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STM32 Programming Handbook

By Sarful Hassan

Preface

Embedded systems are everywhere around us, quietly working behind the scenes in appliances, vehicles, medical equipment, industrial machines, and countless everyday devices. Yet for many beginners, embedded programming can feel overwhelming at first. This book was written to make that journey simpler, clearer, and more enjoyable.

The STM32 Programming Handbook is designed to take you step by step from the very basics of STM32 microcontrollers to practical, real-world programming techniques. Instead of focusing only on theory, this book emphasizes understanding through explanation, examples, and hands-on thinking.

Whether you are opening an IDE for the first time or looking to strengthen your foundation, this book aims to be a friendly guide that grows with you.

Who This Book Is For

This book is intended for beginners who are new to microcontrollers, students studying electronics, electrical engineering, or mechatronics, hobbyists who want to build projects using STM32, programmers moving from Arduino or other platforms to STM32, and anyone who wants a structured and practical approach to STM32 programming.

No advanced background is required. Basic knowledge of C programming is helpful, but many concepts are explained from the ground up.

How This Book Is Organized

The book is divided into logical parts that build upon each other.

Part I introduces STM32 hardware, development boards, and tools.
Part II covers core programming concepts using C in the context of STM32.
Part III focuses on STM32 core peripherals such as GPIO and ADC.
Part IV explains communication protocols like UART, I²C, and SPI.
Each topic starts with fundamentals and gradually moves toward practical usage.

What Was Left Out

This book does not attempt to cover advanced operating systems such as embedded Linux or RTOS in depth, complex PCB design techniques, or highly specialized STM32 features used only in niche applications.

These topics deserve separate, dedicated resources. The focus here is on building a strong foundation.

Release Notes

This first edition represents the initial structured release of the STM32 Programming Handbook. Feedback from readers will help shape future editions and improvements.

Notes on the First Edition

The first edition emphasizes clarity, simplicity, and beginner-friendly explanations. The goal is not to impress with complexity, but to teach in a way that makes concepts stick.

How to Contact Us

Email: mechatronicslab.net@gmail.com

Free Learning Website

mechatronicslab.net

Acknowledgments for the First Edition

Special thanks to students, hobbyists, and educators whose questions and feedback helped shape the content of this book.

Copyright (mechatronicslab.net)

© mechatronicslab.net. All rights reserved.

Disclaimer

The information in this book is provided for educational purposes only. While every effort has been made to ensure accuracy, the author and publisher assume no responsibility for errors or omissions or for any damages resulting from the use of the information.

Important Notice

Do not copy, distribute, publish, or use any part of this book or its content on other platforms or websites without prior written permission from mechatronicslab.net.

You can access free learning resources exclusively at mechatronicslab.net.
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Part I: Introduction to STM32
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Introduction to STM32 & Its Features

When you begin learning embedded systems, one of the first microcontroller families you will hear about is STM32. STM32 is a large family of 32-bit microcontrollers designed by STMicroelectronics. These microcontrollers are found in thousands of real products, from simple electronic devices to complex industrial machines.

At its core, an STM32 microcontroller is a small computer on a single chip. It contains a processor, memory, and many built-in hardware modules that allow it to sense the world, make decisions, and control external devices. Because everything is integrated into one chip, engineers can design powerful systems that are compact, reliable, and energy efficient.

What makes STM32 a good choice for beginners

STM32 microcontrollers strike a very good balance between capability and accessibility. They are powerful enough to handle serious applications, yet they are supported by tools that make learning much easier.

Some reasons why STM32 is widely used:

	Large variety of models for different needs

	Affordable development boards

	Free professional development tools

	Huge online community and learning resources


Once you learn one STM32 device, moving to another feels familiar. The concepts, programming style, and development workflow stay mostly the same.

ARM Cortex-M processor inside

Every STM32 is built around an ARM Cortex-M processor core. These are modern 32-bit processors designed specifically for microcontrollers.

Compared to older 8-bit microcontrollers:

	They process data faster

	They handle larger numbers easily

	They support more advanced instructions


Different STM32 chips use different Cortex-M cores such as:

	Cortex-M0 / M0+ for simple and low-power designs

	Cortex-M3 for general-purpose applications

	Cortex-M4 for applications that need signal processing

	Cortex-M7 for high-performance systems


As the core level increases, so does computing power and feature set.

High performance in real-time systems

STM32 microcontrollers can run at clock speeds ranging from a few megahertz up to hundreds of megahertz, depending on the model.

Speed alone is not the only important factor. STM32 devices are designed for real-time operation, meaning they can respond quickly and predictably to external events such as a button being pressed, a sensor value changing, or data arriving over communication lines.

This is essential for motor control, robotics, automation, and many other applications.

Low power operation

Many embedded devices run from batteries, so saving power is critical. STM32 microcontrollers provide multiple power-saving modes.

Common modes include:

	Sleep mode – CPU stops, peripherals keep working

	Stop mode – most clocks are turned off

	Standby mode – extremely low power state


These modes allow the system to consume very little energy when idle and wake up only when needed.

Built-in peripherals

STM32 chips contain many hardware blocks that perform specific tasks. These are called peripherals. Instead of writing complex software to handle everything, you can rely on hardware modules to do much of the work.

Typical peripherals include:

	GPIO for LEDs, buttons, and digital signals

	Timers for delays and pulse generation

	UART, SPI, and I2C for communication

	ADC for reading analog sensors

	DAC for generating analog voltages (on some models)

	USB, CAN, or Ethernet on advanced devices


Having these peripherals inside the chip reduces external components and simplifies circuit design.

Flexible clock system

STM32 microcontrollers can use internal clock sources or external crystals. They also include a PLL (Phase-Locked Loop) that can multiply the clock frequency.

This means you can configure the system to run slowly to save power or run fast when high performance is required. You are free to choose what best fits your application.

Memory options

STM32 devices include Flash memory for storing program code and SRAM for variables and runtime data.

Different models offer different memory sizes, from a few kilobytes to several megabytes. This makes it easy to choose a small chip for simple projects or a larger one for complex applications.

Strong software ecosystem

ST provides free development tools and software libraries that make programming STM32 much easier. These tools can automatically generate startup code, configure peripherals, and provide ready-to-use drivers.

For beginners, this means less time spent on setup, fewer configuration mistakes, and more focus on learning concepts and writing application logic.

Where STM32 is commonly used

STM32 microcontrollers are used in smart home devices, motor controllers, medical equipment, industrial machines, IoT products, and robotics systems.

Learning STM32 gives you skills that directly apply to real-world engineering projects.

STM32 Development Boards & Pinouts

When you start working with STM32 microcontrollers, you will rarely begin with a bare chip. Instead, you use a development board. A development board already contains the microcontroller along with supporting components such as power regulation, clock circuitry, programmer/debugger, LEDs, and buttons. This makes learning much easier and safer.
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Development boards allow you to focus on learning programming and hardware concepts without worrying about designing a full circuit from the beginning.

Common types of STM32 development boards

Several types of STM32 boards are widely used:

	Nucleo boards

	Discovery boards

	Small minimal boards (such as the popular Blue Pill)


Nucleo boards are excellent for beginners because they usually include a built-in programmer and expose many pins using standard headers. Discovery boards often include extra peripherals like displays, sensors, or audio components, making them useful for experimentation and demonstrations. Minimal boards are small and inexpensive, but may require an external programmer.

Main parts you will find on a typical board

Most STM32 development boards include:

	STM32 microcontroller

	USB connector for power and programming

	On-board programmer/debugger

	One or more LEDs

	At least one push button

	Crystal oscillator or clock circuit

	Pin headers for external connections


These components give you everything needed to write code, load it into the microcontroller, and observe its behavior.

What is a pinout

A pinout is a diagram or table that shows:

	The physical location of each pin on the chip or board

	The name of the pin

	The possible functions that pin can perform


Pinouts are extremely important because they tell you where to connect LEDs, buttons, sensors, and communication wires.

Understanding pin names

STM32 pins are usually labeled like this:

	PA0, PA1, PA2 ... (Port A)

	PB0, PB1, PB2 ... (Port B)

	PC0, PC1, PC2 ... (Port C)


The letter indicates the port, and the number indicates the pin inside that port.

Example:

PA5 means Port A, Pin number 5

Multiple functions per pin

One powerful feature of STM32 pins is that a single pin can perform several different functions.

For example, one pin might be able to work as:

	A digital output (LED control)

	A digital input (button reading)

	A UART transmit pin

	A timer output pin


Which function the pin performs depends on how you configure it in software. This is called alternate function multiplexing.

Why pin multiplexing is useful

Because pins can serve multiple purposes:

	Fewer pins are needed on the chip

	The same microcontroller can be used for many designs

	You can change functionality by software instead of hardware


The trade-off is that you must carefully choose which pins you assign to each peripheral.

Using pinout diagrams

When working with a board, you will often:

	Look at the board pinout diagram

	Find the pin you want to use

	Check its possible functions

	Configure that pin in your software tool


This process quickly becomes second nature as you gain experience.

Practical example

If you want to connect an LED:

	Choose a pin that supports GPIO

	Configure it as output

	Connect LED + resistor to that pin


If you want to use UART communication:

	Find pins labeled TX and RX

	Configure them as UART pins

	Connect to another device’s RX and TX


Important habit

Always keep the board’s pinout diagram open while working. It saves time, prevents wiring mistakes, and helps you understand how your microcontroller connects to the real world.

STM32 development boards and their pinouts form the bridge between software and hardware. Once you understand how to read pinouts and choose pins, working with STM32 becomes far more intuitive and enjoyable.

Setting Up the STM32 Development Environment

Before you write your first line of code, you need a clean setup where your computer can talk to the STM32 board, compile your program, and upload it into the microcontroller. Once this is done properly, everything later becomes much smoother.

What you need

	An STM32 development board (a Nucleo board is the easiest to start with)

	A USB cable (data cable, not charge-only)

	A computer with Windows, Linux, or macOS

	STM32CubeIDE installed


If your board does not have a built-in programmer (like some minimal boards), you will also need an external programmer such as an ST-LINK.

Install STM32CubeIDE

STM32CubeIDE is the main tool you will use. It includes:

	A code editor

	A compiler and build system

	A debugger

	STM32CubeMX (the configuration tool) built inside


After installing it, open the IDE once and let it create its workspace folder. That workspace is simply where your projects will be stored.

Install drivers so the PC can detect the board

This part is important, especially on Windows.

For many Nucleo and Discovery boards, the onboard programmer appears as an ST-LINK device through USB. If the drivers are missing, your board may power on but the computer won’t recognize it correctly for programming and debugging.

What you want to see is this simple result:

you plug the board in → the PC detects it → CubeIDE can connect to it.

On Linux, you may need udev rules for ST-LINK access. On macOS, it usually works through standard USB handling, but tool permissions can still matter.

Connect the board correctly

	Plug the USB cable into the board’s main USB port (often labeled ST-LINK or USB ST-LINK)

	Make sure the board powers up (LEDs usually light up)

	If it’s a Nucleo board, the ST-LINK part is usually already ready for programming


If nothing is detected, the most common issue is a bad cable or using the wrong USB port on the board.

Create your first project in STM32CubeIDE

Inside CubeIDE, you typically start a project in one of two ways:

	Board selection (recommended for beginners)

	MCU selection (useful if you know the exact chip)


When you select your board, CubeIDE automatically picks the correct microcontroller and basic configuration.

After the project is created, you’ll notice a file ending in .ioc. That file is important because it stores the CubeMX configuration, like pin settings and clock settings.

Understand the project folders you will see

Most STM32CubeIDE projects look like this:

	Core/Inc → header files

	Core/Src → source files

	Drivers → STM32 HAL/LL drivers

	startup files and linker script → low-level setup for the chip

	.ioc file → hardware configuration file


You will spend most of your time in Core/Src/main.c.

Build the project

When you click Build, CubeIDE compiles your code and produces a firmware file (like .elf). If the build succeeds, you know the toolchain is working.

If build fails at this stage, the cause is usually:

	missing toolchain components (rare if CubeIDE installed correctly)

	project path issues (sometimes special characters in folder names can cause problems)


Flash (upload) the program to the board

Now you connect software to hardware.

	Click Run (or Debug)

	CubeIDE will detect the ST-LINK

	It will upload the firmware into Flash memory

	The microcontroller starts running your code


If you use Debug, you can pause the program, step through code, and watch variables. Debugging is one of the biggest reasons STM32 development feels “professional” compared to simpler boards.

Quick checklist if something doesn’t work

	Try a different USB cable (very common fix)

	Try another USB port on your computer

	Confirm you plugged into the correct USB port on the board

	Check if the ST-LINK drivers are installed

	In CubeIDE, refresh the debug configuration and reconnect

	If using Linux, check permissions/udev rules for ST-LINK


Once your environment is working, you are ready for the fun part: configuring GPIO and blinking your first LED.

Understanding STM32 Microcontroller Architecture

Before you begin writing serious applications, it helps to understand what is actually inside an STM32 microcontroller. Think of the microcontroller as a small system made up of several major parts that work together: a processor, memory, peripherals, buses, and a clock system.

You do not need to memorize every detail at the beginning. The goal here is to build a clear mental picture of how the pieces fit together and what role each part plays.
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Main building blocks inside STM32

An STM32 microcontroller is typically made of:

	CPU core (the brain)

	Flash memory (program storage)

	SRAM (working memory)

	Peripherals (hardware modules)

	Bus system (data highways)

	Clock system


All of these parts are connected internally on the chip.

CPU core (the brain of the microcontroller)

At the center of every STM32 is an ARM Cortex-M processor core. This core executes your program instructions one by one.

The CPU is responsible for:

	Fetching instructions from Flash

	Decoding instructions

	Executing operations

	Controlling program flow


When you write C code, it eventually gets translated into machine instructions that the CPU understands.

Different STM32 families use different Cortex-M cores, which mainly differ in speed and features, but from a programming perspective they behave in a very similar way.

Memory system

STM32 microcontrollers use different types of memory, each with a specific purpose.
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Flash memory

Flash memory stores your program code.

It is non-volatile, meaning the data remains even when power is removed.

Your compiled application is placed in Flash, and the CPU reads instructions from there.

SRAM (Static RAM)

SRAM is used for:

	Global variables

	Local variables

	Stack

	Heap


SRAM is volatile. When power is removed, its contents are lost.

Peripheral registers

Peripherals are controlled through memory-mapped registers.

This means that special memory addresses correspond directly to hardware registers.

When your code writes to one of these addresses, it is actually controlling hardware.

Memory-mapped architecture

In STM32, everything is accessed through memory addresses:

	Program code → Flash addresses

	Variables → SRAM addresses

	Peripheral control → Peripheral addresses


From the CPU’s point of view, reading a GPIO register looks similar to reading a variable from memory.

This design makes programming simpler and more consistent.

Bus system

The bus system is like a network of internal roads that allow data to move between:

	CPU

	Memory

	Peripherals


Some buses are optimized for high speed, while others are meant for slower peripherals. The bus system ensures that different parts of the chip can communicate efficiently.

You rarely interact with buses directly, but they affect performance behind the scenes.

Peripheral architecture

Each peripheral (GPIO, Timer, UART, ADC, etc.) is a hardware block with:

	Control registers

	Status registers

	Data registers


Your software configures these registers to tell the peripheral what to do.

For example:

	A GPIO register controls whether a pin is input or output

	A timer register controls counting speed

	A UART register controls baud rate and data format


Libraries such as HAL and LL write to these registers for you, so you do not always see them directly.

Interrupt system

STM32 microcontrollers use an interrupt controller called NVIC.

Interrupts allow peripherals to get the CPU’s attention when something important happens, such as:

	A timer reaches a certain value

	A character arrives over UART

	A button is pressed


Instead of constantly checking peripherals in a loop, the CPU can react only when needed. This makes programs more efficient and responsive.

Clock system

Every operation inside STM32 depends on clocks.

Clocks drive:

	CPU speed

	Peripheral timing

	Communication baud rates


STM32 devices usually have:

	Internal oscillator

	External crystal option

	PLL to multiply frequency


By configuring the clock system, you choose how fast the microcontroller runs and how much power it consumes.

Putting everything together

A simple way to imagine STM32 architecture:

	The CPU runs your program

	Flash provides instructions

	SRAM holds working data

	Peripherals interact with the outside world

	Buses move data between all parts

	Clocks keep everything synchronized


Once you understand this big picture, many later concepts such as GPIO configuration, timers, and communication become much easier to understand because you know where they live inside the chip and how the CPU talks to them.

Introduction to STM32CubeIDE & STM32CubeMX

When working with STM32 microcontrollers, you do not start from an empty text editor and manually configure every hardware register. Instead, ST provides powerful tools that make development much easier and faster. Two of the most important tools you will use are STM32CubeIDE and STM32CubeMX.

Think of STM32CubeMX as the tool that helps you describe your hardware setup, and STM32CubeIDE as the place where you write, build, and debug your code. Together, they form the foundation of modern STM32 development.
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What is STM32CubeIDE

STM32CubeIDE is an integrated development environment (IDE). It combines everything you need for programming into one application.

Inside STM32CubeIDE you will find:

	Code editor

	C/C++ compiler and linker

	Project manager

	Debugger

	STM32CubeMX integrated inside


This means you do not need separate programs for configuration and coding. Everything happens in one place.

You write your application code in CubeIDE, build it, upload it to the board, and debug it from the same environment.

What is STM32CubeMX

STM32CubeMX is a graphical configuration tool. Instead of writing long initialization code by hand, you use a visual interface to configure the microcontroller.

With STM32CubeMX you can:

	Select the STM32 microcontroller or board

	Assign pin functions (GPIO, UART, SPI, I2C, etc.)

	Configure clock sources and frequencies

	Enable peripherals and middleware

	Automatically generate initialization code


This saves a huge amount of time and reduces configuration errors.

How CubeMX fits inside CubeIDE

In modern STM32CubeIDE, CubeMX is built in. You do not need to open a separate application.

When you open the .ioc file in your project:

	CubeMX view appears

	You change pin and clock settings

	Click Generate Code

	CubeIDE updates the project automatically


Your application code remains safe while configuration code is regenerated.

Pin configuration using CubeMX

Instead of memorizing pin functions, you simply click on a pin and choose its role.

For example:

	Click PA5 → choose GPIO_Output

	Click PA2 → choose USART2_TX

	Click PA3 → choose USART2_RX


CubeMX automatically sets the correct internal registers and creates initialization code.

This visual approach makes hardware configuration much easier to understand.

Clock configuration using CubeMX

Clocks can be complex, especially for beginners. CubeMX shows a clock tree diagram that lets you:

	Choose clock source (HSI, HSE, PLL)

	Set system frequency

	Verify peripheral clock speeds


If a configuration is invalid, CubeMX warns you. This prevents many common mistakes.

Generated code and user code

CubeMX generates startup and peripheral initialization code. You place your own logic inside specific user sections.

This separation means:

	You can regenerate code safely

	Your application code is not overwritten

	You focus on behavior, not low-level setup


Typical workflow

A common development flow looks like this:

	Create new project

	Open .ioc file

	Configure pins and clocks

	Generate code

	Write application code in main.c

	Build project

	Flash to board

	Debug if needed


This cycle becomes very natural after a short time.

Why these tools are great for beginners

	No need to memorize register addresses

	Visual understanding of hardware

	Faster project setup

	Fewer configuration mistakes

	Same workflow used in industry


STM32CubeIDE and STM32CubeMX allow you to focus on learning how microcontrollers work and how to design embedded systems, instead of struggling with low-level setup details.

Push Button Input & Debouncing

A push button is one of the simplest input devices you will use with STM32, yet it teaches many important concepts about digital inputs, logic levels, and real-world signal behavior.

At first glance, a button looks simple: you press it, and something happens. But electrically, things are not always that clean. Understanding how a button is connected and why debouncing is needed will save you a lot of confusion later.
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How a push button works electrically

A push button is basically a switch that connects or disconnects a signal line.

	When not pressed, the circuit is open

	When pressed, the circuit is closed


The microcontroller pin must always see a clear logic level:

	Logic LOW (0)

	Logic HIGH (1)


If a pin is left floating (not connected to anything), it can randomly read 0 or 1, which causes unpredictable behavior.

Using pull-up and pull-down resistors

To avoid floating pins, we use resistors.

Two common methods:

Pull-down configuration

	Resistor connects pin to GND

	Button connects pin to VCC

	Not pressed → pin reads LOW

	Pressed → pin reads HIGH


Pull-up configuration

	Resistor connects pin to VCC

	Button connects pin to GND

	Not pressed → pin reads HIGH

	Pressed → pin reads LOW


STM32 microcontrollers can enable internal pull-up or pull-down resistors through software, so you often do not need an external resistor.

Configuring a button pin as input

In STM32CubeMX or CubeIDE:

	Select the pin connected to the button

	Set mode to GPIO_Input

	Enable Pull-up or Pull-down as needed


This configuration ensures the pin always has a defined logic level.

Reading a button in code

Using HAL:

if(HAL_GPIO_ReadPin(GPIOC, GPIO_PIN_13) == GPIO_PIN_SET)
{
// Button is pressed
}
This function simply checks the current logic level on the pin.

The problem of button bouncing

When you press a mechanical button, the contacts inside do not close cleanly. They bounce for a very short time.

Instead of a clean transition:

0 → 1

The signal looks more like:

0 → 1 → 0 → 1 → 0 → 1

This happens within a few milliseconds, but the microcontroller is fast enough to detect all those transitions.

The result:

	One press may be detected as multiple presses


This effect is called bouncing.

What is debouncing

Debouncing is the process of filtering out these unwanted rapid transitions so that one physical press is detected as one logical press.

Debouncing can be done:

	In software

	In hardware


Beginners usually start with software debouncing.

Simple software debounce using delay

Basic idea:

	Detect button press

	Wait a short time (e.g., 20 ms)

	Check again

	If still pressed, accept it as valid


Example:

if(HAL_GPIO_ReadPin(GPIOC, GPIO_PIN_13) == GPIO_PIN_SET)
{
HAL_Delay(20);
if(HAL_GPIO_ReadPin(GPIOC, GPIO_PIN_13) == GPIO_PIN_SET)
{
HAL_GPIO_TogglePin(GPIOA, GPIO_PIN_5);
while(HAL_GPIO_ReadPin(GPIOC, GPIO_PIN_13) == GPIO_PIN_SET);
}
}
This method is simple and works well for many beginner projects.

Why we wait for button release

The while loop waits until the button is released.

This prevents the LED from toggling repeatedly while the button is held down.

Better approaches later

As you advance, you will learn:

	Timer-based debouncing

	Interrupt-driven button handling

	State-machine based input processing


But the simple delay method is perfect for learning and small projects.

Practical advice

	Always use pull-up or pull-down resistors

	Never leave an input pin floating

	Always debounce mechanical buttons

	Test your button logic slowly and observe behavior


Push buttons may look simple, but mastering them builds a strong foundation for understanding digital inputs and real-world signal behavior in embedded systems.
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Integer Datatype in STM32 Microcontroller

Let’s Begin
Welcome! Today we’ll explore one of the most common and useful data types in STM32 programming: the integer. You’ll see how integers help us count, measure, and control real-world values inside your STM32. By the end, you’ll feel confident using integers in your own projects.
What Is an Integer and Why Use It?
An integer is simply a whole number. It can be positive, negative, or zero. Think of it like the number of apples in a basket—you can have 3 apples, or 0 apples, but not 2.5 apples in this case. Your STM32 uses integers to track counts, loop steps, or measure sensor values.
Use Cases in Real Projects
In STM32 projects, integers are everywhere. You might use them to count button presses, keep track of motor speed steps, or measure how many times an LED blinked in a second.
Basic Rules for Integers in STM32

	Integers store whole numbers (no decimal values).

	STM32 supports different sizes: int8_t, int16_t, int32_t.

	Larger integers hold bigger numbers but use more memory.

	Always declare the type before using an integer.

	Integer values can be signed (positive or negative) or unsigned (only positive).


Syntax for Integers in STM32

int counter;

counter = 10;

int32_t bigNumber = 100000;

uint8_t smallNumber = 255;

Syntax Explanation
When we write int counter;, we are creating a box named counter that stores numbers. The type of box decides how big the number can be. For example, int32_t is a large box that can hold very big numbers, while uint8_t is a tiny box that can only hold small positive numbers. It’s like choosing between a cup, a bottle, or a tank depending on how much water you need.
Common Mistakes to Avoid
A frequent mistake is choosing the wrong size of integer. If you store a number that is too large in a small type like uint8_t, it will overflow and give you the wrong value. Another issue happens when you mix signed and unsigned integers; negative values may suddenly turn into huge positive numbers. Finally, beginners often try to use integers when decimals are required, like for temperatures with fractions.
Best Practices
The best habit is to always choose the smallest integer type that can safely hold your values. For example, if you only need numbers between 0 and 255, use uint8_t. It saves memory and makes your code clear. Try to use uint8_t, uint16_t, or uint32_t instead of just int, because these names show the exact size of the integer. Also, write clear comments about what each integer is used for.
Safety Notes
Integers themselves are safe to use, but when they are linked to hardware, be mindful. For example, if you use an integer to control a GPIO pin, remember that STM32 pins are only 3.3V tolerant. The integer is just software, but the real circuit must always stay within safe voltage levels.
Try It Yourself Project – LED Blink Counter

Project Overview
We’ll make the STM32 blink an LED and count how many times it blinks using an integer.
Things You’ll Need (Hardware)

	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED

	220Ω resistor

	Breadboard and jumper wires


Tools & Software

	STM32CubeIDE

	USB cable for programming


Power Source Clarification
The board will be powered through the USB port (5V input, regulated to 3.3V).
Circuit Connection With


























	If the LED does not blink, check wiring to pin PA5.

	If brightness is low, confirm resistor value is 220Ω.

	If the program does not upload, check the correct board and driver settings.



	Change the counter limit from 10 to 20.

	Blink the LED twice as fast by reducing the delay.

	Use uint8_t instead of int and observe the result.




	float stores decimal numbers with single precision (about 6–7 digits).

	double can store larger decimals with higher precision, though on many STM32 boards it behaves the same as float.

	Floating-point operations are slower than integers, so use them only when decimals are truly needed.

	Always declare floating-point variables with float or double.








	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED

	220Ω resistor

	Breadboard and jumper wires



	STM32CubeIDE

	USB cable for programming




























	If the LED does not blink, check the wiring of pin PA5.

	If the blink count seems wrong, check the conversion from float to int.

	If the program does not upload, confirm correct board and driver setup.



	Change the temperature value to 19.4 and see the blink count.

	Add code to blink only the decimal part times 10 (for example, 0.6 → 6 blinks).

	Use a double instead of a float and see if behavior changes.




	Characters are written inside single quotes like 'A' or '1'.

	The char type usually takes 1 byte (8 bits).

	Characters are stored as numbers internally using ASCII codes.

	Use arrays of characters (char text[]) to build words or strings.









	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED

	220Ω resistor

	Breadboard and jumper wires



	STM32CubeIDE

	USB cable for programming



























	If the LED does not blink, check that the LED is wired to pin PA5.

	If the blink count is unexpected, check the character’s ASCII value.

	If upload fails, confirm you selected the correct STM32 board in CubeIDE.



	Change the character to 'A' and count the blinks.

	Store a digit character like '5' and see its ASCII code (53).

	Make a small array of characters and blink based on different letters.




	Include <stdbool.h> to use bool, true, and false.

	A Boolean can only hold one of two values: true or false.

	You can also use integers (0 = false, nonzero = true), but bool makes the code clearer.

	Use Booleans in conditions like if or while to control program flow.








	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED

	1 push button

	220Ω resistor

	Breadboard and jumper wires



	STM32CubeIDE

	USB cable for programming








































	If the LED doesn’t light up, check the resistor and LED polarity.

	If the button doesn’t respond, confirm the pin connection on PA0.

	If the LED is always on, make sure the pull-up resistor is enabled in software.



	Reverse the logic so the LED turns off when the button is pressed.

	Use another Boolean to toggle the LED with each press instead of holding it.

	Add a delay to avoid bouncing effects when pressing the button.




	Strings are created using double quotes like "Hello".

	Use char arrays to store strings, for example: char text[] = "Hi";.

	Always remember that a string ends with \0, the null terminator.

	The array must be large enough to hold the characters plus the null terminator.







	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	USB-to-Serial converter (if not using onboard USB)

	Jumper wires



	STM32CubeIDE

	Serial monitor software (like PuTTY or Arduino Serial Monitor)










































	If no message appears, check the TX/RX connections.

	If the text looks scrambled, confirm the baud rate is set to 9600.

	If nothing works, ensure the correct COM port is selected in the serial monitor.



	Change the message to your name and send it.

	Add two different strings and alternate sending them.

	Create a string array of menu options and print them one by one.




	Arrays store values of the same type (all integers, all floats, etc.).

	The index starts from 0, not 1.

	You must declare the size of the array or initialize it with values.

	Access array elements with square brackets like array[2].








	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED

	220Ω resistor

	Breadboard and jumper wires



	STM32CubeIDE

	USB cable for programming






















	If the LED does not blink, check wiring on pin PA5.

	If the pattern looks too fast or too slow, adjust the delay values.

	If nothing uploads, confirm correct board settings in STM32CubeIDE.



	Add more elements to the delay array for longer patterns.

	Use an array of char to store a word and display it via UART.

	Create an array of integers to simulate sensor readings and process them with a loop.




	Declare a pointer with the * symbol, like int *ptr;.

	Use the & operator to get the address of a variable.

	Use the * operator to access the value stored at the address.

	Pointers must be initialized before you use them.

	The type of pointer must match the variable type it points to.









	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED

	220Ω resistor

	Breadboard and jumper wires



	STM32CubeIDE

	USB cable for programming



























	If the LED doesn’t blink, check wiring on pin PA5.

	If the blink count seems wrong, confirm the pointer is pointing to the correct variable.

	If upload fails, make sure the board is correctly selected in STM32CubeIDE.



	Change the value of blinkCount and watch the LED blink a new number of times.

	Use a pointer to modify the variable inside the loop instead of directly.

	Create a pointer to a float or char and experiment with different data types.




	Use the keyword struct to define a structure.

	A structure can hold members of different datatypes.

	Access members with the dot operator (.).

	You can create multiple variables from the same structure type.












	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED

	220Ω resistor

	Breadboard and jumper wires



	STM32CubeIDE

	USB cable for programming




































	If the LED doesn’t blink, check wiring on pin PA5.

	If blink count is unexpected, confirm the calculation from tempSensor.value.

	If upload fails, make sure the correct board is selected in STM32CubeIDE.



	Add another member to the structure, like char unit; for temperature units.

	Create two sensor structures and blink different counts for each.

	Use a loop to process an array of structures representing multiple sensors.




	Define enums using the keyword enum.

	By default, values start from 0 and increase by 1.

	You can manually assign values if needed.

	Use enum names directly in conditions for better readability.












	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED

	220Ω resistor

	Breadboard and jumper wires



	STM32CubeIDE

	USB cable for programming








































	If the LED doesn’t blink, check wiring on pin PA5.

	If the LED speed seems wrong, adjust the delay values.

	If upload fails, confirm correct board selection in STM32CubeIDE.



	Add a new state like REVERSE and give it its own blink pattern.

	Switch between states inside the loop to simulate real motor control.

	Use enums to manage modes for multiple LEDs or sensors at once.




	Use void as a return type when a function does not return anything.

	Use void in parameter lists when a function takes no arguments.

	void* can be used for a pointer that can later be cast to any type.










	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED

	220Ω resistor

	Breadboard and jumper wires



	STM32CubeIDE

	USB cable for programming






















	If the LED doesn’t blink, check wiring and resistor value.

	If the LED stays on, make sure the toggle line uses XOR (^=).

	If upload fails, check the correct board and driver in STM32CubeIDE.



	Create another void function that turns the LED fully on.

	Make a void function that turns it off.

	Use a void* pointer to hold the address of an integer, cast it back, and print its value using debugging.




	Implicit conversion happens automatically when types are compatible.

	Explicit conversion (casting) uses parentheses to force the type.

	Data may be lost if converting from larger to smaller types.

	Always choose the correct type for the calculation you need.











	STM32 board (e.g., STM32F103C8T6 “Blue Pill”)

	1 LED (optional, for output testing)

	Breadboard and jumper wires



	STM32CubeIDE

	USB cable for programming

























	If the LED never lights, lower the threshold in the condition.

	If you see incorrect values, check that the division uses (float) casting.

	If upload fails, confirm STM32 board settings in CubeIDE.



	Change adcValue and observe how voltage changes.

	Cast the voltage back into an integer to send over UART.

	Experiment with converting characters like '7' into integers for keypad input.
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