
                    Basic Electronics Engineering 

                                               Module 01 

What are Semiconductors? 

Semiconductors are the materials which have a conductivity between conductors (generally metals) 
and non-conductors or insulators (such as ceramics). Semiconductors can be compounds such as 
gallium arsenide or pure elements, such as germanium or silicon. Physics explains the theories, 

properties and mathematical approach governing semiconductors. 

Examples of Semiconductors: 

Gallium arsenide, germanium, and silicon are some of the most commonly used semiconductors. 

Silicon is used in electronic circuit fabrication and gallium arsenide is used in solar cells, laser diodes, 
etc. 

Holes and Electrons in Semiconductors 

Holes and electrons are the types of charge carriers accountable for the flow of current in 
semiconductors. Holes (valence electrons) are the positively charged electric charge carrier 
whereas electrons are the negatively charged particles. Both electrons and holes are equal in 

magnitude but opposite in polarity. 

Mobility of Electrons and Holes 

In a semiconductor, the mobility of electrons is higher than that of the holes. It is mainly because 

of their different band structures and scattering mechanisms. 

Band Theory of Semiconductors 

The introduction of band theory happened during the quantum revolution in science. Walter Heitler and 

Fritz London discovered the energy bands. 

We know that the electrons in an atom are present in different energy levels. When we try to assemble 
a lattice of a solid with N atoms, then each level of an atom must split up into N levels in the solid. This 
splitting up of sharp and tightly packed energy levels forms Energy Bands. The gap between adjacent 

bands representing a range of energies that possess no electron is called a Band Gap. 
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Conduction Band and Valence Band in Semiconductors 

Valence Band: 

The energy band involving the energy levels of valence electrons is known as the valence band. It is 
the highest occupied energy band. When compared with insulators, the bandgap in semiconductors is 
smaller. It allows the electrons in the valence band to jump into the conduction band on receiving any 

external energy. 

Conduction Band: 

It is the lowest unoccupied band that includes the energy levels of positive (holes) or negative (free 
electrons) charge carriers. It has conducting electrons resulting in the flow of current. The conduction 
band possess high energy level and are generally empty. The conduction band in semiconductors 

accepts the electrons from the valence band. 

What is Fermi Level in Semiconductors? 

Fermi level (denoted by EF) is present between the valence and conduction bands. It is the highest 
occupied molecular orbital at absolute zero. The charge carriers in this state have their own quantum 
states and generally do not interact with each other. When the temperature rises above absolute zero, 

these charge carriers will begin to occupy states above Fermi level. 

In a p-type semiconductor, there is an increase in the density of unfilled states. Thus, 
accommodating more electrons at the lower energy levels. However, in an n-type semiconductor, 

the density of states increases, therefore, accommodating more electrons at higher energy levels. 

Why does the Resistivity of Semiconductors go down with Temperature? 

The difference in resistivity between conductors and semiconductors is due to their difference in charge carrier 
density. 

The resistivity of semiconductors decreases with temperature because the number of charge carriers increases 
rapidly with increase in temperature, making the fractional change i.e. the temperature coefficient negative. 

https://byjus.com/physics/fermi-energy/


Some Important Properties of Semiconductors are: 

1. Semiconductor acts like an insulator at Zero Kelvin. On increasing the temperature, it works as a 
conductor. 

2. Due to their exceptional electrical properties, semiconductors can be modified by doping to make 
semiconductor devices suitable for energy conversion, switches, and amplifiers. 

3. Lesser power losses. 
4. Semiconductors are smaller in size and possess less weight. 
5. Their resistivity is higher than conductors but lesser than insulators. 
6. The resistance of semiconductor materials decreases with the increase in temperature and vice-versa. 

Types of Semiconductors 

Semiconductors can be classified as: 

 Intrinsic Semiconductor 

 Extrinsic Semiconductor 

  

 

Intrinsic Semiconductor 

An intrinsic type of semiconductor material is made to be very pure chemically. It is made up of only a single 

type of element. 

 



 

Germanium (Ge) and Silicon (Si) are the most common type of intrinsic semiconductor elements. They have four valence 
electrons (tetravalent). They are bound to the atom by covalent bond at absolute zero temperature. 

When the temperature rises, due to collisions, few electrons are unbounded and become free to move through the lattice, 
thus creating an absence in its original position (hole). These free electrons and holes contribute to the conduction of 
electricity in the semiconductor. The negative and positive charge carriers are equal in number. 

Extrinsic Semiconductor 

The conductivity of semiconductors can be greatly improved by introducing a small number of suitable replacement atoms 
called IMPURITIES. The process of adding impurity atoms to the pure semiconductor is called DOPING. Usually. 
An extrinsic semiconductor can be further classified into: 

 N-type Semiconductor 

 P-type Semiconductor 
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N-Type Semiconductor 

 Mainly due to electrons,  

 Majority – Electrons and Minority – Holes 

When a pure semiconductor (Silicon or Germanium) is doped by pentavalent impurity (P, As, Sb, Bi) then, four 
electrons out of five valence electrons bonds with the four electrons of Ge or Si. 

The fifth electron of the dopant is set free. Thus, the impurity atom donates a free electron for conduction in the 
lattice and is called “Donar“. 

Since the number of free electron increases by the addition of an impurity, the negative charge carriers 
increase. Hence, it is called n-type semiconductor. 

P-Type Semiconductor 

 Mainly due to holes 

 Majority – Holes and Minority – Electrons 

When a pure semiconductor is doped with a trivalent impurity (B, Al, In, Ga ) then, the three valence electrons of 
the impurity bonds with three of the four valence electrons of the semiconductor. 

This leaves an absence of electron (hole) in the impurity. These impurity atoms which are ready to accept 
bonded electrons are called “Acceptors“. 

With the increase in the number of impurities, holes (the positive charge carriers) are increased. Hence, it is 
called p-type semiconductor. 

Importance of Semiconductors 

Here we have discussed some advantages of semiconductors which makes them highly useful everywhere. 

 They are highly portable due to the smaller size 

 They require less input power 
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 Semiconductor devices are shockproof 

 They have a longer lifespan 

 They are noise-free while operating 

P-N junction semiconductor diode 
When a p–type semiconductor is suitably joined to n–type semiconductor, the contact surface of the 

semiconductors is called as pn–junction. 

Properties of pn – junction 

The p–type semiconductor has holes and the n–type semiconductor has free electrons as the majority charge 
carriers. When both p–type and n-type materials are suitably joined together to form pn–junction. At the 
junction, the free electrons from the n–side diffuse over to the p–side and the holes from the p–side to the n–
side. Since both the materials are electrically neutral, so a positive charge is build up on the n–side of the 
junction and negative charge on the p–side of the junction. This created charge soon prevents further diffusion. 
It is because the positive charge on n–side repels the holes crossing the junction from p–side to n–side and 
negative charge on p–side repels the electrons crossing the junction from n-side to p–side. Thus, a barrier is 
set up against the movement of charge carriers across the junction. This is called Potential Barrier (VB). 
The value of VB ranges from 0.1 to 0.7 V. 

 

 
 

 



From the 
potential distribution diagram, it is clear that a potential barrier sets up which gives rise to electric field. This field prevents 
movement of the majority charge carriers across the junction. The region in the vicinity of the junction is known 
as Depletion Layer because the mobile charge carriers are depleted from this region. 

Biasing of PN Junction 

In electronics, Biasing mean the use of DC voltage to establish some operating conditions for an electronic device. 

The biasing conditions for a pn–junction are of two types − 

 Forward Biasing 

 Reverse Biasing 

Forward Biasing 

When the external DC voltage is applied to the pn–junction in such a way that it cancels the potential barrier, thus 
permitting the current flow is called forward biasing. 

 

To make a pn–junction forward bias, the p–type material is connected to positive terminal of the battery and the 

n–type material to the negative terminal. The applied forward voltage establishes an electric field which acts in 

opposite direction the barrier potential. Since the barrier potential is very small, therefore a small forward 

voltage can eliminate the potential barrier. Once the potential barrier is eliminated, the junction resistance 

becomes almost zero and a forward current starts flowing through the circuit.  

Reverse Biasing 

When the external DC voltage applied across the pn–junction is in such direction that potential barrier is 
increased. It is called Reverse Biasing. 

 



 

To make the pn–junction reverse biased, connect the negative terminal of battery to the p–type material and 

positive terminal to the n–type material. The electric field due to the applied reverse voltage acts in the same 

direction as the field due to potential barrier. The increased potential barrier prevents the flow of charge carriers 

across the junction. Hence, the junction offers very high resistance to the current flow. 

From I–V characteristics of reverse biased junction, it can be seen that a small current of the order of a few μA 

flows in the circuit under reverse bias. This is called reverse leakage current and is due to minority charge 

carriers (electrons in the p–type and holes in the n–type). 

V-I Characteristics of PN Junction Diode 

 

VI characteristics of PN junction diodes is a curve between the voltage and current through the circuit. Voltage is taken 
along the x-axis while the current is taken along the y-axis. The above graph is the VI characteristics curve of the PN 
junction diode. With the help of the curve we can understand that there are three regions in which the diode works, and 
they are: 

 Zero bias  

 Forward bias 

 Reverse bias 

 When the PN junction diode is under zero bias condition, there is no external voltage applied and this means that 
the potential barrier at the junction does not allow the flow of current. 

 When the PN junction diode is under forward bias condition, the p-type is connected to the positive terminal while 
the n-type is connected to the negative terminal of the external voltage. When the diode is arranged in this manner, 



there is a reduction in the potential barrier. For silicone diodes, when the voltage is 0.7 V and for germanium 
diodes, when the voltage is 0.3 V, the potential barriers decrease and there is a flow of current.  

 When the diode is in forward bias, the current increases slowly and the curve obtained is non-linear as the voltage 
applied to the diode is overcoming the potential barrier. Once the potential barrier is overcome by the diode, the 
diode behaves normally and the curve rises sharply as the external voltage increases and the curve obtained is 
linear. 

Applications of PN Junction Diode 

 p-n junction diode can be used as a photodiode as the diode is sensitive to the light when the configuration of the 
diode is reverse-biased. 

 It can be used as a solar cell. 

 When the diode is forward-biased, it can be used in LED lighting applications. 

 DC Resistance of Diode  

It is the resistance offered by the diode to the flow of DC through it when we apply a DC voltage to it. 

Mathematically the static resistance is expressed as the ratio of DC voltage applied across the diode terminals to 

the DC flowing through it  

                                                   Rdc  = Vdc 

                                                              Idc 

 AC Resistance of Diode  

It is the resistance offered by the diode to the flow of AC through it when we connect it in a circuit 

which has an AC voltage source as an active circuit element. Mathematically the dynamic resistance is 

given as the ratio of change in voltage applied across the diode to the resulting change in the current 

flowing through it.  

                                                          rac = vac  

                                                                  iac 

 

 

 

CLIPPER 

It controls the shape of the output waveform by removing or clipping a portion of the 

applied wave. Half wave rectifier is the simplest example.It is also referred as 

voltage limiters/ amplitude selectors/ slicers. 

Applications: 

 In radio receivers for communication circuits. 

 In radars, digital computers and other electronic systems. 

 Generation for different waveforms such as trapezoidal, or squarewaves. 

Helps in processing the picture signals in television transmitters. 

https://www.electrical4u.com/what-is-electrical-resistance/
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 In television receivers for separating the synchronizing signals from 

composite picture signals 

Types of Clipper Circuit 

1. Series- Diode is in series with the source 
2. Parallel- Diode is in parallel with the source. 

 Clipper circuit which uses a DC battery is called a biased clipper. 

SERIES CLIPPER: 
Assumption- diode is ideal in characteristics 

Analysis 

+ve Half Cycle: 

Diode is on because of forward biasing condition. 

Since no voltage drop across the diode the output 

voltage becomes 

VO=VR=Vi 

-ve Half Cycle: 

Diode is off because of reverse biasing condition. 

Since no current flows through the circuit the output 

voltage VO=0. 

Figure shows the output waveform of a simple series clipper with input as square and 

triangular waveform. Since the negative half cycle is clipped off in the output it is called 

as a negative clipper circuit. 

Biased Series Clipper: 

Assumption- diode is ideal in characteristics 

Analysis 

Since the diode is on because of the 5v battery 

The transition of the diode from one state to 

another can be found out to be atVi=-5v above 

which the diode is ON and below which the 

diode is OFF. 

+ve Half Cycle: 

Since the diode is on the output voltage will 



be (Applying KVL) 

Vi+5=VR 

VO= Vi+5 

-ve Half Cycle: 

Since the diode is off VO=0. 

Figure Shows the input and output waveform. 

Example of Other Series Clipper Circuits: 



PARALLEL CLIPPER: 

Assumption- diode is ideal in 

characteristics Analysis 

+ve Half Cycle: 

Diode is on because of forward 

biasing condition. Since no voltage 

drop across the diode the output 

voltage becomes 

VO=Vd=0 

-ve Half Cycle: 

Diode is off because of reverse biasing condition. 

Since no current flows through the circuit the output voltage VO=Vi. 

Figure shows the output waveform of a simple parallel clipper with input 

as square and triangular waveform. Since the positive half cycle is 

clipped off in the output it is called as a positive clipper circuit. 

 

Biased parallel Clipper: 

Assumption- diode is ideal in 

characteristics Analysis 

The transition of the diode 

from one state to another can 

be found out to be atVi=4v 

above which the diode is 

OFFand below which the diode 

is ON. 

+ve Half Cycle: 

Since the diode is OFF (above 

4v) the output voltage will be 

(Applying KVL) 

Vi= VO 

-ve Half Cycle:Since the diode is ON (below 4v) VO=4v. 



Figure Shows the input and output waveform. 

 

 

 

 

 

 

 

 

 

 

 



 

 CLAMPERS: 

 A diode and capacitor can be combined to “clamp” an AC signal to 

a specific DC level. 

 It must have a capacitor, a diode and a resistive element. 

 For additional shift an independent DC supply can be introduced in the 

circuit. 

 The time constant τ=RC must be large enough to ensure that the 

voltage across the capacitor does not discharge significantly 

during the diode is nonconducting. 

Procedure to analyze a clamper circuit 

1. Consider the part of the input signal that will forward bias the diode. 

2. During the On state assume that the capacitor will charge up 

instantaneously to a voltage level determined by the network. 

3. Assume that during the diode is in OFF sate the capacitor will 

hold on to its established voltage level. 

4. The polarity of Vo must be same throughout the analysis. 

5. Total swing of the total output must match the swing of the input signal. 

 
-ve clamper analysis: 

-Diode is ON(Short Circuit) in the positive half cycle. 

- Established voltage level 

on the capacitor Vc=V 

-During negative half cycle the diode 

is OFF and the output voltage is 

Vo=VR= -Vi-Vc = -2V 

-Total swing of output is -2V which is 

same as the total swing of the input. 

 
Biased Clamper Circuit: 

 
 

 

 



 

 

 

 

 
 

 

 

-ve half cycle: 

Diode is ON (S.C). So applying KVL 

around the input loop we have 

-20+Vc=5=0 

Vc=25v and Vo=5v 
 

During +ve half cycle diode is OFF. 

Applying KVL around the outside 

loop we have 

10+25-Vo=0 

Vo=35v 
 

 

 

 

 

 

 

 

 

 



RECTIFIER 

A rectifier is an electrical device that converts alternating current (AC) to direct current (DC). 

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

Types of Rectifier circuits 

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

 Half-wave Rectifier 

 Full-wave Rectifier 

A 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. 

Half-Wave Rectifier 

The name half-wave rectifier itself states that the rectification is done only for half 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 transformer 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 diode converts 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. 

 

 

                                       Half wave rectifier ckt 



Working of a HWR 

This diode gets ON conducts  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 OFF doesn′t conduct  for negative half cycles and hence the output for negative 

half cycles will be,  iD=0  and Vo=0.Hence the output is present for positive half cycles of 

the input voltage only. 

Waveforms of a HWR 

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

 

Rectifier Efficiency 

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 rectifier efficiency is defined as 

η = d.c.power delivered to the load / a.c.input power from transformer secondary 

=Pac /Pdc 



           The efficiency of half wave rectifier is 40.6% 

Ripple Factor 

The rectified output contains some amount of AC component present in it, in the form 
of ripples.  

γ=ripplevoltage /d.cvoltage 

=rms value of a.c.component / d.c.value of wave 

=(Vr)rms /vdc 

The ripple factor of hwr is 1.21 

Peak Inverse Voltage 

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

Here the PIV is nothing but Vm. 

 

Full-wave Rectifier 

A 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 are 

 Center-tapped Full wave rectifier 

 Bridge full wave rectifier 

Center-tapped Full-Wave Rectifier 

A 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 Center-tapped Full wave rectifier circuit 

 



 

Working of a CT- FWR 

The 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 the point N. This makes the 
diode D1 forward biased. Hence current i1 flows through the load resistor from A to B. 
We now have the positive half cycles in the output. 
 
When 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 D2 forward biased. Hence current i2 flows through the 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. 

Waveforms of CT FWR 

The input and output waveforms of the center-tapped full wave rectifier are as follows. 



 

Peak Inverse Voltage 

As the maximum voltage across half secondary winding is VmVm, the whole of the 
secondary voltage appears across the non-conducting diode. Hence the peak inverse 
voltage is twice the maximum voltage across the half-secondary winding, i.e. 

PIV=2Vm 

Disadvantages 

 Location of center-tapping is difficult 

 PIV of the diodes should be high 

 

Bridge Full-Wave Rectifier 

This 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 wave rectifier circuit. 

There is no need of any center-tapping of the transformer in this circuit. Four diodes 
called D1, D2, D3 and D4 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 the following 
figure. 

 

 

Working 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 output response. When the positive half cycle of the input supply is 
given, point P becomes positive with respect to the point Q. This makes the 
diode D1 and D3 forward biased while D2 and D4 reverse biased. These two diodes 
will now be in series with the load resistor. 

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

 

Hence the diodes D1 and D3 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 output 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 Q. This makes the diode D1 and D3 reverse biased 
while D2 and D4 forward biased. These two diodes will now be in series with the load 
resistor. 



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

Hence  the diodes D2 and D4 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 same direction as during the positive half cycle 

of the input. 

Waveforms of Bridge FWR 

The input and output waveforms of the center-tapped full wave rectifier are as follows. 

 

 

 

Peak Inverse Voltage 

Whenever 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. Hence the peak inverse voltage is 
the maximum voltage across the secondary winding, i.e. 

PIV=Vm 



Advantages 

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

 No need of center-tapping. 

 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. 

 The design of the circuit is easier with better output 

Rectifier Efficiency 

The efficiency of full wave rectifier is 81.2% 

Ripple Factor 0.48 

TRANSISTOR 

A transistor is a semiconductor device used to amplify or switch electronic signals and 

electrical power. Transistors are one of the basic building blocks of modern electronics. It is 

composed of semiconductor material usually with at least three terminals for connection to an 

external circuit. 

What is a BJT? 
A Bipolar Junction Transistor (also known as a BJT or BJT Transistor) is a 

three-terminal semiconductor device consisting of two p-n junctions which 

are able to amplify or magnify a signal. It is a current controlled device. The 

three terminals of the BJT are the base, the collector and the emitter. A BJT is a 

type of transistor that uses both electrons and holes as charge carriers. 

 

There are two types of bipolar junction transistors – NPN transistors and PNP 

transistors. A diagram of these two types of bipolar junction transistors is 

given below. 

https://www.electrical4u.com/electric-current-and-theory-of-electricity/
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BJT has three parts named emitter, base and collector. JE and JC represent the 

junction of emitter and junction of collector respectively. The emitter based 

junction is forward biased and collector-base junctions are reverse biased. 

 

DIFFERENT MODES OF OPERATION 

NPN Bipolar Junction Transistor 
In an n-p-n bipolar transistor (or npn transistor) one p-type semiconductor 

resides between two n-type semiconductors the diagram below an n-p-n 

transistor is shown. IE, IC is emitter current and collect current respectively and 

VEB and VCB are emitter-base voltage and collector-base voltage respectively. 

 

 

https://www.electrical4u.com/npn-transistor/


PNP Bipolar Junction Transistor 
Similarly for p-n-p bipolar junction transistor (or pnp transistor), an n-type 

semiconductor is sandwiched between two p-type semiconductors. The 

diagram of a p-n-p transistor is shown below 

 

For p-n-p transistors, current enters into the transistor through the emitter 

terminal. Like any bipolar junction transistor, the emitter-base junction is 

forward biased and the collector-base junction is reverse biased. We can 

tabulate the emitter, base and collector current, as well as the emitter-base, 

collector base and collector-emitter voltage for p-n-p transistors also. 

Working Principle of BJT 

 The figure shows an n-p-n transistor biased in the active region (See 

transistor biasing), the BE junction is forward biased whereas the CB 

junction is reversed biased. The width of the depletion region of the BE 

junction is small as compared to that of the CB junction. 

 The forward bias at the BE junction reduces the barrier potential and 

causes the electrons to flow from the emitter to the base. As the base is 

thin and lightly doped it consists of very few holes so some of the 

electrons from the emitter (about 2%) recombine with the holes present 

in the base region and flow out of the base terminal. 

https://www.electrical4u.com/pnp-transistor/
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 This constitutes the base current, it flows due to recombination of 

electrons and holes (Note that the direction of conventional current flow 

is opposite to that of the flow of electrons). The remaining large number 

of electrons will cross the reverse-biased collector junction to constitute 

the collector current. Thus by KCL,The base current is very small as 

compared to emitter and collector current. 

Here, the majority of charge carriers are electrons. The operation of 

a p-n-p transistor is same as of the n-p-n, the only difference is that the 

majority charge carriers are holes instead of electrons. Only a small part 

current flows due to majority carriers and most of the current flows due 

to minority charge carriers in a BJT. Hence, they are called as minority 

carrier devices. 

 

Transistor circuit configuration 

A Transistor has 3 terminals, the emitter, the base and the collector. Using these 3 
terminals the transistor can be connected in a circuit with one terminal common to both 
input and output in a 3 different possible configurations. 

The three types of configurations are Common Base, Common 
Emitter and Common Collector configurations. In every configuration, the emitter 

junction is forward biased and the collector junction is reverse biased. 

Common Base CB Configuration 

The name itself implies that the Base terminal is taken as common terminal for both 
input and output of the transistor. The common base connection for both NPN and 
PNP transistors is as shown in the following figure. 

https://www.electrical4u.com/kirchhoff-current-law-and-kirchhoff-voltage-law/
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 let us consider NPN transistor in CB configuration. When the emitter voltage is 
applied, as it is forward biased, the electrons from the negative terminal repel the 
emitter electrons and current flows through the emitter and base to the collector to 
contribute collector current. The collector voltage VCB is kept constant throughout this. 

In the CB configuration, the input current is the emitter current IE and the output current 
is the collector current IC. 

Current Amplification Factor α 

The ratio of change in collector current ΔIC to the change in emitter current ΔIE when 

collector voltage VCB is kept constant, is called as Current amplification factor. It is 

denoted by α. 

 

                                    α=ΔIC/ΔIE at constantVCB 

Input Characteristics 

 
 



 

Rin = VEB / IE (when VCB is constant) 

Output Characteristics 

 

Rout = VCB / IC (when IE is constant) 

 

Common Emitter CE Configuration 



The name itself implies that the Emitter terminal is taken as common terminal for both 
input and output of the transistor. The common emitter connection for both NPN and 
PNP transistors is as shown in the following figure. 

 

 As in CB configuration, the emitter junction is forward biased and the collector junction is 
reverse biased. The flow of electrons is controlled in the same manner. The input current is the 
base current IB and the output current is the collector current IC here. 

Base Current Amplification factor β 

The ratio of change in collector current  ΔIC to the change in base current  ΔIB is 

known as Base Current Amplification Factor. It is denoted by β 

β=ΔIC/ΔIB 

Relation between β and α 

Let us try to derive the relation between base current amplification factor and emitter 
current amplification factor. 

β=ΔIC/ΔIB 

α=ΔIC/ΔIE 

IE=IB+IC 

ΔIE=ΔIB+ΔIC 

ΔIB=ΔIE−ΔIC 

We can write 

β=ΔIC/ΔIE−ΔIC 

Dividing by ΔIE    



                                               β=                   ΔIC/ΔIE 

                                                            ΔIE/ΔIE−ΔIC/ΔIE 

 

Put the value of α=ΔIC/ΔIE   In the above equation 

                                  We get β=      α 

                                                     1−α 

From the above equation, it is evident that, as α approaches 1, β reaches infinity. 

Hence, the current gain in Common Emitter connection is very high. This is the 
reason this circuit connection is mostly used in all transistor applications. 

Input Characteristics 

 

Rin = VBE/IB (when VCE is at constant) 

 
 

 

 

 

 

 

 



output Characteristics 
Rout = VCE/IC (when IB is at constant) 

 

Common Collector CC Configuration 

The name itself implies that the Collector terminal is taken as common terminal for 
both input and output of the transistor. The common collector connection for both NPN 
and PNP transistors is as shown in the following figure. 



 

Just as in CB and CE configurations, the emitter junction is forward biased and the 
collector junction is reverse biased. The flow of electrons is controlled in the same 
manner. The input current is the base current IB and the output current is the emitter 
current IE here. 

Current Amplification Factor γ 
 

The ratio of change in emitter current  ΔIE to the change in base current  ΔIB      is 

known as Current Amplification factor in common collector  CC  configuration. It is 

denoted by γ. 

γ=ΔIE/ΔIB 

 The current gain in CC configuration is same as in CE configuration. 

 The voltage gain in CC configuration is always less than 1. 

Relation between γ and α 

 

γ=ΔIE/ΔIB 

α=ΔIC/ΔIE 

IE=IB+IC 

ΔIE=ΔIB+ΔIC 

ΔIB=ΔIE−ΔIC 



Substituting the value of IB, we get 

γ=ΔIE/ΔIE−ΔIC 

Dividing by ΔIE 

     ΔIE/ΔIE 

γ=   ΔIE/ΔIE−ΔIC/ΔIE 

 

       1 

γ=    1−α 

 

  

 The voltage gain provided by this circuit is less than 1. 

Transistor circuit 

Transistor Biasing 

The proper flow of zero signal collector current and the maintenance of proper collector emitter voltage during the passage 
of signal is known as Transistor Biasing. The circuit which provides transistor biasing is called as Biasing Circuit. 

Need for DC biasing 

If a signal of very small voltage is given to the input of BJT, it cannot be amplified. Because, for a BJT, to amplify a signal, 
two conditions have to be met. 

 The input voltage should exceed cut-in voltage for the transistor to be ON. 

 The BJT should be in the active region, to be operated as an amplifier. 

For a transistor to be operated as a faithful amplifier, the operating point should be stabilized 

Factors affecting the operating point 

The main factor that affect the operating point is the temperature. The operating point shifts due to change in temperature.  

As temperature increases, the values of ICE, β, VBE gets affected. 

Stabilization 

The process of making the operating point independent of temperature changes or variations in transistor parameters is 
known as Stabilization. 

Need for Stabilization 

Stabilization of the operating point has to be achieved due to the following reasons. 

 Temperature dependence of IC 

 Individual variations 

 Thermal runaway 



Temperature Dependence of IC 

As the expression for collector current IC is 

IC=βIB+ICEO 

=βIB+(β+1)ICBO 

The collector leakage current ICBO is greatly influenced by temperature variations. To come out of this, the biasing conditions 
are set so that zero signal collector current IC = 1 mA. Therefore, the operating point needs to be stabilized i.e. it is 
necessary to keep IC constant. 

Individual Variations 

As the value of β and the value of VBE are not same for every transistor, whenever a transistor is replaced, the operating 
point tends to change. Hence it is necessary to stabilize the operating point.  

Thermal Runaway 

The self-destruction of such an unstabilized transistor is known as Thermal run away. 

In order to avoid thermal runaway and the destruction of transistor, it is necessary to stabilize the operating point, i.e., to 

keep IC constant. 

 

Stability Factor 

the rate of change of collector current IC with respect to the collector leakage current ICO at constant β and IB is 
called Stability factor. 

S=dIC / dICO    at constant IB and β 

Hence we can understand that any change in collector leakage current changes the collector current to a great extent. The 
stability factor should be as low as possible so that the collector current doesn’t get affected. S=1 is the ideal value. 

Different method of transistor biasing 

The commonly used methods of transistor biasing are 

 Base Resistor method 

 Collector to Base bias 

 Voltage-divider bias 

All of these methods have the same basic principle of obtaining the required value of IB and IC from VCC in the zero signal 
conditions. 

Base Resistor Method 

In this method, a resistor RB of high resistance is connected in base, as the name implies. The required zero signal base 
current is provided by VCC which flows through RB. The base emitter junction is forward biased, as base is positive with 

respect to emitter. 

The required value of zero signal base current and hence the collector current (as IC = βIB) can be made to flow by selecting 
the proper value of base resistor RB. Hence the value of RB is to be known. The figure below shows how a base resistor 
method of biasing circuit looks like. 



 

Let IC be the required zero signal collector current. Therefore, 

IB=IC / β 

 

Considering the closed circuit from VCC, base, emitter and ground, while applying the Kirchhoff’s voltage law, we get,  

VCC=IBRB+VBE 

                                                                          IBRB=VCC−VBE 

Therefore 

RB=VCC−VBE 

    IB 

Since VBE is generally quite small as compared to VCC, the former can be neglected with little error. Then, 

RB= VCC 

        IB 

We know that VCC is a fixed known quantity and IB is chosen at some suitable value. As RB can be found directly, this method 
is called as fixed bias method. 

                                                                         Stability factor, S=β+1 

Thus the stability factor in a fixed bias is (β+1) which means that IC changes (β+1) times as much as any change in ICO. 

Advantages 

 The circuit is simple. 

 Only one resistor RE is required. 

 Biasing conditions are set easily. 

 No loading effect as no resistor is present at base-emitter junction. 

Disadvantages 

 The stabilization is poor as heat development can’t be stopped.  

 The stability factor is very high. So, there are strong chances of thermal run away. 

Hence, this method is rarely employed. 

Collector to Base Bias 



The collector to base bias circuit is same as base bias circuit except that the base resistor R B is returned to collector, rather 
than to VCC supply as shown in the figure below. 

 

 

This circuit helps in improving the stability considerably. If the value of IC increases, the voltage across RL increases and 
hence the VCE also increases. This in turn reduces the base current IB. This action somewhat compensates the original 
increase. 

The required value of RB needed to give the zero signal collector current IC can be calculated as follows. 

Voltage drop across RL will be 

                                      RL=(IC+IB)RL≅ICRL 

From the figure, 

ICRL+IBRB+VBE=VCC 

Or 

IBRB= VCC−VBE−ICRL 

Therefore 

RB= VCC−VBE−ICRL 

IB 

RB= (VCC−VBE−ICRL)β 

IC 

 

Applying KVL we have 

(IB+IC)RL+IBRB+VBE=VCC 

Or 

IB(RL+RB)+ICRL+VBE=VCC 



Therefore 

IB=   VCC−VBE−ICRL 

RL+RB 
 

Voltage Divider Bias Method 

Among all the methods of providing biasing and stabilization, the voltage divider bias method is the most prominent one. 

Here, two resistors R1 and R2 are employed, which are connected to VCC and provide biasing. The resistor RE employed in 
the emitter provides stabilization. 

The name voltage divider comes from the voltage divider formed by R1 and R2. The voltage drop across R2 forward biases 
the base-emitter junction. This causes the base current and hence collector current flow in the zero signal conditions. The 
figure below shows the circuit of voltage divider bias method. 

 

Suppose that the current flowing through resistance R1 is I1. As base current IB is very small, therefore, it can be assumed 

with reasonable accuracy that current flowing through R2 is also I1. 

Now let us try to derive the expressions for collector current and collector voltage. 

Collector Current, IC 

From the circuit, it is evident that, 

                                              I1 =       VCC 

                                                                                                    R1+R2 

Therefore, the voltage across resistance R2 is 

V2 = (VCC / R1+R2) R2 



Applying Kirchhoff’s voltage law to the base circuit, 

V2 = VBE+VE 

V2 = VBE+IERE 

IE =  V2−VBE 

      RE 

 
Since IE ≈ IC, 

 

IC= V2−VBE 

       RE 

From the above expression, it is evident that IC doesn’t depend upon β. VBE is very small that IC doesn’t get affected by VBE at 
all. Thus IC in this circuit is almost independent of transistor parameters and hence good stabilization is achieved. 

Collector-Emitter Voltage, VCE 

Applying Kirchhoff’s voltage law to the collector side, 

VCC=ICRC+VCE+IERE 

Since IE ≅ IC 

=ICRC+VCE+ICRE 

=IC(RC+RE)+VCE 

Therefore, 

VCE=VCC−IC(RC+RE) 

RE provides excellent stabilization in this circuit. 

V2=VBE+ICRE 

Stability Factor =  

                                             

                                S=(β+1)×  1/(β+1)= 1 

Operating point 

When a value for the maximum possible collector current is considered, that point will 
be present on the Y-axis, which is nothing but the saturation point. As well, when a 
value for the maximum possible collector emitter voltage is considered, that point will 
be present on the X-axis, which is the cutoff point. 

When a line is drawn joining these two points, such a line can be called as Load line. 

This is called so as it symbolizes the output at the load. This line, when drawn over the 
output characteristic curve, makes contact at a point called as Operating point. 

This operating point is also called as quiescent point or simply Q-point. There can be 
many such intersecting points, but the Q-point is selected in such a way that 
irrespective of AC signal swing, the transistor remains in active region. This can be 
better understood through the figure below. 



 

The load line has to be drawn in order to obtain the Q-point. A transistor acts as a good 
amplifier when it is in active region and when it is made to operate at Q-point, faithful 
amplification is achieved. 

Faithful amplification is the process of obtaining complete portions of input signal by 

increasing the signal strength. This is done when AC signal is applied at its input. This 
is discussed in AMPLIFIERS tutorial. 

DC Load line 

When the transistor is given the bias and no signal is applied at its input, the load line 
drawn at such condition, can be understood as DC condition. Here there will be no 

amplification as the signal is absent. The circuit will be as shown below. 



 

The value of collector emitter voltage at any given time will be 

VCE=VCC−ICRC 

As VCC and RC are fixed values, the above one is a first degree equation and hence will 
be a straight line on the output characteristics. This line is called as D.C. Load line. 

The figure below shows the DC load line. 

 



To obtain the load line, the two end points of the straight line are to be determined. Let 
those two points be A and B. 

To obtain A 

When collector emitter voltage VCE = 0, the collector current is maximum and is equal 
to VCC/RC. This gives the maximum value of VCE. This is shown as 

VCE=VCC−ICRC 

0=VCC−ICRC 

IC=VCC/RC 

This gives the point A (OA = VCC/RC) on collector current axis, shown in the above 

figure. 

To obtain B 

When the collector current IC = 0, then collector emitter voltage is maximum and will be 
equal to the VCC. This gives the maximum value of IC. This is shown as 

VCE=VCC−ICRC 

=VCC 

                                                                                                            (As IC = 0) 

This gives the point B, which means (OB = VCC) on the collector emitter voltage axis 
shown in the above figure. 

Hence we got both the saturation and cutoff point determined and learnt that the load 
line is a straight line. So, a DC load line can be drawn. 

 

 

 

 

 

 

 

 



Field-Effect Transistors 
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FETs vs. BJTs 

Similarities: Amplifiers 
Switching devices 

Impedance matching circuits 
 
 

Differences: FETs are voltage controlled devices. BJTs are 

current controlled devices. 

FETs have higher input impedance. BJTs have 

higher gain. 

FETs are less sensitive to temperature variations 

and are better suited for integrated circuits 

FETs are generally more static sensitive than 

BJTs. 
 

 



 

FET Types 

 

JFET: Junction FET 

 
MOSFET: Metal–Oxide–Semiconductor FET 

 
D-MOSFET: Depletion MOSFET 

 
E-MOSFET: Enhancement MOSFET 

 
 
 
 
 
 
 

 



 
 
 

JFET Construction 
 
 

There are two types of JFETs: 

n-channel 

p-channel 

The n-channel is the more widely used 

of the two. 
 
 

JFETs have three terminals: 

The Drain (D) and Source (S) 

are connected to the n-channel 

The Gate (G) is connected to the p-type material 
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JFET Operation: The Basic Idea 

JFET operation can be compared to that of a water spigot. 

The source is the accumulation of 

electrons at the negative pole of the 

drain-source voltage. 

The drain is the electron deficiency 

(or holes) at the positive pole of the 

applied voltage. 
 
 

The gate controls the width of the n- 

channel and, therefore, the flow of 

charges from source to drain. 
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JFET Operating Characteristics 
 
 
 
 

There are three basic operating conditions for a JFET: 
 
 

 

• VGS = 0 V, VDS increasing to some positive value 

• VGS < 0 V, VDS at some positive value 

• Voltage-controlled resistor 
 
 
 
 
 
 
 
 
 



 
 
 

JFET Characteristics: VGS=0V 

Three things happen when VGS = 0 V and VDS increases 
from 0 V to a more positive voltage: 

• The size of the depletion region between 

p- type gate and n-channel increases. 

• Increasing the size of the depletion 
region decreases the width of the n- 

channel, which increases its resistance. 

• Even though the n-channel resistance is 
increasing, the current from source to 
drain (ID) through the n-channel is 

increasing because VDS is increasing. 
 
 
 



 
 
 

JFET Characteristics: Pinch Off 
 
 
 
 

• If VGS = 0 V and VDS continually 

increases to a more positive voltage, a 
point is reached where the depletion 

region gets so large that it pinches off 

the channel. 
 

• This suggests that the current in 
channel (ID) drops to 0 A, but it 
does not: As VDS increases, so 
does ID. However, once pinch off 
occurs, further increases in VDS do 
not cause ID to increase. 

 
 

 



 
 
 

JFET Characteristics: Saturation 

 

At the pinch-off point: 

Any further increase in VDS 

does not produce any increase 
in ID. VDS at pinch-off is 

denoted as Vp 

ID is at saturation or maximum, 

and is referred to as IDSS. 

 
 
 
 



 
 
 

JFET Operating Characteristics 

 
As VGS becomes more 

negative, the depletion 
region increases. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

JFET Operating Characteristics 

As VGS becomes more negative: 

• The JFET experiences 

pinch-off at a lower voltage 

(VP). 

• ID decreases (ID < IDSS) 

even when VDS increases 

• ID eventually drops to 0 A. 

The value of VGS that causes 

this to occur is designated 
VGS(off). 

Note that at high levels of VDS the JFET reaches a breakdown situation. ID 

increases uncontrollably if VDS > VDSmax, and the JFET is likely 

destroyed. 

 



 
 
 

P-Channel JFETs 

 

 
The p-channel JFET 

behaves the same as the 

n-channel JFET. The only 

differences are that the 

voltage polarities and 

current directions are 

reversed. 
 
 
 
 
 
 
 
 



 
 
 

P-Channel JFET Characteristics 
 

 

As VGS becomes more positive: 
 
 

• The JFET experiences pinch-off 

at a lower voltage (VP). 
 
 

• The depletion region increases, 

and ID decreases (ID < IDSS) 

• ID eventually drops to 0 A 

(when VGS = VGSoff) 

Also note that at high levels of VDS 

the 

 
 
 
 
 

JFET reaches a breakdown 

situation: ID increases uncontrollably if VDS > VDSmax. 
 



 
 
 

N-Channel JFET Symbol 
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JFET Transfer Characteristics 
 
 

 

JFET input-to-output transfer characteristics are not 

as straightforward as they are for a BJT. 

• BJT:  indicates the relationship between IB (input) and IC 

(output). 

 
• JFET: The relationship of VGS (input) and ID (output) is a little 
more complicated: 

 

 

 



Ch.6 Summary 

JFET Transfer Curve 

 
 

This graph shows 
the value of ID for 

a given value of 
VGS. 

 
 
 
 
 
 
 
 
 
 
 



 
 
 

Plotting the JFET Transfer Curve 

 
Using IDSS and Vp (VGS(off)) values found in a specification sheet, the 

transfer curve can be plotted according to these three steps: 

 
1. Solving for VGS = 0 V: ID = IDSS 

 
2. Solving for VGS = VGS(off): ID = 0 A 

 
3. Solving for VGS = 0 V to VGS(off): 0 A < ID < IDSS 

 
 
 
 
 
 
 

I  I 


D DSS 



1

V    GS  

VP 


2 







 
 
 

MOSFETs 
 
 

 

MOSFETs have characteristics similar to those of 

JFETs and additional characteristics that make then 

very useful. 
 

There are two types of MOSFETs: 

Depletion-Type 

Enhancement-Type 

 
 
 
 

 



 
 
 

Depletion-Type MOSFET Construction 
 

The Drain (D) and Source (S) 

connect to the to n-type regions. 

These n-typed regions are 

connected via an n-channel. This 

n-channel is connected to the 

Gate (G) via a thin insulating 

layer of silicon dioxide (SiO2). 

 
The n-type material lies on a p- 

type substrate that may have an 

additional terminal connection 

called the Substrate (SS). 
 

 



 
 
 

Basic MOSFET Operation 
 

A depletion-type MOSFET can operate in two modes: 

 
 

 
Depletion mode 

Enhancement mode 

 
 
 
 
 
 
 
 



 
 
 

Depletion Mode Operation (D-MOSFET) 
 
 
 
 

 

The characteristics are 

similar to a JFET. 
 
 
 

When VGS = 0 V, ID = IDSS 

When VGS < 0 V, ID < IDSS 

 
The formula used to plot the 

transfer curve for a JFET applies to 

a D-MOSFET as well: 
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Enhancement Mode Operation 

(D-MOSFET) 

 
VGS > 0 V, ID increases 

above IDSS (ID > IDSS) 

The formula used to 

plot the transfer curve 

still applies: 
 
 
 

Note that VGS is now positive 
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p-Channel D-Type MOSFET 
 
 
 

 
 
 
 



 
 
 

D-Type MOSFET Symbols 
 

 

 
 
 

 



 
 
 

E-Type MOSFET Construction 
 

 

The Drain (D) and Source (S) connect to the to n-type regions. 

These n-type regions are connected via an n-channel 
 

The Gate (G) connects to the p-type 

substrate via a thin insulating layer of 

silicon dioxide (SiO2) 

 
There is no channel 

 
The n-type material lies on a p-type 

substrate that may have an additional 

terminal connection called the 

Substrate (SS) 
 



 
 
 

E-Type MOSFET Operation 
 
 
 
 

The enhancement-type MOSFET (E-MOSFET) operates only 

in the enhancement mode. 

VGS is always positive 

As VGS increases, ID 

increases 
 
 

As VGS is kept constant 

and VDS is increased, 

then ID saturates (IDSS) 

and the saturation level 
(VDSsat) is reached 



 
 
 

p-Channel E-Type MOSFETs 
 
 
 

The p-channel enhancement-type MOSFET is similar to its n-

channel counterpart, except that the voltage polarities and 

current directions are reversed. 
 



 
 
 

MOSFET Symbols 
 

 



 
 
 

Handling MOSFETs 

MOSFETs are very sensitive to static electricity. 

Because of the very thin SiO2 layer between the external terminals 

and the layers of the device, any small electrical discharge can 

create an unwanted conduction. 

Protection 

• Always transport in a static sensitive bag 

• Always wear a static strap when handling MOSFETS 

• Apply voltage limiting devices between the gate and source, such 

as back-to-back Zeners to limit any transient voltage. 

 
 



 
 
 

CMOS Devices 
 
 
 

CMOS (complementary MOSFET) uses a p-channel and 

n-channel MOSFET; often on the same substrate as 

shown here. 

Advantages 

 
• Useful in logic circuit designs 

• Higher input impedance 

• Faster switching speeds 

• Lower operating power levels 
 
 
 

 

 



Operational Amplifier 

The Operational Amplifier is a direct-coupled , high gain , negative feedback amplifier. It is 

nothing more than a differential amplifier which amplifies the difference between two inputs. 
 

General circuit diagram of an op-amp 
 

The terminal marked - is called the inverting terminal which means signal applied there will 

appear phase inverted at the output while the terminal marked + is called the non inverting 

terminal means that the signal applied here will appear in phase and applied at the output . Please 

understand that the - and + do not denote any type of voltage it means that output voltage is 

proportional to the difference of Non Inverting and inverting voltages which is Vo = V2 - V1 . 

When there is no feedback , no voltage or capacitor between output and input the op-amp is said 

to be in open loop condition . 

Characteristics of an ideal op-amp 

An Ideal Op-Amp has the following characteristics. 

* An infinite voltage gain 

* An infinite bandwidth 

* An infinite input resistance: The resistance b/w V1 and V2 terminals is infinite . 

* Zero output resistance: Vo remains constant no matter what resistance is applied across output . 

* Perfect balance: When V1 is equal to V2 the Vo is 0 . 

Single-Ended Input 
 

Single-ended input operation results when the input signal is connected to one inputwith the 

other input connected to ground. 

 
FIG.2.Single ended input 



Double-Ended Output 
 

While the operation discussed so far had a single output, the op-amp can also be operated 

with opposite outputs, as shown in Fig. 1. An input applied to either input will result in outputs 

from both output terminals, these outputs always being opposite in polarity. Figure 3 shows a 

single-ended input with a double-ended output. As shown, the signal applied to the plus input 

results in two amplified outputs of opposite polarity. Figure 4 shows the same operation with a 

single output measured. 
 

 

 

 

FIG.4Double-ended output with single-ended input 

 

Common-Mode Operation 

When the same input signals are applied to both inputs, common-mode operation results, the two 

inputs are equally amplified, and since they result in opposite polarity signals at the output, these 

signals cancel, resulting in0-V output. Practically, a small output signal will result 

 
 

 

FIG.5Common-modeoperation 

Common-Mode Rejection 
 

A significant feature of a differential connection is that the signals which are opposite at the 

inputs are highly amplified, while those which are common to the two inputs are only slightly 

amplified—the overall operation being to amplify the difference signal while rejecting the 

common signal at the two inputs. 

FIG.3Double-ended output 



 

DIFFERENTIAL AND COMMONMODEOPERATION 
 

One of the more important features of a differential circuit connection, as provided in an op- 

amp, is the circuit’s ability to greatly amplify signals that are opposite at the two inputs, while  

only slightly amplifying signals that are common to both inputs. An op-amp provides an output 

component that is due to the amplification of the difference of the signals applied to the plus and 

minus inputs and a component due to the signals common to both inputs. Since amplification of 

the opposite input signals is much greater than that of the common input signals, the circuit 

provides a common mode rejection as described by a numerical value called the common-mode 

rejection ratio (CMRR). 

Differential Inputs 

 

When separate inputs are applied to the op-amp, the resulting difference signal is the difference 

between the two inputs. 

Common Inputs 

When both input signals are the same, a common signal element due to the two inputscan be 

defined as the average of the sum of the two signals. 
 

 
Output Voltage 

 

Since any signals applied to an op-amp in general have both in-phase and out-of phase 

components, the resulting output can be expressed as 

 

Where Vd = difference voltage given by Eq. 

Vc = common voltage given by Eq. 

Ad =differential gain of the amplifier 

Ac = common-mode gain of the amplifier 
 

Common-Mode Rejection Ratio 

Having obtained Ad and Ac (as in the measurement procedure discussed above), wecan now 

calculate a value for the common-mode rejection ratio (CMRR), which isdefined by the 

following equation: 

 



The value of CMRR can also be expressed in logarithmic terms as 
 

 

We can express the output voltage in terms of the value of CMRR as follows: 

 

 

 

Basic of Op-Amp 
 

The circuit shown provides operation as a constant-gain multiplier. An input signal, V1, is 

applied through resistor R1 to the minus input. The output is then connected back to the same 

minus input through resistor Rf. The plus input is connected to ground. Since the signal V1 is 

essentially applied to the minus input, the resulting output is opposite in phase to the input signal. 

Figure 6a shows the op-amp replaced by its ac equivalent 

circuit. If we use the ideal op-amp equivalent circuit, replacing Ri by an infinite resistance and 

Ro by zero resistance, the ac equivalent circuit is that shown in Fig.6b. The circuit is then 

redrawn, as shown in Fig. 6c, from which circuit analysis is carried out. 

 



 

 

FIG.6.Operation of op-amp as constant-gain multiplier: (a) op-amp ac 

equivalent circuit; (b) ideal op-amp equivalent circuit; (c) redrawn equivalent circuit. 
 

 

 
 

 
 



  
 

PRACTICAL OP-AMP CIRCUITS 
 

Inverting Amplifier 

The most widely used constant-gain amplifier circuit is the 

inverting amplifier, as shown. The output is obtained by 

multiplying the input by a fixed or constant gain, set by the 

input resistor (R1) and feedback resistor (Rf)—this output 

also being inverted from the input. Using Eq. (14.8) we can 

write 

 
 

Noninverting Amplifier 

The connection of Fig. 8shows an op-amp circuit that works as a noninverting amplifier or 

constant-gain multiplier. It should be noted that the inverting amplifier connection is more 

widely used because it has better frequency stability (discussed later). To determine the voltage 

gain of the circuit, we can use the equivalent representation shown in Fig. 14.16b. Note that the 

voltage across R1 is V1 since Vi =0 V. This must be equal to the output voltage, through a 

voltage divider of R1 and Rf, so that 

 
 

FIG.8.Noninverting constant-gain multiplier 



Summing amplifier 
 

The circuit shows a three-input summing amplifier circuit, which provides a means of 

algebraically summing (adding) three voltages, each multiplied by a constant-gain factor. Using 

the equivalent representation shown in Fig. 9, the output voltage can be expressed in terms of the 

inputs as 

 
 

In other words, each input adds a voltage to the output multiplied by its separate constant-gain 

multiplier. If more inputs are used, they each add an additional component to the output. 

 
 

FIG.9Summing amplifier; (b) virtual-ground equivalent circuit. 

 

 

Subtractor: 
 

FIG.10 Substractor 



The aim of the subtractor is to provide an output which is equal to the difference of the two input 

signals or proportional to their difference. For minimum offset error R1 || R2 = R3 || R4 . 

 

Op-Amp as Integrator 
 

The operational amplifier integrator is an electronic integration circuit. Based around the 

operational amplifier (op-amp), it performs the mathematical operation of integration with 

respect to time; that is, its output voltage is proportional to the input voltage integrated over time. 

 

The input current is offset by a negative feedback current flowing in the capacitor, which is 

generated by an increase in output voltage of the amplifier. The output voltage is therefore 

dependent on the value of input current it has to offset and the inverse of the value of the 

feedback capacitor. The greater the capacitor value, the less output voltage has to be generated to 

produce a particular feedback current flow. 

 

Ideal circuit 
 
 

 
The circuit operates by passing a current that charges or discharges the capacitor Cf during 

the time under consideration, which strives to retain the virtual ground condition at the input by 

off-setting the effect of the input current. Referring to the above diagram, if the op-amp is 

assumed to be ideal, nodes v1 and v2 are held equal, and so v2 is a virtual ground. The input 

voltage passes a current vin/R1.through the resistor producing a compensating current flow 

through the series capacitor to maintain the virtual ground. This charges or discharges the 

capacitor over time. Because the resistor and capacitor are connected to a virtual ground, the 

input current does not vary with capacitor charge and a linear integration of output is achieved. 

 

The circuit can be analyzed by applying Kirchhoff's current law at the node v2, keeping ideal op- 

amp behavior in mind. 



 

 
   

 

            in an ideal op-amp, so: 

 

 

Furthermore, the capacitor has a voltage-current relationship governed by the 

equation: 
 

 

Substituting the appropriate variables: 

 

 

 
 

in an ideal op-amp, resulting in: 

 

 

 
 

Integrating both sides with respect to time: 

 

 

 
 

If the initial value of vo is assumed to be 0 V, this results in a DC error of: 
 

 
The Op-amp Differentiator Amplifier 

 
The basic Op-amp Differentiator circuit is the exact opposite to that of the Integrator Amplifier 

circuit that we looked at in the previous tutorial. Here, the position of the capacitor and resistor 

have been reversed and now the reactance, Xc is connected to the input terminal of the inverting 

amplifier while the resistor, Rƒ forms the negative feedback element across the operational 

amplifier as normal. 



This Operational Amplifier circuit performs the mathematical operation of Differentiation that 

is it “produces a voltage output which is directly proportional to the input voltage’s rate-of- 

change with respect to time“. In other words the faster or larger the change to the input voltage 

signal, the greater the input current, the greater will be the output voltage change in response, 

becoming more of a “spike” in shape. 

 

As with the integrator circuit, we have a resistor and capacitor forming an RC Network across 

the operational amplifier and the reactance ( Xc ) of the capacitor plays a major role in the 

performance of a Op-amp Differentiator. 

 

Op-amp Differentiator Circuit 

 

 

 
The input signal to the differentiator is applied to the capacitor. The capacitor blocks any DC 

content so there is no current flow to the amplifier summing point, X resulting in zero output 

voltage. The capacitor only allows AC type input voltage changes to pass through and whose 

frequency is dependent on the rate of change of the input signal. 

 

At low frequencies the reactance of the capacitor is “High” resulting in a low gain ( Rƒ/Xc ) and  

low output voltage from the op-amp. At higher frequencies the reactance of the capacitor is much 

lower resulting in a higher gain and higher output voltage from the differentiator amplifier. 

 

However, at high frequencies an op-amp differentiator circuit becomes unstable and will start to 

oscillate. This is due mainly to the first-order effect, which determines the frequency response of 

the op-amp circuit causing a second-order response which, at high frequencies gives an output 

voltage far higher than what would be expected. To avoid this high frequency gain of the circuit  

needs to be reduced by adding an additional small value capacitor across the feedback resistor 

Rƒ. 



The charge on the capacitor equals Capacitance x Voltage across the capacitor 

 

 

The rate of change of this charge is 

 

 

but dQ/dt is the capacitor current i 
 

 

 
 

from which we have an ideal voltage output for the op-amp differentiator is given as: 

 

 

 

 
 

Therefore, the output voltage Vout is a constant -Rƒ.C times the derivative of the input voltage 

Vin with respect to time. The minus sign indicates a 180o phase shift because the input signal is 

connected to the inverting input terminal of the operational amplifier. 



Module-IV:  

Digital signals  

A digital signal is a signal that is being used to represent data as a sequence of discrete values; at any 

given time it can only take on, at most, one of a finite number of values. This contrasts with an analog 

signal, which represents continuous values; at any given time it represents a real number within a 

continuous range of values. 

 An information variable represented by physical quantity.  

 For digital systems, the variable takes on discrete values.    

 Two level, or binary values are the most prevalent values in digital systems.  

 Binary values are represented abstractly by: 

•  digits 0 and 1 

•  words (symbols) False (F) and True (T) 

•  words (symbols) Low (L) and High (H)  

•  and words On and Off. 

 

 Binary values are represented by values or ranges of values of physical quantities 

  

 

 

Logic gates  

Logic gates are the basic building blocks of any digital system. It is an electronic circuit having one or more than one input and 

only one output. The relationship between the input and the output is based on a certain logic. Based on this, logic gates are 

named as AND gate, OR gate, NOT gate etc. 

https://en.wikipedia.org/wiki/Signal_(electrical_engineering)
https://en.wikipedia.org/wiki/Discrete_space
https://en.wikipedia.org/wiki/Analog_signal
https://en.wikipedia.org/wiki/Analog_signal
https://en.wikipedia.org/wiki/Continuity_(mathematics)
https://en.wikipedia.org/wiki/Real_number


AND Gate 

A circuit which performs an AND operation is shown in figure. It has n input (n >= 2) and one output. 

Logic diagram 

Y=A.B 

 

Truth Table 

 

OR Gate 

Logic diagram 

Y=A+B 

Truth Table 

 

NOT Gate 

NOT gate is also known as Inverter. It has one input A and one output Y 

 

 



Truth Table 

 

NAND Gate 

A NOT-AND operation is known as NAND operation.  

Logic diagram 

 

Truth Table 

 

NOR Gate 

A NOT-OR operation is known as NOR operation.  

Logic diagram 

 

Truth Table 

 



XOR Gate 

XOR or Ex-OR gate is a special type of gate. It can be used in the half adder, full adder 
and subtractor. The exclusive-OR gate is abbreviated as EX-OR gate or sometime as X-
OR gate. 

 

Logic diagram 

 

 

Truth Table 

 

XNOR Gate 

XNOR gate is a special type of gate. It can be used in the half adder, full adder and subtractor. The exclusive-NOR gate 
is abbreviated as EX-NOR gate or sometime as X-NOR gate 

 

Logic diagram 

 

 



Truth Table 

 

 

 

 

number system  

A digital system can understand positional number system only where there are a few symbols called digits and these 
symbols represent different values depending on the position they occupy in the number. 

A value of each digit in a number can be determined using 

 

 The position of the digit in the number 

 The base of the number system (where base is defined as the total number of digits available in the number 
system). 

 Decimal Number System 
 The number system that we use in our day-to-day life is the decimal number system. Decimal number system 

has base 10 as it uses 10 digits from 0 to 9. In decimal number system, the successive positions to the left of 
the decimal point represents units, tens, hundreds, thousands and so on. 

 Each position represents a specific power of the base (10). For example, the decimal number 1234 consists of 
the digit 4 in the units position, 3 in the tens position, 2 in the hundreds position, and 1 in the thousands 
position, and its value can be written as 

S.N. Number System & Description 

1 Binary Number System 

Base 2. Digits used: 0, 1 

2 Octal Number System 

Base 8. Digits used: 0 to 7 

3 Decimal Number System 
 
Base 10. Digits used: 0 to 9 
 

4 Hexa Decimal Number System 

Base 16. Digits used: 0 to 9, Letters used: A- F 



Binary Number System 

Characteristics 

 Uses two digits, 0 and 1. 

 Also called base 2 number system 

 Each position in a binary number represents a 0 power of the base (2). Example: 20 

 Last position in a binary number represents an x power of the base (2). Example: 2x where x represents the last 
position - 1. 

Example 

Binary Number: 101012 

Calculating Decimal Equivalent − 

Step Binary Number Decimal Number 

Step 1 101012 ((1 × 24) + (0 × 23) + (1 × 22) + (0 × 21) + (1 × 20))10 

Step 2 101012 (16 + 0 + 4 + 0 + 1)10 

Step 3 101012 2110 

Note: 101012 is normally written as 10101. 

Octal Number System 

Characteristics 

 Uses eight digits, 0,1,2,3,4,5,6,7. 

 Also called base 8 number system 

Example 

Octal Number − 125708 

Calculating Decimal Equivalent − 

Step Octal Number Decimal Number 

Step 1 125708 ((1 × 84) + (2 × 83) + (5 × 82) + (7 × 81) + (0 × 80))10 

Step 2 125708 (4096 + 1024 + 320 + 56 + 0)10 

Step 3 125708 549610 

Note: 125708 is normally written as 12570. 

Hexadecimal Number System 

Characteristics 



 Uses 10 digits and 6 letters, 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F. 

 Letters represents numbers starting from 10. A = 10, B = 11, C = 12, D = 13, E = 14, F = 15. 

 Also called base 16 number system. 

Example − 

Hexadecimal Number: 19FDE16 

Calculating Decimal Equivalent − 

Step Hexadecimal Number Decimal Number 

Step 1 19FDE16 ((1 × 164) + (9 × 163) + (F × 162) + (D × 161) + (E × 160))10 

Step 2 19FDE16 ((1 × 164) + (9 × 163) + (15 × 162) + (13 × 161) + (14 × 160))10 

Step 3 19FDE16 (65536 + 36864 + 3840 + 208 + 14)10 

Step 4 19FDE16 10646210 

Note − 19FDE16 is normally written as 19FDE. 

Binary Numbers Table 

Some of the binary notations of lists of decimal numbers from 1 to 30,  are mentioned in the below list. 

Number Binary Number Number Binary Number Number Binary Number 

1 1 11 1011 21 10101 

2 10 12 1100 22 10110 

3 11 13 1101 23 10111 

4 100 14 1110 24 11000 

5 101 15 1111 25 11001 

6 110 16 10000 26 11010 

7 111 17 10001 27 11011 

8 1000 18 10010 28 11100 

9 1001 19 10011 29 11101 

10 1010 20 10100 30 11110 

 
Representation of Hexadecimal Number 

Each Hexadecimal number can be represented using only 4 bits, with each group of bits having a distich values between 
0000 (for 0) and 1111 (for F = 15 = 8+4+2+1). The equivalent binary number of Hexadecimal number are as given below. 

Hex digit 0 1 2 3 4 5 6 7 



Binary 0000 0001 0010 0011 0100 0101 0110 0111 

 

Hex digit 8 9 A = 10 B = 11 C = 12 D = 13 E = 14 F = 15 

Binary 1000 1001 1010 1011 1100 1101 1110 1111 

Convert Decimal to Binary 

Step Operation Result Remainder 

Step 1 21 / 2 10 1 

Step 2 10 / 2 5 0 

Step 3 5 / 2 2 1 

Step 4 2 / 2 1 0 

Step 5 1 / 2 0 1 

Decimal Number − 2110 = Binary Number − 101012 

Binary to Octal 

Steps 

 Step 1 − Divide the binary digits into groups of three (starting from the right). 

 Step 2 − Convert each group of three binary digits to one octal digit. 

Example 

Binary Number − 101012 

Calculating Octal Equivalent − 

Step Binary Number Octal Number 

Step 1 101012 010 101 

Step 2 101012 258 

Binary Number − 101012 = Octal Number − 258 

 Octal to Binary 

Steps 



 Step 1 − Convert each octal digit to a 3 digit binary number (the octal digits may be treated as decimal for this 
conversion). 

 Step 2 − Combine all the resulting binary groups (of 3 digits each) into a single binary number. 

Example 

Octal Number − 258 

Calculating Binary Equivalent − 

Step Octal Number Binary Number 

Step 2 258 0102 1012 

Step 3 258 101012 

Octal Number − 258 = Binary Number − 101012 

 Binary to Hexadecimal 

Steps 

 Step 1 − Divide the binary digits into groups of four (starting from the right). 

 Step 2 − Convert each group of four binary digits to one hexadecimal symbol. 

Example 

Binary Number − 101012 

Calculating hexadecimal Equivalent − 

Step Binary Number Hexadecimal Number 

Step 1 101012 0001 0101 

Step 3 101012 1516 

Binary Number − 101012 = Hexadecimal Number − 1516 

 Hexadecimal to Binary 

Steps 

 Step 1 − Convert each hexadecimal digit to a 4 digit binary number (the hexadecimal digits may be treated as 
decimal for this conversion). 

 Step 2 − Combine all the resulting binary groups (of 4 digits each) into a single binary number. 

Example 

Hexadecimal Number − 1516 

Calculating Binary Equivalent − 



Step Hexadecimal Number Binary Number 

Step 2 1516 00012 01012 

Step 3 1516 000101012 

Hexadecimal Number − 1516 = Binary Number − 101012 

Decimal to Binary Conversionof fraction number 

The following two types of operations take place, while converting decimal number into its equivalent binary number. 

 Division of integer part and successive quotients with base 2. 

 Multiplication of fractional part and successive fractions with base 2. 

Example 

Consider the decimal number 58.25. Here, the integer part is 58 and fractional part is 0.25. 

Step 1 − Division of 58 and successive quotients with base 2. 

Operation Quotient Remainder 

58/2 29 0 LSBLSB 

29/2 14 1 

14/2 7 0 

7/2 3 1 

3/2 1 1 

1/2 0 1MSBMSB 

⇒5810 =1110102 

Therefore, the integer part of equivalent binary number is 111010. 

Step 2 − Multiplication of 0.25 and successive fractions with base 2. 

Operation Result Carry 

0.25 x 2 0.5 0 

0.5 x 2 1.0 1 

- 0.0 - 

.2510 = .012 

Therefore, the fractional part of equivalent binary number is .01 



⇒58.2510 =111010.012 

Therefore, the binary equivalent of decimal number 58.25 is 111010.01. 

Decimal to Octal Conversionof fraction number 

The following two types of operations take place, while converting decimal number into its equivalent octal number. 

 Division of integer part and successive quotients with base 8. 

 Multiplication of fractional part and successive fractions with base 8. 

Example 

Consider the decimal number 58.25. Here, the integer part is 58 and fractional part is 0.25. 

Step 1 − Division of 58 and successive quotients with base 8. 

Operation Quotient Remainder 

58/8 7 2 

7/8 0 7 

⇒5810 = 728 

Therefore, the integer part of equivalent octal number is 72. 

Step 2 − Multiplication of 0.25 and successive fractions with base 8. 

Operation Result Carry 

0.25 x 8 2.00 2 

- 0.00 - 

⇒ .2510 = .28 

Therefore, the fractional part of equivalent octal number is .2 

⇒ 58.2510 = 72.28 

Therefore, the octal equivalent of decimal number 58.25 is 72.2. 

Decimal to Hexa-Decimal Conversion of fraction number 

The following two types of operations take place, while converting decimal number into its equivalent hexa-decimal 
number. 

 Division of integer part and successive quotients with base 16. 

 Multiplication of fractional part and successive fractions with base 16. 

Example 

Consider the decimal number 58.25. Here, the integer part is 58 and decimal part is 0.25. 

Step 1 − Division of 58 and successive quotients with base 16. 

Operation Quotient Remainder 

58/16 3 10=A 



3/16 0 3 

⇒ 5810 = 3A16 

Therefore, the integer part of equivalent Hexa-decimal number is 3A. 

Step 2 − Multiplication of 0.25 and successive fractions with base 16. 

Operation Result Carry 

0.25 x 16 4.00 4 

- 0.00 - 

⇒.2510 = .416 

Therefore, the fractional part of equivalent Hexa-decimal number is .4. 

58.2510 = 3A.416 

Therefore, the Hexa-decimal equivalent of decimal number 58.25 is 3A.4. 

 

 

 

Universal properties of NAND and NOR gates 

A universal gate is a logic gate which can implement any Boolean function 

without the need to use any other type of logic gate. The NOR gate and NAND 

gate are universal gates. This means that you can create any logical Boolean 

expression using only NOR gates or only NAND gates. 

NAND Gate As A Universal Gate 

 

https://www.electrical4u.com/nor-gate/
https://www.electrical4u.com/nand-gate/
https://www.electrical4u.com/nand-gate/


 

NOR Gate As A Universal Gate 



 

 

Boolean Algebra 

 Boolean Algebra  is an algebra, which deals with binary numbers & binary variables. Hence, it is also called as 

Binary Algebra or logical Algebra. 

The range of voltages corresponding to Logic ‘High’ is represented with ‘1’ and the range of voltages 

corresponding to logic ‘Low’ is represented with ‘0’. 



Boolean Postulates 

Consider the binary numbers 0 and 1, Boolean variable x and its complement ′x′. Either the Boolean variable or 

complement of it is known as literal. The four possible logical OR operations among these literals and binary 
numbers are shown below. 

x + 0 = x 

x + 1 = 1 

x + x = x 

x + x’ = 1 

Similarly, the four possible logical AND operations among those literals and binary numbers are shown below. 

x.1 = x 

x.0 = 0 

x.x = x 

x.x’ = 0 

Basic Laws of Boolean Algebra 

Following are the three basic laws of Boolean Algebra. 

 Commutative law 

 Associative law 

 Distributive law 

Commutative Law 

If any logical operation of two Boolean variables give the same result irrespective of the order of those two 
variables, then that logical operation is said to be Commutative. The logical OR & logical AND operations of two 
Boolean variables x & y are shown below 

x + y = y + x 

x.y = y.x 

Associative Law 

If a logical operation of any two Boolean variables is performed first and then the same operation is performed 
with the remaining variable gives the same result, then that logical operation is said to be Associative. The 
logical OR & logical AND operations of three Boolean variables x, y & z are shown below. 

 X + (Y + Z) = (X + Y) + Z 

Associative law obeys for logical OR & logical AND operations. 

Distributive Law 

If any logical operation can be distributed to all the terms present in the Boolean function, then that logical 
operation is said to be Distributive. The distribution of logical OR & logical AND operations of three Boolean 
variables x, y & z are shown below. 

X+ YZ = (X+ Y) (X + Z). 

Distributive law obeys for logical OR and logical AND operations. 

Theorems of Boolean Algebra 

The following two theorems are used in Boolean algebra. 



 Duality theorem 

 DeMorgan’s theorem 

Duality Theorem 

This theorem states that the dual of the Boolean function is obtained by interchanging the logical AND operator 
with logical OR operator and zeros with ones. For every Boolean function, there will be a corresponding Dual 
function. 

Boolean postulates and basic laws 

Group1 Group2 

x + 0 = x x.1 = x 

x + 1 = 1 x.0 = 0 

x + x = x x.x = x 

x + x’ = 1 x.x’ = 0 

x + y = y + x x.y = y.x 

 

 

DeMorgan’s Theorem 

This theorem is useful in finding the complement of Boolean function. It states that the complement of logical 
OR of at least two Boolean variables is equal to the logical AND of each complemented variable. 

DeMorgan’s theorem with 2 Boolean variables x and y can be represented as 

x+y’ = x’.y’ 

The dual of the above Boolean function is 

x.y’ = x’ + y’ 

Therefore, the complement of logical AND of two Boolean variables is equal to the logical OR of each 
complemented variable. Similarly, we can apply DeMorgan’s theorem for more than 2 Boolean variables also. 

 

 

 

 

 

 



Standard representation for logic functions 
 

We will get four Boolean product terms by combining two variables A and B with logical AND operation. These 

Boolean product terms are called as min terms or standard product terms. The min terms are A’B’, B’A, BA’ 

and AB. 

Similarly, we will get four Boolean sum terms by combining two variables A and B with logical OR operation.  

These Boolean sum terms are called as Max terms or standard sum terms. The Max terms are A + B, 

A + B’, A’ + B and A’ + B’ 

The following table shows the representation of min terms and MAX terms for 3 variables.’. 
 

 

Canonical SoP and PoS forms 
 

Canonical SoP form 

Canonical SoP form means Canonical Sum of Products form. In this form, each product term contains all  

literals. So, these product terms are nothing but the min terms. Hence, canonical SoP form is also called 

as sum of min terms form. 

First, identify the min terms for which, the output variable is one and then do the logical OR of those min terms 

in order to get the Boolean expression function corresponding to that output variable. This Boolean function 

will be in the form of sum of min terms. 

Follow the same procedure for other output variables also, if there is more than one output variable. 
 

Example 

Consider the following truth table. 

 

Inputs Output 

p q r f 

0 0 0 0 



0 0 1 0 

0 1 0 0 

0 1 1 1 

1 0 0 0 

1 0 1 1 

1 1 0 1 

1 1 1 1 

Here, the output f is ‘1’ for four combinations  of inputs. The corresponding min terms are p’qr, pq’r, pqr’, pqr.  

By doing logical OR of these four min terms, we will get the Boolean function of output f. 

Therefore, the Boolean function of output is, f = p’qr + pq’r + pqr’ + pqr. This is the canonical SoP form of 

output, f. We can also represent this function in following two notations. 

f=m3+m5+m6+m7 

f=∑m(3,5,6,7) 

 

In one equation, we represented the function as sum of respective min terms. In other equation, we used the  

symbol for summation of those min terms. 
 

Canonical PoS form 

Canonical PoS form means Canonical Product of Sums form. In this form, each sum term contains all literals.  
So, these sum terms are nothing but the Max terms. Hence, canonical PoS form is also called as product of 

Max terms form. 

First, identify the Max terms for which, the output variable is zero and then do the logical AND of those Max  

terms in order to get the Boolean expression function corresponding to that output variable. This Boolean 

function will be in the form of product of Max terms. 

Follow the same procedure for other output variables also, if there is more than one output variable. 

Example 

Consider the same truth table of previous example. Here, the output f is ‘0’ for four combinations of inputs. 

The corresponding Max terms are p + q + r, p + q + r’, p + q’ + r, p’ + q + r. By doing logical AND of these four  

Max terms, we will get the Boolean function of output f. 

Therefore, the Boolean function of output is, f = p+q+r . p+q+r′ . p+q′+r . p′+q+r. This is the canonical PoS form 

of output, f. We can also represent this function in following two notations. 

f=M0.M1.M2.M4 

f=∏M(0,1,2,4) 



 

Standard SoP and PoS forms 

 
We discussed two canonical forms of representing the Boolean outputss. Similarly, there are two standard 

forms of representing the Boolean outputss. These are the simplified version of canonical forms. 

 
 Standard SoP form 

 Standard PoS form 

We will discuss about Logic gates in later chapters. The main advantage of standard forms is that the number 

of inputs applied to logic gates can be minimized. Sometimes, there will be reduction in the total number  of  
logic gates required. 

 

Standard SoP form 

Standard SoP form means Standard Sum of Products form. In this form, each product term need not contain 

all literals. So, the product terms may or may not be the min terms. Therefore, the Standard SoP form is the  

simplified form of canonical SoP form. 

We will get Standard SoP form of output variable in two steps. 

 
 Get the canonical SoP form of output variable 

 Simplify the above Boolean function, which is in canonical SoP form. 

Follow the same procedure for other output variables also, if there is more than one output variable. 

Sometimes, it may not possible to simplify the canonical SoP form. In that case, both canonical and standard  
SoP forms are same. 

Example 

Convert the following Boolean function into Standard SoP form. 

f = p’qr + pq’r + pqr’ + pqr 

The given Boolean function is in canonical  SoP form. Now, we  have to simplify this Boolean function in order  

to get standard SoP form. 

Step 1 − Use the Boolean postulate, x + x = x. That means, the Logical OR operation with any Boolean 

variable ‘n’ times will be equal to the same variable. So, we can write the last term pqr two more times. 

⇒ f = p’qr + pq’r + pqr’ + pqr + pqr + pqr 

Step 2 − Use Distributive law for 1st and 4th terms, 2nd and 5th terms, 3rd and 6th terms. 

⇒ f = qr p′+p + pr q′+q + pq r′+r 

Step 3 − Use Boolean postulate, x + x’ = 1 for simplifying the terms present in each parenthesis. 

⇒ f = qr 1 + pr 1 + pq 1 

Step 4 − Use Boolean postulate, x.1 = x for simplifying above three terms. 

⇒ f = qr + pr + pq 

⇒ f = pq + qr + pr 

This is the simplified Boolean function. Therefore, the standard SoP form corresponding to given canonical SoP form 
is f = pq + qr + pr 



Standard PoS form 

Standard PoS form means Standard Product of Sums form. In this form, each sum term need not contain 

all literals. So, the sum terms may or may not be the Max terms. Therefore, the Standard PoS form is the  

simplified form of canonical PoS form. 

We will get Standard PoS form of output variable in two steps. 

 
 Get the canonical PoS form of output variable 

 Simplify the above Boolean function, which is in canonical PoS form. 

Follow the same procedure for other output variables also, if there is more than one output variable. 
Sometimes, it may not possible to simplify the canonical PoS form. In that case, both canonical and 

standard PoS forms are same. 

Example 

Convert the following Boolean function into Standard PoS form. f 

= p+q+r . p+q+r′ . p+q′+r . p′+q+r 

The given Boolean function is in canonical PoS form. Now, we have to simplify this Boolean function in 

order to get standard PoS form. 

Step 1 − Use the Boolean postulate, x.x = x. That means, the Logical AND operation with any 

Boolean variable ‘n’ times will be equal to the same variable. So, we can write the first term p+q+r two more 

times. 

⇒ f = p+q+r . p+q+r . p+q+r .p+q+r′ . p+q′+r .p′+q+r 

Step 2 − Use Distributive law, x + y.z = x+y .x+z for 1st and 4th parenthesis, 2nd and 5th parenthesis, 3rd and 6th 

parenthesis. 

⇒ f = p+q+rr′ ′. p+r+qq′ .q+r+pp′ 

 
Step 3 − Use Boolean postulate, x.x’=0 for simplifying the terms present in each parenthesis. 

⇒ f = p+q+0. p+r+0 

.q+r+0 

Step 4 − Use Boolean postulate, x + 0 = x for simplifying the terms present in each parenthesis 

⇒ f = p+q .p+r. q+r 

⇒ f = p+q .q+r. p+r 

This is the simplified Boolean function. Therefore, the standard PoS form corresponding to given 

canonical PoS form is f = p+q .q+r. p+r This is the dual of the Boolean function, f = pq + qr + pr. 

Therefore, both Standard SoP and Standard PoS forms are Dual to each other. 

 

K-Map (Karnaugh Map) 
We can minimize Boolean expressions of 3, 4 variables very easily using K-map without using any 

Boolean algebra theorems. K-map can take two forms Sum of Product (SOP) and Product of Sum 

(POS) according to the need of problem. K-map is table like representation but it gives more 

information than TRUTH TABLE. We fill grid of K-map with 0’s and 1’s then solve it by making 

groups. 



Steps to solve expression using K-map-  
  

1. Select K-map according to the number of variables. 
2. Identify minterms or maxterms as given in problem. 
3. For SOP put 1’s in blocks of K-map respective to the minterms (0’s elsewhere). 
4. For POS put 0’s in blocks of K-map respective to the maxterms(1’s elsewhere). 
5. Make rectangular groups containing total terms in power of two like 2,4,8 ..(except 1) and try to 

cover as many elements as you can in one group. 
6. From the groups made in step 5 find the product terms and sum them up for SOP form. 

 

SOP FORM 

 

1. K-map of 3 variables- 

Z= ∑A,B,C(1,3,6,7)  

 

From red group we get product term—  

A’C  

From green group we get product term—  

AB  

Summing these product terms  we get- Final expression (A’C+AB)  

 
1. K-map for 4 variables 

F(P,Q,R,S)=∑(0,2,5,7,8,10,13,15)  

 



 

From red group we get product term—  

QS  

From green group we get product term—  

Q’S’  

Summing  these product terms  we get- Final expression (QS+Q’S’)  

  

POS FORM 

  

1. K-map of 3 variables- 

F(A,B,C)=π(0,3,6,7) 

 



From red group we find  terms  

A    B  

Taking complement of these two  

A’     B’      

Now sum up them  

(A’ + B’ )  

From green group we find  terms  

B         C  

Taking complement of these two terms  

B’         C’  

Now sum up them  

(B’+C’)  

From brown group we find terms  

A’ B’ C’  

Taking complement of these two  

A B C  

Now sum up them  

(A + B + C)  

We will take product of these three terms :Final expression (A’ + B’ ) (B’ + C’) (A + B + C)  
 
2. K-map of  4 variables-  

F(A,B,C,D)=π(3,5,7,8,10,11,12,13)  

 

From green group we find  terms  

C’     D     B  

Taking their complement and summing them  

(C+D’+B’)  

From red group we find terms  

C     D    A’  

Taking their complement and summing them  



(C’+D’+A)  

From blue  group we find  terms  

A     C’     D’  

Taking their complement and summing them  

(A’+C+D)  

From brown  group we find  terms  

A    B’    C  

Taking their complement and summing them  

(A’+B+C’)  

Finally we express these as product –(C+D’+B’).(C’+D’+A).(A’+C+D).(A’+B+C’)  
 

What is an Adder? 

An adder is a digital logic circuit in electronics that is extensively used for the 
addition of numbers. In many computers and other types of processors, 
adders are even used to calculate addresses and related activities and 
calculate table indices in the ALU and even utilized in other parts of the 
processors. These can be built for many numerical representations like 
excess-3 or binary coded decimal. Adders are basically classified into two 
types: Half Adder and Full Adder. 

Half Adder 

So, coming to the scenario of half adder, it adds two binary digits where the 
input bits are termed as augend and addend and the result will be two outputs 
one is the sum and the other is carry. To perform the sum operation, XOR is 
applied to both the inputs, and AND gate is applied to both inputs to produce 
carry. 

 

The 2-bit half adder truth table is as below: 

https://www.elprocus.com/different-types-of-digital-logic-circuits/


 

The half adder K-map is 

 

The simplest expression uses the exclusive OR function: 

Sum= A XOR B 

Carry = A AND B 

 

 



Full Adder 

This adder is difficult to implement when compared to half-adder. 

Full Adder Functional Diagram 

The difference between a half-adder and a full-adder is that the full-adder has 
three inputs and two outputs, whereas half adder has only two inputs and two 
outputs. The first two inputs are A and B and the third input is an input carry 
as C-IN. When a full-adder logic is designed, you string eight of them together 
to create a byte-wide adder and cascade the carry bit from one adder to the 
next. 

 

The output carry is designated as C-OUT and the normal output is 
represented as S which is ‘SUM’. 

With the above full adder truth-table, the implementation of a full adder 
circuit can be understood easily. The SUM ‘S’ is produced in two steps: 
1. By XORing the provided inputs ‘A’ and ‘B’ 
2. The result of A XOR B is then XORed with the C-IN 

 
 

The full adder K-Map is 



 

 

 

 

 

Cktdigram of full adder               
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