
 Table of Contents 1 Basic Power Electronics (Elex. / Sem 4/ MSBTE) 

 

Chapter 1 : Power Electronics 1-1 to 1-2 

1.1 Introduction to Power Electronics .......................... 1-1 
1.1.1 Principle of Power Electronics ................. 1-1 
1.1.2 Application Areas of Power Electronics ... 1-1 

1.2 Power Semiconductor Devices .............................. 1-1 
1.2.1 Need of High Power Semiconductor 

Switches .................................................. 1-2 
1.2.2 General Requirements of Power  

Devices .................................................... 1-2 
1.3 MSBTE Questions and Answers ............................ 1-2 

Unit - I 

Chapter 2 : Thyristor Family Devices 2-1 to 2-41 

Syllabus : SCR : Construction, Operating principle with two 
transistor analogy, V-I characteristics, Latching current (IL) 
and holding current (IH). Applications of SCR. Thyristor 

family devices : LASCR, SCS, GTO and TRIAC : Power 
MOSFET and IGBT : Construction, Operating principle,  
V-I characteristics and applications. 

Triggering devices : UJT, PUT, SUS, SBS and DIAC : 
Construction, Operating principle, V-I characteristics and 
applications. 

2.1 Introduction to Thyristors Family Devices .............. 2-1 

2.1.1 Applications of Thyristors ........................ 2-1 

2.1.2 Silicon Controlled Rectifier (SCR) ............ 2-1 

2.1.3 Important Features of SCR ...................... 2-2 

2.1.4 Construction of SCR ................................ 2-2 

2.1.5 I-V Characteristics  
(Static Characteristics) ............................ 2-2 

2.1.6 Operation of SCR .................................... 2-5 

2.1.7 Two Transistor Analogy of SCR .............. 2-5 

2.1.8 SCR as a Switch ...................................... 2-6 

2.1.9  Applications of SCR ................................. 2-6 

2.2 Bidirectional Triode SCRs (TRIACs) ...................... 2-6 

2.2.1 Construction of a TRIAC .......................... 2-6 

2.2.2 V-I Characteristics of TRIAC  
(Static Characteristics) ............................ 2-7 

2.3 Modes of Operation of TRIAC................................ 2-8 

2.3.1 Operating Modes of TRIAC ..................... 2-8 

2.3.2 Applications of TRIAC ........................... 2-10 

2.4 Gate Turn Off SCR (GTO) ................................... 2-10 

2.4.1 Construction of GTO .............................. 2-10 

2.4.2 Operating Principle ................................ 2-11 

2.4.3 GTO Turn off Mechanism ...................... 2-11 

2.4.4 Magnitude of I G

(–)
 for Reliable  

Turn Off of GTO .................................... 2-12 

2.4.5 I-V Characteristics of GTO .................... 2-12 

2.4.6 Other Important Characteristics  
of GTO .................................................. 2-12 

2.4.7 Advantages of GTO over SCR .............. 2-12 

2.4.8 Applications of GTO .............................. 2-13 

2.5 Silicon Controlled Switch (SCS) .......................... 2-13 

2.6 Light Activated SCR (LASCR) ............................. 2-14 

2.6.1 Equivalent Circuit of LASCR ................. 2-15 

2.6.2 VI Characteristics of LASCR ................. 2-15 

2.6.3 Applications of LASCR .......................... 2-15 

2.6.4 Triggering Devices ................................ 2-15 

2.7 SUS : Silicon Unilateral Switch ............................ 2-16 

2.8 SBS : Silicon Bilateral Switch .............................. 2-16 

2.9 DIAC .................................................................... 2-17 

2.9.1  Construction of Diac .............................. 2-17 

2.9.2  I-V Characteristics of a Diac .................. 2-17 

2.9.3  DIAC Applications ................................. 2-18 

2.10 Unijunction Transistor (UJT) ................................ 2-18 

2.10.1 Construction .......................................... 2-18 

2.10.2 Equivalent Circuit of UJT ....................... 2-19 

2.10.3 Intrinsic Standoff Ratio ()..................... 2-19 

2.10.4 Operation of UJT ................................... 2-19 

2.10.5 V-I Characteristics ................................. 2-19 

2.11 Programmable Unijunction Transistor (PUT) ....... 2-20 

2.11.1 Difference between SUS and PUT ........ 2-21 

2.12 Types of MOSFETs ............................................. 2-21 

2.12.1 Depletion Type MOSFET ...................... 2-21 

2.12.2 Enhancement MOSFET ........................ 2-23 

2.13 Power MOSFET .................................................. 2-26 

2.14  Structure of a Power MOSFET ............................ 2-26 

2.14.1 Simplified Structure of Power  
MOSFET ............................................... 2-26 

2.14.2  Principle of Operation ............................ 2-27 

2.14.3  I-V Characteristics (Steady State 
Characteristics) ..................................... 2-28 

2.15 Merits, Demerits and Applications of Power  
MOSFET ............................................................. 2-29 

2.15.1  Merits of a Power MOSFET .................. 2-29 

2.15.2  Applications of Power MOSFET ............ 2-29 

2.16 Insulated Gate Bipolar Transistor (IGBT) ............ 2-29 

2.16.1  Features of IGBT ................................... 2-30 

2.17 Basic Structure of IGBT ....................................... 2-30 

2.18 I-V Characteristics  
(Steady State Characteristics) ............................. 2-31 



 Table of Contents 2 Basic Power Electronics (Elex. / Sem 4/ MSBTE) 

 

2.19 Principle of Operation of IGBT ............................. 2-31 

2.20 Merits, Demerits and Applications of IGBT .......... 2-32 

2.20.1  Merits of IGBT ....................................... 2-32 

2.20.2  Demerits of IGBT ................................... 2-32 

2.20.3  Applications of IGBT .............................. 2-32 

2.21 Comparisons........................................................ 2-32 

2.21.1  Comparison of SCR and TRIAC ............ 2-32 

2.21.2  Comparison of Diac and TRIAC ............ 2-33 

2.21.3  Comparison of Power Devices .............. 2-33 

2.21.4  Comparison of UJT and PUT................. 2-33 

2.21.5  Comparison of SCR and DIAC .............. 2-34 

2.21.6  Comparison of GTO and IGBT .............. 2-34 

2.21.7 Comparison of UJT and DIAC ............... 2-35 

2.21.8 Comparison of SCR, MOSFET  
and IGBT ............................................... 2-35 

2.22 MSBTE Questions and Answers .......................... 2-37 

2.23 I-Scheme Questions and Answers ....................... 2-41 

 Review Questions ......................................... 2-36 

Unit - II 

Chapter 3 : Turn On Methods of SCR 3-1 to 3-18 

Syllabus : Concept of Turn ON mechanism of SCR : High 
voltage thermal triggering, Illumination triggering, dv/dt 
triggering, Gate triggering of SCR, Gate trigger circuits – 
Resistance triggering circuit, Resistance, Capacitance 
triggering circuit, SCR triggering methods : UJT, PUT - 
Relaxation oscillator circuit, Synchronized UJT triggering 
circuit, Pulse transformer used in triggering circuit and 
optocoupler (MCT2E). 

3.1 Introduction to Turn On Methods ........................... 3-1 
3.1.1 Firing Angle or Phase Angle () and 

Conduction Angle  ................................. 3-1 
3.2 Turn ON Mechanism .............................................. 3-1 

3.2.1 Thermal Triggering .................................. 3-2 
3.2.2 Illumination Triggering ............................. 3-2 
3.2.3 Forward Voltage Triggering ..................... 3-2 
3.2.4 dv/dt Triggering ........................................ 3-2 
3.2.5 Gate Triggering ........................................ 3-3 

3.3 Types of Gate Triggering ....................................... 3-3 
3.3.1 DC Triggering .......................................... 3-3 
3.3.2 Pulsed Triggering of SCR ........................ 3-4 
3.3.3 Requirements of Gate Drive for SCR ...... 3-4 

3.4 Gate Triggering Circuits ......................................... 3-5 
3.4.1 General Block Diagram of Thyristor  

Gate Trigger Circuit ................................. 3-5 
3.4.2 Resistance Triggering Circuit................... 3-5 

3.4.3 Half Wave RC (Capacitance) Firing  
Circuit ...................................................... 3-7 

3.4.4 Full Wave RC (Capacitance) Firing  
Circuit ...................................................... 3-8 

3.4.5 Basic UJT Relaxation Oscillator .............. 3-8 
3.4.6 SCR Triggering using UJT ...................... 3-9 
3.4.7  Pulse Transformers .............................. 3-10 
3.4.8 Synchronized UJT Triggering Circuit ..... 3-11 
3.4.9 Comparison of Triggering Circuits ......... 3-12 
3.4.10 SCR Triggering using PUT  

(PUT Relaxation Oscillator) ................... 3-13 
3.5 Isolation Circuits using Opto Coupler .................. 3-14 

3.5.1 Opto Couplers / Isolators ...................... 3-14 
3.5.2 LED-phototransistor Opto Coupler ........ 3-14 
3.5.3 Opto Coupler IC MCT2E ....................... 3-15 
3.5.4 Opto Coupler Based Triggering ............. 3-16 

3.6 MSBTE Questions and Answers ......................... 3-17 
3.7 I-Scheme Questions and Answers ...................... 3-18 

 Review Questions ........................................ 3-16 

Unit - II 

Chapter 4 : Turn Off Methods and Protection Circuits  
 of SCR 4-1 to 4-17 

Syllabus : Turn OFF methods - Class A, Series resonant 
commutation circuit, Class B-Shunt resonant commutation 
circuit, Class C-Complementary Symmetry commutation 
circuit. Protection circuits of SCR : Over voltage, over 
current, Snubber circuit and crowbar. 

4.1 Introduction to Turn Off Methods of Thyristors ...... 4-1 

4.1.1 Turn Off Process of SCR......................... 4-1 

4.1.2 Turn Off Characteristics (Dynamic  
Turn off Characteristics) of SCR ............. 4-1 

4.1.3 Turn Off Time (tq) .................................... 4-2 

4.2 Commutation ......................................................... 4-3 

4.3 Commutation Techniques ..................................... 4-3 

4.3.1 Natural Commutation .............................. 4-3 

4.3.2 Forced Commutation ............................... 4-4 

4.3.3 Conditions for Successful  
Commutation ........................................... 4-4 

4.4 Classification of Forced Commutation Methods .... 4-4 

4.5 Self Commutation by Resonating the Load  
(Class A)................................................................ 4-4 

4.5.1 Load in Parallel with Capacitor ................ 4-4 

4.6 Class B - Self Commutated by an LC Circuit ......... 4-6 

4.7 Complementary Voltage Commutation  
(Class C Commutation) ......................................... 4-8 

4.7.1 Operation of the Circuit ........................... 4-8 



 Table of Contents 3 Basic Power Electronics (Elex. / Sem 4/ MSBTE) 

 

4.8 Class F - Commutation (Line Commutation) ........ 4-10 

4.9  Comparisons....................................................... 4-10 

4.9.1 Comparison between Natural and  
Forced Commutation ............................. 4-10 

4.9.2 Comparison between Voltage  
Commutation and Current  
Commutation ......................................... 4-10 

4.10 Overcurrent Protection using Fuses .................... 4-11 

4.11 Overvoltage Protection Circuits ........................... 4-12 

4.11.1 Crowbar Circuit (Overcurrent /  
Overvoltage Protection) ......................... 4-12 

4.12 dv/dt and di/dt Protection Circuits for SCRs ......... 4-12 

4.12.1  di/dt Protection (Turn on Snubber) ........ 4-12 

4.12.2 dv/dt Protection (Turn off Snubber) ....... 4-13 

4.12.3 Design of a Snubber Circuit ..................... 4-14 

4.13 MSBTE Questions and Answers .......................... 4-16 

4.14 I-Scheme Questions and Answers ....................... 4-17 

 Review Questions ......................................... 4-15 

Unit - III 

Chapter 5 : Phase Controlled Rectifiers 5-1 to 5-29 

Syllabus : Phase control parameters : Firing angle () and 
conduction angle (), Single phase half wave controlled 
rectifier : Circuit diagram, Working and waveforms with R 
and RL load, Effect of freewheeling diode with RL load, 
Single phase center tapped full wave controlled rectifier : 
Circuit diagram, Working and waveforms with R and RL 
load, Effect of freewheeling diode with RL load, Basic three 
phase half wave controlled rectifier. 

5.1 Introduction to Phase Controlled Rectifiers ............ 5-1 
5.1.1 Principle of Phase Angle Control ............. 5-1 

5.2 Classification of Controlled Rectifiers .................... 5-2 
5.3 Single Phase Half Wave Controlled Rectifier  

(HWCR) ................................................................. 5-2 
5.3.1 Circuit Diagram and Operation with  

Resistive Load ......................................... 5-3 
5.3.2 Waveforms with Resistive Load............... 5-3 
5.3.3 Operation of HWCR with Inductive  

(RL) Load ................................................ 5-4 
5.3.4 Use of Freewheeling Diode in  

Controlled Rectifiers ................................ 5-6 
5.3.5 Effect of Freewheeling Diode  

(With RL Load) ........................................ 5-6 
5.3.6  Average Output Voltage of HWCR  

with RL Load............................................ 5-8 
5.3.7 Rectifier Operation (Single Quadrant 

Operation)................................................ 5-8 
5.3.8 Drawbacks of HWCR ............................... 5-8 

5.4 Single Phase Full Wave Controlled Rectifier ......... 5-8 
5.4.1 Center Tapped Full Wave Controlled 

Rectifier (Mid Point M2 Configuration) ..... 5-9 

5.4.2 Operation with Resistive Load ................. 5-9 
5.4.3  Operation with Highly Inductive Load ... 5-11 

5.5 Two Quadrant Operation of Full Wave Controlled 
Rectifier (Rectifier and Inverter Modes) ............... 5-14 

5.6 Full Wave Controlled Rectifier With Freewheeling 
Diode ................................................................... 5-16 
5.6.1 Advantages of Full Wave Controlled  

Rectifier ................................................. 5-18 
5.6.2  Applications of Controlled Rectifiers ..... 5-18 
5.6.3 Comparison of Controlled H.W.R. and 

Controlled F.W.R. .................................. 5-18 
5.7 Polyphase Rectifiers ............................................ 5-19 

5.7.1 Need of Polyphase Rectifiers ................ 5-19 
5.7.2 Advantages of Polyphase Rectifiers ...... 5-19 
5.7.3 3-Phase Transformers .......................... 5-19 
5.7.4 Delta-Star Connection ........................... 5-19 
5.7.5 Basic Concepts about the Three Phase 

Supply ................................................... 5-20 
5.7.6 How to Draw the Phase and Line  

Voltages ? ............................................. 5-21 
5.7.7 How to Draw the Phase Voltages ? ....... 5-21 
5.7.8 How to Draw the Line Voltages ? .......... 5-21 

5.8 Three Phase Half Wave Controlled Rectifier  
(HWCR) (Three Pulse Converter) ....................... 5-22 
5.8.1 3-Phase HWCR with RL (Inductive)  

Load ...................................................... 5-22 
5.8.2 Operation of HWCR with Purely  

Resistive Load ....................................... 5-24 
5.8.3 3-Pulse Converters ............................... 5-25 
5.8.4 Applications of Polyphase Rectifiers ..... 5-25 
5.8.5 Comparison of Controlled and  

Uncontrolled Rectifiers .......................... 5-25 
5.9 MSBTE Questions and Answers ......................... 5-26 
5.10 I-Scheme Solved Examples ................................ 5-29 
5.11 I-Scheme Questions and Answers ...................... 5-29 

 Review Questions ........................................ 5-26 

Unit - IV 

Chapter 6 : Choppers and Inverters 6-1 to 6-20 

Syllabus : Converters and its types, Block diagram and 
working of step up and step down choppers using power 
MOSFET, Inverters : Circuit diagram, Working of series, 
Parallel inverters. 

6.1 Converters and its Types ...................................... 6-1 

6.1.1 Classification of Converters..................... 6-1 

6.1.2 Rectifiers (Uncontrolled) .......................... 6-1 



 Table of Contents 4 Basic Power Electronics (Elex. / Sem 4/ MSBTE) 

 

6.1.3 AC to DC Converter  
(Controlled Rectifiers) .............................. 6-1 

6.1.4 DC to AC Converter (Inverter) ................. 6-2 

6.1.5 DC to DC Converter (Chopper) ............... 6-2 

6.1.6 AC Regulators (AC Controller) ................ 6-3 

6.1.7 Static Switches ........................................ 6-3 

6.2 Chopper : Basic Concept ....................................... 6-3 

6.3  Classification of Choppers ..................................... 6-4 

6.4 A Step Down Chopper using MOSFET .................. 6-5 

6.5 Step Up Chopper ................................................... 6-6 

6.5.1 Expression for the Output Voltage ........... 6-6 

6.6 Applications of a Chopper ...................................... 6-8 

6.6.1 Comparison of Step Up and Step Down 
Choppers ................................................. 6-8 

6.7 Introduction to Inverters ......................................... 6-8 

6.8 Classification of Inverters ....................................... 6-9 

6.8.1 Classification Based on the Nature  
of Source ................................................. 6-9 

6.8.2 Classification Based on the Configuration  
of the Inverter .......................................... 6-9 

6.8.3 Classification Based on the Nature of  
Output Waveform .................................... 6-9 

6.8.4 Classification Based on Type of 
Commutation Circuit .............................. 6-10 

6.8.5 Classification Based on the Power 
Semiconductor Device Used ................. 6-10 

6.9 Basic Series Inverter  
(Self Commutated Inverter) ................................. 6-10 

6.9.1 Disadvantages ....................................... 6-11 

6.9.2 Improved Series Inverter [Type 1] ......... 6-11 

6.9.3 Improved Series Inverter [Type 2] ......... 6-12 

6.9.4 Applications of Series Inverter ............... 6-13 

6.9.5 Advantages of Series Inverter ............... 6-13 

6.10 Parallel Inverter (with Purely Resistive Load) ...... 6-13 

6.11 Parallel Inverter (with Inductive Load) .................. 6-14 

6.11.1 Advantages of Parallel Inverter.............. 6-16 

6.11.2 Disadvantages ....................................... 6-17 

6.11.3 Comparison of Series and Parallel  
Inverters ................................................ 6-17 

6.12 Inverter Specifications ......................................... 6-17 

6.13 Applications of Inverters ...................................... 6-17 

6.14  MSBTE Questions and Answers ........................ 6-18 

6.15 I-Scheme Questions and Answers ...................... 6-20 

 Review Questions ........................................ 6-17 

Unit - V 

Chapter 7 : Industrial Control Circuits 7-1 to 7-17 

Syllabus : Light dimmer circuit using DIAC - TRIAC, 
Battery charger using SCR, Emergency lighting system, 
Temperature controller using SCR, Block diagram and 
concept of UPS (On line and off line), Block diagram and 
concept of SMPS. 

7.1 Introduction............................................................ 7-1 

7.2 TRIAC Control using Diac (AC Phase Control) ..... 7-1 

7.2.1 Light Dimmer using TRIAC...................... 7-2 

7.2.2 Fan Regulator using TRIAC .................... 7-3 

7.3 Simple Battery Charger ......................................... 7-3 

7.3.1 Battery Charging Regulator ..................... 7-4 

7.4 Basic Emergency Lighting System ........................ 7-5 

7.5 Temperature Controller Using SCR ....................... 7-5 

7.6 Switch Mode Power Supply (SMPS) Block  
Diagram ................................................................. 7-6 

7.6.1 Complete Switched Mode Regulator ....... 7-7 

7.6.2 Classification of SMPS ............................ 7-8 

7.7 Advantages and Disadvantages of SMPS ............. 7-8 

7.8 Applications of SMPS ............................................ 7-8 

7.9 UPS ....................................................................... 7-8 

7.9.1  Need of UPS ........................................... 7-8 

7.9.2  Types of UPS .......................................... 7-9 

7.10 On Line UPS (Inverter Preferred) or  
(Continuous) .......................................................... 7-9 

7.11 Off Line UPS (Line Preferred) or Transfer UPS 
System ................................................................ 7-10 

7.12 Applications of UPS ............................................. 7-11 

7.13 Comparison ......................................................... 7-12 

7.13.1 Comparison of UPS Systems ................ 7-12 

7.13.2 Comparison of Linear and Switching  
Mode Regulators ................................... 7-12 

7.14 MSBTE Questions and Answers ......................... 7-13 

7.15 I-Scheme Questions and Answers ...................... 7-15 

Review Questions ............................................. 7-12 

 



