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Embedding Knowledge

Overview of Microcontrollers

Definition of Microcontrollers

Microcontrollers are small computing devices that manage specific tasks in
embedded systems, enabling efficient operation.

Key Components

Microcontrollers consist of a processor, memory, and input/output peripherals,
each playing a vital role in functionality.

Applications in Embedded Systems

These versatile devices are used in various applications, from home appliances to
automotive systems, enhancing control and automation.
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Embedding Knowledge

Features of PIC 16 Series

Low Power Consumption

The PIC 16 series is designed for low power operation, making it ideal for

battery-powered applications.

High-Speed Processing
High-speed processing capabilities ensure that the PIC 16 series can handle

complex tasks efficiently.

Ease of Programming
The user-friendly programming interface of PIC 16 series allows developers to

easily implement their designs.



Applications and
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Embedding Knowledge

Consumer Electronics

PIC 16 microcontrollers are extensively used in consumer electronics
such as remote controls, appliances, and personal gadgets, enhancing
their functionality.

Automotive Systems

In automotive systems, PIC 16 microcontrollers manage engine control,
safety features, and infotainment systems, contributing to vehicle
efficiency and safety.

Medical Devices

In the medical field, these microcontrollers are pivotal for devices like
heart monitors, diagnostic tools, and patient management systems,
ensuring reliable performance.

Industrial Automation

PIC 16 microcontrollers are integral to industrial automation, controlling
machinery, sensors, and robotics, thus improving operational efficiency.
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PIC 16
Microcontroller

Architecture
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Embedding Knowledge

Core Components and Structure

Central Processing Unit (CPU)

The CPU is the brain of the PIC 16 microcontroller, responsible for executing
instructions and processing data efficiently.

Memory Components

The memory in a PIC 16 microcontroller includes both RAM and ROM, storing
data and program codes for operation.

|/0 Ports

/O ports enable the microcontroller to communicate with external devices,
facilitating data input and output operations.
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. = Memory Organization (RAM,
: IE ROM, EEPROM)

- 4 RAM Storage

RAM is used for volatile data storage, allowing quick access and manipulation of

data during program execution.

ROM Storage

‘i | ‘ ROM is utilized for program storage in microcontrollers, retaining the firmware

even when power is lost.

Ffor EEPROM Characteristics

EEPROM allows for non-volatile data retention, enabling data storage that
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persists across power cycles.
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Embedding Knowledge

Peripheral Features (I/0 Ports,
Timers, ADC)

|/0 Ports

The 1/0 ports of PIC 16 microcontrollers allow for seamless interfacing with
various external devices, enhancing functionality.

Timers

Timers in PIC 16 microcontrollers facilitate time-based operations, enabling
precise control in various applications like scheduling.

Analog-to-Digital Converters (ADC)

The ADC feature in PIC 16 microcontrollers processes analog signals, converting
them to digital for further processing and analysis.
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Getting Started with
Embedded C for PIC
16



Introduction to
Embedded C

What is Embedded C?

Embedded C is an extension of the C programming
language tailored for embedded systems
programming.

Efficient Hardware Mapping

Embedded C provides constructs that efficiently map
to machine instructions and hardware, optimizing
performance.
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Embedding Knowledge

Development Tools and
Environment Setup

Integrated Development Environments (IDEs)

IDEs are crucial for programming PIC 16 microcontrollers, providing tools for

writing and debugging code.

Compilers

Compilers translate your code into machine language that the PIC
microcontroller can understand and execute.

Hardware Interface

Hardware is needed to upload your code to the PIC microcontroller, ensuring
proper communication between your computer and the device.
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Header Files
o AR |07 TGO T O : Header files are crucial in Embedded C, providing necessary declarations and
o e 2N 188001 e definitions for functions and data types used in the program.
11 0100 10 7}

01 1011 @0 001
21 1101010100 1

i 21 10 1 1
2101 —— T Main Function

100

010 010011101 0101700 @ | The main function is the entry point of an Embedded C program. It initializes and

01 10 _
SR ol oCiay 0100088 ‘ controls the execution of the program.
21 1 001 i

001001 01010 00 0111 0

1000 1000
9101 00 011000110 10 70

Data Types

Embedded C supports various data types, such as int, float, and char, which are
essential for efficient memory usage in microcontrollers.
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Programming PIC
16 with Embedded C



Writing and
Compiling Code

Creating Functions

Writing code for PIC 16 requires the creation of
functions that effectively interact with its hardware
components.

Compiling Code

After writing the code, it must be compiled to ensure
It is accurately translated into machine language for
execution.
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Uploading Code to the
Microcontroller

Compiling Code

Compiling the code is the first step before uploading to the microcontroller,
ensuring instructions are correctly formatted.

Uploading to Microcontroller

Uploading the compiled code to the PIC 16 microcontroller requires specific
programming tools for successful execution.

Executing Instructions

Once the code is uploaded, the microcontroller can execute the programmed
instructions, enabling hardware functionality.
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Embedding Knowledge

Debugging and Troubleshooting

Importance of Debugging

Debugging is crucial for ensuring that embedded programs function correctly and
efficiently. It helps in identifying errors before deployment.

Techniques Used

Common debugging techniques include simulation, using debuggers, and
monitoring program output to trace errors.

|dentifying Issues

Effective debugging techniques allow programmers to quickly identify and resolve
Issues in their code, improving software quality.
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Practical
Applications and
Examples
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Introduction to LED Blinking

Creating a simple LED blinking program is a
fundamental project for beginners in microcontroller

programming.

Understanding |/0 Ports

This project allows beginners to learn how to
program the |/0 ports of the PIC 16 microcontroller
effectively.
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Interfacing with Sensors and
Actuators

Real-Time Data Acquisition

Interfacing sensors with PIC 16 microcontrollers enables real-time monitoring
and data collection for various applications.

Control of Actuators

Actuators can be controlled using microcontrollers to automate processes and
systems through sensor inputs.

Connecting Various Sensors

This section will explore examples of how to connect different types of sensors to
a microcontroller for specific functions.



Building a Simple
Project (E.qg.,
Temperature Sensor)
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Project Overview

This section will provide an overview of the temperature sensor project,
outlining its objectives and expected outcomes.

Coding Process

We will discuss the coding required for the temperature sensor, including
libraries and functions to use for accurate readings.

Interfacing Components

This part covers how to interface the temperature sensor with a
microcontroller and other necessary components.

Testing and Troubleshooting

We will conclude with a discussion on testing the sensor and
troubleshooting common issues that may arise.



Conclusion

Mastering Microcontroller

Architecture

Understanding the architecture of PIC 16
microcontrollers is essential for effective
programming and embedded systems
development.

Programming with Embedded C

Embedded C programming allows for
efficient control of microcontrollers,
enabling the development of diverse
applications.
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Innovative Solutions and

Projects

With practice, you can leverage your
skills to create innovative solutions and
projects in embedded systems.
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