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Syllabus Covered So Far

Unit 1

Chapter 1 : Introduction to Digital Electronics and Logic Design
Basic introduction to digital electronics, need of digital electronics, difference between
analog and digital electronics, introduction to logic gates, validation of logic gates us-
ing truth tables, implementation of logic gates using universal gates, basic theorems of
Boolean algebra, proofs and verification of Boolean laws

Chapter 2 : Boolean Algebra and Logic Simplification
Sum of products (SOP) and product of sums (POS), minterms and maxterms, relations
between minterms and maxterms, canonical forms, simplification using Karnaugh maps,
K-map simplification with don’t care conditions, implementation of Boolean expressions
using basic logic gates

Chapter 3 : Fundamentals of Binary Arithmetic and Code Conversions
Number systems and types, binary arithmetic operations, conversion of binary, octal
and hexadecimal to decimal, conversion from decimal to binary, octal and hexadecimal,
conversion from binary to other number systems, complements (binary, octal, hex-
adecimal, gray code, BCD code, excess-3 code), 1’s and 2’s complement, addition and
subtraction using 1’s and 2’s complement

For Unit-1 Notes: Click here

Unit 2

Chapter 4 : Combinational Circuits
Introduction to combinational circuit design, half adder and full adder, half subtractor and
full subtractor, multiplexer and demultiplexer, encoder and decoder, magnitude compara-
tor, designing of circuits using combinational building blocks

Chapter 5 : Sequential Circuits – Flip Flops
Introduction to sequential circuits, latches and flip-flops, SR flip-flop, D flip-flop, JK
flip-flop, T flip-flop, race around condition, master-slave flip-flop

Chapter 6 : Sequential Circuits – Counters and Registers
Introduction to counters, types of counters, shift registers, types of shift registers and
applications

For Unit-2 Notes: Click here

https://drive.google.com/file/d/1m58ceLUKaZiD1iKVhc1io5uU7oJxKA3G/view?usp=drive_link
https://drive.google.com/file/d/1mOKRdI7dtgRBOjNC08hblj4ChL5s3oDw/view?usp=drive_link
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Syllabus for Unit 3
Digital Electronics (25ECH-101)

Chapter 1 : Programmable Logic Devices (PLDs) – Introduction to programmable logic de-
vices, types of PLDs, advantages and disadvantages, field programmable gate array (FPGA),
advantages and disadvantages of FPGA

Chapter 2 : Microprocessor Fundamentals – Introduction to microprocessor, advantages
and disadvantages, fundamentals of microprocessor, evolution of microprocessors, architecture
of microprocessor, structure of microprocessor, pin diagram of microprocessor

Chapter 3 : Microprocessor Components and Applications – System buses and types of
buses, transfer operations, arithmetic logic unit (ALU) concept, memory organization (RAM
and ROM), applications of microprocessor
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Chapter 1

Programmable Logic Devices (PLDs)

1.1 Introduction to Programmable Logic Devices

Programmable Logic Devices (PLDs) are digital integrated circuits that can be programmed by
the user to perform specific logical functions. Unlike fixed-function logic circuits (like stan-
dard ICs), PLDs provide flexibility by allowing designers to configure hardware behavior after
manufacturing.

1.1.1 Definition

A Programmable Logic Device (PLD) is an electronic component used to build reconfigurable
digital circuits, where the internal logic can be programmed to implement desired Boolean func-
tions.

1.1.2 Why PLDs?

Traditional digital design requiredmultiple logic gates (AND,OR,NOT)wiredmanually. PLDs
simplify this by:

• Reducing hardware complexity

• Increasing design flexibility

• Allowing rapid prototyping

Key Insight

PLDs bridge the gap between fixed hardware and flexible software by allowing hardware-
level programmability.
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1.1.3 Basic Structure of PLDs

Most PLDs consist of:

• Programmable AND array

• Programmable OR array

• Output logic

1.1.4 Real-Life Analogy

Think of PLDs like a customizable LEGO board:

• Fixed circuits = pre-built LEGO models

• PLDs = you build your own structure as per need

1.2 Types of Programmable Logic Devices

PLDs are broadly classified into three main types:

1.2.1 Programmable Read-Only Memory (PROM)

• Fixed AND array and programmable OR array

• Used for implementing combinational logic

Example: Implementing truth tables directly.

1.2.2 Programmable Logic Array (PLA)

• Both AND and OR arrays are programmable

• More flexible than PROM

1.2.3 Programmable Array Logic (PAL)

• Programmable AND array but fixed OR array

• Faster but less flexible than PLA
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Comparison Summary

• PROM: Easy but less flexible

• PLA: Most flexible

• PAL: Fastest but limited flexibility

1.2.4 Solved Example

Problem: Implement the Boolean function using a PLA:

F (A,B,C) = Σ(1, 3, 5, 7)

Solution:

• Convert minterms:

1 = 001

3 = 011

5 = 101

7 = 111

• Identify common terms:
F = C

Conclusion: PLA simplifies implementation by reducing redundant logic.

1.3 Advantages and Disadvantages of PLDs

1.3.1 Advantages

• High flexibility

• Reduced hardware complexity

• Faster development cycle

• Reprogrammable (in modern PLDs)

1.3.2 Disadvantages

• Limited complexity (for basic PLDs)
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• Slower than ASICs

• Power consumption can be higher

Exam Tip

If asked ”Why PLDs?”, always mention: flexibility, reduced hardware, and faster design.

1.4 Field Programmable Gate Array (FPGA)

1.4.1 Introduction

A Field Programmable Gate Array (FPGA) is an advanced type of PLD that contains a large
number of configurable logic blocks (CLBs) connected via programmable interconnects.

1.4.2 Definition

An FPGA is a semiconductor device that can be programmed after manufacturing to implement
complex digital circuits.

1.4.3 Architecture of FPGA

• Configurable Logic Blocks (CLBs)

• Programmable Interconnects

• Input/Output Blocks (IOBs)

1.4.4 Working Concept

• User writes code (usually in VHDL/Verilog)

• Code is synthesized into hardware logic

• FPGA configures its internal connections accordingly

1.4.5 Real-Life Example

• Used in:

– Digital signal processing

– Image processing

– AI accelerators
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Important Concept

Unlike PLAs and PALs, FPGAs can implement both combinational and sequential
circuits.

1.4.6 Solved Example

Problem: Why is FPGA preferred over simple PLDs in modern systems?
Solution:

• PLDs handle small logic functions

• FPGA supports:

– Complex logic

– Parallel processing

– Memory elements

Conclusion: FPGA is suitable for large-scale and high-performance applications.

1.5 Advantages and Disadvantages of FPGA

1.5.1 Advantages

• Highly flexible and reprogrammable

• Supports complex designs

• Parallel execution (high speed)

• Short development time

1.5.2 Disadvantages

• Higher cost than basic PLDs

• Requires design expertise (HDL knowledge)

• Power consumption can be significant

Quick Revision Box

• PLD = Basic programmable logic

• PLA/PAL = Early PLDs

• FPGA = Advanced, scalable, modern solution
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1.6 Conclusion

Programmable Logic Devices revolutionized digital design by introducing flexibility and ef-
ficiency. From simple PLAs and PALs to powerful FPGAs, PLDs allow designers to create
optimized, scalable, and reconfigurable systems suitable for modern applications such as AI,
embedded systems, and high-speed computing.
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Chapter 2

Microprocessor Fundamentals

2.1 Introduction to Microprocessor

A microprocessor is the brain of a computer system, responsible for executing instructions
and performing arithmetic and logical operations.

2.1.1 Definition

Amicroprocessor is a programmable electronic device that processes digital data by executing
a sequence of stored instructions.

2.1.2 Basic Functions of a Microprocessor

A microprocessor performs the following key operations:

• Fetch – Retrieve instruction from memory

• Decode – Interpret the instruction

• Execute – Perform the required operation

• Store – Save the result back to memory

Core Idea

Microprocessors follow the Fetch–Decode–Execute cycle, which is fundamental to all
computing systems.

2.1.3 Real-Life Analogy

Think of a microprocessor like a chef in a kitchen:

• Recipe = Program

9
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• Ingredients = Data

• Cooking process = Execution

2.2 Advantages and Disadvantages of Microprocessor

2.2.1 Advantages

• Compact size – Entire CPU on a single chip

• Cost-effective – Reduced hardware requirements

• High speed – Performs millions of operations per second

• Versatility – Used in computers, mobiles, embedded systems

• Programmable – Can perform multiple tasks with different programs

2.2.2 Disadvantages

• Overheating issues – Requires cooling mechanisms

• Limited processing power (compared to multi-core systems)

• Dependency on external components – Needs memory and I/O devices

• Complex design for advanced systems

Exam Tip

Always differentiatemicroprocessor vsmicrocontroller if asked: Microprocessor = needs
external memory, Microcontroller = has built-in memory.

2.3 Fundamentals of Microprocessor

2.3.1 Basic Components

A microprocessor consists of the following core units:

Arithmetic Logic Unit (ALU)

• Performs arithmetic operations (addition, subtraction)

• Performs logical operations (AND, OR, NOT)
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Control Unit (CU)

• Directs all operations of the processor

• Controls data flow between CPU, memory, and I/O

Registers

• Small, fast storage locations inside CPU

• Store temporary data and instructions

Important Concept

Registers are the fastest memory in a computer system.

2.3.2 System Buses

Communication in a microprocessor system happens through buses:

• Data Bus – Transfers data

• Address Bus – Carries memory addresses

• Control Bus – Carries control signals

2.3.3 Instruction Cycle

The instruction cycle includes:

1. Fetch instruction

2. Decode instruction

3. Execute instruction

2.3.4 Solved Example

Problem: Explain what happens when a microprocessor executes an ADD instruction.
Solution:

• Fetch ADD instruction from memory

• Decode to identify operands

• ALU performs addition

• Result stored in register or memory

Conclusion: Every instruction follows the same fundamental cycle.
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2.4 Evolution of Microprocessors

Microprocessors have evolved significantly over time:

2.4.1 First Generation (4-bit Microprocessors)

• Example: Intel 4004

• Limited processing capability

• Used in calculators

2.4.2 Second Generation (8-bit Microprocessors)

• Examples: Intel 8085, 8080

• Improved performance

• Used in early computers

2.4.3 Third Generation (16-bit Microprocessors)

• Example: Intel 8086

• Faster processing and larger memory access

2.4.4 Fourth Generation (32-bit Microprocessors)

• Example: Intel Pentium series

• Introduced multitasking and advanced features

2.4.5 Fifth Generation and Beyond (64-bit and Multi-core)

• High-speed processors with multiple cores

• Used in modern computers, AI systems, and servers

Trend Insight

Evolution trend: Increase in word size + speed + integration + parallelism
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2.4.6 Solved Example

Problem: Why are modern microprocessors faster than earlier ones?
Solution:

• Larger word size (64-bit vs 4-bit)

• Higher clock speeds

• Multi-core architecture

• Advanced fabrication technology

Conclusion: Performance improves due to both hardware and architectural advancements.

2.5 Conclusion

Microprocessors form the foundation of modern computing systems. Understanding their struc-
ture, working principles, and evolution helps in grasping advanced topics like embedded sys-
tems, AI hardware, and high-performance computing. From simple 4-bit processors to powerful
multi-core systems, the journey of microprocessors reflects the rapid growth of technology.

2.6 Architecture of Microprocessor

The architecture of a microprocessor defines how its internal components are organized and
how they interact to perform operations.

2.6.1 Block Diagram Overview

The microprocessor architecture mainly consists of:

• Arithmetic Logic Unit (ALU)

• Control Unit (CU)

• Registers

• System Buses (Data, Address, Control)

2.6.2 Detailed Components

Arithmetic Logic Unit (ALU)

• Performs arithmetic operations like addition, subtraction
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• Performs logical operations like AND, OR, NOT

• Acts as the computational core

Control Unit (CU)

• Controls execution of instructions

• Generates control signals

• Coordinates between ALU, memory, and I/O devices

Registers

• High-speed storage inside CPU

• Examples:

– Accumulator

– General-purpose registers

– Program Counter (PC)

– Instruction Register (IR)

Key Concept

Program Counter (PC) always holds the address of the next instruction to be executed.

2.6.3 Working Flow of Architecture

1. Instruction is fetched from memory using PC

2. Instruction is decoded in Control Unit

3. ALU performs required operation

4. Result is stored in registers or memory

2.6.4 Solved Example

Problem: What role does the Control Unit play during execution?
Solution:

• Decodes instruction

• Sends signals to ALU and registers

• Controls data movement

Conclusion: CU acts as themanager of all operations.
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2.7 Structure of Microprocessor

The structure refers to the internal physical organization and interconnection of components.

2.7.1 Internal Structure Components

• ALU – Executes operations

• Registers – Temporary storage

• Instruction Decoder – Decodes instructions

• Timing and Control Unit – Generates timing signals

• Bus Interface Unit – Interfaces with external memory

2.7.2 Register Organization

Registers are categorized as:

• General Purpose Registers – Store data

• Special Purpose Registers:

– Accumulator

– Program Counter (PC)

– Stack Pointer (SP)

– Flag Register

Important Note

Flag Register stores the status of operations like zero, carry, sign, etc.

2.7.3 Bus Structure

• Data Bus – Bidirectional (data transfer)

• Address Bus – Unidirectional (address transfer)

• Control Bus – Carries control signals (Read/Write)
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2.7.4 Solved Example

Problem: Why is the data bus bidirectional but address bus unidirectional?
Solution:

• Data bus: Data flows both to and from CPU

• Address bus: CPU only sends addresses to memory

Conclusion: Direction depends on functionality.

2.8 Pin Diagram of Microprocessor

The pin diagram represents the physical layout of pins of a microprocessor, showing how it
connects with external devices.

2.8.1 Diagram Placeholder

2.8.2 Classification of Pins

Microprocessor pins are broadly classified into:
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Address Pins

• Used to send address of memory location

• Unidirectional

Data Pins

• Used to transfer data

• Bidirectional

Control and Status Pins

• Control operations like Read/Write

• Examples: RD, WR, ALE

Power Supply Pins

• Provide power to the microprocessor

• Examples: Vcc, GND

Interrupt Pins

• Used to handle external events

• Example: INTR

Clock Pins

• Provide timing signals

Quick Recall

Pin types = Address + Data + Control + Power + Interrupt + Clock

2.8.3 Solved Example

Problem: What happens when the RD (Read) pin is activated?
Solution:

• Microprocessor reads data from memory

• Data is transferred via data bus

Conclusion: RD signal initiates a read operation.
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Microprocessor Components and
Applications

3.1 System Buses and Types of Buses

A system bus is a communication pathway used to transfer data, addresses, and control signals
between components of a microprocessor system.

3.1.1 Definition

A system bus is a set of parallel wires that connects the microprocessor with memory and
input/output devices.

3.1.2 Types of Buses

Data Bus

• Transfers actual data between components

• Bidirectional in nature

• Width (8-bit, 16-bit, 32-bit) determines processing capability

Address Bus

• Carries memory addresses from CPU to memory

• Unidirectional

• Determines maximum memory capacity

18
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Control Bus

• Carries control signals

• Examples: Read (RD), Write (WR), Interrupt signals

Key Concept

Number of address lines = determines how much memory can be accessed.

3.1.3 Solved Example

Problem: Amicroprocessor has 16 address lines. What is the maximummemory it can access?
Solution:

216 = 65, 536 locations = 64 KB

Conclusion: Address bus size directly impacts memory capacity.

3.2 Transfer Operations

Transfer operations refer to the movement of data between registers, memory, and I/O devices.

3.2.1 Types of Transfer Operations

Register Transfer

• Data moves between registers

• Example: R1← R2

Memory Transfer

• Data moves between memory and CPU

• Example: Load and Store operations

I/O Transfer

• Data transfer between CPU and external devices

3.2.2 Modes of Transfer

• Synchronous Transfer – Occurs with clock signal

• Asynchronous Transfer – No fixed clock timing
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Important Note

Efficient data transfer is crucial for overall system performance.

3.2.3 Solved Example

Problem: What happens during a memory read operation?
Solution:

• Address is sent via address bus

• RD signal is activated

• Data is transferred from memory to CPU via data bus

Conclusion: Control signals coordinate transfer operations.

3.3 Arithmetic Logic Unit (ALU) Concept

The ALU is the core computational unit of a microprocessor.

3.3.1 Definition

TheArithmetic Logic Unit (ALU) performs all arithmetic and logical operations in a computer
system.

3.3.2 Functions of ALU

• Arithmetic operations: Addition, Subtraction, Multiplication

• Logical operations: AND, OR, NOT, XOR

• Comparison operations

3.3.3 Flags in ALU

ALU sets flags based on operation results:

• Zero Flag (Z)

• Carry Flag (C)

• Sign Flag (S)

• Overflow Flag (O)
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Important Concept

Flags help the processor make decisions (like branching in programs).

3.3.4 Solved Example

Problem: What happens when two numbers are added and result is zero?
Solution:

• ALU performs addition

• Zero flag (Z) is set to 1

Conclusion: Flags indicate result status.

3.4 Memory Organization (RAM and ROM)

Memory organization defines how data is stored and accessed.

3.4.1 Types of Memory

Random Access Memory (RAM)

• Volatile memory (data lost when power is off)

• Used for temporary storage

• Types:

– SRAM (Static RAM)

– DRAM (Dynamic RAM)

Read Only Memory (ROM)

• Non-volatile memory

• Stores permanent instructions (firmware)

• Types:

– PROM

– EPROM

– EEPROM
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Quick Comparison

RAM = Temporary + Fast
ROM = Permanent + Reliable

3.4.2 Memory Hierarchy

• Registers (fastest)

• Cache

• Main Memory (RAM)

• Secondary Storage

3.4.3 Solved Example

Problem: Why is RAM called volatile memory?
Solution:

• Data is lost when power supply is removed

Conclusion: RAM is temporary storage.

3.5 Applications of Microprocessor

Microprocessors are widely used in various domains.

3.5.1 General Applications

• Personal computers and laptops

• Smartphones and tablets

• Embedded systems

3.5.2 Industrial Applications

• Automation systems

• Robotics

• Process control systems
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3.5.3 Scientific and Engineering Applications

• Simulation and modeling

• Data analysis

• AI and machine learning systems

3.5.4 Everyday Applications

• Washing machines

• Microwave ovens

• Cars (engine control units)

Real Insight

Microprocessors are everywhere — from simple appliances to advanced AI systems.

3.5.5 Solved Example

Problem: Why are microprocessors important in modern life?
Solution:

• Enable automation

• Increase efficiency

• Support intelligent decision-making systems

Conclusion: They are the backbone of modern technology.

3.6 Conclusion

Microprocessor components such as buses, ALU, and memory work together to perform effi-
cient computations. Understanding these components and their interactions provides a strong
foundation for advanced topics like embedded systems, computer architecture, and AI hardware
systems.
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Final Examination – Sample Paper
Total Marks : 60

Time Allotted : 3 hours

Instructions:

• The question paper consists of 3 sections. It is compulsory for students to attempt all
questions of Section A and Section B.

• Section A has 5 questions of 2 marks each, Section B has 4 questions of 5 marks each,
and Section C has 4 questions of 10 marks each (out of which any 3 are to be attempted).

• Question no. 10 & 11 of Section C are compulsory to be attempted.

• Students to attempt ANY ONE question from question no. 12 & question no. 13 of
Section C.

Q.No. Statement

Section A (5×2 = 10 marks)

1 Subtract (1010)2 − (0111)2 using 2’s complement method.

2 Describe the race around condition in JK flip-flop. Explain how master-slave
configuration eliminates this issue.

3 Define Programmable Logic Devices (PLDs). Why are they used in digital
systems?

4 Differentiate between architecture and structure of a microprocessor.

5 Compare PLA, PAL, and PROM based on flexibility and speed.

Section B (4×5 = 20 marks)

6 Why are NAND and NOR gates called universal gates? Justify conceptually.

7 Explain counters in detail. Compare synchronous and asynchronous counters
with advantages and limitations.

8 Compare different types of PLDs with their advantages and disadvantages.

9 Describe the concept of ALU in detail. Explain its role in arithmetic and log-
ical operations.
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Q.No. Statement

Section C (3×10 = 30 marks)

10 Simplify the Boolean expression using K-map:

F (A,B,C,D) = Σ(0, 2, 5, 7, 8, 10, 13, 15)

11 Explain the working of of SR, JK and T flip-flops with their characteristics.

Optional Question for Section C

12 Explain the concept of a microprocessor. Describe its functions and impor-
tance in computing systems.

OR

13 Explain memory organization in microprocessors. Compare RAM and ROM
with their applications.
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Answer Key

Q1–Q5 (Section A)

1. Subtract (1010)2 − (0111)2 using 2’s complement

Step 1: Find 2’s complement of (0111)2

• 1’s complement: 1000

• Add 1: 1001

Step 2: Add to minuend
1010 + 1001 = 10011

Step 3: Discard carry
0011

Final Answer: (0011)2

2. Race Around Condition in JK Flip-Flop

Race around condition occurs when J = K = 1 and the clock pulse duration is long,
causing the output to toggle continuously within the same clock cycle, leading to an un-
predictable final output.

Elimination using Master-Slave Flip-Flop:

• Master latch responds during clock HIGH

• Slave latch updates output during clock LOW

• Prevents multiple toggling

Conclusion: Ensures stable and predictable output.

3. Programmable Logic Devices (PLDs)

PLDs are programmable integrated circuits used to implement digital logic functions.

Why used:

• Flexibility in design

• Reduced hardware complexity

• Faster prototyping and modification

4. Architecture vs Structure of Microprocessor
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Architecture Structure

Functional design Physical organization

Defines instruction set Defines internal components

Visible to programmer Hardware-level view

5. PLA vs PAL vs PROM

Feature PLA PAL PROM

Flexibility High Medium Low

Speed Moderate High Moderate

Programmability AND + OR AND only OR only

Q6–Q9 (Section B)

6. Universal Gates (NAND and NOR)

NAND and NOR gates are called universal gates because they can be used to implement
any Boolean function or logic gate.

Conceptual Justification:

• Any Boolean expression can be constructed using combinations of AND, OR, and
NOT gates.

• NAND and NOR gates can individually replicate these basic gates.

Implementation using NAND:

• NOT gate: A · A = A

• AND gate: NAND followed by NOT

• OR gate: Using De Morgan’s law

Similarly for NOR:

• NOT: A+ A = A

• OR and AND can also be derived

Significance:

• Simplifies circuit design

• Reduces manufacturing complexity

• Cost-effective
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Conclusion: NAND and NOR gates are sufficient to build complete digital systems.

7. Counters: Explanation and Comparison

Counters are sequential circuits used to count clock pulses.

Types of Counters:

1. Asynchronous (Ripple Counter):

• Flip-flops are triggered one after another

• Delay accumulates

2. Synchronous Counter:

• All flip-flops receive clock simultaneously

• Faster and more reliable

Feature Synchronous Asynchronous

Clocking Simultaneous Sequential

Speed High Low

Delay Minimal High (ripple delay)

Complexity High Low

Advantages:

• Synchronous: High speed, accurate

• Asynchronous: Simple design, low cost

Limitations:

• Synchronous: Complex circuitry

• Asynchronous: Propagation delay issues

Applications:

• Digital clocks

• Event counting

• Frequency division

Conclusion: Synchronous counters are preferred in high-speed systems, while asyn-
chronous counters are used in simpler applications.
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8. Comparison of PLDs

PLDs include PROM, PAL, and PLA, each with different levels of flexibility.

PROM:

• Fixed AND array, programmable OR array

• Suitable for fixed logic mapping

PAL:

• Programmable AND, fixed OR

• Faster operation

PLA:

• Both AND and OR programmable

• Maximum flexibility

Feature PROM PAL PLA

Flexibility Low Medium High

Speed Moderate High Moderate

Cost Low Moderate High

Complexity Low Medium High

Advantages of PLDs:

• Reprogrammability

• Reduced hardware

• Faster development

Disadvantages:

• Power consumption

• Limited scalability (basic PLDs)

Conclusion: Selection depends on application requirements such as speed, flexibility,
and cost.

9. Arithmetic Logic Unit (ALU)

The ALU is the core computational unit of a microprocessor responsible for performing
arithmetic and logical operations.

Functions:
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• Arithmetic: Addition, subtraction, multiplication, division

• Logical: AND, OR, NOT, XOR

• Comparison: Equal, greater than, less than

Working:

• Inputs are taken from registers

• Control unit selects operation

• ALU processes data

• Result stored back in registers

Flags Generated:

• Zero Flag

• Carry Flag

• Sign Flag

• Overflow Flag

Importance:

• Central to all computations

• Enables decision-making operations

• Supports program execution

Applications:

• Computers

• Embedded systems

• Signal processing

Conclusion: The ALU is essential for executing instructions and performing meaningful
processing in any digital system.

Q10–Q13 (Section C)

10. K-map Simplification

Given:
F (A,B,C,D) = Σ(0, 2, 5, 7, 8, 10, 13, 15)

Step 1: Construct 4-variable K-map
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Place the minterms in the K-map using Gray code ordering.

Step 2: Grouping

Identify the largest possible groups:

• Group 1: (0, 2, 8, 10)→ eliminates B and D

⇒ A′C ′

• Group 2: (5, 7, 13, 15)→ eliminates B and D

⇒ AC

Step 3: Final Simplified Expression

F = A′C ′ + AC

Explanation:

• Each group removes variables that change within the group

• Larger groups lead to simpler expressions

Conclusion: K-map simplifies Boolean expressions efficiently and minimizes hardware
requirements.

11. SR, JK, and T Flip-Flops

Flip-flops are bistable devices used for storing one bit of data and are fundamental ele-
ments of sequential circuits.

1. SR Flip-Flop

Inputs: Set (S), Reset (R)

• S = 1, R = 0→ Set (Q = 1)

• S = 0, R = 1→Reset (Q = 0)

• S = 0, R = 0→No change

• S = 1, R = 1→ Invalid condition

Characteristic:

• Simple design

• Has undefined/invalid state
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2. JK Flip-Flop

Inputs: J, K

• J = 1, K = 0→ Set

• J = 0, K = 1→Reset

• J = 0, K = 0→No change

• J = 1, K = 1→ Toggle

Characteristic:

• Eliminates invalid state of SR FF

• Supports toggling operation

3. T Flip-Flop

Input: T

• T = 0→No change

• T = 1→ Toggle output

Characteristic:

• Simplest flip-flop

• Derived from JK (J=K=T)

Comparison Table

Flip-Flop Inputs Key Feature Limitation

SR S, R Simple Invalid state

JK J, K Toggle More complex

T T Simple toggle Limited control

Applications:

• Memory storage

• Counters

• Registers

Conclusion: Each flip-flop has specific advantages, and selection depends on application
requirements.
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12. Microprocessor Concept

A microprocessor is a programmable electronic device that performs arithmetic and log-
ical operations using stored instructions.

Basic Functions:

• Fetch instruction from memory

• Decode instruction

• Execute instruction

• Store result

Main Components:

• Arithmetic Logic Unit (ALU)

• Control Unit (CU)

• Registers

Working Cycle (Instruction Cycle):

(a) Fetch

(b) Decode

(c) Execute

Importance:

• Backbone of computing systems

• Enables automation

• Used in embedded systems, AI, and control systems

Applications:

• Computers and laptops

• Smartphones

• Industrial automation

Conclusion: Microprocessors are essential for modern digital systems and computing
technologies.

13. Memory Organization (RAM vs ROM)

Memory organization defines how data is stored and accessed in amicroprocessor system.

1. RAM (Random Access Memory)
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• Volatile (data lost when power is off)

• Used for temporary storage

• Fast access speed

Types:

• SRAM (Static RAM)

• DRAM (Dynamic RAM)

2. ROM (Read Only Memory)

• Non-volatile

• Stores permanent data (firmware)

Types:

• PROM

• EPROM

• EEPROM

Comparison Table

Feature RAM ROM

Volatility Yes No

Speed High Moderate

Usage Temporary Permanent

Modification Allowed Limited/Not allowed

Applications:

• RAM→ Running programs, temporary data

• ROM→ Booting process, firmware storage

Conclusion: Both RAM and ROM are essential components, serving complementary
roles in a computing system.
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Closing Note

I sincerely hope that these notes and the preparatory questions included alongside them prove
helpful in strengthening your understanding and boosting your confidence for the examination
you are preparing for.

As you revise, try not to rush through the content—pause at examples, work out the numer-
icals on your own, and revisit sections that feel slightly uncomfortable. That discomfort usually
signals learning in progress. Use these notes as a guide and a companion, not as something to
be memorized line by line.

Wishing you the very best for your exams—may your preparation feel clear, structured, and
calm when it matters most.

For future updates, refinements, and additional resources, keep checking Noteify:

https://subhayu18.github.io/Noteify/

If you have any doubts, suggestions, or simply wish to connect, feel free to reach out to me
on LinkedIn:

https://www.linkedin.com/in/subhayu-mukherjee-146421294/

You can also use the direct contact options provided on the Noteify website itself.

Regards,
Subhayu
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