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UNIT-I RESISTORS 

Function 

Resistors restrict the flow of electric current, for example a resistor is placed in series with a 

light-emitting diode (LED) to limit the current passing through the LED.  

Connecting and soldering 

Resistors may be connected either way round. They are not damaged by heat when soldering.  

Example:       Circuit symbol:    

COLOUR CODING OF RESISTORS 

 

       

The Resistor 

Colour Code 

Colour Number 

Black 0 

Brown 1 

Red 2 

Orange 3 

Yellow 4 

Green 5 

Blue 6 

Violet 7 

Grey 8 

White 9 



   

Resistor values - the resistor colour code 

Resistance is measured in ohms, the symbol for ohm is an omega .  
1 is quite small so resistor values are often given in k  and M .  
1 k  = 1000     1 M  = 1000000 .  

Resistor values are normally shown using coloured bands.  
Each colour represents a number as shown in the table.  

Most resistors have 4 bands:  

The first band gives the first digit.  

The second band gives the second digit.  

The third band indicates the number of zeros.  

The fourth band is used to shows the tolerance (precision) of the resistor, this may 
be ignored for almost all circuits but further details are given . 

•  

This resistor has red (2), violet (7), yellow (4 zeros) and gold bands.  
So its value is 270000 = 270 k .  
On circuit diagrams the is usually omitted and the value is written 270K.  

Small value resistors (less than 10 ohm) 

The standard colour code cannot show values of less than 10 . To show these 
small values two special colours are used for the third band: gold which means × 0.1 
and silver which means × 0.01. The first and second bands represent the digits as 
normal.  



For example: 
red, violet, gold bands represent 27 × 0.1 = 2.7  
green, blue, silver bands represent 56 × 0.01 = 0.56   

Tolerance of resistors (fourth band of colour code) 

A special colour code is used for the fourth band tolerance: 
silver ±10%,   gold ±5%,   red ±2%,   brown ±1%.  
If no fourth band is shown the tolerance is ±20%.  

 

TYPE OF RESISTORS 

1.Composition Type Resistors 

Carbon Resistors are the most common type of Composition Resistors. Carbon 
resistors are a cheap general purpose resistor used in electrical and electronic 
circuits. Their resistive element is manufactured from a mixture of finely ground 
carbon dust or graphite (similar to pencil lead) and a non-conducting ceramic (clay) 
powder to bind it all together. 

 
Carbon Resistor 

The ratio of carbon dust to ceramic (conductor to insulator) determines the overall 
resistive value of the mixture and the higher the ratio of carbon, the lower the overall 
resistance. The mixture is moulded into a cylindrical shape with metal wires or leads 
are attached to each end to provide the electrical connection as shown, before being 
coated with an outer insulating material and colour coded markings to denote its 
resistive value. 

 



 
Carbon composite resistors are very cheap to make and are therefore commonly 
used in electrical circuits. However, due to their manufacturing process carbon type 
resistors have very large tolerances so for more precision and high value 
resistances, film type resistors are used instead. 

2.Film Type Resistors 

The generic term "Film Resistor" consist of Metal Film, Carbon Film and Metal Oxide 
Film resistor types, which are generally made by depositing pure metals, such as 
nickel, or an oxide film, such as tin-oxide, onto an insulating ceramic rod or 
substrate. 

 
    Film Resistor 

The resistive value of the resistor is controlled by increasing the desired thickness of 
the deposited film giving them the names of either "thick-film resistors" or "thin-film 
resistors". Once deposited, a laser is used to cut a high precision spiral helix groove 
type pattern into this film. The cutting of the film has the effect of increasing the 
conductive or resistive path, a bit like taking a long length of straight wire and 
forming it into a coil. 

 

 
Metal Film Resistors have much better temperature stability than their carbon 
equivalents, lower noise and are generally better for high frequency or radio 
frequency applications. Metal Oxide Resistors have better high surge current 
capability with a much higher temperature rating than the equivalent metal film 
resistors. 

. 



3.Wirewound Type Resistors 

Another type of resistor, called a Wirewound Resistor, is made by winding a thin 
metal alloy wire (Nichrome) or similar wire onto an insulating ceramic former in the 
form of a spiral helix similar to the film resistor above. These types of resistors are 
generally only available in very low ohmic high precision values (from 0.01 to 100kΩ) 
due to the gauge of the wire and number of turns possible on the former making 
them ideal for use in measuring circuits and Whetstone bridge type applications. 

 
• Wirewound Resistor 

Another type of wirewound resistor is the Power Wirewound Resistor. These are 
high temperature, high power non-inductive resistor types generally coated with a 
vitreous or glass epoxy enamel for use in resistance banks or DC motor/servo 
control and dynamic braking applications. They can even be used as space or 
cabinet heaters. 

 

 

 

 

 

CAPACITORS: 



    Capacitance is the ability of a body to store an electrical charge. Any body or   
structure that is capable of being charged, either with static electricity or by an 
electric current exhibits capacitance . 

 

A common form of energy storage device is a parallel-plate capacitor.In a parallel plate 
capacitor, capacitance is directly proportional to the surface area of the conductor plates 
and inversely proportional to the separation distance between the plates. If the charges 
on the plates are +q and −q, and V gives the voltage between the plates, then the 
capacitance C is given by 

 

The capacitance is a function only of the physical dimensions (geometry) of the 
conductors and the permittivity of  thedielectric.. It is independent of the potential 
difference between the conductors and the total charge on them. 

The SI unit of capacitance is the farad. 

The energy(measured in joules) stored in a capacitor is equal to the work done to 
charge it. Consider a capacitor of capacitance C, holding a charge +q on one plate and 
−q on the other. Moving a small element of charge dq from one plate to the other 
against the potential difference V = q/C requires the work dW: 

 

where W is the work measured in joules, q is the charge measured in coulombs and C 
is the capacitance, measured in farads. 

The energy stored in a capacitor is found by integrating this equation. Starting with an 
uncharged capacitance (q = 0) and moving charge from one plate to the other until the 
plates have charge +Q and −Q requires the work W: 



 

 

 TYPES OF CAPACITORS: 

Capacitor type Dielectric used Features/applications Disadvantages 

Paper 
Paper or oil-
impregnated 
paper 

Impregnated paper was 
extensively used for older 
capacitors, using wax, oil, or 
epoxy as an impregnant.  

Large size. Also, paper 
is highly hygroscopic, 
absorbing moisture 
from the atmosphere 
despite plastic 
enclosures and 
impregnates.  

Polystyrene  Polystyrene 

Excellent general purpose 
plastic film capacitor. Excellent 
stability, low moisture pick-up 
and a slightly negative 
temperature coefficient that can 
be used to match the positive 
temperature co-efficient of other 
components. Ideal for low 
power RF and precision analog 
applications 

Maximum operating 
temperature is limited 
to about 85 °C. 
Comparatively bigger in 
size. 

Polycarbonate 
plastic film  

Polycarbonate 

. Moisture pick-up is less, with 
about ±80 ppm temperature 
coefficient. Can use full 
operating voltage across entire 
temperature range (−55 °C to 
125 °C) 

Maximum operating 
temperature limited to 
about 125 °C. 

Stacked plate 
mica 

Mica 

mica capacitors use inert mica 
as the dielectric. It does not 
change with age and it has 
good temperature stability. It is 
very resistant to corona 
damage 

Unless properly sealed, 
susceptible to moisture 
pick-up, which will 
increase the power 
factor and decrease 
insulation resistance. 
Higher cost due to 
scarcity of high-grade 
dielectric material and 
manually intensive 
assembly. 

http://en.wikipedia.org/wiki/Paper
http://en.wikipedia.org/wiki/Oil
http://en.wikipedia.org/wiki/Hygroscopic
http://en.wikipedia.org/wiki/Moisture
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Polystyrene
http://en.wikipedia.org/wiki/Temperature_coefficient
http://en.wikipedia.org/wiki/Polycarbonate
http://en.wikipedia.org/wiki/Mica
http://en.wikipedia.org/wiki/Silver_mica_capacitor
http://en.wikipedia.org/wiki/Corona_discharge


Metalized mica 
or silver mica 

Mica 

Silver mica capacitors have the 
above mentioned advantages. 
In addition, they have much 
reduced moisture infiltration. 

Higher cost 

Conductors, Insulators and Semiconductors 

Materials are classified as conductors, insulators, or semiconductors according to their 

electrical conductivity 

CONDUCTORS 

CONDUCTORS: 

metals are unique as good conductors of electricity. This can be seen to be a result of 

their valence electrons being essentially free. In the band theory, this is depicted as an 

overlap of the valence band and the conduction band so that at least a fraction of the 

valence electrons can move through the material.conductors are those materials from 

which electricity can be passed easily.the energy gap between valence band and 

conduction band overlap each other. 

INSULATORS: 

Those materials from which electricity can not be passed.the energy gap between 

valence band and conduction band is very high generally in the range of  

5eV-15Electrovolt. 

SEMICONDUCTORS 

Those material whose electrical conductivity lies between conductors and Insulators. 

the energy gap between valence band and conduction band is very 1ev. 

INTRINSIC SEMICONDUCTOR 

http://en.wikipedia.org/wiki/Silver_mica_capacitor
http://en.wiktionary.org/wiki/infiltration


The semiconductor in the purest form is called intrinsic semiconductor. 

EXAMPLE OF INTRINSIC SEMICONDUCTORS 

1.Silicon  

 

In solid state electronics, either pure silicon or temperature can be 
used as the intrinsic semiconductor which forms the starting point for 
fabrication. Each has four valence electrons,.  

2.Germanium  

Germanium will at a given temperature have more free 
electrons and a higher conductivity. Silicon is by far the more 
widely used semiconductor for electronics, partly because it 
can be used at much higher temperatures than germanium.  

 

 

Silicon Lattice  

http://hyperphysics.phy-astr.gsu.edu/hbase/solids/intrin.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/sili.html#c5


 

Silicon atoms form covalent bonds and can crystallize 
into a regular lattice. The illustration below is a 
simplified sketch; the actual crystal structureof silicon is 
a diamond lattice. This crystal is called an intrinsic 
semiconductor and can conduct a small amount of 

current.  

 

The main point here is that a silicon atom has four 
electrons which it can share in covalent bonds with its 
neighbors. These simplified diagrams do not do justice 
to the nature of that sharing since any one silicon atom 
will be influenced by more than four other silicon atoms.  

BAND THEORY OF SOLIDS: 

The electrons in the outermost shell of an atom are called valence electrons; they 
dictate the nature of the chemical reactions of the atom and largely determine the 
electrical nature of solid matter. The electrical properties of matter are pictured in the 
band theory of solids in terms of how much energy it takes to free a valence electron.  

Insulator Energy Bands  

 

Most solid substances are Insulators, and in terms of the band theory 
of solids this implies that there is a large forbidden gap between the 
energies of the valence electrons and the energy at which the 
electrons can move freely through the material (the conduction band).  

Glass is an insulating material which may be transparent rto visible 
light for reasons closely correlated with its nature as an electrical 
insulator. The visible light photons do not have enough quantum 
energy to bridge the band gap and get the electrons up to an available 
energy level in the conduction band. The visible properties of glass 
can also give some insight into the effects of "doping" on the 
properties of solids. A very small percentage of impurity atoms in the 
glass can give it color by providing specific available energy levels 

http://hyperphysics.phy-astr.gsu.edu/hbase/solids/intrin.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/intrin.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/intrin.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/band.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/mod2.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/mod2.html#c3


which absorbcertain colors of visible light. The ruby mineral (corundum) 

is aluminum oxide with a small amount (about 0.05%) of chromium 
which gives it its characteristic pink or red color by absorbing green 
and blue light.  

While the doping of insulators can dramatically change their optical 
properties, it is not enough to overcome the large band gap to make 
them good conductors of electricity.  

Semiconductor Energy Bands  

For intrinsic semiconductor like silicon and germanium, the 
Fermi level is essentially halfway between the valence and 
conduction bands. Although no conduction occurs at 0 K, at 
higher temperatures a finite number of electrons can reach the 
conduction band and provide somecurrent. In doped 
emiconductors, extra energy levels are added.  

The increase in conductivity with temperature can be modeled 
in terms of the fermi function, which allows one to calculate the 
population of conduction band. 

 

Conductor Energy Bands  

In terms of the band theory of solids, metals are unique as 
good conductors of electricity. This can be seen to be a result 
of their valence electrons being essentially free. In the band 
theory, this is depicted as an overlap of the valence band and 
the conduction band so that at least a fraction of the valence 
electrons can move through the material.  

 

EXTRINSIC  SEMICONDUCTOR: 

Semiconductor  doping  is the process that changes an intrinsic semiconductor to an 
extrinsic semiconductor. During doping, impurity atoms are introduced to an intrinsic 
semiconductor. Impurity atoms are atoms of a different element than the atoms of the 
intrinsic semiconductor. Impurity atoms act as either donors or acceptor to the intrinsic 
semiconductor, changing the electron and hole concentrations of the semiconductor. 

http://hyperphysics.phy-astr.gsu.edu/hbase/solids/dsem.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/dsem.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/band.html#c1


Impurity atoms are classified as donor or acceptor atoms based on the effect they have 
on the intrinsic semiconductor. 

Donor impurity atoms have more valence electronsthe atoms they replace in the 
intrinsic semiconductor lattice. Donor impurities "donate" their extra valence electrons to 
a semiconductor's conduction band, providing excess electrons to the intrinsic 
semiconductor. Excess electrons increase the electron carrier concentration (n0) of the 
semiconductor, making it n-type. 

Acceptor impurity atoms have fewer valence electrons than the atoms they replace in 
the intrinsic semiconductor. They "accept" electrons from the semiconductor's valence 
band. This provides excess holes to the intrinsic semiconductor. Excess holes increase 
the hole carrier concentration (p0) of the semiconductor, creating a p-type 
semiconductor. 

Semiconductors and dopant atoms are defined by the column of the periodicin which 
they fall. The column definition of the semiconductor determines how many valence 
electrons its atoms have and whether dopant atoms act as the semiconductor's donors 
or acceptors. 

N-type semiconductors 

 
 

. D ark circles in the conduction band are electrons and light circles in the valence 
band are holes. The image shows that the electrons are the majority charge carrier. 

Extrinsic semiconductors with a larger electron concentration than hole concentration 
are known asn type semiconductor. The phrase 'n-type' comes from the negative 
charge of the electron. In n-type semiconductors, electrons are the majority carriers and 
holes are the minority carriers. N-type semiconductors are created by doping an intrinsic 
semiconductor with donor impurities. In an n-type semiconductor, the Fermi energy 
levelis greater than that of the intrinsic semiconductor and lies closer to the conduction 
band than the valence band.. 

P-type semiconductors 

http://en.wikipedia.org/wiki/File:N-Type_Semiconductor_Bands.svg
http://en.wikipedia.org/wiki/File:N-Type_Semiconductor_Bands.svg


 
. Dark circles in the conduction band are electrons and light circles in the valence band 
are holes. The image shows that the holes are the majority charge carrier 

As opposed to n-type semiconductors, p-type semiconductors have a larger hole 
concentration than electron concentration. The phrase 'p-type' refers to the positive 
charge of the hole. In p-type semiconductors, holes are the majority carriers and 
electrons are the minority carriers. P-type semiconductors are created by doping an 
intrinsic semiconductor with acceptor impurities. P-type semiconductors have Fermi 
energy levels below the intrinsic Fermi energy level. The Fermi energy level lies closer 
to the valence band than the conduction band in a p-type semiconductor. 

PN JUNCTION 

 

 

The P-type material has positive majority charge carriers, holes, which are free to move 

about the crystal lattice. The N-type material has mobile negative majority carriers, 

electrons. Near the junction, the N-type material electrons diffuse across the junction, 

combining with holes in P-type material. The region of the P-type material near the 

junction takes on a net negative charge because of the electrons attracted. Since 

electrons departed the N-type region, it takes on a localized positive charge. The thin 

layer of the crystal lattice between these charges has been depleted of majority carriers, 

thus, is known as the depletion region. It becomes nonconductive intrinsic 

http://en.wikipedia.org/wiki/P-type_semiconductor
http://en.wikipedia.org/wiki/File:P-Type_Semiconductor_Bands.svg


semiconductor material. In effect, we have nearly an insulator separating the conductive 

P and N doped regions. 

PN JUNCTION WITH FORWARD BIAS 

 

If a diode is forward biased ,current will increase slightly as voltage is increased from 0 

V. In the case of a silicon diode a measurable current flows when the voltage 

approaches 0.6 V at (c). As the voltage is increases past 0.6 V, current increases 

considerably after the knee. Increasing the voltage well beyond 0.7 V may result in high 

enough current to destroy the diode. The forward voltage, VF, is a characteristic of the 

semiconductor: 0.6 to 0.7 V for silicon, 0.2 V for germanium, a few volts for Light 

Emitting Diodes (LED). The forward current ranges from a few mA for point contact 

diodes to 100 mA for small signal diodes to tens or thousands of amperes for power 

diodes. 

PN JUNCTION WITH REVERSE BIAS: 

If the diode is reverse biased, only the leakage current of the intrinsic semiconductor 

flows. This current will only be as high as 1 µA for the most extreme conditions for 

silicon small signal diodes. This current does not increase appreciably with increasing 

reverse bias until the diode breaks down. 

REVIEW: 

• PN junctions are fabricated from a monocrystalline piece of semiconductor with 
both a P-type and N-type region in proximity at a junction. 

• The transfer of electrons from the N side of the junction to holes annihilated on 
the P side of the junction produces a barrier voltage. This is 0.6 to 0.7 V in 
silicon, and varies with other semiconductors. 

• A forward biased PN junction conducts a current once the barrier voltage is 
overcome. The external applied potential forces majority carriers toward the 
junction where recombination takes place, allowing current flow. 



• A reverse biased PN junction conducts almost no current. The applied reverse 
bias attracts majority carriers away from the junction. This increases the 
thickness of the nonconducting depletion region. 

 

                              UNIT 2 

SPECIAL PURPOSE DIODES 

1.ZENER DIODE 

 

 

 

 

RESISTORS.docx


It is a special kind of diode which allows current to flow in the forward direction in the 
same manner as an ideal diode, but will also permit it to flow in the reverse direction 
when the voltage is above a certain value known as thebreakdownvoltage, "zener 
knee voltage" or "zener voltage". 

. 

• A conventional solid-state diode will not allow significant current if it is reverse 
biased  below its reverse breakdown voltage. When the reverse bias breakdown 
voltage is exceeded, a conventional diode is subject to high current due to 
avalanche breakdown. Unless this current is limited by circuitry, the diode will be 
permanently damaged due to overheating.  

• A zener diode exhibits almost the same properties, except the device is specially 
designed so as to have a greatly reduced breakdown voltage, the so-called zener 
voltage. By contrast with the conventional device, a reverse-biased zener diode 
will exhibit a controlled breakdown and allow the current to keep the voltage 
across the zener diode close to the zener breakdown voltage. 

•  For example, a diode with a zener breakdown voltage of 3.2 V will exhibit a 
voltage drop of very nearly 3.2 V across a wide range of reverse currents.  

• In a 5.6 V diode, the two effects occur together and their temperature coefficients 
nearly cancel each other out, thus the 5.6 V diode is the component of choice in 
temperature-critical applications. 

•   

2.TUNNEL DIODE 

 

 A tunnel diode or Esaki diode is a type of semiconductor diode which is capable of very 
fast  operation, well into the microwave frequency region, by using the quantum 
mechanical effect called tunneling. 

Forward bias operation 

Under normal forward operation, as voltage begins to increase, electrons at first tunnel 
through the very narrow p–n junction barrier because filled electron states in the 
conduction band on the n-side become aligned with empty valence band hole states on 
the p-side of the p-n junction. As voltage increases further these states become more 
misaligned and the current drops – this is called negative resistance because current 
decreases with increasing voltage. As voltage increases yet further, the diode begins to 
operate as a normal diode, where electrons travel by conduction across the p–n 
junction, and no longer by tunneling through the p–n junction barrier. Thus the most 
important operating region for a tunnel diode is the negative resistance region. 

http://en.wikipedia.org/wiki/Diode
http://en.wikipedia.org/wiki/Semiconductor
http://en.wikipedia.org/wiki/Microwave
http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Quantum_tunneling


Reverse bias operation 

When used in the reverse direction they are called back diodes and can act as fast 
rectwith zero offset voltage and extreme linearity for power signals (they have an 
accurate square law characteristic in the reverse direction). Under reverse bias filled 
states on the p-side become increasingly aligned with empty states on the n-side and 
electrons now tunnel through the pn junction barrier in reverse direction. 

Technical comparisons 

 

 

In a conventional semiconductor diode, conduction takes place while the p–n junction is 
forward biased and blocks current flow when the junction is reverse biased. This occurs 
up to a point known as the “reverse breakdown voltage” when conduction begins (often 
accompanied by destruction of the device). In the tunnel diode, the dopant 
concentration in the p and n layers are increased to the point where the reverse 
breakdown voltage becomes zero and the diode conducts in the reverse direction.  

Tunnel diodes are also relatively resistant to nuclear radiation, as compared to other 
diodes. This makes them well suited to higher radiation environments, such as those 
found in space applications. 

3.VARACTOR  DIODE: 

 

http://en.wikipedia.org/wiki/File:Voltage_controlled_negative_resistance.svg


A varicap diode, varactor diode, variable capacitance diode, variable reactance diode or 
tuning diode is a type of diodewhich has a variable capacitance that is a function of the 
voltage impressed on its terminals. 

. For example, varactors are used in the tuners of television sets to electronically tune 
the receiver to different stations. 

  
 

  

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Television_set
http://en.wikipedia.org/wiki/File:Varactor.svg
http://en.wikipedia.org/wiki/File:Varactor.svg
http://en.wikipedia.org/wiki/File:Varactor_function.svg


 

 

4.POWER DIODE 

The trade-off between voltage, current and frequency ratings also exists for the 
switches. Actually, all power semiconductors rely on a PIN diode structure to sustain 
voltage.. 

At very high power levels,thyristor -based devices are still the only choice. These 
devices can be turned on by a pulse provided by a driving circuit, but cannot be turned 
off by removing the pulse. Thyristors turn off as soon as no more current flows through 
it. This happens automatically in an alternating current system on each cycle, or 
requires a circuit with the means to divert current around the device.  

 

 

A power device is usually attached to a heat sink to remove the heat caused by 

operation losses. 

 

http://en.wikipedia.org/wiki/File:Varactor_function.svg
http://en.wikipedia.org/wiki/File:Thermal_stack.svg
http://en.wikipedia.org/wiki/File:Power_die.svg


 

1. Breakdown voltage: Often there is a trade-off between breakdown voltage rating 
and on-resistance, because increasing the breakdown voltage by incorporating 
a thicker and lower doped drift region leads to higher on-resistance. 

2. On-resistance: Higher current rating lowers the on-resistance due to greater 
numbers of parallel cells. This increases overall capacitance and slows down 
the speed. 

3. Rise and fall times for switching between on and off states. 
4. Safe-operating area (from thermal dissipation and "latch-up" consideration) 
5. Thermal resistance: This is an often ignored but extremely important parameter 

from practical design point of view. Semiconductors do not perform well at 
elevated temperature but due to large current conduction, all power 
semiconductor devices heat up.  

6. Photodiode 

5.Photodiodes 

A photodiode is a pn juctiono rPIN structure. When a photon of sufficient energy strikes 
the diode, it excites an electron, thereby creating a free electron (and a positively 
charged electron hole). This mechanism is also known as the inner photoelectric effect.. 
If the absorption occurs in the junction's depletion region, or one diffusion length away 
from it, these carriers are swept from the junction by the built-in field of the depletion 
region. Thus holes move toward the anode, and electrons toward the cathode, and a  
photo current is produced. This photocurrent is the sum of both the dark current (without 
light) and the light current, so the dark current must be minimized to enhance the 
sensitivity of the device.] 

Photovoltaic mode 

When used in zero bias or photovoltaic mode, the flow of photocurrent out of the device 
is restricted and a voltage builds up. This mode exploits the photo voltaic mode, which 
is the basis for solar cells – a traditional solar cell is just a large area photodiode. 

Photoconductive mode 

In this mode the diode is often reverse biased(with the cathode positive), dramatically 
reducing the response time at the expense of increased noise. This increases the width 
of the depletion layer, which decreases the junction's  capacitance resulting in faster 
response times. The reverse bias induces only a small amount of current (known as 
saturation or back current) along its direction while the photocurrent remains virtually 
the same.  

http://en.wikipedia.org/wiki/Photodiode#cite_note-2
http://en.wikipedia.org/wiki/File:Power_die.svg


Materials 

The material used to make a photodiode is critical to defining its properties, because 
only photons with sufficient energy to excite electrons across the material's  bandgap 
will produce significant photocurrents. 

Materials commonly used to produce photodiodes include 

Material 
Electromagnetic spectrum 

wavelength range (nm) 

Silicon  190–1100 

Germanium 400–1700 

Indium gallium arsenide 800–2600 

Lead(II) sulfide <1000–3500 

. 

6.LIGHT EMITTING DIODE: 

• It is a semiconductor light source. LEDs are used as indicator lamps in many 
devices and are increasingly used for other lightning. 

• When a light-emitting diode is forward-biased (switched on), electrons are able to 
recombine with electron holes within the device, releasing energy in the form of 
photons..  

• Light-emitting diodes are used in applications as diverse as advertising, general 
lighting, and traffic signals.  

• . LEDs have allowed new text, video displays, and sensors to be developed, 
while their high switching rates are also useful in advanced communications 
technology. Infrared LEDs are also used in the  remote control units of many 
commercial products including televisions, DVD players, and other domestic 
appliances. 

Colors and materials 

Conventional LEDs are made from a variety of inorganic semiconductor The following 
table shows the available colors with wavelength range, voltage drop and material: 

 Color Wavelength [nm] Voltage drop Semiconductor material 

http://en.wikipedia.org/wiki/Electromagnetic_spectrum
http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Silicon
http://en.wikipedia.org/wiki/Germanium
http://en.wikipedia.org/wiki/Indium_gallium_arsenide
http://en.wikipedia.org/wiki/Lead%28II%29_sulfide
http://en.wikipedia.org/wiki/Semiconductor
http://en.wikipedia.org/wiki/Wavelength


[ΔV] 

 Infrared λ > 760 ΔV < 1.63 

Gallium arsenide (GaAs) 

Aluminium gallium arsenide 

(AlGaAs) 

 Red 610 < λ < 760 1.63 < ΔV < 2.03 Aluminium gallium arsenide 

(AlGaAs)  

 Orange 590 < λ < 610 2.03 < ΔV < 2.10 Gallium arsenide phosphide (GaAsP)  

 Yellow 570 < λ < 590 2.10 < ΔV < 2.18 Gallium arsenide phosphide (GaAsP)  

 Green 500 < λ < 570 1.9 < ΔV < 4.0 Indium gallium nitride (InGaN)  

 Blue 450 < λ < 500 2.48 < ΔV < 3.7 Zinc selenide (ZnSe)  

 Violet 400 < λ < 450 2.76 < ΔV < 4.0 Indium gallium nitride (InGaN) 

 Purple multiple types 2.48 < ΔV < 3.7 

Dual blue/red LEDs, 

blue with red phosphor, 

or white with purple plastic 

 Ultraviolet λ < 400 3.1 < ΔV < 4.4 
Diamond (235 nm)  

Boron nitride (215 nm)  

Aluminium nitride (AlN) (210 nm)   

 Pink multiple types ΔV ~ 3.3 Blue with one or two phosphor 

layers:  

 White 
Broad 

spectrum 
ΔV = 3.5 

Blue/UV diode with yellow phosphor 

  

 

7 .liquid crystal display (LCD) 

➢ LCDs are available to display arbitrary images (as in a general-purpose computer 
display) or fixed images which can be displayed or hidden, such as preset words, 
digits, and 7-segment displays as in a digital clock.. They use the same basic 
technology, except that arbitrary images are made up of a large number of small 
pixels, while other displays have larger elements. 

➢ LCDs are available to display arbitrary images (as in a general-purpose computer 
display) or fixed images which can be displayed or hidden, such as preset words, 
digits, 
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Advantages 

➢ Very compact and light. 
➢ Low power consumption. On average, 50-70% less energy is consumed than 

CRT monitors.  
➢ No geometric distortion. 
➢ The possible ability to have little or no flicker depending on backlight technology. 
➢ Usually no refresh-rate flicker, as the LCD panel itself is usually refreshed at 

200 Hz or more, regardless of the source refresh rate. 
➢ Is very thin compared to a CRT monitor, which allows the monitor to be placed 

farther back from the user, reducing close-focusing related eye-strain. 
➢ Disadvantages 

➢ Limited viewing angle, causing color, saturation, contrast and brightness to vary, 
even within the intended viewing angle, by variations in posture. 

➢ Uneven backlighting in some (mostly older) monitors, causing brightness 
distortion, especially toward the edges. 

➢ Black levels may appear unacceptably bright due to the fact that individual liquid 
crystals cannot completely block all light from passing through. 

➢ Smearing and ghosting artifacts on moving objects caused by slow response 
times (>8 ms). 

8.Schottky diode 

 When current flows through a diode there is a small voltage drop across the diode 
terminals. A normal silicon diode has a voltage drop between 0.6–1.7 volts, while a 
Schottky diode voltage drop is between approximately 0.15–0.45 volts. This lower 
voltage drop can provide higher switching speed and better system efficiency. 

Reverse recovery time 

The most important difference between the p-n and Schottky diode is reverse 
recovery time, when the diode switches from conducting to non-conducting state. 
Where in a p-n diode the reverse recovery time can be in the order of hundreds of 
nanoseconds and less than 100 ns for fast diodes, Schottky diodes do not have a 
recovery time, as there is nothing to recover from (i.e. no charge carrier depletion 
region at the junction). The switching time is ~100 PS for the small signal diodes, 
and up to tens of nanoseconds for special high-capacity power diodes.  

 

RECTIFIER: 



A rectifier is an electrical device that converts alternating current(AC), which 
periodically reverses direction, to direct current(DC), which flows in only one 
direction. The process is known as rectification.  

The simple process of rectification produces a type of DC characterized by pulsating 
voltages and currents (although still unidirectional). Depending upon the type of end-
use, this type of DC current may then be further modified into the type of relatively 
constant voltage DC characteristically produced by such sources as batteriesand 
solar cells. 

    Half-wave rectification 

In half wave rectification of a single-phase supply, either the positive or negative half of 
the AC wave is passed, while the other half is blocked. Because only one half of the 
input waveform reaches the output, mean voltage is lower. Half-wave rectification 
requires a single diode in a single phase supply, or three in a three phase supply.. 
Rectifiers yield a unidirectional but pulsating direct current; half-wave rectifiers produce 
far more ripple than full-wave rectifiers, and much more filtering is needed to eliminate 
harmonics of the AC frequency from the output. 

 

 

Half-wave rectifier 

The output DC voltage of an ideal half wave rectifier is 

 

 

A real rectifier will have a characteristic which drops part of the input voltage (a voltage 
drop, for silicon devices, of typically 0.7 volts plus an equivalent resistance, in general 
non-linear), and at high frequencies will distort waveforms in other ways; unlike an ideal 
rectifier, it will dissipate power. 

http://en.wikipedia.org/wiki/File:Halfwave.rectifier.en.svg
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Full-wave rectification 

A full-wave rectifier converts the whole of the input waveform to one of constant polarity 
(positive or negative) at its output. Full-wave rectification converts both polarities of the 
input waveform to DC (direct current), and yields a higher mean output voltage. Two 
diodes and a center tapped, or four diodes in a  bridge configuration and any AC source 
(including a transformer without center tap), are needed. Single semiconductor diodes, 
double diodes with common cathode or common anode, and four-diode bridges, are 
manufactured as single components. 

 

 

For single-phase AC, if the transformer is center-tapped, then two diodes back-to-back 
(cathode-to-cathode or anode-to-anode, depending upon output polarity required) can 
form a full-wave rectifier. Twice as many turns are required on the transformer 
secondary to obtain the same output voltage than for a bridge rectifier, but the power 
rating is unchanged. 

 

 

Full-wave rectifier using a centertap transformer and 2 diodes. 

 

 

The average and  root mean square output voltages of an ideal single-phase full-wave 
rectifier are: 
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For a three-phase full-wave rectifier with ideal thyristors, the average output voltage is 

 

Where: 

Vdc, Vav - the DC or average output voltage, 

Vpeak - the peak value of half wave, 

Vrms - the root-mean-square value of output voltage. 

π = ~ 3.14159 

α = firing angle of the thyristor (0 if diodes are used to perform rectification) 

 

UNIT 3. 

Bipolar Transistor  

Transistors are three terminal active devices made from different semiconductor 
materials that can act as either an insulator or a conductor by the application of a small 
signal voltage. The transistor's ability to change between these two states enables it to 
have two basic functions: "switching" (digital electronics) or "amplification" (analogue 
electronics). Then bipolar transistors have the ability to operate within three different 
regions: 

 



The Bipolar Transistor basic construction consists of two P The Bipolar Transistor basic 
construction consists of two PN-junctions producing three connecting terminals with 
each terminal being given a name to identify it from the other two. These three terminals 
are known and labelled as the Emitter ( E ), the Base ( B) and the Collector ( C ) 
respectively. 

Bipolar Transistors are current regulating devices that control the amount of current 
flowing through them in proportion to the amount of biasing voltage applied to their base 
terminal acting like a current-controlled switch. The principle of operation of the two 
transistor types PNP and NPN, is exactly the same the only difference being in their 
biasing and the polarity of the power supply for each type. 

Bipolar Transistor Configurations 

As the Bipolar Transistor is a three terminal device, there are basically three possible 
ways to connect it within an electronic circuit with one terminal being common to both 
the input and output. Each method of connection responding differently to its input 
signal within a circuit as the static characteristics of the transistor vary with each circuit 
arrangement. 

     • Common Base Configuration   -   has Voltage Gain but no Current Gain. 

 Common Emitter Configuration   -   has both Current and Voltage Gain. 

  

• • Common Collector Configuration   -   has Current Gain but no Voltage Gain. 

 
The Common Base (CB) Configuration 

As its name suggests, in the Common Base or grounded base configuration, 
the BASE connection is common to both the input signal AND the output signal with the 
input signal being applied between the base and the emitter terminals. The 
corresponding output signal is taken from between the base and the collector terminals 
as shown with the base terminal grounded or connected to a fixed reference voltage 
point. 



The Common Base Transistor Circuit 

 

This type of amplifier configuration is a non-inverting voltage amplifier circuit, in that the 
signal voltagesVin and Vout are "in-phase". This type of transistor arrangement is not 
very common due to its unusually high voltage gain characteristics. Its output 
characteristics represent that of a forward biased diode while the input characteristics 
represent that of an illuminated photo-diode. 

Also this type of bipolar transistor configuration has a high ratio of output to input 
resistance or more importantly "load" resistance ( RL ) to "input" resistance ( Rin ) giving 
it a value of "Resistance Gain". Then the voltage gain ( Av ) for a common base 
configuration is therefore given as: 

The common base circuit is generally only used in single stage amplifier circuits such as 
microphone pre-amplifier or radio frequency ( Rf ) amplifiers due to its very good high 
frequency response. 

The Common Emitter (CE) Configuration 

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 Circuit 

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 ). As the emitter current for a common emitter 
configuration is defined as Ie = Ic + Ib, the ratio of Ic/Ie is called Alpha, given the Greek 
symbol of α. Note: that the value of Alpha will always be less than unity. 



Since the electrical relationship between these three 
currents, Ib, Ic and Ie is determined by the physical 
construction of the transistor itself, 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. 

By combining the expressions for both Alpha, α and Beta, β the mathematical 
relationship between these parameters and therefore the current gain of the transistor 
can be given as: 

 
 

 

 
Where: "Ic" is the current flowing into the collector terminal, "Ib" is the current flowing 
into the base terminal and "Ie" is the current flowing out of the emitter terminal. 

The Common Collector (CC) Configuration 

In the Common Collector or grounded collector configuration, the collector is now 
common through the supply. The input signal is connected directly to the base, while 
the output is taken from the emitter load as shown. This type of configuration is 
commonly known as a Voltage Follower or Emitter Followercircuit. The emitter follower 
configuration is very useful for impedance matching applications because of the very 
high input impedance, in the region of hundreds of thousands of Ohms while having a 
relatively low output impedance. 

The Common Collector Transistor Circuit 

The common emitter configuration has a current gain approximately equal to the β value 
of the transistor itself. In the common collector configuration the load resistance is 
situated in series with the emitter so its current is equal to that of the emitter current. As 
the emitter current is the combination of the collector AND the base current combined, 
the load resistance in this type of transistor configuration also has both the collector 
current and the input current of the base flowing through it. Then the current gain of the 
circuit is given as:  

    



The Common Collector Current Gain 

 
 

 

 
This type of bipolar transistor configuration is a non-
inverting circuit in that the signal voltages 
of Vin andVout are "in-phase". It has a voltage gain 
that is always less than "1" (unity). The load 
resistance of the common collector transistor 
receives both the base and collector currents giving a 
large current gain (as with the common emitter 
configuration) therefore, providing good current 
amplification with very little voltage gain. 

 

The NPN Transistor 

In the previous tutorial we saw that the standard Bipolar Transistor or BJT, comes in two 
basic forms. An NPN (Negative-Positive-Negative) type and a PNP (Positive-Negative-
Positive) type, with the most commonly used transistor type being the NPN Transistor. 
We also learnt that the junctions of the bipolar transistor can be biased in one of three 
different ways - Common Base, Common Emitter andCommon Collector. 

In this tutorial about bipolar transistors we will look more closely at the "Common 
Emitter" configuration using NPN Transistors with an example of the construction of a 
NPN transistor along with the transistors current flow characteristics is given below. 

An NPN Transistor Configuration 

The construction and terminal voltages for an NPN transistor are shown above. The 
voltage between the Base and Emitter ( VBE ), is positive at the Base and negative at 
the Emitter because for an NPN transistor, the Base terminal is always positive with 
respect to the Emitter. Also the Collector supply voltage is positive with respect to the 
Emitter ( VCE ). So for an NPN transistor to conduct the Collector is always more positive 
with respect to both the Base and the Emitter. 

Input 
Impedance 

Low Medium High 

Output 
Impedance 

Very 
High 

High Low 

Phase 
Angle 

0o 180o 0o 

Voltage 
Gain 

High Medium Low 

Current 
Gain 

Low Medium High 

Power 
Gain 

Low 
Very 
High 

Medium 



 

Then the voltage sources are connected to an NPN transistor as shown. The Collector 
is connected to the supply voltage VCC via the load resistor, RL which also acts to limit 
the maximum current flowing through the device. The Base supply voltage VB is 
connected to the Base resistor RB, which again is used to limit the maximum Base 
current. 

We know that the transistor is a "current"operated device (Beta model) and that a large 
current ( Ic ) flows freely through the device between the collector and the emitter 
terminals when the transistor is switched "fully-ON". However, this only happens when a 
small biasing current ( Ib ) is flowing into the base terminal of the transistor at the same 
time thus allowing the Base to act as a sort of current control input. 

 

The transistor current in an NPN transistor is the ratio of these two currents ( Ic/Ib ), 
called the DC Current Gain of the device and is given the symbol of hfe or 
nowadays Beta, ( β ). The value of β can be large up to 200 for standard transistors, 
and it is this large ratio between Ic and Ib that makes the NPN transistor a useful 
amplifying device when used in its active region as Ib provides the input and Icprovides 
the output. Note that Beta has no units as it is a ratio. 

 



The transistor current in an NPN transistor is the ratio of these two currents ( Ic/Ib ), 
called the DC Current Gain of the device and is given the symbol of hfe or 
nowadays Beta, ( β ). The value of β can be large up to 200 for standard transistors, 
and it is this large ratio between Ic and Ib that makes the NPN transistor a useful 
amplifying device when used in its active region as Ib provides the input and Icprovides 
the output. Note that Beta has no units as it is a ratio. 

Also, the current gain of the transistor from the Collector terminal to the Emitter 
terminal, Ic/Ie, is calledAlpha, ( α ), and is a function of the transistor itself (electrons 
diffusing across the junction). As the emitter current Ie is the product of a very small 
base current plus a very large collector current, the value of alpha α, is very close to 
unity, and for a typical low-power signal transistor this value ranges from about 0.950 to 
0.999 

PNP Transistor 

The PNP Transistor is the exact opposite to the NPN Transistor device we looked at in 
the previous tutorial. Basically, in this type of transistor construction the two diodes are 
reversed with respect to the NPN type giving a Positive-Negative-Positive configuration, 
with the arrow which also defines the Emitter terminal this time pointing inwards in the 
transistor symbol. 

Also, all the polarities for a PNP transistor are reversed which means that it "sinks" 
current into its Base as opposed to the NPN transistor which "sources" current through 
its Base. The main difference between the two types of transistors is that holes are the 
more important carriers for PNP transistors, whereas electrons are the important 
carriers for NPN transistors. 

Then, PNP transistors use a small base current and a negative base voltage to control a 
much larger emitter-collector current. In other words for a PNP transistor, the Emitter is 
more positive with respect to the Base and also with respect to the Collector. 

The construction of a "PNP transistor" consists of two P-type semiconductor materials 
either side of an N-type material as shown below. 



 

The construction and terminal voltages for an NPN transistor are shown above. 
The PNP Transistor has very similar characteristics to their NPN bipolar cousins, except 
that the polarities (or biasing) of the current and voltage directions are reversed for any 
one of the possible three configurations looked at in the first tutorial, Common Base, 
Common Emitter and Common Collector. 

 

Transistor Resistance Values for a PNP Transistor and a NPN Transistor 

Between Transistor Terminals PNP NPN 

Collector Emitter RHIGH RHIGH 

Collector Base RLOW RHIGH 

Emitter Collector RHIGH RHIGH 

Emitter Base RLOW RHIGH 

Base Collector RHIGH RLOW 

Base Emitter RHIGH RLOW 

 
 

Field Effect Transistor 

In the Bipolar Junction Transistor   tutorials, we saw that the output Collector current of 
the transistor is proportional to input current flowing into the Base terminal of the device, 
thereby making the bipolar transistor a "CURRENT" operated device (Beta model). 
The Field Effect Transistor, or simplyFET however, uses the voltage that is applied to 

http://www.electronics-tutorials.ws/transistor/tran_1.html


their input terminal, called the Gate to control the current flowing through them resulting 
in the output current being proportional to the input voltage. As their operation relies on 
an electric field (hence the name field effect) generated by the input Gate voltage, this 
then makes the Field Effect Transistor a "VOLTAGE" operated device. 

 

Typical Field Effect Transistor 

The Field Effect Transistor is a three terminal unipolar semiconductor device that has 
very similar characteristics to those of their Bipolar Transistor counterparts ie, high 
efficiency, instant operation, robust and cheap and can be used in most electronic 
circuit applications to replace their equivalent bipolar junction transistors (BJT) cousins. 

The Field Effect Transistor has one major advantage over its standard bipolar transistor 
cousins, in that their input impedance, ( Rin ) is very high, (thousands of Ohms), while 
the BJT is comparatively low. This very high input impedance makes them very 
sensitive to input voltage signals, but the price of this high sensitivity also means that 
they can be easily damaged by static electricity. 

There are two main types of field effect transistor, the Junction Field Effect 
Transistor or JFET and the Insulated-gate Field Effect Transistor or IGFET), which is 
more commonly known as the standard Metal Oxide Semiconductor Field Effect 
Transistor or MOSFET for short. 

1.The Junction Field Effect Transistor 

We saw previously that a bipolar junction transistor is constructed using two PN-
junctions in the main current carrying path between the Emitter and the Collector 
terminals. The Junction Field Effect Transistor (JUGFET or JFET) has no PN-junctions 
but instead has a narrow piece of high-resistivity semiconductor material forming a 
"Channel" of either N-type or P-type silicon for the majority carriers to flow through with 
two ohmic electrical connections at either end commonly called the Drain and 
theSource respectively. 

There are two basic configurations of junction field effect transistor, the N-channel JFET 
and the P-channel JFET. The N-channel JFET's channel is doped with donor impurities 
meaning that the flow of current through the channel is negative (hence the term N-
channel) in the form of electrons. 



Likewise, the P-channel JFET's channel is doped with acceptor impurities meaning that 
the flow of current through the channel is positive (hence the term P-channel) in the 
form of holes. N-channel JFET's have a greater channel conductivity (lower resistance) 
than their equivalent P-channel types, since electrons have a higher mobility through a 
conductor compared to holes. This makes the N-channel JFET's a more efficient 
conductor compared to their P-channel counterparts. 

We have said previously that there are two ohmic electrical connections at either end of 
the channel called the Drain and the Source. But within this channel there is a third 
electrical connection which is called the Gate terminal and this can also be a P-type or 
N-type material forming a PN-junction with the main channel. The relationship between 
the connections of a junction field effect transistor and a bipolar junction transistor are 
compared below. 

Comparison of Connections between a JFET and a BJT 

Bipolar Transistor 
Field Effect 
Transistor 

Emitter - (E)     >>     Source - (S) 

Base - (B)     >>     Gate - (G) 

Collector - (C)     >>     Drain - (D)      

2.The Metal Oxide FET - MOSFET 

As well as the Junction Field Effect Transistor (JFET), there is another type of Field 
Effect Transistor available whose Gate input is electrically insulated from the main 
current carrying channel and is therefore called an Insulated Gate Field Effect 
Transistor or IGFET. The most common type of insulated gate FET which is used in 
many different types of electronic circuits is called the Metal Oxide Semiconductor Field 
Effect Transistor or MOSFET for short. 

The IGFET or MOSFET is a voltage controlled field effect transistor that differs from a 
JFET in that it has a "Metal Oxide" Gate electrode which is electrically insulated from 
the main semiconductor N-channel or P-channel by a thin layer of insulating material 
usually silicon dioxide (commonly known as glass). This insulated metal gate electrode 
can be thought of as one plate of a capacitor. The isolation of the controlling Gate 
makes the input resistance of the MOSFET extremely high in the Mega-ohms ( MΩ ) 
region thereby making it almost infinite. 

As the Gate terminal is isolated from the main current carrying channel "NO current 
flows into the gate"and just like the JFET, the MOSFET also acts like a voltage 
controlled resistor were the current flowing through the main channel between the Drain 
and Source is proportional to the input voltage. Also like the JFET, this very high input 



resistance can easily accumulate large amounts of static charge resulting in 
theMOSFET becoming easily damaged unless carefully handled or protected. 

Like the previous JFET tutorial, MOSFETs are three terminal devices with 
a Gate, Drain and Source and both P-channel (PMOS) and N-channel (NMOS) 
MOSFETs are available. The main difference this time is that MOSFETs are available in 
two basic forms: 

• 1. Depletion Type   -   the transistor requires the Gate-Source voltage, ( VGS ) to switch 
the device "OFF". The depletion mode MOSFET is equivalent to a "Normally Closed" 
switch. 

•   
• 2. Enhancement Type   -   the transistor requires a Gate-Source voltage, ( VGS ) to 

switch the device "ON". The enhancement mode MOSFET is equivalent to a "Normally 
Open" switch. 

The symbols and basic construction for both configurations of MOSFETs are 

shown b 



 

 Phototransistor 

 structure 

Although ordinary transistors exhibit the photosensitive effects if they are exposed to 
light, the structure of the phototransistor is specifically optimised for photo applications. 



The photo transistor has much larger base and collector areas than would be used for a 
normal transistor. These devices were generally made using diffusion or ion 
implantation. 

 

Early photo transistors used germanium or silicon throughout the device giving a 

homo-junction structure. The more modern phototransistors use type III-V 

materials such as gallium arsenide and the like. Heterostructures that use 

different materials either side of the p-n junction are also popular because they 

provide a high conversion efficiency. These are generally fabricated using 

epitaxial growth of materials that have matching lattice structures. These photo 

transistors generally use a mesa structure. Sometimes a Schottky (metal 

semiconductor) junction can be used for the collector within a phototransistor, 

although this practice is less common these days because other structures offer 

better levels of performance 

In order to ensure the optimum conversion and hence sensitivity, the emitter contact is 
often offset within the phototransistor structure. This ensures that the maximum amount 
of light reaches the active region within the phototransistor. 

UNIT 4 
 
Common emitter RC coupled amplifier. 

The common emitter RC coupled amplifier is one of the simplest and elementary 

transistor amplifier that can be made. Don’t expect much boom from this little circuit, the 

main purpose of this circuit is pre-amplification i.e to make weak signals strong enough 

for further processing or amplification. If designed properly, this amplifier can provide 

excellent signal characteristics.  
 

 

 

Capacitor Cin is the input DC decoupling capacitor which blocks any DC component if 

present in the input signal from reaching the Q1 base. If any external DC voltage 

RESISTORS.docx


reaches the base of Q1, it will alter the biasing conditions and affects the performance 

of the amplifier. 

R1 and R2 are the biasing resistors. This network provides the transistor Q1′s base with 

the necessary bias voltage to drive it into the active region. The region of operation 

where the transistor is completely switched of is called cut-off region and the region of 

operation where the transistor is completely switched ON (like a closed switch) is called 

saturation region. The region in between cut-off and saturation is called active region.  

Class A Amplifier 

Common emitter amplifiers are the most commonly used type of amplifier as they have 
a large voltage gain. They are designed to produce a large output voltage swing from a 
relatively small input signal voltage of only a few millivolt's and are used mainly as 
"small signal amplifiers" as we saw in the previous tutorials. However, sometimes an 
amplifier is required to drive large resistive loads such as a loudspeaker or to drive a 
motor in a robot and for these types of applications where high switching currents are 
needed Power Amplifiers are required. 

 

 

The Class B Amplifier 

Class A amplifier by reducing the wasted power in the form of heat, it is possible to 
design the power amplifier circuit with two transistors in its output stage producing what 
is commonly termed as a Class B Amplifier also known as a push-pull 
amplifierconfiguration. 



Then the conduction angle for this type of amplifier circuit is only 180o or 50% of the 
input signal. This pushing and pulling effect of the alternating half cycles by the 
transistors gives this type of circuit its amusing "push-pull" name, but are more generally 
known as the Class B Amplifier as shown below. 

 

 

Class AB Amplifier 

voltage to be greater than 0.7v for a silicon bipolar transistor to start conducting, so if we 
were to replace the two voltage divider biasing resistors connected to the base 
terminals of the transistors with two silicon Diodes, the biasing voltage applied to the 
transistors would now be equal to the forward voltage drop of the diode. These two 
diodes are generally calledBiasing Diodes or Compensating Diodes and are chosen to 
match the characteristics of the matching transistors. The circuit below shows diode 
biasing. 

http://www.electronics-tutorials.ws/diode/diode_1.html


 

The Class AB Amplifier circuit is a compromise between the Class A and the Class B 
configurations. This very small diode biasing voltage causes both transistors to slightly 
conduct even when no input signal is present. An input signal waveform will cause the 
transistors to operate as normal in their active region thereby eliminating any crossover 
distortion present in pure Class B amplifier designs. 

EFFICIENCY DISTORTION IN AMPLIFIERS: 

one of the main disadvantages of a Class A Amplifier is its low full power efficiency 
rating. But we also know that we can improve the amplifier and almost double its 
efficiency simply by changing the output stage of the amplifier to a Class B push-pull 
type configuration. However, this is great from an efficiency point of view, but most 
modern Class B amplifiers are transformerless or complementary types with two 
transistors in their output stage. 

Crossover Distortion produces a zero voltage "flat spot" or "deadband" on the output 
wave shape as it crosses over from one half of the waveform to the other. The reason 
for this is that the transition period when the transistors are switching over from one to 
the other, does not stop or start exactly at the zero crossover point thus causing a small 
delay between the first transistor turning "OFF" and the second transistor turning "ON". 
This delay results in both transistors being switched "OFF" at the same instant in time 
producing an output wave shape as shown below. 



 

 

• Class A Amplifiers – No Crossover Distortion as they are biased in the centre of the 
load line. 

•   
• Class B Amplifiers – Large amounts of Crossover Distortion due to biasing at the cut-off 

point. 
•   
• Class AB Amplifiers – Some Crossover Distortion if the biasing level is set too low. 

Class C 

 

 

Class-C amplifiers conduct less than 50% of the input signal and the distortion at the 

output is high, but high efficiencies (up to 90%) are possible. The class-C amplifier has 

two modes of operation: tuned and untuned.  

In practical class-C amplifiers a tuned load is invariably used. In one common 

arrangement the resistor shown in the circuit above is replaced with a parallel-tuned 

circuit consisting of an inductor and capacitor in parallel, whose components are chosen 

to resonate the frequency of the input signal. The active element conducts only while 

the drain voltage is passing through its minimum.  

http://en.wikipedia.org/wiki/File:Electronic_Amplifier_Class_C.png


Push-pull Amplifier with Pre-biasing 
This type of resistor pre-biasing causes one transistor to turn "ON" exactly at the 

same time as the other transistor turns "OFF" as both transistors are now biased 

slightly above their original cut-off point. However, to achieve this the bias 

voltage must be at least twice that of the normal base to emitter voltage to turn 

"ON" the transistors

 

COMPARISON OF BJT & FET: 

BJT is a Bipolar Junction Transistor, while MOSFET is a Metal Oxide Semiconductor 

Field-Effect Transistor. 

2. A BJT has an emitter, collector and base, while a MOSFET has a gate, source and 

drain. 

3. BJTs are preferred for low current applications, while MOSFETs are for high power 

functions. 

4. In digital and analog circuits, MOSFETs are considered to be more commonly used 

than BJTs these days. 

5. The operation of MOSFET depends on the voltage at the oxide-insulated gate 

electrode, while the operation of BJT is dependent on the current at the base. 
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MONOSTABLE MULTIVIBRATOR: 

 

 

Q1 is cut off, so no current flows through R1, and the collector of Q1 is at -VCC. Q2 is 
saturated and has practically no voltage drop across it, so its collector is essentially at 0 
volts. R5 and R3 form a voltage divider from VBB to the ground potential at the collector 
of Q2. The tie point between these two resistors will be positive. Thus, the base of Q1 is 
held positive, ensuring that Q1 remains cutoff. Q2 will remain saturated because the 
base of Q2 is very slightly negative as a result of the voltage drop across R2. If the 
collector of Q1 is near -VCC and the base of Q2 is near ground, C1 must be charged to 
nearly VCC volts with the polarity shown. 

. 



 

The Transistor Astable Multivibrator 

Regenerative switching circuits such as Astable Multivibrators are the most commonly 
used type of relaxation oscillator as they produce a constant square wave output 
waveform as well as their simplicity, reliability and ease of construction.  

The Astable Multivibrator is another type of cross-coupled transistor switching circuit 
that has NOstable output states as it changes from one state to the other all the time.  

The basic transistor circuit for an Astable Multivibrator produces a square wave output 
from a pair of grounded emitter cross-coupled transistors.  

This results in one stage conducting "fully-ON" (Saturation) while the other is switched 
"fully-OFF" (cut-off) giving a very high level of mutual amplification between the two 
transistors. Conduction is transferred from one stage to the other by the discharging 
action of a capacitor through a resistor as shown below. 



 

 

Integration and Differentiation 

A simple RC circuit will integrate or differentiate waveforms: 

 



 

The resistance R is made large and the capacitative reactance Xc is made small by 
using a large C and/or a large . Then the current into the circuit is set by R and 
proportional to Vin. The capacitor stores and integrates the charge. 

 

To differentiate the circuit is wired as below:  

 

We arrange for nearly all the input voltage to drop across the capacitor (Vc >> Vout ) by 
making R small and Xc large using a small C and/or  Thus the voltage drop across R 
measures i without disturbing Vc.  

 

The circuit looks essentially like a capacitor to the input. The current is set by C and the 
small R is placed in series to sense it. RL circuits will perform the same operations.  



. 

: 

 

where V0 is the capacitor voltage at time t = 0. 

 
 

 

Clippers:  
In the clipper circuits, discussed so far, diodes are assumed to be ideal device. If third 
approximation circuit of diode is used, the transfer characteristics of the clipper circuits 
will be modified.  

Consider the clipper circuit shown in to clip the input signal above reference voltage  

 

 

Fig. 1  Fig. 2  

The current i in the circuit is given by  

 

The transfer characteristic of the circuit is 

shown in fig. 3.  
Fig. 3  

   

http://nptel.iitm.ac.in/courses/Webcourse-contents/IIT-ROORKEE/BASIC-ELECTRONICS/lecturers/lecture_6/lecture6_page1.htm


 

 

Fig. 4  Fig. 5  

Therefore, 

 
The transfer characteristic of the circuit is 

shown in fig. 6. 

 
Fig. 6  

 

Clamper Circuits:  

Clamping is a process of introducing a dc level into a signal. For example, if the input 
voltage swings from -10 V and +10 V, a positive dc clamper, which introduces +10 V in 
the input will produce the output that swings ideally from 0 V to +20 V.  The complete 
waveform is lifted up by +10 V.  

http://nptel.iitm.ac.in/courses/Webcourse-contents/IIT-ROORKEE/BASIC-ELECTRONICS/lecturers/lecture_6/lecture6_page1.htm


 

 

Fig. 8  Fig. 9  

Let the input signal swings form +10 V to -
10 V. During first positive half cycle as V i 
rises from 0 to 10 V, the diode conducts. 
Assuming an ideal diode, its voltage, which 
is also the output must be zero during the 
time from 0 to t1. The capacitor charges 
during this period to 10 V, with the polarity 

shown.  
   

Fig. 10  

 

  

 

 


