
 Table of Contents 1 Electronic Circuits (Sem. III / E&Tc / SPPU) 

 

Unit I 

Chapter 1 : MOSFET DC Circuit Analysis 1-1 to 1-40 

Syllabus : Enhancement MOSFET : Construction, 
Characteristics, DC load line, Parameters, Non-ideal 
characteristics : Finite output resistance, Body effect, Sub-
threshold conduction, Breakdown effects, Temperature 
effects, Effect of W/L ratio. 

1.1 Basics of MOSFETs .............................................. 1-2 

1.1.1 Classification of Field Effect  
Transistors  .............................................. 1-2 

1.1.2 MOSFET  ................................................. 1-2 

1.2 Enhancement MOSFET  ........................................ 1-2 

1.2.1 n-Channel EMOSFET  ............................. 1-2 

1.2.2 Operation of n - channel Enhancement 
MOSFET  ................................................. 1-3 

1.2.3 Characteristics of n-channel Enhancement 
Type MOSFET  ........................................ 1-4 

1.2.4 p-channel Enhancement Type  
MOSFETs  ............................................... 1-6 

1.2.5 Characteristics of p-channel Enhancement 
Type MOSFET  ........................................ 1-6 

1.2.6 Symbols of Enhancement MOSFET  ....... 1-7 

1.2.7 Parameters of FETs  ............................... 1-7 

1.3 Nonideal Current-Voltage Characteristics  ............ 1-8 

1.3.1 Finite Output Resistance  ........................ 1-8 

1.3.2 Channel Length Modulation  ................... 1-9 

1.3.3 Body Effect  ........................................... 1-10 

1.3.4 Subthreshold Conduction  ..................... 1-11 

1.3.5 Breakdown Effects  ............................... 1-11 

1.3.6 Temperature Effects in MOSFETs  ....... 1-12 

1.3.7 Effect of W/L Ratio  ............................... 1-13 

1.3.8 Peculiarities of an E-MOSFET  .............. 1-14 

1.3.9 Advantages of E-MOSFETs  ................. 1-14 

1.3.10 Disadvantages  ...................................... 1-15 

1.3.11 Applications of EMOSFET  .................... 1-15 

1.4 Handling Precautions for the MOS Devices  ....... 1-15 

1.4.1 Comparison of BJT and EMOSFET ...... 1-15 

1.5 MOSFET DC Circuit Analysis  ............................. 1-17 

1.6 Common Source (CS) Circuit  ............................. 1-17 

1.6.1 CS Circuit using P-Channel MOSFET  .. 1-18 

1.6.2 Regions of MOSFET Operation  ............ 1-18 

1.6.3 Biasing Circuits  ..................................... 1-18 

1.6.4 Analysis and Design of MOSFET Biasing 
Circuits  ................................................. 1-18 

1.6.5 Biasing of Enhancement Type    
MOSFET  ............................................... 1-19 

1.7 Load Line and Modes of Operations  .................. 1-19 

1.8 Biasing Circuits for Enhancement MOSFET  ...... 1-20 

1.8.1  General Procedure for Analysis  ........... 1-20 

1.8.2 Feedback Biasing Arrangement for 
Enhancement MOSFET  ....................... 1-20 

1.8.3 Voltage Divider Biasing for Enhancement 
Type MOSFET  ..................................... 1-23 

1.8.4 CS Circuit using P-Channel MOSFET  .. 1-26 

1.9 Common MOSFET Configurations     
DC Analysis  ........................................................ 1-33 

1.9.1 NMOS Common Source Circuit with  
Source Resistor .................................... 1-33 

1.9.2 Effect of Source Resistance RS  ............ 1-35 

1.9.3 MOSFET Circuit Biased with a Constant 
Current Source  ..................................... 1-35 

1.9.4 NMOS as Enhancement Load Device .. 1-36 

1.9.5 NMOS Driver with Enhancement  
Load  ..................................................... 1-37 

1.9.6 Expression for the Transition Point  ...... 1-38 

1.9.7 CMOS (Complementary MOS)  
Inverter  ................................................. 1-39 

1.10 University Questions and Answers  ..................... 1-40 

 Review Questions ........................................ 1-40 

Unit I 

Chapter 2 : MOSFET AC Circuit Analysis 2-1 to 2-34 

Syllabus : Enhancement MOSFET : AC equivalent circuit, 
Parasitics, Common source amplifier and analysis, Source 
follower : Circuit diagram, Comparison with common 
source, Frequency response for amplifier. 

2.1 Introduction  .......................................................... 2-2 

2.2 The CS MOSFET Amplifier  .................................. 2-2 

2.2.1  Graphical Analysis to Evaluate  
Parameters ............................................. 2-3 

2.2.2 Small Signal Operation  .......................... 2-5 

2.2.3 AC Equivalent Circuit    ........................... 2-5 

2.2.4 Small Signal Equivalent Circuit  .............. 2-5 

2.2.5 Expanded Small Signal Equivalent  
Circuit  ..................................................... 2-6 

2.2.6 MOSFET Amplifier using P-channel 
Enhancement MOSFET  ......................... 2-7 

2.2.7 Modeling the Body Effect  ....................... 2-8 

2.3   MOSFET Amplifier Configurations  ....................... 2-9 

2.3.1 Common Source (CS) MOSFET  
Amplifier  ................................................. 2-9 



 Table of Contents 2 Electronic Circuits (Sem. III / E&Tc / SPPU) 

 

2.3.2  Common Drain (CD) or Source Follower 
Configuration  ........................................ 2-10 

2.3.3 Comparison of MOSFET Amplifiers  ..... 2-10 

2.3.4  Procedure for the Small Signal  
Analysis of a MOSFET Amplifier  .......... 2-10 

2.4 Analysis of CS Amplifier  ..................................... 2-10 

2.4.1 CS Circuit with Source Bypass  
Capacitor  .............................................. 2-18 

2.4.2 CS Amplifier with Source Resistance  ... 2-23 

2.5 The Source Follower (CD) MOSFET Amplifier  ... 2-25 

2.6 E-MOSFET Capacitances  (Parasitics)  .............. 2-27 

2.7 Frequency Response of  Amplifier  ..................... 2-29 

2.7.1 Typical Frequency Response  ............... 2-29 

2.7.2 Factors Affecting the Bandwidth of the   
RC Coupled Amplifier  ........................... 2-30 

2.7.3 Effect of Coupling Capacitors  ............... 2-30 

2.7.4 Effect of Bypass Capacitor  ................... 2-31 

2.7.5 Effect of Internal Transistor   
Capacitances  ........................................ 2-31 

 Review Questions ........................................ 2-33 

Unit II 

Chapter 3 : MOSFET Circuits 3-1 to 3-16 

Syllabus : MOSFET as switch, CMOS inverter, Resistor 
and diode, Current sink and source, Current mirror. 

3.1 MOSFET as a Switch  ........................................... 3-2 

3.1.1 N-channel E-MOSFET as a Switch  ........ 3-2 

3.1.2 P-Channel E-MOSFET as a Switch  ........ 3-3 

3.1.3 Applications of MOSFET Switch  ............. 3-3 

3.2 MOSFET as a Diode  ............................................. 3-3 

3.3 NMOS as Active Resistor  ..................................... 3-4 

3.4 Current Sinks and Sources  ................................... 3-5 

3.4.1 A Typical Current Sink  ............................ 3-5 

3.4.2 A Typical Current Source  ....................... 3-6 

3.4.3 Remedies / Improvements  ..................... 3-6 

3.5 Methods to Improve Performance  ........................ 3-7 

3.5.1 Methods to Improve rout ......................... 3-7 

3.5.2 To Increase the rout of a Current Sink  ... 3-7 

3.5.3 To Increase the Range of Vout  ................ 3-7 

3.6 Cascode Current Sink  .......................................... 3-8 

3.6.1 High Swing Cascode  .............................. 3-9 

3.7 MOSFET Current Sources  .................................... 3-9 

3.7.1 Basic Two Transistor MOSFET Current 
Source  .................................................... 3-9 

3.8 Current Mirrors  ................................................... 3-12 

3.8.1 Multi-MOSFET Current Sources  .......... 3-12 

3.8.2 Cascode Current Mirror  ........................ 3-12 

3.8.3 Wilson Current Mirror using    
MOSFETs ............................................. 3-14 

3.8.4 Modified Wilson Current Source  .......... 3-15 

 Review Questions ........................................ 3-15 

Unit II 

Chapter 4 : Feedback Amplifiers and Oscillators 
 4-1 to 4-50 

Syllabus : Four types of feedback amplifiers, Effects of 
feedback, Voltage series and current series feedback 
amplifiers and analysis, Barkhausen criterion, RC phase 
shift oscillator, Wien bridge oscillator. 

4.1  Concept of Feedback   . ........................................ 4-2 

4.1.1  Types of Feedback  ................................. 4-2 

4.1.2  Comparison of Positive and Negative 
Feedback  ............................................... 4-2 

4.2 Four Types of Amplifiers  ...................................... 4-2 

4.2.1 Voltage Amplifiers  .................................. 4-3 

4.2.2 Current Amplifier  .................................... 4-3 

4.2.3 Transconductance Amplifier ................... 4-4 

4.2.4 Transresistance Amplifier ....................... 4-4 

4.3  The Feedback Concept  ........................................ 4-5 

4.3.1  Amplifier without Feedback  .................... 4-5 

4.3.2  Amplifier with Feedback  ......................... 4-5 

4.3.3  Amplifier with a Negative Feedback  ....... 4-6 

4.3.4  Sampling Network  .................................. 4-6 

4.3.5 Comparator or Mixer Network  ................ 4-7 

4.3.6 Feedback Network  ................................. 4-8 

4.3.7 Transfer Ratio or Gain of Different  
Types of Amplifiers  ................................. 4-8 

4.3.8 Transfer Gain with Feedback (Af)  
of Different Types of Amplifiers  .............. 4-8 

4.4 Feedback Topologies  ........................................... 4-9 

4.4.1 Voltage Series Feedback  ..................... 4-10 

4.4.2 Voltage Shunt Feedback  ...................... 4-10 

4.4.3 Current Series Feedback  ..................... 4-11 

4.4.4 Current Shunt Feedback  ...................... 4-11 

4.4.5 Loop Gain   ........................................... 4-11 

4.4.6 Advantages of using Negative  
Feedback  ............................................. 4-12 

4.4.7 Disadvantages of Negative  
Feedback  ............................................. 4-12 

4.4.8 Applications of Negative Feedback  ...... 4-12 



 Table of Contents 3 Electronic Circuits (Sem. III / E&Tc / SPPU) 

 

4.4.9 Basic Assumptions  ............................... 4-12 

4.5 Effect of Negative Feedback on Amplifiers 
Characteristics  .................................................... 4-13 

4.5.1 Expression for Transfer Gain with  
Feedback (Af)  ....................................... 4-13 

4.5.2  Stabilization of Gain  
(Gain Desensitivity)  .............................. 4-14 

4.5.3 Effect on the Nonlinear Distortion  ......... 4-15 

4.5.4 Effect on Noise  ..................................... 4-15 

4.5.5 Effect on Frequency Distortion  ............. 4-15 

4.6 Input Resistance    ............................................... 4-16 

4.6.1 Effect on Voltage Series and Current  
Series Feedback  .................................. 4-16 

4.6.2 Effect on Voltage Shunt and Current  
Shunt Feedback  ................................... 4-16 

4.7 Output Resistance  .............................................. 4-19 

4.7.1 Effect on Voltage Series and Voltage  
Shunt Feedback  ................................... 4-20 

4.7.2 Effect on Current Series and Current  
Shunt Feedback  ................................... 4-20 

4.7.3 Effect of Negative Feedback on the   
Values of Input and Output  
Resistances  .......................................... 4-23 

4.8 Effect on Bandwidth  ............................................ 4-23 

4.8.1 Comparison of Feedback Topologies  ... 4-24 

4.9 Analysis of a Feedback Amplifier  ....................... 4-29 

4.10 Voltage Series Feedback  ................................... 4-31 

4.10.1 FET Source Follower Circuit  ................. 4-31 

4.11 Current Series Feedback  .................................... 4-34 

4.11.1 FET CS Configuration with Unbypassed 
Source Resistor  .................................... 4-34 

4.12 Introduction to Oscillators  ................................... 4-37 

4.13 Positive Feedback  .............................................. 4-38 

4.13.1 Gain with Positive Feedback (Af)  .......... 4-38 

4.14 Oscillator Principle  .............................................. 4-39 

4.14.1 Barkhausen Criteria  .............................. 4-39 

4.14.2 Effect of the Value of | A  | on the  
Nature of Oscillations  ........................... 4-40 

4.14.3 Frequency of Oscillations  ..................... 4-41 

4.14.4 Block Diagram of an Oscillator  ............. 4-41 

4.15 Classification of Oscillators ................................. 4-41 

4.15.1 Classification Based on the Shape  
of Output Waveform  ............................. 4-42 

4.15.2 Classification Based on the Types of 
Components used  ................................ 4-42 

4.15.3 The Complete Classification of  
Oscillators  ............................................. 4-42 

4.16 RC Phase Shift Oscillator  ................................... 4-42 

4.16.1 RC Network for the Phase Shift  
Oscillator  .............................................. 4-42 

4.16.2 Phase Shift Oscillator using FET  ......... 4-43 

4.16.3 Design of RC Phase Shift Oscillator  .... 4-44 

4.16.4 Advantages of Phase Shift Oscillator  ... 4-46 

4.16.5 Disadvantages of Phase Shift   
Oscillator  .............................................. 4-46 

4.16.6 Applications of RC Oscillators  .............. 4-46 

4.17 Wien Bridge Oscillator ........................................ 4-46 

4.17.1 Wien Bridge Oscillator using FET  ........ 4-47 

4.17.2 Advantages of Wien Bridge Oscillator  . 4-48 

4.17.3 Disadvantages  ..................................... 4-48 

4.17.4 Design of Wien Bridge Oscillator  ......... 4-48 

4.17.5 Comparison of RC Oscillators  .............. 4-49 

4.17.6 Frequency Stability  ............................... 4-49 

4.17.7 Applications of RC Oscillators  .............. 4-49 

 Review Questions ........................................ 4-49 

Unit III 

Chapter 5 : Voltage Regulators 5-1 to 5-28 

Syllabus : Three terminal voltage regulators (317 and  
337) : Block diagram of linear voltage regulator, IC 317 and 
IC 337, Features and specifications, Typical circuits, 
Current boosting, Low drop out regulator (LDO), SMPS : 
Block diagram, Types, Features and specifications, Typical 
circuits, Buck and boost converter. 

5.1 Introduction to Voltage Regulators  ....................... 5-2 

5.1.1 Unregulated Power Supply  .................... 5-2 

5.1.2 Need of Regulator  .................................. 5-2 

5.1.3 Regulated Power Supply  ........................ 5-2 

5.2   A Linear Series Voltage Regulator  ....................... 5-3 

5.2.1  Applications  ............................................ 5-4 

5.2.2 Advantages of Linear Regulator  ............. 5-4 

5.2.3 Disadvantages  ....................................... 5-4 

5.3 Factors Affecting the Output Voltage  ................... 5-4 

5.4 Specifications or Performance Parameters of a 
Regulator  .............................................................. 5-4 

5.4.1 Load Regulation  ..................................... 5-5 

5.4.2 Line Regulation or Source Regulation  ... 5-5 

5.4.3 Output Resistance (Ro)  .......................... 5-5 

5.4.4 Ripple Rejection  ..................................... 5-5 

5.5 IC Voltage Regulators  .......................................... 5-5 

5.5.1 Advantages of IC Regulators  ................. 5-6 

5.5.2 Important Features of IC Regulators  ...... 5-6 



 Table of Contents 4 Electronic Circuits (Sem. III / E&Tc / SPPU) 

 

5.5.3    Classification of IC Voltage Regulators  .. 5-6 

5.5.4    Classification of IC Voltage Regulators  .. 5-6 

5.6  Three Terminal Adjustable Voltage Regulators  .... 5-7 

5.6.1 Adjustable Positive Voltage Regulators  
(LM 317 Series)    .................................... 5-7 

5.6.2 Standard Packages of LM 317 Series  .... 5-7 

5.6.3 Block Diagram of LM 317  ....................... 5-7 

5.6.4 Features/Specifications of IC LM 317  .... 5-8 

5.6.5  Typical Connection Diagram for LM 317 
Regulator  ................................................ 5-8 

5.6.6  Practical Regulator using LM 317  .......... 5-9 

5.7  Adjustable Negative Voltage Regulators  ............ 5-11 

5.7.1  Different Packages of LM 337  .............. 5-12 

5.7.2 Block Diagram of LM 337  ..................... 5-12 

5.7.3 Features/Specifications of LM 337  ....... 5-12 

5.7.4  Typical Connection Diagram for LM 337 
Series  ................................................... 5-12 

5.7.5 Applications of LM 317 and LM 337  ..... 5-14 

5.7.6  Solved Examples  .................................. 5-14 

5.8 Output Current Boosting  ..................................... 5-18 

5.8.1 Another Version of Current Booster  ..... 5-18 

5.9 Low Dropout (LDO) Regulator  ............................ 5-19 

5.10 Switch Mode Power Supply (SMPS)  ................... 5-20 

5.10.1 Complete Switched Mode Regulator  .... 5-21 

5.10.2 Types of SMPS  ..................................... 5-22 

5.10.3 Types of Non-isolated Switching  
Regulators  ............................................ 5-22 

5.11 Step Down or Buck Switching Regulator   ........... 5-22 

5.11.1  Advantages of Buck Regulator  ............. 5-23 

5.11.2  Disadvantages  ...................................... 5-23 

5.12 Switching Boost Regulator  
(Step up Converter) ............................................. 5-24 

5.12.1 Advantages of Boost Regulator  ............ 5-25 

5.12.2 Disadvantages  ...................................... 5-25 

5.13 Comparison of Switching Regulators  ................. 5-25 

5.14 Advantages and Disadvantages of SMPS  .......... 5-25 

5.15 Specifications of SMPS  ...................................... 5-26 

5.16  Features of SMPS  .............................................. 5-26 

5.17 Applications of SMPS  ......................................... 5-26 

5.18 Comparison of Linear and Switching Mode 
Regulators  .......................................................... 5-26 

 Review Questions ........................................ 5-27 

Unit IV 

Chapter 6 : Operational Amplifier 6-1 to 6-50 

Syllabus : Block diagram, Differential amplifier analysis for 
dual input balanced output mode - AC analysis (using r 
parameters) and DC analysis, Level shifter, Op amp 
parameters, Current mirror, Op amp characteristics (AC 
and DC), Voltage series and voltage shunt feedback 
amplifiers, Effect on Ri, Ro, gain and bandwidth. 

6.1 Introduction  .......................................................... 6-2 

6.1.1 Introduction to OP-AMPs  ....................... 6-2 
6.1.2 Block Diagram of a Typical OP-AMP  ..... 6-2 
6.1.3 Equivalent Circuit of an OP-AMP  ........... 6-3 
6.1.4 Voltage Transfer Characteristics of  

an Ideal OP-AMP  ................................... 6-4 
6.2 Ideal Differential Amplifier  .................................... 6-4 

6.2.1 Differential Gain Ad  ................................. 6-5 
6.2.2 Common Mode Gain Ac  ......................... 6-5 
6.2.3 Common Mode Rejection Ratio (CMRR)  6-5 
6.2.4 Features of a Differential Amplifier  ......... 6-7 

6.3 BJT Differential Amplifier  ...................................... 6-7 

6.3.1 BJT DIFF. AMP. with a Current  
Source  . .................................................. 6-7 

6.3.2 Differential Amplifier Configurations  ....... 6-9 
6.4 Analysis of DIBO Diff. Amplifier  ............................ 6-9 

6.4.1 DC Analysis  .......................................... 6-10 
6.4.2 AC Analysis using the re Model  ........... 6-11 
6.4.2.1 Differential Voltage Gain Ad  ................. 6-12 
6.4.2.2  Differential Input Resistance ( Ri )  ........ 6-13 
6.4.2.3  Output Resistance ( Ro )  ...................... 6-14 
6.4.2.4 Common Mode Voltage Gain Ac  .......... 6-15 
6.4.2.5  Common Mode Rejection Ratio  

(CMRR)  ................................................ 6-15 
6.4.2.6 Inverting and Non-inverting Inputs  ....... 6-15 
6.4.3 Solved Examples  ................................. 6-15 
6.4.4 Input Bias Current (IB)  .......................... 6-16 
6.4.5 Input Offset Current (Iios)  ...................... 6-17 

6.5 Methods to Improve CMRR  ................................ 6-21 

6.5.1 Effect of RE on CMRR  .......................... 6-21 
6.5.2 A Differential Amplifier with Constant  

Current Bias  ......................................... 6-22 
6.5.3 Improvement in CMRR using a Current  

Mirror Circuit  ......................................... 6-23 
6.5.4 Differential Amplifier with a Current   

Mirror  .................................................... 6-24 
6.5.5 Modified Current Mirror Circuit  ............. 6-24 
6.5.6 Widlar Current Source  ......................... 6-26 

6.5.7 Wilson Current Source  ......................... 6-27 

6.6 Differential Amplifier with an Active Load  ........... 6-29 



 Table of Contents 5 Electronic Circuits (Sem. III / E&Tc / SPPU) 

 

6.7 Level Shifter  ........................................................ 6-30 

6.7.1 Typical Level Shifter Stage  ................... 6-30 

6.7.2 Alternate Level Shifter Circuit  ............... 6-31 

6.7.3 A dc Level Shift Stage using PNP-NPN 
Transistors  ............................................ 6-32 

6.7.4 Level Shifter using a Constant Current 
Source  .................................................. 6-32 

6.8 OP-AMP Symbol and Terminals  ......................... 6-33 

6.8.1 Symbol and Terminals  .......................... 6-33 

6.8.2 DC Power Supply for an OP-AMP  ........ 6-33 

6.9 OP-AMP Parameters  .......................................... 6-34 

6.10 An  Ideal OP-AMP  .............................................. 6-37 

6.11 Practical OP-AMP Characteristics  ...................... 6-38 

6.11.1 Important Characteristics of IC 741  ...... 6-39 

6.12 Open Loop and Closed Loop Configurations of  
OP-AMP  .............................................................. 6-39 

6.12.1 Open Loop Configurations  ................... 6-39 

6.12.2  Closed Loop Configurations  ................. 6-40 

6.13 Virtual Short and Virtual Ground  ......................... 6-40 

6.13.1 Virtual Short  .......................................... 6-41 

6.13.2 Virtual Ground  ...................................... 6-41 

6.14 Feedback in OP-AMP Circuits  ............................ 6-41 

6.15 Voltage - Series Feedback (Non-inverting)  
Amplifier  .............................................................. 6-42 

6.15.1 Closed Loop Gain  ................................. 6-42 

6.15.2 Input Resistance with Feedback  .......... 6-44 

6.15.3 Output Resistance with Feedback  ........ 6-44 

6.15.4 Bandwidth with Negative Feedback  ..... 6-45 

6.16 Voltage Shunt Feedback (Inverting) Amplifier  .... 6-45 

6.16.1 Closed Loop Voltage Gain  ................... 6-46 

6.16.2 Input Resistance with Feedback  
(RiF)  ...................................................... 6-47 

6.16.3 Output Resistance with Feedback  
(RoF)  ...................................................... 6-47 

6.16.4 Bandwidth with Feedback ..................... 6-48 

6.16.5 Comparison of Inverting and    
Non-Inverting Amplifiers  ....................... 6-48 

 Review Questions ........................................ 6-49 

Unit V 

Chapter 7 : OP-AMP Applications 7-1 to 7-40 

Syllabus : Inverting amplifier, Non-inverting amplifier, 
Voltage follower, Summing amplifier, Difference amplifier, 
Practical integrator, Practical differentiator, Instrumentation 
amplifiers. 

7.1 Applications of OP-AMP  ....................................... 7-2 

7.2 Closed Loop Amplifiers  ........................................ 7-2 

7.2.1 The Inverting Amplifier  ........................... 7-2 

7.2.2 Non-Inverting Amplifier  ........................... 7-3 

7.2.3 The Voltage Follower  ............................. 7-5 

7.3 Summing Amplifier  ............................................... 7-6 

7.3.1 Inverting Adder or Inverting Summing 
Amplifier  ................................................. 7-7 

7.3.2  Scaling or Weighted Amplifier  ................ 7-7 

7.3.3 Averaging Circuit  .................................... 7-8 

7.3.4 Non-Inverting Adder  ............................. 7-10 

7.4 Difference Amplifier  ............................................ 7-11 

7.5   Subtractor  ........................................................... 7-12 

7.6 Integrator  ............................................................ 7-13 

7.6.1 Ideal Integrator Circuit  .......................... 7-13 

7.6.2 Input and Output Waveforms  ............... 7-14 

7.6.3  Problems Associated with the Ideal 
Integrator  .............................................. 7-15 

7.6.4 Frequency Response of an Ideal  
Integrator  .............................................. 7-16 

7.6.5 Practical Integrator  ............................... 7-17 

7.6.6 Frequency Response of the Practical 
Integrator  .............................................. 7-18 

7.6.7 Applications of an Integrator  ................ 7-19 

7.6.8 Design Procedure for an Integrator  ...... 7-19 

7.7 Differentiator  ....................................................... 7-24 

7.7.1 Basic or Ideal Differentiator Circuit ....... 7-24 

7.7.2 Input and Output Voltage Waveforms  .. 7-25 

7.7.3 Frequency Response of an Ideal 
Differentiator ......................................... 7-26 

7.7.4 Practical Differentiator  .......................... 7-27 

7.7.5 Frequency Response of the Practical  
Differentiator ......................................... 7-28 

7.7.6 Applications of a Differentiator  ............. 7-29 

7.7.7 Steps to Design a Practical  
Differentiator ......................................... 7-29 

7.7.8 Comparison of Active Integrator and 
Differentiator   ....................................... 7-33 

7.8 Instrumentation Amplifier  ................................... 7-33 

7.8.1 Requirements of an Instrumentation 
Amplifier  ............................................... 7-33 

7.8.2 I.A. using One OP-AMP  ....................... 7-34 

7.8.3   Three OP-AMP I.A. . ............................. 7-34 

7.8.4 Advantages of Instrumentation  
Amplifiers  ............................................. 7-36 

7.8.5  Applications of Instrumentation  
Amplifier  ............................................... 7-37 



 Table of Contents 6 Electronic Circuits (Sem. III / E&Tc / SPPU) 

 

7.9 I. A. Using Transducer Bridge  ............................ 7-37 

7.9.1 Temperature Indicator . ......................... 7-37 

7.9.2 Temperature Controller  ........................ 7-38 

7.9.3 Light Intensity Meter  ............................. 7-39 

 Review Questions ........................................ 7-39 

Unit V 

Chapter 8 : Nonlinear Applications of OPAMP 
 8-1 to 8-32 

Syllabus : Comparator, Schmitt trigger, Square and 
triangular wave generator. 

8.1 Introduction  ........................................................... 8-2 

8.1.1 A Comparator  ......................................... 8-2 

8.2 Comparator Symbol and Ideal  Voltage Transfer 
Characteristics  ...................................................... 8-2 

8.2.1 The Response Time  ............................... 8-3 

8.2.2  OP-AMP as a Voltage Comparator  ........ 8-3 

8.2.3 Types of Comparator  .............................. 8-4 

8.3 Non-inverting Comparator  .................................... 8-4 

8.4 Inverting Comparator  ............................................ 8-5 

8.5 Zero Crossing Detector  ........................................ 8-6 

8.6 Comparator Characteristics  .................................. 8-7 

8.6.1 Limitations of OP-AMP as  
Comparator  ............................................ 8-8 

8.6.2 Requirements of an OP-AMP to be used  
as a Comparator . .................................... 8-9 

8.7 Comparator Applications  ...................................... 8-9 

8.7.1 Window Comparators  ............................. 8-9 

8.8 Schmitt Trigger (Regenerative Comparator)  ....... 8-10 

8.8.1 Types of Schmitt Trigger  ...................... 8-10 

8.8.2 Inverting Schmitt Trigger  ...................... 8-10 

8.8.3 Non-inverting Schmitt Trigger  ............... 8-12 

8.8.4 Hysteresis  ............................................. 8-14 

8.8.5 Advantages of Schmitt Trigger over the 
Conventional Comparators  ................... 8-14 

8.8.6 Solved Examples on Schmitt  
Trigger  .................................................. 8-15 

8.8.7 Design of Schmitt Trigger with Unequal  
UTP and LTP Values  ............................ 8-15 

8.8.8 Design of a Schmitt Trigger with External  
DC Source  ............................................ 8-16 

8.9 Waveform Generator  .......................................... 8-21 

8.10 Square Wave Generator ..................................... 8-22 

8.10.1 Asymmetrical Square Wave  
Generator  ............................................. 8-24 

8.11 Triangular Wave Generator  ................................ 8-28 

8.11.1 Triangular Wave Generator using 
Comparator and Integrator  ................... 8-29 

8.12 Sawtooth Generator  ........................................... 8-31 

8.12.1 Sawtooth Generator using Comparator and 
Integrator . ............................................. 8-31 

8.12.2 Sawtooth Generator using a JFET  
Switch  ................................................... 8-31 

 Review Questions ........................................ 8-32 

Unit VI 

Chapter 9 : Converters using OPAMP 9-1 to 9-32 

Syllabus : Voltage to current, Current to voltage 
converters, DAC and ADC : Resistor weighted and R-2R 
DAC, SAR, Flash and dual slope ADC types / techniques, 
Characteristics, Block diagrams, Circuits, Specifications, 
Merits, Demerits, Comparisons. 

9.1 Introduction to Signal Converters  ......................... 9-2 

9.2 Voltage to Current (V to I) Converters   ................. 9-2 

9.2.1 V to I Converter with Floating  
Load  ....................................................... 9-2 

9.2.2 V-I Converter with Inverting  
Amplifier  ................................................. 9-3 

9.2.3 Applications of V-I Converter  ................. 9-3 

9.3 V to I Converter with Grounded Load  ................... 9-3 

9.4 Current to Voltage Converter  ............................... 9-5 

9.4.1 Sensitivity of the I-V Converter  ............... 9-6 

9.4.2 Problems in the I-V Converter  
Circuit  ..................................................... 9-6 

9.4.3 High Sensitivity I to V Converter  ............ 9-6 

9.4.4 Applications of I to V Converter  .............. 9-7 

9.5 Data Converters  ................................................... 9-8 

9.6 Variable Resistor Networks  .................................. 9-8 

9.6.1 Binary Equivalent Weight (B.E.W.)  ........ 9-8 

9.7 Resistive Dividers  ................................................. 9-9 

9.7.1 Binary Weighted Resistor  
Network  .................................................. 9-9 

9.7.2 Full Scale Output VFS  ........................... 9-10 

9.8 D/A Converters  ................................................... 9-10 

9.8.1 Circuit Symbol  ...................................... 9-10 

9.8.2 Digital to Analog (D to A)  
Conversion  ........................................... 9-10 

9.8.3 Types of D to A Converters  .................. 9-11 

9.9 Binary Weighted Resistor DAC  .......................... 9-11 

9.9.1 Output Voltage Waveform of a 3-Bit  
DAC  ...................................................... 9-12 

9.9.2 Important Points about Weighted Resistor 
DAC  ...................................................... 9-13 



 Table of Contents 7 Electronic Circuits (Sem. III / E&Tc / SPPU) 

 

9.9.3 Disadvantages of Weighted Resistor  
DAC  ...................................................... 9-13 

9.9.4 Advantages of Weighted Resistor   
DAC  ...................................................... 9-13 

9.10 Binary Ladder (R-2R Ladder) Network  ............... 9-13 

9.10.1 Analysis of R-2R Network  ..................... 9-14 

9.10.2 R-2R Ladder DAC  ................................ 9-15 

9.10.3 Advantages of R/2R Ladder DACs  ....... 9-16 

9.10.4 Comparison of DACs  ............................ 9-16 

9.11 Specifications for DAC  ........................................ 9-17 

9.11.1 Resolution . ........................................... 9-17 

9.11.2 Accuracy . .............................................. 9-17 

9.11.3 Linearity  ................................................ 9-18 

9.11.4 Temperature Sensitivity  ........................ 9-18 

9.11.5 Settling Time . ....................................... 9-18 

9.11.6 Speed  ................................................... 9-18 

9.11.7 Supply Rejection  .................................. 9-18 

9.11.8 Input-Output Equation  .......................... 9-18 

9.12 Sources of Errors in DACs  ................................. 9-19 

9.12.1 Linearity Error  ....................................... 9-20 

9.12.2 Offset Error  ........................................... 9-20 

9.12.3 Gain Error  ............................................. 9-20 

9.13 Applications of D/A Converters  ........................... 9-20 

9.14 Analog to Digital Converters (ADC)  .................... 9-20 

9.14.1 Conversion Time  .................................. 9-21 

9.15 Types of A to D Converters  ................................ 9-21 

9.16 Parallel Comparator or Flash ADC  ..................... 9-22 

9.16.1 A Two Bit Flash Type ADC  ................... 9-22 

9.16.2 3-Bit Flash Type ADC  ........................... 9-23 

9.16.3 Advantages of Flash Type ADC  ........... 9-23 

9.16.4 Disadvantages of Flash ADC  ............... 9-23 

9.17 Successive Approximation ADC (SA - ADC)  ...... 9-23 

9.17.1  Advantages  .......................................... 9-24 

9.17.2 Disadvantages  ...................................... 9-24 

9.17.3 Applications  .......................................... 9-24 

9.18 Dual Slope Integrator ADC  ................................. 9-25 

9.18.1 Advantages of Dual Slope ADC  ........... 9-27 

9.18.2 Disadvantage of Dual Slope ADC  ........ 9-27 

9.18.3 Comparison of A/D Converters ............. 9-27 

9.19 ADC Characteristics (Specifications)  .................. 9-28 

9.19.1  Resolution . .......................................... 9-28 

9.19.2 Conversion Time  .................................. 9-28 

9.19.3 Quantization Error  ................................ 9-28 

9.20 ADC Applications . ............................................... 9-28 

9.20.1 Solved Examples  ................................. 9-29 

 Review Questions ........................................ 9-31 

Unit VI 

Chapter 10 : Phase Locked Loop 10-1 to 10-22 

Syllabus : PLL : Block diagram, Characteristics, Phase 
detectors, Details of PLL IC 565, Applications, Typical   
circuits. 

10.1 Introduction  ........................................................ 10-2 

10.2 Block Diagram of PLL ......................................... 10-2 

10.2.1 Operation of PLL  .................................. 10-2 

10.3 Characteristics / Parameters of PLL ................... 10-3 

10.4 Lock Range and Capture Range  ........................ 10-4 

10.4.1 Lock Range  .......................................... 10-4 

10.4.2 Capture Range  ..................................... 10-4 

10.4.3 PLL Transfer Characteristics  ................ 10-4 

10.5  Blocks of a PLL  ................................................. 10-6 

10.5.1 Phase Detector / Comparator  
(Type I Phase Detector) ........................ 10-6 

10.5.2 Flip Flop as Phase Detector   
(Type III Phase Detector)  ..................... 10-8 

10.5.3 The Type - II Phase Comparator  .......... 10-8 

10.5.4 Low Pass Filter  ..................................... 10-9 

10.6  Monolithic Phase-Locked Loop  ....................... 10-10 

10.6.1 Functional Block Diagram of IC 565 ... 10-10 

10.6.2 Derivation of Lock-in-Range  ............... 10-11 

10.6.3 Derivation of Capture Range  .............. 10-11 

10.6.4 Connection Diagram of PLL 565  ........ 10-12 

10.6.5 Important Electrical Characteristics  
of 565 PLL . ......................................... 10-13 

10.7 Function Generator / Voltage Controlled  
Oscillator IC  ...................................................... 10-16 

10.7.1 Functional Block Diagram  .................. 10-16 

10.7.2 Typical Connection Diagram  .............. 10-17 

10.8  Applications of PLL  . ....................................... 10-18 

10.8.1 Frequency Multiplication  .................... 10-18 

10.8.2 Frequency Division  ............................. 10-19 

10.8.3 PLL as Frequency Synthesizer  .......... 10-19 

10.8.4 AM Detection using PLL  ..................... 10-20 

10.8.5 FM Detection using PLL  ..................... 10-20 

10.8.6 Frequency Shift Keying (FSK)   
Demodulator using PLL ...................... 10-21 

 Review Questions ...................................... 10-22 

 




