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Amplifiers :- (Basics concepts) RC coupled, cascade, Darlington pair, DC amplifier.
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Balanced Modulator, Generation SSB, Pilot Carrier System, Independent Side System,
Vestigial Sideback Transmission.
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Term Work and tutorial
Should contain 5 assignments and two class tests
Practical : Should contain minimum 8 experiments.
List of Practicals :
1.

Study of Zener diode characteristics

2.

Study of Half wave and full wave rectifiers

3.

Study of bridge rectifier

4.

Study of Transistor as a switch

5.

Monostable multivibrator using IC 555 timer

6.

Astable multivibrator using CI 555 timer

7.

Study of Wien bridge oscillator

8.

Frequency Response of single transistor amplifier

9.

Study of Amplitude Modulation

10.

Study of Frequency Modulation

11.

Study of Fibre Optic transmission

12.

Study of Pulse Amplitude Modulation

13.

Study of transistor DC Amplifier
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UNIT I SEMICONDUCTOR DEVICES

1
SEMICONDUCTOR ELECTRONICS PART ( I)
Unit structure :
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Objectives
Introduction
Classification in solids
Types of semiconductors
p-n junction diode
Forward and reverse bias junctions
Advantages of semiconductors
Junction diode ad rectifier
Volt ampere characteristics of a pn junction
Zener diode
Summary
Unit end exercise

1.

OBJECTIVE :

In this lesson we are focussing mainly on the semiconductors. The conduction
phenomenon in semiconductors. Their uses and different applications in electronics
such as applications of diodes as rectifiers , Zener diode and its use as regulator.

2.

INTRODUCTION :
A solid is a large collection of atoms. The energy levels of an atom get modified
due to the presence of other surrounding atoms and the energy levels in the
outermost shells of all the atoms form valence band and the conduction band
separated by a forbidden energy gap.
The energy band formed by a series of energy levels containing valence
electrons is called valence band. At 0 K, the electrons start filling the energy
levels in valence band starting from the lowest one. The highest energy level,
which an electron can occupy in the valence band at 0 K, is called Fermi level.
The lowest unfilled energy band formed just above the valence band is called
conduction band.
At 0 K, the Fermi level as well as all the lower energy levels are completely
occupied by the electrons. As the temperature rises, the electrons absorb energy
and get excited. The excited electrons jump to the higher energy levels. These
electrons in the higher energy levels are comparatively at larger distances from
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the nucleus and are more free as compared to the electrons in the lower energy
levels.
Depending upon the energy gap between valence band and the conduction band,
the solids behave as conductors, insulators and semiconductors.

1.2 CLASSIFICATIONS IN SOLIDS
We know that some solids are good conductors of electricity while others are
insulators.
There is an intermediate class of semiconductors. The difference in the
behaviour of solids as regards electrical conductivity can be beautifully explained
in terms of energy bands.
The electrons in lower energy band are tightly bound to the nucleus and play no
part in the conduction process. However the valence and conduction bands are
of particular importance in ascertaining the behaviour of various solids.
1.2.1 Metals ( Conductors ) :
Conductors (e.g. copper, aluminium) are those substances which easily allow the
passage of electric current through them. It is because there are a large number
of free electrons available in a conductor.
In terms of energy band, the valance and conduction bands overlap each other
as shown in Fig. 1.1. Due to this overlapping, a slight potential difference across
a conductor causes the free electrons to constitute electric current. Thus the
electrical behaviour of conductors can be satisfactorily explained by the band
energy theory of solids.
For example, (i) in sodium, the conduction band is partially filled, while the
valence band is completely filled. (ii) The valence band is completely filled and
the conduction band is empty but the two overlap each other. Zinc is an example
of band overlap metals.

CONDUCTION BAND
OVERLAPPING OF BANDS
VALANCE BAND

Fig. 1.1 Energy Bands in Metals (Conductors)
In both the situations, it can be assumed that there is a single energy band, which
is partially filled. Therefore, on applying even a small electric field, the metals
conduct electricity.
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1.2.2 Insulators :
Insulators are those substances which do not allow the passage of electric
current through them.
In terms of energy band, the valence band is full while conduction band is empty.
Further, the energy gap between valence and conduction band is very high (say
6 eV or above). Therefore, a very high electric field is required to push the
electrons to the conduction band. For this reason, the electrical conductivity of
such materials is extremely small and may be regarded as nil.
CONDUCTION BAND
6 eV

FORBIDDEN GAP

VALANCE BAND

FIG. 1.2 Energy band in insulators
In insulators, the forbidden energy gap is quite large For example, the forbidden
energy gap for diamond is 6 eV, which means that a minimum of 6 eV energy is
required to make the electron jump from the completely filled valence band to the
conduction band. When electric field is applied across such a solid, the electrons
find it difficult to acquire such a large amount of energy and so the conduction
band continues to be almost empty. No electron flow occurs i.e. no current flows
through such solids. So they behave as insulators.
3.

Semiconductors.
Semiconductors (e.g. germanium,. silicon etc.) are those substances whose electrical conductivity lies in between conductors and insulators.
In terms of energy band, the valence band is almost filled and conduction band is
almost empty. The energy gap between valence and conduction bands is very
small as shown in Fig. therefore comparatively smaller electric field (smaller than
insulators but much greater than conductors) is required to push the electrons fro
valence band to the conduction band. In short, a semiconductor has :
I) almost full valence band
II) almost empty conduction band
III) small energy gap( 1 eV) between valence and conduction bands.
At low temperature, the valence band is completely full and conduction band is
completely empty. Therefore, a semiconductor virtually behaves as an insulator
at low temperatures.
The energy band structure of the semiconductors is similar to the insulators but in
their case the size of the forbidden gap is much smaller than insulators. For
examples forbidden gap os silicon is 1.1 eV and that of germanium is 0.69eV.
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CONDUCTION BAND

1eV

FORBIDDEN GAP

VALANCE BAND

Fig. 1.3 Energy bands in semiconductors
In semiconductors due to smaller width of forbidden energy gap the electrons in
find easier to shift to the conduction band. So the conductivity in semiconductors
lies between that of metals and insulators.

3. TYPES OF SEMICONDUCTORS :
The semiconductors are classified as intrinsic and extrinsic semiconductors on the
basis of their purity.
1.

Intrinsic Semiconductors :
In a pure semiconductor, each atom behaves as if there are 8 electrons in its
valence shell (due to formation of covalent bonds) and therefore the entire
material behaves as an insulator low temperature.
A semiconductor atom needs energy of the order of 1·1 e V to shake off the
valence electron. This energy becomes available to the semiconductor even at
room temperature. Due to thermal agitation of the crystal structure, electrons
from a few covalent bonds come out. The bond from which electron is freed, a
vacancy is created there. The vacancy in the covalent bond (where there should
have been an electron) is called a hole. This hole can be filled by some other
electron in a covalent bond.
As an electron from a covalent bond moves to fill the hole, the hole is created in
the covalent bond from which the electron has moved. In other words, the hole
shifts from one covalent bond to another in a similar way as an electron does in
an attempt to fill the hole. Since the direction of movement of the hole is opposite
to that of the negative electron, a hole behaves as a positive charge carrier.
Thus, at room temperature, a pure semiconductor will have electrons and holes
wandering in random directions. These electrons and holes are called intrinsic
carriers and such a semiconductor is called intrinsic semiconductor.
As the crystal is electrically neutral, the number of free electrons will be equal to
the number of holes. If we apply potential difference across the semiconductor,
the electrons will move towards positive terminal and the holes towards the
negative terminal of the battery.
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The electrons and holes are not current in themselves but act only as the
negative and positive charge carriers of the current respectively.

Fig. 1.4 Intrinsic Silicon structure
Also, when an electron is raised from the valence band to the conduction band, a
vacancy created in the valence band. This vacancy created in the valence band
(where electron was present before moving to conduction band) acts as the hole.
1.3.2 Extrinsic Semiconductors :
A pure semiconductor at room temperature possesses free electrons and holes
but their number is so small that conductivity offered by the pure semiconductor
cannot be made of practical use.
By the addition of impurities to the pure semiconductor in a very small ratio, its
conductivity can be remarkably improved. The process of adding impurity to
a pure semi conductor crystal (Si or Ge-crystal) so as to improve its
conductivity, is called doping.
The impurity atoms are of two types:
I.

Pentavalent impurity atoms i.e. atoms having 5 valence electrons such as
antimony (Sb) or arsenic (As). Such atoms, when added to a pure
semiconductor, produce excess of free electrons i.e. donate electrons to the
semiconductor. For this reason, pentavalent impurity atoms are called donor
impurity atoms. The semiconductor so produced is called n-type extrinsic
semiconductor.

II.

Trivalent impurity atoms i.e. atoms having 3 valence electrons such as indium
(In) or gallium such atoms on being added to a pure semiconductor, instead of
producing free electrons, accept electrons from the semiconductor. For this
reason, trivalent impurity atoms are called acceptor impurity atoms. The
semiconductor so produced is called p-type extrinsic semiconductor .
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1.3.2.1 n-Type Semiconductor :
Fig 1.5 shows the effect of adding pentavalent impurity arsenic to silicon crystal.
When the arsenic impurity atoms are added to the silicon crystal in a small, its
atoms replace the silicon atoms here and there. The four electrons out of five
valance electrons of As-atom take part in covalent bonding with four silicon atoms
surrounding it. The fifth electron is set free.
Obviously the extra free electrons created in the crystal will be as many as the
number of the pentavalent impurity atoms added. As the pentavalant impurity
increases the number of free electrons also increases, hence, it is called donor
impurity.
The silicon crystal so obtained is termed as n-type Si-crystal. The electrons so
set free in the silicon crystal are called extrinsic carriers and the n-type Sicrystal is n-type extrinsic semiconductor.

Fig. 1.5 Si-Crystal as n-type Semiconductor
Due to thermal agitation, even the pure silicon crystal possesses a few electrons
and holes. Therefore, n- type Si-crystal will have a large number of free electrons
(majority carriers) and small number of holes (minority carriers).
1.3.2.2 p-Type Semiconductor :
Fig 1.6 shows the effect of adding trivalent impurity indium ( In ) to silicon crystal.
The four silicon atoms surrounding the In-atom can share one electron each with
the In-atom, which has got three valance electrons. All three of the In-atom‘s
valence electrons are used in the covalent bonds; and, since four electrons are
required, a hole results when each trivalent atom is added.
Thus, for every trivalent impurity atoms added, an extra hole will be created. As
the impurity atoms accept electrons from the silicon it is called acceptor
impurity. The Si-crystal so obtained is called p-type as it contains free holes.
Each hole is equivalent to positive charge. The holes so created are extrinsic
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carriers and p-type Si-crystal so obtained is called
semiconductor.

p-type extrinsic

Fig. 1.6 p-Type Si semiconductor

1.4 FORMATION OF p-n JUNCTION :
A p-n junction is a basic semiconductor device.
When a p-type crystal is placed in contact with n-type crystal so as to form one
piece, the assembly so obtained is called p-n junction or junction diode or
crystal diode. The surface of contact of p and n- type crystals is called junction.
In the p-section, holes are the majority carriers; while in n-section the majority
carriers are electrons.
Due to the high concentration of different types of charge carriers in the two
sections, holes from p-region diffuse into n-region and electrons from n-region
diffuse into p-region. In both cases, when an electron meets a hole, the two
cancel the effect of each other and as a result, a thin layer at the junction
becomes devoid of charge carriers. This is called depletion layer.
The diffusion continues back and forth until the number of electrons which have
crossed the junction have a large enough electrical charge to repel or prevent
any more charge carriers from crossing over the junction. Soon enough, a state
is reached where the pn junction is electrically neutral due to the creation of a
potential barrier. The potential difference developed across the junction due to
migration of majority charge carriers is called potential barrier.
It opposes the further diffusion of charge carriers. The magnitude of the potential
barrier is different for ex. For germanium junction diode for silicon junction diode.
However, the value of potential barrier depends on the magnitude of doping of
the semiconductor crystal.
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Fig. 1.7 Formation of p-n junction Diode.
It may be pointed out that across the junction; a very large electric field is set up
due to potential difference developed across it.
Thus, the formation of p-n junction results in a very strong electric field (or
potential gradient) across the junction.
The junction diode is represented by the symbol as shown in Fig. 1.10
P

n

Fig 1.10 Junction Diode
The arrow-head represents the p-section of the junction diode and points in the
direction in which the hole current or conventional current will flow, when junction
diode is forward biased. The electron current or the electronic current will flow in
opposite direction.

5. FORWARD AND REVERSE BIASING ON A JUNCTION DIODE
A junction diode can be biased in the following two ways:
1.

Forward Bias.
When an external D.C. source is connected to the junction diode with p-section
connected to positive pole and n-section to the negative pole, the junction diode
is said to be forward biased.
Action of junction diode:
I.
The p-n junction is forward biased as shown in Fig. 1.8 When forward
biased, the positive holes in the p-section are repelled by the positive pole of
the battery towards the p-n junction. Simultaneously, the negative electrons
in the n-section are repelled by negative pole of the battery towards the
junction.

www.educlash.com

II.

However, the movement of electrons and holes across the junction is
opposed by the barrier voltage or depletion voltage (0·3 V to 0·7 V)
developed across the junction. Just near the p-n junction, electrons and
holes combine and cease to exist as mobile charge carriers after the
potential barrier is overcome by the applied potential.

Fig. 1.8 Forward Biased p-n junction diode
III.

IV.

V.
VI.

For each electron-hole combination that takes place near the junction, a
covalent bond breaks in the p-section near the positive pole of the battery. Of
the electron and the hole produced, the electron is captured by the positive
terminal, while the hole moves towards the junction.
On the other hand, as soon as the hole is created in the p-section due to the
breaking of a covalent bond, an electron is released from the negative terminal
of the battery into the n-section to replace the electron lost by the combination
with a hole at the junction. These electrons move towards the junction, where
they again get neutralised on meeting the new holes coming from left. As a
consequence, a relatively large current, called forward current flows through
the junction.
The current in the external circuit is due to the electrons and is from negative
terminal of battery to positive terminal through the junction diode.
During the forward bias, the applied D.C. voltage opposes the barrier voltage
developed across the p-n junction. Due to this, the potential drop across the
junction decreases and as a result, the diffusion of holes and electrons across
the junction increases. It makes the depletion layer thin and the junction diode
offers low resistance during forward bias.

www.educlash.com

2.

Reverse Bias:
When a battery is connected to junction diode with p-section section connected to
negative pole and n-section connected to the positive pole, the junction diode is
said to be reverse biased.
Action of junction diode.
I. When the p-n junction is reverse biased as shown in Fig. 1.9 the holes
(majority carriers) in the p-section get attracted towards the negative terminal
of battery and therefore, the holes move away from the junction. At the same
time, the electrons (majority carriers) in the n-section get attracted towards the
positive terminal and move away from the junction.

II.

As a very small number of holes and electrons (minority carriers) are left in
the vicinity of the junction, practically no flow of current cakes place. However,
due to thermally generated electron-hole pairs within p-region as well as nregion, a small current (a few microamperes) still flows. Some covalent bonds
always break because of the normal heat energy of the crystal molecules.
Electrons liberated by this process in the p-region move to the left across the
junction, while holes generated in the n-region move to the right under the
electric field produced by the battery.

III.

Thus, a small electron-hole combination current, called reverse current is
maintained by the minority carriers. If the reverse bias is made very high, all
the covalent bonds near the junction break and a large number of electronhole pairs are liberated and the reverse current increases abruptly to a
relatively high value.

IV.

The maximum reverse potential difference, which a diode can tolerate without
breakdown is called reverse break down voltage or zener voltage.

Fig 1.9 reverse Biased p-n junction diode
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V.

During the reverse bias, the applied D.C. voltage adds to the barrier voltage
developed across the junction. Due to this, the potential drop across the
junction increases and as a result, the diffusion of holes and electrons across
the junction decreases. It makes the depletion layer thick and the junction
diode offers high resistance during reverse bias.

VI.

It may be noted that the potential barrier opposes the forward current, while it
adds the reverse current.

1.6 ADVANTAGES OF SEMICONDUCTORS :
Because of their merits over vacuum tubes, semiconductor devices (junction
diodes, transistors, integrated circuits) have practically completely replaced them in
all the fields of electronics. Some of the advantages of the semiconductor devices
are as given below:
Advantages:
1. As semiconductor devices have no filaments, hence no power is needed to heat
them to cause the emission of electrons.
2. Since no heating is required, semiconductor devices are set into operation as
soon as the circuit is switched on.
3. During operation, semiconductor devices do not produce any humming noise.
4. Semiconductor devices require low voltages for their operation as compared to
vacuum tubes.
5. Owing to their small sizes, the circuits involving semiconductor devices are very
compact.
6. Semiconductor devices are shock proof.
7. Semiconductor devices are cheaper as compared to vacuum tubes.
8. Semiconductor devices have almost unlimited life.
9. As no vacuum has to be created in semiconductor devices, they have no vacuum
deterioration trouble.
Disadvantages:
1. Noise level is higher in semiconductor devices as compared to that in the vacuum
tubes.
2. Ordinary semiconductor devices cannot handle as much power as ordinary
vacuum tubes can do.
3. In high frequency range, they have poor response.
4. The semiconductor devices are temperature-sensitive. The maximum
temperature, the semiconductor devices can withstand, is very low (about 50° C).
Even a small over-heating damages the semiconductor device. This is because,
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at a higher temperature, the covalent bonds break up and the semiconductor
material forming the semiconductor device becomes conducting.

7. JUNCTION DIODE AS RECTIFIER :
An electronic device which converts A.C. power into DC. power is called a
rectifier.
The junction diode offers a low resistance path, when forward biased and a high
resistance path when reverse biased. This feature of the junction diode enables it
to be used as a rectifier.
The two half cycles of alternating input e.m.f. provide opposite kinds of bias to the
junction diode.
If the junction diode gets forward biased during first half cycle, it will get reverse
biased during the second half cycle and vice-versa.
In other words, when an alternating e.m.f. signal is applied across a junction
diode, it will conduct only during those alternate half cycles, which bias it in
forward direction.
1.
I.

HALF WAVE RECTIFIER :
A rectifier, which rectifies only one half of each A.C. input supply cycle, is
called a half wave rectifier.

II.

Principle: It is based on the principle that junction diode offers low resistance
path, when forward biased and high resistance when reverse biased. When
A.C. input is applied to a junction diode it gets forward biased during one half
cycle and reverse biased during the next opposite half cycle. Thus output is
obtained during alternate half cycles of the A.C. input.

III.

Arrangement: The A.C. supply is fed across the primary coil P of a step-down
transformer. The secondary coil S of the transformer is connected to the
junction diode and a load resistance RL shown in Fig. 1.11. The output D.C.
voltage is obtained across the load resistance RL.

IV.

Theory:
Suppose that during the first half of the input cycle, the junction diode gets
forward biased. The conventional current will flow in the direction of the arrow
heads.
The upper end of RL will be at positive potential w.r.t. the lower end. The
magnitude of output across RL during first half cycle at any time will be
proportional to the magnitude of current through
Hence, during the first half of the input cycle, when junction diode conducts,
output across RL vary in accordance with A.C. input.
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Fig 1.11A Input and Output wave forms of half wave rectifier

Fig. 1.11B Half Wave rectifier
During the second half cycle, junction diode will get reverse biased and hence
no output will be obtained across RL·
Critically, a small current will flow due to minority carriers and a negligible
output will be obtained during this half cycle also.
During the next half cycle, output is again obtained as the junction diode gets
forward biased.
Thus a half wave rectifier gives discontinuous and pulsating output across the
load resistance as shown in Fig. Hence half wave rectification involves a lot of
wastage of energy and hence it is not preferred.
2.
I.

FULL WAVE RECTIFIER :
A rectifier which rectifies both halves of each A.C. input cycle is called a
full wave rectifier.
To make use of both the halves of input cycle, two junction diodes are used.

II.

Principle. It also works on the principle that a junction diode offers low
resistance during forward bias and high resistance, when reverse biased.
Here, two junction diodes are connected in such a way that if one diode gets
forward biased during first half cycle of A.C. input, the other gets reverse
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biased but when the next opposite half cycle comes, the first diode gets
reverse biased and the second forward biased. Thus, output is obtained
during both the half cycles of the A.C. input.
III.

Arrangement: The a.c. supply is fed across the primary coil P of a step-down
transformer. The two ends of the secondary coil S of the transformer are
connected to the p-sections of the junction diodes D1 and D2. A load
resistance RL is connected across the n-sections of the diodes and the central
tapping of the secondary coil. The d.c. output will be obtained across load
resistance RL.

IV.

Theory: Suppose that during first half of the input cycle upper end of coil S is
at positive potential and the lower end is at negative potential, the junction
diode D1 will get forward biased, while the diode D2 reverse biased. The
conventional current due to the diode D1 will flow along the path of full arrows.

Fig 1.12A input and output waveform of full wave rectifier

Fig.1.12B Full Wave rectifier
V.

VI.

When the second half of the input cycle comes, the situation will be exactly
reverse. Now, the junction diode D2 will conduct and the conventional current
will flow along the path of the dotted arrows.
Since current during both the half cycles flows from right to left through the
load resistance RL, the output during both the half cycles will be of the same
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nature. The right end load resistance RL will be at positive potential w.r.t. its
left end.
VII.

Thus, in a full wave rectifier, the output is continuous but pulsating in nature.
However, it can be made smooth by using a filter circuit.

1.8 VOLT AMPERE CHARACTERISTICS OF A PN JUNCTION:

The generalized voltage-current characteristic for a p-n junction in Figure above
shows both the reverse-bias and forward-bias regions.
a. At zero voltage: The barrier does not permit any current to flow through it.
b. Forward-bias: Current rises rapidly as the voltage is increased and is quite
high.
c. Reverse-bias: The junction offers a very high resistance called reverse
resistance.
Some amount (very small) of free holes and electrons still manage to cross
the junction and constitute a reverse current
Other Important terms:
1. If the reverse bias is made very high, a large number of electron-hole pairs
are created and the reverse current increases to a relatively high value. The
maximum reverse potential difference, which a diode can tolerate without
breakdown is called reverse break down voltage or zener voltage.
In other words, the minimum reverse voltage at which a pn junction breaks
down is called the breakdown voltage.
2. Knee Voltage: The voltage at which the pn junction begins to conduct current
and shows rapid rise in the current.
3. Maximum forward voltage: The highest forward current that the pn junction
can conduct without any damage to the junction
4. Peak Inverse Voltage(PIV): It is the maximum reverse voltage that can be
applied to a pn junction without any damage to the junction
Beyond PIV, the junction diode is destroyed due to excessive heat.
5. Maximum power rating: It is the maximum power that can be dissipated
through the junction without damaging it.
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It is equal to the product of junction current and voltage across the junction.

1.9 ZENER DIODE :
I.

A conventional diode does not permit large current to flow when in reverse
biased. When a p-n junction is reverse biased, the current through the
junction is very small. However if the magnitude of reverse bias reaches a
critical value, avalanche breakdown may take place. Thus a rapid avalanche
breakdown occurs and the diode conducts a large current in the reverse
biased mode and may get damaged permanently.

II.

However, diodes may be specially built to operate in the breakdown region.
By varying the degree of doping, diodes the specific breakdown voltages
(ranging from about one to several hundred volts) can be fabricated. If the
junction is well-designed, the breakdown will be very sharp and the current
after the breakdown will be independent of voltages; such diodes designed for
a specific breakdown voltage are shown as Zener diodes.

III.

They are useful in voltage regular circuits. As the load current or supply
voltage changes, the current through a Zener diode will accommodate itself to
these changes to maintain a constant load voltage. The upper limit on the
diode current is determined by the power dissipation rating of the diode.

v.imp

I

V

Fig 1.13 characteristic curve of Zener diode
IV.

The characteristics curve of Fig. 1.13 has three regions viz. forward, leakage
and breakdown. In the diode forward region, it starts conducting at 0.7 V as
any other silicon diode. The region between zero and breakdown is the
leakage region and only a small reverse current flows in this region. The
breakdown region is very sharp. When the voltage reaches - 15V, the
characteristics becomes almost vertical and the voltage becomes constant at
- 15V.

V.

The minus sign in the specification of the breakdown voltage does not have
any significance. It only indicates that the Zener diode is reverse biased. It is
preferable to say that the Zener diode has a breakdown voltage of (say) 15 V.
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Fig. 1.14 Symbols of zener diodes.
VI.

Figure 1.14 shows two symbols for a Zener diode. - the symbols the lines
resemble the alphabet 'z' which stands for Zener.

1.

Zener Regulator :
I.

Fig 1.15 ( a ) shows a simple circuit using zener regulator. The series
resistance Rs limits the current to less than the maximum current rating of
zener. It is seen that
II.

III.

Fig 1.15 (b) shows a rectifier circuit along with a zener and series resistor. As
the rectifier output changes the current through the circuit changes but the
output voltage remains constant equal to Vz.
R
V

V

Fig 1.15 ( a ) Zener regulator

IV.

V.

ac

Rectifier
and
filter

Rs
VZ

Fig. 1.15 ( b ) Rectifier with
zener regulator

An ideal Zener diode has zero resistance and the voltage across it remains
absolutely constant. In actual practice the
Zener has some resistance and small voltage drop occurs across it. For most
of calculations this small voltage drop can be neglected.
It is necessary to ensure that Zener operates in the breakdown region. It is
only in this region that the voltage across the Zener is constant.

1.10 SUMMARY :
The energy levels of an atom get modified due to the presence of other
surrounding atoms and the energy levels in the outermost shells of all the atoms
form valence band and the conduction band separated by a forbidden energy
gap.
Depending upon the energy gap between valence band and the conduction band,
the solids behave as conductors, insulators and semiconductors
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Conductors (e.g. copper, aluminium) are those substances which easily allow the
passage of electric current through them.
Insulators are those substances which do not the passage of electric current
through them.
A semiconductor has :
I) almost full valence band
II) almost empty conduction band
III)small energy gap( 1 eV) between valence and conduction bands.
The chemically pure semiconductor is called intrinsic semiconductor and
chemically impure is called as extrinsic semiconductor.
The process of adding impurity to a pure semi conductor crystal (Si or Ge-crystal)
so as to improve its conductivity is called doping.
When a p-type crystal is placed in contact with n-type crystal so as to form one
piece, the assembly so obtained is called p-n junction or junction diode or
crystal diode. The surface of contact of p and n- type crystals is called junction.
When an external d.c. source is connected to the junction diode with p-section
connected to positive pole and n-section to the negative pole, the junction diode
is said to be forward biased
When a battery is connected to junction diode with p-section section connected to
negative pole and n-section connected to the positive pole, the junction diode is
said to be reverse biased.
An electronic device which converts a.c. power into d.c. power is called a rectifier.

1.11 UNIT END EXERCISE:
1. Distinguish between metals, insulators and semiconductors on the basis of
energy band structures.
2. Explain how intrinsic semiconductors are converted into n-type and p-type. Give
example.
3. Distinguish between p-type and n-type semiconductors.
4. Explain the formation of p-n junction and the terms depletion region and potential
barrier for p-n junction.
5. With the help of diagram explain the use of junction as reverse biased.
6. Describe the working of the forward biased p-n junction diode.
7. State any four / five advantages of semiconductors
8. What is rectification? With the help of diagram explain (1) half wave rectifier and
(2) full wave rectifier.
9. What is Zener diode/ explain Zener diode as regulator?
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2
SEMICONDUCTOR ELECTRONICS PART (II)
( Introduction to transistors )
Unit structure :
1.
2.
3.
4.
5.
6.
7.
8.
9.

Objectives
Introduction
Transistors
Action of transistor
Transistor characteristics
Transistor as amplifier
Transistor as switch
Summary
unit end exercise

1. OBJECTIVES :
In this lesson we are focussing on particular semiconducting device transistor,
its working and few basic features like input and output characteristics, amplifier and
its use as digital switch.

2. INTRODUCTION:
When a third doped element is added to a semiconductor diode in such a way
that two p-n junction are formed, the resulting device is called a transistor.
Transistors are smaller than the vacuum tubes, have no filament in it and may be
operated in any position. They are mechanically strong have practically unlimited life
and is capable of achieving amplification of weak signals.

3. TRANSISTORS :
A junction diode cannot be used for amplifying a signal. For amplification, another
type of semiconductor device called transistor is used. It is a three-section
semiconductor.
The three sections are combined, so that the two at extreme ends have the same
type of majority carriers; while the section that separates them, has the majority
carriers of opposite nature. Therefore, a transistor can be n-p-n or p-n-p type. In
other words, in an n-p-n transistor, the p-section is sandwiched between two nsections .On the other hand, in a p-n-p transistor, the n-section is sandwiched
between two p-sections.
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Fig 2.1 Schematic diagram of n-p-n and p-n-p transistors
The three sections of the transistor are called emitter (E), base (B) and
collector (C).
The base of a transistor is made thin. Further, in comparison to emitter and
collector, the base of a transistor is lightly doped i.e. the number density of
majority carriers in the base is always lesser as compared to that in emitter or
collector.
The emitter supplies the majority carriers for current flow and the collector
collects them. The base provides the junctions for proper interaction between the
emitter and the collector.
Symbol for transistors, In the symbol for a transistor, the arrow points hole current
i.e. conventional current. Therefore, the emitter in n-p-n transistor is represented
by an arrow pointing away from the base, while the emitter in p-n-p transistor is
represented by an arrow pointing towards the base. The symbols for n-p-n and pn-p transistors are respectively shown in Fig. 2.2 ( i) and Fig. 2.2 ( ii )

Fig 2.2
When a transistor is used in a circuit, the base-emitter junction is always forward
biased and the base-collector junction is always reverse biased.
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2.3. ACTION OFTRANSISTOR
The action of both the types of transistors i.e. n-p-n and p-n-p is similar,
except that the majority and minority carriers in the two cases are of opposite nature.
2.3.1 Action of n-p-n transistor:
Fig. 2.3 shows the proper biasing of an n-p-n transistor. The n-type emitter is
forward biased by connecting it to negative pole of the battery Vee (emitter-base
battery) and n-type collector is reverse biased by connecting it to the positive pole
of the battery Vcc (collector-base battery).
The majority carriers (which are electrons) in the emitter are repelled towards the
base due to the forward bias. The base contains holes as majority carriers but
their number density is small as it is doped- lightly as compared to emitter or
collector. Due to this, the probability of electron-hole combination in base region
is very small (5%). Most of the electrons (95%) cross into collector region, where
they are swept away by the positive terminal of the battery Vcc connected to the
collector.
Fig. 2.3

Fig. 2.3 Action of n-p-n transistor
Corresponding to each electron that is swept by the collector and that enters the
positive pole of the collector-base battery Vcc an electron enters the emitter from
the negative pole of the emitter-base battery Vee.
If Ie, Ib and Ic are respectively the emitter current, base current and collector
current, then Ie = Ib + Ic
2.3.2 Action of p-n-p transistor.
The p-type emitter of a p-n-p transistor is forward biased by connecting it to
positive pole of emitter-base battery Vee and the p-type collector is reverse
biased by connecting it to the negative pole of the collector-base battery Vcc as
shown in Fig. 2.4
In this case, majority carriers in emitter are holes and they are repelled towards
the base due to the forward bias. As base is thin and lightly doped (very small as
compared to collector and emitter), it has a low number density of electrons.
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When holes enter the base region, then only about 5% electron-hole combination
takes place. Most of the holes (95%) reach the collector under the influence of
reverse bias.
As one hole reaches the collector, an electron leaves the negative pole of
collector- base battery Vcc. At the same time, an electron is released from some
covalent bond in the emitter, creating a hole in the emitter. The electron so
released, enters the positive pole of the emitter base battery Vee. Thus, current
in p-n-p transistor is carried by holes and at the same time their concentration is
maintained as explained above.
In this case also, Ie = Ib + Ic

Fig. 2.4 Action of p-n-p transistor

2.4. TRANSISTOR CHARACTERISTICS :
The relationship between the current and voltages in a transistor are
represented by curves called characteristics of the transistor. Transistor
characteristics are classified as input and output characteristics. We are going to
study common emitter characteristics of a transistor.
2.4.1 Common Emitter Characteristics of A Transistor:
Common emitter characteristics of a transistor are graphs that are obtained
between voltages and current, when emitter is earthed, base is used as input
terminal and collector as the output terminal. Fig. 2.5 shows the experimental
arrangement to study the common emitter characteristics of an n-p-n transistor.
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Fig. 2.5 Circuit diagram for CE characteristics of n-p-n transistor
The base-emitter junction is forward biased by using base-emitter battery V bb
while the base-collector junction is reverse biased by using collector-emitter
battery Vcc.
The micro- ammeter and voltmeter in base-emitter circuit measure base current
(Ib) and the voltage between base and emitter Vbe
Similarly, milli-ammeter and voltmeter connected in collector-emitter circuit
measure the collector current (Ic) and voltage between collector and emitter
(Vce).
(I) Input characteristics:
These are graphs between base voltage (Vbe) and the base current (Ib) at
different constant values of collector voltages (Vce).
Let us first plot input characteristic at Vce = 2 V. For this, potential divider
arrangement in emitter collector circuit is adjusted, till the voltmeter connected in
collector-emitter circuit reads 2 V. It will mean that the voltage between collector
and emitter is 2 V i.e. collector is at + 2 V w.r.t. emitter of the transistor. Now, by
making use of potential divider in emitter-base circuit, make base voltage zero. It
will be noted that base current is also zero.
Now, keeping collector voltage constant at 2V, start increasing base voltage
gradually. It will be found that the base current remains zero as long as the base
voltage does not exceed barrier voltage (0·3 V or so). As soon as the base
voltage becomes greater than the barrier voltage, the current increases slowly
and then suddenly to a large value as shown in Fig. 2.6 It is input characteristic at
Vce = 2 V.
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Fig. 2.6 input characteristics of CE transistor
Similarly, we can draw input characteristic of the transistor at Vce = 3 V and so
on. It may be noted that the nature of input characteristics is similar to the forward
characteristics of a junction diode.
A.C. input resistance. The a. c. input resistance of the transistor in common
emitter configuration is defined as the ratio of small change in base voltage to
the small change produced in base current at constant collector voltage. It
is denoted by Rin.
If ∆Vbe is small change in base voltage and ∆Ib, small change produced in base
current at constant collector voltage Vce, then

(II) Output characteristics:
These are graphs between collector voltage (Vce) and the collector
current (Ic) at different constant values of base
current (Ib).
Let us first plot output characteristic at say Ib = 50 µA. To do so, collector voltage
is made zero and voltage between base and emitter is adjusted, till the microammeter in base-emitter circuit reads 50 µA.
Now collector voltage is increased gradually and the corresponding collector
current is noted. Take care that base current always remains steady at 50 µA.
Then, graph between Vce and corresponding values of Ic gives output
characteristics at Ib = 50 µA.
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Fig. 2.7 Output characteristics of transistor
Similarly, output characteristics can be obtained at Ib = 100 µA, 150 µA, 200 µA,
Following points may be noted about output characteristics: Fig. 2.7
(i)The collector current changes rapidly in beginning, but soon it becomes more
or less independent of applied collector-emitter voltage.
(ii)For a given value of collector voltage, larger the base current, larger is the
collector current.
(iii)In audio frequency amplifier circuits, the linear part of the output
characteristics is used in order to obtain undistorted output.
A.C. output resistance. The a.c. output resistance of the transistor in common
emitter configuration is defined as the ratio of small change in collector
voltage to the small change produced in collector current at constant base
current. It is denoted by Rout. Thus,

( III). Transfer characteristics.
These are graphs between the collector current (Ic) and the base current (Ib
) at different constant values of collector voltages (Vce) .
Let us plot transfer characteristics at say Vce = 3 V. For this, the potential divider
arrangement in emitter-collector circuit is adjusted, so that the voltmeter
connected in emitter-collector circuit reads 3V. Now, by making use of potential
divider arrangement in emitter-base circuit, the t 8 base-emitter voltage (Vbe) is
varied. Due to this, base current will change and consequently the collector
current will change. Each time, the base current (Ib) and the corresponding value
of the collector current (Ic) is noted. It is ensured that the collector emitter voltage
always remains 3 V.
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Fig. 2.8 transfer characteristics of transistor
Then, the graph plotted between Ib and Ic is the transfer characteristic of the
transistor at Vce = 3 V . It will be found that the graph will be a straight line. It
implies that the output current (Ic) varies linearly with the input current (Ib).
A.C. current gain. It is defined as the ratio of change in collector current to
the change in base current at constant collector voltage, It is also called
current transfer ratio and is denoted by . Therefore,

5.

TRANSISTOR AS AN AMPLIFIER

A Transistor can also be used as an amplifier, oscillator, detector, etc. When a
transistor is to be used as an amplifier, one may have following three types of the
amplifier circuits:
1. Common base amplifier,
2. Common emitter amplifier and
3. Common collector amplifier.
We shall study only the common emitter amplifier.
2.5.1 COMMON EMITTER AMPLIFIER :
In a common emitter amplifier, the emitter of the transistor is common to base
and collector. Fig. 2.9 shows the common emitter amplifier circuit using an n-p-n
transistor.
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Fig. 2.9 Circuit diagram for common emitter amplifier
The emitter is common to both the input and output circuits. The emitter is
forward biased by using base-bias battery V bb and due to the forward bias, the
resistance of input circuit is low. The collector is reverse biased by using collector
bias battery Vcc.
The low input voltage signal is applied in base-emitter circuit (input-circuit) and
the amplified output is obtained across the collector and emitter. The arrows point
in the direction of the hole current or the conventional current.
The emitter current, base current and collector current are related to each other
by the equation, Ie = Ib + Ic
Also, corresponding to collector current Ic, the collector voltage i.e. voltage across
the collector and emitter will be
Vce= Vcc - IcRL
The variation in input signal voltage causes variation in emitter current, which in
turn produces change in collector current and hence in collector voltage. These
variations in collector voltage appear as amplified output voltage.
Phase relation between input and output signals: The input voltage signal and
output voltage signal obtained across collector and emitter are out of phase with
each other in common emitter amplifier as explained below.
Suppose that first half cycle of a.c. input voltage is positive. From fig 2.9, as base
is connected to the positive pole of the battery Vbb it will make base more
positive. Thus, negative forward bias of emitter will increase. It will increase the
emitter current and hence the collector current. The increase in collector current
will increase potential drop across RL and then accordingly the collector voltage
Vce will decrease. As collector is connected to positive pole of the battery Vce the
decrease in collector voltage means that collector will become less positive i.e.
negative output signal will be obtained. Thus, corresponding to the positive half
cycle of a.c. input, negative output half cycle will be obtained.
Similarly, we can prove that corresponding to negative half cycle of a.c. input,
positive output half cycle will be obtained. Therefore, input and output voltage
signals are out of phase with each other as shown in Fig. 3.30. From the
operation of common emitter amplifier, it follows that a large collector current
(output current) flows corresponding to a small base current (input current) in the
circuit.
A.C. current gain. It is defined as the ratio of the change in collector current to
the change in base current at constant collector voltage. It is denoted by ac
Therefore,
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Transconductance. It is defined as the ratio of change in collector current to the
change in base voltage at constant collector voltage. It is denoted by gm
Therefore,
a.c. voltage gain. It is the ratio of the change in output voltage to the change in
input voltage. It is denoted byAv Suppose that on applying an a.c. input signal,
the input current changes by ∆Ib and correspondingly, the output current changes
by ∆Ic' Then

A.C. power gain. It is the ratio of the change in output power to the change in
input power.

2.6 TRANSISTOR AS SWITCH:
Transistor can be operated either in saturation or in cut-off mode.
+5V

Vout

Vin

Fig. 2.10 transistor as switch
When transistor is in saturation region the output voltage is zero and when in cutoff, output voltage it is 5V.
When the switch is open the transistor goes into the cut-off mode and output
voltage drops to zero volts.
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When switch is closed, there is a flow of base current. Hence collector current
drops to zero. If there is no current through collector resistor then collector
voltage rises to maximum value ( +5V ) thus output has two values either low ( O
V ) or high
( +5V ) .

7. SUMMARY:
Transistors are classified in two types n-p-n and p-n-p.
BJT is a device which consists of two p-n junction diodes formed by
sandwitching a p-type semiconductor between two n- type semiconductor or
vice-a – versa.
A BJT is used in three modes CE, CB, and CC.
Transistor can be used as an amplifier ti amplify weak signal to desired valu.
Transistor is used as a digital switch.

8. UNIT END EXERCISE.:
1.
2.
3.
4.

Write a short note on transistor.
With the help of a circuit diagram explain the action of n-p-n transistor.
Draw circuit symbol of n-p-n and p-n-p transistors.
Draw circuit diagram to obtain the characteristics of a n-p-n transistor in
common emitter configuration.
5. Describe how will you obtain input and output characteristics. Give shapes of
the curves.
6. Draw a neat labelled circuit diagram of n-p-n transistor as amplifier.
7. Explain with circuit diagram how transistor works as switch.
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3
AMPLIFIERS

Unit structure :
1.

Objectives

2.

Introduction

3.

Concept of amplification

4.

Amplifier notations

5.

Single stage Amplifier

6.

Frequency response

7.

Summary

8.

Review Questions

9.

Reference

1.

OBJECTIVES

After studying this chapter you should be able to






Understand the concept of amplification.
Show how to calculate voltage gain and current gain.
Show how to calculate input impedance and output impedance.
Draw a circuit diagram of single stage amplifier.
Discuss the frequency response of single stage amplifier.

2. INTRODUCTION
This chapter discusses the concept of amplification. The invention of transistor was
crucial to the evolution of electronics. Without amplification, there would be no radio, no
television and no computers. This chapter also discusses voltage gain, current gain, input
impedance and output impedance

3.

CONCEPT OF AMPLIFICATION
Amplification is a process of adding strength to input signal without changing its shape.
The circuit which amplifies a small input signal is called as an ―
Amplifier‖.
It is important that the magnified output signal must have the same shape as that of the
input signal; i.e. If the input signal is a sine wave then the magnified output signal also be
a sine wave.
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In the Common Emitter or grounded emitter configuration, the input signal is
applied between the base, while the output is taken from between the collector
and the emitter as shown. This type of configuration is the most commonly used
circuit for transistor based amplifiers and which represents the "normal" method
of bipolar transistor connection.
The common emitter amplifier configuration produces the highest current and
power gain of all the three bipolar transistor configurations. This is mainly
because the input impedance is LOW as it is connected to a forward-biased PNjunction, while the output impedance is HIGH as it is taken from a reverse-biased
PN-junction.

Fig 3.1
In this type of configuration, the current flowing out of the transistor must be
equal to the currents flowing into the transistor as the emitter current is given
as Ie = Ic + Ib. Also, as the load resistance (RL) is connected in series with the
collector, the current gain of the common emitter transistor configuration is
quite large as it is the ratio of Ic/Ib and is given the Greek symbol of Beta, (β).
Any small change in the base current (Ib), will result in a much larger change
in the collector current (Ic). Then, small changes in current flowing in the base
will thus control the current in the emitter-collector circuit. Typically, Beta has
a value between 20 and 200 for most general purpose transistors.
This type of bipolar transistor configuration has greater input impedance,
current and power gain than that of the common base configuration but its
voltage gain is much lower. The common emitter configuration is an inverting
amplifier circuit resulting in the output signal being 180oout-of-phase with the
input voltage signal.

3.3 AMPLIFIER NOTATIONS
3.3.1 Gain :

Because amplifiers have the ability to increase the magnitude of an input
signal, it is useful to be able to rate an amplifier's amplifying ability in terms of an
output/input ratio. The technical term for an amplifier's output/input magnitude ratio
is gain. As a ratio of equal units (power out / power in, voltage out / voltage in, or
current out
/
current
in), gain is naturally a unitless measurement.
Mathematically, gain is symbolized by the capital letter ―
A‖.
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Voltage Gain: (Av)
It is ration of output Voltage (Vo) to the Input Voltage (Vi)
Voltage Gain Av =

Output Voltage
Input Current

Vo
Io

Current Gain: (Ai)
It is ratio of Output current to input current.
Current Gain Ai =

Output Current
Input Current

Io
Ii

Power Gain: (Ap)
It is ratio of Output power to input power
Power Gain Ap =

Fig 3.2

3.3.2 Impedance
Impedance (symbol Z) is a measure of the overall opposition of a circuit to current, in
other words: how much the circuit impedes the flow of current. It is like resistance, but it also
takes into account the effects of capacitance and inductance. Impedance is measured in
ohms, symbol .
Input Impedance (Zi):
It is the resistance seen looking into the input terminal of an amplifier.
Input Impedance Zi =

Input Voltage
Input Current

Vi
Ii
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Fig 3.3
Output Impedance (Zo) :
The output impedance of an amplifier is determined at the output terminals looking back into
the system with the applied signal set to zero.
Output Impedance Zo =

Output Voltage
Input Current

Vo
Io

Fig 3.4

3.4 APPLICATION OF BJT AS SINGLE STAGE AMPLIFIER
When only one transistor is used for amplifying a signal, the circuit is known as single
stage amplifier.
For using transistor as an amplifier the transistor should bias in such away it provides
maximum gain. The Voltage divider bias circuit provides good stabilization of the
operating point. A single stage common emitter with a voltage divider bias and coupling
and bypass capacitor is shown in figure.

Fig 3.5 Single stage RC Coupled CE amplifier
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A coupling capacitor passes the AC signal form one side to other side and blocks the DC
signal. The bypass capacitor bypasses the all AC current form emitter to ground.

The signal Voltage Vi applied between base and emitter of the transistor gets amplified
by the device and the output can be obtained across RL. A coupling capacitor passes an
AC signal form one point to another. At the some time it will not allow the DC Voltage to
pass through it. The output across load resistance is free from the collector‘s DC Voltage
here.
1.

How the circuit works?
When a weak a.c. signal is applied to the base of transistor, a small base current starts
flowing. Due to transistor action, a much larger collector current flows through the Rc.
This collector current Ic is β times Ib. As the value of Rc is high, a large voltage appears
across Rc. Thus weak signal applied to the base appears in amplified form in the
collector circuit.

In common emitter configuration, as the input voltage increases in the positive direction,
the output voltage increases in negative direction and vice versa. The input signal
voltage and output voltage are always 180o out of phase. This is known as phase
reversal.
2.

Important terms :Voltage divider bias: In this of biasing two resistances R1 and R2 are connected across
the supply Vcc. The emitter resistance RE is used to provide stabilization. This biasing
method is named as voltage divider bias because the voltage divides among the resistor
R1 and R2.
CE amplifier: The transistor is connected in the common emitter configuration. Hence it
is known as CE amplifier.

Common emitter configuration: In this configuration, input signal is applied between
base and emitter and output is measured across collector and emitter. Emitter is
common to both input and output, hence the configuration is known as common emitter
configuration.
Capacitive Reactance: XC= 1
o

2

fc

For direct current frequency will be zero therefore X C will infinite for all d.c. signal.
It means that a capacitor offers infinite reactance to d.c. and blocks it completely
whereas it allows a.c. to pass through it.

Input coupling capacitor Cin: The input capacitor Cin is used for coupling the a.c. input
voltage to the base of the transistor. It blocks any d.c. component present in the input
signal.

Output coupling capacitor Co: The output capacitor Co is used to couple the amplifier
output to the load resistance. It allows only a.c. part of amplified output to the load
resistance.
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Bypass capacitor CE: An emitter bypass capacitor CE is used in parallel with RE to
provide low reactance path to the amplified a.c. signal. If it is not used, then amplified
a.c. signal flowing through RE will cause voltage drop across it, thereby reducing output
voltage.

3.5 FREQUENCY RESPONSE OF SINGLE STAGE AMPLIFIER
The performance of an amplifier can be judged by observing all frequency components
of the input signal are amplified equally well. This can be studied by frequency response
curve.
The frequency response curve is a graph of gain of amplifier versus frequency of input
signal. This curve shows how the voltage gain changes with respect to the frequency of
an amplifier.

Fig 3.6 Frequency response of an amplifier
Practically the frequency response of an amplifier Is not flat over the entire operating
frequency region. The practical frequency response can be divided into three regions as
follows:

1.

1.

Low frequency region

2.

Mid frequency region

3.

High frequency region

Low frequency region :
In the low frequency region, the gain or output voltage decreases due to the
increased reactance of the coupling and bypass capacitors.

2.

Mid frequency region :
In this region, gain and output Voltage remains constant.

3.

High frequency region :
In the region, the output Voltage and gain will decrease due to transistor internal
capacitances and stray capacitance.
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3.5.1 Bandwidth of an amplifier:

Fig 3.7 Frequency response, half power frequencies and band width.
In the mid frequency region, the gain of an amplifier is constant. It is denoted as Av (mid)

To fix the frequency range in which the amplifier gain is relatively large, a cut-off level of
0.707 Av (mid) Or 0.707 Vo (mid) is chosen. The corresponding frequencies f1 and f2 are
known as the half power frequencies. At frequencies f 1 and f 2, the power reduces to 50%
of power in mid frequency region. Therefore frequencies f 1 and f2 are known as the half
power frequencies.

The range of frequency over which the voltage gain is equal to or greater than 70.7% of
the maximum gain is known as bandwidth. From above graph, it is clear that for any
frequency lying between f1 and f2, the gain is equal to or greater than 70.7% of the
maximum gain.

The bandwidth of the amplifier is defined as the difference between the half power
frequencies.
Bandwidth = f 2 – f1 Hz
3.5.2 Cut off frequencies:
Lower cut off frequency (f1) or fL :
It is the frequency of the input sign at which the amplifier gain or output voltage reduce
to 70.7% of their mid frequency range value. f1 is always less than f2. And f1 is few tens
of HZ.
Upper cut off frequency (f2) or fH :
It is the frequency of the input signal at which the amplifier gain or output voltage reduce
to 70.7% of their mid frequency range value. f2 is always higher than f1 and f2 is few
KHz.

3.6 SUMMARY


Amplification is a process of adding strength to input signal without changing its shape.

 Voltage Gain: (Av)
It is ration of output Voltage (Vo) to the Input Voltage (Vi)
Voltage Gain Av =

Output Voltage
Input Current

Vo
Io
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 Current Gain: (Ai)
It is ratio of Output current to input current.
Current Gain Ai =

Output Current
Input Current

Io
Ii

 Power Gain: (Ap)
It is ratio of Output power to input power
Power Gain Ap =



When only one transistor is used for amplifying a signal, the circuit is known as single
stage amplifier.



Capacitor offers infinite reactance to d.c. and blocks it completely whereas it allows a.c.
to pass through it.



The frequency response of an amplifier Is not flat over the entire operating frequency
region.

 The practical frequency response can be divided into three regions : i) Low frequency
region ii) Mid frequency region
iii) High frequency region



At frequencies f 1 and f2, the power reduces to 50% of power in mid frequency region.
Therefore frequencies f 1 and f2 are known as the half power frequencies.

 The bandwidth of the amplifier is defined as the difference between the half power
frequencies.
Bandwidth = f 2 – f1 Hz

3.7 REVIEW QUESTIONS
1.

Explain the concept of amplification.

2. Define the terms: Av, Ai, Ap, Zi and Zo
3. How the transistor is used as an amplifier?
4. What do you understand by single stage amplifiers?
5.

Draw the circuit diagram of single stage amplifier. Explain the function of each
component.

6.

Explain the function of coupling capacitors and bypass capacitors in
amplifiers.

single stage

7. Explain the frequency response of an amplifier.
8. Define the term half power frequencies.

8. REFERENCE
□

‗Electronic Principles‘ 7th edition by Albert Malvino and David J Bates, Tata
McGraw Hill.

□ ‗Principles of electronics‘ 11th edition by V.K.Mehta and Rohit Mehta, S. Chand.
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1.

OBJECTIVES

After studying this chapter you should be able to






2.

Understand the need of cascading no. of amplifier.
Know the advantages and disadvantage of RC coupled amplifier.
Understand the application of RC coupled amplifier.
Understand the working of DC amplifiers and its frequency response.
State the advantages of Darlington pair.

INTRODUCTION

This chapter discusses various multistage transistor amplifiers and their practical
application. It may be noted that the practical amplifier is always a multistage amplifier. In a
transistor radio receiver, the number of amplification stages may be six or more. This
chapter also discusses the working and application of Darlington pair in electronics.

3.

BASIC CONCEPTS
The output from a single stage amplifier is usually insufficient to drive an output device.
Practically, there is limitation on the maximum value of voltage gain that can be obtained
from a single stage amplifier. Therefore additional amplification over two or three stages
is necessary. To achieve this, the output of each amplifier stage is coupled to the input of
the next stage. The resulting amplifier is known as multistage amplifier.
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There is a limit to how much gain can be achieved from a single stage amplifier. Single
stage amplifiers also have limits on input and output impedance. Multistage amplifiers
are used to achieve higher gain and to provide better control of input and output
impedances.

Two significant advantages that multistage amplifiers have over single stage amplifiers
are flexibility in input and output impedance and much higher gain.

4.3 CASCADING
The meaning of the word ―
Cascading” is to connect a number of amplifier stages to
each other with the output of the previous stage to the input of next stage as shown in
fig. below. Thus a multistage amplifier is obtained by cascading a number of amplifiers.

The most important parameter of amplifier are its input impedance, voltage gain, band
width and output resistance. Many times a single stage amplifier is not capable of
providing input and output impedances of correct magnitudes.

The required values of these parameter are dependent on the particular application.

It is generally not possible for a single stage amplifier to fulfill all the requirements. Hence
we have to use a multistage amplifier, which deals with these requirements.

Fig .4.1 multistage amplifier is obtained by cascading three amplifier
Good to Know:
An audio amplifier, refers to an amplifier that operates in the frequency range of 20
Hz to 20 KHz. Radio frequency (RF) amplifier is one that amplifies the frequencies above 20
KHz.

4.4 RC COUPLED AMPLIFIER
The output of first single stage is applied to the input of second stage amplifier using the
coupling circuit. If the RC (Resistance Capacitance) coupling is used, then resulting
multistage amplifier is known as RC coupled amplifier.
A typical R-C coupled transistor amplifiers is as shown in fig. below.
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Fig.4.2 Two stage R-C Coupled transistor amplifier
When a.c. signal is applied to the base of the first transistor, it is amplified and developed
across the out of the first stage. This amplified voltage is applied to the base of next
stage through the coupling capacitor Cc where it is further amplified and reappears
across the out put of the second stage. Thus the successive stages amplify the signal
and the overall gain is raised to the desired level. Much higher gains can be obtained by
connecting a number of amplifier stages in succession (one after the other).

Resistance-capacitance (RC) coupling is most widely used to connect the output of first
stage to the input (base) of the second stage and so on. It is the most popular type of
coupling because it is cheap and provides a constant amplification over a wide range of
frequencies. Fig. shows the circuit arrangement of a two stage RC coupled CE mode
transistor amplifier where resistor R is used as a load and the capacitor C is used as a
coupling element between the two stages of the amplifier.
R1, R2 and RE are the biasing resistors used separately for the two stages. Voltage
divider biasing is being used.

Due to the used of coupling capacitors the dc voltages will not be coupled from one
stage to the next stage will not be affected due to coupling. Thus due to RC coupling the
dc operating conditions in any stage remain unaffected.

The R-C network gives a wideband frequency response without introduction of peaks at
any frequencies. Therefore R-C coupling can be used for the AF amplifiers.

1.

Frequency response curve
The curve representing the variation of gain of an amplifier with frequency is known as
frequency response curve. It is shown in Fig. The voltage gain of the amplifier increases
with the frequency, f and attains a maximum value. The maximum value of the gain
remains constant over a certain frequency range and afterwards the gain starts
decreasing with the increase of the frequency. It may be seen to be divided into three
regions:
1) Low frequency range
2) Mid frequency range
3) High frequency range
Frequency response drops off at low frequencies due to the coupling capacitors and at
high frequencies due to the shunting effects of the internal capacitance of the transistor
and stray capacitances.
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Fig.4.3 Frequency response of on RC Coupled amplifier.
2.

Advantage of RC coupled amplifiers
1) It has excellent frequency response. The gain is constant over the audio frequency
range.
2) It has lower cost since it employs resistors and capacitors which are cheap.
3) The circuit is very compact.
4) Due to the capacitor, the d.c. biasing conditions of individual stages will remain
unchanged even after cascading.
5) The distortion in the output is low.

3.

Disadvantages
1)Impedance matching is poor.
2)

Overall Voltage gain is less.

3)

They have the tendency to become noisy with age.

4)Gain reduces at low frequencies due to coupling
Capacitors.
4.

Applications

The RC coupled amplifiers have excellent audio fidelity over a wide range of
frequency. Therefore, they are widely used as voltage amplifiers. For example,
1)

In public address amplifier system

2)

Tape recorder

3)

TV, VCR and CD Player

4)

Stereo amplifiers
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4.5 DIRECT COUPLED AMPLIFIERS
There are many applications in which extremely low frequency signal (<10 Hz) are to be
amplified e.g. amplifying photoelectric current, thermo electric current etc. The coupling
devices such as capacitances and transformers cannot be used because the electrical
sizes of these components become very large at extremely low frequencies. Under such
conditions, one stage is directly connected to the next stage without any coupling circuit.
This type of coupling is known as direct coupling. The resulting multistage amplifier is
known as Direct Coupled (DC) amplifier.

Fig.4.4 A two stage direct coupled amplifier
Due to direct coupling, both dc and ac voltages are coupled from first stage to the
second stage. Therefore the Q point of the second stage will change depending on the
coupled signal.
The low frequency response is better than due to the absence of the coupling capacitors
in the circuit.
Due to changes in temperature, the temperature dependent parameters such as VBE Or
of transistor Q1 will change. Due to these changes the collector current and voltage of
Q1 will change. The direct coupling will couple these changes to the second stage and to
the output. This problem is known as ―
Drift‖.
1.

Advantage of direct Coupled Amplifier.
1)Due to absence of coupling capacitors, the gain does not
reduce on the lower frequency side.
2)

This amplifier can amplify even the dc signal.

3)

Wide frequency response.

4)

Reduced cost and complexity.

2.

Disadvantages:
1)

The dc biasing conditions of the individual stages do not remain same after
cascading.
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2)

The output waveform has a dc shift.

3)

Poor frequency response at higher frequencies.

4)

Poor temperature stability.

3.

Applications:
1)

In the operational amplifiers (OP-AMPs)

2)

In the analog computation

3)

In the linear power supplies (Voltage regulators)

4.6 DARLINGTON PAIR
The Darlington connection of two BJTs is as shown in fig. The two transistors Q 1 and Q2
are connected.

Fig. 5 a) Darlington connection
of transistors

b)Equivalent Darlington
transistor.

As seen, the collectors of the two transistors are connected together, emitter of Q 1 is
connected to the base of Q2 and emitter of Q2 acts as the emitter of the Darlington
connection.
The important feature of the Darlington connection is that the composite transistor will
act as a single unit, the current gain of which is equal to the product of individual current
gains β1
and β2.
Then overall current gain of Darlington pair is given byβ = β1 β2

It is possible to connect two different transistor readily available in market.
Since its current gain is much higher, a Darlington connection can have a very high input
impedance and can produce large output currents.
Darlington connections are often used with voltage regulators, power amplifiers and high
current switching applications.
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4.7 SUMMARY


There is limitation on the maximum value of voltage gain that can be obtained from a
single stage amplifier.



The meaning of the word ―
Cascading‖ is to connect a number of amplifier stages to each
other with the output of the previous stage to the input of next stage.



The advantages of multistage amplifiers have over single stage amplifiers are flexibility in
input and output impedance and much higher gain.



The output of first single stage is applied to the input of second stage amplifier using the
coupling circuit. If the RC (Resistance Capacitance) coupling is used, then resulting
multistage amplifier is known as RC coupled amplifier.

 Frequency response of RC coupled amplifier drops off at low frequencies due to the
coupling capacitors and at high frequencies due to the shunting effects of the internal
capacitance of the transistor and stray capacitances.
 Output of single stage amplifier is directly connected to the next stage without any
coupling circuit. This type of coupling is known as direct coupling. The resulting
multistage amplifier is known as Direct Coupled (DC) amplifier.



Due to direct coupling, both dc and ac voltages are coupled from first stage to the
second stage.

 The important feature of the Darlington connection is that the composite transistor will
act as a single unit, the current gain of which is equal to the product of individual current
gains β1
and β2.

8.

REVIEW QUESTIONS
1. Derive the expression for voltage gain of a multistage amplifier having n
amplifiers cascaded.
2. Draw a labelled circuit diagram of a two stage RC coupled amplifier.
3. Write a short note on DC amplifiers.
4. What do you understand by multistage amplifier? Mention its need.
5. What are the advantages and disadvantages of RC coupled amplifier?
6. What are the advantages and disadvantages of DC coupled amplifier?
7. With the help of neat circuit diagram explain Darlington pair.
8. What are the advantages of Darlington pair?

9. REFERENCE
‗Electronic Principles‘ 7th edition by Albert Malvino and David J Bates, Tata
McGraw Hill.
□ ‗Principles of electronics‘ 11th edition by V.K.Mehta and Rohit Mehta, S. Chand.
□
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5
FEEDBACK AND OSCILLATORS
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9.

Summary

10. Review Questions
11. References

1.

OBJECTIVES

After studying this chapter you should be able to







2.

Define positive and negative feedback.
Understand the advantages and disadvantages of negative feedback.
Understand the advantages and disadvantages of negative feedback.
Understand the basic concept of oscillators.
Describe the operation of RC phase shift oscillator.
Describe the operation of LC oscillator.

INTRODUCTION
This chapter discusses the positive and negative types of feedback. It also discusses the
use of the feedback in amplifiers and oscillators.

At frequencies under 1 MHz, we can use RC oscillators to produce almost perfect
sinewave. These low frequency oscillators use transistor and RC resonant circuits to
determine the frequency of oscillation. Above 1MHz, LC oscillators are used. These high
frequency oscillators use transistors and LC resonant circuits.
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5.2 CONCEPT OF FEEDBACK
Feedback is defined as the process in which a part of output signal (voltage or current) is
returned back to the input. The amplifier that operates on the principle of feedback is
known as feedback amplifies. In the feedback process a part of output is sampled and fed
back to the input.

Thus at the input of an amplifier using feedback two signals will be simultaneously present.
One of them is the original input signal itself and the other one is the fed back signal.

Depending upon whether feedback energy aids or opposes the input signal, there are two
basic types of feedback:
o 1) Positive feedback
2) Negative feedback.

If the original input signal and the feedback signal are in phase, the feedback is called as
positive feedback. However if these two signals are out of phase then the feedback is
called as negative feed back.
Positive feedback is used in oscillator and negative feedback is used in amplifier.

5.3 NEGATIVE FEEDBACK
When the feedback energy (voltage or current) is out of phase with the input signal
and thus opposes it, it is called negative feedback. This is illustrated in below fig. The
amplifier introduces a phase shift of 180o into the circuit while the feedback network is so
designed that it introduces no phase shift. (ie 0o phase shift) The result is that the feedback
voltage Vf is 180o out of phase with the input signal Vin.

Fig.5.1 negative feedback
5.3.1

Disadvantages of Negative Feedback

1. Negative feedback reduces the gain of the amplifier.
2. Reduction in input resistance in case of voltage shunt and current shunt type
amplifier.
3. Increase in output resistance in case of current shunt and
amplifiers.

current series feedback
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5.3.2

Advantages of Negative Feedback.

1. Negative feedback stabilizes the gain of the amplifier.
2. There is a significant increase in the bandwidth of the amplifier.
3. Distortion in the amplifier output are reduced.
4. Input resistance increases for certain feedback configurations.
5. Output resistance decreases for certain feedback configurations.
6. Operating point is stabilized.

5.4 POSITIVE FEEDBACK
The positive feedback is used in oscillators. The concept of positive feedback can be
explained with the help of fig 5.2

Fig. 5.2 Positive feedback

An oscillator is an amplifier with positive feedback. A part of the output is fed back
through the feedback network and mixer to the amplifier input. The feedback energy
(voltage or currentΨis ―
in phase‖ with the original input signal as shown in fig. 2

As the phase shift introduced by the feedback network is 0o. The positive feedback
increases the gain of the amplifier.

5.4 OSCILLATOR

Oscillators are circuits that produce specific, periodic waveforms such as square,
triangular, sawtooth, and sinusoidal. There are two main classes of oscillator: relaxation
and sinusoidal. Relaxation oscillators generate the triangular, sawtooth and other
nonsinuoidal waveforms and are not discussed in this chapter. The focus here is on sine
wave oscillators, created using transistor amplifier.

Many electronic devices require a source of energy at a specific frequency which may
range from few Hz to several MHz. This can be achieved by an electronic device called
an oscillator.
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Oscillators are basically ac signal generators which you use in our laboratories.
Oscillators generate alternating voltage of desired shape (sine, square, triangular etc), at
desired frequency. The output voltage and frequency of an oscillator can be variable
Block diagram of a basic oscillator is shown in Fig. below.

Fig.5. 3 Oscillator

As seen from fig. the oscillator operates on a dc power supply +V volts and more
importantly it produces an alternative output voltage without any alternating input
voltage. Oscillators operates on the principle positive Feedback.

An amplifier will work as an oscillator and only if it satisfies a set of conditions called the
―
Barkhausen criterion‖.
1.

Barkhausen criterion:
The Barkhausen criterion states that :1. The loop phase shift must be 0° or 360°
A oscillator will operate at that frequency for which the total phase shift introduced,
as the signal proceeds from input terminals, through the amplifier and feedback
network and back again to the input is precisely 0o or 360 o or integral multiple of
360 o.
2.

The loop gain must be slightly greater than unity.
At the Oscillator Frequency, the magnitude of the product of open loop again of
the amplifier A and the feedback factor B is equal to or greater than unity.

AB

1

The product is called as the ―
loop gain‖.
There conditions are diagrammatically illustrated in fig.
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Thank You
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