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Students will be able to

CO1 Apply the concepts of mathematics and electronic principles in the design of 
electronic circuits

PO1

CO2 Analyze the working principle of electronic  circuits  for its application PO2

CO3 Design the electronic devices  based upon the  given specification PO3

CO4 Present  in a team, the technical aspects of electronic devices used in real time  
applications 

P08,PO9,
10,12



Module-1 
• Introduction: History, Power Electronic Systems, Power Electronic Converters and Applications (1.2, 1.3 1.5 & 1.6 of Text 1)
• Thyristors: Static Anode-Cathode characteristics and Gate characteristics of SCR, TurnON methods, Turn-OFF

mechanisms(2.3, 2.6 without 2.6.1), 2.7, 2.9 of text 1)
• Turn-OFF Methods: Natural and Forced Commutation – Class A and Class B types (refer 2.10 without design 

considerations)
• Gate Trigger Circuit: Resistance Firing Circuit, Resistance capacitance firing circuit (refer 3.5 upto 3.5.2 of Text 1)
• Unijunction Transistor: Basic operation and UJT Firing Circuit (refer 3.6, upto 3.6.4, except 3.6.2)



Vapours





Definition Power Electronics : is the electronics applied to conversion and control of electric power.

Power electronics is the application of solid-state electronics to the control and conversion of electric power.

Range of power scale : milliwatts(mW), megawatts(MW) ,gigawatts(GW)

https://en.wikipedia.org/wiki/Solid-state_electronics




Power Electronic System

The main parts are 
power modulator 
motor
controlling unit 
and sensing units



Power Modulator – Regulates the output power of the source.
Controls the power from the source to the motor in such a manner that
motor transmits the speed-torque characteristic required by the load.

Hence the power modulator restricts the source and motor current.
Converts the energy according to the requirement of the motor e.g. if the
source is DC and an induction motor is used then power modulator convert
DC into AC.
It also selects the mode of operation of the motor(motoring or braking)

Control Unit – The control unit controls the power modulator which operates at small
voltage and power levels.
Operates the power modulator as desired.
Generates the commands for the protection of power modulator and motor.

An input command signal which adjusts the operating point of the drive, from an input to the
control unit.

Sensing Unit – Senses the certain drive parameter( motor current and speed).
Mainly required ( protection/ closed loop operation)



Application of Power Electronics



•Our Daily Life: power electronics applications such as a fan regulator, light dimmer, air-conditioning, induction 
cooking, emergency lights, personal computers, vacuum cleaners, UPS (uninterrupted power system), battery 
charges, etc.

•Automotives and Traction: Subways, hybrid electric vehicles, trolley, fork-lifts, and many more. A modern car itself 
has so many components where power electronic is used such as ignition switch, windshield wiper control, 
adaptive front lighting, interior lighting, electric power steering and so on. 

•Industries: industries are controlled by power electronic drives, for eg. Rolling mills, textile mills, cement mills, 
compressors, pumps, fans, blowers, elevators, rotary kilns etc. Other applications include welding, arc furnace, 
cranes, heating applications, emergency power systems, construction machinery, excavators etc.

•Defense and Aerospace: Power supplies in aircraft, satellites, space shuttles, advance control in missiles, 
unmanned vehicles and other defense equipments.

•Renewable Energy: Generation systems such as solar, wind etc. needs power conditioning systems, storage 
systems and conversion systems in order to become usable. For example solar cells generate DC power and for 
general application we need AC power and hence power electronic converter is used.

•Utility System: HVDC transmission, VAR compensation (SVC), static circuit breakers, generator excitation 
systems, FACTS, smart grids, etc.

https://www.electrical4u.com/electric-power-single-and-three-phase/
https://www.electrical4u.com/electric-furnace/
https://www.electrical4u.com/solar-cell/
https://www.electrical4u.com/high-voltage-direct-current-transmission/
https://www.electrical4u.com/facts-on-facts-theory-and-applications/




• Ac-dc Converter (Rectifier) :Two Types
Diode Rectifier (uncontrolled rectifier)

Ac-dc converters (controlled rectifiers)



Diode Rectifier (uncontrolled rectifier)



Ac-dc converters (controlled rectifiers)



Ac-ac Converter 

A. Output frequency is equal to input frequency

(output rms voltage can be varied)

TRIAC based Ac Voltage regulator (low voltage

and current rating)

Thyristor based AC voltage regulator (high

voltage and current rating)

B. Output frequency is less than input frequency 

(output rms voltage can be varied)--

Cycloconverter



Dc-dc Converter (Chopper)
• Buck (step-down)

• Boost (step-up)

• Buck-boost



Dc-ac Converter (Inverter)
• Output AC may be Single-phase or three-phase.



SCR OPERATION

• Silicon Controlled Rectifier (SCR) is a unidirectional semiconductor device made 
of silicon. 

• solid state equivalent of thyratron and hence it is also referred to as thyristor or 
thyroid transistor. 

• trade name given to the thyristor by General Electric Company. 
• SCR is a three-terminal, four-layer semiconductor device consisting of alternate 

layers of p-type and n-type material.Hence it has three pn junctions J1, J2 and J3. 
• The figure above shows an SCR with the layers p-n-p-n. The device has terminals 

Anode(A), Cathode(K) and the Gate(G). 

• The Gate terminal(G) is attached to the p-layer nearer to the Cathode(K) 
terminal.



V-I Characteristics of a Thyristor
• On giving the supply, V-I characteristics of a thyristor can be 

described 

• three basic modes of operation

reverse blocking mode, 

forward blocking (off-state) mode

forward conduction (on-state) mode



• An SCR can be considered as two inter-connected transistors as shown below.
single SCR is the combination of one pnp transistor (Q1) and one npn transistor
(Q2).

• Here, the emitter of Q1 acts as the anode terminal of the SCR while the emitter
of Q2 is its cathode. Further, the base of Q1 is connected to the collector of Q2
and the collector of Q1 is connected to the base of Q2. The gate terminal of the
SCR is connected to the base of Q2, too.



Reverse Blocking Mode of SCR/OFF STATE
• Here Junctions J1 and J3 are reverse biased whereas the junction J2 is forward biased. 

• If the reverse voltage is now increased  and  as it reaches the critical breakdown 
voltage VBR, an avalanche occurs at J1 and J3 and the reverse current increases rapidly. 

• A large current gives rise to more losses in the SCR, which results in heating.further
damaging the device.

• Must be ensured that maximum working reverse voltage across a thyristor does not 
exceed VBR. 

• When reverse voltage applied across a thyristor is less than VBR, the device offers very 
high impedance in the reverse direction(open circuit).

few μAmps flows

https://www.electrical4u.com/thyristor-silicon-controlled-rectifier-scr/




Forward Blocking Mode of SCR
Under this condition, the junction J1 and J3 get forward biased while junction J2

gets reverse biased.

In this particular mode, a small current, called forward leakage current is allowed
Now, if we keep on increasing the forward biased anode to cathode voltage.In this

particular mode, the thyristor conducts currents from anode to cathode with a very
small voltage drop across it.
A thyristor is brought from forward blocking mode to forward conduction mode by

turning it on by exceeding the forward break over voltage or by applying a gate pulse
between gate and cathode. In this mode, thyristor is in on-state and behaves like a
closed switch.
Voltage drop across thyristor in the on state is of the order of 1 to 2 V

But, if we keep the forward voltage less than VBO, the device offers a high impedance.
Thus even here the thyristor operates as an open switch during the forward blocking
mode.

https://www.electrical4u.com/voltage-drop-calculation/


Forward Conduction Mode of SCR

• The SCR can be made to conduct either
(i) By increasing the positive voltage applied at anode terminal (A) beyond the 
Break Over Voltage, VB or
(ii) By applying positive voltage at the gate terminal (G) as shown in the figure 
below.

Forward Conduction Mode
When the anode to cathode forward voltage is increased, with gate circuit open, the reverse junction J2

will have an avalanche breakdown at forward break over voltage VBO leading to thyristor turn on. 

In this mode of operation, the thyristor conducts maximum current with minimum voltage drop, this is 
known as the forward conduction forward conduction or the turn on mode of the thyristor.



Turn OFF Time of SCR
• Once the thyristor is switched on or in other point of view, the anode current is 

above latching current, the gate losses control over it. That means gate circuit 
cannot turn off the device. 

• For turning off the SCR anode current must fall below the holding current. 
After anode current fall to zero we cannot apply forward voltage across the 
device due to presence of carrier charges into the four layers. So we must 
sweep out or recombine these charges to proper turn off of SCR. 

• turn off time of SCR can be defined as the interval between anode current falls 
to zero and device regains its forward blocking mode. 

• On the basis of removing carrier charges from the four layers, turn off time of 
SCR can be divided into two time regions,

• Reverse Recovery Time.

• Gate Recovery Time



• Reverse Recovery Time

• It is the interval in which change carriers remove from J1, and J3 junction.

• At time t1, anode current falls to zero and it will continue to increase in reverse
direction with same slope (di/dt) of the forward decreasing current. This
negative current will help to sweep out the carrier charges from junction J1 and
J3. At the time t2 carrier charge density is not sufficient to maintain the reverse
current hence after t2 this negative current will start to decrease. The value of
current at t2 is called reverse recovery current. Due to rapid decreasing of
anode current, a reverse spike of voltage may appear across the SCR. Total
recovery time t3 – t1 is called reverse recovery time.

• After that, device will start to follow the applied reverse voltage and it gains
the property to block the forward voltage.

https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/voltage-or-electric-potential-difference/


Gate Recovery Time
After sweeping out the carrier charges from junction J1

and J3 during reverse recovery time, there still remain 
trapped charges in J2 junction which prevent the SCR 
from blocking the forward voltage. 
This trapped charge can be removed by recombination 
only and the interval in which this recombination is done, 
called gate recovery time.



Gate characteristic of thyristor or SCR

• Curve 1 represents the lowest voltage values that must be applied to turn on the SCR and curve 2 
represents the highest values of the voltage that can safely applied.

• So from the figure we can see the safety operated area of SCR is bcdefghb.

• briefs an idea to operate it within a safe region of applied gate voltage and current. 
• So this is a very important characteristic regarding thyristor. 
• At the time of manufacturing each SCR or thyristor is specified with the maximum gate voltage limit (Vg-max), gate 

current limit (Ig-max) and maximum average gate power dissipation limit (Pgav). 
• These limits should not be exceeded to protect the SCR from damage and there is also a specified minimum 

voltage (Vg-min) and minimum current (Ig-min) for proper operation of a thyristor.

https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/thyristor-silicon-controlled-rectifier-scr/


• Now, from the triggering circuit, we get,

Where,
Es = gate source voltage
Vg = gate cathode voltage
Ig = gate current
Rs = gate source resistance

• A  load line of gate source voltage is drawn as AD 
where OA = Es and OD = Es/Rs (trigger circuit short circuit current) 
• Now, let a VI characteristic of gate circuit is given by curve 3. 
• The intersection point of load line (AD) and curve 3 is called as operating point S.
• It is evident that S must lie between S1 and S2 on the load line. 
• For decreasing the turn ON time and to avoid unwanted turn ON of the device, operating 

point should be as close to Pgav as possible. 
• Slope of AD = source resistance Rs. Minimum amount of Rs can be determined by drawing 

a tangent to the Pgav carve from the point A.
• A gate non triggering voltage (Vng) is also mentioned at the time of manufacturing of the 

device.
• All noises and unwanted signals should lie under this voltage to avoid unwanted turn on 

of the thyristor.



There is mainly five different methods turn on methods of SCR:

• Forward Voltage Triggering

• Gate Triggering

• dv/dt Triggering

• Temperature or Thermal Triggering

• Light Triggering

SCR Turn on methods are the techniques to bring an SCR in forward conduction mode from forward blocking 

mode. 

An SCR in forward conduction mode is characterized by low impedance, low voltage drop across anode & cathode 

and high anode current. 

The value of anode current is determined by the load. Thus it allows for the flow of current. 

Therefore, an SCR in forward conduction mode is called its ON state and may be treated as a close switch. 

https://electricalbaba.com/v-i-characteristics-scr/
https://electricalbaba.com/concept-of-electricity-what-is-current/


Forward Voltage Triggering

• forward biased and will increase this bias voltage till SCR gets ON.

• In a forward biased SCR or Thyristor, junction J1 and J3 are forward biased whereas junction J2 is reversed bias. 

• Therefore, increasing this bias voltage will narrow down the width of the depletion region of junction J2 and at a 

particular voltage, this depletion region will vanish. 

• At this stage, reversed biased junction J2 is said to have avalanche breakdown and this voltage is called the 

forward breakover voltage. 

• The name forward breakover voltage is given as at this voltage the V-I characteristics of SCR breaks and shifts to 

its ON position

https://electricalbaba.com/pn-junction-diode/


• You may notice that at forward breakover voltage VBO, the V-I curve breaks at
point M and shift to its On position N with forward breakover current IBO. This is
the reason; this critical voltage is called forward breakover voltage.

• As soon as avalanche breakdown at junction J2 occurs, current starts flowing
from anode to cathode of SCR. The value of this anode current is only limited by
the load. Thus SCR is now in its conduction mode in forward direction i.e. from
anode to cathode. This is forward triggering method of turning SCR ON.

• Normally this method is not used to turn on SCR as it may damage it. Generally
the forward breakover voltage is less than reverse breakdown voltage and hence
reverse breadwon voltage is considered as final voltage rating while designing
SCR. It must also be noted and bear in mind that, once avalanche breakdown
take place at junction J2, the blocking capability of J2 is lost. Therefore if anode
voltage is reduced below forward breakover voltage, the SCR will continue to
conduct. The SCR can now be turned off by bringing its anode current below a
certain value called the holding current.

https://electricalbaba.com/avalanche-breakdown/


Gate Triggering

• Gate triggering is the method in which positive gate current is flown in forward biased 
SCR to make it ON. Gate triggering is in fact the most reliable, simple and efficient way to 
turn on SCR. In this method, positive gate voltage between gate and cathode terminals 
are applied in forward biased SCR which establishes gate current from gate terminal to 
cathode.

• When positive gate current is applied, gate p layer is flooded with electrons from the 
cathode (n side). This is because the cathode n layer is heavily doped as compared to 
gate p layer. Since junction J1 and J3 are already forward biased, the injected electrons in 
gate p layer may reach junction J2 and hence reduces the width of depletion region. This 
result is reduction of forward breakover voltage. In fact, the more the injected electrons 
in gate p layer, the more will be chance of electrons reaching J2. This means the more 
the value of gate current, the more will be reduction in forward breakover voltage. Thus 
gate current and forward breakover voltage are inversely proportional.

• Please refer the figure below. This is the V-I characteristics of DSCR for different values of 
gate current Ig.



• Following points can be observed and noted from the above curve:

• When the gate current Ig is zero, the forward breakover voltage is VBO.

• As gate current increases from zero to Ig1, the forward breakover voltage reduces from VBO to 
V1. Similarly, its value reduces from V1 to V3 as the gate current increases from Ig1 to Ig3.

• Thus the SCR may be turned on by applying gate current. It should be noted that SCR is 
turning on due to forward breakover voltage though this voltage is reduced considerably due 
to positive gate current.

• Once SCR starts conducting in forward direction, reversed bias junction J2 no longer exists. 
Therefore, no gate current is required for SCR or thyristor to remain in ON state. Therefore if 
gate current is removed, the conduction of current from anode to cathode is not affected. 
However, if gate current is reduced to zero before the rising of anode current to a specific 
value called the latching current, the SCR or thyristor will turn off again. This means we 
should not make gate current off until anode current has crossed latching current.



• Latching current is defined as the minimum value of anode current 
which must be attained during turn on process of SCR to main the 
conduction even when gate current is removed.

• Once SCR or thyristor starts conductiong, gate losses its control. The 
SCR or thyristor can now be turned OFF only if the anode current 
reaches below a specified value of anode current. This value of anode 
current below which SCR gets turned OFF is called Holding Current. As 
can be seen from the V-I characteristics of SCR, the value of latching 
current is more than the Holding Current.

• Holding Current is defined as the minimum value of anode current 
below which it must fall for turning OFF the SCR or Thyristor.



dv/dt Triggering

• SCR is turned ON by changing the forward bias voltage with respect to time. 

• dv/dt itself means rate of change of voltage w.r.t time.

• junction J2 is reversed biased in a forward blocking mode of SCR. 

• A reversed biased junction may be treated as a capacitor due to presence of space charges 
in the vicinity of reversed biased junction. Let us assume its capacitance to be ‘C’ farad. 

• The charge on capacitor, voltage across the capacitor and capacitance are related as below:

Q = CV

Differentiating both sides w.r.t time, we get
dQ/dt = C(dV/dt)
But current I = dQ/dt
⇒ I = C(dV/dt)

• Thus the current through the reversed biased junction J2 is directly proportional to (dv/dt). 
Therefore if the rate of rise of forward voltage i.e. (dv/dt) is high, the charging current I will 
also be high. This charging current acts like gate current and turns ON the SCR or thyristor
even though the gate current is zero. If should be noted that, it is rate of rise of voltage 
which is responsible for turning the SCR ON. It is independent of magnitude of voltage. The 
voltage may be low, but the rate of its rise should be high enough to turn SCR ON.

https://electricalbaba.com/why-do-capacitor-block-dc-but-allows-ac/
https://electricalbaba.com/concept-of-electricity-what-is-current/


Temperature Triggering/ thermal triggering

• In reversed biased junction a reverse saturation current flows whose value
depends on the temperature of the junction.

• In forward blocking mode of SCR or thyristor, there will be a flow of reverse
saturation current across the junction J2.

• This current will increase the temperature of the junction which in turn will
result in further increase in reverse leakage current.

• This increased leakage current will again increase the junction temperature
and hence will further increase the reverse leakage current.

• Thus, this process is cumulative and will eventually lead to vanishing of
depletion region of reversed biased junction J2 at some temperature.

• At this temperature, the SCR will get turn ON.



Light Triggering

• In light triggering, a pulse of light of suitable wavelength guided by optical fibers is 
irradiated to turn SCR ON. 

• A recess or niche is made in the inner p layer for light triggered SCR as shown in figure.

• When this niche is irradiated, free charge carriers(electron and hole) pairs are 
generated.

• If the intensity of irradiated light is exceeds a certain value, forward biased SCR is 
turned ON. 

• Irradiated light produces free charge carries which is just like in case of gate current. 
There charge carries move near the reversed biased junction J2 and reduces the 
forward breakover voltage. This is the reason, the SCR gets turned ON.

• The SCR which is turned ON by using light is called Light Activated SCR or LASCR

https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Optical_fiber




SCR triggering method

This is most widely used SCR triggering method. Three 
types . 
1. DC Gate Triggering:-
2. 2. AC Gate Triggering:- I. Resistance triggering: II. RC 

Triggering 
3. 3. Pulse Gate Triggering:-



DC gate triggering:-

• A DC voltage of proper polarity is applied between gate and cathode ( Gate terminal is 
positive with respect to Cathode). 

• When applied voltage is sufficient to produce the required gate Current, the device 
starts conducting. 

Drawbacks :
• One drawback of this scheme is that both power and control circuits are DC and there 

is no isolation between the two. 
• Another disadvantages is that a continuous DC signal has to be applied. So gate power 

loss is high. `



AC Gate Triggering:-

• oHere AC source is used for gate signals. 
• This scheme provides proper isolation between power and 

control circuit. 
Drawback: o
Drawback of this scheme is that a separate transformer is 
required to step down ac supply. 
Two methods of AC voltage triggering namely (i) R Triggering (ii) 
RC triggering



Pulse Gate Triggering:-

• In this method the gate drive consists of a single pulse appearing periodically (or) a 
sequence of high frequency pulses. 

• This is known as carrier frequency gating. 
Advantages 
1. Low gate dissipation at higher gate current. 
2. Small gate isolating pulse transformer 
3. Low dissipation in reverse biased condition is possible.So simple trigger circuits are 
possible in some cases
4. When the first trigger pulse fails to trigger the SCR, the following pulses can succeed in 

latching SCR.



• The diode D is called as
blocking diode. It prevents the
gate cathode junction from
getting damaged in the
negative half cycleR2 - variable resistance R – stabilizing resistance














































































































































