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LECTURE TOPICS
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Microprocessor Vs. microcontroller ¢

1. Introduction / \R\
2. Architectural Differences . N
3. Key Component Comparison

4. Use Case Scenarios

5. Performance and Cost Considerations
6. Real-World Examples and Case Studies



1. Definition of Microcontrollers and

Microprocessors

Microprocessor (MPU):
A microprocessor is the central processing unit (CPU) of a computer system
that performs computations and executes instructions. It lacks built-in memory
and peripheral interfaces, requiring external RAM, ROM, and I/O components
for operation.

Example: Intel Core i7, ARM Cortex-A series, AMD Ryzen
Microcontroller (MCU):
A microcontroller is an integrated circuit (IC) that contains a CPU, memory
(RAM/ROM), and peripheral interfaces (GPIO, timers, ADC, UART, SPI, etc.)
on a single chip. It is designed for dedicated control applications.

Example: ATmega328 (Arduino), STM32, ESP32



Key Differences at a High Level

Feature

Microprocessor (MPU)

Microcontroller (MCU)

Architecture

CPU only; needs external RAM,
ROM, and peripherals

CPU, RAM, ROM, and I/O integrated on
one chip

Purpose

General-purpose computing (PCs,
servers, mobile devices)

Embedded control applications (loT,
robotics, automation)

Memory

Uses external RAM and storage

Limited, built-in RAM/ROM

Power Consumption

High, needs active cooling in many
cases

Low, designed for energy efficiency

Processing Power

High-performance (multi-core, high
clock speed)

Optimized for real-time, low-power
applications

Cost

Higher due to external components

Lower due to integration

Peripherals

Requires external chips for
interfacing

Built-in GPIO, timers, ADC, PWWM,
communication interfaces




3. COMMON APPLICATIONS OF EACH

* Microprocessors:
v Personal computers & laptops
v Smartphones & tablets
v Servers & cloud computing
v Gaming consoles (PlayStation, Xbox)
v Al/ML high-performance systems

e Microcontrollers:
v 10T devices & smart home automation
v Automotive systems (ECUs, ABS, airbag controllers)
V' Industrial automation & robotics
v Consumer electronics (microwaves, washing machines)
v Medical devices (pacemakers, glucose monitors)



ARCHITECTURAL DIFFERENCES: MICROPROCESSOR VS.
MICROCONTROLLER
1. MICROPROCESSOR (MPU) ARCHITECTURE

* A microprocessor is designed for general-purpose computing and relies
on external components for full system functionality.

* Key Characteristics:

* General-purpose processing unit: Only the CPU is present; other
essential components (RAM, ROM, 1/0) must be connected externally.

* Modular architecture: Can interface with different types of RAM,
storage, and peripherals, allowing flexibility and scalability.

* High processing power: Typically supports multi-core architectures and
high clock speeds for complex applications.

* Memory management unit (MMU): Supports virtual memory and
advanced multitasking, making it suitable for operating systems like Linux
and Windows.

* High power consumption: Requires active cooling (e.g., heat sinks, fans)
in many cases.




EXAMPLES OF
MICROPROCESSORS:

*Intel Core i7, i9 — Used in laptops and desktops.
*AMD Ryzen series — Found in gaming and high-performance

computing.
*ARM Cortex-A series — Used in smartphones, tablets, and
embedded Linux systems like the Raspberry Pi.




2. MICROCONTROLLER (MCU) ARCHITECTURE

A microcontroller is a self-contained system optimized for real-time control applications.
Key Characteristics:

All-in-one system: The CPU, RAM, ROM (Flash), and I/O interfaces (GPIO, timers, ADC,
UART, SPI, 12C) are integrated into a single chip.

Designed for embedded applications: Optimized for dedicated tasks like motor control,
sensor interfacing, and loT applications.

Low processing power: Typically single-core, running at lower clock speeds (MHz range)
compared to MPUs (GHz range).

No MMU: Runs firmware or real-time operating systems (RTOS) without complex memory
management.

Energy-efficient: Designed for low power consumption, making it ideal for battery-powered
applications.



EXAMPLES OF MICROCONTROLLERS:

*ATmega328 (Arduino Uno) — Used in beginner
electronics and loT.

*STM32 series (ARM Cortex-M) — Found in Block Diagram
industrial automation and robotics. Figure 4-1. Block Diagram
*ESP32 (Wi-Fi + Bluetooth MCU) — Popular in loT debugWire

and smart home devices.
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THE ATMEL®

The Atmel® picoPower® ATmega328/P is a low-power CMOS 8-bit microcontroller based on the AVR®
enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the ATmega328/P
achieves throughputs close to 1MIPS per MHz. This empowers system designer to optimize the device for
power consumption versus processing speed.

* High Performance, Low Power Atmel®AVR®
e 8-Bit Microcontroller Family

* e Advanced RISC Architecture

e —131 Powerful Instructions

 — Most Single Clock Cycle Execution

e —32 x 8 General Purpose Working Registers
e —Fully Static Operation

e —Upto 20 MIPS Throughput at 20MHz

e —On-chip 2-cycle Multiplier e High Endurance Non-volatile Memory Segments — 32KBytes of In-System Self-
Programmable Flash program Memory — 1KBytes EEPROM — 2KBytes Internal SRAM — Write/Erase Cycles:
10,000 Flash/100,000 EEPROM — Data Retention: 20 years at 85°C/100 years at 25°C(1) — Optional Boot Code
Section with Independent Lock Bits ¢ In-System Programming by On-chip Boot Program e True Read-While-
Write Operation



USE CASE SCENARIOS: MICROCONTROLLER VS.
MICROPROCESSOR
WHERE TO USE A MICROCONTROLLER (MCU)?

Microcontrollers are ideal for embedded systems that require real-time control, low power consumption,
and high integration.

¥ 10T Devices — Used in smart sensors, wearables, and home automation (e.g., ESP32 in smart
thermostats).

¥ Robotics — Controls robotic arms, drones, and automation systems (e.g., STM32 in robotic control
systems).

¥ Automotive Control Systems — Found in engine control units (ECUs), anti-lock braking systems (ABS),
airbag controllers, and infotainment systems.

¥ Smart Appliances — Embedded in microwaves, washing machines, air conditioners, and coffee makers
for automation and user control.

K Example:
ESP32 MCU in Smart Home Systems — Used to control lights, sensors, and voice assistants.

ATmega328 (Arduino) in Robotics — Powers small autonomous robots for navigation and control.



WHERE TO USE A MICROPROCESSOR (MPU)?

Microprocessors are suited for general-purpose computing, where high processing power and multitasking
capabilities are essential.

¥ Personal Computers (PCs) — Used in desktops and laptops for running operating systems and applications
(e.g., Intel Core i7 in Windows PCs).

¥ Smartphones & Tablets — Found in mobile devices for handling complex tasks, Ul processing, and
connectivity (e.g., ARM Cortex-A in Android & iOS devices).

¥ Gaming Consoles — Used in high-performance gaming systems (e.g., AMD Ryzen in PlayStation, Xbox).

¥ High-Performance Computing (HPC) — Found in servers, Al systems, cloud computing, and scientific
simulations requiring massive parallel processing.

% Example:
Apple M-series MPU in MacBooks — Provides high performance for multimedia and software development.

NVIDIA GPUs for Al & Machine Learning — Uses microprocessors for deep learning model training.



5. PERFORMANCE AND COST CONSIDERATIONS:
MICROCONTROLLER VS. MICROPROCESSOR

Microcontrollers (MCUs): Cost-Effective for Embedded Applications

¥ Lower Cost — MCUs are inexpensive due to their all-in-one architecture (CPU, RAM, ROM, 1/0 on a
single chip).

¥ Optimized for Specific Tasks — Designed for real-time control, automation, and low-power
applications.

¥ Energy-Efficient — Consumes minimal power, making it suitable for battery-powered and loT
devices.

¥ Limited Performance — Operates at lower clock speeds (MHz range) with limited processing
power.

® Example:
ATmega328 (Arduino) — Costs around $2-5 and is widely used in DIY projects and loT applications.

ESP32 (loT Devices) — Offers Wi-Fi/Bluetooth connectivity for under S5, making it ideal for smart
home systems.



MICROPROCESSORS (MPUS): EXPENSIVE BUT
PROVIDE HIGH COMPUTATIONAL POWER

« ® Higher Cost — MPUs are costly due to their need for external components (RAM,
storage, 1/0O controllers).
¥ High-Performance Computing — Designed for multitasking, running operating
systems, and handling complex workloads.
¥ Consumes More Power — Requires active cooling (heat sinks, fans) in many cases.
¥ Scalable Memory & Processing — Supports external RAM/ROM, allowing for
powerful computations (GHz range).

« @ Example:
* Intel Core i7/i9 — Found in high-end laptops and desktops (S300+ per processor).

 ARM Cortex-A Series — Used in flagship smartphones for high-speed processing and Al
tasks.



Cost vs. Performance Trade-off

m Microcontroller (MCU) Microprocessor (MPU)

Cost Low (few dollars) High (S50-5500+)

High-speed, multi-core

Performance Optimized for single tasks .
processing

High (requires active

Power Consumption Very low :
cooling)

Embedded systems, loT, PCs, smartphones, high-

Applications . :
PP automation end computing

Minimal (integrated Needs external RAM,

External Components .
P peripherals) storage, 1/O controllers




Decision Flowchart: MCU vs. MPU

= Does your application require an operating system (Linux, Windows,
Android)?

¥ Yes — Use an MPU

« XX No — Go to step 2

2| Does your system need real-time, deterministic control?

¥ Yes — Use an MCU

« XX No — Go to step 3

3| Does your application require high computational power (e.g., image
processing, Al)?

¥ Yes — Use an MPU

« XX No — Use an MCU




Example Use Cases for MCUs and MPUSs

Application MCU (Microcontroller) MPU (Microprocessor)

Smart Home Devices L Yes (low power, real-time) 2{ No (not needed)
Wearable Tech L Yes (battery-efficient) 2 No (too power-hungry)
Industrial Automation L Yes (real-time control) 2{ No (not necessary)

Smartphones & Tablets X No L Yes (needs OS, multitasking)

L Yes (requires high processing

Al & Machine Learning X No sower)

Laptops & Desktops X No L Yes (requires an OS)

Automotive ECUs L Yes (engine, ABS control) X{ No (real-time constraints)

Robotics L Yes (real-time motion control) L Yes (high-performance robots)
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