Power Electronics

Unit-1 Devices

Unit-1 Chapter-1
Thyristor (or) SCR

1. Introduction of Thyristor

2. V-I Characteristics of SCR
(or) Static Characteristics of SCR
(or) Static V-I Characteristics of SCR
(or) Steady State Characteristics of SCR

3. Turning ON of SCR with Firing Circuits (Triggering Circuits)
* R Firing Circuit (or) Resistance Firing Circuit
* RC Firing Circuit (or) Resistance Capacitance Firing Circuit

4. Turning OFF (or) Commutation of SCR
* Introduction
* Current Commutation (or) Class-B Commutation (or) Resonant Pulse Commutation
* Voltage Commutation (or) Class-D Commutation (or) Impulse Commutation






Introduction
THYRISTOR ==> THYRatron + transISTOR

* Thyristor is a Power Semiconductor device which has characteristics similar to Thyratron
and construction similar to Transistor.

* Examples of Thyristors are SCR (Silicon Controlled Rectifier), GTO (Gate Turn Off
Thyristor), RCT (Reverse Conducting Thyristor) etc.

* SCR is the oldest and most commonly used Thyristor. Hence, many of the people call SCR
as Thyristor.

* SCR was invented by Bell Laboratories in the year 1956 and developed by General Electric
Company (GEC) in the year 1957.

* SCR is a Power Semiconductor device which has 4 layers (P, N, P, N), 3 junctions (J1, J2, J3),

3 terminals (Anode A, Cathode K, Gate G).
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V-I Characteristics of SCR
(or) Static Characteristics of SCR
(or) Static V-I Characteristics of SCR
(or) Steady State Characteristics of SCR

Circuit Diagram
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Here, Vpgo = Forward Break Over Voltage
Vreo = Reverse Break Over Voltage
I. = Latching Current
In = Holding Current

* SCR has three junctions (J;, J,, J3). Initially, the junctions J; and J; will be in forward bias
and the junction J,, will be in reverse bias.

*  When the supply Voltage (Vs) is gradually increased, then, the forward voltage (+Vax)
gradually increases and a small forward leakage current flows through the SCR. When V ax
reaches a high value i.e. Vgpo, the junction J, will be break down and becomes forward bias.
Hence, SCR comes to conduction state (or) ON state. This method of turning ON the SCR is
known as Forward Voltage Triggering method.

* The current at which SCR is turned ON is called as Latching Current (I.). From that point
onwards, the anode current I, increases rapidly with a small change in V ak.

* If SCR is repeatedly turned ON by this Forward Voltage Triggering method, then, SCR may
be damaged.

* To reduce this risk, Gate Voltage has to be applied. Higher the gate voltage, lower the V x is
required. This method of turning ON the SCR is known as Gate Triggering. This is the best
method used in all practical applications.

* To turn OFF the SCR, V sk has to be reduced. When V sk is gradually decreased, then, I, also
decreases. At a particular point, SCR comes to OFF state.

* The current at which SCR is turned OFF is called as Holding Current (Iy).

*  When the reverse voltage (—V ax) is gradually increased, then, a small reverse leakage current
flows through the SCR. When (—V 5k) reaches a high value i.e. Vrpo, then, a large current
flows through the SCR. Due to this, SCR may be damaged.



R Firing Circuit
(or) R Triggering Circuit
(or) Resistance Firing Circuit

—

s R

1

OV

\

Here, R, = Variable Resistance (which varies from maximum to minimum)
R = Resistance (which provides required gate voltage)
R; = Resistance (which limits the current)
D = Diode (which allows the current in positive half cycle of the supply)

*  When R, is maximum, then, the current (i) is minimum, Vg (actuat) < Vg (required). The SCR will
be in OFF state.

*  When R; is decreased gradually, the current (i) increases.

* At a particular value of Ra, Vg (actual) = Vg (required)- This point is at o = 90°. The SCR will come
to conduction state.

*  When R; is decreased gradually, then, the current (i) increases, the SCR will be in conduction
state for (o < 90°)

* The R triggering circuit provides firing angle control of (a : 0 to 90°)

* The R triggering circuit can be used for half wave rectifiers.
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RC Firing Circuit
(or) RC Triggering Circuit
(or) Resistance Capacitance Firing Circuit
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Here, R = Variable Resistance (which varies from maximum to minimum)
C = Capacitance (which produces required Gate Voltage)
D, = Diode (which is used for capacitor charging)
D, = Diode (which is used for capacitor discharging)

* Initially, the capacitor charges to (—Vsmax)) in the Negative half cycle of supply voltage Vg
through the diode D,. The current path is Vg => C => D, => V.

* In the Positive half cycle of supply voltage, when R is maximum, then, the current is
minimum and time constant RC is maximum, the capacitor discharges very slowly and it
produces required gate voltage at (o > 90°)

*  When R is minimum, then, the current is maximum and time constant RC is minimum, the
capacitor discharges very fast and it produces required gate voltage at (o < 90°)

* The RC triggering circuit provides firing angle control of (a : 0 to 180°)

* The RC triggering circuit can be used for half wave rectifiers.
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Commutation of SCR
(or) Turning OFF of SCR

* The SCR can be turned OFF by applying a reverse voltage or negative voltage across the

SCR
A Dr'(” Kk
o S

* The SCR can be turned OFF by sending reverse current through the SCR
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* There are two types of commutation methods available for the SCR. (i) Natural Commutation
(i1) Forced Commutation

(1) Natural Commutation
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AC Supply voltage consists of positive half cycle and negative half cycle. The voltage of
negative half cycle is called as reverse voltage. If AC supply is given to SCR, then, SCR will be
in ON state in positive half cycle and SCR will be turned OFF naturally at the starting point of
negative half cycle. This method of commutation is called as Natural Commutation.

(i1) Forced Commutation
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DC Supply Voltage does not consist of negative half cycle. So, if DC supply is given to SCR,
then, an additional circuit must be connected across the SCR to generate reverse voltage and turn
OFF the SCR forcibly. This method of commutation is called as Forced Commutation.




Current Commutation
(or) Class-B Commutation (or) Resonant Pulse Commutation

[
[ EFL
t

i
g t
g igt i
- | =1
' : t
l..--—'lllrll1 : :
| flo; ., W
e} gtz ® —=t 1
S’ = EERETRTY (| SN - DU,
T _ : ; ’_7/_,1:-1
. 1*--..I""'3 lc':lﬂ — . < . Rl :
+¥ o B PNGIe T feter T1
' D vt ! %k
| C L | L 'rl S .
| 1-——"—-"0‘5‘H . Vg 5 AR
Vg bl T < | Vg []Land T ': veo L t
e S
Egﬂ j | R e Loy
I o e, T.- 7.:5
TA 1y t: Hhte
_é |— on TA TA T
ON OFF OFF

Initially, the capacitor charges to a voltage Vg due to the source voltage (Vs) with left hand
plate positive and right hand plate negative.

Initially, the main Thyristor T; and the auxiliary Thyristor T4 will be in OFF position.

When the main Thyristor T; is turned ON at (t = 0), a constant current (Iy) flows through the
load. The current path is Vg => T => Load => Vg .

To turn OFF the main Thyristor T, the auxiliary Thyristor T4 is turned ON at (t = t;). The
capacitor discharges through the auxiliary Thyristor Ta, inductor L. The current path is
C => T, => L => C. The inductor stores energy during this process. Due to this inductor
energy, the capacitor charges again to (Vs) with left hand plate negative and right hand plate
positive.

The capacitor tries to discharge through inductor L, diode D, auxiliary Thyristor Ta. The
current path is C => L => T, => C. This discharge current is flowing in a reverse direction to
the auxiliary Thyristor Ta. Due to this reverse current, the auxiliary Thyristor T, will be
turned OFF at (t = t,).

The capacitor tries to discharge through inductor L, diode D, main Thyristor T;. The current
path is C => L => D => T| => C. This discharge current is flowing in a reverse direction to
the main Thyristor T;. Due to this reverse current, the main Thyristor T; will be turned OFF
at (t =t3).

As the Thyristors are turned OFF due to reverse current, this commutation method is called

as Current Commutation.

The capacitor charges through inductor L, diode D, Load from (t = t3) to (t = ts). The current
path is Vg 4y => C => L => => D => Load => Vg (. From (t = ts), there is no path for I
current and hence I will be zero.



Voltage Commutation
(or) Class-D Commutation (or) Impulse Commutation
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Initially, the ca.pacitor charges to a voltage Vg due to the source voltage (Vs) with upper plate
positive and lower plate negative.

Initially, the main Thyristor T; and the auxiliary Thyristor T will be in OFF position.

When the main Thyristor T, is turned ON at (t = 0), a constant current (Iy) flows through the
load. The current path is Vg (+)=> T => Load => Vg (..

The capacitor discharges through main Thyristor T, inductor L and Diode D. The current
path is C => T; => L => D => C. The inductor stores energy during this process. Due to this
inductor energy, the capacitor charges again to (V) with upper plate negative and lower plate
positive.

To turn OFF the main Thyristor T, the auxiliary Thyristor T4 is turned ON at (t = t;). The
capacitor voltage appears as a reverse voltage to the main Thyristor T;. Due to this reverse
voltage, the main Thyristor T will be turned OFF at (t = t)).

As the main Thyristor T, is turned OFF due to reverse voltage, this commutation method is
called as Voltage Commutation.

The path for Ij current is Vg )=> C => T, => Load => V). The capacitor voltage becomes
positive i.e upper plate positive and lower plate negative. After that, there is no charging and
discharging of capacitor, and the current passing through the auxiliary Thyristor T4 is zero
and hence, the auxiliary Thyristor T, will be turned off automatically. From (t = ts), there is
no path for Iy current and hence Iy will be zero.

From (t = t;), there is no path for Iy current and hence I, will be zero.



Power Electronics

Unit-1 Chapter-2
Other Devices

1. Diode

2. MOSFET (Metal Oxide Semiconductor Field Effect Transistor)
3. IGBT (Insulated Gate Bipolar Transistor)

4. Comparison between MOSFET and IGBT

5. Comparison between Transistor and Thyristor

6. Gallium Nitride Devices and Silicon Carbide Devices
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MOSFET
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Comparison between MOSFET and IGBT

S1. No. MOSFET IGBT

1 Metal Oxide Semiconductor Field Effect Insulated Gate Bipolar Transistor
Transistor

) Maximum Ratings Maximum Ratings
500V, 140A, 250kHz 1200V, 500A, 20kHz

3 High Switching Frequency (250K Hz) Low Switching Frequency (20KHz)

4 It has only one current path in its structure | It has two current paths in its structure

5 It is a unipolar device It is a bipolar device

6 It is a unidirectional device and current It is a unidirectional device and current
flows from Drain to Source flows from Collector to Emitter

7 It is a voltage controlled device It is a voltage controlled device

8 It is a Transistor It is a Transistor

9 Applications are Inverter, UPS, SMPS Applications are Inverter, UPS, SMPS

Comparison between Transistor and Thyristor
SI. No. Transistor Thyristor

Examples Examples
MOSFET (Metal Oxide Semiconductor SCR (Silicon Controlled Rectifier)

1 Field Effect Transistor), RCT (Reverse Conducting Thyristor)
IGBT (Insulated Gate Bipolar Transistor), | GTO (Gate Turn Off Thyristor)
BJT (Bipolar Junction Transistor)
Ratings are low Ratings are high

2 MOSFET (500V, 140A) SCR (10KV, 3000A)
IGBT (1200V, 500A)

3 Turn ON and Turn OFF is easy Turn ON is easy & Turn OFF is not easy

4 Commutation circuit is not required Communication circuit is required
When Gate Pulse is given, the Transistor | When Gate Pulse is given, the Transistor

5 will be turned ON. will be turned ON.

When Gate Pulse is removed, then, the
Transistor will be turned OFF.

When Gate Pulse is removed, then, the
Thyristor will not be turned OFF.

ON state voltage drop is less

ON state voltage drop is more

It can not withstand to Surges

It can withstand to Surges

Size is less

Size is more

O (00|

Cost is less

Cost is more




Gallium Nitride Devices and Silicon Carbide Devices

Gallium Nitride (GaN) and Silicon Carbide (SiC) are wide bandgap semiconductor materials
used in power electronics, offering advantages over traditional silicon-based devices.

SiC is preferred for high-voltage, high-power applications like automotive traction inverters
and industrial power supplies

GaN excels in high-frequency, lower-power applications like consumer and telecom power
supplies, and electric vehicle (EV) onboard chargers.

Gallium Nitride (GaN) Devices:

*

High Frequency and Lower Power: GaN devices are particularly well-suited for high-
frequency applications (above 100 kHz) and lower power levels (typically up to 650V).

High Power Density: GaN enables more compact and efficient power converters, leading to
smaller chargers and power supplies.

Applications: Consumer power supplies (laptops, smartphones), telecom power supplies,
server and data center power supplies, EV onboard chargers, and fast charging applications.

Advantages over SiC: GaN can offer higher switching frequencies and lower conduction
losses than SiC in certain applications.

Silicon Carbide (SiC) Devices:

*

High Voltage and Power: SiC devices are known for their ability to handle high voltages
(650V and above) and high currents, making them suitable for demanding applications like
electric vehicle (EV) traction inverters, solar farms, and large industrial power supplies.

High Temperature Operation: SiC can operate at higher temperatures than silicon, enhancing
reliability and performance in harsh environments.

Faster Switching Speed: SiC devices can switch faster than silicon, enabling more efficient
power conversion and smaller component sizes.

Applications: High-power motor drives, large-scale power conditioners (e.g., for power
generation), EV inverters, and industrial power supplies.



Power Electronics

Unit-2 Rectifiers (AC to DC Converters)

Unit-2 Chapter-1
10 Rectifiers

1. Introduction

2. 10 Half Wave Rectifier
(a) Resistive Load (R Load)
(b) Inductive Load (RL Load)
(c) RL Load and Free Wheeling Diode

3. 10 Full Converter (or) 10 Fully Controlled Bridge Rectifier
(a) Resistive Load (R Load)
(b) High Inductive Load (RL Load)
(c) RL Load and Free Wheeling Diode






Introduction

Definition of Rectifier: Rectifier is a Power Electronics Converter which converts fixed AC
Voltage to Variable AC Voltage

Applications of Rectifiers: Battery Charging, Power Supplies, UPS, Inverter, DC Traction,
HVDC Transmission etc.

Classification of Rectifiers:
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Power Electronics

Unit-2 Rectifiers (AC to DC Converters)

Unit-2 Chapter-2
30 Rectifiers and Other Topics

1. 30 Full Converter (or) 10 Fully Controlled Bridge Rectifier
(a) Resistive Load (R Load)
(b) High Inductive Load (RL Load)

2. Effect of Source Inductance in 10 Full Converter

3. Rectifier with Filter Capacitance

4. Dual Converter
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Short Answer Questions

Rectifier is a Power Electronics Converter which converts fixed AC Voltage to Variable AC
Voltage

Applications of Rectifiers are Battery Charging, Power Supplies, UPS, Inverter, DC Traction,
HVDC Transmission etc.

Firing Angle is the angle at which the SCR is fired (or) triggered (or) Turned ON in the
Rectifier Circuit. It is denoted by o (alpha). Firing Angle is also called as Phase Angle, Delay
Angle, Triggering Angle.

Extinction Angle is the angle at which the load current becomes zero in discontinuous
conduction mode in Rectifier Circuit. It is denoted by B (beta).

Conduction Angle is the angle during which the SCR conducts the load current. It is denoted
by v (gaama)

Overlap Angle is the angle which occurs in addition with delay angle (o) while turning ON
the SCR when the effect of source inductance is considered. It is denoted by p (mew)

In Half Wave Rectifier, the input voltage is Vg and the output voltage is (0 to Vs/2). Here, the
maximum output voltage is Vs/2 only. This is the drawback of Half Wave Rectifier.

In Full Wave Rectifier, the input voltage is Vg and the output voltage is (0 to V). Here, the
maximum output voltage is Vs. This is the advantage of Full Wave Rectifier.

In 10 Half Wave Rectifier,
For Resistive Load (R Load), Vi (avg) = ‘2/—"; (1 + cosa)
For Inductive Load (RL Load), Vi (avg) = ‘2/—"; (cosa — cosf)

In 10 Fully Controlled Bridge Rectifier,
For Resistive Load (R Load), Vi (avg) = %’” (1 + cosa)

For high Inductive Load (RL Load), Vj (avg) = % cosa
In 30 Fully Controlled Bridge Rectifier

For R Load and RL Load, Vg (avg) = % cosa

The output voltage (Vo) is high in 30 Fully Controlled Bridge Rectifier when compared with
10 Fully Controlled Bridge Rectifier. Hence, the output power is also high in 30 Fully
Controlled Bridge Rectifier when compared with 10 Fully Controlled Bridge Rectifier.

Free Wheeling Diode eliminates the negative portion of output voltage waveform and
improves the output voltage value. Free Wheeling Diode allows the SCR to be turned OFF at
zero crossing points and reduces the burden on the SCR.



Power Electronics

Unit-3
DC Chopper
(Fixed DC Voltage to Variable DC Voltage)

1. Introduction

2. Step Down Chopper with Resistive Load (R Load)
(or) Buck Converter with R Load
(or) Principle of Chopper Control

3. Step Down Chopper with Inductive Load (RL Load)
(or) Buck Converter with RL Load

4. Step Up Chopper (same for R Load and RL Load)
(or) Boost Converter

5. Buck Boost Converter

6. Control Strategies
(a) Time Ratio Control (TRC)
(1) Constant Frequency Control (or) PWM Control
(i1) Variable Frequency Control
(b) Current Limit Control (CLC)



Introduction of DC Chopper

Definition of DC Chopper: DC Chopper is a Power Electronics Converter which converts fixed
DC Voltage to Variable DC Voltage.

Applications of DC Chopper:
Regulated Power Supply (RPS), Electric Vehicles, Battery Charging etc.

Advantages of DC Chopper:
Smooth Control, Fast Response, High Efficiency

Disadvantages of DC Chopper:

For high power applications, SCR must be used. DC Chopper input is DC Supply. There will not
be any negative voltage in DC Supply. Hence, SCR will not be turned OFF naturally for DC
Supply. Hence, Forced Commutation circuit must be connected across SCR to turn it OFF.

Classification of DC Choppers:

*  Step Down Chopper
*  Step Up Chopper
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Buck-Boost Converter

The buck-boost converter is a type of DC-DC converter that can produce an output
voltage that is either higher or lower than the input voltage, making it a versatile power
conversion topology for various applications in power electronics where input voltage
regulation and output voltage requirements may vary.

The buck-boost converter operates in two distinct modes: the "buck" mode, where the
output voltage is lower than the input voltage, and the "boost" mode, where the output
voltage is higher than the input voltage. The transition between these two modes is
smooth, enabling the converter to maintain a stable output voltage under varying input
conditions.

The buck-boost converter operates using a switch, typically a transistor, and a diode,
which control current flow through an inductor and a capacitor. During the switch's ON
state, energy is stored in the inductor, and during the OFF state, the energy is transferred
to the output through the diode. The duty cycle of the switch, or the ratio of ON time to
the total period of the switching cycle, determines the converter's output voltage.
Adjusting the duty cycle allows the output voltage to be controlled and maintained at
the desired level.

According to the converter's operating theory, magnetic energy obtained from the DC
power source E builds up in the inductor over time. This energy is transferred to the
load during the time. The positive terminal of the load voltage is connected to the
negative terminal of the DC power source, indicating that this converter performs
voltage inversion at the load. This is an important converter feature that may restrict
where it can be used.
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When the switch is turned on, the inductor is connected to the DC power source E,
causing the inductor current to increase linearly from its minimum to maximum value.
During this time, the diode is reverse-biased due to the sum of the voltage across the
load V and the DC power source E, and therefore does not conduct.

D
= ] i}
E = r‘:_i:;: L o= Lk 1] r

When the switch is turned off, the inductor current is established through the diode D,
transferring the magnetic energy of the inductor to the load. Under the influence of the
load voltage V, the inductor current decreases from its maximum to minimum value.

D
o =
U
=¥ S (=

In steady state, the average value of the voltage across the inductor is zero, which
implies:

S+ = E x ToNn = S- = VxTorr
= V = E x Ton/ Torr

Therefore, this converter can operate as a step-down or step-up converter (ToN / TOFF
=0...00). However, it should be noted that, as with the boost converter, the function of
the voltage booster is limited by circuit losses.
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Waveforms of Inductor Voltage and Inductor Current

The buck-boost converter has some similarities to both the boost converter and the
buck converter in its circuit topology. The following are some of the main parts of the
buck-boost converter:

Switch (S): Usually, a power transistor, such as a MOSFET, regulates the inductor's
current flow. The converter's operating modes and output voltage depend on the
switch's ON and OFF states.

Diode (D): When the switch is in the OFF position, it allows current to flow in only
one direction, from the inductor to the output. The output capacitor can't discharge
back to the input source thanks to the diode.

Inductor (L): Stores energy during the switch's ON state and releases it to the output
during the OFF state. The inductor is crucial in smoothing the output voltage and
current waveforms.

Capacitor (C): This component filters and smooths the output voltage waveform by
storing and releasing energy. It helps maintain a stable output voltage by mitigating
voltage ripple and transient responses.
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Power Electronics

Unit-4
Inverter
(Fixed DC Voltage to Variable AC Voltage)

. Introduction

. 10 Half Bridge Inverter (or) 10 Half Bridge VSI with Resistive Load (R Load)

. 10 Half Bridge Inverter (or) 10 Half Bridge VSI with Inductive Load (RL Load)
. 10 Full Bridge Inverter (or) 10 Full Bridge VSI with Resistive Load (R Load)

. 19 Full Bridge Inverter (or) 10 Full Bridge VSI with Inductive Load (RL Load)

. 30 Voltage Source Inverter (VSI) with 180° Conduction Mode
7.

30 Voltage Source Inverter (VSI) with 120° Conduction Mode

Voltage Control Techniques in Inverters
Pulse Width Modulation Techniques (Single PWM, Multiple PWM, Sine PWM)

10. 19 Current Source Inverter (CSI)
11. 10 Basic Series Inverter
12. 19 Parallel Inverter
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Power Electronics

Unit-5
(10 AC Voltage Controller & 10 Cyclo Converter)

Unit-5 Chapter-1
10 AC Voltage Controller
(Fixed AC Voltage to Variable AC Voltage with Constant Frequency)

1. Introduction

2. 10 AC Voltage Controller with Resistive Load (R Load)
(or) Principle of Phase Control in 10 AC Voltage Controller

3. 10 AC Voltage Controller with Inductive Load (RL Load)
4. Power Factor in 10 AC Voltage Controller
5. 10 AC Voltage Controller using TRIAC

6. Integral Cycle Control (or) ON — OFF Control in 10 AC Voltage Controller

Introduction of AC Voltage Controller

Definition of AC Voltage Controller: AC Voltage Controller is a Power Electronics Converter
which converts fixed AC Voltage to Variable AC Voltage with constant frequency.

Applications of AC Voltage Controllers: Speed control of AC Motors, Starting of Induction
Motors, Lighting Control (controlling the lighting of Bulbs in theaters, auditoriums, homes etc.),
Transformer Tap changing, Domestic and Industrial Electric Heating (Ovens, Heaters etc.) etc.

Classification of AC Voltage Controllers:
* 10 AC Voltage Controller
* 30 AC Voltage Controller
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Power Electronics

Unit-5
(19 AC Voltage Controller & 10 Cyclo Converter)

Unit-5 Chapter-2
10 Cyclo Converter
(Fixed AC Voltage and Frequency to Variable AC Voltage and Frequency)

1. Introduction

2. 10 Mid Point Type Step Down Cyclo Converter with Resistive Load (R Load)
3. 10 Mid Point Type Step Down Cyclo Converter with Inductive Load (RL Load)
4. 10 Bridge Type Step Down Cyclo Converter with Resistive Load (R Load)

5. 10 Bridge Type Step Down Cyclo Converter with Inductive Load (RL Load)

6. 10 Mid Point Type Step Up Cyclo Converter (same for R Load and RL Load)

7. 10 Bridge Type Step Up Cyclo Converter (same for R Load and RL Load)

Introduction of Cyclo Converter

Definition of Cyclo Converter: Cyclo Converter is a Power Electronics Converter which
converts fixed AC Voltage and Frequency to Variable AC Voltage and Frequency.

Applications of Cyclo Converters: Speed control of AC Motors, Washing Machines, Water
Pumps, Industrial Applications (Cement Mills, Rolling Mills, Grinding Mills etc), Speed Control
of Propulsion Motors in Ships etc.

Classification of Cyclo Converters:

Classification] ==> 10 Cyclo Converter, 30 Cyclo Converter

Classification2 ==> Mid Point Type Cyclo Converter, Bridge Type Cyclo Converter
Classification3 ==> Step Down Cyclo Converter, Step Up Cyclo Converter
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