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Course Outline

• Develop Embedded Linux on MPU
• Embedded Linux System Components

• Develop Application for Embedded Linux System

• Labs - Bash Script
➢ Lab1 – Prepare Development Tools

➢ Lab2 – Use Script to Control LEDs

• Device-Tree and Device-Driver for Peripherals

➢ Lab3 – Use Script to Read ADC Value and Control PWM

• Labs - Use Tools and C Language to Control Peripherals
➢ Lab4 – Use Tools and Application to Detect Button Events

➢ Lab5 – Use Tools and C Language to Control UART

➢ Lab6 – Use Tools and C Language to Control I2C

➢ Lab7 – Use Tools and C Language to Control SPI 

• Appendix - Device Tree and Device Driver
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Develop Embedded Linux on MPU

• Before developing the Embedded Linux, we need to understand the composition and 
architecture of the system and prepare some tools.

• For developing on Embedded Linux OS, we need to activate the required peripherals 
and matching drivers, we will achieve this by modify the configurations of Build System 
and Device-Tree, and finally access and control these peripherals in the User-Space.

• We will execute the Embedded Linux OS on Microchip's MPU, and design applications 
to do something in the system. Before that, we need to prepare the required PC base 
Linux development platform, including the specified cross-compiler and other tools. 

Cross-compiler

Buildroot

Tools

Device-Tree

Applications

Drivers

EVB

MPU

Embedded Linux
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Embedded Linux System Components

• An Embedded Linux system is components are more streamlined and customized 
compared to traditional desktop Linux, the composition is as follows :

Linux OS

Root File System
The foundation of the system

Root File System 

ProgramsConfig

Bootloader

Bootloader
System starter

Kernel & Drivers
Kernel

The core of the system

Applications & Services

Applications
User interface and 

Background services

Libraries
Libraries

Function collections

Device Drivers
Hardware interface
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Kernel

• The Linux Kernel is the heart of OS, responsible for allocating resources and 
coordinating the operation of various software and hardware.

• Functions of Embedded Linux Kernels:

• Processor Management
Allocates processor time, handles interrupts, and performs context switching.

• Memory Management
Allocates and reclaims memory, manages virtual memory.

• Device Drivers
Provides interfaces for interacting with various hardware devices.

• File Systems
Manages file systems and provides file access functionality.

• Network Stack
Enables network communication.

• Process Management
Creates, terminates, and manages communication between processes.
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Root File System 

• Root File System (rootfs) is the first file system mounted when a Linux system boots 
up. It serves as the foundation for the entire operating system, and contains the basic 
files required for system operation.

• Components of Root File System : 
• /bin :   user-level commands. (e.g., ls, cp, cat, etc.)

• /sbin:   system-level commands. (e.g., fdisk, mount, etc.)

• /lib :   libraries and dynamically loadable modules. (like device drivers)

• /etc :   system configuration files.

• /dev :   device special files, which represent hardware devices. 

• /var :   store variable data (e.g., log files, temporary files, etc.)

• /proc:  virtual file system.

• /sys :   another virtual file system.

• /mnt:   mount point directory.

• Others
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• In the Linux OS, everything is a file, includes regular files, processes, directories, links, 
hardware devices, and so on. 

• The File System is an organized way of storing and retrieving data on a storage device, 
it as a library system for digital files, where each file is assigned a specific location and 
name for easy access, and allows users to access, modify, and delete these files.

• The file system is usually divided into Data-Block and Inode (index node).

File System

Inode of File

File Size Permissions Timestamps User ID Group ID

Direct 
Block 1

Direct
Block n

… Others
Indirect 
Block 1

Indirect 
Block n

…

Data-Block of File

Data 
Block

Data 
Block

… Block
Addresses 1

Data 
Block

Data 
Block

…

Block
Addresses 2

Data 
Block

Data 
Block

…

• Data-Block 
is a contiguous region on a physically stored, is 
the fundamental unit of storage in file system.

• Inode 
is a file data structure that stores information 
about any file except its name and data.
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• The Device Driver is the bridge between hardware and the OS. It translates low-level 
hardware operations into high-level commands that the OS can understand. This 
allows applications to interact with hardware devices using standard System-Calls.

• Common types of Device Driver :

• Character Device Driver

• Block Device Driver

• Network Device Driver

• Others

Application
Embedded 
Linux OS

Hardware
I/O

Device
Drivers

Device Drivers 
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• Developing applications for Embedded Linux system has greater hardware 
interactivity and resource constraints than PC. 

• This means that developers need to understanding of the Linux system, device 
drivers, and Hardware architecture.

Develop Application for Embedded Linux System

Coding Application Hardware
Embedded 
Linux OS

Device
Drivers
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• Linux OS uses virtual memory to provide separate address spaces, divided into two 
main parts − Kernel-Space and User-Space. This mechanism provides memory 
protection and hardware protection from malicious or errant software behavior.

Kernel-Space and User-Space of Embedded Linux 

• Kernel-Space
is the kernel privileged area and a critical part of the OS. Responsible 
for directly interacting with the hardware, controlling memory and 
managing system services. It requires a secure and isolated space.

• User-Space
is a non-privileged area where applications operates. Each application 
has its own private memory space, ensuring that it cannot interfere 
with others or the kernel. If the application needs to access the 
hardware, it needs to be controlled through System-Calls(resemble 
library APIs), to request services from the Kernel that require higher 
privileges to run.

U
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System Call Interface (Kernel Interface)

GNU C Library (glibc)

Kernel

Architecture-dependent
(Board Support Package)
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Control Hardware in User-Space

• In Embedded Linux system, user-space programs cannot directly access hardware 
peripherals to protect system stability and security. Typically, user-space programs 
request the kernel to perform hardware operations through system calls.

• Primary ways to control hardware in User-Space : 

• System Calls
User-space programs make specific system calls to pass hardware operation requests to the kernel. 
The kernel verifies the legitimacy of the request and calls the corresponding driver to complete the 
hardware operation.

• Device Files
Each hardware device corresponds to a device file in the Linux system, typically located in the /dev 
directory. User-space programs can read and write to device files as if they were ordinary files.

• Library Functions
Some common hardware operations, such as network operations and file system operations, have 
been encapsulated into library functions. User-space programs can directly call these library functions 
to complete the corresponding operations.
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System Call

• In an Embedded Linux system, system-call is a special function that serves as a bridge 
between user-space programs and the kernel. 

• User-space programs cannot directly access system hardware resources, they rely on 
system-calls to request the kernel to perform specific operations.

• Functions of System Calls
• Provides an interface between user space and the kernel.
• Memory management, Process control and File system operations.
• Operating hardware devices.

• Examples of System Calls
• open() : Open a file.
• read() : Read data from a file.
• write() : Write data to a file.
• close() : Close a file.
• fork() : Create a child process.
• exit() : Terminate a process.
• execve() : Load and execute a program.
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Devices

• In Embedded Linux system, a device refers to any hardware component connected to 
the system that performs a specific function. 

• These devices can be broadly categorized based on their function and interaction with 
the system :

• Character Devices (e.g., Keyboard)
• Data is transferred in bytes.
• Unbuffered, data transfer is usually real-time.
• No fixed block size.

• Block Devices (e.g., SD card)
• Data is transferred in fixed-size blocks.
• Buffered for improved I/O efficiency.
• Supports random access.

• Network Devices (e.g., Network interface card)
• Responsible for transmitting and receiving network data.

• Other Devices
• Sensors, Touchscreen, Audio devices, Video devices, etc.
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Libraries

• The Libraries in Linux are pre-built blocks of code that provide specific 
functionalities, they allow developers to quickly assemble complex 
applications.

• Types and Functions of Libraries : 

• Core System Libraries

• Network Communication Libraries

• Graphical User Interface Libraries

• Multimedia Libraries

• Database Libraries

• Other Libraries



Labs - Use Bash Script to 
Control Peripherals 
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Use Bash Script to Control Peripherals

• The course designed some Labs to show how to use Bash Script to control MPU's 
peripherals. We will try to access and configure the LED, ADC and PWM corresponding 
device drivers through the files listed in sysfs.

#!/bin/bash
…

bash_script.sh

EVB

MPU

Embedded Linux

Show
Hello World !

LED Blink

Control
ADC & PWM
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Bash Script

• Bash script is a script written in the Bash shell language that can automate the 
execution of a series of commands. In embedded Linux systems, we can use Bash 
scripts to control various hardware components such as GPIO, I2C, SPI, and more.

• Bash is the standard shell in Linux systems, it can be used on different embedded 
platforms, and relatively simple and easy to learn. You can combine various system 
commands and script logic.

# ./bash_script.sh
Hello World !

#!/bin/bash

echo "Hello World !"

bash_script.sh
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Sysfs

• Some hardware devices have corresponding device drivers, it will be responsible for 
managing the hardware and mapping hardware registers, interrupts, etc. to the kernel 
space, and creates files or directories in sysfs to represent the device's attributes.

• Sysfs is a pseudo(virtual) file system, that provides a way to access and configure 
device drivers in the Linux kernel, user-space programs can control the hardware by 
accessing these files in /sys directory.

• Files and directories within sysfs represent devices, buses, and drivers in the system. 
By reading and writing to these files, user-space programs can get or set device 
attributes.



Lab1 – Prepare Development Tools
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Linux common commands
Hints

• ls  : List all files in the current directory.

• cd  : Enter directory.

• pwd : Show current path.

• mkdir : Create folder.

• rm : Delete Files, add -r to delete the folder.

• cp  : Copy files.

• mv : Move files.

• sudo : Temporarily grant users privileged access to system.

• nano  : A small editor for on the terminal. 

• microcom : A text-based serial port communications program.
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Lab1 – Prepare Development Tools

• We will prepare the Terminal on the computer to control and develop the EVB, and 
then run a script in the Embedded Linux OS.

• In addition, we will check the WSL on PC in this Lab to ensure it is available when 
needed for later courses.

• Follow the steps below to complete the above requirements :

1. Prepare a WSL2 with a Linux OS installed on the computer and Launch it.

2. Prepare a SD Card with Embedded Linux OS and mount it to EVB.

3. Prepare a Terminal on the computer and Launch it.

4. Connect the Debug port of EVB to the VM and login the Embedded Linux OS.

5. Create a script in the Embedded Linux OS and execute it.

6. Show "Hello World !" in the Embedded Linux OS.

Let’s go!
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Lab1 – Prepare Development Tools
Step 1 (WSL will be used later)

• Launch Ubuntu on the WSL.
(Refer the document to install Linux on Windows with WSL) 

https://learn.microsoft.com/en-us/windows/wsl/install
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• Prepare a SD Card with Embedded Linux OS and mount it to EVB.
(Refer to the appendix to complete the Flash SD Card)

一張含有 文字 , 螢幕擷取畫面, 軟體, 電腦 的圖片 

自動產生的描述

sdcard-hobby.img

一張含有 文字 , 螢幕擷取畫面, 軟體, 電腦 的圖片 

自動產生的描述

sdcard-curiosity.img

Lab1 – Prepare Development Tools
Step 2

Curiosity Board

Hobby Kit

https://www.microchip.com.tw/
https://developerhelp.microchip.com/xwiki/bin/view/applications/linux4sam/demo-archive/
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Lab1 – Prepare Development Tools
Step 3

• Launch Tera Term on the PC.
(Refer the document to install Tera Term on Windows) 

https://teratermproject.github.io/index-en.html
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Lab1 – Prepare Development Tools
Step 4

• Connect the Debug port of EVB and Tera Term. ( Baud Rate / Speed : 115200 )
      (Select the COM Port that appears after the connection)

Curiosity Board

Hobby Kit
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Lab1 – Prepare Development Tools
Step 5

• Use a Terminal (Tera Term) to login the Embedded Linux OS of EVB. 

Welcome to the Microchip SAM9X60 CURIOSITY Demo
sam9x60curiosity login: root (automatic login)

[root@sam9x60curiosity ~]$

EVB
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Lab1 – Prepare Development Tools
Step 5

• Try create a Bash script in the Embedded Linux OS.

# nano bash_script.sh

EVB

1

#!/bin/bash

echo "Hello World !"

nano
bash_script.sh

2
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Lab1 – Prepare Development Tools
Step 6

• Execute the Bash script in the Embedded Linux OS.

# chmod +x bash_script.sh
# ./bash_script.sh
Hello World !

EVB
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Lab1 – Prepare Development Tools
Result



Lab2 – Use Script to Control LEDs
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Lab2 – Use Script to Control LEDs

• In the Embedded Linux provided from the course, the default will be to set three 
colors of Red, Green and Blue LEDs in the Device-Tree, and enable the corresponding 
device driver. It will list the three colors of LEDs in sysfs respectively, we can control 
the LED by writing the file corresponding to the LEDs.

• Follow the steps below to complete the above requirements :
1. Create a script in the Embedded Linux OS.

2. Execute the script and alternate the three colors of the LED turn on and off.

Let’s go!
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Lab2 – Use Script to Control LEDs
Step 1

• Create a Bash script in the Embedded Linux OS.

#!/bin/bash
while true
do
  echo 1 > /sys/class/leds/red/brightness
  echo 0 > /sys/class/leds/green/brightness
  echo 0 > /sys/class/leds/blue/brightness
  sleep 1
  echo 0 > /sys/class/leds/red/brightness
  echo 1 > /sys/class/leds/green/brightness
  sleep 1
  echo 0 > /sys/class/leds/green/brightness
  echo 1 > /sys/class/leds/blue/brightness
sleep 1

done
nano

LEDs_blink.sh

# nano LEDs_blink.sh

EVB

1

2
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Lab2 – Use Script to Control LEDs
Step 2

• Execute the Bash script in the Embedded Linux OS.

# chmod +x LEDs_blink.sh
# ./LEDs_blink.sh

EVB
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Lab2 – Use Script to Control LEDs
Result



Device-Tree and Device-Driver
for Peripherals

PIO, Pin Multiplexing, ADC, PWM and FLEXCOM
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Device-Drivers Configuration

• Since the Embedded Linux OS run on various MPU and EVB, we need to customized 
the configuration, and select the corresponding device drivers for different hardware.

• In the modern Linux system, we can describe the required peripherals through the 
Device-Tree. In addition, we also need device drivers to control these hardware, we 
can use the Build System to manage the drivers and compile anything required 
resource.

Device Drivers

Device Tree

Kernel HardwareBuild System
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Device-Tree

• Device-Tree is a data structure used to describe the hardware configuration of an 
Embedded Linux system. It represents the various hardware devices in the system, 
along with their connections, in a tree-like structure.

• Device-Tree separates hardware configuration information from the kernel and stores 
it in an independent file, it allows the Linux kernel to no longer include a large 
amount of platform-specific code, simplifying the kernel's structure.

• Functions of Device Tree : 
• Describes hardware
• Creates device nodes
• Configures drivers

• Advantages of Device Tree : 
• High flexibility
• Creates device nodes
• Configures drivers

DTS (Device Tree Source)
JSON-like format

DTB (Device Tree Blob)
Kernel-compatible compiled binary

DTC (Device Tree Compiler)
A tool used to compile DTS files

Bootloader Kernel
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• In Embedded Linux System, Device-Tree files are mainly divided into two types: 
Device-Tree-Source-Include (.dtsi) and Device-Tree-Source (.dts) files. 
These two files work together to describe the hardware configuration of the system.

• Usually, the manufacturer provides a Device-Tree-Source-Include (.dtsi) file containing 
the information of the MPU, and based on it to add or modifies the difference part in 
the Device-Tree-Source (.dts) for the design requirements of the evaluation board.

• Device Tree Source Include (.dtsi) : They contain common hardware descriptions 
that can be shared across multiple platforms.

• Device Tree Source (.dts) : They describe the hardware configuration for a specific 
platform. 

Device Tree Source 
(.dts) 

Device-Tree-Source Files

Device Tree Source 
Include (.dtsi) 
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Description Structure of Device-Tree

• Device-Tree consists of a series of nodes, which are organized in a tree-like hierarchy. 
Each node represents a hardware device, such as a CPU, memory, bus, or peripheral.

• Basic Structure of a Device Tree

• Root Node : Every device tree has a unique root node, representing the entire system.

• Child Nodes : Child nodes are sub-devices of a parent node and inherit some properties from their parent.

• Properties : Each node can have multiple properties that describe specific information about that node.

/

address-cells = <1>;
#size-cells = <1>;
model = "Microchip SAM9X60 SoC";
compatible = "microchip,sam9x60";
interrupt-parent = <&aic>;

cpus

#address-cells = <1>;
#size-cells = <0>;

cpu@0

compatible = "arm,arm926ej-s";
device_type = "cpu";
reg = <0>;

memory@20000000

device_type = "memory";
reg = <0x20000000 0x10000000>;
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Device-Tree-Source Syntax

• Device-Tree Source example for CPU and memory.

/ {
cpus {

    …
cpu@0 {

      compatible = "arm,arm926ej-s";
      device_type = "cpu";
      reg = <0>;
   };
};

memory@20000000 {
    device_type = "memory";
    reg = <0x20000000 0x10000000>;
};

};

Root Node

Nodes for CPUs

Properties for 
CPU0

CPU0 Node

Memory Node

Properties for 
Memory

linux/arch/arm/boot/dts/microchip/sam9x60.dtsi
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Device-Tree-Source Location in Embedded Linux

• We can find Device-Tree-Source for different MPUs or Evaluation Boards in the source 
code of Embedded Linux.

• In this course, we can be found the Device-Tree-Source files corresponding to 
Microchip's MPUs or Evaluation Boards in the "linux/arch/arm/boot/dts/microchip" 
folder, the actual path depends on the version of Linux for you.
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Device-Tree-Source for LEDs

• Check the Device-Tree configuration for the LEDs .
(Use GUI or Command to open the file with Visual Studio Code)

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
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Device-Tree and Device-Driver

• The Device-Tree provides a description of the system hardware, while the Device-
Driver is responsible for controlling and managing these hardware devices. 

• The two work closely together to ensure the normal operation of the system.

• Device-Tree provides configuration information for drivers.

• Drivers configure hardware based on the Device-Tree.

Configuration 
Information

Device Tree HardwareDevice Driver

Configure 
Hardware 
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Device-Driver for LEDs

• Check the required device drivers. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make linux-menuconfig

VM

1
2

3

4

5
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Device-Tree for Peripherals

• This course will mainly focus on the mikroBUS pins of the SAM9X60 curiosity board 
and Hobby Kit to introduce the Device-Tree configuration of peripherals.

• Parallel Input/Output Controller (PIO)

• Pulse Width Modulation Controller (PWM)

• Analog-to-Digital Controller (ADC)

• Flexible Serial Communication Controller (FLEXCOM)
• Universal Synchronous Asynchronous Receiver Transceiver (USART)

• Serial Peripheral Interface (SPI)

• Two-wire Interface (TWI)



PIO and Pin Multiplexing

Parallel Input/Output Controller (PIO)
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PIO Introduction

• The Parallel Input/Output Controller (PIO) manages up to 32 fully programmable 
input/output lines with synchronous output, providing up to 32 bits of data output in 
a single write operation.

• Each I/O line may be dedicated as a general-purpose I/O or be assigned to a function 
of an embedded peripheral. This ensures effective optimization of the pins of the 
product.

• Each I/O line of the PIO Controller features the following : 
• An input change interrupt enabling level change detection

• Additional Interrupt modes enabling rising edge, falling edge, 
low-level or high-level detection

• Glitch filter and Debouncing filter

• Control of the I/O line pullup and pulldown or open drain

• Multiplexing of Four Peripheral Functions per I/O Line

• Input visibility and output control
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• Each pin is configurable, depending on the product, as either a general-purpose I/O 
line only, or as an I/O line multiplexed with peripheral I/O. 

• The PIO Controller provides multiplexing of up to four peripheral functions (A~D) on a 
single pin, and the corresponding functions can be found in the Pin Description Table.

Pin Multiplexing
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Pin Multiplexing

• The course will use the mikroBUS socket on the evaluation board to introduce how 
the peripherals of SAM9X60 MPU is used in the Embedded Linux system.

• The following is the pin definition of the mikroBUS socket on the evaluation board, 
we can set the pins to different peripheral functions by modifying the Device-Tree.

AN

RST

CS

SCK

MISO

MOSI

+3.3V

GND

PWM

INT

RX

TX

SCL

SDA

+5V

GND

mikroBUS

ADC_CH3 PB14

Reset

SPI_nCS PA08

SPI_SCK PA23

SPI_MISO PA21

SPI_MOSI PA22

Power

Ground

PB13 PWM_CH2

PB18 ADC_TRG.

PC01 USART_RX 

PC00 USART_TX

PA01 I2C_SCL

PA00 I2C_SDA

Power

Ground

mikroBUS
Function

Primary 
Signal

Alternate 
Signal

PIO Peripheral

I2C_SCL PA00 - A FLEXCOM0_IO0

I2C_SDA PA01 - A FLEXCOM0_IO1

SPI_nCS PA08 - B FLEXCOM5_IO3

SPI_MISO PA21 - B FLEXCOM5_IO1

SPI_MOSI PA22 - B FLEXCOM5_IO0

SPI_SCK PA23 - B FLEXCOM5_IO2

PWM_CH2 PB13 - B PWM2

ADC_CH3 PB14 AD3 N/A N/A

ADC_TRG. PB18 WKUP7 B ADTRG

USART_TX PC00 - C FLEXCOM7_IO0

USART_RX PC01 - C FLEXCOM7_IO1



Analog-to-Digital Controller (ADC)
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ADC Introduction

• The Analog-to-Digital Controller (ADC) converts a continuous analog signal (voltage) 
into a discrete digital signal (numbers).

• When ADC channels are selected as inputs , the associated I/O is automatically turned 
in Analog mode.

• Characteristics : 
• 12-bit Resolution with Enhanced Mode up to 16 bits.

• 1 MSps Conversion Rate.

• Single-Ended, Pseudo-Differential or Differential Input Voltage.

• Digital correction of offset and gain errors.

• Resistive 4-wire and 5-wire Touchscreen Controller.

• DMA Support.

• Two Sleep Modes (Automatic Wake-Up on Trigger).

• Channel Sequence Customizing.

• Automatic Window Comparison of Converted Values.
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Device-Tree for ADC

/ {
ahb {
apb {
adc: adc@f804c000 {
compatible = "microchip,sam9x60-adc", "atmel,sama5d2-adc";

        reg = <0xf804c000 0x100>;
        interrupts = <19 IRQ_TYPE_LEVEL_HIGH 7>;
        clocks = <&pmc PMC_TYPE_PERIPHERAL 19>;
        clock-names = "adc_clk";
        …
        atmel,trigger-edge-type = <IRQ_TYPE_EDGE_RISING>;
        #io-channel-cells = <1>;

vddana-supply = <&vdd1_3v3>;
vref-supply = <&vdd1_3v3>;

        pinctrl-names = "default";
pinctrl-0 = <&pinctrl_adc_default &pinctrl_adtrg_default>;
status = "okay";

};
};

};
};

sam9x60.dtsi & at91-sam9x60_curiosity.dts

ADC Node
specifying compatibility between 
the device and the kernel driver

VDDANA power supply for the ADC

VREF power supply for the ADC

input pins and trigger pin of 
the ADC

Enable ADC
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Device-Tree for ADC

&pinctrl {
pinctrl_adc_default: adc-default {
atmel,pins = <AT91_PIOB 14 AT91_PERIPH_A AT91_PINCTRL_NONE>;

  };

pinctrl_adtrg_default: adtrg-default {
atmel,pins = <AT91_PIOB 18 AT91_PERIPH_B AT91_PINCTRL_PULL_UP>;

  };
  …
};

at91-sam9x60_curiosity.dts

configure the input 
pin of the ADC

configure the trigger 
pin of the ADC

Modify the pinctrl controller node
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ADC Reference Voltage

• The voltage reference input of the ADC is the ADVREFP pin and the negative reference 
voltage is ADVREFN. 

• ADVREFP input pin voltage range is 2.4 to VDDANA (Typical 3.3V), default connection to 
3.3V on SAM9X60 evaluation board.

• ADVREFN pin must be connected to the PCB Ground (GND) plane.
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ADC Trigger Mode

External Trigger Pin

• ADC Trigger from: 

• Software trigger (ADC_CR. START)

• External trigger pin (ADTRG pin)

• Timer counter outputs (corresponding TIOA trigger)

• ADC internal trigger counter

• Trigger on pen contact detection

• PWM event line



Pulse Width Modulation Controller 
(PWM)
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• The Pulse Width Modulation Controller (PWM) can be configured to control the 
characteristics of the output waveform (such as period, duty cycle, and polarity), each 
channel can be controlled independently.

• Characteristics : 
• 4 Channels

• One 16-bit Counter Per Channel

• Common Clock Generator Providing Thirteen Different Clocks

• Independent Channels

• Independent Enable Disable Command 

• Independent Clock Selection 

• Independent Period and Duty Cycle 

• Double Buffering of Period or Duty Cycle 

• Programmable Selection of The Output Waveform Polarity 
Programmable Center or Left Aligned Output Waveform 

PWM Introduction
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Device-Tree for PWM

/ {
ahb {
apb {
pwm0: pwm@f8034000 {
compatible = "microchip,sam9x60-pwm";
reg = <0xf8034000 0x300>;
interrupts = <18 IRQ_TYPE_LEVEL_HIGH 4>;
clocks = <&pmc PMC_TYPE_PERIPHERAL 18>;
#pwm-cells = <3>;
pinctrl-names = "default";
pinctrl-0 = <&pinctrl_pwm0_0 &pinctrl_pwm0_1 &pinctrl_pwm0_2>;
status = "okay";

};
};

};
};

sam9x60.dtsi & at91-sam9x60_curiosity.dts

specifying compatibility between 
the device and the kernel driver

PWM Node

input pins of the PWM

Enable PWM
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Device-Tree for PWM

&pinctrl {
  pwm0 {

pinctrl_pwm0_0: pwm0-0 {
atmel,pins = <AT91_PIOB 12 AT91_PERIPH_B AT91_PINCTRL_NONE>;

    };

pinctrl_pwm0_1: pwm0-1 {
atmel,pins = <AT91_PIOB 13 AT91_PERIPH_B AT91_PINCTRL_NONE>;

    };

pinctrl_pwm0_2: pwm0-2 {
atmel,pins = <AT91_PIOD 16 AT91_PERIPH_B AT91_PINCTRL_NONE>;

    };
  };
  …
};

at91-sam9x60_curiosity.dts

configure the input 
pin of the PWM

Modify the pinctrl controller node



Flexible Serial Communication 
Controller (FLEXCOM) 

USART, SPI and TWI (I2C)
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FLEXCOM Introduction

• The Flexible Serial Communication Controller (FLEXCOM) offers several serial 
communication protocols that are managed by the three submodules :
USART, SPI, and TWI (I2C).
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FLEXCOM Introduction

• The Flexible Serial Communication Controller (FLEXCOM) offers several serial 
communication protocols that are managed by the three submodules : 

• USART
The Universal Synchronous Asynchronous Receiver Transceiver (USART) provides one full-duplex 
universal synchronous asynchronous serial link.

• SPI
The Serial Peripheral Interface (SPI) is essentially a shift register that serially transmits data bits to 
other SPIs. During a data transfer, one SPI system acts as the “host” which controls the data flow, while 
the other devices act as “clients” which have data shifted into and out by the host. 

• TWI (I2C)
The Two-wire Interface (TWI) interconnects components on a unique two-wire bus, made up of one 
clock line and one data line based on a byte-oriented transfer format. It can be used with any Two-
wire Interface bus Serial EEPROM and I2C-compatible devices
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FLEXCOM I/O Lines

• The pins used for interfacing the FLEXCOM are multiplexed with the PIO lines. 

• The programmer must first program the PIO controller to assign the desired FLEXCOM 
pins to their peripheral function. If I/O lines of the FLEXCOM are not used by the 
application, they can be used for other purposes by the PIO Controller.

…



FLEXCOM - USART

Device Tree



10 September 2025 Microchip Technology Inc. and its subsidiaries©

Device-Tree for FLEXCOM (UART)

/ {
ahb {
apb {
flx7: flexcom@f8014000 {
compatible = "atmel,sama5d2-flexcom";

        reg = <0xf8014000 0x200>;
        clocks = <&pmc PMC_TYPE_PERIPHERAL 10>;
        #address-cells = <1>;
        #size-cells = <1>;
        ranges = <0x0 0xf8014000 0x800>;

atmel,flexcom-mode = <ATMEL_FLEXCOM_MODE_USART>;
status = "okay";

uart7: serial@200 {
          …
        };
        …

};
};

};
};

Merge sam9x60.dtsi & at91-sam9x60_curiosity.dts

Flexcom 7 Node
specifying compatibility between 
the device and the kernel driver

UART Node of Flexcom 7

Set to UART mode

Enable Flexcom 7
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Device-Tree for FLEXCOM (UART)

…
flx7: flexcom@f8014000 {

        …
uart7: serial@200 {
compatible = "microchip,sam9x60-usart", "atmel,at91sam9260-usart";

          reg = <0x200 0x200>;
          interrupts = <10 IRQ_TYPE_LEVEL_HIGH 7>;
          …
          clocks = <&pmc PMC_TYPE_PERIPHERAL 10>;
          clock-names = "usart";
          atmel,use-dma-rx;
          atmel,use-dma-tx;
          atmel,fifo-size = <16>;
          pinctrl-names = "default";

pinctrl-0 = <&pinctrl_flx7_default>;
status = "okay";

};        
        …

};
…

Merge sam9x60.dtsi & at91-sam9x60_curiosity.dts

UART 7 Node
specifying compatibility between 
the device and the kernel driver

Enable UART 7

configure the pin of 
the UART 7
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Device-Tree for FLEXCOM (UART)

/ {
aliases {

    …
serial2 = &uart7;

};
};

&pinctrl {
  …
  flexcom {

pinctrl_flx7_default: flx7-usart {
      atmel,pins =
      <AT91_PIOC 0 AT91_PERIPH_C AT91_PINCTRL_NONE

AT91_PIOC 1 AT91_PERIPH_C AT91_PINCTRL_NONE>;
    };
  };
  …
};

at91-sam9x60_curiosity.dts

configure the pin of the Flexcom 7 Pad 0 (TXD)

Modify the pinctrl controller node

configure the pin of the Flexcom 7 Pad 1 (RXD)

Set alias for UART 7 (ttyS2)



FLEXCOM - TWI (I2C)

Device Tree
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Device-Tree for FLEXCOM (I2C)

/ {
ahb {
apb {
flx0: flexcom@f801c000 {
compatible = "atmel,sama5d2-flexcom";

        reg = <0xf801c000 0x200>;
        clocks = <&pmc PMC_TYPE_PERIPHERAL 5>;
        #address-cells = <1>;
        #size-cells = <1>;
        ranges = <0x0 0xf801c000 0x800>;

atmel,flexcom-mode = <ATMEL_FLEXCOM_MODE_TWI>;
status = "okay";

        
i2c0: i2c@600 {

          …
        };
        …

};
};

};
};

Merge sam9x60.dtsi & at91-sam9x60_curiosity.dts

Flexcom 0 Node
specifying compatibility between 
the device and the kernel driver

I2C Node of Flexcom 0

Set to I2C (TWI) mode

Enable Flexcom 0
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Device-Tree for FLEXCOM (I2C)

…
flx0: flexcom@f801c000 {

        …
i2c0: i2c@600 {
compatible = "microchip,sam9x60-i2c";

          …
dmas = <0>, <0>;

          dma-names = "tx", "rx";
          atmel,fifo-size = <16>;
        pinctrl-names = "default";
 pinctrl-0 = <&pinctrl_flx0_default>;
 #address-cells = <1>;
 #size-cells = <0>;
        i2c-analog-filter;
         i2c-digital-filter;
          i2c-digital-filter-width-ns = <35>;

status = "okay";        
};        

        …
};

…

Merge sam9x60.dtsi & at91-sam9x60_curiosity.dts

I2C 0 Node

specifying compatibility between 
the device and the kernel driver

Enable I2C 0

Disable DMA

define how address is represented for I2C devices

configure the pin of the I2C 0

define how size is represented for I2C devices
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Device-Tree for FLEXCOM (I2C)

/ {
aliases {

    …
i2c0 = &i2c0;

};
};

&pinctrl {
  …
  flexcom {

pinctrl_flx0_default: flx0-twi {
      atmel,pins =
      <AT91_PIOA 0 AT91_PERIPH_A AT91_PINCTRL_PULL_UP

AT91_PIOA 1 AT91_PERIPH_A AT91_PINCTRL_PULL_UP>;
    };
  };
  …
};

at91-sam9x60_curiosity.dts

configure the pin of the Flexcom 0 Pad 0 (TWD, SDA)

Modify the pinctrl controller node

configure the pin of the Flexcom 0 Pad 1 (TWCK, SCK)

Set alias for I2C 0 (I2C-0)



FLEXCOM - SPI

Device Tree
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Device-Tree for FLEXCOM (SPI)

/ {
ahb {
apb {
flx5: flexcom@f0004000 {
compatible = "atmel,sama5d2-flexcom";

        reg = <0xf0004000 0x200>;
        clocks = <&pmc PMC_TYPE_PERIPHERAL 14>;
        #address-cells = <1>;
        #size-cells = <1>;
        ranges = <0x0 0xf0004000 0x800>;

atmel,flexcom-mode = <ATMEL_FLEXCOM_MODE_SPI>;
status = "okay";

spi5: spi@400 {
          …
        };
        …

};
};

};
};

Merge sam9x60.dtsi with added SPI node

Flexcom 5 Node
specifying compatibility between 
the device and the kernel driver

SPI Node of Flexcom 5

Set to SPI mode

Enable Flexcom 5
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Device-Tree for FLEXCOM (SPI)

…
flx5: flexcom@f0004000 {

        …
spi5: spi@400 {
compatible = "microchip,sam9x60-spi", "atmel,at91rm9200-spi";

          …
dmas = <0>, <0>;

          dma-names = "tx", "rx";
          atmel,fifo-size = <16>;
          pinctrl-names = "default";

pinctrl-0 = <&pinctrl_flx5_default>;
status = "okay";
spidev@0 {
compatible = "rohm,dh2228fv";
reg = <0>;
spi-max-frequency = <1000000>;

};
};        

        …
};

…

SPI 5 Node
specifying compatibility between 
the device and the kernel driver

Enable SPI 5

configure the pin of 
the SPI 5

Disable DMA

SPI Device 0 Node

declares compatibility with the basic SPI  device

Set the memory offset of SPI

specifies the maximum supported frequency for the SPI device

Merge sam9x60.dtsi with added SPI node



10 September 2025 Microchip Technology Inc. and its subsidiaries©

Device-Tree for FLEXCOM (SPI)

&pinctrl {
  …
  flexcom {
    pinctrl_flx5_default: flx5_spi {
      atmel,pins =
      <AT91_PIOA 22 AT91_PERIPH_B AT91_PINCTRL_PULL_UP

AT91_PIOA 21 AT91_PERIPH_B AT91_PINCTRL_PULL_UP
AT91_PIOA 23 AT91_PERIPH_B AT91_PINCTRL_PULL_UP
AT91_PIOA 8 AT91_PERIPH_B AT91_PINCTRL_PULL_UP>;

    };
  };
  …
};

at91-sam9x60_curiosity.dts

configure the pin of the Flexcom 5 Pad 0 (MOSI)

Modify the pinctrl controller node

configure the pin of the Flexcom 5 Pad 1 (MISO)

configure the pin of the Flexcom 5 Pad 2 (SPCK)

configure the pin of the Flexcom 5 Pad 3 (NPCS0)



Lab3 – Use Script to Read ADC Value 
and Control PWM
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Lab3 – Use Script to Read ADC Value and Control PWM

• In the Embedded Linux provided from the course, the default will be to config the 
ADC and PWM in the Device-Tree, and enable the corresponding device driver. It will 
list them in sysfs, we can control them by reading and writing the .

• Follow the steps below to complete the above requirements :
1. Connect the ADC of mikroBUS AN Pin (PB14, ADC Ch. 3) to the external potentiometer (0 ~ 3.3V).

2. Connect the PWM of mikroBUS PWM pin (PB13, PHM Ch. 2) to the external LED.

3. Create a script in the Embedded Linux OS.

4. Execute the script to setup the PWM period to 1kHz, then read the ADC value periodically and use it 
to control the PWM Duty between 0 ~ 100%.

Let’s go!
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• Connect the ADC of mikroBUS AN Pin (PB14, ADC Ch. 3) to the external potentiometer.

• Connect the PWM of mikroBUS PWM pin (PB13, PWM Ch. 2) to the external LED.

Lab3 – Use Script to Read ADC Value and Control PWM
Preparation

AN

RST

CS

SCK

MISO

MOSI

+3.3V

GND

PWM

INT

RX

TX

SCL

SDA

+5V

GND

mikroBUS

ADC_CH3 PB14

Reset

SPI_nCS PA08

SPI_SCK PA23

SPI_MISO PA21

SPI_MOSI PA22

Power

Ground

PB13 PWM_CH2

PB18

PC01 USART_RX 

PC00 USART_TX

PA01 I2C_SCL

PA00 I2C_SDA

Power

Ground

mikroBUS PIN External

AN Potentiometer, VR1 (0 ~ 3.3V)

PWM LED, LED1

GND GND
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Lab3 – Use Script to Read ADC Value and Control PWM
Step 1

• Create a Bash script for setup PWM.

#!/bin/bash
cd /sys/class/pwm/pwmchip0/
if [ ! -e "./pwm2" ]; then
  echo 2 > export
fi
echo 10000 > pwm2/period
echo 0 > pwm2/duty_cycle
echo 1 > pwm2/enable

nano
PWM_setup.sh

# nano PWM_setup.sh

EVB

1

2
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Lab3 – Use Script to Read ADC Value and Control PWM
Step 2

• Create a Bash script for read ADC value and control PWM.

# nano ADC_PWM.sh

EVB

1

#!/bin/bash
adc_dir="/sys/bus/iio/devices/iio:device0"
pwm_dir="/sys/class/pwm/pwmchip0"
echo 1 > $adc_dir"/scan_elements/in_voltage3_en"
pwm_period=$(cat $pwm_dir"/pwm2/period")
while true
do
  adc_value=$(cat $adc_dir"/in_voltage3_raw")
  pwm_duty=$[$pwm_period*$adc_value/16380]
  echo $pwm_duty > $pwm_dir"/pwm2/duty_cycle"
  echo "PWM duty is "$[$pwm_duty*100/$pwm_period]"%"
  sleep 0.01
done

nano
ADC_PWM.sh

2
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Lab3 – Use Script to Read ADC Value and Control PWM
Step 3

• Execute the Bash script in the Embedded Linux OS.

# chmod +x PWM_setup.sh
# chmod +x ADC_PWM.sh
# ./PWM_setup.sh
# ./ADC_PWM.sh

EVB
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Lab3 – Use Script to Read ADC Value and Control PWM
Result

mikroBUS PIN External

AN Potentiometer, VR1 (0 ~ 3.3V)

PWM LED, LED1

GND GND



Labs - Use Tools and C Language 
to Control Peripherals 
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Use Tools and C Language to Control Peripherals 

• The course designed some Labs to show how to use Tools and C-Language-Applications 
to control MPU's peripherals. We will try to control Buttons or control the external 
hardware devices through UART, I2C, SPI, User Button and GPIO by execute tools or 
compiled applications.

Compiled 
Application

C code

Cross-compiler
EVB

MPU

Embedded Linux

UART

I2C

SPI

Tools

GPIO

User Button
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Device and /dev Directory  

• In embedded Linux systems, the /dev directory providing a standardized interface for 
interacting with various hardware devices. This means that users can operate 
hardware devices like common files, such as reading, writing, opening, closing, etc.

UART

I2C

SPI

User Button

GPIO
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Tools and Utilities for Embedded Linux System

• Embedded Linux System provide many specialized tools to assist developers in 
interacting with hardware, configuring the system, and debugging. 
The following are some common tools :

• UART Tools
• Microcom : A simple serial terminal emulator for communicating with devices over serial ports.

• I2C Tools
• i2cdetect :  Detects devices on the I2C bus.

• i2cdump :  Reads data from an I2C device.

• i2cget :  Reads a value from an I2C device.

• i2cset :  Reads a value from an I2C device.

• i2ctransfer :  For more complex I2C operations.

• SPI Tools
• spi-config : Sets up the SPI bus (speed, data bits, etc.).

• spi-pipe : Sends and receives data over the SPI bus.
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Tools and Utilities for Embedded Linux System

• Event Test Tools
• evtest :  Used to test input devices like keyboards, mice, and touchscreens. It can display events 

generated by these devices.

• GPIO Tools (libgpiod Tools)
• gpiodetect :  List all gpiochips present on the system, their names, labels, and number of GPIO lines.

• gpioinfo :  List all lines of specified gpiochips, their names, consumers, direction, active state, and 
additional flags.

• gpioget : Read values of specified GPIO lines.

• gpioset : Set values of specified GPIO lines.

• gpiofind : Find the gpiochip name and line offset given the line name.

• gpiomon : Wait for events on GPIO lines.
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C Language and Cross-Compiler

• C language is the most commonly used programming language for developing 
embedded Linux systems, the majority of Linux system components are coded in C.

• In Embedded Linux, we develop code on a PC (host) and compile it for a different 
target architecture (e.g., ARM) using a cross-compiler.

• Cross-compilers are compilers that generate executable code for a platform different 
from the one on which the compiler is running, we can use this tool to generate 
applications suitable for different platforms.

EVB

MPU

Embedded Linux

Compiled 
Application

C code

Cross-compiler

Compiled 
Application



Lab4 – Use Tools and Application to 
Detect Button Events
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Lab4 – Use Tools and Application to Detect Button Events

• In the Embedded Linux provided from the course, the default will be to config the 
User Button (GPIO-Key) in the Device-Tree, and enable the corresponding device 
driver. It will list them in /dev/input/eventx, we can use a tool or application to access 
events for different keys, and check the key is pressed or released.

• Follow the steps below to complete the above requirements :
1. Try using the Tools for Event-Test to access the events of User Button.

2. Create a C language application and compile it.

3. Execute the application and show the events message of User Button.

Let’s go!
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Lab4 – Use Tools and Application to Detect Button Events
Step 1.1

• Try using the Tools for Event-Test to access the events of GPIO-Key (User Button).

# evtest /dev/input/event0
No device specified, trying to scan all of 
/dev/input/event*
Available devices:
/dev/input/event0:      gpio-keys
Select the device event number [0-0]: 0

EVB

Key in "0"
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Lab4 – Use Tools and Application to detect Button Events
Step 1.2

• Pressing or Releasing the User-Button will see different events.

Key in "0"

Press Button

Release Button

Press Button

Release ButtonCuriosity Board Hobby Kit
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Lab4 – Use Tools and Application to Detect Button Events
Step 2.1

• Create a C language application for Embedded Linux OS.
(Please copy the code from the CopyPaste files to the Text Editor !!)

user@VM:~$ mkdir -p ~/Linux4MCHP/Projects
user@VM:~$ cd ~/Linux4MCHP/Projects
user@VM:~$ code button.c

VM

1

#include <stdio.h>
#include <unistd.h>
#include <fcntl.h>
#include <linux/input.h>

#define DEV "/dev/input/event0"

int main(int argc, char *argv[]) 
{
 int fd, ret;
struct input_event event;

fd = open(DEV, O_RDONLY);
if(fd < 0) {

printf("ERROR: open %s fd=%d\n", DEV, fd);
return -1;

}

  …
}

2

VS Code
button.c

GNU C Library & 
Input Event Library

Input Event for Device

Declare variables for File Descriptor, 
Return, and Input Event

Get the File Descriptor 
of the device 
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Lab4 – Use Tools and Application to Detect Button Events
Step 2.2

• Create a C language application for Embedded Linux OS.

int main(int argc, char *argv[]) 
{
 …
  while(1) {
    …
    ret = read(fd, &event, sizeof(event));
    if(ret < 0) {
      printf("Failed to read.\n");
      return -1;
    }

    if(event.type != EV_SYN) {
      printf("type:%d, code:%d, value:%d, ", event.type, event.code, event.value);
      if(event.code == KEY_PROG1) {
        if (event.value == 1) printf("User Button Press\n");
        if (event.value == 0) printf("User Button Release\n");
      }
    }
  }

  close(fd);
  return 0;
}

code
button.c

Read Input Event and store the 
result in the event structure

Check the Input Event 
Type, Code and Value

Press Button

Release Button
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Lab4 – Use Tools and Application to Detect Button Events
Step 3

• Compile the C language application for Embedded Linux OS.

user@VM:~$ ~/Linux4MCHP/sdk/bin/arm-buildroot-
linux-gnueabi-gcc button.c -o button_test
user@VM:~$ ls button*
button.c  button_test 

VM
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Lab4 – Use Tools and Application to Detect Button Events
Step 4

• Send the application to Embedded Linux OS.
(Refer to the appendix to send files to Embedded Linux System)

EVB

MPU

Embedded Linux

Compiled 
Application

C code

Cross-compiler

Compiled 
Application

/home/user/Linux4MCHP/Projects/button_test
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Lab4 – Use Tools and Application to Detect Button Events
Step 5

• Execute the application for Embedded Linux OS.

# chmod +x button_test
# ./button_test

EVB
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Lab4 – Use Tools and Application to Detect Button Events
Result

• Pressing or Releasing the User-Button and show the events message of User-Button.

Curiosity Board Hobby Kit



Lab5 – Use Tools and C Language to 
Control UART
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Lab5 – Use Tools and C Language to Control UART

• In the Embedded Linux provided from the course, the default will be to config the 
UART in the Device-Tree, and enable the corresponding device driver. It will list them 
in /dev/ttySx, we can use a tool or application to access it, and transmit and receive 
messages from UART.

• Follow the steps below to complete the above requirements :
1. Connect the UART of mikroBUS Pin to the external USB CDC Bridge.

2. Try using the Tool to access the UART of MikroBUS.

3. Create a C language application and compile it.

4. Execute the application and access the UART of MikroBUS.

Let’s go!
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• Connect the UART of mikroBUS TX Pin (PC00) and RX Pin (PC01) to the External UART 
to USB CDC Bridge.

Lab5 – Use Tools and C Language to Control UART
Preparation

AN

RST

CS

SCK

MISO

MOSI

+3.3V

GND

PWM

INT

RX

TX

SCL

SDA

+5V

GND

mikroBUS

ADC_CH3 PB14

Reset

SPI_nCS PA08

SPI_SCK PA23

SPI_MISO PA21

SPI_MOSI PA22

Power

Ground

PB13 PWM_CH3

PB18

PC01 USART_RX 

PC00 USART_TX

PA01 I2C_SCL

PA00 I2C_SDA

Power

Ground

mikroBUS PIN External

RX USB CDC Bridge, TX

TX USB CDC Bridge, RX

GND GND
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Lab5 – Use Tools and C Language to Control UART
Preparation

• Use Tera Term to open the another serial port of the External UART to USB CDC Bridge.
(Select the COM Port that appears after the connection, Baud Rate / Speed : 115200 ) 
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Lab5 – Use Tools and C Language to Control UART
Step 1

• Try using the Tools for Microcom to access the UART. (CTRL + X to exit Microcom)

# microcom -s 115200 /dev/ttyS2
atmel_usart_serial atmel_usart_serial.1.auto: 
using dma0chan6 for rx DMA transfs
atmel_usart_serial atmel_usart_serial.1.auto: 
using dma0chan7 for tx DMA transfs

EVB

Key in "Hello World !"
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Lab5 – Use Tools and C Language to Control UART
Step 2.1

• Create a C language application for Embedded Linux OS.
(Please copy the code from the CopyPaste files to the Text Editor !!)

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <string.h>
#include <fcntl.h>
#include <termios.h>

#define DEV "/dev/ttyS2"

void init_UART(int fd, speed_t baudrate, unsigned char timeout_x100ms) { … }

int read_UART(int fd, void *ptr_data, unsigned int data_len) { … }

int write_UART(int fd, void *ptr_data) { … }

int main(int argc, char *argv[]) 
{
  … 
}

user@VM:~$ mkdir -p ~/Linux4MCHP/Projects
user@VM:~$ cd ~/Linux4MCHP/Projects
user@VM:~$ code uart.c

VM

1

2

VS Code
uart.c

GNU C Library & 
Termios Library

UART(Serial2) for Device

UART functions
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Lab5 – Use Tools and C Language to Control UART
Step 2.2

• Create a C language application for Embedded Linux OS.

void init_UART(int fd, speed_t baudrate, unsigned char timeout_x100ms)
{
  struct termios options;
  tcgetattr(fd, &options);
  cfsetispeed(&options, baudrate);
  cfsetospeed(&options, baudrate);

  options.c_cflag |= (CLOCAL | CREAD);
options.c_cflag &= ~CSIZE;

  options.c_cflag |= CS8;  
options.c_cflag &= ~PARENB;

  options.c_iflag &= ~INPCK;
options.c_cflag &= ~CSTOPB;
options.c_cflag &= ~CRTSCTS;

  options.c_iflag &= ~(IXON | IXOFF | IXANY);
options.c_lflag &= ~(ICANON | ECHO | ECHOE | ISIG);

  options.c_oflag &= ~OPOST;
options.c_cc[VTIME] = timeout_x100ms;
options.c_cc[VMIN] = 0;

tcflush(fd, TCIFLUSH);
tcsetattr(fd, TCSANOW, &options);

}

VS Code
uart.c

Declare variables for termios
and Get the Terminal State 

Set the input speed & 
output speed (Baud Rate)

Set 8 bits per byte, No Parity 
and 1 Stop bit 

Set Local Mode & 
Enable the Receiver

Disable Canonical Mode &
Set output raw data

Disable Hardware & Software 
Flow Control

Set read timeout (N x 100ms) & 
Minimum bytes to read

Clear running settings & 
Enable new settings
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Lab5 – Use Tools and C Language to Control UART
Step 2.3

• Create a C language application for Embedded Linux OS.

int write_UART(int fd, void *ptr_data) {
  unsigned int ret, tx_len;

  tx_len = strlen(ptr_data);

  ret = write(fd, ptr_data, tx_len);

  if (ret != tx_len) {
    printf("ERROR write %u len, but ret=%u \n", tx_len, ret);
    return -1;
  }

  return ret;
}

VS Code
uart.c

Declare variables Return & Transmit Count

Send the data 

Return the transmit data length

Get the length of the transmit data

Check that the 
transmit status
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Lab5 – Use Tools and C Language to Control UART
Step 2.4

• Create a C language application for Embedded Linux OS.

int read_UART(int fd, void *ptr_data, unsigned int data_len) 
{
  unsigned int ret, rx_count = 0;
  char *data_buffer;

  data_buffer = (char*)malloc(sizeof(char)*data_len+1);
  memset(ptr_data, 0, data_len);

  do {
    ret = read(fd, data_buffer, data_len);
    if(ret > 0) {
      if( (ret + rx_count) > data_len) 
          ret = data_len - rx_count;
        strncat(ptr_data, data_buffer, ret);
        memset(data_buffer, 0, ret);
        rx_count += ret;
        if(rx_count >= data_len) break;
    }
  } while (ret > 0);

    ret = rx_count;
    return ret;
}

VS Code
uart.c

Declare variables for Return, 
Receive Count and Data Buffer

Initialize variables

Return the receive data length

Read and combine receive data
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Lab5 – Use Tools and C Language to Control UART
Step 2.5

• Create a C language application for Embedded Linux OS.

int main(int argc, char *argv[]) {
  int fd;
  char tx_buf[100]="", rx_buf[50]="";

  fd = open(DEV, O_RDWR | O_NOCTTY);
  if(fd < 0) {
    printf("ERROR: open %s fd=%d\n", DEV, fd);
    return -1;
  }

  init_UART(fd, B115200, 10);
  sprintf(tx_buf, "\r\n%s\r\n", "Hello World!");
  write_UART(fd, tx_buf);
  while(1) {
    if(read_UART(fd, rx_buf, sizeof(rx_buf)) > 0)
      sprintf(tx_buf, "Receive: %s\r\n", rx_buf);
    else
      sprintf(tx_buf, "Please enter something...\r\n");
    write_UART(fd, tx_buf);  }
  }
  close(fd);
  return 0;
}

VS Code
uart.c

Declare variables for 
File Descriptor & Data Buffer

Send "Hello World!"
to UART Device

Get the File Descriptor 
of the device 

Read data in one second from 
UART Device

Initialize UART Device (Baud Rate is 115200, Read timeout is 1s)
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Lab5 – Use Tools and C Language to Control UART
Step 3

• Compile the C language application for Embedded Linux OS.

user@VM:~$ ~/Linux4MCHP/sdk/bin/arm-buildroot-
linux-gnueabi-gcc uart.c -o uart_test
user@VM:~$ ls uart*
uart.c  uart_test 

VM
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Lab5 – Use Tools and C Language to Control UART
Step 4

• Send the application to Embedded Linux OS.
(Refer to the appendix to send files to Embedded Linux System)

EVB

MPU

Embedded Linux

Compiled 
Application

C code

Cross-compiler

Compiled 
Application

/home/user/Linux4MCHP/Projects/uart_test
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Lab5 – Use Tools and C Language to Control UART
Step 5

• Execute the application for Embedded Linux OS.

# chmod +x uart_test
# ./uart_test

EVB
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Lab5 – Use Tools and C Language to Control UART
Result

• The application will continuously send messages to the minicom (/dev/ttyACM1) and 
return the messages Key in by the user.

Key in "Hello"

mikroBUS PIN External

RX USB CDC Bridge, TX

TX USB CDC Bridge, RX

GND GND



Lab6 – Use Tools and C Language to 
Control I2C
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Lab6 – Use Tools and C Language to Control I2C

• In the Embedded Linux provided from the course, the default will be to config the I2C 
in the Device-Tree, and enable the corresponding device driver. It will list them in 
/dev/i2c-x, we can use a tool or application to access it, and transmit and receive 
messages from I2C.

• Follow the steps below to complete the above requirements :
1. Connect the I2C of mikroBUS Pin to the external I2C Device (MCP9800-A5).

2. Try using the Tools to access the I2C of MikroBUS.

3. Create a C language application and compile it.

4. Execute the application and access the I2C of MikroBUS.

Let’s go!
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• Connect the I2C of mikroBUS SCL Pin (PA01) and SDA Pin (PA00) to the External I2C 
Device.

Lab6 – Use Tools and C Language to Control I2C
Preparation

AN

RST

CS

SCK

MISO

MOSI

+3.3V

GND

PWM

INT

RX

TX

SCL

SDA

+5V

GND

mikroBUS

ADC_CH3 PB14

Reset

SPI_nCS PA08

SPI_SCK PA23

SPI_MISO PA21

SPI_MOSI PA22

Power

Ground

PB13 PWM_CH3

PB18

PC01 USART_RX 

PC00 USART_TX

PA01 I2C_SCL

PA00 I2C_SDA

Power

Ground

mikroBUS PIN External

SCL I2C Temp. (MCP9800-A5), SCL

SDA I2C Temp. (MCP9800-A5), SDA

GND GND
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Lab6 – Use Tools and C Language to Control I2C
Step 1

• Try using the Tools for I2C Tools to access the I2C.

# i2cdetect -y 0
0  1  2  3  4  5  6  7  8  9  a  b  c  d  e  f
00:                         -- -- -- -- -- -- -- --
10: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
20: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
30: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
40: -- -- -- -- -- -- -- -- -- -- -- -- -- 4d -- --
50: -- -- -- UU -- -- -- -- -- -- -- -- -- -- -- --
60: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
70: -- -- -- -- -- -- -- --
# EVB
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Lab6 – Use Tools and C Language to Control I2C
Step 2.1

• Create a C language application for Embedded Linux OS.
(Please copy the code from the CopyPaste files to the Text Editor !!)

#include <stdio.h>
#include <unistd.h>
#include <fcntl.h>
#include <string.h>
#include <sys/ioctl.h>
#include <linux/i2c.h>
#include <linux/i2c-dev.h>

#define DEV "/dev/i2c-0"

#define DEVICE_ADDR 0x4d

int write_I2C(int fd, unsigned char addr, void *ptr_data, unsigned int len) 
{ … }

int read_I2C(int fd, unsigned char addr, void *ptr_data, unsigned int len) 
{ … }

int main(int argc, char *argv[]) 
{ … }

user@VM:~$ mkdir -p ~/Linux4MCHP/Projects
user@VM:~$ cd ~/Linux4MCHP/Projects
user@VM:~$ code i2c.c

VM

1

2

GNU C Library & 
I2C Tools Library

I2C(Bus0) for Device

I2C functions

I2C Client Device Address, 
modify to your device

VS Code
i2c.c
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Lab6 – Use Tools and C Language to Control I2C
Step 2.2

• Create a C language application for Embedded Linux OS.

int write_I2C(int fd, unsigned char addr, void *ptr_data, unsigned int len) {
  int ret;
  struct i2c_rdwr_ioctl_data data;
  struct i2c_msg messages[2];
  
  messages[0].addr = addr;
  messages[0].flags = 0;
  messages[0].len = len;
  messages[0].buf = (ptr_data);
data.msgs = messages;
data.nmsgs = 1;

ret = ioctl(fd, I2C_RDWR, &data);
if (ret < 0) perror("I2C_IOC_MESSAGE");

  
  return ret;
}

VS Code
i2c.c

Format a I2C message

Send the data 

Return the receive data length

Declare variables Return, I2C Data 
and I2C Messages
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Lab6 – Use Tools and C Language to Control I2C
Step 2.3

• Create a C language application for Embedded Linux OS.

int read_I2C(int fd, unsigned char addr, void *ptr_data, unsigned int len) {
  int ret;
  struct i2c_rdwr_ioctl_data data;
  struct i2c_msg messages[2];
  
  messages[0].addr = addr;
  messages[0].flags = I2C_M_RD;
  messages[0].len = len;
  messages[0].buf = (ptr_data);
  memset(messages[0].buf, 0, len);
data.msgs = messages;
data.nmsgs = 1;

ret = ioctl(fd, I2C_RDWR, &data);
if (ret < 0) perror("I2C_IOC_MESSAGE");

  
  return ret;
}

VS Code
i2c.c

Format a I2C message

Send the data 

Return the receive data length

Declare variables Return, I2C Data 
and I2C Messages
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Lab6 – Use Tools and C Language to Control I2C
Step 2.4

• Create a C language application for Embedded Linux OS.

int main(int argc, char *argv[]) {
  int fd;
  char buf[100]="";

  fd = open(DEV, O_RDWR);
  if(fd < 0) {
    printf("ERROR: open %s fd=%d\n", DEV, fd);
    return -1;
  }

  buf[0] = 0x00;
  write_I2C(fd, SLAVE_ADDR, &buf, 1);

  while(1) {
    read_I2C(fd, SLAVE_ADDR, &buf, 2);
    printf( "H:0x%02X, L:0x%02X \n", buf[0], buf[1]);

printf( "Temperature : %2.1f'C \n", (float)((buf[0]<<4)|(buf[1]>>4))/16.0f);
    sleep(1);
  }

  close(fd);
  return 0;
}

VS Code
i2c.c

Declare variables for 
File Descriptor & Data Buffer

Send a write command to switch the I2C 
register to the specified address (0x00)

Get the File Descriptor 
of the device 

Send a read command to obtain 2 bytes of 
data at the specified address of I2C (0x00)
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Lab6 – Use Tools and C Language to Control I2C
Step 3

• Compile the C language application for Embedded Linux OS.

user@VM:~$ ~/Linux4MCHP/sdk/bin/arm-buildroot-
linux-gnueabi-gcc i2c.c -o i2c_test
user@VM:~$ ls i2c*
i2c.c  i2c_test 

VM
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Lab6 – Use Tools and C Language to Control I2C
Step 4

• Send the application to Embedded Linux OS.
(Refer to the appendix to send files to Embedded Linux System)

EVB

MPU

Embedded Linux

Compiled 
Application

C code

Cross-compiler

Compiled 
Application

/home/user/Linux4MCHP/Projects/i2c_test
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Lab6 – Use Tools and C Language to Control I2C
Step 5

• Execute the application for Embedded Linux OS.

# chmod +x i2c_test
# ./i2c_test

EVB
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Lab6 – Use Tools and C Language to Control I2C
Result

• The application will continuously send messages to the I2C Bus (/dev/i2c-0) and return 
the temperature data from the I2C Device (MCP9800).

mikroBUS PIN External

SCL I2C Temp. (MCP9800-A5), SCL

SDA I2C Temp. (MCP9800-A5), SDA

GND GND



Input/Output Control (ioctl)
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Input/Output Control (ioctl)

• In Embedded Linux system, ioctl (Input/Output Control) is a system call that enables 
low-level control of device drivers. It provides a mechanism for user-space programs 
to interact directly with device drivers to set or query specific parameters or states of 
the device.

• We can use ioctl to implement various device control functions and directly interact 
with device hardware, but we need to understand the details of the device driver to 
use ioctl correctly, which is highly complex.

• How to use ioctl :

# int ioctl(int fd, unsigned long request, ...);
fd :      file descriptor that points to the device.
request : the command to be executed.
... :      variable arguments passed to the driver.

User program 
calls ioctl

Kernel checks 
parameters

Kernel calls 
device driver

Driver 
processes the 

request

Driver returns 
results

Kernel returns 
to user

program



Lab7 – Use Tools and C Language to 
Control SPI
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Lab7 – Use Tools and C Language to Control SPI

• In the default OS Image from Linux4SAM website, since the EVB does not have SPI 
devices, the Device-Tree does not define the SPI Bus. 

• We provide an OS Image that has been added with the required SPI Bus in the Device-
Tree, and enable the corresponding device driver. It will list them in /dev/spidev-x.x, 
we can use a tool or application to access it, and transmit and receive messages from 
SPI.

• Follow the steps below to complete the above requirements :
1. Connect the SPI of mikroBUS Pin to the external SPI Device (25LC256).

2. Try using the Tools to access the SPI of MikroBUS.

3. Create a C language application and compile it.

4. Execute the application and access the SPI of MikroBUS.

Let’s go!
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• Connect the SPI of mikroBUS CS Pin (PA08), SCK Pin (PA23), MISO Pin (PA21) and 
MOSI Pin (PA22) to the External SPI Device.

Lab7 – Use Tools and C Language to Control SPI
Preparation
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MOSI
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INT
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PC00 USART_TX
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PA00 I2C_SDA

Power
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mikroBUS PIN External

SCK SPI EEPROM (25LC256), SCK

MISO SPI EEPROM (25LC256), MISO

MOSI SPI EEPROM (25LC256), MOSI

CS SPI EEPROM (25LC256), CS

GND GND
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Lab7 – Use Tools and C Language to Control SPI
Step 1

• Try using the Tools for SPI Tools to access the SPI.

# spi-config -d /dev/spidev0.0 –q
/dev/spidev0.0: mode=0, lsb=0, bits=8, 
speed=1000000, spiready=0
# printf 'Hello\n' | spi-pipe -d /dev/spidev0.0
Hello
#

EVB

AN

RST

CS

SCK

MISO

MOSI

+3.3V

GND

PWM

INT

RX

TX

SCL

SDA

+5V

GND

mikroBUS

ADC_CH3 PB14

Reset

SPI_nCS PA08

SPI_SCK PA23

SPI_MISO PA21

SPI_MOSI PA22

Power

Ground

PB13 PWM_CH3

PB18

PC01 USART_RX 

PC00 USART_TX

PA01 I2C_SCL

PA00 I2C_SDA

Power

Ground

Temporarily connect the 
MISO Pin and MOSI Pin 
of MikroBUS until the 
test is completed.

(Please restore the original connect after testing !!)
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Lab7 – Use Tools and C Language to Control SPI
Step 2.1

• Create a C language application for Embedded Linux OS.
(Please copy the code from the CopyPaste files to the Text Editor !!)

#include <stdio.h>
#include <unistd.h>
#include <fcntl.h>
#include <sys/ioctl.h>
#include <linux/spi/spidev.h>

#define DEV "/dev/spidev0.0"

…

int write_SPI(int fd, void *ptr_data, unsigned int len)
{ … }

int read_SPI(int fd, void *ptr_data, unsigned int len)
{ … }

int main(int argc, char *argv[]) 
{
  … 
}

user@VM:~$ mkdir -p ~/Linux4MCHP/Projects
user@VM:~$ cd ~/Linux4MCHP/Projects
user@VM:~$ code spi.c

VM

1

2

VS Code
spi.c

GNU C Library & 
SPI Tools Library

SPI for Device

SPI functions
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Lab7 – Use Tools and C Language to Control SPI
Step 2.2

• Create a C language application for Embedded Linux OS.

int write_SPI(int fd, void *ptr_data, unsigned int len) {
  int ret;
  struct spi_ioc_transfer xfer[1] = {0};  
  
  xfer[0].tx_buf = (unsigned long)(ptr_data);
  xfer[0].len = len;

ret = ioctl(fd, SPI_IOC_MESSAGE(1), xfer);
if (ret < 0) perror("SPI_IOC_MESSAGE");  

  
  return ret;
}

Send the data 

Return the receive data length

Declare variables Return &
SPI Messages

Format a SPI message

VS Code
spi.c
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Lab7 – Use Tools and C Language to Control SPI
Step 2.3

• Create a C language application for Embedded Linux OS.

int read_SPI(int fd, void *ptr_data, unsigned int len) {
  int ret;
  struct spi_ioc_transfer xfer[1] = {0};  
  
  xfer[0].rx_buf = (unsigned long)(ptr_data);
  xfer[0].len = len;

ret = ioctl(fd, SPI_IOC_MESSAGE(1), xfer);
if (ret < 0) perror("SPI_IOC_MESSAGE");  

  
  return ret;
}

Send the data 

Return the receive data length

Declare variables Return &
SPI Messages

Format a SPI message

VS Code
spi.c
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Lab7 – Use Tools and C Language to Control SPI
Step 2.4

• Create a C language application for Embedded Linux OS.

int writeread_SPI(int fd, void *ptr_data, unsigned int len_w, unsigned int len_r) {
  int ret;
  struct spi_ioc_transfer xfer[2] = {0};  
  
  xfer[0].tx_buf = (unsigned long)(ptr_data);
  xfer[0].len = len_w;
  xfer[1].rx_buf = (unsigned long)(ptr_data + len_w);
  xfer[1].len = len_r;

ret = ioctl(fd, SPI_IOC_MESSAGE(1), xfer);
if (ret < 0) perror("SPI_IOC_MESSAGE");  

  
  return ret;
}

Send the data 

Return the receive data length

Declare variables Return &
SPI Messages

Format a SPI message

VS Code
spi.c



10 September 2025 Microchip Technology Inc. and its subsidiaries©

Lab7 – Use Tools and C Language to Control SPI
Step 2.5

• Create a C language application for Embedded Linux OS.

#define WREN 0x06 //Set the write enable latch
#define WRDI 0x04 //Reset the write enable latch
#define READ 0x03 //Read data from memory array
#define WRITE 0x02 //Write data to memory array
#define RDSR 0x05 //Read STATUS register
#define WRSR 0x01 //Write STATUS register 
…
int main(int argc, char *argv[]) {
  int fd, ret, count;
  unsigned int mode, speed;
  char buf[256]="";
  
  fd = open(DEV, O_RDWR);
  if(fd < 0) {
    printf("ERROR: open %s fd=%d\n", DEV, fd);
    return -1;
  }

  …

  close(fd);
  return 0;
}

VS Code
spi.c

Declare variables for 
File Descriptor, Return, 

Data Buffer, Connt, 
SPI Speed and SPI Mode

Get the File Descriptor 
of the device 

25LC256 control 
commands



10 September 2025 Microchip Technology Inc. and its subsidiaries©

Lab7 – Use Tools and C Language to Control SPI
Step 2.6

• Create a C language application for Embedded Linux OS.

int main(int argc, char *argv[]) {
  int fd, ret;
  unsigned int mode, speed;
  char buf[256]="";

  …

  mode = SPI_MODE_0;
  ret = ioctl(fd, SPI_IOC_WR_MODE32, &mode);
  if (ret < 0) {

printf("ERROR: SPI_IOC_WR_MODE32\n");
return -1;

}

  speed = 1000000;
  ret = ioctl(fd, SPI_IOC_WR_MAX_SPEED_HZ, &speed);
  if (ret < 0) {

printf("ERROR: SPI_IOC_WR_MAX_SPEED_HZ \n");
return -1;

}

  …
}

VS Code
spi.c

Set the SPI Speed & Mode
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Lab7 – Use Tools and C Language to Control SPI
Step 2.7

• Create a C language application for Embedded Linux OS.

int main(int argc, char *argv[]) {
  …
  char buf[256]="";
  …
  buf[0] = READ;
  buf[1] = 0x00;
  buf[2] = 0x05;
  writeread_SPI(fd, buf, 3, 1);
  count = buf[3];

  …
}

VS Code
spi.c

Read the written count value
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Lab7 – Use Tools and C Language to Control SPI
Step 2.8

• Create a C language application for Embedded Linux OS.

int main(int argc, char *argv[]) {
  …
  char buf[256]="";
  …
  buf[0] = WREN;
  write_SPI(fd, buf, 1);

buf[0] = WRITE;
buf[1] = 0x00;
buf[2] = 0x00;
buf[3+0x00] = 'H';
buf[3+0x01] = 'e';
buf[3+0x02] = 'l';
buf[3+0x03] = 'l';
buf[3+0x04] = 'o';
buf[3+0x05] = ++count & 0xFF; //count on addr 0x05 of 25LC256
write_SPI(fd, buf, 3+6);
sleep(1);

buf[0] = WRDI;
write_SPI(fd, buf, 1);

  …
}

VS Code
spi.c

Enable write operations

Disable write operations

Write "Hello" and count value 
from address 0x00
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Lab7 – Use Tools and C Language to Control SPI
Step 2.9

• Create a C language application for Embedded Linux OS.

int main(int argc, char *argv[]) {
  …
  char buf[256]="";
  …

  buf[0] = READ;
  buf[1] = 0x00;
  buf[2] = 0x00;
  writeread_SPI(fd, buf, 3, 6);
  printf("SPI %c%c%c%c%c:%d\n", 
    buf[3+0x00], buf[3+0x01], buf[3+0x02], buf[3+0x03], buf[3+0x04], 
    buf[3+0x05]); //count on addr 0x05 of 25LC256

  close(fd);
  return 0;
}

VS Code
spi.c

Read 6 data from the address of 
0x00 and Print it out
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Lab7 – Use Tools and C Language to Control SPI
Step 3

• Compile the C language application for Embedded Linux OS.

user@VM:~$ ~/Linux4MCHP/sdk/bin/arm-buildroot-
linux-gnueabi-gcc spi.c -o spi_test
user@VM:~$ ls spi*
spi.c  spi_test 

VM
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Lab7 – Use Tools and C Language to Control SPI
Step 4

• Send the application to Embedded Linux OS.
(Refer to the appendix to send files to Embedded Linux System)

C code

Cross-compiler
EVB

MPU

Embedded Linux

Compiled 
Application

Compiled 
Application

/home/user/Linux4MCHP/Projects/spi_test
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Lab7 – Use Tools and C Language to Control SPI
Step 5

• Execute the application for Embedded Linux OS.

# chmod +x spi_test
# ./spi_test

EVB
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Lab7 – Use Tools and C Language to Control SPI
Result

• The application will first read the EEPROM (25LC256) once and obtain the count value 
from SPI Bus (/dev/spidev-0.0), then add the count value and write the "Hello" text to 
the EEPROM, and then read the EEPROM to obtain the written data and print it out.

mikroBUS PIN External

SCK SPI EEPROM (25LC256), SCK

MISO SPI EEPROM (25LC256), MISO

MOSI SPI EEPROM (25LC256), MOSI

CS SPI EEPROM (25LC256), CS

GND GND



Appendix

Device Tree and Device Driver
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Device-Tree-Source for LEDs

• Check the Device-Tree-Source for the LEDs .
(Use GUI or Command to open the file with Visual Studio Code)

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
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Device-Driver for LEDs

• Check the required device drivers. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make linux-menuconfig

VM

1
2

3

4

5
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Device-Tree-Source for ADC

• Check the Device-Tree-Source for the ADC.
(Use GUI or Command to open the file with Visual Studio Code)

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
 



10 September 2025 Microchip Technology Inc. and its subsidiaries©

Device-Driver for ADC

• Check the required device drivers for the ADC. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make linux-menuconfig

VM

1
2

3

4
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Device-Tree-Source for PWM

• Check the Device-Tree-Source for the PWM.
(Use GUI or Command to open the file with Visual Studio Code)

 

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
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Device-Driver for PWM

• Check the required device drivers for the PWM. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make linux-menuconfig

VM

1
2

3

4
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Device-Tree-Source for Button

• Check the Device-Tree-Source for the GPIO-Keys. 
(Use GUI or Command to open the file with Visual Studio Code) 

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
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Device-Driver for Button

• Check the required device drivers for the GPIO-Keys. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make linux-menuconfig

VM

1
2

3

4
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Tools for Button

• Check the required tools for the GPIO-Keys. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make menuconfig

VM

1 2

3

4
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Device-Tree-Source for FLEXCOM - UART

• Check the Device-Tree-Source for the UART. 
(Use GUI or Command to open the file with Visual Studio Code) 

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
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Device-Tree-Source for FLEXCOM - UART

• Check the Device-Tree-Source for aliases of the UART (serial2, ttyS2). 
(Use GUI or Command to open the file with Visual Studio Code) 

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
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Device-Driver for FLEXCOM - UART

• Check the required device drivers for the UART. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make linux-menuconfig

VM

1
2

3

4

5
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Tools for FLEXCOM - UART

• Check the required tools (microcom) for the UART. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make busybox-menuconfig

VM

1
2

3



10 September 2025 Microchip Technology Inc. and its subsidiaries©

Device-Tree-Source for FLEXCOM - I2C

• Check the Device-Tree-Source for the I2C. 
(Use GUI or Command to open the file with Visual Studio Code) 

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
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Device-Tree-Source for FLEXCOM - I2C

• Check the Device-Tree-Source for the I2C. 
(Use GUI or Command to open the file with Visual Studio Code) 

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
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Device-Tree-Source for FLEXCOM - I2C

• Check the Device-Tree-Source for the I2C. 
(Use GUI or Command to open the file with Visual Studio Code) 

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
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Device-Driver for FLEXCOM - I2C

• Check the required device drivers for the I2C. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make linux-menuconfig

VM

1
2

3

4
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Tools for FLEXCOM - I2C

• Check the required tools (i2c-tools) for the I2C. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make menuconfig

VM

1
2

3

4
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Device-Tree-Source for FLEXCOM - SPI

• Check the Device-Tree-Source for the SPI. 
(Use GUI or Command to open the file with Visual Studio Code) 

user@VM:~$ code ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-sam9x60_curiosity.dts
(with added spi node)
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Device-Driver for FLEXCOM - SPI

• Check the required device drivers for the SPI. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make linux-menuconfig

VM

1
2

3

4
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Tools for FLEXCOM - SPI

• Check the required tools (spi-tools) for the SPI. 

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make menuconfig

VM

1
2

3

4



10 September 2025 Microchip Technology Inc. and its subsidiaries©
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