switch. Thus the voltage across the load resistor becomes zero as no current flows through it and hence  

 will be zero. will be zero.

Negative Cycle of the InputNegative Cycle of the Input − The negative cycle of the input makes the point A in the circuit negative with respect − The negative cycle of the input makes the point A in the circuit negative with respect
to the point B. This makes the diode reverse biased and hence it behaves like an open switch. Thus the voltageto the point B. This makes the diode reverse biased and hence it behaves like an open switch. Thus the voltage

across the load resistor will be equal to the applied input voltage as it completely appears at the output across the load resistor will be equal to the applied input voltage as it completely appears at the output ..

WaveformsWaveforms

In the above figures, if the waveforms are observed, we can understand that only a portion of the positive peak wasIn the above figures, if the waveforms are observed, we can understand that only a portion of the positive peak was

clipped. This is because of the voltage across clipped. This is because of the voltage across . But the ideal output was not meant to be so. Let us have a. But the ideal output was not meant to be so. Let us have a

look at the following figures.look at the following figures.

Unlike the ideal output, a bit portion of the positive cycle is present in the practical output due to the diodeUnlike the ideal output, a bit portion of the positive cycle is present in the practical output due to the diode
conduction voltage which is 0.7v. Hence there will be a difference in the practical and ideal output waveforms.conduction voltage which is 0.7v. Hence there will be a difference in the practical and ideal output waveforms.
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Positive Shunt Clipper with positive Positive Shunt Clipper with positive 

A Clipper circuit in which the diode is connected in shunt to the input signal and biased with positive referenceA Clipper circuit in which the diode is connected in shunt to the input signal and biased with positive reference

voltage voltage  and that attenuates the positive portions of the waveform, is termed as  and that attenuates the positive portions of the waveform, is termed as Positive Shunt Clipper withPositive Shunt Clipper with

positivepositive  . The following figure represents the circuit diagram for positive shunt clipper when the reference. The following figure represents the circuit diagram for positive shunt clipper when the reference

voltage applied is positive.voltage applied is positive.

During the positive cycle of the input the diode gets forward biased and nothing but the reference voltage appears atDuring the positive cycle of the input the diode gets forward biased and nothing but the reference voltage appears at
the output. During its negative cycle, the diode gets reverse biased and behaves as an open switch. The whole ofthe output. During its negative cycle, the diode gets reverse biased and behaves as an open switch. The whole of
the input appears at the output. Hence the output waveform appears as shown in the above figure.the input appears at the output. Hence the output waveform appears as shown in the above figure.

Positive Shunt Clipper with negative Positive Shunt Clipper with negative 

A Clipper circuit in which the diode is connected in shunt to the input signal and biased with negative referenceA Clipper circuit in which the diode is connected in shunt to the input signal and biased with negative reference

voltage voltage  and that attenuates the positive portions of the waveform, is termed as  and that attenuates the positive portions of the waveform, is termed as Positive Shunt Clipper withPositive Shunt Clipper with

negativenegative  ..

The following figure represents the circuit diagram for positive shunt clipper, when the reference voltage applied isThe following figure represents the circuit diagram for positive shunt clipper, when the reference voltage applied is
negative.negative.
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During the positive cycle of the input, the diode gets forward biased and the reference voltage appears at the output.During the positive cycle of the input, the diode gets forward biased and the reference voltage appears at the output.
As the reference voltage is negative, the same voltage with constant amplitude is shown. During its negative cycle,As the reference voltage is negative, the same voltage with constant amplitude is shown. During its negative cycle,
the diode gets reverse biased and behaves as an open switch. Hence the input signal that is greater than thethe diode gets reverse biased and behaves as an open switch. Hence the input signal that is greater than the
reference voltage, appears at the output.reference voltage, appears at the output.

Electronic Circuits - Negative Clipper CircuitsElectronic Circuits - Negative Clipper Circuits

The Clipper circuit that is intended to attenuate negative portions of the input signal can be termed as a The Clipper circuit that is intended to attenuate negative portions of the input signal can be termed as a NegativeNegative
ClipperClipper. Among the negative diode clipper circuits, we have the following types.. Among the negative diode clipper circuits, we have the following types.

Negative Series ClipperNegative Series Clipper

Negative Series Clipper with positive Negative Series Clipper with positive   

Negative Series Clipper with negative Negative Series Clipper with negative 

Negative Shunt ClipperNegative Shunt Clipper

Negative Shunt Clipper with positive Negative Shunt Clipper with positive 

Negative Shunt Clipper with negative Negative Shunt Clipper with negative 

Let us discuss each of these types in detail.Let us discuss each of these types in detail.

Negative Series ClipperNegative Series Clipper

A Clipper circuit in which the diode is connected in series to the input signal and that attenuates the negativeA Clipper circuit in which the diode is connected in series to the input signal and that attenuates the negative
portions of the waveform, is termed as portions of the waveform, is termed as Negative Series ClipperNegative Series Clipper. The following figure represents the circuit diagram. The following figure represents the circuit diagram
for negative series clipper.for negative series clipper.

Positive Cycle of the InputPositive Cycle of the Input − When the input voltage is applied, the positive cycle of the input makes the point A in − When the input voltage is applied, the positive cycle of the input makes the point A in
the circuit positive with respect to the point B. This makes the diode forward biased and hence it acts like a closedthe circuit positive with respect to the point B. This makes the diode forward biased and hence it acts like a closed

switch. Thus the input voltage completely appears across the load resistor to produce the output switch. Thus the input voltage completely appears across the load resistor to produce the output ..
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Negative Cycle of the InputNegative Cycle of the Input − The negative cycle of the input makes the point A in the circuit negative with respect − The negative cycle of the input makes the point A in the circuit negative with respect
to the point B. This makes the diode reverse biased and hence it acts like an open switch. Thus the voltage acrossto the point B. This makes the diode reverse biased and hence it acts like an open switch. Thus the voltage across

the load resistor will be zero making the load resistor will be zero making  zero. zero.

WaveformsWaveforms

In the above figures, if the waveforms are observed, we can understand that only a portion of the negative peak wasIn the above figures, if the waveforms are observed, we can understand that only a portion of the negative peak was

clipped. This is because of the voltage across clipped. This is because of the voltage across . But the ideal output was not meant to be so. Let us have a. But the ideal output was not meant to be so. Let us have a

look at the following figures.look at the following figures.

Unlike the ideal output, a bit portion of the negative cycle is present in the practical output due to the diodeUnlike the ideal output, a bit portion of the negative cycle is present in the practical output due to the diode
conduction voltage which is 0.7v. Hence there will be a difference in the practical and ideal output waveforms.conduction voltage which is 0.7v. Hence there will be a difference in the practical and ideal output waveforms.

Negative Series Clipper with positive Negative Series Clipper with positive 

A Clipper circuit in which the diode is connected in series to the input signal and biased with positive referenceA Clipper circuit in which the diode is connected in series to the input signal and biased with positive reference

voltage voltage  and that attenuates the negative portions of the waveform, is termed as  and that attenuates the negative portions of the waveform, is termed as Negative Series ClipperNegative Series Clipper

with positivewith positive  . The following figure represents the circuit diagram for negative series clipper when the. The following figure represents the circuit diagram for negative series clipper when the

reference voltage applied is positive.reference voltage applied is positive.
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During the positive cycle of the input, the diode starts conducting only when the anode voltage value exceeds theDuring the positive cycle of the input, the diode starts conducting only when the anode voltage value exceeds the
cathode voltage value of the diode. As the cathode voltage equals the reference voltage applied, the output will becathode voltage value of the diode. As the cathode voltage equals the reference voltage applied, the output will be
as shown.as shown.

Negative Series Clipper with negative Negative Series Clipper with negative 

A Clipper circuit in which the diode is connected in series to the input signal and biased with negative referenceA Clipper circuit in which the diode is connected in series to the input signal and biased with negative reference

voltage voltage  and that attenuates the negative portions of the waveform, is termed as  and that attenuates the negative portions of the waveform, is termed as Negative Series ClipperNegative Series Clipper

with negativewith negative  . The following figure represents the circuit diagram for negative series clipper, when the. The following figure represents the circuit diagram for negative series clipper, when the

reference voltage applied is negative.reference voltage applied is negative.

During the positive cycle of the input the diode gets forward biased and the input signal appears at the output.During the positive cycle of the input the diode gets forward biased and the input signal appears at the output.
During its negative cycle, the diode gets reverse biased and hence will not conduct. But the negative referenceDuring its negative cycle, the diode gets reverse biased and hence will not conduct. But the negative reference
voltage being applied, appears at the output. Hence the negative cycle of the output waveform gets clipped after thisvoltage being applied, appears at the output. Hence the negative cycle of the output waveform gets clipped after this
reference level.reference level.

Negative Shunt ClipperNegative Shunt Clipper

A Clipper circuit in which the diode is connected in shunt to the input signal and that attenuates the negativeA Clipper circuit in which the diode is connected in shunt to the input signal and that attenuates the negative
portions of the waveform, is termed as Negative Shunt Clipper. The following figure represents the circuit diagramportions of the waveform, is termed as Negative Shunt Clipper. The following figure represents the circuit diagram
for for negative shunt clippernegative shunt clipper..
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Positive Cycle of the InputPositive Cycle of the Input − When the input voltage is applied, the positive cycle of the input makes the point A in − When the input voltage is applied, the positive cycle of the input makes the point A in
the circuit positive with respect to the point B. This makes the diode reverse biased and hence it behaves like anthe circuit positive with respect to the point B. This makes the diode reverse biased and hence it behaves like an
open switch. Thus the voltage across the load resistor equals the applied input voltage as it completely appears atopen switch. Thus the voltage across the load resistor equals the applied input voltage as it completely appears at

the output the output 

Negative Cycle of the InputNegative Cycle of the Input − The negative cycle of the input makes the point A in the circuit negative with respect − The negative cycle of the input makes the point A in the circuit negative with respect
to the point B. This makes the diode forward biased and hence it conducts like a closed switch. Thus the voltageto the point B. This makes the diode forward biased and hence it conducts like a closed switch. Thus the voltage
across the load resistor becomes zero as no current flows through it.across the load resistor becomes zero as no current flows through it.

WaveformsWaveforms

In the above figures, if the waveforms are observed, we can understand that just a portion of the negative peak wasIn the above figures, if the waveforms are observed, we can understand that just a portion of the negative peak was

clipped. This is because of the voltage across clipped. This is because of the voltage across . But the ideal output was not meant to be so. Let us have a. But the ideal output was not meant to be so. Let us have a

look at the following figures.look at the following figures.

Unlike the ideal output, a bit portion of the negative cycle is present in the practical output due to the diodeUnlike the ideal output, a bit portion of the negative cycle is present in the practical output due to the diode
conduction voltage which is 0.7v. Hence there will be a difference in the practical and ideal output waveforms.conduction voltage which is 0.7v. Hence there will be a difference in the practical and ideal output waveforms.

Negative Shunt Clipper with positive Negative Shunt Clipper with positive 

A Clipper circuit in which the diode is connected in shunt to the input signal and biased with positive referenceA Clipper circuit in which the diode is connected in shunt to the input signal and biased with positive reference

voltage voltage  and that attenuates the negative portions of the waveform, is termed as  and that attenuates the negative portions of the waveform, is termed as Negative Shunt Clipper withNegative Shunt Clipper with

positive positive . The following figure represents the circuit diagram for negative shunt clipper when the reference. The following figure represents the circuit diagram for negative shunt clipper when the reference

voltage applied is positive.voltage applied is positive.
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During the positive cycle of the input the diode gets reverse biased and behaves as an open switch. So whole of theDuring the positive cycle of the input the diode gets reverse biased and behaves as an open switch. So whole of the
input voltage, which is greater than the reference voltage applied, appears at the output. The signal below referenceinput voltage, which is greater than the reference voltage applied, appears at the output. The signal below reference
voltage level gets clipped off.voltage level gets clipped off.

During the negative half cycle, as the diode gets forward biased and the loop gets completed, no output is present.During the negative half cycle, as the diode gets forward biased and the loop gets completed, no output is present.

Negative Shunt Clipper with negative Negative Shunt Clipper with negative 

A Clipper circuit in which the diode is connected in shunt to the input signal and biased with negative referenceA Clipper circuit in which the diode is connected in shunt to the input signal and biased with negative reference

voltage voltage  and that attenuates the negative portions of the waveform, is termed as  and that attenuates the negative portions of the waveform, is termed as Negative Shunt Clipper withNegative Shunt Clipper with

negativenegative  . The following figure represents the circuit diagram for negative shunt clipper, when the reference. The following figure represents the circuit diagram for negative shunt clipper, when the reference

voltage applied is negative.voltage applied is negative.

During the positive cycle of the input the diode gets reverse biased and behaves as an open switch. So whole of theDuring the positive cycle of the input the diode gets reverse biased and behaves as an open switch. So whole of the

input voltage, appears at the output input voltage, appears at the output . During the negative half cycle, the diode gets forward biased. The. During the negative half cycle, the diode gets forward biased. The

negative voltage up to the reference voltage, gets at the output and the remaining signal gets clipped off.negative voltage up to the reference voltage, gets at the output and the remaining signal gets clipped off.

Two-way ClipperTwo-way Clipper
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This is a positive and negative clipper with a reference voltage This is a positive and negative clipper with a reference voltage . The input voltage is clipped two-way both. The input voltage is clipped two-way both

positive and negative portions of the input waveform with two reference voltages. For this, two diodes positive and negative portions of the input waveform with two reference voltages. For this, two diodes  and and  

 along with two reference voltages  along with two reference voltages  and  and  are connected in the circuit. are connected in the circuit.

This circuit is also called as a This circuit is also called as a Combinational ClipperCombinational Clipper circuit. The figure below shows the circuit arrangement for a circuit. The figure below shows the circuit arrangement for a
two-way or a combinational clipper circuit along with its output waveform.two-way or a combinational clipper circuit along with its output waveform.

During the positive half of the input signal, the diode During the positive half of the input signal, the diode  conducts making the reference voltage  conducts making the reference voltage  appear at appear at

the output. During the negative half of the input signal, the diode the output. During the negative half of the input signal, the diode  conducts making the reference voltage conducts making the reference voltage  

 appear at the output. Hence both the diodes conduct alternatively to clip the output during both the cycles. appear at the output. Hence both the diodes conduct alternatively to clip the output during both the cycles.

The output is taken across the load resistor.The output is taken across the load resistor.

With this, we are done with the major clipper circuits. Let us go for the clamper circuits in the next chapter.With this, we are done with the major clipper circuits. Let us go for the clamper circuits in the next chapter.

Electronic Circuits - Clamper CircuitsElectronic Circuits - Clamper Circuits

A Clamper Circuit is a circuit that adds a DC level to an AC signal. Actually, the positive and negative peaks of theA Clamper Circuit is a circuit that adds a DC level to an AC signal. Actually, the positive and negative peaks of the
signals can be placed at desired levels using the clamping circuits. As the DC level gets shifted, a clamper circuit issignals can be placed at desired levels using the clamping circuits. As the DC level gets shifted, a clamper circuit is
called as a called as a Level ShifterLevel Shifter..

Clamper circuits consist of energy storage elements like capacitors. A simple clamper circuit comprises of aClamper circuits consist of energy storage elements like capacitors. A simple clamper circuit comprises of a
capacitor, a diode, a resistor and a dc battery if required.capacitor, a diode, a resistor and a dc battery if required.

Clamper CircuitClamper Circuit

A Clamper circuit can be defined as the circuit that consists of a diode, a resistor and a capacitor that shifts theA Clamper circuit can be defined as the circuit that consists of a diode, a resistor and a capacitor that shifts the
waveform to a desired DC level without changing the actual appearance of the applied signal.waveform to a desired DC level without changing the actual appearance of the applied signal.
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In order to maintain the time period of the wave form, the In order to maintain the time period of the wave form, the tautau must be greater than, half the time period must be greater than, half the time period  

WhereWhere

R is the resistance of the resistor employedR is the resistance of the resistor employed

C is the capacitance of the capacitor usedC is the capacitance of the capacitor used

The time constant of charge and discharge of the capacitor determines the output of a clamper circuit.The time constant of charge and discharge of the capacitor determines the output of a clamper circuit.

In a clamper circuit, a vertical shift of upward or downward takes place in the output waveform with respectIn a clamper circuit, a vertical shift of upward or downward takes place in the output waveform with respect
to the input signal.to the input signal.

The load resistor and the capacitor affect the waveform. So, the discharging time of the capacitor should beThe load resistor and the capacitor affect the waveform. So, the discharging time of the capacitor should be
large enough.large enough.

The DC component present in the input is rejected when a capacitor coupled network is usedThe DC component present in the input is rejected when a capacitor coupled network is used  

. Hence when . Hence when dcdc needs to be  needs to be restoredrestored, clamping circuit is used., clamping circuit is used.

Types of ClampersTypes of Clampers

There are few types of clamper circuits, such asThere are few types of clamper circuits, such as

Positive ClamperPositive Clamper

Positive clamper with positive Positive clamper with positive 

Positive clamper with negative Positive clamper with negative 

Negative ClamperNegative Clamper

Negative clamper with positive Negative clamper with positive 

Negative clamper with negative Negative clamper with negative 

Let us go through them in detail.Let us go through them in detail.

Positive Clamper CircuitPositive Clamper Circuit

A Clamping circuit restores the DC level. When a negative peak of the signal is raised above to the zero level, thenA Clamping circuit restores the DC level. When a negative peak of the signal is raised above to the zero level, then
the signal is said to be the signal is said to be positively clampedpositively clamped..

A Positive Clamper circuit is one that consists of a diode, a resistor and a capacitor and that shifts the output signalA Positive Clamper circuit is one that consists of a diode, a resistor and a capacitor and that shifts the output signal
to the positive portion of the input signal. The figure below explains the construction of a positive clamper circuit.to the positive portion of the input signal. The figure below explains the construction of a positive clamper circuit.

ddiisscchhaarrggiinnggttiimmeeoofftthheeccaappaacciittoorrsshhoouullddbbeessllooww..
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Initially when the input is given, the capacitor is not yet charged and the diode is reverse biased. The output is notInitially when the input is given, the capacitor is not yet charged and the diode is reverse biased. The output is not
considered at this point of time. During the negative half cycle, at the peak value, the capacitor gets charged withconsidered at this point of time. During the negative half cycle, at the peak value, the capacitor gets charged with

negative on one plate and positive on the other. The capacitor is now charged to its peak value negative on one plate and positive on the other. The capacitor is now charged to its peak value . The diode is. The diode is

forward biased and conducts heavily.forward biased and conducts heavily.

During the next positive half cycle, the capacitor is charged to positive Vm while the diode gets reverse biased andDuring the next positive half cycle, the capacitor is charged to positive Vm while the diode gets reverse biased and
gets open circuited. The output of the circuit at this moment will begets open circuited. The output of the circuit at this moment will be

Hence the signal is positively clamped as shown in the above figure. The output signal changes according to theHence the signal is positively clamped as shown in the above figure. The output signal changes according to the
changes in the input, but shifts the level according to the charge on the capacitor, as it adds the input voltage.changes in the input, but shifts the level according to the charge on the capacitor, as it adds the input voltage.

Positive Clamper with Positive VPositive Clamper with Positive V

A Positive clamper circuit if biased with some positive reference voltage, that voltage will be added to the output toA Positive clamper circuit if biased with some positive reference voltage, that voltage will be added to the output to
raise the clamped level. Using this, the circuit of the positive clamper with positive reference voltage is constructedraise the clamped level. Using this, the circuit of the positive clamper with positive reference voltage is constructed
as below.as below.

During the positive half cycle, the reference voltage is applied through the diode at the output and as the inputDuring the positive half cycle, the reference voltage is applied through the diode at the output and as the input
voltage increases, the cathode voltage of the diode increase with respect to the anode voltage and hence it stopsvoltage increases, the cathode voltage of the diode increase with respect to the anode voltage and hence it stops
conducting. During the negative half cycle, the diode gets forward biased and starts conducting. The voltage acrossconducting. During the negative half cycle, the diode gets forward biased and starts conducting. The voltage across
the capacitor and the reference voltage together maintain the output voltage level.the capacitor and the reference voltage together maintain the output voltage level.
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Positive Clamper with Negative Positive Clamper with Negative 

A Positive clamper circuit if biased with some negative reference voltage, that voltage will be added to the output toA Positive clamper circuit if biased with some negative reference voltage, that voltage will be added to the output to
raise the clamped level. Using this, the circuit of the positive clamper with positive reference voltage is constructedraise the clamped level. Using this, the circuit of the positive clamper with positive reference voltage is constructed
as below.as below.

During the positive half cycle, the voltage across the capacitor and the reference voltage together maintain theDuring the positive half cycle, the voltage across the capacitor and the reference voltage together maintain the
output voltage level. During the negative half-cycle, the diode conducts when the cathode voltage gets less than theoutput voltage level. During the negative half-cycle, the diode conducts when the cathode voltage gets less than the
anode voltage. These changes make the output voltage as shown in the above figure.anode voltage. These changes make the output voltage as shown in the above figure.

Negative ClamperNegative Clamper

A Negative Clamper circuit is one that consists of a diode, a resistor and a capacitor and that shifts the output signalA Negative Clamper circuit is one that consists of a diode, a resistor and a capacitor and that shifts the output signal
to the negative portion of the input signal. The figure below explains the construction of a negative clamper circuit.to the negative portion of the input signal. The figure below explains the construction of a negative clamper circuit.

During the positive half cycle, the capacitor gets charged to its peak value During the positive half cycle, the capacitor gets charged to its peak value . The diode is forward biased and. The diode is forward biased and

conducts. During the negative half cycle, the diode gets reverse biased and gets open circuited. The output of theconducts. During the negative half cycle, the diode gets reverse biased and gets open circuited. The output of the
circuit at this moment will becircuit at this moment will be

Hence the signal is negatively clamped as shown in the above figure. The output signal changes according to theHence the signal is negatively clamped as shown in the above figure. The output signal changes according to the
changes in the input, but shifts the level according to the charge on the capacitor, as it adds the input voltage.changes in the input, but shifts the level according to the charge on the capacitor, as it adds the input voltage.
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Negative clamper with positive VNegative clamper with positive V

A Negative clamper circuit if biased with some positive reference voltage, that voltage will be added to the output toA Negative clamper circuit if biased with some positive reference voltage, that voltage will be added to the output to
raise the clamped level. Using this, the circuit of the negative clamper with positive reference voltage is constructedraise the clamped level. Using this, the circuit of the negative clamper with positive reference voltage is constructed
as below.as below.

Though the output voltage is negatively clamped, a portion of the output waveform is raised to the positive level, asThough the output voltage is negatively clamped, a portion of the output waveform is raised to the positive level, as
the applied reference voltage is positive. During the positive half-cycle, the diode conducts, but the output equals thethe applied reference voltage is positive. During the positive half-cycle, the diode conducts, but the output equals the
positive reference voltage applied. During the negative half cycle, the diode acts as open circuited and the voltagepositive reference voltage applied. During the negative half cycle, the diode acts as open circuited and the voltage
across the capacitor forms the output.across the capacitor forms the output.

Negative Clamper with Negative VNegative Clamper with Negative V

A Negative clamper circuit if biased with some negative reference voltage, that voltage will be added to the output toA Negative clamper circuit if biased with some negative reference voltage, that voltage will be added to the output to
raise the clamped level. Using this, the circuit of the negative clamper with negative reference voltage is constructedraise the clamped level. Using this, the circuit of the negative clamper with negative reference voltage is constructed
as below.as below.

The cathode of the diode is connected with a negative reference voltage, which is less than that of zero and theThe cathode of the diode is connected with a negative reference voltage, which is less than that of zero and the
anode voltage. Hence the diode starts conducting during positive half cycle, before the zero voltage level. During theanode voltage. Hence the diode starts conducting during positive half cycle, before the zero voltage level. During the
negative half cycle, the voltage across the capacitor appears at the output. Thus the waveform is clamped towardsnegative half cycle, the voltage across the capacitor appears at the output. Thus the waveform is clamped towards
the negative portion.the negative portion.

ApplicationsApplications

There are many applications for both Clippers and Clampers such asThere are many applications for both Clippers and Clampers such as

ClippersClippers
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Used for the generation and shaping of waveformsUsed for the generation and shaping of waveforms

Used for the protection of circuits from spikesUsed for the protection of circuits from spikes

Used for amplitude restorersUsed for amplitude restorers

Used as voltage limitersUsed as voltage limiters

Used in television circuitsUsed in television circuits

Used in FM transmittersUsed in FM transmitters

ClampersClampers

Used as direct current restorersUsed as direct current restorers

Used to remove distortionsUsed to remove distortions

Used as voltage multipliersUsed as voltage multipliers

Used for the protection of amplifiersUsed for the protection of amplifiers

Used as test equipmentUsed as test equipment

Used as base-line stabilizerUsed as base-line stabilizer

Limiter and Voltage MultiplierLimiter and Voltage Multiplier

Along with the wave shaping circuits such as clippers and clampers, diodes are used to construct other circuits suchAlong with the wave shaping circuits such as clippers and clampers, diodes are used to construct other circuits such
as limiters and voltage multipliers, which we shall discuss in this chapter. Diodes also have another importantas limiters and voltage multipliers, which we shall discuss in this chapter. Diodes also have another important
application known as rectifiers, which will be discussed later.application known as rectifiers, which will be discussed later.

LimitersLimiters

Another name which we often come across while going through these clippers and clampers is the limiter circuit. AAnother name which we often come across while going through these clippers and clampers is the limiter circuit. A
limiterlimiter circuit can be understood as the one which limits the output voltage from exceeding a pre-determined value. circuit can be understood as the one which limits the output voltage from exceeding a pre-determined value.

This is more or less a clipper circuit which does not allow the specified value of the signal to exceed. ActuallyThis is more or less a clipper circuit which does not allow the specified value of the signal to exceed. Actually
clipping can be termed as an extreme extent of limiting. Hence limiting can be understood as a smooth clipping.clipping can be termed as an extreme extent of limiting. Hence limiting can be understood as a smooth clipping.

The following image shows some examples of limiter circuits −The following image shows some examples of limiter circuits −
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The performance of a limiter circuit can be understood from its transfer characteristic curve. An example for such aThe performance of a limiter circuit can be understood from its transfer characteristic curve. An example for such a
curve is as follows.curve is as follows.

The lower and upper limits are specified in the graph which indicate the limiter characteristics. The output voltage forThe lower and upper limits are specified in the graph which indicate the limiter characteristics. The output voltage for
such a graph can be understood assuch a graph can be understood as

WhereWhere
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Types of LimitersTypes of Limiters

There are few types of limiters such asThere are few types of limiters such as

Unipolar LimiterUnipolar Limiter − This circuit limits the signal in one way. − This circuit limits the signal in one way.

Bipolar LimiterBipolar Limiter − This circuit limits the signal in two way. − This circuit limits the signal in two way.

Soft LimiterSoft Limiter − The output may change in this circuit for even a slight change in the input. − The output may change in this circuit for even a slight change in the input.

Hard LimiterHard Limiter − The output will not easily change with the change in input signal. − The output will not easily change with the change in input signal.

Single LimiterSingle Limiter − This circuit employs one diode for limiting. − This circuit employs one diode for limiting.

Double LimiterDouble Limiter − This circuit employs two diodes for limiting. − This circuit employs two diodes for limiting.

Voltage MultipliersVoltage Multipliers

There are applications where the voltage needs to be multiplied in some cases. This can be done easily with theThere are applications where the voltage needs to be multiplied in some cases. This can be done easily with the
help of a simple circuit using diodes and capacitors. The voltage if doubled, such a circuit is called as a Voltagehelp of a simple circuit using diodes and capacitors. The voltage if doubled, such a circuit is called as a Voltage
Doubler. This can be extended to make a Voltage Tripler or a Voltage Quadrupler or so on to obtain high DCDoubler. This can be extended to make a Voltage Tripler or a Voltage Quadrupler or so on to obtain high DC
voltages.voltages.

To get a better understanding, let us consider a circuit that multiplies the voltage by a factor of 2. This circuit can beTo get a better understanding, let us consider a circuit that multiplies the voltage by a factor of 2. This circuit can be
called as a called as a Voltage DoublerVoltage Doubler. The following figure shows the circuit of a voltage doubler.. The following figure shows the circuit of a voltage doubler.

The input voltage applied will be an AC signal which is in the form of a sine wave as shown in the figure below.The input voltage applied will be an AC signal which is in the form of a sine wave as shown in the figure below.
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WorkingWorking

The voltage multiplier circuit can be understood by analyzing each half cycle of the input signal. Each cycle makesThe voltage multiplier circuit can be understood by analyzing each half cycle of the input signal. Each cycle makes
the diodes and the capacitors work in different fashion. Let us try to understand this.the diodes and the capacitors work in different fashion. Let us try to understand this.

During the first positive half cycleDuring the first positive half cycle − When the input signal is applied, the capacitor  − When the input signal is applied, the capacitor  is charged and the is charged and the

diode diode  is forward biased. While the diode  is forward biased. While the diode  is reverse biased and the capacitor  is reverse biased and the capacitor  doesn’t get any doesn’t get any

charge. This makes the output charge. This makes the output  to be  to be 

This can be understood from the following figure.This can be understood from the following figure.

Hence, during 0 to Hence, during 0 to , the output voltage produced will be , the output voltage produced will be . The capacitor . The capacitor  gets charged through gets charged through

the forward biased diode the forward biased diode  to give the output, while  to give the output, while  doesn’t charge. This voltage appears at the output. doesn’t charge. This voltage appears at the output.
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During the negative half cycleDuring the negative half cycle − After that, when the negative half cycle arrives, the diode  − After that, when the negative half cycle arrives, the diode  gets reverse gets reverse

biased and the diode biased and the diode  gets forward biased. The diode  gets forward biased. The diode  gets the charge through the capacitor  gets the charge through the capacitor 

which gets charged during this process. The current then flows through the capacitor which gets charged during this process. The current then flows through the capacitor  which discharges. It can which discharges. It can

be understood from the following figure.be understood from the following figure.

Hence during Hence during  to  to , the voltage across the capacitor , the voltage across the capacitor  will be  will be . While the capacitor . While the capacitor 

which is fully charged, tends to discharge. Now the voltages from both the capacitors together appear at the output,which is fully charged, tends to discharge. Now the voltages from both the capacitors together appear at the output,

which is which is . So, the output voltage . So, the output voltage  during this cycle is  during this cycle is 

During the next positive half cycleDuring the next positive half cycle − The capacitor  − The capacitor  gets charged from the supply and the diode  gets charged from the supply and the diode  gets gets

forward biased. The capacitor forward biased. The capacitor  holds the charge as it will not find a way to discharge and the diode  holds the charge as it will not find a way to discharge and the diode 

gets reverse biased. Now, the output voltage gets reverse biased. Now, the output voltage  of this cycle gets the voltages from both the capacitors that of this cycle gets the voltages from both the capacitors that

together appear at the output, which is together appear at the output, which is ..

During the next negative half cycleDuring the next negative half cycle − The next negative half cycle makes the capacitor  − The next negative half cycle makes the capacitor  to again discharge to again discharge

from its full charge and the diode from its full charge and the diode  to reverse bias while  to reverse bias while  forward and capacitor  forward and capacitor  to charge further to charge further

to maintain its voltage. Now, the output voltage to maintain its voltage. Now, the output voltage  of this cycle gets the voltages from both the capacitors that of this cycle gets the voltages from both the capacitors that

together appear at the output, which is together appear at the output, which is ..

Hence, the output voltage Hence, the output voltage  is maintained to be  is maintained to be  throughout its operation, which makes the circuit a throughout its operation, which makes the circuit a

voltage doubler.voltage doubler.
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Voltage multipliers are mostly used where high DC voltages are required. For example, cathode ray tubes andVoltage multipliers are mostly used where high DC voltages are required. For example, cathode ray tubes and
computer display.computer display.

Voltage DividerVoltage Divider

While diodes are used to multiply the voltage, a set of series resistors can be made into a small network to divideWhile diodes are used to multiply the voltage, a set of series resistors can be made into a small network to divide
the voltage. Such networks are called as the voltage. Such networks are called as Voltage DividerVoltage Divider networks. networks.

Voltage divider is a circuit which turns a larger voltage into a smaller one. This is done using resistors connected inVoltage divider is a circuit which turns a larger voltage into a smaller one. This is done using resistors connected in
series. The output will be a fraction of the input. The output voltage depends upon the resistance of the load itseries. The output will be a fraction of the input. The output voltage depends upon the resistance of the load it
drives.drives.

Let us try to know how a voltage divider circuit works. The figure below is an example of a simple voltage dividerLet us try to know how a voltage divider circuit works. The figure below is an example of a simple voltage divider
network.network.

If we try to draw an expression for output voltage,If we try to draw an expression for output voltage,

Comparing both,Comparing both,
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This is the expression to obtain the value of output voltage. Hence the output voltage is divided depending upon theThis is the expression to obtain the value of output voltage. Hence the output voltage is divided depending upon the
resistance values of the resistors in the network. More resistors are added to have different fractions of differentresistance values of the resistors in the network. More resistors are added to have different fractions of different
output voltages.output voltages.

Let us have an example problem to understand more about voltage dividers.Let us have an example problem to understand more about voltage dividers.

ExampleExample

Calculate the output voltage of a network having an input voltage of 10v with two series resistors 2kΩ and 5kΩ.Calculate the output voltage of a network having an input voltage of 10v with two series resistors 2kΩ and 5kΩ.

The output voltage The output voltage  is given by is given by
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The output voltage The output voltage  for the above problem is 7.14v for the above problem is 7.14v

Electronic Circuits - Diode as a SwitchElectronic Circuits - Diode as a Switch

Diode is a two terminal PN junction that can be used in various applications. One of such applications is an electricalDiode is a two terminal PN junction that can be used in various applications. One of such applications is an electrical
switch. The PN junction, when forward biased acts as close circuited and when reverse biased acts as openswitch. The PN junction, when forward biased acts as close circuited and when reverse biased acts as open
circuited. Hence the change of forward and reverse biased states makes the diode work as a switch, the circuited. Hence the change of forward and reverse biased states makes the diode work as a switch, the forwardforward
being being ONON and the  and the reversereverse being  being OFFOFF state. state.

Electrical Switches over Mechanical SwitchesElectrical Switches over Mechanical Switches

Electrical switches are a preferred choice over mechanical switches due to the following reasons −Electrical switches are a preferred choice over mechanical switches due to the following reasons −

Mechanical switches are prone to oxidation of metals whereas electrical switches don’t.Mechanical switches are prone to oxidation of metals whereas electrical switches don’t.

Mechanical switches have movable contacts.Mechanical switches have movable contacts.

They are more prone to stress and strain than electrical switches.They are more prone to stress and strain than electrical switches.

The worn and torn of mechanical switches often affect their working.The worn and torn of mechanical switches often affect their working.

Hence an electrical switch is more useful than a Mechanical switch.Hence an electrical switch is more useful than a Mechanical switch.

Working of Diode as a SwitchWorking of Diode as a Switch

Whenever a specified voltage is exceeded, the diode resistance gets increased, making the diode reverse biasedWhenever a specified voltage is exceeded, the diode resistance gets increased, making the diode reverse biased
and it acts as an open switch. Whenever the voltage applied is below the reference voltage, the diode resistanceand it acts as an open switch. Whenever the voltage applied is below the reference voltage, the diode resistance
gets decreased, making the diode forward biased, and it acts as a closed switch.gets decreased, making the diode forward biased, and it acts as a closed switch.

The following circuit explains the diode acting as a switch.The following circuit explains the diode acting as a switch.
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A switching diode has a PN junction in which P-region is lightly doped and N-region is heavily doped. The aboveA switching diode has a PN junction in which P-region is lightly doped and N-region is heavily doped. The above
circuit symbolizes that the diode gets ON when positive voltage forward biases the diode and it gets OFF whencircuit symbolizes that the diode gets ON when positive voltage forward biases the diode and it gets OFF when
negative voltage reverse biases the diode.negative voltage reverse biases the diode.

RingingRinging

As the forward current flows till then, with a sudden reverse voltage, the reverse current flows for an instance ratherAs the forward current flows till then, with a sudden reverse voltage, the reverse current flows for an instance rather
than getting switched OFF immediately. The higher the leakage current, the greater the loss. The flow of reversethan getting switched OFF immediately. The higher the leakage current, the greater the loss. The flow of reverse
current when diode is reverse biased suddenly, may sometimes create few oscillations, called as current when diode is reverse biased suddenly, may sometimes create few oscillations, called as RINGINGRINGING..

This ringing condition is a loss and hence should be minimized. To do this, the switching times of the diode shouldThis ringing condition is a loss and hence should be minimized. To do this, the switching times of the diode should
be understood.be understood.

Diode Switching TimesDiode Switching Times

While changing the bias conditions, the diode undergoes a While changing the bias conditions, the diode undergoes a transient responsetransient response. The response of a system to any. The response of a system to any
sudden change from an equilibrium position is called as transient response.sudden change from an equilibrium position is called as transient response.

The sudden change from forward to reverse and from reverse to forward bias, affects the circuit. The time taken toThe sudden change from forward to reverse and from reverse to forward bias, affects the circuit. The time taken to
respond to such sudden changes is the important criterion to define the effectiveness of an electrical switch.respond to such sudden changes is the important criterion to define the effectiveness of an electrical switch.

The time taken before the diode recovers its steady state is called as The time taken before the diode recovers its steady state is called as Recovery TimeRecovery Time..

The time interval taken by the diode to switch from reverse biased state to forward biased state is called asThe time interval taken by the diode to switch from reverse biased state to forward biased state is called as

Forward Recovery Time.Forward Recovery Time.

The time interval taken by the diode to switch from forward biased state to reverse biased state is called asThe time interval taken by the diode to switch from forward biased state to reverse biased state is called as

Reverse Recovery Time. Reverse Recovery Time. 

To understand this more clearly, let us try to analyze what happens once the voltage is applied to a switching PNTo understand this more clearly, let us try to analyze what happens once the voltage is applied to a switching PN
diode.diode.

Carrier ConcentrationCarrier Concentration
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Minority charge carrier concentration reduces exponentially as seen away from the junction. When the voltage isMinority charge carrier concentration reduces exponentially as seen away from the junction. When the voltage is
applied, due to the forward biased condition, the majority carriers of one side move towards the other. They becomeapplied, due to the forward biased condition, the majority carriers of one side move towards the other. They become
minority carriers of the other side. This concentration will be more at the junction.minority carriers of the other side. This concentration will be more at the junction.

For example, if N-type is considered, the excess of holes that enter into N-type after applying forward bias, adds toFor example, if N-type is considered, the excess of holes that enter into N-type after applying forward bias, adds to
the already present minority carriers of N-type material.the already present minority carriers of N-type material.

Let us consider few notations.Let us consider few notations.

The majority carriers in P-type The majority carriers in P-type  =  = 

The majority carriers in N-type The majority carriers in N-type  =  = 

The minority carriers in P-type The minority carriers in P-type  =  = 

The majority carriers in N-type The majority carriers in N-type  =  = 

During Forward biased ConditionDuring Forward biased Condition − The minority carriers are more near junction and less far away from the − The minority carriers are more near junction and less far away from the
junction. The graph below explains this.junction. The graph below explains this.

Excess minority carrier charge in P-type = Excess minority carrier charge in P-type =  with  with   

Excess minority Excess minority carrier charge in N-type = carrier charge in N-type =  with  with   

During reverse bias conditionDuring reverse bias condition − Majority carriers doesn’t conduct the current through the junction and hence don’t − Majority carriers doesn’t conduct the current through the junction and hence don’t
participate in current condition. The switching diode behaves as a short circuited for an instance in reverse direction.participate in current condition. The switching diode behaves as a short circuited for an instance in reverse direction.

The minority carriers will cross the junction and conduct the current, which is called as The minority carriers will cross the junction and conduct the current, which is called as Reverse SaturationReverse Saturation
CurrentCurrent. The following graph represents the condition during reverse bias.. The following graph represents the condition during reverse bias.
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In the above figure, the dotted line represents equilibrium values and solid lines represent actual values. As theIn the above figure, the dotted line represents equilibrium values and solid lines represent actual values. As the
current due to minority charge carriers is large enough to conduct, the circuit will be ON until this excess charge iscurrent due to minority charge carriers is large enough to conduct, the circuit will be ON until this excess charge is
removed.removed.

The time required for the diode to change from forward bias to reverse bias is called The time required for the diode to change from forward bias to reverse bias is called Reverse recovery timeReverse recovery time  

. The following graphs explain the diode switching times in detail.. The following graphs explain the diode switching times in detail.$$ $$ttrrrr
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From the above figure, let us consider the diode current graph.From the above figure, let us consider the diode current graph.

At At  the diode is suddenly brought to OFF state from ON state; it is known as Storage time.  the diode is suddenly brought to OFF state from ON state; it is known as Storage time. Storage timeStorage time is the is the

time required to remove the excess minority carrier charge. The negative current flowing from N to P type material istime required to remove the excess minority carrier charge. The negative current flowing from N to P type material is
of a considerable amount during the Storage time. This negative current is,of a considerable amount during the Storage time. This negative current is,

tt11
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The next time period is the The next time period is the transition timetransition time” ” 

Transition time is the time taken for the diode to get completely to open circuit condition. After Transition time is the time taken for the diode to get completely to open circuit condition. After  diode will be in diode will be in

steady state reverse bias condition. Before steady state reverse bias condition. Before  diode is under steady state forward bias condition. diode is under steady state forward bias condition.

So, the time taken to get completely to open circuit condition isSo, the time taken to get completely to open circuit condition is

Whereas to get to ON condition from OFF, it takes less time called as Whereas to get to ON condition from OFF, it takes less time called as Forward recovery timeForward recovery time. Reverse recovery. Reverse recovery
time is greater than Forward recovery time. A diode works as a better switch if this Reverse recovery time is madetime is greater than Forward recovery time. A diode works as a better switch if this Reverse recovery time is made
less.less.

DefinitionsDefinitions

Let us just go through the definitions of the time periods discussed.Let us just go through the definitions of the time periods discussed.

Storage timeStorage time − The time period for which the diode remains in the conduction state even in the reverse − The time period for which the diode remains in the conduction state even in the reverse
biased state, is called as biased state, is called as Storage timeStorage time..

Transition timeTransition time − The time elapsed in returning back to the state of non-conduction, i.e. steady state − The time elapsed in returning back to the state of non-conduction, i.e. steady state
reverse bias, is called reverse bias, is called Transition timeTransition time..

Reverse recovery timeReverse recovery time − The time required for the diode to change from forward bias to reverse bias is − The time required for the diode to change from forward bias to reverse bias is
called as called as Reverse recovery timeReverse recovery time..

Forward recovery timeForward recovery time − The time required for the diode to change from reverse bias to forward bias is − The time required for the diode to change from reverse bias to forward bias is
called as called as Forward recovery timeForward recovery time..

Factors that affect diode switching timesFactors that affect diode switching times

There are few factors that affect the diode switching times, such asThere are few factors that affect the diode switching times, such as

Diode CapacitanceDiode Capacitance − The PN junction capacitance changes depending upon the bias conditions. − The PN junction capacitance changes depending upon the bias conditions.

Diode ResistanceDiode Resistance − The resistance offered by the diode to change its state. − The resistance offered by the diode to change its state.

Doping ConcentrationDoping Concentration − The level of doping of the diode, affects the diode switching times. − The level of doping of the diode, affects the diode switching times.

Depletion WidthDepletion Width − The narrower the width of the depletion layer, the faster the switching will be. A Zener − The narrower the width of the depletion layer, the faster the switching will be. A Zener
diode has narrow depletion region than an avalanche diode, which makes the former a better switch.diode has narrow depletion region than an avalanche diode, which makes the former a better switch.

ApplicationsApplications

There are many applications in which diode switching circuits are used, such as −There are many applications in which diode switching circuits are used, such as −
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High speed rectifying circuitsHigh speed rectifying circuits

High speed switching circuitsHigh speed switching circuits

RF receiversRF receivers

General purpose applicationsGeneral purpose applications

Consumer applicationsConsumer applications

Automotive applicationsAutomotive applications

Telecom applications etc.Telecom applications etc.

Electronic Circuits - Power SuppliesElectronic Circuits - Power Supplies

This chapter provides a fresh start regarding another section of diode circuits. This gives an introduction to theThis chapter provides a fresh start regarding another section of diode circuits. This gives an introduction to the
Power supply circuits that we come across in our daily life. Any electronic device consists of a power supply unitPower supply circuits that we come across in our daily life. Any electronic device consists of a power supply unit
which provides the required amount of AC or DC power supply to various sections of that electronic device.which provides the required amount of AC or DC power supply to various sections of that electronic device.

Need for Power SuppliesNeed for Power Supplies

There are many small sections present in the electronic devices such as Computer, Television, Cathode rayThere are many small sections present in the electronic devices such as Computer, Television, Cathode ray
Oscilloscope etc. but all of those sections doesn’t need 230V AC supply which we get.Oscilloscope etc. but all of those sections doesn’t need 230V AC supply which we get.

Instead one or more sections may need a 12v DC while some others may need a 30v DC. In order to provide theInstead one or more sections may need a 12v DC while some others may need a 30v DC. In order to provide the
required dc voltages, the incoming 230v AC supply has to be converted into pure DC for the usage. The required dc voltages, the incoming 230v AC supply has to be converted into pure DC for the usage. The PowerPower
supply unitssupply units serve the same purpose. serve the same purpose.

A practical Power supply unit looks as The following figure.A practical Power supply unit looks as The following figure.

Let us now go through different parts which make a power supply unit.Let us now go through different parts which make a power supply unit.

Parts of a Power supplyParts of a Power supply
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A typical Power supply unit consists of the following.A typical Power supply unit consists of the following.

TransformerTransformer − An input transformer for the stepping down of the 230v AC power supply. − An input transformer for the stepping down of the 230v AC power supply.

RectifierRectifier − A Rectifier circuit to convert the AC components present in the signal to DC components. − A Rectifier circuit to convert the AC components present in the signal to DC components.

SmoothingSmoothing − A filtering circuit to smoothen the variations present in the rectified output. − A filtering circuit to smoothen the variations present in the rectified output.

RegulatorRegulator − A voltage regulator circuit in order to control the voltage to a desired output level. − A voltage regulator circuit in order to control the voltage to a desired output level.

LoadLoad − The load which uses the pure dc output from the regulated output. − The load which uses the pure dc output from the regulated output.

Block Diagram of a Power Supply UnitBlock Diagram of a Power Supply Unit

The block diagram of a Regulated Power supply unit is as shown below.The block diagram of a Regulated Power supply unit is as shown below.

From the diagram above, it is evident that the transformer is present at the initial stage. Though we had alreadyFrom the diagram above, it is evident that the transformer is present at the initial stage. Though we had already
gone through the concept regarding transformers in BASIC ELECTRONICS tutorial, let us have a glance over it.gone through the concept regarding transformers in BASIC ELECTRONICS tutorial, let us have a glance over it.

TransformerTransformer

A transformer has a A transformer has a primary coilprimary coil to which  to which inputinput is given and a  is given and a secondary coilsecondary coil from which the  from which the outputoutput is collected. is collected.
Both of these coils are wound on a core material. Usually an insulator forms the Both of these coils are wound on a core material. Usually an insulator forms the CoreCore of the transformer. of the transformer.

The following figure shows a practical transformer.The following figure shows a practical transformer.
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From the above figure, it is evident that a few notations are common. They are as follows −From the above figure, it is evident that a few notations are common. They are as follows −

 = Number of turns in the primary winding = Number of turns in the primary winding

 = Number of turns in the secondary winding = Number of turns in the secondary winding

 = Current flowing in the primary of the transformer = Current flowing in the primary of the transformer

 = Current flowing in the secondary of the transformer = Current flowing in the secondary of the transformer

 = Voltage across the primary of the transformer = Voltage across the primary of the transformer

 = Voltage across the secondary of the transformer = Voltage across the secondary of the transformer

 = Magnetic flux present around the core of the transformer = Magnetic flux present around the core of the transformer

Transformer in a CircuitTransformer in a Circuit

The following figure shows how a transformer is represented in a circuit. The primary winding, the secondaryThe following figure shows how a transformer is represented in a circuit. The primary winding, the secondary
winding and the core of the transformer are also represented in the following figure.winding and the core of the transformer are also represented in the following figure.
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Hence, when a transformer is connected in a circuit, the input supply is given to the primary coil so that it producesHence, when a transformer is connected in a circuit, the input supply is given to the primary coil so that it produces
varying magnetic flux with this power supply and that flux is induced into the secondary coil of the transformer, whichvarying magnetic flux with this power supply and that flux is induced into the secondary coil of the transformer, which
produces the varying EMF of the varying flux. As the flux should be varying, for the transfer of EMF from primary toproduces the varying EMF of the varying flux. As the flux should be varying, for the transfer of EMF from primary to
secondary, a transformer always works on alternating current AC.secondary, a transformer always works on alternating current AC.

Depending upon the number of turns in the secondary winding, a transformer can be classified either as a Depending upon the number of turns in the secondary winding, a transformer can be classified either as a Step-upStep-up
or a or a Step-downStep-down transformer. transformer.

Step-Up TransformerStep-Up Transformer

When the secondary winding has more number of turns than the primary winding, then the transformer is said to beWhen the secondary winding has more number of turns than the primary winding, then the transformer is said to be
a a Step-upStep-up transformer. Here the induced EMF is greater than the input signal. transformer. Here the induced EMF is greater than the input signal.

The figure below shows the symbol of a step-up transformer.The figure below shows the symbol of a step-up transformer.

Step-Down TransformerStep-Down Transformer

When the secondary winding has lesser number of turns than the primary winding, then the transformer is said to beWhen the secondary winding has lesser number of turns than the primary winding, then the transformer is said to be
a a Step-downStep-down transformer. Here the induced EMF is lesser than the input signal. transformer. Here the induced EMF is lesser than the input signal.

The figure below shows the symbol of a step-down transformer.The figure below shows the symbol of a step-down transformer.
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In our Power supply circuits, we use the In our Power supply circuits, we use the Step-down transformerStep-down transformer, as we need to lessen the AC power to DC. The, as we need to lessen the AC power to DC. The
output of this Step-down transformer will be less in power and this will be given as the input to the next section,output of this Step-down transformer will be less in power and this will be given as the input to the next section,
called called rectifierrectifier. We will discuss about rectifiers in the next chapter.. We will discuss about rectifiers in the next chapter.

Electronic Circuits - RectifiersElectronic Circuits - Rectifiers

Whenever there arises the need to convert an AC to DC power, a rectifier circuit comes for the rescue. A simple PNWhenever there arises the need to convert an AC to DC power, a rectifier circuit comes for the rescue. A simple PN
junction diode acts as a rectifier. The forward biasing and reverse biasing conditions of the diode makes thejunction diode acts as a rectifier. The forward biasing and reverse biasing conditions of the diode makes the
rectification.rectification.

RectificationRectification

An alternating current has the property to change its state continuously. This is understood by observing the sineAn alternating current has the property to change its state continuously. This is understood by observing the sine
wave by which an alternating current is indicated. It raises in its positive direction goes to a peak positive value,wave by which an alternating current is indicated. It raises in its positive direction goes to a peak positive value,
reduces from there to normal and again goes to negative portion and reaches the negative peak and again getsreduces from there to normal and again goes to negative portion and reaches the negative peak and again gets
back to normal and goes on.back to normal and goes on.

During its journey in the formation of wave, we can observe that the wave goes in positive and negative directions.During its journey in the formation of wave, we can observe that the wave goes in positive and negative directions.
Actually it alters completely and hence the name alternating current.Actually it alters completely and hence the name alternating current.
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But during the process of rectification, this alternating current is changed into direct current DC. The wave whichBut during the process of rectification, this alternating current is changed into direct current DC. The wave which
flows in both positive and negative direction till then, will get its direction restricted only to positive direction, whenflows in both positive and negative direction till then, will get its direction restricted only to positive direction, when
converted to DC. Hence the current is allowed to flow only in positive direction and resisted in negative direction,converted to DC. Hence the current is allowed to flow only in positive direction and resisted in negative direction,
just as in the figure below.just as in the figure below.

The circuit which does rectification is called as a The circuit which does rectification is called as a Rectifier circuitRectifier circuit. A diode is used as a rectifier, to construct a. A diode is used as a rectifier, to construct a
rectifier circuit.rectifier circuit.

Types of Rectifier circuitsTypes of Rectifier circuits

There are two main types of rectifier circuits, depending upon their output. They areThere are two main types of rectifier circuits, depending upon their output. They are

Half-wave RectifierHalf-wave Rectifier

Full-wave RectifierFull-wave Rectifier

A Half-wave rectifier circuit rectifies only positive half cycles of the input supply whereas a Full-wave rectifier circuitA Half-wave rectifier circuit rectifies only positive half cycles of the input supply whereas a Full-wave rectifier circuit
rectifies both positive and negative half cycles of the input supply.rectifies both positive and negative half cycles of the input supply.

Half-Wave RectifierHalf-Wave Rectifier

The name half-wave rectifier itself states that the The name half-wave rectifier itself states that the rectificationrectification is done only for  is done only for halfhalf of the cycle. The AC signal is of the cycle. The AC signal is
given through an input transformer which steps up or down according to the usage. Mostly a step down transformergiven through an input transformer which steps up or down according to the usage. Mostly a step down transformer
is used in rectifier circuits, so as to reduce the input voltage.is used in rectifier circuits, so as to reduce the input voltage.

The input signal given to the transformer is passed through a PN junction diode which acts as a rectifier. This diodeThe input signal given to the transformer is passed through a PN junction diode which acts as a rectifier. This diode
converts the AC voltage into pulsating dc for only the positive half cycles of the input. A load resistor is connected atconverts the AC voltage into pulsating dc for only the positive half cycles of the input. A load resistor is connected at
the end of the circuit. The figure below shows the circuit of a half wave rectifier.the end of the circuit. The figure below shows the circuit of a half wave rectifier.

Working of a HWRWorking of a HWR
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TThe input signal is given to the transformer which reduces the voltage levels. The output from the transformer isTThe input signal is given to the transformer which reduces the voltage levels. The output from the transformer is

given to the diode which acts as a rectifier. This diode gets ON given to the diode which acts as a rectifier. This diode gets ON  for positive half cycles of input signal. for positive half cycles of input signal.

Hence a current flows in the circuit and there will be a voltage drop across the load resistor. The diode gets OFFHence a current flows in the circuit and there will be a voltage drop across the load resistor. The diode gets OFF  

 for negative half cycles and hence the output for negative half cycles will be,  for negative half cycles and hence the output for negative half cycles will be,  and and  

..

Hence the output is present for positive half cycles of the input voltage onlyHence the output is present for positive half cycles of the input voltage only  

. This output will be pulsating which is taken across the load resistor.. This output will be pulsating which is taken across the load resistor.

Waveforms of a HWRWaveforms of a HWR

The input and output waveforms are as shown in the following figure.The input and output waveforms are as shown in the following figure.

Hence the output of a half wave rectifier is a pulsating dc. Let us try to analyze the above circuit by understandingHence the output of a half wave rectifier is a pulsating dc. Let us try to analyze the above circuit by understanding
few values which are obtained from the output of half wave rectifier.few values which are obtained from the output of half wave rectifier.

Analysis of Half-Wave RectifierAnalysis of Half-Wave Rectifier

To analyze a half-wave rectifier circuit, let us consider the equation of input voltage.To analyze a half-wave rectifier circuit, let us consider the equation of input voltage.
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 is the maximum value of supply voltage. is the maximum value of supply voltage.

Let us assume that the diode is ideal.Let us assume that the diode is ideal.

The resistance in the forward direction, i.e., in the ON state is The resistance in the forward direction, i.e., in the ON state is ..

The resistance in the reverse direction, i.e., in the OFF state is The resistance in the reverse direction, i.e., in the OFF state is ..

The current The current ii in the diode or the load resistor  in the diode or the load resistor  is given by is given by

WhereWhere

DC Output CurrentDC Output Current

The average current The average current  is given by is given by
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Substituting the value of Substituting the value of , we get, we get

If If , then, then

DC Output VoltageDC Output Voltage

The DC output voltage is given byThe DC output voltage is given by

If If , then, then

RMS Current and VoltageRMS Current and Voltage

The value of RMS current is given byThe value of RMS current is given by
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RMS voltage across the load isRMS voltage across the load is

If If , then, then

Rectifier EfficiencyRectifier Efficiency

Any circuit needs to be efficient in its working for a better output. To calculate the efficiency of a half wave rectifier,Any circuit needs to be efficient in its working for a better output. To calculate the efficiency of a half wave rectifier,
the ratio of the output power to the input power has to be considered.the ratio of the output power to the input power has to be considered.

The rectifier efficiency is defined asThe rectifier efficiency is defined as
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NowNow

FurtherFurther

WhereWhere

AndAnd

From both the expressions of From both the expressions of  and  and , we can write, we can write
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Percentage rectifier efficiencyPercentage rectifier efficiency

Theoretically, the maximum value of rectifier efficiency of a half wave rectifier is 40.6% when Theoretically, the maximum value of rectifier efficiency of a half wave rectifier is 40.6% when 

Further, the efficiency may be calculated in the following wayFurther, the efficiency may be calculated in the following way

Ripple FactorRipple Factor

The rectified output contains some amount of AC component present in it, in the form of ripples. This is understoodThe rectified output contains some amount of AC component present in it, in the form of ripples. This is understood
by observing the output waveform of the half wave rectifier. To get a pure dc, we need to have an idea on thisby observing the output waveform of the half wave rectifier. To get a pure dc, we need to have an idea on this
component.component.

The ripple factor gives the waviness of the rectified output. It is denoted by The ripple factor gives the waviness of the rectified output. It is denoted by yy. This can be defined as the ratio of the. This can be defined as the ratio of the
effective value of ac component of voltage or current to the direct value or average value.effective value of ac component of voltage or current to the direct value or average value.

Here,Here,

Therefore,Therefore,
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Now,Now,

The ripple factor is also defined asThe ripple factor is also defined as

As the value of ripple factor present in a half wave rectifier is 1.21, it means that the amount of a.c. present in theAs the value of ripple factor present in a half wave rectifier is 1.21, it means that the amount of a.c. present in the

output is output is  of the d.c. voltage of the d.c. voltage

RegulationRegulation

The current through the load may vary depending upon the load resistance. But even at such condition, we expectThe current through the load may vary depending upon the load resistance. But even at such condition, we expect
our output voltage which is taken across that load resistor, to be constant. So, our voltage needs to be regulatedour output voltage which is taken across that load resistor, to be constant. So, our voltage needs to be regulated
even under different load conditions.even under different load conditions.

The variation of D.C. output voltage with change in D.C. load current is defined as the The variation of D.C. output voltage with change in D.C. load current is defined as the RegulationRegulation. The percentage. The percentage
regulation is calculated as follows.regulation is calculated as follows.

==VVrrmmss [[ ωωtt dd ((ωωtt))]]11

22ππ
∫∫

22ππ

00
VV 22
mm sinsin22

11

22

== ==VVmm [[ ((11 −− coscos 22 ωωtt)) dd ((ωωtt))]]11

44ππ
∫∫

ππ

00

11

22 VVmm

22

== == [[ sinsin ωωtt dd ((ωωtt)) ++ 0.0.dd ((ωωtt))]]VVddcc VVaavv
11

22ππ
∫∫

ππ

00
VVmm ∫∫

22ππ

00

== ==
VVmm

22ππ
[[−− coscos ωωtt]]

ππ

00
VVmm

ππ

γγ == == == 1.211.21[[ −− 11]]{{ }}
(( //22))VVmm

(( //ππ))VVmm

22
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

⎷⎷
 {{ −− 11}}(( ))π

π

22

22
−− −−−−−−−−−−−−−−−−−−−−

√√

γγ ==
(( ))IIrr rrmmss

IIddcc

121121%%

PP eerrcceennttaaggee rreegguullaattiioonn == ×× 100100%%
−−VVnnoo llooaadd VVffuullll llooaadd

VVffuullll llooaadd



/

The lower the percentage regulation, the better would be the power supply. An ideal power supply will have a zeroThe lower the percentage regulation, the better would be the power supply. An ideal power supply will have a zero
percentage regulation.percentage regulation.

Transformer Utilization FactorTransformer Utilization Factor

The D.C. power to be delivered to the load, in a rectifier circuit decides the rating of the transformer used in a circuit.The D.C. power to be delivered to the load, in a rectifier circuit decides the rating of the transformer used in a circuit.

So, the transformer utilization factor is defined asSo, the transformer utilization factor is defined as

According to the theory of transformer, the rated voltage of the secondary will beAccording to the theory of transformer, the rated voltage of the secondary will be

The actual R.M.S. voltage flowing through it will beThe actual R.M.S. voltage flowing through it will be

ThereforeTherefore
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Peak Inverse VoltagePeak Inverse Voltage

A diode when connected in reverse bias, should be operated under a controlled level of voltage. If that safe voltageA diode when connected in reverse bias, should be operated under a controlled level of voltage. If that safe voltage
is exceeded, the diode gets damaged. Hence it is very important to know about that maximum voltage.is exceeded, the diode gets damaged. Hence it is very important to know about that maximum voltage.

The maximum inverse voltage that the diode can withstand without being destroyed is called as The maximum inverse voltage that the diode can withstand without being destroyed is called as Peak InversePeak Inverse
VoltageVoltage. In short, . In short, PIVPIV..

Here the PIV is nothing but VmHere the PIV is nothing but Vm

Form FactorForm Factor

This can be understood as the mathematical mean of absolute values of all points on the waveform. The This can be understood as the mathematical mean of absolute values of all points on the waveform. The formform
factorfactor is defined as the ratio of R.M.S. value to the average value. It is denoted by  is defined as the ratio of R.M.S. value to the average value. It is denoted by FF..

Peak FactorPeak Factor

The value of peak in the ripple has to be considered to know how effective the rectification is. The value of peakThe value of peak in the ripple has to be considered to know how effective the rectification is. The value of peak
factor is also an important consideration. factor is also an important consideration. Peak factorPeak factor is defined as the ratio of peak value to the R.M.S. value. is defined as the ratio of peak value to the R.M.S. value.

ThereforeTherefore

All these are the important parameters to be considered while studying about a rectifier.All these are the important parameters to be considered while studying about a rectifier.

Electronic Circuits - Full Wave RectifiersElectronic Circuits - Full Wave Rectifiers

A Rectifier circuit that rectifies both the positive and negative half cycles can be termed as a full wave rectifier as itA Rectifier circuit that rectifies both the positive and negative half cycles can be termed as a full wave rectifier as it
rectifies the complete cycle. The construction of a full wave rectifier can be made in two types. They arerectifies the complete cycle. The construction of a full wave rectifier can be made in two types. They are

Center-tapped Full wave rectifierCenter-tapped Full wave rectifier

Bridge full wave rectifierBridge full wave rectifier

Both of them have their advantages and disadvantages. Let us now go through both of their construction andBoth of them have their advantages and disadvantages. Let us now go through both of their construction and
working along with their waveforms to know which one is better and why.working along with their waveforms to know which one is better and why.

Center-tapped Full-Wave RectifierCenter-tapped Full-Wave Rectifier
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A rectifier circuit whose transformer secondary is tapped to get the desired output voltage, using two diodesA rectifier circuit whose transformer secondary is tapped to get the desired output voltage, using two diodes
alternatively, to rectify the complete cycle is called as a alternatively, to rectify the complete cycle is called as a Center-tapped Full wave rectifier circuitCenter-tapped Full wave rectifier circuit. The transformer. The transformer
is center tapped here unlike the other cases.is center tapped here unlike the other cases.

The features of a center-tapping transformer are −The features of a center-tapping transformer are −

The tapping is done by drawing a lead at the mid-point on the secondary winding. This winding is split intoThe tapping is done by drawing a lead at the mid-point on the secondary winding. This winding is split into
two equal halves by doing so.two equal halves by doing so.

The voltage at the tapped mid-point is zero. This forms a neutral point.The voltage at the tapped mid-point is zero. This forms a neutral point.

The center tapping provides two separate output voltages which are equal in magnitude but opposite inThe center tapping provides two separate output voltages which are equal in magnitude but opposite in
polarity to each other.polarity to each other.

A number of tapings can be drawn out to obtain different levels of voltages.A number of tapings can be drawn out to obtain different levels of voltages.

The center-tapped transformer with two rectifier diodes is used in the construction of a The center-tapped transformer with two rectifier diodes is used in the construction of a Center-tapped full waveCenter-tapped full wave
rectifierrectifier. The circuit diagram of a center tapped full wave rectifier is as shown below.. The circuit diagram of a center tapped full wave rectifier is as shown below.

Working of a CT- FWRWorking of a CT- FWR

The working of a center-tapped full wave rectifier can be understood by the above figure. When the positive halfThe working of a center-tapped full wave rectifier can be understood by the above figure. When the positive half
cycle of the input voltage is applied, the point M at the transformer secondary becomes positive with respect to thecycle of the input voltage is applied, the point M at the transformer secondary becomes positive with respect to the

point N. This makes the diode point N. This makes the diode forward biased. Hence current forward biased. Hence current  flows through the load resistor from A to flows through the load resistor from A to

B. We now have the positive half cycles in the outputB. We now have the positive half cycles in the output

DD11 ii11
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When the negative half cycle of the input voltage is applied, the point M at the transformer secondary becomesWhen the negative half cycle of the input voltage is applied, the point M at the transformer secondary becomes

negative with respect to the point N. This makes the diode negative with respect to the point N. This makes the diode  forward biased. Hence current  forward biased. Hence current  flows through flows through

the load resistor from A to B. We now have the positive half cycles in the output, even during the negative halfthe load resistor from A to B. We now have the positive half cycles in the output, even during the negative half
cycles of the input.cycles of the input.

Waveforms of CT FWRWaveforms of CT FWR

The input and output waveforms of the center-tapped full wave rectifier are as follows.The input and output waveforms of the center-tapped full wave rectifier are as follows.
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From the above figure it is evident that the output is obtained for both the positive and negative half cycles. It is alsoFrom the above figure it is evident that the output is obtained for both the positive and negative half cycles. It is also
observed that the output across the load resistor is in the observed that the output across the load resistor is in the same directionsame direction for both the half cycles. for both the half cycles.

Peak Inverse VoltagePeak Inverse Voltage

As the maximum voltage across half secondary winding is As the maximum voltage across half secondary winding is , the whole of the secondary voltage appears, the whole of the secondary voltage appears

across the non-conducting diode. Hence the across the non-conducting diode. Hence the peak inverse voltagepeak inverse voltage is twice the maximum voltage across the half- is twice the maximum voltage across the half-
secondary winding, i.e.secondary winding, i.e.

DisadvantagesDisadvantages

There are few disadvantages for a center-tapped full wave rectifier such as −There are few disadvantages for a center-tapped full wave rectifier such as −

Location of center-tapping is difficultLocation of center-tapping is difficult

The dc output voltage is smallThe dc output voltage is small

PIV of the diodes should be highPIV of the diodes should be high

The next kind of full wave rectifier circuit is the The next kind of full wave rectifier circuit is the Bridge Full wave rectifier circuitBridge Full wave rectifier circuit..

Bridge Full-Wave RectifierBridge Full-Wave Rectifier

This is such a full wave rectifier circuit which utilizes four diodes connected in bridge form so as not only to produceThis is such a full wave rectifier circuit which utilizes four diodes connected in bridge form so as not only to produce
the output during the full cycle of input, but also to eliminate the disadvantages of the center-tapped full wavethe output during the full cycle of input, but also to eliminate the disadvantages of the center-tapped full wave
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rectifier circuit.rectifier circuit.

There is no need of any center-tapping of the transformer in this circuit. Four diodes called There is no need of any center-tapping of the transformer in this circuit. Four diodes called , , , , 

and and  are used in constructing a bridge type network so that two of the diodes conduct for one half cycle and are used in constructing a bridge type network so that two of the diodes conduct for one half cycle and

two conduct for the other half cycle of the input supply. The circuit of a bridge full wave rectifier is as shown in thetwo conduct for the other half cycle of the input supply. The circuit of a bridge full wave rectifier is as shown in the
following figure.following figure.

Working of a Bridge Full-Wave RectifierWorking of a Bridge Full-Wave Rectifier

The full wave rectifier with four diodes connected in bridge circuit is employed to get a better full wave outputThe full wave rectifier with four diodes connected in bridge circuit is employed to get a better full wave output
response. When the positive half cycle of the input supply is given, point P becomes positive with respect to theresponse. When the positive half cycle of the input supply is given, point P becomes positive with respect to the

point point QQ. This makes the diode . This makes the diode  and  and  forward biased while  forward biased while  and  and  reverse biased. These two reverse biased. These two

diodes will now be in series with the load resistor.diodes will now be in series with the load resistor.

The following figure indicates this along with the conventional current flow in the circuit.The following figure indicates this along with the conventional current flow in the circuit.
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Hence the diodes Hence the diodes  and  and  conduct during the positive half cycle of the input supply to produce the output conduct during the positive half cycle of the input supply to produce the output

along the load resistor. As two diodes work in order to produce the output, the voltage will be twice the outputalong the load resistor. As two diodes work in order to produce the output, the voltage will be twice the output
voltage of the center tapped full wave rectifier.voltage of the center tapped full wave rectifier.

When the negative half cycle of the input supply is given, point P becomes negative with respect to the point When the negative half cycle of the input supply is given, point P becomes negative with respect to the point QQ. This. This

makes the diode makes the diode  and  and  reverse biased while  reverse biased while  and  and  forward biased. These two diodes will forward biased. These two diodes will

now be in series with the load resistor.now be in series with the load resistor.

The following figure indicates this along with the conventional current flow in the circuit.The following figure indicates this along with the conventional current flow in the circuit.

Hence the diodes Hence the diodes  and  and  conduct during the negative half cycle of the input supply to produce the output conduct during the negative half cycle of the input supply to produce the output

along the load resistor. Here also two diodes work to produce the output voltage. The current flows in the samealong the load resistor. Here also two diodes work to produce the output voltage. The current flows in the same
direction as during the positive half cycle of the input.direction as during the positive half cycle of the input.

Waveforms of Bridge FWRWaveforms of Bridge FWR

The input and output waveforms of the center-tapped full wave rectifier are as follows.The input and output waveforms of the center-tapped full wave rectifier are as follows.
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From the above figure, it is evident that the output is obtained for both the positive and negative half cycles. It is alsoFrom the above figure, it is evident that the output is obtained for both the positive and negative half cycles. It is also
observed that the output across the load resistor is in the observed that the output across the load resistor is in the same directionsame direction for both the half cycles. for both the half cycles.

Peak Inverse VoltagePeak Inverse Voltage

Whenever two of the diodes are being in parallel to the secondary of the transformer, the maximum secondaryWhenever two of the diodes are being in parallel to the secondary of the transformer, the maximum secondary
voltage across the transformer appears at the non-conducting diodes which makes the PIV of the rectifier circuit.voltage across the transformer appears at the non-conducting diodes which makes the PIV of the rectifier circuit.
Hence the Hence the peak inverse voltagepeak inverse voltage is the maximum voltage across the secondary winding, i.e. is the maximum voltage across the secondary winding, i.e.

AdvantagesAdvantages

There are many advantages for a bridge full wave rectifier, such as −There are many advantages for a bridge full wave rectifier, such as −

No need of center-tapping.No need of center-tapping.

The dc output voltage is twice that of the center-tapper FWR.The dc output voltage is twice that of the center-tapper FWR.

PIV of the diodes is of the half value that of the center-tapper FWR.PIV of the diodes is of the half value that of the center-tapper FWR.

The design of the circuit is easier with better output.The design of the circuit is easier with better output.

Let us now analyze the characteristics of a full-wave rectifier.Let us now analyze the characteristics of a full-wave rectifier.

Analysis of Full-Wave RectifierAnalysis of Full-Wave Rectifier
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In order to analyze a full wave rectifier circuit, let us assume the input voltage In order to analyze a full wave rectifier circuit, let us assume the input voltage  as, as,

The current The current  through the load resistor  through the load resistor  is given by is given by

WhereWhere

 being the diode resistance in ON condition. being the diode resistance in ON condition.

Similarly, the current Similarly, the current  flowing through diode  flowing through diode  and load resistor RL is given by, and load resistor RL is given by,

The total current flowing through The total current flowing through  is the sum of the two currents  is the sum of the two currents  and  and  i.e. i.e.

D.C. or Average CurrentD.C. or Average Current

The average value of output current that a D.C. ammeter will indicate is given byThe average value of output current that a D.C. ammeter will indicate is given by
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This is double the value of a half wave rectifier.This is double the value of a half wave rectifier.

D.C. Output VoltageD.C. Output Voltage

The dc output voltage across load is given byThe dc output voltage across load is given by

Thus the dc output voltage is twice that of a half wave rectifier.Thus the dc output voltage is twice that of a half wave rectifier.

RMS CurrentRMS Current

The RMS value of the current is given byThe RMS value of the current is given by

Since current is of the two same form in the two halvesSince current is of the two same form in the two halves

Rectifier EfficiencyRectifier Efficiency

The rectifier efficiency is defined asThe rectifier efficiency is defined as
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Now,Now,

And,And,

Therefore,Therefore,

The rectifier efficiency can be calculated as follows −The rectifier efficiency can be calculated as follows −

The dc output power,The dc output power,

The ac input power,The ac input power,

Therefore,Therefore,
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Therefore, Percentage Efficiency isTherefore, Percentage Efficiency is

Thus, a full-wave rectifier has efficiency twice that of half wave rectifier.Thus, a full-wave rectifier has efficiency twice that of half wave rectifier.

Ripple FactorRipple Factor

The form factor of rectified output voltage of a full wave rectifier is given byThe form factor of rectified output voltage of a full wave rectifier is given by

The ripple factor The ripple factor  is defined as  is defined as 

This is a great improvement over the half wave rectifier’s ripple factor which was 1.21This is a great improvement over the half wave rectifier’s ripple factor which was 1.21

RegulationRegulation

The dc output voltage is given byThe dc output voltage is given by

Transformer Utilization FactorTransformer Utilization Factor
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The TUF of a half wave rectifier is 0.287The TUF of a half wave rectifier is 0.287

There are two secondary windings in a center-tapped rectifier and hence the TUF of centertapped full wave rectifierThere are two secondary windings in a center-tapped rectifier and hence the TUF of centertapped full wave rectifier
isis

Half-Wave vs. Full-Wave RectifierHalf-Wave vs. Full-Wave Rectifier

After having gone through all the values of different parameters of the full wave rectifier, let us just try to compareAfter having gone through all the values of different parameters of the full wave rectifier, let us just try to compare
and contrast the features of half-wave and full-wave rectifiers.and contrast the features of half-wave and full-wave rectifiers.
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TermsTerms Half Wave RectifierHalf Wave Rectifier Center Tapped FWRCenter Tapped FWR Bridge FWRBridge FWR

Number of DiodesNumber of Diodes

Transformer tappingTransformer tapping

Peak Inverse VoltagePeak Inverse Voltage

Maximum EfficiencyMaximum Efficiency

Average / dc currentAverage / dc current

DC voltageDC voltage

RMS currentRMS current

Ripple FactorRipple Factor

Output frequencyOutput frequency

Electronic Circuits - FiltersElectronic Circuits - Filters

The power supply block diagram clearly explains that a filter circuit is needed after the rectifier circuit. A rectifierThe power supply block diagram clearly explains that a filter circuit is needed after the rectifier circuit. A rectifier
helps in converting a pulsating alternating current to direct current, which flows only in one direction. Till now, wehelps in converting a pulsating alternating current to direct current, which flows only in one direction. Till now, we
have seen different types of rectifier circuits.have seen different types of rectifier circuits.

The outputs of all these rectifier circuits contains some ripple factor. We have also observed that the ripple factor ofThe outputs of all these rectifier circuits contains some ripple factor. We have also observed that the ripple factor of
a half wave rectifier is greater than that of a full wave rectifier.a half wave rectifier is greater than that of a full wave rectifier.

Why Do We Need Filters?Why Do We Need Filters?

The ripple in the signal denotes the presence of some AC component. This ac component has to be completelyThe ripple in the signal denotes the presence of some AC component. This ac component has to be completely
removed in order to get pure dc output. So, we need a circuit that removed in order to get pure dc output. So, we need a circuit that smoothenssmoothens the rectified output into a pure dc the rectified output into a pure dc
signal.signal.

11 22 44

NNoo YY eess NNoo

VVmm 22VVmm VVmm

40.640.6%% 81.281.2%% 81.281.2%%

//ππIImm 22 //ππIImm 22 //ππIImm

//ππVVmm 22 //ππVVmm 22 //ππVVmm

//22IImm //IImm 22
––√√ //IImm 22

––√√

1.211.21 0.480.48 0.480.48

ffiinn 22ffiinn 22ffiinn



/

A A filter circuitfilter circuit is one which removes the ac component present in the rectified output and allows the dc component is one which removes the ac component present in the rectified output and allows the dc component
to reach the load.to reach the load.

The following figure shows the functionality of a filter circuit.The following figure shows the functionality of a filter circuit.

A filter circuit is constructed using two main components, inductor and capacitor. We have already studied in BasicA filter circuit is constructed using two main components, inductor and capacitor. We have already studied in Basic
Electronics tutorial thatElectronics tutorial that

An inductor allows An inductor allows dcdc and blocks  and blocks acac..

A capacitor allows A capacitor allows acac and blocks  and blocks dcdc..

Let us try to construct a few filters, using these two components.Let us try to construct a few filters, using these two components.

Series Inductor FilterSeries Inductor Filter

As an inductor allows dc and blocks ac, a filter called As an inductor allows dc and blocks ac, a filter called Series Inductor FilterSeries Inductor Filter can be constructed by connecting the can be constructed by connecting the
inductor in series, between the rectifier and the load. The figure below shows the circuit of a series inductor filter.inductor in series, between the rectifier and the load. The figure below shows the circuit of a series inductor filter.

The rectified output when passed through this filter, the inductor blocks the ac components that are present in theThe rectified output when passed through this filter, the inductor blocks the ac components that are present in the
signal, in order to provide a pure dc. This is a simple primary filter.signal, in order to provide a pure dc. This is a simple primary filter.

Shunt Capacitor FilterShunt Capacitor Filter

As a capacitor allows ac through it and blocks dc, a filter called As a capacitor allows ac through it and blocks dc, a filter called Shunt Capacitor FilterShunt Capacitor Filter can be constructed using a can be constructed using a
capacitor, connected in shunt, as shown in the following figure.capacitor, connected in shunt, as shown in the following figure.

The rectified output when passed through this filter, the ac components present in the signal are grounded throughThe rectified output when passed through this filter, the ac components present in the signal are grounded through
the capacitor which allows ac components. The remaining dc components present in the signal are collected at thethe capacitor which allows ac components. The remaining dc components present in the signal are collected at the
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output.output.

The above filter types discussed are constructed using an inductor or a capacitor. Now, let’s try to use both of themThe above filter types discussed are constructed using an inductor or a capacitor. Now, let’s try to use both of them
to make a better filter. These are combinational filters.to make a better filter. These are combinational filters.

L-C FilterL-C Filter

A filter circuit can be constructed using both inductor and capacitor in order to obtain a better output where theA filter circuit can be constructed using both inductor and capacitor in order to obtain a better output where the
efficiencies of both inductor and capacitor can be used. The figure below shows the circuit diagram of a LC filter.efficiencies of both inductor and capacitor can be used. The figure below shows the circuit diagram of a LC filter.

The rectified output when given to this circuit, the inductor allows dc components to pass through it, blocking the acThe rectified output when given to this circuit, the inductor allows dc components to pass through it, blocking the ac
components in the signal. Now, from that signal, few more ac components if any present are grounded so that wecomponents in the signal. Now, from that signal, few more ac components if any present are grounded so that we
get a pure dc output.get a pure dc output.

This filter is also called as a This filter is also called as a Choke Input FilterChoke Input Filter as the input signal first enters the inductor. The output of this filter is as the input signal first enters the inductor. The output of this filter is
a better one than the previous ones.a better one than the previous ones.

Π- Filter Π- Filter 

This is another type of filter circuit which is very commonly used. It has capacitor at its input and hence it is alsoThis is another type of filter circuit which is very commonly used. It has capacitor at its input and hence it is also
called as a called as a Capacitor Input FilterCapacitor Input Filter. Here, two capacitors and one inductor are connected in the form of π shaped. Here, two capacitors and one inductor are connected in the form of π shaped
network. A capacitor in parallel, then an inductor in series, followed by another capacitor in parallel makes thisnetwork. A capacitor in parallel, then an inductor in series, followed by another capacitor in parallel makes this
circuit.circuit.

If needed, several identical sections can also be added to this, according to the requirement. The figure belowIf needed, several identical sections can also be added to this, according to the requirement. The figure below

shows a circuit for shows a circuit for  filter  filter ..

Working of a Pi filterWorking of a Pi filter

In this circuit, we have a capacitor in parallel, then an inductor in series, followed by another capacitor in parallel.In this circuit, we have a capacitor in parallel, then an inductor in series, followed by another capacitor in parallel.

Capacitor CCapacitor C  − This filter capacitor offers high reactance to dc and low reactance to ac signal. After − This filter capacitor offers high reactance to dc and low reactance to ac signal. After
grounding the ac components present in the signal, the signal passes to the inductor for further filtration.grounding the ac components present in the signal, the signal passes to the inductor for further filtration.
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Inductor LInductor L − This inductor offers low reactance to dc components, while blocking the ac components if any − This inductor offers low reactance to dc components, while blocking the ac components if any
got managed to pass, through the capacitor Cgot managed to pass, through the capacitor C ..

Capacitor CCapacitor C  −  − Now the signal is further smoothened using this capacitor so that it allows any acNow the signal is further smoothened using this capacitor so that it allows any ac
component present in the signal, which the inductor has failed to block.component present in the signal, which the inductor has failed to block.

Thus we, get the desired pure dc output at the load.Thus we, get the desired pure dc output at the load.

Electronic Circuits - RegulatorsElectronic Circuits - Regulators

The next and the last stage before load, in a power supply system is the Regulator part. Let us now try toThe next and the last stage before load, in a power supply system is the Regulator part. Let us now try to
understand what a regulator is and what it does.understand what a regulator is and what it does.

The part of electronics that deal with the control and conversion of electric power can be termed as The part of electronics that deal with the control and conversion of electric power can be termed as PowerPower
ElectronicsElectronics. A regulator is an important device when it comes to power electronics as it controls the power output.. A regulator is an important device when it comes to power electronics as it controls the power output.

Need for a RegulatorNeed for a Regulator

For a Power supply to produce a constant output voltage, irrespective of the input voltage variations or the loadFor a Power supply to produce a constant output voltage, irrespective of the input voltage variations or the load
current variations, there is a need for a voltage regulator.current variations, there is a need for a voltage regulator.

A A voltage regulatorvoltage regulator is such a device that maintains constant output voltage, instead of any kind of fluctuations in is such a device that maintains constant output voltage, instead of any kind of fluctuations in
the input voltage being applied or any variations in current, drawn by the load. The following image gives an idea ofthe input voltage being applied or any variations in current, drawn by the load. The following image gives an idea of
what a practical regulator looks like.what a practical regulator looks like.

Types of RegulatorsTypes of Regulators

Regulators can be classified into different categories, depending upon their working and type of connection.Regulators can be classified into different categories, depending upon their working and type of connection.
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Depending upon the type of regulationDepending upon the type of regulation, the regulators are mainly divided into two types namely, line and load, the regulators are mainly divided into two types namely, line and load
regulators.regulators.

Line RegulatorLine Regulator − The regulator which regulates the output voltage to be constant, in spite of input line − The regulator which regulates the output voltage to be constant, in spite of input line
variations, it is called as variations, it is called as Line regulatorLine regulator..

Load RegulatorLoad Regulator − The regulator which regulates the output voltage to be constant, in spite of the variations − The regulator which regulates the output voltage to be constant, in spite of the variations
in load at the output, it is called as in load at the output, it is called as Load regulatorLoad regulator..

Depending upon the type of connectionDepending upon the type of connection, there are two type of voltage regulators. They are, there are two type of voltage regulators. They are

Series voltage regulatorSeries voltage regulator

Shunt voltage regulatorShunt voltage regulator

The arrangement of them in a circuit will be just as in the following figures.The arrangement of them in a circuit will be just as in the following figures.

Let us have a look at other important regulator types.Let us have a look at other important regulator types.

Zener Voltage RegulatorZener Voltage Regulator

A Zener voltage regulator is one which uses Zener diode for regulating the output voltage. We have alreadyA Zener voltage regulator is one which uses Zener diode for regulating the output voltage. We have already
discussed the details regarding Zener diode in BASIC ELECTRONICS tutorial.discussed the details regarding Zener diode in BASIC ELECTRONICS tutorial.

When the Zener diode is operated in the breakdown or When the Zener diode is operated in the breakdown or Zener regionZener region, the voltage across it is substantially , the voltage across it is substantially constantconstant
for a for a large change of currentlarge change of current through it. This characteristic makes Zener diode a  through it. This characteristic makes Zener diode a good voltage regulatorgood voltage regulator..

The following figure shows an image of a simple Zener regulator.The following figure shows an image of a simple Zener regulator.
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The applied input voltage The applied input voltage  when increased beyond the Zener voltage  when increased beyond the Zener voltage , then the Zener diode operates in, then the Zener diode operates in

the breakdown region and maintains constant voltage across the load. The series limiting resistor the breakdown region and maintains constant voltage across the load. The series limiting resistor  limits the limits the

input current.input current.

Working of Zener Voltage RegulatorWorking of Zener Voltage Regulator

The Zener diode maintains the voltage across it constant in spite of load variations and input voltage fluctuations.The Zener diode maintains the voltage across it constant in spite of load variations and input voltage fluctuations.
Hence we can consider 4 cases to understand the working of a Zener voltage regulator.Hence we can consider 4 cases to understand the working of a Zener voltage regulator.

Case 1Case 1 − If the load current  − If the load current  increases, then the current through the Zener diode  increases, then the current through the Zener diode  decreases in order to decreases in order to

maintain the current through the series resistor maintain the current through the series resistor  constant. The output voltage Vo depends upon the input constant. The output voltage Vo depends upon the input

voltage Vi and voltage across the series resistor voltage Vi and voltage across the series resistor ..

This is can be written asThis is can be written as

Where Where  is constant. Therefore,  is constant. Therefore,  also remains constant. also remains constant.

Case 2Case 2 − If the load current  − If the load current  decreases, then the current through the Zener diode  decreases, then the current through the Zener diode  increases, as the increases, as the

current current  through RS series resistor remains constant. Though the current  through RS series resistor remains constant. Though the current  through Zener diode increases through Zener diode increases

it maintains a constant output voltage it maintains a constant output voltage , which maintains the load voltage constant., which maintains the load voltage constant.
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Case 3Case 3 − If the input voltage  − If the input voltage  increases, then the current  increases, then the current  through the series resistor RS increases. This through the series resistor RS increases. This

increases the voltage drop across the resistor, i.e. increases the voltage drop across the resistor, i.e.  increases. Though the current through Zener diode  increases. Though the current through Zener diode 

increases with this, the voltage across Zener diode increases with this, the voltage across Zener diode  remains constant, keeping the output load voltage remains constant, keeping the output load voltage

constant.constant.

Case 4Case 4 − If the input voltage decreases, the current through the series resistor decreases which makes the current − If the input voltage decreases, the current through the series resistor decreases which makes the current

through Zener diode through Zener diode  decreases. But the Zener diode maintains output voltage constant due to its property. decreases. But the Zener diode maintains output voltage constant due to its property.

Limitations of Zener Voltage RegulatorLimitations of Zener Voltage Regulator

There are a few limitations for a Zener voltage regulator. They are −There are a few limitations for a Zener voltage regulator. They are −

It is less efficient for heavy load currents.It is less efficient for heavy load currents.

The Zener impedance slightly affects the output voltage.The Zener impedance slightly affects the output voltage.

Hence a Zener voltage regulator is considered effective for low voltage applications. Now, let us go through theHence a Zener voltage regulator is considered effective for low voltage applications. Now, let us go through the
other types of voltage regulators, which are made using transistors.other types of voltage regulators, which are made using transistors.

Transistor Series Voltage RegulatorTransistor Series Voltage Regulator

This regulator has a transistor in series to the Zener regulator and both in parallel to the load. The transistor worksThis regulator has a transistor in series to the Zener regulator and both in parallel to the load. The transistor works
as a variable resistor regulating its collector emitter voltage in order to maintain the output voltage constant. Theas a variable resistor regulating its collector emitter voltage in order to maintain the output voltage constant. The
figure below shows the transistor series voltage regulator.figure below shows the transistor series voltage regulator.
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With the input operating conditions, the current through the base of the transistor changes. This effects the voltageWith the input operating conditions, the current through the base of the transistor changes. This effects the voltage

across the base emitter junction of the transistor across the base emitter junction of the transistor . The output voltage is maintained by the Zener voltage. The output voltage is maintained by the Zener voltage  

 which is constant. As both of them are maintained equal, any change in the input supply is indicated by the which is constant. As both of them are maintained equal, any change in the input supply is indicated by the

change in emitter base voltage change in emitter base voltage ..

Hence the output voltage Vo can be understood asHence the output voltage Vo can be understood as

Working of Transistor Series Voltage RegulatorWorking of Transistor Series Voltage Regulator

The working of a series voltage regulator shall be considered for input and load variations. If the input voltage isThe working of a series voltage regulator shall be considered for input and load variations. If the input voltage is
increased, the output voltage also increases. But this in turn makes the voltage across the collector base junctionincreased, the output voltage also increases. But this in turn makes the voltage across the collector base junction  

 to decrease, as the Zener voltage  to decrease, as the Zener voltage  remains constant. The conduction decreases as the resistance remains constant. The conduction decreases as the resistance

across emitter collector region increases. This further increases the voltage across collector emitter junction VCEacross emitter collector region increases. This further increases the voltage across collector emitter junction VCE

thus reducing the output voltage thus reducing the output voltage . This will be similar when the input voltage decreases.. This will be similar when the input voltage decreases.

When the load changes occur, which means if the resistance of the load decreases, increasing the load currentWhen the load changes occur, which means if the resistance of the load decreases, increasing the load current  

, the output voltage , the output voltage  decreases, increasing the emitter base voltage  decreases, increasing the emitter base voltage ..

With the increase in the emitter base voltage With the increase in the emitter base voltage  the conduction increases reducing the emitter collector the conduction increases reducing the emitter collector

resistance. This in turn increases the input current which compensates the decrease in the load resistance. This willresistance. This in turn increases the input current which compensates the decrease in the load resistance. This will
be similar when the load current increases.be similar when the load current increases.

Limitations of Transistor Series Voltage RegulatorLimitations of Transistor Series Voltage Regulator

Transistor Series Voltage Regulators have the following limitations −Transistor Series Voltage Regulators have the following limitations −

The voltages The voltages  and  and  are affected by the rise in temperature. are affected by the rise in temperature.

No good regulation for high currents is possible.No good regulation for high currents is possible.

Power dissipation is high.Power dissipation is high.

Power dissipation is high.Power dissipation is high.

Less efficient.Less efficient.

To minimize these limitations, transistor shunt regulator is used.To minimize these limitations, transistor shunt regulator is used.

Transistor Shunt Voltage RegulatorTransistor Shunt Voltage Regulator
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A transistor shunt regulator circuit is formed by connecting a resistor in series with the input and a transistor whoseA transistor shunt regulator circuit is formed by connecting a resistor in series with the input and a transistor whose
base and collector are connected by a Zener diode that regulates, both in parallel with the load. The figure belowbase and collector are connected by a Zener diode that regulates, both in parallel with the load. The figure below
shows the circuit diagram of a transistor shunt regulator.shows the circuit diagram of a transistor shunt regulator.

Working of Transistor Shunt Voltage RegulatorWorking of Transistor Shunt Voltage Regulator

If the input voltage increases, the If the input voltage increases, the  and  and  also gets increased. But this happens initially. Actually when also gets increased. But this happens initially. Actually when  

 increases, the current  increases, the current  also increases. This current when flows through RS, causes a voltage drop also increases. This current when flows through RS, causes a voltage drop  

 across the series resistor, which also gets increased with  across the series resistor, which also gets increased with . But this makes . But this makes  to decrease. Now this to decrease. Now this

decrease in decrease in  compensates the initial increase maintaining it to be constant. Hence  compensates the initial increase maintaining it to be constant. Hence  is maintained is maintained

constant. If the output voltage decreases instead, the reverse happens.constant. If the output voltage decreases instead, the reverse happens.

If the load resistance decreases, there should be decrease in the output voltage If the load resistance decreases, there should be decrease in the output voltage . The current through the load. The current through the load

increases. This makes the base current and collector current of the transistor to decrease. The voltage across theincreases. This makes the base current and collector current of the transistor to decrease. The voltage across the
series resistor becomes low, as the current flows heavily. The input current will be constant.series resistor becomes low, as the current flows heavily. The input current will be constant.

The output voltage appears will be the difference between the applied voltage The output voltage appears will be the difference between the applied voltage  and the series voltage drop and the series voltage drop  

. Hence the output voltage will be increased to compensate the initial decrease and hence maintained. Hence the output voltage will be increased to compensate the initial decrease and hence maintained

constant. The reverse happens if the load resistance increases.constant. The reverse happens if the load resistance increases.

IC RegulatorsIC Regulators
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Voltage Regulators are now-a-days available in the form of Integrated Circuits Voltage Regulators are now-a-days available in the form of Integrated Circuits . These are in short called as. These are in short called as

IC Regulators.IC Regulators.

Along with the functionality like a normal regulator, an IC regulator has the properties like thermal compensation,Along with the functionality like a normal regulator, an IC regulator has the properties like thermal compensation,
short circuit protection and surge protection which are built into the device.short circuit protection and surge protection which are built into the device.

Types of IC regulatorsTypes of IC regulators

IC regulators can be of the following types −IC regulators can be of the following types −

Fixed Positive voltage regulatorsFixed Positive voltage regulators

Fixed Negative voltage regulatorsFixed Negative voltage regulators

Adjustable voltage regulatorsAdjustable voltage regulators

Dual-tracking voltage regulatorsDual-tracking voltage regulators

Let us now discuss them in detail.Let us now discuss them in detail.

Fixed Positive Voltage RegulatorFixed Positive Voltage Regulator

The output of these regulators is fixed to a specific value and the values are positive, which means the outputThe output of these regulators is fixed to a specific value and the values are positive, which means the output
voltage provided is positive voltage.voltage provided is positive voltage.

The most used series is 7800 series and the ICs will be like IC 7806, IC 7812 and IC 7815 etc. which provide +6v,The most used series is 7800 series and the ICs will be like IC 7806, IC 7812 and IC 7815 etc. which provide +6v,
+12v and +15v respectively as output voltages. The figure below shows the IC 7810 connected to provide a fixed+12v and +15v respectively as output voltages. The figure below shows the IC 7810 connected to provide a fixed
10v positive regulated output voltage.10v positive regulated output voltage.

In the above figure, the input capacitor In the above figure, the input capacitor  is used to prevent unwanted oscillations and the output capacitor is used to prevent unwanted oscillations and the output capacitor  

 acts as a line filter to improve transient response. acts as a line filter to improve transient response.

Fixed Negative Voltage RegulatorFixed Negative Voltage Regulator

The output of these regulators is fixed to a specific value and the values are negative, which means the outputThe output of these regulators is fixed to a specific value and the values are negative, which means the output
voltage provided is negative voltage.voltage provided is negative voltage.
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The most used series is 7900 series and the ICs will be like IC 7906, IC 7912 and IC 7915 etc. which provide -6v,The most used series is 7900 series and the ICs will be like IC 7906, IC 7912 and IC 7915 etc. which provide -6v,
-12v and -15v respectively as output voltages. The figure below shows the IC 7910 connected to provide a fixed 10v-12v and -15v respectively as output voltages. The figure below shows the IC 7910 connected to provide a fixed 10v
negative regulated output voltage.negative regulated output voltage.

In the above figure, the input capacitor In the above figure, the input capacitor  is used to prevent unwanted oscillations and the output capacitor is used to prevent unwanted oscillations and the output capacitor  

 acts as a line filter to improve transient response. acts as a line filter to improve transient response.

Adjustable Voltage RegulatorsAdjustable Voltage Regulators

An adjustable voltage regulator has three terminals IN, OUT and ADJ. The input and output terminals are commonAn adjustable voltage regulator has three terminals IN, OUT and ADJ. The input and output terminals are common
whereas the adjustable terminal is provided with a variable resistor which lets the output to vary between a widewhereas the adjustable terminal is provided with a variable resistor which lets the output to vary between a wide
range.range.

The above figure shows an unregulated power supply driving a LM 317 adjustable IC regulator which is commonlyThe above figure shows an unregulated power supply driving a LM 317 adjustable IC regulator which is commonly
used. The LM 317 is a three terminal positive adjustable voltage regulator and can supply 1.5A of load current overused. The LM 317 is a three terminal positive adjustable voltage regulator and can supply 1.5A of load current over
an adjustable output range of 1.25v to 37v.an adjustable output range of 1.25v to 37v.

Dual-Tracking Voltage RegulatorsDual-Tracking Voltage Regulators
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A dual-tracking regulator is used when split-supply voltages are needed. These provide equal positive and negativeA dual-tracking regulator is used when split-supply voltages are needed. These provide equal positive and negative
output voltages. For example, the RC4195 IC provides D.C. outputs of +15v and -15v. This needs two unregulatedoutput voltages. For example, the RC4195 IC provides D.C. outputs of +15v and -15v. This needs two unregulated
input voltages such as the positive input may vary from +18v to +30v and negative input may vary from -18v to -30v.input voltages such as the positive input may vary from +18v to +30v and negative input may vary from -18v to -30v.

The above image shows a dual-tracking RC4195 IC regulator. The adjustable dual-tacking regulators are alsoThe above image shows a dual-tracking RC4195 IC regulator. The adjustable dual-tacking regulators are also
available whose outputs vary between two rated limits.available whose outputs vary between two rated limits.

Electronic Circuits - SMPSElectronic Circuits - SMPS

The topics discussed till now represent different sections of power supply unit. All these sections together make theThe topics discussed till now represent different sections of power supply unit. All these sections together make the
Linear Power SupplyLinear Power Supply. This is the conventional method of obtaining DC out of the input AC supply.. This is the conventional method of obtaining DC out of the input AC supply.

Linear Power SupplyLinear Power Supply

The Linear Power Supply The Linear Power Supply  is the regulated power supply which dissipates much heat in the series resistor is the regulated power supply which dissipates much heat in the series resistor

to regulate the output voltage which has low ripple and low noise. This LPS has many applications.to regulate the output voltage which has low ripple and low noise. This LPS has many applications.

A linear power supply requires larger semiconductor devices to regulate the output voltage and generates more heatA linear power supply requires larger semiconductor devices to regulate the output voltage and generates more heat
resulting in lower energy efficiency. Linear power supplies have transient response times up to 100 times faster thanresulting in lower energy efficiency. Linear power supplies have transient response times up to 100 times faster than
the others, which is very important in certain specialized areas.the others, which is very important in certain specialized areas.

Advantages of LPSAdvantages of LPS

The power supply is continuous.The power supply is continuous.

The circuitry is simple.The circuitry is simple.

These are reliable systems.These are reliable systems.

This system dynamically responds to load changes.This system dynamically responds to load changes.

The circuit resistances are changed to regulate the output voltage.The circuit resistances are changed to regulate the output voltage.

As the components operate in linear region, the noise is low.As the components operate in linear region, the noise is low.

The ripple is very low in the output voltage.The ripple is very low in the output voltage.

Disadvantages of LPSDisadvantages of LPS

The transformers used are heavier and large.The transformers used are heavier and large.

The heat dissipation is more.The heat dissipation is more.

The efficiency of linear power supply is 40 to 50%The efficiency of linear power supply is 40 to 50%
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Power is wasted in the form of heat in LPS circuits.Power is wasted in the form of heat in LPS circuits.

Single output voltage is obtained.Single output voltage is obtained.

We have already gone through different parts of a Linear Power supply. The block diagram of a Linear PowerWe have already gone through different parts of a Linear Power supply. The block diagram of a Linear Power
Supply is as shown in the following figure.Supply is as shown in the following figure.

In spite of the above disadvantages, Linear Power Supplies are widely used in low-noise amplifiers, test equipment,In spite of the above disadvantages, Linear Power Supplies are widely used in low-noise amplifiers, test equipment,
control circuits. In addition, they are also used in data acquisition and signal processing.control circuits. In addition, they are also used in data acquisition and signal processing.

All the power supply systems that needs simple regulation and where efficiency is not a concern, the LPS circuitsAll the power supply systems that needs simple regulation and where efficiency is not a concern, the LPS circuits
are used. As the electrical noise is lower, the LPS is used in powering sensitive analog circuitry. But to overcome theare used. As the electrical noise is lower, the LPS is used in powering sensitive analog circuitry. But to overcome the

disadvantages of Linear Power Supply system, the Switched Mode Power Supply disadvantages of Linear Power Supply system, the Switched Mode Power Supply  is used. is used.

Switched Mode Power Supply Switched Mode Power Supply 

The disadvantages of LPS such as lower efficiency, the need for large value of capacitors to reduce ripples andThe disadvantages of LPS such as lower efficiency, the need for large value of capacitors to reduce ripples and
heavy and costly transformers etc. are overcome by the implementation of heavy and costly transformers etc. are overcome by the implementation of Switched Mode Power SuppliesSwitched Mode Power Supplies..

The working of SMPS is simply understood by knowing that the transistor used in LPS is used to control the voltageThe working of SMPS is simply understood by knowing that the transistor used in LPS is used to control the voltage
drop while the transistor in SMPS is used as a drop while the transistor in SMPS is used as a controlled switchcontrolled switch..

WorkingWorking

The working of SMPS can be understood by the following figure.The working of SMPS can be understood by the following figure.

Let us try to understand what happens at each stage of SMPS circuit.Let us try to understand what happens at each stage of SMPS circuit.

Input StageInput Stage

The AC input supply signal 50 Hz is given directly to the rectifier and filter circuit combination without using anyThe AC input supply signal 50 Hz is given directly to the rectifier and filter circuit combination without using any
transformer. This output will have many variations and the capacitance value of the capacitor should be higher totransformer. This output will have many variations and the capacitance value of the capacitor should be higher to
handle the input fluctuations. This unregulated dc is given to the central switching section of SMPS.handle the input fluctuations. This unregulated dc is given to the central switching section of SMPS.

SSMMPPSS

SSMMPPSS



/

Switching SectionSwitching Section

A fast switching device such as a Power transistor or a MOSFET is employed in this section, which switches ONA fast switching device such as a Power transistor or a MOSFET is employed in this section, which switches ON
and OFF according to the variations and this output is given to the primary of the transformer present in this section.and OFF according to the variations and this output is given to the primary of the transformer present in this section.
The transformer used here are much smaller and lighter ones unlike the ones used for 60 Hz supply. These areThe transformer used here are much smaller and lighter ones unlike the ones used for 60 Hz supply. These are
much efficient and hence the power conversion ratio is higher.much efficient and hence the power conversion ratio is higher.

Output StageOutput Stage

The output signal from the switching section is again rectified and filtered, to get the required DC voltage. This is aThe output signal from the switching section is again rectified and filtered, to get the required DC voltage. This is a
regulated output voltage which is then given to the control circuit, which is a feedback circuit. The final output isregulated output voltage which is then given to the control circuit, which is a feedback circuit. The final output is
obtained after considering the feedback signal.obtained after considering the feedback signal.

Control UnitControl Unit

This unit is the feedback circuit which has many sections. Let us have a clear understanding about this from TheThis unit is the feedback circuit which has many sections. Let us have a clear understanding about this from The
following figure.following figure.

The above figure explains the inner parts of a control unit. The output sensor senses the signal and joins it to theThe above figure explains the inner parts of a control unit. The output sensor senses the signal and joins it to the
control unit. The signal is isolated from the other section so that any sudden spikes should not affect the circuitry. Acontrol unit. The signal is isolated from the other section so that any sudden spikes should not affect the circuitry. A
reference voltage is given as one input along with the signal to the error amplifier which is a comparator thatreference voltage is given as one input along with the signal to the error amplifier which is a comparator that
compares the signal with the required signal level.compares the signal with the required signal level.

By controlling the chopping frequency the final voltage level is maintained. This is controlled by comparing the inputsBy controlling the chopping frequency the final voltage level is maintained. This is controlled by comparing the inputs
given to the error amplifier, whose output helps to decide whether to increase or decrease the chopping frequency.given to the error amplifier, whose output helps to decide whether to increase or decrease the chopping frequency.
The PWM oscillator produces a standard PWM wave fixed frequency.The PWM oscillator produces a standard PWM wave fixed frequency.

We can get a better idea on the complete functioning of SMPS by having a look at the following figure.We can get a better idea on the complete functioning of SMPS by having a look at the following figure.
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The SMPS is mostly used where switching of voltages is not at all a problem and where efficiency of the systemThe SMPS is mostly used where switching of voltages is not at all a problem and where efficiency of the system
really matters. There are few points which are to be noted regarding SMPS. They arereally matters. There are few points which are to be noted regarding SMPS. They are

SMPS circuit is operated by switching and hence the voltages vary continuously.SMPS circuit is operated by switching and hence the voltages vary continuously.

The switching device is operated in saturation or cut off mode.The switching device is operated in saturation or cut off mode.

The output voltage is controlled by the switching time of the feedback circuitry.The output voltage is controlled by the switching time of the feedback circuitry.

Switching time is adjusted by adjusting the duty cycle.Switching time is adjusted by adjusting the duty cycle.

The efficiency of SMPS is high because, instead of dissipating excess power as heat, it continuouslyThe efficiency of SMPS is high because, instead of dissipating excess power as heat, it continuously
switches its input to control the output.switches its input to control the output.

DisadvantagesDisadvantages

There are few disadvantages in SMPS, such asThere are few disadvantages in SMPS, such as

The noise is present due to high frequency switching.The noise is present due to high frequency switching.

The circuit is complex.The circuit is complex.

It produces electromagnetic interference.It produces electromagnetic interference.

AdvantagesAdvantages

The advantages of SMPS include,The advantages of SMPS include,

The efficiency is as high as 80 to 90%The efficiency is as high as 80 to 90%

Less heat generation; less power wastage.Less heat generation; less power wastage.

Reduced harmonic feedback into the supply mains.Reduced harmonic feedback into the supply mains.

The device is compact and small in size.The device is compact and small in size.

The manufacturing cost is reduced.The manufacturing cost is reduced.

Provision for providing the required number of voltages.Provision for providing the required number of voltages.

ApplicationsApplications
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There are many applications of SMPS. They are used in the motherboard of computers, mobile phone chargers,There are many applications of SMPS. They are used in the motherboard of computers, mobile phone chargers,
HVDC measurements, battery chargers, central power distribution, motor vehicles, consumer electronics, laptops,HVDC measurements, battery chargers, central power distribution, motor vehicles, consumer electronics, laptops,
security systems, space stations, etc.security systems, space stations, etc.

Types of SMPSTypes of SMPS

SMPS is the Switched Mode Power Supply circuit which is designed for obtaining the regulated DC output voltageSMPS is the Switched Mode Power Supply circuit which is designed for obtaining the regulated DC output voltage
from an unregulated DC or AC voltage. There are four main types of SMPS such asfrom an unregulated DC or AC voltage. There are four main types of SMPS such as

DC to DC ConverterDC to DC Converter

AC to DC ConverterAC to DC Converter

Fly back ConverterFly back Converter

Forward ConverterForward Converter

The AC to DC conversion part in the input section makes the difference between AC to DC converter and DC to DCThe AC to DC conversion part in the input section makes the difference between AC to DC converter and DC to DC
converter. The Fly back converter is used for Low power applications. Also there are Buck Converter and Boostconverter. The Fly back converter is used for Low power applications. Also there are Buck Converter and Boost
converter in the SMPS types which decrease or increase the output voltage depending upon the requirements. Theconverter in the SMPS types which decrease or increase the output voltage depending upon the requirements. The
other type of SMPS include Self-oscillating fly-back converter, Buck-boost converter, Cuk, Sepic, etc.other type of SMPS include Self-oscillating fly-back converter, Buck-boost converter, Cuk, Sepic, etc.


