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About the Tutorial 

This is a comprehensive tutorial on Digital Electronics. You can use this 

tutorial to learn the following topics: 

 Basics of digital signals and systems 

 Different types of number systems and their conversions 

 Binary codes and their conversions 

 Boolean functions and their minimization 

 Implementation of Boolean expressions 

 Combinational logic circuits and their applications 

 Sequential circuits and their applications 

 Memory devices 

 Logic Families 

The topics covered in this tutorial are relevant in various technical exams 

like GATE, engineering services exams, university exams, and various other 

competitive exams.  

Also, you can use the knowledge gained in this tutorial in different industrial 

applications such as PLC programming, software development, embedded 

system design, control and automation system design, and more. 

What is Digital Electronics? 

Digital electronics is a subdomain in electrical and electronics engineering that 

deals with the study of digital signals and systems, processing of digital signals 

and their applications. Under digital electronics, several important concepts are 

covered such as logic gates, Boolean operations, logic functions, combinational 

circuits, sequential circuits, logic families, and more.  

Digital electronics plays a vital role in a wide range of practical applications 

such as computers, communication systems, consumer electronics, automation 

and control systems, and many other fields that rely on digital signals. 

What are the applications of Digital Electronics? 

The knowledge of Digital Electronics plays an indispensable role in several 

important fields such as computer science and information technology, 

communication systems, telecom networks, wireless communication, 

consumer electronics like TV, smartphones, laptops, etc., medical 

equipment, and industrial automation and robotics engineering. 
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Why is Digital Electronics important in Computer Organization? 

Computer organization is a branch of computer engineering that deals with 

the study of the physical components of a computer system and their 

functioning. It allows us to understand how different components of a 

computer system interact with each other to process data instructions and 

perform tasks.  

Under computer organization, we study about the hardware architecture 

and design principles of a computer system. Therefore, computer 

organization helps computer engineers and system designers to develop 

more efficient computer systems. 

Here are the key points that highlight the importance of Digital Electronics 

in the field of Computer Organization: 

 The binary representation of digital electronics is used to design 

different circuits of a computer system. 

 Digital electronics provide logic gates and other digital circuits 

which are used in designing different components of a computer 

system like control units, arithmetic logic units (ALUs), memory 

unit, and more. 

 Digital electronics provide principles for design memory units and 

data storage systems in computers. 

 Digital electronics principles also empower computers to perform 

various digital signal processing tasks such as modulation, 

demodulation, filtering, etc. 

Digital electronics is the fundamental building block of computer organization 

which provides all the important tools and techniques required for designing 

and implementing circuits and systems of a computer. 

Audience 

This tutorial is a complete reference for digital electronics enthusiasts. Anyone 

who wants to understand the basics and implementation of digital circuits can 

go through this tutorial and can excel his/her digital electronics skills. 

Prerequisites 

This tutorial is so designed that anyone with a basic knowledge on the initial 

concepts of Digital Electronics can understand the topics covered in this 

tutorial without the need of any parallel resource.  
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Frequently Asked Questions (FAQs) 

How does Digital Electronics differ from Analog Electronics? 

The primary difference between digital and analog electronics is that digital 

electronics process data in the form of discrete or discontinuous time signals, 

while analog electronics use continuous signals for processing purposes. 

What are the advantages of Digital Electronics over Analog Electronics? 

Some of the key advantages of digital electronics over analog electronics 

are listed here: 

 Digital electronic systems are more precise and accurate as 

compared to analog electronic system. 

 Digital electronic systems can process, store, and transmit signals 

and information more efficiently. 

 Digital signals and systems are highly immune against noise and 

interferences. 

 Digital systems can be programmed and reprogrammed easily to 

meet the requirements of a specific application, on the other hand 

analog systems require changes at hardware level. 

 Digital systems are highly cost-effective and also scalable. 

What are Logic Gates and how are they used in Digital Electronics? 

Logic gates are digital circuits used as the fundamental building blocks in 

digital system designs. They are binary devices that perform logical 

operations on inputs as per a predefined set of functions.  

In digital electronics, seven common logic gates are widely used and they 

are AND gate, OR, gate, NOT gate, NAND gate, NOR gate, XOR gate, and 

XNOR gate. 

They are used to design and implement the following: 

 Boolean functions and expressions 

 Arithmetic operations like addition, subtraction, etc. 

 Combination circuit design such as multiplexers, demultiplexers, 

encode, decoder, etc. 

 Sequential circuit design like counters, flip-flops, registers, timers, 

etc. 

 Memory devices and many more digital systems. 
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What is the significance of Boolean Algebra in Digital Electronics? 

Boolean algebra is an important tool used in digital electronics. It provides 

a mathematical framework to perform data manipulation in binary format. 

Boolean algebra provides a complete set of laws and operations to simplify 

complex logical expressions and implement optimized digital systems. 

How do Combinational and Sequential Circuits differ? 

A combinational logic circuit is simply an interconnected set of logic gates 

that produces an output depending on the inputs applied. On the other 

hand, a sequential circuit is a group of combinational circuit and memory 

element. Thus, the output of the sequential circuit is governed by the 

present inputs and past outputs. 

What are Flip-Flops and how are they used in Digital Electronics? 

Flip-flops are the most elementary memory elements. They are used to hold 

one bit of digital information in a system. In digital electronics, flip-flops are 

used to design several complex digital systems like counters, memory 

devices, registers, timers, and more. 

What are Field-Programmable Gate Arrays (FPGAs) and their role in Digital 
Electronics? 

Field Programmable Gate Arrays (FPGAs) are digital devices in which a 

matrix of configurable logic blocks (CLBs) is connected together through 

programmable interconnects.  

A user can reprogram an FPGA to meet the needs of a desired application. 

Therefore, it allows us to design a wide range of custom digital circuits, such 

as combinational and sequential circuits, arithmetic logic units, memory 

blocks, control systems, data processing systems, etc. 

What is the role of digital logic design in Integrated Circuit (IC) fabrication? 

Digital logic design is an important concept in integrated circuit fabrication. 

It helps the designer in the following processes: 

 Determine the specifications and design parameters of the IC. 

 Technology mapping i.e., selection and mapping of logic gates and 

other components. 

 Prepare the physical design and structure to understand the 

position and interconnection of components. 

 Test and verify the design for any error or bug. 

 Final product production at mass level. 
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What role does Digital Electronics play in the development of modern consumer 
electronics? 

"Digital Electronics" plays an important role in the design and development 

of modern consumer electronic devices. It builds the foundation of modern 

computer science and information technology. Digital electronics helps to 

improve the functionality and performance of modern devices like 

smartphones, laptops, computers, etc. 

Digital electronics is used to develop reliable systems and embed advanced 

features like high-speed internet connectivity, responsive user interface, 

audio processing, etc. It also provides the tools and technologies required 

for the development of HD displays, digital audio systems, touch screen 

interfaces, wireless systems, digital camera technologies, and much more.  

In communication systems, digital electronics is used to design and 

implement various communication algorithms. It provides a set of tools for 

data transmission, processing, and receiving. 

Digital electronics also empower various other industries such as medical 

diagnostics, automotive, robotics, etc. 

Copyright & Disclaimer 

© Copyright 2024 by Tutorials Point (I) Pvt. Ltd.  

All the content and graphics published in this e-book are the property of 

Tutorials Point (I) Pvt. Ltd. The user of this e-book is prohibited to reuse, 

retain, copy, distribute or republish any contents or a part of contents of 

this e-book in any manner without written consent of the publisher.   

We strive to update the contents of our website and tutorials as timely and 

as precisely as possible, however, the contents may contain inaccuracies or 

errors. Tutorials Point (I) Pvt. Ltd. provides no guarantee regarding the 

accuracy, timeliness or completeness of our website or its contents 

including this tutorial. If you discover any errors on our website or in this 

tutorial, please notify us at contact@tutorialspoint.com 

 

 

 



Digital Electronics 

vi 

 

Table of Contents 

About the Tutorial .......................................................................................... i 
What is Digital Electronics? ............................................................................ i 
What are the applications of Digital Electronics? .......................................... i 
Why is Digital Electronics important in Computer Organization? ................ ii 
Audience ........................................................................................................ ii 
Prerequisites .................................................................................................. ii 
Frequently Asked Questions (FAQs) ............................................................. iii 
Copyright & Disclaimer .................................................................................. v 

Table of Contents.......................................................................................... vi 

UNIT 1 – DIGITAL ELECTRONICS BASICS ............................................................. 1 

1. Types of Digital Systems ......................................................................... 2 

What is a Digital System? .............................................................................. 2 

Characteristics of Digital Systems .................................................................. 3 

Types of Digital Systems ................................................................................ 3 

2. Types of Signals...................................................................................... 6 

What is a Signal? ............................................................................................ 6 

Properties of Signals ...................................................................................... 6 

Types of Signals ............................................................................................. 7 

What is an Analog Signal?.............................................................................. 7 

Properties of Analog Signals .......................................................................... 7 

What is a Digital Signal? ................................................................................ 8 

Properties of Digital Signals ........................................................................... 8 

Difference between Analog and Digital Signals............................................. 9 

Applications of Signals ................................................................................... 9 

3. Logic Levels and Pulse Waveforms ........................................................ 11 

What is a Logic Level? .................................................................................. 11 

What is a Pulse? ........................................................................................... 12 

Types of Pulse Waveforms .......................................................................... 14 

4. Digital System – Components ............................................................... 15 

Components of a Digital System.................................................................. 15 

Central Processing Unit (CPU) ..................................................................... 16 

Semiconductor Memory .............................................................................. 16 

Input Devices ............................................................................................... 17 

Output Devices ............................................................................................ 17 

Logic Gates ................................................................................................... 17 

Power Supply ............................................................................................... 17 

Communication Channels ............................................................................ 18 



Digital Electronics 

vii 

 

5. Digital Logic Operations ....................................................................... 19 

Arithmetic Operations in Digital Electronics ............................................... 19 

Logical Operations in Digital Electronics ..................................................... 20 

Encoding and Decoding ............................................................................... 21 

Multiplexing and Demultiplexing ................................................................ 21 

Code Conversion .......................................................................................... 22 

Comparison Operation in Digital Electronics ............................................... 22 

Counting Operation in Digital Electronics ................................................... 22 

Data Storage in Digital Electronics .............................................................. 22 

Data Transmission in Digital Electronics ...................................................... 22 

6. Digital Systems – Advantages and Limitations ....................................... 24 

Advantages of Digital Systems ..................................................................... 24 

Limitations of Digital Systems...................................................................... 26 

UNIT 2 – NUMBER SYSTEMS ............................................................................ 28 

7. Digital Electronics – Number Systems ................................................... 29 

Types of Digital Number Systems ................................................................ 29 

Binary Number System ................................................................................ 29 

Decimal Number System ............................................................................. 30 

Octal Number System .................................................................................. 31 

Hexadecimal Number System ..................................................................... 32 

Advantages of Digital Number Systems ...................................................... 32 

Applications of Digital Number Systems ..................................................... 33 

8. Digital Electronics – Base Conversions .................................................. 34 

What is Number System Conversion? ......................................................... 34 

Binary to Decimal Conversion ..................................................................... 34 

Decimal to Binary Conversion ..................................................................... 36 

Binary to Octal Conversion .......................................................................... 38 

Octal to Binary Conversion .......................................................................... 39 

Octal to Decimal Conversion ....................................................................... 40 

Decimal to Octal Conversion ....................................................................... 41 

Hexadecimal to Binary Conversion .............................................................. 43 

Binary to Hexadecimal Conversion .............................................................. 44 

Hexadecimal to Decimal Conversion ........................................................... 45 

Decimal to Hexadecimal Conversion ........................................................... 46 

Octal to Hexadecimal Conversion ............................................................... 48 

Hexadecimal to Octal Conversion ............................................................... 49 

9. Binary Numbers Representation ........................................................... 51 

Unsigned Numbers ...................................................................................... 51 

Signed Numbers........................................................................................... 51 



Digital Electronics 

viii 

 

Representation of Un-Signed Binary Numbers ........................................... 51 

Representation of Signed Binary Numbers ................................................. 52 

Sign-Magnitude Form .................................................................................. 52 

1's Complement Form ................................................................................. 53 

2's Complement Form ................................................................................. 53 

10. Binary Arithmetic ................................................................................. 55 

Binary Addition ............................................................................................ 55 

Binary Subtraction ....................................................................................... 57 

Binary Multiplication ................................................................................... 59 

Binary Division ............................................................................................. 61 

11. Signed Binary Arithmetic ...................................................................... 63 

Addition of Two Signed Binary Numbers..................................................... 63 

Subtraction of Two Signed Binary Numbers ................................................ 64 

12. Octal Arithmetic ................................................................................... 67 

What is Octal Arithmetic?............................................................................ 67 

Octal Addition .............................................................................................. 67 

Octal Subtraction ......................................................................................... 69 

Octal Multiplication ..................................................................................... 70 

Octal Division ............................................................................................... 71 

Octal Addition through Binary Conversion .................................................. 73 

Octal Subtraction through Binary Conversion ............................................. 74 

Octal Multiplication through Binary Conversion ......................................... 75 

Octal Division through Binary Conversion ................................................... 76 

13. Hexadecimal Arithmetic ....................................................................... 77 

What is Hexadecimal Arithmetic? ............................................................... 77 

Hexadecimal Addition.................................................................................. 77 

Hexadecimal Subtraction ............................................................................. 79 

Hexadecimal Multiplication ......................................................................... 80 

Hexadecimal Division ................................................................................... 82 

Hexadecimal Addition through Binary Conversion ..................................... 84 

Hexadecimal Subtraction through Binary Conversion ................................ 85 

Hexadecimal Multiplication through Binary Conversion............................. 86 

Hexadecimal Division through Binary Conversion ...................................... 87 

14. Complement Arithmetic ....................................................................... 88 

What is 9's Complement? ............................................................................ 88 

What is 10's Complement? .......................................................................... 90 

What is 1's Complement? ............................................................................ 91 

What is 2's Complement? ............................................................................ 93 

What is 7's Complement? ............................................................................ 94 

What is 8's Complement? ............................................................................ 96 



Digital Electronics 

ix 

 

What is 15's Complement? .......................................................................... 97 

What is 16's Complement? .......................................................................... 99 

Subtraction using 9's Complement ............................................................ 100 

Subtraction using 10's Complement .......................................................... 102 

Subtraction using 1's Complement ............................................................ 103 

Subtraction using 2's Complement ............................................................ 105 

Subtraction using 7's Complement ............................................................ 106 

Subtraction using 8's Complement ............................................................ 108 

Subtraction using 15's Complement .......................................................... 109 

Subtraction using 16's Complement .......................................................... 110 

UNIT 3 – BINARY CODES ................................................................................. 113 

15. Binary Codes ...................................................................................... 114 

What are Binary Codes? ............................................................................ 114 

Types of Binary Codes................................................................................ 114 

Weighted Binary Codes ............................................................................. 115 

Non-Weighted Binary Codes ..................................................................... 115 

Alphanumeric Codes .................................................................................. 117 

Binary Coded Decimal (BCD) ..................................................................... 118 

Error Detecting Codes................................................................................ 119 

Error Correcting Codes .............................................................................. 119 

How to Detect and Correct Errors? ........................................................... 120 

Parity Checking of Error Detection ............................................................ 120 

Use of Parity Bit ......................................................................................... 121 

How Does Error Detection Take Place? ..................................................... 121 

Advantages of Binary Codes ...................................................................... 122 

Disadvantages of Binary Codes ................................................................. 123 

Applications of Binary Codes ..................................................................... 123 

16. 8421 BCD Code ................................................................................... 125 

What is 8421 BCD Code? ........................................................................... 125 

Advantages of 8421 BCD Code .................................................................. 126 

Disadvantages of 8421 BCD Code .............................................................. 126 

Applications of 8421 BCD Code ................................................................. 127 

Addition in 8421 BCD Code ....................................................................... 127 

Subtraction in 8421 BCD Code................................................................... 128 

17. Excess-3 Code .................................................................................... 130 

How to Obtain Excess-3 Code? .................................................................. 130 

The Importance of Excess-3 Code in Digital Electronics ............................ 131 

Advantages of Excess-3 Code .................................................................... 131 

Disadvantages of Excess-3 Code ................................................................ 132 

Applications of Excess-3 Code ................................................................... 132 



Digital Electronics 

x 

 

Excess-3 Addition ....................................................................................... 132 

Excess-3 Subtraction .................................................................................. 133 

18. Gray Code .......................................................................................... 135 

Gray Codes Table ....................................................................................... 135 

Importance of Gray Code .......................................................................... 136 

Advantages of Gray Code .......................................................................... 136 

Disadvantages of Gray Code ...................................................................... 137 

Applications of Gray Code ......................................................................... 138 

19. ASCII Code ......................................................................................... 139 

ASCII Code in Digital Electronics ................................................................ 139 

Properties of ASCII Code ............................................................................ 139 

Types of ASCII Code ................................................................................... 140 

Advantages of ASCII Code .......................................................................... 150 

Limitations of ASCII Code........................................................................... 151 

Applications of ASCII Code ......................................................................... 151 

20. EBCDIC Codes ..................................................................................... 152 

What is EBCDIC Code? ............................................................................... 152 

Characteristics of EBCDIC Code ................................................................. 157 

Limitations of EBCDIC Code ....................................................................... 158 

Applications of EBCDIC Code ..................................................................... 158 

21. Code Conversion ................................................................................ 160 

(1) Binary to BCD Code Conversion ........................................................... 160 

(2) BCD to Binary Code Conversion ........................................................... 161 

(3) Binary to Gray Code Conversion .......................................................... 162 

(4) Gray to Binary Code Conversion .......................................................... 163 

(5) BCD to Excess-3 Code Conversion ........................................................ 164 

(6) Excess-3 to BCD Code Conversion ........................................................ 165 

22. Error Detection & Correction Codes .................................................... 166 

Error Detection Codes ............................................................................... 166 

Error Correction Codes .............................................................................. 166 

Parity Code ................................................................................................ 166 

Hamming Code .......................................................................................... 169 

UNIT 4 – LOGIC GATES ................................................................................... 172 

23. Logic Gates in Digital Electronics ......................................................... 173 

What is a Logic Gate? ................................................................................ 173 

Types of Logic Gates .................................................................................. 173 

Working Principle of Logic Gates ............................................................... 173 

Major Components of Logic Gates ............................................................ 174 



Digital Electronics 

xi 

 

Advantages of Logic Gates ......................................................................... 174 

Limitations of Logic Gates .......................................................................... 175 

Applications of Logic Gates ........................................................................ 176 

24. AND Gate ........................................................................................... 177 

What is an AND Gate? ............................................................................... 177 

Truth Table of AND Gate ........................................................................... 177 

Working of AND Gate ................................................................................ 178 

Boolean Expression of AND Gate .............................................................. 179 

AND Gate using Transistor ......................................................................... 179 

AND Gate using Switches........................................................................... 181 

AND Gate IC ............................................................................................... 181 

25. OR Gate in Digital Electronics ............................................................. 183 

What is an OR Gate? .................................................................................. 183 

Truth Table of OR Gate .............................................................................. 183 

Boolean Expression of OR Gate ................................................................. 184 

Working of OR Gate ................................................................................... 185 

OR Gate using Transistors.......................................................................... 185 

Working of Transistor OR Gate .................................................................. 186 

OR Gate using Switches ............................................................................. 187 

OR Gate IC .................................................................................................. 188 

26. NOT Gate in Digital Electronics ........................................................... 189 

What is a NOT Gate? ................................................................................. 189 

Truth Table of NOT Gate ............................................................................ 189 

Boolean Expression of NOT Gate ............................................................... 190 

Working of NOT Gate ................................................................................ 190 

NOT Gate using Transistor ......................................................................... 190 

Working of Transistor NOT Gate ............................................................... 191 

NOT Gate using Switches ........................................................................... 191 

NOT Gate IC ............................................................................................... 192 

Applications of NOT Gate .......................................................................... 192 

27. Universal Gates – NAND and NOR ...................................................... 193 

What is a NAND Gate? ............................................................................... 193 

Logic Symbol of NAND Gate ...................................................................... 193 

Truth Table of NAND Gate ......................................................................... 194 

Boolean Expression of NAND Gate ............................................................ 195 

Working of NAND Gate .............................................................................. 195 

NAND Gate using Transistor ...................................................................... 196 

Working of Transistor NAND Gate............................................................. 196 

NAND Gate using Switches ........................................................................ 197 

NAND Gate as an Inverter ......................................................................... 198 

Applications of NAND Gate ....................................................................... 198 



Digital Electronics 

xii 

 

What is a NOR Gate? ................................................................................. 198 

Logic Symbol of NOR Gate ......................................................................... 199 

Truth Table of NOR Gate ........................................................................... 199 

Working of NOR Gate ................................................................................ 200 

NOR Gate using Transistor......................................................................... 200 

Working of Transistor NOR Gate ............................................................... 201 

NOR Gate using Switches .......................................................................... 202 

NOR Gate as an Inverter ............................................................................ 202 

Applications of NOR Gate .......................................................................... 203 

28. XOR Gate in Digital Electronics ........................................................... 204 

What is an XOR Gate? ................................................................................ 204 

Logic Symbol of XOR Gate ......................................................................... 204 

Truth Table of XOR Gate ............................................................................ 204 

Boolean Expression of XOR Gate ............................................................... 205 

Working of XOR Gate ................................................................................. 205 

XOR Gate as an Inverter ............................................................................ 206 

XOR Gate as a Buffer ................................................................................. 206 

XOR Gate using Switches ........................................................................... 206 

Applications of XOR Gate........................................................................... 207 

29. XNOR Gate in Digital Electronics ......................................................... 208 

What is XNOR Gate? .................................................................................. 208 

Logic Symbol of XNOR Gate ....................................................................... 208 

Truth Table of XNOR Gate ......................................................................... 209 

Boolean Expression of XNOR Gate ............................................................ 209 

Working of XNOR Gate .............................................................................. 209 

XNOR Gate using Switches ........................................................................ 210 

XNOR Gate as an Inverter .......................................................................... 210 

XNOR Gate as a Buffer ............................................................................... 211 

Applications of XNOR Gate ........................................................................ 211 

30. CMOS Logic Gate in Digital Electronics ................................................ 213 

What is a Logic Gate? ................................................................................ 213 

What is CMOS Technology? ....................................................................... 213 

Basic CMOS Logic Gates ............................................................................. 213 

31. Two Level Logic realization ................................................................. 218 

Degenerative Form .................................................................................... 218 

AND-AND Logic .......................................................................................... 218 

AND-NAND Logic ....................................................................................... 219 

OR-OR Logic ............................................................................................... 220 

Non-degenerative Form ............................................................................ 221 

AND-OR Logic ............................................................................................. 221 

AND-NOR Logic .......................................................................................... 222 



Digital Electronics 

xiii 

 

OR-AND Logic ............................................................................................. 223 

32. Threshold Logic .................................................................................. 224 

Basics of Threshold gate ............................................................................ 224 

Synthesis of Threshold Functions .............................................................. 226 

UNIT 5 – BOOLEAN ALGEBRA ......................................................................... 230 

33. Digital Electronics – Boolean Algebra .................................................. 231 

What is Boolean Algebra? ......................................................................... 231 

Logical Operations in Boolean Algebra ...................................................... 231 

Terminology of Boolean Algebra ............................................................... 232 

Significance of Boolean Algebra in Digital Electronics .............................. 233 

Advantages of Boolean Algebra ................................................................ 233 

Limitations of Boolean Algebra ................................................................. 234 

Applications of Boolean Algebra ............................................................... 235 

34. Laws of Boolean Algebra .................................................................... 237 

Laws of Boolean Algebra ........................................................................... 237 

35. Boolean Functions .............................................................................. 243 

What is a Boolean Function? ..................................................................... 243 

Components of a Boolean Function .......................................................... 243 

Representations of Boolean Functions...................................................... 244 

Importance of Boolean Function in Digital Electronics ............................. 245 

Characteristics of Boolean Functions ........................................................ 246 

Limitations of Boolean Functions .............................................................. 246 

Applications of Boolean Functions ............................................................ 247 

36. DeMorgan's Theorem ......................................................................... 248 

What is DeMorgan's Theorem? ................................................................. 248 

DeMorgan's First Theorem (Law 1) ........................................................... 248 

DeMorgan's Second Theorem (Law 2) ...................................................... 250 

37. Logical Expression in SOP and POS Form ............................................. 253 

SOP (Sum of Products) Form ..................................................................... 253 

POS (Product of Sum) Form ....................................................................... 253 

Standard Sum of Products (SSOP) Form .................................................... 254 

Standard Product of Sum (SPOS) Form ..................................................... 255 

UNIT 6 – MINIMIZATION TECHNIQUES ........................................................... 257 

38. K-Map Minimization .......................................................................... 258 

What is Karnaugh Map? ............................................................................ 258 



Digital Electronics 

xiv 

 

Structure of Karnaugh Map ....................................................................... 259 

K-Map Simplification ................................................................................. 260 

Advantages of Karnaugh Map ................................................................... 260 

Limitations of Karnaugh Map .................................................................... 260 

39. 3 Variable K-Map in Digital Electronics ............................................... 262 

Three-Variable K-Map ............................................................................... 262 

40. 4 Variable K-Map in Digital Electronics ............................................... 265 

Four Variable K-Map .................................................................................. 265 

41. 5 Variable K-Map in Digital Electronics ............................................... 270 

Five Variable K-Map ................................................................................... 270 

42. 6 Variable K-Map in Digital Electronics ............................................... 276 

Karnaugh Map (K-Map) ............................................................................. 276 

Six Variable K-Map ..................................................................................... 276 

43. Don't Care Condition .......................................................................... 284 

44. Quine-McCluskey Method .................................................................. 288 

Theory of Quine-McCluskey Method ........................................................ 288 

Quine-McCluskey Method Procedure ....................................................... 288 

Important Terms Related Quine-McCluskey Method ............................... 289 

Example based on Quine-McCluskey Method .......................................... 290 

Advantages of Quine-McCluskey Method ................................................. 292 

Disadvantages of Quine-McCluskey Method ............................................ 292 

Applications of Quine-McCluskey Method ................................................ 293 

45. Minterms and Maxterms in Boolean Algebra ...................................... 294 

What is Minterm? ...................................................................................... 294 

What is Maxterm? ..................................................................................... 295 

Conclusion ................................................................................................. 297 

46. Canonical and Standard Form ............................................................. 298 

Canonical SoP and PoS Forms .................................................................... 298 

Canonical SoP Form ................................................................................... 299 

Canonical PoS Form ................................................................................... 300 

Standard SoP and PoS Forms ..................................................................... 301 

Standard SoP Form .................................................................................... 301 

Standard PoS Form .................................................................................... 302 

47. Max Term Representation of Boolean Expression ............................... 305 

Plotting Zeros (Maxterm Representation) ................................................ 306 

48. Simplifications Using Boolean Algebra ................................................ 308 



Digital Electronics 

xv 

 

What is a Karnaugh Map (K-Map)? ........................................................... 308 

Steps to Simplify a Boolean Expression using K Map ................................ 308 

UNIT 7 – COMBINATIONAL LOGIC CIRCUITS ................................................... 313 

49. Combinational Circuits ....................................................................... 314 

What is a Combinational Circuit? .............................................................. 314 

Block Diagram of Combinational Circuit .................................................... 314 

Characteristics of Combinational Circuits.................................................. 315 

Types of Combinational Circuits ................................................................ 315 

Binary Adders ............................................................................................ 315 

Binary Subtractors ..................................................................................... 316 

Multiplexers (MUX) ................................................................................... 317 

Demultiplexers (DEMUX) ........................................................................... 318 

Encoders .................................................................................................... 318 

Decoders .................................................................................................... 319 

Comparators .............................................................................................. 319 

Limitations of Combinational Circuits ....................................................... 320 

Applications of Combinational Circuits ..................................................... 320 

50. Digital Arithmetic Circuits ................................................................... 321 

Binary Adder .............................................................................................. 321 

Half Adder .................................................................................................. 321 

Full Adder ................................................................................................... 322 

4-bit Binary Adder ...................................................................................... 324 

Binary Subtractor ....................................................................................... 325 

4-bit Binary Subtractor .............................................................................. 326 

Binary Adder / Subtractor.......................................................................... 326 

4-bit Binary Adder / Subtractor ................................................................. 327 

51. Digital Electronics – Multiplexers ........................................................ 329 

What is a Multiplexer?............................................................................... 329 

Function of Multiplexer ............................................................................. 330 

Types of Multiplexers ................................................................................ 330 

2×1 Multiplexer ......................................................................................... 330 

4×1 Multiplexer ......................................................................................... 331 

Implementation of Higher-order Multiplexers .......................................... 333 

8×1 Multiplexer ......................................................................................... 333 

16×1 Multiplexer ....................................................................................... 334 

Applications of Multiplexers ...................................................................... 336 

52. Parity Bit Generator and Checker ....................................................... 338 

What is a Parity Bit?................................................................................... 338 

What is a Parity Generator? ...................................................................... 339 



Digital Electronics 

xvi 

 

Types of Parity Generators ........................................................................ 340 

Even Parity Generator ............................................................................... 340 

Odd Parity Generator ................................................................................ 342 

What is a Parity Checker? .......................................................................... 344 

Types of Parity Checkers ............................................................................ 344 

Even Parity Checker ................................................................................... 345 

Odd Parity Checker .................................................................................... 347 

IC 74180 9-Bit Parity Generators/Checkers ............................................... 350 

Applications of Parity Generators and Checkers ....................................... 351 

53. Comparators ...................................................................................... 353 

What is a Comparator? .............................................................................. 353 

Types of Comparators ............................................................................... 354 

1-Bit Magnitude Comparator .................................................................... 354 

2-Bit Magnitude Comparator .................................................................... 356 

4-Bit Magnitude Comparator .................................................................... 358 

Comparator IC............................................................................................ 360 

Applications of Comparators ..................................................................... 361 

54. Encoders ............................................................................................ 363 

What is an Encoder? .................................................................................. 363 

Types of Encoders ...................................................................................... 364 

4-to-2 Encoder ........................................................................................... 364 

Octal to Binary Encoder ............................................................................. 365 

Decimal to BCD Encoder ............................................................................ 367 

55. Keyboard Encoders ............................................................................ 370 

What is a Keyboard Encoder? .................................................................... 370 

Applications of Keyboard Encoders ........................................................... 370 

8421 BCD Keyboard Encoder ..................................................................... 371 

56. Priority Encoders ................................................................................ 373 

What is a Priority Encoder? ....................................................................... 373 

Types of Priority Encoders ......................................................................... 374 

4-Input Priority Encoder ............................................................................ 374 

Decimal to BCD Priority Encoder ............................................................... 375 

Octal to Binary Priority Encoder ................................................................ 376 

57. Digital Electronics – Decoders ............................................................. 378 

What is a Decoder? .................................................................................... 378 

Types of Decoders ..................................................................................... 378 

2 to 4 Decoder ........................................................................................... 379 

3 to 8 Decoder ........................................................................................... 381 

4 to 16 Decoder ......................................................................................... 383 

Applications of Decoders ........................................................................... 385 



Digital Electronics 

xvii 

 

58. Demultiplexers .................................................................................. 386 

What is a Demultiplexer? .......................................................................... 386 

Types of Demultiplexer .............................................................................. 386 

1×2 Demultiplexer ..................................................................................... 387 

1×4 Demultiplexer ..................................................................................... 388 

Implementation of Higher-order Demultiplexer ....................................... 389 

1×8 Demultiplexer ..................................................................................... 389 

1×16 Demultiplexer ................................................................................... 390 

Integrated Circuits (ICs) Working as Demultiplexer .................................. 391 

Advantages of Demultiplexer .................................................................... 392 

Disadvantages of Demultiplexer ................................................................ 392 

Applications of Demultiplexer ................................................................... 392 

59. Arithmetic Logic Unit.......................................................................... 393 

What is Arithmetic Logic Unit? .................................................................. 393 

Features of an Arithmetic Logic Unit ......................................................... 394 

Main Components of Arithmetic Logic Unit .............................................. 394 

Functions of Arithmetic Logic Unit ............................................................ 396 

Working of Arithmetic Logic Unit .............................................................. 397 

Significance of Arithmetic Logic Unit ......................................................... 397 

60. 7-Segment LED Display ....................................................................... 399 

What is a Seven Segment LED Display? ..................................................... 399 

Working of Seven Segment LED Display .................................................... 399 

Truth Table of Seven Segment LED Display ............................................... 400 

Types of Seven Segment LED Displays ....................................................... 401 

Applications of Seven Segment LED Displays ............................................ 401 

61. Code Convertors ................................................................................ 403 

What is a Code Converter? ........................................................................ 403 

Function of a Code Converter .................................................................... 403 

Types of Code Converters .......................................................................... 404 

Applications of Code Converters ............................................................... 405 

62. Binary to Decimal Converter ............................................................... 407 

63. Decimal to BCD Converter .................................................................. 409 

64. BCD to Decimal Converter .................................................................. 411 

65. Binary to Gray Code Converter ........................................................... 413 

K-Map for Gray Code Bit G3 ....................................................................... 415 

66. Gray Code to Binary Converter ........................................................... 417 



Digital Electronics 

xviii 

 

67. BCD to Excess-3 Converter .................................................................. 420 

68. Excess-3 to BCD Converter .................................................................. 424 

ADDERS .......................................................................................................... 428 

69. Half Adders ........................................................................................ 429 

What is a Half-Adder? ................................................................................ 429 

Operation of Half Adder ............................................................................ 430 

Truth Table of Half Adder .......................................................................... 430 

K-Map for Half Adder ................................................................................. 431 

Characteristic Equations of Half-Adder ..................................................... 431 

Applications of Half Adder ......................................................................... 431 

70. Full Adders ......................................................................................... 433 

What is a Full Adder? ................................................................................. 433 

Operation of Full Adder ............................................................................. 433 

Truth Table of Full Adder ........................................................................... 434 

K-Map for Full Adder ................................................................................. 434 

Characteristic Equations of Full Adder ...................................................... 435 

Advantages of Full Adder ........................................................................... 435 

Applications of Full Adder.......................................................................... 435 

71. Serial Binary Adders ........................................................................... 437 

What is a Serial Binary Adder? .................................................................. 437 

Operation of Series Binary Adder .............................................................. 438 

72. N-bit Parallel Adders .......................................................................... 440 

What is Full Adder? .................................................................................... 440 

N-Bit Parallel Adder ................................................................................... 441 

Operation of N-Bit Parallel Adder Circuit .................................................. 442 

Advantages of Parallel Adder .................................................................... 443 

Disadvantages of Parallel Adder ................................................................ 443 

Applications of Parallel Adder ................................................................... 443 

73. Full Adder Using Half Adder ................................................................ 444 

Types of Adders ......................................................................................... 444 

What is a Half Adder? ................................................................................ 444 

What is a Full Adder? ................................................................................. 445 

Implementation of Full Adder using Half Adder ........................................ 446 

74. Half Adder vs Full Adder ..................................................................... 447 

What is a Half Adder? ................................................................................ 447 

What is a Full Adder? ................................................................................. 447 

Difference between Half Adder and Full Adder ........................................ 448 



Digital Electronics 

xix 

 

75. Binary Adder-Subtractor .................................................................... 450 

What is a Binary Adder-Subtractor? .......................................................... 450 

Binary Adder-Subtractor Circuit ................................................................ 451 

Components of a Binary Adder-Subtractor ............................................... 452 

Working of Binary Adder-Subtractor ......................................................... 452 

Advantages of Binary Adder-Subtractor .................................................... 453 

Limitations of Binary Adder-Subtractor ..................................................... 453 

Applications of Binary Adder-Subtractor................................................... 454 

SUBTRACTORS................................................................................................ 455 

76. Half Subtractors ................................................................................. 456 

What is a Half-Subtractor? ........................................................................ 456 

Operation of Half Subtractor ..................................................................... 457 

Truth Table of Half Subtractor ................................................................... 457 

K-Map for Half Subtractor ......................................................................... 457 

Characteristic Equation of Half Subtractor ................................................ 458 

Applications of Half Subtractor ................................................................. 458 

77. Full Subtractors .................................................................................. 459 

What is a Full-Subtractor? ......................................................................... 459 

Operation of Full Subtractor ...................................................................... 459 

Truth Table of Full-Subtractor ................................................................... 460 

K-Map for Full Subtractor .......................................................................... 460 

Characteristic Equations of Full Subtractor ............................................... 461 

Applications of Full Subtractor .................................................................. 461 

78. Parallel Adder & Parallel Subtractor ................................................... 463 

Binary Addition .......................................................................................... 463 

Binary Subtraction ..................................................................................... 463 

What is Parallel Adder? ............................................................................. 464 

Working of Parallel Adder ......................................................................... 465 

What is Parallel Subtractor? ...................................................................... 465 

Working of Parallel Subtractor .................................................................. 466 

79. Full Subtractor Using Two Half Subtractors ......................................... 467 

What is a Half Subtractor? ......................................................................... 467 

What is a Full Subtractor? ......................................................................... 468 

Implementation of a Full Subtractor using Two Half Subtractors ............. 468 

80. Half Subtractor Using NAND Gates ..................................................... 470 

What is Half Subtractor? ........................................................................... 470 

Truth Table of Half Subtractor ................................................................... 471 

Half Subtractor Using NAND Gates ............................................................ 471 



Digital Electronics 

xx 

 

UNIT 8 – SEQUENTIAL LOGIC CIRCUITS .......................................................... 473 

81. Digital Electronics – Sequential Circuits............................................... 474 

What is a Sequential Circuit? ..................................................................... 474 

Main Components of Sequential Circuit ................................................... 474 

Types of Sequential Circuits ...................................................................... 475 

Sequential Circuits vs. Combinational Circuits .......................................... 477 

Disadvantages of Sequential Circuits ........................................................ 477 

Applications of Sequential Circuits ............................................................ 478 

82. Clock Signal and Triggering ................................................................. 479 

Clock Signal ................................................................................................ 479 

Types of Triggering .................................................................................... 480 

Level Triggering .......................................................................................... 480 

Edge Triggering .......................................................................................... 481 

83. Latches .............................................................................................. 482 

What is a Latch? ......................................................................................... 482 

Characteristics of Latches .......................................................................... 482 

Types of Latches ........................................................................................ 483 

SR Latch...................................................................................................... 483 

JK Latch ...................................................................................................... 484 

D Latch ....................................................................................................... 485 

T Latch ........................................................................................................ 486 

Applications of Latches .............................................................................. 487 

84. Flip-Flops ........................................................................................... 488 

Types of Flip-Flops ..................................................................................... 488 

S-R Flip-Flop ............................................................................................... 488 

J-K Flip-Flop ................................................................................................ 489 

D Flip-Flop .................................................................................................. 490 

T Flip-Flop .................................................................................................. 491 

85. Digital Electronics – Conversion of Flip-Flops ...................................... 493 

SR Flip-Flop to Other Flip-Flop Conversions .............................................. 493 

SR Flip-Flop to D Flip-Flop Conversion ....................................................... 494 

D Flip-Flop to other Flip-Flop Conversions ................................................ 495 

D Flip-Flop to T Flip-Flop conversion ......................................................... 495 

JK Flip-Flop to other Flip-Flop Conversions ............................................... 497 

JK Flip-Flop to T Flip-Flop conversion ........................................................ 497 

T Flip-Flop to other Flip-Flop Conversions ................................................. 498 

T Flip-Flop to D Flip-Flop Conversion ......................................................... 499 

86. Shift Registers .................................................................................... 500 

Serial In - Serial Out (SISO) Shift Register .................................................. 500 



Digital Electronics 

xxi 

 

Serial In - Parallel Out (SIPO) Shift Register ............................................... 502 

Parallel In - Serial Out (PISO) Shift Register ............................................... 503 

Parallel In - Parallel Out (PIPO) Shift Register ............................................ 504 

Bidirectional Shift Register ........................................................................ 505 

Universal Shift Register .............................................................................. 506 

87. Application of Shift Registers .............................................................. 507 

Ring Counter .............................................................................................. 507 

Johnson Ring Counter ................................................................................ 508 

88. Digital Electronics – Counters ............................................................. 511 

Asynchronous or Ripple Counters ............................................................. 511 

Synchronous Counters ............................................................................... 512 

Classification of Counters .......................................................................... 514 

Up / Down Counter .................................................................................... 514 

Modulus Counter (MOD-N Counter) ......................................................... 516 

89. Finite State Machines ......................................................................... 517 

What is a Finite State Machine? ................................................................ 517 

Components of a Finite State Machine ..................................................... 517 

Types of Finite State Machines .................................................................. 518 

Mealy State Machine ................................................................................. 518 

Moore State Machine ................................................................................ 519 

Advantages of Finite State Machines ........................................................ 521 

Applications of Finite State Machines ....................................................... 521 

90. Algorithmic State Machine ................................................................. 523 

Basic Components of ASM Charts ............................................................. 523 

UNIT 9 – A/D AND D/A CONVERTERS ............................................................. 525 

91. Analog-to-Digital Converter ................................................................ 526 

What is an Analog to Digital Converter? ................................................... 526 

Working of Analog to Digital Converter .................................................... 526 

Performance Factors of Analog to Digital Converters ............................... 527 

Types of Analog-to-Digital Converters ...................................................... 529 

Flash ADC ................................................................................................... 529 

Semi-Flash ADC .......................................................................................... 529 

Successive Approximation Register ADC ................................................... 530 

Sigma-Delta ADC ........................................................................................ 531 

Pipelined ADC ............................................................................................ 531 

Applications of Analog to Digital Converter .............................................. 532 

92. Digital-to-Analog Converter ................................................................ 534 

Types of Digital to Analog Converters ....................................................... 534 



Digital Electronics 

xxii 

 

Weighted Resistor DAC .............................................................................. 534 

R-2R Ladder DAC ........................................................................................ 536 

Important Parameters of DACs ................................................................. 537 

Applications of Digital to Analog Converters ............................................. 539 

93. DAC and ADC ICs ................................................................................ 540 

What are DAC and ADC ICs? ...................................................................... 540 

Popular DAC and ADC ICs .......................................................................... 540 

ADC 0809 IC ............................................................................................... 541 

ICL 7109 IC ................................................................................................. 543 

DAC 0808 IC ............................................................................................... 545 

UNIT 10 – REALIZATION OF LOGIC GATES ...................................................... 548 

94. NOT Gate using NAND Gate ................................................................ 549 

What is NOT Gate? .................................................................................... 549 

What is NAND Gate?.................................................................................. 550 

Implementation of NOT Gate using NAND Gate ....................................... 551 

95. OR Gate using NAND Gate .................................................................. 552 

What is an OR Gate? .................................................................................. 552 

What is a NAND Gate? ............................................................................... 553 

Implementation of OR Gate from NAND Gate .......................................... 554 

96. AND Gate using NAND Gate ............................................................... 555 

What is an AND Gate? ............................................................................... 555 

What is a NAND Gate? ............................................................................... 556 

Implementation of AND Gate from NAND Gate........................................ 557 

97. NOR Gate using NAND Gate ............................................................... 558 

What is a NOR Gate? ................................................................................. 558 

What is a NAND Gate? ............................................................................... 559 

Implementation of NOR Gate from NAND Gate ....................................... 560 

98. XOR Gate using NAND Gate ................................................................ 562 

What is a XOR Gate? .................................................................................. 562 

What is a NAND Gate? ............................................................................... 563 

Implementation of XOR Gate from NAND Gate ........................................ 564 

99. XNOR Gate using NAND Gate ............................................................. 566 

What is an XNOR Gate? ............................................................................. 566 

What is a NAND Gate? ............................................................................... 567 

Implementation of XNOR Gate from NAND Gate ..................................... 568 

100. NOT Gate using NOR Gate .................................................................. 570 



Digital Electronics 

xxiii 

 

What is a NOT Gate? ................................................................................. 570 

What is a NOR Gate? ................................................................................. 571 

Implementation of NOT Gate from NOR Gate .......................................... 572 

101. OR Gate using NOR Gate .................................................................... 573 

What is an OR Gate? .................................................................................. 573 

What is a NOR Gate? ................................................................................. 574 

Implementation of OR Gate from NOR Gate ............................................. 575 

102. AND Gate using NOR Gate .................................................................. 576 

What is an AND Gate? ............................................................................... 576 

What is a NOR Gate? ................................................................................. 577 

Implementation of AND Gate from NOR Gate .......................................... 578 

103. Difference between NAND Gate and NOR Gate .................................. 579 

What is a NAND Gate? ............................................................................... 579 

What is a NOR Gate? ................................................................................. 580 

Difference between NAND Gate and NOR Gate ....................................... 581 

Conclusion ................................................................................................. 582 

104. XOR Gate using NOR Gate .................................................................. 583 

What is a XOR Gate? .................................................................................. 583 

NOR Gate ................................................................................................... 583 

Implementation of XOR Gate from NOR Gate........................................... 584 

105. XNOR Gate using NOR Gate ................................................................ 586 

Designing an XNOR Gate using NOR Gate ................................................. 586 

106. NAND / NOR Gate using CMOS ........................................................... 588 

NAND Gate ................................................................................................. 588 

NOR Gate ................................................................................................... 589 

NAND Gate Using CMOS Technology ........................................................ 590 

NOR Gate Using CMOS Technology ........................................................... 592 

Advantages of NAND and NOR Gates using CMOS Technology ................ 595 

Applications of CMOS NAND and NOR Gates ............................................ 595 

UNIT 11 – MEMORY DEVICES ......................................................................... 596 

107. Memory Devices ................................................................................ 597 

What is Memory? ...................................................................................... 597 

Classification of Memory ........................................................................... 597 

Memory Hierarchy ..................................................................................... 598 

Functional Block Diagram of Memory ....................................................... 599 

Important Terms Related to Memory Operation ...................................... 599 

Characteristics of Memory Devices ........................................................... 600 



Digital Electronics 

xxiv 

 

Types of Memory Devices ......................................................................... 601 

Volatile Memory ........................................................................................ 601 

Non-Volatile Memory ................................................................................ 602 

Sequential Access Memory ....................................................................... 602 

Random Access Memory ........................................................................... 603 

108. RAM and ROM ................................................................................... 604 

What is RAM? ............................................................................................ 604 

Types of RAM ............................................................................................. 604 

Static RAM (SRAM) .................................................................................... 604 

Dynamic RAM (DRAM) ............................................................................... 605 

What is ROM? ............................................................................................ 606 

Types of ROM ............................................................................................ 606 

MROM (Masked ROM) .............................................................................. 606 

PROM (Programmable Read Only Memory) ............................................. 607 

EPROM (Erasable and Programmable Read Only Memory) ...................... 607 

EEPROM (Electrically Erasable and Programmable Read Only Memory) . 608 

109. Cache Memory Design ........................................................................ 610 

What is Cache Memory? ........................................................................... 610 

Purpose of Cache Memory ........................................................................ 610 

Types of Cache Memory ............................................................................ 611 

Features of Cache Memory ....................................................................... 611 

Advantages of Cache Memory .................................................................. 611 

Disadvantages of Cache Memory .............................................................. 612 

UNIT 12 – PROGRAMMABLE LOGIC DEVICES ................................................. 613 

110. Programmable Logic Devices .............................................................. 614 

What is a Programmable Logic Device? .................................................... 614 

Types of PLDs ............................................................................................. 614 

Bipolar PLDs ............................................................................................... 615 

PLD Programming Languages .................................................................... 616 

Advantages of Programmable Logic Devices ............................................. 617 

Limitations of Programmable Logic Devices .............................................. 618 

Applications of Programmable Logic Devices ............................................ 619 

111. Programmable Logic Array (PLA) ........................................................ 620 

Block Diagram of PLA ................................................................................. 620 

Combinational Logic Design using PLA ...................................................... 621 

Advantages of PLAs ................................................................................... 623 

Disadvantages of PLAs ............................................................................... 624 

Applications of PLAs .................................................................................. 624 



Digital Electronics 

xxv 

 

112. Programmable Array Logic (PAL) ........................................................ 626 

What is a PAL? ........................................................................................... 626 

Block Diagram of PAL ................................................................................. 626 

Combinational Logic Design using PAL Devices ......................................... 627 

Advantages of PAL ..................................................................................... 629 

Disadvantages of PAL................................................................................. 630 

Applications of PAL .................................................................................... 630 

113. Field Programmable Gate Arrays (FPGA) ............................................. 632 

What is a Field-Programmable Gate Array (FPGA)? .................................. 632 

Types of FPGAs .......................................................................................... 633 

Advantages of FPGAs ................................................................................. 634 

Disadvantages of FPGAs ............................................................................ 635 

Applications of FPGAs ................................................................................ 635 

UNIT 13 – DIGITAL ELECTRONICS FAMILIES .................................................... 636 

114. Digital Electronics Families ................................................................. 637 

Resistor-Transistor Logic (RTL) .................................................................. 637 

Diode Transistor Logic (DTL) ...................................................................... 639 

Transistor-Transistor Logic (TTL) ............................................................... 641 

UNIT 14 – CPU ARCHITECTURE ...................................................................... 643 

115. CPU Architecture ................................................................................ 644 

8085 Microprocessor ................................................................................. 644 

ALU ............................................................................................................. 645 

Accumulator .............................................................................................. 645 

Flags ........................................................................................................... 645 

Register Section ......................................................................................... 646 

Time and Control Section .......................................................................... 646 

Instruction Format ..................................................................................... 648 

Addressing Modes ..................................................................................... 650 



Digital Electronics 

1 

 

Unit 1 – Digital Electronics Basics 



Digital Electronics 

2 

 

A system is defined as a group of various components interconnected 

together to perform a specific task. For example, a digital computer consists 

of several components such as monitor, CPU (Central Processing Unit), 

memory, keyboard, mouse, printer, and more. All these components are 

connected together to accomplish certain tasks. Hence, a computer can be 

termed as a system. 

We can broadly classify systems into the following two categories: 

 Analog Systems 

 Digital Systems 

An analog system is a type of system that operates on continuous time 

signals, while a digital system is one that can work on discrete time signals.  

Read this chapter to learn the basics of digital systems and their types. 

What is a Digital System? 

A type of electronic system that is designed to store, manipulate, and 

communicate digitally represented information is termed as a digital 

system. Some common examples of digital systems include smartphone, 

laptops, smartwatch, tablet, desktop computers, etc. 

 

The working of a digital system is entirely based on digital signals or binary 

signals. Where, a digital signal is a type of signal that is represented as a 

1. Types of Digital Systems 
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discrete-elements. It can have two possible states namely high or low. The 

high state is denoted by the logic 1 and the low state is denoted by the 

logic 0. 

In a digital system, if the state of the signal is logic 1, the system will be on, 

and if the state of the signal is 0, the system will be off. 

Characteristics of Digital Systems 

Today, digital systems are widely used in almost every aspect of life. This is 

because of their high reliability and efficiency. The following are some key 

characteristics of digital systems: 

 Digital systems are relative less complex to implement as they use 

binary number system having only two digits to represent the state 

of a system. 

 In digital systems, the information is represented in the form of a 

group of 0s and 1s i.e., bits. This is called binary or digital 

representation of information. 

 Digital systems rely on digital signals having two well-defined 

discrete states. This makes digital systems more reliable and 

efficient in terms of processing, storage, and communication of 

information. 

 Digital systems use logical mathematics and operations to perform 

computing tasks. 

 Digital systems can be manufactured in the form of integrated 

circuits (ICs) of very small sizes. 

 Digital systems can be easily programmed to perform repeated 

tasks that reduces human efforts and cost. 

 Digital systems are highly immune to noise and distortions. 

Types of Digital Systems 

Digital systems can be classified based on various parameters. Here are 

some important types of digital systems that we commonly use in practice: 

(1) Combinational Digital Systems 

A combinational logic circuit or system is a type of digital circuit that 

performs logical operations and produces output depending on the present 



Digital Electronics 

4 

 

inputs. Hence, the output of a combinational digital circuit does not depend 

on the past inputs and outputs of the system.  

Examples: The common examples of combinational digital systems are 

binary adders, subtractors, logic gates, multiplexers, demultiplexers, etc. 

(2) Sequential Digital Systems 

A type of digital system that has a memory element to store past history of 

the system operation is called a sequential digital system. Therefore, the 

output of a digital system depends on both present inputs and past outputs 

of the system. 

Examples of sequential digital systems are flip-flops, registers, memory 

devices, counters, etc. 

(3) Programmable Logic Devices (PLDs) 

A programmable logic device is one that can be programmed to perform a 

specific task automatically. 

Examples of programmable logic devices are microcontrollers, PLCs, etc. 

(4) Digital Communication Systems 

A digital communication system is a type of digital system used for 

transmission and reception of information in the form of digital signals.  

Examples of digital communication systems are internet, intranet, mobile 

communication system, Wi-Fi, etc. 

(5) Digital Control Systems 

A digital control system is a computerized control system used to monitor 

and regulate the behavior of a dynamic system.  

Examples: Digital control systems are extensively used in robotics, 

industrial automation, etc. 

Conclusion 

In conclusion, digital systems are modern systems known for their high 

speed and reliability. A digital system utilizes digital signals to store, 

process, and communicate the information.  
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In this chapter, we explained the basics of digital systems and their types. 

Traverse to the next chapter to learn all about the types of signals used in 

the field of electronics engineering. 
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In electronics engineering, an electrical quantity like voltage or current or 

electromagnetic wave that is used for transmission of data or information 

is called a signal.  

Signals are considered the heart of any data communication or processing 

system like the Internet. Signals instruct the electronics hardware 

components to perform a certain task such as convey the information from 

one point to another.  

Apart from voltage, current or electromagnetic signals, we also have optical 

signals, where the information is represented and transmitted in the form 

of light. 

This chapter will explain the concept of signal and different types of signals 

used in electronics engineering. 

What is a Signal? 

A physical quantity that has capability to transmit information from one 

point to another is called a signal. Some common examples of signals 

include voltage, current, electromagnetic wave, optical signals, etc. 

Signals are the backbone of any electronic processing or communication 

system. These can be transmitted through various types of communication 

channels like wires, space (electromagnetic waves), optical fibers, etc. 

Properties of Signals 

In electronics, a signal is characterized by the following important properties: 

 Magnitude – The intensity or maximum value of a signal is termed 

as its magnitude. 

 

 Frequency – The number of oscillations per second is called 

frequency of the signal.  

 

 Time period – The time taken to complete one oscillation is called 

the time period of the signal. 

2. Types of Signals 
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Types of Signals 

In electronics, there are mainly two types of signals used, they are: 

 Analog Signals 

 Digital Signals 

Let us discuss these two types of signals in detail. 

What is an Analog Signal? 

A type of electronic signal that has continuous values within a given range 

is called an analog signal. Analog signals are expressed as the continuous 

functions of time. They are represented as the waveforms of continuously 

varying current or voltage. 

Examples of analog signals are voice, speed, pressure, temperature, etc. 

 

An important characteristic of analog signals is that they have a definite 

value at every instant of time, known as instantaneous value of the signal. 

Analog signals have smooth waveforms as they are continuous in both 

amplitude and time. That meant, there is no interruptions in their 

representation over time. 

Properties of Analog Signals 

The following are main properties of analog signals: 

 Analog signals are continuous signals in both amplitude and time. 

 Analog signals have a certain value or magnitude at any given 

instant of time. 

 Analog signals have infinite resolution. 

 Analog signals are best suited for representing the real-world 

phenomena. 
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 Analog signals are represented by the continuously varying smooth 

waveforms. 

What is a Digital Signal? 

A digital signal is a type of electronic signal that has a finite set of discrete 

values representing information. 

 

Digital signals are also called binary signals, as they use binary 0 or 1 to 

represent the state of a signal. Where, the binary 0 represents the off or low 

state of the signal, while the binary 1 represents the on or high state of the 

signal. 

Thus, digital signals are expressed as discontinuous functions of time. 

Properties of Digital Signals 

The following are some key characteristics of digital signals: 

 Digital signals have discrete or discontinuous values in terms of 

both amplitude and time. 

 Digital signals do not have values defined between any two distinct 

instants of time. 

 Digital signals are represented using binary system by sampling the 

values of the signals at specific time instants. 

 Digital signals represent information in the form of a sequence of 

binary 0s and 1s. 

 Digital signals have a finite resolution. 

 Digital signals are capable to perform logical operations. 

 Digital signals are more efficient and reliable when it comes to 

storage and transmission. 
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Difference between Analog and Digital Signals 

Let us now discuss the important differences between analog and digital 

signals: 

Key Analog Signals Digital Signals 

Representation 

Analog signals are 

represented as 

continuous functions or 

waveforms of time. 

Digital signals are 

represented as discrete 

functions of time. 

Nature 

Analog signals are 

continuous as they have 

infinite values within a 

specified range. 

Digital signals are 

discontinuous as they have 

distinct values sampled at 

specific time instants. 

Resolution 
Analog signals have 

infinite resolution. 

Digital signals have a finite 

resolution. 

Accuracy 
Analog signals are more 

accurate. 

Digital signals are relatively 

less accurate. 

Storage 
Analog signals are 

difficult to store. 

Digital signals are efficient 

to store. 

Noise 

immunity 

Analog signals are less 

immune to noise. 

Digital signals have high 

immunity against noise. 

Examples 
Voice signals, 

temperature, speed, etc. 

Data transmitted over 

internet, computer 

generated signals, etc. 

Applications of Signals 

Both analog and digital signals are widely used in the field of electronics. 

The following are some key applications of signals: 

 Signals are used for storage and transmission of information. 

 Signals are used in control systems to regulate their behavior. 

 Signals are also used in measurement of physical quantities like 

temperature, pressure, speed, sound, light, and more. 

 Signals are used in computing systems for data processing, etc. 
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Conclusion 

In electronics engineering, signals are most significant elements of a system. 

Signals are nothing but physical quantities like voltage, current, 

electromagnetic waves, light pulses, etc. used to convey information from 

one point to another.  

In this chapter, we covered different types of signals and their properties. In 

the next chapter, we will cover the concept of logic levels and pulse 

waveform. 
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A digital system is a type of electronic system that utilizes the binary 

number system to work. In other words, a digital system is a two-state 

electronic system used to represent two binary digits 0 and 1, where 0 

represents the low or "off" state and 1 represents the high or "on" state of 

the system. 

In the field of digital electronics, different voltage levels are used to 

represent the two binary values, i.e., 0 and 1 in a digital signal. These voltage 

levels are known as logic levels. 

In this chapter, we will learn the concept of logic levels and pulse 

waveforms. 

What is a Logic Level? 

In digital electronics, a voltage level that represents a specific binary value 

either 0 or 1 is called a logic level. Here, the binary value 0 represents the 

low voltage level while the binary value 1 represents the high value level. 

Hence, the logic levels can be classified into the following two types: 

 High Logic Level 

 Low Logic Level 

Let's discuss these two logic levels in detail. 

High Logic Level 

In the case of a digital system, the voltage level closer to the maximum 

voltage level that the system can handle without getting damaged is called 

high logic level. 

The high logic level is represented by the binary digit "1". The voltage level 

for a high logic level depends on the technological standard used to design 

the system. Typically, the voltage value between 2 V and 5 V represents the 

high logic level or 1. 

 

3. Logic Levels and Pulse Waveforms 
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Low Logic Level 

In a digital system, the low logic level is defined as the maximum voltage 

level for which the system will remain in the OFF state. 

The low logic level is represented by the binary digit "0". Similar to the high 

logic level, the voltage level for a low logic level depends on the technology 

standard used to design the system. In actual practice, the voltage value 

between 0 V and 0.8 V represents the low logic level or logic 0. 

In most practical digital system, the ground voltage is used to represent the 

low logic level. 

Note – The voltage range between the voltage values 0.8 V and 2 V is 

known as the indeterminate logic range. If a digital signal lies between the 

value 0.8 and 2 V, the response of the system is not predictable. 

What is a Pulse? 

A pulse is a type of an electronic signal that can change suddenly between 

two possible states i.e., high state and low state. 

The graph used to represent the transition of a pulse is called the pulse 

waveform. Pulses are very important in the operation of digital systems, 

communication systems, and many other electronics devices and circuits. 

Depending on the switching characteristics, the pulses can be classified into 

the following two types: 

 Positive Pulse – When a signal normally goes from low logic level 

to the high logic level and then returns to its normal low logic level, 

then it is called a positive pulse. 

 

 Negative Pulse – When a signal normally goes from high logic 

level to the low logic level and then returns to its normal high logic 

level, then it is known as a negative pulse. 

The pulse waveforms for positive and negative pulses are depicted in the 

following figure. 
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A pulse has two edges namely, a leading edge and a trailing edge.  

In the case of a positive pulse, the edge going from low logic level to high 

logic level is called the leading edge, and the edge going from high logic 

level to low logic level is called the trailing edge.  

In the case of a negative pulse, the edge going from high logic level to low 

logic level is called the leading edge, whereas the edge going from low logic 

level to high logic level is called the trailing edge.  

The positive and negative pulse waveforms shown in the above figure are 

ideal pulse waveforms, because their leading and trailing edges change 

instantaneously i.e., in zero time. But in actual practice, the edges of pulses 

do not change instantaneously from low logic level to high logic level or 

from high logic level to low logic level. 

The pulse waveforms that take a finite time to change from low logic level to 

high logic level and vice-versa are known as non-ideal pulse waveforms. 

 

In the case of a non-ideal pulse waveform, the time taken by the pulse to 

go from low logic level to high logic level is called the rise time. The time 

taken by the pulse to go from the high logic level to the low logic level is 

called the fall time. 
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Types of Pulse Waveforms 

The pulse waveforms used in digital systems are mainly classified into the 

following two types: 

Periodic Waveforms 

A pulse waveform that repeats itself at regular intervals of time is called a 

periodic waveform. The time taken to complete one cycle is called the time 

period of the periodic waveform. 

Non-periodic Waveforms 

A pulse waveform which does not repeat itself at regular intervals of time is 

termed as a non-periodic or aperiodic waveform. 

Conclusion 

In conclusion, "logic level" is a concept used in digital systems to represent 

the state of the system. There are two possible logic levels in the case of 

digital systems namely, high logic level and low logic level. The high logic 

level is represented by the binary 1 while the low logic level is represented 

by the binary 0.  

The graphical representation of a digital signal or a pulse is termed as the 

"pulse waveform". Pulse waveforms are used to represent the transition of 

a pulse or digital signal or the states of a digital system. In this chapter, we 

have discussed the concept of logic levels and pulse waveforms. In the next 

chapter, we will learn about "components of a digital system". 
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