¥F Table of Contents 1 Electronic Circuits (Sem. I1I / E&Tc / SPPU)

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

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

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

1.8.1  General Procedure for Analysis ........... 1-20
Syllabus : Enhancement MOSFET : Construction, 1.8.2  Feedback Biasing Arrangement for
Characteristics, DC load line, Parameters, Non-ideal Enhancement MOSFET ........cccccceeeel 1-20
characteristics : Finite output resistance, Body effect, Sub- 1.8.3  Voltage Divider Biasing for Enhancement
threshold conduction, Breakdown effects, Temperature Type MOSFET ...ocooviiiciecieeeeceeee, 1-23
effects, Effect of WL ratio. 1.8.4 CS Circuit using P-Channel MOSFET .. 1-26
1.1 Basics Of MOSFETS ......ccccccoviieiiiinieeneee e 1-2 1.9  Common MOSFET Configurations
111 Classification of Field Effect DC ANalYSIS .....oveeieiiiieeieee e 1-33
Transistors .......cccoveeiiriiie e 1-2 1.9.1  NMOS Common Source Circuit with
112 MOSFET oot 1-2 Source ReSiStor .........oooviii, 1-33
1.2 Enhancement MOSFET ......ccccooiiieiiiiieeiiiee e 1-2 1.9.2  Effect of Source Resistance Rs ............ 1-35
1.2.1  n-Channel EMOSFET ..........cccccvvvveeeeenn. 1-2 1.9.3 MOSFET Circuit Biased with a Constant
122 Operation of n - channel Enhancement Current SOUrCe ......ccoeeveeiiiiieieiieeeees 1-35
MOSFET ................................................. 1'3 194 NMOS as Enhancement Load DeVlCe . 1_36
1.2.3  Characteristics of n-channel Enhancement . .
Type MOSFET oo 14 1.9.5 NMOS Driver with Enhancement
Load .. 1-37
1.2.4  p-channel Enhancement Type
MOSFETS ...oovvorveeereeeeeseeeeeeeseeeen. 1-6 1.9.6  Expression for the Transition Point .....1-38
1.2.5  Characteristics of p-channel Enhancement 1.9.7 CMOS (Complementary MOS)
Type MOSFET ..o 1-6 INVEIEr ..evveei 1-39
1.2.6  Symbols of Enhancement MOSFET ....... 1-7 | 1.10 University Questions and ANSWers ..................... 1-40
127 Parameters of FETS ... 1-7 . Review QUESLIONS .........cceeeeeeeeerereeseseerenennns 1-40
1.3 Nonideal Current-Voltage Characteristics ............ 1-8
1.3.1  Finite Output Resistance .............cc.c....... 1-8
1.3.2  Channel Length Modulation ................... 1-9 | Chapter2: MOSFET AC Circuit Analysis  2-1to 2-34
1.3.3 Body Effect .....cccoeiiiiii 1-10 Syllabus : Enhancement MOSFET : AC equivalent circuit,
1.3.4  Subthreshold Conduction ...........c........ 1-11 Parasitics, Common source amplifier and analysis, Source
1.3.5 Breakdown Effects ........ccccccoeeiiennenn. 1-11 follower : Circuit diagram, Comparison with common
. source, Frequency response for amplifier.
1.3.6  Temperature Effects in MOSFETs ....... 1-12
1.3.7 Effect of W/L Ratio meeeeeooeeo 1-13 2.1 Introduction ... 2-2
138 Peculiarities of an E-MOSFET .............. 1-14 2.2  The CS MOSFET Amplifier ......cccovvveeveeiveciiinene. 2-2
1.3.9  Advantages of E-MOSFETs ................. 1-14 221  Graphical Analysis to Evaluate
1.3.10 Disadvantages ...........cccceeveevveeeeereeennenn. 1-15 Parameters ... 2-3
1.3.11 Applications of EMOSFET .......ooo......... 1-15 2.2.2  Small Signal Operation ...........cccccceeeenn. 2-5
14 Handling Precautions for the MOS Devices ...... 1-15 2.2.3 AC Equivalent Circuit ...........ccooeveeennnne. 2-5
141  Comparison of BJT and EMOSFET ... 1-15 2.2.4  Small Signal Equw.alent CII‘(,tUIt .............. 2-5
1.5 MOSFET DC Circuit Analysis ..............ccooovveene... 1-17 22.5  Expanded Small Signal Equivalent
o CirCUt . 2-6
1.6 Common Source (CS) Circuit .........coceeeevivrennnnne. 1-17 226 MOSFET Amplifier using P-channel
1.6.1  CS Circuit using P-Channel MOSFET ..1-18 Enhancement MOSFET .........cccoeveeee. 2-7
1.6.2  Regions of MOSFET Operation ............ 1-18 2.2.7 Modeling the Body Effect .........c............. 2-8
1.6.3  Biasing Circuits ...........cccocevenieninennne, 1-18 | 2.3  MOSFET Amplifier Configurations ....................... 29
1.6.4  Analysis and Design of MOSFET Biasing 2.3.1  Common Source (CS) MOSFET
CirCUItS ..ovvviiiieeeei e 1-18 AMPLFIEE oo, 2.9
1.6.5 Biasing of Enhancement Type
MOSFET ....ooviiiiiieeciee e 1-19

== TechKnowledge
N Publications



‘?FF Table of Contents

Electronic Circuits (Sem. III / E&Tc / SPPU)

3.8  Current Mirrors .......cccoceeeviieee i 3-12
3.8.1  Multi-MOSFET Current Sources .......... 3-12
3.8.2 Cascode Current Mirror .........cccccceeueee 3-12
3.8.3  Wilson Current Mirror using

MOSFETS ...ceeeeiiiieeeiee e 3-14
3.8.4  Modified Wilson Current Source .......... 3-15
Review Questions .........ccccoiiiiicciicnnninniennes 3-15

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.

2.3.2 Common Drain (CD) or Source Follower
Configuration ..........ccccoiiiiiiis 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 .........cccoveeeiieiiiiiinnnnn. 2-10
2.4.1  CS Circuit with Source Bypass
Capacitor ........ccccviieiiee e 2-18
242 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 ........ccccoeeniieeeen. 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 .......cccccveeeeeeciiiiieee e, 2-31
Review Questions .........c.ccccvvimnienninniiennnans 2-33
Chapter 3: MOSFET Circuits 3-1to 3-16

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

3.1

3.2
3.3
3.4

3.5

3.6

3.7

MOSFET as @ SWitch .......ccoccveiiiiiiiiieeeeee 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
MOSFET as a Diode .......cccoooeeeiiiiniieniec e 3-3
NMOS as Active Resistor ........ccoccceeiviieiiiiinens 3-4
Current Sinks and SoUrces ..........cccoeeceeririencieenns 3-5
3.4.1 A Typical Current Sink ........cc.ccevvennnnnnnn. 3-5
3.4.2 A Typical Current Source ...........cccuueeee. 3-6
3.4.3 Remedies / Improvements ..................... 3-6
Methods to Improve Performance ........................ 3-7
3.5.1  Methods to Improve rout ............ccccoe.e.. 3-7
3.5.2 To Increase the rout of a Current Sink ...3-7
3.5.3 To Increase the Range of Vout ....cuvveneee.. 3-7
Cascode Current SinK .......cccccoeveeiniieniicnieneee 3-8
3.6.1  High Swing Cascode ........cccc.cceveurrrnnn... 3-9
MOSFET Current SOUICes .........ccccocueercreeriieeninennns 3-9
3.7.1  Basic Two Transistor MOSFET Current
SOUMCE ..ooiiiiiiieieeet e 3-9

41

4.2

4.3

4.4

Concept of Feedback . ........coooiiiiiii 4-2
411 Typesof Feedback .........cccccceiiiiiiiien. 4-2
4.1.2 Comparison of Positive and Negative

Feedback ........cccooeviiiiii, 4-2
Four Types of Amplifiers .........ccccooeiiiiiiiiinnnenn. 4-2
421  Voltage Amplifiers .......cccccoeviinieecininnennn. 4-3
4.2.2  Current Amplifier .......cccoveveeiiiiiiiiee. 4-3
4.2.3 Transconductance Amplifier .................. 4-4
4.2.4  Transresistance Amplifier ....................... 4-4
The Feedback Concept .........coocveveiiiiiiincieicnee, 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
4,34  Sampling Network ........cccccveveeiiiiiinnnnnn. 4-6
4.3.5 Comparator or Mixer Network ................ 4-7
4.3.6 Feedback Network ..........ccccceeeiiiiiniinenn. 4-8
4.3.7 Transfer Ratio or Gain of Different

Types of Amplifiers ........cccccoeniiiinnnnnn. 4-8
4.3.8 Transfer Gain with Feedback (As)

of Different Types of Amplifiers .............. 4-8
Feedback Topologies .........ocoociiiiiiiiiiiiiiiieeeeee 4-9
441 Voltage Series Feedback .................... 4-10
442 Voltage Shunt Feedback ...................... 4-10
4.4.3 Current Series Feedback ..................... 4-11
4.4.4  Current Shunt Feedback ...................... 4-11
445 Loop Gain i 4-11
446 Advantages of using Negative

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

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

== TechKnowledge
N Publications




‘?FF Table of Contents

Electronic Circuits (Sem. III / E&Tc / SPPU)

4.6

4.7

4.8

4.9
4.10

4.12
4.13

4.14

4.15

4.16

4.4.9 Basic Assumptions .........ccccoeiciiienneenn. 4-12
Effect of Negative Feedback on Amplifiers
Characteristics .........cccoeviiiiiici e 4-13
451  Expression for Transfer Gain with

Feedback (Af) ..occovevriieeeeie e 4-13
4.5.2  Stabilization of Gain

(Gain Desensitivity) .......cccocieeiiiiiiiiins 4-14
4.5.3 Effect on the Nonlinear Distortion ......... 4-15
454 Effecton Noise .......ccocceeiiiiiiiiiinnee. 4-15
455 Effect on Frequency Distortion ............. 4-15
Input Resistance ... 4-16
4.6.1 Effect on Voltage Series and Current

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

Shunt Feedback ........cccooooiiiiiiiiiniiis 4-16
Output Resistance ..........cccccoeiiiiiiiiiiiee, 4-19
4.7.1  Effect on Voltage Series and Voltage

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

Shunt Feedback ........cccoooooiiiiiiiiniiis 4-20
4.7.3  Effect of Negative Feedback on the

Values of Input and Output

Resistances ........cccccoooiiiiiiiniiiiee, 4-23
Effect on Bandwidth ... 4-23
4.8.1  Comparison of Feedback Topologies ...4-24
Analysis of a Feedback Amplifier ....................... 4-29
Voltage Series Feedback ...........ccccooiiiiiiiinennns 4-31
4.10.1 FET Source Follower Circuit ................. 4-31
Current Series Feedback ............cccccceiiiiiiee. 4-34
4.11.1 FET CS Configuration with Unbypassed

Source Resistor ..o 4-34
Introduction to Oscillators .........c.ccccoeiiiiiiiiennennn. 4-37
Positive Feedback ..o 4-38
4.13.1 Gain with Positive Feedback (As) .......... 4-38
Oscillator PrinCiple .......ccocoviiiiiiiniicecc e 4-39
4.14.1 Barkhausen Criteria ...........cocccoieeneennn. 4-39
4.14.2 Effect of the Value of | A B | on the

Nature of Oscillations ...........cccccoceeeee. 4-40
4.14.3 Frequency of Oscillations ..................... 4-41
4.14.4 Block Diagram of an Oscillator ............. 4-41
Classification of Oscillators ...........ccccceeiiiiiiinneen. 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 .........ccccceeeveeeiininnne 4-42
4.15.3 The Complete Classification of

Oscillators .......coooceieiiiieieeee e 4-42
RC Phase Shift Oscillator .........c..cccoooiiiiiieneennn. 4-42

4.16.1 RC Network for the Phase Shift
Oscillator ........coeeviiiiiiiiiieeeeeeee 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 ........ooeeviiiiiiiiiceeeeee 4-46
4.16.6 Applications of RC Oscillators .............. 4-46
4.17 Wien Bridge Oscillator ..........ccccooiiiiiiiiieiiins 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 .......ccccccooeeeeeeiiiiiineenen. 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 ..........cccoeeevveiinnnen.. 4-49
4.17.7 Applications of RC Oscillators .............. 4-49
Review Questions .........ccccvviemenncsneninineenns 4-49
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

5.2

5.3
5.4

5.5

Introduction to Voltage Regulators ....................... 5-2
5.1.1  Unregulated Power Supply ...........cc...... 5-2
5.1.2 Needof Regulator ............cccceevvieeiiinnnns 5-2
5.1.3 Regulated Power Supply ......cccccceereinnnns 5-2
A Linear Series Voltage Regulator ...................... 5-3
5.2.1  Applications ........ccccceeeieiiiiiiiiieee e 5-4
5.2.2 Advantages of Linear Regulator ............. 5-4
5.2.3 Disadvantages .........cccccceevurninrninnnnnnnnnn. 5-4
Factors Affecting the Output Voltage .................. 5-4
Specifications or Performance Parameters of a

ReguIator ... 5-4
5.4.1 Load Regulation ..........cccoocoiiieiiiiniiiiinns 5-5
5.4.2 Line Regulation or Source Regulation ...5-5
5.4.3 Output Resistance (Ro) ....cccovveeeeeeiiinins 5-5
5.4.4 Ripple Rejection .......ccccoceeiiiiiiiiiinnnn. 5-5
IC Voltage Regulators ...........cccooeiiiiiiiiiiiiieenee. 5-5
5.5.1 Advantages of IC Regulators ................. 5-6
5.5.2 Important Features of IC Regulators ...... 5-6

== TechKnowledge
N Publications




‘?FF Table of Contents

Electronic Circuits (Sem. III / E&Tc / SPPU)

5.6

5.7

5.8

5.9
5.10

5.12

5.13
5.14
5.15
5.16
5.17
5.18

5.5.3 Classification of IC Voltage Regulators ..5-6
5.5.4 Classification of IC Voltage Regulators ..5-6
Three Terminal Adjustable Voltage Regulators ....5-7
5.6.1  Adjustable Positive Voltage Regulators

(LM 317 Series) .oovvveneeeiieeiie e 5-7
5.6.2 Standard Packages of LM 317 Series ....5-7
5.6.3 Block Diagram of LM 317 ..........ccccieeeee. 5-7
5.6.4 Features/Specifications of IC LM 317 ....5-8
5.6.5 Typical Connection Diagram for LM 317

Regulator .........cccoiiiiiii e 5-8
5.6.6  Practical Regulator using LM 317 .......... 5-9
Adjustable Negative Voltage Regulators ............ 5-11
5.7.1 Different Packages of LM 337 .............. 5-12
5.7.2 Block Diagram of LM 337 ...........ccc.e.. 5-12
5.7.3  Features/Specifications of LM 337 ....... 5-12
5.7.4  Typical Connection Diagram for LM 337

SEriES ..vviiiiiie et 5-12
5.7.5 Applications of LM 317 and LM 337 ..... 5-14
5.7.6  Solved Examples .........c.ccccevviiiiienines 5-14
Output Current Boosting ........ccccoevviveiiciiecciineenn. 5-18
5.8.1  Another Version of Current Booster ..... 5-18
Low Dropout (LDO) Regulator ..........ccccveveeeennne. 5-19
Switch Mode Power Supply (SMPS) ................... 5-20
5.10.1 Complete Switched Mode Regulator ....5-21
5.10.2 Types of SMPS ..o, 5-22
5.10.3 Types of Non-isolated Switching

Regulators ........cccccoeeiviciiiieeieeeeeeee, 5-22
Step Down or Buck Switching Regulator ........... 5-22
5.11.1 Advantages of Buck Regulator ............. 5-23
5.11.2 Disadvantages ........cccccccoeeiririiieeeeeiinnns 5-23
Switching Boost Regulator
(Step up Converter) .......ceeeeiieiiee e, 5-24
5.12.1 Advantages of Boost Regulator ............ 5-25
5.12.2 Disadvantages ........cc.ccccoceencrierireenineenns 5-25
Comparison of Switching Regulators ................. 5-25
Advantages and Disadvantages of SMPS .......... 5-25
Specifications of SMPS .............cciiiiii 5-26
Features of SMPS ..., 5-26
Applications of SMPS ... 5-26
Comparison of Linear and Switching Mode
Regulators ..o 5-26

Review Questions .........c.ccccvimnienninniienninns 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 R;, Ro, gain and bandwidth.

6.1

6.2

6.3

6.4

6.5

6.6

INtroduction ..........oooiiiii e 6-2
6.1.1  Introduction to OP-AMPs .........ccccccee... 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 .......cocooiiiiiieiiieees 6-4
Ideal Differential Amplifier ..........ccccoiiiiiiiinn. 6-4
6.2.1  Differential Gain Ag ....c..eevveeeiiiiiiiieeeee. 6-5
6.2.2 Common Mode Gain Ac .....oocveeeiiineenne 6-5
6.2.3 Common Mode Rejection Ratio (CMRR) 6-5
6.2.4  Features of a Differential Amplifier ......... 6-7
BJT Differential Amplifier .........cccccooiiiiiiiiie. 6-7
6.3.1  BJT DIFF. AMP. with a Current

SOUMCE .. 6-7
6.3.2  Differential Amplifier Configurations ....... 6-9
Analysis of DIBO Diff. Amplifier ..........ccccccceeeeene. 6-9
6.4.1  DC Analysis ....cccooiiiiiiiiiiaieeiiiieeeee 6-10
6.4.2  AC Analysis using the re Model ........... 6-11
6.4.2.1 Differential Voltage Gain Aq ................. 6-12
6.4.2.2 Differential Input Resistance (R;) ........ 6-13
6.4.2.3 Output Resistance (Ro ) .wevevvvveeirnneenn. 6-14
6.4.2.4 Common Mode Voltage Gain A; .......... 6-15
6.4.2.5 Common Mode Rejection Ratio

(CMRRY) ..ot 6-15
6.4.2.6 Inverting and Non-inverting Inputs ....... 6-15
6.4.3 Solved Examples .......ccccccoiiiiiiiiennennn. 6-15
6.4.4  Input Bias Current (Ig) ......cooeecvvvvveenennn. 6-16
6.4.5 Input Offset Current (lios) -..eeeecvvveeeeeeennn. 6-17
Methods to Improve CMRR ...........cccoocivviieneenn. 6-21
6.5.1 Effectof Reon CMRR .........ccccceeinineeen. 6-21
6.5.2 A Differential Amplifier with Constant

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

Mirror CircCuit .......cccoevvieeiiiee e 6-23
6.5.4  Differential Amplifier with a Current

MIFFOF <. 6-24
6.5.5 Modified Current Mirror Circuit ............. 6-24
6.5.6  Widlar Current Source ..........ccccceeeeenn. 6-26
6.5.7  Wilson Current Source .........ccccceevuueenn. 6-27
Differential Amplifier with an Active Load ........... 6-29

() ™
wa TechKnowledge
N Publications




Table of Contents

Electronic Circuits (Sem. III / E&Tc / SPPU)

o | s,

6.8

6.9
6.10
6.11

6.12

6.13

6.14
6.15

6.16

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  Adc Level Shift Stage using PNP-NPN

Transistors .......cccoooiiiiiieieeiieeeee 6-32
6.7.4  Level Shifter using a Constant Current

SOUICE ..viiiiiiiieeeee e 6-32
OP-AMP Symbol and Terminals ..............c..ceee.. 6-33
6.8.1 Symbol and Terminals ...........ccccceeenns 6-33
6.8.2 DC Power Supply for an OP-AMP ........ 6-33
OP-AMP Parameters .........cccccooiiiiiieiieeeieiiieen. 6-34
An Ideal OP-AMP .......cccoiiiiieie e 6-37
Practical OP-AMP Characteristics .............c........ 6-38
6.11.1 Important Characteristics of IC 741 ...... 6-39
Open Loop and Closed Loop Configurations of
OP-AMP ..o 6-39
6.12.1 Open Loop Configurations ................... 6-39
6.12.2 Closed Loop Configurations ................. 6-40
Virtual Short and Virtual Ground ..........c.cccoeeennee 6-40
6.13.1  Virtual Short ..........ccceiiiiiiiieeieeee 6-41
6.13.2 Virtual Ground ........ccceccoiiiiiiiieeiieeee 6-41
Feedback in OP-AMP Circuits ..........ccccceevvveennn. 6-41
Voltage - Series Feedback (Non-inverting)
AMPIIFIET v 6-42
6.15.1 Closed Loop Gain .......cccccceeevivnvreenennn. 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
Voltage Shunt Feedback (Inverting) Amplifier ....6-45
6.16.1 Closed Loop Voltage Gain ................... 6-46
6.16.2 Input Resistance with Feedback

(RIE) weeeeeee e 6-47
6.16.3 Output Resistance with Feedback

(ROF) «eeeemeeeeeeeee et 6-47
6.16.4 Bandwidth with Feedback .................... 6-48
6.16.5 Comparison of Inverting and

Non-Inverting Amplifiers ...........cc.......... 6-48

Review Questions .........c.cccceviiniennninisennans 6-49

Chapter 7 :

OP-AMP Applications 7-1to 7-40

Syllabus

Inverting amplifier, Non-inverting amplifier,

Voltage follower, Summing amplifier, Difference amplifier,
Practical integrator, Practical differentiator, Instrumentation
amplifiers.

71

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

7.2

7.3

7.4
7.5
7.6

7.7

7.8

Closed Loop Amplifiers .......cccccceeviiiiiiiineniieennn 7-2
7.2.1  The Inverting Amplifier ...........cc.ccceeenne 7-2
7.2.2  Non-Inverting Amplifier ..........cccoccvvvernen. 7-3
7.2.3 The Voltage Follower ...........cccccceeunnnnne. 7-5
Summing AMPIlIfier .........ccccviiiiiiri e 7-6
7.3.1  Inverting Adder or Inverting Summing

AmMPIIfier ..o 7-7
7.3.2  Scaling or Weighted Amplifier ................ 7-7
7.3.3  Averaging CirCuit ...........ccecevvveereeeeieinnns 7-8
7.3.4 Non-Inverting Adder ..........ccccceeeiiiinnie 7-10
Difference Amplifier ... 7-11
SUBLractor .....oooveiieiee 7-12
Integrator ... 7-13
7.6.1  Ideal Integrator Circuit ...........cccccverernnne 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 .........cccoeieeiiiii 7-16
7.6.5 Practical Integrator ............ccccccceeiiiiiie 7-17
7.6.6  Frequency Response of the Practical

Integrator .........cccoveieeiiiii 7-18
7.6.7 Applications of an Integrator ................ 7-19
7.6.8 Design Procedure for an Integrator ...... 7-19
Differentiator ..........ccccoviiiiii e 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 .........cccoccoeeivieeiiie 7-26
7.7.4  Practical Differentiator .................c........ 7-27
7.7.5 Frequency Response of the Practical

Differentiator .........ccoooceeiviiiii 7-28
7.7.6  Applications of a Differentiator ............. 7-29
7.7.7  Steps to Design a Practical

Differentiator .........c.ococeeiiieeiii 7-29
7.7.8 Comparison of Active Integrator and

Differentiator ........cccccooiiiiiiiiis 7-33
Instrumentation Amplifier ..........cccoceiiiiiieen. 7-33
7.8.1  Requirements of an Instrumentation

Amplifier ... 7-33
7.8.2 LA.using One OP-AMP .......ccccccoerenne 7-34
7.8.3 Three OP-AMP LA . ..o 7-34
7.8.4 Advantages of Instrumentation

AMPIIfiers ....ccovveeeeeeii e, 7-36
7.8.5  Applications of Instrumentation

Amplifier ... 7-37

== TechKnowledge
N Publications



‘?FF Table of Contents

Electronic Circuits (Sem. III / E&Tc / SPPU)

7.9

I. A. Using Transducer Bridge ...........cccceeeeee. 7-37
7.9.1  Temperature Indicator . .........c.....cceuuue 7-37
7.9.2 Temperature Controller ...........cc.ccoue.e. 7-38
7.9.3 Light Intensity Meter .........cccccccvvvnnnnnne. 7-39

Review Questions .........ccccccvvimiienniinicennans 7-39

Chapter 8 :

Nonlinear Applications of OPAMP

8.12

8.11.1 Triangular Wave Generator using
Comparator and Integrator ................... 8-29
Sawtooth Generator ...........cccooccvveiiiiieiiiieeenee 8-31
8.12.1 Sawtooth Generator using Comparator and
Integrator ..., 8-31
8.12.2 Sawtooth Generator using a JFET
SWItCh .o

Review Questions

Unit VI

Chapter 9 :

Converters using OPAMP 9-1 to 9-32

8-1 to 8-32
Syllabus Comparator, Schmitt trigger, Square and
triangular wave generator.
8.1 INtrodUCtioN ......ooeiiiiiieiee e 8-2
8.1.1 A Comparator ......cccoceeveeeieiiiiieieee e 8-2
8.2  Comparator Symbol and Ideal Voltage Transfer
CharacteristiCs .........ccouueiieeiiiiiee e 8-2
8.2.1 The Response TiMme ........cccccevvvvvveernnen. 8-3
8.2.2 OP-AMP as a Voltage Comparator ........ 8-3
8.2.3 Types of Comparator .........ccccceeveiiunnnenn. 8-4
8.3 Non-inverting Comparator ...........cccccceevviiviinenen.n. 8-4
8.4  Inverting Comparator .......cccccceeeieiiiieiiieee e 8-5
8.5  Zero Crossing Detector .........ccccceeeeviiiieieeeeeeiinn, 8-6
8.6  Comparator Characteristics ............cccccvvvveeeeeennnns 8-7
8.6.1  Limitations of OP-AMP as
Comparator .......ccccceeeeeeeeiecee e 8-8
8.6.2  Requirements of an OP-AMP to be used
as a Comparator .......ccccceeeeiiiiiiiieeeeeeee 8-9
8.7  Comparator Applications ........ccccccccvevviieeeiiiieenns 8-9
8.7.1  Window Comparators ..........c....cceeuurrnen.. 8-9
8.8  Schmitt Trigger (Regenerative Comparator) ....... 8-10
8.8.1  Types of Schmitt Trigger .........cccccooueee. 8-10
8.8.2 Inverting Schmitt Trigger .............ccc..... 8-10
8.8.3  Non-inverting Schmitt Trigger ............... 8-12
8.8.4  Hysteresis ........cocovveeeiiiiiiiiiiiiee e 8-14
8.8.5  Advantages of Schmitt Trigger over the
Conventional Comparators ................... 8-14
8.8.6  Solved Examples on Schmitt
THQQET e 8-15
8.8.7  Design of Schmitt Trigger with Unequal
UTP and LTP Values ........cccccoovniieenn. 8-15
8.8.8  Design of a Schmitt Trigger with External
DC SOUICE ...oeveiieiiieiiiieeeee e 8-16
8.9  Waveform Generator ...........ccccccvveeiiiiiiiiiieeneenn. 8-21
8.10 Square Wave Generator ..........cccoccvvvervineeeiiineenn. 8-22
8.10.1  Asymmetrical Square Wave
Generator ..........ccceeiieeiiiiee e 8-24
8.11 Triangular Wave Generator ............ccccccvvvveeeennnn. 8-28

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
9.2

9.3
9.4

9.5
9.6

9.7

9.8

9.9

Introduction to Signal Converters ............cccee....... 9-2
Voltage to Current (V to I) Converters ................. 9-2
9.2.1 Vto | Converter with Floating

Lo .. 9-2
9.2.2 V-l Converter with Inverting

AMPIIfier ..o 9-3
9.2.3 Applications of V-l Converter ................. 9-3
V to | Converter with Grounded Load ................... 9-3
Current to Voltage Converter ...........ccccceveinineeen. 9-5
9.4.1  Sensitivity of the I-V Converter ............... 9-6
9.4.2 Problems in the I-V Converter

CirCUIt e 9-6
9.4.3 High Sensitivity | to V Converter ............ 9-6
9.4.4  Applications of | to V Converter .............. 9-7
Data Converters ........cccovviiiiiiiiiiiiee e 9-8
Variable Resistor Networks ...........ccccoooiiieneen. 9-8
9.6.1  Binary Equivalent Weight (B.EW.) ........ 9-8
Resistive DIVIders .........cccccoviiiiiiiiiiiiiiiiieeeeen 9-9
9.7.1 Binary Weighted Resistor

NEetWOrk ......oooviiiiiii 9-9
9.7.2  Full Scale Output VEs .cevvevvieeeeiiieeenne 9-10
D/A CONVEIETS ..cooeiiiiieiieeiieee e 9-10
9.8.1  Circuit Symbol ........cc.cceveiiiiiiieeeeee 9-10
9.8.2 Digital to Analog (D to A)

CoNVersion ........coocciiiieiiee e 9-10
9.8.3 Types of D to A Converters .................. 9-11
Binary Weighted Resistor DAC ...........ccccccceeee. 9-11
9.9.1  Output Voltage Waveform of a 3-Bit

DAC .. e 9-12
9.9.2 Important Points about Weighted Resistor

DAC .. 9-13

== TechKnowledge
N Publications




¥F Table of Contents 7 Electronic Circuits (Sem. I1I / E&Tc / SPPU)
9.9.3 Disadvantages of Weighted Resistor 9.20.1 Solved Examples ........cccccoveeiiiiiiinennns 9-29
DAC e 9-13 R REVIEW QUESHIONS v 9-31
9.9.4 Advantages of Weighted Resistor
DAC oo 9-13 Unit VI
9.10 Binary Ladder (R-2R Ladder) Network ............... 9-13 Chapter 10 : Phase Locked Loop 10-1 to 10-22
9.10.1 Analysis of R-2R Network ..................... 9-14
9.10.2 R-2R Ladder DAC .........cccccoorrrmrrrrir 015 | [
9.10.3 Advant f RI2R Ladder DAC 916 detectors, Details of PLL IC 565, Applications, Typical
.10. vantages o adder S e - circuits.
9.10.4 Comparison of DACS ........cccceeviierennneen. 9-16 101 ] 10
911 Specifications for DAC ..o 9-17 0. INtroduction ..o -2
9111 Resolution . ... 9-17 10.2 Block Diagram of PLL .......cccceiviiiiiiiiiieeeiieeee 10-2
9.11.2 Accuracy 9-17 10.2.1 Operation of PLL .......cccvvvveeeeeiiiinne. 10-2
9.11.3 Linearity 9-18 10.3 Characteristics / Parameters of PLL .................. 10-3
9.11.4 Temperature Sensitivity ........c.....ceeuee 9-18 104 Lock Range and Capture Range ..................... 10-4
9.11.5 Settling TiMe . ...cocvoveeeeeeeeeeeeeeeeen 9-18 10.4.1 Lock Range .......cccccoooiiiiiiiiiiiiniiieee, 10-4
9116 SPEEA veoveeeeeeeeee e 9-18 10.4.2 Capture Range ..o, 10-4
9.11.7  Supply REJECHON oo, 9-18 10.4.3 PLL Transfer Characteristics ................ 10-4
9.11.8 Input-Output EQUAtION .....veveeeeeeenn, 9-18 10.5 Blocks of @ PLL ...ooooviiiiiiiiiiieee e, 10-6
9.12 Sources of Errors in DACS .......ccocveeenrenieenennen. 9-19 10.5.1 Phase Detector / Comparator
9.12.1 Linearity Error 9-20 (Type | Phase Detector)........ccccceeeeeenn. 10-6
10.5.2 Flip Flop as Phase Detector
9.12.2 Off.set Error .o 9-20 (Type Il Phase Detector) .............. 10-8
9.12..3 'Galn Error e 9-20 1053 The Type - Il Phase Comparator .......... 10-8
9.13 Applications of D/A Converters ..........cccccevveeennn. 9-20 1054 Low Pass Filter ... 10-9
9.14  Analog to Digital Converters (ADC) .................... 920 | 406 Monolithic Phase-Locked LOOD ovvvvvvvvvvoveo. 10-10
9.14.1 Conversion TiMe .........ccccooveieiinrnennen. 9-21 10.6.1 Functional Block Diagram of IC 565 ... 10-10
9.15 Types of Ato D Converters ...........ccoevveiiinnnne, 9-21 10.6.2 Derivation of Lock-in-Range ............... 10-11
9.16 Parallel Comparator or Flash ADC ..................... 9-22 10.6.3 Derivation of Capture Range ............ 10-11
9.16.1 A Two Bit Flash Type ADC ................... 9-22 10.6.4 Connection Diagram of PLL 565 ........ 10-12
9.16.2 3-Bit Flash Type ADC .......cccccceveeeeenns 9-23 10.6.5 Important Electrical Characteristics
9.16.3 Advantages of Flash Type ADC ........... 9-23 Of 565 PLL ...eoeiiiiiiiiiiccecec e 10-13
9.16.4 Disadvantages of Flash ADC ............... 9-23 10.7 Function Generator / Voltage Controlled
9.17 Successive Approximation ADC (SA _ ADC) ______ 9-23 Oscillator [C ..., 10-16
9.17.1  AdVANLAGES ...ooooeeveeeeeeeeeeeeeeeeeee. 9-24 10.7.1  Functional Block Diagram ................. 10-16
9.17.2 DiSadVvantages ........ooveorveerrerrverrerere. 9-24 10.7.2 Typical Connection Diagram .............. 10-17
9.17.3 Applications __________________________________________ 9-24 10.8 Applications Of PLL oo 10-18
9.18 Dual Slope Integrator ADC ........cccocovereeveeeeeennn. 9-25 10.8.1  Frequency Multiplication .................... 10-18
9.18.1 Advantages of Dual Slope ADC ... 9-27 10.8.2 Frequency Division ......cccvccnnns 10-19
9.18.2 Disadvantage of Dual Slope ADC ... 9-27 10.8.3 PLL as Frequency Synthesizer .......... 10-19
9.18.3 Comparison of A/D Converters ............. 9-27 10.8.4  AM Detection using PLL ..................... 10-20
9.19 ADC Characteristics (Specifications) .................. 9-28 10.8.5 FM Detection using PLL ...........cocooe... 10-20
9.19.1 Resolution 9-28 10.8.6 Frequency Shift Keying (FSK)
. i Demodulator using PLL ...........c.cceee 10-21
9.19.2 Conversion TIMe ......cccccevvvireeiiierennnnn. 9-28 Revi . 10-22
9.19.3 Quantization Error ........ccccccveeeveueenennn. 9-28 * BVIEW QUESHONS oot i
9.20 ADC Applications ........cccceeeeeviiiieiieee e 9-28
aaa

== TechKnowledge
N Publications



