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Unit    I      Band Structures of Semiconductor



Types of Solids

Conductors

Insulators

Semiconductors



Conductors

No gap between 
Conduction band and 
Valence band

Electrical and thermal 
conductivity are high 
(Metals)

The conductivity varies 
with temperature.



Insulators

Very large gap between CB 
and Valence Band

Electrical conductivity is 
practically zero.

( Polymers, Wood)



Semiconductors

Small gap ( 0.7 to 3eV) 
between VB and CB

Conductivity is zero at low 
temperature and high 
at room temperature.

( Si, Ge, GaAs, etc.,)

Conductivity is a constant.



Types of Semiconductors



Intrinsic Semiconductor
Pure semiconductors are intrinsic 

semiconsuctors.

The conductivity is not stable 
with temperature.

They are not practically used.

Extrinsic Semiconductors
To improve the conduction property 

of intrinsic semiconductors a 
small amount of impurity is 
added. ( 105 : 1 )

Such semiconductors are extrinsic 
semiconductors or doped 
semiconductors.

The process of adding impurities is 
doping.



Extrinsic semiconductors

N – Type Semiconductor
Semiconductors like Si, Ge has 
valence four.

Doped with impurities having 
valency five ( P, As)

Excess one electron

Donor impurity 

Majority carriers are electrons 

( negative charges)

P – Type Semiconductor
Semiconductors like Si, Ge has 
valence four.

Doped with impurities having 
valence three ( Al, Ga)

Shortage of one elctron ( hole )

Acceptor impurity

Majority carriers holes 

( Positive charges)



Extrinsic ( Doped) Semiconductors



P- N  Junction Diode

P –Type,  Majority Carriers Holes, Minority Carriers Electrons

N –Type,  Majority Carriers Electrons, Minority Carriers Holes



Biasing a PN Diode

Forward Bias

( P – to Positive and N – to Negative)

Reverse Bias
( P – to Negative and N – to Positive)



PN Diode Characteristic Curve – Avalanche Breakdown

Forward Bias  - Current increase with voltage , current is in Milli Ampere.

Reverse Bias – First the current is minimum  up to breakdown voltage.

Current is in Micro Ampere.

At breakdown, high current 

flows.           



Zener Diode

• Zener diode consists of a special, heavily
doped p-n junction, designed to conduct in
the reverse direction when a certain
specified voltage is reached.

• An Avalanche breakdown is a form of electric
current conduction that allows a very large
current to pass through a diode. This may
permanently damage a conventional diode.

• In contrast to the conventional diode, Zener
diode exhibits a controlled breakdown.

• When we increase the voltage through Zener
diode in reverse bias mode, first current
increases uniformly with it but after it
reaches the breakdown state, the current
increases massively for a very small or
negligible change in voltage.

• The change is sharper in the Zener diode
than the normal diode.

• Used in Voltage regulation.



Tunnel Diode

Definition: A heavily doped two-terminal
semiconductor device through which
electric current flows because of tunneling
of electrons is known as Tunnel Diode

Tunneling basically denotes the penetration of
electrons through the depletion region. As
heavily doped diode has a thin depletion
region.

Initially, the current increases with the
increase in the applied voltage and a peak
of forward current is reached. This is
clearly represented by point x.

After reaching the maximum value, the
current now starts decreasing. This region
of the decrease in current in the graph is
specifically termed as a negative
resistance region.

After this region valley point y is achieved
which shows the decrement of the
current nearly up to zero.

But, as the potential is increased further, the 
device now starts behaving as normal 
junction diode. Thus, the current begins to 
increase from this particular point.                   



Advantages of Tunnel Diode
It is a low power consuming device.
It is not expensive.
A tunnel diode is easy to operate and provides  

high-speed operation.

Disadvantages of Tunnel Diode
The abrupt change in load current with applied 

voltage is sometimes treated as its drawback.
Proper isolation between input and output is not 

maintained as it is a two terminal device.

Applications of Tunnel Diode
It is widely used in microwave and high-frequency 

applications because of its fast response.
It can be also used as amplifiers and in oscillator 

circuits.



Photodiode
• A photodiode is a PN junction diode that

produce electric current due to incident light.

• It is also called as photo-detector, a light

detector, and photo-sensor.

• These diodes are designed to work in reverse

bias condition.

• When a photon of energy hv strikes the diode,

it produces an electron-hole pair. The

absorption arises in the depletion region

( junction ).

• The holes move toward the anode, and

electrons move toward the cathode, and a

photocurrent will be generated.

• The entire current through the diode is the sum

of the dark current and the photocurrent.

Dark Current: The  electric current flowing in a 

photodiode when there is no incident light. 

Applications: Charge-coupled devices, 
photoconductors, and photomultiplier tubes.

Used in consumer electronics devices like smoke 
detectors, compact disc players, and televisions 
and remote controls in VCRs 



Continuity Equation

• Consider a semiconductor with area 
of cross – section A

• Let  n – be the electron concentration 
and p – be the hole  concentration.

• Jn and Jp be the current density due 
to electrons and holes.

• Consider a small region with 
thickness dx, through which carriers 
are flowing.



Continuity Equation

• The continuity equation describes a basic concept, namely that a change in carrier 
density over time is due to the difference between the incoming and outgoing flux 
of carriers plus the generation and minus the recombination.

• The rate of change of the carriers between x and x + dx equals the difference 
between the incoming flux and the outgoing flux plus the generation and minus 
the recombination:

• where n(x,t) is the carrier density, A is the area of cross section, Gn(x,t) is the 
generation rate and Rn(x,t) is the recombination rate. Using a Taylor series 
expansion,

• This equation can be formulated as the function of derivative of current:



and similarly for holes ,

A solution of these equations yields two partial differential equations  as a function of electron 
and hole density and electric field. Dn and Dp are diffusion coefficients of electron and holes.

• A generalization in three dimensions yields the following continuity equations for electrons 
and holes



Unit II     Transistors



Two Port Network Analysis

• A two port network is an electrical
network model with one pair of
input terminals and one pair of
output terminals. It is commonly
used to model the voltage and
current characteristics of complex
electrical networks.

• A single phase transformer is an
ideal example of two port network.

When an electrical signal is applied
across the input ports, there would
be an electrical signal across output
ports.



The relation between input
and output signals of the network can
be determined by transferring various
network parameters, such as,
impedance, admittance, voltage ratio
and current ratio.

The transfer voltage ratio is

The transfer current ratio is

The transfer impedance ratio is,

The transfer admittance is,



h – Parameters  ( Hybrid Parameters)

h – parameters are also known as hybrid 
parameters.

In hybrid parameter circuit, voltage gain, 
current gain, impedance and admittance 
are used to determine relation between 
current and voltage of two port network.

Equivalent Circuit of a Two Port Network



Hence,



Transistors



Transistors – Input Output Characteristics

• In a junction transistor, the Emitter (E), Base (B) and Collector (C) are the only three terminals available. 

Hence, in any circuit, one of these terminals has to be common to both input and output connections. 

Therefore, the junction transistor can be connected in either of these configurations:

(i) CE or Common Emitter  (ii)  CB or Common Base  (iii) CC or Common Collector

• Among these, the junction transistor is most widely used in the Common Emitter configuration. Also, the 

n-p-n Silicon transistors are used more commonly than the p-n-p transistors. Hence, we will look at the 

characteristics and configurations of an n-p-n Silicon transistor in Common Emitter Configuration.

• Input Characteristics: The curve describes the changes in the values of input current with the variation in 

the values of input voltage keeping the output voltage constant.

• Output Characteristics: The curve is got by plotting the output current against output voltage keeping 

the input current constant.



The three important characteristics of a 
transistor in any mode are (i) input characteristics (ii) output 
characteristics and (iii) transfer characteristics. The circuit to 
study the characteristic curves of NPN transistor in common 
emitter mode is as shown in Fig.
(i) Input characteristics

Input characteristic curve is drawn between the 
base current (IB) and voltage between base and emitter (VBE), 
when the voltage between collector and emitter (VCE) is kept 
constant at a particular value. VBE is increased in suitable 
equal steps and corresponding base current is noted. The 
procedure is repeated for different values of VCE

IB values are plotted against VBE for constant VCE.
The input characteristic thus obtained is shown in Fig. The
input impedance of the transistor is defined as the ratio of
small change in base - emitter voltage to the corresponding
change in base current at a given VCE.

The input impedance of the transistor is defined
as the ratio of small change in base - emitter voltage to the
corresponding change in base current at a given VCE.

∴ Input impedance, ri = (∆VBE/∆IB) , VCE -
Constant.

The input impedance of the transistor in CE mode is very
high.



(ii) Output characteristics

Output characteristic curves are drawn between IC and VCE, when IB is kept constant.

The base current IB is kept at a constant value, by adjusting the base emitter voltage VBE. VCE is increased in equal steps

and the corresponding collector current IC is noted. The procedure is repeated for different values of IB. Now, Ic versus

VCE curves are drawn for different values of IB. The output characteristics thus obtained are represented in Fig.

Saturation region : The initial part of the curve (ohmic region, OA) is called saturation region. i.e., The region in between

the origin and knee point. (Knee point is the point, where Ic is about to become a constant).

Cut off region : There is very small collector current in the transistor, even when the base current is zero (IB = 0). In the

output characteristics, the region below the curve for IB = 0 is called cut off region. Below the cut off region, the transistor

does not function.

Active region : The central region of the curves is called active region. 

In the active region, the curves are uniform. In this region, E-B junction 

is forward biased and C-B junction is reverse biased.

The output impedance ro is defined as the ratio of variation in the 

Collector emitter voltage to the corresponding variation in the collector

current at a constant base current in the active region of the transistor 

characteristic curves.

output impedence,   ro = (∆VCE/ ∆IC)       When,  IB   - Constant.

The output impedance of a transistor in CE mode is low.



(iii) Transfer characteristics

The transfer characteristic curve is drawn between IC and IB, when VCE is kept constant at a 

particular value. The base current IB is increased in suitable steps and the collector current IC is noted 

down for each value of IB. The transfer characteristic curve

is shown in Fig.  The current gain is defined as the ratio of a small 

change in the collector current to the corresponding change in the 

base currentat a constant VCE.

Current gain, β = (∆IC/ ∆IB) VCE - Constant

The common emitter configuration has high input impedance, 

low output impedance and higher current gain when compared 

with common base configuration.



Load Line and Q- Point

Operating point  / Quiescent Point / Q - Point

The value of the maximum possible collector
current is considered, that point will be present on the Y-
axis, which is the saturation point. ( A)

Similarly, The value of the maximum possible
collector emitter voltage is considered, that point will be
present on the X-axis, which is the cut-off point. (B)

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

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 .



Transistor Biasing

The steady state operation of a transistor depends a great deal on its base
current, collector voltage, and collector current values and therefore, if the
transistor is to operate correctly as a linear amplifier, it must be properly biased
around its operating point.

Establishing the correct operating point requires the selection of bias
resistors and load resistors to provide the appropriate input current and collector
voltage conditions. The correct biasing point for a bipolar transistor, either NPN or
PNP, generally lies somewhere between the two extremes of operation with respect
to it being either “fully-ON” or “fully-OFF” along its DC load line. This central
operating point is called the “Quiescent Operating Point”, or Q-point for short.

When a bipolar transistor is biased so that the Q-point is near the middle
of its operating range, that is approximately halfway between cut-off and
saturation, it is said to be operating as a Class-A amplifier. This mode of operation
allows the output voltage to increase and decrease around the amplifiers Q-point
without distortion as the input signal swings through one complete cycle. In other
words, the output is available for the full 360o of the input cycle.



Fixed  Base Bias

The circuit shown is called as a “fixed base bias
circuit”, because the transistor’s base current, IB remains
constant for given values of Vcc, and therefore the transistors
operating point must also remain fixed. This network is used to
establish the initial operating region of the transistor using a
fixed current bias.

This type of transistor biasing arrangement is also
called beta dependent biasing as the steady-state condition of
operation is a function of the transistors beta β value. The
emitter diode of the transistor is forward biased by applying the
required positive base bias voltage via the current limiting
resistor RB.

Assuming a standard bipolar transistor, the forward
base-emitter voltage drop would be 0.7V. Then the value of RB is
simply: (VCC – VBE)/IB where IB is defined as IC / β.

With this single resistor type of biasing
arrangement the biasing voltages and currents do not remain
stable during transistor operation and can vary enormously. Also
the operating temperature of the transistor can adversely effect
the operating point.



Emitter Feed Back Bias

This type of transistor biasing configuration,
often called self-emitter biasing, uses both emitter and
base-collector feedback to stabilize the collector current
even further. This is because resistors RB1 and RE as well as
the base-emitter junction of the transistor are all effectively
connected in series with the supply voltage, VCC.

The downside of this emitter feedback
configuration is that it reduces the output gain due to the
base resistor connection. The collector voltage determines
the current flowing through the feedback
resistor, RB1 producing what is called “degenerative
feedback”.

The current flowing from the emitter, IE (which
is a combination of IC + IB) causes a voltage drop to appear
across RE in such a direction, that it reverse biases the base-
emitter junction.



So if the emitter current increases, due to an increase in collector current, voltage

drop I*RE also increases. Since the polarity of this voltage reverse biases the base-emitter
junction, IB automatically decrease.

Generally, resistor values are set so that the voltage dropped across the emitter
resistor RE is approximately 10% of VCC and the current flowing through resistor RB1 is 10% of the
collector current IC. Thus this type of transistor biasing configuration works best at relatively low
power supply voltages.



Universal divider bias

Here the common emitter transistor
configuration is biased using a voltage divider
network to increase stability. The name of this biasing
configuration comes from the fact that the two
resistors RB1 and RB2 form a voltage or potential
divider network across the supply.

This voltage divider biasing configuration
is the most widely used transistor biasing method.
The emitter diode of the transistor is forward biased
by the voltage value developed across resistor RB2.
Also, voltage divider network biasing makes the
transistor circuit independent of changes in beta as
the biasing voltages set at the transistors base,
emitter, and collector terminals are not dependent on
external circuit values.



Generally the voltage drop across resistor RB2 is much less than for
resistor RB1. Clearly the transistors base voltage VB with respect to ground, will be equal to the
voltage across RB2.
The amount of biasing current flowing through resistor RB2 is generally set to 10 times the value of
the required base current IB so that it is sufficiently high enough to have no effect on the voltage
divider current or changes in Beta.

The goal of Transistor Biasing is to establish a known quiescent operating point, or Q-
point for the bipolar transistor to work efficiently and produce an undistorted output signal. Correct
DC biasing of the transistor also establishes its initial AC operating region with practical biasing
circuits using either a two or four-resistor bias network.



Amplifiers

An amplifier, electronic amplifier or (informally) amp is an electronic device

that can increase the power of a signal (a time-varying voltage or current). It is a two-port

electronic circuit that uses electric power from a power supply to increase the amplitude of

a signal applied to its input terminals, producing a proportionally greater amplitude signal at

its output. The amount of amplification provided by an amplifier is measured by its gain: the

ratio of output voltage, current, or power to input. An amplifier is a circuit that has a power

gain greater than one.



CE Amplifiers

The transistors are inherently
nothing but the current-controlled devices
wherein a small change in the base current, IB
results in a large variation in the collector
current, IC.

Figure 1 shows a simple common
emitter circuit which uses an npn transistor
whose collector terminal (output terminal) is
connected to supply voltage VCC through the
collector resistor RC.

Base terminal is provided with the
AC signal which needs to be amplified.

Emitter terminal is grounded
(hence also referred to as Grounded Emitter
configuration).



In this kind of arrangement, as the input voltage Vi increases, the base current IB
also increases which in turn increases the collector current IC. This causes an increase in

the voltage drop across the collector resistor, RC which results in a decreased output

voltage V0 as emphasized by the following relationship

Similarly as the input voltage goes on decreasing, IB and hence IC decrease, due to

which the voltage drop across RC also decreases thereby increasing the output voltage.

This indicates that for the positive half-cycle of the input waveform, one would get amplified

negative half-cycle while for the negative input pulse, the output would be a amplified

positive pulse. Hence there exists a phase-shift of 180o between the input and the output

waveforms of the common emitter amplifier for which it is also referred to as Inverting

Amplifier.



In the circuit shown by Figure 2,
the resistors R1 and R2 are used to provide bias
for the base of the transistor (voltage-divider
transistor biasing ) while the emitter resistor
RE is used to ensure that proper DC conditions
are maintained for the circuit by regulating
the amount of DC feedback.

Further the circuit also employs the
capacitors Ci and Co which are the decoupling
capacitors used to provide AC coupling
between the amplifier stages. The values of
these capacitances are chosen to such that they
provide negligible reactance at the frequency
of operation.

In particular, the value of the input
capacitance Ci should be chosen to be equal to
the resistance of the input circuit at the lowest
frequency such that it results in a -3 dB fall
at this frequency. In addition, the value of the
output capacitor Co is chosen so that it is equal
to the circuit resistance at the lowest operating

frequency.



Further the emitter voltage VE is chosen to be 10% of the supply voltage VCC to
ensure a good level of DC stability and the current through R1 which is I1 is chosen to be 10
times the required base current. Here it is to be noted that, even I2 will be of almost the
same value as the base current IB will be negligible. The emitter bypass capacitor CE when
added into the circuit, increases its gain considerably by short-circuiting the emitter
resistance RE for high frequency signals, which results in the reduction of the overall
transistor load. The value of this CE is chosen such that the capacitor offers a reactance
value which is equal to the 1/10th of RE at the lowest operating frequency.
Having known the design strategies for the common emitter amplifier, one would be
interested to know the mathematical expressions for its current and the voltage gains
which are given as



These common emitter amplifiers are most
widely used say for example as low noise amplifiers and
radio frequency amplifiers, as they offer medium
input resistance, medium output resistance,
medium voltage gain, medium current gain
and high power gain.



Unit III   Amplifiers



Amplifiers

An amplifier, electronic amplifier or (informally) amp is an electronic device that can

increase the power of a signal (a time-varying voltage or current). The amount of amplification

provided by an amplifier is measured by its gain: the ratio of output voltage, current, or power to

input. An amplifier is a circuit that has a power gain greater than one.



CASCADE   AMPLIFIER
A cascade amplifier is a two-port network designed with

amplifiers which are connected in series. Here every amplifier transmits its
output as input to the next amplifier. The two stages of cascaded CE
(common-emitter) are shown in the following circuit. The complete gain
cannot be the result of the individual stages.

This amplifier is used to enhance the strength of a signal in
a TV receiver. In this amplifier, the primary stage of the amplifier is
connected to the secondary stage of the amplifier.

Even though the amplifier’s gain mainly depends on
parameters of the device as well as components of the circuit, there exists
a higher limit of gain for a single-stage amplifier. Therefore, the gain of a
single stage amplifier cannot be sufficient in practical application.

To over come this trouble, we require two or more
stages to amplify the overall amplifier’s voltage gain. The main drawback
of the cascade amplifier is when several stages increases then the
bandwidth will decrease.



Construction of a Two-stage RC Coupled Amplifier

The constructional details of a two-stage RC
coupled transistor amplifier circuit are as follows. The
two stage amplifier circuit has two transistors, connected
in CE configuration and a common power supply VCC is
used. The potential divider network R1 and R2 and the
resistor Re form the biasing and stabilization network.
The emitter by-pass capacitor Ce offers a low reactance
path to the signal.

The resistor RL is used as a load impedance.
The input capacitor Cin present at the initial stage of the
amplifier couples AC signal to the base of the transistor.
The capacitor CC is the coupling capacitor that connects
two stages and prevents DC interference between the
stages and controls the shift of operating point. The
figure below shows the circuit diagram of RC coupled

amplifier.



Operation of RC Coupled Amplifier

When an AC input signal is applied to the base of first transistor, it gets amplified and appears at the

collector load RL which is then passed through the coupling capacitor CC to the next stage. This becomes the input

of the next stage, whose amplified output again appears across its collector load. Thus the signal is amplified in

stage by stage action. The important point that has to be noted here is that the total gain is less than the product of

the gains of individual stages. This is because when a second stage is made to follow the first stage, the effective

load resistance of the first stage is reduced due to the shunting effect of the input resistance of the second stage.

Hence, in a multistage amplifier, only the gain of the last stage remains unchanged.

Frequency Response of RC Coupled Amplifier

Frequency response curve is a graph that indicates the relationship between voltage gain and

frequency. The frequency response of a RC coupled amplifier is as shown in the following graph.

From the above graph, it is understood that the voltage gain rolls off or decreases for the frequencies

below 50Hz and for the frequencies above 20 KHz whereas the voltage gain for the range of frequencies between

50Hz and 20 KHz is constant. We know that,

𝑋𝑐 =
1

2π𝑓𝑐

It means that the capacitive reactance is inversely proportional to the frequency.



At Low frequencies (i.e. below 50 Hz)

At low frequencies, the reactance is quite high. The reactance of
input capacitor Cin and the coupling capacitor CC are high , so that, only small part
of the input signal is allowed. The reactance of the emitter by pass capacitor CE is
also very high during low frequencies. Hence it cannot shunt the emitter resistance
effectively. With all these factors, the voltage gain rolls off at low frequencies.

At High frequencies (i.e. above 20 KHz)

Again considering the same point, we know that the capacitive
reactance is low at high frequencies. So, a capacitor behaves as a short circuit, at
high frequencies. As a result of this, the loading effect of the next stage increases,
which reduces the voltage gain. Along with this, as the capacitance of emitter diode
decreases, it increases the base current of the transistor due to which the current
gain (β) reduces. Hence the voltage gain rolls off at high frequencies.

At Mid-frequencies (i.e. 50 Hz to 20 KHz)

The voltage gain of the capacitors is maintained constant in this
range of frequencies, as shown in figure. If the frequency increases, the reactance
of the capacitor CC decreases which tends to increase the gain. But this lower
reactance increases the loading effect of the next stage by which there is a
reduction in gain. Due to these two factors, the gain is maintained constant.



Advantages of RC Coupled Amplifier

The frequency response of RC amplifier provides constant gain over a wide
frequency range, hence most suitable for audio applications.

The circuit is simple and has lower cost because it employs resistors and
capacitors which are cheap.

It becomes more compact with the upgrading technology.

Disadvantages of RC Coupled Amplifier

The voltage and power gain are low because of the effective load resistance.

They become noisy with age.

Due to poor impedance matching, power transfer will be low.

Applications of RC Coupled Amplifier

They have excellent audio fidelity over a wide range of frequency.

Widely used as Voltage amplifiers

Due to poor impedance matching, RC coupling is rarely used in the final
stages.



Transformer Coupled Amplifier

The amplifier circuit in which, the
previous stage is connected to the next stage
using a coupling transformer, is called as
Transformer coupled amplifier.

The coupling transformer T1 is
used to feed the output of 1st stage to the
input of 2nd stage. The collector load is
replaced by the primary winding of the
transformer. The secondary winding is
connected between the potential divider and
the base of 2nd stage, which provides the input
to the 2nd stage. Instead of coupling capacitor
like in RC coupled amplifier, a transformer is
used for coupling any two stages, in the
transformer coupled amplifier circuit.

The figure below shows the circuit
diagram of transformer coupled amplifier.

The potential divider network
R1 and R2 and the resistor Re together form
the biasing and stabilization network. The
emitter by-pass capacitor Ce offers a low
reactance path to the signal. The input
capacitor Cin present at the initial stage of the
amplifier couples AC signal to the base of the
transistor.



Operation of Transformer Coupled Amplifier
When an AC signal is applied to the input of the base of the first

transistor then it gets amplified by the transistor and appears at the collector to
which the primary of the transformer is connected.

The transformer which is used as a coupling device in this circuit has the
property of impedance changing, which means the low resistance of a stage (or
load) can be reflected as a high load resistance to the previous stage. Hence the
voltage at the primary is transferred according to the turns ratio of the secondary
winding of the transformer.

This transformer coupling provides good impedance matching between
the stages of amplifier. The transformer coupled amplifier is generally used for
power amplification.

Frequency Response of Transformer Coupled Amplifier
The figure below shows the frequency response of a transformer coupled

amplifier. The gain of the amplifier is constant only for a small range of frequencies.
The output voltage is equal to the collector current multiplied by the reactance of
primary.

At low frequencies, the reactance of primary begins to fall, resulting in
decreased gain. At high frequencies, the capacitance between turns of windings acts
as a bypass condenser to reduce the output voltage and hence gain.

So, the amplification of audio signals will not be proportionate and some
distortion will also get introduced, which is called as Frequency distortion.



Advantages and Disadvantages

Advantages of Transformer Coupled Amplifier
• An excellent impedance matching is provided.
• Gain achieved is higher.
• There will be no power loss in collector and base resistors.
• Efficient in operation.
Disadvantages of Transformer Coupled Amplifier
• Though the gain is high, it varies considerably with frequency. Hence a poor

frequency response.
• Frequency distortion is higher.
• Transformers tend to produce hum noise.
• Transformers are bulky and costly.
Applications
• Mostly used for impedance matching purposes.
• Used for Power amplification.
• Used in applications where maximum power transfer is needed.



Direct Coupled Amplifiers

As no coupling devices are
used, the coupling of the amplifier
stages is done directly and hence called
as Direct coupled amplifier.
Construction

The figure below indicates the
three stage direct coupled transistor
amplifier. The output of first stage
transistor T1 is connected to the input of
second stage transistor T2

The transistor in the first
stage will be an NPN transistor, while
the transistor in the next stage will be a
PNP transistor and so on. This is
because, the variations in one transistor
tend to cancel the variations in the
other. The rise in the collector current
and the variation in β of one transistor
gets cancelled by the decrease in the

other.

.



Operation
The input signal when applied at the base of transistor T1, it gets

amplified due to the transistor action and the amplified output appears at the
collector resistor Rc of transistor T1. This output is applied to the base of transistor
T2 which further amplifies the signal. In this way, a signal is amplified in a direct
coupled amplifier circuit.
Advantages
• The circuit arrangement is simple because of minimum use of resistors.
• The circuit is of low cost because of the absence of expensive coupling devices.
Disadvantages
• It cannot be used for amplifying high frequencies.
• The operating point is shifted due to temperature variations.
Applications
• Low frequency amplifications.
• Low current amplifications.



Comparison of RC, Transformer and Direct 
Coupled AmplifiersS.No Particular RC Coupling

Transformer 
Coupling

Direct Coupling

1

Frequency 
response

Excellent in audio 
frequency range

Poor Best

2 Cost Less More Least

3
Space and Weight

Less More Least

4
Impedance 
matching Not good Excellent Good

5 Use
For voltage 
amplification

For Power 
amplification

For amplifying 
extremely low 
frequencies



Power Amplifiers  

The Power amplifiers amplify the power level of the signal. This amplification is done in the last stage in 

audio applications. The applications related to radio frequencies employ radio power amplifiers. But the operating 
point of a transistor, plays a very important role in determining the efficiency of the amplifier.

Classification Based on Mode of Operation

• Class A Power amplifier − When the collector current flows at all times during the full cycle of signal, the power
amplifier is known as class A power amplifier.

• Class B Power amplifier − When the collector current flows only during the positive half cycle of the input signal,
the power amplifier is known as class B power amplifier.

• Class C Power amplifier − When the collector current flows for less than half cycle of the input signal, the power
amplifier is known as class C power amplifier.

Collector Efficiency

This explains how well an amplifier converts DC power to AC power. When the DC supply is given by the
battery but no AC signal input is given, the collector output at such a condition is observed as collector efficiency.

Collector efficiency η =
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑎.𝑐 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑.𝑐 𝑝𝑜𝑤𝑒𝑟 𝑖𝑛𝑝𝑢𝑡 𝑡𝑜 𝑡ℎ𝑒 𝑡𝑟𝑎𝑛𝑠𝑖𝑠𝑡𝑜𝑟

For example, if the battery supplies 15W and AC output power is 3W. Then the transistor efficiency will
be 20%.The main aim of a power amplifier is to obtain maximum collector efficiency. Hence the higher the value of
collector efficiency, the efficient the amplifier will be.



Power Dissipation Capacity

Every transistor gets heated up during its operation. As a power transistor handles large
currents, it gets more heated up. This heat increases the temperature of the transistor, which alters
the operating point of the transistor.

So, in order to maintain the operating point stability, the temperature of the transistor
has to be kept in permissible limits. For this, the heat produced has to be dissipated. Such a capacity
is called as Power dissipation capability.

Power dissipation capability can be defined as the ability of a power transistor to dissipate
the heat developed in it. Metal cases called heat sinks are used in order to dissipate the heat
produced in power transistors.

Distortion

A transistor is a non-linear device. When compared with the input, there occur few
variations in the output. In voltage amplifiers, this problem is not pre-dominant as small currents are
used. But in power amplifiers, as large currents are in use, the problem of distortion certainly arises.

Distortion is defined as the change of output wave shape from the input wave shape of
the amplifier. An amplifier that has lesser distortion, produces a better output and hence considered
efficient



Class  A – Power Amplifier

Class A power amplifier is a type of power amplifier
where the output transistor is ON full time and the output current
flows for the entire cycle of the input wave form. Class A power
amplifier is the simplest of all power amplifier configurations. They
have high fidelity and are totally immune to crossover distortion. Even
though the class A power amplifiers have a handful of good feature,
they are not the prime choice because of their poor efficiency. Since
the active elements (transistors) are forward biased full time, some
current will flow through them even though there is no input signal
and this is the main reason for the inefficiency. Output characteristics
of a Class A power amplifier is shown in the figure below.

From the above figure its is clear that the Q-point is
placed exactly at the center of the DC load line and the transistor
conducts for every point in the input waveform. The theoretical
maximum efficiency of a Class A power amplifier is 50%. In practical
scenario, with capacitive coupling and inductive loads (loud speakers),
the efficiency can come down as low as 25%. This means 75% of
power drawn by the amplifier from the supply line is wasted. Majority
of the power wasted is lost as heat on the active elements
(transistor).As a result, even a moderately powered Class A power
amplifier require a large power supply and a large heatsink.

.



The circuit diagram of a two stage single ended
Class A power amplifier is shown above. R1 and R2 are the
biasing resistors. They form a voltage divider network which
supplies the base of the transistor with a voltage 0.7V higher
than the “negative maximum amplitude swing” of the input
signal. This is the reason behind the transistor being ON
irrespective of the input signal amplitude.

Capacitor Cin is the input decoupling capacitor
which removes the DC components present in the input signal.

Rc is the collector resistor and Re is the emitter
resistance. Their value is so selected that the collector current is
in the desired level and the operating point is placed at the
center of the load line under zero signal condition.

Cc is the coupling capacitor which connects the
two stages together. Its function is to block passage of DC
components from first stage to the second stage.

Ce is the emitter by-pass capacitor whose
function is to by-pass the AC components in the emitter current
while amplifier is operating.
Cout is the output coupling capacitor which couples the output to
the load (loud speaker). Cout blocks the DC components of the
second stage from entering the load (loud speaker).



Advantages and Disadvantages

Advantages of Class A power amplifier.

• Class A design is the simplest.

• High fidelity because input signal will be exactly reproduced at the output.

• Since the active device is on full time, no time is required for the turn on and this 
improves high frequency response.

• Since the active device conducts for the entire cycle of the input signal, there will be no 
cross over distortion.

• Single ended configuration can be practically realized in Class A amplifier. Single 
ended means only one active device (transistor) in the output stage.

Disadvantages of Class A power amplifier.

• Main disadvantage is poor efficiency.

• Steps for improving efficiency like transformer coupling etc affects the frequency 
response.

• Powerful Class A power amplifiers are costly and bulky due to the large power supply 
and heatsink.



Class  B  - Power Amplifier   ( Push – Pull    Amplifier)
When the collector current flows only during

the positive half cycle of the input signal, the power amplifier
is known as class B power amplifier.
Class B Operation

The biasing of the transistor in class B operation
is in such a way that at zero signal condition, there will be no
collector current. The operating point is selected to be at
collector cut off voltage. So, when the signal is applied, only
the positive half cycle is amplified at the output. When the
signal is applied, the circuit is forward biased for the positive
half cycle of the input and hence the collector current flows.
But during the negative half cycle of the input, the circuit is
reverse biased and the collector current will be absent.
Hence only the positive half cycle is amplified at the output.

As the negative half cycle is completely absent,
the signal distortion will be high. Also, when the applied
signal increases, the power dissipation will be more. But
when compared to class A power amplifier, the output
efficiency is increased.

In order to minimize the disadvantages and
achieve low distortion, high efficiency and high output power,
the push-pull configuration is used in this class B amplifier.

.



Construction : The circuit of a push-pull class
B power amplifier consists of two identical transistors T1 and
T2 whose bases are connected to the secondary of the
center-tapped input transformer Tr1. The emitters are
shorted and the collectors are given the VCC supply through
the primary of the output transformer Tr2. The circuit
arrangement of class B push-pull amplifier, is same as that of
class A push-pull amplifier except that the transistors are
biased at cut off, instead of using the biasing resistors. The
figure below gives the detailing of the construction of a
push-pull class B power amplifier.

Operation : The circuit of class B push-pull
amplifier shown in the above figure clears that both the
transformers are center-tapped. When no signal is applied
at the input, the transistors T1 and T2 are in cut off condition
and hence no collector currents flow. As no current is drawn
from VCC, no power is wasted. When input signal is given, it
is applied to the input transformer Tr1 which splits the signal
into two signals that are 180o out of phase with each other.
These two signals are given to the two identical transistors
T1 and T2. For the positive half cycle, the base of the
transistor T1 becomes positive and collector current flows.
At the same time, the transistor T2 has negative half cycle,
which throws the transistor T2 into cut-off condition and
hence no collector current flows.

For the next half cycle, the transistor T1 gets
into cut off condition and the transistor T2 gets into
conduction, to contribute the output. Hence for both the
cycles, each transistor conducts alternately. The output
transformer Tr2 serves to join the two currents producing an
almost undistorted output waveform.
The efficiency of Class B Push Pull Amplifier : 78.5%

.



Unit IV  Oscillators



Feed Back
Definition: In electronics, feedback loops are used to

control the output of electronic devices, such as amplifiers, 

oscillators, etc,. Feedback is defined as, giving  all or some 

portion of the output  as input. A device is said to be operating

open loop if no output feedback is being employed and 

closed loop if feedback is being used.

Positive Feedback amplifier : It is a type of an amplifier in 

which source signal and the feedback signal are in the

same phase. Thus, the feedback signal applied

increases the strength of the input signal.

Negative Feedback amplifier : In this type of amplifier 

source signal and the feedback signal are out of phase

with each other. Thus, the feedback signal applied to decrease

the strength of the input signal.



Advantages of Negative Feedback

The advantages of negative feedback are :

1. Highly stabilised gain,
2. Reduction in the noise level,
3. Increased bandwidth,
4. Increased input impedance and decreased 
output impedance 
5. Less distortion.



Oscillators
• Oscillator is an electronic circuit that 

generates a periodic waveform on its output 
without an external signal source. 

• These signals serve a variety of purposes. 

• Communications systems, digital systems 
(including computers), and test equipment 
make use of oscillators



Basic principles for oscillation -Barkhausen Criterion 

An oscillator is an amplifier with positive feedback.  Vs – is the signal voltage, Ve – is the actual input 
voltage, Vo – is the output voltage and Vf – is the feed back voltage. 

A – is the gain of the amplifier , β – is the fee back factor. 

With positive feed back, the actual input,
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• The closed loop gain is:

• When Aβ =1,   the closed loop gain become infinity. The circuit can 
produce output oscillations without input.
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Barkhausen Conditions

The circuit can sustain oscillations when,        Aβ =1, 

and the phase shift in the loop is zero or 2nπ. ( Positive feed back).



Hartley Oscillator

Hartley Oscillator is a type of harmonic oscillator

which was invented by Ralph Hartley in 1915. These are the Tuned

Circuit Oscillators which are used to produce the waves in the range

of radio frequency and hence are also referred to as RF Oscillators.

Its frequency of oscillation is decided by its tank circuit which has a

capacitor connected in parallel with the two serially connected

inductors, as shown by Figure 1.

Here the RC is the collector resistor while the emitter

resistor RE forms the stabilizing network. Further the resistors R1 and

R2 form the voltage divider bias network for the transistor in

common-emitter CE configuration. Next, the capacitors Ci and Co are

the input and output coupling capacitors while the emitter capacitor

CE is the bypass capacitor used to bypass the amplified AC signals.

https://www.electrical4u.com/jfet-or-junction-field-effect-transistor/


All these components are identical to those present in the case of a common-emitter amplifier which is biased using a voltage

divider network. However, Figure 1 also shows one more set of components viz., the inductors L1 and L2 and the capacitor C which form the tank

circuit.

On switching ON the power supply, the transistor starts to conduct, leading to an increase in the collector current, IC which charges

the capacitor C. On acquiring the maximum charge feasible, C starts to discharge via the inductors L1 and L2. This charging and discharging cycles

result in the damped oscillations in the tank circuit. The oscillation current in the tank circuit produces an AC voltage across the inductors L1 and L2

which are out of phase by 180o as their point of contact is grounded.

Further from the figure, it is evident that the output of the amplifier is applied across the inductor L1 while the feedback voltage

drawn across L2 is applied to the base of the transistor. Thus one can conclude that the output of the amplifier is in-phase with the tank circuit’s

voltage and supplies back the energy lost by it while the energy fed back to amplifier circuit will be out-of-phase by 180o. The feedback voltage which

is already 180o out-of-phase with the transistor is provided by an additional 180o phase-shift due to the transistor action. Hence the signal which

appears at the transistor’s output will be amplified and will have a net phase-shift of 360o.



At this state, if one makes the gain of the circuit to be slightly greater than 

the feedback ratio,  then the circuit generates the oscillations which can be 

sustained by maintaining the gain of the circuit to be equal to that of the feedback 

ratio. This causes the circuit in Figure 1 to act as an oscillator as it would then satisfy 

both the conditions of the Barkhausen Criteria.

The frequency of such an oscillator is given as

Where



Colpitts Oscillator

Colpitts Oscillator is a type of LC oscillator which

falls under the category of Harmonic Oscillator and was invented

by Edwin Colpitts in 1918. Figure 1 shows a typical Colpitts

oscillator with a tank circuit in which an inductor L is connected

in parallel to the serial combination of capacitors C
1
and C

2
.

Other components in the circuit are the same as

that found in the case of common-emitter CE which is biased

using a voltage divider network i.e. R
C

is the collector resistor, R
E

is the emitter resistor which is used to stabilize the circuit and the

resistors R
1
and R

2
form the voltage divider bias network. Further,

the capacitors C
i

and C
o

are the input and output coupling

capacitors while the emitter capacitor C
E

is the bypass capacitor

used to bypass the amplified AC signals.



Here, as the power supply is switched ON, the transistor starts to conduct, increasing the collector current I
C

due to which

the capacitors C
1

and C
2

get charged. On acquiring the maximum charge feasible, they start to discharge via the inductor L. During this

process, the electrostatic energy stored in the capacitor gets converted into magnetic flux which in turn is stored within the inductor in the

form of electromagnetic energy. Next, the inductor starts to discharge which charges the capacitors once again. Likewise, the cycle

continues which gives rise to the oscillations in the tank circuit.

Further the figure shows that the output of the amplifier appears across C
1

and thus is in-phase with the tank circuit’s

voltage and makes-up for the energy lost by re-supplying it. On the other hand, the voltage feedback to the transistor is the one obtained

across the capacitor C
2
, which means the feedback signal is out-of-phase with the voltage at the transistor by 180

o
. This is due to the fact

that the voltages developed across the capacitors C
1
and C

2
are opposite in polarity as the point where they join is grounded. Further, this

signal is provided with an additional phase-shift of 180
o

by the transistor which results in a net phase-shift of 360
o

around the loop,

satisfying the phase-shift criterion of Barkhausen principle.

https://www.electrical4u.com/jfet-or-junction-field-effect-transistor/
https://www.electrical4u.com/magnetic-flux/
https://www.electrical4u.com/charging-a-capacitor/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/jfet-or-junction-field-effect-transistor/


At this state, the circuit can effectively act as an oscillator 

producing sustained oscillations by carefully monitoring the feedback 

ratio given by (C1 / C2). The frequency of such a Colpitts Oscillator

depends on the components in its tank circuit and is given by

Where, the Ceff is the effective capacitance of the capacitors expressed 

as

𝐶𝑒𝑓𝑓 =   
𝐶1𝐶2

𝐶1+𝐶2



Phase Shift Oscillator

RC phase-shift oscillators use resistor-capacitor (RC)
network (Figure 1) to provide the phase-shift required by the
feedback signal. They have excellent frequency stability and can
yield a pure sine wave for a wide range of loads.

Phase-shift oscillator is formed by cascading three
RC phase-shift networks, each offering a phase-shift of 60o, as
shown by Figure 2.

Here the collector resistor RC limits the collector
current of the transistor, resistors R1 and R2 (nearest to the
transistor) form the voltage divider network while the emitter
resistor RE improves the stability. Next, the capacitors CE and Co
are the emitter by-pass capacitor and the output coupling
capacitor, respectively. Further, the circuit also shows three RC
networks employed in the feedback path.



This arrangement causes the output 
waveform to shift by 180o during its course of travel 
from output terminal to the base of the transistor. 
Next, this signal will be shifted again by 180o by the 
transistor in the circuit due to the fact that the 
phase-difference between the input and the output 
will be 180o in the case of common emitter 
configuration. This makes the net phase-difference 
to be 360o, satisfying the phase-difference 
condition.

The generalized expression for the 
frequency of oscillations produced by a RC phase-
shift oscillator is given by

Where, N is the number of RC stages formed by the 
resistors R and the capacitors C.



Multivibrators

A multivibrator is an electronic circuit used to implement a variety of simple two-
state devices such as relaxation oscillators, timers and flip-flops . It consists of two amplifying devices
cross-coupled by resistors or capacitors. The first multivibrator circuit, the astable multivibrator was
invented by Henri Abraham and Eugene Bloch.

The three types of multivibrator circuits are:
Astable multivibrator, in which the circuit is not stable in either state —it continually switches from
one state to the other. It functions as a relaxation oscillator.
Monostable multivibrator, in which one of the states is stable, but the other state is unstable
(transient). A trigger pulse causes the circuit to enter the unstable state. After entering the unstable
state, the circuit will return to the stable state after a set time. Such a circuit is useful for creating a
timing period of fixed duration in response to some external event. This circuit is also known as a one
shot.
Bistable multivibrator, in which the circuit is stable in either state. It can be flipped from one state to
the other by an external trigger pulse. This circuit is also known as a flip-flop. It can store one bit of
information, and is widely used in digital logic and computer memory.

https://en.wikipedia.org/wiki/Relaxation_oscillator
https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Capacitor
https://en.wikipedia.org/wiki/Eugene_Bloch
https://en.wikipedia.org/wiki/State_(computer_science)
https://en.wikipedia.org/wiki/Relaxation_oscillator
https://en.wikipedia.org/wiki/Flip-flop_(electronics)
https://en.wikipedia.org/wiki/Binary_digit
https://en.wikipedia.org/wiki/Computer_memory


Astable Multivibrator
An astable multivibrator has no stable states.

Once the Multivibrator is ON, it just changes its states on its
own after a certain time period which is determined by the
RC time constants. A dc power supply or Vcc is given to the
circuit for its operation.

Construction of Astable Multivibrator

Two transistors named Q1 and Q2 are
connected in feedback to one another. The collector of
transistor Q1 is connected to the base of transistor
Q2 through the capacitor C1 and vice versa. The emitters of
both the transistors are connected to the ground. The
collector load resistors R1 and R4 and the biasing resistors
R2 and R3 are of equal values. The capacitors C1 and
C2 are of equal values.

The following shows the circuit diagram for
Astable Multivibrator.



Operation of Astable Multivibrator

When Vcc is applied, the collector current of the transistors increase. As the collector current
depends upon the base current,

IC = βIB
As no transistor characteristics are alike, one of the two transistors say Q1 has its collector

current increase and thus conducts. The collector of Q1 is applied to the base of Q2 through C1. This
connection lets the increased negative voltage at the collector of Q1 to get applied at the base of Q2 and
its collector current decreases. This continuous action makes the collector current of Q2 to decrease
further. This current when applied to the base of Q1 makes it more negative and with the cumulative
actions Q1 gets into saturation and Q2 to cut off. Thus the output voltage of Q1 will be VCE (sat) and Q2 will
be equal to VCC.

The capacitor C1 charges through R1 and when the voltage across C1 reaches 0.7v, this is
enough to turn the transistor Q2 to saturation. As this voltage is applied to the base of Q2, it gets into
saturation, decreasing its collector current. This reduction of voltage at point B is applied to the base of
transistor Q1 through C2 which makes the Q1 reverse bias. A series of these actions turn the transistor
Q1 to cut off and transistor Q2 to saturation. Now point A has the potential VCC. The capacitor C2 charges
through R2. The voltage across this capacitor C2 when gets to 0.7v, turns on the transistor Q1 to
saturation.

Hence the output voltage and the output waveform are formed by the alternate switching of
the transistors Q1 and Q2. The time period of these ON/OFF states depends upon the values of biasing
resistors and capacitors used, i.e., on the RC values used. As both the transistors are operated
alternately, the output is a square waveform, with the peak amplitude of VCC.



The output waveforms at the collectors of Q1 and Q2 are shown in the following figures.

The ON time of transistor Q1 or the OFF time of transistor Q2 is given by t1 = 0.69R1C1

Similarly, the OFF time of transistor Q1 or ON time of transistor Q2 is given by t2 = 0.69R2C2

Hence, total time period of square wave t = t1 + t2 = 0.69(R1C1 + R2C2)

As R1 = R2 = R and C1 = C2 = C, 

the frequency of square wave will be                         f  =   1/t   =   1/1.38RC   =   0.7/RC   

Advantages

No external triggering required.

Circuit design is simple

Inexpensive

Can function continuously

Disadvantages

Energy absorption is more within the circuit.

Output signal is of low energy.

Duty cycle less than or equal to 50% can’t be achieved.

Applications

Astable Multivibrators are used in many applications such as amateur radio equipment, Morse code generators, timer 
circuits, analog circuits, and TV systems.



Monostable Multivibrator

A monostable multivibrator, has only one stable

state. When one transistor conducts, the other remains in non-

conducting state. A stable state is such a state where the

transistor remains without being altered, unless disturbed by some

external trigger pulse. As Monostable works on the same principle,

it has another name called as One-shot Multivibrator.

Construction: Two transistors Q1 and Q2 are

connected in feedback to one another. The collector of transistor

Q1 is connected to the base of transistor Q2 through the capacitor

C1. The base Q1 is connected to the collector of Q2 through the

resistor R2 and capacitor C. Another dc supply voltage –VBB is

given to the base of transistor Q1 through the resistor R3. The

trigger pulse is given to the base of Q1 through the capacitor C2 to

change its state. RL1 and RL2 are the load resistors of Q1 and Q2.

Working: One of the transistors, when gets into a

stable state, an external trigger pulse is given to change its state.

After changing its state, the transistor remains in this quasi-stable

state



or Meta-stable state for a specific time period, which is determined by the values of RC time

constants and gets back to the previous stable state.The figure shows the circuit diagram of a

Monostable Multivibrator.

Firstly, when the circuit is switched ON, transistor Q
1

will be in OFF state and

Q
2

will be in ON state. This is the stable state. As Q
1

is OFF, the collector voltage will be V
CC

at

point A and hence C
1

gets charged. A positive trigger pulse applied at the base of the transistor

Q
1

turns the transistor ON. This decreases the collector voltage, which turns OFF the transistor

Q
2
. The capacitor C

1
starts discharging at this point of time. As the positive voltage from the

collector of transistor Q
2

gets applied to transistor Q
1
, it remains in ON state. This is the quasi-

stable state or Meta-stable state.

The transistor Q
2

remains in OFF state, until the capacitor C
1

discharges

completely. After this, the transistor Q
2

turns ON with the voltage applied through the capacitor

discharge. This turn ON the transistor Q
1
, which is the previous stable state.

Waveforms: The output waveforms at the collectors of Q
1
and Q

2
along with the trigger input 

given at the base of Q
1
are shown in the  figures.

The width of this output pulse depends upon the RC time constant. Hence it 

depends on the values of R
1
C

1
. The duration of pulse is given by      T  =  0.69 R1C1



The trigger input given will be of very short duration, just to initiate the action.
This triggers the circuit to change its state from Stable state to Quasi-stable or Meta-stable
or Semi-stable state, in which the circuit remains for a short duration. There will be one
output pulse for one trigger pulse.

Advantages

• The advantages of Monostable Multivibrator are as follows −

• One trigger pulse is enough.

• Circuit design is simple

• Inexpensive

Disadvantages

• The major drawback of using a monostable multivibrator is that the time between the
applications of trigger pulse T has to be greater than the RC time constant of the
circuit.

Applications

• Monostable Multivibrators are used in applications such as television circuits and
control system circuits.



Bistable Multivibrator
A Bistable Multivibrator has two stable states. The circuit 

stays in any one of the two stable states. It continues in that state, unless 
an external trigger pulse is given. This Multivibrator is also known as Flip-
flop. This circuit is simply called as Binary.

Construction of Bistable Multivibrator

Two similar transistors Q1 and Q2 with load resistors
RL1 and RL2 are connected in feedback to one another. The base resistors
R3 and R4 are joined to a common source –VBB. The feedback resistors
R1 and R2 are shunted by capacitors C1 and C2 known as Commutating
Capacitors. The transistor Q1 is given a trigger input at the base through
the capacitor C3 and the transistor Q2 is given a trigger input at its base
through the capacitor C4.

The capacitors C1 and C2 are also known as Speed-up
Capacitors, as they reduce the transition time, which means the time
taken for the transfer of conduction from one transistor to the other.

The figure shows the circuit diagram of a self-biased
Bistable Multivibrator.



Operation of Bistable Multivibrator

When the circuit is switched ON, due to
some circuit imbalances as in Astable, one of the
transistors, say Q1 gets switched ON, while the
transistor Q2 gets switched OFF. This is a stable state
of the Bistable Multivibrator.

By applying a negative trigger at the base
of transistor Q1 or by applying a positive trigger pulse
at the base of transistor Q2, this stable state is
unaltered. So, let us understand this by considering a
negative pulse at the base of transistor Q1. As a
result, the collector voltage increases, which forward
biases the transistor Q2. The collector current of Q2 as
applied at the base of Q1, reverse biases Q1 and this
cumulative action, makes the transistor Q1 OFF and
transistor Q2 ON. This is another stable state of the
Multivibrator.

Now, if this stable state has to be
changed again, then either a negative trigger pulse at
transistor Q2 or a positive trigger pulse at transistor
Q1 is applied.

Output Waveforms

The output waveforms at the collectors of
Q1 and Q2 along with the trigger inputs given at the
bases of QW and Q2 are shown in the following
figures.



Advantages

• Stores the previous output unless disturbed.

• Circuit design is simple

Disadvantages

• Two kinds of trigger pulses are required.

• A bit costlier than other Multivibrators.

Applications

• Bistable Multivibrators are used in applications 
such as pulse generation and digital operations 
like counting and storing of binary information.



Unit V    Integrated Circuits
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Op-Amp Introduction
• Op-amps (amplifiers/buffers in general) are drawn 

as a triangle in a circuit schematic
• There are two inputs

– inverting and non-inverting

• And one output
• Also power connections (note no explicit ground)
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The ideal op-amp

• Infinite voltage gain
– a voltage difference at the two inputs is magnified infinitely
– in truth, something like 200,000
– means difference between + terminal and  terminal is 

amplified by 200,000!
• Infinite input impedance

– no current flows into inputs
– in truth, about 1012  for FET input op-amps

• Zero output impedance
– rock-solid independent of load
– roughly true up to current maximum (usually 5–25 mA)

• Infinitely fast (infinite bandwidth)
– in truth, limited to few MHz range
– slew rate limited to 0.5–20 V/s



93

Op-amp without feedback

• The internal op-amp formula is:
Vout = gain(V+  V)

• So if V+ is greater than V, the output goes positive
• If V is greater than V+, the output goes negative

• A gain of 200,000 makes this device (as illustrated 
here) practically useless



+

V

V+

Vout
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Infinite Gain in negative feedback

• Infinite gain would be useless except in the self-
regulated negative feedback regime
– negative feedback seems bad, and positive good—but 

in electronics positive feedback means runaway or 
oscillation, and negative feedback leads to stability

• Imagine hooking the output to the inverting 
terminal:

• If the output is less than Vin, it shoots positive
• If the output is greater than Vin, it shoots negative

– result is that output quickly forces itself to be exactly 
Vin



+Vin

negative feedback loop



95

Even under load

• Even if we load the output (which as pictured 
wants to drag the output to ground)…
– the op-amp will do everything it can within its current 

limitations to drive the output until the inverting input 
reaches Vin

– negative feedback makes it self-correcting
– in this case, the op-amp drives (or pulls, if Vin is 

negative) a current through the load until the output 
equals Vin

– so what we have here is a buffer: can apply Vin to a 
load without burdening the source of Vin with any
current!



+Vin

Important note: op-amp output terminal

sources/sinks current at will: not like

inputs that have no current flow
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Positive feedback pathology

• In the configuration below, if the + input is 
even a smidge higher than Vin, the output 
goes way positive

• This makes the + terminal even more positive 
than Vin, making the situation worse

• This system will immediately “rail” at the 
supply voltage
– could rail either direction, depending on initial 

offset



+

Vin

positive feedback: BAD
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Op-Amp “Golden Rules”

• When an op-amp is configured in any
negative-feedback arrangement, it will obey 
the following two rules:

– The inputs to the op-amp draw or source no 
current (true whether negative feedback or not)

– The op-amp output will do whatever it can (within 
its limitations) to make the voltage difference
between the two inputs zero
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Inverting amplifier example

• Applying the rules:  terminal at “virtual ground”
– so current through R1 is If = Vin/R1

• Current does not flow into op-amp (one of our 
rules)
– so the current through R1 must go through R2

– voltage drop across R2 is then IfR2 = Vin(R2/R1)
• So Vout = 0  Vin(R2/R1) = Vin(R2/R1)
• Thus we amplify Vin by factor R2/R1

– negative sign earns title “inverting” amplifier
• Current is drawn into op-amp output terminal



+
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Non-inverting Amplifier

• Now neg. terminal held at Vin

– so current through R1 is If = Vin/R1 (to left, into ground)

• This current cannot come from op-amp input

– so comes through R2 (delivered from op-amp output)

– voltage drop across R2 is IfR2 = Vin(R2/R1)

– so that output is higher than neg. input terminal by Vin(R2/R1)

– Vout = Vin + Vin(R2/R1) = Vin(1 + R2/R1)

– thus gain is (1 + R2/R1), and is positive

• Current is sourced from op-amp output in this example
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Summing Amplifier

• Much like the inverting amplifier, but with two 
input voltages
– inverting input still held at virtual ground
– I1 and I2 are added together to run through Rf

– so we get the (inverted) sum: Vout = Rf(V1/R1 + V2/R2)
• if R2 = R1, we get a sum proportional to (V1 + V2)

• Can have any number of summing inputs
– we’ll make our D/A converter this way



+
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Differencing Amplifier

• The non-inverting input is a simple voltage divider:
– Vnode = V+R2/(R1 + R2)

• So If = (V  Vnode)/R1

– Vout = Vnode  IfR2 = V+(1 + R2/R1)(R2/(R1 + R2)) 
V(R2/R1)

– so Vout = (R2/R1)(V  V)
– therefore we difference V and V



+
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Differentiator (high-pass)

• For a capacitor, Q = CV, so Icap = dQ/dt = 
C·dV/dt
– Thus Vout = IcapR = RC·dV/dt

• So we have a differentiator, or high-pass filter
– if signal is V0sint, Vout = V0RCcost
– the -dependence means higher frequencies 

amplified more
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Low-pass filter (integrator)

• If = Vin/R, so C·dVcap/dt = Vin/R

– and since left side of capacitor is at virtual ground:

dVout/dt = Vin/RC

– so

– and therefore we have an integrator (low pass) 
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